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BcTyn

Po3BUTOK cy4acHuX iHOpMaUINHUX TEXHOSONN CynpOBOLAXKYETLCSA
30iNbLIEHHAM pPOni TeneKoMYHiKaLinHUX CUCTEM PI3HOMO NPU3HAYeHHs Ta
KOMM'IOTEPHUX MepeX. Lle nosicHeTbcss HeobXigHICTO Oinbly  WBUAKOI
nepepgadi iHopmadii, B TOMY 4YUCNi W ynpaBniHCLKOI, AN SAKOI BaXrnvee
3Ha4YeHHA MalTb Yac Ta OnepaTUBHICTL I 4OCTaBKM 40 KOpUCTyBadiB. binbLu
BaroMMM CTa€ BUKOPUCTaHHSA 3acobiB enekTPoHHOro OOMiHYy AOKYMEHTIB —
€NeKTPOHHOI NoLwWTKN, nporpamHoro 3abesneyeHHa OpaysepiB ToWwoO — 3a
AOMNOMOro SKux Habarato 36inblUyeTbCs eeKkTUBHICTL poboTn daxisuis
PiI3HUX PIBHIB yrpasiHHA CydaCcHMMU NigNPUEMCTBAMU Ta YCTaHOBaMM.

Ocobnuee Micue B UMX 3aBOaAHHAX 3alWMalOTb Cy4YacCHi TexXHOsoril
KOMM'IOTEPHUX MEpPEX, cepen SKUX CIig BUAINUTM nokanbHi Ta rrnobanbHi
Mepexi. Lle nosiCHIETBCA HEeOoOXiQHICTIO BUKOPUCTAHHSA KOPMNOpPaTMBHOI
iHpopmauii, Wo MICTUTbCA B KOpNopaTMBHUX 6asax AaHuX, SKi MOXYTb
pO3TaLLOBYBATUCA AK B OKpeMux nigposginax nianpuemcrsa, Tak U 3a MOro
Mexamu. OTxe cydacHi TexHonorii 0bpobneHHs [OKYMEHTIB pi3HOro
Npu3HayYeHHsa NoBUHHI 6adyBaTnca Ha 3acobax TenekoMyHIiKauiHOro 3B’s3Ky
N cTaHOapTiB KOMMIOTEPHUX MEPEX, AKI BUCTYNAOTb SIK TPAHCMOPTHI CUCTEMM
nepenadi gaHux.

[Ona nigBuweHHs edpekTUBHOCTI PYHKLIOHYBaHHA MepeX nignpuemcrea
MNOBWHHI BMKOPUCTOBYBATUCH 3acobu X nowuvpeHHs y Bunagky 36inblueHHs
KifIbKOCTi poBo4mx cTaHuin Ta kopucTyBauiB. Lle npuaBoamTb A0 HEOBXiAHOCTI
GinbLU AeTanbHILLOro BUBYEHHSA Ta BUKOPUCTAHHSA crieuianbHUX NPpUCTPOIB Ta
BiANOBIiAHUX CcTaHAapTiB Ans o6’eQHaHHA OKPeMUX IOKaNbHUX MEpex B
€avHy. [1o HUX HanexaTb KOHUEHTpaTopu, MOCTU, LUMIO3U, KOMYTaTOPWU, AKi
A03BONAIOTL  30iNblIyBaTU  €(EKTUBHICTE OKpPEMUX Mepex 3a paxyHOK
NOEAHAHHA MepeX i3 pisHMMKU CTaHdapTaMmu Ta NpoTokonamn. Bubip nesHoro
CcTeka npoTokoniB 3abesneyvye BU3HAYEHHA MOXMIMBOCTEN POBOTU Mepexi
3rigHo i3 obpaHnM cTaHOapTOM Ta A03BOSISIE BUPILLYBATU MUTAHHSA OLHKK
edEeKTUBHOCTI pO3ropTaHHA Mepexi i3 3agaHnuM piBHEM MaclwTaboBaHOCTI Ta
po3noaineHocTi paHmx. 3a TakMMu YMOBaMUW BUHUKAE HEOOXIaHICTb
0OrpyHTyBaHHA BMOOPY CUCTEMHOIO MeEpEeXHOro 3abesnevyeHHs B ymMoBax
KNieHT-CepBEPHOI TEXHOSOrIT AOCTYny Ta 06pobneHHs 3annTiB KOPUCTYBauiIB.

TaknMm 4YMHOM, KOMIMTIOTEPHI Mepexi Ta TefleKkoOMyHikauilHi cuctemm
CTalTb MiArpyHTAM Ona  nigBULLEHHA eMEKTUBHOCTI IHCTPYMeHTanbHol
CKNagoBOl Ta iHTeneKkTyanisauii npoueciB NPUAHATTA pilleHb B CyYacHUX
YMOBaXx BUCOKOTEXHOSNOrYHOro BUpOBHULTBA.
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3aranbHi nUTaHHA nobyaoBu Ta PYHKLiOHYBaHHSA
KOMM'IOTEPHUX Mepex

1.1. 3aranbHi npuHUMNN No6yaoBU N (PYHKLIIOHYBaHHS
KOMMN'IOTEPHUX Mepex

KoHBepreHuiss KOMN'IOTEPHUX | TeNIEKOMYHiKaLliMHUX Mepex

3 KOXXHMM POKOM NiACUIIOETLCA TeHAEHLISA 30NMmKeHH KOMM'IOTEPHUX |
TeNnekoMyHikauinHuX Mepex pi3HuX BuagiB. HamarawTbCsa  CTBOPUTHU
YHiBEpcanbHy, TaK 3BaHy My/bmucepesicHy Mepexy, 3AaTHy HagasaTtu
NOCNyrn Ak KOMM'IOTEPHUX, TaK | TENEKOMYHIKaLINHUX Mepex.

Lo menekomyHikauilHuUx Mepex BIOHOCATbLCA TenegoHHI MepexXi,
pagiomepexi W Tenesi3iNHI  Mepexi. [OnoBHe, WO nMoegHye IX 3
KOMM'IOTEPHUMM MEpEeXamu, — Te, WO SK Pecypc, SKMN HagaeTbCA KnieHTaMm,
BUCTYynae iHgopmauia. OgHak ui mMepexi, §K npaBuro, npeacTaBnsAloTb
iHpopmauito y pisHOMy Burnagi. Tak, CMOKOHBIYHO KOMM'IOTEPHI Mepexi
po3pobnanuca ana nepefadi andgasiTHO-LMEPOBOI iHpopMaLii, Wo 4YacTto
Ha3MBalTb NPOCTO JaHUMW, Y pe3yrnbTaTi B KOMN'IOTEPHUX MEPEX € 1 iHLWWA
Ha3Ba — mepexi rnepedadyi OaHux, y TOW 4Yac AK TenedOHHI Mepexi W
pagiomepexi 6ynn cTBopeHi Anda nepeaadi TiflbKKM ronocoBol iHopmadlii, a
Tenesi3iHi Mepexi nepenatoTb i ronoc, i 306paxeHHs.

HesBaxawun Ha Ue, KOHBepa2eHUid  mesieKOMyHiKkauiuHux i
KOMIM'rtomepHUX Mepex nae 3a gekinbkoma Hanpsimkamu.

Hacamnepepn, crnoctepiraetbcs 36nuxeHHs eudig  rocrye, LWo
HagalTbCca KnieHTam. [lepwa 1M He [yxe ycniwHa cnpoba CTBOPEHHS
MYSbTUCEPBICHOI MepeXi, 30aTHOI poOUTU pPi3Hi nocnyrn, y TOMY 4uCHi
nocnyrm TenedoHii MW nepedadvi gaHuX, nNpuBena A0 MNOABU  TEXHONOTrIT
UMdpoBUX Mepex 3 iHTerpoBaHuM obcnyrosyBaHHAM (Integrated Services
Digital Network, ISDN). OpgHak Ha npaktuui ISDN Hapgae cborogHi B
OCHOBHOMY TenedoHHi nocnyrn. CborogHi Ha ponb  rnobanbHol
MYJIbTUCEPBICHOI MepeXi HOBOro MOKOJSIIHHSA, fAKa 4acTo Has3nBaeTbCA B
aHrnomoBHin nitepatypi Next Generation Network (NGN), abo New Public
Network (NPN), npeteHaoye IHTepHeT. Hamnbinbwy npueabnueicTe 3apas
MalOTb HOBI BMOM KOMOIHOBaAHWX MOCAYr, Yy SKUX CMOMy4arTbCA Kinbka
TpaguuiiHMX  NOCMyr, Hanpuknag, nocnyra  YyHiBepcanbHOI  Cnyxoéu
NOBIOOMMEHb, WO MNOEAHYE ENEKTPOHHY MOoWTy, TenedoHito, dakCUMinbHY

cnyxby W nNenmKNHroBurM 3B'A30K. Haumbinblumx ycnixiB Ha npakTU4HOMY
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nonpuvwi gocsrna IP-tenedoHida, nocnyramm gkoi npsiMo abo nobiyHO CbOrofHi
KOPUCTYHOTbCS MinbnoHKn nogen. OgHak anga Ttoro, wob ctatn mepexeto NGN,
IHTepHeTy we Tpeba byae NponTU BESTUKUIA LWNSX.

TexHornozaiyHe 365UXeHHs1 Mepex BiaOyBaeTbCs CbOrogHi Ha OCHOBI
umcpoBol nepeaavi gaHnx. XpoHOSOrisi NOSIBU NEPLLUNX KOMM IOTEPHUX MEPEX
HaBegeHa B Tadbn. 1.1.

Tabnuusa 1.1
XpoHonorisi NosiBM NepLmnx KOMMN'IOTePHUX Mepex
ETan Yac
Mepwwi rnobanbHi 3B'A3kn KOMN'toTEpPIB, NepLui KiHeub 60-x pp.
eKCrNepuMeHTH 3 NakeTHUMN Mepexamu
MoyaTok nepenay no TenedoHHUX Mepexax KiHeub 60-x pp.
rosiocy B LMdpoBin opmi
MosaBa BENUKNX iIHTErpanbHUX cxeMm, nepLui MiHi- MoyaTtok 70-x pp.
komn'totepw. lMNMepLui HecTaHOapTHI NokasbHI Mepexi
CTBOpEHHA MepexHoT apxiTekTypu IBM SNA 1974 p.
CrangapTtumsauis TexHosnorii X.25 1974 p.
lMNosiBa nepcoHanbHUX KOMM'tOTEpPIB, CTBOPEHHS MoyvaTok 80-x pp.

I[HTepHeTy B cydacHOMY BUAi, yCTAaHOBKA Ha BCiX
Byanax cteka TCP/IP

MosiBa cTaHAAPTHUX TEXHONOTI NnokanbHUX mepex |CepeannHa 80-x pp.
(Ethernet — 1980 p., Token Ring — 1985 p., FDDI —

1985 p.)
MoyaTok KoMepUuinnHOro BukopuctaHHs IHTepHeTy  (KiHeub 80-x pp.
Bunaxig Web 1991 p.

BuB4yeHHs1 KOHKpeTHUX TexHonorin ana mepex LAN, WAN i MAN, Takmnx
Ak Ethernet, IP abo ATM, nokasano, WO B LUMX TExXHOmorin € oOaraTto
3aranbHoro. lpy UbOMY BOHU HE € TOTOXHUMW, Y KOXHIN TEXHONOril W
NPOTOKONI € CBOI OCOONMBOCTI, TaKk WO HE MOXHa MEeXaHiYHO NnepeHecTu
3HaHHA 3 OAHIET TEXHONOTIT B iHLLY.

Cucmewma npuHuunie nobydosu mepex rnepedayi 0aHux 3'aBunacsa B
pesynbTaTi pilleHHs psay Kn4oBux npobnem, 6arato 3 SKux € 3aranbHUMU
ANSA TeNeKOMYyHiKauinHUX Mepex 6yab-saKoro Tuny.

OpaHieto 3 OCHOBHUX, SIKWO HE cKasaTu rofioBHUX, npobrniem nobymosu
Mepex € komymauisi. KoXHuM By30n, WO BWUKOHYE TPaH3UTHY nepenadvy
Tpacpika, MOBMHEH YMITU NOrO KOMYTyBaTh, TOBTO 3abe3neyvyBaTn B3aEMOLito
KOPUCTYBaYiB MepeXxi.



Ha mexHonoezito komymauii 6e3nocepeiHb0 BNNMBaE NpuHUMN BUBGopy
MapLIpyTy nepefadi iHpopmauinHMX MNOTOKIB 4Yepe3 Mepexy. Mapuwpyr,
TO6TO MOCNIAOBHICTL TPAH3UTHUX BY3NIB MepeXi, sKi MOBUHHI NPOMTWU AaHi,
LWoOb noTpanuTn A0 odepyBada, NOBMHEH BUBMpaTUCA TakK, OO O0gHOYACHO
pocqaranuca asi metu. lNpu ubOMy, No-Neplle, OaHi KOXHOro KopucTyBada
NOBUHHI MepegaBaTUCAa siKHavwwBuwe, 3 MiHIMarnbHUMW 3aTpUMKaMn Ha
lWNaxy;  no-gpyre, pPecypcu  Mepexi  MOBWUHHI  BMKOPUCTOBYBATMUCS
MakcumarbHO edEKTMBHO, TakK LWOO Mepexa 3a oaMHULIO Yacy nepenasana
SKHanMbinNbLUe JaHuX, WO HaaXoaAThb Bif YCiX KOPUCTYBa4iB Mepexi.

3aBOaHHA nondrae B TOMy, LWOO AOMOITMUCS CHOMYYEHHST LUMX Linen
(EeroicTM4YHOT METU OKPEMOro KopucTyBada M KOSMIEKTUBHOI METU Mepexi §K
eamHol cuctemun). Komn'toTepHi Mepexi TpaguuimiHO BupillyBanu U0
npobnemy HeedEeKTUBHO, Ha KOPWUCTb IHAMBIAyanbHUX MOTOKIB, | TifbKK
OCTaHHIM YacoM 3'aBunucs 6inbLl po3pobneHi Metoan MapLupyTusadii.

CninbHe BUKOpUCTaHHA pecypciB

OpHieto 3 o4YeBUOHMX 3PYYHOCTEN, OAEepXyBaHUX KOPUCTYBaYeM,
KOMM'IOTEP SKOro MigKMiYaeTbCa 0O Mepexi, € MOXIUBICTb BMKOPUCTAHHSA
nepugepiHnX NPUCTPOIB "dyXKnx" KOMN'IOTEpPIB, TaKNX SK OUCKKU, MPUHTEPH,
nnotepu. AK i Npu aBTOHOMHIN poBOTi, KOMN'IOTEP, BKIMIOYEHUN Yy MeEPEXY,
3gaTHUMM 6es3nocepeaHbo YNpaBnATU TiflbkM TUMW NEPUPEPINHUMKU  NPU-
CTPOSAMM, SIKi 4O HbOro Qoi3n4HO NpueaHaHi. LLlo6 3abe3neynTn KOpUCTyBadiB
PI3HMX KOMM'IOTEPIB MOXIMUBICTIO CMINTIbHOrO BUMKOPUCTaAHHA nepudepinHnx
NPUCTPOIB, MepPEXyY HEOBXiQHO OCHACTUTU AKMMUCH AOOAaTKOBUMM 3acobamu,
Hexan mepexa yTBopeHa Tinbku gsomMa komn'totepamu (puc. 1.1) [22].

[puHTEp
Komm'totep A Komm'toTep B komm'loTepa B

Puc. 1.1. CninbHe BUKOPUCTaAHHSA NPUHTEpPA

[ns no4aTKky po3rnsiHEMO, SIK B3aEMOZiI0Tb OAWH 3 OQHMM KOMN'tOTEp |
nepudepinHnin npuctpin (MIT).



3B'A30K KoMn'toTepa 3 nepudepitHUMM NPUCTPOAMU

[ns opraHizauii 3B'a3Ky MK KOMM'IOTEPOM i nepuepiiHuM NPUCTPOEM
(M) B 060X Unx NpuUcTposix nepeabayeHi 30BHiLHI idnyHi iHTepdencu.

@i3u4yHUlU  iHmepghelc  (AKMA  HaA3UBAETLCA  TaKOX  1OPMOM)
BM3HA4YaeTbC HADOPOM EeNIeKTPUYHUX 3B'A3KIB | XapakTepucTMukaMmn curHanis.
3BMYaNHO BiH CTAHOBWUTb PO3HIMAHHA 3 HAOOPOM KOHTaKTIB, KOXHUM 3 SKUX
Ma€ neBHe MPU3HA4YeHHd, Hanpukrag, ue Moxe OyTu rpyna KOHTakTiB Anis
nepegadi JaHWX, KOHTaAKT CWUHXPOHIi3auil gaHux i T. n. llapy po3HiMaHb
3'eQHy0TbCA Kabenew, WO cKnagaeTbcs 3 Habopy NPoBOAIB, KOXHUM 3 SKUX
3'egHye BignoBiaHi KoHTakTK (puc. 1.2) [26].

Mporpama ~
Bydep @
V'
OnepauiriHa cnucrtema

HpainBep (>@

nn
A

\M IHTepdoenc @ \M

KomMmn'totepa

/\/ KoHTponep MM

IHTepenc

@ NPUCTPOO

IHTepdencHa kapTa MM

Puc. 1.2. 3B'a30K komn'toTepa 3 nepudepinHUM NPUCTPOEM

JloeiyHut iHmepgelc — ue Habip iHbopMaLinHNUX NOBIAOMMEHb NEBHOIO
dopmaTty, akMMu OBMIHIOKTLCSA ABa NpucTpoi abo ABi nporpamun (y LbOMY
BMNAAKy KoMmn'totep i nepudpepinHnin NpucTpin), a Takox Habip npasun, WO
BM3HA4a0Tb NOriKky 06MiHY LiMMM NOBIOOMNEHHSAMN.

Mpuknagamn  cTaHOapTHUX  iHTepMEenciB, BUKOPUCTOBYBAHUX Y
KoMmn'toTepax, € napanenbHui (KM nepepae padi Gantamu) iHTepdenc
Centronics, nNpu3HayeHWn, 9K nNpasBuno, And MigKIYEHHS MNPUHTEpIB, |
nocnigoBHu iHTepdenc (skun nepepae paHi 6itammn) RS-232C (Bigomun
Takox sk COM-nopT), wo Mae Oinblw yHiBepcanbHe MNpu3HaYeHHA — BiH
NiOTPUMYETLCSA He TifbKWM MpuHTEpamMu, ane u rpadgobyaiBHMkamu,
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MaHinynatopam1 Tuny “"Muwa” i baratbMa iHWWMW NPUCTPOSAMU. ICHYHOTb
TakoX cneuianisoBaHi iHTepdencKn, gk npusHadveHi aOnd  NigKNoYeHHS
YHIKanbHUX nepudepinHMx MNpUCTPOIB, Hanpuknag, cknagHol isnyHol
eKkcrnepumeHTanbHoil yctaHoBku (puc. 1.3) [26].

Y TN iHTepdenc Han4vacTiwe MOBHICTI0 peani3yeTbCAa anapaTHUM
NPUCTPOEM — KOHMPOJIEPOM, XO4a 3YCTPIiYalTbCA W MpPOorpamMHO-KepOBaHi
KOHTpONepu Ons KepyBaHHA Cy4aCHUMMW NpUHTEpaMu, LLO BONOAITb OifbL
CKNaaHO NOTiKOH0.

Komn'totep A Komn'totep B
Mporpama A B Mporpama B ™
Bydep Bycep
. 1 ™ ]
OnepaujriHa cuctema OnepauinHa cuctema
Opaneep > Hpaneep Lpaneep >
COM-nopty COM-nopty rmnn
? ‘ f MepudepiiHnii
A4 Y y ' npucTpin
KoHTponep KoHTponep IHTepdencHa
COM-nopT1y \/ COM-nopT1y kapta M1 Bydep
IHTepdpeiic “"TeFf(beV'C KonTtponep MM
IHTepeic
NPUCTPOIO

Puc. 1.3. CninbHe BUKOPUCTaAHHSA NPUHTEpPa B Mepexi

MepudpepivHi NpUCTpoi MOXYTb NpuMaTK Big KOMMN'toTepa [AaHi,
Hanpuknag, ©Gantn. [yxe 3py4yHO 1N KOPUCHOK (OYHKLIEK KNIEHTCBKOI
nporpamu € 30aTHICTb BiAPI3HUTU 3anuUT 00 8UJTYHEHO20 pecypcy BiO 3anuty
00 Jl0KanbHO20 pecypcy. FAKWO KhieHTCbKa nporpama BMi€ ue pobuTtn, To
AofaTKn He MOBUHHI NiKnyBaTUCS, Hanpuknag, npo Te, 3 SKUM MNPUHTEpPOM
BOHWM MNpaLoTb (foKanbHUM abo BUyYEHUM), KMIEHTCbKa nporpama cama
po3ani3Hae N nepeHarnpassnse (redirect) 3anut o BUNy4YeHoO! MawnHK. 3Biacu
N Ha3Ba, YacTO BMKOPUCTOBYBaHa ANA KIIEHTCbKOro Moayns, — pedupekmop.
lHOAI dOYHKLUIT po3ni3HaBaHHA BUAINSATbECA B OKPEMWUIW NporpaMmHuin 6ok, y
LbOMY BUNAAKY peaupeKkTOpoM HasuBalTb HE BECb KIIEHTCbKUA MOAYMb, a
TinbKK Len Brok.
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KnieHT i cepBep BWKOHYIOTb CUCTEMHI (YHKUII 3 06CnyroByBaHHS
3anuTiB ycix gopartkiB komn'toTepa A Ha BWUIlydeHUW OOCTYyn OO pecypcy
(npuHTepa, dannis, ¢akcy) komn'totepa B. Wob6 pogatkm komn'totepa B
MOrfN KOpUCTYyBaTUCS pecypcamMn Komn'totepa A, onucaHy cxemy noTpibHO
CUMETPUYHO [OMOBHUTM KIiEHTOM Ans kKomn'toTtepa B wn cepBepom Ans
kommn'toTepa A.

HesBaxatoun Ha Te, O POo3rnsHYyTO MPOCTY CXeMy 3B'S3KYy TiflbKM OBOX
komn'toTepiB, YHKUiI nporpam, wWo 3abe3nedvyioTb BUyYEeHUW JOCTyn A0
npuHTEpa, Barato B YoMy 306iraloTbCs 3 PYHKLISIMU MepexXHoi ornepauitiHor
cucmemu, WO npaue B Mepexi 3 Binbw cknagHMMM anapaTHUMU 3B'A3KamMu
KoMn'toTepiB.

TepMmiHn "KnieHT" i "cepBep" BUKOPUCTOBYIOTLCA OM9 MO3HAYEHHS He
TiNbKN NporpamMHMX mMoaysnie, ane W KoMM'loTepisB, MiOKMIOYEHUX OO MepeXxi.
Akuwo komn'toTep Hagae CBOI pecypcu iHWKMM KoMM'loTepamM Mepexi, TO BiH
Ha3nBaAETbLCA Cep8epoM, a SAKWO BIH X CNOXWBaAeE — KrieHmMoM. |Hoai Tom
camMmuin KOMMN'toTEP MOXe OAHOYAaCHO rpaTtu poni K cepBepa, i KnieHTa.

MepexHi cnyx6u n noaaTtku

HagaHHA kopucTyBayam cninlbHOro AoCTyrny A0 NeBHOro TUMny pecypcis,
Hanpuknag, Ao dannis, Ha3MBalwTb TaKOX HadaHHAM cepsBicy (y LbOMYy
BMNaaKy pannoBoro cepsicy). 3BUYANHO MepexHa onepauinHa cuctema
NIATPUMYE Kinbka BWUAOIB MEPEXHUX CepBIiCiB ONA CBOIX KOpuUCTyBadiB —
dannoBun cepsic, CepBIiC ne4vaTkn, CEpPBIC ENEeKTPOHHOI MOLWITU, CepPBIC
BUSTydeHoro goctyny n 1. n. porpamu, WO peani3yloTb MepexHi cepsicy,
BIAHOCATBLCA OO0 KNnacy po3noAifieHnX nporpam.

OpHak 'y Mepexi  MOXyTb  BUKOHyBaTUCA W PO3NOAiSEHi
KopucmysearsbHUybKi dodamku. Po3nogineHnn oo4aToK TakoX CKNagaeTbes 3
AEKINbKOX YaCTUH, KOXHA 3 SIKMX BUKOHYE SAKYCb MEBHY 3akiH4YeHy poboTy 3
PiLLEHHS MPUKNagHOro 3aBAdaHHA. Hanpuknag, ogHa 4vacTuHa gofartka, Wo
BUKOHYETbCA  Ha  KOMN'IOTEpPi  KOpUCTyBada, MOXe  nigTpumyBaTtu
cnevujanizoBaHun rpadidyHun iHTepdenc, gpyra — npauoBaT Ha NOTYXXHOMY
BMUAiINEeHOMY KOMM'lOTEPiI M 3aMMaTuCa CTaTUCTUYHOK OBpobGKOK BBEAEHUX
KOpUCTyBa4yeM AaHuX, TPETS — 3aHOCUTU OTPUMaHi pedynbtatn B 6a3y gaHnx
Ha Komn'toTepi i3 yctaHosrieHol ctaHgapTHol CYB[. PosnogineHi gopatku
MOBHOK MIPOKD BUKOPUCTOBYIOTb MOTEHUIMHI  MOXNUBOCTI  PO3NOAineHol
00pobKN, WO HagalTbCss OOYMCNIOBANbHOK Mepexer, i TOMYy 4acTo
Ha3MBalTbCA MEPEXHUMU 0odamKamu.
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He BcAkun [opaTtok, WO BUMKOHYETLCA B Mepexi, € PO3MnogineHuM.
3Ha4Ha YyacTuHa iCTopil NoKanbHMX MepeX NoB'd3aHa came 3 BUKOPUCTaHHAM
Taknx Hepo3nogdineHnx gopaTtkis. PoarnaHemo, Hanpuknag, gk Bigbyesanacs
poboTa KopuctyBaya 3 BigomMoi y cBin yac CYB[] dBase. ®annu 6a3n gaHux,
3 SKMMKM npautoBanuM BCi KOPUCTYBadi Mepexi, po3TaloByBanuca Ha
dannosomy cepBepi. Cama x CYB/[] 3bepiranaca Ha KOXHOMY KITIEHTCbKOMY
KoMn'toTepi y BUrNs4i eguHoro nporpamHoro moayns. lNporpama dBase 6yna
po3paxoBaHa TiNbKM Ha 06pO6GKy AaHux, po3TalloBaHMX Ha TOMY Xe
KoMmn'toTepi, Wo n cama nporpama. Kopuctyesay 3anyckas dBase Ha cBoemy
KOMM'lOTepi i nporpama wykana paHi Ha nokanbHOMY AOWCKY, 30BCIM He
BGepyun Oo yBaru icHyBaHHA mepexi. LLlob obpobnsatn 3a gonomoroto dBase
[AaHi, po3TalloBaHi Ha BUNy4YeHOMY KOMM'HOTEpi, KOpUCTyBad 3BepTaBcHa [0
nocnyr dpannoBoi crnyxbu, Wo gocTaBnsna AaHi i3 cepBepa Ha KNiEHTCbKUIA
komn'toTep i ctBoptoBana ans CYB[] edekT iXHbOro fiokanbHoro 3éepiraHHs.

BinbwicTe AgoaaTkiB, BUKOPUCTOBYBAHMX Yy JIOKaNbHUX Mepexax Y
cepeauHi 80-x pokis, 6ynn 3BMYanHMMK Hepo3nogineHumn gogatkamu. | ue
3pO3yMino: BoHM Bynu HanmucaHi ans aBTOHOMHMX KOMM'OTepiB, a NoTiM
npocTo Oynu nepeHeceHi B MepexHe cepefosuue. CTBOPEHHS X
po3noineHnx pgopaTkiB, xoda W o6iuano 6arato nepesar (3HUXEHHS
MepeXHoro Tpadika, crieuianisawisa KOMM'toTepis), BUSBUITOCA CNPaBoH 30BCIM
He npocToto. MoTpibHO Oyno BupiwyBaTn 6e3nid gogaTtkoBux Npobrem: Ha
CKiNbKM YaCTUH po30MTM JOAATOK, AKi OYHKLIT NOKNACTM Ha KOXHY YaCTUHY, SK
OpraHisyBaTu B3aeMOZI0 LUMX YacTuH, Wwob y BunaaKy 300iB i BigMOB YacTuHW,
LLIO 3anULUINNCS, KOPEKTHO 3aBepLuyBanu poboTy n T. 4.

di3znyHa nepepayva AaHUX Mo niHiAX 3B'A3KY
HaBiTb npu po3rnsgi HannpocTiWOol Mepexi, WO CKNnagaeTbCa BCbOro 3
ABOX MalUuWH, MOXHa BuUSBUTU Oarato npobnem, noe'a3aHmx 3 i3anyHOO
nepegayveto curHarnis ro JiHisgx 3B'A3Ky.

KoayBaHHA
B obuucnioBanbHin TexHiui Ona nogaHHs AaHuX BUKOPUCTOBYETbLCS
oeilikosuli Ko0d. YcepeauwHi koMmn'toTepa OAWMHMUAM | HYNsM  OaHuX

BiANOBIAAOTb ANCKPETHI €NEKTPUYHI CUTHAnMN.
ICHytOTb pi3Hi cnocobu koayBaHHA [ABiMKOBUMX UMcp, Hanpuknag,
rnomeHujtHuUU crocié, npn aKoMy oguMHWULI BiANOBIAAE OAUH pPiBEHb HANpyru, a
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HyntO — iHWKA, abo iMrynbcHUU crocibé, Konu Ona nogaHHs undp
BUKOPUCTOBYIOTLCS IMMYJSIbCU PI3HOI MONAPHOCTI.

AHanoriyHi nigxogM 3acTOCOBYHTbCA AN KO4YBaHHA LaHUX | nNpw
nepegadi X Mk gBoma Kommn'toTepamu o JiHisgx 38'a3ky. OpgHak ui NiHil
3B'A3KYy BIOpPI3HAIOTECA 3a CBOIMM XapakTepucTUKamu Big nNiHIN ycepeauHi
kommn'toTepa. [onoBHa BIOMIHHICTb 30BHILLHIX MiHIN 3B'A3KY Big, BHYTPILWHIX
nonsrae B Ix Habarato O6iNblWin JOBXWHI, a TakoX Yy TOMY, WO BOHMU
NPOXo4ATb M03a €eKpaHOBAHMM KOPMycoM MO MNpocTopax, Han4vacTiwe
niggaHnMm BNIMBY CUMbHUX €NEKTPOMarHiTHUX nepeLukos. Yce ue npMBoguTb
A0 ICTOTHO OiNblMX MNepekpydvyBaHb MNPAMOKYTHUX iMAynbciB (Hanpuknag,
"3aBantoBaHHS" PPOHTIB), YNM ycepeauHi komn'totepa. Tomy ona HagimHoro
po3ni3HaBaHHSA IMNYNbCIB HA NPUMOMHOMY KiHLi JliHII 3B'A3Ky Npu nepegadi
AaHuX ycepeavHi 1 no3a KoOMM'loTEPOM He 3aBXAM MOXXHa BUKOPUCTOBYBATU
Ti cami wBmnaKocTi n cnocobu kogyBaHHA. Hanpuknag, nosinbHe HapoCTaHHA
POHTY iMNYrbCY Yepe3 BUCOKE EMHICHE HaBaHTaXXeHHSA MiHil BUMarae, wob
iMAyNbCU nepefaBanucs 3 MEHLOoK LWBuakicTio (Wwob nepeaHin i 3agHin
POHTU CyCigHIX iIMMyNbCIB HE NepekpuBanunucs, i iMnynbc BCTUr "gopocTtu” 0o
HeobXigHOro piBHSA).

B obuucnioBanbHMX Mepeax 3acTOCOBYHTb $K MNOTeHUiMHe, Tak i
iMAyNbCHE KOOYBaHHA OUCKPETHUX AaHUX, a TakoX crneundivyHuim cnocib
NoAaHHA OaHUX, LLO HIKOMIM HEe BUKOPUCTOBYETLCS ycepeauHi komn'totepa, —
modynauiro. Tpu  mogynsauii  AUCKpeTHa iHpopmMauia npencTaBnsaeTbCH
CUHycCOIganbHUM CUrHanoMm Tiel YacToTu, AKy gobpe nepenae HasiBHa niHig
3B'A3KY.

[MoTeHuinHe, abo iMNynbCHe, KOAyBaHHA 3aCTOCOBYETbLCS Ha KaHanax
8UCOKOI SKOCMI, a MOoOynsuis Ha OCHOBI CUHYycCOIganbHUX CUrHanis
nepeBaXxHO B TOMY BUMaKy, KOMM KaHasm BHOCUTb CUSTbHI NEpeKkpydyBaHHS B
nepenaHi curHanu. Hanpuknag, Moaynsuiss BAKOPUCTOBYETLCS B rNobanbHNX
Mepexax npu nepefadi gaHux Yyepes aHanorosi TeNe@OHHI KaHann 3B'A3KY,
Aki 6ynn pospobneHi ona nepegadi ronocy B aHanorosinn opmi 1 Tomy
noraHo nigxoaatb Ana 6esnocepeHbOl nepenadi iMnynbCiB.

Ha cnocib nepepgavi curHanis BNAvMBaE M KiflbKicmb npogodie y NiHisxX
3B'A3Ky MiXX komn'totepamu. [na 3HMXKXEHHA BaApTOCTI J1iHIA 3B'A3KYy B Mepexax
3BMYANHO MparHyTb He CKOPOTUTM nepepady Bcix OiTiB ogHoro Gawnta abo
HaBiTb [OeKinbkox ©OanTiB, SK Ue pobuTbCca ycepeauHi kKomn'lotepa, a
34incHUT nocnigoBHy nobiToBy nepefadyy, WO BMMarae BCbOro OAHIET napu
npoBoAiB.
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Lle opgHieto npobnemoto, sKy NOTPIGHO BuUpiwyBaTM nNpu nepenadi
curHanis, € npobrnema B3aEMHOI CUHXPOHI3auii nepegaBada OOHOrO
komn'toTepa i3 npunmMadem iHworo. [lpyn opraHisaudii B3aemogii moaynis
ycepeauHi komn'toTepa us npobnema BUpILLYETLCS Ay)Ke NPOCTO, TOMY WO B
LbOMY BWUNaZKy BCi MOAyni CUMHXPOHI3YHTbCA Bif 3arafnibHOro TaKTOBOrO
reHepatopa. [lpobnema CcuHXpOHI3auil npu 3B'A3Ky KOMM'IOTEPIB MOXe
BUpiLLYBaATUCA PI3HMMK cnocobamu, 49K WsXxoM o0OMiHY creuianbHUMK
TaKTOBUMU CUHXPOIMMYSIbCaMM MO OKPEMIN JiHii, TaK i WNAAXOM NepioguyHol
CUHXPOHI3aLil 3asganerigb obymoBneHMMn Kogamu abo  iMnynbcamu
XapakTepHol oOpMU, L0 BIAPI3HAETHCA Big POPMU iIMMYILCIB AAHUX.

HesBaxatoun Ha BXuBaHHA Mip (BMOIp BignosigHOI WBWAKOCTI 0OMiHY
AaHUMW, NiHIN 3B'A3KY 3 NEBHUMMW XapaKTepucTukamm, crnocoby CUHXpOHi3aLil
npurmada N nepenasava), iCHye MMOBIPHICTb NepekpyyvyyBaHHS Oesakux BiTis
nepegaHux paHux. Onsa nigBuleHHA HagiMHOCTI nepefadvi gaHux MiX
KOMM'toTepamMm 4acTo BUKOPUCTOBYETbCA CTAHOAPTHUW NPUAOM — NigpaxyHOK
KOHMPOIIbHOI cyMu A nepefadya 1 no niHiax 3B'a3Ky nicns KoxHoro 6arvta abo
nicna pgeskoro 6noky 6GanmtiB. Yacto [o npoTokony O6MiHY OaHUMM
BKIMIOYAETLCSA SK ODOB'A3KOBUIN €NEMEHT CUrHar-KeumaHuy,is, Wwo NiaTBepaxXye
NpaBUSbHICTb NPUMOMY OaHUX | MOCUIIAaEe Big ofdepXXyBaya BignpaBHUKOBI.

Xapaktepuctukm pisaM4HUX KaHanis

IcCHye Benuka KinbKICTb XapakKTepUCTUK, MOB'A3aHMX 3 nepefadetro
Tpadika Yepes Pi3nyHi KaHanu.

3arnporoHogsaHe HagaHMa)eHHs1 — Le MOTIK AaHuX, WO HaaxoamTb Bid
KopucTtyBaya Ha BXig Mepexi. 3anpornoHOBaHE HaBaHTaXEHHS MOXHa
XapaKkTepuayBaTu LUBUAKICTIO HaOXOMKEHHS OaHUX Yy Mepexy — y bitax y
cekyHay (abo Kbit/c, M6it/ciT. 4.).

Llleudkicmb nepedayi 0aHux (information rate abo throughput, obngsa
aHrnincbKi TepMiHM BUKOPUCTOBYIOTLCSA PIBHOMPABHO) — LUe ¢hakmuyHa
LWBNAOKICTb MOTOKY AaHuX, WO NPONLLOB Yyepe3d Mepexy. La weuakicte moxe
OyTM MEHLUO, HiXK LWBWAKICTb 3arnpOrnOHOBAHOIO HaBaHTaXEHHS, TOMY WO
[AaHi B Mepexi MOXyTb CNOTBOpHOBaTUCS abo ryéutuncs.

EMHicmb  KaHary 38'a3ky (capacity), sKka Ha3MBa€ETbCs TaKOX
MPOryCcKHO 30amHiCmi, CTaHOBUTb MaKcuMarsibHO MOX/ugy LUBUAKICTb
nepepgadi iHpopmaLii 3 kaHany.

Cneumndikoto L€l xapakTepUCTMKM € Te, WO BOHA BiabOMBaE He TiNbKu
napameTpu ¢isu4yHo20 cepedosulwya rnepedadi, ane n ocobnmBocTi obpaHoz20
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criocoby nepedayi [AUCKPeTHOoI iHdopmauil i3 LUbOoro cepenosuLla.
Hanpuknag, emHicTb kaHany 3B'd3ky B Mepexi Ethernet Ha ontnyHOmy
BONOKHI gopiBHioe 10 M6/c. Ls wWBMAOKICTb € rpaHMYHO MOXINBOK ASIS
cnony4veHHs texHonorii Ethernet i ontMyHoro BonokHa. OgHak Anst Toro X
CaMOro OMTUYHOrO BOSIOKHA MOXHa PO3poOUTU 1 iHWY TEXHOMOri nepenavi
AaHUX, 9Ka BigpI3HAETbCA CnocoboOM KoOyBaHHS AaHUX, TAKTOBOK 4YacTOTOH
N iHWMMKM napamMmeTpamu, Wwo dyae Matu iHWY eMHICTb. Tak, TexHonoria Fast
Ethernet 3abe3nevye nepegayy gaHuMx No TOMY X OMNTUYHOMY BOJSIOKHY 3
MakcumarnbeHow weugkictio 100 M6it/c, a TexHonoria Gigabit Ethernet —
1000 M6it/c. NepenaBay KOMYHiKaLUiMHOIrO NPUCTPOO NOBUHEH MNpaurBaTu 3i
LUBUAKICTIO, iKa OOPIBHIOE MPOMYCKHIM 34aTHOCTI KaHany. Ls wenakicTe iHOA|
HasmBaeTbCcA 6imoagoro weudkicmro rnepedasadya (bit rate of transmitter).

Cwmyza nponyweHHsa (bandwidth) — uen TepMiH MOXe BBECTU B OMaHy,
TOMY LLIO BiH BUKOPUCTOBYETLCH Y ABOX Pi3HMX 3HA4YeHHsXx. [1o-nepue, 3 noro
AOMOMOrod MOXYTb XapakTepusyBaTun cepeodosuwie repedadi. Y UbOMYy
BMMNaaKy BiH O3HA4Ya€ LUMPUHY CMYrK 4acToT, SKYy IiHia nepegae 6e3 icToTHUX
nepekpyvyBaHb. 13 UbOro BU3HAYEHHSA 3pO3yMine NOXOO4XKeHHs TepmiHa. [lo-
apyre, TepMiH "cMyra nponyLeHHA" BUKOPUCTOBYETLCA SIK CUHOHIM mepMiHa
"eMHiCmb KaHany 38'A3Ky". Y nepwomy BUNagKy cmyra nponyLieHHs
BUMIpLOETLCA B repuax ('u), y Apyromy — y 6itax y cekyHay.

Lle ogHa rpyna xapakTepuCTUK KaHany 3B'A3Ky MnoB'A3aHa 3
MOXNUBICTIO Nepeaadi iHdopmalii 3 kaHany B ogHy abo obmnasi CTOPOHM.

Mpn B3aemoAili ABOX KOMN'IOTEPIB 3BMYaAMHO NOTPIOBHO nepenasaTtn
iHpopmavito B 060x HanpsiMkax — Big komn'toTepa A kK komn'totepy B i Ha3ag.
HaBiTb y TOMy BMNagKy, KOMWM KOpPUCTyBadeBi 30A€TbCHA, WO BiH TiNbKn
ofepxye iHopmauito (Hanpuknag, 3aBaHTaxXye My3vdyHun dann i3
IHTepHeTy) abo nepepae (BignpaBnsi€ €nEKTPOHHUA  NNCT), OOMIH
iHbopMauieto nae y ABox HanpsiMkax. [1poCcTo iCHye OCHOBHUI MOTIK AaHKX,
AKi LiKaBNATb KOpUCTyBa4a, i JOMOMDKHUA NOTIK NPOTUNEXHOro HanpsMKy, Lo
YTBOPSATb KBUTAHLIiT NP0 O4epXXaHHSA LMX JaHUX.

@i3nyHi KaHanN 3B'A3Ky NOAINATLCA Ha KiflbKa TUMIB 3aNeXxHo Big TOro,
MOXYTb BOHW nepeaaBaTt iHpopmMaLito B 060X HanpsaMKax Ym Hi.

LynnekcHul kaHan 3abe3nedye ogHovacHy nepegadvy iHgopmauil B
obox Hanpsimkax. [ynneKkCcHMM KaHamn MoXe cknagatucs 3 OBOX (PisnyHuX
cepenoBuLl, KOXHE 3 SAKMX BUKOPUCTOBYETbLCA ONA nepefadi iHopmauil
TiIbKM B OAHOMY HanpamKy. MoXnueui BapiaHT, KONM ogHe cepenosuLlle
CNYXuUTb ONA OofHOYacHOI nepefadi 3yCTpiYHUX MOTOKIB, Yy LUbOMY BUMagky
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3aCTOCOBYKTb O04ATKOBI MeToAu BUAINEHHS KOXHOIMO MOTOKY i3 CyMapHOro
curHany.

HaniedyrnnekcHul kaHan Takox 3abesnedye nepefady iHgopmauii B
0b6ox Hanpsimkax, ane He oQHO4YacHO, a Mo 4yep3i. TO6TO NPOTAroM NEBHOro
nepiogy 4acy iHdopmauis nepefaeTbCcd B OQHOMY HanpsMKy, a B MIUHI
HaCTYMNHOro nepiogy — y 3BOPOTHOMY.

CumnnekcHul KaHas [O03BONsSiE nepenasaTty iHopmauio TinNbku B
OAHOMY HanpsIMKy. Yacto AOynnekCHUM KaHan CKrnagaeTbca i3 OBOX
CUMMIIEKCHUX KaHaniB.

NMpo6nemu 3B'A3KY AeKiNbKOX KOMN'loTepiB
[oTenep My posrnagany BUPOLKEHY Mepexy, L0 CKIagaeTbCs BCbOro
i3 AgBox MawwwuH. lNpu ob'egHaHHi B Mepexy Oinblworo ymcna Komn'toTepis
BUHUKAE LN KOMMNNEKC HOBUX Npobnem.

Y3aranbHeHe 3aBAaHHS KoMmyTauil

Y Hanbinbw 3aranbHOMy BUrNa4i 3aBOgaHHA KomyTauil Moxe 06yTu
npeacTaBfieHe K HACTYMHI B3aEMo3anexHi npuBaTHi 3aBaHHSA:

1. BusHayeHHs iHdhopMaLinHMX NOTOKIB, ANS AKMX NOTPIOHO NpoknagaTu
MapLUpyTW.

2. MapuwpyTunsauia noTokis.

3.lMpocyBaHHA NOTOKIB, TOBGTO pO3ni3HaBaHHA MOTOKIB i IXHA flOKanbHa
KOMyTauia Ha KOXXHOMY TPpaH3UTHOMY BY3/li.

4. MynbTnnnexkcyBaHHA 1 4eMyrnbTUNNeKCyBaHHA MOTOKIB.

Bu3HauyeHHs1 iHhopMaLUinHUX NOTOKIB

3p0o3yMisio, Lo Yepes3 OANH TPaH3UTHUM BY30J1 MOXeE NPOXOOUTHU KifbKa
MapLUpyTiB.

Hanpuknag, sik noTik MOXHa BW3HA4YMTM BCi AaHi, WO HagxooaTb Big
OAHOro Kommn'totepa; o6'eQHYIHOYOI0 O3HAKOK B UbOMY BWUMNAOKy CHYXUTb
agpeca pxepena. Lli ) gaHi MOXHa npeacTaBUTU SIK CYKYMHICTb AeKinbKOX
rniornomokie, KOXHUA 3 SIKUX ONGEPEHLIOYO O03HaKo Mae agpecy
npu3HavyeHHsA. HapewwTi, KOXHMIA i3 uMX MignoTOKiB, Yy CBOK 4Yepry, MOXHa
po3ainuTn Ha 6inbw ApiOHI NiANOTOKW, NOPOMAXEHI PIBHUMU MEPEXHUMMN
gogaTtkaMmy — enekTPOHHOK MOLUTOK, NMPorpamMold KonitoBaHHA dannis, Beb-
cepBepoM. [laHi, Wo yTBOpATb MOTIK, MOXYTb OYyTW NpeactaBneHi y surnagi
Pi3HNX IHPOpMAaLIMHNX OAUHMLbB AaHNX — NaKeTiB, KagpiB abo ocepenkis.
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OueBunaHo, WO Npu KoOMyTauil 9K 060B'si3KOBa 03HaKa BMUCTYynae agpeca
NpuM3HavyeHHa paHux. Ha nigctasi uiel 0O3HakKM BecCb MOTIK BXIAHUX Y
TPaH3UTHUMA BY30/ [OaHUX PO3AIIAETbCA Ha NiAMNOTOKN, KOXHUMA 3 AKUX
nepenacTbCa Ha iHTepdenc, Wo BigNOBIAAE MapLLPYTY NPOCYBaHHA JaHUX.

AOpeca gxepena n agpeca npusHadeHHs BU3Ha4aloTb NOTIK ANs napu
BianoBiaHMX KiHUeBMX BY3niB. OgHak YacTo OyBae KOPUCHO NpeacTaBUTU LEN
NOTIK Yy BUMNAAI AEKINbKOX NiANOTOKIB, NPUYOMY A1 KOXXHOIO 3 HUX MOXe ByTun
nNpoknageHnn cBin ocobnmeuin MaplpyT. PosrnsgHemMo npwuknag, Konu Ha
OAHIN i TiN Xe napi KiHUEBUX BY3MiB BUKOHYKOTbCA TPOXWM B3aEMOLit0Yi Mo
Mepexi OodaTKM, KOXHUA 3 SIKUX Npen'siBide OO Mepexi cBoi ocobnusi
BUMOrK. Y TakoMy Bunagky Bubip MapLipyTy MOBMHEH 34iNCHIOBATUCA 3
ypaxyBaHHAM XapakTtepy nepefaHux faHux, Hanpuknag, ans dgannosoro
cepsepa Baxnmeo, WO6 nepegani HUM BinbLi obcarM gaHMx HanpaBnaAnUcs
NO KaHanax, WO BOSMOLIIOTb BUCOKOK MNPOMYCKHOKW 34aTHICTio, a angd
NporpamMHOl CUCTEMWU KepyBaHHS, WO MOCUNAE B MEPEXY KOPOTKi
NOBIAOMJSTIEHHS, AKi BMMaratThb 060B'A3KOBOro W HeramHoro
BiANpaubOBYBaHHS, Npu BUOOpPI MapLllpyTy 6inblu BaxnvBa HaAIMHICTb NiHil
3B'A3KY N MiHIManbHUW piBEHb 3aTPUMOK Ha MapLupyTi. Kpim Toro, HaBiTb Ans
AaHNX, WO npen'aBnsanTs A0 Mepexi OAHaKoBIi BUMOrK, MOXE NpoKragaTucs
Kinbka MapwpyTiB, wWo06 3a paxyHOK po3napanenitoBaHHs MPUCKOPUTK
nepenavy gaHux.

O3Hakn NoToKy MOXYyTb Matu ariobanbHe abo siokarbHE 3HAYEHHA — Y
nepwomMy BuNagKy BOHWM OOHO3HAYHO BM3HAYalTb MOTIK Y MeXaxX BCiel
Mepexi, a B OpyroMy — y MeXax OOHOro TpaHauTHOro Bysna. [lapu agpec
KiHLEBUX BY3MiB AN igeHTUdiKauil NOTOKY — Le npuknag rnobanbHOi 03HaKW.
[MpuknagomM o3Hakuy, SIoKanbHO BU3HAYaribHU NOTIK Y MeXax NPUCTPOI0, MOXe
CNYyXuTn Homep (iaeHTudpikatop) iHTepdency AaHoro MNpUCTPOID, Ha HAKUI
HagINLWNKW OaHi.

MapuwpyTusadis

3aBAaHHA MapLupyTuaadii Mictutb y cobi ABi nig3agadi:

BU3HAYEHHSA MapLUPYTY;

CMOBILLEHHA Mepexi Npo obpaHui MapLUpyT.

BusHayumu wmapwpym — uUe 3HauyuTb BMOpaTM NOCMIQOBHICTb
TPaH3UTHUX BY3MIB i IXHIX iHTepdenciB, Yyepes ki Tpeba nepepasatn AaHi,
Wwob [octaBuMTM IXHBOMY agpecaTtoBi. Bu3HayeHHs mapupyTy — ckragHe
3aBfaHHs, 0cobfMBO KONMW KOHCirypauis mepexi Taka, WO MK Mapoto
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B3aEMOLIUYNX MEPEXHUX iHTepdenciB icHye 6eanidy wnaxis. HawnyacTiwe
BUBGIp 3YyNMHAIOTL Ha OAHOMY OMMUMasilbHOMY, 3a [OESKUM KpuTepiem,
MapwpyTi. Ak KpuTepil OnNTMMarnbHOCTI MOXYTb BWUCTYyNaTtW, Hanpuknag,
HOMiHanNbHa MpPOMNyCckHa 30aTHICTb | 3aBaHTaXeHICTb KaHarniB 3B'A3KY;
3aTPUMKW, BHECEHI KaHarnamu; KifibKiCTb MNPOMDKHUX TPaH3UTHUX BY3niB,;
HadiMHICTb KaHaniB i TpaH3UTHUX BY3NiB. Ane HaBiTb y TOMY BuMNagKy, Konuv
MK KIHUEBMMW BY3fiaMu iCHYE TiflbkKM OOUH LWNAX, MPWU CKNagHin Tonosnoril
MepexXi Noro 3HaxO4)KEHHS MOXe CTaHOBUTb HETPUBiaribHe 3aBOaHHS.

MapLpyT MoOXe BM3Ha4aTMCa eMnipnydHo ("ypy4dHy") agMmiHicTpaTopom
Mepexi Ha nigctasi pi3HWX, YacTo He dopmManizoBaHMx MipkyBaHb. Cepen
CMOHyKasibHUX MOTMBIB BMOOpY WIISAXYy MOXYyTb OyTu: ocobnmei BUMOrn Ao
Mepexi 3 B6oKy pisHMX TUNiB OoAaTKiB, PILLEHHSA nepefasaTu Tpaduik Yepes
Mepexy MNeBHOro rnocTadasnibHuKa rMocnyr, TMpUMyLWeHHS Mpo  MiKOBI
HaBaHTa)XXeHHS1 Ha AesKi KaHann mepexi, MipKyBaHHs1 6e3neku.

OpgHak emMnipuyHUM Nigxig 40 BU3HAYEHHS MapLupyTiB Mano npuaaTHUn
AN BenuKol Mepexi 3i  ckragHow  Tonosiorietn. Y UubOMy  BUMagky
BMKOPUCTOBYIOTLCA aBTOMaTU4YHIi METOAN BU3HAYeHHS MapulpyTis. [ns uboro
KIHUEBI BY3NMM W iHWI MPUCTPOI MepexXi OCHaLLylTbCA cneuianbHUMn
nporpamMHMMK 3acobamu, sKi OpraHidyloTb B3aEMHUW OBMIH cry>x6oBumMmn
NOBIAOMMNEHHAMMU, WO LO3BOSIIE KOXKHOMY BY3/Y CKIlaCTu CBOE "nofaHHA" npo
mepexy. [loTim Ha OcCHOBI 3ibpaHMX [AaHuMX nporpamMHMMKM MeTodamu
BU3HAYalTbCA paLlioHasibHi MapLUpyTu.

Ha npaktuui ana sHmkeHHs obcary ob64mncrneHb 0OMeXyrTbCs MOLYKOM
He OonTUManbHOroO B MaTeMaTU4yHOMY 3MICTi, a pauioHanbHOro, TO6TO
6rM3bKoro 40 ONTUMAanbHOro, MapLUPyTY.

PilweHHa 6yno s3HangeHo LWnsxoMm MiHimisauil KpuTepito, y SIKOCTi AKOro B
AaHOMYy npuKnagi BuCTynana OOBXWHA MapLlipyTy, obmiptoBaHa KinbKicTio
TPaH3UTHUX BYy3niB. ABCTpakTHUM cnocib BUMIpY CTyneHs Onu3bKOCTI MixX
ABomMa ob'ekTaMy HasMBaETbC Mempukoro. Tak, ONna BUMIPY [OOBXUHU
MapLUpyTy MOXYTb OYyTWU BUKOPUCTaHI Pi3Hi METPUKN — KiflbKiCTb TPaH3UTHUX
BY3niB, AK y nonepegHbOMy npuknagi, fiHinHa OOBXWHa MapLipyTy W HaBiTb
MOro BapTiCTb Yy rpowoBoMy Bupasi. [Ansa nobygoBu METPUKM, LLO BpaxoBYeE
NPONYCKHY 34aTHICTb, YaCTO BWKOPUCTOBYKOTb HACTYMNMHUW MPUMAOM: OOBXWUHY
KOXXHOrO KaHany-AingHKNn XapakTepusyloTb BENIMYMHOK, 3BOPOTHOK MOro
nponyckHin 3gatHocTi. Wob6 onepyBatn uinumu yucnamm, BubuparTb OedKy
KOHCTaHTy, CBiAOMO 6inblly, HiX MPOMYCKHIi 30aTHOCTI KaHaniB y Mepexi.
Hanpuknag, sSkWwo Mu sK KOHCTaHTy Bubepemo 100 MG6it/c, To meTpuka
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KOXXHOro 3 KaHanis 1 — 2 i 2 — 3 gopiBHioe 1, a meTpuka kaHany 1 — 3 QOpiBHIOE
10. MeTpuka mapLupyTy OOPIBHIOE CyMi METPUK CKNaZoBUX MOro KaHarsis, TOMY
YacTuHa Wnaxy 1 — 2 — 3 Mae MeTpuUKy 2, a anbTepHaTUBHaA YacTuHa wnsxy 1
— 3 — meTpuKy 10.

Mepenayva iHopMaUil TPaH3UTHUM MPUCTPOEM NPO ObpaHi MapLLpyTH,
Tak camMo, SK | BUM3HAYEHHA MapLUpPyTy, MOXe 30INCHIOBATUCA W YPY4HY, W
aBToMaTuM4yHO. AaMiHicTpaTtop Mepexi MoXe 3adiikcyBaTM  MapLupyT,
BUKOHABLUM B PYYHOMY pPeXnMi KOHQIrypyBaHHS MPUCTPOID, Harnpuknag,
XXOPCTKO CKOMYTyBaB Ha TpuBasniMin 4ac neBHi napu BXIOHUX | BUXIOHUX
iHTepdenciB (SK npautoBann "TenedoHHi NaHaHKK" Ha NepLUMx KoMyTaTtopax).
BiH MOXe TakoX 3a BMacHOK iHILiaTUBOK BHECTU 3anuc npo MapLupyT Yy
Tabnuuto KomyTauii.

OpgHak ockKinbku TOononoris M cknag iHopmauinHUX MOTOKIB MOXe
3MiHlOBaTMCA (BigMOBM By3niB abo nosBa HOBUX MPOMIKHMX BY3riB, 3MiHa
agpec abo BM3HAYEHHS HOBUX MOTOKIB), MHYyYKe pilleHHSA 3aBAaHb BU3HAYEHHS
N 3aBOAHHA MapLIpyTiB NpuNyckae MOCTINHMKA aHania cTtaHy Mepexi W
BiAHOBIIEHHA MapLlpyTiB i Tabnuub KoMyTauil. Y Takux Bunagkax 3aBOaHHSA
NPOKNagKkM MapLlpyTiB, SIK NpaBurio, He MOXYTb OyTu BupieHi 6e3 focuTb
CKNagHWX NporpamHux i anapatHux 3acobis.

NMpocyBaHHA AaHnX

OTxe, HexanW MapLpyTU BU3HA4YEHi, 3anncuM nNpo HUX 3pobreHi B
Tabnuusx ycix TpaH3UTHUX BY3MiB, yCe rOTOBO [0 BWKOHAHHS OCHOBHOI
onepadii — nepeaayi gaHnx Mk aboHeHTaMn (koMyTaLii abDOHEHTIB).

[ns koXHol napn aboOHEHTIB uA onepauis Moxe 6yTn npeactaBneHa
AeKinbkoMa (3a 4MCIIOM  TPaH3UTHUX BY3MiB) JIOKaJlbHUMU orepauisMmu
KomyTauil. Hacamnepepn, BianpaBHWK MOBWUHEH BUCTaBUTW JaHi HA TOW CBIW
iHTepdenc, 3 AKOro NOYNHAETLCH 3HAUAEHU MapLUPYT, a BCi TPAH3UTHI BY3nu
NOBUWHHI BiANOBIAHUM YMHOM BMKOHATK '"nepekuaaHHA" OaHuxX 3 O4HOro CBOro
IHTepdency Ha iHWWUK, iHaKLWe KaXKy4yu, BUKOHATM KOMyTauito iHTepdeucis.
[MpucTpin, QyHKUIOHANBHUM NPU3HAYEeHHAM SIKOro € KoMyTalisi, Ha3nBa€eTbCA
KomyTaTtopom (puc. 1.4).

OpHak nepLl HiXXK BUKOHATU KOMYyTaLito, KOMyTaTop MOBUMHEH PO3Mi3HaTK
noTiK. [Ns uboro AaHi, Wo Haginwnu, aHanisytoTbCs Ha NpeaMeT HasgBHOCTI B
HUX O3HaK sIKkoro-Hebyab i3 MOTOKIB, 3agaHux y Tabnuui komyTtauil. AKwo
BinbyBcs 36ir, TO Ui AaHi HANPaBNATLCA Ha iHTepdenc, BU3HAYEHNN OANSA HUX

y MapLupyTi.
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IHTepdencu komyTaTtopa

I

Puc. 1.4. KomyTtaTop

TepmiHn  "komyTauis”, "tabnumuya kKomyTauil" i “"KomyTtatop" |y
TeNeKoMyHiKauinHUX Mepexax MOXYTb TpaKTyBaTUCA HeodHO3Ha4yHo. Bxe
BU3HAYEHO KOMYyTaUito 8K npouec 3'edHaHHs aboHeHTIB Mepexi 4epes
TpaH3uTHI By3nu. LM >xXe TepMiHOM MW NO3HA4YaeMO W 3'€QHaHHSA
IHTepdeNciB 'y Mexax OKPemMoro TpaH3uTHoro Bysna. Komytatopom vy
LULMPOKOMY CEHCi HasMBaeTbCs MNPUCTPIN  Oyab-aKoro  Tuny, 34aTHUK
BUKOHYBaTW onepauii nepeMmkaHHa NOTOKY JaHWX 3 OOHOro iHTepdency Ha
iHWin. Onepauis komyTauii Moxe OyTM BMKOHaHa BIAMNOBIQHO [O Pi3HUX
npasun i anroputmie. [eski cnocobu komyTtauil 1 BignoBigHi iM Tabnuui Ta
NPUCTPOI ofepXanwu crneuianbHi  Ha3Bu. Hanpuknag, y TexHoOMorisx
MepeXHoro piBHs, Takmx sk IP i IPX, ana no3HavyeHHA aHanoriyHMx MoHSATb
BMKOPUCTOBYIOTLCA TEPMiHM "MapLupyTmusauia”, "Tabnuus mapupyTtusadii”,
"MapLupyTmsaTop”. Y TOM Xe Yac 3a iHWMMK cneuianbHUMK TunamMmm KomyTtadii
N BIQNOBIOHUMX  MPUCTPOAMU 3aKPINUIINCA Ti XX caMi Ha3Bu "KomyTauis",
"Tabnnuysa komyTadil” i "komyTaTop"”, ki BAKOPUCTOBYIOTLCS Y BY3bKOMY CEHCI,
Hanpuknag, sk KoMyTauis U KoMyTaTop JiokanbHoi Mepexi. [na TenedoHHMX
Mepex, AKi 3'aBunuca Habarato paHile KOMM'IOTEPHUX, TaKOX XapakTepHa
aHanoriyHa TepMiHOMOoris, KOMyTaTop € TYyT CMHOHIMOM TenedOHHOI CTaHLil.
Uepes conigHui BiK i Habarato Ginbly (MOKW) MOLWMPEHICTb TenegOHHUX
MepeX HaudacTiwe B TenekoMyHikauiax nigq TepmiHOM "komyTtaTop"
pPO3yMitloTb caMe TenegoHHNN KoMyTaTop.

KomyTaTtopom Moxe OyTn sK crneuianisoBaHWn MNpUCTPIN, TakK |
yHiBepcanbHun komn'lotep 3 BOyAOBaHUM MNPOrpaMHUM  MeXaHi3MOM
KomMyTauil, Yy uUbOMYy BWUNaZKy KOMYTaTtOp Ha3MBaA€ETbLCA MPOrpaMHUM.
Komn'toTtep Moxe cnoniydatn doyHKUiT KOMyTauil JaHUX 3 BUKOHAHHAM CBOIX
3BMYanHUX OYHKLIM sIK KiHUeBoro By3na. OgHak y 6araTtbox Bunagkax 6inbiu
pauioHanbHUM € pilleHHd, BIiONOBIOAHO OO0 SKOro Aesiki By3nn B Mepexi
BUAOINATLCA crieyiasnbHo ana komytauil. Lli Byann yTBoprooTbe KomMymauituHy
Mepexy, 0o AKOI NiAKNYaTbes BCI iHWI. Ha puc. 1.5 nokasaHa komyTauinHa
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Mepexa, yTBopeHa 3 By3niB 1, 5, 6 i 8, 4o sKOI Nigkno4aloTbCA KiHLUEBI BY3nn
2,3,4,7,9i10 [27].

Puc. 1.5. KomyTauinHa mepexa

MynbTunnekcyBaHHA N AeMYNbTUNIEKCYBaHHSA

o6 BM3HaAuMTK, Ha 4K iHTepdenc BapTo nepedatn AdaHi, WO
Hagiuwnn, KomyTaTop TMOBUHEH BW3HAYUTW, OO0 $HKOro TMOTOKY BOHMU
BigHOCcATbCA. Lle 3aBOaHHA MNOBWHHE BUPILWYBATUCH He3arieXHo Big TOro,
HaOXoAUTb Ha BXig KoMyTatopa TiflbkM OAuH "4nCTMin" NoTiKk abo "3MilaHnin"
NOTIK, WO € pe3ynbTaToM arperyBaHHsA OeKinbKoxX noTokiB. B ocTtaHHboMy
BUNAOKy [0 3aBOaHHA po3ni3HaBaHHA MOTOKIB [O00A€ETbCA  3aBOaHHA
demyrnbmurifiekcygaHHs, TO6TO noAiny cyMapHOro arperoBaHoro rnoToky Ha
Kiflbka CKnagoBi MOro noTOKiB.

Ak npaBwuno, onepauito KomyTauil CyrnpoBOLKYE TaKOX 3BOPOTHA
onepauia — wMynbmurisiekcygsaHHs. [lpn MynbTUNNEKCyBaHHI 3 OeKiNbKoX
OKpPEeMUX MOTOKIB YTBOPUTBLCS 3araribHUA arperoBaHuMm MOTIK, SIKOMY MOXHa
nepenasaTty No ogHOMY Pi3UYHOMY KaHary 3B'dA3Ky.

Onepauii MynbTUNNIEKCYyBaHHA/AEMYNbTUNIIEKCYBAHHA MalOTb Take X
BaXXfiMBe 3Ha4YeHHs B Oyab-SKin Mepexi, SK i onepaduii komyTtauii, Tomy o 6e3
HUX goBenoca 6 Ans KOXHOro MNoToKy nepeabayaTy OKpeMUM KaHan, wo
npuBeno 6 0O BENUKOI KiNbKOCTI napanenbHuX 3B'sA3KiB Yy Mepexi 1 3Besio 6
"Ha Hi" BCI nepeBarn HeMnoOBHO3B'A3aHOI MepeXi.
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OOHMM 3 OCHOBHMX CrnocobiB MynbTUMNIIEKCYBAHHA MOTOKIB € r100in
yacy. Mpn ubomy cnocobi KOXHUK NOTiK Yac Big 4acy (3 cikcoBaHuM abo
BUNALKOBMM NepiogoM) opepxye @isnyHMn  KaHanm y MOBHE CBOE
PO3MNOPAKEHHA W nepedae no HbOMY CBOI AdaHi. [llowuvpeHun Takox
yacmomHuu rnodin KaHany, Konn KOXHWUW NOTIK nepefae fadi y BugirieHomMy
NOMY YaCTOTHOMY AianasoHi.

TexHonorias MynbTUNNEeKCyBaHHS MNOBUHHA [O3BOSIATU OLEPXKYBadesi
TaKkoro CyMapHOro nmnoTOKYy BMKOHYBATM 3BOPOTHY onepauito — noain
(AeMynbTUNNEKCYBAHHSA) OaHUX HA NOTOKU, LLO CKNagatoTbCs.

MNMopinoBaHe cepenoBuLle nepeaadi gaHUX

Ule ogHum napameTpoM MOAIMOBaAHONO KaHary 3B'A3Ky € KiIbKiCmb
niokrmovYeHux 00 HbO20 8y3rig. Y HaBedeHVX BULLE MpuKnagax OO KOXHOro
KaHarny 3B'a3Ky Migkroyanncs Tinbkyu OBa B3aEMOAIYMX BY3SiM, TOYHIWE — ABa
iIHTepdencun. Y TenekoMyHikauiHUX Mepexax BUKOPUCTOBYETLCA M iHLINA BN,
NiIOKMHOYEHHSA, KOM 40 O4HOro KaHasny niakrnoYaeTbeo Kinbka iHTepdencis. Take
MHOXWHHE  NIOKITIOYEHHSA  iHTepdenciB  NMopomKye TOMOSION0, WO BXe
po3rngganaca  Bulle, "saranbHy LWKMHY", SKy iHOAI Ha3uBalTb TaKOX
wiietigbosum NiOKMOYEHHAM. Y BCiX UMX BuMagkax BUHMKAE npobnema
opraHizauil CninbHOroO BUKOPUCTAHHA KaHany [Aekinibkoma iHTepdhencamu.
MoxnuBi pi3Hi BapiaHTU roAiny kKaHanis 3B'dA3Ky MDK iHTepdencamu.
Komytatopn [0O1 i [JO2 nos'asaHi ABoma oaHOCNPAMOBAHUMU Pi3UYHMMN
kaHanamu, To6To TakMMmn, No SKMX iHpopMauia MOXe nepeaaBaTUCs TiNbKU B
OL4HOMY HarnpsMKy. Y LbOMy BUNAOKy nepenaBanbHU iIHTEPAIENC € aKTUBHUM, i
disnyHe cepeposule nepegadi nepebyBae nig Moro kepyBaHHAM. [lacuBHui
iIHTepdenc Tinbkn npurmMae aati. lNpobriema rnodiny KaHary M iHmepgetcamu
mym gidcymHs. (BiomiTnmo, ofiHaK, WO 3aBOaHHSA MyJIIbTUMNINEKCYBaHHSA MOTOKIB
AaHVX Y KaHari npy uboMy 30epiraetbes.) Ha npaktuui gBa ogHOCNpsi-MOBaHUX
KaHanu, Wwo peanisytoTb Y LifioMy OyNieKCHUA 3B'A30K MiXK ABOMA MPUCTPOAMU,
3BMYAMHO PO3rNA4arnTbCA 9K OOWH OYNNEKCHUW KaHan, a napu iHTepdencis
OLHOro NPUCTPOKD — SK nepeaasBanbHa M nNpurUMaroda YacTUHUM TOro Camoro
iHTepcpency. Komytatopm [OO1 i [OO2 nos'dsaHi kKaHanom, WO MOXe
nepegaBat gaHi B obuaBa 6Goku, ane Tinbku nonepemiHHo. [pu ubomy
8UHUKae HeobXiOHicmb y MexaHismi onmumisayii docmyry iHTepdencis JO1 i
02 [o Takoro kaHany. Y3sararbHeHHAM LbOro BapiaHTa € BMNagoK, Konu Ao
KaHany 3B's3Ky Migkno4varoTbes Kinbka (binblue ABOX) iHTepdhenciB, yTBOPHOYM
3arasibHy LUWHY.

20



CninbHO BUKOPUCTOBYBaHUM [eKifibkoMa iHTepdencamm isnyHmnn
KaHan HasuBatoTb rodintoeaHum (shared).

Tunu komyTauii

KoMnnekc TexXHIYHMX pilleHb Yy3aranbHEHOro 3aBAaHHS KomyTauil y
CBOI CYKYMHOCTi CTaHOBUTb OCHOBY OYAb-IKOI MEePEXHOT TEXHOMOTII.

Ak My BXe BiA3Ha4vanu, 4O UMX NpMBaTHUX 3aBAaHb BiQHOCATLCS:

BM3HAY€HH4A NOTOKIB | BIANOBIOHMX MapLUPYTIB;

dikcauia mMapwpyTiB Y KOHQirypauivHux napameTpax i Tabnuuax
MEepPEXHUX NMPUCTPOIB;

po3ni3HaBaHHA MOTOKIB | Nepefava gaHUX MK iHTepdencamm ogHoOro
NPUCTPOIO;

MYNbTUNNEKCYBAHHA/OEMYIbTUMNMEKCYBaHHS MOTOKIB;

noain cepenosuwa nepegaui.

MeToau npocyBaHHS NaKkeTiB

PiweHHs npo Te, Ha AKUM IHTepdENC nepenaTtn nakeT, Wo MPUNLLOB,
NPUMUMaETLCS Ha NiAcTaBi OAHOrO i3 TPbOX METOiIB NPOCYBaHHSA NaKeTIB.

Mpu detmaespamHil nepedayi 3'€eQHaHHA He BCTAHOBMIOETbCA, i BCi
nepegaHi nakeTu rnpocysatombscs (NepefarnTbCa Big, OOHOrO By3fia Mepexi
IHLWOMY) He3asiexxHo [pyr Big Apyra Ha nigcrtasi TUX camMux npaBwsl.
[Mpouenypa o6pobkn naketa BU3HAYAETLCS TifIbKWM 3HAYEHHAMU NapaMeTpiB,
SKi BiH Hece B c0bi, i NOTOYHUM CTaHOM MepeXxi (Hanpuknag, 3anexHo Big il
HaBaHTa)XXEHHSI NMaKeT MOXe CTOATU B Yep3i Ha obcnyroByBaHHA Ginbinm abo
MeHLWnn Yac). OgHak Hisika iHopMmauis Npo BXe nepedaHi NakeTu MeEpPEXELD
He 36epiraeTbcsa 1 y xodi 06pobkM 4yeproBoro naketa B yBary He 6epeTbcs.
ToBTO KOXHUA OKPEMUN NaKeT pPO3rMsSAacTbCsd Mepexew $SK 30BCiM
He3arnexHa oanHuUA nepegadi — oetimazpama.

[Nepedaya 3 ycmaHOBEHHSM 102i4HO20 3'€OHaHHS PO3NafaceTbCa Ha
Tak 3BaHi ceaHcu, abo noriyHi 3'egHaHHs. [Npouenypa o6pobkn BU3HAYaETLCA
He ONA OKpeMoro naketa, a gnga Bciel 6e3nivi nakeTis, nepefaHnx y pamkax
KOXXHOro 3'egHaHHsa. [Ona Toro, wob peanidyBatM AudpepeHuinioBaHe
oOCrnyroByBaHHs nakeTiB, WO HanexaTtb PpisHUM 3'€gHaHHAM, Mepexa
NOBWHHA, NMO-nepLue, NPUBNACHUTU KOXHOMY 3'€QHaHHI0 ideHmucbikamop, no-
apyre, 3anamMm'atati napameTpu 3'€4HaHHs, TOOTO 3HAYEHHS, WO BU3HA4YaTb
npoueaypy obpobkn nakeTiB y pamMkax gaHoro 3'egHaHHsa. Lia iHdopmauis
Ha3nBaeTbCAa iHgbopmaujiero rnpo cmaH 3'cdHaHHS. PikcoBaHNN MapLUPYT He €

0060B'A3KOBUM napameTpoMm 3'egHaHH4. lNakeTun, Wo HanexaTb TOMy camomy
21



3'egHaHHI0, Lo HaBiTb MaloTb Ti caMi adpecu BignpaBrieHHA U NPU3HAYEHHS,
MOXYTb nepemilaTtncs rno pisHUM, HesanexxHum Apyr Big Apyra MapLipyTam.

[Nlepedaya 3 ycmaHOB/IEHHSIM 8ipmyasibHO20 KaHasy. FAKWOo B YUCno
napameTpiB 3'€QHaHHSA 8x00umb MapLUpyT, TO BCi NaKeTn, nepeaaHi B pamkax
AaHoro 3'eqHaHHsA, MOBUHHI MNPOXOAWTM MO 3a3Ha4YeHoMYy LwWNsaxy. Takun
€OVHNI 3a3fanerigb npoknageHun ikcoBaHMn MapLIpyT, WO 3'€4HYE KiHUEBI
BYy3fn B Mepexi 3 KOMyTauielo nakeTiB, HasnBalTb BipTyaribHUM KaHanom
(virtual circuit, abo virtual channel).

B oaHin i Tin xxe MepexHin TexHosoril MOXyTb OyTW 3aAiaHi pi3Hi cnocobu
obMiHy gaHumn. Tak, gevtarpamHui NpoTokon |IP BMKOPUCTOBYETLCA AN
nepeaadvi 4aHnxX MK OKpEMUMN MepeXaMi, LLIO CTaHOBNATb IHTEPHET. Y Tou Xe
yac 3abesneyvyeHHsM HafinHOI OOCTaBKM AaHUX MK KiHLUEBUMMU By3namu L€l
Mepexi 3ammaetbcst npotokon TCP, wo BcTaHOBMIOE MOrivHi 3'€gHaHHs 6es3
oikcauii mapwwpyTty. | HapewTi, |HTepHeT CTaHOBUTbL MNpUKNag Mepexi, Lo
BMKOPUCTOBYE TEXHIKY BipTyanbHUX KaHasniB, TOMy IO A0 ckragy IHTepHeTy
BxoauTb ymmario mepex ATM i Frame Relay, wo nigTpumyoTe BipTyarnbHi
KaHanw.

HNenTtarpamHa nepeaaya

Ak 6yno 3asHayeHo, [geuTarpamMHuM cnocié nepegpadvi  gaHuMx
3aCHOBaHW Ha TOMY, WO BCi nepefaHi naketn obpobnawTbCa HesanexHo
apyr Big gpyra. Bubip iHTepdeicy, Ha sikmin Tpeba nepegatv NakeT, LUO
HadinwoB, BiADYBAETbCA TifMlbKM Ha NigcTaBi aapecu NpPU3HAYeHHSA, WO
3HaxoOMTbCA B 3aronoBky nakeTa. [lpuHanexHicTb naketa [O NEBHOro
IHpopMaLiMHOro NOTOKY HIiSIK HE BPaxoBYETLCH.

PilweHHs npo npocyBaHHA nakeTa MPUMAMAETbCA Ha OCHOBI Tabnuui
KoMyTauii, ska MiCTUTb Habip agpec Npu3Ha4YeHHa 1 agpecHy iHhopmauito,
L0 OAHO3HAYHO BU3HA4YaE€ HACTYNHUM NO MapwpyTy (TpaH3UTHUKM abo
KiHueBM) By3on. Haragaemo, WO B pPi3HMX TEXHONOriax Ans no3HayvyeHHs
Tabnuub, AKi MalOTb 3a3HavYeHe BULLE PYHKLIOHANbHE NPU3HAYEHHS, MOXYTb
BMKOPUCTOBYBATUCS iHWI TepMiHM (Tabnuuya mapwipyTtusaudii, Tadbnuus
npocyBaHHA W iH.). dani ans npoctotn 6yaemo KopuctyBaTUCS TEPMIHOM
"Tabnuua komyTauil" 9K y3aranbHEHOK Ha3BOK Tabnuub Takoro poay, SKi
3aCTOCOBYIOTbCA ONA AeuTarpaMHol nepedadi Ha nigcrtasi TiNbkW agpecu
NpU3Ha4YeHHSA KiHLEBOro By3na.

Tabnuusa KomyTauii genTarpamMHoOl Mepexi NOBMHHA MICTUTM 3anuc nNpo
BCi agpecu, Kyaun MOXyTb OyTW crnpsiMoBaHi MakeTwn, WO HagxoasaTb Ha

iHTepdencn KomyTaTopa. A BOHM B 3ararbHOMY BMMNAgKy MOXYTb OyTu
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agpecoBaHi Oyab-sikoMmy BYy3fny Mepexi. Ha npaktuui BUKOPUCTOBYHOTLCS
NPUAOMM, L0 3MEHLUYIOTb YMCNO 3anuciB y Tabnuui, Hanpuknag, iepapxiyHa
agpecauia. Y ubomy Bunagky Tabnuua komyTtauil MoXe MICTUTU TifbKK
cTapLli YacTUHW agpec, AKi BiANOBiAalOTb HE OKPEMUM BY3naMm, a AesKin rpyni
By3niB (4N IXHbOro NO3HAYeHHS YacTo 3aCTOCOBYOTb TEPMIH "nigMepexa”).
AKwo 3BepHyTMCA OO aHanorii 3 nowToBMMM agpecamMu, TO Takumu
CTapwmnMMmn YyacTMHaMM agpecu € Ha3BWU KpaiH | MIiCT, YNCNO AKUX, NPUPOAHO,
MeHLLE, HPK Ha3B BYNuLb, OYOUHKIB i iIMEH OKpeMunx nogen.

HesBaxatlounm Ha 3acToCyBaHHS iepapXxidHOI agpecauil B AesKux
BENMKMX Mepexax (Hanpuknag, B IHTEpHeTi), KoMyTaTtopu MOXYTb MaTtu
Tabnuui i3 YMcnom BXxoAis, LLO NEPEBULLYE KiflbKa TUCAY.

Y T1abnuui komyTauii gna Tiel camoi agpecu MNpU3HaAYEeHHA Moxe
BTPUMYBATUCS Kiflbka 3anuciB, WO BKasylTb BiAMNOBIAHO Ha pisHi agpecu
HacTynHoro  komyrtatopa. Takuh  nigxig  HasuBaeTbCca  basiaHcom
HasaHMa)eHHs1 N BWKOPUCTOBYETbCA AN NIABULLLEHHS MNPOLYKTUBHOCTI 1
HaginHOCTI Mepexi. [leska "po3MUTICTL" LINAXIB MPOXOMKEHHS NaKeTiB 3 TiE
CaMOl0 aZIpeECOI0 NPU3HAYEHHS YepPEe3 MeEPEXY € NPSMUM HaCNiAKOM MPUHLKUNY
He3anexHol obpobKM KOXHOro nakeTa, BNacTMBOro AenTarpaMHOMY MeETOAY.
[MakeTn, WO BUNIMBaKOTL NO TiM caMin agpeci MpPU3HaAYeHHHA, MOXYTb
aobupaTncs 40 Hel PIBHUMKM LWSIXaMn TakoX BHACIIAOK 3MiHM CTaHy Mepexi,
Hanpuknag, BiAMOBM NPOMIDKHUX KOMYTaTOpIB.

[devTtarpaMHun MeTo npautoe WBULKO, TOMY LLO HiSIKUX nonepeaHix giv
nepen BiANPaBfieHHAM AaHUX NPOBOAUTM He NoTpibHO. OagHak npu TakoMmy
MEeTOi BaXKO MepesBipnTn (pakT AOCTaBKM nakeTa By3ny npusHadeHHs. Llen
METO[ He rapaHTye AOCTaBKy nakeTta, BiH pobuTb Lue B Mipy MOXIMBOCTI —
AN OnNuUCYy TaKoi BJlACTMBOCTI BUKOPUCTOBYETHCA TepMiH "OoCTaBka 3
MakcumansHummn 3ycunnamun” (best effort).

JloriyHe 3'eaHaHHSA

[Mepemada i3 yCTaAHOBIEHHAM MOrMYHOro 3'€AHAHHSA T'PYHTYETHCA Ha
3HaHHi "nepegicTopil” o06MmiHy. Lle pfossonde Oinbw pauioHanbHO, B
MOPIBHSAHHI 3 AenTarpamHMm cnocobom, o6pobnsaTtu naketn. Hanpuknag, npu
BTpaTi [OEKiNbKOX nonepegHix nakeTiB Moxe OyTu 3HWXKeHa LWBMAKICTb
BignpaBneHHA HacTynHux. ABO 3aBAsdKM Hymepauil nakeTiB i BiACTEXEHHI0
HOMepIB BignpaBneHnX i MPUUHATUX NakeTiB MOXHa MNiABUWMTU HaLIMHICTb
LUNAXOM BigKMOAHHA AyonikaTiB, YNopsiAKyBaHHA TUX, WO Haginwnn, W
NOBTOPEHHSA nepeaadi 3arydbneHmnx nakeTis.
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MapameTpu 3'€egHaHHA MOXYTb BYTW AK NOCTIMHUMW MNPOTArOM YCbOro
3'eQHaHHs (Hanpuknag, MakcumarnbHUA po3Mip nakeTta), Tak i 3MiHHUMKU, Lo
AWHaMIYHO BiaOMBalOTbL MOTOYHUIW CTaH 3'eQHaHHA (Hanpuknag, 3ragaHi BuLLe
nocnigoBHi Homepu nakeTiB). Konu BignpaBHUK i ogepxyBad gbikcyromb
noyaTok HOBOro 3'€eQHaHHsl, BOHW, Hacamnepen, "OOMOBMAKTbLCA" NpPO
NoYaTKOBI 3HAaYeHHs NapamMeTpiB npoueanypu OB6MiHY W TiNbKM MNiCAs LbOro
NoYMHaOTb Nepenavy BracHe JaHux.

