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Beryn

Po3BuTOK cydacHuX 1HGOPMAIIHHUX TEXHOJOTIH CYNPOBOMKYETHCS 301IBIICHHIM
pOJII TEIEKOMYHIKAIIHHUX CHUCTEM PI3HOTO MPU3HAYECHHS Ta KOMIT IOTEPHUX MEPEK.
[{e mosicHIOEThCSI HEOOX1THICTIO OUTBIN MIBUAKOI Tepenayi iHpopmariii, B TOMy 4HCI ¢
YIPaBIIHCHKOT, JUIS SIKOT BaXKJIMBE 3HAYCHHS MAIOTh 4ac Ta ONEPaTUBHICTH ii JIOCTABKU
70 KOpUCTyBauiB. biJbIl BaroMMM CTa€ BHUKOPUCTAaHHS 3ac00iB  €JIEKTPOHHOTO
OOMiIHY JOKYMEHTIB — €JIEKTPOHHOI MOIITH, MPOTpamMHOro 3abe3meueHHs Opay3epiB
TOIIO — 3a JOMOMOTOIO SIKHX Habarato 301IbIIyeThCsl €(EKTUBHICTH POOOTH (HaxiBIIiB
PI3HUX PIBHIB YIIPaBIIIHH CyYaCHUMH I1IPUEMCTBAMU Ta YCTAaHOBAMH.

OcoOnuBe Miclie B IMX 3aBIaHHSIX 3aiiMalOTh Cy4acHI TEXHOJIOTii KOMIT IOTEPHUX
MepeX, cepela SKUX CIiJ BUIUIMTH JIOKAJIBbHI Ta T00albHI Mepexi. Lle mosicHIoeThCs
HEOOXIHICTIO BUKOPUCTaHHS KOPIOPATHBHOI  1H(oOpMallli, 10 MICTUTbCS B
KOpPIOpaTUBHUX 0a3aX JaHMWX, SKI MOXYTh pO3TalllOBYBAaTHCS SK B OKPEMHX
HiApo3aiIax MIANPUEMCTBA, Tak W 3a Horo Mexamu. OTKe cydyacHl TEXHOJOTIl
00pOOJICHHST JTOKYMEHTIB PI3HOrO TMPU3HAYCHHS TOBWMHHI 0Oa3yBaTUCA Ha 3aco0ax
TEJICKOMYHIKAIIHHOTO 3B 43Ky W CTaHAAPTIB KOMII IOTEPHUX MEpEXK, SIKI BUCTYMAIOTh
SK TPAHCIIOPTHI CUCTEMHU Tiepeiadi JaHUX.

s miaBuiieHHsT e(eKTUBHOCTI (YHKI[IOHYBAaHHS MEPEX MIANMPUEMCTBA TOBUHHI
BUKOPUCTOBYBATHCS 3aCO0M iX TIOMIMPEHHS Y BHIAJKY 30UIBIIEHHS KUIBKOCTI
pobounx cTaHIIA Ta KopucTyBauiB. lle mnpu3BoaUTH 10 HEOOXIMHOCTI  OUIbII
JETAJIBHIIIOTO BHUBYEHHS Ta BUKOPUCTAHHS CIHELIaJbHUX MPUCTPOIB Ta BIANOBILAHUX
CTaHJAPTIB A 00’ €THAHHS OKPEMHUX JIOKaTbHUX MEpeX B €auHy. J(o HUX HalexaTh
KOHIIEHTPATOPH, MOCTH, IUIIO3U, KOMYTAaTOpU, SKI JO3BOJISIIOTH 301IBIIYBAaTH
eEeKTUBHICTh OKPEMHUX MEpPEeX 3a PaXyHOK TIOETHAHHS MEpexX 13 PI3HUMU
CTaHJapTaMd Ta TMpoTOoKojaMu. Bubip mNEeBHOro creka MPOTOKOMIB 3abe3neuye
BU3HAUCHHS MOXJIMBOCTEH pOOOTH Mepeki 3TigHO 13 OOpaHMM CTaHIApPTOM Ta
JO3BOJISIE  BHUPIIIYBAaTH MHTAHHS OLIHKK €(EKTUBHOCTI PO3TOPTAHHS Mepexi 13
3aJlaHUM PIBHEM MAacCIITa0OBAaHOCTI Ta PO3MOJUICHOCTI JaHWX. 3a TaKUMH yMOBaMu
BUHUKA€ HEOOXIJIHICTh OOIPYHTYBaHHSI BUOOPY CHCTEMHOI'O MEPEKHOI0 3a0e3MeUeHHs
B YMOBAaX KJIIEHT-CEPBEPHOI TEXHOJIOTIi JOCTYITy Ta OOPOOJICHHS 3alTUTIB KOPUCTYBAUIB.

TakuM dYMHOM, KOMIT'IOTEPHI MEpPEXi Ta TEICKOMYHIKAIIIHI CHUCTEeMH CTarOTh
HOIAIPYHTSIM  JIJI8  TIABUIICHHS €(QEKTUBHOCTI I1HCTPYMEHTAJIBHOI  CKJIQJ0BOI Ta
IHTeNIeKTyai3anii  MpoueciB  MNPUHHATTS  pilleHb B Cy4yaCHMX  yMOBax
BUCOKOTEXHOJIOTIYHOTO BUPOOHUIITBA.



Tema 1. OCHOBHI IOHATTSI KOMIT'FOTEPHUX MepekK
1.1. IlepenyMOBM BHHUKHEHHSI Ta €TANM PO3BUTKY KOMII'IOTEPHHUX MeEpeiK.

Knacudikaunis koM’ 0TEpHUX MepPeiK.
1.2. 3arajabHi npuHIUNK TO0Y/I0BM Ta (PYHKIIOHYBAHHSI.
1.3. Aapecanisi.
1.4. TomoJsiorisi KOMII’KOTEPHUX MEPeEK.
1.1. ITepenyMoBH BUHUKHEHHSI TA €TANIH PO3BUTKY KOMIT’ IOTEPHUX
Mepex. Kinacudikauiss KoM’ r0TepHUX Mepesk.

Komn’tomepna mepeorca abo mepesca nepedaui oanux siBisie COO0I0 JEAKY
CYKYIIHICTh BY3/1iB (KOMIT IOTE€piB, pOOOYMX CTAHIIA Y 1HIIOTO 00JIaIHAHHSA),
3’€IHAHUX KOMYHIKAIIIMHUMM KaHajlaMH, a TaKo)X HaOlp oOjagHaHHS, SKUN
3abe3neuye 3’ €AHaAHHS CTaHIH 1 Iepeiayy MK HUMH 1HQOpMaIii.

Ha croronHi icHye Benn4Ye3Ha KUIbKICTh KOMIT FOTEPHUX MEPEXK PI3HOTO
OpU3HAYEHHs, MOOYIOBaHMX HA OCHOBI  PI3HUX  KOMITI'FOTEPHHX 1
KOMYHIKAI[IHHUX TEXHOJIOr1 1 00YMOBIIEHUX BUKOPUCTaHHSAM Ti€i a0o0 1HILOI
MEpEXKEBOI apXITEKTYPH.

Mepeoicesa apximexkmypa — 1€ CYKYIHICTh MEPEKEBHUX arapaTHUX 1
OporpaMHUX  PIMIeHb, METOAIB  JOCTYyMy Ta MPOTOKOJIB  OOMIHY
iH(opmariiero. ApXiTeKTypa 1 HOMEHKJIATypa MEPEKEeBOro  OOJaJHAHHS
CYy4YaCHHUX KOMIT IOTEPHUX MEPEX € Pe3yabTaTOM PO3BUTKY TEXHIYHUX 3aCO0IB 1
BUKJIMKaH1 HEOOX1HICTIO KOPHUCTYBauiB KOMIT'IOTEPHOI ~ TEXHIKH
OOMIHIOBATHCS M1 COO0I0 TaHUMHU.

3BepHIMOCS 10 BUTOKIB KOMIT FoTepHUX Mepex.llepmn komm torepu 50-x
pokiB XX CTOMITTS OyJIM TPOMI3JIKMMH Ta TOPOTMMH, BOHU MPU3HAYAIICS IS
HEBEJIMKOIo KoJia KOPUCTYyBauiB. JIOCHTh 4acTo Taki KOMIT IOTEpPH 3aiMalTy 111
OyniBii 1 Oynu MpU3HAYEHI JJII BUKOPUCTAHHS B PEXKUMI MaKEeTHOT 00poOKH, a
HE JJI1 IHTePAKTUBHOI pOOOTH KOPUCTYBAUIB.