[Mepepaya i3 ycTaHOBNEHHSAM 3'eQHaHHA Binblue HadiHa, ane Bumarae
Ginbwe yacy ana nepefadi gaHMx i obyucnoBanbHMX BUTPAT Bif KiHLEBUX
BY3niB.

Mpn nepepadvi i3 ycTaHOBNEHHAM 3'€QHAHHSA BY3Iy-o4ep)XyBadesi
BigNpaBnseTbCs Cny00BM Kagp cneuianbHOro copmaTty i3 nponoauuieto
BCTAHOBUTU 3'€¢dHaHHSA. AKWO BY30s-04epXyBady 3rogHun i3 uum, TO BiH
nocunae y BianoBidb iHWWI Criyk6oBuin kagp, WO NiaTBEPAXKYE BCTAHOBIEHHS
3'eQHaHHA W NPOMNOHYE Aesiki napameTpu, Aki OyayTb BMKOPUCTOBYBATUCHA B
pamkax daHoro foriyHoro 3'egHaHHs. Lle mMoxyte ©yTn, Hanpuknag,
ineHTudikaTop 3'€dHaHHs, MaKCMMarnbHEe 3Ha4YeHHs OOBXWMHW MoNnst AaHuX
KagpiB, KiNbKiCTb KagpiB, 4Ki  MOXHa BignpaButn 6e3 ogepxaHHs
nigTBepmkeHHd, i T. n. Byson-iHiuiaTop 3'eqHaHHA MOXe 3aKiH4YMTW npoLlec
YCTAHOBMNEHHSA 3'€QHaHHA BiANpPaBfeHHAM TPEeTbOoro cryxbosoro kagpy, B
SIKOMY NOBIAOMWUTbL, LLLO 3anpOornoHOBaHI NnapamMeTpun Momy nigxoasartb. Ha ubomy
noriyHe 3'eAHaHHA BBaXXaeTbCs BCTAHOBMEHMM. JloriyHe 3'eaHaHHSA MOXe ByTu
po3paxoBaHe Ha rnepefadvy gaHUX SK B OAHOMY HanpsiMKy — Bif iHiLiatopa
3'eQHaHHA, Tak i B 060x Hanpamkax. [licna nepegadi oesikoro 3akiH4eHOro
Habopy AaHunX, Hanpuknaa, NeBHoro danny, By305-BignpaBHUK iHILIKOE pO3puB
AAHOro NOriYHOro 3'e4HaHHs, NOCKaYm BigNOBIOHUI Cny>x60BUK Kaap.

BigmiTmo, w0, Ha BigMIHY Big nepepadi gentarpamHoro Tuny, B SAKin
NIATPUMYETLCA TiNTbKM OAWH TUM Kagpy — iHdopmauinHiin, nepepada i3
YCTaHOBJIEHHAM 3'€HaHHA MOBWHHA NIgTPMMYBATU AK MiHIMyM OBa Tunu
KagpiB — iHoopMaLirHi, LLO NepeHOCATb BNacTUBO KOPUCTYBaNbHULBbKI AaHi, i
CNy>X00Bi, NpU3HaYeHi Ana BCTAHOBMEHHSA (pO3puUBY) 3'€QHAHHS.

BipTyanbHuu KkaHan
BipTtyanbHi kananum (virtual circuit, abo virtual channel) — ue cTinki Wnsaxm
NPOXOKEHHS Tpadiika, CTBOPIOBaHI B MepeXi 3 KoMyTaLiero nakeTiB. BipTyanbHi
KaHanu € 6a3oBoto KoHuenuieto TexHonorin X.25, Frame Relay i ATM.
TexHika BipTyanbHUX KaHasiB ypaxoBYe iCHyBaHHSA B Mepexi MOTOKIB
AaHunx. [nga Toro, wob BnainnTK NoTiK AaHUX i3 3aranbHOro Tpadika, KoXHuin
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nakeT LbOro MOTOKY MO3Ha4YaeTbCAa MIMKOK. Tak camMo, K Yy Mepexax i3
YCTAHOBJIEHHAM FOrYHUX 3'€eQHaHb, MpOKNagka BipTyanbHOro KaHany
NOYNHAETLCA 3 BignNpaBneHHa 3 Byana-gxepena 3anuty, KUMKW HasnBaeTbCS
TaKOX MakemoM yCmaHOB8/1eHHS 3'€0HaHHs. Y 3anuTi BKa3lyeTbCs agpeca
NPU3HaAYeHHA N MiTKa MOTOKY, OSIS AKOro MpokfiagaeTbCsa Len BipTyalbHUN
KaHan. 3anuT, NpoxoasynM no mepexi, opMye HOBWUI 3anUC Y KOXHOMY 3
KOMyTaToOpiB, poO3TalloBaHMX Ha WNSXY Bid BignpaBHMKA OO o4eplKyBada.
3anuc roeopuTb Npo Te, AKMM obpa3omM KOMyTaToOp NOBMHEH OOCnyroByBaTu
naket, WO Mae 3adaHy MiTKy. YTBOPEHUM BipTyanbHUA  KaHarn
IAEHTUMIKYETLCS TIEI XXEe MITKOH.

[Micna npoknagku BipTyanbHOro KaHany Mepexa MoXe nepegasaTu Mo
HbOMY BIONOBIOHMA NOTIK JaHWX. Y BCIX NakeTax, $Ki NepeHOCATb
KOpPUCTYBanbHULUbBKI JaHi, agpeca nNpusHayeHHA BXe He BKasyeTbCs, I posib
rpae MiTka BipTyanbHOro kKaHany. [lpy HagxXOOKEeHHI nakeTa Ha BXigHWUN
IHTepdenc KoMyTaTop 4YuTae 3HaAYeHHA MITKM i3 3arofnoBka MakeTa, LWO
NpUALLIOB, i nepernggae cBok Tabnuul KOMyTauil, 3a sIKO0 BU3HAYae, Ha
KU BUXIOHWMIA NOPT nepeaaTtn nakeT, Wwo NPUNLLIOB.

Tabnuua komyTauili B Mepexax, WO BUKOPUCTOBYIOTb BipTyasibHi
KaHanu, Bigpi3HAETbCA Big Tabnuui KomyTauil B gerTarpaMHUX Mepexax.
BoHa MiCcTUTb 3anucu minbKu rnpo eipmyaribHi KaHasu, siki MUHaromes 4yepes
KoMymamop, a He Npo BCi MOXINBI agpecu NMpuU3HayYeHHs, SK Le Mae Micue
B Mepexax 3 gevtarpaMmHUM ariroputMOM MPOCYBaHHA. 3BUYANHO Y BESVIKIN
MepeXi KifIbKiICTb MPOKageHnX Yepes BYy30s BipTyalibHUMX KaHaniB IiCTOTHO
MeHLle 3ararnbHOl KiNbKOCTI By3niB, ToMy K Tabnuui komyTauil B LbOMY
BUNagKy Habarato KopoTwi, a, OTKe, aHania Takol Tabnuui 3anMmae y
KomyTaTopa MeHLUE Yacy. 3 Li€l XX NpUYMHM MiTKa KOpOTLUE aapecu KiHLEBOro
BYy3ra, i 3arofioBOK Nnaketa B Mepexax 3 BipTyarbHUMU KaHaraMmn nepeHocuTb
NO Mepexi 3amiCTb JOBrol afipecy KOMNaKTHUN igeHTUdIKaTop NOTOKY.

MNMopiBHAHHA MepeX 3 KoOMyTalielo NakeTiB i KaHaniB
[Mepw HIK NpoBOAUTM TEXHIYHE TMOPIBHAHHA MepeX 3 KOoMyTauiero
NakeTiB | Mepex 3 KOMyTauieo KaHasniB, npoBegemMo IXHe HedpopmarbHe
NOPIBHSHHA Ha OCHOBI, K HAM 3[a€TbCS, 4OCUTb NPOAYKTUBHOI TPAHCNOPTHOI
aHanoril.

TpaHcnopTHa aHanorisa Ans Mepex 3 KoMmyTaui€ro nakeTiB i KaHaniB
[Ona noyaTky nepekoHaemMocs, WO pyx Ha pgoporax mae 6arato
3ararnbHOro 3 nepeMillleHHAM MakeTiB y Mepexi 3 KoMymaujiero rnakemis.
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Hexan asTomobGini B uin aHanoril BignosigalTb Maketam, OOporn —
KaHanamMm 3B'A3Ky, a nepexpects — komytatopam. [logibHO nakeTam,
aBTOMOOINi nNepemillaldTbCs He3anexHo AaApyr Big Apyra, posfinstoum
NPOMNYCKHY 34aTHICTb AOPIr i CTBOPIOKOYM NepeLlkogm ognH ogHomy. 3aHagTo
IHTEHCMBHWUI Tpadik He BigNOBIgHOI NPOMYCKHOI 34aTHOCTI AOPOrn NpMBOaUTb
A0 nepeBaHTaXXeHOCTi gopir, Y pe3ynbTaTi aBToMObini cToaTb y npobkax, Lo
BiANoOBigae Yepram nakeTiB y KOMyTaTopax.

Ha nepexpectax BigbyBaeTbCcs "KoMyTauiss" MOTOKIB aBTOMOOINIB,
KOXHUW 3 aBTOMOGINiB BMOMpae nigxoaswmnm HanpssMoOK nepexpecTts, LWwob
noTpanUTU B MNYHKT MPU3HaAYeHHs. 3BUYANHO, NEpPEXpecTsl rpae Habarato
Ginblue MacuBHY porb Y MOPIBHAHHI 3 KOMyTATOPOM nakeTiB. Moro akTueHy
ydyacTb B 06pobui Tpadika MOXHa MNOMITUTU TifIbKM Ha pPeryrboBaHUX
nepexpecTtax, ge CBITNIoop BU3HAYaE YEProBiCTb NePETUHAHHSA NepexpecTs
notokamm asTomobinie. Lle 6inbw akTMBHEe nNPUPOAHE MOBOAKEHHS
perynioBanbHUKa Tpadika, sskuin Moxe BuMOpaTu ONs NPOCYBaHHSA He TifbKu
noTiKk aBTOMOGINIB y Uinlomy, ane 1 okpeMnin aBToMobinsb.

Ak i B Mepexax 3 KOoMyTauieto nakeTiB, 0O YTBOPEHHA 3aTopiB Ha
aoporax MNpuBOAUTbL HEPIBHOMIPHICTE pyxy aBTomMobiniB. Tak, HaBiTb
KOPOTKOYaCHEe 3HWXEHHS LUBUAKOCTI OOHOro aBTOMODLINS Ha BY3bKiM O0PO3i
MOX€e CTBOPUTW BenuKy Npobky, sikoi 6 He Byno, sikbu BCi aBTOMObGINi 3aBxaun
pyxanucs 3 OHIE0 1 TIEK Xe WBUAKICTIO U PIBHUMMU IHTEpBanamu.

A Tenep cnpobyemMo 3HaWTM 3araribHe B aBTOMOGINbHOMY pyCi N Yy
MepexXax 3 KoMymaujeto KaHarlie.

lHOOi Ha [Jopo3i BMHMKAE cuTyauis, konn noTpibHO 3abe3neynTu
ocobnuBi yMOBM AONs1 pyXy KOSIOHM aBToMObGiniB. Hanpuknag, npeacrtaBumo,
LLO Ay)Xe OOoBra KofloHa aBToOyciB NepeBo3nTb AiTen 3 MicTa B NiTHIN Tabip
no GaratocmyroBomy woce. [nga Toro, wob konoHa pyxanacsa 6e3 nepeLikos,
3asganerigb ons ii pyxy po3pobnsaerbcs MapLupyT.

[MoTiM NPOTAromM yCbOro UbOro MapLupyTy, WO MepeTuHae Kinbka
nepexpecTtb, ANS KOMTOHM BUAINSETLCA OKpEMa CMyra Ha BCiX Bigpi3kax Loce.
[Mpn ubomMmy cmyra 3BiSIbHAETLCA Bif, IHWOro Tpaduika Lie 3a SKUMACb 4ac Ao
no4YaTKy pyXxy KONOHM i Lie pe3epByBaHHS BiAMIHAETLCS TiNIbKM MiCns TOro, fiK
KOJIOHa JocsArae nNyHKTY NpU3HavyeHHs.

Mig Yac pyxy Bci aBTOMOGIiNi KONOHM iAyTb i3 OQHAKOBOI LUBUAKICTIO 1
NpUBMN3HO pPiBHUMK iHTepBanamMn MK coOOK, He CTBOPHOHYM MnepeLukoq
oanH ogHomy. OuyeBMAHO, WO ANS KOMOHM aBTOMOGINIB CTBOPHOOTLCA
HanbINbW CNpUATNUBI YMOBW ANA  pyxXy, ane npu uboMy aBToMObini
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BTpa4yaloTb CBOK CaMOCTIMNHICTb, MepeTBOPOYUCH Y MOTIK, 3 AKOro HE MOXHa
"3ropHyTn" yb6ik. [Jopora npu Takin opraHisauii pyxy BWKOPUCTOBYETbCHA HE
pauioHanbHO, TOMY WO CMYyra NPOCTOKE 3HAYHYy 4YacTMHY 4Yacy, K i cMmyra
NPOMNYyLWEHHS B Mepexax 3 KoMyTaLlieto KaHanis.

1.2.MoHATTA Ta Knacudgikayis KOMM'FIOTePHUX Mepex

Komr'tomepHa mepexxa — Le CyKyrnHiCTb KOMN'IOTEpIB, MPUCTPOIB NevaTku,
MEPEXHUX MPUCTPOIB i KOMM'IOTEPHUX nporpaMm, 3B'dA3aHUX MK coboto
kabensmu abo pagioxBunamu. binbLWiCTb NEpLUMX Mepex nepeaasany aaHi no
MiOHOMY ApPOTY, a CbOrogHi BOHM MOXYTb 3abesneyyBaTn OBMIH AaHUMMU,
MOBHMMW W BigeocurHanamm, BUKOPUCTOBYHOYM NPOBELAEHHS, ONTOBOSTIOKOHHE
cepefosule, pagio n YKB-xBuni, wo npoinoctpoBaHo Ha puc. 1.6 [26].
Komn'toTepHiI Mepexi po3BMBaOTLCA 3i LUBMAKICTIO CBITNa, AKLWO MNOpPiBHIOBATU
X 3 IHLWUMMM KOMYHIKaUinHUMK TEXHOSIOMSIMW, TaKUMK SIK pagio, TenebadyeHHs 1
TenegoHis.

\

&

Mini-komn'totep

MpucTpin cnonyyeHHs
MiHi-koMnN'toTepiB

Tepminanu \
Tepwminanu

CraHgapTHa Mepexa Ethernet MpucTpii cnonyyeHHs
MiHi-KOMN'OTEPIB 3 NEPCOHaNbHNMK

Kommn'roTepamun

MepcoHanbHi komn'toTepu

Puc. 1.6. NMepBUHHI TUNKX 3B'A3KIB Yy JTOKaNbHUX Mepexax

Komn'toTepHi Mepexi, fki KnacudikyroTbCAa 3a IXHIM pagiycom ail n
CKNagHoCTI, OINATbCA Ha TPW rPynu: nokanbHi Mepexi, perioHanbHi Mepexi 1
rnobanbHi mMepexi (puc. 1.7, 1.8) [26]. Lo ogHiel rpynu uiel knacudikaui
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BiAHOCATLCA sloKasbHi mepexi (local area network, LAN), Wwo ckrnagatotbes 3i
3B'A3aHMX MK coOol KOMN'tOTEpiB, MPUHTEPIB | IHWOro KOMM'HOTEPHOro
BCTATKyBaHHS, NPUYOMY BCi Lii MPUCTPOIT CNiflbHO BUKOPUCTOBYHOTbL anapartHi n
nporpamHi pecypcu, po3tawloBaHi Ha HeBENMKOMY BuOaneHHi apyr Big apyra.
Pagiyc pgii  (obnactb  0OCnyroByBaHHS1)  JIOKanbHOI  Mepexi  Moxe
NpeacTaBnATU HeBENWKKIA ocpic, noBepx ByanHKy abo Becb OyaMHOK LiSTKOM.

Mpuknagom Takol Mepexi MOXe CNyXUTU XiMiYHUW  pakynbTeT
YHiBEpCUTETY, Y SIKOMY KOMMN'IOTEPU, pO3TalloBaHi B odicax i nabopartopisix,
3'eHaHi KOMYHikaUinHUM Kabenem, K nokasaHo Ha puc. 1.9 [26].

] Po6oua cTaHuis PoGouya craHuis

(
\
4
\ (\
\J
% NTUYHI KOMYHiKaLii 3

KOH'SQ"} paTop BUKOPWCTaHHS! CBITOBUX
XBUMNb

Cepsep

Po6oua craHuis

KomyHikauii no apotam

KomyHikaLlii 3 BUKOpUCTaHHSM
papioxsunb Ta pagio

Puc. 1.7. Komn'totepHi Mepexi, siki KnacudikyroTbca 3a pagiycom ail

HaiimeHblua BifcTaHb CepeqHs BiAcTaHb Ta HaitGinbLua BiacTaHb Ta
Ta CKnagHicTb CKIagHiCTb CKnapgHicTb
NokanbHi mepexi(LAN) PerioHanbHi mepexi (MAN) no6anbHi mepexi(WAN)

Puc. 1.8. NopiBHANBbHA XapakTepucTUKa pi3HUX TUMNIB Mepex
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Puc. 1.9. llokanbHa mepexa akynbteTy

Hanpuknapg, onucaHa Buulie nokanbHa Mepexa XiMidHOro goakynbteTty
yHiBEpCUTETY MOXe ByTU NoB'A3aHa 3 NOKanbHOK Mepexe A0CNIAHULBbKOT
KIMiHIKN 1 Mepexeto dhapMaueBTUYHOI KOMMaHil, po3TalloBaHOIi B TOMY Xe
MICTi, WO B CYKYMNHOCTI CTAQHOBUTb pPerioHasibHy Mepexy, MokasaHy Ha
puc. 1.10 [26]. Okpemi nokanbHi Mepexi, WO YTBOPATb perioHanbHy
MepexXy, MOXYTb HanexaTu SK OLHIN opraHidauil, TaK i OeKiTbKOM Pi3HUM
opraHizauigm. BucokowBumakicHI kKaHanu MK fiokanbHUMU MepeXXamn B cKragi
perioHanbHOT  Mepexi  3BUMY4arMHO  BUKOHYKOTBCA 3 BUKOPUCTAHHAM
ONTOBOJSIOKOHHWX 3'€QHaHb.

[nobanbHa mepexa (wide area network, WAN) cTaHOBUTb HaWBULLUN
piBEHb Y Kracudikauil Mepex, OCKiflbkKM BOHa € BENIMKOMAaCLUTabHOK CUCTEMO
Mepex, Lo YTBOPHKTb €4MHE Ljifne 3i CKNagHoK CTpykTypow. [nobanbHa
Mepexa YTBOPIETLCH 3 AEeKiNTbKOX nokanbHuX (abo perioHanbHUX) Mepex, Lo
oxonmoTb BigctaHi noHag 40 — 50 «kinometpis. [o cknagy Benuvkux
rnobanbHUX MepeXx MOXyTb BXOOUTWN 6e3niv NokanbHUX i perioHanbHUX Mepex,
Lo NnepebyBatoTb Ha Pi3HMX KOHTUHEHTAX.

[MprKnagomM HaNNPOCTIWOI robanbHOI MepeXi MoXe CRY>XUTU MOAEMHE
NIOKMIOYEHHA 00 rnocCTavaribHMKa MEpPeXHUX nocnyr no  3BUYamHUX
TeneOoHHMX NiHisax. binbw cknagHa rnobanbHa Mepexa — CynyTHUKOBUW MICT
MDK  NOKanbHUMKM  Mepexamy, po3TalloBaHMMW B Pi3HMX  KpalHax.
HamBigomiwow BCECBITHbOK rrobanbHO Mepexew € [HmepHem, Wo
CKNagaeTbCsa 3 TUCAY NTIOKaNbHUX | perioHanbHUX Mepex, 3B'd3aHnX Mk coboto
3a JOMNOMOrOH PiIBHOMAHITHUX TEXHOSOriN rnobanbHMX KOMYHIKaLin.
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Byaisns ximiyHoro dakyneteTty
yHiBEpCUTETY

LAN-

NP
~+—— MAN

JocnigHnubka KniHMKa dapmaueBTUYHa KOMMaHisa

Puc. 1.10. PerioHanbHa Mepexa, Lo CKrnaaaeTbes 3 3-X OyAMHKIB

Kpim po3rnaHyTol Knacudpikauii Mepex, IiCHye Lwe OoAWH Tun —
KopriopamueHa Mepexa. ofibHi Mepexi NOEAHYTb PI3HUX KOPUCTYBauiB Y
Mexax ofHiei abo [ekinbKox opraHizauin i HagatoTb M ©6e3niy pecypcis.
HesBaxatoum Ha Te, WO Oinblly noKanbHYy Mepexy MOXHa poarnsgatn sk
KOpropaTuBHY, BCe-TakM KoprnopaTuBHA Mepexa 3BUYaMHO CKNaJaeTbCa 3
AEKINbKOX NOKanbHUX MepeX, Lo YTBOPHWTbL perioHanbHy abo rnobanbHy
MEpPEeXYy.

OpaHieto 3 ronoBHUX XapakTEPUCTUK KOPNopaTUBHOI MepexXi € HasiBHICTb
Pi3HUX pecypciB, WO [O03BOMNANTbL KOpUCTyBadaM BUpillyBaTM OQiCHI,
AOCNiAHUUBKI 1 OCBITHI 3aBAaHHA. [Tpuknagom KopnopaTUBHOI MepEeXi MoxXe
CNYXUTU YHIBEPCUTET, WO MOEAHYE Yy CBOEMY CKnagi BCiNski cnyxoéwu,
npencrasneHi Ha puc. 1.11 [26], i, Wo Mae B NokanbHin mepexi 6e3niyv pisHmx
KOMM'IOTEPIB | NPUCTPOIB NevaTku.

CepBep Fast
S EtherChannel
S
Kopnyc A Kopnyc b i I Kopnyc B
PiseHb
PiBeHb (: & KommyitaTop
/ =

poanoainy pibHs 2

;@

KommyTaTtop piBHs 2 Cepeep

nigknoYeHnn
no ISL

PiBeHb sigpa

<///ﬂ// j

KopnopaTtusHuii
cepBep Fast
EtherChannel

Puc. 1.11. KamnycHa mepexa
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Bu3HayeHHA TNy mepexi

IHOOI PO3XOMKEHHS MK NOKanbHUMW, perioHanbHUMKU 1 rnobanbHUMK
Mepexamu (abo mexi Mixx pobo4oto rpynoto abo KOpnopaTUBHOK MEPEXKELD)
€ poO3MUTMMK, DyBa€E BaXKO BU3HAYUTKU, O€ 3aKiHYYETbCA OoOHA Mepexa W
noynHaeTbcs iHwa. OgHak TMN MepeXi HandacTille MOXHa BU3Ha4YUTM 3a
pes3ynbTataMu aHarsnidy HacTyMHUX YOTUPbOX MEPEXHNX XapaKTEePUCTUK:

KOMYHiKaLiHe cepefoBuLLe;

NPOTOKOIT,

TOMONOTIs;

TUN BUKOPUCTAHHS Mepexi (npuBaTHa abo 3aranbHOA4OCTYMHA).

1. AK KOMyHiKauinHe cepefoBuLle MOXe BUCTYynaTu CTPYMOMPOBISHUN
kabenb, ONTOBOSIOKHO, paaio abo YKB-xBuni. 3 1oro 4onomMoro Komn'rtotepu
N Mepexi 3'egHYyTbCa MK cobol. Hepigko nokanbHa Mepexa MoXe
3aKiHyyBaTuUCA TaM, Oe O[He nepefaBalibHe cepefoBuLie MIHSETbCA Ha
iHWe (Hanpuknag, 3BMYanvHU Kabenb nepexoauTb B ONTOBOSIOKOHHWUW).
YacTo okpemi nokanbHi Mepexi Ha OCHOBI MigHWX kabeniB 3a 4ONOMOroK
ONTOBOJSIOKOHHOIo Kabento niakno4alTbCs A0 iHLWKUX JOKaNbHUX MEpex,
cTBOptotoYUN rnobanbHy Mepexy. B iHWKMX BuNagkax Mexa Mepexi Moxe
nponarat Tam, Ae BigbyBaeTbCcsa nepexig Big ONTOBOMOKHA A0 YKB-XBUSIb.

2. Mexy nokanbHux i rnobanbHUX Mepex MOXXHa BM3HAYMTK 3a TUMNOM
BUKOPUCTOBYBaHMX MPOTOKONIB.

[lpomokon BW3Ha4ae crnocib dopmMaTyBaHHS MEPEXHUX [aHuxX Yy
BUrNa4i nakeTiB abo operMiB, a TakoX MeToau nepegadi KOXXHOro Onoky
AaHuX i cnocobwu iHTepnpeTauil gaHnx Ha npurMarodomy By3ni. [lakem — ue
MOAOYNb [daHuX, WO Mae neBHUMM dopmart, npuaaTHUM 4N nepegadi
iHbopMaLii 3 Mepexi y BUrNSai 4eAKoro curHarny.

Y MepexHUX KOMYHIKaLisiX KOXHWW nakeT CKrafaeTbCHa i3 ABIMKOBUX
po3psAdiB, AKi pO3TALLOBYHOTLCA B iHPOPMALUIMHMX MNOMSX, WO npeacTaBnse
KOMaHOM KepyBaHHS OOMIHIB, agpecu mxeperna 1 Npu3HayveHHs, KOPUCHI AaHi
N KOHTPOJSbHI CyMU NS BUSIBIIEHHSA NOMUIIOK. [akeTn BignoBiganTb MepeXHiin
iHgpopMmauii, nepegaHin Ha MepexHomy piBHi (PiBHi 3) eTanoHHin mogeni OSI
(Open Systems Interconnection), wo Bu3Ha4ae BMOIp MapLUpyTy, MO SIKOMY
nakeT Tpeba oCTaBUTM A0 BY3na NPU3HaYEHHS.

IHoAi iHCbopMaUuinHi nona B Moayni AaHux, nepegaHoMmy nNo Mepexi, He
MICTATb BiJOMOCTEN NPO MapLUpyTU3aLito, OCKINbKW BiAMNOBIAHUA MPOTOKON
abo npucTpin dQyHKUiOHYOTb Ha KaHanbHOMy piBHIi. Y UbOMYy BUNagKy
nogioHMn Moaynb AaHUX HA3MBAETLCHA HE NAKETOM, a hpelMOoM.
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B ogHin nokanbHin mepexi MoXyTb iCHyBaTK Kifibka NPOTOKOSiB, OgHaK
MEXY Mepex BU3HAYae TiNbKM 3MiHa TUMY BUKOPUCTOBYBaHMUX NPOTOKOSIB abo
30inblLUeHHs  IXHbOI  KinbkocTi. Hanpuknag, ansa wmepex  Ethernet
BUKOPUCTOBYETLCA OOMH MPOTOKOM, a ANs Mepexi 3 MapKepHUM Kinbuem —
iHWin. Taki mepexi MoxHa ob'egHaTn, ooHaK Ha MeXi Mepex HeobXxigHo
NOMICTUTWU NPUCTPOI, WO nepeTBopATb dperimn abo naketn Ethernet y
dpenmmn abo NakeTn MapKepHOro KifbLs, i HaBNakMu.

3. Tononoria. MepexHa Tononoria Mae ABi CKnagosi: isnyHe
po3BefeHHs kKabeno 1 NOorivYHi MapLpyTH, No SKUX BUNAMBaKOTb NakeTn abo
dpenmn, nepepaHi nNno  MepexHomy kKabent. Pos3BegeHHs kabento
BU3HAYaeETbCA pearibHMM po3TawyBaHHAM Kabento B kopobax Ha cTeni w
cTiHax. JloriyHMin maplwpyT Bignosigae HanpsAMKy nepefadi nakeTtis abo
dpenmis, i LeW HaANPSIMOK MOXe $IK BignosigaTwn, Tak i He BignosigatTu
disn4HOMY PO3BEEHHIO.

PoarnaHemo npuknag, konn gisnyHa KoHirypauiss mepexi 3biraetbcs 3
noriyHoto. disnyHe po3BeOeHHA MOXe MaTu 3ipkonoaibHy dopmy, npu
ULbOMY B LEHTPi 3ipKM pO3TaLUOBYETLCA MEPEXHUN NPUCTPIN. JloriyHi
MapLUIpyTM MOXYTb BignoBigatn 3ipkonoAdibHin KoHirypadii, Konv nakeTtu m
dpermMn nepenarTbCs BCIM KiHUEBUM By3nam opHodacHo. Lle Haragye
OJHOYAaCHe 3anantoBaHHS BCiX JTAMMNOYOK B ifltoMiHaLLil.

OnuncaHy TOMOSOrit0 MOXHa 3MIHUTM 1 NocunaTth perMn N naketTn B
AesKin NOriYHIn  NoCnigAOBHOCTI (MPUTOMY, WO isnyHe po3BedeHHA §K i
paHilwe € 3ipkot). Ppermm abo nakeTn MOXYTb HaOXOAUTU crovaTky
O4HOMY BY3My, a noTiM iHWoMy. Taka KoHdirypauia 6yae HaragyBatu
"BOrOHb, LLIO OXKNTB," B inNtOMiHaLIl, KONWM NaMNOYKK 3anantorTbCs Mo Yepai.

3MiHM Tonosnorii BM3Ha4alTbCA 3MiHaMM i3nYHOI KOHirypauii n/abo
norivyHnx MapuwpyTis. Hanpuknag, naketm n dpermn B Mepexi MOXYTb
di3MYHO nepemiaTtnca B LWKWHHIA TOMNOSOril, WO Ma€ KiHUEBI TOYKM, a MOTiM
yepe3 OesKUM MepexHUr NPUCTPIM MOXYTb NigKYaTuca 40 Tononoril, ge
BOHM ByayTb NepenaBaTUCS MO KifbLO, Y SIKOrO KiHLEBI TOYKW BiACYTHI.

4. Tvin BUKOpUCTAHHA Mepexi. Hanpuknag, mexa npoxoautb Tam, ge
3aKiHYyeTbCA MpuMBaTHaA Mepexa W MNOYUMHAETbCA Mepexa 3ararnbHOro
KOpUCTYBaHHSA, abo HaBnaku. llpusamHa mepexxa HanexuTb OOHi opraHisauii
N NIATPUMYETBLCS HEID; NPUKNALOM MOXe CNYXUTU YHIBEPCUTETCbKa Mepexa,
AKOK yNpaBnse OAWH 3 Koreaxis. 3a2asibHoOOCmyrnHOK Ha3WBaETbCA Taka
Mepexa, Lo NpOoroHye CBOI MOCMNYrM BCIM YfieHaM [OesKoro CriBToBapucTBa
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(Hanpuknag, mepexa, NigTpuMyBaHa TeNeKOMYHIKaLiMHOK KoMMaHie abo
KOMMaHie kabenbHoro tenebayeHHs).

[ns po3yMmiHHA Kracudikauil po3noginy Mepex 3a TUNOM BUKOPUCTAHHSA
pPO3rnNAHEeMO NpuKag OesKol KOMMaHii, WO Mae IoKasnbHI Mepexi B TpbOX
CBOIX nigpo3aginax, 3B'a3aHux MK cobok 4Yepes3 perioHanbHy TenegOoHHY
Cnyxoy. Mexa MK  MpuMBaTHUMW  NOKanNbHUMU Mepexamm n
3aranbHOOOCTYMNHO rrobanebHOK Mepexeto byae NpoxoanTn Tam, Ae foKanbHi
Mepexi MigKoyarTbCa [0 perioHarnbHol TenedoHHOT Mepexi. B iHwomy
BUNALKy KOMMaHiss MOXe 3anpornoHyBaTWM CBOIM CriBPOOITHUKAM eipmyarsibHy
npusamHy mepexy (virtual private network, VPN), wo nepenae naHi 4vepes
IHTEpHET | Ao3BOSNsiE 1M 3BepTaTUCA OO0 KOHMIAEHUIMHUX OaHuX | dhanniB Tak,
HayebTo BOHM NpaUoTb Y Mepexi 3 OyANHKY, BUKOPUCTOBYHOUN KOMM'OTEP |
mogem. VPN — ue npuBaTHa mMepexa, WO (YHKUIOHYE 9K TyHenb 4epes
BinbLy mMepexy (Taky, sk IHTepHeT abo koprnopaTMBHa Mepexa), i 4OCTynHa
TiNbKN ONS aBTOPM30BaHNX KIIEHTIB.

Po3yMiHHS MeX MK Mepexamu Moxe 6yTv Haas3BUYaMHO BaXXNUBUM
npn po3podbui Mip 6e3nekn, ocKifbkW, Hanpuknag, Ang 3axucty Mepexi Big
BTOpPrHeHHs abo BipyCiB BM MOXeETe NOMICTUTU MEPEXHI MPUCTPOI B aesiki abo
B YCi TOYKM NEPETUHAHHS LINX MEX.

Mpuy4nHN, Wo odbymMoBUNN NOABY NOKaNbHUX i TMOGaNbHUX Mepex

IcTopia 7 pO3BUTOK MEPEXHUX TEeXHOMorin BiabuBalTb 3anuTu
cycninbCTBa, WO Mae noTpedy y wBmnakmx 3acobax 3B'dA3Ky, O BMKOPUCTO-
BYIOTbCS Y AiNoBiN cdoepi, YTBOPEHi AN po3Bar i B3aEMHOro CrinkyBaHHS.
Hes3Baxatoun Ha NosBy BCE HOBUX i HOBMX, BinbLl po3pobneHnx KoMyHikauin,
OCHOBHi BUMOTMM O HUX 3anuiaTbCs TUMN cCaMUMU: HEODXIAHO MaTu NPOCTI
N wBunaki 3acobu B3aemodii 3 baratbMa noabmMu, Wo nepebyBatoTb Yy PidHMX
Toykax. CborogHi MoXXHa NPOTAroM XBUITMHM MNepecriaty NoBigOMMEHHS MO
eneKTPOHHIN nowTi 3 BickoHciHa B Hopserito, nicng 4oro komnaHisa B ATnaHTi
3MOXe 4Yepes3 |HTepHeT nocrnatn po3HapsiaKy B KOMMaHito, po3TalloBaHy B
TopoHTO, Wo nicna uboro obpobutb 3asBKy 1 BiANyCTUTbL ToBap MPsSMO B
Lien e OeHb.

1.3. Mogenb ISO/OSI

LLlo6 cnpocTnuTn NpoekTyBaHHA, aHani3 i peanisauito npouenypy o6MiHy
NOBIOMITIEHHSAMM MiX KOpMUCTyBadamm abo npuknagHUMuM nporpamamu, Lo
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NpauloloTe Ha PpisHMX KoMmn'loTepax, L npoueadypy LAEKOMMOo3ykTb Ha
iepapxivyHO 3B'si3aHi Mk CODOK MpuBaTHI 3aBOaHHA, TOOTO BUKOPUCTOBYIOTb
baraTopisHeBUM Niaxia.

Mpn nepepadvi nosigoMneHb obuaBa YyYaCHUKU MEPEXHOro OBMiHY
NOBWUHHI NpunHATK 6e3niy yrog. Hanpuknag, BOHM MOBWHHI NOroAMTU PiBHI 1
dopMy eneKkTPUYHUX CurHanie, cnocidé BU3HAYEHHSA OOBXWHW MOBIAOMIIEHD,
AOMOBUTUCA MNPO METOAM KOHTPOSIO BIPOriAHOCTI M T. M. |HaKWe Kaxy4w,
yroan nNoBWHHI BGyTWM NPUIAHATI ONs BCiX PiBHIB, NOYMHAOYN Bif HaWHWKYOro
piBHS nepefadi 6iTiB, 4O HaMBULLOrO PIiBHA, WO AeTanidye, 9K iHopmauia
noBMHHa ©OyTn iHTepnpeToBaHa. Taki ¢popmarizoeaHi npaesuna, Wwo
guU3Ha4arompb rocr1idosHicme i gpopmMam rno8idoMIIeHb, SKUMU OBMIHIOKMbLCS
MEPEXHI KOMIMOHEeHMU, WO riexxamb Ha OOHOMY PigHi, arie 8 pi3HUX 8y3nax,
Ha3uearomhbCsl rPoMmoKoamu.

lepapxiyHO oOpraHizoBaHa CyKYMHICTb MNPOTOKOSIB, WO BUPIWYKOTb
3aBOaHHS B3aeMOfii BY3niB Mepexi, Ha3MBaeTbCA CMEKOM KOMYHIKauitHUX
rpomokoriis.

[MpoTokonn cycigHix piBHIB, WO nepebyBawdTb B OAHOMY BY3fi,
B3aEMOilOTb OAWH 3 OAHMM TakOoX BIiANOBIQHO OO0 MEBHMX npaBwun i 3a
AOMNOMOro  ctaHgapTmM3oBaHMX opmaTtiB  nosigomMmrieHs. L npaBuna
NPUAHATO Ha3uBaTu iHMepgeticom. IHTepdenc BnusHadae Habip nocnyr, sKi
HWXYNW PiBEHb HAJa€ BULLIOMY.

MixHapogHa OpraHisaudis 3i Crangaptie (International Standards
Organization, 1SO) pospobuna mMogenb, WO 4iTKO BMU3HAYae pi3Hi PiBHI
B3aeMogAil cuctem, Agae iM cTaHgapTHI iMeHa 1 ykasye, Ky poboTy NOBMHEH
pobuTM KOXHM piBeHb. Lla Mogenb HasMBaeTbCA MOAENM B3aemMogil
Bigkputmnx cuctem (Open System Interconnection, OSI) abo mogennto
ISO/OSI.

Y wmogeni OS| B3aemogisa AinuTbCa Ha ciM piBHIB abo wapiB, €K
nokasaHo Ha puc. 1.12 [27]. KoXHuin piBeHb Mae cnpaBy 3 OOHUM MEBHUM
acnekTom B3aemogii. Takum YmHoMm, npobnema B3aemMmofii A4ekoMno3oBaHa Ha
7 nNpuBaTHUX NPoBnem, KoXHa 3 SKMX Moxe OyTu BUpILLEHA He3anexHo Big
iHWKX. KOXHWUI piBEeHb NiATPUMYE iHTepdencn 3 piBHAMMK, sKi 3HAXOOAATHCSA
BULLIE | HWKYeE.

Mogens OSI onucye TinbkM CUCTEMHI 3acobu B3aemofii, He
CTOCYHUMCb AodaTKiB KiHLUEBWUX KopucTyBadiB. [loaaTku peani3ytoTb CBOI
BNacHi NPOTOKONM B3aeMofil, 3BepTaloymMcb A0 CUCTEMHUX 3acobis. BapTto
MaTW Ha yBa3i, WO A0O4AaTOK MOXe B3SATU Ha cebe dyHKUii OesKUX BEPXHiX
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piBHiB Mogeni OSI, y Takomy BunagKy npyv HeobxigHoCTi 0OMiHYy AaHMMKU BOHO
3BEepPTaETbCA MNPAMO 0O CUCTEMHMX 3aco0iB, O BUKOHYIOTb (OYHKLIT HUXKHIX
piBHIB, WO 3anuwunnuncsa, mogeni OSl.

Cucrema 1 Cucrema 2
npuknagHi npouecu npuknagHi npouecu
MpoTtokonu

7. NpuknagHumn - > 7. NpviknagHui

-

6. MNpencTaBHULLKUIA

» 6. MpencraBHULbKNIA

5. CeaHcoBuin > 5. CeaHcoBuii

- -

PiBHi

4. TpaHCMNopTHUN > 4, TpaHCnopTHUI

3. Mepexesui > 3. Mepexesun

2. KaHanbHun > 2. KananbHui

- >

1. PisnyHin

> 1. PisnyHin

-
-t
-
Bl
-
-t
-
-
-t
-
-t

IHTepdencn

Puc. 1.12. Mogenb B3aemogaii Biakputux cucrtem ISO/OSI

KoxxHui piBEHb BUKOHYE MEBHI KOMYHiKaLiNHI 3aBAaHHA WU 32 JONOMOroK0
BIANOBIAHMX MNPOTOKOSIB B3aemMogie i3 cycigHiMu piBHsAMM iepapxil. [Nepenaya
iHpopmauil MK OBOMa  MEpPEeXHUMM  MPUCTPOSIMU  30JIMCHIOETBCA 3
BUKOPUCTaAHHAM L€l iepapXil piBHIB (CTeka) Yy KOXHOMY i3 NPUCTPOIB.
Hanpuknag, skwo poboya cTaHuiss OOMIHIOETbCA AaHUMK i3 CepBepoMm,
nepegaya iHopmauii noYMHaeTbca B pobouin ctaHuii Ha MNMpuknagHoOMy piBHi.
[MoTiMm dhopMyeTbCAa neBHa iHopmaLis Ha Binbll HWXKHIX PIBHAX OOTU, MOKM
AaHi He [ocArHyTb PisnYHOro piBHA M He OyayTb MO Mepexi nepenadi
cepsepy. Cepsep npunmae gaHi Ha Dis4HOMY piBHI CBOro cTeka 1 nepegae ix
Ana  iHTepnpetadil 6inblWw  BUCOKMM PIBHAM, MOKA [aHi He [OCArHyTb
MpuknagHoro piBHA. KoXHUIM piBeHb HasmBaeTbcsl abo 3a imeHem, abo 3a
NONOXeHHAM B cTeui (1-M piBeHb, 2-M piBeHb i T. A.). Hanpuknag, HWXHIN
piBEHb CTeka Ha3nBaeTbcs PisanyHNM piBHEM abo piBHEM 1.

[ogaTtok KiHUEeBOro KopuctyBada MOXE BMKOPUCTOBYBATUM CUCTEMHI
3acobu B3aemogii He Tinbkn onga opradisauil gianory 3 iHWKUM goAaTKoM, WO
BMKOHYETBCA Ha IHLWIN MaLUVHi, ane n NpocTo ANA ofepXaHHSA Mocryr Toro
abo iHWOro MepexXHoro cepeicy, Hanpuknag, 4ocTyny 40 BunyvyeHux cannis,
oAepKaHHs nowTn abo nevaTky Ha NoAiNtoBaHOMY NPUHTEPI.
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TexHonoeiss. Hexan nooaTok 3BepTaeTbCs i3 3anUToM 40 NpuUKnagHoro
piBHA, Hanpuknag [O awnnoBoro cepsicy. Ha nigcrasi uUbOro 3anurty
nporpamHe 3abes3nedyeHHs1 NpUKNagHoro piBHA OpPMYyE MNOBIOOMITEHHS
cTaHOapTHOro popmarty, B sike nomiwiae cnyxbosy iHbopmauito (3aronoBok)
I, MOXNMBO, nepepaHi pdadi. [lloTiM uUe noBIOOMIEHHSA HanpPaBlSAETLCSA
npeacraBHUUbLKOMY  piBHIO.  [lpedcTaBHUMUBKMW  piBEHb  Aodae Ao
NOBIOOMIEHHA CBiM 3arofioBOK i nepefae pesynbtar OOMiNNUb CeaHCOBOMY
PiBHIO, LLO Yy CBOK 4epry gofae CBiK 3aronoBok i T. 4. [Hedaki peanisauii
NpoToKoniB nepeabayaloTb HAsIBHICTb Yy MOBIAOMMNEHHI He TiflbKM 3arorfioBka,
ane 1 KiHus. HapelTi, noBigoOMNeHHA gocarae HamHMXXY0ro, 4isu4HOro pPiBHS,
LLIO AINCHO nepeaae Noro rno niHisx 38'd3ky. [Jo LbOro MOMeHTY NOBIAOMITEHHS
BUIMS4ae Tak, K nokasaHo Ha puc. 1.13 [29], (TyT Mu CBIiZOMO CrpOCTUN
KapTUHY, HE pOo3rnsaaroym NOKN npoueaypun cknagaHHs-po3bupaHHa nakeTis.)

Konn noBigoMneHHs no mepexi HagxoauTb Ha iHwy PC, BOHO
NOCIILOBHO repemiwiaemscs Ha2opy 3 pieHS Ha pieeHb. KOXHWW piBeHb
aHanizye, o06pobnse W eudasnse 3a20/1080K CB020 PpPIiBHS, BUKOHYE
BiANOBIAHOMY AaHOMY PiBHIO (PYHKUIT U nepenae noBigOMITIEHHS PIBHIO, KU
3HaxXoaQuTbCS BULLE.

Y mogeni OSI| po3pi3HATbCA ABa OCHOBHUX TUMKX NPOTOKONIB.

Y npoTtokonax i3 ycmaHoerieHHsIM 3'eOHaHHsi (connection-oriented
network service, CONS) nepen obmiHOM gaHMMK BignpaBHUK i ogepXKyBad
MNOBWHHI CnoYaTKy BCTAHOBUTW 3'€4HAHHA 1, MOXNWBO, BMOGpaTU MPOTOKON,
LLIO BOHM ByayTb BUKOpUCTOBYBATW. [licna 3aBepLUEHHA gianory BOHW NOBUHHI
po3ipBaTu Le 3'€aHaHHA.

MakeT 3-ro piBHA

3Ar 3 Dani 3 KOH 3
A A 4
MakeT 2-ro piBHA 3AI 2 I 3Ar 3 ‘ ’ KOH 3 I KOH 2
Oani 2
v 4
Maker 1-ro pisHA 3Ar1 | 3Ar2 | 3Ars KOH 3 | KOH 2| KOH 1

Aani 1

Puc. 1.13. BknageHicTb NakeTiB pi3HUX piBHIB
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[dpyra rpyna npoTokoniB — npoTtokonn 6e3  rornepedHb020
ecmaHoereHHs1 3'egHaHHs (connectionless network service, CLNS). Taki
NPOTOKONN Ha3MBalTLCA TaKOX OelimazgpamMHUMU npoTokonamu. BignpaBHuK
NPOCTO nNepedae noBiQOMMEHHS, KONMWM BOHO roToBo. [lpn B3aemogdil
KOMM'loTepiB BUKOPUCTOBYIOTLCA SK Ti, TaK i iHLLI NPOTOKONN.

PyHKUiT piBHIB Mmogeni OSI

Mogenb ISO/OSI| Bu3Havae pyHKLIiT piBHIB y Takuin crnocib:

@i3uYyHUU pi6eHb.

Llen piBeHb onucye:

yci isndHi cepepoBuwa nepepadi gaHux (kabenb, ONTOBOJSIOKHO,
XBUNi pagio 1 iHWKX Aiana3oHiB);

MEPEXHI PO3HIMaHHS;

TONONOTi0 Mepexi;

MeToaum nepefadi 1 KogyBaHHS curHany;

NPUCTPIN Nepenadi JaHuXx;

MepEXHIi iHTepdencu;

MeTOoAM PO3ni3HaBaHHA NOMUIIOK NMpwW nepeaadi curHanis.

Llem piBeHb Mae cnpaBy 3 nepefadeto OIiTiB No i3MYHMX KaHanax,
TakuMx, Hanpuknag, 9K KoakcianbHun kabenb, kpydyeHi napm abo
ONTOBOSMOKOHHW  Kabenb. [JO uUbOro piBHA MalTb  BiAHOLIEHHSA
XapakTepuCTukn GIisndHNUX cepenosuly nepedadi fgaHux, Taki, 9K cmyra
NPONYyLWEHHS, NepeLlKogo3axmLLEHICTb, XBUMbOBUIA onip i iHWIi. Ha ubomy X
PiBHI BU3HAYaKOTbCA XapaKTepPUCTUKM eNEeKTPUYHMUX CUrHarsiB, Taki, ik BUMOTU
A0 (PPOHTIB iMNYIIbCIB, PiBHIB Hanpyrn abo CTpymy nepefaHoro curHany, Tun
KOOyBaHHS, LUBMNOKICTb nepepadi cuUrHanis. Kpim LbOro, TYT
CTaHOapTU3YIOTLCA TUNW PO3HIMaHb | NPU3HAYEHHA KOXXHOMO KOHTaKTY.

PyHKLUiI Pi3nYHOro piBHA peani3ytoTbCs Y BCIX MPUCTPOSAX, NIAKNHOYEHUX
Ao mMepexi. 3 6oky komn'toTepa yHKUIT PIBUYHOTO PIBHA BUKOHYHOTHCHA
MepexHUM agantepom. [loBTopitoBadi € €OVHUM TUMOM YCTaTKyBaHHS, LWO
npautoe Tiflbk1 Ha PI3UYHOMY PIBHI.

[Mpuknagom npoTokony (is4HOro piBHA MOXeE CNYyXUTu cneumdikauisa
10 Base-T TexHornorii Ethernet, Wo B13Ha4Yae Sk BUKOPUCTOBYBaHUM Kaberb
HeeKkpaHoBaHy KpydeHy napy karteropii 3 i3 xsunsosum ornopom 100 Owm,
po3HiMaHHA RJ- 45, makcnmanbHy JOBXUHY oisndHoro cermeHTta 100 meTpis,
MaH4YeCTEepPCbKUIM KOA4 AN NoAaHHs AaHUX Ha Kabeni, i iHWI XxapakTepucTukn
cepenoBuLla N enekTPUYHUX CUrHani..
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KaHarnbHul pigeHsb.

Llen piBeHb Kooye OaHi y BUurnagi ppenmis, nicrns 4oro BigdopmMaToBaHi
dpenmn HagxogAaTb Ha Disn4HMK piBeHb, A€ BY305, WO Nepedae MoXe
BigNpaBuUTM X Yy KOMYyHiKauiMHe cepefoBuwe (Hanpuknag, Yy kabenb).
Mpuimatounin - By3on ogepxye dperm Big PisMYHOrO piBHSA, Oekodye
erNeKTPUYHUA CuUrHars, Lo NpPeacTaBrise po3psan OaHuX, NEPETBOPHE OKpeMi
po3psaan y ppenm i nepesipse HagBHICTbL NOMUIOK Yy dopenmi.

KaHanbHU piBeHb npeacraBnde iHOpMaLUinHi po3psagn Yy BUMSAi
"ppenmy" KaHanbHOro PiBHA, WO MICTUTbL MOSIS 3 afpPeCcHO 1N Kepyruor
iIHbopMmauieto.

Taknm 4YmHoM, bpenm MICTUTb:

03HaKy no4daTky penmy (start of frame, SOF);

agpecy npuctpoto abo nepegasanbHOro By3na, Wo signpaense dpenm
(appecy oxepena);

agpecy npuctpoto abo npunmaroyoro Byana, WO OAepXye nepegaHun
dopenm (agpecy npmusHavyeHHs);

agMiHicTpatmBHy abo  kepylody  iHopmauito  (ana  KOHTPOSo
KOMYHiKaLiMHOro npouecy);

OaHi;

iIHbopMaLito ANnA BUABNEHHS NOMUITOK (KOHTPOSTbHI AaHi);

Tpewnnep (KiHeub) abo o3Haky KiHua ppenmy (end of frame, EOF).

Ha disnyHomy piBHi npocto nepecunatotbca OiTn. [pu ubomy He
BPaxoBYETbCHA, WO B [OesKUX Mepexax, Y SAKUX NiHil  3B'A3Ky
BUKOPUCTOBYIOTLCA  (PO34iNIAOTLCA) MOnepemMiHHO  [eKiflbkoma napamu
B3aeMoAitoumx Kommn'roTepiB, isanyHe cepepoBulle nepepadvi Moxe 6ytn
3anHAaTe. ToMy ogHMM i3 3aBOaHb KaHalIbHOroO PiBHA € Nnepesipka 4OCTYMNHOCTI
cepefoBuwa nepefadi. IHWUM 3aBOaHHAM KaHanbHOro piBHA € peanisauis
MexaHi3MiB BUABIIEHHA N KOpeKUil noMunok. [na uboro Ha KaHanbHOMY PiBHI
GiTn rpynytoTeca B Habopwu, siki HasmBatoTbCa kadpamu (frame). KaHanbHUN
piBeHb 3abe3neyvye KOPEKTHICTb nepedadi KOXHOro Kagpy, noMilaroum
crneuianbHy NOCMIQOBHICTL OIT Yy NoYyaToOK i KiHEUb KOXHOro kagpy, wob
BiA3HAYUTN MOro, a TaKoX OOYUCMKE KOHTPOSIbHY CyMy, MiACYMOBYHOYM BCi
6anTn Kagpy NneBHUM cnocoboM i Joaatoum KOHTPObHY cyMy Ao Kagpy. Konu
Kagp NpuxoauTb, o4epKyBad 3HOBY OBYMCIIOE KOHTPOSbHY CyMYy OTPUMaHUX
AaHuX | MOpPIBHIOE pe3yribTaT 3 KOHTPOSIbHOK CYMOK 3 Kaapy. AKLWO BOHM
30iraloTbCsl, Kagap YBaXaeTbCA MNPaBUIbHUM | NPUMMAaETbCA. SAKWO X
KOHTPOSIbHI CyMW He 30iratoTbCsl, TO (PIKCYETLCS MOMUIIKA.
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Y nokanbHUX Mepexax MnpOTOKONM KaHanbHOro PpPIiBHA BUKOPUC-
TOBYIOTbLCA KOMM'IOTEPAMK, MOCTaMK, KOMyTatopamMn 1 MapLupyTuaTtopamu.
Y komn'toTtepax QYHKUil KaHanbHOro PpiBHA peani3yloTbCs  ChiflbHUMMU
3yCUNISIMU MepeXxHUX aganTepiB i iXHIX ApanBepis.

MepexHul pigeHsb.

MepexHun piBeHb aHanidye agpecHy iHopmaLito NpoTokony nepegadi
NakeTiB i nocunae 1x No HambinbL Niaxogawomy MaplpyTy — isndyHomy abo
noriyHomMmy, 3abesnevyoum MakcumarbHy e(eKTUBHICTb Mepexi. TakoxX Lueu
piBeHb 3abesnedyye nepecunaHHa MakeTiB MK Mepexamu  4depes
MapLupyTu3aTopu.

KoHTpostoum npoxompKkeHHA nakeTis, MepeXkHnin piBeHb BUCTYMae B posii
"kepytodoro Tpadikom": BiH MapLlpyTU3ye (Hanpaensi€) nakeTu no HamnbinbLu
ePEKTUBHOMY 3 [EKiSIbKOX MOXINUBUX TpakTiB nepefadi gadux. [[Ona
BM3HAYEHHS HaMKpalloro mapwpyTty MepexHuin piBeHb MOCTiHO 36upae
iHdbopMaLito (METPUKN) NPO PO3TaLlyBaHHS PI3HUX MepeX i By3niB, Lien npouec
Ha3MBaeTbLCS 8usB/IeHHAM Mapuwipymy (discovery).

[MpoTOKON KaHanbHOro piBHA 3abe3nedye OOCTaBKY AaHUX MK 6yab-
KUMKW By3namu TiNbKW B Mepexi 3 BIiANOBIOHOW murogor morionoezieto. Lle
ayXe XopcTke oOMexXeHHsl, LWo He [Jos3sonse 0OyayBatm Mepexi 3
PO3BMHEHOK CTPYKTYPOLKD, HaNpuknag, Mepexi, Wo NoegHYIThb Kiflbka Mepex
niganpuemMcTBa B €ANHY Mepexy, abo BUCOKOHAAINHI Mepexi, Y SIKUX iCHYIOTb
HaOWMLWIKOBI 3B'A3KM MK By3namu. [Ons Toro, wob, 3 ogHiel CTOpPOHM,
36epertv NpocToTy npoueayp nepegadi gaHuMx Ans TUNOBMX TOMOSOrin, a, 3
IHLIOT CTOPOHU, OOMYCTUTU BUKOPWUCTAHHSA AOBINIbHUX TOMOMOriA, BBOAUTLCS
A0OaTKOBUM MepexHun piBeHb. Ha ubomy piBHIi BBOAMUTbLCS Oinblu By3bKe
NOHATTA "Mepexa". Y uboMy BUMaAKy Mig Mepexer po3yMIETbCH CYKYMHICTb
KoMmn'toTepiB, 3'egHaHMX MiX cobO BiAMOBIAHO OO0 OOHIEl 3i CTaHOAPTHMX
TUNOBUX TOMOSONIN | TUX, O BUKOPUCTOBYIOTb ON4 nepeaadi JaHnX OOVH i3
NPOTOKOSIB KaHANbHOro PiBHA, BU3HAYEHUN AN Liel Tononoril.

Takum 4MHOM, YycepeauHi Mepexi [ocTaBka [AaHuUX perynieTbes
KaHanbHMM pIiBHEM, a [OOCTaBKOK AdaHUX MK MepexamMmn 3anMaeTbCs
MepeXHUN piBeHb. [1oBIAOMNEHHA MEPEXHOro PIBHA NPUMAHATO HasMBaTu
"naketamun" (packet). Npu opraHisauii 4OCTaBKM NAKETIB HA MEPEXHOMY PiBHiI
BUKOPUCTOBYETLCA MOHATTA "Homep wmepexi”. Y ubOMy BMNagKy ajpeca
ofepXXyBaya CKnagaetbCAa 3 HOMepa Mepexi W HoMepa Komn'loTepa B LK
Mepexi.
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Mepexi 3'egHyl0TbCSA MK CoOOK cneuianbHUMKU  NPUCTPOSIMK,  SKI
Ha3MBalTbLCA MapLLpyTU3aTopamu.

Mapwpymusamop - ue npucTpin, wWo 30upae iHdopmauito npo
TOMOSOrit0 MiKMeEpPeXHUX 3'€egHaHb | Ha 1i nigcrasi nepecunae nakeTtu
MEPEXHOro piBHA B Mepexy rnpusHadeHHda. [Ona Toro, wob nepegatu
NoBIiQOMMEHHS Bif BignpaBHMKa, WO nepebyBae B OOHIN  Mepexi,
ofepxyBadeBi, WO nepebyBae B iHWIN Mepexi, NOTPIOHO 3pobuTn aOesky
KINbKICTb TpaH3UTHUX nepegadv (hops) Mk mepexamu, Lwopas Bubuparoum
nigxoadawnm mMapwpyTt. Takum YMHOM, MapLpyT CTAHOBUTbL MOCHIAOBHICTb
MapLUpyTM3aTopiB, Yepes AKi NPOXOANTb Naker.

[Mpobnema BNbGOpYy HankpaLioro LUNAXY Ha3nBaeTbCH
Mapuwpymua3saujeto, i Tl pilleHHA € rOSIOBHUM 3aBOaHHAM MepeXHoro piBHS. Lis
npobrnema ycknagHETbLCA TUM, WO CaMUWU KOPOTKUW LUMSIX He 3aBXau
Hankpawunn. Yacto kputepiem npu BUbopi MapLLpyTy € Yyac nepegadi gaHux
No LUbOMY MapLUPYTY; BiH 3aneXnTb Big NPOMYCKHOI 30aTHOCTI KaHarsiB 3B'A3Ky
N IHTEHCUBHOCTI Tpadika, LLO MOXe 3MIHIOBATUCS i3 YacoM.

Ha mepexxHoMy piBHI BU3Ha4YaeTbCcs 08a sudU rpomoKoriis.

Mepwwnin BUO BIiAHOCUTBLCS OO0 BM3HAYEHHSI NpaBus nepegadvi nakeTiB 3
AJaHUMKW  KiHUEeBMX BY3fliB  Big By3na A0 Mapwpytmsatopa W MiX
MapwpyTtmnsatopamu. Came Ui NPOTOKONN 3BMYAMHO MalOTb Ha yBasi, KOnu
rOBOPATbL MPO MNPOTOKOSNN MEPEXHOro piBHA. O4HaK YacTo 40 MEPEXHOro PiBHS
BIOHOCATb | iHWWW BWL NPOTOKOMIB, SAKi Ha3nBalOTb [POMOKonaMu ObMiHy
MapuwpymHor iHgbopmauiero. 3a 4OMOMOror LMX NPOTOKOMIB MapLLpyTU3aTopu
30uMpatoTb iHdopMaLio NPO TONOSIOTi MiXKMEPEXHUX 3'€AHaHb.

[MpoTOKONN MepexXHOoro piBHA peani3ylTbCHa NPOrpamMHUMU MOAYNAMU
onepauinHoi CUCTEMM, a TaKoX MporpaMHUMM N anapaTHUMKM 3acobamu
MapLupyTm3aTopiB.

Mpuknagammn npoTOKOMIiB MEPEXHOro PIiBHA € MPOTOKOST MiXKMEPEXHOI
B3aemogil IP cteka TCP/IP i npoTtokon mMixxmepexxHoro obmiHy naketamu IPX
cteka Novell.

TpaHcriopmHul pieeHsb.

TpaHcnopTHUM pigeHb (transport layer), nogidHo KaHanbHOMy 1
MepexHoMy  piBHSIM, BUWKOHYE  (PyHKUil, WO 3abe3nedvyloTb HaginHe
nepecunaHHs gaHux Big nepeagasanbHOro Bysna oo npurmMarodoro. Hanpuknag,
TpaHCnopTHUW piBEHb rapaHTye, WO AaHi nepeaarnTbCa  NPUAMaloTbCH B TOMY
camomy nopsaky. Kpim Uboro, nicna 3aBepLUeHHA nepecuriaHHa npumimaroymii
BY3051 MOXe nocnaTtu NiagTBepaXeHHs (ke iHOAi Ha3NBaETbCS KBUTAHUIED).
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Ha wnaxy Big BignpaBHUKaA [0 odep)XyBada MakeTn MOXyTb OyTu
nepekpy4veHi abo 3arybnedi. Xoya gesiki gogatkm MarTb BfiacHi 3acobu
0OpoOKM NOMUSIOK, ICHYIOTb | Taki, AKi BONiOTb Bigpasy MaTu crnpasy 3
HaginHuM 3'egHaHHsaM. PoboTa TpaHCnopTHOro piBHA nondrae B ToMmy, LWoO
3abesneuntn pogatkam abo BepxHiM pPIBHAM CTeka — npuknagHoMmy ©
ceaHCcoBOMY — nepefavy gaHuX 3 TUM CTyNeHeM HaAinHOCTI, Wwo M noTpibeH.
Mogene OSI BM3Ha4ae N'sATb KnaciB cepsicy, SKi HaAarTbCA TPAHCMOPTHUM
piBHeMm. Lli Bngu cepsicy BIigpi3HAOTLCA AKICTIO MOCnyr, AKi HagalTbCs:
TEPMIHOBICTI, MOXIIMBICTIO BIQHOBNEHHSA MepepBaHOro 3B'dA3Ky, HAABHICTHO
3acobiB MynbTUMNNEKCYBaHHA OEKINbKOX 3'€4HaHb MiXK Pi3HUMWU NpUKNagHUMU
NpoTOKONaMn 4Yepes 3aranbHUM TPaHCNOPTHUA MPOTOKOS, a rofioBHE —
30aTHICTIO OO0 BUSABIIEHHSI W BUMNpPAaBSIEHHS MOMWIOK nepefadi, Takux $K
nepekpyvyBaHHs, BTpaTa 1 gybntoBaHHS NaKeTiB.

Bubip knacy cepsicy TpaHCNOPTHOrO pPiBHA BM3HAYa€ETbCA 3 OOHI€El
CTOPOHM TUM, Y SKOMY CTYyMNeHi 3aBgaHHs 3abesnedyeHHst HagiMHOCTI
BUPILLYETbCA camMMMWM goAaTkaMuM W MNPOTOKOMaMu Oinbll BUCOKUX, YMM
TPaHCMOPTHUI, piBHIB, a 3 iHWoro ©oky, uen BMGIp 3anexuTb Big TOro,
HaCKiflbKM HadiMHOI € BCA cUCTeMa TPaHCMNOPTYBaHHA AaHUX Yy Mepexi. Tak,
Hanpuknag, $KWO 4KICTb KaHaniB nepegadi 3B'A3Ky OyXe BUCOKa, |
MMOBIPHICTb BWHUKHEHHSI MOMWIIOK, HEe BUSIBIIEHUX MpoTokonamu 6GinbLu
HU3bKMX PIBHIB, HEBENNKA, TO PO3YMHO CKOPUCTATUCA OLHUM 3 MOSiereHmnx
CEpBICIB TPAHCMOPTHOrO PiBHS, HE OBTSKEHMX YUCNEHHMMWU MEpEBIpPKaMMU,
KBUTYBAHHAM | [HWWMK nNpunoMaMn nNigBULLLEHHSA HAQIMHOCTI. AKWO X
TPaHCNOPTHI 3acobn CNOKOHBIYHO AyXXe HeHaginHi, TO AOUINIbHO 3BEPHYTUCH
A0 Hambinbw pPO3BMHEHOrO CEepBIiCYy TPAHCMOPTHOrO pPiBHSA, WO Mpautoe,
BMKOPUCTOBYOYM MaKCMMyM 3acobiB 4N BUSIBIEHHSA N YCYHEHHSI MOMWUIIOK —
3a 4ONOMOrow nornepeaHbLOro BCTaHOBMEHHS NOMYHOro 3'€AHaHHSA, KOHTPOJSIHO
AOCTaBKM MNOBIAOMMEHb 3a [OOMOMOroK KOHTPOSIbHUX CYM | LMKIIYHOI
HymepaLlil nakeTiB, YCTaHOBMEHHA TaM-ayTiB JOCTaBKN 1 T. N.

[MoumHaloun i3 TpPaHCMOPTHOrO PIiBHSA, BCi BULLEPO3MILLEHI MNPOTOKOMMU
peanis3yloTbCa nporpaMmHMMn 3acobamun, BKMAOYAKOTbCSA 3BMYaAWHO B CKNapg
MepPEXHOI onepauinHol cnctemMu. Ak npuknag TPaHCNOPTHMUX NPOTOKOMIB MOXHa
HaBecTu npotokonn TCP i UDP cteka TCP/IP i npotokon SPX cteka Novell.

CeaHcosul pieeHb.

CeaHcoBui piBeHb (session layer) BignoBigae 3a BCTAHOBIIEHHS W
NiATPMMKY KOMYHIKaLiMHOrO KaHany MiX [Boma By3namu, BiH 3abesneuvye
YeprosicTb PobOTU BY3MiB: HanNpuknag, BU3HA4ae, SKMA 3 BY3NiB NepLUUM

41



noyvHae nepenady padHux. Kpim uyboro, CeaHcoBuMi piBeHb BU3HA4vae
TpuBanictb poboTn By3na Ha nepefadvy, a TaKoX Cnocib BigHOBNEHHS
iHbopmauii nicna NOMUIOK Nepedadi. AKWo ceaHCc 3B'A3Ky O6yB MOMMNKOBO
nepepBaHun Ha 6inblw HM3bKOMY piBHi, CeaHCOBMI piBEHb HaMaraeTbCs
BIAHOBUTM nepenavy gaHuX.

CeaHcoBui piBeHb 3abesnevye KepyBaHHS dianorom Ansg Toro, Lwob
doikcyBaTH, AKa 3i CTOPIH € aKTUBHOK B J@HWUA MOMEHT, a TaKoX HaZae KoLTu
CUHXPOHiI3auii. OcTaHHi O003BONATbL BCTABMATM KOHTPOSbHI TOYKM B OOBTi
nepepadi, Wob y BunNagky BiAMOBM MOXHa Oyno noOBepHYTUCS Haslag Ao
OCTaHHbOI KOHTPOSIbHOI TOYKKM, 3aMiCTb TOro, wob noymHaTn BCe 3 Mo4vaTky.
Ha npaktuui geski gogaTkm BUKOPUCTOBYHOTb CEAaHCOBWUW PIBEHb, | BIH PIdKO
peani3yeTbCs.

PieeHb nodaHHs.

[MpeacTaBHULBKUN piBEHb (presentation layer) ynpaBnse
doopmMaTtyBaHHSAM  OaHMX,  OCKifIbKM  MpPUKagHi  nporpamMn  Hepigko
BMKOPUCTOBYIOTb Pi3Hi Cnocobu nodaHHsa iHdopmadil. Y [OesKOMY CeHCi
[MpencTaBHMLbLKMI piBEHb BUKOHYE (PYHKLIT NporpamMm nepesBipku CUHTAKCUCY.
BiH rapaHTye, WO 4Yncna n CUMBOJbHI PSAOKN NepefarTbCs came B TakoMy
doopmari, Skt 3po3yminun lNpeacrtaBHULBKOMY PIBHIO MPUUMaKOYoro Bysna.

[MpencraBHULBKMIM piBEHb TaKOX BIiANOBIAAE 3a LWMGPYBaAHHA AaHUX.
LlugbpysaHHs (encryption) — Le npouec 3acekpevyBaHHSA iHopmaLii, Wo He
[03BONAE HEeaBTOPU3OBaHMM KOPUCTyBayaM npountaTu [faHi y Bunagky
IXHbOro  rnepexonrneHHd. Hanpuknag, Yy nokanbHInG  Mepexi  Moxe
lwnppyBatTuca naponb  obnikoBoro 3anucy komn'totepa, abo X Homep
KpeauTHOI KapTKn MoXe wWwudpyBaTnUCA 3a SOMNOMOro TexHonorii Secure
Sockets Layer (SSL) ([MpoTokon 3axulieHWX COKeTiB) npu nepenadi no
rnobanbHin mepexi.

Llen piBeHb 3abesnevye rapaHTito TOro, Lo iHopmauis, nepenaHa
npuknagHUm pisHemMm, yae 3po3ymina NnpukagHoMy piBHIO B iHLWIA cucTemi. Y
BMNagkax HeobXigHOCTI piBeHb MOAAHHSA BUKOHYE NMEPETBOPEHHSA dopmaris
AaHnX y Oedkun 3aranbHur doopmaT nodaHHsA, a Ha npuruomi, BignosigHO,
BMKOHYE 3BOPOTHE MEPETBOPEHHS. Y Takmi Cnocib npuknagHi piBHi MOXYTb
nepebopoTn, Hanpuknag, CUHTAKCUYHI PO3XOMKEHHA B NoAdaHHi AaHux. Ha
LbOMY pPIiBHI MOXe BUWKOHYBaTUCSA LWMPYBaHHA WU OelunppyBaHHA OaHUX,
3aBOSKN 9KOMY TaEMHICTb 0BMiHY AaHMMK 3abe3nedvyeTbCs Bigpasy Ansa BCiX
npuknagHux ceps.icie. lNpuknagom Takoro nNPOTOKOSy € NpOTOKon Secure
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Socket Layer (SSL), wo 3abesneyye cekpeTHUn 0OOMIH NOBIAOMITEHHAMMW OS5
NpOTOKONIB NpuknagHoro piBHsA cteka TCP/IP.

lMpuknadHul pieeHs.

Llem piBeHb 6Ge3nocepenHbO ynpaBnse AOCTYNOM A0 AofaTtkiB i
MepexHnx cnyxd. MNMpuknagom Taknx cnyx6 € nepenadya dansnis, KepyBaHHS
davnamu, BunydyeHUn [oOCTyn [0 danniB i NPUHTEPIB, KepyBaHHSA
NOBIAOMMNEHHAMM ENEKTPOHHOI MOWTN N emynsauia TepmiHanie. Came uen
piBEHb MNPOrpamiCT BUKOPUCTOBYIOTb AN 3B'A3KY poboumx cTaHuin 3
MepeXHUMU cnyxbamu (Hanpuknag, ans HagaHHa geskin nporpami nocnyr
eneKTPOoHHOI nowTn abo gocTyny Ao 6a3n gaHUX Yepe3 MepPEXY).

MpuknagHun piBeHb — Ue Habip pi3HOMaHITHMX MPOTOKONMIB, 3a
AOMOMOroK AKMX KOPUCTYBaudi MepeXi o4epXXytTb AOCTYN OO MNOAIN0BaHUX
pecypciB, Takux, gk dannu, npuHTepn abo rineptekcTtoBi Web-cTopiHkn, a
TaKOX OpraHi3yloTb CBOKW ChiNbHYy pobOTy, Hanpuknag, 3a A0NOMOrow
NPOTOKONY €NEeKTPOHHOI NowTn. OgnHNUS OaHMX, SIKOK onepye npuknagHun
piBEHb, 3BU4AaNHO Ha3MBaETLCS MOBIOOMITEHHAM (message).

IcHye pOyxe Benuka po3MaiTiCTb CepBIiCIB  MNPUKNALHOIO  PIiBHS.
HaBeoemo 4K npuknagyv npoOTOKOSIB NPUKNALHOIO PiBHA HaWNOLUMPEHiLi
peanisauii dannosux cepsicis: NCP B onepauinHin cuctemi Novell NetWare,
SMB B Microsoft Windows NT, NFS, FTP i TFTP, wo Bxogate y ctek TCP/IP.

MepexxHo3arexxHi npomokosiu U rnpomoKosiu, opieHmoeaHi Ha dodamku

®yHkuii BCix piBHiB mogeni OSI moxyTb 6yTn BigHeceHi JO ofgHiel i3
ABOX rpyn: 00 PYHKUINW, WO 3anexaTtb Bi KOHKPETHOI TeXHIYHOI peanisauil
mMepexi, abo 0o dyHKLiN, OpieEHTOBaHNX Ha poboTy 3 AofgaTKaMu.

Tpu HUXHIX pigHI — @QISNYHUKA, KaHaANMbHUA | MEPeXHUm — €
MepeXHo3anexHnmm, TOOTO NPOTOKONM UMX PIiBHIB TiCHO MNOB'A3aHi 3
TEeXHIYHOIO peanis3auielo Mepexi, 3 BUKOPUCTOBYBAHUM KOMYHIKaLiHUM
ycTaTkyBaHHAM. Hanpuknag, nepexig Ha BctatkyBaHHA FDDI o3Havyae noBHy
3MiHY NPOTOKOJSIIB (Pi3NYHOro 1 KaHanbHOro PiBHSA Y BCIX By3rax Mepexi.

Tpu eepxHix pieHI — CeaHCOBWW, PiBEHb NOAAHHA W NPUKNagHUA —
OpiEHTOBaHi Ha gogaTkM W Mano 3anexaTtb Big TeXHIYHMX ocobnuBocTeN
nobynoBn mMepexi. Ha npoTokonu uux piBHIB HE BNNMBAKOTb HisiKi 3MiHN B
TOononorii Mepexi, 3aMiHa BCTaTKyBaHHA abo nepexig Ha iHWY MepeXHy
TexHonorito. Tak, nepexig Big Ethernet Ha BucokowwsumakicHy TexHonorito 100
VG-AnyLAN He BuMarae Higkux 3MiH y nporpamHux 3acobax, Wo pearnisye
JoyHKUIT NpUKnagHoro, npeacTaBHULLKOIO 1 CeaHCOBOrO PiBHIB.
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TpaHCnopTHUM piBEHb € MPOMDKHUM, BIH NpPUXOBYe BCi AeTani
YHKLIOHYBaHHS HWXHIX PiBHIB Big BEPXHiX piBHIB. Lle Ao3Bonse po3pobnsaTtu
aodaTkM, WO He 3anexaTb Big TexHiYHMX 3acobiB, ski 6eanocepeaHbo
3aMMalTbCs TPaHCNOPTYBAHHSAM MOBIAOMSIEHD.

Komn'toTep i3 ycTtaHoBreHot Ha Hbomy mepexHoto OC B3aemogie 3
IHLWWMM  KOMM''OTEPOM 3@ [OOMNOMOro MNPOTOKOMIB YCiXx cemu piBHIiB. Lo
B3aEMOLII0  KOMM'IOTEPU  3OIMCHIOKTb  OMNOCEPEeaKOBaAHO 4Yepe3  Pi3Hi
KOMYHIKaLiMHI NPUCTPOI: KOHLEHTpaTopW, MOAEMW, MOCTW, KOMyTaTopw,
MapLupyTM3aTopn, MynbTUMNNEKCOPU. 3anexHo Big Tuny, KOMYHiKauinHUI
NPUCTPIN MoXe npautoBaT abo TiNbkM Ha isM4HOMY piBHI (MOBTOpPOBAY),
abo Ha isnyHOMYy i KaHanbHOMY (MicT), abo Ha pisnyHOMY, KaHaNbHOMY W
MEpPEXHOMY, IHOAI 3aXONSIYN U TPAHCMOPTHUM piBEHb (MapLLpyTU3aTop).

Mogene OSI| npeacrtaeBnde xoda M AyXe BaxnuBy, ane TiNbKW OAHY 3
GaraTbox Mogenen KomyHikauin. Lli mogeni W nos'dA3aHi 3 HUMW CTEKM
NPOTOKOMIB MOXYTb BIAPIBHATUCA KISIbKICTIO  PIBHIB, IXHIMK  (PYyHKLiAMN
(Tabn. 1.1), dopmaTamm NoBIiAOMMEHb, CepBiCaMu, SKi Ha4alTbCA Ha BEPXHIX
PIBHSIX | IHLUMX NapamMeTpax.

lNpouec nepedayi. ChopmoBaHa iHGOpMaLS MOYMHAE CBIN LUMSX Ha
BepxiBLUi CTeka nepepasarnbHoro Bysna Ha [lpuknagHomy piBHi. [MoTiM gaHi
nepepatoTbca peactaBHULBLKOMY PIBHIO W MPOOOBXYKTb PyX MO CTEKY A0
Qi3n4yHOro piBHA, € BOHM MOCUMADTb Y Mepexy Yy BUrnsgi 3akiH4eHoro
iHbopMmauinHoro curHany (puc. 1.14) [29].

Tabnuusa 1.1
PyHKUIiI piBHIB eTanoHHol moaeni OSI
PiBeHb PyHKUIT
1 2
®iznyHun (PiBeHb 1) Peanisye isnyHe cepepoBulle nepedadi  curHany

(Hanpwvknag, kabenbHy cuctemy).

[MepeTBOproe OaHi B nepejaHun curHan, wo Bsignosigae
disn4yHOMY cepenoBuLLLY.

Mocunae curHan no goisn4yHOMy cepeioBuULLLY.

PoanisHae gisanyHy CTPYKTYpy Mepexi.

Busenae nomunku nepegadi.

BusHavae piBHi Hanpyrn, BMKOPUCTOBYBaHI Ans nepenadi
UMdPOBUX CUTHAnMIB | CUHXPOHI3auil nepeaHux NakeTiB.
BusHavae tTvn curHany — umdgposuin abo aHanorosmm
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3akiH4YeHHs Tabn. 1.1

1 2

KananbHui (PiBeHb 2) Y1BOploE dpenmun  gaHux BignosigHoro dopmarty 3
ypaxyBaHHSAM TUMY Mepexi.

["eHepye KOHTPOSIbHI CyMN.

Buasnse noMunkn, nepesipsatoymn KOHTPOISTbHI CyMu.
[MoBTOPHO Nocunae gaHi Npy HAasABHOCTI MOMMIIOK.

IHiLitoe kaHan 3B'a3ky 1 3abe3nedyye 1noro 6e3nepebiniHy
poboTy, WO rapaHTye idnyHy HaAiNHICTb KOMYHiKaLii M
By3riamu.

AHanisye agpecu npucTpois.

MiaTBepokye npunom ppenmis

MepexHun (PiBeHb 3) BusHavae MepexxHun MmapLupyT Ans nepefadi nakeTis.
[lo3BoNsie  3MEHWMUTM  MMOBIPHICTb  NepeBaHTaXXeHOCTI
Mepexi.

Peaniaye BipTyanbHi kaHanu (MapLupyTh).
MapLpyTn3ye nakeTu B iHLWI Mepexi.
BukoHy€e nepeTBOpPEHHS MiXK MPOTOKONamMu

TpaHcnopTHui (PiBeHb 4) | 3abeanevye HaginHICTb Nepeaayi NakeTiB MK By3namu.
3abesnevye nNpaBUNbHUN MNOPSAO0K Nepefadyi n npumiomy
nakeTiB AaHUX.

MigTBEPIKYE NPUMOM NakeTa.

BigcnigkoBye nomMmunkn nepefadi nakeTiB i MOBTOPHO
nocunae noraHi nakeTwu.

Po3buBae 6inbwi dparmMeHTn paHux i 30umpae IX Ha
NPUAOMHOMY BY3Ili B Mepexax, L0 BUKOPUCTOBYHOTb Pi3Hi
NPOTOKONMN.

CeaHcoBun (PiBeHb 5) IHiLitoE KaHan 3B'A3Ky.

[MepeBips€e cTaH yCTaHOBEHOrO KaHasny 3B's3Ky.

Y KOXHMMA MOMEHT 4acy BW3HAYaE 4eproeiCTb poboTn
By3niB (Hanpuknag, SKuin By30/n MNEpWMM  MNOYUHAE
nepegavy gaHux).

Po3puBae kaHan nicnsa 3akiH4eHHs ceaHcy 3B'A3Ky.
[MepeTBOpPIOE agpecu By3niB

MpencTtaBHULBKWIA [MepeTtBOptoe paHi y  opmat, 3po3yminun  gns
(PiBeHb 6) npunmMmaro4oro Bysna (Hanpuknag, nepekogye CUMBOSU
EBCDIC B ASCII).

BukoHye WwndpysaHHS gaHuX.

BukoHye cTuCK faHmx

MpuknagHun (PiBeHb 7) | 3abeanedye cninbHUN JOCTYN 4O BUIYYEHUX OUCKIB.
3abesneyye cninbHUN JOCTYN A0 BUIyYEHUX NPUHTEPIB.
O6pobngae NnoBigOMMEHHS €NEKTPOHHOT MNOLTH.
3abeaneyvye poboTy cnyx6 nepeaadi annie.
3abeaneyvye poboTy cnyxb kepyBaHHs hannamu.
3abeane4vye poboTy crnyx6 emynsauii TepmiHanis
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OpHopaHroBuii NPOTOKON
7. MpuvknagHui

\/

7. MpviknagHui

l OpHopaHrosuii NPOTOKON
6. MNpeacraBHULbKWN

\

6. MNpeacraBHULBbKNIA

l OpHopaHroBmi NPOTOKON T
5. CeaHcoBui > 5. CeaHcoBui
- OpHopaHrosuii NPOTOKON
4. TpaHcnopTHUIN AHOP P > 4. TpaHcnopTHUN
. OpHopaHrosuii NPOTOKON .
3. Mepexesun »> 3. Mepexesui
# OpHopaHroBuiA NPOTOKON

2. KananbHui > 2. KaHanbHuin

. - OpHopaHroBmin NPOTOKON
1. disnyHin

\

1. diznyHin

Puc. 1.14. Nepepaya nakeTiB iHpopmauil No piBHAM

[Mpunmatoumin By30n oOepXKye AdaHi Ha disndHoMy piBHI (HA camomy
HWKHBbOMY PIiBHI CTeka), a NnoTiM ONnA nepesipkn openmMiB nepegae okpemi
nopuil iHpopmauil KaHarmbHOMY PIiBHIO, LWLO BM3HaA4yae, 4n agpecoBaHumn
KOHKpPEeTHUN (pperM MepexHOMy iHTepdency aaHoro Byana. KaHanbHum
piBEHb [di€ SK NMCTOHOLWA, WO nepernsgae BC MNOWTy W BUBMpae NnUCTM,
BignNpaBneHi Ha KOHKpeTHY agpecy. JInctu i3 uieto agpecoto 3abupatotbes 1
nepegarnTbCA KOHKPETHOMY afpecaToBi, Lo MNpoXMBae 3a 4aHOK agpecolo.
|[HWIi NnCcTY BigNpaBnaTLCA gani 4OTWU, NOKU He 3HanUAyTb CBOro agpecara.