Cucmemu naxemuoi obpobKu, SIK TpaBuio, OyayBaiaucs Ha 0a3i MeuH-
bpeliMmy — TIOTY)KHOTO Ta HaJIIMHOTO KOMIT'IOT€pa YHIBEPCAJIBHOTO
npusHadeHHs. KopucTtyBaui roTyBanu nep(okapTé 3 JaHUMHU Ta KOMaHAaMU
mporpam 1 mepegaBaiu ix B oOumcmtoBanpbHUM 1eHTp (puc. 1.1). Omepatopu
BBOJIMJIM 11l KapTU B KOMIT'IOTEp, a PO3APYKOBaHI PE3yJbTaTH KOPUCTyBadi
OJIepKyBaJlv, SIK TIPABUJIO, JIUIIIE HACTYIHOTO JHA. TakKuM YHHOM, ITOMUJIKA B
neppokapTi oO3Havasa, SK MIHIMYM, J00OBY 3aTpUMKy. 3BUYAlHO, IS
KOPHUCTYBauiB IHTEPAKTUBHUN PEXUM POOOTH, IPU SIKOMY MOKHA 3 TepMiHAITY
OTIEpPAaTUBHO KEpPyBaTU IMpoOIecoM OOpOOKU CBOIX AaHUX, OyB OW 3py4UHIIIHUI.
Po3poOHMKN KOMIT'IOTEPHUX MEpEX Yy TOM dYac 3HAYHOI MIpOI He
BPaxOBYBAJIM IHTEPECH KOPHUCTYBadiB, OCKIJIbKA HaMarajaucs JOCATTH
HaNWO1IBIIO] e(eKTHUBHOCTI poboTtu HaJI0pOKYOT0 MIPUCTPOIO
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O0YHCITIOBAILHOT MALTMHU — TIPOIIECOpA.

Meliappeiim JIMCKOBHI MaCHB IpucTpii 1 BBOIY
iH(opmMarii

O Q4 O O O
N N J
Kopuctypadi 3 3aBIAHHSIM HA BUKOHAHHS O0UHCIIOBATHHOL POOOTH
Puc.1.1 Cucremu 00poOku 1aHuX Ha 0a3i meitHpeiimy
BararorepmiHna/jibHI cucTeMu — Ipoodpa3 mepexi

B wmipy 3aemeBnenss mpoiiecopiB Ha noyaTky 60-x pokiB XX CTOMITTS
3’ABWJIMCSL HOBI CIocoOM oprasizaiii OOYMCIIOBAJBLHOTO IMPOIECy, SKi

JO3BOJIMJIM ~ BpaxyBaTH 1HTepecH KopuctyBauiB. [lowamu po3BuBaTHCS
IHTEPaKTUBHI Oacamomepminaivhi cucmemu pos3nooiny uacy (puc. 1.2). ¥V
TaKMX CHCTEMaX KOXHHUW KOpPHUCTyBad OJICP)KyBaB BJACHUW TEpMiHAJ, 3a
JIOTIOMOTOI0  SIKOTO BIH MIT BECTH Jiajor 13 Komm oTepoM. KinbkicTh
OJTHOYACHO TMPAIIOI0YNX 3 KOMIT IOTEpOM KOPHCTYBauiB 3ajiexkana Bif] HOTO
MOTY)KHOCTI, @ Yac peakiii OOYHMCIIOBAIILHOI CHCTeMH OyB HE3HAYHHUM, 1
KOpUCTyBaueBl  HE  JyXe TomiTHa Oyma  mapainenbHa  poOota
KOMIT FOT€POM 1HIINX KOPUCTYBAUiB.

Tepminanu, BUWIIOBIIM 32  MeXl  OOYHCITIOBAILHOTO  IICHTPY,
po3ocepeuaucs 1O BChbOMY MIANPUEMCTBY. | Xowya oOuuCITIOBaNIbHA
MNOTYXHICTh 3ajlMIIalIacs MOBHICTIO LIEHTPANTI30BaHOIO, AesKl (QYHKLII — TaKi,
AK BBEICHHS W BHUBEJCHHS JaHUX, CTaIM po3noaiaeHumu. [logioH1
OaraToTepMiHaJIbHI LIEHTPAI30BaHl CUCTEMHU 30BHI BXKe Oyln JTy’Ke CXOX1 Ha
JIOKaIbHI 00YHCITIOBaNBHI Mepexi. J[iiicHO, 3BUYaiiHuil KOPUCTYBau CIpHIIMaB
poOoTy 3a TepMmiHaIOM MeHHppelnMy NPUONIM3HO Tak caMo, K 3apa3 BiH
cpuiiMae poOOTy 3 MIAKIIOYCHUM 0 MEPEKi MEePCOHAIIBHUM KOMIT I0TEPOM.
KopucryBau Mir omep:kaTu HOCTyN 10 3arajibHuX (QaiiaiB 1 nepudepiiiHoro
oOjan-HaHHS, NpPH I1LOMYy B HBOTO MIATPUMYBAjacs TOBHA LIHO31s
OJIHOOCOOOBOTO BOJIOAIHHSA KOMIT IOTEPOM, TOMY III0 BIH MII' 3allyCTUTU
noTpiOHy oMy mporpamy B OyAb-sSKHH MOMEHT 1 Maike BiIpa3y OJaep)KaTu
pe3ynpTaT.o0uncaoBagbHi  Mepexi. [ilicHo, 3BHuYaliHUN ~ KOpHUCTyBau



crpuiiMaB poOOTYy 3a TEpMIHAIOM MEHH(PpeMy NMPUOIU3HO TaK caMo, K 3apa3
BiH crHpuiiMae poOOTy 3 MAKIIOUYEHUM [0 Mepexki IepCOHATbHUM
koM 'rorepoM. KopuctyBau MiIr ojepaTd JOCTYN JO 3arajbHUX (ailiiB 1
nepudepiitHoro oOjagHaHHs, MPU I[LOMY B HBOTO MIATPUMYBajacs IOBHA
1103151 0THOOCOOOBOTO BOJIOAIHHSI KOMII FOTEPOM, TOMY IIIO BiH MIT 3aIyCTHTH
noTpiOHy oMy mporpamy B Oyab-KHl MOMEHT 1 Maibke Biapa3y ojaep)KaTu
pe3ynbTart.

SHHEH

Bi mymi 1 Neel

OfuncmoBansHUNA
LEHTp Ha 0a3i

=N \}«\
MeiHdppelimy \

Bimmin Ne3

Bigmio Ne2

TepMiHaﬂ\
%@—Q@@—%@

Puc. 1.2. bararorepmiHajibHa cucTeMa

@ %o %) ‘%)

OpHak 10 MOSIBH JIOKAJIBHUX MEPEeX MOTPIOHO OyJIo MPOMTH 1€ BEIUKUI
IUIAX, TOMY 110 OaraTOoTepMiHalbHI CHCTEMH, XO4Ya W Majld 30BHIIIHI PHUCH
PO3MOJIIEHUX CHUCTEM, yce IIe MIATPUMYBAIM IEHTpPalIi30BaHy OOpOOKY
JaHuX. 3 1HIOro 00Ky, 1 moTpeda MIIPUEMCTB Yy CTBOPEHHI JIOKATbHUX MEPEXK
y Led yac IIe He BUHUKIA — B OAHOMY OYAMHKY HpPOCTO HE Oylo 4oro
00’€THYBaTU B MEPEXKy, TOMY IO 4Y€pe3 BUCOKY BapTICTh OOYHMCITIOBAIBHOL
TEXHIKM TIANPUEMCTBA HE MOV COOl JIO3BOJUTH PO3KINI TpHUIO0aHHS
JEKIJIBKOX KOMIT I0TepiB. Y 1ieH nepioa OyB cripaBeyivBHi 3akoH [ porra, skuit
EMITIIPUYHO BiI0OpaxkaB PiBEHb TEXHOJOTII TOTO 4Yacy. BiamoBigHO M0 1HOTO
3aKOHY IMBUJIKOJIISI KOMIT IoTepa OyJa MpomopIliiHa KBaapaTy MOro BapTOCTI,
3BIZICH BUXOJUJIO, IO 32 Ty cCaMy CyMy OyJIO BUTIAHIIIE KYIUTH OJHY MOTYXKHY
MalIuHy, HIXK JB1 MEHII MOTY>KHI, TaK K iX CyMapHa MOTYKHICTh BU-SBJIsIIacCs
3HAYHO MEHIIOIO 32 MIBUAKO/II0 JOPOT01 MAIlIMHH.