Konn kaHanbHWin piBeHb BUSBNAE OpenM, agpecoBaHuin aaHin pobouin
CTaHUil, BiH nepefae Moro MepexXHOMy pPiBHIO, LLO BiJCOPTOBYE MPU3HAYEHY
MoMy iH(popMaLito U nocunae Aadi, Wo 3anuwmnnucs, suwe no creky. OgHak
nepen TMMm, sk dpenm byae nepenaHuin Bi KaHaNbLHOMO PiBHS 40 MEPEXKHOTO,
KaHanbHUW piBeHb nepeBipuTb KOHTpornbHy cymy (CRC) i Bu3HauuTb
LiniCHICTb openmy.

KoXXHuin piBeHb CcTeka Aie ik CaMOCTIMHUIA MOAYSIb, LLO BUKOHYE OOHY
OCHOBHY (PYHKLO, i KOXXHUI piBEHb Ma€ BracHU oopmaTt KoMaHg, nepegadi
AaHunx, obymoBneHnn BiAMNOBIAHNM NPOTOKOJSIOM. MpoTokonu,
BUKOPUCTOBYBaHI AN 3B'A3KY (QYHKUIW, WO BiOHOCATLCA OO TOro X PiBHS,
Ha3MBalTbCA NPOTOKONaMM B3aeMOAil piBHOMpaBHUX cuctem (peer protocol)
abo ogHopaHroBMmu npoTtokonamu. OOHOpaH208i MPOMOKOIU O03BONATb
AesKoMy piBHIO Ha nepeaasaribHOMY BY3Si B3AaEMOLIATU 3 TaKUM Xe piBHEM
npurmaroyoro Bysna. Hanpuknag, Konn kaHasnbHUN piBEHb NepenaBanbHOro
By3ra reHepye KOHTPOrsibHi CyMU, BiH BUKOPUCTOBYE OQHOPAHITOBUI NPOTOKON,

Lo B6yae 3po3yMinuin kKaHanbHOMY PiBHIO NPUIAMAaKOYoro By3na.
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Mix piBHAMK iHOpMaLISA nepefacTbCA 3a A0OMNOMOrold KomMaHd, SKi

HasuBawTbCa rnpumimusamu (primitive)

(pwuc.

1.15) [29]. TllepepaHa

iHbopMaUisi Ha3MBAETLCH POMOKO/IbHOK O00UHUUEe0 O0bMiHy abo modyrnem
OaHux rnnpomokoriy (protocol data unit, PDU).

v

KaHanbHui

Mpumitne

|

DisnyHUn

Puc. 1.15. NMepepayva iHopmauii M piBHAMU

Konu gaHi HagxogaTb Big 04HOro piBHA A0 iHWoro (6inbL BUCOKOro abo
Ginbw HM3bkoro), oo moayns PDU gopaetbcs HoBa kepytoya iHbopmauis.
[licna Toro, sk Ha peskoMmy piBHIi cdopmoBaHmn mopyne PDU, BiH

nepecunsiacTbCA

aHanoriyHomy piBHIO

B3aEMOAi040ro

By3Jla 3a

AOMOMOro ogHopaHrosmx npotokonis (puc. 1.16 [27]). Pasom 3 Tum,
konu moaynb PDU rotoBunm 0o nepenadi HaCTynHOMY pPiBHIO, AKUW nUae
nepen pisHeM, Jofae A0 LbOro MOAyNs KOMaHOW nepecurnaHHs.

Y3en A

7. MNpuknagHuii
MpuknagHun PDUL

6. MNpeacraBHULbKUIA
MpeactaBHuubkuii PDU i
5. CeaHcoBuii
Cearcosuit PDU y
4. TpaHCcnopTHUI
TpaHcnopTHun PDU
3. MepexeBun
Mepexesuii PDU ‘
2. KananbHwi
KananbHuin PDU

1. ®isnyHin

Mpuknaghuin PDU
-~ »

MpeacTasHuubkun PDU
-~ »

CeaHcosuii PDU

A

\

TpaHcnopTHun PDU

Mepexesuii PDU
-~ »

KaHanbHuii PDU

PisnyHii PDU

Y3en b

7. MNpuknagHwi

MpeacraBHuLbkuin PDU
6. MpeacTaBHULbKWIA

T CeaHcosuit PDU
5. CeaHcoBuin
prchnopTHmﬁ PDU
4. TpaHcnopTHUI
Mepexesuin PDU
3. MepexeBun
KananbHuii PDU
2. KaHanbHui
PiznyHin PDU

1. ®isnyHin

Puc. 1.16. Nepepgaya moayna PDU 3a gonomMororo ogHopaHroBmux

NpPOTOKONiB
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lMpuHyunu nobydosu cknadeHuUX Mepex
MepexHun piBeHb, y nepwly 4Yepry, NOBUHEH HagaBaTW KOWTW And
PiLLEHHA HACTYMHUX 3aBAaHb:
AOCTaBKMN NAKETIB Y Mepexi 3 JOBISTbHOK TOMOMOTIEHD;
CTPYKTYpU3aLil MepeXxi LWsSXoM HaginHoi nokanisauil Tpadika;
Y3roXKEeHHS Pi3HNX MPOTOKOSIB KAHANbHOMO PIBHA.

JNokanisauia Tpadika n isonsauisa mepex

Tpadik y Mepexi cknagaeTbCs BMNagkoBuM obpasom, OHaK Yy HbOMY
BioOuti W peski 3akOHOMIpHOCTI. AK npasuno, Oeski KopucTyBadi, WO
NpauloloTe Hag 3aranbHUM 3aBAaHHAM (Hanpuknag, cniBpoBiTHUKM OO4HOro
BiQ4iNy) HanyacTiwe 3BepTaloTbCA i3 3annTamm abo oavH Big ogHoro, abo oo
3aranbHOro cepsepa, i TiAbkM iHOAI BOHW BUNPOOOBYHOTH HEOBXIOHICTb
OOCTyny OO pecypciB koMmn'toTepiB iHWOro Bigainy. baxaHo, wob cTpykTypa
Mepexi Bignosigana CTPYKTypi iHopMauiMHMX MOToKiB. 3anexHo Big
MepeXHoro Tpadgika KoMn'toTepU B MepeXi MOXyTb BYTW po3aineHi Ha rpynu
(cermeHTM Mepexi). Komn'loTepy MOEOHYOTLCA B rpyny, skwo 6inblia
YacTMHa NOPOAKYBAHUX HUMW MOBIOOMITEHb aipecoBaHa KoMN'toTepam Liel X
rpynu.

Lnsa nodiny mepexi Ha ceaMeHmu 8UKOPpUCmO8ytombCs mMocmu U
Komymamopu. BoHN ekpaHyoTb NokanbHUn Tpadgoik ycepeanHi cermeHTa, He
nepegarym 3a MOro MexXi HiKMX KagpiB, KpiM TuUX, SKi  agpecoBaHi
komn'toTepam, Wo nepebyBatoTb B iHWWX CErMeHTax. TMM camuMm, Mepexa
po3nagaeTbCs Ha okpemi niamepexi. Lle po3Bonse 6Ginbw pauioHanbHO
BUOUpATM MNPOMYCKHY 3AaTHICTb HaABHWUX IiHIA 3B'A3Ky 3 Ornggy Ha
IHTEHCUBHICTb Tpadika ycepeanHi KOXHOT rpynu, a TakoX akTUBHICTb OOMiHY
AaHUMWN MiXK rpynamu.

OpHak nokanisauia Tpadpika 3acobamu MOCTIB i KOMyTaToOpiB Mae€
ICTOTHI OBMEXEHHS.

3 ogHoro 60Ky, NOriYHi CerMeHTM Mepexi, po3TalloBaHi MK MOCTaMWu,
HeJoCTaTHbO i30NbOBAaHI OAWH Big OAHOrO, a came, BOHM He 3axulleHi Bia,
TaK 3BaHWUX, LUMPOKOMOBHMX LUTOPMIB. AKWO SKka-Hebyab cTaHuisi nocunae
LLUIMPOKOMOBHE MOBIAOMIIEHHA, TO LUE TMOBIAOMIIEHHS NepeaaceTbCA BCIiM
CTaHUiSIM YCiX JIOMYHMX CEermMeHTiB Mepexi. 3axucT Bi LUIMPOKOMOBHUX
LUTOPMIB Y Mepexax, NnobygoBaHMX Ha OCHOBI MOCTIB, Ma€ KiNbKiCHUA, a He
SIKICHUI XapakTep: agMiHiCTpaTop NPOCTO 0BMEXYE KiNbKiCTb LUMPOKOMOBHMNX
nakeTiB, LLIO JO3BOSIFETLCH reHepyBaTu AeAKOMy BY3ny.
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3 iHwWoro 60Ky, BUKOPUCTAHHA MeXaHi3My BipTyarlbHUX CErMeHTIB,
peanizoBaHOro B KOMyTaToOpax JlOKallbHUX MepexX, NpuBoAuUTb A0 MNOBHOI
nokanisauii Tpadika — Taki CerMeHTWU MOBHICTIO i305IbOBaHi OAWH Big OAHOrO,
HaBiTb BIOQHOCHO LUMPOKOMOBHUX KagpiB. ToMy B Mepexax, nobymoBaHux
TiINbKN Ha MOCTax i KomyTaTopax, KOMM'IOTepW, LWO Hanexartb pPi3HUM
BipTyalnbHUM CEermMeHTaMm, He YTBOPATb EANHOI Mepexi.

HaBeneHi HeOonikM MOCTIB | KOMyTaTOpIiB MOB'A3aHi 3 TUM, LLO BOHMU
NpautoTb 3a NPOTOKOMaMU KaHanbHOrO PIiBHSA, Y SAKMX Y ABHOMY BUMNSAi He
BU3HAYaETbCSA NOHATTS YacTUHK Mepexi (abo nigmepexi, abo cermeHTa), sike
MOXHa ©yno 6 BMKOPUCTOBYBATU NpU CTPYKTypu3auil BENUKOT Mepexi.
3amicTb TOro, LWoO6 YyAOCKOHANUTU KaHanbHWUA piBEHb, pPO3pobntoBaYi
MEPEXHUX TEXHOMOrIN BMPILUXAM OOPYYMTM 3aBAaHHS nobyaoBu CKageHol
MepeXi HOBOMY PIBHIO — MEPEXHOMY.

Y3romXeHHs1 NPOTOKONiIB KaHarIbHOro pPiBHA

Cy4acHi obuncnoBarnbHi Mepexi Yyacto byaylTbCA 3 BUKOPUCTAHHAM
Aekinbkox pisHuMx 6asoBux TexHonorin — Ethernet, Token Ring a6o FDDI.
Taka HeogHOpIOHICTE BUHUKAE abo npu o6'egHaHHI BXe ICHYHUYMX paHiwe
MepeX, WO BUKOPUCTOBYIOTb Y CBOIX TPAHCMOPTHMUX nigcucremax pisHi
NPOTOKONM KaHanbHOro piBHA, abo npu nepexodi OO0 HOBUX TEXHOMOTIN,
Takux, 9k Fast Ethernet a6o 100 VG-AnyLAN.

Came Ons ymeopeHHs1 eOUHOI mpaHCropmHOi CUCTEMU, LLIO MNOEAHYE
Kiflbka MepeXx 3 pisHMMM NpuHuunamMmn nepegadi iHpopmauil MK KiHLEBUMMU
By3fiamu, i CnyxXuTb MepexHul piseHb. Konu aBi abo Oinble mepexi
OpraHi3yloTb CniflbHYy TPaHCAOPTHY CNyX0by, TO Takni pexum B3aemogil
3BMYaMHO HasnBalTb MiKMepexXHow e3aemolicto (internetworking). Ons
NO3HA4YeHHs CKMNafdeHol Mepexi B aHrfIoOMOBHIN fliTepaTypi 4acTo TaKoX
BMKOPUCTOBYETLCS TEPMIiH iHmepmepexa (internetwork abo internet).

CTBOpPEHHS CKMagHOI CTPYKTYPOBaAHOI MepeXxi, Lo iHTerpye pisHi 6a3osi
TEeXHONOoril, MoXe 34iNCHIOBaTMUCA 1 3acobamMmn KaHanbHOro PiBHA: AN LUbOro
MOXyTb OyTM BUMKOPUCTaHI Aeski Tunu MOCTIB | KomyTaTopiB. OpHak
MOXIUBICTIO TPaAHCNALIT NPOTOKOMIB KaHaNbHOro PiBHA BOSMOAIIOTE Aaneko He
BCi TUNW MOCTIB i KOMYTaTOpIB, 40 TOro XX MOXIIMBOCTI Lii 0bMexeHi. 3okpema,
y noegHyBaHWX MepeXax MOBUHHI 36iraTuca MakcumaribHi po3mipy nonis
AaHuX y Kagpax, TOMY LLIO KaHarnbHiI NPOTOKONKU, SK NpaBumno, He NiATPUMYIOTb
dYHKUIT pparmeHTauil nakeTiB.
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MapuwpyTusauia B Mmepexax 3 4OBifIbHOIO TOMOJSIOTIED

Cepen npoTOKOMIB KaHanbHOro piBHSA Aesiki 3abes3nevyioTb A4oCTaBKy
AaHNX Yy Mepexax 3 OOBISIbHOK TOMOMOrielo, ane TiflbKM MK Mapoo CyCigHiX
By3niB (Hanpuknapg, npotokon PPP), a geski — MK Oyab-skumn By3namu
(Hanpuknag, Ethernet), ane npu ubomMy mMepeka NoBMHHA MaTW TOMOMOTIiO
NEeBHOro N 4OCUTb NPOCTOro TUNY, Hanpuknag, AepeBonoaioHy.

Mpn ob'egHaHHi B Mepexy [OeKiSIbKOX CermMeHTiB 3a [JOonoMOorow
MapHoTpaTtiB abo KomMmyTaTopiB NPOLOBXYHOTb AiATM OBMeXeHHs Ha Ti
TOMOJSIOrit0: Y Mepexi, WO BuhLWNa, nosuHHi bymu eidcymmHi netni. [incHo,
MIiCT abo oro oyHKUiOHaNbHUIA aHanor — KOMyTaTop — MOXYTb BUpiLLyBaTK
3aBOaHHA OOCTaBKW NakeTa aapecaTtoBi TifIbKX ToAi, KON MiXK BignpaBHUKOM i
OofepXXyBayeM iCHYE €ONHUM LWNAX. Y TOM Xe Yac HasiBHICTb HagSfMLLIKOBUX
3B'A3KiB, SKi 1 YTBOPATb NETNi, YacTo HeobXiaHa Ana Kpaloro 6anaHcyBaHHSA
HaBaHTaXEeHHs, a TakoX Ond NiABULLEHHSA HaOiMHOCTI Mepexi 3a paxyHOK
ICHYBaHHSA anbTepHATMBHOIO MapLUpyTy Ha JOA4AaTOK 40 OCHOBHOTIO.

MepexHuin piBeHb [03BONdAe nepefaBatv faHi MK Oyab-akumuy,
AOBINTIbHO 3B'AI3aHMMU By3rnaMn Mepexi.

Peanizauia npoTokony MepexHOro piBHA Ma€ Ha yBasi HasiBHICTb Yy
MepeXi crneuianbHOro NPUCTPOI — Mapwpymusamopa.

MapLpyTnsatopu nOegHYOTb OKpeMi Mepexi B 3aranbHy CcKrageHy
mepexy (puc. 1.17 [40]). BHYTpilWHS CTPYKTYpa KOXHOI Mepexi He nokasaHa,
TOMY LLO BOHA He Ma€ 3HA4YeHHA Npu po3rngagi MepexHoro npotokosy. [o
KOXXHOrO  MapLupytmsaTopa MOXYTb OyTWM npuedHaHi  Kifbka Mepex
(MpuvHanMHI, OBI).

Puc. 1.17. ApxiTeKkTypa cKkrnageHol mepexi
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Y cKnagHuX CKMageHux Mepexax Mawke 3aBXOu ICHYe Kifibka
anbTepHaTUBHUX MapLUpPyTiB ANd nepefadi nakeTiB MK ABOMa KiHLEBUMU
By3namun. 3aBfaHHA BMOOPY MapLUPYTiB 3 AEKINIbKOX MOXIMBUX BUPILLYIOTb
MapLLpyTM3aTopu, a TaKoX KiHLEBI BY3SN.

Mapwpym — ue nocnigoBHICTL MapLUPYTU3aTOpIB, SKi NOBUHEH MPONTU
nakeT Big BigNpaBHMKa 00 MYHKTY NPU3HAYEeHHS.

MapLpyTunsatop Bubupae MapLupyT Ha MigcTaBi CBOro nodaHHs npo
NOTOYHY KOHQirypauito Mmepexi 1 BignoBiAHOMO KpUTepito BUOOPY MapLUpyTy.
3BMYANHO $K KPUTEpiM BUCTYNae 4Yac MNPOXOMKEHHS MapupyTty, WO Yy
NoKanbHUX Mepexax 30iraeTbCa 3 JOBXMHOK MapLupyTy, BUMMIpPIOBAHOK B
KINbKOCTI nponaeHux By3niB MapwpyTtusaudil (y rnobanbHUx mMepexax
NPUUMAETBLCS B PO3paxyHOK | Yac nepeaadi naketa no KOXHiun niHii 3B'a3ky).

MepexxHut piseHb i mogenb OSI

Y mogeni OSI, sika Ha3MBaeTbCS TaKoX mMoOesiio 83aemodii 8iOKpUMuUX
cucmem (Open Systems Interconnection — OSl) i po3pobneHa MixHapodHOr
Opeanizauieto 3i CmaHOapmig (International Organization for Standardization
— 1S0O), 3acobu mepexHOI B3aemofii AinATbCA Ha CiM piBHIB, ONSA SKUX
BU3HAYeHi CTaHOaPTHI Ha3BWU U OYHKLT.

MepexHun piseHb 3ammae B mogeni OS| npomikHE MNONOXEHHS: A0
MOro nocnyr 3BepTarnTbCH MPOTOKOMN MNPUKITaAHOrO PiBHS, CEaHCOBOro PIBHSA
N piBHA nogaHHsA. [na BUKOHAHHS CBOIX PYHKLIN MEPEXHUN piBEHb BUKINKAE
GYHKUIT KaHanbHOro pPIiBHA, SKWA, Yy CBOK 4epry, 3BepTaeTbCs OO 3acobiB
doi3NYHOro piBHS.

Po3rnsaHemo KopoTKO OCHOBHI (pyHKLiT piBHIB mogesi OSI.

@i3u4HUU pieeHb BUKOHYE nepefady OITiB No isM4HUM KaHanam,
TakuM, 9K KoakcianbHUN kabenb, KpyveHi napn abo onToOBONOKOHHWI Kaberb.
Ha uboMy piBHI BM3HAYalOTbLCA XapaKTEPUCTUKN I3NYHUX CcepenoBuLL,
nepenadi gaHux i napameTpiB eNeKTPUIHUX CUrHarsis.

KaHanbHul pieeHb 3abe3nevye nepenady kagpy gaHux Mk 6yab-akumm
By3flamMn B Mepexax 3 TUMOBOK Tornosorieto abo Mixk gBomMa cycigHimu
By3rnamMn B Mepexax 3 OOBifIbHOK TOMOSorietn. Y NpoToKonax KaHanbHOro
PiBHS 3aKknageHa neBHa CTPYKTypa 3B'A3KIB MK KOMM'loTepamMu 11 crnocobwm
IXHbOI apgpecaudii. Agpecn, BUKOPUCTOBYBaHI Ha KaHanbHOMY PpiBHI B
nokanbeHUX Mepexax, 4acto HasmeatoTb MAC-agpecamn.

MepexHul pieeHb 3abe3nevye 4OCTaBKy AaHMX MiXK Byab-akumu aBoma
By3fiamMn B Mepexi 3 JOBINbHOK TOMOOrie, Npu LboOMYy BiH He Bepe Ha cebe
Hisiknux 3060B'A3aHb 3 HALINHOCTI Nepeaayi JaHuX.
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TpaHcriopmHul pigeHb 3abeanedye nepefadvyy gaHux MK O6yab-siKMMU
By3flaMn Mepexi 3 HeoOxigHMM piBHEM HaginHocTi. [Ons uboro Ha
TPaHCMOPTHOMY PpiBHI € 3acobu BCTAHOBMEHHS 3'€dHaHHS, Hymepauil,
Bycbepusauii n ynopsiaKkyBaHHS nakeTiB.

CeaHcosul pieeHb Hagae KOLWTN KepyBaHHS Aianorom, Lo LO3BOSATb
dikcyBaTi, SKa i3 B3aEMOLIIOYMX CTOPIH € aKTMBHOK B [JaHWW MOMEHT, a
TakOXX Hada€e KOWTW CUHXPOHI3auil B pamkax npouenypu 0OMiHY
NOBIAOMSTEHHSAMMN.

PieeHb nodaHHsi. Ha BigMiHy Big piBHIB, LLO pO3TallOBaHi HWX4e, siKi
MaloTb CrpaBy 3 HaLIMHOK N ePeKTUBHOK nepenadeto GiTiB Big BignpaBHuMKa
A0 ogepxyBaya, piBeHb NogaHHs Mae crpaBy i3 30BHILLHIM NOAAHHAM OaHUX.
Ha uboMy piBHI MOXYTb BUKOHYBATUCA Pi3HI BUOM NEPETBOPEHHA OaHUX, Taki,
SK KOMMpPeCis 1 gekoMnpecid, WwnudpyBaHHA 1 gewndpyBaHHS AaHUX.

lMpuknadHul pieeHb — Ue, NO CyTi Habip PiIZHOMAHITHUX MEpPEXHUX
cepsiciB, SKi HaOalTbCA KiHLEBUM KopucTyBadaMm i gogaTtkam. [Mpuknagamum
Takux CcepBicCiB €, Hanpuknag, enekTpoHHa nowTa, nepegada daunnis,
NiAKTIOYEHHA BUNyYeHUX TepMiHanis 40 KOMM'loTepa No Mepexi.

Mpn nobygoBsi TpaHCNoOpTHOI  nigcucteMyn  Hambinblwnik  iHTepec
npeacTaBnAlnTb PYHKUIT iI3UYHOro, KaHarbHOMo U MEePEXHOro PIiBHIB, TICHO
NoB'sA3aHi 3 BUKOPUCTOBYBaAHUM Y OaHi Mepexi BCTaTKyBaHHAM: MEPEXHUMMU
ajanTtepamu, KOHLUeHTpaTopamMu, MOCTamu, KomyTaTopamu, MapLlupyTtusa-
TopamMn. OyHKUIT NPUKNAAHOro 1 CeaHCOBOro PIiBHIB, @ TaKOX PiBHA NOAAHHSA
peani3yloTbCAa onepauinHUMM CcUCTEMaMWM W CUCTEMHMMMW  JodaTKamu
KiHLeBUX BY3SiB. TpaHCNOPTHMI piBEHb BUCTYMae NnocepeHMKOM MK LiMu
ABOMa rpyrnamMmm npoTOKONIB.

DyHKUIT MepexXHO20 pieHs

[MpOTOKONM KaHanbHOro piBHS He [03BONATb OyayBaTM Mepexi 3
PO3BMHEHOIO CTPYKTYPOIO, HanNpuknag, Mepexi, Wo NoegHYIThb Kiflbka Mepex
nignpuemMcTBa B €4uMHYy Mepexy, abo BMCOKOHAAINHI Mepexi, Y SKMX ICHYIOTb
HaONULKOBI 3B'A3KN MK By3namu. [ns Toro, wob, 3 ogHoro 6oky, 36epertu
NPOCTOTY npoueayp nepenadi nakeTiB Ans TUNOBUX TOMOJSIOMMA, @ 3 iHLLIOrO
BboKy, [OONyCTUTM  BUKOPUCTAHHA  AOBISIbHMX  TOMOJSIOriK, BBOAUTLCA
A00aTKOBUW MepeXXHUU pieeHb.

Mepw, HK nNpuUCTYNUTU [0 pPo3rngady QYHKUIN MEPEXHOro piBHA,
YTOMHMMO, WO pPo3yMieTbCA Nig TepMiHOM "mepexa". Y npoTokonax
MEPEXHOro piBHA TepMiH "Mepexa" o03Hayae CyKynHICTb KOMM'loTepis,

52



3'egHaHnX MK cobor BIAMOBIAHO A0 OAHIET 3i cTaHAapPTHUX TUMOBUX
TOMOMOriM | NakeTiB, O BUKOPUCTOBYIOTb ANA nepefadi, 3aranbHy 6asoBy
MEpPEeXHY TexHOomnoritn. YcepeauHi Mepexi CerMeHTM He po3ainatTbecA
MapLipyTusaTopamu, iHakwe ue Oyna 6 He ogHa mepexa, a Kiflbka Mepex.
MapLipyTnsatop 3'€egHye Kinbka Mepex B IHTEpMepeXxy.

OcHoBHa igesi BBEAEHHSI MepEeXHOro piBHA nonsirae B Tomy, W06
3anUWNTM  TEXHOSOrl, BMKOPUCTOBYBaHI B MNOEOHYBaHUX Mepexax, Y
He3MiHHOMY BUIMSAAi, ane gogatn B Kagpu KaHanbHOro pPiBHA O04aTKOBY
iHbopMaUito — 3a20/1080K MEPEXXHO20 PieHS, Ha MNiACTaBi SKOro MoXxHa 6yno
6 3HaxoAuTM agpecata B Mepexi 3 0Oyab-sikoo 6a30BOK TEXHOMOTIEH.
3aronoBoK MakeTa MEPEXHOro piBHA Mae YHihikoBaHun opmaT, Wo He
3anexunTb Big oopmaTiB KaapiB KaHaNbHOro PiBHA TUX MepeX, AKi MOXYTb
BXoAnTU B 06'eqHaHy Mepexy.

3a20/1080K MepexXHO20 pPieHSI MOBUHEH MICTUTU afpecy NPU3HAYEeHHS W
iHWY iHpopMauito, HeODXiaHY AN YChilWHOro nepexody naketa 3 Mepexi
OLHOro TUNYy B MepeXxy iHworo Tuny. [lo Takol iHbopmauil MOXe BiAHOCUTUCS,
Hanpuknag:

HOMep dparMeHTa nakeTa, MNOTPIOHMA ONA YCNiLWHOro NpoBeAEHHS
onepauin cknagaHHa-po3bupaHHsa dparMeHTiB npu  3'€dHaHHI Mepex 3
PISHUMN MakCUMaribHUMK PO3MipamMu KaapiB KaHasTbHOro pPiBHS;

yac XWUTTA NakeTa, WO BKa3ye, $SK [JOBro BiH NOAOPOXYE MO
IHTEpMepeXi, Len Yac MoXXe BUKOPUCTOBYBATUCS OS5 3HULLEHHSA "3abnyanmx”
nakeTiB;

iHbopMauis NPO HadABHICTb | NPO CTaH 3B'A3KIB MK Mepexamu, Lo
aonomMarae By3nam Mepexi M MapupyTtusatopam pauioHanbHO Bubupatu
MDDKMEePEeXHi MapLUpyTH;

iHpopMmaLuiss nNpo 3aBaHTaXeHICTb MepeX, Lo TakoX Jornomarae
NoOroAnTN TEMM NMOCUSTKM NAKeTIB Y MepPEXyY KIHLEBUMMU BY3aMun 3 peasibHUMU
MOXITMBOCTSAMMU NiHIN 3B'A3KY Ha LINAXY NPOXOLXKEHHS MNaKeTi.,;

SIKICTb CepBiCy — KpuTepin BMOOPY MapLUpyTy MpU  MiXKMEPEXHUX
nepefayax — Hanpuknag, BY305-BignpaBHUK MoXxe 3abaxaTu nepenatu
NakeT 3 MaKCUMasnbHOK HALINHICTIO, MOXITMBO Ha LUKOAY Yacy AOCTaBKM.

Ak appecu BignpaBHMKa W oJepXyBada B CKNadeHin  mepexi
BUKOpUCTOBYETbCA He Mac-Agpecu, a napu yicen — Homep Mepexi Ui HoMep
KoMmr'tomepa & OaHili Mepexi. Y KaHanbHUX npoTokonax nore "Homep
Mepexi" 3Bu4anHo BiACYTHIN — nepenbavaeTbes, WO BCi BY3NM HanexaTb A0
OOHIEl Mepexi. ABHa Hymepauisa Mepex OO03BOSISE NPOTOKOSIaM MepPEXHOro
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PiBHS CTAQHOBUTM TOYHY KapTy MKMEpPEXHMX 3B'A3KiB i BUbMpaTn pawioHanbHi
MapLpyTn npu Oyab-AKin TXHIM TOMNOMOrii, BUKOPUCTOBYIOUN anbTepHATUBHI
MapLUPYyTW, SKLLO BOHU €, LLIO HE BMilOTb pOBUTN MOCTW.

Takmm  4nHOM, ycepeduHi  Mepexi docmaeka  M0BIOOMIIEHb
peaynemesCsi KaHarlbHUM pigHEM, a 00CMAasKoK fnakemie MK Mepexamu
3almaempbCsi MepeXXHUU Pi8eHb.

IcHye Odea nidxodu [0 nNpuU3HA4YeHHs HoMepa By3na B 3arofloBKY
MEpPEXXHOro nakera.

[Mepwmnin 3acCHOBaHUM Ha BUKOPUCTaHHI 115 KOXXHOro By3ra HOBOI afpechy,
BIOMIHHOI Bif Tiel, KOTpa BMKOPUCTOBYBanacs Ha kaHanoHOMY piBHi. [lepeBaroto
TaKoro nigxony € Moro yHiBepcanbHICTb | THYYKICTb — SIKMin 61 He 6yB dhopmart
afpecu Ha KaHanbHOMY piBHi, bopmaT agpecu By3fia Ha MEPEXHOMY pPiBHI
BUOMpaetbcs e€auHuUM. OpgHak, TYyT € W [OesiKi He3pyyHOCTi, MoB'A3aHi 3
HeOoOXiagHICTIO 3aHOBO HyMepyBaTu BY3Nnu, NPUYOMY Han4yacTille BPY4HY.

Opyrvin nigxig nondrae y BUKOPUCTAHHI Ha MepPEeXHOMY pPiBHI Tiel X
agpecu Bysna, WO Oyna JaHa WOMY Ha KaHanbHOMY piBHi. Lle paTye
agMiHicTpaTtopa Bia A0AaTKOBOI pobOTH i3 NPUCBOEHHSA HOBUX agpec, 3HiMae
HeoOXigHICTb Y BCTAHOBMIEHHI BigMOBIAHOCTI MK MEPEXHOK M KaHanbHO
aflpecolo TOro camoro By3fna, ane MoXe nopoauTU cknagHe 3aBAaHHSA
IHTepnpeTauil agpecn Bysfa npu 3'€4HaHHi Mepex 3 pisHUMKU opmaTamu
agpec.

lpomokonu nepedayi OaHux | MpPomMokosu ObMiHy MapuwpymHO
IHgbopmaujiero

[nsa Toro, wob maTtu iHgopmaLito NPo NOTOYHY KOHirypauito mepexi,
MapLUpyTM3aTopy OOMIHIOIOTBCA MapLUPYTHOK iHGopMauieto Mk coboto 3a
cneuianibHMM  NPOTOKOSIOM.  [1pOTOKONMM  UBOro  TUMY  Ha3MBaKOTbCHA
rnpomokonamu ObMiHy MmapwpymHor iHpopmauiero (abo npoTokonamm
MapwpyTmnsauii). lNMpoTokonn o06MiHY MapLUpyTHOK iHdOopMaLlied BapTo
BiAPI3HATW Bifl BNacHe rpomoKoslie MepexHo20 pigHsA. Y TOW Yac K nepiui
HecyTb 4MCTO cnyxboBy iHdopMauio, Apyri npu3HadyeHi ans nepenadi
KOPUCTYBaNbHULUBLKNX AaHUX, SIK Lie pobsisiTb NPOTOKOMM KaHaNbHOMo PiBHS.

Ona Ttoro, wo6 [JocTtaBUTU BUIyYEHOMY MapLlpyTusaTopy nakeT
NPOTOKOSy OO6MiHY MapLUPYTHOM iHGYOpPMaUi€en, BUKOPUCTOBYETHCA NPOTOKOJS
MEPEXHOro pPiBHA, TOMY WO TiflbKM BiH MOXe nepenatn iHopmauilo Mix
MapLupyTusaTopamu, Wo nepebyBatoTb Yy pisHUX Mepexax. [NakeT npoTokony
0OMiHY MapLupyTHOK iHdoOpMaLierd MICTUTbCA B NOMI  AaHWX nakeTa
MEPEXHOro piBHA, TOMY 3 T[MOMMsS4Qy BKNAaA4eHOCTI nakeTiB  NPOTOKOMU
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MapLupyTM3aLil BapTo BigHeCTN 0O Binbll BUCOKOrO PIBHA, YUM MEPEXHUN.
Ane @QyHKUiOHaNbHO BOHM BUPIWYOTbL 3arasfibHe 3aBhaHHA 3 MakeTamu
MEPEXHOro PIiBHA — [OOCTaBnsAlTb Kagpwu agpecaToBi 4vepes pisHopigHYy
CKIageHy Mepexy.

3a [gonomMmorokd npoTokoniB  OB6MiHY MapLlupyTHOK iHGOpMaLiero
MapLUpyTU3aTOpPU CTAHOBIIATL KapTy MiKMEpEeXHUX 3B'a3kiB Toro abo iHworo
CTYNeHa OOKNagHOCTI N yXBasrolTb PILLEHHS WOAO TOro, SKOMy HacTynHOMY
MapLupyTmM3aTopy NOTPibHO nepedaTu nakeT ANsa YTBOPEHHS pauioHanbHOro
lwnsaxy. Ha mepexHomy piBHI NpautoloTb NPOTOKOMNWU e O4HOro Tuny, SKi
BiaNoBigaloTb 3a BigobpaxeHHss agpecu By3na, BUKOPUCTOBYBAHOIO Ha
MEPEXHOMY PIBHi, Y JoKanbHIiN agpeci mepexi. Taki NpOTOKONM 4YacTo
Ha3MBalTb rpomokosiamu 0o3eosly adpec — Address Resolution Protocol,
ARP. |Hoai X BIQHOCATb HE OO0 MEPEXHOro pPiBHA, a A0 KaHalbHOro, xo4a
TOHKOCTI Kracudikauii He 3MiHIOKTb IXHBOI CYTi.

PiBHi Ta 3acodbun mogeni OSI| HaBegeHi B Tadbn. 1.2.

Tabnuuysa 1.2
MepexHi anapaTHi 1 nporpamHi 3acobu, NoB'A3aHi 3 Pi3HUMU PiBHAMMU
mopgeni OSI
PiBeHb OSI MepexHi anapaTHi 1 nporpamHi 3acobum
MpyknagHui MpuknagHi nporpamHi iHTepdencn, bpaysepun IHTepHeTy, nporpamm

nepeaadi NoBiAOMMNEHb i €MEKTPOHHOI NOLWTKU, NporpamMmm BUITy4EHOro
AOCTYny 4O KOMM'IOTEPIB i LLM03Kn

MpencraBHuupkv | Nporpamm  NepeTBOPEHHA 1 WKUdPYBaHHA  [aHuX, nporpamu
dopmaTyBaHHA rpadoikm (Hanpuknag, ona nepeTtBopeHHs B GIF- i
JPG-dhannun), a Takox LLo3n

CeaHcoBun [MporpamHi  gpanBepu MEepexXHOro BCTaTKyBaHHS, MporpamHe
3abes3neyveHHs Ona nNowyky iMeH Komn'toTepis, 3acobu aons Hanie- i
NMOBHOAYMMEKCHOIO pexunMmy poboTn, 3acobu BUITYYEHOTO BUKITUKY
npoueayp (RPC) ons 3anycky nporpam Ha Buiy4YeHOMY KOMM'tOTepi,
a TakoX LUmMo3un

TpaHcnopTHUK [MporpamHi gpanBepun MepexXHOro BCTaTkyBaHHs, NnporpaMmu 1 3acobum
KepyBaHHSA NOTOKOM AaHUX, a TaKOX LUM03U

MepexHui LLnto3n, maplipyTtusatopy, MNPOTOKONW MapLupyTusauil, MoOCTn 3
BUXiOHUMM MapLipyTamu 1 komyTtatopu PiBHA 3

KaHanbHui MepexHi apantepu, IHTenekTyanbHi KOHUEHTpaTopu W MOCTH,
komyTaTtopu PiBHS 2 i wnioaun

Di3nyHNM KabGenbHa cuctema, KabenbHi pPO3HIMaHHSA, MyIbTUMNMEKCOPH,

TpaHCMITEPU W pecuBepwn, MaCUBHI W aKTUBHI KOHLUEHTpaTopw,
peniTepu 1 LWnio3u
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CTaHAapTHi CTEKU KOMYHiKaLiMHUX NPOTOKONIB

IcHye pocuTb 6araTto CTekiB MPOTOKOMIB, LUMPOKO 3aCTOCOBYBAHUX Y
Mepexax. Lle u cTekun, Wwo € MiXkHapogHMMN WU HauioHaNbHUMK CTaHOapTaMu,
i pipMOBI CTekM, WO ofepxanu MnoWwnpeHHa 3aBasdKM  MNOLIMPEHOCTI
BCTaTKyBaHHA Tiel abo iHwoi dipmu. [Mpuknagamm nonynspHUX CTekiB
NPOTOKOMIB MOXYTb cnyxutun: crek IPX/SPX dipmn Novell, ctek TCP/IP,
BUKOPUCTOBYBaHUN y Mepexi Internet i B BGaratbox Mepekax Ha OCHOBI
onepauinHoi cuctemn UNIX, ctek OSI| MixHapogHoi opraHisauii  3i
ctaHgapTuaadii, ctek DECnet kopnopaduii Digital Equipment i geski iHLLi.

BukopuctaHHa B Mepexi Toro abo iHWOro creka KOMYHiKauiHNX
npoTokonis 6araTto B YoMy BM3Ha4yae ocoby Mepexi i ii xapakTepuctuku. Y
HEeBENNKNX Mepexax MOXe BUKOPUCTOBYBATUCHA BUHATKOBO OOMH CTeK. Y
BENUKUX KOPMOPATUBHUX Mepexax, Lo NOegHYTb PidHi Mepexi, napanensHo
BUKOPUCTOBYIOTLCSH, SIK MPaBUI1o, Kiflbka CTEKIB.

Y KOMYHiKauinHOMY BCTaTKyBaHHI peani3ytoTbCA MPOTOKOSIM HUXKHIX
PiBHIB, siKi BinbLLOK MipOK CTaHAAPTU30BaHI, YAM NPOTOKOSIM BEPXHIX PIBHIB, i
ue € nepegymoBOK Afs YCNIWHOI ChiflbHOT poBOTU BCTATKyBaHHS Pi3HUX
BUpOBOHUMKIB. [lepenik npoTokoniB, MIATPUMYBAHUX TuUM abo  iHLWIKNM
KOMYHIiKaLiMHUM MPUCTPOEM, € OOHIEID 3 HAMBINbLL BaXXNIMBUX XapaKTePUCTUK
LbOro NpuUCTPOHo.

Komn'totepn peani3yloTb  KOMYyHiKauUiWHi  npoTokonn 'y  BuUrngagi
BiAMNOBIAHUX MPOrpaMHUX €ENeMeHTIB MepeXHOl onepauivHol  CUcTeMH,
Hanpuknag, npoTOKOMMN KaHasrbHOro piBHA, K NpPaBWo, BUKOHAaHI y BUrnAagi
ApanBepiB MepexHux ajanTtepis, a MPOTOKONN BEPXHiX piBHIB Yy BUrnagi
CepBEPHUX | KITIEHTCbKNX KOMMOHEHTIB MEPEXHUX CEPBICIB.

YMiHHS rapHO npautoBaTu B cepedoBulli Tiel abo iHWOI onepauinHol
CUCTEMU € BaXNUBOK XapPaKTEPUCTUKOK KOMYHIKaLiNHOroO BCTaTKyBaHHS.
Yacto MoOxHa npounTaTM B peknami  MepexHoro agantepa abo
KOHUEHTpaTopa, WO BiH po3pobnsaBcsa cneuianbHo Ans poboTn B Mepexi
NetWare ab6o UNIX. Lle o3Havae, wo pospobnioBadi anapartypu
ONTUMI3yBann i XapakTepUCTUKM CTOCOBHO TUX  MPOTOKOSMIB,  SKi
BMKOPUCTOBYIOTLCA B LN MEPEXHIN onepauinHin cuctemi, abo aaHoi Bepcii
IXHbOI peanisauii, SKWO Ui NPOTOKONM BUKOPUCTOBYOTLCA B pisHUX OC.
Uepes ocobnmBocTi peanidauii npoTtokoniB y pisHux OC y sKocTi ogHiel 3
XapaKkTepUCTUK KOMYHIKaLIMHOIrO BCTaTKyBaHHA BUKOPUCTOBYETLCA WOro
cepTudikoBaHICTb Ha MOXNMBICTb poboTn B cepenosmLi gaHoi OC.
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Ha HWKHIX pIBHAX — hi3UYHOMY U KaHarlbHOMY — [pakmu4yHoO Yy 8cCix
cmekax — eukopucmosyrmbcsi mi cami  ripomokosnu. Lle  0obpe
cmaHOapmu3oeaHi rnpomokosnu Ethernet, Token Ring, FDDI i OesiKi iHwWi, SiKi
[03BONAITbL BUKOPUCTOBYBATU Y BCIX Mepexax Ty camy anapartypy.

[MpoTOKONN MEPEXHOIO N BiNbLl BUCOKMX PIBHIB iCHYHOUYNX CTaHOAPTHUX
CTeKiB Bigpi3HAOTbCA BinbLUOK po3MaITICTIO 1, SIK NpaBuio, He BigNoBigaloTb
po30umBLi, WO pekomeHayeTbcs mogenmno ISO, Ha piBHI. 3okpema, y UMX
cTekax YHKLUil CceaHCOBOro W nNpeacTaBHULbLKOrO piBHA HauyacTiwe
o6'egHaHi i3 npuknagHuUMm piBHEM. Taka HEBIANOBIQHICTb MoB'A3aHa 3 TUM, WO
mogens ISO 3'aBunacs sk pesynbTaT y3aranbHEHHS BXe ICHYIUNX | peanbHo
BUKOPUCTOBYBAHNX CTEKIB, @ HE HaBMaKW.

Cmek OSI. BapTto yiTko po3pi3HaTn mogenb OSl i ctek OSI. Y TOM Yac
gk mogenb OS| € KoHuenTyanbHOK CXeMOK B3aeMOfil BIOKPUTUX CUCTEM,
ctek OSI ctaHOBUTL HabIp LISTIKOM KOHKpeTHMX cneumdikauin npotokonis. Ha
BiAMIHY Big iHWKX cTekiB npoTokoniB cTtek OSI| noBHicTio Bignosigae moaeni
OSI, BiH BkNtoYae cneumdikaLii NPOTOKOSIB ANA BCIX CEMU PIBHIB B3aEMOZIl,
BU3HaYeHuX y uin mogeni. Ha HuxHix pisHsx OSI nigtpumye Ethernet, Token
Ring, FDDI, a Takox Taki npotokonn, ak LLC, X.25 i ISDN. Cepsicu
MEPEXHOro, TPaHCMNOPTHOIMO M CEeaHCOBOro pPiBHIB LbOro CTeka MOKW Marno
nowmpeHi. Hanbinbw nonynspHumu npotokonamu cteka OSI| € npoTokonu,
O peani3yloTb BUCOKOPIBHEBI cepBicn 3 nepefadvi dawnnis, emynsauil
TepMiHany, Be4eHHS KaTanoris iMeH i 3 opraHisadil efieKTpoHHOI NowTn. Xo4a
B cTeui OS| nepenbavaetbcs wWe psg 0O0OaTKOBMX BUCOKOPIBHEBUX CEPBICIB,
GaraTo 3 HMX We He peani3oBaHi abo peani3zoBaHi 4aCTKOBO.

Uepes cBoto cknagHictb npotokonu OSI BumaraoTb Binblumx BuTpaT
oBumcnoBanbHOI NOTYXXHOCTI LEeHTparnbHOro npouecopa, Wwo pobuts iX GinbLu
NiAXo4AWMMN  ONA MOTY)KHUX MaLUMH, a He [And MepeXx MnepcoHarbHUX
KoMmM'toTepiB.

Ctek OS| — MixXHapogHUW, Hes3anexHun Big BUPOOHMKIB, CTaHAapT.
Woro ninTpumye ypag CLUA y csoin nporpami GOSIP, BignosigHo A0 SKOi BCi
KOMN'IOTEPHI Mepexi, fAKi ycTaHoBnoBanucsa B ypagoBux 3aknagax CLUA
nicna 1990 poky, noBuHHI abo 6esnocepenHbo niaTpumysaTu ctek OSI, abo
3abeanevyBat 3acobu ans nepexony Ha Len cTek y ManbytHbomy. poTe,
ctek OSI 6inbw nonynsapHui y €sponi, a He B CLUA, Tomy wo B €sponi
MEHLLUE BCTAHOBIIEHO CTapux Mepex, WO BUKOPUCTOBYIOTb CBOI BracHI
nNpoTokonu. bBinbLicTb opraHi3aui NoKU TifIbKM NMaHyTb nepexig Ao CTeKy
OSI, i paneko He BCi NPUCTYNUNN OO0 CTBOPEHHS MNINIOTHUX NPOEKTIB. 3 TuX,
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XTO nNpaule B LUbOMY HanNpsaMKy, MOXHa Ha3Batun BincbkoBo-Mopcbke
BizomcTBo CLLUA n mepexxa NFSNET. OgHum 3 Hanbinblumx BUPOBHUKIB, LLIO
nigtpumytote OSI, € komnaHia AT&T, 11 mepexa Stargroup MOBHICTIO
6a3yeTbCcs Ha LbOMY CTel,i.

Cmek TCP/IP. Ctek OyB po3pobneHun 3 iHidiatmem MiHicTepcTBa
obopoHn CLUA (Department of Defense, DoD) 6inbwe 20 pokis Tomy gns
3B'A3Ky ekcnepumeHTanbHol mepexi ARPANet 3 iHWnMn mepexamu sk Habip
3aranbHUX MPOTOKOMIB ANs PI3HOPIAHOrO OB4YUCIOBaANbLHOrO cepeaoBuLLa.
Benukun BHecok y possutok cteka TCP/IP, wo ogepxaB cBOW Ha3By 3a
nonynspHUMK TpaHcnopTHUMKM npotokonamu [P i TCP, BHic yHiBepcuteT
Bepkni, peanisyBaBwKn npoTokonn cTteka Yy cBoin Bepcii OC UNIX.
[MonyndapHICTb Uiel onepauinHol cuctemMu npusena 4O LWMPOKOro NoLNpPeHHS
npoTtokonis TCP, IP i iHWKX NpOTOKOSiB cTeka. Llen cTek BUKOPUCTOBYETLCS
Ans  3B'A3Ky KOMM'IOTEPIB  BCECBITHLOI IHpopmauinHoi Mepexi Internet.
Opranizauia Internet Engineering Task Force (IETF) BHOCUTb OCHOBHWUW
BKMag B YOOCKOHamnBaHHA CTaHOapTiB CTeka, Wo nyonikylTbca y dopmi
cneundikauin RFC.

Ctek TCP/IP Ha HWKHbOMY piBHI MigTPUMYyE BCi MOMyrspHi CTaHg4apTw
di3nYHOro 1 KaHarnbHOro piBHIB: Ans nokanbHMx mepex ue Ethernet, Token
Ring, FDDI, ana rno6anbHux — NpoToKonuM poboTn Ha aHanoroBux, LWO
KOMYTYIOTbCSA, W BUAINeHux ninHiax SLIP/PPP, npoTokonu TepuTopianbHUX
mepex X.25 i ISDN.

AK OCHOBHMW NPOTOKOST MEPEXHOro PiBHA B CTeli BUKOPUCTOBYETLCS
npotokon Internet Protocol (IP), wo CnoKOHBIYHO NPOEKTyBaBCA AK MPOTOKON
nepefadvi nakeTiB y Mepexax, WO CKragawTbCA 3 BEJIMKOI  KifIbKOCTI
noKanbHUX Mepex, o6'egHaHMx $K JoKanbHUMK, Tak i rnobanbHMMK
3B'askamn. Tomy ctek TCP/IP pgobpe npaute B Mepexax 3i CKnagHow
TOMOMOri€l0, pauioHarlbHO BUKOPUCTOBYKOYM HASIBHICTb Yy HUX NiACUCTEM |
owaanmeo BUTPadaryn MPOMNYCKHY 30aTHICTb HU3bKOLIBUAKICTHUX JliHIN
3B'A3KY.

3a [OoBri pOKM BUKOPUCTaAHHS B MepeXax pPidHMX KpaiH i opraHisadin ctek
TCP/IP yBibpaB y cebe BenuKy KinbKiCTb MPOTOKONIB NPUKIagHoro pisHs. [o
HUX BIOHOCATLCA Taki MONYNHApPHI NPOTOKONU, K MPOTOKOST MNepecunaHHA
dannis FTP, npoTtokon emynsaudii TepmiHany telnet, nowToBurn NpoTOKON
SMTP, BuMKOpPUCTOBYBaHMM B €NEKTPOHHIN nowTi Mepexi Internet,
rinepTekcToBi cepsicM OOCTYNy OO BUyYeHol iHdopmalii, Taki, sk Mosaic, i
GaraTto iHWunX.
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Yce rosoputb npo Te, wo crtek TCP/IP cTtaHe HaunowmpeHiwmm vy
Hanonmwk4yomy mMambyTHbOMY. FAKWO B UEn 4Yac BiH PO3MNOBCIOIKEHUN B
ocHoBHOMY B UNIX-mepexax, TO peanisauida MOro B OCTaHHIX BepcCiax
MEpPEeXHUX onepauiHMx cuctemM Ans nepcoHanbHux kommn'totepis (Windows
95, Windows NT, NetWare 4.1) npuBege 0o we 6inblloro noro nowmpeHHs.
3a pgaHumun IDC B 1994 poui ctek TCP/IP BukopuctoByBascs B 9,5%
HacCTiNbHMX cuctem, 2,5% cepBepiB nokanbHMx mepex, 35,1% cucrtem
cepegHboro knacy m B 17,3% Mepex Ha OCHOBI MenHdpenmis. 3a
nporHodamu IDC B 1998 poui Ui umnpu iCTOTHO 3MiHIOBaATUCS WU OOPiIBHIOBANMU
50,3%, 18,2%, 59% i 40,8% BianosiagHo.

Cmek IPX/SPX. Llen ctek € opuriHanbHMM CTEKOM MNPOTOKONIB dipMu
Novell, po3pobneHum ans mepexHoi onepadinHol cuctemn NetWare we Ha
novaTky 80-x pokiB. [MpOTOKOMN MEPEXKHOIO 1 CeaHCOBOro piBHs Internetwork
Packet Exchange (IPX) i Sequenced Packet Exchange (SPX), ski ganu
Ha3Ba CTeKy, € npsamor agantaudieto npotokonis XNS dipmm  Xerox,
PO3MNOBCIOAKEHMX Y Habarato MeHLOoMY CTyneHi, 4nm cTtek IPX/SPX.
[MonynapHicTb cTeka IPX/SPX 6es3nocepegHbO MoB'dA3aHa 3 onepauinHowo
cuctemoro Novell NetWare, o, He3Baxaroum Ha Te, WO 11 NONYyNApHICTb
TPOXM 3HU3MMACA OCTaHHIM YacoMm, yce Lie 30epirae cBiToBe NigepCcTBO 3a
YUCIIOM YCTaHOBOK .

binbwicte ocobnueocten crteka IPX/SPX obymoBneHa opieHTaui€to
paHHix Bepcin OC NetWare (go sepcii 4.0) Ha po60Ty B fIOKanbHUX Mepexax
HEeBENMKNX pPO3MipiB, LLO CKNagarwTbCsa 3 MNepcoHasrbHUX KOMM'IOTepiB 3i
CKPOMHUMK pecypcamu. 3po3ymino, wo ana Takmx komn'totepis Novell
NoTpibHI Bynu npoTokonu, Ha peaniszauito skux byna 6 noTpibHa MiHiManbHa
KINbKICTb onepaTtuBHOT Nam'aTti (obmexeHoi B IBM-cymicHMx komn'toTepax nig
kepyBaHHaM MS-DOS 640 KO6) i aki 6 wBmagko npautoBanu Ha npouecopax
HeBenuKol ob4YncnoBanbHOI MOTYXKHOCTI. Y pe3ynbTaTi NPOTOKONM CTeka
IPX/SPX gooHegaBHa gobpe npautoBany B floKanbHUX Mepexax i He ayxe — vy
GinblMX  KOPNopaTMBHMX  Mepexax, TOMYy WO BOHW  3aHagTo
nepeBaHTa)XyBanu MoBifbHI rnobanbHi 3B'A3KM LUMPOKOMOBHMMU NakeTamu,
AKi IHTEHCMBHO BUWKOPMCTOBYIOTbCA [EKiflbkoMa MPOTOKOSlaMuM LbOro CTeka
(Hanpuknag, Onsi BCTAHOBIIEHHS 3B'A3KY MK KnieHTamMun 1 cepBepammn). Lis
obcTaBuHa, a TakoX Ton gakT, wo ctek IPX/SPX € BnacHicTio dipmun Novell i
Ha MOro peanisauito NOTPIOHO oaepXyBaTM B Hel NiUEeH3ito, AOBrMM 4ac
obmexyBanu noLwnpeHiCTb 1oro Tinbkn mepexamm NetWare. OpgHak 3
MomeHTy Bunycky Bepcil NetWare 4.0 Novell BHecna v npogoBXye BHOCUTU Y
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CBOI MPOTOKOSIM CEPWO3HI 3MiHW, CNPAMOBaHI Ha MPUCTOCYBAHHA X AN
poboTn B KOpnopaTMBHUX Mepexax. 3apa3 ctek IPX/SPX peanizoBaHun He
Tinbkn B NetWare, ane v y AekinbKox iHWMX nonynspHux mepexHux OC,
Hanpuknag, SCO UNIX, Sun Solaris, Microsoft Windows NT.

Cmek NetBIOS/SMB. Lllen cTeKk WUPOKO BUKOPUCTOBYETLCA B
npoayktax komnaHin IBM i Microsoft. Ha ¢isnyHOMYy N KaHanbHOMY pPiBHAX
LbOro CTeka BMKOPUCTOBYIOTLCA HaunowmpeHiwi npotokonn Ethernet, Token
Ring, FDDI i iHwi. Ha BepxHix piBHsX npavtotoTb npoTtokonn NetBEUI i SMB.

MpoTokon NetBIOS (Network Basic Input/Output System) 3'aBuBca B
1984 poui 9k MepexxHe po3LUMPEHHST CTaHAapTHUX OYHKLUiM 6a30BoOI cuctemMum
yBeaeHHsa/BucHoky (BIOS) IBM PC ans mepexHol nporpammn PC Network
dipmu IBM. Hagani uen npoTtokon 6yB 3aMiHEHMI Tak 3BaHMM MPOTOKOIOM
po3LLIMpeHoro KopuctyBanbHuubkoro iHTepdency NetBEUI — NetBIOS
Extended User Interface. [Ona 3abe3nevyeHHs CYMICHOCTI JopaTtkiB £k
iHTepdenc oo npotokony NetBEUI 6yB 30epexenun iHTepdgenc NetBIOS.
[MpoTtokon NetBEUI po3pobnascsa gk epeKkTUBHUIA NPOTOKOSI, O CNOXMBAaE
HebaraTo pecypciB, AN BUKOPUCTaAHHS B Mepexax, L0 HapaxOoBYHTb He
Ginbwe 200 pobiTHMKIB cTaHuin. Llem npoTokon MiCTUTb 6araTto KOPUCHMX
MepPEXHUX (PYHKLIN, AKi MOXHa BIOHECTU OO0 MEPEXHOro, TPaHCNOPTHOro 1
ceaHcoBoro piBHiB mogeni OSI|, ogHak 3 WOro OONOMOrow HEMOXNMBA
MapwpyTmnsauia nakeTis. Lle obmexye 3actocyBaHHa npoTokony NetBEUI
nokanbHUMU Mepexamu, He pOo3fiNeHMMU Ha NigMepexi, i YHEMOXITMBIIIOE
MOro BUKOPUCTAHHSA B CKnageHux mepexax. [deski obmexeHHa NetBEUI
3HiMaTbCcA peanisauieto uboro npotokony NBF (NetBEUI Frame), wo
BKMtoYeHa B onepauinHy cuctemy Microsoft Windows NT.

[MpoTtokon 6nokiB nosigomreHb cepepa SMB (Server Message Block)
BUKOHYE (DYHKLLIT CeaHCOBOro, NpeaCcTaBHMLBKOIO 1 NpuKagHoro pisHie. SMB
peanisye ¢pannosuin cepsic, CepBiC NnevaTkn N cepsic nepenadi NoBiAOMNEHb
MK gogaTkamu.

[Mpwn opraHi3auil B3aemogii By3niB y nokasibHUX Mepexax OCHOBHa porb
NpUaINAeTbCAa NPOTOKOMY KaHamnbHOro piBHA. OpHak, ana Toro, Lwob
KaHanbHWUN piBEHb MIr yrnopaTucs i3 UMM 3aBLaHHAM, CTPYKTypa foKaslbHUX
MepeX MOBWHHA OyTW UINKOM BM3HAYEHOW, TaK, Hanpuknag, Hambinbuw
NONynApHUA NPOTOKOSN KaHasnbHOro piBHA — Ethernet — pospaxoBaHui Ha
napanesibHe NigKn4YeHHA BCIX BY3NiB Mepexi 40 3aranbHol ONA HUX LWUHU —
Bipi3Ky KoakcianbHoro kabento. MNpoTtokon Token Ring Takox po3paxoBaHUK
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Ha UiNKOM BU3HA4YeHY KOHQirypauito 3B'A3kiB MK KOMM'toTepamun — 3'€HaHHS
B KifbLe.

MoaibHmMn nigxig, WO nonsrae y BUKOPUCTAHHI MPOCTUX CTPYKTYP
kabernbHUX 3'€AHaHb MK KOMM'tOTepaMu NnokanbHOI Mepexi, 6yB Hacnigkom
OCHOBHOI METW, WO cTaBunu nepen cobol po3pobnoBadi nepLunx
nokaneHUx Mepex y apyrin nonosuHi 70-x pokiB. Lla meTta nonarana B
3HaXOQKEHHi MpPoCTOro M AeweBoro piweHHa ans ob'eaHaHHsA OeKinbKoX
AEecATKIB KoMmn'toTepiB, WO nepebyBaloTb Yy Mexax ogHOro OyauHKy, B
obuncntoBanbHy mepexy. PilweHHs noBuHHe Byno 6yTn Hegopornm, ToMy Lo
B Mepexy noegHyBanucs Hegopori KoMmn'totepu (3'9Bunucs M WIBUAOKO
nowmpunuca Toai MiHikomn'toTepn BapticTio B 10000 — 20000 gonapis).
KinbkicTb X B OAHI opraHizauil Oyna HeBenvMkow, TOMY Kinlbka OeCATKiB
(MakcMmMym — 0O COTHI) KOMM'lOTEpPIB € AOCTaTHIMM AN 3pOCTaHHSA NPaKTUYHO
Byab-sKOoI NOKanbHOT MepeXi.

[lna cnpoleHHs 1, BigNOBIAHO, 3A€ELIEBNEHHS anapaTHUX | NPorpaMmHmx
pilleHb po3pobritoBadi NepLUnX NIOKanbHUX MepeX 3yNMHUITUCA Ha CriflbHOMY
BUKOPUCTaHHI KabeniB yciMa koMmn'toTepaMn Mepexi B pexnmi noginy vacy.
Hanbinblw €9BHUM 4YMHOM pPEXMM  ChIfIbHOrO0  BUKOPUCTAHHA  Kabento
nposiBNsieTbCcA B Mepexax Ethernet, ge koakcianbHun kabenb @i3nyHO
CTaHOBWUTb HEMOAINbHMI BIiAPI3OK Kabento, 3aranbHUW L9 BCiX BY3niB
mepexi. Ane n y mepexax Token Ring i FDDI, pe koxHa cycigHa napa
komn'toTepiB 3'eaHaHa, 3gaBanocs 6, cBoiMM iHOMBIOyanbHUMMK Bigpi3kamu
kabento, Ui BiOPI3KMW HE MOXYTb BWKOPUCTOBYBATUCS KOMM'HOTEPAMU, SKi
6esnocepenHbO OO0 HUX NIAKMNKOYEHI, Y AOBINIbHUIA MOMEHT 4acy. Lli Bigpi3ku
YTBOPIOKOTb Kifble, OOCTYN OO0 SKOro sk A0 €AMHOro uinoro mMoxe 6yTtu
OTPUMaHUM TifbKN 3a UISIKOM BU3HAYE€HUM anroputMoMm, y dkomy 6epyTb
ydacTb Yyci KOMM'loTepu Mepexi. BukopuctaHHA Kinbusa $SK  3aranbHOro
NOAISIIOBAHOrO PEeCcypCy CrpoLLye anroputMu nepefadi no HbOMY Kagpis,
TOMY LLO B KOXHWUA KOHKPETHUA MOMEHT 4acy KifibLle BUKOPUCTOBYETLCH
TifTbKM OOHMM KOMM'IOTEPOM.

Takuin nigxig 4o3Bonsie cnpocTuTn noriky poboTtn mepexi. Hanpuknag,
Bignagae HeobXiaHICTb KOHTPOSO NEPENOBHEHHS BY3M1iB MepeXxi Kagpamu Big,
BGaratbOX CTaHUiW, WO BUPIWMAIM OogHOYACHO OBMIHATUCS iHdopmMauietn. Y
rnobanbHNX Mepexax, Ae Biapiskm kabenis, WO 3'€AHYIOTb OKPEMi BY35n, He
po3rnsgatnTbCa SK 3aranbHUn pecypc, Taka HeOobXigHICTb BWHMKAaE, | Ons
pilleHHa uiei npobnemmn B anroputmm 0OMIHY iH(opmalielo BBOAATLCS
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AOCUTb CKIMagHi npoueaypu, Wwo 3anobiratoTb NepenoBHEHHIO KaHariB 3B'A3Ky
N BY3NiB MEpexi.

BukopuctaHHA B noKanbHUX Mepexax OyXe MNPOCTUX KOHdirypauin
(3aranbHa LWKWHa 1 KinbLe) nopsag 3 NO3UTUBHUMW Marno N HeraTUBHI CTOPOHW,
3 AKX Hambinbw HenpuemMHUMM O6ynn oOMEeXeHHs 3 NPOLYKTUBHOCTI 1
HadiMHOCTI. HafABHICTL TiNbKM OOHOrO WNSAXy nepedadi  iHpopmauil,
noaifitoBaHOro BCiMa By3naMm Mepexi, Y nNpuHuMnii obmexysano npornyckHy
30aTHICTb Mepexi NPOMYCKHOK 34aTHICTI0O UbOoro wngaxy (4o Toro X
po3MdifieHol Ha 4Mcno KoMM'loTEpPIB Mepexi), a HafinHiCTb Mepexi —
Ha4IMHICTIO LUbOro wrisxy. ToMmy B Mipy NigBULLEHHS NONYNAPHOCTI NOKaibHUX
MepeX | PpO3LMPEHHS IXHIX cdep 3actocyBaHHA yce Oinbwe cTanm
3aCTOCOBYBaTUCA  cheuiaribHi  KOMYHIKaUinHi  npucTpol — MOCTU 1
MapLUpyTM3aTopn, $Ki  3HAYHOK MIPOK 3HIManu OOMEXeHHsT €OMHOro
nogisitoBaHoro cepefosulla nepepadi gaHux. basosi koHirypauil y cdopmi
3aranbHOl WWHU W KinNbus MepeTBOPUNNCA B erleMeHTapHi CTPYKTypu
NOKanbHUX Mepex, SKi MOXHa Tenep 3'egHyBatM OAMH 3 OOHUM Oinblu
CKNagHUM YMHOM, CTBOPHOKOYN NapanesibHi OCHOBHI abo pe3epBHi LWAAXU MiX
By3ramu.

[MpoTe, ycepeanHi 6a30BUX CTPYKTYP SK i paHille npautoroTb BCi Ti XK
NPOTOKONM NOAINOBAHUX €AMHUX CepeadoBuLl, nepegadi gaHux, siki 6ynu
po3pobrieHi binbwe 15 pokie ToMy. Lle noB'a3aHO 3 TUM, WO rapHi WBWAKICHI
N HagiMHICHI XapaKTepuUCTUKM Kabenis nokanbHUX Mepex 3a40BOSIbHANM
NPOTArOM BCiX LMX POKIB KOPUCTYBAYiB HEBENMNKNUX KOMM'IOTEPHUX MEPEX, AKi
mMornu nobyayesatn Mepexy 6e3 6inblinx BUTpaT TiNbKM 32 JONOMOrOH
MepexHUX aganTepiB i kabento. [1o Toro X konocanbHa iHCTansiuinHa 6asa
BCTATKyBaHHS W nporpamHoro 3abesneveHHa nna npotokoniB Ethernet i
Token Ring cnpusna Tomy, WO 3'BMBCA HACTYMHWUW nNigxig — y Mexax
HEBENIMKUX CEerMeHTiB BUKOPUCTOBYIOTbCA CTapi MPOTOKONM B  IXHbOMY
He3MiHHOMY BuUrnsagi, a ob6'egHaHHA TakMX CErMeHTIB Yy 3aranbHy Mepexy
BinOyBaeTbCA 3a [OOMOMOrow  A0AAaTKOBOrO W AOCUTb  CKMagHOro
BCTaTKyBaHHS.

B ocTaHHi Kinlbka poKiB HaMiTMBCS pyx 4O BiAMOBM Bif BUKOPUCTAHHS B
nokKanbHUX Mepexax noaifitoBaHNX cepenoBuly, nepefadi gaHux i nepexoay
A0 06O0B'A3KOBOr0 BUKOPUCTAHHA MiXK CTaHUISIMM aKTMBHUX KOMYTaTopiB, OO
AKX KiHUEBI BY3NW NPUESHYIOTBLCA IHAMBIAYaNbHUMWU JliHIAMU 3B'A3Kky. Y
YUCTOMY BUMMALI  TakMn  nigxia nNpPOnoHyeTbca B  TexHonorii ATM
(Asynchronous Transfer Mode), a 3amiwanui nigxig, Wwo crnony4yae nogintoBaHi
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N iHOMBIAYyanbHi cepefoBuwa nepefadvi gaHuUX, BUKOPUCTOBYETLCA B
TEeXHOMOoridAx, Lo HOCATb TpaguuivHi HasBu i3 npucTtaeBkol switching
(komyTytoumn): switching Ethernet, switching Token Ring, switching FDDI.

Ane, He3Baxalwuyu Ha NOsIBY HOBUX TEXHOSIONIN, KIaCU4Hi NMpPOTOKOMNU
nokaneHnx mepex Ethernet i Token Ring 3a nporHo3samu paxiBuis 6yayTb
NOBCIOQHO BMKOPUCTOBYBATUCA LLe NpuHanuMHi 5 — 10 pokiB, Yy 3B'A3KY i3 YMM
3HaHHA IXHIX geTanen HeobxigHe ANs ycnilWHOro 3acTOCYyBaHHA CyyacCHOI
KOMYHiKaLiMHOT anapaTypu.

2. DyHKUiOHaNbHi NPUCTPOI KOMM’ IOTEPHUX Mepex

Y 6inbLIOCTi MepeX 3aCTOCOBYIOTLCSA TPU OCHOBHI rpynu kabenis:

KoakcianbHun kabenb (coaxial cable);

KpydyeHa napa (twisted pair): HeekpaHoBaHa (unshielded), ekpaHoBaHa
(shielded);

ONTOBOMNOKOHHMI kabenb (fiber optic).

dipma Belden, Begyyunin BupobHuk kabenis, nybnikye katanor Ha 2200
TNiB kKabenis..

Bubip Tuny wmepexHoro kabentwo 3anexuTb Big BMMOr, LWO
npea'aBnaAnTbCA 00 I3UYHOro cepenoBuLLa nepeaadi: NPocToTa YCTaHOBKM,
3aBafOCTIMKICTb, WBUAKICTb Mepeaadi, KinbKiCTb NigKIloYaeMnx BY3NiB,
MakcuMmaribHa BiACTaHb NPoKagky Ta uiHa.

1. KoakcianbHun kabenb (puc. 2.1) [44] cknagaeTbes i3 BHYTPILLHBOro
npoBigHuka (1) (AK npaBwurio, MigHa Xwuna), 0TOYEHOro LWapoMm i30SALINHOIO
maTepiany (2) (nonisiHinxnopig, TegnoH), 30BHIWHLOrO MpoBigHMKa (3)
(cneuianbHU ekpaH 3 MigHUMX NpoBoAiB abo antoMIHIEBUA KOXYX), LLUO
NOrfMHAaE 30BHILLHI LWYMK | NnepexpecHi 3aBaaun, Ta 060M0oHKN (4).

Puc. 2.1. CTpykTypa KoakciarnbHoro kabenro

Y rnoKanbHUX Mepexax 3acCTOCOBYTbCA [Ba TUMW  KOaKCianbHUX
kKabeniB: TOHKUXA Ta TOBCTUMN.
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TOHKMI KoakcianbHU kKabenb — rHy4dkun kabenb giametpom 0,5 cm
(6ins 0,25 gronma). MNMpoctuin B 3acTocyBaHHi, NnpuaatHn ans 6yab-sikoro
MmNy wMepex. [ligknioyaetbes 6GesnocepegHbO OO NfaTm  MEPEXHOro
agantepa komn'totepa. MakcumanbHa BigCTaHb nepefadi curHanie (6es
BUKPUBIIEHHS) CcTaHOBUTL 185 MeTpiB. TOHKMM KoakcianbHUW Kabenb
BigHOocUTbCA OO0 Tuny kabeniB RG-58, xBunboBuin onip sikmx 50 Owm, a
BHYTPILIHIN NPOBIOHMK — MigHa »una (cyuinbHa abo nepenneTiHHSA).

Ona nigkniyYeHHa MepeXxHOro agantepa OO0 TOHKOro KoakcianbHOro
kabento 3actocoByTbca BNC-koHekTOopK, gki abo npunatwtoTecs, abo
obXnmMarTbCa Ha KiHUi kabent. IcHytoTb Taki Buan BNC-koHekTOpiB

(puc. 2.2):
BNC T-koHekTOp;
BNC 6Gapen-koHekTop — [Ans 3pOWEHHsT 2-X BiApPi3KiB  TOHKOro

KoakcianbHoro kabento;
BNC-TepmiHaTop BCTaHOBMIOETLCS Ha KOXHOMY KiHUi kabento ans
NOrMMHaHHSA BiAOUTUX CUrHanIB.

BNC-KOHeKTop BNC 6apen-koHekTop
1 /
|—]
=
. k A= I

a) 3pouweHHs 080x 8iOpisKie kabersito 3a O0IMIOMO20H0
BNC 6apern-koHekmopa

6) BNC T-koHeKkmop 8) BNC-mepmiHamop

Puc. 2.2. Buau BNC-KoHeKTOpiB
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ToBCTUM KOaKcianbHUM Kabenb — BIAHOCHO XOPCTKUW (HEe THYYKUN)
kabenb giametpom 1 cm (0,5 arorma). 3a UIHOK BiH AOPOXYMA 3a TOHKUN.
MakcnmanbHa BigcTaHb nepegadi curHanis go 500 m (1640 doyris).
BukopncToBYETLCA K OCHOBHA MaricTpanb, Wo 3'€4Hye OeKifibka HEBESTUKUX
MEepeX Ha TOHKOMY KoakcCianbHOMYy kabeni. Ona nigknioYeHHss OO TOBCTOro
KoakcianbHOro kaberno 3acTOCOBYHOTb cheuianbHUA MPUCTPIN — TpaHciBep
(puc. 2.3, 2.4 [44]). TpaHciBep Mae creuiarbHUM KOHEKTOP — NPOHUKaYnK
"Bigranyxysad", WO nNPOHWKAE 4epes3 i30MAUiMHMA Wap Ta BXOOUTb B
di3NYHUIN KOHTAKT 3 XKUIOH0.

[ns nigknioYeHHs TpaHciBepa A0 MepeXxHoro agantepa HeobxigHo Noro
kabenb nigkno4nTn oo KoHektopa AUI-nopTy MepexHol nnatn (KOHEKTopwu
DIX — Digital Intel Xerox abo DB15 — pi3Hi Ha3BM OOHOro KOHeKTopa), SK
nokasaHo Ha puc. 2.5.

Ha nigkntoveHHsa TpaHciBEPIB TaKOX iCHYIOTb OOMEeXeHHS:

3a CTaHOapTOM OOMyCKaeTbCA NIAKMOYEHHA OO OOHOM0 CEerMeHTa He
6inbwe 100 TpaHciBepiB;

BiCTaHb MiX MNiAKNIOYEHHAMM TpaHCIiBEpIiB HE NOBMHHA OyTM MeHLe
2,5 M.

N-kOHeKTOop

TpaHsicTop

MepexHun
apanTep

Puc. 2.3. Tligkno4yeHHA Yyepe3 TpaHciBep

LTX-2
Thin Coax Transceiver
IEEE 3023 10Base2

LanTEon: R

Puc. 2.4. 3o0BHiWHIN BUrnag TpaHciBepa
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ToBcTUN
KoakcianbHuUn
kabenb

TpaHcisep

Kabenb [o komn’toTepa

TpaHciBepa

Puc. 2.5. Cxema nigkno4yeHHs TpaHciBepa

Ha camomy kabeni € cneuianbHa po3MiTka 4Yepes3 KOXHi 2,5 M, wo
Nno3Havae TOYKM NiOKITOYEHHS TpaHciBepiB.

IcHye aBa knacu koakcianbHUX KabeniB 3a TEXHOMNONE BUrOTOBIEHHS:

nonigiHinxnopugHi PVC — B AKOCTI i3onsTopa BUKOPUCTOBYETLCS
nnacTuk. [HY4YKNMn, MOXHaA NPOKMagaTv Ha BIAKPUTUX LiINbHUUAX, arne npwu
rOpiHHI BUAINSAE OTPYMHI rasu;

NNEeHYMHUA Kabenb — Mae Lwap i3onauii i 30BHiWHIK OB60SMOHKY 3
cneuianbHUX BOrHETPMBKMX MaTepianis. MeHwe guMmy npu ropiHHi, ane
Aopoxye i XopcTkiwe, Hix PVC.

2. KpyyeHa napa. Cama npocta KpyyeHa napa CTaHOBUTb [ABa
nepeBUTUX OAWH HABKOMO OAHOro i30MbOBaHUX MigHMX npoBoaun. Kpy4eHHs
nNpoBoAdiB No3daBnsie Big €nekTpMYHMX 3aBag, WO HaBOAATbCS CYCiaHIMK
napamMmu 4v iHWKuMn gxepenamu. IcHye aBa Tunu: HeekpaHoBaHa napa (UTP) i
ekpaHoBaHa BuTa napa (STP) (puc. 2.6 [44]).

HeekpaHoBaHa kpydeHa napa (UTP) wmnpoko sukopuctoByeTbes B JIOM
Ta TenedoHHMX Mepexax. MakcumanbHa goBxuHa cermeHTa — 100 meTpiB.

66



e e
ExpaH
UTP l

Y o

STP

Puc. 2.6. HeekpaHoBaHa Ta eKpaHOBaHa Kpy4eHi napw

MixxHapogHun ctaHgapTt EIA/TIA 568 BctaHosnoe 5 kateropin UTP.
OcHoBHOW NPOGEMOIO MPU BUKOPUCTAHHI HEEKPaHOBAHOI KPY4YEeHOI napu €
nepexpecHi 3aBaau (enekTpudHi HaBoakM 3 BOKY CyCiaHIX MiHin).

EkpaHoBaHa kpyyeHa napa (STP) mae migHMh ekpaH, Wo 3abes3nedye
3axuUCT OaHuX, WO nepeparTbes, Big 30BHiWHIX 3aBag. [o toro x STP
A03BOMse nepegaBatu curHanm 3 BGinbll BUCOKOK LWIBUAKICTIO | HA OinbLui
BiacTaHi Hixx UTP.

OCHOBHMMM KOMMNOHEHTaMN KabenbHOI cucTeMmn Ha 6asi KpyydeHol napum
(puc. 2.7 [44]) €:

3'egHyBadi (connectors) RJ-45 (puc. 2.8, 2.9 [44]) — TenedoOHHi
KOHEKTOpU [ONnA  MNIOKITIOYEHHA KPyYeHOoI napu 0O  MepeXxHol nnatm
komn'totepa. KoHekTtop RJ-45 mae 8 koHTakTiB. OgmHapHi Ta ABivHi BUnku RJ-
45 BUKOPUCTOBYIOTLCA ANA MiOKMOYEHHS Kabento 00 naHenenm po3LMPEHHS
abo HaCTIHHUX PO3ETOK.

Puc. 2.7. 30BHIilWHiIN BUrNag Kpy4yeHol napu
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)

1 — KOHTaKTN 8 LWT.
2 — cbikcaTop pos'ema J
3 — dpikcaTop gpoty

.
)
-

Burnapg 3i CTOpOHM KOHTaKTIB

KoHTakT 1
KoHTakT 2
KoHTakT 3
KoHTakT 4
KoHTakT 5
KoHTakT 6
KoHTakT 7
KoHTakT 8

Burnsag 3i ctopoHun kabento

Puc. 2.8. Cxema 3'egHyBaya (connectors) RJ-45

BoHu 3abe3neuvytoTb wBMAkicTb nepeaadi go 100 M6/c;

pPO3noAinbyi CTiMKM Ta NonAuui Ansa MOHTaXy Kabento;

KOMyTauivHi naHeni, wo niaTpumyoTs A0 96 nopTiB Ta LWBWUOKICTb
nepegadvi go 100 M6/c;

HaCTiHHI PO3EeTKN — 4O3BONAOTL NigKIO4MTK ABa (i 6inbw) 3'egHyBava.
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Bua cnepeny

Ha HOBIl, He BUKOPUCTaHIN BUNL,
KOHTaKTU BUXOAATb 3a MeXi kopnyca

[Mpn MOHTaxi OpOTiB KPy4YEHO! Napu B
BUNKY, B npoueci 06XnMMy, KOHTaKTU
ByayTb yTONMEHi ycepeanHy Kopnyca,
nepepixyTb i3ondudito (2) gpoty ©
BUTKHYTbLCSA B NOro xuny (1).

Puc. 2.9. 3'egHyBay (connectors) RJ-45

€ iHwmnm TMNn BUnNkn RJ-45 — Bunka i3 BCTaBKOK, SIK MOKa3aHO Ha
puc. 2.10 [44].

P

RN

Puc. 2.10. Bunka RJ-45 i3 BcTaBKkoO

PosnneteHi 1 posTawoBaHi BignosigHO [0 ob6paHoro cnocoby,
npoBeaeHHs kabento BCTaBNATLCS Y BCTaBKy 40 yNopy, 3anBe Bigpi3acTbCs,
noTiM BCTaBka pasoM 3 kabenem BCTaBNsieTbCA Yy BUNKy. Bunka
obxumaeTtbea. [lpy gaHomy cnocobi MOHTaxy [OOBXWHA pPoO3nfiTaHHA
BUXOAUTb MiHIManbHOI, MOHTaX NPOCTILLe W WBMALe, HK NPU BUKOPUCTaHHI
3BUYanHoI BUIKM 6e3 BCTaBKW. Ane TaKi BUITKM TPOXU OOPOXKYi, HK 3BUYaNHI.
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Ona sunkn RJ-45 icHye LWWe cneujanbHUM 3aXUCHUA KoBMa4vok (puc. 2.11

]

[44]).

Puc. 2.11. CneudianbHMX 3aXNCHUA KOBMNA4YOK

BiH noTpibHUN gns 3axmucTy Kabento Bif MOXIIMBOro neperioMreHHs B
Micui KpinneHHA Burnkn RJ-45. BunyckaeTbca pisHUX KOSbOPIB, LLO 3pPYYHO
ANs MapKyBaHHs kabento, n 6yBae sk po3bipHoro, Tak i Hepo3BipHOro Tuny.
KoBnayok Hepo3bipHOro Tuny HeobxigHO HagaraTy Ha kabenb A0 YCTaHOBKM
BUINKW. Po3BipHnin KOBNa4yoK CKNagaeTbes i3 ABOX NOSIOBUHOK i3 3aMKOM i MOro
MOXXHa BCTAHOBUTW MNiCsi MOHTaXy BUSTKM Ha Kabenb (puc. 2.12 [44]).

—m

Puc. 2.12. MoHTaX BUJIKM Ha Kabenb

3. OnTOoBONOKOHHMK Kabenb (puc. 2.13 [44]). Uwndposi paaHi
nepenarTbCa N0 ONTUYHUM BOSIOKHAM Yy BUMMISAI MOOYNbOBAHUX CBITAOBUX
iMAynbCiB. Y NOPIBHSHHI 3 iHWKMMK Le Hanbinbl HagiHui 3acib nepepadi,
TOMY L0 MOr0 HEe MOXIMBO PO3KPUTK i nepexonuTtn gaHi. ONTOBOSIOKOHHUI
kabernb 3aCTOCOBYETLCSA ANS NEPEMILLEHHS BENUKNX 0BCAriB AaHUX Ha Oyxe
BUCOKMX WwBmakocTax (go 200 6/c).

3axucHa obonoHka
OnTUYHE BOJIOKHO

N |

/'

CknsiHa o0osoHKa

Puc. 2.13. OnTOBONTOKOHHUMX Kabenb
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OnTuyHe BOMOKHO (XKura) nokpuTa CKAAHOK OOOSIOHKOK  Ta Mae
30BHILLUHIO 3axXNCHY 000NOHKY. KOoXXHe CKIsiHe ONTOBOJSIOKHO Nepenae curHanm
B OOAHOMY HanpsiMKy, TOMY Kabenb CKNagaeTbCs 3 ABOX BOSIOKOH 3 OKPEMUMN
KOHeKTopamu (ogHe Onsi nepenadi, iHwe ans npumomy).

4. KabenbHa cuctema IBM. OCHOBHMMU KOMNOHEHTaMU L€l KabenbHOoI
cuctemu € 3'egHyBadi, NMUEBI WUTK, PO3NoAinbyi NnaHeni Ta cami kabeni.

3'egHyBadvi kabeniB Biapi3HATLCS Big cTaHaapTHoro BNC-koHekTOpa —
Oyob-gki OoBa 3'egHyloTbCa oauvH 3 odHum. LU 3'egHyBadvi BuMararoTb
BUKOPUCTAHHA NULUEBMX LWUTIB | pPO3NOAINLYMX NaHenen cneuianbHol
KOHCTpyKUil. KabenbHa cuctema |IBM knacudpikye kabeni 3a Tunamu,
Hanpuknag:

1N 1 — KpydeHa napa STP;

™MN 3 — KpydeHa napa UTP gna nepepadi MOBHUX curHanis (kabenb
KaTeropii 3);

TN 5 — ONTOBOSIOKOHHUI Kabenb;

TUn 8 — KUNMMOBUI Kabenb;

T™N 9 — NNEeHYMHUI Kabenb.