IlosiBa mepmMX JIOKAJIbHUX MeEPeK
Ha mnouarky 70-x pokiB XX CTOMTTS y pe3yJibTaTi TEXHOJOTIYHOTO
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npopuBy y cdepi BHPOOHHIITBA KOMIT IOTEPHUX KOMIIOHEHTIB 3’ SIBUJIHCS
genuki inmezpanvui cxemu (BIC). IxHs NMOPIBHSHO HEBHMCOKA BapTiCTh i rapHi
(GyHKITIOHATBHI MOXKJIMBOCTI TPHUBEIU JI0 CTBOPEHHS MIHI-KOMIT IOTEPIB, SKi
CTaJu pealbHUMU KOHKYpeHTaMH MelH@peitmiB. Emmnipuunuii 3akoH ['porra
nepecTaB BIAMOBIAATH JIHCHOCTI, TOMY IIIO JA€CATOK MiHI-KOMIT IOTEPIB, MAIOUU
Ty X BapTICTh, IO ¥ OAWH MeHHpeimM, BUpILTYyBaJIM JesKi 3aBJaHHs HabaraTo
HIBHUIIIE.

HaBiTh HeBenuKi MiAPO3AUIH HIANPUEMCTB OJAEPIKATU MOXKIMBICTD MaTh
BJIACHI KOMIT IOTepH. MIiHI-KOMIT'IOTEpH BUPINIYBaId 3a7a4l KepyBaHHS
TEXHOJIOTIYHUM OOJIalTHAHHAM, CKJIaJOoM M 1HII 3a7a4li Ha PiBHI BIIJILTY
nianpueMcTBa.  TakumM  4MHOM,  3’sBWJAacsl  KOHLEMIIA  PO3MOJLIY
KOMIT IOTEpPHUX PECYpPCIB MO BChOMY MiAnpHeMcTBY. OAHaK mpH LIbOMY BCi
KOMIT'IOT€pU OJIHI€I opraHizaiii, SK 1 paHille, MPOJAOBKYBaJd MpPaLIOBaTH
aBTOHOMHO (puc. 1.3).

Mini-koMn'toTepH

Biagia Ne |

Biagia Nee3 Biaaix Ne 4

.
|
|
|
|
|
|
|
|
[
|
[
[
[
[
|

R e e e e f—————— 1
I
|
[
|
|
|
|

] [

Tepminaa |

|
|
|
|
|
[
L

Puc. 1.3. ABTOHOMHe BUKOPUCTAHHS JIeKIILKOX MiHi-KOMIT’'IOTepPiB HA

OJTHOMY Ii/INPUEMCTBI
[3 yacoMm mnoTpebM KOpUCTYBauiB y MIBUIKOAII KOMII IOTEPHOI TEXHIKH

3pocTayid. [X BkKe He 3a70BOJBHSJIA 130JIbOBaHA pOOOTA HAa BIACHOMY KOMIT I0TEpI,

KOpUCTyBad4aM XOTLJIOCh OOMIHIOBATHCS KOMII ,IOTepHI/IMI/I JaHHUMH 3

KOPUCTYBauyaMH 1HIIUX MAPO3A1IIB B aBBTOMATUYHOMY PEKHMI.

BianoBiae Ha 110 moTpely MpUMIUIa y BUTJISAAI MOSBU MEPIIUX JOKATBHUX

obuncroBaIbEHUX Mepex (puc. 1.4).

3arajioM NpeACTaBiCHI JOKaJbHI MEpPEeXl SBISIOTH CO00I0 00’ €qHAHHS
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KOMIT IOTEPIB, 30CEPEIKEHUX Ha HEBEIWKIN TEPUTOPIi, SIK MPaBUJIO, Y pajiyci HE
Oinpiie 1-2 kM, Xoua B OKpEeMHUX BUITQJIKaX JIOKaJIbHA MEpEeKa MOXKE MaTH 1 O1IbIII
pO3MipH, HaIpUKIAJ, KUIbKa JECATKIB KUIOMETpiB. Y 3arajibHOMY BHUMIAAKY
JOKallbHA Mepeka SBJsIE COOOK KOMYHIKAIIHY CHCTEMy, IO HAJICKUTh OJHIN
oprasizaiiii.

LlpreTpili '¢HarAT

Mimi-

KOMIIOTE Bigin Ne | : Bigqin Na2

Tepminan

e / A

88 9§88

Puc. 1.4. 3acrocyBaHHs NPUCTPOIB 3’€THAHHS JJI51 00’ €THAHHSA BiaaLTiB

CnoyaTky 1151 3’€IHaHHS KOMII IOTEPIB OJIMH 3 OJHUM BHKOPHUCTOBYBAJIHUCS
HECTaHJapTHI MEPEKEBI TEXHOJIOTI.

Mepeoicesa mexnonoeisa — 1e y3rojukeHU Halip MpOrpaMHHX 1 amapa-THHUX
3ac001B (HaNpuKIaj, JApaiBepiB, MEPEKEBHUX aJanTepiB, kabemiB 1 po3’eMiB) 1
MEXaHI3MIB Iepelayl JaHuX JHHISMH 3B A3KY,JOCTaTHIX JJI1 T0OYyI0BU
OOYHUCITIOBAIILHOT MEPEXI.

[lepmni JOKalbHI MEpEXi OCHAILYBAJIUCS PI3HOMAHITHUMH MPUCTPOSIMU
3’€JlHaHHS, SKI BUKOPHUCTOBYBAJIM BJIACHI CIIOCOOM TMPEICTABJICHHS JaHUX Ha
JHIAX 3B’SI3Ky, CBOI TUMU KabemiB 1 T.14. L{i mpucTpoi Moriu 3’€qHyBaTH JIMILE
KOHKPETHI MOJIEJII KOMIT FOTEPIB, JIs SKMX BOHU 1 OyJI PO3pOOIIeHi.

3’aBuacsi  HeOOXimHICTh  yHiikamii  oOnmagHaHHS 1 TEXHOJOTIH
KOMIT'IOTEpHUX Mepex. llepmii cTaHmapTHI TEXHOJIOTIl JIOKJIbHHX MEpex
CIMpaJIKCS HAa MPUHIUIKN KOMYTAIlll, KUl OyB 3 ycCHiXoM BUIpPOOyBaHUH 1 JOBIB
CBOI mepeBaru Npu Tmepeaadi Tpadika JaHUX y MNIOOATBHUX KOMIT FOTEPHUX
MepeKax.

VY cepeauni 80-x pokiB XX CTOJITTA 3aTBEPAWIMCA CTaHIAPTHI Mepe->KeBl
TexHoJoTii 00’eHaHHs KoM 1oTepiB y Mepexxy— Ethernet, ArcNet, Token Ring,
Token Bus, tpoxu miznitre — FDDI.

CraHgapTHI MepeKeBl TEXHOJIOT1 IEPETBOPUIIH TIPOIIEC MOOYIOBH JIOKATBHOT
MEpeXi 3 MUCTEITBA B PYTUHHY poOoTy. {711 CTBOpEHHS Mepe-Ki JOCUTH Oyiio
npua0aTH CTaHIAPTHUN KaOenb, MEPEXKEBl aJanTepH BIJ-TOBIHOTO CTaHIAAPTY
(manpuknan, Ethernet), BcraHOBUTH ajganTepu B KOMI IOTEpH, MPUEAHATH iX 10
Ka0eno CTaHAApPTHUMHU 3 €HyBauaMM W YCTAHOBUTHM Ha KOMII'IOTEPU OJIHY 3
MOMYJISIPHUX MEPEXKEBUX orepalliiinux cucrem (Hanpukiaza, Novell NetWare).