AWG - cuctema BuUMIpIB, BU3HAYaE TOBLUMHY MNPOBOAIB (Y4M MEHLUE
AWG-HOMep nposody, TUM TOBCTILLIMA NPOBIg). UMM HagivHiwe 3axuweHui
kabenb Bif 30BHIWHIX i BHYTPIWHIX €NeKTpU4HMX 3aBag, TMM Ha OGinbLuy
BiACTaHb Ta 3 OiNbLUOK LWBWAKICTIO BiH MOXe nepenaBaTu AaHi, ane i BuLle
NOro BapTIiCTb.

OCHOBHUMM YMHHWKaMW, WO BNAMBAOTb Ha BapTICTb Ta MNPOMYCKHY
CNPOMOXHICTb Kabento, €:

NpPOCTOTa BCTAHOBJIEHHS,;

eKpaHyBaHHS — He3BaXatuun Ha Te, L0 BOHO Bede A0 MNOAOPOXYaHHS
BUKOPUCTaHHS EKpaHOBAHOro kabento, NOCTINHO MOLUMPIOETHLCS;

nepexpecHi 3aBagn — BUKIMKAKOTb 0COGMMBO  Cepro3Hi npobnemu y
BEINTMKNX Mepexax;

WBUOKICTE nepefadi  (4acTMHa CMyrm  nponyckaHHd). Hanbinb
PO3MOBCIOAXKEHNM 3HAYEHHSM LUBMAKOCTI Ans MigHux kadenis € 10 M6/c, ane
OCTaHHi CTaHOapTu Ha MepexHi kabeni go3sonsatoTb gocartn 100 M6/c;

BapTICTb;

3aTyxaHHs curHany — npuydmMHa, Wo obMexye MakcumarbHy OOBXUHY
kabento. BinbWicTb Mepex BUKOPUCTOBYOTb CUCTEMU MNEPEBIPKM MOMUSOK:
NpU BUKPUBMEHHI NPUAHATOrO CUrHasny BuMMaratoTb MOBTOPHOI nepefadi, ane
Le A04aTKOBWUW Yac i 3HWKEHHSA 3aranbHOT NPOMYCKHOT CIPOMOXHOCTI Mepexi.
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5. lNMepepaya curHanis. [Jo curHanis, WO BUKOPUCTOBYIOTbLCA AN
nepegadi gaHMX 4Yepe3  KaHan, npeg'ssBndalTbCd  BUMOMM OO0
3aBago3axmuLLEHOCTI, 3abe3nedyeHHs CUHXPOHi3auil npurMomy Ta nepeadi
AaHUX, MakcumarbHOI MPOMYCKHOI CMNPOMOXHOCTI KaHamny Ta MiHiManbHUX
BUTpaT obnagHaHHSA y nepefasadax, npunMadax ta kaHanax. Onsa nepegadi
3aKooBaHUX cuUrHanis 4depes kabenb BUKOPUCTOBYETbCA ABi TEXHOMOTIT:
BY3bKOCMYroBa Ta LUMPOKOCMYroBa nepegaui.

BysbkocMmyroBa nepepava — ue nepefada gaHux y Burnsagi umdposoro
CUrHany ofHiel 4YactoTu. LlngpoBun curHan BUKOPUCTOBYE BCHO CMYry
nponyckaHHa Kabento. KoxHuin npucTpin B Mepexax 3 BY3bKOCMYroBOH
nepefayero nocunae gaHi B obuasa Hanpamku, a gesiki BogHo4ac MOXYThb i
nepenasatu i npunmMmaTti gati. [lnga 36inblueHHs 3aranbHol JOBXUHN Kabernto y
BY3bKOCMYrOBUX Mepexax BUKOPUCTOBYKOTb penitepu (MoBTOproBadi), WO
NOCUSIOKTL CUrHar Ta PeTPaHCIOKTb MOro B iHLWI CErMEHTU Mepexi.

Mpy wWKnpoKocMyrosin nepefadi AdaHi nepefarwTbCd Yy BUMMAAI
aHanoroBoro curHany, Lo BMKOPUCTOBYE OeSKUA iHTepBan YyacTtoT. CurHanm
— 0Oe3nepepBHi enekTpoMarHiTHi abo ONTU4YHI XBWNi, WO nNepenarTbCa B
ofHOMY HanpsMKy. [Npu 3abe3nevyeHHi HEOOXiAHOI CMyrK NPOMyCKaHHA Yepes
OaVH kabenb OAHOYaACHO MOXYTb BECTWU nepefady Aekinbka aboHEeHTCbKUX
cucteM (KOXHiM napi B3aeMOAIYMX BY3MiB BUAINSAETLCA 4acTUHA CMYTU
nponyckaHHg). [ns BiAHOBNEHHS CUrHany 3acTOCOBYKOTbCA MigcuntoBadi, a
Ans 3abeanedyeHHs MOXMIMBOCTI KOXXHOMY BY3fy npurMmaTu Ta nepegasaTti
AaHi BUKOPUCTOBYIOTbCA abo ABa kabeni (oguH ans nepegadi, gpyrmi ans
npunomy), abo po3buBka CMyri NPONyCKaHHA Ha ABa KaHanu, Lo NpautoTb
3 pi3HMMM YacToTamu (OAWNH AN nepefadi, Apyrum ans npumomy).

DYHKLIT 1 XapaKTepMCTUKMU MepeXxXHUX apganTtepiB

MepexHun apantep (Network Interface Card, NIC) pasom 3i cBoim
ApanBepoM pearnisye Opyrum, KaHarbHUN piBeHb MoAenNi BIOKPUTUX CUCTEM Y
KiHLEBOMY By3ni Mepexi — komn'totepi. binbw To4YHO, ¥ MepexHin OC napu
agjanTtep i gparBep BUKOHYIOTb TiNbkM (pyHKUiT disnyHoro n MAC-piBHiB, Y
Ton yac 9k LLC-piBeHb 3BM4anHO peanisyetbca mogynem OC, eanHum gnsa
BCiX gpanBepiB i MepexHux agantepis. BnacHe Tak BOHO W NOBUHHO ByTu y
BignosigHocTi 3 mogennto cteka npotokonie IEEE 802. Hanpuknag, B OC
Windows piseHb LLC peanisyetbcs B moayni NDIS, 3aransHomy gnsa Bcix
ApanBepiB MepexHuX agantepiB, He3anexHo Big TOro, 9Ky TeXHOSOorio
niaTpumye gpaveep.
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1 — po3‘em Kpy4YeHoI napu;
2 — po3'eM KoaKcianbHO20 Kabersio;
3 — po3'em criomy ISA.

Puc. 2.14. MepexHun agantep

MepexHun agantep (puc. 2.14) pasom i3 gpanvBepOM BUKOHYHOTb [BI
ornepadii: nepegayy 1 npumom Kagpy.

Mepepaya kagpy 3 kKomn'loTepa B kabenb CKNagaetbcsd 3
nepepaxoBaHMX eTaniB (gesiki MOXYyTb BYyTWU BiOCYTHI, 3anexHo Big NPUNHATUX
MEeTOAIB KooyBaHHS):

Mpunom kagpy gaHux LLC 4depes mixpiBHEBMI iHTepdenc pasom 3
agpecHoto iHpopmauieto MAC-piBHSA. 3BM4anHa B3aeMoist MiXk MpoOTOKOIamMm
ycepeavHi komn'toTepa BigbyBaeTbCcs 4epe3 6ydepun, posTalloBaHi B
onepaTtuBHin nam'ati. HaHi Onsa nepefadi B Mepexy pO3MilyTbCHA B L
Bydepn npoToKoNnaMmm BEPXHIX PIiBHIB, SKi BAUTAralTb IX 3 OUCKOBOI Nam'siTi
abo 3 (pannosoro kewa 3a gonomoroto nigcucrtemm seogy/smnsogy OC.

OdopmneHHa kagpy oaHux MAC-piBHS, Yy KM iIHKANCYNOETbCA Kaap
LLC (3 sBigkmHytummn npanopamu 01111110). 3anoBHeHHA agpec
NpU3Ha4YeHHA N gxepena, 064ncneHHs1 KOHTPObHOI CYyMI.

dopmMyBaHHS CMMBOSIB KOAIB MNPV BUKOPUCTaAHHI HaAJSIMLLKOBUX KOAIB
Tmny 4B/5B. CkpembnioBaHHA KogiB ANs odepXaHHs 6inbll piBHOMIPHOro
cnekTpa curHanis. Llen etan BUKOPUCTOBYETLCA HE Y BCiX MPOTOKONax —
Hanpuknag, TexHonoria Ethernet 10 M6/c o6xoanTtbcs 6e3 Hboro.

Buagayva curHaniB y kabenb BignNoBigHO 4O NPUAHATOrO NiHIMHOrO KoAay -
maHyectepcbknm, NRZI, MLT-3 i T. n. MNMpwuinom kagpy 3 kabento B komn'totep
BKIIOYAE HaCTYMHI Ail:

npunom 3 kabent curHanie, WO KoaytTb B6iTOBUI NOTIK;

BUAOINIEHHA curHanis Ha Tni wymy. Lo onepauito MOXyTb BUKOHYBaTH
pi3Hi cneuianizoBaHi Mikpocxemn abo curHanbHi npouecopu DSP. Y
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pesynbTaTi B NpurMadi agantepa yTBOpUTbCSA esika BiToBa NocnigoBHICTb, 3
BENIMKMM CTyneHeM iMOBIpHOCTI, cniBnagaroym 3 Tielo, koTpa Oyna nocnaHa
nepegaBavem;

AKWO AaHi  neped  BignpaBreHHsaM y  kabenb  nigaaBanucsa
CKpeMb6sItoBaHHIO, TO BOHM NPOMYycKaloTbCs Yepes aeckpembriep, nicng 4oro B
aganTtepi BiAHOBNIOTLCA CUMBOSIM KoY, NOCNaHi nepegaBayem.

[MepeBipka KOHTPOSbHOI CymMu Kagpy. FKWO BOHa HenpaswuiibHa, TO
Kagp BIiOKMOAETbCHA, a 4epe3 MDKPIBHEBUM iHTepdenc HaBepx, MPOTOKOoIy
LLC, nepepaetbca BIgMOBIAHMMA KOL MNOMWUIKWU. HAKLWO KOHTpPONbHa cyma
npasunbHa, To 3 MAC-kagpy Butsraetbcs kagp LLC i nepegaetbca yepes
MiKpiBHEBUI iHTEepdenc HaBepx, npoTokony LLC. Kagp LLC po3miwyeTbca B
Bydepi onepaTtnBHOI Nam'aTi.

Po3noain oboB'A3KiB MiXK MepeXHUM aganTtepoM i Moro ApamBepom
CTaHgapTaMu He BM3HAYaETbCS, TOMY KOXHUN BUPOOHMK BMPILLYE Lie NUTaHHSA
CaMOCTINHO. 3BUYaMHO MEPEXHi aganTepu Ainatbcs Ha aganTepu Ans
KNIEHTCLKMX KOMMN'tOTEPIB | aganTepn AN4a cepBepiB..

B agantepax Ons KNiEHTCbKMX KOMMN'HOTEPIB 3HA4yHa 4acTuHa podoTu
nepeknagaeTbCsa Ha ApanBep, TUM caMuM agantep BUABMAETLCS MPOCTILLINM
N geweBwnM. HeosnikoMm Takoro nigxony € BUCOKUMW CTYMiHb 3aBaHTaXXEHHS
LeHTparnbHOro npouecopa koMmn'toTepa PYTUHHUMKM poboTamn 3 nepepadi
KagpiB 3 ornepatvBHOI NaM'aTi KoMmn'lotepa B Mepexy. LleHTpanbHuin
npouecop 3MyLIEeHUNn 3anmaTuca Luieto pobOoTO 3aMiCTb  BMKOHAHHS
NpUKNagHuUX 3aBgaHb KOpUCTyBaya.

Tomy aganTtepu, Npu3HayeHi ans cepeepis, 3BM4anHO 3abe3neyvyoTbed
BNaCHMMK npouecopamu, ki CaMOCTIMHO BUKOHYIOTb BinbLly YacTUHY poboTH
3 nepefadi kagpis 3 onepaTuMBHOI MaM'sAiTi B Mepexy M Yy 3BOPOTHOMY
HanpaMKy. [Npnknagom Takoro agantepa MOXe CIYXXUTU MepPexXHun agantep
SMS EtherPower 3 B6yaoBaHum npouecopom Intel i960.

3anexHo Big TOro, SKMKM NPOTOKON peanisye agantep, agantepu
ainatecs Ha Ethernet-apgantepn, Token Ring-apgantepn, FDDIl-agantepn n
T.4. Tomy wo npotokon Fast Ethernet nossonae 3a paxyHok npouenypu
aBTOMEPEroBopiB aBTOMATM4YHO BMOpaTM LWBUAOKICTL POBOTM MEepEexHOro
aganTepa 3anexHo Bid MOXIMBOCTEW KOHUeHTpaTopa, To 6arato agantepis
Ethernet cborogHi nigTpumytoTh ABI WBNAKOCTI pO60TU N MalOTb Y CBOIN Ha3BI
npuctasky 10/100. Lo BnactueicTb Aeski BUPOOHWKM  Ha3MBalTb
aBTOYYTIUBICTIO.
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MepexHun apantep nepen YCTaHOBKOK B Komn'loTep HeobxigHo
KOHirypyBaTu. [pn KoHirypyBaHHi agantepa 3BM4yanHO 3a4at0TbCA HOMeEpP
nepepuBaHHsa IRQ, BUKOPUCTOBYBAHOIrO aganTtepoM, HOMep KaHasny npsamMoro
poctyny go nam'ati DMA (skwo agantep nigtpumye pexum DMA) i 6a3oBa
agpeca nopTiB BBOAY/BUBOAY.

AKWwo MepexHun apantep, anapatypa Komn'loTepa W onepadinHa
cuctema nigTpumytoTe  ctanHgapt  Plug-and-Play, TO KoHirypyBaHHSA
aganTtepa | Moro gpameepa 34IMCHIETbCS aBTOMATUYHO. Y NPOTUNEXHOMY
BUNagKy MNoTpibHO cnodaTKy CKOHQuirypyBaTM MepexHur agantep, a noTim
NOBTOPUTU NapamMeTpu WNOro KoHQpirypauii onsa gpameepa. Y 3aranbHOMY
BUNaAKy Aetani npouenypu KOHQirypyBaHHA MepeXHOro aganrtepa i Moro
ApanBepa 6arato B YoMy 3anexaTb Big BUpOOHMKa agjanTtepa, a Takox Big
MOXIMBOCTEN LWWMHW, ANS 9KOT po3pobrneHun agantep.

Knacudikauia mepexxHux aganrtepiB

Ak npuknag knacudpikauil agantepiB BUKOPUCTOBYEMO Miaxig pipmu
3Com, wo mae penyTtauito nigepa B obnacti agantepiB Ethernet. ®ipma
3Com BBaxae, Wo MepexHi agantepun Ethernet nponwnu y cBoemy po3sBuTky
TPW NOKOSTIHHA.

AganTtepu nepLioro NOKosiHHA 6ynn BUKOHAHI HA AUCKPETHMUX NOTiYHMUX
MiKpocxemax, Yy pesynbTaTi 4Yoro Manuv Hu3bKy HaginHiCTb. BOHM mann
OycdbepHy nam'atb TiNbKM Ha OAWH Kagp, WO NPUMBOAWMNO LO HU3BKOI
NPOAYKTUBHOCTI aganTtepa, TOMY LLO BCi Kagpu nepegasanvca 3 Komn'rotepa
B Mepexy abo 3 mepexi B Komn'toTep nocnigoBHo. KpiM Lboro, 3aBOaHHS
KOHirypauii agantepa nepLlloro MoKomMiHHA BigbyBanocs BpyYHy, 3a
AOMNOMOro nepemMuyok. [na KOXHOro Tuny aganTtepiB BMKOPUCTOBYBaBCH
CBin OpamBep, npu4OMy [HTepenc MK [OpanBepoM | MepPEXHOK
onepawinHo cUCTemMoto He ByB CTaH4APTU30BaHNNA.

Y MepexHux agantepax Apyroro rMoKomMiHHA Ons  NigBULLEHHS
NPOAYKTMBHOCTI CTanu 3actocoByBaTu meToq 6araTokagpoBoi Oydepusauii.
[Mpn UBbOMY HaCTYNHUI Kagp 3aBaHTaXYETbCA 3 Nam'aTi kKomn'totepa B bydep
ajanTtepa OAHOYacCHO 3 rnepefaderd nonepeHbOro Kagpy B Mepexy. Y
PeXUMi NpUMOMY, MiCNA TOro K aganTtep NOBHICTO NPUMAHAB OAWH Kaap, BiH
MOXe nodaTu nepegaBaTn Len kagp i3 Oydepa Ha 3ragky komn'lotepa
OLHOYaCHO i3 MPUMOMOM (HLLIOrO Kagpy 3 Mepexi.

Y MepexHuUx agantepax ApYyroro NOKOSIIHHA LLUMPOKO BUKOPUCTOBYHOTLCA
MIKPOCXEMW 3 BUCOKAM CTyMNeHeM IHTerpauii, Lo nigBuULLYyE HaAiNHICTb
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apanTtepis. Kpim Toro gpaveepu uMx agantepiB 3aCHOBaHi Ha CTaHOAPTHUX
cneumdikauiax. Agantepu Opyroro MOKOSIIHHA 3BUMYaWHO MNOCTaBMATLCS i3
Apavesepamu, Wwo npauoTb K Yy ctaHgapTi NDIS (cneuundikauia iHTepdency
MEpPEXHOro pgApameepa), pospobneHomy ddipmammu 3Com i Microsoft i
cxBaneHomy IBM, Tak i B ctaHgapTi ODI (iHTepdenc BigkpuToro gpamnsepa),
po3pobrieHomy dipmoto Novell.

Y MepexHux apantepax TPeTboro nokoniHHA (4o Hux dipma 3Com
BiaHocuTb cBol aganTtepu cimenctBa EtherLink Ill) 3gincHi0eTbCS KOHBEEPHA
cxema o0bpobkn kaapis. BoHa nonsrae B ToMy, LLO Npouecu Nnpunomy Kagpy 3
ornepaTuBHOI NaM'aTi KOMN'toTepa 1 nepefadvi Moro B Mepexy Crony4yarnTbCs
B 4Yaci. TakmMm 4umHOM, nicng npunoMy AeKinbKoxX nepwux O6anTiB Kagpy
NOYNHAETLCA IXHA nepepada. Le ictotHo (Ha 25 — 55%) nigBuwye
NPOAYKTUBHICTb NaHUIOXKa "onepaTtnBHa namMm'aTb — agantep — QisndHum
KaHan — agantep — ornepaTuBHa nam'aTb". Taka cxema Ayxe 4vyTnmBa [0
nopora no4yatky nepefadi, TOB6TO [0 KinbkoCcTi ©GanT Kagpy, WO
3aBaHTaxXyeTbca B Oydep agantepa nepen noyvyaTkoM nepefadi B Mepexy.
MepexHnn apantep TPETbOro MOKOMNIHHA 34IMCHIOE CaMOHACTPOBaHHSA
LbOro napamMeTpa LWsSXoM aHanidy pobiTHMYoro cepefoBulla, a TaKoX
MEeTO40M pPO3paxyHKy, bes yyacrTi agMiHicTpaTopa MeEpEeXi.
CamoHacTpotoBaHHs 3abesnevyye MakcMmarbHO MOXIMBY MNPOLYKTUBHICTb
ANA  KOHKPETHOro  CrnosflydeHHs  MPOAYKTUBHOCTI  BHYTPILWHBLOT  LUMHWK
KoMmmn'toTepa, MOro CUCTEMU MNepepmBaHb i CUCTEMM NPSMOro AOCTyny A0
nam'aTi.

Apantepu TpPeTbOro MnOKOMiHHA 6a3yloTbCa  Ha  cneuianizoBaHnx
iHTerpanbHnx cxemax (ASIC), wo niaBvye NPOAYKTUBHICTb | HaAiMHICTb
aganTtepa nNpu OAHOYACHOMY 3HWXKeHHi noro BapTtocTi. KomnaHia 3Com
Ha3Bana CBOK TEXHOSIOrit0 KOHBeEPHOI 06pobkun kagpie Parallel Tasking, iHLi
KOMMaHii TakoX pearsisyBanun CXoxi cxeMu y CBOIX aganTtepax. [ligBuLLEHHSA
NPOAYKTUBHOCTI KaHany “"agantep-nam'aTb" OyXe BaXnuee AN NigBULLLEHHS
NPOAYKTUBHOCTI Mepexi B UifoMy, TOMYy WO MPOAYKTUBHICTbL CKMagHOro
MapLipyTy o0OpobkuM KagpiB, LWO BKMNKOYaAE, HaNpuknag, KOHUEHTpaTtopw,
KOMyTaTopu, MapLipytTmsaTtopu, rnodanbHi KaHanu 3B'dA3Ky W T. M., 3aBXau
BU3HAYaETbCA MPOLYKTMBHICTIO CaMoOro MOBINIbHOrO €fieMeHTa LbOoro
mMapwpyTy. OTXe, SKWO MepexHun apantep cepBepa abo KNiEHTCbKOro
KoMmn'roTepa npaule MOBIMIbHO, HIiAKI WBWOKI KOMYTaTtopu He 3MOXYTb
NiABULLNTY LUBUAOKICTb POOOTU Mepexi.
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MepexHi agantepu, WO BUMYCKaKOTbCA CbOrogHi, MOXHa BigHeCTU 00
YeTBEPTOro MOKOMiHHA. Y Ui agantepu oboB'a3koBo Bxoauntb ASIC, wo
BUKOHYE pyHKUIT MAC-piBHA, a TakoX BeSiMKa KifbKICTb BUCOKOPIBHEBMUX
dyHKUIn. Y Habip Takux yHKUin MOXe BXOAUTW NIATPUMKA areHTa
BunydyeHoro MoHitopuHry RMON, cxema npioputesauil kagpis, yHKUil
AUCTaHLUINHOrO KepyBaHHA KOMMN'IOTEPOM i T. M. Y CepBepHUX BapiaHTax
aganTtepiB Mamxe o0O0OB'A3KOBa HasIBHICTb MOTY)XHOro npouecopa, LWo
pO3BaHTaXye LeHTpanbHuM npouecop. [lpuknagom MepexHoro agantepa
YeTBEPTOro MOKOMIHHA MOXe CnyXuTtn agantep komnanii 3Com Fast
EtherLink XL 10/100 (puc. 2.15 [44]).

e

AR ] 7
~—
Puc. 2.15. ApganTtep komnaHii 3Com Fast EtherLink XL 10/100

2.1. MpuHUMNN POOGOTU KOHLEHTpPATOpPIB

[MpakTMYyHO Yy BCIX Cy4acCHUX TEXHOMOrAX JIOKaNbHUX Mepex
BU3HAYEHUN NPUCTPIN, WO MaE Kifibka PIBHOMPABHUX Ha3B — KOHLEHTpATop
(concentrator), xa6 (hub), noBToptoBay (repeator). 3anexHo Big obnacrTi
3aCTOCyBaHHA LbOro MPUCTPOKD B 3HAYHIM Mipi 3MIHIOETLCA CKNnag Woro
PYHKUIN | KOHCTPYKTUBHE BWKOHAHHA. He3MIHHOIO 3anuwaeTbCs TiNbKu
OCHOBHa (OYHKLis1 — e NOBTOPEHHSA Kagpy abo Ha Bcix nopTax (K BU3HAYEHO
B cTaHaapTi Ethernet), abo Tinbkm Ha peskux nopTax, BiANOBIQHO A0
anroputmy, NeBHUM BIiAMNOBIAHMM CTaHOAPTOM.

KoHueHTpaTop (hub) npuimae curHanm Big ogHOro 3 KiHUEBMX BY3niB i
CUHXPOHHO nepenae X Ha BCi CBOI iHLWI NOPTU, KPiM TOro, 3 AKOro Haginwnm
curHanu. BiH 3gincHi0e OyHKUiT noBTOptOBadYa curHanis Ha BCiX Bigpiskax
KpydeHux nap, NigKNyYeHnx 0O WOro nopTiB, Tak LU0 YTBOPKETHCA €AUHEe
cepepnoBMLle nepeaadi AaHUX — NOriYHUA MOHOKaHan (norivyHa 3aranbHa
LUMHA).

Bapto ocobnnBo nigkpecnutn, Wwo BCi KOMM'lOTepu, MiOKNHYEHi Oo
KOHLeHTpaTopa, YTBOPIOTbL EAUHUN NOriYHUM CEerMeHT, y sSikomy byab-gka
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napa B3aeMOilYMX KOMM'IOTEPIB MOBHICTIO OIIOKYyE MOXNUBICTE OBOMIHY
AaHUMK ONs1 iHWKMX KOMM'IoTEpIB.

KoHueHTpaTopu MOXYTb nigknodaTmuca 1 o mepex Ethernet Ha ocHoOBI
KOaKcCianbHOro kabesnto, Kpy4yeHol napu W BOSIOKOHHOI onTukM. MacoBe ixXHe
NOLUMPEHHSA 3aKpinuno 3a HUMU LWe OaHYy nonynsipHy HasBy "xabu". baraTto
xabiB MalTb po3’eMu SK Nig KpyvyeHy napy, siki 3BMYanlHO HasnBalTbCS
RJ-45, Tak i nig koakcianbHun kabenb (BNC) abo AUl Y Takmx cxemax
BMKOPUCTOBYIOTLCA CErMeHTM KoakcianbHOro abo ontuyHoro kabento sk
roriloBHa marictpanb (Backbone) mix xabamn.

KoHueHTpaTopu MOXHa 3'€egHyBaTW OAWH 3 OOHUM 3a LOMOMOroH TUX
e nopTiB, SKi Npu3HadeHi Ons nigknioyYeHHs KiHuesux By3niB. [lpu ubomy
noTpibHO nogdatn nNpo Te, Wob nepeagaBay i npunuMay ogHOro NOpTy Gynu
3'eQHaHi BignoBigHO i3 npuiMavyeM i nepepaBayvyeM IHWIOro MNOpPTYy
(puc. 2.16 [22]).

Puc. 2.16. lepapxiyHe 3'eaHaHHA KOHUEHTpaToOpiB

3acTepexeHHs. [leTneBnaHe 3'eqHaHHS KOHLUEHTpaTopiB y cTaHgapTi
10 Base-T 3abopoHeHe! Lle npnBoanTb 40 HEKOPEKTHOT pOBOTU Mepexi.
KoHueHTpaTop 3BMYaMHO Mae€ Kinbka MNOpTiB, OO0 AKMX 3a O0MNOMOroH
oKpeMnx qoisn4HMX CermeHTiB Kabento NigknyatTbCa KiHLEBI BY3NnM Mepexi
— komn'toTepun. KoHueHTpaTop noegHye okpeMi PiduyHi CermMeHTn Mepexi B
€VHe noainoBaHe cepenosBuLle, OOCTYN OO0 AKOI 34IMCHIOETLCA BigNOBIgHO
A0 OOHOro 3 PO3rnsHYTUX MPOTOKOMIB NnokanbHux mepex — Ethernet, Token
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Ring i T. n. Tomy Lo norika gocTyny 40 NOAINBAaHOro cepeaosBuLLa iCTOTHO
3anexunTb Bi TEXHONOTrII, TO ANA KOXHOro TUMy TEeXHOSIOrii BUMYCKaTbCH
cBol KoHueHTpaTopn — Ethernet; Token Ring; FDDI i 100VG-AnyLAN. [Onga
KOHKPETHOro npOoTOKOMY iHOAI BMKOPWUCTOBYETLCHA CBOS, BY3bKOCMeLlia-
nisoBaHa HasBa LbOro MNPUCTPOID, WO Oifibll TOYHO BigbuBae MOro qoyHKUil
abo X BMKOPUCTOBYETbCA B CUNY Tpaauuin, Hanpuknag, Ang KOHUeHTpaTopiB
Token Ring xapaktepHa HazBa MSAU.

KOXHMIN KOHUEHTPAaTOP BUMKOHYE AEesiKy OCHOBHY (PYHKLitO, BU3HAYEHY Y
BiANOBIAHOMY MPOTOKONI TiET TEXHONOTII, Ky BiH NiATPMMYE. Xoya us pyHKUisA
AOCUTb [deTanbHO BM3HAdYeHa B CTaHOapTi TexHornoril, npu 11 peanisauil
KOHLEHTpaTOpPW Pi3HUX BUPOOBHUKIB MOXYTb BIiAPISHATUCA TakMMK geTansmu,
AK KifIbKiCTb NOPTIB, NiATPUMKA AeKiflbKoX TUMiB kabenis i T. M.

KpiM OCHOBHOI (OyHKUiI KOHUEHTpaTOp MOXe BUKOHYBATU [OESAKY
KiNbKICTb Ao4aTKoBUX (PyHKUin, siki abo B cTaHgapTi B3arani He BMU3HAYeH,
abo € dakynbTaTMBHUMW. Hanpuknag, KoHueHTpaTop Token Ring moxe
BUKOHYBATU (PYHKLIiO BIOKMIOYEHHS HEKOPEKTHO npauloymx nopTiB i
nepexoay Ha pesepBHE KifibLe, Xo4a B CTaHOapTi Taki MOro MOXNUBOCTI He
onucaHi. KoHUeHTpaTop BUSABMBCA 3PYYHUM MNPUCTPOEM [ANA BUKOHAHHS
A04aTKOBUX (PYHKLIN, LLIO NONEerwyTb KOHTPOSb | eKcrnnyaTtaLito Mepexi.

PoarnsHemo ocobnmBoCTi peanisauil OCHOBHOI (pyHKLiT KOHLEHTpaTopa
Ha npuknagi kKoHueHTpaTtopis Ethernet.

Y TexHonoril Ethernet npucTtpii, WO nOEOHYOTL Kifibka Qi3NYHUX
CEerMeHTiB KoakcianbHOro kabenio B €OuHE nNoAiNBaHe cepeaoBuLLE,
BUKOPUCTOBYBANMUCA [OaBHO M oAep)Xanu Hassy "MNoBTOproBayiB" 3a CBOEH
OCHOBHOK (PYHKLIED — MNOBTOPEHHA Ha BCiX CBOIX MMOpTax CUrHanis,
OTPUMaHUX Ha BXOAi OLHOro 3 NOPTIB. Y Mepexax Ha OCHOBI KOaKCianbHOro
kabento 3Bn4yanHUMmn Bynmn OBOMNOPTOBI MOBTOPKOBAY, WO 3'€OHYIOTb TifbKK
ABa CerMeHTn kabento, TOMy TEpPMiH KOHLIEHTpaTop A0 HUX 3BMYAMHO He
3aCcTOCOBYBaBCH.

3 noseot creundikaudil 10Base-T gna KpyyeHol napu noBToproBay
CTaB HeBig'€MHOK YacTuHo Mepexi Ethernet, Tomy wo 6e3 HLOroO 3B'A30K
MOXHO ©Oyno opraHidyBaTu TiflbkKM MK ABOMa By3naMm Mepexi.
BaratonopToBi noBToptoBadi Ethernet Ha KpydeHin napi ctann HasuBatu
KOHUEeHTpaTopamn abo xabamu, TOMy WO B OOHOMY MNPUCTPOI AiACHO
KOHUEHTpyBanucs 3B'a3kM MK  OiNbLUOK  KINbKICTIO  BY3MiB  Mepexi.
KoHueHTpaTtop Ethernet 3BuyanHo mae Big 8 oo 72 noprtis, NpU4OMy OCHOBHA
YacTuMHa nopTiB NpuU3HayveHa ANn4a nigknioyeHHs kabeniB Ha Kpy4deHin napi. Ha
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puc. 2.17 [35] nokasaHu TMNOBUI KOHLEHTpaTop Ethernet, po3paxoBaHui Ha
YTBOPEHHS HEBENUKMX CErMEeHTIB nogintoBaHoro cepeposuwa. BiH mae 16
noptiB ctaHgapTy 10Base-T 3 posHimaHHamKn RJ-45, a Takox ogmH nopt AUI
Ans NigKnioYeHHss 30BHILLHBbOrO TpaHciBepa. 3BMYANMHO A0 UbOro MNopTy
NiOKNIOYaETLCA TpaHCiBep, WO nNpaule Ha KoakcianbHoOMy kKabeni abo Ha
ONTOBOSIOKHI. 3a  OOMOMOrow  UbOr0  TpaHciBepa  KOHLEHTpaTop
NiOKNIOYaEeTbCA OO  MaricTpanbHoro  kabent, WO  3'edHye  Kinbka
KOHUEHTpaTopiB Mk coboto, abo B Takum cnocid 3abesnevyeTbcs
NiAKNIYEHHA CTaHUil, BUNTy4YeHOI Bif, KOHUEeHTpaTopa BinbL Hixk Ha 100 m.

9 10 11 12 13 14 15 16

1 2 3 4

MDI MDI -

Kpyuena Cranris
napa ] Ethernet

Tpancisep Tpancisep

||/ \u

Puc. 2.17. TunoBun KoHueHTpaTop Ethernet

Y cneundikauil IEEE 802.3 BM3HaudeHUW 3anexHun Big cepenosulla
iHTepdenc — MDI (medium-dependent interface) — enekTpyyHUn |
MexaHIYHUW iHTepdenc MK cepeoBULLIEM | MEPEXHMM YCTaTKyBaHHAM. Llen
ctaHgapT 3abes3nevye 3B'A30K nepegasava (transmitter) ogHOro NPUCTPORo i3
npunmMadyem (receiver) iHWOro npuctpor. [Ons 3'egHaHHs KOHLEHTpaTopiB
TexHosnorii 10 Base-T Mk coboto B iepapxidyHy cuctemy KoakcianbHum abo
ONTOBOSIOKOHUIN Kabenb He 0B0B'A3KOBUI, MOXXHA 3aCTOCOBYBATU Ti X MOPTH,
LLO W ANA NIAKMIOYEHHS KIHLEBUX CTaHUIN, 3 ypaxXyBaHHAM OAHIET 06GCTaBUHMN.

CnpaBa B TOMYy, WO 3BUYanHUW nopT RJ-45, npusHayveHun p[nga
NiAKNIYEHHA MepeXHoro agantepa n aknn HasmeaeTbcss MDI-X (KpocoBaHUM
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MDI), mae iHBepTOBaHe pPO3BEeOEHHA KOHTAKTIB PO3HIMaHHS, WoO MepexHUn
agantep MoOXHa ©Oyno nigKkmoYMTM [O KOHUEeHTpaTopa 3a [4OMNOMOrok
CTaHOapTHOro CrosiyYHOro Kabento, He KPOCYH4Oro KOHTaKTW. Y BuMagky
3'eHaHHA KOHUeHTpaTopiB 4vepe3 crtaHaapTHun nopt MDI-X posoauTbes
BUKOPUCTOBYBATU HECTaHOAPTHUW Kabenb i3 nepexpecHum 3'€egHaHHAM nap.
Tomy fesdki BAroTOBMOBaYi NocTadalTb KOHUEHTpaTop BUAINEHUM MOPTOM
MDI, y akoMy Hemae KpocyBaHHS napa. TakMm YMHOM, ABa KOHUEHTpaTopu
MOXHa 3'egHaTV 3BU4aNHMM HEKPOCOBAHUM Kabenem, sSKwo ue pobutn yepes
nopt MDI-X ogHoro koHueHTpartopa 1 nopt MDI gpyroro. YacTiwe oanH nopt
KOHUeHTpaTopa Moxe npautoBatu i ak nopt MDI-X, i ak nopt MDI, 3anexHo
BiZl NOSIOXKEHHSI KHOMKOBOIro nepemMmkaya.

baratonopToBuin noBTOptoBay-KoHUeHTpaTtop Ethernet moxe no-
Pi3HOMY pPO3rnsigaTUCa NMpPU BUKOPUCTaHHI NpaBuna 4-x xabie. Y 6inbliocTi
mModenen BCi MOPTU noB'A3aHi 3 €OMHUM OrOKOM MOBTOPEHHSA, | npwu
NPOXOKEHHI CUrHany MiX ABOMa noptamMu nosToptoBada 6510K NOBTOPEHHS
BHOCUTb 3aTPUMKY BCbOro OAMH pa3. TOMy TakuMh KOHLEHTpaTop MOTpiGHO
BBa)XaT OAOHUM nNOBTOpOBa4eM 3 OOMEXEHHAMMW, WO HaknagakTbCs
npasunom 4-x xabiB. Ane iCHylTb i iHWI MoAeni NOBTOPKOBaYIB, Y SAKMX Ha
Kinbka MOPTIB € CBi OMNOK MOBTOPEHHS. Y TakoMy BUMAAKy KOXHUA OOk
MOBTOPEHHS NOTPIBHO BBaXKaTn OKPEMUM NOBTOPHOBAYEM i BpaxoByBaTh NOro
OKpemo B npasusi 4-x xabiB.

[eski BiAMIHHOCTI MOXYTb I€MOHCTPYBATU MOAESI KOHUEHTpaTopIB, LU0
npauTs Ha OOHOMOAOBUMA BONMOKOHHO-ONTUYHUA Kabenb. [anbHIiCTb
cermMeHTa kaben, nigTpumMyBaHoOro KoHueHTpatopom FDDI, Ha Takomy
kabeni MoXe 3Ha4yHO BIOPIZHATMCA 3anexHo Bi4 MNOTYXXHOCTI Na3epHOro
BunpomiHtoBada — Big 10 0o 40 km.

OfgHak AKWO iCHYKYI PO3XOMXKEHHA MPU BMKOHAHHI OCHOBHOT (PYHKLUIl
KOHLUEHTpAaTOpIiB HE HACTINbKN BENUKI, TO iX HabaraTo nepeBepLlye po3kug y
MOXITMBOCTSX peanisauil KOHLeHTpaTopamMu 004aTKOBUX PYHKLIN.

BiaknoyeHHs nopTiB
[ly>ke KOpMCHOK Npu ekcniyaTauil Mepexi € 30aTHICTb KOHLeHTpaTopa
BIOKNIOYATM HEKOPEKTHO MpaLooydi NopTu, i30M10H4N TUM CaMUM  iHLLY
YacTMHY Mepexi Big BUMHUKAUX y By3ni npobnem. Lo dyHKuito HasmBaoTb
aBTocermeHTauieto (autopartitioning). na koHueHTpaTtopa FDDI us dyHkuia
Ans 6aratbOX MOMUIKOBMX CUTyauii € OCHOBHOK, TOMY WO BU3Ha4yeHa B
npoTokosi. Y Ton Xe 4vac gns kKoHueHTpaTtopa Ethernet a6o Token Ring
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JoyHKUiA aBTOcerMeHTauil ana 6araTbox CUTyauil € 4o4aTKOBOK, TOMY LLO
CTaHOapT HE OMNUCYE peakuitd KOHUEeHTpaTopa Ha uto cutyauito. OCHOBHOK
NPUYMHOK BIOKNIOYEHHA nopTy B cTaHgaptax Ethernet i Fast Ethernet e
BIACYTHICTb Bignosigi Ha nocnigoBHICTb iMnynbeiB link test, Wo nocunatoTbCA
B YCi MOPTK KOXHi 16 MC. Y LUbOMY BMMNagKy HeCnpaBHUM NOPT NEPEBOANTHLCS
B CTaH "BigknioyeHun", ane imnynbcu link test OGyayTe npogosxyBaTu
nocunatn B NopT gnga Toro, wob npu BigHOBMNEHHI NPUCTPOO poboTa 3 HUM
6yna npogoBXeHa aBTOMaTUYHO.

PosrnaHemo cutyauii, y sknx koHueHTpaTopu Ethernet i Fast Ethernet
BUKOHYIOTb BiAKITHOYEHHSA NOPTY.

MoMunkn Ha piBHI Kagpy. AKWO IHTEHCUMBHICTb MPOXOMKEHHS 4epes
NopT KagpiB, WO MakwTb MOMWIIKW, MEpeBULLYE 3aLaHuK nopir, TO MopT
BiKNIOYAETLCA, a NOTiM, NPU BiACYTHOCTI MOMMUOK NPOTAroM 3a4aHoro vacy,
BKMIOYAETLCSA 3HOBY. TakMMKW MOMUIKaMM MOXYTb OyTW: HenpaBunbHa
KOHTpONbHa CyMa, HenpasuibHa OOBXWHA kagpy (Oinbwe 1518 6Gant abo
MeHLwe 64 6anT), HeoopMNeHU 3arofioBOK Kaapy.

MHOXUMHWM KOMi3il. AKLWO KOHUeHTpaTop ikcye, WO mKeperioM Konisil
6yB Ton camuin nopT 60 pasiB Nigpsa, TO NOPT BiAKNOYaeTbCA. Hepes akunch
Yyac nopT 3HOBY Oyae BKITOYEHUN.

Tpueana nepepaya (jabber). Ak i mepexHun agantep, KOHLEHTpaTop
KOHTPOJSOE Yac MPOXOKEeHHA OAHOro Kagpy 4epes nopT. Akwo uen yac
nepesBuLLYyE Yac nepeaadi kKagpy MakCMMarsnbHOI JOBXWHU B 3 pasn, TO NopT
BiOKHOYAETHLCS.

[aBante po3rngHeMo KpuTepil 3'€egHaHHS KOHUEeHTpaTopiB  Ans
craHgapty Ethernet.

1 — MakcumanbHa BigCTaHb Bigpi3ka KpyydeHOl napu Mk aBoma
6e3nocepegHbO 3B'A3aHMMKU By3namMu (CTaHUiAMM N KOHUEHTpaTopamu) He
Ginbwe 100 M Npy HAABHOCTI KpyYEHOT Napu SIKOCTI HE HKKYe KaTeropii 3.

Ockinbkn mMetog goctyny Ao 3aranbHoro cepegosuwa CSMA/CD, wo
BUKOPUCTOBYETbCA B Mepexax Ethernet BMmarae HaaBHOCTI CUMHXpOHi3auil
CTaHUin ONns HadiHOro poanisHaBaHHSA Konisin: Tni, > PDV, 1O cTaHpapt
BU3HAYUB:

2 — MakcumaribHe 4MUCMO KOHLUEHTpaTopiB MK Oyab-akuMn gBoma
CTaHUissAMN MepeXxi OOPiBHIOE 4.

Lle npaBuno 3BeTbcA "npaBuna 4-x xabiB" i BOHO 3aMiHKOE€E
"npaBuno 5 -4 — 3", ke BiAHOCUTbLCA A0 KOAKCialibHUX Mepex.
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MpaBuno 5-4-3

Mepexa Ha ToHKkoMy Ethernet moxe cknagatucs MakCUMyM i3 N'ATbOX
CerMeHTiB Kabento, 3'egHaHMX 4oTupMa penitepamu, ane TifbKM OO0 TPbOX
CErMeHTIB Npu LLbOMYy MOXYTb ByTuK nigkntoveHi poboyi ctaHuii. Takum YMHOM,
ABa CEerMeHTu 3anualoTbCHa 3ape3epBoOBaHMMU AN1s1 peniTepiB, 1X HAa3MBaKTb
MiKpeniTepHUMK 3B'a3kaMn. Taka KoHirypauia sigoMma sk npasuno 5 — 4 — 3.

Ha puc. 2.18 HaBegeHO nM'aTb MaricTpanbHUX CErmMeHTIB, 4YOoTUpu
penitepu [27]. [lo maricTpanbHnx cermeHTiB 1, 2, 5 nigkntoyeHi kKomn'toTepu.

Perritep 2

MaricTtpanbHuUl CEerMeHT 2

MaricrpanbHuill cerMeHT 3

MaricrpanpHuii cerMmeHT 1

Penitep 4

Puc. 2.18. MNpaBuno 5 — 4 — 3: 5 cermeHTiB, 4 penitepn, 3 cermeHTU
AnNA NigKNOYeHHA cTaHuin

MarictpanbHi cermeHTM 3 i 4 npusHadeHi Tinbkn Ana 36inblUeHHs
3aranbHOI JOBXUHU MepeXi.

Mepexa 6yae maTu MakcumanbHy AO0BXUHY B 5 x 185 = 925 wm.
OyeBnaHO, WO Le obMeXeHHSs € Binbll BUCOKUM, HiXK 3aranibHe OOMeXeHHSs B
2500 meTpiB.

[na nobygosn KopekTHOI mepexi Ethernet noTpibHO moTpumyBaTmcs
Bbaratbox OOMeXxeHb, MPUYOMYy [Aesiki 3 HUX BIAHOCATbLCSA 00 TUX CaMUX
napamMeTpiB Mepexi — Hanpuknag, MmakcMmarnbHa AoBXMHa abo MakcMmarbHa
KINMbKICTb  KOMMN'IOTEPIB Yy Mepexi MOBMHHA 3aJ0BOSNIbHATU  O4HOYACHO
Aekinbkom pisHuMm ymoBam. KopekTHa mepexa Ethernet noBmnHHa BignosigaTu
yciM BUMOram, ane Ha npakTuui noTpibHO 3a40BONbHUTK TiNbKM HaMBiNbLU
XopcTki BuMorn. Tak, sKwo B mepexi Ethernet He noBuHHO 6yTK Binbw 1024
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ByaniB, a ctaHgapT 10Base-2 obmexye 4ucno HaBaHTaXXEeHUX CermMeHTIiB
TpbOMa, TO 3arasibHa KinbKiCTb By3niB y mepexi 10Base-2 He nosuHHa
nepesuwyBatn 29 x 3 = 87. MeHw xopcTke obmexeHHa B 1024 KiHLEBUX
By3nax y mepexi 10 Base-2 Hikonu He gocAraeTbCcs.

Mepexa Ha ToBCcTOMY Ethernet moxe cknagatuca mMakcUMyM i3 M'ATbOX
MaricTpanbHUX CerMeHTiB, 3'egHaHnX peniTepamn (3a cneuundikauieto IEEE
802.3). lNpn ubOMYy TiINbKN OO0 TPbOX CErMEHTIB MOXYTb OYyTW NigKIIOYEHI
komn'totepun. NMpn 064YnCnEeHHi 3aranbHOI JOBXUHU Kabernto OoBXMHA Kabento
TpaHciBepa He BpaxoBYETbCS, TOOTO B po3paxyHOK 6epeTbCs TifbKn JOBXUHA
cermeHTa kabento "tosctuin Ethernet" (puc. 2.19 [27]).

Puc. 2.19. MNpaBuno 5 — 4 — 3: 5 cermeHTIB, 4 penitepu,
3 cerMeHTU ANA NiAKMOYeHHA KoMn'loTepiB

KoxHuin noBTOptoBa4Y MiOKNKOYAeETbCA OO0 CerMeHta OOHUM CBOIM
TpaHCIiBEPOM, TOMY [OO0 HaBaHTaXEHUX CEerMeHTIB MOXHa nNigKmioynuTn He
Ginbwe 99 By3niB. MakcMmanbHe YMCNO KiHUEBUX BY3niB Yy mepexi 10Base-5
Taknm YnHom cknagae 99 x 3 = 297 syanis.

[o docmoiHcme ctaHpapTty 10 Base-5 BigHOCATLCS:

BMCOKa 3axumLLEHICTb Kabento Bia 30BHILLHIX BNIIUBIB;

NOPIBHAHO BemnuKa BiACTaHb MiXK By3Iiamu;

MOXIUBICTb NPOCTOro nepemileHHs pobo4ol CTaHLii B Mexax A0BXUHU
kabento AUI.

Hedonikamu 10Base-5 €:

BUCOKa BapTiCTb Kabento;

CKNaaHICTb NOro NpPoKnagky Yepes BENUKY XKOPCTKICTb;
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notpeba B cnevjianibHOMY IHCTPYMEHTI 4Ns 3amMa3yBaHHs kabento;

3ynnHKa poboTn BCIET Mepexi Npn YWKOOXKEHHI kKabento abo HesiKiCHOMY
3'eQHaHHI;

HeoOXigHiCTb 3as3ganerigb nependbauntn nigBegeHHsa kabento Oo BCix
MOXIMBUX MiCLIb YCTAaHOBKW KOMIM'IOTEPIB.

3aBXan MOXnMBa CUTyaUisl, KON ABi CTaHLUii 0gHOYaCHO HamararTbCs
nepegatyv  Kagp daHux nNo  3aranbHOMy  cepepoBuwy.  MexaHiam
NPOCIyXOBYBaHHA CepefoBulla | naysa MK Kagpamu He 3axuwaroTb Bif
BUHUKHEHHSA Takol cuTyauil, konn pABi abo 6inblie CcTaHuin oaHO4YacHO
BUPILLYIOTb, WO CepefoBuLLe BiflbHe, | NOYMHAKOTL nepegasaTv CBOI Kagpw.
[fOBOPSATH, WO Npy LbOMY BiabyBaeTbCs Kos1i3is (collision), TOMY LLO BMICT 060X
KagpiB 3iLUTOBXYETbCA Ha 3aranbHOMY Kabeni i BinbyBaeTbCA NepekpyyyBaHHS
iHpopMauil — MeToaM KoayBaHHSA, BuKopuctoByBaHi B Ethernet, He
A03BOSIATb BUAINATY CUrHaNM KOXXHOI CTaHLiT 3 3arafibHOro curHarny.

Konigia — ue HopmanbHa cuTyauia B poboTi mepex Ethernet. Y
npuknagi, 3o06paxeHoMy Ha pwuc. 2.18, konisilo nopoguna opgHo4vacHa
nepegada gaHux Bysnamu 3 i 1. [nNa BMHUKHEHHS KOnMi3il HE ODOB'A3KOBO,
Wwob pgekinbka cTaHuiM noyanu nepegady abCcontoTHO OAHOYacHO, Taka
cuTyauis manommoBipHa. Habarato MMOBIpHilLe, WO KOSi3is BUHMKAE Yepes
Te, WO OAWH BY30J1 MOYMHAE nepefady padiwe Jpyroro, ane o Apyroro
By3na CurHanm neplioro rnpocTto He BCTUrawTb OIATU Ha TOW 4ac, Komnwu
APYrvi By30n BUpILLYE novaTn nepegady cBoro kagpy. TobTo Konisii — ue
HacnigoK po3noadifieHOro Xxapakrepy Mepexi.

LLlo6 kopekTHO 06p0obUTK KONI3ito, YCi CTaHLiT 0g4HOYAaCHO CrocTepiranTb
3a BMHMKaYMMM Ha kabeni curHanamu. AKWo nepenaHi curHannm i curHanu,
LLIO CMoCTepiraTbCs, BIOPIBHAKTLCA, TO QIKCYETLCA BUSIB/IEHHS KOJi3il
(collision detection, CD). [Ans 30ifiblUeHHA UMOBIPHOCTI LUBUOKOIO BUSIBIIEHHS
KOnMi3dil BCiMa CTaHUisIMM MepeXxi CTaHUisl, Wo BUsIBMNA KOnisito, nepepusae
nepenady cBoro kaapy (y AOBifIbHOMY MiCLi, MOXIIMBO, | HE Ha Mexi banTa) i
NiACUNIOE  cUTyauito  Konidil  nocunaHHAM B Mepexy  creuianbHol
nocnigoBHOCTI 3 32-x BiTiB, sIka Ha3BaHa jam-roc1i008HICMIO.

Micns uboro CTaHuis, WO nepenae, ska BusiBUNIa Konisito, 3060B'a3aHa
APUNUHUTL nepedadvy i 3poduTK nay3y MAPOTAroM KOPOTKOro BWUMNAAKOBOrO
iHTepBany 4acy. [loTim BOHa MOXe 3HOBY nodaTu cnpoby 3axonsfeHHs
cepegoBuwa i nepepadi kagpy. BwunagkoBa naysa BuOMpaeTbCcsa  3a
HaCTynHMM anropuTMOM:

MNMay3a =L x (iHTepBan BiaCTPOUKHM),
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Ae iHTepBan BIACTPOYKM OopiBHIOE 512 6iToBUM iHTepBanam (y TexXHOMOoril
Ethernet npuHaTo BCi iHTepBanu BumMiptoBaTh B BiTOBUX iIHTepBanax; 6iToBun
IHTepBan no3HayaeTbCcA AK by i BignoBigae 4acy MK MOABOK [OBOX
nocnigoBHux OITIB AaHMX Ha kabeni; ana wsuakocti 10 M6/c BenunymnHa
iHTepBany gopisHtoe 0,1 mc abo 100 Hc);

L cTtaHOBUTL Uifie 4ncno, obpaHe 3 pPiBHOK MMOBIPHICTIO 3 Aiana3oHy
[0, 2N], oe N — HoOMep noBTOpPHOI cnpobu nepegadi gaHoro kagpy: L =1, 2,...,
10.

Micna 10-i cnpobwn iHTepBan, 3 4KOro BUOMpaeTbCa naysa, He
30inbWyeTbCA. TakMm YMHOM, BMMAOKOBaA Mnay3a MoOXe MpuaMaTty 3Ha4YeHHS
Bio 0 no 52,4 mc.

Akwo 16 nocnigoBHMx cnpob nepefadi kKagpy BUKNMKAOTb KOMI3ito, TO
nepegasad NOBUMHEH NPUNUHUTX CAPOBU | BUAANUTK Len kagp.

Tunosun KoHueHTpatop Ethernet, pospaxoBaHun Ha yTBOpEHHSA
HeBEeJIMKNX CErMeHTIB NoAintoBaHOro cepenosula, mae 16 nopTis cTaHOapTy
10 Base-T 3 posz’emom RJ-45, a Ttakox ogumH nopt AUl ans nigknioyeHHs
30BHILUHBbOrO TpaHciBepa.

MigTpnMmka pe3epBHUX 3B'A3KIB

Uepes Te WO BUKOPUCTaAHHSA pPe3epBHUX 3B'A3KIB Yy KOHLEHTpaTopax
BU3Ha4eHo Tinbkn B ctangapti FDDI, ansa iHWux ctangapTiB po3pobntoBadi
KOHLEeHTpaTopiB NiATPUMYIOTb TaKy OYHKLiO 3@ JOMOMOrOK CBOIX NMPUBATHUX
piwweHb. Hanpuknag, koHueHTpaTtopu Ethernet/Fast Ethernet moxyTb
YyTBOPIOBATU TiNbKN i€papxiyHi 3B'A3kn 6e3 netenb. TOMy pe3epBHi 3B'A3KM
3aBXau NOBMHHI 3'eQHyBaTK BIOKIOYEHI NOPTH, WOO HE nopylyBaTu NOriKy
poboTn  Mepexi. 3BMYAMHO NPU  KOHirypyBaHHi  KOHLUEHTpaTopa
agMiHICTpaTop MOBMHEH BU3HAYUTU, AKi MOPTU € OCHOBHUMMU, a SAKi BiJHOCHO
HUX — pe3epBHUMU. AKWO 3 SKOI-HEOyab NPUYUMHM MOPT BiAKMHOYAETLCS
(cnpauboBYyE MexaHi3aM aBTOoCerMeHTaLii), KOHUEeHTpaTop pobuTb aKTUBHUM
MNOro pesepBHU MOpT.

Y peskux mMoaenax KOHUEHTpaTopiB [O3BOSIIETLCH BUKOPUCTOBYBATU
MeXaHi3M NpPU3HAYEeHHS pe3epBHUX MOPTIB TiNbKM AN ONTOBOJSIOKOHHUX
NopTiB, BBaXkatuu, WO MNOTPIOHO pesepByBaTU TiflbKM HaNBINbL BaXUBI
3B'A3KM, AKi 3BMYANHO BUKOHYIOTLCSA Ha OoNTUYHOMY Kabeni. B iHWnX mogensx
pe3epBHUM MOXHa 3pobuTn Byab-akuin NopT.
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3axucT Bifg HeCcaHKLiOHOBaHOro oocrtyny

MMomintoBaHe cepenoBuvlle Hagae ayXe 3pyvyHy MOXMAMBICTb Ans
HeCaHKL,iOHOBAHOIro MNPOCITyXOBYBaHHA MepeXi W ogepXaHHs [OocTyny Ao
nepegaHux gaHux. Onga uboro 4OCUTb NISKNIOYUTM KOMMN'IOTEp i3 NporpamMHUM
aHanisaTopomM MpPOTOKOMIB [0 BIifIbHOMO pPO3HIMAHHA  KOHLEHTpaTopa,
3anucaTt Ha OUCK BECb MUHaluYUKW rno mepexi Tpadik, a noTiM BUAINUTU 3
HbOro NMOTPIOHY iHOopMaLLito.

Po3pobntoBadi KOHUEHTpaToOpiB HaaalTh AedAKi Cnocobu 3axXnCTy AaHUX
y NoAiftoBaHMX cepenoBuLLax.

Hanbinbw npoctui cnocid — npusHadyeHHss possoneHnx MAC-agpec
nopTam KOHUeHTpaTopa. Y cTaHaapTHOMY KoHueHTpaTopi Ethernet noptwm
MAC-agpec He maloTb. 3axuCT rnondrae B TOMy, WO agMiHICTpaTop YpPy4dHY
3B'A3y€ 3 KOXHWUM MOPTOM KoHuUeHTpatopa aesky MAC-agpecy. Ua MAC-
agpeca € agpecor CTaHUil, SKin O03BONSETbLCA NigKnYaTUCsa 0O OaHOro
nopty. Hanpuknag, Ha puc. 2.20 Ha nepwiomy MOPTYy KOHUEHTpaTopa
npusHadyeHa MAC-agpeca 123 (ymosHuin 3anuc). Komn'totep 3 MAC-agpecoto
123 HOpManbHO nMpauloe 3 MepEeXe vYepes gaHun nopT. AKLWO 3NOBMUCHUK
Bid'€eOHYE uen KOMN'loTep i NpPUEOHYE 3aMiCTb HbOrO CBil, KOHLIEHTpaTop
NOMITUTb, WO NpW CTapTi HOBOro KOMM'loTepa B MEPEXY noyann Hagxooutu
Kagpwv 3 agpecoto mxepena 789. Yepes Te WO ua agpeca € HenpunycTUMor
Ang neploro nopTty, TO Ui Kagpu inbTpyoTbCsA, MNOPT BIOKIOYAETLCS, a
dakT NopyLUEeHHS NpaB AoCTyny Moxe ByTn 3adpikcoBaHu.

Do3soneHi MAC-apgpecu

00:00;A2:00:01:23

00:00:A2:00:01:23

o - = E

| I [=]

' | l [ ] l [ ] l [ ]

' 1 === —_—

| HecaukuionoBane

1 . 00:00:A2:00:05:FD j
MAKJIIOYCHHSA

|

Puc. 2.20. I3onsauis nopTiB: nepeaayva KaapiB TiNIbKU Bif CTaHLiN
i3 hikcoBaHUMU agpecamu

87



BigmiTumo, wWwo Ans peanisauii onucaHoro MeToay 3axucty AdaHux
KOHUEeHTpaTop noTpibHO nonepegHbO  CKOHpirypyBatn. [Ons  uboro
KOHLUEHTpaTop NOBMHEH MaTu 61Ok kKepyBaHHA. Taki KOHUEHTpaTopwu
3BMYaMHO Ha3uBalTb IHTenekTyanbHUMW. bBbrnok kepyBaHHSA CTaHOBUTH
KOMMNakTHUKU  obumcnioBanbHu 650k 3 ybyaoBaHMM  NpOrpamHuMMm
3abesneyeHHsaMm. [Ona B3aemopail agmiHicTpatopa i3 6GrOKOM KepyBaHHSA
KOHLEHTpATOp Ma€ KOHCOMbHUMA nopT (HandacTtiwe RS-232), o skoro
NigKNoYaeTbca TepMmiHan abo nepcoHanbHU KOMM'IOTEP i3 NporpamMoto
emynsauii TepmiHana. Npu npuegHaHHi TepMiHana BnoK KepyBaHHSA opraHisye
Ha WMOro ekpaHi [gdianor, 3a OOMOMOroK HAKOro agMiHicTpaTop yBOAUTb
3HayeHHa MAC-agpec. bnok kepyBaHHS MOXe MigTpMMyBaTh 1 iHWI onepauil
KOHGIrypyBaHHS, Hanpuknag, py4YyHe BigkntoveHHss abo BKMOYEHHS NopTiB i T.
A. Ans yboro npu NigktoveHHi TepmiHana 650K KepyBaHHA BUOAE Ha ekpaH
MEHI0, 3a JOMNOMOrol SKOro agmiHictpaTop Bubupae noTpibHy Aito.

[HWKM cnocobom 3axucTy AaHuX Big HecaHKUiOHOBaAHOro AOCTyny €
noro wuppysaHHa. OgHaK npouec CnpaBXHbOro LWUdpPyBaHHA BUMarae
BenMKOl  obuncnioBanbHOI  MOTY)KHOCTI, | AOna  noBToptoBava, He
Bydepusyroyoro kagp, BUKOHaTU LWMGpPYBaAHHA "Ha NbOTY" AOCUTb CKNagHo.
3aMicTb LbOro B KOHLEHTpaTopax 3aCTOCOBYETbCA METO4 BUMNAAKOBOro
nepekpyvyyBaHHA MNOMSA JaHUX Yy nakeTax, nepefdaHux noptam 3 agpecoro,
BiAMIHHOIO Big agpecu npusHayeHHs naketa. Llen meton 3b6epirae noriky
BMNAOKOBOro [[OCTyny QOO0 cepefoBuvwia, TOMYy LWO BcCi cTaHuii 6advatb
3aMHATICTb cepefoBMLLa KagpoMm iHdopmauil, ane TiflbkM CTaHUisd, SKin
nocnaHMnm Uen Kagp, MoXe 3pOo3yMiTM 3MICT nons gaHux kKagpy. Ons
peanisaudii UbOro MeTOo4Yy KOHUEHTpaTop TakoX MOTpibHO nocTaunTn
iHpopmauietro npo Te, ski MAC-agpecn MalTb CTaHuil, NiAKIOYEHi O NOoro
nopTiB. 3BMYarHe Nofe AaHuxX y Kagpax, L0 HanpaenalTbCA CTaHUisM,
BiAMIHHUM Bif afgpecaTa, 3arnoBHIOETLCA HYNAMN.

BaratocermMeHTHi KOHLeHTpaToOpKn

[Mpn posrnagi gedaknx mogenen KOHUEeHTPaTopiB BUHUKAE MUTAHHA —
HaBILLO B Ui MoAeni € Taka Benuka KinbKiCTb NopTiB, Hanpuknag, 192 abo
240? Yun € ceHc po3sginatn cepeposuwe B 10 abo 16 MOG/c mixk Takow
BESIMKOK KISTbKICTIO CTaHUin? Moxnueo, AecaTb — N'ATHaAAUATbL POKIB TOMY
BiAMOBIAb Yy AesKMX BUNagkax morna 6u 6yt n no3anTUBHOK, Hanpuknag, ans
TUX MepexX, Yy H9KMX KOMM'IOTEPU KOPUCTYBANIMCA MepeXer Tiflbku Ons
BiANpaBfieHHA HEBENMKMX MOLUTOBUX NOBigOMIIEHb abo Ans nepenMcyBaHHS
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HeBEeNnMKOro TekCcToBoro anny. CbOrofHi TakMx Mepex 3anuvmniiocs BKpaw
Mano, i HaBiTb 5 KOMN'IOTEPIB MOXYTb MOBHICTIO 3aBaHTaXWUTU CErmMeHT
Ethernet abo Token Ring, a y oesiknx Bunagkax — i cermeHT Fast Ethernet.
[ns Yoro X ToAi NOTPIOHMIN KOHUEHTPATOP 3 BINbLUOK KifbKICTIO NOPTIB, AKLLO
HUMW NPaKTUYHO HE MOXXHA CKOPUCTaATUCS Yepe3 ODBMEXEHHSI B MPOMYCKHIN
30aTHOCTI, WO AOBOAUTLCA Ha O4HY CTaHuUio? Bignosiab nonsirae B Tomy, WO
B TaKMUX KOHLEHTpaTtopax € Kiflbka He3B'A3aHMX BHYTPILWHIX LWWH, SKi
npusHayeHi Ons  CTBOPEHHS  OEKifIbKOX  MOAifitoBaHMX  cepenoBuLl,.
Hanpuknag, KOHUeHTpaTtop Ma€ Tpu BHYTPIWHI wWnHKM Ethernet. Akwo,
Hanpuknag, y TakoMy KOHUeHTpaTopi 12 nopTiB, TO KOXHUM i3 UUX MOPTIB
MOXe BYyTM NOB'A3aHUN 3 KOXHOT i3 TPbOX BHYTPILLHIX WWH. Ha pucyHKy nepLui
ABa KomMmn'loTepu nos'sa3aHi i3 wuHow Ethernet 3, a TpeTiv i yeTBepTUin
komn'totepu — i3 wnHot Ethernet 1. lMNepwi gBa komn'toTepu yTBOPATL OOAWH
NoLiSIIOBAHUM CErMEHT, a TPETIN | YeTBEPTUM — IHLLIMA NOAINOBAHUN CErMEHT.

Mixx coboto Komn'toTepw, NIAKIOYEHI 40 Pi3HMX CErMEHTIB, CrifikyBaTuUcs
Yyepes3 KOHLEHTpaTop He MOXYTb, TOMY WO LUMHU yCepeauHi KOHUeHTpaTopa
HISK He 3B'd3aHi.

BaraTtocermeHTHi KOHLIeHTpaTopu noTpibHI  ans CTBOPEHHS
noaiNtoBaHUX CErMeHTIB, CKNad AKUX MOXKe Nnerko 3miHwoBaTucs. binbLiicTb
GaraTocerMeHTHUX KOHUEeHTpaTopiB, Hanpuknag, System 5000 komnanii
Nortel Networks abo PortSwitch Hub komnanii 3Com, [o3BonsoTb
BUKOHYBaTW onepauito 3'€qHaHHA NOPTY 3 OOHIEH i3 BHYTPILIHIX WWH YUCTO
nporpaMmHuM  cnocobom, Hanpuknag, 3a OOMOMOroK  JIoKarbHOro
KOH(IrypyBaHHS 4Yepes3 KOHCOMbHUW nopT. Y pesynbTaTi agMiHicTpaTop
Mepexi MoxXe npuegHyBaTuM KOMMN'IOTEPU KOpUCTyBadiB A0 Oyab-SKMX MOPTIB
KOHLUEeHTpaTopa, a MnoTiM 3a [[OMOMOrol nporpamMu  KOHirypyBaHHS
KOHLUEeHTpaTopa ynpaBnATM CKIagoM KOXHOIo cerMeHTa. Akuwo 3aBTpa
cerMeHT 1 cTaHe nepeBaHTaXXeHUM, TO MOro KOMM'loTEPU MOXXHA PO3NOoAiINnUTH
MK CErMEHTaMU, WO 3annninca, KOHUeHTpaTopa.

MoXXnmBicTb GaratocermMeHTHOro KOHUEeHTpaTopa nporpamMHo
3MiHIOBaTU 3B'A3KM MOPTIB i3  BHYTPIWHIMKM  WKWHaMU  HA3MBAETbCH
KOHdpirypauinHot komyTauieto (configuration switching).

KoHdpirypauinHa komyTtauid He Mae HiYoro CrifibHOro 3 KomyTaui€ero
Kagpis, WO BMKOHYKOTb MOCTU 1 KOMYTaTOpPW.

bBaratocermeHTHi KOHUeHTpaTopy — LUe nporpamyBasnibHa OCHOBa
BeNnuMknx Mepex. Ona 3'egHaHHs cermMeHTiB Mk coboto noTpibHi NpucTpoi
iHWoro Tuny — MocTu/komyTaTopu abo mapupytmsaTopu. Takum MiKme-
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PEXHUN  NPUCTPIN  MOBMHEH  nigknioyvatucsa OO0  OeKifIbKoX  MnopTiB
BGaraToCerMeHTHOro KOHUEeHTpaTopa, MPUEQHAHOro A0 Pi3HUX BHYTPILLHIX
LLUWH, | BAKOHYBaTK nepeadvy kagpie abo nakeTiB MK cermeHTamMu TOYHO Tak,
AK IKBU BOHM Bynn yTBOPEHI OKPEMUMN NPUCTPOAMU-KOHLEHTPaTOpaMu.

Ona Benukux mepex baraToCerMeHTHUM KOHLEeHTpaTop Bigirpae posb
IHTeneKTyasnbHOI KpoCOoBOI Wadw, WO BUKOHYE HOBE 3'€QHAHHA He 3a paxyHoK
MeXaHIYHOro nepemilleHHs1 Kaberno B HOBUIM MOPT, a 3a paxyHOK NporpamMHol
3MiHM BHYTPILWHbLOI KOHirypawii npucTpoto.

KepyBaHHS KOHLEeHTpaToOpoM 3a npoTokonom SNMP

Ak BMgHO 3 onucy godaTtkoBux (OYHKUIWM, Garato 3 HUX BUMararTb
KOHpirypyBaHHs1 KOHUeEeHTpaTopa. Lle koHirypyBaHHA Moxe BMpOONATUCS
nokaneHo, 4Yepes iHTepdenc RS-232C, wo € B 6yab-9KOro KOHLUEHTpaTopa,
o Mae 650Kk kepyBaHHS. KpiMm KOHQDirypyBaHHS Yy BENUKiA Mepexi ayxe
KOpUCHa  (PYHKLIA CMOCTEPEXEHHA 3a CTaHOM KOHUeHTpartopa: 4w
npauesgaTHUi BiH, Y AKOMY CTaHi nepebyBatoTb MOro nopTu.

Mpn BenuKin KiNbKOCTI KOHUEHTPAaTopiB i IHWWX KOMYHiKaLinHNX
NPUCTPOIB Y MepeXi NOCTIMHE CNOCTEPEXEHHS 3@ CTAHOM YMUCITIEHHUX NOPTIB |
3MIHOK IXHiIX napameTpiB CTae Oyxe OOTSHKHMM 3aHATTAM, SKWO BOHO
NOBWHHE BMKOHYBATMCA 3a JOMOMOrO JTIOKanbHOMo NigKNYeHHA TepMiHana.
Tomy BiNbLUICTb KOHLEHTPATOPIB, L0 NiATPUMYIOTL IHTENEKTYanbHi 4OAaTKOBI
dyHKLUIT, MOXYTb YyNpaBnsaTUCA LUEHTpani3oBaHO Mo Mepexi 3a LOrMOMOror
nonynsipHoro npotokony kepyeBaHHa SNMP (Simple Network Management
Protocol) 3i cteka TCP/IP.

Y Bnok KkepyBaHHS KOHLEHTPaTOpoM BOYOOBYETLCA Tak 3BaHMN SNMP-
areHT. Llen areHT 30mpae iHghopmaLito NPo CTaH KOHTPOSIbOBAHOMO MPUCTPOHD
n 30epirae il B Tak 3BaHin 6asi gaHux Kepyo4ol iHpopmauii — Management
Information Base, MIB. LUa 6a3a gaHux Mae ctaHOapTHy CTPYKTYpy, WO
[03BONAE OOHOMY 3 KOMMN'IOTEPIB MepeXi, SKUA BUKOHYE POIib LIeHTpanbHOI
CTaHUil KepyBaHHS, 3annTyBaTW B areHTa 3HadYeHHs CTaH4apTHUX 3MiHHUX
6a3n MIB. Y 6a3i MIB 36epiratoTbCsl He TiflbKW aHi NPO CTaH NPUCTPOIo, ane
N Kepyloda iHpopmauis, Wo BNnNuBae Ha uen npuctpin. Hanpuknag, y MIB €
3MIHHUM, KepyluYuM CTaHOM TMOPTY, WO Ma€ 3Ha4yeHHA "BKNOYUTU" |
"BUKITIOUNTIN". AKWO CTaHUIS KepyBaHHS MIHSAE 3HAYEHHSA Kepyroudol 3MiHHOI,
TO areHT MNOBWHEH BMKOHATU LUK BKa3iBKYy W BRvMBatM Ha NPUCTPIn
BiAMOBIAHUM YMHOM, HaMNpPUKNag BUKITIOYMTM NOPT abo 3MIHUTK 3B'A30K NOPTY
I3 BHYTPILLIHIMK LLMHAMUX KOHUEHTpaTopa.
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Bsaemopgia Mix cTaHuieto KepyBaHHS (NO-iHWOMY — MEHeLKepoMm
CUCTEMWU KepyBaHHSA) i ybyaoBaHMMM B KOMYHIKaUiMHI NPUCTPOI areHTamu
BinbyesaeTbca 3a npotokosiom SNMP. KoHueHTpaTop, Wo ynpasndeTbCcsa 3a
npotokonnoMm SNMP, nOBMHEH nNIATPUMYBATU OCHOBHI MPOTOKOSIM CTeka
TCP/IP i matu IP- i MAC-agpecu. TouHiwe, ui agpecu BigHOCATbLCSA A0 areHTa
KOHUeHTpaTopa. ToMy agMmiHicTpaTop, L0 XO4e CKopucTaTUCAa nepesarammu
LeHTparnisoBaHOro KepyBaHHA KOHLIEHTpaTtopaMn no Mepexi, NOBUHEH 3HATU
ctek npotokonis TCP/IP i ckoHdirypyBaTu IP-agpecu ixHix areHTis.

KoHCTpyKTUBHE BMKOHAHHA KOHLEHTpaTopiB

Ha KOHCTPYKTMBHMI MPUCTPIA KOHLEHTPATOPIB BEMUKUW BNIMB pOBUTL
iXHa obnactb 3actocyBaHHs. KoHueHTpaTopu poboumx rpyn HandacTiwe
BUNYCKAOTLCA AK NPUCTPOI 3 (PIKCOBAHOK KiNbKICTIO MOPTIB, KOPMNOpaTMBHI
KOHLEHTpaTopn — K MOAYJSIbHI MPUCTPOI Ha OCHOBI LIAaci, a KOHLEeHTpaTopu
BiO4iNIB MOXYTb MaTW CTEKOBY KOHCTPYKLit0. Takui po3nogin He € TBepaum, i
SK KOPNOpPaTMBHUN KOHLIEHTPATOp MOXe BWUKOPUCTOBYBATWUCH, Hamnpuknag,
MOAYNbHUIA KOHLEHTPATOP.

KoHueHTpaTop 3 hikcoBaHO KifbKiCTIO NOPTiB — Ue Hanbinbll npocTte
KOHCTPYKTMBHE BMKOHAHHS, KOS MPUCTPIN CTAHOBUTbL OKPEMWUIW KOpNyc i3
ycima HeobxigHMMK enemeHTamun (NopTamMu, oOpraHamu iHOvKauil 1
KepyBaHHS, ONOKOM >KMBIEHHA), | Ui eneMeHTUn 3aMiHATM He MOXHa.
3BMYaNHO BCi MOPTU TAKOro KOHUEHTpaTopa NigTPMMYOTb OgHE cepeaoBuLle
nepepgadi, 3aranbHa KinbKiCTb NOPTIB 3MiHIOETLCA Big 4 — 8 Ao 24. OaunH nopT
Moxe OyTu cheuianbHO BUAINEHUM ONS MIOKMOYEHHS KOHUEHTpatopa Ao
marictpani mepexi abo x ans ob'eqHaHHA KOHUEHTpAaTopiB (SIK Takuh nopT
4acTO BUMKOPUCTOBYETbCA MOPT i3 iHTepdpenncom AUI, y ubomy Bunagky
3aCTOCyBaHH4 BiAMNOBIAHOIO TpaHciBepa A03BONAE NiAKNIOYUTU KOHLEHTpaTop
A0 NpakTU4HO Byab-sKkoro isn4HOro cepeaoBuLla nepegadi gaHmx).

MoayrnbHUN KOHUEHTPaTOp BUMKOHYETLCSH Yy BUMMALI OKPEMUX MOAYNIB 3
oikCOBaHOO KiNbKICTIO MOPTIB, LLO YCTAaHOBIEHI Ha 3aranbHe waci. Laci mae
BHYTPILLHIO WWHY ANns ob'egHaHHA OKpeMUX MOAYMIB Y €AUHUIA NOBTOPHOBAM.
YacTo Taki KOHUeHTpaTtopu € 6GaratocerMeHTHUMW, ToAdi B MeXax OAHOro
MOAYMBbHOrO KOHUEeHTpaTtopa Mpautoe Kiflbka He3B'a3aHuMX Mk coboro
nosToptoBaviB. [1ns MOOYSIbHOrO KOHLEHTpaTopa MOXYTb iCHYBaTW Pi3Hi TUNK
MOAyniB, WO BIAPISHAIOTLCA KINbKICTIO MOPTIB | TUMOM MiATPUMYBaHOIO
disnyHoro cepeposuwa. Yacto areHT nportokony SNMP BukoHyeTbca y
BUINAAI  OKPEeMOro  Moayns,, npuv  YCTaHOBLiI SKOMO  KOHLEHTpaTop
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NepeTBOPKETLCA B iHTENEKTyanbHUn nNpucTpin. MoaynbHi KoHUeHTpaTopu
Ao3BONATL  BinbWwl  TOYHO nigibpatm HeobXigHYy AONs  KOHKPETHOro
3aCTOCyBaHHA KOHirypauito KOHLEeHTpaTtopa, a TaKoX THy4kO W 3
MiHIManbHUMN BUTpaTamMu pearyBaTtn Ha 3MiHW KOHirypauii mepexi.

Uepes BignosiganbHy poboTy, WO BUKOHYIOTb KOPMOpaTUBHI MOAYMbHI
KOHUEHTpaTopu, BOHW 3abe3neyvyoTbCsa MOoAyreM KepyBaHHS, CUCTEMOLO
TepMOpErynioBaHHA, HaAIMWWKOBUMU DKepenamMn XUBMNEHHA W MOXITMBICTIO
3amiHn moaynis "Ha xoay".

Heponikom KoHUeHTpaTOpa Ha OCHOBI Laci € BUCOKa Mo4vaTkoBa
BapPTICTb TaKOro NMpuUCTPOK Afd BUNALKYy, KONW MignpueEMCTBY Ha MepLuomMy
eTani CTBOPEHHS Mepexi NoTpibHO BCTaHOBUTM BCbOro 1 — 2 moayni. Bucoka
BapTICTb WaAaci BUKIMKaAHa TWUM, WO BOHO MOCTaBMSAETLCA pa3oM 3 ycima
3aranbHUMKU NPUCTPOSMN, TaKUMU SIK HALANULLKOBI J)Xepena XUBMEHHS 1 T. 1.
ToMmy Ona mMmepex cepefHix poamipiB 6inblly nonNynspHiCTb 3aBoloBanu
CTEKOBI KOHLEHTPATOPMW.

CTekoBMN KOHLIEHTpATOp, SK i KOHUEeHTpaTtop 3 (iKCOBAHMM YMCIIOM
NOpTiB, BUMKOHAHWW Yy BUMMSA4i OKpeMoro kopnyca 6e3 MOXIMBOCTI 3aMiHu
okpemux noro moaynis. OgHakK CTEKOBMMUM KOHLIEHTpaTopaMu Has3nBakTbCH
He TOMYy, WO BOHW BCTAHOBMOWTLCA OAWMH Ha oAuH. Taka 4ucTo
KOHCTPYKTMBHA feTanb HaBpsg 4y BoocToinaca 6 ocobnueoi ysarun, TOMy LLO
yCTaHOBKa OEKINbKOX NPUCTPOIB 04HAKOBUX rabapuUTHUX pO3MipiB Yy 3arasibHy
CTINKYy npakTUKyeTbCca Ayxe paAaBHO. CTeKoBi KOHUEHTpaTopu MarTb
cneudianbHi nopt n kabeni ona ob'egHaHHA OEKINbKOX TakuMX KOpnyciB y
€OVHMIA MOBTOPIOBaY, WO Mae 3aranbHUM OGroOK MOBTOpeHHs, 3abesneuye
3aranbHy pPecuHXpPOHI3auio curHasnie gns BCiX CBOIX NOPTIB i TOMY 3 norngaay
npasuna 4-x xabiB yBaXKaeTbCsl OAHNM MOBTOPHOBAYEM.

AKLO CTeKkoBi KOHUEHTpaToOpu MakTb Kiflbka BHYTPILLHIX WKWH, TO Npw
3'€HaHHI B CTeK Ui LWWHM MNOEOHYITLCA W CTalTb 3aranbHUMKU 0N BCiX
NPUCTPOIB cTeka. YnMcno NoeaHyBaHUX Yy CTeK KopnyciB Moxe Oyt AocuTb
BeNukum (3BnyamHo Ao 8, ane 6ysatoThb i Ginblie). CTEKOBI KOHLEHTpaTOPK
MOXYTb NiATPUMYBaTU Pi3HI (Pi3nYHI cepenoBulla nepegadi, Wo pobutb Ix
MamKe TakKUMW X THYYKUMU, SK | MOAYNbHI KOHLEHTpaTopu, ane npu LbomMy
BapPTICTb LUX NPUCTPOIB, PO3PaxoByrOYM Ha OAWMH MOPT, BUXOAUTb 3BUYAWNHO
HWXKYOK, TOMY LLO CnoYvaTKy NiANPUEMCTBO MOXE KYNUTU OOUH NpUCTpin 6e3
HaAJIMLWKOBOrO LWWaci, a NoTiM HapOCTUTU CTEK LLe AeKiNnbkomMa aHanoriyHumMm
NPUCTPOSIMM.
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CTekoBi KOHLUEHTpaTopW, LWO BUMNYCKATbCA OAHUM BUPOBHMKOM,
BUKOHYIOTbCS B €QMHOMY KOHCTPYKTMBHOMY CTaHAapTi, WO OO03BONSE ferko
BCTAHOBMIOBATU IX OAUH HA OAWH, CTBOPKOOYN EONHUIA HACTINbHUIA NPUCTPIN,
abo nowmiwatn ix y 3aranbHy CTiMKy. EKOHOMIA npwu opraHisauii cteka
BiabyBa€eTbCA e WU 3a paxyHOK €QMHOro Ans BCiX MPUCTPOIB CTeka Moayns
SNMP-kepyBaHHS (SKMA BCTaBMSIETbCA B OAMH 3 KOPMyCiB CTeka $K
Ao4aTKoOBUM  MOAyMb), a TaKoX 3arafbHOro HaaSIMWKOBOro gxepena
XUBNEHHS.

MopaynbHO-CTeKOBI KOHLIeHTpaTopu CTaHOBIIATb MOAYJTbHI
KOHUeHTpaTopn, ob'egHaHi cneuianbHUMKU 3B'A3KaMn B CTEK, K Npasuno,
Kopryca Taknx KOHLEHTpaTOpiB po3paxoBaHi Ha HEBENWKY KiNbKiCTb MOAyniB
(1 — 3). Lli koHUeHTpaTOpX cnoflyd4aTb LOCTOIHCTBA KOHLEHTpaTopiB 060X
TUNIB.