[Ipocti anroputMu poOOTH BHU3HAUMIM HU3bKY BapTICTh OOJIaTHAHHS
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Ethernet. I[Hupokuii giama3zoH iepapxii MIBUIKOCTEH JO3BOJISIB PAallOHAIBHO
OyayBaTH JIOKaJbHY MEpPEXKy, OOHpaloud Ty TEXHOJOTiI0 CiMEeHCTBa, sKa
HaWOLIBIIOI MIPOIO BIJAMOBiAaNa 3aBJaHHSIM MANPUEMCTBA Ta MoOTpedam
KOpHCTyBauiB. BaxnnBo Takox, 1m0 Bci TexHousorii Ethernet myxe Onu3bpki ogHa
70 OJHOi MPUHLHUIAMHU POOOTH, IO CIPOIIYBaJO OOCIYrOBYBaHHS M IHTErpario
ITUX MEPEK.

Jna knacugikaiii KOMIT'IOTEPHUX MEpPEX BUKOPUCTOBYIOTHCS PI3HI O3HAKH,
aJie JacTille 3a BCe Mepexi AUIATh Ha TUIM N0 TEPUTOpialibHIN O3Halll, TOOTO MO
BEJIMYMHI TEPUTOPIi, SKY MOKpHUBAaE Mepexka. | g mporo € Baromi MpPUYUHH,
OCKIJIbKU BIJIMIHHOCTI TEXHOJIOT1H JIOKAJIbHUX 1 TJIOOAIbHUX MEPEX JIy>Ke 3HAYHI,
HE3BaKal04YM Ha 1X MOCTIHHE 30 IMKEHHS.

o nokanvnux mepenc Local Area Networks (LAN) BigHOCATE Mepexi
KOMIT'FOTEPIB, 30CEPE/PKEHI Ha HEBENMKIA TepUTOpli (3BUYAMHO B pajiycl He
Oinbme 3a 1-2 kM). Y 3araibHOMy BHUIIQJIKy JOKajJbHAa Mepexka sIBJIs€ o000
KOMYHIKAIlIiHy CHUCTEeMy, LI0 HaJeXUThb OJHIM opranizauii. Yepe3 KOpOTKi
BIJICTaHI B JIOKQJIBHUX MEPEkKax € MOXKIMBICTh BUKOPUCTAHHS BIJHOCHO JTOPOTHX
BHCOKOSIKICHUX JIIHIM 3B'SI3KYy, SK1 JIO3BOJISIIOTH, 3aCTOCOBYIOYM IIPOCTI METOJH
nepeaadi JaHuX, JOCATaTH BHUCOKHMX IIBUJIKOCTEH OOMIHY HaHUMH TOPSIKY
100MGit/c. V 3B'SI3Ky 3 UM MOCIYTH, 10 HAJAITHCA JIOKAIBHUMU MEpPEKaMH,
BIJIPI3HSIOTHCA IIUPOKOIO PI3HOMAHITHICTIO 1 3BUYAHO Nepen0avyaroTh peasizalio
B pexumi on-line.

I'nobanwvui mepexnci Wide Area Networks (WAN) o6'eqHy0Th KOMITTOTEPH,
10 TEPUTOPIATHEHO PO30CEPEAMIINCS, IKI MOXKYTh 3HAXOAUTHCS B PI3HUX MICTaX 1
Kkpainax. OCKUTBKH MPOKJIaJKa BUCOKOSKICHUX JIHIA 3B'SI3KYy Ha BEJIMKI BIJCTaH1
00XOJIUTHCS AYXKE JIOPOro, B MIO0ATHHIX MEPEKAX YACTO BUKOPHUCTOBYIOTHCS BXKE
ICHYIOY1 JIIH1T 3B'S13KY, CIIOYATKy MPU3HAYEHI 30BCIM JUTsl 1HIHMX Iiaeit. Hampuknan,
Oararo siki TJI00aJIbHI Mepeki OyayroThCsl HA OCHOBI TelePOHHUX 1 TeserpapHux
KaHaJIIB 3arajbHOro npu3HadeHHs. Yepe3 HU3bK1 MIBUIKOCTI TaKUX JIIHIA 3B'SI3KY B
rJI00AIbHUX MEpPEekax (IEeCATKH KiJI00IT B CEKyHAY) HAOlp MOCHYT, 110 HaJAal0ThCs
3BUYAMHO OOMEXKYEThCS TIepenaucto (ailiiB, MepeBaKHO HE B OTMIEPATHBHOMY, a B
(hOHOBOMY peKHMi, 3 BUKOPUCTAHHAM €JIEKTPOHHOI momrTu. J[Jist cTiiikoi mepegadi
JUCKPETHUX JaHUX M0 HEAKICHUX JIHIAX 3B'SI3KY 3aCTOCOBYIOTbCS METOIHU 1
oOnajHaHHS, ICTOTHO BIAMIHHI BiJf METOMIB 1 OOJagHAHHS, XapaKTEPHUX IS
JOKaNbHUX MepexX. SK MNpaBuiio, TYT 3aCTOCOBYIOTHCS CKIIAJHI MpPOLEIypU
KOHTPOJIIO 1 BITHOBJICHHSI TAaHUX, OCKIJILKM HANO1IbII TUIMOBUN PEXUM Iepeadl
JAHUX TI0 TEepPUTOPIATILHOMY KaHajdy 3B'A3Ky TMOB'SI3aHUMA 31 3HAYHUMU
CIIOTBOPEHHSIMH CUTHAJIIB.