Taknm YMHOM:

Bi, NPOAYKTUBHOCTI MepEeXHUX afanTepiB 3anexuTb MPOAYKTUBHICTb
Byab-aKol CKnagHOi Mepexi, TOMy WO AaHi 3aBXau nNpoxoasTb He TifbKu
yepes KOMyTaTopuM W MapLlpyTM3aTopu Mepexi, ane ”n 4depes agantepu
KOMN'IOTEpPiB, a pesynbTyloda NPOAYKTUBHICTL MOCMIQOBHO  3'eQHaHUX
NPUCTPOIB BU3HAYAETLCA NPOAYKTUBHICTIO CaMOro MoBifIbHOro NPUCTPOIO;

MEPEXHi ajanTepu  XapakTepusyrTbCa  TUMOM  MNigTPUMYBaHOro
NPOTOKOMY, NPOAYKTUBHICTIO, LIMHOK KOMM'loTepa, OO0 SKOI BOHM MOXYTb
npuegHyBaTUCA, TUMOM NPUMOMO-NepesaTymKka, a TakoXX HaABHICTHO BNTAaCHOIo
npouecopa, WO po3BaHTaXye LUEeHTpanbHUMA Mpouecop kKommn'loTepa Big
PYTUHHOT poBOTH;

MEepEeXHi agantepu Ons cepBepiB 3BMY4aNHO MalOTb BfIACHUW npoLecop,
a KNiEHTCbKI MepPEeXHi aganTepun — He MatoTb;

CyyacHi agantepu BMilOTb aganTyBaTUCA OO TUMYacoBUX NapamMmeTpis
LUMHKM W onepaTMBHOI NamMm'aTi Komn'toTepa ANA NiOBULLLEHHS NPOAYKTUBHOCTI
0OMiHY "Mepexa-komn'totep”;

KOHLUEHTpaTopn, KpiM OCHOBHOI dyHKUii npoTokony (no6iTHoro
NOBTOPEHHSA Kagpy Ha BCix abo HaAcTynHOMY NOPTY), 3aBXAW BMKOHYIOTb psag
KOPUCHMX 00AATKOBUX QOYHKLIN, 0BYyMOBNEHMX BUPOBHMKOM KOHLEHTPATOPA;

aBTOCErMeHTauid — oHa 3 HamBaXNMBILWUMX AoAaTKOBUX (OYHKLIN, 3a
AOMOMOro  SKOI  KOHUEHTpaTop  BIiOKNKYae nopT nNpu  BUSIBIEHHI
pi3HOMaHITHUX npobrnem 3 kabenem i KiHUEBUM BY3rOM, NiAKNOYEHUM 00
AaHoro nopry;
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Yy 4YMCNo Ao4aTKoBUX (PYHKUIM BXoAATb (PYHKLIiI 3aXUCTy Mepexi Bif
HEeCaHKLIOHOBaAHOro  OOCTyny, WO 3abOopoHATb  MiOKMAKYEHHS OO0
KOHUEeHTpaTopa komn'toTepiB 3 Hesigomumm MAC-agpecamun, a Takox
3aMoBHIOITb HYNAMM NONA OaHWUX KadpiB, WO HagxoOATb He A0 cTaHuil
NPU3HAYeHHS;

GaraToCerMeHTHi KOHLEHTpaTopu [O03BONSAKTb AINUTU Mepexy Ha
CEerMeHTu nporpaMmHum criocobom, 6e3 isnyHol NnepekomyTauil NPUCTPOIB;

CKIagHi KOHLEHTpaTopu, WO BUKOHYKOTb O04AaTKOBI (PYHKUIl, 3BUYANHO
MOXYTb YNpaBnATUCS LeHTpanisaoBaHo No Mepexi 3a npotokoriom SNMP.

2.2. MpyuHUMNM pob6oTN KOMyTaTopiB

KomyTauia no npaBy BBaXaeTbCHA OAHIE0 3 MOMYMSAPHILUMX CydYaCHUX
TexHosorin. Komytatopy no BCbOMY (PPOHTY TICHATb MOCTM | MapLupyTu-
3aTtopu, 3anuwatdn 3a OCTaHHIMKM TiNbKM  OpraHi3auito  3B'A3Ky 4epes
rnobanbHy Mepexy. [lonynspHiCTb KoMyTaTopiB obymoBrieHa Hacamnepen
TAM, WO BOHW [J03BOMAKTL 34 pPaxXyHOK CermMeHtaudii  niaBuwmuTn
NpOaYKTUBHICTE Mepexi. KpiMm noginy wmepexi Ha ApibHi cermMeHTw,
KOMyTaTOpy [alTb MOXIUBICTb CTBOPKOBATU JOMYHI Mepexi i nerko
neperpynosysatu npucTpoi B  HUX. |HWKMKM cnoBamu, KomyTaTopwu
A03BONAITL CTBOPHOBATU BipTyarbHi Mepexi.

Y 1994 poui komnaHia IDC pana cBOE BM3HAYEHHA KOMyTaTopa
nokaneHnx mepex: "Komymamop — ue NpuUcTpin, KOHCTPYKTUBHO BUKOHAHUN Y
BUrMSAI MEPEXHOro KOHUEHTpaTtopa i AilouYnMnhn 9K BUCOKOLUBUAKICHUN
BGaraTonopToBMin MICT; BOYAOBaAHUIN MEXaHi3M KOMyTauil 403BOSSE 34iINCHUTY
CerMeHTyBaHHA JOKanbHOI Mepexi, a TakoX BUOINUTU CMYry nponyckaHHSA
KiIHLLEBUM CTaHUisIM Yy Mepexi”.

Brnepwe komytatopn 3'aBunucb HanpukiHui  80-x  pokie. [lepuui
KOMyTaTOpy  BUKOPUCTOBYBanNuUCs AN Nepepos3noginly  nponycKHol
CNPOMOXHOCTI i, BiANOBIgHO, NiABULLEHHA NPOAYKTUBHOCTI Mepexi. MoxHa
ckaszaTu, LWO KOMyTaTtopu CnoyaTKy 3aCTOCOBYBajiIMCA BWHATKOBO A5
cerMeHTauil Mepexi. Y Haw 4vac Bigbynoca nepeopieHTyBaHHS, | Tenep y
GiNblWOCTI  BUNAQKIB  KOMyTaTopu  BUKOPUCTOBYKOTbCA  ONs  NPSMOro
NiOKNIOYEHHA [0 KiHUEBWMX CTaHuin. 3rigHO 3 nporHosamu, 3pobreHuMu
aHanitmkamn cpipmun  IDC, komyTatopu Ana npsMUX nMigkniodeHs 6yayTb
3aCTOCOBYBATUCS BCE YacTille, a KifIbKiCTb KOMYTaTopIB, WO KYNyTbCA A1
LunX Linen, y mandytHbomy cknage 95% Bia 3aranbHoOl KiflbKOCTi.
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LLlmpoke 3acTtocyBaHHA KOMyTaToOpiB 3HAYHO NiABULLNIO edDEKTUBHICTb
BUKOPUCTAHHA Mepexi 3a paxyHOK pPiBHOMIPHOrO po3nogisly CcMmyru
NPOMNyCKaHHA MK KOpUcTyBavamu i NnpuknageHHamu. Hespaxaroum Ha Te, Wo
noyaTkoBa BapTiCTb KoMyTaTopiB 6yna [OCUTb BUCOKOK, MPOTE BOHWU Oynu
3Ha4yHO AeleBLNMN | MPOCTILMMN B HACTPOIOBAHHI Ta BUKOPWUCTAHHI, HiX
MapLpyTnsaTopu. LLnpoke NoWMpeHHs KoMyTaTopiB Ha piBHI pobo4vnx rpyn
MOXHa MOACHUTU TUM, LLO KOMYTaTopu A03BOSIAIOTL MiABUWUTKY Bigdady Big
yXXe icHyto4ol mepexi. [Npu uboMy Ona nigBULLEHHA NPOAYKTUBHOCTI BCI€l
MepexXi He NOTPIOHO 3MiHOBATK ICHYHOYY KabenbHy CUCTEMY M yCTaTKyBaHHS
KiIHLLEBUX KOPUCTYBauiIB.

3aranbHnn TepMiH "KomMyTauis" 3acTOCOBYETbCSA AS11 YOTUPbOX Pi3HUX
TEXHONOrIN:

1. KoHdirypauinHol komyTauii.

2. KomyTtauil kagpis.

3. KomyTauii ocepeakis.

4. lNepeTBOPEHHA MiX Kagpamu N ocepenkamu.

Y  OCHOBiI  KOHirypauilHol  komyTauil nexutb nepebyBaHHA
BiANOBIAHOCTI MiXK KOHKPETHUM NOPTOM KOMyTaTopa i BU3HAYEHUM CETMEHTOM
Mepexi. Lia BianoBigHICTb MOXe NporpaMmHO HaCTPOKBATUCHL NMPU MIAKITHOYEHHI
abo nepeMilLleHHi KOpUCTyBadiB y Mepexi.

Mpu KomyTauil KagpiB BUKOPUCTOBYHOTLCA CTaHOapTHI hopmaTtn Kagpis
mepex Ethernet, Token Ring i T. 4. Kagp npu HagxomKeHHi B Mepexy
00pobnseTbCa nepwnm KOMyTaTOpoM Ha Koro wnaxy. [lig TepmiHOM
ornpayroeaHHsi Po3yMIETbCHA BCS CYKYMHICTb AiN, BUPOBNEHNX KOMYTaTOpPOM
AN BU3HAYEHHA CBOro BUXIQHOrO MOPTY, Ha AKMA HeoOXigHO HanpaBuUTU
AaHnn  kagp. [licna onpautoBaHHS BiH nepedaeTbcd Aani Nno  Mepexi
HacTynHoMy komyTaTopy abo 6esnocepeHbO OAepKyBayy.

Y texHosorii ATM TakoX 3aCTOCOBYETbCA KOMYyTaLisl, ane B Hin 0guMHULI
KOMyTaLil 3ByTbCA ocepeakamu. [epeTBOPEHHA MK Kagpamu U ocepenkamm
A03BoNsie cTaHuisam y mepexi Ethernet, Token Ring i T. 4. 6e3nocepenHbo
B3aemopiatn 3 npuctposamu ATM. Lsa TexHonoria 3acTtocoByeTbCA Mpwu
eMynsauil IoKanbHoI Mepexi.

Bigomi Tpu cnocobu komyTauii B SIOKanbHUX Mepexax:

1. KomyTauia "Ha neoty" (cut-through).

2. be3parmeHTHa komyTauisa (fragment-free switching).

3. KomyTauis 3 6ydepusadieto (store-and-forward switching).
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Komymauisa "Ha neomy”. Npu komMmyTauii "Ha NbOTy" NakeT gaHux, Wo
HagXxoOuTb, NepefaeTbCsl Ha BUXIOHUW MOPT Bigpasy X Nicna 34MTyBaHHSA
agpecu npusHadeHHd. AHania ycbOoro naketa He 34iIMCHIETbCcA. A ue
O3Hayae, Lo MOXYTb OyTWM MponyLlieHi nakeTn 3 nomunkamun. Takuin cnocio
3abesneyye HanmBULY LWIBNOKICTb KOMYyTaUl.

Komymauis 3 6ycgepu3sauiero. Npn komyTauii 3 dydepunsauieto BXigHUN
nakeT NPUUMAaETbCSA LISIKOM, NOTIM BiH NEPEBIPSETLCA Ha HAABHICTb NMOMMUITOK
(nepeBipka pobUTbCA 3a KOHTPOMNBbHOK CYMOI0) i, TifIbKK, SKWO MOMWUIIKN He
Oynu BUSBMEHI, NAKeT NepedaeTbCsa Ha BUXigHWn NopT. Llen cnocid rapaHTye
NoBHY iNbTpauito MOMUIIKOBUX MakeTiB, OAHAaK 3a pPaxyHOK 3HWXKEHHS
NPOMYCKHOI CMPOMOXHOCTI KOMyTaTopa B MOPIBHAHHI 3 KOMYyTauie "Ha
neoty".

besppacmeHmHa Komymauis 3anmae rnpoMidKHE MOSOXEHHS MK LMK
ABoma cnocobamu: y Hin 6ydepunsytoTbCa Tinbku nepui 64 6antyn naketa.
AKWO Ha UbOMY MakeT 3akiHYyeTbCHA, KOMyTaToOp MnepeBipsie HasiBHICTb Y
HbOMY MOMWITIOK 32 KOHTPOSMbHOK CYMOK. HAKLLO X NakeT BUABUBCA OOBLUUM,
BiH NepenaeTbCs Ha BUXiAHUI NopT 6e3 nepeBipKu.

Ha pisHnx noptax komyTtatopa MOMWUITKA MOXYTb BUHUKATK 3 PI3HOKO
IHTEHCMBHICTIO. Y 3B'A3KYy 3 UMM [Oy)XE€ KOPUCHO MaTu MOXIMBICTb BUOOPY
cnocoby komyTauil. Taka TexHonoria ogepxana HasBy adarnmueHoi
KoMyTauil. TexHonoria aganTueHOI KoOMyTauil 403BOSISE BCTAHOBMOBATU OS5
KOXXHOrO MOPTY Takui pexum poboTu, WO ONTMMAanbHUA came Ofs HbOro.
CnoyaTKky KoMmyTauia Ha BCiX noptax 34iMCHIETbLCA "Ha NbOTy", MOTIM Ti
NOPTU, Ha $KUX BUHMKAE OaraTo NOMMNOK, MNEPEBOAATLCS B PEXUM
6e3parmeHTHOI KOMyTauii. AKWO X | nicna uUbOro KinbKiCTb  He
BiApiNbTpOBaHMX NakeTiB i3 NOMUITKAMU 3anuULLaeTbCA BENUKOK (MMOBIPHO,
AKWO MO Mepexi nepegaeTbcs 6araTto nakeTiB OBXUHOW noHag 64 6antu),
NOpT NEPEeBOAMTLCS B peXum KomyTauii 3 bydepusadieto.

Cynepedkn npo nepearn KomyTauil "Ha nboTy" Hag KomyTauiew 3
npoMikHOK Bydepusauiero He NPUNUHAKTLCA. Y  SAKMXOCb  BUMagkax
agMiHicTpaTtop Mepexi cam BubUpae BUMKOPUCTOBYBaHMK cnocib6 poboTu, y
SAKMXOCb — KOMYTaTOp CaMOCTINHO 3MIHIOE PEeXUMW B 3aNneXHOCTi Bif yMOB Y
mepexi. OgHi ipmn [03BONATL agMiHICTpaTopam Mepexi KOHirypysaTtu
KOMyTaTtop TakK, WOoO6 KOXHMMA NOpPT npauloBaB Yy CBOEMY PEXUMI; iHLUI
BUMarawTb, Wob yci nopTM KoMyTaTopa npawoBany B 0QHOMY PEXUMI.

IHxeHepamn cipmm 3Com po3pobneHnin Habip iHTerpanbHUX CXeMm
ASIC, wo MawTb WKUPOKI (YHKUIOHANbHI MOXMIMBOCTI LWOAO KepyBaHHS
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NOTOKOM pdaHux. KoxHu nopT komyTaTopa, nobygoBaHoro Ha 0asi
Mmikpocxemun ASIC, mae BnacHui Bygep i3 BENMKOK nam'aTTio, 3aBAsSKN YOMY
BOAnocsa BupiWKMTM npobnemy BTpatn kagpiB. CTBOpPEHO TaKoX ridbpuaHy
Mmikpocxemy ASIC, y sKol LWBMAKICTb HACKPI3HOIO onpavoBaHHS NOEAHYETLCS
3 HaJiNHICTIO NPOMIDKHOT Bydepu3adil.

3anponoHOBaHO TEXHOSOTIHD, WO AO3BOMSE PO3NO4INUTM onpaLoBaHHSA
KagpiB Mixx Mikpocxemammn ASIC, Ha skux nobygosaHi nopTu. OnpautoBaHHSA 3
NPUB’A3KOI0 A0 MopTy 3abesnevyoTb inbTpauilo nepekpyydeHux Kagpis Ha
anapaTHOMY pPiBHi B MeXaXx ogHIiel MIKpOCXeMW.

Oeski mikpocxemu nigtpumytotb npotokon SNMP i BigoaneHun
MoHiTopyHr RMON. lNpotokon SNMP 3abeanevye LeHTpanizoBaHUN KOHTPOSTb.
ToMy WO nepeBaHTaXXeHHsA MpouecopiB nopTiB abo iHWKUX enemMeHTiB
KOMyTaTtopa MOXe Mpu3BeCTM [0 BTpaTM KagpiB, CrOCTEPEXEHHA 3a
po3noginom Tpacdiky B Mepexi, nobyaoBaHin Ha KomyTaTopax, AyXXe BaxImBe.

binbw HaginHMM cnocoboM CnocTepexXeHHss 3a Tpadikom, uWo
NpOXoauTb Yepes3 NopTu KomyTtaTopa, € BukopuctaHHsa areHTie RMON. BoHu
30mpatoTb getanbHy iHopMaLito NPo IHTEHCUMBHICTb Tpaduiky, 3incoBaHi abo
3arybneHi kagpu i T. 4.

KomyTtatopu 6yBatoTb TPbOX TUNIB:

KOoMyTaTopw;

KOMYyTaTOpW 3 3aranibHo0 LLUNHOID;

KomyTaTtopu 3 6araToBXigHO NaMm’aTTHO, WO PO34iNAeTbCs.

CTpykTypHa cxema KoMyTaTopa Ha OCHOBiIi KOMyTaUiNHOI MaTpuui
nogaHa Ha puc. 2.21.

KoxHun i3 8 noptie 10Base-T o6cnyroByeTbCsi O4HMM MPOLIECOPOM
nakeTiB Ethernet — EPP (Ethernet Packet Processor). Kpim Toro, komytatop mae
CUCTEMHUIA MOAYNb, WO KoopanHye poboTy Beix npouecopis EPP. CuctemHuin
Moaynb Bee 3aranbHy agpecHy Tabnuuto KomyTtaTopa i 3abesnedye kepyBaHHS
komyTatopom 3a npotokonom SNMP. [na nepegadi kagpiB Mk nopTamu
BMKOPUCTOBYETLCA KOMyTaUiHa MaTpuud, nodibHa TuMm, €Ki nNpauiorTb Yy
TeneoHHMX KOMyTaTopax abo MyNbTUNPOLECOPHMX KOMM'IOTEpPaXx, 3'€4HYHUN
AeKifibKa npoLecopiB i3 AeKifibkoMa Mogy s iMy nam'qari.

KomyTauinHa maTtpuuya npautoe 3a npuHUUNOM KomyTauil kaHanis. Ongd
8 nopTiB maTpuus Moxe 3abe3neuntn 8 ogHOYACHMX BHYTPILLHIX KaHaniB npu
HaniBgynnekcHoMmy pexunmi pobotn noptiB i 16 — nNpu NOBHOAYMMEKCHOMY,
KOSNM nepegasad i NpurMmay KOXXHOro NopTy NpautolTb He3anexHoO OAWH Bif
OLHOrO.
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CUCTEMHHMUU MOV JIb

YrapaBiaiHHS Bbararozagauyne siapo

< KomymauiarHna mampuusi >
Pl A =

Puc. 2.21. CTpykTypa KOMyTaTopa Ha OCHOBI KOMyTaLiNHOI MaTpuLi

Mpn HapgxomkeHHi Kagpy B skuncb nopT npouecop EPP Gydepusye
Aekinbka nepwmnx 6antie kagpy, wWob npountaTtn agpecy npusHadeHHs. llicng
OLEepXaHHA agpecyn NpU3Ha4YeHHs NpoLecop Bigpasy X MpuUAMae pilleHHs
Npo nepefadvy naketa, He Yyekarun npuxoqy iHWKX 6anTie kagpy. O0na uboro
BiH nepernsigae CBil BMAaCHUM Kell agpecHoi Tabnuui, a sSkwo He 3HaxoauTb
Tam NoTpibHOI agpecun, 3BepTaeTbCa 40 CUCTEMHOIrO MOAYMSA, LLO npautoe B
GaratosagadHomMy pexumi, napanenibHO OOCMyroBylYM 3anuTu  BCiX
npouecopie EPP. CuctemHun moaynb 34INCHIOE nepernsg  3aranbHol
agpecHoi Tabnuui Ta noBepTae npouecopy 3HangeHUA PsaoK, SKUA TOW
Bydepunsye y cBoEMY Kelli A9 HAacTyNnHOro BUKOPUCTaHHS.

Micna 3HampgeHHst agpecu npusHadeHHs npouecop EPP 3Hae, wo
noTpibHO gani pobutn 3 kagpoMm, SKMA HagxoauTb (nig 4ac nepernagy
agpecHoi Tabnuui npouecop npogosBxyBaB bydepusauito 6anT kagpy, LWO
Haaxo4daTb y NopT). AKWO Kagp noTpibHo BigdinbTpyBaTH, NpoLECcop NPOCTO
npunnHae 3anucyBaTu B Oydep 6Gantm kagpy, ouuwae Oydep i 4vekae
HaaXOO)KeHHA HOBOrro Kagpy.

AKWo X Kagp MOTPIOHO nepedaTy Ha iHWMA NOPT, TO NpPOLECcop
3BEpPTAETbCA [0 KOMYTAUIMHOI MaTpuui Ta HamMaraeTbCA BCTAHOBUTU B Hil
LLUNAX, WO 3B'A3Y€E MOro nopT i3 NOPTOM, Yepes KM NPOXOAUTb MapLUpyT A0
agpecun npusHadeHHsi. KomyTauiHa maTpuus MoXe ue 3podutu Tifbku B
TOMY BMMNAAKy, KONW NOpT agpecu Npu3HayvyeHHs HaA MOMEHT BiflbHUA, TOBTO
He 3'edHaHuK 3 iHWKM NOPTOM.

FAKLLO X NOPT 3arMHATUR, TO, 9K | B Byab-9KOMYy NPUCTPOT 3 KOMYyTaLieto
KaHanis, matpuusa B 3'€egHaHHi BiOMOBNSE. Y UbOMY BUMagKy Kagp UinKom
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BydepunsyeTbCs NpoLLECOPOM BXiOHOrO MOpTy, MICAs 4YOro npouecop OYikye
3BiNlbHEHHS BUXIAHOrO MNOPTY W BCTAHOBJSIEHHA KOMYTALiWHOK MaTpULEro
NOTPIBHOro LWNAXY.

Micna Toro, $K MNOTPIGHMA WNAX BCTAHOBMAEHWW, Y  HbOrO
HanpaenalTbca 6ydepusoBaHi bantn kagpy, SKi NPUAMaOTLCA NPOLECOPOM
BUXIOAHOro nopTy. AK TiNbKK nNpouecop BUXIQHOMO NOPTY OAepXXye OO0CTyn A0
Nigk4YeHoro Ao Heoro cermeHTa Ethernet 3a anroputmom CSMA/CD, 6anTu
Kagpy Bigpasy XX noymMHaloTb nepegasBatuca B mepexy. [lpouecop BXigHOro
NOpTYy MOCTINHO 30epirae Oekinbka OanTiB MPUAHATOrO Kagpy Yy CBOEMY
Oydepi, WO [O03BOMSIE WNOMY He3aneXHO W acCUMHXPOHHO npuAMaTtn i
nepegasaTtn 6anTu kagpy (puc. 2.22 [27]).

1

T R

OuikyBaHHs -

Puc. 2.22. NMepepaya Kagpy 4epe3 KOMyTauinHy MaTpuLO

[Mpn BiIbHOMY CTaHi BUXIQHOrO MOPTY Ha MOMEHT NPUMAOMY Kaapy
3aTpMMKa MK NpuMAOMOM nepwioro Gamta kagpy KOMyTaTopoM i MOsSIBOKO
uboro X 6anTa Ha BuXo4i MOPTY agpecu MNpu3HaAYeHHa CTaHoBUNA B
komyTaTopi koMmnaHii Kalpana Bcboro 40 mkc, wo 6yno Habarato MmeHwe
3aTpPUMKK Kagpy npu 1oro rnepegadi MOCTOM.

Onucanun cnocidé nepepavi kagpy 6e3 noro noBHOI 6ydepusauii
oAepxaB Ha3By KomyTauil "Ha nboTty" ("on-the-fly") abo "6e3nepepBHo” ("cut-

99



through"). Llen cnoci6 ctaHOBUTb, NO CyTi, KOHBEEPHE OMpauoBaHHA Kaapy,
KOJIM YaCTKOBO NOEAHYKOTLCSA 3a YaCoOM [eKifibka eTaniB Moro nepeaaui:

1. lNpunom nepwmnx 6anTiB Kagpy nNpPOLECOPOM BXIQHOrO MOpPTY,
BpaxoByouM npuinom 6anTiB agpecu NpusHa4YeHHS.

2. lNMowyk agpecu npusHadyeHHs B agpecHin tabnuui komyTtaTtopa (y
KeLi npouecopa abo B 3aranbHin Tabnuui cMcteMHOro Moayns).

3. KomyTauisa matpuui.

4. Mpuinom iHWnX BanTiB Kagpy NpoLecopoM BXiZHOMo NopTy.

5. MNpuinom GanTiB Kagpy (BpaxoByuYM NepLli) NPoLecopoM BUXIAHOro
NopTy Yepes KOMyTaLiHy MaTpuULIo.

6. OoepxaHHa OOCTynNy OO cepefoBuLLa NpoLecopoM BUXIQHOMO NopTy.

7. Nepepava 6anTis kKagpy NPOLLECOPOM BUXIAHOIO MOPTY B MEPEXKY.

Etanm 2 i 3 noegHatn 3a yacomM He MOXHa, ToMy WO 6e3 3HaHHA
HOMepa BUXIQHOro NOpPTY onepaLis KoMmyTauil MaTpuLi He Ma€e CEHCy.

Y MNOpIiBHAHHI 3 pexnmom noBHOI Oydepusadil Kagpy €KOHOMIS Bifd
KOHBeepu3aLlii CTae Bi4yTHOHO.

OpfHak ronoBHOK MPUYMHOK NIABULLEHHA MPOLYKTUBHOCTI Mepexi npu
BUKOPUCTaHHI KOMyTaTopa € rnaparsiesibHe onpautoBaHHS AeKinbKoX Kaapis.

Uepes Te WO rosioBHe LOCTOIHCTBO KOMyTaTopa, 3aBOSKM AKOMY BiH
3aBOKOBaB [y)Xe BMWCOKI MO3uuil B nokarbHUX Mepexax, Le WNOoro BUCOKa
NPOAYKTMBHICTb, TO po3pobrtoBayi KOMyTaTopiB HaMaratTbCA BUMYCKaTK Tak
3BaHi Mofeni komyTaTopis, wo He br1oKkyrome (non-blocking).

KomyTtaTop, WO He O65IOKye — ue Takunm KoMyTaTtop, SAKUA MOXe
nepegaBaTu Kagpwu Yepes CBOI NOPTU 3 TIEK X LWIBMAOKICTIO, i3 SIKOKO BOHU Ha
HUX HagxoaaTb. [1pMpoaHO, WO HaBiTb KOMyTaTop, WO He 6nokye, He Moxe
A03BOSIUTM MPOTAroOM AOBroro MpPOMIKKY 4Yacy cuTyauii, nogibHi onucaHin
BuLLEe, KON BnokyBaHHA Kaapis BiaOyBaeTbCs yepe3 obMexeHy LBUAKICTb
BUXIOHOIO NOpTYy.

3BMYaHO MaloTb Ha yBasi CTIKMA pexum poboTn KomyTaTopa, Lo He
6rokye, KONiM  KOMmyTaTop nepefae  kagpu 3i  WBWUOKICTIO  IXHbOro
HaOXOMXKEHHA MPOTArOM AOBINIbHOrO MNPOMIXKKY 4acy. [Ona 3abe3neyveHHs
TaKoro pexumy MnoTpidHMIA, 3BUYAWHO, TakMMA PO3NOLiIN MOTOKIB KagpiB Mo
BUXiOHUX nopTax, Wwob BOHW CNpaBnsnuncs 3 HABaHTaXXEHHSAM, | KoMyTaTop Mir
3aBXguM B cepeaHbOMYy nepefatM Ha BUXOOM CTifbKM KagpiB, CKiNbKW 1X
HaginWNo Ha BXxoau. AKLWO X BXiAHWA NOTIK KagpiB (3a CyMOKo MO BCiX nopTax)
y cepegHbomy Byae nepeBuLLyBaTU BUXIOHMI MOTIK KagpiB (TAkoX 3a CymMOto
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no BCiX nopTtax), To Kagpu O6yayTb HakonudyBaTUCb Yy OydepHin nam'siTi
KOMyTaTopa, a Npu nepeBuLLEHHI TT 06'eMy — NPOCTO BUAANATUCS.

[Ona 3abe3nevyeHHs pexumy KoMyTaTopa, Wo He Onokye, HeobXxigHe
BUKOHAHHSA JOCUTb NPOCTOI YMOBMU:

e =8 cpi 12

ne  Cy — nNpoayKTMBHICTb KOMYTaTOpPa;

Cpi — MakcumanbHa MNPOAYKTUBHICTb MPOTOKOMY, NIATPUMYBAHOMO i-m
NopToOM KoMyTartopa.

CymapHa npOAYKTMBHICTb MOPTIB BpaxOBYE KOXHWUA  Kadp, WO
NpoOXoauTb, ABiYi — K BXiOHWN Kaap i 9K BUXIOHUIW, @ Yepes Te Lo B CTINKOMY
pexumi BXigHUW Tpadhik OOpPIBHIOE BUXIAHOMY, MiHIManNbHO [OCTaTHS
NPOAYKTMBHICTL KOMyTaTopa ANnd NiATPUMKA pexuMmy, wWo He Onokye,
AOPIBHIOE NOMOBUHI CyMapHOI NMPOAYKTUBHOCTI NOPTIB. AKLWO NOPT Npautoe y
HaniBaynnekcHoOMy  pexumi, Hanpuknag, Ethernet 10 M6it/c, TO
npoayKTMBHICTb NopTy C,; AopiBHioe 10 M6iT/C, a AKLLO B NOBHOAYMNNEKCHOMY,
TO 1oro C; 6yae cknagatun 20 M6it/c.

IHO4I roBoOpATb, WO KOMyTaTtop nigTPUMYE MUTTEBUMA PEXUM, LLO He
6rokye. Lle o3Hayae, Wo BiH MOXe npurimaTti 1 obpobnaTtu kagpwv Big ycix
CBOIX MOPTIB HA MakcMMarsibHiM WBUAKOCTI NPOTOKOMIB, He3anexHo Big Toro,
4y 3abe3neyyoTbCs YMOBWM CTIiKMKOI piBHOBArM MK BXiQHMM | BUXigHUM
Tpadpikom. [MpaBga, onpautoBaHHA AOESKUX KadpiB Npu LbOMYy MoOXe OyTu
HENOBHUM — MPW 3aMHATOCTI BUXIQHOrO NOPTY Kagp po3MilyeTbcs B Oydep
KomyTaTopa. [nsa niaTpumMKu MUTTEBOIO PEXUMY KOMYTaTop, WO He BoKye,
NOBMHEH MaTW OiNnblUy BRacHy NPOAYKTUBHICTb, Hanpwuknag, BOHA NOBUHHA
AOpiBHIOBATM CyMapHin NPOAYKTUBHOCTI NOro nopTi.:

C.=>C,.

Mepwmin kKomyTaTOp ANS NOKarbHUX MEPEX He BUNaAKoBO 3'ABUBCA OS5
TexHornorii Ethernet. Kpim ouyeBuaHOI NpuynHK, NOB'A3aHOI 3 HaMBINbLLOK
nonynsapHicTio mepex Ethernet, icHysana 1 iHWwa, He MeHLU BaxxnuBea npuynHa
— usa TexHonoris Ginblwe iHWKX cTpaxnae Big NiABULLEHHS Yacy YeKaHHs
AOCTyny A0 cepefoBuwla npu nNigBuULLIEHHI 3aBaHTaXXeHHHA cermMeHTa. Tomy
cermeHTn Ethernet y Benukux mepexax y nepuy 4depry manu notpeby B
3acobi po3BaHTaXXEHHHA BY3bKMX MiCUb Mepexi, i uuMm 3acobom cTanu
komyTaTopn dpipmun Kalpana, a noTiMm i iHLLIMX KOMMNaHin.
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[deski KomnaHii CcTann po3BMBATU TEXHOMOri  KoMyTauii  gng
NiABULLEHHS MPOOYKTUBHOCTI IHLUMX TEXHOSONIN JIOKaNbHUX MepeX, Takux, SK
Token Ring i FDDI. Li komytaTopn nigTpumyBanu €K anroputMm poboTtu
NpPO30poro MocTa, TaK i anroputM MOCTa 3 MapLlpyTusauielo Big mxepena.
BHyTpilWHA opraHizauia KoMyTaTopiB pi3HMX BUPOOHUKIB iHOAI Ayxe
Bigpi3HANach Big4 CTPYKTypu nepworo komyTtatopa EtherSwitch, opgHak
NPUHLMN NapanenbHOro onpauoBaHHA KagpiB 3a KOXXHMM MOPTOM 3anuLLaBCcs
HE3MIHHUM.

LLlnpokomy 3acTtocyBaHHO KOMmyTaTopiB, 6e3ymMoBHO, cnpusna Ta
obcTaBmHa, WO BMNPOBaXEHHSI TEXHOMOrii KOMyTauil He BMMarano 3amiHu
BCTAHOBSIEHONO B Mepexax YCcTaTKyBaHHS — MEpPEeXHUX ajantepis,
KOHUEeHTpaTopiB, kabenbHoOi cuctemu. [MopTn KomyTaTopiB MpauioBann B
3BMYaMHOMY HaniB4ymnSIEKCHOMY PEXMUMi, TOMY OO0 HUX NPO30PO MOXHa Oyro
NIOKNIOYUTU 9K KIHLEBUA BY305, TaK | KOHUEHTpaTop, LU0 OpraHisye uinum
NOTiYHUN CEMMEHT.

Uepes Te W0 KoMyTaTOpW i MOCTM NPO30pi ANA NPOTOKOMIB MEPEXHOro
PIBHA, IXHA MNosdBa B MepeXi HIAK He BMSIMHYNa Ha MapLupyTnsaTtopu Mepexi,
AKLLIO BOHM TaMm bynw.

3pYYHICTb BMKOPUCTAHHSA KOMyTaTtopa Monsrae we m y Tomy, Wo Lew
NPUCTPIN CaM HaBYa€ETbCH, i, AKWO afMIHICTpaTOp He HaBaHTaXye MOoro
aogaTkoBUMM OyHKLIAMW, KOHAIrypyBatM Moro He o6OB'SA3KOBO — MOTPIGHO
TiNbKM NpaBUNbHO MiOKAYUTU po3'emMn KabeniB OO NopTiB kKOMyTatopa, a
Aani BiH 6yae npautoBaTy CaMOCTIMHO 1 e(PEKTUBHO BUKOHYBATW MOCTaBMEHY
nepes HUM 3agady nigBuULLLEHHSA NPOAYKTUBHOCTI MepeXxi.

TexHornoris KoHdirypauinHoi kKomyTauii cermeHTiB Ethernet 0yna
3anponoHoBaHa ipmoto Kalpana y 1990 poui. Lia TexHonoria 3acHoBaHa Ha
BiAMOBI Big BWKOPUCTaHHSA JiHIA 3B’A3KYy, WO pO34insaTbCsa MK yciMma
By3fnlaMn CerMeHTa, | 3acToCyBaHHi KOMyTaToOpiB, S$Ki [03BONANTb
nepegasaTy nNakeTu O4HOYACHO MiX yciMa napamu noptiB. HoBoBBeOeHHSA
nonisirano B napanenbHoMy onpaLoBaHHi Kagpis, WO HaOX0OAThb.

Y  Komymamopax i3 3a2a/ibHOW  WUHOK  BUKOPUCTOBYETLCH
BUCOKOLLBMAKICHA LWWHA, Mpu3HadeHa [ONna 3B'A3Ky Npouecopis MNopTiB.
3B'A30K MOpPTIB Yepes3 WNHY 34INCHIOETLCS B PEXUMI noginy yacy. Y gaHomy
BUNALKy BWCOKOLIBMAKICHA LUMHA Bigirpae nacuvBHy posb. AKTUBHUMU €
chneuianizoBaHi npouecopu nopTie. [ns Toro, wob wuHa He Byna BY3bKUM
MicueM KomyTaTtopa, II NPOAYKTUBHICTb NOBMHHA ByTK B Aekinbka pasiB BuLLe
LUBWAKOCTI HAOXOMKEHHS AaHMX Ha BXigHI nopTU. [Ansa 3MEHLWEHHS 3aTpUMOK
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npu nepepadi kagp nMNOBUHEH nepefaBaTUCs MO LWMHI HEBENUKUMMU
YacTUHaMK. Po3amip UMX YaCcTUH BU3HAYaeETbCS BUPOOHMKOM KOMyTaTopa.
LvHa, Tak camo, 9K i KOMyTauinHa mMaTpuud, He MOXe 34iIMCHIBaTU
npoMixxHy Bydrepu3sadito.
TpeTin TN KOMyTaToOpiB — KOMymamopu 3 ba2amoexiOHOK nam'asmmio,
wo po3dinsembcs. Ha puc. 2.23 [29] HaBegeHa 3pa3koBa Cxema KoMmyTaTtopa
3 6baraToBxigHOK NaM'ATTIO, LLIO PO3AINsETbCS.

BNOK YMPABIJIIHHA NOPTAMU

| Mopr 1 > ?ll'lopT 1 |
i MopT 2 > J_) Moprt 2 i
: =-> !
i Mopt N p —lopt N :
! I :
i Mepemykai Broay ’ . ' Nepemukadii Buxozy :
! ) i |I'IaM ATb, WO po3ainseTbes| !
i MPUAOM OAHNX i | MNEPEOAYA OAHUNX !

Puc. 2.23. KomyTaTtop i3 6aratoBxigHO NnamM’ATTHO, LWO
po3AainfeTbcs

BxigHi 6nokn npouecopiB NopTiB 3'€4HYIOTLCS Yepes nepemukadi Bxogy
3 nNam’saTTio, WO po34inseTbcd, a BuxigHi OnokM umx xe npouecopis
3'eQHYI0TLCA 3 NaM'ATTIO Yepes nepemMukadi Buxoay. [epeknioyeHHAM BXxoay |
BMXO4Y Nam’qaTi, WO po3aindeTbcs, 3asigye GMoK kepyBaHHA nopTamu. Llen
610K opraHi3ye B nam’siTi, WO pO34iNdeTbCs, AeKifnbka Yyepr AaHUX — No OAHiIN
ANS KOXKHOro BuxigHoro nopty. BxigHi 6nokn npouecopiB nepenatotb 610Ky
KepyBaHHA 3annTXM Ha 3anuc JaHuX Yy 4Yepry TOro nopTy, WO Bignosigae
agpeci npM3HayYeHHA nakeTa.

Brok ynpasniHHS nopTamu No 4epsi nigkrovae Bxig nam'ati 4O 0gHOro
3 BXigHMX OnokiB npouecopiB, i TOM Nepennucye 4YacTuHy OaHuX Yy 4epry
BU3HAYeHOro BUXIQHOrO MopTy. B Mipy 3anoBHEHHA 4vepr GMoK KepyBaHHS
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30IMCHIOE nodYeproBe MigknYeHHs Buxony 6aratoBxigHoOl nam’qaTi, WO
pPO34iNAeTbCA, A0 BUXIOHUX NOPTIB | AaHi 3 Yeprn nepennucyrTbCs y BUXIOHUN
Bydep npouecopa.

KoxHa 3 onucaHux apxiTekTyp Mae CBOI nepesarn i Hegoniku. Tomy
YacTo Yy YHKUIOHaAnNbHO CKNagHUX KoMyTaTtopax KOMOIHYHOTb  Pi3Hi
apXiTEKTypMu.

BupobHMKM KOMyTaTOpiB 3aCTOCOBYKTb Y CBOIX Bupobax pisHi
anropuTMM KepyBaHHSI NMOTOKOM KagpiB Ans 3anobiraHHs BTpaT Kagpis npu
nepeBaHTaXXEHHAX Yy Mepexi. BTpaTta HaBiTb HEBENMKOI KiflbKOCTi Kaapis
3BMYAMHO PI3KO 3HWXKYE KOPUCHY TMPOAYKTUBHICTL Mepexi. Tomy npwu
BUHUKHEHHI MNepeBaHTaXXeHHA PO3yMHO 6yno 6 3HU3UTU IHTEHCUBHICTb
HaAXOKEHHSA KaapiB Bif KiHLEeBUX BY3MiB 0O KOMyTaTopa. [ns yrnoBiflbHEHHS
NOTOKY B PO3MNOPSMAXKEHHI KOMyTaTopa MOBUHEH OYTU MeEXaHi3M 3HUXEHHS
IHTEHCMBHOCTI Tpadoiky MigKnoYeHuxX 4O Noro nopTiB BY3SiB.

ICHYIOTb ABa TaKMX MexaHi3Mu:

1. ArpecuBHe NOBOKEHHS MOPTY.

2. MeTof 3BOPOTHOrO TUCKY.

[MopT kKOMyTaTOpa ANA 3aXONnfIeHHA cepeaoBuLLa NOBMHEH "MOBOAUTUCS
arpecuBHO" i Npy Nepeaadi, i npu Konisii B Mepexi (ana mepexi Ethernet).

Y nepwomMy BMNagKy KOMyTaTop 3aKiH4ye nepenady 4eproBoro kagpy i
pobuTb TexHonoriyHy naydy B 9,1 MKC 3amicTb NOTPiOHOI nay3n B 9,6 MKC.
[Mpn ubomy komn'loTep nicnga nay3am B 9,6 MKC He MOXe 3axonutu
cepepoBuwe nepepadi gaHux. [llicna konisii, konu kagpu KomyTtaTtopa i
KoMn'toTepa 3ilITOBXYHOTbCS, Komn'toTep pobuTb CTaHgapTHY nay3y B
51,2 MKc, a komyTaTtop — Yy 50 MKC. | B LbOMY BMNAOKy cepenoBuLLle nepeaadi
3annaeTbCs 3a KOMyTaTOpPOM.

Y OCHOBI gpyroro MeTtogy — MeTody 3BOPOTHOMO TUCKY — NEXUTb
nepefaya (iKTMBHUX KagpiB Komn'toTepy npu  BiACYTHOCTI B Bydepi
KOMyTaTopa KagpiB Ona nepefadi no gaHomy nopTy. Y uUbOMY BUNaaKy
KOMyTaTOp MOXe He nopyllyBaTu anroputMm AOCTyny, O4HaK IHTEHCUBHICTb
nepegadi KagpiB y KoMmyTtatop y cepefHbOMY 3MeHLWYyeTbCHA BABiWi. MeTtopq
3BOPOTHOIrO TUCKY BUKOPUCTOBYETbCA abo Onsi pO3BaHTaXXEHHS 3arafibHOro
Bydepa, abo ona po3BaHTaxkeHHs Bydepa npouecopa iHWOoro NopTy, B KUK
nepenae CBOI Kaapw AaHun nopT.

KomyTaTtop cTaHOBUTb CKNagHWW NPUCTPIN, WO Mae oauH abo Aekinbka
NpOLLECOPHNX MOAYNIB i, 3BUY4ANHO, MOXXe BMKOHYBATW, KPiM OCHOBHOI 3agadi
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3 nepepadi kagpis i3 nNopTty Ha nopT, geski gopgaTkosi yHKUil. [JO HuX
BiJHOCATbLCS:

1. TpaHcnAUia NPOTOKONIB KAHANbHOIO PiBHS.

2. MNigTpuMmka npoTokony Spanning Tree.

3. dinbTpauia kagpis.

4. BukopucTtaHHA pi3HUX Knacis cepsicy.

5. MigTpmMmKa BipTyanbHUX MEpPEX.

KomyTaTopy MOXYTb BMKOHYBATW TPaHCNAUIKO OAHOro MNPOTOKONY
KaHanbHOro piBHA Ha iHwi, Hanpuknag, Ethernet y FDDI, Fast Ethernet Ha
Token Ring i 1. A4. lNpyu yboOMy BOHM MpauoTb 3@ TUMW X anroputMamu, LLUO i
MOCTW, 4K TpaHCnwTb, TOBTO Yy BIANOBIOHOCTI 3i cneumdikauismm
nepeTBOPEHHS nonis kaapis pisHMx npoTtokosis (RFC 1042, IEEE 802.1H).

barato komyTtaTopiB nopsq i3 CTaHOapTHOK inbTpauielo BianoBigHO
A0 agpecHoi Tabnuui Ao3BONAKTbL agMiHicTpaTopaM 3agaBaTuM O0OATKOBI
ymoBu pinbTpaudil  kagpis. KopuctyBanbHi  uinbTpU  npusHa4veHi gnd
CTBOPEHHA [JopaTkoBux "Gap'epiB", WO 0OMeXylTb A0CTYN BU3HAYEHUX
KOPUCTYBauiB O OEAKNX CEPBICIB MepeXi.

BukopuctaHHa knaciB cepsicy [03BOSISE afMiHICTpaTOpy NpU3Ha4nUTH
PI3HMM TuUNaM KagpiB nNpPiOpUTETM IXHLOro onpaulBaHHA. [lpy  UbOMY
KOMyTaTop NiATPUMYE OeKifibka Yyepr HeonpaubOBaHWX KagpiB, a cami yepru
MOXYTb MaTW Pi3Hi npioputeTn. Yepes Te WO He BCi NPOTOKOMN KaHarbHOro
PiBHS NIATPUMYIOTb MEXaHi3M BM3HAYEHHS NpiopuTeTy Kaapy, po3pobneHun
MeTOoA NMPUNUCYBAHHSA NpIOpUTETIB NnopTtamMm KomyTtaTopa. [Npu Takomy nigxoai
KOMyTaTOp NOMILa€e Kagp Yy Yepry 3 BU3HAYEHUM MPIOPUTETOM Yy 3aneXHOCTI
Bif TOro, 4epes SAKMMA MOPT HagiMwoB UuUen kagp. binbw rHydYknm €
npusHadeHHA npioputetiB MAC-agpec Bya3nis.

KomytaTtop [03BONde nokanidyBatu MNOTOKW iHopmauii B Mepexi 1
ynpaensatu Humu, TOGTO  CTBOpOBaTM i MigTpumMyBaTM OCOONMBI YMOBU
dinbTpauil. OgHum i3 Oyxe nonynapHMX BuAIB cneuianbHUX QinbTpiB €
QinNbTPK, WO CTBOPOWTL BipTyanbHi Mepexi. BipmyarnbHow mepexero (Y
LIbOMY KOHTEKCTIi) Ha3MBaeTbCA rpyna By3niB y Mepexi, Tpadiku akol, y ToMmy
YUCIi N LUMPOKOMOBHOI, LiNIKOM i30/1bOBaHi Bifl iHLLUMX BY3MiB MEPEXi.

YcepeauHi BipTyanbHOI Mepexi Kagpu nepenarTbCA 3a TEXHOSOrieE
KOMyTauil, a npu nepefadi KagpiB MK BipTyanbHUMKU MepeXamu MOXYTb
3aCTOCOBYBaTUCH MapLUpyTU3aToOpu.

[Mpn BUKOPUCTaHHI BIpTyanbHUX MepeX i3 KoMyTaTtopamn OLHOYaCHO
BUPILLYIOTbLCA OBi 3agadi:
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1. TligBULWEHHS NPOOYKTUBHOCTI BipTyanbHOI Mepexi, ToMy WO
KOMyTaTOp nepedae kagpu TiflbkKU BY3Nny NPU3HA4YeHHS (Le MOXMNBO, SIKLLO
BY3nu nigkrtovaoTbesa 6besnocepegHbo 40 NOPTIB KOMyTaTopa).

2. lsonqAuia BipTyanbHUX MepexX OAHa Bi4 OAHOI OnA KepyBaHHS
npaBaMn OOCTYMYy KOPUCTYBa4iB i CTBOPEHHS 3aXMCHUX Oap'epiB Ha LUNAXY
LLUIMPOKOMOBHMUX "LUTOPMIB".

OgHuMm i3 meToaiB NobyaoBuM BipTyanbHOI Mepexi € noriyHe 3'eqHaHHS
nopTiB KoMyTaTtopa. Hanpuknag, MOXHa BCi HenapHi MopTu KomMmyTaTtopa
npunucatu OO0 OfHiel BipTyanbHOI Mepexi, a BCi NapHi — A0 iHwoi. Y
pesynbTati BCi poboui CTaHUil, NiAKNOYEeHi 40 HeNapHUX NOPTIB, BUSBISATLCS
B OAHIN BIpTyanbHin Mepexi, a NigknioYeHi 40 NapHUX NOpPTIiB — B iHLWIK, TakK
WO BOHWM OyayTb i30MbOBaHi OAHa Big ofHoi. Heponik Takoro metoay
opraHisauii BipTyanbHOI Mepexi nosiirae B TOMy, WO BCi CTaHUil, NigKITOYeHi
A0 TOro camoro nopTy, HeMUHy4Yye OyayTb Hanexatum A0 ogHiel i Tiel X
BipTyanbHOI MepeXi.

lHwuun meton nobygooBu BipTyanbHOI Mepexi BukopuctoBye MAC-
agpecu nigknioyeHnx npuctpois. [pn UboMy KOMN'tOTEP KOpUCTyBava MOXe
nigknovaTnca 0o 6yab-gaKoro NopTy KOMyTaTopa, a KOMyTaTtop aBTOMaTUYHO
BU3HAYUTb NPUHANEXHICTb LbOro KopucTyBayva o Tiel abo iHWoi BipTyanbHOI
mMepexi Ha ocHoBi MAC-agpecn. Takun MeTon [OO03BOMSIE  PO3OINATU
KOpPUCTYBauiB, HaBiTb NiAKITHOYEHMX OO0 OAHOro NOpTy KOMyTaTopa, Mo Pi3HMX
BipTyanbHUX MepeXxax.

[Mpwn BCiI PIBHOMAHITHOCTI CTPYKTYPHUX CXEM Mepex, nobyaoBaHMX Ha
KomyTaTopax, Y HUX BUKOPUCTOBYIOTLCS BCbOro ABi 6a30Bi Cxemu: CTArHyTa B
TOYKY MaricTpans i po3nogifieHa marictpans.

CTarHyTa B TOYKYy MaricTpanb ofepkana CBOK HasBy 4Yepes3 Te, LUO
BHYTPIWHSA Marictpanb KomyTaTtopa 06'eqHye BCi KOMMOHEHTU TakOl Mepexi.
[lepeBara Takoi cxemu — BUCOKa NPOAYKTUBHICTb BHYTPILWHBLOI Marictpani (4o
aexinbkox Git/c). LLle ogHMM OOCTOIHCTBOM TaKoOl CXeMU € 1 HEe3anexHICTb
BiL NPOTOKONIB MEPEXHOro piBHA eTanoHHol mogeni OSI.

[Mpyn HeoOXiAHOCTI NOLWMPEHHA Mepexi No BenvKin TepuTopil MoXXHa
CKOpUCTATUCA iHWOK 6a30BOKD CXEMOK — Mepexew 3 pPo3noaifieHo
mMarictpannio. [Npuknagom mepexi 3 po3noLiSIeHOK MaricTpanmo CIyXuTb
noagivHe kinbue FDDI, go sikoro nigkntodeHi Komytatopu mepex poboumx
rpyn. Mepexa 3 po3nogineHo Marictpansito CnpoLlye 3B'a30K MiXK po6ovnmu
rpynamm, CKopoudye BapTiCTb KabenbHOI CUCTEMM i OOMyCKae PO3HECEHHS
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BY3NniB Ha Benuki BigcTaHi. Hegonikom € ICTOTHO MeHWwa WBUAKICTb Y
NMOPIBHAHHI 3 MepeXeto 3i CTArHYTOK B TOYKY MaricTpansio.

KomyTaTtopu noginatoTbCa Ha YOTUPKU KaTeropir:

NPOCTi aBTOHOMHI KOMyTaTOpW Mepex pobounmx rpyn O03BONSAKTb
AESKUM MEPEXHUM MPUCTposiM abo cermMeHTam oOMiHIOBaTUCS iHpopMaLieto
3 MakcMManbHOK AN AaHoi KabenbHOI CUCTEMM LUBUAKICTIO. BOHU MOXYTb
BUKOHYBATW pOSflb MOCTIB A4 3B'A3KY 3 iHLUMMUN MEPEXHUMWN CErMEHTaMM, ane
He TpaHCMTb NPOTOKONW | He 3abes3nevylTb NiABULLIEHY MPOMYCKHY
CNPOMOXHICTb 3 OKpEMUMU BULINTIEHNMU NPUCTPOSIMU, TaKUMU SIK CEPBEPU;

komytaTopu  poboumx rpyn  Apyroi  kKarteropii  3abesnedvyoTb
BUCOKOLLBMAOKICHNIA 3B'A30K OOHOro abo AekinbkKox MnopTiB i3 cepBepom abo
6a30BO0 MepeXelo;

TPET0  KaTeropito  CKrnagawTb  KOMyTaTOopu  Mepexi  Bigainy
NignpMeEMCTBA, WO 4YacTO BUKOPUCTOBYIOTLCS ANSA B3aeMogil mepex pobounx
royn. BoHu HapawTb 6inbll LWWPOKI  MOXNMBOCTI  agMiHICTPyBaHHA i
NiABULLEHHS  MPOAYKTUBHOCTI  Mepexi. Taki npucTtpoi  nigTpumMyroTb
aepeBonofibHy apXxiTekTypy 3B'A3KiB, LLO BUKOPUCTOBYETbCA ANs nepenadi
iHbopMauil 3 pesepBHUX KaHanie, i dQinbTpadii naketi. Pi3n4yHO TaKi
KOMyTaToOpW nNiaTPUMYIOTb PE3EpBHI [MKepenia XUBIMEHHS | O03BONSAKTb
onepaTuUBHO 3MiHIOBaATN MOAY;

OCTaHHA KaTeropis — ue KoMmyTaTtopu Mepexi macwtaby nignpuemcrsa,
WO BUKOHYHOTb gucneTdepusauito Tpadiika, Bu3Ha4vawum  HanbinbLu
ePeKTMBHUN MaplpyT. BOHM MOXYTb NIATPUMYBaATU BENUKY KiNbKICTb
NOriYHUX 3'egHaHb NokanbHOI Mepexi. binbLwicTe BUPOOHMKIB KOPNOpaTUBHUX
KOMyTaTOpiB MPOMOHYTb Yy cKnagi cBoix Bupobis mogyni ATM. L
KOMyTaTOpW 34INCHIOKTL TpaHcnsauito npoTtokonis Ethernet y npotokonu ATM.

Y 3aranbHOMYy BMNagKy, NIgKMIOYEHHA OO0 MOPTIB KOMyTatopa He
CEerMeHTiB, a OKpeEMMX KOMM'IOTEPIB HA3MBAETLCS MiKpOCerMmeHTaui€cto.

3 TEeXHIYHOT TOYKM 30py HaMBINbLUMIA iHTEepec NpeacTaBNAlOTbL CTEKOBI
KomyTtaTopu. Lli npucTtpoi cTaHoBNATL KOMyTaTOpPW, AKIi MOXYTb MpavoBaTu
aBTOHOMHO, TOMY LLIO BUKOHaHI B OKpeMOMY KOpMyci, ane mMarTb creuianbHi
iHTepdencn, sKi OO3BOMAKTL IX MOEAHYBATUM B 3arafibHy CUCTEMY, LUO
npauloe SK €AUHUU KOMYTaTop, BOHW 3aCTOCOBYHOTLCA [Af11 CTBOPEHHS
Mepex poboumnx rpyn i Bigainis, TOoMy HagBUCOKI LUBUOKOCTI LUMH OBMIHY TM He
Ayxe NoTPibHi.

Crek KOMyTaTopiB, noegHyBaHNX 3a cneuianbHUMM
BMCOKOLUBUOKICHUMY KaHanamm, nokasaHun Hmx4ye Ha puc. 2.24 [22].
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CneujanbHi
BMCOKOCKOPOCHI KaHanm

Puc. 2.24. Ctek komyTaTopiB

OCHOBHMMM NOKa3HUKaMM KOMyTaTopa, WO XapakKTepusylTb WMOro
NPOAYKTUBHICTb, €:

LUBMAOKICTb QuiNbTpaLil Kagpis;

LUBUOKICTb NPOCYBaHHA Kaapis.;

NPOMyCcKHa 30aTHICTb;

3aTpuMKa nepepgadi kagpy.

Kpim TOro, iCHye Kinbka XapakTepuCTUK KOMyTaTopa, SKi HanbinbLuowo
MIpOKO BMNMBAKOTb Ha 3a3HaYeHi XapakTepUCTUKM NPOAYKTUBHOCTI. O HuX
BiAHOCATbLCS:

TUN KomyTauii — "Ha nboTy" abo 3 NnoBHOW Byhepunsadieto;

po3mip 6ydepa (bydepiB) kagpis;

NPOAYKTUBHICTb BHYTPILUHBLOI LUNHWY;

NPOAYKTMBHICTb NpoLiecopa abo npouecopis;

PO3Mip BHYTPILWHLOI agpecHol Tabnuui.

KomyTaTopu — HanbinbL LWBWAKOAIKOYI Cy4aCHi KOMYyHiKaLiHi NpUCTpOI,
BOHW AO03BONSAKOTL 3'€AHYyBaTU BMCOKOLUBUAKICHI cermMeHTn 6e3 6nokyBaHHS
(3MEHLLUEHHS NPONYCKHOT 30aTHOCTI) MibKCErMEHTHOro Tpadika.

MacuBHUM cnoci® nobygoBu agpecHol Tabnuui komytatopamm — 3a
AOMOMOroK CMOCTEPEXEHHA 3a MMHaYMM TpadikoMm — MNpuBOAUTL [0
HEMOXIMBOCTI poboTM B Mepexax 3 neTneBMaHuMM 3B'd3kamu. [HLWmm
HeJoniKoM Mepex, NobyaoBaHMX Ha KOMyTaTopax, € BiACYTHICTb 3axXuUCTy Bif
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LULMPOKOMOBHOIO  LUTOPMY, WO Ui MNpuUCTpol 3000B'A3aHi nepenasatu
BiANOBIAHO OO0 MeToay poboTu.

3acTocyBaHHS  KOMYTaTopiB  [JO3BOSIAE  MEPEXHMM  aganTtepam
BUKOPUCTOBYBATU MOBHOAYMMEKCHUN pexum poboTu NPOTOKOMIB NOKanbHUX
mepex (Ethernet, Fast Ethernet, Gigabit Ethernet, Token Ring, FDDI). ¥
LbOMY peXuMmi BiACYTHIM mMeTod AOCTyny OO MNoAdifntoBaHOro cepegosuila, a
3aranbHa WBUAKICTb Nepeaadi AaHuX NoABOKETHCS.

Y noBHOAOYMNNEKCHOMY pexumi anss 6opoTbbn 3 nepeBaHTaXXEHHAMU
KOMYyTaTOpPiB BMKOPUCTOBYETLCS METOL KepyBaHHS MOTOKOM, OMUCaHUN Yy
ctaHgapTi 802.3x.

Mpwn HaniBOynseKCHOMY pexmnmi poboTn KOMyTaTOpU BUKOPUCTOBYIOTb
AN KepyBaHHA NMOTOKOM MNpU NepeBaHTaXeEHHAX [ABa MeToau: arpecvBHUN
3axBaT cepefosulla W 3BOPOTHUA TUCK Ha KiHUEBUM By3o5n. 3acTOCyBaHHS
LUMX MeTOAiB A03BOMAE AOCUTb FTHYYKO YNPaBSiATM MOTOKOM, Yepryo4n Kirlbka
nepegaHux Kagpis 3 OAHUM NPUAHATUM.

HesBaxatoun Ha Te, WO B KOMyTaToOpax npauTb Bigomi 1 gobpe
BiAnNpauboBaHi anroputMm NPO30pMX MOCTIB | MOCTIB 3 MapLUpyTU3auieo Big
pKeperna, iCHye Benunka po3maiTicTb Moaerienn KoMyTaTopiB.

JloeiuHa cmpykmypu3auis Mepexi 3a O00romMo20 Mocmig i
KoMymamopie

[Mig  noriyHOW  CTPYKTypu3auied Mepexi po3yMieTbCs  po3dumBKa
3aranbHOro noAinoBaHOro cepegoBuvlia  Ha  NOrYHI  CerMeHTun,  SKi
NpeacTaBnAlTb CaMOCTINHI NOAINMOBaHI cepenoBulla 3 MEHLUOK KiNTbKICTHO
By3niB. Mepexa, po3gineHa Ha IoriyHi cermMeHTn, Mae Oinbll BMCOKY
NPOAYKTUBHICTL | HagiMHICTb. B3aemopfia MK noridHMMKM  cermeHTamm
OpraHi3yeTbCs 3a 4OMNOMOro MOCTIB | KOMYTaTopIB.

Mpu4nHM noriyHoI CTPYKTypuU3auii NoKanbHUX Mepex

Mpn nobynosi HEBENUKMX MepeXx, wWo cknagatTbes 3 10 — 30 Byanis,
BUKOPUCTaAHHA CTaHOAPTHMUX TEXHOMOriM Ha noAintoBaHuX cepeaoBuLLax
nepegadi gaHuUX MpUBOOUTb OO0 EKOHOMIYHUX | edEeKTUBHUX pieHb. Y
BCAKOMY pasi, Lue TBEepP)KEHHS crnpaBednuee ANs AyXe BEenUKOl KiNbKOCTI
CbOrOAHILLHIX MepeX, HaBiTb TUX, Yy SKUX nepepatotbesa binbwi obcsrm
MYIbTUMeEAIMHOT iHopMaLil, — nosiBa BUCOKOLWIBWUOKICHUX TEXHOSMOrin 3i
weuakoctamm obmiHy 100 i 1000 MG6it/c Bupiwye npobnemMy SKOCTI
TpaHCNOPTHOro 06CNyroByBaHHS TakUx MEPEX.
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EdekTuBHiCTb noaintoBaHOro cepegoBuvlla OnNs HEBESIMKOI MepexXi
NPOSABIIAETLCA B NepLly Yepry B HAaCTYMNMHUX BI1IACTUBOCTAX:

NPOCTIA TONOMOrii Mepexi, Lo [OMycKae ferke HapollyBaHHA 4vucna
BY31iB (Y HEBENUKNX MEXAX);

BIICYTHOCTI  BTpaT  KagpiB  4Yepe3  nepenoBHeHHA  Oydepis
KOMYHIKaLiMHUX NPUCTPOIB, TOMY LLO HOBUM Kaap He nepenaeTbCAa B MEPEXY,
NOKW He MPUUHATUW NnonepeaHin — cama norika noainy cepenoBulla perynioe
NOTIK KagpiB | NPUMNUHSAE CTaHUuil, WO 3aHaATo 4acTO reHepylTb Kaapw,
3MYLLYIOYN X YeKkaTu 4oCTyny;

NPOCTOTi MpoTOKoMiB, WO 3abe3nednna HU3bKY BapTICTb MEPEXHUX
ajanTepis, NOBTOPIOBAYIB | KOHLIEHTPATOPIB.

OpgHak cnpaBeanuBuMM € W iHWE TBEPOXKEHHA — BENUKi Mepexi, Lo
HapaxoBYKTb COTHI N TUCAYI By3niB, HE MOXYTb ByTn nobyaoBaHi HA OCHOBI
OAHOro NOAINKBAHOIO cepeaoBuLla HaBiTb TaKOl LUBWAKICHOI TEXHOSOrII, SAK
Gigabit Ethernet. | He Tinbkn ToMy, WO NPaKTUYHO BCi TEXHOSIOrT OOMEXYIOTb
KIfbKICTb BY3IiB y noAdifitoBaHOMY cepefoBuLi: Bei Buau cimencrea Ethernet
— 1024 By3namu, Token Ring — 260 Bysnamu, a FDDI — 500 Byanamu. HaBiTb
Mepexa cepefHix po3mipis, Wwo cknagaetbca 3 50 — 100 komn'toTepis i, WO
YKNagaeTbCs B O03BOSIEHUMM MaKCUMMYM KifIbKOCTiI BY3niB, HamyacTiwe Oyae
noraHo npawBaTn Ha OQHOMY NOAISTIOBAHOMY CepeoBULL.

OcCHOBHI HeponikM Mepexi Ha OAHOMY MOAiINtBaHOMY CcepefoBULLi
NOYNHAOTb NPOABATUCH NPU NEPEBULLIEHHI EAKOro nopora KifibKOCTi BY3SliB,
NiAKNIOYEHNX OO0 MNOAIMBaHOroO cepefosulla, i NonArarTb Yy HACTYMHOMY.
HaBiTb Ta 4acTka nponycKHOI 34aTHOCTI MOAINBaHOrO CerMeHTa, Lo
NOBMHHA B cepeHbOMY AicTaBaTucs ogHomy By3ny (TobTo, Hanpuknag, 10/N
M6/c gns cermeHTa Ethernet 3 N komn'toTepamu), Oyxe 4acTto BYy3fny He
AictaeTbed. [NpuyrHa nonarae y BMNagkoBOMY XapakTepi metoay OoCcTyny OO
cepefoBulla, BUKOPUCTOBYBAHOMY Y BCiX TEXHOMONISX fOKanbHUX Mepex.
Hanbinblw Baxki ymMOBM ANA By3niB Mepexi CTBOPHE MeTon AoCTyny
CSMA/CD TexHonorii Ethernet, ane 1 B iHWKNX TexHonorisx, Taknx gk Token
Ring a6o FDDI, ge metog AoCTyny HOCUTb MEHLU BWUMNAOKOBUW xapakTep i
HaBiTb 4acTO Ha3MBa€ETbCA OETepMiHOBaHWUM, BUMaAKOBUW pakTop OOCTyny
A0 cepegoBuLla 0gHAKOBO € MPUCYTHIM i pobUTb CBill HEraTUBHUIA BMNSIMB Ha
NPONYCKHY 30aTHICTb, WO AICTAaETLCS OKPEMOMY BY3ry.

Mpn 3aBaHTaxeHHi wMepexi Ao 50% TexHonoria Ethernet Ha
noaintoBaHOMy cermeHTi gobpe cnpaBnseTbCcs 3 nepegadvero Tpadika, LWwo
reHepyeTbCcsa KiHUeBMMM By3namu. OgHak npu MigBULLEHHI iIHTEHCUBHOCTI
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Tpadika, WO reHepyeTbCs By3namMun Mepexa yce Oinblle 4acy noyvmHae
NpoBOOMUTN HeeMEeKTMBHO, MNOBTOPHO Mepeaaryn Kagpwu, SKi BUKIUKaNu
Konisito. [Mpn 3pocTaHHi IHTEHCUBHOCTI Tpadika, WO reHepyeTbca A0 Takol
BENUYUHKN, KONMU KOedILiEHT BUMKOPUCTAHHA Mepexi Habnwkaetbcs go 1,
IMOBIPHICTb 3ITKHEHHS1 KaapiB HACTINbKM 36iNbLWYETLCS, WO MPakTUYHO Oyab-
KU Kagp, sk Byab-gKa CcTaHuig HamaraeTbCsl nepenaTtu, 3ilUTOBXYETbLCA 3
IHLWWMMK  KagpaMu, BUKNMKaw4m Konisito. Mepexa nepectae nepenasaTtu
KOPUCHY KOPUCTYBanbHULBbKY iH(popMauito 1 npautoe "Ha cebe”, 0bpobnsioum
KOSi3il.

Llen edekt gobpe BigoMuin Ha npakTUUi N AOCHIOKEHUN LUISIXOM
iIMiTauiMHOro MoaentoBaHHs, ToMy cermMeHTu Ethernet He pekomeHayeTbcs
3aBaHTaXyBaTu Tak, WOO cepedHE 3HAYEHHs KoedilieHTa BUKOPUCTaHHS
nepesepwysano 30%. Came TOoMy B 6araTbOX CUCTEMAxX KepyBaHHSA
Mepexamu rpaHudyHa mMmexa Anda iHOvKaTtopa KoediuieHTa 3aBaHTaXXeHHS
mepexi Ethernet 3a 3amoBYyBaHHSIM yCcTaHOBMIOETLCA Ha BeNUYMHY 30%.

TexHonoria  Ethernet Hambinbw 4ytnMBa OO0 nepeBaHTaXeHb
NoAISNItOBAHOro CerMeHTa, arie M iHWi TEXHOMO il TakoX OOCUTb CTpaXaalTb
Bif LIbOro eqekTy, TOMy 0BMeXeHHs!, NOB'A3aHi 3 BUHMKAYMMKU KOMI3issMU 1
BiNbWMM YacoM OYiKyBaHHS [OOCTYyny nMNpW 3HAYHOMY 3aBaHTaXKEHHI
noaiftoBaHOro CerMeHTa, HandacTille BUSABMATBCS Oinblie Cepro3HUMN,
YUM OBMEXEHHSI HA MaKCUMManbHY KifbKiCTb BY3MiB, BU3HAYEHUX Y CTaHAapTi
3 MipKyBaHb CTilKOI nepeaadi eNekTpUYHUX curHanie y kabensx.

Y pesynbTaTi HaBiTb MeEPEXY cepenHiX po3MipiB BaXXko nobyayBaTtn Ha
OAHOMY NOAINtoBaHOMY CErMeHTi Tak, Wwob BoHa npavtoBana epekTMBHO npu
3MiHi IHTEHCMBHOCTI Tpadika, Wo reHepyeTbca craHuismu. Kpim Toro, npu
BUKOPUCTAHHI  MOAINIOBAHOINO  cepefoBuvlia  MNPOEKTYyBalNlbHUK  Mepexi
3iLUTOBXYETLCSA i3 TBEPAMMU OBMEXKEHHAMM MaAKCUMASTbHOI JOBXUHU MepeXi,
AKi ONA BCIX TEXHOSOrN nexatb Yy MeXax OeKiNbKOX KiSIoOMeTpiB, i TiNbKu
TexHonoria FDDI possonde OygyBatv nokasnbHi Mepexi, OOBXMHA SKUX
BUMIPHOETLCA OEeCATKaMN KinnloMeTpiB.

MNMepeBaru noriyHoi CTPYKTypuU3aLii Mepexi

ObMexeHHs, WO BWHUKAOTL 4Yepe3 BUKOPUCTAHHSA  3aranbHOro
noaiftoBaHOro cepegoBulla, MoxHa nepebopoTn, po3dinmMBLLUN MEPEXY Ha
Kibka noAintoBaHMX cepenoBuly, i 3'edHaBLUM OKPEMiI CErMeHTU MepexXi
TakKuMM  NPUCTPOSIMKU, SIK MOCTWU, KOMyTaTopu abo MapLupyTmsaTopu
(puc. 2.25).
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[MepepaxoBaHi NpUCTPOI NepefarTb Kagpu 3 OOQHOrO CBOro NopTy Ha
IHWKWKW, aHanisylun agpecy npu3HadeHHs, MoMmilleHy B uux kagpax. (Ha
BiAMIHY BiO KOHUEHTpaTopiB, AKi MOBTOPIOKTbL Kagpu Ha BCiX CBOIX MopTax,
nepegarym X B YCi NMpUeOHaHi OO HUX CEerMeHTW, He3arnexHo Big Toro, y
SIKOMY 3 HUX rnepebyBae cTaHUia npu3HadeHHs.) MocTm W KomyTtaTopu
BUKOHYIOTb OnepaLito nepefadi kagpis Ha OCHOBI MMOCKUX afpec KaHarnbHOro
piBHs, To6T0 MAC-agpec, a MapLipyTM3aTopm — Ha OCHOBI HOMeEpa MepeXi.
[Mpn ubOMy €auHe nogintoBaHe cepenoBULLEe, CTBOPEHE KOHLEeHTpaTopamMu
(@abo B rpaHM4yHOMYy BMMAOKy — OOHMM CerMeHTOM Kabenk), AinuTbCsa Ha
Kifbka 4YacCTWH, KOXHa 3 SKMX NpuegHaHa Ao nopTy MOCTY, komyTtaTtopa abo
MapLupyTmsaTopa.
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BY30N _—7
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BY30A

Puc. 2.25. JloriyHa cTpyKTypu3auia mepexi
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[OBOpPATHL, WO NpU LbOMY Mepexa LiNIMTbCA Ha NOoriYyHi cermeHTn abo
Mepexa niggaeTbCa NorivyHol CcTpykTypusadil. JIoriYHMM cerMeHT CTaHOBUTb
eanHe noainoBaHe cepegosuule. Posnodin mepexi Ha norivyHi CerMeHTun
NpPUBOAMTL OO0 TOrO, O HaBaHTaXEHHS, WO JOBOAUTLCA Ha KOXHUM 3i 3HOBY
YTBOPEHUX CErMeHTIB, Malxe 3aBXOu BUABNSETbCA MEHLUUM, HiX
HaBaHTaXXeHHs, Wo BunpoboByBana BuxigHa mepexa. OTXe, 3MEHLUYTbCS
LWKIOMBI ebekTn Big noainy cepegoBuLla: 3HMKYETbLCA Yac OYiKyBaHHS
AocTyny, a B Mepexax Ethernet — i iHTEHCMBHICTb KOSi3in.

[ns inocTpauil uboro eekTy po3rnsaHemMo puc. 2.26.
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Puc. 2.26. Mpuknagu sHa4yeHb 3aTPUMOK Y Pi3HUX Mepexax

Ha Hbomy 306paxeHi OBa cermeHTu, 3'€dHaHi MOCTOM. YcepeauHi
CerMeHTiB € nosToptoBadi. [1o posnoainy Mepexi Ha cerMeHTn Becb Tpadgik,
LLIO reHepyeTbCs By3namn mepexi, bys 3aranbHMM (NpeacrtaBMmo, WO Micue
MDKMEpPEXHOro npuUCTpol TakoX 3armaB MOBTOPKOBaY) i BpaxoByBaBCHA Mpw
BU3HA4YeHHI KoediuieHTa BUKOPUCTAHHA Mepexi. AKLWO No3HaYnTn cepenHto
iIHTEHCMBHICTb Tpadika, Lo nae Big By3na i Ao By3na j yepes Cy, TO cymapHui
Tpadik, Wo NoBnHHaA Byna nepegasatn Mepexa 4O po3nofiny Ha CerMeHTy,
nopisHioe CE = SC, (BBaxaemo, LLIO NiACYMOBYBaHHA NPOBOAUTLCA 3a BCiMa
By3niamn).

[Micna noginy mepexi Ha CErMeHTU HaBaHTaXEHHHA KOXHOro cermeHTta
aMmiHunocsa. [pyn 1Ti obuyucneHHi Tenep NOTPIOHO BpaxoByBaTU TiNbKK
BHYTPILLHbOCErMEHTHUI Tpadik, TOOTO Tpadik KagpiB, AKi LUPKYNOTb MK
By3fnlaMmM OOHOr0 CermMeHTa, a TaKoX MDKCermMeHTHun Ttpadik, wo abo
HanpaBnSETbCA Big By3na AaHOro CermMeHTa BY35y iHWOro cermeHrta, abo
npuxoauMTb Bi4 By3na IHWOro cerMeHta Yy BY30§ [aHOro cermeHra.
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BHyTpiWHIN Tpadik iHWOro cermMeHta Tenep HaBaHTaXEHHA Ha JaHuK
CEermMeHT He CTBOPIOE.

ToMy HaBaHTaXeHHd, Hanpuknag, cermMeHta s1 crano AopiBHHOBATU
Csi + Csi-s2, npe Csi — BHyTpiWwHin Tpadik cermeHTa si, a Csi-s2 —
MiXKCErMEHTHUIN Tpadik.

Llo®6 nokasaTu, WO HaBaHTaXEHHs1 cermMeHta S1 3meHwWwwunocs,
NOMITUMO, WO 3arafibHe HaBaHTaXEHHS Mepexi OO0 Noaifly Ha CerMeHTu
MOXHa 3anucatn B Takin dopmi: Ci = Csi + Csi-s2 + Cs2, a BUXoauTb,
HaBaHTaXXeHHS CermMeHTa si nicns noainy crano gopiesHioBatn — C s2, To06TO
3MEHLUUMNOCA Ha BEeNUYUHY BHYTPIWHBLOrO Tpadiika cermeHta s2. A pas
HaBaHTaXXE€HHS1 Ha CErMEHT 3MEHLUUIOCS, TO 3aTPUMKM B CErMeHTax TaKoX
3MEHLUUINCS, a KOPUCHa NPOMNyCKHa 34aTHICTb CerMeHTa B LifIlOMy 1 KOpUCHa
NPONyCKHa 34aTHICTb, LLO 4OBOAUTLCA HA OAWH BY30/S1, 36inbWnimcs.

Buwe 6yno ckasaHo, WO po3noaisi Mepexi Ha NOriyHi CerMeHTn Mamxe
3aBXOM 3MEHLWYE HaBaHTaXeHHA B HOBMX cermeHTax. Cnoso "manxe"
ypaxoBye AyXe piakun BUNagoK, Konv Mepexa po3buta Ha CerMeHTu Tak, Lo
BHYTPILWHIN Tpadik KOXXHOIO cerMeHTa LOpPIiBHIOE HYM, TOOTO BeCb Tpaduik €
MiKCErMeHTHMM. [ns npuknaga ue o3Hadano 6, wo Bci KoMmn'toTepwu
cermeHTa S1 OOMIHIOIOTLCA AaHUMU TiNbKM 3 KOMMN'toTepamMn cermeHta S2, i
HaBMaku.

Taknm BuUNagoK €, nNpuUpoAHO, €eK30TUYHMM. Ha npaktuui Ha
NiANPUEMCTBI 3aBXOuU MOXHa BUAINUTM rpyny KOoMM'loTepiB, AKi HanexaTb
cniBpobiTHMKaM, WO BWKOHYKOTb 3aranbHe 3aBAaHHsA. Lle MoxyTb 6yTu
CniBpoBITHNKN  OAHIET poboyoi  rpynn, Bigainy, IHWOro CTPYKTYpHOro
nigpo3ainy nignpuemctea. Y OGinblUOCTI BMNAAKiB iM NOTPiIGHMA OocTyn Ao
pecypciB Mepexi IXHbOro Bigdiny M TifbKW 3pigka — OOCTYN OO BUIYyYEeHUX
pecypciB. | xo4a Bxe 3ragaHe eMnipuyHe npasunsio, Lo roBOPUTL NPO Te, Lo
MOXHa PpO34innTu Mepexy Ha cermeHTu Tak, wo 80% Tpadika cTaHOBUTb
3BEpPTaHHA 00 NoKanbHUX pecypciB i Tinbkn 20% — 00 BUNYyYEHUX, CbOroaHi
TpaHcopmyeTbes B npaBunno 50 Ha 50% i HaeiTb 20 Ha 80%, ogHakoBO
BHYTPILUHLOCErMEHTHUIM TpaiK iCHYe. AKLWO NOro Hemae, BUXOOUTb, Mepexa
po36uTa Ha NorivHi Nigmepexi HenpaBuIbHO.

BinbLicTb BENUKMX Mepex po3pobnseTbCA Ha OCHOBI CTPYKTYpW i3
3aranbHOK MaricTpanuio, A0 4KOI 4Yepe3 MOCTU W MapLupyTu3aTopu
npuegHytoTeca nigmepexi. Ui nigmepexi o6cnyroByloTb pi3Hi - Bigainu.
[ligmepexi MOXYTb OinuUTUCA W Jani Ha CerMeHTW, rMpusHadeHi Ona
obcrnyroByBaHHS poboymx rpyn.
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Y 3aranbHOMY BUNAaLKy PO3MNOAIN Mepexi Ha JoriYHi CerMeHTn nigBuLLye
NPOAYKTMBHICTL Mepexi (3a paxyHOK pO3BaHTaXEHHS CEerMeHTiB), a TaKoX
FHYYKiCTb NOBYA0BK Mepexi, 36inbLUyoYmM CTYNiHb 3aXUCTY AaHuX, i nonerwye
KepyBaHHA Mepexeto.

CermeHTauis 30inbllye rHy4ykicTe Mepexi. Npu nobygosi mepexi sk
CYKYMHOCTI nigMepex KoXxHa nigMmepexa Moxe OyTu agantoBaHa [0
cneumdiyHmx notped poboyoi rpynn abo Bigainy. Hanpuknag, B oOfHin
nigmepexi moxe BukopuctoByBatucs TexHosoria Ethernet i OC NetWare, a B
iHwun — Token Ring i OS-400, BignoBigHO OO0 Tpaguuin Toro abo iHWOro
Biaainy abo notpeb HasBHUX gogaTtkiB. Pazom 3 TuM, y KOpucTyBadiB 000X
nigMepex € MOXIMBICTb 0OMIHIOBaATUCA AaHUMU Yepes MiXKMePEXHi NPUCTPOI,
Taki 9K MOCTW, KOMyTaTopu, MapLupyTusatopu. lNpouec po3buskn mepexi Ha
NOriYyHi CEerMeHTV MOXHa po3rnsgatv Uy 3BOPOTHOMY HanpsiMKy, 9K npouec
CTBOPEHHSA BENUKOI MepeXi 3 MOAYIIB — YXXe HasgBHUX MigMepex.

Miamepexi niguwyoTb 6e3neky gaHux. Npu NigknioyYeHHi KopucTyBadis
A0 Pi3HUX PIBUYHUX CErMEHTIB Mepexi MoXHa 3abOopOHUTU OOCTYN MEBHUX
KOPUCTYBa4YiB OO pPecypcCiB iHWMX CErMeHTiB. YCTaHOBIIOYM Pi3Hi JIOTiYHI
QinbTPM  Ha  MOCTax, KomyTaTopax | MaplpyTtmsatopax, MOXHa
KOHTpONtOBaTM [OOCTYyN OO0 pPecypciB, 4Oro He [OO3BOMISATbL 3podutn
NnoBTOpHOBAYI.

[Migmepexi cnpolwwyoTb KepyBaHHA wMepexeto. [MobivHuM  edpekTom
3MEHLUEHHA Tpadika 1 NiaBULLIEHHSA Be3nekn AaHNX € CrPOLLEHHSA KepyBaHHSA
mepexeto. [Npobnemun ayxe 4acTo nokanisyloTbCs ycepeauHi cermeHTa. Ak i
y BUNaAKy CTPYKTypoBaHOI kabenbHoI cuctemn, npobnemu ogHiei nigMmepexi
He BMNMBAKTb Ha iHWI nigMmepexi. ligmepexi yTBOPATb JIOMYHI OOMEHU
KepyBaHHA Mepexeto.

Mepexi MOBWHHI MNpPOeKTyBaTUCA Ha [OBOX PIBHAX: Qi3n4HOMY ¢
noriyHomy. JloriyHe NpoOeKTyBaHHA BU3HAYae Micus po3TallyBaHHA pecypcis,
AonatkiB i crnocobu yrpynoBaHHS LMX PeCypCiB Y NOTiYHi CErMeHTH.

CTpyKTypu3auisa 3a 4ONOMOror MOCTIB i KOMyTaTopiB
Y AaHin rnasi po3rnsaarTbCsa NPUCTPOI NOrYHOT CTPYKTYpU3auil Mepex,
LLIO NpauloTb Ha KaHanbHOMY PIiBHI CTeKa MPOTOKOMIB, a came — MOCTU W
komyTaTopn. CTpyKTypmsauia Mepexi MOXNMBa TaKOX Ha  OCHOBI
MapLipyTmM3aTopiB, SKi Ang  BUKOHAHHA UbOro 3aBAaHHA  3any4alroTb
NPOTOKONM MepexHoro piBHA. KoXHUM cnocib CcTpykTypu3auii — 3a
AOMOMOroK KaHasnbHOro NpoOTOKOMYy M 3a JOMOMOIroH MEPEXHOro npOTOKOSY
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— Ma€e CBOI nepeBarn ”W HeOonikh. Y Cyy4aCHUX Mepexax 4acTto
BUKOPUCTOBYIOTb KOMOIHOBaHUM CNoci6 NorivyHol CTPYKTypu3auil — HeBESIUKI
CErMeHTU MOEAHYITLCA NPUCTPOSAMU KaHanbHOro piBHSA B BinbLui niamepexi,
AKi, Y CBOIO Yepry, 3'€QHYTbLCA MapLLpyTu3aTopamu.

OTXe, Mepexy MOXHa pPO34ifiuTM Ha NOriYHi CerMeHTn 3a A0NOMOror
npucTpoiB ABox TuniB — mocTiB (bridge) i/abo komyTaTopiB (switch, switching
hub). Bigpaay nicns nosiBu komyTtaTopis Ha nodaTtky 90-x poKiB cknanacs AyMka,
WO MICT i KOMyTaTop — L€ MPUHUMMNOBO Pi3HI NpUCTpol. | xo4a nocTynoBo
NoAaHHA NPO KOMyTaToOPWU 3MIHUNOCS, L0 AYMKY MOXHA MOYYTU U CbOrOAHI.

[MpoTe MicT i KomyTaTtop — ue dyHKUioHanbHi 6nmn3Hiokn. Obmugea ui
NPUCTPOI NPOCyBalOTb Kaapwu Ha nigctasi TUX camux anroputmie. Moctu i
KOMYyTaTOpW BUKOPWUCTOBYIOTb ABa TUMNW anropuTMmiB: anroputMm npo30poro
MocTy (transparent bridge), onucaHoro B cTtangapTi IEEE 802.1D, a6bo
anroputM MOCTY 3 MapLipyTu3auieto Big gkepena (source routing bridge)
komnaHii IBM gns mepex Token Ring. Ui ctaHgapty 6ynu po3pobneHi
3a0Bro O MOsiBM MNEpLUOro KomytaTopa, TOMY B HUX BUKOPUCTOBYETLCHA
TepMiH "MicT". Konu X 3'aBunacs neplia npomucrioBa MoAesb KomytaTopa
ana texHonorii Ethernet, To BOHa BUKOHYBana Towm e anroputMm npocyBaHHSA
kagpie |IEEE 802.1D, wo 6yB 3 OeCATOK pOKiB BignpaubOBaHUA MOCTaMu
nokanbHuxX i rnobanbHUX Mepex. TOYHO TaKk HagxoasaTb | BCi cy4vacHi
komyTaTtopun. KomyTtaTopu, siki npocyBaloTb Kagpu npoTtokosly Token Ring,
npauloTb 3a anroputMmom Source Routing, xapaktepHum gna moctis IBM.

OcHoBHa BIgMIHHICTb KOMyTaTOpa Big MOCTY MNofisirae B TOMY, WO MICT
0bpobnsie kagpu NOcnigoBHO, a KomyTaTtop — napanenbHo. Lla obctaBuHa
nos'a3aHa 3 TUM, WO MOCTU 3'ABUNNCA B Ti 4acu, KONU Mepexy Oinunu Ha
HEBESMKY KiflbKICTb CErMeHTIB, a MiKCermeHTHu Tpadik 6yB HeBENUKUM (BiH
nigkopsisca npasuny 80 Ha 20%). Mepexy HawdacTiwe JinunuM Ha [ABa
CerMeHTn, ToMy U TepMmiH ByB obpaHui BignoBigHM — MicT. [na oBpobku
NOTOKY AaHUX i3 cepeaHboto iHTEHCMBHICTIO 1 M6/C MOCTy uinkom BucTavano
NPOAYKTMBHOCTI OAHOIO NPOLIECOPHOro BnoKy.

Mpwn 3miHi cutyauii HanpukiHui 80-x — no4yatky 90-x pokiB — nosBi
LWWBUOKMX  MNPOTOKOMNIB,  MNPOAYKTUBHMX  MEepCOoHaribHUX  KOMM'loTepis,
MyIbTUMeEAIMHOT iHgbopMaLii, NoAini Mepexi Ha BenuKy KifnbKiCTb CErMEHTIB —
Knacu4yHi MOCTM nepectanu cnpasnatuca 3 poboTow. OB6cnyroByBaHHS
NOTOKIB KaZpiB MK Tenep yxe Aekinbkoma rnopramu 3a JOMNOMOro OL4HOro
npouecopHoro 6roKy  BuMMarano  3Ha4YHOro  MiABMLLEHHSA  LUBUMAKOAIT
npoLecopa, a e OCUTb Aopore piLleHHS.
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Binbw edekTMBHUM BUSBUIOCS PilLEeHHS, WO i "nopoanso™ KomytaTopu
Ansa obcnyroByBaHHS MOTOKY, WO HAAXOOUTb Ha KOXHWUA MNOPT, Yy MPUCTPIn
CTaBMBCS OKpemuin cneuianisoBaHui npouecop, Lo pearni3oByBaB anroputm
mMocTy. [lo cyTi, KOmMyTaTOp — UEe MYSbTUMNPOLECOPHUA MICT, 30aTHUN
napanesibHO NpocyBaTu Kaapw Bigpasy MiX yciMa napamu cBoOIX noptie. Ane
AKWO Npu AoJaBaHHi nNpouecopHMx ©OnokiB KoMN'loTep He nepecTtanu
Ha3uBaTtu KOMM'toTEPOM, a aopanu TiNbKK NPUKMETHUK
"MYNbTUNPOLECOPHUIN", TO 3 MyIbTUMNPOLECOPHMMM MOCTaMn Bigbynacs
mMeTamopdo3a — BOHU nepeTBopununcs B komytatopu. Libomy cnpusie crnoci6
3B'A3KY MDK OKpeMumMn npoLecopamMm KomyTaTopa — BOHW 3B'd3yBanuncd
KOMyTauUiMHOK MaTpuLEel, CXOXOK Ha MaTpuui  MyIbTUIPOLECOPHUX
KOMN'tOTEpIB, L0 3B'A3YH0Th NpoLecopu i3 6riokamn nam'aTi.

[MoCTynoBO KOMYyTaTOPWU BUTUCHYNM 3 JOKanbHUX MEPEX KIacCUyHi
ogHonpouecopHi MocTu. OcCHOBHa nMpuYMHaA UBOrO — [OyXe BUCOKa
NPOAYKTUBHICTb, 3 SIKOI KOMyTaTtopu nepegarTb Kagpy MK cCerMeHTammu
Mepexi. AKWO MOCTU MOIMMKN HaBiTb CMOBIfIbHIOBATN POBOTY Mepexi, Konu
IXHS MNPOAYKTUBHICTb BUABMANACA MEHLLOK iHTEHCUBHOCTI MiXXCErMEHTHOro
NOTOKY KagpiB, TO KOMyTaTOpW 3aBXOuM BUMNYCKaKTbCA i3 npouecopamm
NOpTiB, SKi MOXYTb NepedaBaTu Kagpu 3 TiEHD MakCUManbHOK LUBUAKICTIO, Ha
SKYy po3paxoBaHui NpoTOKoS. [logaBaHHA 0O LbOro naparnesnbHol nepenadi
KagpiB MK nopTamu 3pobuno npoayKTUBHICTE KOMYTaToOpiB Ha Kinbka
NOPSAAKIB BULLE, HiXK MOCTIB — KOMYyTaTopu MOXYTb nepefasaTth 4O OeKiNbKOX
MINbWOHIB KaapiB y CeKyHAy, y TOM 4ac S9K MOCTWU 3BMYanHO obpobnsanu 3 —
5 TucAd KagpiB y cekyHay. Lle n Bu3HaymMno gosito MOCTIB | KOMYTaTopiB.

[Mpouec BUTUCHEHHA MOCTIB MOYaB MpPOTiKATU OOCUTb LUBUOKO 3
1994 pokKy, i CbOrogHi NnokanbHi MOCTM NPaKTUYHO HE BUPOBASIOTLCA MEPEXKHOID
iHOYyCTpieto. 3a Yac CBOro iCHyBaHHA BXe 6e3 KOHKYPEHTIB-MOCTIB KOMyTaTOpU
yBiOpanu B cebe HaraTto goaaTKOBUX (OYHKUIN, SAKi 3'aBNANUCA B pesynbTari
NPUPOLAHOr0 PO3BUTKY MepPexXHUX TexHonorin. [o umx yHKUin BIQHOCATHLCS,
Hanpuknag, nigtpymka sipTyansHux mepex (VLAN), npuoputesadisa Tpadika,
BMKOPUCTAHHSA MaricTpanbHOro nopTy 3a 3aMOBYYBaHHAM i T. .

CborofHi MOCTU, 9K i paHiwe, NpaullTb Yy Mepexax, ane TifbkM Ha
A0CUTb MOBINbHUX rnobarnbHUX 3B'A3Kax MiXK ABOMa BUITyHYEHUMM NOKaSTbHUMU
Mepexamu. Taki MOCTN HasnBalTbCA BUITy4YeHUMU MocTamun (remote bridge),
| anropuT™m IXHBOI POoBOTU HiYMM He Bigpi3HAeTbea Big ctaHaapTy 802.1D abo
Source Routing.
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[Mpo3opi MOCTM BMIOTb, KpiM nepefadi kKagpiB y pamkax ofHiel
TEXHOMOril, TpaHCMBaTU MNPOTOKONN JIOKANbHUX MeEpeX, Harnpuknag,
Ethernet B Token Ring, FDDI B Ethernet i 7. n. Lla BnacTtuBicTb npo3opux
MOCTIB onucana B ctaHgapTi IEEE 802.1H.

2.3. MpuHUMNN podoTN MapLIpyTMU3aTOpPIiB Ta MOCTIB

Mocmom HasnBaeTbCA NPUCTPIN, AKUA CNYXUTb ONA  3B'A3KYy MiX
nokaneHUMK mepexamu. MicT nepefae kagpu 3 ogHiel mepexi B iHwy. MocTtu
3a CBOIMW (PYHKUIOHANBbHUMU MOXMIMBOCTAMM € OBinbll  PO3BUHEHUMU
NPUCTPOSIMU, HiXK KOHLEHTpaTopu. MoCTM OOCUTb iHTENEKTYyarbHi, Tak Wo He
MOBTOPIOKOTL LWYMU Mepexi, NoMUNkn abo 3incoBaHi kagpwu. Ona KOXHOI
Mepexi, LWo 3'€QHYETbCHA, MICT € By3nom (aboHeHTOM Mepexi). Bysnom
Mepexi Moxe OyTm Komn'toTep, cheudianbHa poboya cTaHuis abo iHWuK
npuctpin. llpn UubOMy MICT npurumae Kagp, 3anamMm'aToOBYE MOro y CBOIN
BydbepHin nam'aTi, aHanisye agpecu npuaHadveHHs kKagpy. SAKwo kagp
HanNeXuTb OO0 MEPEXI, i3 SKOI BiH OTPUMaHUN, MICT He NOBUHEH Ha Uen Kkagp
pearyBaTh. FAKWO Kagp NOTPiGHO nepecnatn B iHWY Mepexy, BiH Tyau i
BianpaBnseTbcd. [JocTyn A0 cepefoBulla 34iINCHIOETLCA BIANOBIAHO OO0 TUX
Xe npasun, Wo i 4n8 3BM4anHoro Bysna.

3a NPUHaNEexXHICTIO A0 Pi3HMX TUMIB MEpPEeX PO3PI3HAITb foKanbHi Ta
rnobanbHi (BigaaneHi) moctu. Lli mMocTu Bigpi3HAKOTLCA 3a TUnNamm CBOIX
MepexHux noptiB. JlokanbHi  MOCTM  NOCTaBnATLCA 3 nopTamu,
npusHadeHnmn ana nigkniodeHHs o LAN. Ak npasuno, ansa 3'egHaHHS
NPUCTPOIB Y TakKnUx Mepexax BUKOPUCTOBYOTbLCA KOaKCianbHUN i BOSTOKOHHO-
onTUYHUKM Kabenb abo kpydyeHa napa. OgHUM i3 HaNBaXKIMBILLMX AOCTOIHCTB
NnoKanbHUX MOCTIB € IXHS CNPOMOXHICTb 3'€eQHyBaTW IOKarbHI Mepexi, sKi
BMKOPUCTOBYIOTb pi3Hi cepegosulla. Hanpuknag, moctu 3gaTHi o6'egHaTu
Mepexy Ha KoakcianbHoMy kabersni 3 mepexeto, NobyaoBaHOK Ha BOFTOKOHHO-
onTU4HOMY Kabeni.

moGanbHi MOCTVM BCTaHOBMOTLCA B Mepexax nepeadi iHgopmauii
Ha Benuki BiactaHi (Mepexi WAN/MAN). TNpu ubomy rnobanbHi MOCTU
MOXYTb 6yTV 06riagHaHi nokasbHUMK NOpTaMMU.

3a anropytmom pobBOTM MOCTM NOAINATLCA Ha MOCTU 3
"MapwpyTtmnsauieto Big mxkepena" (Source Routing) i Ha "nposopi"
(transparent) mocTw.
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AnroputMm "mapwpyTtusaudil Big mkepena" Hanexutb dipmi IBM i
NpU3HaYeHUn 4N ONUCy NPOXOMKEHHA KaapiB Yepe3 MOCTU B Mepexax Token
Ring. Y uin mepexi MOCTU MOXYTb HEe MICTUTU agpecHy 6asdy gaHux. BoHu
0BYMCIIIOITL MapLUPYT MPOXOMXKEHHS Kaapy, BMXogsuu 3 iHdopmauil, Lwo
30epiraeTbcsa B Nonsix camoro kagpy. Byson mepexi, akomy HEOOXiaHUIA 3B'A30K
3 iHWKMM By3foM, nocunae Wnomy creuianbHun kadp-o0ocnioHuk (Explorer
Frame). Llen kagp MicTUTb cneujanbHWi igeHTudikaTop, npusHadeHnn ans
MOCTIB 3 anropuTtMom "mMapLupyTtusauia Big mkepena". licna ogepaHHA LbOro
Kagpy Takun MICT 3anncye iHbopmaLito Npo HanpsIMOK, i3 AKoro 6yB OTpUMaHUin
Kagp, i CBOE BNacHe iM's B cneuianbHe none B Kaapi, WO Ha3nBaeTbCs po30iriom
3anucy npo mappyT (Routing Information Field).

[Micna uyboro MICT nepefae Kagp 3a BCiMa LOCTYMHUMW  MOMY
HanpaMKaMu, 3a BUHATKOM TOro, 3a kUM Kagp 0yB NpuruHATUI. Y pesynbTari
B MepeXi BUHUKAE MHOXMHA KOMiK TOro camoro Kagpy-gocnigHuka. [Jo Byana,
KU MOBUHEH oepXXaTwn nakeT, NpUXoaaTb Bidpasdy Adekinbka Konin Kkagpy —
OfHA Ha KOXHWUW MOXNMBUW MapwpyT. [Npn LboOMy KOXHUMA OTPUMaAHUW Kaap-
AOCNIAHUK MICTUTb 3arnmcu rnpo MOCTn, Yepes SAKi BiH NPOXOaMB.

[Micna ogepXaHHA BCiX KagpiB-4oCnigHWKIB By30& BUOMpae OAWH i3
MOXIMBUMX MapLUPYTIB i nocunae BignoBiab By3ny-BignpaBHUKY. AK npasuno,
BUOUPAETLCA TOW MapLUPyT, 3@ SKUM MPUALLOB NEepLInn Kagp-4OoCnigHuK,
TOMY WO BiH, MabyTb, € HANLWBMALWNM (4ac NPOXOMKEHHSA Kaapy-AocnigHuKa
MiHiManbHWK). Y BIiANOBIAI MICTUTBCA MOBHA iHOPMaLis Npo MapLlpyT, 3a
SKAM MOBWHHI HanpaBnATUCSA BCi iHWI Kagpwu. licna BU3Ha4YeHHA MapLupyTy
BY30/-BiMPaBHUK BMKOPUCTOBYE LieM MapLipyT AOCUTb TpuBanui 4yac npwu
NOCUMNaHHI NakeTiB ogepxysayy (puc. 2.27).

TepmiH "npo3opi" moctn ob'egHye Benuky rpyny npuCTpoiB. AKLLIO
po3rnsgaTt NPUCTPOT LiET rpynu 3 nornsay po3B'd3yBaHMX HAMK 3a4ad, TO L0
rpyny MOXHa po3ginuTu Ha Tpu nigrpynu:

1. Mpo3opi mocTu (transparent bridges) o6'eqHy0Tb Mepexi 3 egUHUMMU
NpoTOKONaMm KaHasnbHOro i cismnyHoro piBHiB mogeni OSI (Ethernet-Ethernet,
Token Ring-Token Ring i T. A.).

2. MocTtu, wo TpaHcnolTb (translating bridges), o6'eaHytoTe Mepexi 3
PISHNMW NPOTOKOMaMN KaHanbHOro i PisNYHOro piBHIB.

3. MocTn, wo iHkancynoTb (encapsulating bridges), 3'eqHyl0Tb Mepexi
3 €QuMHMMM MPOTOKOMaMu KaHanbHOro i isnyHoro piBHA (Hanpuknag,
Ethernet) yepes mepexi 3 iHWKMMK NnpoTokonamu (Hanpuknag, FDDI).
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CermeHT Nel CermeHT Ne2 CermeHnT Ne3

P G —

26080002002222 2080002003333 2080002004444 2080002005555

Cranuist A

MICT Ne 1 MICT Ne 1 I=

I12 I12

26080002001111 2080002008888 2080002007777 2080002006666

Cranuiss b Cranuisa B

Puc. 2.27. Cxema 3 npo3opmMmMm Moctamm

Mpo3opi MoCTWU HambINblW nowupeHi. [Ona umx MOCTIB JfokanbHa
Mepexa npegcraBnseTbca g9k Habip MAC-agpec npucTpoiB, SKi NpauoTb Y
Mepexi. Moctn nepernagailoTb Ui agpecun AN yXBaneHHS pPilleHHS npo
noganblunK WNAX nepefadi kagpy. [Ana ananisy agpecu kagp 3anvcyeTbes y
BHYTpPIWHIN Oydep mocta. MocTu He npauloTb 3 iHopmauieto, LWo
BIiAHOCUTBLCSA OO0 MEPEXHOro piBHS. BOHW HiYOro He 3HalTb NPO TOMOMOrit0
3B'A3KiB cermeHTiB abo mepex Mk coboto. ToMy MOCTM LiNKoM Npo3opi Ans
MNPOTOKOSIB, MOYMHAOYM 3 MepexHoro i Buwe. Lito ocobnueicTb npo3opux
MOCTIB i Bigdbuto B iXHiM Ha3Bi. MocTu po3sonsaAiwTb o00'egHaATU Oekinbka
nokaneHUX Mepex Yy e€auHy noridyHy wmepexy. JlokanbHi mMepexi, sKi
3'€OHYI0TbCH, YTBOPKOKTb MEPEXHI CErMEHTU TaKol NOrYHOI Mepexi.

Y MOpIBHAHHI 3 NPO30poK MapLupyTu3auieto (Ti€w, WO 34IMCHI0Tb
Npo30pi MOCTK) "MapLupyTusauia Big opxepena" Moxe BUKNUKATU LOAATKOBI
HaknagHi  BUTpaTW, WO nNpu3BOAATb O HE3HAYHOro  3MEHLLEHHS
NPOOYKTMBHOCTI Mepexi. Ane B OCTaHHbOI € Takox 6arato nepesar.
Hanpuknapg, poboya ctaHuisi cama Bubupae mapipyt. Bubip ontumanbHOro
MapLUpPYTy HEMOXITMBMA NpuU Mpo3opin mMapwpytusadii. MapwpyTtunsadis Big
mpKepena TakoX Aae Oinbll LWMPOKI MOXMAMBOCTI KepyBaHHSA nepegaveto
iHpbopMau,il, ToMy WO BCHA iHpopmMauis Npo MapwpyT MICTUTLCA B CaMoOMy
nepegaHoMy nakeri.
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PosrnsHemo 3aranbHi  npuHUMM  poboTn npo3opux MocTiB. [lpu
NPOXOMKEHHI Kagpy Yepes Npo3opuin MICT BiABYBaeTbCA MOro pereHepauis i
TpaHcndauid 3 ogHOro nopTty Ha iHwWwi. MNpo3opi MOCTN BpaxoBYHOTb i agpecu
BigNpaBHMKa, i agpecn ofepxyBaya, ski 6epyTbCs 3 ofepXyBaHUX Kaapis
nokaneHnx Mepex. Agpeca BignpaBHMKa HeobxigHa  MoCTy  Angd
aBTOMaTM4yHOI nobyaosu 6a3m gaHux agpec npucTtpoiB. Lla Gasa gaHux
Ha3mBaeTbca TakoX MAC-Ttabnuuer. Y Hin BCTAHOBMKOETLCA BigMNOBIAHICTb
agpecu CTaHLil BU3Ha4YeHOMY NopTy MocTa.

3HaKk % BKasye Ha wWicTHaguaTkoBe nogaBaHHA disndHoi (MAC)
agpecu. 3 noyatkoMm pobotn moctn A i b nepeBipsaoTb yBecb Tpadik Ha
KOXXHOMY 3 MiOKITIOYEHUX CerMeHTiB. Y npoueci nepesipkn Tpadiika KOXHUN
MiCT doopmye cBoto 6a3y AaHUX agpec CTaHUin.

Mpunyctumo, wo craHuis A nocunae kagp crtaduil b. Mict A ogepxye
uen kagp Ha csin nopt 1 (MM1). Yepes Te wo craHuii A i b HanexaTtb 00
OOHOro CerMeHTa Mepexi, MICT Bigkmaae (He pearye) Ha uUen kagp. Akwo
cTaHuis A nocunae kagp ctaduil B, wo 3HaxoauTbca B TPETbOMY CErMEHTI
Mepexi, MiCT A nocunae Len kagp y apyrum cermeHT yepes cBin nopt 2 (M12).
Mict B omepxye kagp Ha nopt 1 i nocurae nMoro 4yepes MopT 2 y TpeTin
CEerMeHT Mepexi, ae i po3miweHa ctaHuia B. Tabn. 2.1 nokasye cpopmoBaHy
mMocTamu 6a3y gaHux agpec.

Tabnuua 2.1
Bbasa gaHux agpec cTaHuin
Bas3a paHux mocta A Ba3a paHux mocta b
Anpeca MopT Anpeca MopT
%080002001111 1 %080002001111 1
2080002002222 1 %080002002222 1
2080002003333 2 %080002003333 1
2080002004444 2 %080002004444 1
%080002005555 2 %080002005555 2
%080002006666 2 %080002006666 2
%080002007777 2 %080002007777 1
%080002008888 2 %080002008888 1
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AKWwo 3annc Npo SKycb agpecy ogepkyBada BifCyTHIN y Gasi abo us
agpeca € LMPOKOMOBHOK, MICT nepefae Kagp Ha BCi CBOI MNopTW, 3a
BUHATKOM MNOPTY, LWO TMPUAHAB Kagp. TakMid npouec Has3nBaeTbCs
wupokomosneHHsam (broadcasting) abo 3amonnernHam (flooding) mepexi.
LLInpokoMOBREHHA rapaHTye, Wo Kagp 6yae OocTtaBneHuMn y BCi CEMMEHTU
Mepexi i, 3BU4anHo, ogepxysayy.

PyHKUiOHaNbHa cxemMa MocTa HaBefeHa Ha puc. 2.28. Yepes3 Te WO
poboui CTaHUil MOXYTb MEPEeHOCUTUCS 3 OOQHOr0 CEerMeHTa Ha iHWi, MOCTH
NOBWHHI NepiogMyHO OBHOBMNATU BMICT CBOIX agpecHnx 6as. Y uboMy 3B'A3KYy
3anucu B agpecHin 6asi noginaTbCa Ha ABa TUMNKM — CTaTUYHI Ta ANHAMIYHI. 3
KOXHUM OWMHaMIYHUM 3anucoM TrOB'A3aHMN TaMep He aKTUBHOCTI. [lpu
OLEepXaHHI Kaapy 3 agpecok BignpaBHWMKA, WO BIiAMNOBIAAE BU3HAYEHOMY
3anucy B agpecHin 6asi, BignoBigHWA TaWMep He aKTUBHOCTI CKMOAETbCS Y
BUXiOHWUN CTaH.

MICT

Tabnunusa MAC-agpec

BydepHa nam’atb

MopTt Nel I I MopTt Ne2

Mepexa Nel Meperxa Nel

Puc. 2.28. ®yHKUiOHanbHa CTPYKTypa MocTa

AKWo gAKkacb CTaHuia [OBrMKM 4Yac He rnocurnae Kagpu, TauMmep He
aKTMBHOCTI Nicfsl 3aKiHYeHHs BM3HAYeHOro MPOMDKKY 4acy Buaansie U
agpecy 3 6a3n gaHux. BusHa4yeHHs onTUManbHOro Yacy He akTUBHOCTI MOXe
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ByTn BaXKOK 3agadero. AKWo 3podutn Moro Oyxe Benukum, Tpadik byae
AOCUTb [OBro HanpasniATUCSA He B TOM MOPT MoOcCTa. AKWO Yac 3aHaaTto
Manuin, Benuka WMOBIPHICTb YacTuxX BuaaneHb agpec i3 6a3u, Wo cnpusie
4acTOMYy BMKOHaHHIO WMpokomoBsrieHHs. Y mocTiB NetBuilder 1l doipmmn 3Com
TanMep He aKTUBHOCTI 3a 3amoBYyBaHHAM popiBHioe 300 c. Lle 3HayeHHd
MO>XHa 3MIHUTMW.

Ha puc. 2.29 [29] npoaeMOHCTPOBaHUMA anroputM HaBYaHHSA,
ginbTpauii Ta NpocyBaHHSA Kagpis.

Hi
HaBuaHHA Tak Anpeca CTBOpIOBaHHS HOBOIO 3anucy
B Baai

Hi Tak l

CknaaHHs Tanmepa He
aKTUBHOCTI

A

A

HossoneHo Aapeca Hi Mepenava kagpy Ha BCi NOpTy
npocyBaHHA BianpaBsHuKa —> (LUMPOKOMOBIIEHHS)
kagpy? B 6asi?
Hi l Tak l
BuaaneHHsa kagpy
KiHueBi cTaHuii Hi Mepenava kagpy
B oAHOMY —> Ha BignoBigHUIM nopT
CErMeHTi?

Tak l

BuaaneHHa kagpy

Puc. 2.29. Anroputm npo3opoil mapipyTusadii

Moctn MOXyTb nigTpumyBaTu | gogaTkoBun cepsic. BoHn HapaloTb
QiNbTPU, WO HACTPOKKTLCA, MNOMINWEHUA 3axXUCT OaHuX | onpautoBaHHS
KaapiB 3a Krnacamu.

dinbTpy, WO HACTPOKKTLCS, [O03BOMAKTb aaMiIHICTpaTopy Mepexi
BMKOHYBaTW (inbTpauito Ha OCHOBI Oyab-AKOro KOMMOHEHTa Kagpy,
Hanpuknag, npOTOKOMYy BEPXHbOro PiBHA, agpecu BignpaBHUKa abo
oAepKyBaya, Tuny kagpy abo HaBiTb iIHOPMAaLINHOT NOro YacTuHU. PinbTpw,
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LLIO HaCTPOKITbLCS, [LO3BOSMIATL €(EKTUBHO po3dinnutn mepexy abo
GroKyBaTV €NIEKTPOHHY NOLWTY AN BU3HAYeHMX agpec.

briokyBaHHs Ha OCHOBI agpec € OCHOBOKW 3axUCTy Mepexi.
3abopoHsatoun nepenady kagpis ong BU3HAYeHUX agpec BianpaBHMKIB abo
ofepXyBaudiB, agMiHiCTpaTtop MoOXe OBbMexXuTn [oCcTyn OO BU3HAYEHUX
pecypciB Mepexi. PinbTpu, WO HACTPOKKTHLCS, MOXYTb 3abOpOHUTU
NPOXOQKEHHS MaKeTiB BU3HAYEHUX MNPOTOKOSIB 4vepe3 Aesdki iHTepdencu.
3acTtocoBytoun obmaea Ui METOAM OAHOYACHO, adMiHICTpaToOp Mepexi Moxe
i30M1t0BaTH OKpEMi NPUCTPOI abo cerMeHTU MepeXxi Bia KaapiB i3 BU3HAYEHUMU
agpecamu BignpaBHMKa YM ogepxyBada abo Bif Kagpis BU3HAYEHOrO TUMy.

OnpautoBaHHA 3a Krnacamu O03BOSSiE agMiHicTpaTopam npusHadaTu
NpiopuTETM NPOXOLKEHHS KagpiB no mepexi. AgMiHicTpaTop MOXe
perynioBaTtn NPonyckHY CMNPOMOXHICTb, HanpaBnsalyn Kagpwu B PisHi vyepru
onpautBaHHda. O6cnyroByBaHHA 3a Knacamu AOyxe eqeKkTuBHe Ha
HU3bKOLLBUOKICHMX MIHIAX | ANga npuknageHs i3 HeogHakoBMMKU BUMOramu Ao
yacy 3aTpUMKN.

Ha puc. 2.30 [22] cTpyKTypa MOCTa aHanidyeTbCa 3 NOrnsay eTanoHHOI
mopeni OSI.

MepexHuii
IEEE 802.2 LLC e [y 2
nigpiseHb Q
a
IEEE 802.1d MAC MOCT >_ S
I
MAC- 2
MAC 802.3 802.5 nigpiseHb %
MAC MAC N
S
PHY _ 5
I\_Fl PHY PHY diznyHui
PMD

FDDI CSMA/CD Toking Ring Mogenbs OSI

Puc. 2.30. Mogenb OSI i cTpyKkTypa MmocTa

MocTn, Sk Nnpo30opi, TaK i 3 MapLupyTM3auieo Big oxepena, nNpauoTb
Ha MAC-nigpiBHi kaHanbHOro piBHs etanoHHoi mogeni OSl. HeobxigHo
BiA3HaA4YNTKX, WO MaplpyTmusauia Big [mKepena oO3HadYae B 3arafibHOMY
3Ha4yeHHi cnocib (anroputm) nowyky aboHeHTa B Mepexi. Hagani mu
HeoQHOpa3oBO OyaemMo BMKOPUCTOBYBaTM LeEW TepMiH. [Ona MocTiB uen
anropuTM 3aCTOCOBYETLCA TiflbkM Ansa mepex Token Ring.
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MocTtu 3 mapwipyTusadieto Big gxepena

MoctTn 3 mMapwpyTmsauielo Big [mKepena 3aCTOCOBYHOTbCS OSS
3'egHaHHA Kineub Token Ring i FDDI, xo4a gna umx Xe Uinem MOXyTb
BMKOPUCTOBYBATUCA 1 Npo30pi MocTU. MaplipyTunsauis Big gpxepena (Source
Routing, SR) 3acHoBaHa Ha TOoMy, LLO CTaHLiA-BiANpaBHUK MOMillae B Kaap,
KU MOCUNAETLCS B iHLWE KinbLe, BCHO adpecHy iHpopmaLito Npo MpOMiKHI
MOCTU M KifbUsl, SIKi MOBUHEH MNPOWTM Kadp nepen TUM, SIK nNoTpanutn B
Kinbue, OO0 SIKOro MigKroveHa cTaHuis-ogep)KyBad. Xoya B HasBy LbOro
cnocoby BxoamTb TEPMiH "MapLupyTusauis”, cnpasXHbOl MapLipyTusauil B
CTPOromMy po3yMiHHi LbOro TepMiHa TyT HEMAE, TOMY LLO MOCTU W CTaHUIl, K i
paHilwe, BUKOPUCTOBYKOTb ONA nepedadi KagpiB gaHUX Tifbku iHGOpMaLito
Mac-piBHS,, a 3aronioBKM MEPEXHOro PIBHA LA MOCTIB LaHOro Tuny, §K i
paHille, 3anuwarTbCa HEPO3PI3ZHEHOK YaCTUHOK NOMA AaHUX Kaapy.

PoarnsHemo npuHumnu pobotn moctiB Source Routing (Hagani, SR-
MOCTM) Ha npuknagi Mmepexi. Mepexa cknagaeTbcs i3 TpbOX Kineub,
3'egHaHMX TpbOoMa MocTamu. [na 3aBOaHHA MapLupyTy KifbUusg M MOCTU
MaTb igeHTudikatopn. SR-Moctn He OyayloTb agpecHy Tabnuuto, a npu
NPOCyBaHHi KaapiB KOPUCTYKOTbCA iHopMaLuieo, HadABHOK Yy BigMNOBIOHUX
NonsiX Kagpy AaHuXx.

Mpn opgepxXaHHi  KOXHOro naketa SR-MOCTY MOTPIOHO  TinbKK
nepernaHyTn nosne maplpyTHoi iHdopmaduii (none Routing Information Field,
RIF, y kagpi Token Ring a6o FDD,l) Ha npegMmeT HagBHOCTi B HbOMY CBOrO
ineHTndgikatopa. |  aKWO BiH TaM MNPUCYTHIN | CYNPOBOOXYETbCA
iIAeHTUdIKAaTOPOM KiflbUs, WO MigKNiyYeHe 0O JaHOro MOCTY, TO B LIbOMY
BUNAAKy MICT KONItE Kagp, SKAW HaOiMwoB, Yy 3a3HadeHe Kinbue. Y
NPOTUNEXHOMY BUNAAKY Kagp B iHLIE KiflbLie HE KOMIOETLCA. Y KOXHOMY pasi
BUXiOHA KoOMid Kagpy BepTaeTbCcsd NO  BUXIOAHOMY  KifbLUKO  CTaHLUil-
BiANPaBHMKOBI, i AKWO BiH ByB nepegaHui B iHWe Kinbue, To 6iT A (agpeca
posnizHaHa) i 6it B (kagp ckoninoBaHuMM) Nonst cTatycy Kagpy
BCTaHOBMOWTLCA B 1, W06 NOBIAOMUTU CTaHLii-BiANPaBHUKOBI, WO Kagp 6yB
OTPMMaHUN CTaHUie0 nNpu3HadyeHHs (y ubOMy BUNaaKy nepegaHnin MOCTOM B
iHLWe KinbLe).

Uepes Te W0 MapwpyTHa iHgopmauis B Kagpi noTpibHa He 3aBxau, a
TiNbKW ONA nepedadi Kagpy MK CTaHUisMU, NigKIIOYEHUMN 00 Pi3HUX Kineub,
HasiBHICTb Yy kagpi nona RIF no3HavaeTbcs ycTtaHoBkowo B 1 OIT
iHamBeigyanbHoi/rpynosoi  agpecn  (I/G) (npu  ubomy  gaHumi  BIT
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BUKOPUCTOBYETLCHA HE 3a NPU3HAYEHHSM, TOMY LLO aZpeca QKepena 3aBxan
iHOuBIAYyanbHa).

NMone RIF mae kepytode nignose, WO CKNagaeTbCs i3 TPbOX YaCTUH:

1. Tun kagpy Bn3Havae tvn nons RIF. IcHytoTe pisHi Tvnn nonis RIF, wo
BUKOPUCTOBYIOTLCS ANA 3HAXOKEHHS MapLUPYTy N AN BignpaBneHHs Kagpy
3a BiJOMMM MapLUPYyTOM.

2. [Nlone makcumarnbHOI JOBXWUHU Kagapy BUKOPUCTOBYETLCA MOCTOM ANS
3B'A3KY Kineub, Y SKMX yCTaHOBMeEHe pi3He 3HadYeHHs MTU. 3a gonomorowo
LbOro noss MIiCT NOBIAOMIISIE CTaHLUI0 MPO MakCUMarbHO MOXITMBY OOBXUHY
kagpy (To6TO0 MiHiManbHe 3HavyeHHss MTU npoTsaroMm ycboro ckrnageHoro
MapLupyTy).

3.[oexunHa nona RIF HeobxigHa, Tomy WO 3asganerigb Hesigoma
KiNbKICTb OonncyBadiB MapLupyTy, SKi 3agdaloTb igeHTUdikaTtopn nepeciyHmx
Kineub i MOCTIB.

nna poboTun anroputmy MapLupyTm3sauil BiA oxepena
BUKOPUCTOBYIOTLCA [Ba A04ATKOBUX TUNWM Kagpy — OAHOMapLUPYTHUN
LUMpOKOMOBHUM Kagp-pgocnigHnk SRBF  (single-route broadcast frame) i
BGaraTomMapLlpyTHUA  LUMPOKOMOBHUI  kKagp-gocnigHnk  ARBF  (all-route
broadcast frame).

Yci SR-MOCTV NOBUHHI BYTU CKOHirypoBaHi agMiHICTpaTopoM Ypyu4Hy,
lwob nepepasath kagpyn ARBF Ha Bci nopTn, KpiM nopTy-oxepena kagpy, a
ansa kagpis SRBF gesiki noptn mocTiB noTpibHO 3abnokyBaTu, Wob y Mepexi
He Byno netenb. Y npuknagi Mepexi Ana BUKMYEHHS NeTni agMiHicTpaTop
3abnokysas obmasa nopTn mocTy 3 Ans nepenadi kagpis SRBF.

Kagp neplioro tuny BignpaBfisiETbCA CTaHUIED, KON BOHA, Mo-nepLue,
BM3HaA4ae, LLO CTaHLis Nnpu3HaveHHa nepebyBae B iHLWOMY KinbLi, a no-gpyre,
TN HEeBIAOMO, 4Yepe3 SAKi MOCTU W Kifbus nNpondarae wnax Ao uiel ctaHuil
Npu3HadeHHs, TO6TO HEBIAOMMI MapLLPYT A0 uiel cTaHuii. MNMepwa obctaBuHa
3'ACOBYETbLCA, SKWO Kaap, BianpaBneHWn Mno KifbLio, BEepTaeTbCs B CTaHLUito-
Kepeno 3 HEeBCTAHOBMEHMMM O3HakKamMu poO3ni3HaBaHHA adpecu 1
KonitoBaHHA. BuxoauTtb, »koaHa 3i CTaHUIN BUXIAHOIO KifbLUSA HE € CTaHLIE
Npu3HadeHHs, | kagp Tpeba nepenasaTtu 3a AeSKUM CKNageHMM MapLUpyTOM.
BiacyTHICTb MapLupyTy OO CTaHUil NpM3HavyeHHss B Tabnuui MOCTy € OpYyroto
0OCTaBMHOW, LWO | BUWKIWKAE BignpaBneHHA OO4HOMapLUPYTHOrO Kagpy-
pocnigHnka SRBF.

Y kagpi SRBF ctaHuis 3agae gosxuny nons RIF, aka gopiBHoe Hynto.
Ak i npo3opi moctu, SR-mMOCTM npauloTb y pexumi “"Hepo3bipnmsoro”
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3axsaTy, Oydepusyounm W aHanisyroum Bci Kagpwu. [Npu opepkaHHi Kagpy
SRBF SR-MicT nepefae noro y BuxigHomy BuUrnsaai Ha Bci He3abnokoBaHi Ans
UbOro Tuny Kagpie nopTtu. HeobxigHiCTb Yy KoHirypyBaHHi Tononorii 6e3
neTenb Ans kagpis-gocnigHukie SRBF BuknukaHa Tum, WO Takmm cnocobom
3anobirae MoOXNMBICTb HECKIHYEHHOMO 3aUMKNEHHS UMX Kaapi..

3pewToto, Kagp-gocnigHMk SRBF, nowwmproouncb MO BCIX KinbUAX
Mepexi, [OoxoauTb OO0 CTaHuil npu3HadeHHs. Y BignoBigb CTaHUINA
Npu3HadYeHHs Bignpaense OGaraToMapLlpyTHUA  LUMPOKOMOBHUIA  Kaap-
pocnigHk ARBF cTaHuii-BignpasHukoBi. Ha BiamiHy Big kagpy SRBF uen
Kagp nepenaeTbcst MOcTaMu Yepes yci nopTu. [pn npunmMmaHHi Takoro kagpy
KOXXHWUW MPOMIDKHUI MICT gogdae B nosie maplpyTtHol iHgopmaduii RIF HoBui
onucyBay MapLupyTy (CBin igeHTudikaTop i igeHTUdIikaTop cermeHTa, 3 SKoro
OTPUMaHUN Kagp), Hapouwlye OOBXWHY MOns MapLlipyTHOI iHopmauil ¢
LLIMPOKOMOBHO MO0 NOLLUMPIOE.

[ns 3anobiraHHa 3auukneHHs kagpie ARBF moctn obpobnsatotb iX y
Takmi cnocib. lNepen nepepadveto kagpy Ha sKMA-HeOyOob CErmMeHT MICT
nepesipse, Y1 HemMae igeHTudikaTopa Lboro cermeHtTa B CNUCKY MapLUpyTiB
Kagpy. AKWO Taknin cerMeHT yxxe 6yB NponaeHun Kagpom, TO Kagp y AaHun
CErMEHT He HanpaBSETLCS.

CTraHuis-opKepeno ofepXye B 3aranbHOMYy BUMaAKy Kifibka Kaapis-
BignoBsigen, WO NpouWNM 3a BCiMa MOXMMBMW MapLlpyTamMu CKrageHol
Mepexi, i BUbMpae HankpalLmn MapLUpyT (3BUYaNHO 3a KiNbKiCTIO NepeTuHaHb
NpoMixkHUX MocTiB). Came Onsa ogepXaHHs iHgopmauil Npo BCi MOXIUBI
MapLwpytm kagp ARBF nepepaetbcs 3a BCiMa MOXIMBUMU HanpsiMKkamu.

MoTim  mMapwpyTHa  iHopmauia  po3MmiwyeTbca B Tabnuui
MapLUpyTu3aLil CTaHuii 1 BUKOPUCTOBYETLCA AJS1S BiANpaBleHHA KagpiB AaHin
CTaHUil NPU3HAYEHHS 3a HaMKpalLMM MapLLUPYTOM 3a PaxyHOK MepeMilleHHs
NOCnigOBHOCTI HOMEPIB MepeX i MOCTIB Y 3arofioBKY KOXXHOIO Takoro Kaapy.

Moctn 3 wmMaplwpyTtusauieo Big [mkepenia MalTb Y MOPIBHAHHI i3
NPO30pMMM MOCTaMI SIK nNepeBarun, Tak i HeJosiKK.

HasBHICTb ABOX MOXMMBUX anroputMmie poboTn MOCTIB — Bif gxepena
y NPO30POMY PEXMMI — CTBOPIOE TPYAHOLW AN NobyaoBU CKNagHUX Mepex
Token Ring. MocTu, Wwo npauloTh Bif SXepena, He MOXYTb NiaTpumMyBaTu
CErMeHTH, po3paxoBaHi Ha poboTy B NPO30POMY PEXUMI, | HaBMaKK.

[o peskoro 4yacy us npobnema BupiwyBanaca nBoma crnocodbamm.
OanH cnoci® nondrae y BWKOPUCTaAHHI Yy BCiX cermMeHTax abo Tinbku
MapLpyTusauil Big apkepena, abo Tiflbku Npo3opux MOCTIB. IHWKM cnocobom
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Oyna yctaHoBka MapwpyTtusatopis. CborogHi € TpeTe piweHHs. BoHo
3aCHOBaHO Ha CTaHAapTi, Wo Ao3Bonse ob'eaHaT obmnagi TeXHOMOorii po60oTK
MOCTY B oZHOMY npucTpoi. Llen ctaHgapT, sikui HasmBaeTbca SRT (Source
Route Transparent), 4o3BONsS€ MOCTY npavtoBaty B 6yab-akoMy pexunmi. Mict
nepernsggae crneudianbHi npanopu B 3arofioBky kagpiB Token Ring i
aBTOMaTM4YHO BU3HAYaE, SKUIM 3 anropuTMiB NOTPIOHO 3acTocyBaTM.

O6mexeHHA Tononorii Mepexi, nobyaoBaHOI Ha MocTax

Cnabkun 3axucT Big LUMPOKOMOBHOIO LUTOPMY — OAHE 3 TOSIOBHUX
obmexeHb MOCTy, ane He €auHe. |HWWUM CEepro3HUM OBMEXEHHSAM TXHIX
JOYHKUIOHANbHNUX MOXIMUBOCTEN € HEMOXJIMBICTb NIATPUMKA NETNEeOBULOHUX
KOHpirypauin mepexi.

[lBa cermeHTM napanenbHo 3'€dHaHi gBoMa MoCTaMu, Tak Lo
yTBOpUnacea aktuBHa netns. Hexam HoBa cTaHuis 3 agpecoto 10 yneplue
noynHae poboTy B AaHin Mepexi. 3BMYaMHO novyaToKk poboTn Oyab-sKOl
ornepauinHoi CUCTEMW CYNPOBOLXKYETbCA PO3CUMAHHAM  LUMPOKOMOBHUX
KagpiB, Yy SKMX CTaHUiA 3asiBNsie NpPO CBOE iCHYBAaHHS W OOQHOYACHO LUYyKae
cepBepu Mepexi.

Ha etani 1 ctaHuia nocunae nepwuin Kagp i3 LULMPOKOMOBHOK agpecoro
npusHadyeHHa n agpecor gpxepena 10 y cBi cermeHT. Kagp nonagae gk y
MicT 1, Tak i y MicT 2. B 060x mocTax HoBa agpeca gaxepena 10 3aHoCUTbCA B
agpecHy Tabnumu 3 NO3HAYKOK NPO MOro NPUHANEXHICTb cermeHTy 1, To6To
CTBOPKETLCHA HOBUM 3amnunc, AKUW Mae BUMSA;

MAC-agpeca MopT

10 1

Uepes Te WO agpeca MNPU3HAYEHHS LIMPOKOMOBHA, KOXHWUKA MICT
NOBMHEH NepeaaTun Kagp Ha cerMeHT 2. Ll nepenada BiabyBaeTbcsa no vepsi,
BiANOBIAHO A0 MeTody BunagkoBoro goctyny TexHonoril Ethernet. Hexan
nepwunm SOCTYN OO cermeHTa 2 ogepxaB MicT 1 (eTan 2). 3 nosiBOK NakeTa
Ha cerMeHTi 2 MIiCT 2 npunmMae noro y cein 6ydep i obpobnse. BiH 6aunTb,
wo agpeca 10 yxe € B MOro agpecHin tabnuui, ane kagp, Wo NPUALLOB, €
Ginbwe cBiXMM, | BiH 3aTBepaxye, Wwo agpeca 10 HaneXuTb CErMeHTy 2, a
He 1. ToMy MIiCT 2 KOpeKkTye BMICT 6a3n 1 pobuTb 3annuc npo Te, WO agpeca
10 HaNeXuTb CerMeHTy 2.
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Tenep agpecHa Tabnuua mocty 2 6yae maTu BXe iHWWA 3annc npo
cTaHuito 3 agpecoto 10:

MAC-agpeca MopT
10 1
10 2

AHanoriyHoO HagxoAuTb MICT 1, KON MICT 2 Nepeaae CBOK Konito Kagpy
Ha cerMeHT 2. Pe3ynbTaTu HasaBHOCTI NeTNi NnepepaxoBaHi HUX4e.

"Po3amMHOXeHHS" kagpy, TOBTO nosiBa AeKifbKOX Moro kKonin (y ubomy
BMNAAKy — OBOX, ane skbu cermeHTn Oynu 3'egHaHi TpboMa MocTamu — TO
TPbOX i T. 4.)

HeckiHyeHHa umpkynsuis obox konin kagpy no netni B NPOTUNEXHUX
HanpsaMKax, a BUXOAUTb 3aCMiYEeHHSI Mepexi HENOTPIOHUM Tpaddikom.

[MocTinHa nepebygoBa MOCTaMuM CBOIX agpecHux Tabnuub, TOMy WO
kagp i3 agpecoto mxkepena 10 6yae 3'aBnNaTuca To Ha OQHOMY MOPTY, TO Ha
iHwomy. LWo6 Buknountn BCi Ui HebaxaHi edektn, MocTM noTpibHO
3aCToCcoBYBaTU TakK, WO6 MiXK NOriYHUMN cermeHTamu He Byno netenb, TO6TO
GyayBatv 3a [OONOMOroK MOCTIB TiflbkKM AepeBonofibHi CTpykTypu, WO
rapaHTylOTb HasIBHICTb TiflbKM OAHOro Wnsxy Mk ©Oyab-akummn  gBoma
cermeHTamun. Toai Kagpu Big4 KOXHOI CTaHuil ©yayTb HagxogutM B MICT
3aBXaW 3 TOro caMoro nopTy, i MICT 3MOXe NpaBUibHO BUPILLYBaTU 3aBOaHHSA
BMBOPY pauioHanbHOro MapLLpyTy B Mepexi.

O6bmexeHHA  Tononoril  CTPYKTYpOBaHOI  Mepexi  aepeBonogidHow
CTPYKTYpOK BUMAMBaE i3 camMoro npuHuuny nobynosu agpecHoi Tabnuui
MOCTOM, a TOMY TOYHO TaK Le 0bMeXeHHs gi€ 1 Ha KOMyTaTopu.

Y NpocTux Mepexax NopiBHAHO NErko rapaHTyBaTu iCHYBaHHS O4HOroO 1
TiNbKN OQHOrO LWNAXY MK ABOMa cermeHtamu. Ane Konu KinbkiCTb 3'€QHaHb
3pOoCTae W Mepexa CTae CKnagHow, TO MMOBIPHICTb HEHaBMWCHOrO
YTBOPEHHSA NeTni BUABNAETLCA BUCOKOK. Kpim Toro, 6axkaHo ansa niaBuLLLEHHA
HaQINHOCTI MaTKU MK MOCTamMu pe3epBHi 3B'A3KK, sIKi HE BepyTb yyYacTb Npu
HOpMarnbHi pobOTi OCHOBHMX 3B'A3KIB Yy nepegadi iHPOpMaLuinHUX nakeTiB
CTaHUin, ane npu BiAMOBI SIKOro-Heby4b OCHOBHOIO 3B'A3Ky YTBOPSATb HOBY
3B'A3Hy pobouy koHirypauito 6e3 netenso.

TomMy B CKNagHUX Mepexax MK NoriYHMMKU cerMeHTaMmn npokragarTb
HaOJSIMLWKOBI 3B'A3KW, SKi YTBOPATb NETNi, ane And BUKMIYEHHS aKTUBHUX
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netenb ONOKyTb AesiKi MOPTU MOCTIB. Hanbinbwe npocTto ue 3aBOaHHSA
BUPILLYETBCA BPYYHY, arne iCHYITb i anroputMu, SKi 4O3BOMSATL BUPIiLLYyBaTH
1T aBTOMaTnU4HO. HambinbLw BidOMUM € CTaHAAPTHUIA anropmuTM NOKPMBAKYOro
aepesa (Spanning Tree Algorithm, STA), wo 6yge getanbHO PO3rMNsSHYTUN
Hux4e. Kpim Toro, € cipmMoBi anroputmu, LLO BUPILLYIOTb T€ X 3aBLaHHSA, ane
3 AeAKUMN NoninWeHHAMM A4S KOHKPETHUX MOernen KoMyTaTopis.

MapwpyTusatopm — Lie NpUCTPOI, WO 3'€AHYIOTb Mepexi pi3HOro Tuny,
AKi BukopuctoBytoTb ogHy OC i ogHakoBi NpoTokoNu nepegadi gaHux. Ong
MDKMepeXHoro obMmiHy MOXyTb BMKOPUCTOBYBATUCS: agpeca Mepexi
(Network Adress); agpeca By3na B uinn mepexi (Node Adress).

Y  3arofnoBKy  MEPEXHOro  pPiBHA  MNepedaHoro  noBigoOMMEHHS
BCTAHOBJSIIOOTLCSA afpeca Mepexi npuimada nosigomrieHHsa (AlM), ctanHuii n
agpeca BignpaBHUKa, | Tak gani, Nokn tTabnuus He 6yae mMicTUTKM B CoOi BCi
poboui CTaHUil, WO HanexaTb 4aHOMY CErMEHTOBI.

Y ToMy BUNagky, SKWO B CErMEHT BKITHOYAETbCA HOBa poboya CcTaHuis,
BOHa aBToMatMyHO Oyae BKMAYeHa B Tabnuuio MaplipyTtuaadil nicns
NOCUNKM  MEepLoro naketra noBigOMMEHb.  AHanoriyHuMm  cnocobom
dopMyeTbCa gpyra NonoBuHa Tabnuui maplpyTmsauil, Wo BigHOCUTLCA [0
IHLLNX CerMeHTIB.

Came TaKk Tabnuuyi MapwpyTmMsauil [O3BONATL  JloKanidyBaTu
MepeXHUN Tpadoik y 3anexHoCTi Big po3B'a3yBaHMX 3agad. Lle HasmBaeTbes
CerMeHTaLlielo MepexHoro Tpadika.

AHarnoriyHmm cnocobom 3a 4OMOMOrod MOCTIB MOXHa 06'egHaTH Kinbka
NoKanbHUX obuYncnoBaNbHUX MepeX 3  BUKOPUCTAHHSAM  BUAINEHOro
TenedoHHOro KaHany 3B'a3Ky (LwBuakicTe — 64 Koit/c).

MapLipyTnsatopu npauiooTb Ha MepexHOMY PiBHI BiOKPUTOI moaeni
B3aemofil. BoHM BWMKOHYOTb Uinvin pag 00AATKOBUX (OYHKUIW CTOCOBHO
MOCTIB. ¥ SKOCTi (pisaM4HOI agpecy BCTAHOBMOETLCA agpeca cycigHboro abo
HacTynHoOro  mapwpyTtusatopa. TakMM  4YMHOM, NPV BUKOPUCTaHHI
MapLUpyTM3aTopiB  MOBIOOMITIEHHA NepedalTbCAd MK agpecamn  LUX
MapLLpyTM3aTopiB.

OpepxaBLiK NOBIOOMIEHHS, NEPLUNA MapLLPYTM3aTop BU3HAYae B Mosi
Tabnuui, e 3bepiraloTbCs agpecn mepexi, NOTPiIbHMI MapLIpyT, NiCAs 4oro
BM3HA4YalOTb, SKAM 4YMHOM Hambinbw edeKTMBHO MOXHa nepeaaTu
NOBIAOMMNEHHSA BIAMNOBIAHO A0 LbOro MapLipyTy. Y 3aranbHOMY BUNagky npwu
BUKOPUCTaHHI MapLipyTusatopa TakMid MapLipyT MOXe YCTaHOBIOBaTUCA
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BPYyYHY (0e3 BMKOPUCTAHHA 0O4ATKOBUX (DAKTOPIB-KPUTEPIIB) i aBTOMATUYHO
(3 BUKOPUCTaHHAM A04aTKOBUX (hakTopiB-Kputepiis) (puc. 2.31 [27]).

Biggin 1

MapuwpyTtusatop 1 KoHueHTpatop

MaplupyTtusatop 3 Bipain 3

Bigain 2

KoHueHTpaTop

MapupyTtusatop 2

Puc. 2.31. JloriyHa cTpyKTypu3sauisa mepexi 3a 4OMNOMOroro
MapLupyTmusaTopis

[Micna Toro, Ak MapLUpyT BCTAHOBMEHUN, Y (Pi3NYHY agpecy 3arorioBka
3anucyeTbCca agpeca MapLipyTudaTtopa, A0 SAKOro nigknoveHa mepexa 3
3agaHum AlM. [Jo nO3nTUBHMX SKOCTEN MaLLPYyTU3aTOPIiB MOXHA BiAHECTH:

ePeKTUBHY CEermeHTaLito BENMKNUX MepexX Ha MEHLLI Mepexi;

BUKOHYBaHHA pyHKUin OGap'epa ©6e3nekn Mk [BOMa Mepexamu
(Firewall);

3MEHLLEHHA HaBaHTa)XeHHSA abo Tpadika OKpeMnx Mepex, CerMeHTIB 3a
paxyHOK 3MeHLLEHHA Tpadika LUIMPOKOMOBHMX MOBIAOMIEHD.

Ha BigMiHy BiZ MOCTIB, Y SKMX agpecauis 34iMCHI0ETBCA Ha PiBHI agpecu
npunMaya, MapLpyTmsaTopu MOXyTb BUOMpaT oNTUManbHUA MapLUpyT.

Bubip onTumanbHOro MapLlipyTy BW3HAYaeTbCA 3a [OMOMOrOH
NPOCNYXOBYBAHHA MepeXi, pO3paxyHKy KiNbKOCTI TpaH3UTIB Yy Mepexi
(KiNbKOCTI MapLupyTiB, Yyepe3 daKki NpoxoauTb MNOBIAOMMNEHHA). TakuMm 4YmMHOM
BMOBUPAIOTLCHA HAMMEHLL 3aBaHTaXXeHi MapLUpyTHU.

Tabnuui mapwpyTtmsadii 6yaytoTbCs Ha OCHOBI HACTYMHUX anropuTMiIB
MapLLpyTm3auii:

1) OSPE — y 1Oro OCHOBi NEXWTb OLiIHKa CTaHy KaHany: KiSfibKiCTb
TpaH3UTIB MO KaHany; WBWAKICTb nepefadi JaHuX No KaHamny; iHTEHCUBHICTb
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Tpadoika; BapTiCTb Tpadika. ANropuTM MOro OyHKLIOHYBaHHA NiATPUMYETLCA
npotokonom TCP/IP;

2) RIP — auctaHuinHo-BekTOpHU  anropuTtMm. [ligTpumyeTbes
npotokonamun TCP, IPX;

3) NLSP — ue anroputm, LLO BUKOPUCTOBYE AaHi OO0 CTaHy KaHany Ta
niaTpumMyeTbCs npoTokonom IPX.

PO3pi3HAIOTL CTaTUYHI 1 AMHaAMIYHI MapLlpyTusaTopn. XapakrepucTumka
LUX MapLipyTM3aTopiB HaBegdeHa B T1abn. 2.2.

Tabnuugsa 2.2

MopiBHANBbHA XapaKTepucTnkKa CTaTUYHUX Ta AUHAMIYHUX
MapLupyTUusaTopiB

CtatnyHi OnHamivHi
Py4He BU3Ha4yeHHA mapLupyTiB PyyHe BCTaHOBNEHHA 1-0ro mapLipyTy
N aBTOMaTU4YHE BCTAHOBMEHHS
A00aTKOBMX MapLUpyTiB
BukopucTaHHs Tinbkn ogHoro mappyTy|Bubip mapLlupyTy 3 ypaxyBaHHAM
Bi4NOBIAHO A0 Tabnuui mapLlipyTusadii  |dakTopis

BusHavyeHun MapLupyT He 3aBXau € MoxnuBicTb Nepeaadi 3a gekinbkoma
HanKpaLLmm MapLipyTamm
BukopuctaHHs € 6inblu 6e3ne4Hnm BukopuctaHHsa € MeHLWw 6e3neyYHnm

Y BuNagky BUKOPUCTAHHA OMHAMIYHUX MapLupyTU3aTopiB CnoyaTky
OpPMYIOTLCA BCi MOXIIMBI MapLUpPyTU nepegadi nosigoOMITEHb, BUSABNAKTLCA
anbTepHaTMBHI MapLIpyTU nepefadvi NOBIAOMMEHHS, a MOTiM, Ha OCHOBI
obniky TuMx abo iHWuXx dakTopiB-KPUTEPIIB, BUBUPAETLCA OMNTUManNbHUN
MapLUpYT.

OCHOBHe nMpu3Ha4YeHHa UMX nNpucTpoiB — BUBIp ONTUManNbHOro
HanpsIMKy nepegadi iHpopmadii. Ha BiamiHy Big MocCTa, MapLupyTU3aTop Mae
BNacHy agpecy i BUKOPUCTOBYETLCA $K TMPOMDKHUMA NYHKT nepegadi
iHopmauii — Bubupae nuwe nomy npusHadeHi kagpu. OTXe, i MoCTH, i
MapLUpyTM3aTopy 34IMCHIOTL PO3aifieHHA iHOopMaUiHUX MNOTOKIB, ane
pi3HMMK cnocobamu.,

[lo TOro X mMapLipyTu3aTopu He NepeTBOPITL Kaapu LaHuX OAHIel
Mepexi B iHWy, ane 3abe3nevyyTb 3B'A3yBaHHA pPi3HMX TOMOMOriNA i
NPOTOKONIB.
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MapwpyTtmusatop MOXe BUrOTOBASATUCA $SK OKpeme npunagas i
BU3HAYyaTK He NvLe HanpsMoK nepeadi, a 1 onTMManbHUW LWNgx 3a pagom
KpuTepiiB: BapTiCTb, 6ea3neka Ta iH. BiH Oo03BONsie B OKpemMux Bunagkax
CcTUCKaTW AaHi nig Yac nepecusriki, cermMeHTyBaTu nakeTu i nepegasaTu iX Ha
Aekinbka tenedoHHNX MiHIN.

[Ons BU3HA4YeHHA HanpsMKiB  nepefadi  MNoBiAOMMEHb  MOXYTb
BMKOPUCTOBYBATUCS Taki METOAN MapLupyTmu3auil:

1. 3anoBHeHHs nakeTamu. BUKOPUCTOBYETLCS KOXHUK  BiflbHUM
MapLpyT, 3a SKMM nepefaeTbcs Kornid naketa. OAuH i3 HUX [JOCArHe
oTpumyBada. EMEeKT pO3MHOXEHHA NakeTiB 3aBaHTaXye Mepexy, ToMmy
BUKOPUCTOBYKOTbCA  cheuianbHi  MeTOAM CKOPOYEHHS  KiSIbKOCTI  KOMiW.
Hanpuknag, By3on, wo nepefas nakeT, iHWi Konii He nepecunae. Lle —
BUPOOKEHHS MakeTa.

2. BunagkoBa MapLupyTum3auis — KOXXHUIW BY305 OOBIfIbHO 0bupae kaHarn
nepegadi 3a BUNagKkoBUM anropuTMoM.

3. MapwpyTtusauis 3a [OMNOMOroK Katanoris — y Mepexax i3
KOMyTauieto NakeTiB AN BU3HAYEHHA MapLlpyTiB nepefadi CTBOPHOHTHLCA
cneujanbHi KaTanorn MapLlipyTiB. Y HUX MICTATLCA MNOCWUSTAHHA Ha JIOTiYHI
aZipecu BY3niB Mepexi, NpuyoMy Ui agpecu MNpuB'a3yloTbCA A0 KOHKPETHUX
BMXOAIB Ha KaHar 3B'A3Ky.

KaTanorn moxyTtb 6yTy YacTkoBUMMK i NOBHUMU. HacCTKOBI MIiCTATb NvLle
nepenik By3niB, CyMiKHUX i3 BY3NnoM, Ae 30epiraeTbCAa Katanor; noBHi — BECb
Habip NPOMIXKHMX BY3NiB, Yepes sKi MOXe nepenaBaTucs naker.

Katanorm moxytb ©OyTu ikcoBaHnmmn i guHamiyHumn. PikcoBaHi
CTBOPIOOTBLCS 3a reHepauili CUCTEMU, OMHAMIYHI 3MIHIOIOTbLCA 3i 3MIHOK
MapLUPYTIB Y KOXXHOMY CeaHci.

MapLpyTnsatopu LLIMPOKO BUKOPUCTOBYHOTLCA B Internet. Axkwo oguH
MapLUpyTM3aTop He 3HaE, Kyau CnpsMOBYETLCS NaKeT, BiH 3HaE, e 3anutatu
BKa3iBKYy Ha afpecy OOCTaBK/ — B iHLIOro mapuipytusatopa. BiH 6esnepepsHo
OHOBMOE Tabnuui MapLupyTu3adii, BUKOPUCTOBYHUM BiAOMOCTI Bif IHLUNX
mMapwpytmnsaTopis. lNpautotoum B Internet, mapwpytnsatop mae obpobnaTu
BENUYEe3He 4YMCrio MapLUpyTiB i BUpiWyBaTW, KUK WNAX An9 naketa 6yge
HauKpaLLnMm.

Ak npuknagm maplipytusatopis MoxHa HasecTu: Multiprotocol Router
(MPR) — nporpamHui nNpoaykT Ons iHTerpauii gekinbkox mepex Ethernet;
Proteon 4100+ — mocTtoBuM MapupyTtmusatop ansa Token Ring — iCHylOTb
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ridpuaHi  MapwpyTtmsaTopu, WO NOEOHYTb Yy cobi  dyHKuil MocTa i
MapLupyTmsaTopa.

Pi3Hi Tunn maplipyTtmsaTopiB Bigpi3HAIOTLCA KiNbKICTIO 1 TUMNamMu CBOIX
nopTiB, WO BflacCTMBO W BU3HA4Ya€e MicUS IXHbOrO BMKOPUCTAHHS.
MapLwipyTusatopu, Hanpuknag, MOXyTb OyTWU BUKOPUCTaHi B JlOKasbHin
mMepexi Ethernet ona edekTMBHOro kepyBaHHA TpadoikoM Npu HaABHOCTI
BEJSIMKOI KiSTbKOCTiI CerMeHTiB Mepexi, ona 3'egHaHHa mepexi Tuny Ethernet 3
Mepexamu iHworo Tuny, Hanpuknag, Token Ring, FDDI, a Takox ans
3abeaneyeHHs1 BUXOAIB floKanbHUX MepeX Ha rnobanbHy Mepexy.

MapLupyTnsaTtopu He NPOCTO 34INCHIOKTb 3B'A30K PI3HUX TUMNIB MEpPEX i
3abesneyvyoTb OOCTYyNn A0 rrnobanbHOlI Mepexi, ane M MOXYTb YNpaBnATU
TpadikoM Ha OCHOBI MPOTOKOY MEPEXHOro piBHA (TpeTboro B mogeni OSI),
TO6TO Ha BiNbLW BMCOKOMY PiBHI B MOPIBHSAHHI 3 KOMyTaTOopamu. HeobxigHicTb
Yy TaKkOMy KepyBaHHi BUHMKAE Mpv YCKIagHEHHI TONoorii Mmepexi  3poCTaHHi
yucna il By3niB, SKWO B Mepexi 3'9BnsTbCs HagfMWKOBI wnaxu (3a
nigtpyumkoto npotokony |EEE 802.1 Spanning Tree), konu noTpibHO
BUpilLyBaTU 3aBOaHHA MaKCUManbHO eMEeKTUBHOI M LWBWAKOI [OOCTaBKU
BiANpaBfieHOro naketa 3a npuaHayeHHAM. [Npu LbOMY iCHYE OBa OCHOBHUX
anropuTMM BM3HAYEHHA HaMbiNbLl BUrgHOMO LWNAXY M cnocoby [OCTaBKu
naHmx: RIP i OSPF. lpn BukopucTtaHHi npoTtokony mapuwpytmusadii RIP,
OCHOBHUM KpuUTepieM BUBOPY Hambinbll edeKTUBHOIO LWIISAXY € MiHiMarnbHe
yncno "xonie" (hops), TO6TO MepexHWX NpUCTPOIB MK By3namu. Llen
NPOTOKON MiHIManbHO 3aBaHTaXye npouecop Maplpytusatopa W 3HAYHO
cnpoLllye npouec KOHQIrypyBaHHs, ane BiH He pauioHanbHO ynpasnsde
Tpadpikom. [Mpu BukopuctaHHi OSPF Hamkpawmn wnax BUOMPAETbCA He
TINbKM 3 nornggy MiHimisadii yicna xonie, ane n 3 ypaxyBaHHAM iHLUMX
KpUTEpPIiB: NPOAYKTUBHOCTI Mepexi, 3aTpMMK/M Npu nepegadi naketa mn 1. 4.
Mepexi BennKoro po3mipy, YyTnmBi 40 nNepeBaHTaXeHHs Tpadika n 6a3oBaHi
Ha CKNMagHin  MapLllpyTM3ylodin  anapaTypi, BuMaralTb BUKOPUCTAHHSA
npotokony OSP. Peanizauii UbOro npoOTOKOY MOXNIMBA TiflbKM Ha
MapLipytmsaTopax 3 [JOCUTb MNOTY)XHUM MpouecopoM, TOMY WO MOro
peanisayisi BuMarae iCTOTHUX NpoLEeCUHIoBUX BUTpaT.

MaplwpyTusadis B Mepexax, $£K npaBuno, 34INCHIETbCA i3
3aCTocyBaHHAM N'dTK nonynsapHux mepexHux npotokonis — TCP/IP, Novell
IPX, Appletalk Il, DECnet Phase IV i Xerox XNS. Akwo mapwpyTtusatopy
nonagaeTbCsa NakeT HeBIJOMOro popmarTy, BiH NOYNHAE 3 HUM NpaLoBaTH K,
L0 HaB4aeTbcAa MicT. Kpim Toro, mapupyTtusatop 3abesneyye 6inbLl BUCOKUN
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piBEHb nokanisauii Tpadiika, YMM MICT, HagawuyYn MOXIMBICTb inbTpauil
LLUIMPOKOMOBHMX MaKeTiB, a TaKoX MakeTiB 3 HeBigOMUMMM agpecamu
NPU3HaYEeHHS, OCKifTbKM BMi€ 06pobnNaTK agpecu Mepexi.

CyyacHi mapLupyTmnsaTopm MatoTb HacTyMHi BNACTUBOCTI:

NiATPUMYIOTb KOMYyTaLito piBHSA 3, BUCOKOLUBWOKICHY MapLUpyTM3aL,ito
piBHA 3 | KOMyTaU,ito pPiBHA 4;

NiATPUMYIOTL NepenoBi TexHonorii nepefadi gaHux, Taki gk Fast
Ethernet, Gigabit Ethernet i ATM,;

niaTpumytoTb TexHosorii ATM i3 weuakoctamm no 622 M6é/c;

NiATPUMYIOTb OAHOYACHO Pi3Hi TUNK KabernbHUX 3'egHaHb (MigHi,
ONTWYHI i IXHI pi3HOBUAN);

nigtpumytots  WAN-3'egHaHHs, ypaxoBytoun nigtpumky PPP, Frame
Relay, HSSI, SONET T1a iH.;

niaTpuMyoTb TexHosnorito komyTadii piBHA 4 (Layer 4 Switching), wo
BUKOPUCTOBYE He TifbKM iHOpMauito Npo agpecu BignpaBHUKA W
ofepxyBada, ane W iHopmauito Npo TUNU gofaTtkiB, 3 AKUMWU NPaLorTb
KOpPUCTYBaui Mepexi;

3abe3neyyloTb MOXMIMBICTb BUKOPUCTAHHS MeXxaHiamy "cepBic 3a
3anutomM” (Quality of Service) — Qo, WO O03BONSE NpU3Ha4YaTn NpiopuUTETU
TMM abo iHWKUM pecypcam y Mepexi n 3abeanedyBaTn nepenady Tpaduika y
BiAMNOBIAHOCTI 3i CXEMOIO MPIOPUTETIB,

O03BONAITL YNPaBAATU LUMPUHOK CMYrM MPONYLLEHHA AN KOXHOro
Tnny Tpadika;

NiATPUMYKOTb OCHOBHI MPOTOKONM MapwpyTtusauii, Taki sk IP RIP1, IP
RIP2, OSPF, BGP-4, IPX RIP/SAP, a takox npotokonu IGMP, DVMPR, PIM-
DM, PIM-SM, RSVP;

NiATPUMYIOTb Kinbka IP-mepex ogHo4YacHo;

nigTpumytoTb npotokonu SNMP, RMON i RMON 2, o fae MoXnuBIiCTb
30iNCHIOBATN KepyBaHHA pPoBOTOK NPUCTPOIB, IXHIM KOHQIrypyBaHHAM 3i
CTaHUii MEepexHOro KepyBaHHS, a TakOoX 3agincHioBaTh 36ip i HaCTynHWK
aHania CcTaTUCTUKM 49K Npo poboTy MpUCTPOKD B UiNOMy, Tak i Woro
IHTepdenCHUX MoayniB;

niatpyumyBatn €K ogHoagpecHun (unicast), Tak i 6GaraToagpecHuin
(multicast) Tpadik.

Ha cborogHiwHin geHb cammmn "npocyHyTUMKW" MapLupyTusatopamm
MOXHa BBaxaTu cepito yctaTtkyBaHHA SmartSwitchRouter c¢ipmu Cabletron
Systems.
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MapLupyTnsatop BIiOpPI3HAETLCA Bif nepemMukada Tum, WO NigTpumye
xo4a 6 oauH npoTokon MapupyTmsauii. |CHYOTb BHYTPIWHI W 30BHILLHI
NPOTOKONN MapLpyTu3auil. AKWo MaplipyTnsaTop 34IMCHIOE 3B'A30K AOaHOl
aBTOHOMHOI CUCTEMM 3 IHLUMMWU aBTOHOMHMMMW CUCTEMAaMU, MOro Has3nBaKTb
npukopaoHHMM (border). MapLipyTtmsaTtop, WO Mae TiflbKU OO4MH 30BHILLHIN
KaHan 3B'A3Ky, Yy niTtepaTypi YacTto HasuBawTb gateway (BxigHun nopT abo
LLUNO3 Mepexi). byab-sakuin mapLpyTnsaTtop Moxe nigTpumyBaTn B ByOb-AKUK
MOMEHT TiSTbKM OAWH BHYTPILUHIN | OOMH 30BHILLHIN NPOTOKON MapLupyTusauil,
BNBIp UMX NPOTOKONIB 34IMCHIOE aAMIHICTPaTOp MepeXi 3 HasiBHOrO CrUCKY.
MapLwpyTmusaTtopy CTaHOBMATb HaWbinbll CKNagHi  MepexHi  npucTpol.
FONnoBHMM AOCTOIHCTBOM MapLUPYTU3aTOPIiB Yy NOKarbHiN Mepexi €
oOGMeXeHHS BNAMBY  MNOTOKIB LUMPOKOMOBHUX NoBiAOMJIIEHb.
O60B'A3kOBMM KOMMOHEHTOM MapLlpyTusatopa € Tabnuua mapupyTuaadil,
wo  copmyeTbCa  NPOTOKONOM  MapuwpyTtusaudii  abo  MepexHum
agMiHicTpaTtopoM. Y Mipy 3pOCTaHHA LWBWAKOCTI KaHaniB 3B'A3Ky 3pocTtanu
BUMOIM [0 WBUOKOAII BHYTPILWHBLOT LUMHU LKMX anaparis.

MiHiManbHa BIigCTaHb MK nocnigoBHumn  |IP-agpecammn  micus
NPU3HAYEHHS, SKi MapLUpyTM3aTop NOBUHEH 00pobUTK, BU3Ha4YaeTbes IPG =
96 6iT-Taktam (6T), MAC-3aronoskom (176 67) i IP-3aronioBkom (128 67). Npwu
nosli gaHMX HynbOBOI [OOBXWHU nepiog npoxomkeHHs |P-agpecu moxe
pocsaratm 432 6it-takTiB. [1ng rirabitHoro Ethernet ue craHoButb 432 He. 3a
Len 4ac MmapupyTtmsatop noBuHeH nepernsgHyT™m 100 M6 mapLipyTHY
Tabnuuio N NPUIAHATU PILLEHHS, Yepe3 AKMW 3 BUXIOHMX MNOPTIB nepenatu
AaHun nakeT. HeobxigHiCTb rapaHTyBaHHA MNEBHOI SIKOCTi o6cnyroByBaHHSA
(Qo) nocuniotoTe BUMOrM A0 cuctemMmn 6ydbepusadii (36inNbWYETLCA YUCNO
yepr). Takum YMHOM, OAHIEID i3 CaMmnX CKnagHMx cybenctem MmapLupyTtusaTtopa
€ NpUCTpin Byepursauil nakeTis.

OcTaHHIm Yacom nomiTHe NOLUMPEHHSA ogepxaB ridpmng
MapLpyTusaTopa 1 mocty — brouter. [leski npotokonu (Hanpuknag, NetBIOS)
He [JonyckarTb MapupyTusauii. Konn HeobxigHO BMKOPUCTOBYBATU Taki
npoTtokonu pasom 3 TCP/IP, HeoOxigHui brouter. LLINpoko BUKOPUCTOBYHOTLCS
Taki npunaan B mepexax Token Ring.

Ocobnuenin knac yTBOPHOKOTbL MYSbTUNIIEKCOPU/AEMYNbTUNNEKCOPU, K
BUKOPUCTOBYIOTb BrlacHi MPOTOKONW W CryXaTb AN HafdaHHS 3aranbHOro
KaHany  Oinbwomy  uyucny — cnoxusadiB.  Lli  npuctpol  wmpoko
BMKOPUCTOBYIOTLCA Mpu nNobyaoBi Mepex Tuny IHTpaHeT (KopnopaTuBHI
Mepexi, ge cybmepexi pisHux inin posHeceHi Ha Ginbli BigcTaHi). Taki
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Mepexi byaywTbcsd Ha 6asi  cneuianbHUX BUAINEHUMX KaHanie, a
MYNbTUNIEKCOPU O03BONMAIOTL BMKOPUCTOBYBATWU Ui KaHanu ONs HadaHHS
KOMMMEKCHUX nocnyr: TenegoHHoro 3B'dA3Ky, nepegadi dakcie i umdpoBoi
iHdbopMaUii, 3aoLamKytoun 3Ha4Hi 3acodu.

Akwo nepen Bamn CTOITb 3aBOaHHS CTBOPEHHST NIOKANbHOI Mepexi 3
BMXOLOM B IHTEpHEeT, Bam NOTPIOHO NOCAIAOBHO BUPILLUTK pag Npobriem Kpim
oiHaHcoBKUX. [1OBMHHI OYyTKM copMyrnbOBaHi 3aBOaHHS, 3apagn AKUX LS
MepexXa CTBOPHETbCH, BM3HAYEHa TOMOSOrid MepeXi, YMCHO CErmMeHTIB i
xapaktep IXHiX 3B'a3kiB, u4ucno EOM-y4acHukiB, BM3HA4YEeHWUW CepBic-
npoBangep, abo npoBangepu, SKWO BamM MOTPIOHO 3abe3neunTn OinbLl
BUCOKY HaiMHICTb | XMBYYiCTb Mepexi. Bam Tpeba ouiHMTM HeobxigHe
3aBaHTaXeEHHA CEermMeHTiB Mepexi M 30BHILHIX KaHaniB 3B's3Ky, BUOpaTu
nporpamHe cepenosuLLe. Micnsa uboro BU MOXeTE NPUCTYNUTU OO CKNagaHHA
CMUCKY HeobXigHOro BCTaTKyBaHHA W MNporpamMHoro 3abesneveHHs. HAKLo
Balla Mepexa € KiHUEeBO | BOHa Mae TiflbKM OAMH 30BHILLHIA KaHan 3B'sA3KY,
BaM He NoTpibHMK MapwipyTnsaTop i BU MoxeTe obmexntuncs EOM-noptom
(gateway), WO NoBMHEH MaTW HeobxigHu iHTepdenc. 30BHIWHIM KaHaroMm
MOXe cTaTu TenedoHHa Mepexa, L0 KOMYTYETbCH, BuAiNneHa TenedoHHa
NiHisi, ONTOBOMNOKOHHUK Kabenb abo papgiopenenHun kKaHan. Y BCiX
nepepaxoBaHMX BUNagkax Bam dyae HeobxigHUKM BigNOBIAHUA MOAEM.

2.4. MpyuHUMNM po6oTn WIO3iB

Llno3n — ue npucTpol, Wo O03BONAKTL OpraHizyBatn B3aeMOLII0 MiX
MepeXxXamu, KOTPi BUKOPUCTOBYKOTb Pi3HI NpoTokonu. LUnN3n BUKOHYHOTb
nepeTBOPEHHS (3a AONOMOroK MPOTOKOMIB NEPeTBOPEHHS) hopmaTiB gaHNX
TUX NOBIOOMIIEHb, AKi BUKOPUCTOBYHOTBLCS B Pi3HUX MEpeXXax.

[10 OCHOBHUMX (OYHKUiN LWNIO3IB BIOQHOCATL: 3B'A3YBAHHA  PI3HUX
NPOTOKONIB; 3B'A3yBaHHA PIi3HUX CTPYKTYp i dpopmaTtiB OaHuX; 3B'A3yBaHHSA
Pi3HNX apXiTEKTYp; 3B'A3yBaHHS 404aTKIB Pi3HUX MOBHUX 3acobiB.

Y npoueci (pyHKUIOHYBaHHS LWSIO3 BUAANSE CTapui NPOTOKONbHUN CTEK
| NrepenakoBye AaHi B JaHi NPOTOKOJSIbHOIO CTeKa MepeXXi Npu3HavyeHHS.

LLInto3n pyHKUIOHYIOTE Ta BUKOHYIOTb NEPETBOPEHHS Ha NpUKNagHOMY
PiBHI MOgeni B3aeMofil BiOKPUTUX CUCTEM.

LLno3n (gateway) — nporpamHo-anapaTtHi KOMMnekcu, sKi 3B'A3y0Tb
HEeOHOPIgHI CUCTEMU, WO BUKOPUCTOBYIOTb Pi3HI onepauinHi cepegosuia i
NPOTOKOMN BWCOKMX PIBHIB. 3a OOMNOMOroH W3y 3'€4HYTLCS CUCTEMN,
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Hey3roapKeHi 3a LLIBUOKOCTAMU oOMiHy iHpopmauietro Ta 3a
BUKOPUCTOBYBaHUMN hopmMamMu nepenadi JaHux.

3asBuyan LINO30OM BUCTYMAe MapLlipyTu3atop, ane ue moxe OyTtu i
KOMM'toTep, Ha AKOMY BCTAHOBIIEHO AeKirlbka MepexHUX aganTtepis, ¢idnyHO
3'egHaHux 3 oboma yactMHamm mepexi. OTxe, uen NpPUCTpPin BUKOHYE POIib
"cTopoXa" MK OKpEMMMU YaCcTUHAMMU MEpPEXi, pO3ainatyn ixHin Tpadik.

3a Jonomoroo LW3iB MOXYTb 3'€egHyBaTUCA rnobanbHi Mepexi, abo B
NOKanbHUX Mepexax — CerMeHTU Ha 6asi MiHi-, Mikpo- i Benukux EOM.

LLno3n Han4vacTiwe BUKOPUCTOBYHOTBCA Ha MNpPUKNagHOMY  PiBHI
OSI/ISO. Y mepexi Internet € unmano LWNO30BUX MALLWH, SKi 34IMCHIOKTb
nepecunaHHs NoBigOMINEHb, IXHE NEPETBOPEHHS, HAKOMUYEHHS | T. 4.

Konn o6MiH iHdopMauieto 3AIMCHIOETBCA MK KOMM'loTepamu, Lo
PO3MILLYIOTbCA B OAHIM YaCcTUHI giana3ony IP-agpec, w3 He noTpebyeTbes
— ABa KomMn'toTepu NpocTto OOMIHIOTLCS OAMH 3 OOHUM nakeTamu. Ane Komnm
KoMM'toTepoBi HeobXigHWA 3B'A30K 3a Mexamu fdianasoHy nokanbHux |P-
agpec, BiH Mae 3HaTW, SK 3HaUTKU iHWK Komn'toTep. [na nepedadi nakeTtis
AaHuX 3 OAHIEl YaCcTUHU Mepexi B iHWy Oyno po3pobneHo cneuianisoBaHui
NPUCTPIN-MapLLPYTU3aTOpP, WO Ai€ SK W3 MK YaCTUHaAMN Mepexi. Y HbOro
NOBUHHO OyTWM npuHanmMHi OBi IP-agpecun, nNpuyomy KOXHa — ANs CBOEI
YaCTUHU diana3oHy agpec i npyegHaHa gi3anyYHO 40 CBOro CermMeHTa Mepexi.
MapLwpyTnsatop 3axonfiloe nakeTu AaHuxX 3 OAHIEl YacTUHM Mepexi Ta
nepenpaBnsie ix QOO0 IiHWOI, nepecunawyn naketm B 6ik nOTpiOHOro
KoMmn'toTepa.

LLnto3 3gincHioe cBOl OyHKUIT Ha piBHAX BuUlle MepexHoro. BiH He
3anexuTb Bi4 BUKOPUCTOBYBAHOroO repeadaBanbHOro cepefosulla, ane
3anexunTb Bi BMKOPUCTOBYBaHMUX MPOTOKOMIB OBMiIHY AaHMMW. 3BUYaNHO
LLSTHO3 BUKOHYE NEepPeTBOPEHHSA MiXK BOMA MPOTOKONaMMU.

3a JONOMOroK LWM3iB MOXHA MNIOKITHOYUTU NoKanbHy ob4ncroBanbHy
MepeXxy A0 rofIOBHOro KOMM'loTepa, a TaKoX JIoKasibHy Mepexy NigkmoumTn
[0 rnobanbHoro.

HeobxigHo o6'egHaTtv nokanbHi Mepexi, Wwo nepebyBaloTb Yy Pi3HUX
mictax. Lle 3aBgaHHs MOXHa BMpPILUMTM 3a AONOMOrok rrnobanbHOI Mepexi
nepegadvi gaHux. Takow Mepexew € Mepexa KomyTauil nakeTiB Ha 0asi
npoTokony X.25. 3a gonomorow W3y nokanbHa ob4vncnoBanbHa Mepexa
nigknovaetbcsd o mepexi X.25. LWno3 BUKOHYE HeoOXiaHi nepeTBOpeHHS
NPOTOKONIB i 3abe3neyye 0OMiH JaHMMKN MiDK Mepexamu.
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3. MpuHUUNU No6yaoBM Ta apXiTeKTypa NoKaribHUX
KoMmn'toTtepHux mepex (JIKM)

3.1. CtaHgapT™/ U NPOTOKOSIN NMOKaNbHUX KOMM'IOTEPHUX
Mepex

3.1.1. 3acanbHa xapakmepucmukKa rnpPoMmMOoKOJ1ie JIOKallbHUX Mepex

IcHye 1 gocuTb NOMITHa TeHOEHUIss 4O BMKOPUCTAHHSA B TpaauuinHMX
TEXHONOriAX Tak 3BaHOI MikpocermeHTauil, Konn HaBiTb KiHUEBI BY3Nu Bigpasy
3'€QHYIOTbCA 3 KOMYTaTOPOM iHAMBIAyanbHUMW KaHanamu. Taki Mepexi
BUXOAATb OOpOXYye noainoBaHnx abo 3MmillaHux, ane npoayKTUBHICTb iX
BULLE.

[Mpy BUKOPUCTaHHI KOMYyTaTOpiB Yy TpaguuiNHUX TEeXHONOorin 3'aBMBCS
HOoBUI pexnm poboTn — nosHodyrnnekcHut (full-duplex). Y nogintoBaHomy
CEerMeHTi CTaHUil 3aBXau npaulloTb Yy HanigdyrnekcHoMmy pexumi (half-
duplex), TOMy WO B KOXHUN MOMEHT Yacy MepexHun agantep CcTaHuil abo
nepegae cBOI AaHi, abo npuMMace Yyxi, ane Hikonn He pobuTb Lie 0gHOYacHO.
Lle cnpaBeponnBo Ans BCiX TEXHOMOrN JokKanbHUX Mepex, TOMYy Lo
nodintoBaHi  cepegoBulia  MiQTPUMYKOTLCA  HE  TiflbKM  KITACUYHUMM
TexHosoriamu rnokansHux mepex Ethernet, Token Ring, FDDI, ane  Bcima
HoBumu — Fast Ethernet, 100 VG-AnyLAN, Gigabit Ethernet.

Y NOBHOAYMNIIEKCHOMY PEXUMI MepeXxHun agantep Moxe OLHOYaCHO
nepefasaTu CBOI JaHi B Mepexy 1 npuumatm 3 mepexi dyxi gani. Takun
peXum  HecknagHo 3abeanedyeTbCAa  nNpy NpssAMOMY  3'€QHaHHA 3
MOCTOM/KOMYTaTopoM abo mMapLupyTU3aTopoMm, TOMY WO BXig i BUXig KOXHOro
NOPTY TaKOro MPUCTPOID MpaLolTb He3anexHo Apyr Big Apyra, KOXHUWA 3i
cBoimM 6ydepom Kagpis.

CbOrofiHi KoXXHa TEexXHOMOoris fokKarbHUX MepeX npucTocoBaHa NS
pobOoTK AK y HaniBAYNSEKCHOMY, TaK i MOBHOAYMMEKCHOMY pexumax. Y Lmx
pexmmax OOMEXEeHHs!, O HaKnagalTbCs Ha 3aranbHy OOBXUHY Mepexi,
ICTOTHO BIOPI3HAKTBLCS, TaK WO Ta camMa TEXHOSOorsa MOoXe [O03BOSIATH
ByayBaTy OCUTbL Pi3HI MepeXxi 3anexHo Big o6paHoro pexmnmy poboTun (SKun
3anexuTb Bif TOro, Aki NPUCTPOI BUKOPUCTOBYOTLCA ONSA 3'€QHaHHA BY3niB —
nosToptoBadi abo komyTtatopu). Hanpuknag, TtexHonoria Fast Ethernet
A03BONSAE AN HaniBAynnekcHoro pexumy byaysatn Mepexi AiameTpoM He
Ginbwe 200 meTpiB, a ANS NOBHOAYMNNEKCHOrO pexmnmy obMexeHb Ha giameTp
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Mepexi He icHye. TOoMy npu MOPIBHSHHI PI3HUX TEXHOMOorn HeobXxigaHo
000B'sI3KOBO OpaTh OO0 yBarn MOXMUBICTb TXHLOI PpOBOTK Yy ABOX pexumax. Y
AaHin rnasi BMBYAETbCA B OCHOBHOMY HaniBOYMNSIEKCHUA pPeXUM poboTu
NPOTOKONIB, @ NMOBHOAYMNIEKCHUA PEeXUM pPOo3rnagacTbCHd B HACTYMHINA rnasi,
pa3oM 3 BMBYEHHSAM KOMYTaTOpIB.

KpiMm Toro, gesiki cyvacHi BMCOKOMPOAYKTMBHI TexHonoril, Taki Ak Fast
Ethernet, Gigabit Ethernet, y 3HauHin mipi 30epiratoTb HACTYMHICTb 3i CBOIMMU
nonepegHukamu. Lle wie pas niaTtBepoKye BaXNUBICTb BUBYEHHA KITACUYHUX
MPOTOKOSIB JOKanbHUX Mepex, MNpupoaHO, nopsad 3 BUBYEHHSIM HOBUX
TEXHONOrIN.

3.1.2. Cmpykmypa cmaHOapmie IEEE 802.X

Y 1980 poui B iHcTUTyTi IEEE 6YyB OpraHizoBaHun komiteTr 802 3i
cTaHgapTu3auil nokanbHUX Mepex, Yy pesynbtati pobotu skoro ©Oyno
npunHaTe cimenctso ctaHgapTiB IEEE 802-x, ski mictate pekomeHpauil i3
MNPOEKTYBAHHS HWXKHIX PIBHIB nokanbHUX mepex. MMisHiwe pesynbtatn poboTtn
LbOro KOMITETY NArNM B OCHOBY KOMIMMEKCY MiKHapogHux ctaHgapTiB 1SO
8802-1...5. Lli ctangapti 6ynn CTBOPEHi Ha OCHOBI Ay)Xe PO3MOBCIOIKEHNX
dipmoBux ctaHgapTis mepex Ethernet, ArcNet i Token Ring.

Kpim IEEE y poboTi 3i ctaHgapTusauii NpOTOKOMIB FIOKanNbHUX Mepex
Opanu y4acTb i iHWI opraHisadii. Tak, ons Mmepex, Wo npaullTb Ha
ONTOBOJSIOKHI, aMepUKaHCbKUM [HCTUTYTOM 3i cTangapTtusauii ANSI 6ys
po3pobnerHun ctaHgapt FDDI, wo 3abesneyye wBUOKICTb nepeaadi gaHuUx
100 M6/c. PoboTu 3i cTaHgapTm3auii NpoTOKOSiB BEAYTHCA TaKoX acoLialieto
ECMA, wo npunHati ctaHgaptu ECMA-80, 81, 82 ans nokanbHOI Mepexi
Tvny Ethernet i 3rogom crangapty ECMA-89,90 no wmetogy nepepaui
Mapkepa.

Ctanpaptu cimenctea IEEE 802.X oxonntotoTb TifbKM ABa HWXKHIX PIiBHI
cemu pisHeBol mogeni OSI — isnyHui | kaHanbHMA. Lle noB'a3aHo 3 TuMm, WO
came Ui piBHIi HANBINbLLOK MipOto BiAGMBaIOTL crneundiky NIoKanbHUX MepeX.
CTtapui X piBHi, NOYNHAKOYN 3 MEPEXHOro, Y 3HA4YHIN Mipi MalTb 3arasibHi
puUcK SIK NS nokanbHUX, Tak i Anga rnodanbHMX Mepex.

Cneundika nokanbHUX MEPEX TaKOX 3HaWLa CBOE BiabOUTTA B noAini
KaHanbHOro piBHA Ha ABa NiApiBHS, SIKi YaCTO Ha3MBaKTb TAKOX PIBHAMW.
KananbHui piseHb (Data Link Layer) ginntbcsa B nokanbHUX Mepexax Ha gBa
niapiBHS:

noriyHol nepegadvi gaHux (Logical Link Control, LLC);
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KepyBaHHS goctynom o cepegosuila (Media Access Control, MAC).

PiseHb MAC 3'aBuBCS 4epes3 IiCHYBaHHSA B JlOKalbHUX MepeXxax
nogifitoBaHoro cepefosvila nepegadi gaHmx. Came uen piBeHb 3abesnedvye
KOPEKTHE ChniflbHe BUKOPUCTAHHA 3arasnibHOro cepegosuilia, Hagawouun i
BiANOBIAHO OO NMEBHOrO anropuTMy B PO3NOpsSLXKeHHs Tiel abo iHWOoI cTaHuil
mMepexi. [licna Toro, AK OOCTyn OO cepefoBuvlia OTPUMAHUK, HEK MOXe
KopuctyBatucs Oinblie BUCOKMA piBeHb — piBeHb LLC, wo opraHisye
nepegady noriYHMX OOMHWUUbL OaHuX, KagpiB iHopmauil, 3 pi3HUM piBHEM
SIKOCTi TPAHCMOPTHUX MOCAYr. ¥ CydacHUX fokanbHUX Mepexax ogepxanu
NOLUMPEHHSA Kinbka npoTokonis piBHA MAC, Wwo peani3ytoTb pi3Hi anroputmu
AOCTyny O0 noginBaHoro cepeposuwa. Ll npoTokonn  MNOBHICTHO
BU3HavaloTb crieundiky Takmx TexHonorin, sk Ethernet, Fast Ethernet, Gigabit
Ethernet, Token Ring, FDDI, 100 VG-AnyLAN.

PieeHb LLC BignoBigae 3a nepenady Kagpis AaHnxX MK By3fiaMmu 3 PisHUM
CTyNneHeM HafiMHOCTI, a TakoX pearnisye yHKUii iHTepdency i3 npundararoymm
A0 HbOro MepexHuM pisBHeM. Came 4epes piBeHb LLC mepexHuin npoToKon
3anUTye B KaHanbHOro piBHA MOTPIOHY WMOMY TPaHCMNOPTHY onepadito 3
notpibHoto skicTio. Ha piBHi LLC icHye kinbka pexumie pobotn, Lo
BIOPI3HAIOTLCS HasABHICTIO abo BIiOCYTHICTIO Ha UbOMY piBHI npoueayp
BiAHOBMNEHHS KaapiB y BMNagky iXHbOI BTpaTn abo nepekpyyyBaHHS, TOOTO
TPaAHCMOPTHMX NOCNYT, LWLO BIAPI3HAOTLCS SKICTHO, LIbOro PiBHS.

MpoTtokonu piBHiB MAC i LLC B3aeEMHO He3anexHi — KOXXHUN NPOTOKON
piBHs MAC moxe 3actocoByBaTuUCS 3 Oyadb-sKMM NPOTOKOSIOM piBHA LLC, i
HaBMaku.

Crangaptn IEEE 802 maoTb A0OCUTb YiTKy CTPYKTYpY, HaBedeHy Ha
puc. 3.1 [27].

Lla cTtpykTypa 3'aBunaca B pesynbTaTi BenvKol poboTu, NpoBedeHol
komiTeTom 802 3 BUAINEHHS B Pi3HMX PIPMOBUX TEXHOSOrIAX 3aranbHUX
nigxoAis i 3aranbHUX PYHKUIN, @ TaKoX Y3romKeHHsI CTUMIB IXHbOro onucy. Y
pesynbTaTti KaHanbHWN piBeHb OYB po3dineHun Ha OBa 3ragaHux NigpiBHS.
Onunc KOXHOI TEXHOMOrIT po3aineHo Ha Aei YacTuHu: onuc piBHa MAC i onuc
gisnyHOro piBHA. AK BUOHO 3 PUCYHKA, MPAKTUYHO B KOXHIN TEeXHOMOril
eauHomy npoTtokony piBHA MAC BignoBigae kinbka BapiaHTiB MpOTOKOSIB
doi3nYHOro piBHS.

Hag kaHanbHMM piBHEM YCiX TEXHOMOriN 300paXeHun 3aranbHU Ons
HuX npoTokon LLC, wo niatpumye Kinbka pexmnmis poboTun, ane HesanexHum
Big BUGopy KoHKpeTHoI TexHonoril. CtaHgapT LLC kypupye nigkomiteT 802.2.
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HaBiTb TexHosnorii, cTaHgapTM30BaHi He B pamkax komitety 802,
OPIEHTYIOTLCA Ha BUKOPUCTaHHSA npoTtokony LLC, BM3HauyeHOro ctaHgapTom
802.2, nanpuknag, npotokon FDDI, ctaHgapTusoBaHuin ANSI.

3aranbHi BU3Ha4yeHHs1 JIOM , 3B'A30k 3 Mogensno
ISO/OSI.
Po3gin 802.1D — npu3Ha4yeHHa Ta peanisauisi
MOCTIB

KaHanbHun 802.2
Hanen | 802.2 |
JNorivHi npouenypw nepepayi kKagpis Ta 3B'A3Ky 3
LLC MEPEXKHUM PIBHEM
802.3 802.5
MAC Ethernet [CSMA/CD] Token Ring
DisnyHUn
piBeHb ExpaHoBaHa Kpy4eHa
,ToscTnin” | 10Base-5 I napa (STP)
Koakcian
» TOHKNIA” | 10Base-2 | 4 M6it/c | 16 M6iT/c
Koakcian

HeekpaHizoBaHa 10Base-T
Kpy4YeHa napa | I
OI'ITOBOJ'IOKHOl 10Base-F I
Kpydena napa, | 100Base-T |
OMNTOBOJIOKHO

Puc. 3.1. CtpykTtypa ctaHpgaprtiB IEEE 802.X

OkpeMoO po3rnsgalnTbCa CTaHAapTW, po3pobnioBanbHi NiAKOMITETOM
802.1. Ui ctaHgapT™¥ HOCATb 3aralnibHUM ANS BCIX TEXHOMOorin xapakrep. Y
nigkomiteTi 802.1 MuMHynoro po3pobrieHi 3aranbHi BU3HAYEHHSA NOKaNbHUX
MepeX i IXHIX BNacTMBOCTEN, BU3HAYEHNIN 3B'A30K TPbOX piBHIB mogeni IEEE
802 3 mogennto OSI. Ane Hanbinbwe NPakTUYHO BaXMBUMWU € CTaHOApPTU
802.1, ski onucyloTb B3aEMOAID MK COBOK pi3HMX TEXHOMOrN, a TakoX
cTaHgapTu 3 nobyaosBu Oinblu CKNagHUX Mepex Ha OcHOBi 6a3oBux
Tonosiorin. Llg rpyna craHgapTiB HOCUTbL 3aranbHy HasBy CTaHAapTiB
MepexHux B3aemopgin (internetworking). Ciogn BxogsaTb Taki  BaXI MBI
ctaHpgapt4, 9k crtaHgapt 802. ID, wo onucye noriky poboTtu
MocTa/komyTtaTtopa, ctaHgapT 802.1H, skui BM3Ha4yae pobOTy MOCTa, WO
TPpaHCIoE, kM Moxe 6e3 maplpyTmsaTtopa noegHyBatn mepexi Ethernet i
FDDI, Ethernet i Token Ring i T. n. CborogHi Habip cTaHgapTiB, po3pobneHnx
nigkomitetom 802.1, npogosxye 36inblwyBaTnucsa. Hanpuknag, HegaBHO BiH
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NONOBHMBCA Baxnuneum ctaHgapTom 802.1Q, wo BM3Ha4vae cnocid nobynosu
BipTyanbHux nokaneHnx mepex VLAN y mepexax Ha OCHOBI KOMYTaToOpIB.

CraHpgapTtn 802.3,802.4,802.5 i 802.12 onucyoTb TEXHOSOTIT NOKanbHNX
Mepex, fKi 3'daBunuca B pesynbTaTi noninweHb (PipMOBUX TEXHOMOrNIN, LWO
NAarnM B IXHKO OCHOoBY. Tak, ocHoBy cTaHgapTty 802.3 cknana TexHOonoris
Ethernet, po3pobneHa komnaHiamu Digital, Intel i Xerox (abo Ethernet DIX),
ctaHgapTt 802.4 3'aBuBcA 4K y3aranbHeHHsa TexHosnorii ArcNet komnanil
Datapoint Corporation, a ctaHgapt 802.5 B ocHOBHOMY BignoBigae TexXHONorii
Token Ring komnaHii IBM.

BuxigHi chipmosi TexHosoril Ta IXHi MoangikoBaHi BapiaHTU — cTaHgapTu
802.x y psagi BunagkiB OOBri pPoKW icHyBanu napanenbHo. Hanpwuknag,
TexHonoris ArcNet Tak go kiHUsS He Oyna HaeBefeHa Y BignoBIgHICTb 3i
ctaHgaptom 802.4 (Tenep ue pobutn nNisHO, TOMY LLO Aecb nNpnbnmsHo 3 1993
poKy BUPOBHMLTBO BCTaTkyBaHHA ArcNet Oyno 3ropHyTo). PO36DKHOCTI MK
TexHonorieto Token Ring i ctangaptom 802.5 Tex nepioan4yHoO BUHUKAOTb, TOMY
o komnaHis IBM perynapHo BHOCUTb YOOCKOHareHHs Yy CBOK TEXHOSIOr0 W
komiTeT 802.5 BiabuBa€e Ui BOOCKOHANEHHS B CTaHAAPTI 3 AESKNM 3ani3HEHHAM.
BukntodeHHa ctaHoBuTb TexHosoria Ethernet. OcTtaHHin dipmoBuin cTaHaapT
Ethernet DIX 6yB npunHaTum y 1980 poui, i 3 TMX nNip HiIXTO Binblue He BXMBaB
cnpob cpipmoBoro po3suTky Ethernet. Yci HoBoBBegeHHA B CIMEWCTBI
TexHonorin Ethernet BHocATbCA TiNbkM B pe3ynbTaTi NPUAHATTA BIOKPUTUX
ctaHgapTtiB komiteTom 802.3.

Binbw ni3Hi cTaHAapTWU CNOKOHBIYHO PO3POONANUCA HE OAHIEKD
KOMMaHielo, a rpynor 3auikaBreHuxX KOMMaHin, a noTiM nepefasanuca y
BignosigHun nigkomitet |IEEE 802 ana tBepaxeHHda. Tak Bigbynocs 3
TexHonoriammn Fast Ethernet, 100 VG-AnyLAN, Gigabit Ethernet. 'pyna
3auikaBreHnx KOMMaHi yTBOploBana crno4vaTtky HeBenuke ob'edHaHHs, a
NoTiM, Y Mipy pO3BUTKY pOBIT, A0 HbOro NpUeaHyBanucs iHWi KOMMNaHii, Tak
LLIO Npouec NPUUHATTA CTaH4apTy HOCUB BIOKPUTUIN XapakTep.

CborogHi komiTeT 802 BKMOYAe HACTYMHUA pag NIAKOMITETIB, Y SKUN
BXOAATb SK yXXe 3rafaHi, TaK i JesKi iHLi:

802.1 — Internetworking — 06'egHaHHA MepeXx;

802.2 — Logical Link Control, LLC — kepyBaHHS NOrivyHOK nepegaveto
AaHUX;

802.3 — Ethernet 3 meTogom goctyny CSMA/CD;

802.4 — Token Bus LAN — nokarnbHi Mmepexi 3 meTogom goctyny Token
Bus;
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802.5 — Token Ring LAN — nokaneHi Mepexi 3 MmeTogom goctyny Token
Ring;
802.6 — Metropolitan Area Network, MAN — mepexi Mmeranonicis;

802.7 — Broadband Technical Advisory Group — TexHi4Ha
KOHCYynbTauiHa rpyna 3 LUWMPOKOCMYXKHOI nepeadi;
802,8 — Fiber Optic Technical Advisory Group — TexHi4Ha

KOHCYrbTaLiHa rpyna 3 BOSIOKOHHO-OMTUYHUX MEPEX;

802.9 — Integrated Voice and data Networks — iHTerpoBaHi Mepexi
nepenadi ronocy n gaHux;

802.10 — Network Security — mepexHa 6e3neka;

802.11 — Wireless Networks — 6e30poToBi Mepexi;

802.12 — Demand Priority Access LAN, 100 VG-AnyLAN — nokanbHi
Mepexi 3 MeTo4OM AOCTYMYy Ha BUMOTY i3 NpioputeTamu.

3.2. NMNpoTtokon LLC piBHA KepyBaHHA NOriYHUM
KaHanom (802.2)

MpoTokon LLC 3abe3nevye ans TexXHOMOrin IokanbHUX MepeX NoTPibHyY
AKICTb NOCNYyr TpaHCNoOpTHOI cnyxbwu, nepegatym cBol  Kagpu abo
aentarpamMHum cnocobom, abo 3a 4ONOMOrok npoueayp i3 YCTaHOBIIEHHSM
3d'egHaHHA W BigHoBNeHHAM kagpiB. [lpotokon LLC 3anmmae piBeHb MiX
MepexXHuMuM npoTtokonamm W npotokonamu pisHa MAC. [lpoTokonu
MEPEXHOro piBHA NepefarTb 4Yepe3 MDKPIBHEBUM [HTepdenc paHi ans
npotokony LLC — cBin naket (Hanpuknag, naket IP, IPX a6o NetBEUI),
agpecHy iHdopMaLilo Npo BYy30s MNMPU3HAYEHHS, a TakoX BUMOIM OO AKOCTI
TPaHCNOPTHMX Nocnyr, wWwo npotokony LLC noBuHeH 3abe3neunTtun. [NpoTokon
LLC nomiwae nakeT nNpOTOKOSMy BEPXHbOro PIiBHA Yy CBi Kagp, WO
AOMNOBHIOETLCA HEOBXigHMMK cnyx6oBnMK nonsmu. [ani yepes MiXXpiBHEBUN
iHTepdenc npotokon, LLC nepepae cBi kagp pasoM 3  agpecHoro
iHbopMauieto Npo By30s NpusHavyeHHa BignosigHoMy npoTokosny piBHa MAC,
wo snakosye kagap LLC y cBin kagp (Hanpuknag, kagp Ethernet) (puc. 3.2).

3aronoeok Ethernet Kagp LLC

hs
Kagp Ethernet

Puc. 3.2. CTpyKkTypa Kagpy
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B ocHoBy npotokony LLC noknagenun npotokon HDLC (High-level
Data Link Control Procedure), wo € craHgaptom ISO. BnacHe ctaHgapT
HDLC cTaHOBUTb Yy3aranbHEeHHs  OeKinbKox  Onmn3bkux  cTaHgapTis,
XapakTepHux ana pisHux TexHonorin: npotokony LAP-B wmepex X.25
(cTaHAapTy, WMPOKO PO3MNOBCIOAKEHOIO B TEpUTOpianbHMX mepexax), LAP-D,
BMKOpuUcToByBaHoro B mepexax ISDN, LAP-M, wo npautoe B cydacHux
mogemax. Y cneumdpikauii |IEEE 802.2 TakoX € Kifbka HeBENnuKnx
BiamiHHocTew Big ctaHgapTty HDLC.

Cnovatky y dipmoBux TexHonorisx nigpiseHo LLC He Buginsasca B
CaMOCTINHMM nigpiBeHb, Ta | MOro QYHKUiI PO3YNHANUCA B 3aranbHUX
YHKUIAX MPOTOKOMY KaHanbHOro piBHSA. Yepes3 Oinblli pO3XO4XKEHHS Yy
JYHKLIAX NPOTOKONIB (PipMOBUX TEXHOSOrIN, SKI MOXHa BIOHECTU OO PIBHSA
LLC, Ha piBHi LLC poBenocsa BBectM Tpu Tunu npouenyp. [MpoTtokon
MEpPEXHOro piBHA MOXe 3BepTaTuUCA 4O OOHI€El i3 umx npoueayp.

3.2.1. Tpu munu npouedyp pieHsi LLC

Y BignosigHocTi 3i ctaHgaptoMm 802.2 piBeHb KepyBaHHSA JIOMYHUM
kaHanom LLC Hapae BepxHiM piBHAM Tpy TUNU npoueayp:

LLC1 - npouenypa 6e3 ycTraHoBneHHA 3'egHaHHA 1K 0e3
NiaTBEPOKEHHS;

LLC2 — npouenypa i3 ycTaHOBSIEHHAM 3'€AHaHHA W NiIATBEPOKEHHSM;

LLC3 — npoueaypa 6e3 ycTaHOBREHHsA 3'€dHaHHsA, ane 3
NiATBEPOKEHHSAM.

Llen Habip npouenyp € 3aranbHMM Ans BCiX MeTogiB AOCTyny A0
cepenosuLla, Bu3HavYeHnx ctaHgaptamm 802.3 — 802.5, a TakoxX cTaHOapToM
FDDI i ctrangaptom 802.12 Ha TexHonorito 100 VG-AnyLAN.

lNpouedypa 6e3 ycmaHo8r1eHHs1 3'eOHaHHSA U 6e3 nidmeepoxeHHs1 LLC1
Aae KopucTyBadeBi 3acib gns nepepadi gaHux 3 MiHimymom ButpaTt. Lle
AenTarpamMHuUn  pexum  poboTn. 3BMYaAWMHO Uen Bug  npouenypwu
BUKOPUCTOBYETLCHA, KON Taki PYyHKLiI, K BIGHOBNEHHA AAaHUX MiCNA MOMUIOK
i ynopsakyBaHHSI OaHWUX, BUKOHYKOTbCA MPOTOKONaMU BULLEPO3MILLEHNX
PiBHIB, TOMY HEMaAE NoTpebu aydntoBaTh ixX Ha piBHi LLC.

lpouedypa i3 ycmaHo8neHHsM 3'€0HaHb i nidmeepdxxeHHsam LLC2 pae
KOPUCTYBa4eBi MOXINUBICTb YCTAHOBUTU FOriYyHe 3'€QHaHHA nepen noyaTkom
nepegadvi 6yab-skoro ONOKy AaHuX i, SKWO ue noTpidbHO, BMKOHATU
npoueaypw BiQHOBIEHHS MiCNA NOMUIIOK | yNOpsSAKYBaHHA MOTOKY Lmx 6nokis
y pamkax ycTtaHoBneHoro 3'egHaHHs. [lpotokon LLC2 6arato B 4omy
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aHanoriyHun npotokonam cimenctea HDLC ( LAP-B, LAP-D, LAP-M), ski
3aCTOCOBYIOTbCS B rrnobanbHUX Mepexax Aans 3abes3nedeHHs HaginHoi
nepepadi kagpie Ha 3awymneHux nidiax. MNpotokon LLC2 npautoe B pexumi
KOB3HOrO BikHa.

Y geskux Bunagkax (Hanpuknag, npu BUKOPUCTaHHI MeEpEX y cuctemax
peanbHOro 4acy, Kepyr4mx MNPOMUCNOBMMKU OO'€eKTamu), KONM TUM4YacoBi
BUTPATW BCTAHOBIIEHHSA NOMYHOro 3'€AHaHHS nepeq BignpaBneHHAM OaHUX
HENPUWHATHI, a NIATBEPL)KEHHS NPO KOPEKTHICTbL NPUUOMY nepefaHnXx AaHux
HeoOxigHO, ©asoBa npouegypa 6e3 ycTaHoOBMEHHA 3'egHaHHs W 6e3
niaTBepaXXeHHs1 He nigxoauTb. [Ans Takmx Bunagkie nepeabayveHa gogaTtkoea
npouenypa, sika HasMBaeTbCs npoueaypoto 6e3 ycTaHOBMEHHSA 3'eQHaHHS,
ane 3 nigTBepaxeHHsm LLC3.

BukopucTaHHs 0QHOro i3 TpboX pexmmiB podoTu piBHs LLC 3anexuTtb
Bif cTparterii po3pobntoBayviB KOHKPETHOrO cTeka npoTokoniB. Hanpuknag, y
cteui TCP/IP piBeHb LLC 3aBxan npautoe B pexumi LLC1, BMKOHyHOUM
npocTy poboTy BUTArYy 3 Kaapy W AeMynbTUMMEKCYyBaHHA MakeTiB pPi3HUX
npotokonis — IP, ARP, RARP. AHarnoriyHo BuKopucTOBYETbCA piBeHb LLC
ctekom IPX/SPX.

A ctek Microsoft/IBM, 3acHoBaHun Ha npotokosni NetBIOS/NetBEUI,
yacto BukopuctoBye pexum LLC2. Lle BigbyBaeTbca TOAi, KONM cam
npoTtokon NetBIOS/NetBEUI noBuHeH npautoBati B peXMMI 3 BiQHOBNEHHSM
3arybneHunx i nepekpyvyeHmx paHumx. Y uUbOMy BUNagky usa pobota
nepepopyyaetbca piBHio LLC2. Akuwo xx npotokon NetBIOS/NetBEUI npautoe
B AenTarpamMHoMmy pexumi, To npotokosn LLC npautoe B pexnmi LLCA.

Pexum LLC2 BUKOPUCTOBYETLCS TakoX CcTekoM npoTokosis SNA y Tomy
BMMNAAKy, KON Ha HWXXHLOMY PiBHI 3aCTOCOBYETLCSA TexHonorid Token Ring.

3.2.2. Cmpykmypa kadpie LLC. [llpouedypa 3 8iOHOB/1I€HHSIM
kadpie LLC2

3a cBOIM npu3HavyeHHAM yci kagpu piBHA LLC (siki Ha3uBalTbCA B
ctaHgapti 802.2 6nokamn pgaHmx — Protocol Data Unit, PDU)
Nigpo3ainaTbCs Ha TPU TUNKU — IHPOPMaLLiVHI, Kepytodi 1 HEHYMepPOBaHi.

IHgbopmauitiHi kadpu (Information) npuaHadeHi ana nepegadi iHopmadii
B npouegypax i3 ycTaHOBMNeHHAM noriyHoro 3'egHaHHa LLC2 i noBuHHI
000B'A3KOBO MICTUTW nore iHdopmauii. Y npoueci nepefadi iHpopmauinHnX
Gr10KiB 3A4INCHIOETLCS IXHA HyMepaL,isi B PEXMMi KOB3HOTO BikHa.
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Kepyrodi kalpu (Supervisory) npusHadeHi Ons nepefadi KoMaHg i
BignoBigen y npouenypax i3 yctaHoOBNeHHsM foriyHoro 3'egHaHHsa LLC2, y Tomy
4Yuncni 3annTiB Ha NOBTOPHY Nepeaady nepekpyyvyeHux iHpopmauinHnx 6rokis.

HeHymeposaHi kadpu (Unnumbered) npusHadyeHi ana  nepegadi
HEHyMepoBaHMX KOMaHg, | BignoBigen, WO BWKOHYKOTb Y npouegypax ©6e3
YCTaAHOBIEHHSA JIOMYHOro 3'eAHaHHA nepefady iHopmadil, igeHTugikauito n
TecTyBaHHA LLC-piBHS, a B npoueaypax i3 yCTaHOBMAEHHAM J10MYHOro 3'€AHaHHSA
LLC2 — BCTaHOBMEHHA W1 pO3'€QHAHHA JIOMYHOrO 3'€dHaHHS, a TaKoX
iIHpopMyBaHHA Npo MOMUNKW. YCi Tunn kagpie piBHa LLC mawoTb eguHun

doopmar:

Mpanop Anpeca Touku Apnpeca toukn | [lone, wo [aHi Mpanop
01111110 BXO4Y Cnyxou BXO4Yy Cnyxou Kepye (Data) | 01111110
NpU3HaYeHHA mKepena (Control)
(DSAP) (SSAP)

Kagp LLC obpamnsieTbca asoma ogHobanTtoBumu nonsmu “lNpanop”,
lwo maroTb 3HadeHHs 01111110. MNpanopu BMkopuctToBytoTbCA Ha piBHi MAC
Anst Bu3HayeHHa mex kagpy LLC. BignosigHo oo 6araTopiBHEBOI CTPYKTYpw
npotokonis ctaHaapTiB IEEE 802, kagp LLC Bknagaetbcs B kagp piBHA MAC:
kagp Ethernet, Token Ring, FDDI i 1. a. NMpun ubomy npanopu kagpy LLC
BigKMOaTbCA.

Kagp LLC mMicTuTb none gaHux i 3aronoBOK, WO CKMagaeTbCs i3 TPbOX
nosi.:

agpeca To4kM Bxoay cnyxbu npusHaveHHs (Destination Service Access
Point, DSAP);

agpeca TOYkM Bxoay cnyxbu mxkepena (Source Service Access Point,
SSAP);

kepytode none (Control).

lNone OaHux kadpy LLC npusHayeHO Onsa nepefadi no mepexi nakeTis
NPOTOKOMNIB BULLEPO3MILLEHNX PIBHIB — MepexHux npotokonis IP, IPX,
AppleTalk, DECnet, y pigkux Bunagkax — npuknagHux nNpoTOKOMiB, KOMWU Ti
BKMagalTb CBOI MOBigoMNeHHs 6e3nocepeHbO B Kagpu KaHanbHOMO PiBHS.
[Mone paHMx wMoOXe OyTM BIOCYTHIM Yy Kepylunx Kagpax i Oesakux
HEeHyMepoBaHUX Kagpax.

AdpecHi rnons DSAP i SSAP 3anmatote no 1 6anty. BoHn [03BONSAOTh
yKkasaTtu, sika cnyxba BepxXHbOro piBHSA nepecunae gaHi 3a 4onoMoro Lboro
kagpy. NMporpamHoMy 3abe3neyveHH0 BY3fiB Mepexi Npu ofepkaHHi kaapis
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KaHanbHOro piBHs HEOBXIOHO po3ni3HaTU, KUK MPOTOKOS BKIaB CBIiM NaKeT y
none AaHux Kagpy, Wo Haginwos, Wob nepeaat BUTATHYTUA 3 Kagpy NakeT
NOTPIBHOMY NPOTOKONY BEPXHBLOrO PIiBHA AN HacTynHol obpobku. [Onsa
ideHTndikauii uMx NPOTOKOMIB yBOAATBHCS TaK 3BaHi adpecu TOYKM BXody
cnyxoun (Service Access Point, SAP). 3HaueHHa agpec SAP npunmcyoTbCs
npotokonam Yy BignosigHocTi 3i crtaHgaptom 802.2. Hanpuknag, ans
npotokony IP 3HayeHHss SAP pgopisHioe 0x6, ans npotokony NetBIOS-0*FO.
[Ons ogHux cnyx6 BM3Ha4veHa TiflbkM oHa ToYKa BXo4y W, BiAnoBigHO, TiNbKu
oavH SAP, a ans iHwWux — Kinbka, konn agpecun DSAP i SSAP 306iratoTbcs.
Hanpuknag, skwo B kagpi LLC 3HavyeHHs DSAP i SSAP wmictatb koA
npoTokony IPX, To 0OMiH Kagpamun 34iINCHIOETLCS MK ABoMa IPX-mogynsamu,
LLIO BUKOHYIOTbCA B Pi3HMX By3nax. Ane B Aeskux Bunagkax B kagpi LLC
BKa3yloTbCs, WO po3pisHaTbca DSAP i SSAP. Lle MOXIMBO TiNbKn B TUX
BMNagkax, Konu cnyxba mae Kinoka agpec SAP, Wwo Moxe OyTn BUKOPUCTAHO
NPOTOKONIOM BYy3na BignpaBHWKA B cCHeuianbHUX UiNsx, Hanpuknag ans
NOBIAOMMNEHHA By3rna ofepXXyBada Mnpo nepexig NpOTOKOSy-BignpaBHUKA B
aeskun cneundivHum pexkum pobotu. Llieto BnactusicTio npotokony LLC
yacTo KopucTyeTbea npoTokon NetBEUI.

[None kepysaHHs (1 abo 2 BanTn) mMae cknagHy CTPYKTypy npu poboTi B
pexumi LLC2 i gocutb NpocTy CTpyKTypy npu poboTi B pexumi LLC1 (puc. 3.3
[27]).

Y pexumi LLC1 BMKOPUCTOBYETLCA TiNlbKM OAWH TUN Kagpy -—
HEHyMepoBaHUI. Y LbOro Kagpy nosie KkepyBaHHs Ma€ OOBXMHY B OAuH GanT.
Yci nignona nons KepyBaHHA HEHYMepoBaHWX KaapiB MNPUAMAalOTb HYIbOBI
3HAYEHHS, TaK WO 3HAaYUMMMKU 3anuaroTbCs TiNbku nepwi gsa 6iTn nons,
BMKOPUCTOBYBaHI AK O3Haka Tuny Kagpy. 3 ornsgy Ha Te, WO B MNPOTOKOmMI
Ethernet npun 3anuci peanisoBaHun 3BOPOTHUI NMopsgok 6iT y GanTi, To 3anuc
nonsa ynpasniHHa kagpy LLC1, BknageHoro B kagp npotokony Ethernet, mae
3HauveHHa 0x03 (TyT i gani npedikc Ox No3Hayae LWiCTHaAUATUPIYHE NOAAHHS).

FOspALKM NONA yIPEaEniHHA
Lem zappy 123456 78 9 1011 12 13 14 15 16

iHth OphaSIL A A
[ Informration)

0 RS P/F N(R)

KepiBHI A
C:.I (Supervisory) 1 |o g | —|—|— (R

HE HYy i a0 BRHE 1 1 W FiF Il
(T ered)

Puc. 3.3. CTpyKkTypa nonsa KepyBaHHA
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Y pexumi LLC2 BMKOPUCTOBYKOTLCS BCi TpU TUMNM Kagpis. Y LbOMY
pexuMmi Kagpu AOinAaTbCAd Ha KoManau W Bignosigi Ha ui komaHau. bit P/F
(Poll/Final) mae HacTynHe 3Ha4YyeHHSA: y kKOMaHaax BiH HasuBaeTbcs 6itom Poll
i BMmarae, wob Ha komaHgy Oyna gaHa BignoBigb, a Yy BiANoOBiAsAX BiH
Ha3nBaeTbca OiTtom Final i roBopuTb Npo Te, WO BiANOBIAb CKNagaeTbCcAa 3
OAHOro Kagpy.

HeHymepoBaHi kKagpu BUKOPUCTOBYKOTLCS Ha NoYaTKoBiM  cTagil
B3aemMofil OBOX BYy3niB, a came CcTafil BCTaAHOBIIEHHS 3'€QHaHHA 3a
npoTtokonomMm LLC2. None M HeHymepoBaHWX KaapiB BM3HA4Ya€ Kiflbka TUNIB
KOMaHA4, SKMMW KOPUCTYIOTbCS [Ba BY3NM Ha eTari BCTaHOBEHHSA 3'€QHaHHS.
Hwxkye HaBegeHi npuknagn geskux KoMaHz.

YecmaHoeumu 36anaHcogaHUll  aCUHXPOHHUU pO3WUPEHUU pexum
(SABME). Usa komaHga € 3annuToM Ha BCTaAHOBIEHHS 3'€gHaHHA. BoHa €
OofHie 3 KoMaHg nNoBHOro Habopy komaHpg Takoro pogy npotokony HDLC.
Po3LWMpeHnn pexmm O3Ha4Yae BUKOPUCTaHHA OBO6aANTOBMX MOMIB KEPYBAHHSA
Anga Kagpis iHWMX ABOX TUNIB.

HenymeposaHe nidomeepdxeHHs (UA). CnyxuTb Ons niaTBepoKeHHs
BCTaAHOBIEHHA abo po3puBYy 3'€AHAHHS.

CkuOaHHS 3'€eOHaHHSA (REST). 3anuT Ha po3puB 3'€QHaHHS.

[Nicna BcTaHOBNEHHA 3'€AHAHHA OaHi U MO3UTUBHI KBUTAHLLIT MOYMHAOTb
nepegasaTuCs B iHpopMauinHmx kagpax. JlorivHnn kaHan npoTtokony LLC2 €
AYNAeKCHUM, Tak WO AaHi MOXyTb nepegasaTtucs B 060X Hanpamkax. AKLLO
NOTIK AYNNEKCHUN, TO NO3UTUBHI KBUTAHLT HA Kagpu TakoX OOCTaBMSATLCA B
iHbOopMaUiMHUX KagpaxX. AKWO X MOTOKY KaapiB Yy 3BOPOTHOMY HanpsMKYy
Hemae abo X nNoOTpiBHO nepegatm  HeraTMBHY  KBUTaHLUiO, TO
BUKOPUCTOBYIOTLCS CYNepPBi3OPHI Kagpu.

B iHdopmauinHmx kagpax € none N(S) ans 3asHadeHHs Homepa
BianpasrieHoro kagpy, a takox none N(R) ona 3asHavyeHHA HOMepa Kadpy,
O nNpurMMad OdiKye ogepxaTu Big nepegaBava HacTynHuM. [lpu poborTi
npoTtokony LLC2 BMKOPUCTOBYETLCS KOB3HE BiKHO po3mipoM B 127 kagpis, a
Anga IXHbOI HyMepauil UWMKITiYHO BUKopucToByeTbca 128 uncen, Big 0 go 127.

Mpurumad 3aBXauM nam'aTae HOMepP OCTaHHLOro Kagpy, MPUAHATOrO BiA
nepegasada, i nNigTPUMye 3MiHHY i3 3a3Ha4YeHMM HOMepOM Kaapy, Lo BiH
OYiKye MPUMHATK Bi4 nepefasaya HacTyrnHuM. [los3Hauymmo 1noro vepes V(R).
Came ue 3HauvyeHHs nepepaetbes B norne N(R) kagpy, WO MOCUMNaeTbCs
nepegasadvy. AKWO Yy BiANOBiAb Ha UeW Kagp npuimad npumMae kKagp, y
aKoMy Homep nocraHoro kagpy N(S) 3biraetbca 3 HOMEPOM O4ikyBaHOro
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kagpy V(R), TO Takmin Kagp YBaXae€TbCA KOPEKTHUM (SIKLWO, 3BMYanHO,
KOPEKTHA NOro KOHTPOSbHa Cyma). AKLWO npuiMmad npunmMmae kagp i3 HoMepom
N(S), HepiBHUM V(R), TO uen Kagp BiAKMOAETLCA W MOCUNAETLCA HEraTMBHa
kBuUTaHuUis Biomoea (REJ) 3 Homepom V(R). lpn npuvimMaHHi HeraTUBHOI
KBUTaHUIT nepedaBay 3000B'A3aHMN MOBTOPUTU Nepeaady Kagpy 3 HOMepom
V(R), a Takox ycCix kagpiB 3 OinbwnMM HOMepamu, SKi BiH yXe BCTUr
BigicnaTtn, KOPUCTYOYNCb MeXaHi3MoM BikHa B 127 kagpis..

[1o cknagy cynepBi3OpHUX KagpiB BXOAATbL HACTYIHI:

Biomosa (REJect).

lNputimay He 2omosul (Receiver Not Ready, RNR).

lMputmay comosut (Receiver Ready, RR).

KomaHga RR 3 Homepom N(R) 4acTto BMKOPUCTOBYETLCA SK NMO3UTUBHA
KBUTaHUiA, KONU MNOTIK AaHMX Big4 npunumada OO nepenaBada BiACYTHIW, a
komaHga RNR — gna BMOBiSIbHEHHA MNOTOKY Kagpis, WO HagxoOsaTb Ha
npurmad. Lle moxe 6yt HeobxigHO, AKLWO npuimMady He BCTUrae obpobutu
NOTIK Kaapis, WO HaacunawTbCA MOMY 3 BESIMKOK LUBMAKICTIO 3@ paxyHOK
MexaHiamy BikHa. OgepxaHHsa kagpy RNR xapae Big nepegaBaya MOBHOMO
NPUNUHEHHA Nepeaadi, 4o ogepxaHHAa kagpy RR. 3a gonomororo umx Kkagpis
30IMCHIOETLCH KepyBaHHA MOTOKOM AdaHuX, WO 0cobfiMBO BaXnUBO 4SS
MepexX, LU0 KOMYTYITbCH, Y SKUX HeMae MoAifitoBaHOro cepenosuula, LWO
aBTOMaTU4YHO ranbmye poboTy nepenaBaya 3a paxyHoK TOro, Lo HOBUW Kagp
He MOXHa nepeaaTu, NOKN NpuMMay He 3akiH4MB MPUNOM NonepesHbLoro.

3.3. TexHonorisa Ethernet (802.3)

Ethernet — ue HaWNOWMPEHIWMA Ha CbOrOAHIWHIN OEHb CcTaHaapT
NoKanbHUX Mepex. 3aranbHa KinNbKiCTb MepeX, Wo npauTb  3a
npoTtokonomMm Ethernet y uen 4ac, ouiHIOETLCA B 5 MINbWOHIB, a KiflbKiCTb
KOMM'loTepIiB i3 yCTaHOBNEHMMU MepexHumun apantepamun Ethernet — B 50
MiSTbMOHIB.

Konu rosopatb Ethernet, To nig uMm 3BMYAMHO PO3YMIIOTb KOXEH 3
BapiaHTiB uiel TexHornoril. Y 6inblw By3bkoMy ceHci Ethernet — Le MepexHui
cTaHgapT, 3aCHOBaHM Ha ekcriepumeHTanbHin mepexi Ethernet Network, wo
dipma Xerox pospobuna v peanidyBana B 1975 poui. Metog goctyny 6yB
BMNpoBYyBaHW LWe paHiwe: y Apyrin nonoBuHi 60-x pokiB y pagiomepexi
[[@aBanCbKOro yHiBepcuTeTy BMKOPUCTOBYBANMUCA Pi3Hi BapiaHTXU BUNAL4KOBOro

AOCTYMNy [0 3aranbHOro pagiocepeaoBullia, L0 OAepXanu 3ararnbHy Hassy
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Aloha. Y 1980 poui dipmmn DEC, Intel i Xerox cninbHO po3pobunu i
onybnikyBanu ctaHgapt Ethernet Bepcii Il ansa mepexi, nobygosaHoi Ha
OCHOBI KOaKcianbHOro kabesnt, WO CcTaB OCTaHHbOK Bepciel dipMOBOro
crangapty Ethernet. Tomy cipmoBy Bepcito ctaHgapty Ethernet HasuatoTb
ctaHgaptom Ethernet DIX abo Ethernet II.

Ha ocHosi ctaHgapTy Ethernet DIX 6yB po3pobnenun ctaHgapt IEEE
802.3, wo 6arato B YoMy 36iraeTbCa 3i CBOIM nonepegHVKoM, ane AesiKi
PO3XO)KEHHS BcCe-TakM €. Y ToMm 4ac 49k y craHgapti |IEEE 802.3
po3apisHatoTeea piBHi MAC i LLC, B opuriHanbHomy Ethernet obuaBa ui piBHi
ob'egHaHi B e€auHWn KaHanbHUK piBeHb. Y Ethernet DIX Bu3HauvaeTbcs
npoTokon TecTyBaHHA KoHdirypauil (Ethernet Configuration Test Protocol),
wo BiacyTHin B IEEE 802.3. Tpoxu BigpisHAeTbCA 1 doopmaT Kagpy, xoda
MiHiManbHI 1 MakcumaribHi po3Mipu KagpiB y uux ctaHgapTtax 36iratoTbes.
YacTto ans Toro, wob BigpisHuTK Ethernet, Bu3HauyeHun ctaHgaptom IEEE, |
dipmoBun Ethernet DIX, nepwwuin HasuBawTb TexHonorieto 802.3, a 3a
dipmoBuM 3anuwatoTb Ha3ey Ethernet 6e3 gogatkoBux No3Ha4veHb.

3anexHo Big Tvny gisnyHoro cepenosuwia craHgapT IEEE 802.3 mae
pi3Hi Mmogudikauil — 10 Base-5, 10 Base-2, 10 Base-T, |0 Base-FL, |0 Base-FB.

Y 1995 poui 6yB npunHaTum ctaHaapT Fast Ethernet, wo 6arato B Yomy
He € CaMOCTIMHUM CTaHOapTOM, MPO WO roBOpPUTL | TOM (pakT, WO NOoro onuc
NPOCTO € A04aTKOBUM PO34iSioM OO0 OCHOBHOro craHgapty 802,3 — posainom
802.34. AHanoriyHo, npuvHaTun y 1998 poui ctaHgapt Gigabit Ethernet
onucanun y po3aini 802.3z "OCHOBHI OKYMEHTK",

[Ona nepepadi OBiMKOBOI iHpopMauii 3 kabento Ana BCiX BapiaHTIB
gisnyHoro piBHa TexHonorii  Ethernet, wo 3abe3nevyloTb NPOMYCKHY
3gaTtHictb 10 M6iT/3, BUKOPUCTOBYETHCA MaHYECTEPCBKNI KOA.

Yci Bugn ctaHgaptie Ethernet (y tomy uucni Fast Ethernet i Gigabit
Ethernet) BukopuctoByoTb TOM CamMun MeTO NMoAiny cepenosuLla nepenadi
pgaHnx — metogq CSMA/CD.

3.3.1. Memod docmyny CSMA/CD

Y wmepexax Ethernet BukopuctoByetbCsa MeTOon —OocTyny Ao
cepefoBua nepefadvi gaHMx, siKMA Ha3MBAETbCS METOAOM KONEKTUBHOrO
A0CTyny (00 SIKOro BIAHOCATLCS W pajiomepexi, Wo nopoaunu uen meton).
Yci koMmn'toTepu Takoi Mepexi MaloTb 6esnocepeaHin 4OCTyn A0 3ararnbHOl
LUNHK, TOMY BOHa MOXe 6yTun BMKOpUCTaHa Ona nepegadi gaHux mik oyab-
AKMMKW gBOMa By3namun mepexi. OgHo4YacHO BCi KOMMN'HOTEPU Mepexi MarlTb
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MOXINUBICTb HeEramHo (3 ypaxyBaHHAM 3aTPUMKW MOLUMPEHHSA CuUrHany no
disn4yHOMY cepefoBULLY) ofepXaTu AaHi, AKi KOXeH 3 KOMM'loTepiB nodas
nepegaBaTM Ha 3aranbHy LWuHY (puc. 3.4 [22]). T[lpocTtoTta cxemu
NiOKIIOYEeHHA — ue oauH 3 dhakTopiB, WO BU3HAYUNWM YyCrixX cTaHOapTy
Ethernet. oBopATb, WO Kabenb, A0 AKOro MigKNKYEHI BCi CTaHUil, Npautoe B
pexunmi konektnsHoro goctyny (Multiply Access, MA).

Texmomoricea Komix
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Puc. 3.4. MeTon Bunagkosoro goctyny CSMA/CD

Etanu goctyny oo cepegoBuLia

YCi OCHOBHi rapMOHIKM CUrHany, WO TaKoX Ha3MBakTbCA HOCIMHOK
yactoTolo (carrier-sense, CS). O3Hakol He3aMHATOCTI cepenoBulla €
BIACYTHICTb Ha Hin HOCINHOI 4acTOTW, WO NPUM MaH4yecTepcbkoMy crnocobi
kogyBaHHA gopisHoe 5 — 10 Mruy, 3anexHo Big NOCNIAOBHOCTI OAVHMUUD |
HyniB, NnepefaHnx y Lien MOMEHT.

AKwo cepefosuule BiNbHe, TO BY30J/1 Mae NpasBO no4yaTtu nepenadvy
kagpy. Llen kagp 3o0paxeHun Ha puc. 3.4 nepwum. Byson 1 BusBuB, L0
cepefnoBuLle BiNbHe, i NovyaB nepegasaTty CBIN Kagp. Y KIacuU4HIin Mepexi
Ethernet Ha «koakcianbHOMy kabeni curHanu nepegaBada By3na 1
NOLWMPOTLCA B 06maBa BokKM, Tak LLO BCi BY3nM Mepexi IX oaepxytoTb. Kagp
AaHuX 3aBXOn CynpoBOIKYETLCA rpeambyriowo (preamble), sika cknagaeTbes
3 7 6anmt, wo cknagarwTtbca 3i 3HadyeHb 10101010, i 8-ro 6awmTa, sKin
popisHioe 10101011, lNpeambyna noTpibHa ANs BXOOXXEHHA npunmada B
noBiTOBMI i CUHXPOHI3M i3 NepedaBayveM.

Yci cTaHuil, nigknoveHi ao kabento, MOXyTb po3nidHaTK hakT nepeaadi
Kagpy, | Ta CTaHuisa, WO OOBIiOAAETLCA BflACHY agpecy B 3arofioBKax Kagpy,
3anucye Moro BMICT y CBIi BHYTpIWHIN Oydep, obpobnsie oTpumaHi AaHi,
nepegae ix Haropy no CBOEMY CTeKy, a MOTiM nocunae no kabento kagp-
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BianoBiab. Agpeca cTaHuil mkepena BTPUMYETbCSA Y BUXIOQHOMY Kagpi, TOMY
CTaHUis-ogepKyBay 3Hae, KoMy NOTPiIOHO nocnaTtu BianoBiab.

Byson 2 nig 4ac nepefadi kagpy By3nomMm 1 TakoXX HamaraBcda no4vatu
nepenavy cBoro Kkagpy, oaHak BUSIBUB, LLIO CcepefoBuLLEe 3alHATE — Ha Hin €
NPUCYTHBLOI HOCINHA YacToTa — TOMY BY30/51 2 3MYyLUEHU YeKaTun, MNOKK BY30/
1 He NpUNMHUTbL Nepeaady Kaapy.

[Micna 3akiH4eHHA nepeadi Kagpy BCi BY3nM Mepexi 30060B'A3aHi
BUTpUMAaTK TexHonoridHy naysy (Inter Packet Gap) B 9,6 mkc. Lis naysa, gka
Ha3MBaAETbLCA TAKOX MDKKaApOBMM iHTepBanom, noTpibHa Ona npuBeLeHHS
MEPEXHUX apjanTepiB Yy BUXIAHWMMA CTaH, a TakoX Ans  3anobiraHHs
MOHOMOMNBLHOIO  3axOnfleHHs1 cepedoBuvlla OfHieto  cTaHuietn. [licns
3aKiHYeHHS TEXHOmOriYHOI nays3u BY3NU MalTb MpaBo MoyaTtu nepenady
CBOro Kagpy, ToOMy WO cepenoBulle BiflbHe. Yepes3 3aTpUMKM MOLLUMPEHHS
curHany no kabento He BCi By3nM CTPOro ofHO4YacHoO IiKCyloTb hakT
3aKiHYeHHS nepenadi kagpy Bysnom 1.

Y HaBeZeHOMYy Mpukrnagi By3on 2 [oYekaBCHA 3aKiHYeHHs nepenadi
Kagpy By3nom 1, 3pobus naysy B 9,6 MKC i no4aB nepegady CBOro kagpy.

BUWHUKHEHHSA Koni3il

Mpn onucaHomy nigxodi MOXnuMBa CUTyauid, KOnMu ABi  cTaHuil
OAHOYACHO HamaralTbCAd nepejatyv Kagp AaHux Mo 3ararbHOMY
cepepoBuwly. MexaHiaM MpoCnyxoByBaHHA cepefoBulla M Nay3a Mix
Kagpamu He 3axuwaroTb Big BUHMKHEHHS TakKol cuTyauil, konu asi abo 6inbLe
CTaHUil ofQHOYacCHO BM3Ha4alwTb, WO CepeadoBuLLE BiNbHE, i MOYMHAIOTb
nepegasaTu CBOI Kagpwu. [oBOpATb, WO NpUM LbOMY BigabyBaeTbCA KOsi3id
(collision), Tomy Wo BMIiCT 060X KagpiB 3iLLUTOBXYETLCA Ha 3araribHOMY Kabeni
n BiObyBaeTbCA nNepekpyyyBaHHS iHopmMauil — MeToau KoOyBaHHS,
BukopuctoByBaHi B Ethernet, He [o03BONATL BUAINATU CUrHANMM KOXHOI
CTaHUjl i3 3aranbHOro curHany.

Konisis — ue HopmanbHa cuTyauia B poboti mepex Ethernet. Y
npuknagi, 3obpaxeHomy Ha pwuc. 3.5 [22], konisdito nopoauna ogHo4vacHa
nepegaya AaHux Byanamu 3 i 1. [Ina BMHUMKHEHHS KONi3ii He 0BOB'A3KOBO,
OO Kinbka cTaHUi noYanun nepenadvy abcontoTHO O4HOYACHO, Taka cuTyauis
ManormoBipHa. HabaraTto MMOBIpHilWe, WO KOnMi3is BUMHMKAE 4epe3 Te, Lo
OAVH BY30JS&1 MNMOYMHAE Mepepady paHilwe iHWoro, ane [Oo Apyroro Bysna
CUrHanNM nepLioro NPOCTO He BCTUraKTb AINTU Ha TOM 4ac, KON Opyruu
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BY30/1 BUpIWLYE novaTn nepenadvyy cBoro kagpy. TobTo konisii — ue Hacnigok
PO3MOAINEeHOro Xxapakrepy Mepexi.
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Puc. 3.5. CxeMa BUHUKHEHHS1 U NOLUMPEHHSA KONi3il

LLlo6 kopekTHO 06pobUTK KONI3ito, BCi CTaHUil 0AHOYACHO CNoCTepiralTb
3a BMHUKaKOYMMKM Ha kabeni curHanamu. AKWwo nepeaaHi curHanum n curHanm
L0 CnoCTepiratTbCs, BIOPI3HAITLCA, TO MIKCYETLCA BUSIBIEHHS KOJI3il
(collision detection, CD). Onsa 36inblleHHS WMOBIPHOCTI SIKHAWLLBUALLOIO
BUSABMIEHHA KOMI3il BCIMa CTaHUIiAMW Mepexi CTaHuia, WO BusBMMNa KOmisito,
nepepvBae nepenadvyy cBoro kagpy (y AOBINIbHOMY MicCLi, MOXIMNBO, | HE Ha
Mexi 6anTa) i niacunioe cuTyauito Konisii NoOCUNaHHAM B MepexXy crneuianbHol
nocnigoBHOCTI 3 32-x BiTiB, sika Ha3BaHa jam-roc1i008HICMIO.

[Micnsa uboro NnepegaBanbHa CTaHUid, WO BUABKUIA Konisito, 3060B'A3aHa
NPUNNHUTL nepegadvy M 3pobuTM naysy MPOTSAroM KOPOTKOro BMMAgKOBOMO
iHTepBany 4acy. [loTiMm BOHa MOXe 3HOBY Mo4aTu Cnpody 3axonfeHHs
cepegosuwa M nepepadi kagpy. BunagkoBa naysa BubupaeTbcs  3a
HaCTYMNHUM anropuTMom:

[Mays3a = L x (iHTepBan BiACTPO4KM),

Ae iHTepBan BIiACTPOYKM AopiBHIOE 512 6iToBMM iHTepBanam (y TexHOnoril
Ethernet npuiHaTo BCi iHTepBanu BumMiptoBaTi B BiTOBUX iHTepBanax; 6itosui
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IHTepBan nos3HavaeTbcA HAK bt | BignoBigae 4acy MK MOABOK [OBOX
nocnigoBHux OiT AgaHux Ha kabeni; ana wewuakocti 10 M6iT/c BenunyuHa
6iToBoro iHTepBany gopisHtoe 0,1 mkc abo 100 He);

L ctaHoBuUTb cobO Uuine 4ucro, obpaHe 3 PIBHOK WMMOBIPHICTIO 3
AianasoHy |0, 2N ], e N — Homep NoBTOpHOI cnpobu nepeaadi JaHOro Kagpy:
1,2,..., 10.

Micna 10-i cnpobwn iHTepBan, 3 4KOro BUOMpaEeTbCs naysa, He
30inbWyeTbCA. TakMm YMHOM, BMMAAKOBa nay3a MoXe MpuAMaTty 3HaYEeHHS
Big 0 oo 52,4 mc.

Akwo 16 nocnigoBHUX cnpob nepegadi kKagpy BUKAMKAKOTb KOSi3ito, TO
nepegasad NOBMHEH NPUNUHUTL CAPOBKU N BIOKNHYTW LEen Kaap.

3 onucy MeTtoay A0CTyny BUAHO, WO BiH HOCUTbL IMOBIPHICHUI XapakTep,
| MMOBIPHICTb YCRMILLIHONO OAep)XaHHA Yy CBOE PO3MNOPSMKEHHS 3ararbHOro
cepenoBuLLa 3anexunTb Big 3aBaHTaXXEHOCTI Mepexi, To6To Big IHTEHCUBHOCTI
BUHMKHEHHA B CTaHLUissX NoTpebu B nepepadi kagpis. NMpu po3pobui Lboro
MeToady HanpukiHui 70-x pokiB nepegbadanocs, WO WBMAKICTb nepenadi
aaHmx B 10 MGiT/c oyxe BMUCOKa B MOPIBHAHHI 3 noTpebamu KoMn'toTepiB Y
B3aeMHOMY OOMiHIi AdaHyMK, TOMY 3aBaHTaXeHHs Mepexi Oyae 3aBxau
HeBenuknMm. Lle npunylieHHs 3anuwaeTbcda iHoAi cripaBeasIMBUM | LOHWHI,
OQHaK yxe 3'aBUnuca goaaTku, WO NpauoTb Yy peanbHOMy maclutabi yacy 3
MynbTUMeOIMHOK IHGhOpMaLiEeto, SKi AyXe 3aBaHTaXyloTb cermeHTn Ethernet.
Mpu UbOMy KOMI3ii BUHMKAIOTL HabaraTo yacTiwe. MNpn 3HaYHIN IHTEHCUBHOCTI
KOMi3in KopuCcHa NponyckHa 3gaTHICTb Mepexi Ethernet pisko nagae, Tomy wo
Mepexa Mamxke MOCTIMHO 3aMHATa NOBTOPHUMK cnpobamu nepegadi Kaapis.
[nst 3MeHLWeHHS iIHTEHCUBHOCTI BUHUKHEHHST KOMi3i NOTPIGHO abo 3MeHLWnTH
Tpadik, CKOPOTMBLUKM, HAaNpUKNag, KifbKiCTb BY3niB y cerMmeHTi abo 3amMiHuBLUM
agogaTtok, abo nigBUWMTM LWIBUAKICTb NPOTOKOMY, Hanpuknag, nepemtn Ha
Fast Ethernet.

Cnig 3asHauntn, wo metoa goctyny CSMA/CD B3sarani He rapaHTye
CTaHUji, WO BOHa KONW-HeEByab 3MOXe oaep)kaTu OOCTyn A0 cepeaoBuLua.
3BMYaHO, NPU HEBESTMKOMY 3aBaHTaXEHHI Mepexi MMOBIPHICTb Takoi noail
HeBenuka, ane npu KoegiuieHTi BUKOPUCTAHHA MepeXxi, o HabnmxaeTbcs Ao
1, Taka nofia ctae oyxe NMMOBIPHO. Hegonik metogy BUNagKkoBOro AOCTyny
— nnaTa 3a Woro HagssuyanHy NpocToTy —LWo 3pobuB TexHonorito Ethernet
camMmol HeJoporow. IHWi MeToan OOCTYyny — MapKepHUnN JOCTyn Mepex Token
Ring i FDDI, meTtogq Demand Priority mepex 100 VG-AnyLAN — BinbHi Big
LbOro HeJonikKy.
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Yac noaBinHOro o6opoTy U po3nisHaBaHHA KOJi3in

YiTke posnizHaBaHHA KOMi3in yciMa CTaHUissMn Mepexi € HeobXigHOo
YMOBOK  KOpPeKTHOI pobotn mepexi Ethernet. HAxkwo saka-Hebyab
nepefaBaribHa CTaHUig He pO3ni3Hae KOnisito M BUPIWUTb, WO Kagp AaHuX
Hel nepefaHun NpaBuIibHO, TO LEW Kagp gaHux 6yae sarybneHuin. Yepes
HakrageHHsa curHanis npu Konisii iHopmauis Kagpy CnoTBOpPUTLCH, | BIH
Obyne BigbpakoBaHUM NMPUAMAKOYOD CTaHUIE (MOXIIMBO, Yepe3 po3DiKHICTb
KOHTpoONbHOI cymu). LBuawe 3a Bce, nNepekpydeHa iHdopmauia 6yae
NOBTOPHO NepeaaHa SkMM-Hebyab NPOTOKOSIOM BEPXHBLOMO PiBHS, HaNpukniag,
TpaHCNOPTHMM abo NpuKNnagHMM, NpauoyYnM i3 YCTaHOBEHHAM 3'€QHaHHS.
Ane noBTOpHa nepegadva MOBIAOMIMEHHS MPOTOKOMAMMU BEPXHIX PIBHIB
Binbynetbca 4vepes 3HayHO Oinblwl TpuBanun iHTepBan 4acy (iHo4i HaBiTb
yepes Kiflbka CekyH) Yy MOPIBHSAHHI 3 MIKPOCEKYHOHUMM iHTEpBanamu, SSKumu
onepye npotokon Ethernet. Tomy skwo konisii He OyayTb HadiMHO
po3nisHaBaTucsa By3namu mepexi Ethernet, To ue npmussege 0o NOMITHOro
3HWKEHHS KOPUCHOT NPOMYCKHOI 34aTHOCTI aHOoI Mepexi.

Ona HapginHoro poanisHaBaHHA  KOSi3in  MOBMHHO  BUKOHYBATUCS
HaCTyMnHe CriBBIQHOLIEHHS:

Tmin 2 PDV,

ne Tmin — Yac nepefadi kagpy MiHiManbHoi AoBXunHKU, a PDV — yac, 3a akun
curHan Konisii BCTUrae nowwuMpuTUCS O CamMOoro Jarnekoro By3na Mepexi.
TomMy WO B HaWripwoMmy pasi CcurHam MOBMHEH NPOWTK ABiYi MiXX HanOinbL
BUTyYEHUMW OAHA Bi4 OAHOI CTaHUIAMM MepeXi (B OAHY CTOPOHY MPOXoAuTb
HECNOTBOPEHNUW CuUrHas, a no [[Oopo3i Hasad MNOWUPIETLCA  BXe
nepekpy4YeHn Konisiero curHan), To Len Yac HasnBaeTbCsa YacoM nodsiliHo2o
obopomy (Path Delay Value, PDV).

[Mpn BMKOHAHHI Ui€el yMOBM nepefasBaribHa CTaHUid NOBMHHA BCTUraTtu
BUSIBUTW KOSIi3it0, LLIO BUKMKAB NepeaaHnn Hew Kaap, we Ao Toro, sik BOHa
3aKiHYMTb Nepenady Lboro Kagpy.

OueBnaHO, WO BMKOHAHHSA L€l YMOBM 3anexuTb, 3 O4HOro OOKy, Big
AOBXWHN MiHIManbHOro Kagpy W nponyckHOI 34aTHOCTI Mepexi, a 3 iHWoro
GokKy, Big OOBXMHM KabenbHOI CUCTEMM Mepexi W LWBUOKOCTI MOLUIMPEHHS
curHany B kabeni (ona pisHux TuNiB kKaben Ua  WBWUAOKICTb  TPOXM
BiAPI3HAETLCS).
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Yci napameTpu npotokony Ethernet nigibpaHi Takum 4nHom, wWob npu
HOopMarnbHi poboTi By3niB Mepexi Konisii 3aBxXau Y4iTKo posnisHaBanucs. [Npu
BUbopi nNapameTpiB, 3BUYAWHO, YypaxoByBarocs W HaBedeHe BULUE
CMiBBIQHOLWLEHHS, WO 3B'A3ye MK CO60I0 MiHIManbHy [OOBXWHY Kagpy W
MakcMMarsibHy BiACTaHb MK CTaHLIAMW B CErMEHTI MepeXxi.

Y ctangapti Ethernet npunHATO, WO MiHIManbHa OOBXKMHA NONS AaHUX
Kagpy cTaHoBuTb 46 6ant (Wwo pasom 3i cnyxboBumn nonsmu Jae
MiHiManbHy JOBXMHY Kagpy 64 6anT, a pa3om i3 npeambynot — 72 6ant abo
576 6iT). 3Biacn MOXyTb 6YTM NEBHI OBOMEXEHHS Ha Bi4CTaHb MiXK CTaHLiAMM.

Omxe, B 10-merabitHomy Ethernet wac nepepavi kagpy MiHiManbHOI
AOBXWHWN AopiBHIOE 575 BiTOBMM iHTEpBanam, omke, Yac noasinHOro obopoTy
NoBUHEH ByTK MeHwuM 57,5 MKC. BiacTaHb, WO curHan Moxe nponTn 3a Len
yac, 3anexmuTb Big Tuny kKabento M Ons TOBCTOrO KOaKcCiarbHOro kabento
aopisHoe npmnbnmsHo 13 280 M. 3 ornagy Ha Te, WO 3a Len 4yac curHan
NOBMHEH MPOUTWU MO NiHil 3B'A3KYy ABidi, BiACTaHb MK OBOMa By3namu He
noBuHHa ByTn Binblwe 6 635 M. Y cTaHaapTi BenuymnHa uiei BiacTaHi obpaHa
ICTOTHO MEHLLO, 3 06S1IKOM iHLWKX, BifibLl CyBOPUX OBMEXKEHD.

OgHe 3 TakMx obMexeHb MoB'sI3aHe i3 rpaHUYHO NPUNYCTUMUM
3aracaHHaAM curHany. [Ons 3abesnevyeHHa HeobXigHOI MOTYXXHOCTI CUrHany
NpY NOro NPOXOXKEHHI MiXK HANBINbL BUNYYEHMMW OA4HA Bif O4HOI CTaHLUiSMM
cermMeHTa kabento MakcuMmanbHa [OOBXWHa 6Ge3nepepBHOro cermMeHTta
TOBCTOrO KoakcianbHoro kabento 3 obnikom BHeCeHoro M 3aracaHHs obpaHa
B 500 M. O4eBngHo, wo Ha kabeni B 500 M ymMOBM pO3Mi3HaBaHHA KOSIi3iN
6yayTb BuKOHyBatucsa 3 6GinbwuMM 3anacom Ans  kagpie  6yab-sKoi
CTaHOapTHOI AOBXMHW, Y TOMY Yuchi 1 72 6anT (4ac noasinHOro obopoTy no
kabento 500 m ctaHoBUTL ycboro 43,3 6iToBux iHTepBanie). ToMy MiHiManbHa
AOBXWHa Kagpy wMorna 6 6ytm BcTaHoBneHa uWe MeHwow. OpgHak
po3pobntoBaYi TEXHONONIT HE CTann 3MeHLLYBaTU MiHIManbHy JOBXUHY Kaapy,
MakouM Ha yBasi baraTocerMeHTHi Mepexi, aki ByaylTbCA 3 LeKiNbKox
CerMeHrTiB, 3'egHaHNX NOBTOpHOBa4YaMu.

[MoBToptoBayi 36inblUylOTb MOTYXKHICTb NepefaHnx i3 cerMeHta Ha
CerMeHT curHanis, y pesynbTaTi 3aracaHHs CUrHaniB 3MeHLWYETbLCA U MOXHa
BMKOPUCTOBYBaTM Mepexy Habarato 6inblwol JOBXMHM, WO CcKragae 3
AEKiNbKoX cerMeHTiB. Y KoakcianbHux peanisauisx Ethernet pospobntoBadi
OOMEXMNN MakcuMarsnbHY KiNbKiCTb CEerMeHTIB Y Mepexi N'sTbMa, Wo Yy CBOK
yepry obmexye 3aranbHy OOBXUHY Mepexi 2500 meTpamun. HaBiTb y Takin
BGaratocerMeHTHIM Mepexi YymoBa BUSBIEHHA KOMI3iM  sK | paHiwe
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BUKOHYETbCA 3 OinbwnM 3anacom (NOPIBHAEMO OTpMMaHy 3a YMOBMU
ApunycTMMOro 3aracaHHs BigctaHb B 2500 M 3 ob4ncrneHow BuLe
MaKkCuMarsibHO MOXIMBOK 3a YaCOM MOLUMPEHHS CUrHany BiACTaHHIO 6635 M).
OpgHak 'y [AincHocTi 4acoBuM 3anac € IiCTOTHO MEHLUMM, OCKiflbkMu B
BGaraTtocerMeHTHUX Mepexax cami MNOoBTOptBayvi BHOCATb Y MOLUMPEHHS
CUrHany pogaTkoBy 3aTpUMKy B Kiflbka pfgecdatkiB 6iToBux iHTepBsanis.
HeBenukmn 3anac OyB 3pobneHnn TakoX [Ana KomneHcauii BigXureHb
napameTpiB Kabento 1 NOBTOPHOBAYIB.

Y pe3ynbTtaTi 061iKy BCiX UMX i AeAKNX iHWKNX ddakTopiB Byno peTesibHO
nigibpaHe cniBBiAHOWEHHST MK  MiHIManbHOK  OOBXMHOK  Kagpy W
MaKkCUMaribHO MOXIMBOK BiACTAHHIO MiXK CTaHUI MW Mepexi, Wwo 3abeaneyye
HadinHe posnidHaBaHHA  konidin. Lllo  BigCTaHb HasMBawTb  TaKOX
MakCcUManbHUM giaMeTPoOM MepEXi.

Y T1abn. 3.1 HaBedeHi 3Ha4YeHHs1 OCHOBHUX MapameTpiB npouenypu
nepenadi kagpy craHgapty 802.3, aki He 3anexartb Big peanisauil i3an4yHoro
cepegoBuwa. Baxnueo BIA3HAYMTW, WO KOXHUMA BapiaHT  i3n4HOro
cepenoBua TexHonorii Ethernet popae oo umx obmexeHb CBOI, 4acTo
Ginblwe cyBopi OBMEXeHHs, siKi TakoX MOBWHHI BMKOHyBaTUCS i ski ByayTb
PO3INAHYTI HUXYeE.

Tabnuusa 3.1
MapameTpu piBHa MAC Ethernet

MapameTtpm 3Hau4eHHs
BiToBa wBKMAKICTb 10 M6it/c
IHTepBan BiACTPOYEHHSA 512 6iToBUX iHTEPBaniB
Mixkagposui iHTepBan(IPG) 9,6 mKc
MakcumanbHe Yncrno cnpob nepeaaudi 16
MakcumarnbHe YNCro 3pOCTaHHs Aiana3oHy nayau 10
[oBXnHa jam-nocnigoBHOCTI 32 bita
MakcumarnbHa goBXMHa kagpy (6e3 npeambynn) 1518 6ant
MiHimanbHa gosxuHa kagpy (6es npeambynn) 64 6anT (512 GiTiB)
HosxnHa npeambynu 64 GiT
MiHimanbHa goBXuHa BUNagKoBOI nay3u nicng konisii | 0 6iToBux iHTepBanis
MakcnmanbHa [oBXvHa BunagkoBoi nay3u nicns | 524 000 6itoBux iHTepBanis
Konisil
MakcmanbHa BigCTaHb MK CTaHLUisSIMU MepexXi 2500 m
MakcumarnbHe YNCo CTaHUIn B MepexXi 1024
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3i 36inblIEHHAM WBMAKOCTI nepenadi kagpie, WO Mae Micue B HOBUX
cTaHgapTax, ki 6asylTbca Ha TomMy xe wmetodi goctyny CSMA/CD,
Hanpuknag, Fast Ethernet, makcumanbHa BiACTaHb MK CTaHUISIMU Mepexi
3MEHLUYETLCA NPONOPLUINHO 36iNbLUEHHIO WBWAKOCTI nepegadi. Y craHaapTi
Fast Ethernet BoHa cTaHoBMTL GnM3bko 210 M, a B ctangapTi Gigabit
Ethernet BoHa Gyna 6 obmexeHot 25 meTpamn, akbu pospobntoBadi
CTaHOdapTy He novann Oeskux 3axodiB Wwoao 30ifbleHHs MiHiManbHOro
po3Mipy nakera.

3.3.2. MakcumanbHa npodykmueHicmb mepexi Ethernet

Kinbkictb 0bpobntoBaHux kagpie Ethernet y cekyHaoy 4acTo BKasyeTbCs
BUPOBHMKAMM  MOCTIB/KOMyTaTOpPIiB i  MapLpyTM3aTopiB  siK  OCHOBHa
XapakTepucTuka NpPoayKTUBHOCTI LIMX MPUCTPOIB. Y CBO Yepry, LiKkaBo 3HATU
YUCTY MakcumarnbHy MpOryCcKHy 34aTHiCTb cermeHTta Ethernet y kagpax y
CekyHOy B igeanbHOMY BUNagKy, KONMM B MepexXi Hemae Konidiv i Hemae
A04aTKOBUX 3aTPUMOK, BHECEHWX MOCTamMu W Mapuipytusatopamu. Takum
NOKa3HWK gonomarae OuiHUTU BUMOIMM 00 MPOLYKTUBHOCTI KOMYHIiKaLiNHUX
NPUCTPOIB, TOMY LLIO B KOXHMI MOPT NPUCTPOI0 HE MOXe HagxoauTu BinbLue
KagpiB B OOAVHULIO Yacy, YUM 03BOSISE Le 3podutn BiANOBIgHMIA NMPOTOKON.

[Ana KOMyHikauinHOro BCTaTKyBaHHSA Hanbinbll BaXXKMM PEXUMOM €
0bpobka kagpiB MiHiManbHOT 4OBXUHW. Lle NOsACHIOETLCA TUM, WO Ha 06po6Ky
KOXXHOro Kagpy MicT, komytaTtop abo maplpytmsaTop BuTpadae npudnmnsHo
TOM came 4ac, NnoB'd3aHun 3 nepernsgomMm Tabnuui NpocyBaHHA nakeTa,
dopmMyBaHHAM HOBOro Kagpy (ons mapwpytmsatopa) i 7. n. A KiNbKiCTb
KagpiB MiHIManbHOT AOBXWHMU, WO HaOXOoO4ATb Ha MPUCTPIA B OOUHULIKO Yacy,
npupogHo 6Ginble, HiXK KagpiB Oyab-sKOi  iHWOI  AO0OBXWHKW. |HWwa
XapaKkTepuctuka MpOAYKTUBHOCTI KOMYHIKaUiMHOroO BCTaTKyBaHHA — OIT vy
CeKyHAOy — BUKOPUCTOBYETbCA piflle, TOMY WO BOHa He roBOpuUTb MNpPO Te,
AKOro po3Mipy Kagpu npu uUboMy o00pobnsaB npucTpii, a Ha Kagpax
MaKCUMaribHOro poamipy OOCArTM BMUCOKOI MPOAYKTUBHOCTI, BUMIPOBAHOI B
GiTax y cekyHay, HabaraTo nerwe.

BukopuctoBytoun napameTpu, HaBegeHi B Tabn. 3.1, pospaxyemo
MakcumaribHy MpOAYKTUBHICTL cermeHta Ethernet y Takmx oguHmuyax, sk
4Yucno nepefaHnx Kagpie (MakeTiB) MiHIManNbHOI JOBXMHU B CEKYHAY.

[na po3paxyHKy MakCUManbHOI KiNbKOCTI KagpiB MiHIManbHOI JOBXUHM,
Lo npoxoadatb no cermeHTty Ethernet, nomitmo, wWwo po3mip kKagpy
MiHiManbHOI AOBXWHM pa3oM i3 npeamOyroto cTaHoBUTb 72 6ant abo 576 6iT
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(puc. 3.6 [29]), ToMy Ha voro nepepadvy 3atpadaeTbcsa 57,5 mkc. [Jogaswm
MDKKagpoBumn iHTepBan B 9,6 MKC, ofepXyemMo, WO nepiog NPOXOMKEHHS
KagpiB MiHiManbHOI OOBXWMHW CTaHOBUTL 67,1 MKC. 3BiAcKM MakcumanbHO
MOXNKMBa NponyckHa 3gaTtHicTb cermeHTa Ethernet ctaHoBuTe 14 880 kagp/c.

57,5 mxc

™ 96 uic | T = 67,1 Mxc

8| 12 46 4i

Puc. 3.6. [lo po3paxyHKiB MPOMNYCKHOI 34aTHOCTI MPOTOKONY
Ethernet

MpupoaHO, WO HasBHICTb Y CEermMeHTi AeKiSIbKOX BY3MiB 3HWXYE L
BESIMYMHY 3@ paxXyHOK OYiKyBaHHA OOCTyny OO0 CepefoBMLia, a TakoX 3a
paxyHOK KOMi3iK, Lo NpuBOAATL 4O HEODXIAHOCTI MOBTOPHOI Nepeaadyi Kaapis.

Kagpn wmakcumanbHoO! AoBXuHWM TexHosorii Ethernet marwTb none
aoBxnHn 1500 6anT, Wwo pasom 3i cnyxkboBoto iHpopmauieto aae 1518 Gawnr,
a i3 npeambyrnoto ctaHoButb 1526 6anmt abo 12 208 6it. MakcumanbHO
MOX>IMBa NPOMyCcKHa 3a4aTHICTb cermeHTa Ethernet ana kagpis makcumanbHOI
AOBXMHN cTaHoBUTb 813 kagp/c. OueBmaHO, WO npu poboTi 3 Binbwnmn
KagpaMn HaBaHTaXXeHHA Ha MOCTU, KOMyTaTOpU W MaplpyTu3aTtopm OOCUTb
BiAYYTHO 3HMXYETLCS.

Tenep po3paxyemMo, HKOK MaKCMManbHO KOPMCHOK MPOMNYCKHOK
3gaTHicTio B BIT y cekyHAy BonoaitoTb cermeHTn Ethernet npu BukopuCTaHHI
KagpiB Pi3HOro poamipy.

[Min KOpUCHOK MPOMYCKHOK 30amHicmio POMOKOsly PO3YMIETBLCA
LWBWAKICTb nNepenadvi KOPUCTyBaSbHULLKUX OaHUX, SIKi NEPEeHOCATbCSA Monem
AaHuX Kagpy. Lisa nponyckHa 3gaTHICTb 3aBXAM MeHLe HOMiHanbHoOI 6iToBOl
lwBmMaKocTi npoTtokony Ethernet 3a paxyHoK gekinbkox goakTopis:

cnyx6oBoi iHhbopmauii kKagpy;

Mixkkagposux iHTepsanis (IPG);

OYiKyBaHHS 4OCTYnNy 00 cepefosuLla.

[Ana kagpiB MiHIManbHOI [OOBXWHW KOpPUCHa MPOMyCKHa 30aTHICTb
AOPIBHIOE:

Cn =14880 x 46 x 8 = 5,48 MbiT/c.
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Lle HaGarato meHwe 10 MG6it/c, ane BapTo BpaxyBaTW, WO Kaapw
MiHIManbHOT [OOBXWHW BUKOPUCTOBYKOTBCA B OCHOBHOMY [N nepedadi
KBUTAHLUIN, TaK WO 00 nepegadvi BnacHe pgaHux anniB uUs WBUAOKICTb
BiJHOLLEHHS1 HE MaE.

[Ons KagpiB MakcMmanbHOT OOBXMHW KOPUCHA MPOMYyCKHa 30aTHICTb
AOPIBHIOE:

Cr=813 x 1500 x 8 =9,76 M6iT/c,

LLIO AOCUTb 65IM3bKO A0 HOMIHAMBbHOT LUBUAKOCTI NMPOTOKONY.

LUle pa3 nigkpecnumo, WO Takol LUBWAKOCTI MOXHa OOCArTU TiNbKN B
TOMY BUMagky, Konn OBOM B3aeMofitounm Bysnam y mepexi Ethernet iHwi
BY3/1 HE 3aBaXkatoTb, WO OyBae BKpau piako.

[Mpn BUKOPUCTaHHI KagpiB cepegHboro po3Mmipy 3 MofeM OaHuxX B
512 6anT nNponyckHa 3gaTHICTb Mepexi cknage 9,29 M6it/c, Wo Tex O4oCUTb
6113bKO 40 rpaHUYHOT NPoNyCcKHOT 3gaTtHocTi B 10 M6iT/c.

Mpn BigCyTHOCTI  KOMIi3iM |  OYiKyBaHHA  OOCTyny  KoediuieHT
BUKOPUCTaAHHA Mepexi 3anexuTb Bid po3Mipy nona gaHux Kagpy M mae
MakcumanbsHe 3HadeHHs 0,976 npu nepegadi kKagpis MakCUManbHOT JOBXUHM.
OueBunaHoO, WO B peanbHin mepexi Ethernet cepegHe 3HadeHHa KoediuieHTa
BUKOPUCTAHHA MepPEXi MOXe 3Ha4yHO BIOPI3HATUCA Big Ui€l BENUYMHKU. bBinbLu
CKNnagHi BUNagkn BU3HAYEHHS MPOMYCKHOI 30aTHOCTI Mepexi 3 ypaxyBaHHAM
OYiKyBaHHS 4OCTYyNy 1 BignpaubOBYBaHHA KONi3in ByayTb pO3rnaHyTI HUXKYE.

3.3.3. dopmamu kadpie mexHonoeii Ethernet

CraHpapt TexHororii Ethernet, onucannn y gokymenti IEEE 802.3, nae
onuc eguHoro dopmaty kagpy pisHa MAC. Tomy wo B kagp piBHa MAC
NoBWHEH BKNnagaTtuca kaap piBHa LLC, onucanun y gokymeHTi IEEE 802.2, 10
3a ctraHgaptamu |IEEE y mepexi Ethernet moxe BukopucToByBaTUCS TiNbKU
€OVHWIA BapiaHT Kaapy KaHanbHOro pPiBHA, 3arofiloBOK AKOro € KomOiHauiero
3aronoskiB MAC i LLC nigpiBHiB.

[MpoTe Ha npaktuui B Mepexax Ethernet Ha kaHanbHOMy piBHI
BMKOPUCTOBYIOTLCA Kagpwu 4-x pisHUX doopmarTis (TuniB). Lle nos'asaHe i3
TpmBarnow icTopieto po3suTKy TexHonorii Ethernet, wo HapaxoBye nepioa
iCHyBaHHA [0 nNpunHATTA cTtangaptie IEEE 802, konu nigpiseHb LLC He
BNAOINABCA i3 3aranbHOro npoTOKONY W, BignosigHo, 3arosioBok LLC He
3aCTOCOBYBaBCH.

KoHcopuiym Tpbox dipm Digital, Intel i Xerox B 1980 poui nogas Ha
po3rnsag komitety 802.3 ceoto dipmoBy Bepcito ctanHgapty Ethernet (y qkin
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OyB onucaHum NeBHUN popmaT Kagpy) siK MPOEKT MiKHaApOAHOro CcTaHaapTy,
ane komitet 802.3 NnpuMHAB CcTaHOapT, WO BiAPI3HAETLCA B OeSKUX AeTandax
Bia npono3uuii DIX. BigmiHHOCTI cTocyBanuca W dopmaTy kagpy, Lo
NOpoAMIIO iICHYBaHHA OBOX Pi3HUX TUNIB KagpiB y mepexax Ethernet.

LLle ogonH cbopmat kagpy 3'aBuBCA B pe3dynbTaTi 3ycusib komnaHii Novell
i3 NpUCKopeHHs1 poboTK CBOro CTeka NPOTOKosiB y Mepexax Ethernet.

| HapewTi, YyeTBepTMN dbopMaT Kagpy CTaB pe3ynbTaToM LiSANbHOCTI
komiTeTy 802.2 i3 npuBedeHHA nonepegHix dopmariB KagpiB OO0 AeAKOro
3aranbHoro ctaHaapTy.

PoaxompkeHHs y bopmaTax kaapiB MOXYTb NPUBOANTU OO HECYMICHOCTI
B poboTi anapaTypu W MEPEXHOro nporpamMHoOro 3abesneyvyeHHs,
po3paxoBaHOro Ha poboTy TinbkM 3 ogHMM cTaHgapToMm kagpy Ethernet.
OpHak cbOrogHi NpakTUYHO BCi MEpEeXxHi agantepu, OpaniBepU MeEPEXHUX
aganTepiB, MOCTW/KOMyTaTopu W MapLipyTmsaTopy BMIiOTb MpauiBatn 3
yciMa BUWKOPUCTOBYBaAHMMW Ha nMpakTuui opmataMmm KagpiB TEXHOSOril
Ethernet, npuyomy poanisHaBaHHS TNy Kagpy BUKOHYETLCH aBTOMAaTUYHO.

Hwkye HaBogMTbCA ONUC YCiX YOTUPbOX TUMiB Kagpie Ethernet (TyT nig
KagpoM po3yMieTbCsl Becb Habip noniB, SKi BiAHOCATbCA A0 KaHanbHOro
piBHs, To6TO nona MAC i LLC piBHiB). Ton camuin TN Kagpy MoXe MaTu pisHi
Ha3BW, TOMY HWXYE AN KOXHOro TUMy Kagpy HaBedeHO Aekinlbka HanbinbLu
Y)KMBaHNX Ha3B:

kagp 802.3/LLC (kagp 802.3/802.2 abo kagp Novell 802.2);

kagp Raw 802.3 (a6o kagp Novell 802.3);

kagp Ethernet DIX (abo kagp Ethernet Il);

kagp Ethernet SNAP.

dopmatn BCiX UMX 4YOTMPbOX TuNiB Kagpie Ethernet HaBepeHi Ha
puc. 3.7 [42].

3aronosok kagpy 802.3/LLC € pesynbTtatom o06'egHaHHs nonis
3aronoBkKiB Kagpis, BU3HayeHux y ctangaprtax IEEE 802.3 i 802.2.

CraHpapTt 802.3 BM3Hayae BiciM noniB 3aronoBka (puc. 3.7; none
npeamBynu n Nno4yaTkoBM OBMEXHUK Kaapy Ha MartoHKy He rnokasaHi).

lNone npeambynu (Preamble) cknagaetbCs i3 CEMU CUHXPOHI3YHOUMX
6antie 10101010. Tlpu mMaH4YecTepCbKkOMYy KOAyBaHHI US KOMOGiHaUis
npeacTaBnAeTbCa Yy QisMMHOMY CcepefoBUlli  NEPIoOANYHUM  XBUITbOBUM
curHanom i3 yacrtototw 5 Mlu,.
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lNoyamkosut obmexxHuk kadpy (of-frame-delimiter, SFD) cknagaetbcs 3
oaHoro 6anta 10101011. MNMosgea uiei kombiHaLiT 6iT € 3a3HaYEeHHAM TOro, Lo
HacTynHuU 6anT — Le nepwnn 6anT 3aronoBka Kagpy.

Kagp 802.2/LLC
3] 6 | 2 1 1 1(2) 46-1497(1496) 4
DA | SA| L | DSAP | SSAP | Control Data FCS

3aronoBok LLC

Kagp RAW 802.2/Novell 802.3

6 6 |2 46-1500 4

DA |SA| L Data FCS

Kagp Ethernet DIX(II)

6 6 |2 46-1500 4

DA |SA| T Data FCS

Kagop Ethernet SNAP

6 6 | 2 1 1 1 3 2 46-1492 4
DA | SA| L | DSAP | SSAP | Control Oul T Data FCS
AA AA 03 000000
3aronoBok LLC 3aronosok SNAP

Puc. 3.7. ®opmaTu KappiB Ethernet

Kagp 802.3/LLC

Aolpeca npusHa4deHHs1 (Destination Address, DA) moxe OyTun JOBXUHOO
2 abo 6 6anT. Ha npaktuui 3aBxam BUKOPUCTOBYHOTbLCS agpecun 3 6 Ganr.
Mepwwun 6iT cTapworo 6anta agpecn NpU3HaYeHHA € O3HAKOK TOro, Yn €
agpeca iHgmeigyanbHoto abo rpynosoto. Akwo BiH gopisHioe 0, To agpeca €
iHOusiOyarnbHoto (unicast), a sakwo 1, To ue epyrnosa adpeca (multicast).
pynoBa agpeca Moxe npuaHadaTuMcAa BCiM By3riam Mepexi abo X neBHin
rpyni By3niB mepexi. AKLWOo agpeca cknagaeTbes i3 yCix oguHULb, TOBTO Mae
wictHaguaTupivyHe nogaHHa 0*FFFFFFFFFFFF, To BOoHa npmn3HayaeTbCs BCiM
By3rnamM Mepexi M Ha3MBa€eTbCA WUPOKOMOBHOK adpecoro (broadcast). B
IHWKX BMMNagKax rpynoBa agpeca nos's3aHa TiflbkKM 3 TUMU BY3namu, 4SKi
KOHcpirypoBaHi (Hanpuknag, BPy4HY) siK YfieHW rpynu, HoOMep AKOI 3a3Ha4YeHnn
y rpynosin agpeci. dpyruin 6iT cTtapworo 6amta agpecu Bm3Hadae cnocid

NpuU3Ha4YeHHa agpecun — LeHTpanisoBaHun abo nokanbHUA. AKWOo uen OiT
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popisHioe 0 (Wwo 6yBae mamxe 3aBxau B CTaHAapTHIM anapaTypi Ethernet), To
agpeca npusHadeHa LeHTparnisosaHo, 3a gonomorot komitety IEEE. KomiteT
IEEE posanoginge mixx BUpoOHMKaMM BCTaTKyBaHHS TaK 3BaHi opraHisauifHo
yHikanbHi igeHTudikatopmn (Organizationally Unique Identifier, OUI). Llen
ideHTudikaTop MicTUTbCA B 3 cCTapwux 6antax agpecum (Hanpuknag,
ineHTndikatop 000081 BM3Havae komnaHito Bay Networks). 3a yHikanbHiCTb
mMonoawmnx 3-x 6anT agpecu Bignosigae BUPOOHUK ycTaTKyBaHHSA. [1BagusTb
YyoTupwn 6iTK, WO BiABOAATLCS BUPOBHUKOBI ANsa agpecadil iHTepdencie noro
NpoayKuil, OO3BONAKTb BUMYCTUTU 16 MINbMOHIB IHTepdenciB nig OgHUM
iAeHTUdIKaTOPOM opraHisauii. YHiKanbHICTb afpec, Wo po3noainstTbes
LeHTpaniaoBaHoO, NOLWMPIOETLCA Ha BCI OCHOBHI TEXHONOTIT JTOKANbHNX Mepex
— Ethernet, Token Ring, FDDI i 7. 4.

AlOpeca dxepena (Source Address, SA) — ue 2- abo 6-6antoBe none,
LLIO MICTUTb agpeca By3na — BignpaBHuka kagpy. lNepwwun 6iT agpecu 3aBxau
Mae 3HayeHHs 0.

HoexuHa (Length, L) — 2-6anToBe none, WO BU3HA4Yae OOBXMHY Mong
AaHNX y Kagpi.

lMone daHux (Data) moxe mictutn Big 0 go 1500 6anTiB. Ane AKWO
AOBXWHa Nons mMeHwe 46 6anTis, TO BUKOPUCTOBYETLCA HACTyMHE rnone —
none 3anoBHEHHS, — Wob AOMNOBHUTU Kagp OO MiHiManbHO MPUMNYCTUMOrO
3Ha4yeHHA B 46 BanTi..

lNone 3anoeHeHHsi (Padding) cknagaeTbCs 3 TaKoi KiNbKOCTI ©aunTis
3anoBHIOBaYiB, WO 3abe3nedye MiHiManbHy AOBXWHY nons paHux B 46
6antiB. Lle 3abesnevye KopekTHy pob6OTy MexaHi3aMy BUSABMNEHHS KOSi3il.
AKWOo AoBXKWHA Mons JaHuxX AO0CTaTHSA, TO Mosfie 3anoBHEHHS B Kagpi He
3'ABNSETbCA.

lNone koHmporsbHoi cymu (Frame Check Sequence, FCS) cknagaeTbcs
3 4 GaunTiB, WO MICTATb KOHTPOSbHY cymy. Lle 3HaveHHs ob4umcnoeTbes 3a
anroputmom CRC-32. lMicna ogepxaHHA kagpy poboya cTaHuis BUKOHYE
BnacHe OOYUCMEHHA KOHTPOSIbHOI CyMuM Ans UbOro Kaapy, MNOpiBHIOE
OTpUMaHe 3HaYeHHs 3i 3HaYEeHHAM MONA KOHTPONbHOI CYMWU W, TaKUM YMHOM,
BU3HA4ae, YN He NepekpyvYeHui oTpuMaHum Kaap.

Kagp 802.3 € kagpom MAC-nigpiBHa, TOMy Yy BIignOBIOHOCTI 3i
ctaHgaptom 802.2 y Moro norne gaHux BKragaeTbcsa kagp nigpisHa LLC 3
BUNYYEHMMKU MNpanopamMn noyaTky W KiHus kagpy. ®opmat kagpy LLC 6ys
onucaHumn Bue. Yepes Te wo kagp LLC mae 3aronosok fosxuHow 3 (y
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pexxumi LLC1) abo 4 6anTis (y pexxumi LLC2), TO makcMmanbHUM po3mip nons
AaHnx 3ameHwyeTtbea 0o 1497 abo 1496 GanTis.

3.3.4. Cneyudpikayii ghizuyHo20 cepedosuwa Ethernet

IctopnyHo nepwi mepexi TexHonorii Ethernet 6ynu cTBOpeHi Ha
KoakcianbHoMy kabeni giametpom 0,5 gonma. Hagani Bu3HayeHi M iHLLI
cneumdikauii isnyHoro piBHa gnga crtaHgapty Ethernet, wo [ossonsoTb
BUKOPUCTOBYBATU PI3HI cepepoBulla nepefadi gaHux. Meton poctyny
CSMA/CD i BCi TMmM4yacoBi napameTpu 3anuuwarTbCd TUMU CaMUMKU AONS
Bbyab-aKkoi  cneumdikauii - isnyHoro cepeposula TexHonorii  Ethernet
10 MbiT/c.

®isnyHi cneumndpikauil TexHonorii Ethernet Ha cboOrogHiWHIM OEHb
BKMNIOYaAOTb HACTYMNHi cepenoBuLLa nepegadi gaHux:

10Base-5 — koakcianbHuh kabenb Aaiametpom 0,5 awonma, GKun
Ha3nBaeTbCA "TOBCTUM" KOakcianbHMUM Kabenem. Mae xsunboBuin onip 50 Om.
MakcumarnbHa goBxunHa cermeHTa — 500 meTpis (6e3 noBTOptoBadiB).

10Base-2 — koakcianbHun kabenb giametpom 0,25 aronma, sKun
Ha3MBa€ETbLCA "TOHKMM" KOaKCianbHMM kabenem. Mae xsunboBun onip 50 Owm.
MakcnmanbHa goBxuHa cermeHTa — 185 meTpis (0e3 noBToptoBadvib).

10Base-T — kabenb Ha OCHOBIi HeeKpaHOBaHOI Kpy4YeHOi napwu
(Unshielded Twisted Pair, UTP). YTBOpUTb 3ipKonogibHy TONosorito Ha OCHOBI
KOHUeHTpaTopa. BiacTtaHb MK KOHLEHTPaTOPOM i KiHLUEBUM BY3/IOM — He
Ginbwe 100 m.

10Base-F — BONOKOHHO-ONTUYHUIK Kabenb. Tononoris aHanorivyHa
Tonosorii ctaHaapty 10Base-T. € «kinbka BapiaHTiB Uiel cneuudikauii —
FOIRL (Bigctanb go 1000 m), 10Base-FL (BigctaHb go 2000 m), 10Base-FB
(sBigctaHb go 2000 m).

Uucno 10 y 3as3HavyeHuX BulLe HasBax MNo3Ha4vae BIiTOBY LUBUOKICTb
nepegadvi gaHux uux crtaHgaptiB — 10 MOGit/c, a cnoBo Base - meTtog
nepenadi Ha ofHin 6asosin yactoti 10 MI'L, (Ha BiamiHy Big meToais, WO
BUKOPUCTOBYIOTb Kiflbka HOCIMHUX 4acToT, dAki HasuBawTbCca Broadband —
LunMpokocMyrosmumm). OCTaHHIN CMMBOM Yy HasBi CTaHAapTy i3UYHOro pPiBHSA
no3Ha4vae Tvn kabento.

Cranpapt 10 Base-5
CtaHpapt 10Base-5 B OCHOBHOMY BIgMNOBIga€e eKcrnepuMeHTarbHIn
mepexi Ethernet dipmn Xerox i moxe BBaxatucs knacudHum Ethernet. BiH
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BUKOPUCTOBYE $IK CepefoBuLLEe Mnepefadi OaHux KoakcianbHun kabernb i3
XBuUboBmMMm onopom 50 Om, aiamMeTpom LEeHTpanbHOro MigHOro NpoBeaEHHS
2,17 MM i 30BHILWHIM giameTpom 6nmn3bko 10 mm (“ToBcTM" Ethernet). Taknmm
Xapaktepuctukamm Bonogitotb kabeni mapok RG-SHRG-II.

Pi3Hi KOMMNOHEHTW Mepexi, WO CKMagaeTbCA i3 TPbOX CErMeHTIB,
3'eQHaHMX NoOBTOpKOBaYaMu, BUKOHAHOI Ha TOBCTOMY KoakcianibHoMy kabeni,
HaBezeHi Ha puc. 3.8 [29].

Teprmsarop Iorropmeay

S00m T parcrEip ! [repeator) CRTMREHT Fafem RGE afio Risl1

Tl

oL i o b b

Mepenzodt Honm' sorep
amaTrep
Poz'em DE-15

e Flafem ATI

Puc. 3.8. KoMmnoHeHTU pisn4HOro piBHs1 Mepexi ctaHgapTy
10 Base-5, Wo cknagaeTbCcs i3 TPbOX CerMeHTiB

KabGenb BMKOPUCTOBYETBHCSA SK MOHOKaHan Ans BCiX cTaHuin. CermeHT
kabento mae makcumaneHy osxumHy 500 m (6e3 nosToptoBadiB) i NOBUHEH
MaTKn Ha KiHUSAX mepmiHamopu, onopom 50 Om, Lo NornmMHaloTb CUrHanm, siki
NOWNPIOTLCA NO  Kabento, i nepewkomkalTb BUHUMKHEHHIO BigBUTUX
curHanis. lNpu BigcyTHOCTI TepMiHaTopiB ("3arnywok”) y kabeni BMHUKaOTb
CTOSMI XBWUSi, TaK WO OOHI BY3NnW OOEPXYHTb MOTYXXHI CUrHann, a iHwi —
HaCTINbKM cnabki, WO IXHi NPUNOM CTaE HEMOXITUBUM.

CTtaHuis noBMHHA nigknoYaTmMcs Ao kabento 3a 4ONOMOro npummaya —
mpaHcigepa (transmitter + Teceiver = transceiver). TpaHcisep
YCTaHOBIOETbCA 6esnocepeaHbO Ha Kabeni N xapyyeTbCsl Bid MEpPEXHOro
agantepa komn'toTepa. TpaHciBep Moxe npueaHyBaTuca A0 kabenwo 4K
METOAOM MPOKOMOBaHHS, WO 3abeanevye 6e3nocepeHin PisvyHNn KOHTaKT,
TaK i DE3KOHTAKTHUM METOAOM.

TpaHciBep 3'eQHYETbCA 3 MepexHUM aganTepoM iHTepdencHUm
kabenem A VI (Attachment Unit Interface) posxuHoo go 50 M, wo
cknapaeTtbcs 3 4 KpydeHux nap (agantep NOBUHEH MaTtu posHiMaHHa AUI).
HadaBHiCTb cTaHOapTHOro iHTepdency MK TpaHCIBEPOM i iHLLIOK YaCTUHOM
MEPEXHOro aganTtepa Oy>Xe KOpUCHa Npu nepexoai 3 0gHOro Tuny kabento Ha
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iHWin. Ons uyboro OOCUTb TiNbKM 3aMiHUTW TpaHciBep, a iHWa 4acTuHa
MEPEXHOro apgantepa 3anvaeTbCad  HEe3MiHHOW, TOMY WO BOHa
BianpauboBye npoTokosi piBHa MAC. [pn ubomMy HeoOXigHO Tinbku, LWO6
HOBWI TpaHciBep (Hanpwuknag, TpaHciBep AN KpyveHol napu) nigTpumyBaB
ctaHaapTHuM iHTepdenc AUL. [Ona npuegHaHHa p[o iHtepdency AUI
BUKOPUCTOBYETLCA po3HiMaHHA DB-15.

[onyckaeTbCs MiOKNOYEeHHss OO0 OoAHOoro cermeHta He 6inbwe 100
TpaHciBepiB, NPMYOMY BiACTaHb MiX NIKITIOYEHHAMW TpaHCiBeEpPIB HE NOBUHHA
Byt meHwot 2,5 M. Ha kabeni € po3miTka Yyepes KOXHi 2,5 M, Wwo nosHa4yae
TOYKM NiOKNIOYEHHS TpaHcisepis. [1py NpuegHaHHI KOMN'toTepiB BiANOBIAHO OO
PO3MITKM BNNMB CTOSAYNX XBUMb Y Kabeni Ha MepexHi agantepu 3BoANTLCS A0
MiHIMYyMY.

TpaHciBep — Le YaCcTUHa MEepEeXHOro agantepa, WO BMKOHYE HACTYMHI
doYHKUT:

npuromMm i nepegada gaHux 3 kabento Ha kabenb;

BM3HAYEHHSA KONi3in Ha kabeni;

eneKkTpuyHa po3B'sa3ka Mixk Kabenem i iHLWOoW YacTUHOK aganTepa;

3axucT kabento Big HEKOPEKTHOT poboTn aganTepa.

OcTaHHo (hyHKUitO iHOAI Ha3MBalTb "KoHmMporsem banakydocmi', WO €
OykBanbHMM nNepeknagoM BigNOBIAHOIO aHrnincekoro TepmiHa (jabber
control). lpn BWHUKHEHHI HecrnpaBHOCTEW B aganTepi MOXe BUHUKHYTU
cuTyauis, Konun Ha kabenb 6yae 6e3ynvHHO BuAaBaTUCS MNOCNIAOBHICTb
BMNagKkoBMX curHanis. Yepes te kabenb — Le 3aranbHe cepeaoBuLLe ang BCiX
CTaHuin, TO pobota wMepexi 6yme 3abnokoBaHa OOHMM HeCNPaBHUM
agantepom. LLo6 uboro He Tpanwumnocs, Ha BUXOAi nepefaBayvya CTaBUTLCS
cxema, WO nepesipse Yyac nepepadi kagpy. AKWO MakCUMarbHO MOXINUBUMA
Yac nepegadi naketa nepeBuLLYETLCA (3 AesKMM 3arnacom), TO Us Cxema
NpoOCTO Big'eAHye BuMXig4 nepefaBada Big kabent. MakcumanbHuM 4ac
nepepadi kagpy (pasom i3 npeambynoto) gopiBHoe 1221 MKc, a vac jabber-
KOHTPOMIO BCTAaHOBMOETLCS PiBHUM 4000 MKC (4 mcC).

CnpolleHa CTpyKTypHa cxema TpaHciBepa HaBedeHa Ha puc. 3.9 [27].
[Mepenasad i NnpuiMad NPUEOHYOTBCA OO OAHIET TOUKM Kaberto 3a 4OMNOMOro
cneuianbHOI  CxeMu, Hanpuknag TpaHcOopMaTopHOI, WO [O03BOSde
opraHizyBaTu OgHOYACHY nepegady n Npunom curHanie 3 kabento.
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Puc. 3.9. CTpyKkTypHa cxema TpaHciBepa

[leTekTop KONi3iv BM3HA4Yae HasiBHICTb KOMi3il B KOakCianbHoMy Kabeni
3a nigBuLLEHMM pPiBHEM TMOCTIMHOI CKMagoBOI CUrHanis. AKWoO noCTinHa
CKnagosa nepesuye neBHUn nopir (6nuseko 1,5 B), BuxoanTb, Ha Kabenb
npautoe 6Ginblie OAHOro nepefasaya. enemMeHTu, Wwo po3s'asyoTb (PE)
3abesneyvyoTb ranbBaHiYHY pPO3B'A3KYy TpaHciBepa Big iHWOI 4YacTuHU
MEpEeXHOro aganrtepa n TMM caMuM 3axuliarTb aganTtep i KoMmn'totep Big
3Ha4yHMX nepenagiB Hanpyrn, WO BWHKUKAKOTL Ha kabeni npu Moro
YLLIKOZKEHHI.

Crangapt 10 Base-5 BuM3Ha4ae MOXNUBICTb BUKOPUCTAHHS B Mepexi
cnevjianbHOro NpUCTPOK — rioemoprogada (repeator). loBToproBad CryXnUTb
anst o6'egHaHHA B OOHY Mepexy AeKinNbKOX CErMeHTIB kabento 1 36inblUueHHS
TMM CaMuM 3arasibHOl JOBXWHM Mepexi. [MoBToproBay npurMmae curHanu 3
OOHOro cerMeHTa kabento ”h nobiTHO CUMHXPOHHO MOBTOPKE X B iHWOMY
CerMeHTi, noninwyyn d¢opMy W MNOTYXHICTb IMMAYNbCIB, a TaKoX
CUHXPOHI3ytoum imnynbcu. MNMoBToptoBay cknagaeTbcs 3 ABOX (abo AeKinbKOX)
TpaHCcuBeEpIB, SKi MPUEOHYIOTbCA A0 CEerMeHTiB kabento, a TakoxX 650Ky
NOBTOPEHHA 3i CBOIM TaKTOBUM reHepaTtopoM. [ns Kpawlol CUHXpOHi3auil
nepenaHmnx OiT MoBTOptoBa4 3aTpuMmye nepedady AOekinbkox nepwmx 6iT
npeambynu Kagpy, 3a paxyHoK 4oro 36inbLlIyeTbCa 3aTpMMKa nepegadi kagpy
I3 CerMeHTa Ha CErMeHT, a TaKoX TPOXM 3MEHLLYETLCA MiDKKaZpOBUIM iHTepBarn
IPG.

CtaHgoapT O03BONSAE BUMKOPUCTAHHS B Mepexi He  Binbwe
4 noBToploBaviB i, BIiANOBIAHO, He Oinbwe 5 cermeHTiB kabento. [lpu
MakCcUMarnbHIn JOBXMHI cermeHTa kabento B 500 M ue gae makcumanbHy
noBxuHy mepexi 10 Base-5 B 2500 M. Tinbkn 3 cerMeHTn 3 5 MOXyTb OyTH
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HaBaHTaXeHMMU, TOOTO TakMMK, 40 AKUX NIKTYaTLCA KiHUEBI By3nn. Mix
HaBaHTaXXEHMMNU CErMeHTaMn MNOBUHHI BYTU HEeHaBaHTaXeHi CEerMeHTW, Tak
O MakcumaribHa KOHirypauis Mepexi CTaHOBUTb [ABa HaBaHTaXXeHUX
KpauHiX CermMeHTn, SKi 3'€QHYITbCA HeHaBaHTaXXEHUMW CerMeHTamu Lie 3
OOHUM LEHTpanbHUM HaBaHTaXeHuMm cermeHtToMm. Ha puc. 3.8 0OyB
HaBegeHUn npuknag mepexi Ethernet, Wo cknagaeTbca i3 TPbOX CErMEHTIB,
o6'egHaHux ABoma nosToptoBadamMn. KpalHi cerMeHTn € HaBaHTaXeHUMun, a
NPOMIKHUN — HEHaBaHTaXXEHUM.

[MpaBnno 3actocyBaHHA noBToptoBadiB y Mmepexi Ethernet 10 Base-5
HasmBaeTbca "[lpasuriom 5 — 4 — 3. 5 cerMeHTiB, 4 nosBToptoBadi, 3
HaBaHTaXXeHMX cerMeHTn. OBbmexeHe 4YMCNo MNOBTOPHBAYiB MOSACHIETLCS
A04aTKOBUMU  3aTPUMKaMW  MOLWUMPEHHA curHany, 9Ki BOHM BHOCHTb.
3acTocyBaHHs NOBTOptoBaYiB 30inbLUye Yac NoABIMHOIO NOLIMPEHHSA CUrHany,
WO AN HaZiMHOro po3ni3HaBaHHA KOMi3in He MOBMHEH nepesBuLlyBaTu 4yac
nepegadi kagpy MiHiManbHOT JOBXWHW, TOOTO Kagpy B 72 6ant abo 576 OiT.

Crtanpgapt 10Base-2

CrtaHpapt 10Base-2 BMKOPUCTOBYE SAK MepedaBasribHe cepefosuLle
KoakcianbHMin Kabenb i3 aiaMeTpomMm LUeHTpanbHOro MigHOro MNpPOBEOEHHS
0,89 MM i 30BHILWHIM giameTpom 6nm3bko 5 MM ("ToHkMn" Ethernet). Kabenb
Mae xsunobosun onip 50 Om. Takummn xapaktepucTukamu BOSOAil0Tb Kabeni
mapok RG-58 /U, RG-58 A/U, RG-58 C/U.

MakcnmanbHa goBXuHa cermeHTa 6e3 noBToptoBadiB cTaHOBUTL 185 M,
CEerMeHT NOBMHEH MaTW Ha KiHUAX TepMiHaTopu, Wwo norogatb, 50 OM. ToHKuM
KoakcianbHuin kKabenb AelleBlle TOBCTOro, Yyepes wo mepexi 10Base-2 iHoai
HasuBalTb Mepexamu Cheapemet (Bia cheaper — 6inblw gewesnin). Ane 3a
AeleBnHy Kaberno AoBOAUTLCS po3nnadvyBaTUCs AKICTIO — "TOHKMI" Koakcian
Mae ripwy nepeLllkogo3axuLLEHICTb, Fipwy MeXaHiYHY MilHICTe W BinbL
BY3bKY CMYry NponyLleHHS.

CraHuil nigknoyaoTbesa A0 Kabernto 3a AOoNOMOrold BUCOKOYACTOTHOrO
BNC T-koHekTOpa, WO CTaHOBUTb TPIMHWUK, OOWH BiABIg AKOro 3'€QHYETbCH 3
MEpEeXHUM aganTepoM, a ABa iHWKUX — i3 ABOMA KiHUAMMU po3puBy Kabento.
MakcumanbHa KinbKiCTb CTaHLIN, WO NigKYalTbCsa OO0 OQHOrMO cermeHTa —
30. MiHimanbHa BiacTaHb MK cTaHuigmm — 1m. Kabenb "TOHKOro" koakciana
Ma€e POo3MITKY 4SS NigKNHOYeHHs BY3SiB i3 KDOKOM B 1 M.
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Ctangapt 10Base-2 Takox nepegbadae BMKOPUCTaAHHSA MOBTOPHOBAYIB,
3aCTOCyBaHHA SAKUX TaKoX MoBWHHe Bignosigatn "lpasuny 5 — 4 — 3". Y
LbOMY BMMNagKy Mepexa 0yae Matn MakcumarnbHy JOBXUHY B 5x185 = 925 m.
OyeBunaHO, WO Lie oOMeXeHHs € binblue CUNbHUM, YNM 3araribHe OOMeXeHHS
B 2500 meTpiB.

CtaHpapTt 10Base-2 gyxe 6numsbknn go ctanHgapty 10 Base-5. Ane
TpaHciBepu B HbOMY 00'€HaHi 3 MepeXHUMKU agantepamMn 3a paxyHoK TOro,
Wo 6inbll FHYYKMA TOHKUA KOAKCianbHUMA Kabenb Moxe OyTu nigBeaeHun
Bbe3nocepegHbO OO0 BMXIAHOrO PO3HIMAHHA MnaTu MEPEXHOro aganTtepa,
yCTaHOBMEHOT B waci komn'totepa. Kabenb y ubomMy Bunagky "BUCUTL" Ha
MepeXHOMY aganTepi, Wo YTPYAHAE gpisnyHe nepeMilleHHS KOMM'IoTepiIB.

Tunosun cknag mepexi crtaHgapty 10 Base-2, wo ckrnagaeTtbcs 3
OQHOro cermeHTa kabent, HasegeHun Ha puc. 3.10 [27].

oo 185 meTpis

Fabems RGBT

Puc. 3.10. Mepexa ctanpgapty 10 Base-2

Peanizauia uboro crtaHgapTy Ha npaktuui npMBoAUTbL A0 HaMbinbLu
NPOCTOro pileHHA Ans KabenbHol Mepexi, TOMy LWo Ans 3'€eQHaHHs
KOMN'toTepiB NOTPIBHI TiNbKKU MepexHi agantepun, T-KOHEKTOPU 1 TeEpMiHATOPK
50 Om. OpgHak uen Bua kabenbHUX 3'€dHaHb HaMDINbLUe CUMbHO MNiggaHWUN
aBapiam i 36oam: kabenb OinblW COPUAHATAMBUIN OO0 MNEpeLKkos, uYum
"TOBCTMI" KOakcianbHuMh Kabernb, Yy MOHOKaHani € Benunka KifbKiCTb
MeXaHI4YHUX 3'€QHaHb (KOXXHUM T-KOHEKTOp A€ TPU MeXaHIYHUX 3'€QHaHHS, ABa
3 SKMX MalTb XUTTEBO BaXMMBE 3HAYEHHSA ON1s1 BCIEI Mepexi), kopucTyBadi
MaloTb JOCTYN OO PO3HIMaHb i MOXYTb MOPYLUNTW LINICHICTL MOHOKaHana. Kpim
TOro, ecteTuka M eproHOMIYHICTb LibOro PiLleHHs 3anuwaroTb BaxaTn KpaLloro,
TOMY LLO Bif KOXHOI CTaHUil Yepe3 T-KOHEKTOp BiAXOASATb ABa LJOCUTb NMOMITHUX
NpOBEeAEHHs, SKi Mig CTONOM 4acTo YTBOPKWTbL MOTOK Kabenio — 3anac,
HeobXigHNM Ha BMNAAoK HaBiTb HEBENTMKOrO NepeMiLLieHHs1 pobo4oro Micusi.

3aranbHnm Heponikom ctaHgapTie 10 Base-5 i 10 Base-2 € BigCcyTHICTb
onepaTuBHOI iHdopMaUil Npo CTaH MOHOKaHana. YLWKOMKEHHs Kabento
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BUABNSETLCA Bigpasy X (Mepexa nepecrtae npautoBatu), ane ans noLyky
Bidpi3ka, WO BIiAMOBMB, Kabeni HeoOXigHMM cneuianbHUW npunag -—
KabenbHUn TecTtep.

Cranpapt 10 Base-T

CtaHgapt npunHatiid y 1991 poui, K AONOBHEHHS A0 ICHYHYOro
Habopy ctaHaapTiB Ethernet, i mae nosHavyeHHsa 802.3L.

Mepexi 10 Base-T BMKOPUCTOBYIOTb 9K cepeaoBULLE OBi HeeKpaHo8aHI
KpydeHi napu (Unshielded Twisted Pair, UTP). baratonapHuin kabenb Ha
OCHOBI HEEKpaHOBaHOT Kpy4eHOoIl napu kaTeropii 3 (kaTteropisi BU3Ha4Yae cmyry
NponyLLleHHs kabento, BennumHy nepexpecHux HaBeaeHb NEXT i geski iHLwi
napameTpu MOro SKOCTI) TernegoHHI KOMNaHil BXe [JOCUTb [JaBHO
BMKOPUCTOBYBanNn [AnNd NiOKMIOYEHHA TerneoHHUX anapartiB  ycepeauHi
bynisenb. Llen kabenb HocuTb Takox Ha3By Voice Grade, WO roBopuTb Npo
Te, WO BiH NpuU3HadYeHnn Ons nepegadi ronocy.

loes npuctocyBatM uen nonynspHMiA Bua kKabento gna nobynoswu
NOKanbHUX MepeXx BuaBuiacsa ayxe niigHoto, ToMy wo barato bygisens yxe
B6ynun ocHalleHi NoTpibHO kabenbHO cucTemMotlo. 3anuuanocs po3pobuTu
cnocib NigKMOYEHHS MEpPEeXHUX aganTepiB i IHWOro KOMYHiKauinHOro
BCTATKyBaHHS [0 KPYYEHOI napu TakMM YMHOM, WOO 3MiHM B MeEpPEXHUX
agjantepax i nporpamMHOMy 3abe3nedyeHHi MepexHuX onepauinHux cucTem
6ynn 6 MiHiManbHUMK B NOPIBHSHHI 3 Mepexxamn Ethernet Ha koakcianbHoMy
kabeni. Lle Bganocs, ToMy nepexig Ha Kpy4yeHy napy Bumarae TiflbKiM 3aMiHK
TpaHciBepa MepeXxHoro aganrtepa abo nopTy MapLipyTu3atopa, a MeToA
AOCTYrNy W BCi MPOTOKOMNW KaHanbHOro PiBHA 3anuvWMNNUCA TUMU X, WO N Y
mepexax Ethernet Ha koakcianbHOMy kabeni.

KiHueBi By3ann 3'egHylOTbCA 3a TOMOMOrield  "Todka-Touka"  3i
cneuianbHUM NPUCTPOEM — BaraTonopTOBMM MOBTOPKOBAYEM 3a AOMNOMOroH
ABOX KpydeHux nap. OgHa kpyyveHa napa noTpibHa ana nepepadi gaHux Big
CTaHUil 0O noBToptoBaya (Buxig Ty MepexHoro agantepa), a iHwa — gng
nepegadi AaHuX Big NoBTOptoBaYa Ao cTaHuil (Bxig Ry mepexxHoro agantepa).
Ha puc. 3.11 [27] nokasaHun npukrag TpbOXMOPTOBOro MnoBTOpKOBaYa.
[loBTOpIOBaY NpunUMae curHanu Bi4 OOHOro 3 KiHUEBMX BY3MIiB i CUHXPOHHO
nepegae 1X Ha BCi CBOI iHLi NOPTU, KPiM TOro, 3 AKOro HaZinuLWmm curHanm.
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FommenrpaTop 10EBase-T

Bn'ra mapa
“ yareropin 3
Doexzma == 100m

Mepemut

Craronn

Puc. 3.11. Mepexa ctangapty 10Base-T: T, — nepenaBav;
Rx — npunumav

BaraTonopToBi noBTOpOBaYi B LIbOMY BUMaaKy 3BUYANHO Ha3MBaKOTbLCH
KOHUEHTpaTopamMn (aHrnMoMoBHI  TepMmiHn — hub abo concentrator).
KoHueHTpaTop 34iMCHI0E OyHKLIiT NOBTOpIOBada curHasniB Ha BCiX Bifpiskax
KpydeHnx nap, NigkalovYeHux 40 Woro nopTiB, Tak WO YTBOPKETLCA €OUHE
cepepoBue rnepefadi aHWX — JOriYHWM MOHOKaHarn (noriyHa 3ararnbHa
WwuHa). MNMoBToptoBad BUABNSE KOSIi3il0 B CErMeHTi y BUNagKy OLHOYaCHOI
nepegadi curHanis no [eKifibkox CBOIX Ry-Bxogax i nocunae jam-
NOCNIAOBHICTb Ha BCi CBOI Ty-Buxoan. CtaHaapT BM3Ha4vae GiTOBY LWBUOKICTb
nepenavi gaHmx 10 M6iT/c i makcumarnbHy BiCTaHb Bigpidka Kpy4yeHOi napu
Mk gBoma 6esnocepeaHbO  3B'A3aHMMKM  By3namu  (CTaHuisMu 1
KOHUEeHTpaTopamu) He Binbwe 100 M Nnpu HasiBHOCTI Kpy4eHOI napu sKiCTHO He
HuX4e kaTteropil 3. Llg BiaCcTaHb BU3HA4Ya€ETLCA CMYroK NPOMyLWEeHHS KpyYeHOol
napu — Ha goexuHi 100 M BoHa 0o3BoNde nepegasat aaHi 3i wenakictTio 10
MGiT/c Npn BUKOPUCTAHHI MaHYECTEPCBLKOro KoAay.

KoHueHTpaTtopn 10Base-T MoxHa 3'egHyBaTM OOMH 3 OOHMM 3a
A0MOMOIOK TUX e NOPTIB, AKi NpU3HaveHi AN NiaknNYeHHs KiIHLEBUX BY3JIiB.
Mpn ubomy noTpibHO nogdatm npo Te, Wob nepenasad i NpunmMay OAHOMO
nopTy Oynu 3'egHaHi BigNoBigHO i3 NnpurMadem i nepegasayeM iHWOoro nopTy.

[na 3abe3nedeHHs CUHXPOHI3aLil CTaHuin nNpu peanisadii npoueayp
poctyny CSMA/CD i HaginHOro poasnidHaBaHHS CTaHUigMM  KORi3in Y
CTaHOapTi BU3HAYEHE MaKCUMaribHE YMCIO KOHLIEHTPATOPIB MiX 6yab-aknmu
ABOMa CTaHuismu Mepexi, a came 4. Lle npaBuno 3BeTtbca "npasuno 4-x
xabiB" i BOHO 3aMiHsie "npaBuno 5 — 4 — 3", 3acTOCOBYBaHe O KOaKcianbHUX
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mepex. [Npu ctBopeHHi mepexi 10 Base-T 3 6GinbwMM 4YUCNOM CTaHUIN
KOHLUEHTpaTOpN MOXHa 3'egHyBaTWM OAWH 3 OAHUM iepapxiyHMM crnocobom,
CTBOPIOIOYUN AepeBOnoAidHy CTPYKTypy (puc. 3.12 [27]).

10Base-FB

Bea mepexa - omem AomMe ¥OM2IH

Puc. 3.12. lepapxiyHe 3'eagHaHHA KOHUeHTpaTopiB Ethernet

3.4. TexHonoria Token Ring (802.5)

3.4.1. OcHOBHI XapakmepucmuKu mexHoJsoaii

Mepexi Token Ring, Tak camo sk i mepexi Ethernet, xapaktepusye
nogifitoBaHe cepegoBuwle nepedadi fdaHuX, WO Yy UbOMY BUNaakKy
CKnagaeTbcs 3 Bigpi3kiB kabento, Wo 3'eQHY0Tb BCi CTaHUIT Mepexi B KinbLe.
Kinbue posrnagaetbCs SK 3aranbHUM NOAiNtoBaHMN pecypce, | 4na AocTyny o
HbOro NOTpidbeH He BMMAAKoOBUMA anroputMm, siKk y mepexax Ethernet, a
AeTepMiHOBaHMW, 3acHOBaHMMW Ha nepefadi CTaHuiaMm npasBa Ha
BUKOPUCTAHHSA Kinbus B neBHOMY nopsaky. Lle npaBo nepepaeTtbcs 3a
AOMOMOro Kagpy cneuianbHoro dopmaTty, HasuBaHOro wmapkepom abo
mokeHowm (token).

TexHonoris Token Ring 6yna po3pobneHa komnaHieto IBM y 1984 poui,
a noTiM nepefaHa sk NpoekT ctaHgapTty B komiTeT IEEE 802, wo Ha ii ocHOBI
npunHas y 1985 poui crangapt 802.5. KomnaHia IBM BukopuctoBye
TexHosorito Token Ring y SIKOCTi CBOEI OCHOBHOI MepeXXHOI TexHonorii and
nobyaoBn nokanbHUX MepeX Ha OCHOBI KOMN'IOTEpPIB PIi3HUX KraciB —
ManHgpenmiB, MiHi-kOMN'IOTEPIB | NepcoHanbHUX KoMn'toTepiB. Y uen 4ac
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came komnaHisi IBM € ocHoBHMM 3akoHoaaBLeM moam TexHonoril Token Ring,
pobnsaun 6nun3bko 60% MepexxHUX aganTepiB L€l TEXHONOTII.

Mepexi Token Ring npautotoTb i3 gBoma 6iToBUMM LLUBUOKOCTAMU — 4 |
16 MG6it/c. 3MiWwyBaHHA CTaHUiMA, WO NPaUloTb Ha PI3HUX LIBUMAOKOCTSX, B
oAHOMYy Kinbui He ponyckaetbcd. Mepexi Token Ring, wWo npauroTb 3i
weunakictio 16 M6iT/c, maloTb Aesiki BOOCKOHANEHHA B anroputMmi OOCTyny
NopiBHSAHHO 3i cTaHAapToMm 4 M6iT/c.

TexHonoriss Token Ring € 6inbl cknagHot TexHonorieto, yum Ethernet.
BoHa mae BnactmMBoCTi BigAMOBOCTIMKOCTI. Y Mepexi Token Ring BuM3HayeHi
npoueaypn KOHTposito poboTn mMepexi, AKi BMKOPUCTOBYHOTb 3BOPOTHUM
3B'A30K KifbLEeNodibHOl CTPYKTYpU — MNOCMaHU Kagp 3aBxgu BepTaceTbCs B
CTaHUilo-BigNpaBHMKa. Y [Oeskux BuUNagkax BUSIBMEHI MOMUMNKM B POOOTI
MepexXi ycyBalTbCA aBTOMATU4YHO, Hanpuknag, moxe Oyt BiOHOBMEHUN
3arybneHumn mapkep. B iHWKX BMNagkax NOMUIKKU TiNbKK (PIKCYOTbCS, a iXHE
YCYHEHHSI BUKOHYETLCHA BPYYHY OOCIYroByto4YnMM NepCOHanom.

[ns KOHTpPONIO Mepexi ofdHa 3i CTaHUil BMKOHYE pPOJSib Tak 3BaHOro
aKmueHo20 MOHImopa. AKTUBHUA MOHITOP BUOMPaETLCA Nig Yac iHiuianisawii
Kinbusl SK CTaHuii 3 MakcumanbHuMm 3HadeHHam MAC-agpecun. Akwo
aKTUBHMM MOHITOP BMXOOUTb i3 nagy, npoueaypa iHigianisauii  Kinbud
NMOBTOPHETLCA N BUOMPAETLCS HOBUIM aKTUBHNIN MOHITOpP. LLlo6 mepexa morna
BUABUTN BiAMOBY aKTMBHONO MOHITOpa, OCTaHHIN y npaue3gaTtHOMY CTaHi
KOXHI 3 CEeKyHOW reHepye cneuianbHU Kagp CBOEI NPUCYTHOCTI. AKWO Lewn
Kagp He 3'aBndeTbCa B Mepexi binblie 7 cekyHn, TO iHWi CTaHuii mepexi
NoYMHaloTb Npouenypy BMOOpPIiB HOBOrO akTUBHOIMO MOHITOPA.

3.4.2. MapkepHui Memod dJdocmyny 00 nodinoeaHoO20
cepedosuuia

Y mMepexax 3 mapkepHuUM memooOomMm docmyriy (@ OO HUX, KpiM Mepex
Token Ring, BigHocateca mepexi FDDI, a Takox wmepexi, 6nusbki Oo
ctaHgapty 802.4, ArcNet, mepexi BupobHu4oro npmsHadyeHHss MAP) npaso
Ha OOCTyn OO0 cepenoBuLLa NepefaeTbCs UMKITIYHO Big CTaHUil 4O CTaHUil no
NOriYHOMY KinbLitO.

Y mepexi Token Ring kinbue yTBOpUTbCA Bigpiskamu kabento, WO
3'€QHYIOTb CYCifHi CTaHUuil. TakmM YMHOM, KOXHa CTaHLUis 3B'A3aHa 3i CBOEK
nonepeaHbLod W HACTYMHOK  CTaHuisMuM W Moxe  6esnocepeqHbo
oOMiHIOBaTUCA AaHUMU TiNbkM 3 HUMW. [ns 3abe3neyvyeHHs O4OCTyny CTaHLUin
A0 i3MYHOro cepepoBuLa MO KiNbLUK  LUMPKYMOE Kagp cneuianbHOro
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dopmaTty 1 npusHavyeHHs — mapkep. Y mepexi Token Ring Oyab-sika cTaHuig
3aBxau be3nocepenHbO O0AepXKye AaHi TiNbKW Big OaHIET CTaHUii — Tiel, koTpa
€ nonepeaHbOoo B KinbLi. Taka CcTaHuigd Ha3uBa€eTbCA HaubIUXYUM aKkmugHUM
cyciooMm, posmawosaHuM euwe no rnomoky (aaHux) — Nearest Active
Upstream Neighbor, NAUN. lNepenayy X gaHuMX CTaHUis 3aBXOW 34INCHI0E
CBOEMY HanMBNMX4YoMy CyciooBi 4ONINMLUb NO NOTOKY AaHUX.

OpepxaBwKn Mapkep, CTaHuis aHarnisye noro m npu BiACYTHOCTI B Hel
AaHux onga nepepadi 3abesnedye MOro npocyBaHHS OO HACTYMHOI CTaHUil.
CTtaHuis, wo Mae gadi onga nepegadi, npyn ogepXXaHHi mapkepa BuUnyyYyae noro
3 Kinbus, WO Aae 1M npaBo A0CTyny OO0 hi3YHOro cepenosuila M nepeaadi
cBOIX gaHux. lNoTiM ua cTaHuia Bungae B Kinble Kagp gaHUX YyCTaHOBIIEHOrO
dopmaTty nocnigosHo no 6itax. NepeaaHi gaHi NpoxoasTb NO KiNbLUO 3aBXaun
B OAHOMY HanpAMKy Bif OfHiel cTaHuil go iHwoi. Kagp Bu3HavaeTbcs
aZipecoto nNpusHadeHHs 1 agpecoto gpxepena (puc. 3.13 [27]).
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Puc. 3.13. NMpuHuun mapkepHoro goctyny

YcCi cTaHUji Kinbusa peTpaHCcnioTb kKagp NobiTHO, K NOBTOpOBaYi. AKLLO

Kagp NpOXoAuTb 4Yepe3 CTaHuilo Npu3HadveHHd, TO, pPO3Mi3HaBLUX CBOH

aZlpecy, Ls CTaHLUis KoMnitoe Kagp Yy CBi BHYTPILWHIA 6ydep i BcTaBnsae B Kagp

O3HaKy niaTeBepmxeHHa npunomy. CTaHuis, Wo Buaana kagp AaHux y Kinbue,

npu 3BOPOTHOMY MOro ofepKaHHi 3 NiATBEPLKEHHAM NPUMOMY BUNyYae Lien
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Kagp i3 Kinbusi W nepedae B Mepexy HOBUM Mapkep Ona 3abesneyvyeHHs
MOXITMBOCTI iHLWMM CTaHUigM Mepexi nepepasaTu faHi. Takun anroputm
AOCTYrny 3acToCoBYeTbCA B Mepexax Token Ring 3i wsuakicTio pobotu
4 M6it/c, onucanux y ctaHgapti 802.5.

Uac BonogiHHA nogintoBaHMM cepefosuwem y mepexi Token Ring
oOMexXyeTbCs YacoM ympumaHHsi mapkepa (token holding time), nicnga
BUTIKAHHA SIKOro CTaHUis 3060B'd3aHa NpPUNUHUTU nepegadvy BflaCHUX OaHUX
(MOTOYHMI Kagp AO3BONSETbCA 3aBEpPLUMTM) | nepegatm mapkep gani no
Kinbuto. CTaHuia MOXe BCTUrHYTM MepefaTty 3a 4ac YTpUMMaHHS Mapkepa
oavH abo Kinbka KaapiB 3anexHo Bi4 po3Mipy KagpiB i BenvyMHM Yacy
BTPUMaHHA  Mapkepa. 3BMYaHUA  4ac  YTpUMaHHSA  Mapkepa  3a
3amMoBYyBaHHAM [opiBHOe 10 MC, a MakcumanbHUW po3Mip Kagpy B
ctaHgapTti 802.5 He Bu3HadeHun. Ona mepex 4 MOIiT/c BiH 3BMYANHO
popiBHioe 4 K6, a ans mepex 16 M6it/c — 16 K6. Lle nos'asaHe 3 TuMm, WO 3a
yac yTpMMaHHS Mapkepa CTaHLis NOBMHHA BCTUrHYTU nepenatn xoda 6 oguH
kagp. MNpu wenakocti 4 M6it/c 3a 4yac 10 mc moxxHa nepegaTtn 5000 6anTis, a
npu weuakocTi 16 M6it/c — BignosiaHo 20 000 6anTiB. MakcumanbHi po3mipu
kKagpy obpaHi 3 oesKuM 3anacom.

Y mepexax Token Ring 16 MG6iT/C BMKOPUCTOBYETLCSA TaKOX TPOXM
IHLUMIA anropuTM OOCTYNy A0 KinbUd, SKUA Ha3nBakTb afirOPUTMOM paHHbO20
38inbHeHHs1 Mapkepa (Early Token Release). BionosigHO 0O HbOro craHuid
nepegae Mapkep AOCTYNy HaCTYMHIA CTaHUil Bigpasy X nicnd 3akiHYeHHS
nepefadi oCTaHHbLOro 6iTa Kagpy, He Yekaroun NMOBEPHEHHS MO KiNbLIO LbOro
kagpy 3 O6iTOM niaTBEpAXEeHHA npurnomMy. Y LUbOMY BMMagKy MNpoOnyckHa
30aTHICTb KifbUs BUKOPUCTOBYETLCA Bifibll €(PekTUBHO, TOMY LLIO MO KifbLO
O[HOYaCHO MNPOCYBalTbCA Kaapwu LeKifbKox cTaHuin. [NpoTe cBOI Kagpu B
KOXXHUA MOMEHT 4Yacy MOXe reHepyBaTu TiflbKM OfHaA CTaHLUig — Ta, KOTpa B
Ler MOMEHT BOJSIOAIE€ MapKepoM AOCTyny. |HWi cTaHuil B Len 4vac Tinbku
NOBTOPIOKOTbL YyXi Kagpu, Tak LLO NPUHLMN NOAINY Kinbus B Yaci 36epiraeTbes,
NPUCKOPIOETHLCA TiNbKW npoueaypa nepeaadi BONOAIHHS KinbueMm.

Ona pisHMX BuAaiB NOBIAOMMEHb, NepefaHuM Kagpam, MOXYTb
npusHadaTucs pisHi npiopumemu: Big 0 (HWKYMK) o 7 (BuWwmin). PilweHHA npo
NpiOpUTET KOHKPETHOrO Kaapy npurMmae nepegasarnbHa CTaHuis (NpOTOKON
Token Ring opepxye uen napameTp 4epes3 MIKpIBHEBI iHTepdencu Big
NPOTOKOSIB BEPXHbOro PiBHA, Hanpuknag, npuknagHoro). Mapkep Takox
3aBXOM Ma€ Oedknn piBeHb NoToyHoro npioputety. CTaHuis mae npaso
3axonuTu nepefaHun i Mapkep TiNbKM B TOMY BUNAOKy, AKLWO npioputet
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Kagpy, WO BOHa Xxo4ye nepedaTtu, Buwum (abo [OpPIBHIOE) npiopuTeTy
Mapkepa. Y npoTunexXHoOMy BUNagKy CTaHuis 3060B'a3aHa nepegatn Mapkep
HaCTYMHIN NO KiNbLO CTaHL,I.

3a HasiBHICTb Yy Mepexi Mapkepa, npudoMy €OuHOI Koro  Konil,
BiANOBIOA€ aKTUBHUN MOHITOP. AKLLO aKTUBHUM MOHITOP HE OOepXXye Mapkep
NpOTAroM TpuBanoro 4vacy (Hanpuknag, 2,6 c), TO BiH MNOPOMAXYE HOBWUWM
Mapkep.

3.4.3. ®opmamu kadpie Token Ring

Y Token Ring iCHytOTb Tpu pi3HUX hopmaTu Kaapis:

Mapkep;

Kagp OaHux;

NOCNIAOBHICTb, WO NepepuBac.

Mapkep

Kagp mapkepa cknagaeTtbCs i3 TPbOX MOJSliB, KOXXHE AOBXWHOK B OAWH
BanT:

lNoyamkosut obmexHuk (Start Delimiter, SD) 3'aBNA€TbCA Ha No4vaTky
Mapkepa, a TakoX Ha no4vaTtky 6yab-sKoro Kagpy, Lo NpoXoanTb MO Mepexi.
[lonne  CcTaHOBUTb  HACTYMNHY  YHiKanbHy  MNOCMIAOBHICTb  CUMBOSIB
MaHyectepcbkoro kogy: JKOJKOOO. Tomy novYaTkoBUin OOMEXHUK HE MOXKHA
nonsyTaTy Hi 3 KO BITOBOK MNOCAIAOBHICTIO yCcepeanHi kaapy.

KepysaHHs Oocmyrniom (Access Control) cknagaeTbCcs i3 4YOTUPbOX
nignonie: PPP, T, M n RRR, ge PPP — 6itn npioputety, T — 6iT mapkepa, M —
6iT MmoHiTopa, RRR — pe3epsHi 6iTn npioputety. bit T, yctaHoBneHun B 1,
ykaszye Ha Te, WO [JaHUn Kagp € Mapkepom poctyny. biT MoHiTopa
BCTAHOBSOETLCA B 1 aKTUBHUM MOHITOPOM i B 0 Byab-AKO0 iHLLOK CTaHUI€Eo,
LLIO Nnepeaae mapkep abo kaap. AKWO akTUBHMA MOHITOp 6aunTb Mapkep abo
Kagp, WO MIiCTUTb OiT MOHITOpa 3i 3HAYEHHAM 1, TO aKTUBHUIA MOHITOP 3HaE,
Wwo uen kagp abo mapkep yxe oguvH pa3 ob6iMWoB Kinbue N He 6yB
0b6pobneHunn ctaHuiamn. AKWo e Kagp, TO BiH BigganseTbCcs 3 Kinbud. AKWo
Lue Mapkep, TO aKTUBHMMA MOHITOPp nepegae Woro gani no  KinbLto.
BukopuctaHHa nonis npioputeTiB Byae poarfisiHyTo HUXYeE.

KiHuyesut obmexHuk (End Delimeter, ED) — ocTaHHe none mapkepa.
Tak camMo sk i none nNo4aTtkoBOro obMexHuKa, Le nosie MiICTUTb YHiKarbHY
NocnigoBHICTb Man4decTepcbkux koaie JK1JK1, a Takox AOBi ogHOGITOBMX
o3Haku: | i E. OsHaka | (Intermediate) nokasye, 4n € Kagp OCTaHHIM Yy cepil

177



kagpieB (1 — 0) abo npomikHum (1 — 1). OsHaka E (Error) — ue o3Haka
nomunku. BoHa BcTaHoBnoeTbca B 0 cTaHuieto-BignpaBHUKOM, i Byab-sika
CTaHUif Kinbu4d, Yepes Ky NpoxoauTb Kagp, NOBMHHA BCTAHOBUTU LIKO O3HAKY
B 1, S9KWO BOHA BUABUTb MOMWUIIKY MO KOHTPOSIbHIN CyMmi abo iHLWIn
HEeKOPEKTHOCTI Kaapy.

Kaap paHux i nocnigoBHICTb, WO nepepuBae

Kagp goaHux BKIOYaEe Ti XK TpU NONs, WO N Mapkep, i Mae KpiM HUX Lie
Kinbka OodaTkoBMX MOSliB. TakMM YMHOM, Kagp [OaHuX CKagaetbcs 3
HaCTynNHMX NOniB:

novaTtkoBun obmexHuk (Start Delimiter, SD);

KepyBaHHs kagpom (Frame Control, PC);

agpeca npusHadeHHs (Destination Address, DA);

agpeca pxepena (Source Address, SA);

aaHi (INFO);

KoHTponbHa cyma (Frame Check Sequence, PCS);

KiHueBuin obmexHuk (End Delimeter, ED);

ctatyc kagpy (Frame Status, FS).

Kagp gaHmx moxe nepeHocuTn abo cnykOoBi gaHi Ans KepyBaHHS
KinbueMm (gaHi Mac-piBHA), abo kopucTyBanbHUUbKI AaHi  (LLC-piBHS).
CtaHpapT Token Ring Bu3Havae 6 Tunie kepyroumx kaapis Mac-pisHs. None
FC BusHavae tnn kagpy (MAC a6bo LLC), i akwo BiH Bu3HadeHun sk MAC, T1o
nosie TakoX yKasye, SKMM i3 LeCcTu TuniB KaapiB npeactaBfeHnin aHuMm
KagpoMm.

[Mpu3HaYeHHa uuMxX WecTn TUniB Kagpis:

1. Wo6 yneBHUTUCA, WO T agpeca YHikanbHa, CTaHuid, Konu BrepLue
NpUeoHYeTbCA A0 Kinbus, nocunae kagp Tecm OybrnioeaHHA adpecu
(Duplicate Address Test, DAT).

2. Wo6 nosigomMuTW iHWI CTaHUil, WO BiH nNpaue3gaTHUA, akKTUBHUN
MOHITOP NepioauyHO Mocunae B Kinbue Kagp IcHye akmueHuu MOHImop
(Active Monitor Present, AMP).

3. Kagp IcHye pesepsHul moHimop (Standby Monitor Present, SMP)
BiaNpaBnseTbCcs Oyab-AKOK CTaHUIE, WO HE € aKTUBHUM MOHITOPOM.

4. PesepBHU MOHITOP Bianpasndae kagp Mapkep 3asisku (Claim Token,
CT), konu nigo3poe, WO aKTMBHUA MOHITOP BiAMOBMB, MOTIM pe3epBHI
MOHITOPN OOMOBISIOTLCA MK CODOK, AKMA 3 HUX CTAHE HOBMM aKTUBHUM
MOHITOPOM.
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5. CraHuia signpasnse kagp CueHan (Beacon, BCN) y Bunagky
BUHMKHEHHA CEPNO3HUX MEpPEXHMX npobnem, Takux K obpuB kabento,
BUABMEHHA CTaHUil, WO nepegae kagpu 6e3 o4ikyBaHHS Mapkepa, Buxig
CTaHuil 3 nagy. BuaHadawoum, Aka CTaHuia BignpasBnse kKagp curHany, wo
AiarHocTye nporpama (il icHyBaHHA W OYHKLIT HE BU3HAYaloTbCA CTaHg4apTaMum
Token Ring), MoxHa nokanisdyBatu npobnemy. KoxHa cTaHuis nepiognyHo
nepenae kagpu BCN pgotn, noku He npumme kagp BCN Big cBoro
nonepeaHboro (NAUN) cyciga. Y pesynbTaTi B KifbLi TifNbKM OgHA CTaHUINA
npogoBxye nepenasatn kagpn BCN — Ta, y Akol € npobnemu 3 nonepeaHiv
cycinom. Y mepexi Token Ring koxHa cTaHuis 3Hae MAC-agpecy cBoOro
nonepeaHLOro cyciga, Tomy Beacon-npouegypa npvBoauMTb 0O BUSIBIIEHHS
agpecu HEKOPEKTHO NpaLoYdol CTaHu,l.

6. Kagp OuuweHHs (Purge, PRG) BUKOPUCTOBYETLCA HOBUM aKTUBHUM
MOHITOPOM AnA Toro, Wwob nepeBecTn BCi CTaHUil y BUXIAHUA CTaH i O4MCTUTH
Kinbue Bif YCiX paHille nocrnaHux Kkagpis.

Y ctangapTi 802.5 BUKOPUCTOBYIOTLCA afpecu TiEl XX CTPYKTYPH, LLO 1N Y
ctaHgapTi 802.3. Agpecu npusHadeHHsa N mKepena MOXyTb MaTu LOBXUHY
abo 2, abo 6 GawnTiB. lNepwwnin 6IT agpecu NpPU3HaYeHHS BU3Ha4Yae rpynosa
abo iHamBigyanbHa agpeca gk ansa 2-6antoBux, Tak i Ans 6-6antosux agpec.
Odpyruin 6iT y 6-6anToBUX agpecax roBopuTb Npo Te, Npu3HadeHa agpeca
nokanbHo abo rnobanbHO. Agpeca, WO CKMagaeTbCa 3 YCiX OOMHUUbL, €
LLINPOKOMOBHOIO.

Agopeca [pxepena mae ToW e po3mip i dopmaT, Wwo M agpeca
npusHadyeHHa. OgHak O3Haka rpyrnoBol afpecu BUKOPUCTOBYETLCS B HbOMY
ocobnmemMm cnocobom. Yepes Te WO agpeca pxKeperna He Moxe 6yTu
rpyrnoBoO0, TO HAABHICTb OOMHULI B LbOMY pO3ps4i roBopuUTb Mpo Te, WO B
Kagpi € cneuianbHe rone mapwpymHoi iHgopmauii (Routing Information
Field, RIF). Lia iHdbopmauia notpibHa npu poboTi MOCTIB, LLO 3B'A3YH0Tb Kiflbka
Kineyb Token Ring, y pexxumi mapLupyTtusauil Big gxepena.

Mone paHmx INFO kagpy mMoxe MICTUTUM AaHi OQHOro 3 OnMcaHux
kepytoumnx kagpis pisBHs MAC abo kopucTyBanbHULbKI JaHi, ynakoBaHi B Kagp
piBHs LLC. Lle none, sik My BXe Big3Ha4anu, He Ma€e BU3HA4YeHOI CTaHO4apTOM
MaKkCUMarnbHOI [OOBXMHW, XO4a IiCHYKTb MPaKTUYHI OOMEXEeHHsT Ha Woro
pO3Mip, 3aCHOBaHi Ha TUM4YacOBMX CMIBBIAHOLWEHHSX MK YacOM YTPUMaHHS
Mapkepa 1 Yyacom nepepaadi kaapy.

Mone ctatycy FS mae gosxuHy 1 6anT i MicTuTb 4 pesepBHUX 6iTn 1 2
nignons: 6iT po3nidaHaBaHHA agpecn A u BiT konitoBaHHS kagpy C. Yepes Te,
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LLIO Lie noJfie He CynpoBOMAXKYETbCA obuncneHHam cymmu, CRC, To BMKOpUC-
ToBYBaHi OiTM AnNa HagiMHoCTI AybnioloTbeda: none cratycy FS mae sBurnsg
Acxxacxx. Akwo 6iT po3nisHaBaHHA adpecu He BCTaHOBMEHMA nNig 4ac
OOdEPXaHHS Kadpy, LUe O3Hayae, WO CTaHuis npu3HadeHHs Binblie He €
NPUCYTHBOI Y MepeXxi (MOXIMBO, BHACIIAOK HENOMAA0K, a MOXANBO, CTaHUIsA
nepebyBae B iHLWOMY KifbLi, NOB'A3aHOMY 3 AaHUM 3a AOMOMOro MOCTY).
Akuwo obmnaea 6iTn BnisHaBaHHS agpecu N KOMitoBaHHA Kagpy BCTAHOBMEHI |
BIT BUABMEHHA NOMUIKM TakKOXX YCTAaHOBMNEHU, TO BUXiAHA CTaHUIA 3HaE, WO
nomMusika Tpanunacs nicnsa Toro, Sk uen kagp 6yB KOPEKTHO OTPUMAHUNA.

lNocnidosHicmb, WO nepepuBae, Cknagaetbcs i3 ABOX OawnTie, WO
MICTATb NOYaTKOBUI | KIHLUEBUI OOMEXHUKN. ocnigoBHICTb, WO NepepuBac,
MOXe 3'ABUTUCH B Oyab-sKOMY Micui noToky OiTiB i curHanisye npo Te, WO
NOTOYHa nepenava kagpy abo Mapkepa BigMiHSAETLCS.

MpioputeTHUN AoOCTYN OO KinbusA

KoxHun kagp AaHux abo mapkep Mae npioputeT, yCTaHOBMHOBaHUN
GiTamu npioputeTy (3Ha4YeHHs Big 0 4o 7, npuyoMy 7 — HaNBULLIMA NPIOPUTET).
CTaHuis MOXe CKOpuUCTaTMCS MapKepoM, SIKWO TifbKW B Hel € Kagpu Ans
nepegadi i3 npioputeToM piBHMM abo 6GinbluMM, HiXK NpiopuTeT Mapkepa.
MepexHun apantep CTaHUil 3 Kagpamu, Yy SKUX MPIOPUTET HUXKYEe, HiX
NpiopuTET Mapkepa, He MOXE 3axonuTU Mapkep, ane MoXe MNOMICTUTU
HanBinbLLM NPIOPUTET CBOIX Nepenad, Lo OYiKylTb, KagpiB y pe3epBHi 6iTu
Mapkepa, ane TiNbkn B TOMY BUNAAKy, SKWO 3anucaHuin y pesepBHUX Bitax
NpiOpUTET HWXKYE WMOro BnacHoro. Y pesynbTati B pesepBHUX bBitax
NpiopuTETY BCTAHOBIIHOETLCA HAUBULLMIA NPIOPUTET CTaHLUil, WO HaMaraeTbCs
ogepxaTu OOCTyn OO Kifbud, ane He MOXe LbOoro 3pobutn 4Yepes BUCOKUI
npiopuTeT Mapkepa.

CtaHuis, Wo 3ymina 3axonuTu Mapkep, nepedae CBOI Kagpu i3
npiopuTeETOM Mapkepa, a NoTiM nepegae Mapkep HacTynHomy cycigosi. [Mpu
LbOMY BOHa Nepenucye 3Ha4YeHHs1 pe3epBHOro NPIOPUTETY B MNoJie NPIopUTeTy
Mapkepa, a pe3epBHUN npiopuTeT OBHYNAeTbCcA. TOMy MpuM HaCTynHOMY
npoxodi Mapkepa Mo KinbUl MOro 3axonuTb CTaHuisd, WO Mae HauBULLNK
npiopuTeT.

Mpw iHiYiani3auil Kinbus OCHOBHWW i pe3epBHUN MpIOpPUTET Mapkepa
BCTaHoBNOTLCS B 0.

Xo4ya MexaHiam npioputeTiB y TexHonorii Token Ring €, ane BiH
NoYMHae npautoBaT TiNbKM B TOMY BUNAaAKy, Konv gogatok abo npuknagHuim
NPOTOKOST BUPILLYIOTb MOr0 BUKOPUCTOBYBATW. |Hakwe BCi CTaHuil 6yayTb
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MaTW piBHI NpaBa OCTYyNy OO KifibUs, WO B OCHOBHOMY M BigbyBaeTbCcHa Ha
npakTuui, ToMy wo 6inblWwa 4YacTuHa p[goadaTkiB UMM  MEXaHi3MOM  He
KOpPUCTYeTbLCA. Lle nos'a3aHe 3 TUM, Lo npioputeTn Kagpis NigTPUMYOTLCA He
y BCIX TexHosoriax, Hanpuknag, y mepexax Ethernet BoHu BigcyTHi, TOMmy
aopjaTtok 6yae noBoAMTUCA MO-Pi3HOMY, 3arieXHO Bid TEXHOMNOrT HUXHBOro
PiBHS, WO HebaxaHo. Y cy4yaCHUX mMepexax npiopuTeTHICTb 0b6pobkn kaapis
3BMYanMHO 3abe3nedvyeTbCs KomyTaTopamu abo MaplipyTusatopamu, SKi
NIATPUMYIOTb TX He3areXxHo Bif BMKOPUCTOBYBAHMX MPOTOKOSIIB KaHANbHOMo
PIBHSI.

3.4.4. ®i3uyHuUU pieeHb mexHonoeii Token Ring

Ctangapt Token Ring cipmn IBM cnokoHBivyHO nepenbavas nobynosy
3B'A3KIB Y Mepexi 3a [OONOMOrol KOHLEeHTpaTopiB, ski HasuBawoTb MAU
(Multistation Access Unit) abo MSAU (Multi-Station Access Unit), To6T0
npucTposimMn BaratoctaHuinHoro goctyny (puc. 3.14 [29]). Mepexa Token
Ring moxe BkntoyaTtu go 260 By3nis.

Ring In

A /Rlng Out

Ya

YA

\

KonuewTpatop

Puc. 3.14. ®i3nyHa KoHdpirypauia mepexi Token Ring

KoHueHTpaTtop Token Ring Moxe OyTn akTMBHUM abo nacuBHUM.
[MacMBHNIN KOHLIEHTpPATOP NPOCTO 3'€4HYE NOPTU BHYTPILIHIMK 3B'A3KamMu Tak,
WoOb cTaHuil, Wo nigknw4varTbCca A0 UMX nNopTiB, yTBOpWUNM Kinbue. Hi
NOCUNEHHA CUrHaniB, Hi iIX pecuHxpoHidauito nacmBHun MSAU He BUKOHYE.
Taknn nNpuUCTPin MOXHa BBaXaTW MPOCTUM KPOCOBMM OFOKOM 3a OOHUM
BUKMNtOYEHHAM — MSAU 3abesneyye o06xig sakoro-HebGyab nNoOpTy, KOMu
NnpUeEOHaHUM OO0 UbOro MOpPTYy KOMM'IOTEp BUKMKOYaKTb. Taka dQyHKUiSA

HeobxigHa Ans 3abesnevyeHHsa 3B'A3HOCTI KifbLs No3a 3aneXxHiCTio Big cTaHy
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NiAKNIYeHNX KoMn'toTepiB. 3BMYaNHO OOXid MOPTY BMKOHYETLCS 3a paxyHOK
penemHnx cxem, SKi Xap4yylTbCHd MOCTINHMM CTPYMOM Bi MEpPEXHOro
afjantepa, a npu BUMWKaHHI MepexHOro agantepa HOpMaribHO 3aMKHYTI
KOHTaKTUK pesie 3'€QHYTb BXig MOPTY 3 MOro BUXOLOM.

AKTUBHUI KOHUEHTPATOP BMKOHYE (PYHKLIiI pereHepauil curHasnis i Tomy
iIHOAI Ha3MBaETLCA NOBTOPIOBaYeEM, AK y cTaHgapTi Ethernet.

BuHMKae nuTaHHA — SKWO KOHLEHTPATop € MacuMBHUM MPUCTPOEM, TO
AKUM YMHOM 3abesnedvyeTbcd dkicHa nepefada curHanis Ha GinbLui BigcTaHi,
SKi BUMHMKAIOTb MPU BKIKOYEHHI B MEPEXY KiNIbKOX COTEeHb KOMN'toTepiB?
Bignosigb nonsirae B Tomy, WO ponb nigcunioBada curHasnis y LbOMy BMNaaKy
bepe Ha cebe KOXXHUN MepexxHU aganTep, a poflb PECUHXPOHI3YYoro 610Ky
BUKOHYE MEpPEXHUN afanTtep akTUBHOIO MOHITOpa Kinbus. KoXXHUIN MepexxHnn
apantep Token Ring mae 6nok MNOBTOPEHHdA, WO BMIi€ pereHepyBatu 1
PECUMHXPOHI3yBaTU CUTHAIMW, OOHaK OCTaHHIO OYHKLKO BUKOHYE B KiNbLi TiNbKK
610K MOBTOPEHHS aKTUBHOIO MOHITOpA.

Briok pecuHxpoHisauii cknagaetbcsa 3 30-6iTHoro 6ydepa, Wwo npunmae
MaH4YeCTepCbKi CUrHanNM i3 TPOXn nepekpyydyeHnMn 3a yac obopoTy Mo KinbLio
iHTepBanamu NpoxomkeHHs. Npyu MakcumarnbHIW KifIbKOCTI CTaHUIN Y KiSbLi
(260) Bapiauia 3aTpyMmKuM UMpKynauii 6iTa NO KiNbuU MOXe AdocdaraTu
3-6iToBMX iHTepBaniB. AKTUBHUI MOHITOp "BCTaBnsEe" cBin Bydep y Kinbue n
CUHXPOHI3ye BITOBI curHanu, Bugatoum Ix Ha Buxig 3 HeoOXigHOK 4YacTOTOHO.

Y 3aranbHoOMy Bunagky mepexa Token Ring mae kombGiHOBaHy 3ipKOBO-
KinbueBy KoHdirypauito. KiHuesi By3nu nigknwodaoTeca o MSAU  3a
TonoJsiorieto 3ipkn, a cami MSAU noegHyoTbCs Yepes creuianbHi noptn Ring
In (RI) i Ring Out (RO) anga yrBopeHHs marictpanbHOro gisu4Horo KinbLs.

YCi cTaHuUil B KinblUi NOBMHHI NpauloBaTW Ha OAHIM WBMAKOCTI — abo
4 M6it/c, abo 16 M6iTt/c. Kabeni, Lo 3'€QHYI0Tb CTaHLit0 3 KOHLEHTPATOPOM,
HasuBalTbCs BigranyxyesaHumn (lobe cable), a «kabeni, wo 3'€aHylOTb
KOHUEeHTpaTopu, — marictpansHumu (trunk cable).

TexHornoria Token Ring possonsie BMKopucTOBYBaTWU AN 3'€OHaHHS
KIHLUEBMX CTaHUiN i KOHUeHTpaTopiB pi3Hi Tunn kabento: STP Type |, UTP
Type 3, UTP Type 6, a TakoxX BONIOKOHHO-ONTUYHUIA Kabenb.

[Mpyn BUKOPUCTAHHI eKpaHoBaHO! KpydyeHol napy STP Type 1 3
HOMeHKNnaTypu kabenbHoi cuctemun IBM y kinbue gonyckaeTbCa noegHyBaTu
Ao 260 cTaHuii npu SOBXWHI BigranyxxysaHux kabenie oo 100 meTpis, a npu
BUKOPUCTaHHI HEEKPaAHOBAHOI KPYy4YEeHOI Napyu MakcumaribHa KifnibKiCTb CTaHLIn
CKOPOYYETLCH A0 72 Npu AOBXWUHI Bigrany>xyBaHux kabenis oo 45 metpis.

182



BigpctaHb ™k nacusHummn MSAU wmoxe pocaratm 100 M npum
BUKOpUCTaHHI kabento STP Type 1 i 45 M npu BukopucTaHHi kabento UTP
Type 3. Mix aktuBHumm MSAU wmMakcumanbHa BigcTaHb 30ifbLUYETbCH
BianosiaHo oo 730 m abo 365 M 3anexHo Big TMny kabento.

MakcumanbHa pfosxuHa kKinbusa Token Ring craHosute 4000 m.
ObmexeHHA Ha MakcuMarbHy AOBXUHY KinbuUs M KifbKICTb CTaAHUIN Y KinbLUi B
TexHonoril Token Ring He € Takumn cyBopumMmn, gk y TexHonoril Ethernet. Tyt
Li obMmexeHHs1 6araTto B YOMY MOB'sAA3aHi 3 YacoM 0DOpPOTY Mapkepa Mo KinbLo
(ane He TiNbKNM — € N iHWIi MipKYBaHHSA, WO OUKTYIOTb BUBIp obMexeHb). Tak,
SIKLLO Kinbue cknagaeTbcsa 3 260 cTaHuin, TO Npyn Yaci BTpPMMaHHA Mapkepa B
10 MCc mapkep NOBepHETbCA B aKTUBHU MOHITOP Y Hauripiomy pasi 4yepes
2,6 C, a Uen yac came CTaHOBWUTb TaMM-ayT KOHTPOM obopoTy Mapkepa. Y
NPUHUMNI, BCi 3HA4YeHHA TanM-ayTiB Y MepPeXHUX agjantepax By3niB Mepexi
Token Ring moxHa HabygoByBaTu, TOMYy MOXHa nobyayesaTn mepexy Token
Ring 3 6inNbLUOO KiNbKICTIO CTaHUIN i 3 BiNbLIOK JOBXUHOK KifbLS.

IcHye Benuka KinbKicTb anapatypy gna wmepex Token Ring, wo
noninwye Aaeski CTaHOapTHI XapakTEPUCTUKM LKUX MeEpeX: MakKCUMarbHYy
AOBXWHY MepexXi, BiOCTaHb MK KOHUEHTpaTtopamu, HafiMHICTb (LUNgXom
BUKOPUCTaHHS NOABIMHUX Kifleup).

3.5. TexHonoria FDDI

TexHornoria FDDI (Fiber Distributed Data Interface) — onTOBONOKOHHMWI
IHTepdenc pos3nodifieHnx gaHux — ue neplua TeXHONOrA NoKanbHUX Mepex,
y SKin cepegoBulleM nepefadi gaHMX € BOJSIOKOHHO-OMTUMYHMKA Kabenb.
PoboTK 3i CTBOPEHHSI TEXHOSONIN | NPUCTPOIB ANS BUKOPUCTAHHS BOFTOKOHHO-
ONTUYHUX KaHaniB y fiokanbHMX Mepexax nodvanucsa B 80-Ti pokun, Hesabapom
nicna  no4aTtky MNPOMMCIIOBOI  ekcnfyaTtauili  nogibHux  KaHanis  y
TeputopianbHux Mepexax. [lpobnemHa rpyna X3T9.5 iHctutyTy ANSI
po3pobuna B nepiog 3 1986 no 1988 p. noyaTkoBi Bepcii ctangapty FDDI, wo
3abe3neyye nepepady kagpie 3i wewmgkictio 100 M6it/c no noaBiiHOMY
BOJIOKOHHO-ONTUYHOMY KifibLto A0BXWHOK 40 100 Km.

3.5.1. OCHO8HI XxapakmepucmukKu mexHoJsioaii

TexHonoris FDDI 6arato B YoMy rpyHTYyeTbCA Ha TexHonorii Token
Ring, posBumBawuM W yOoCKoHasnww4uM 1i OCHOBHI igel. PospobnioBadi
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TexHonorii FDDI ctaBunu nepen cobol B SIKOCTi Hambinbw MpiopuTETHUX
HaCTYNHI Lini:

niasnwnTy 6iToBY WBKMAKICTL Nepeaadi gaHux ao 100 M6it/c;

NiABUWNTM BIOMOBO CTIMKICTb  MepeXi 3a paxyHOK CTaHOapTHUX
npouenyp BiAHOBMEHHS 11 NicNs BiAMOB Pi3HOro poay — YLWKOMKEHHS Kabento,
HEKOPEKTHOT pobOTM BYy3na, KOHLEHTpaTopa, BUHUKHEHHSI BWCOKOrO PiBHS
nepeLukoa Ha niHii n 1. n.;

MakcumasibHO eqEeKTUBHO BUKOPUCTOBYBATU MOTEHUIMHY MPOMYCKHY
30aTHICTb MepexXi SK A1 aCMHXPOHHOro, Tak i ANs CUHXPOHHOMO (YyTiIMBOro
A0 3aTPMMOK) Tpadikis.

Mepexa FDDI 6yayeTbcs Ha OCHOBI ABOX OMTOBOJSIOKOHHMX Kineub, SKi
YTBOPIOKOTb OCHOBHUM | pe3epBHUN LUNAXM nepefadi JaHuX MK By3namu
Mepexi. HasiBHICTb 