Micoki mepenci (abo mepexnci mezanonicie) Metropolitan Area Networks
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(MAN) € MeHm mommpeHuM TUTIOM Mepex. Lli Mepexi 3'SBHIUCS TOPIBHSIHO
HeflaBHO. BoHu mnpusHadeHi s oOCIyroByBaHHS TEPUTOPIl BEIMKOTO MICTa
Merariojica. ¥ TOM 4dac K JOKaJdbHI MEpPeXi HaKpanM o0pa3oM MiaXOoaaTh JJIs
PO3IUICHHST pecypciB Ha KOPOTKUX BIJICTaHSX 1 MIMPOKOMOBHHMX Iiepenad, a
ro6anpHl Mepexi 3abe3medyloTh poOOTy Ha BEIMKUX BIJICTaHIX, aie 3
OOMEKEHOI0 MIBUAKICTIO 1 HebaraTuM HAOOpPOM TMOCIYT, MEpPEXi MEramojiciB
3aliMaloTh JesiIke TMPOMDKHE TOJIOKEHHS. BOHM BHUKOPHCTOBYIOTH LHU(POBI
MaricTpaibHi JiHIT 3B'A3Ky, YaCTO ONTHUYHOBOJOKOHHI, 3 IIBHAKOCTAMHU BiJ 45
MG6it/c, 1 mpu3HadeHi IS 3B'SI3KYy JIOKAJIbHUX MEpPEeX B Macmitabax micTta 1
3'€THaHHS JIOKAIBHUX Mepex 3 riobanbHuUMHU. [li Mmepexi cmodatky Oyinu
po3po0IeHi T Iepeayl TaHuX, aje 3apa3 BOHU MIATPUMYIOTh 1 Taki MOCIYTH, SIK
BUJICOKOH(EpEHIIIT 1 IHTErpalibHy Mepeaady rojocy 1 TeKCTy. PO3BUTOK TeXHOMOT1T
MEpEeX MEramnojiciB 3[IMCHIOBaBCA MICIEBUMU TeJIe(OHHUMU KOMIAHISIMHU.
IcTopuyHO cknanocd Tak, IO MicleBl TenedOHHI KOMMaHIi 3aBXKIU BOJOILIA
CIabUMHU TEXHIYHUMH MOXJIMBOCTSIMHU 1 4epe3 Ile He MOIJIMA 3ay4YdUTH BEITHKUX
kmenTiB. [I[o0 momonaTh CBOIO BIACTANICTh 1 3aWHATH TigHE MICIE B CBITI
JOKAIbHUX 1 TJIOOQJIBHUX MEPEX, MICIEBl MIANPUEMCTBA 3B'A3KY 3aMHSIIHCS
PO3pOOKOI0 MEPEK Ha OCHOBI CAMHUX CyYaCHHX TEXHOJIOT1H, HAITPUKJIIA]] TEXHOJIOTI]
koMyTanii ocepeakiB SMDS abo ATM. Mepexi MeramojiciB € CyCHiIbHUMHU
MepexaMH, 1 TOMY iX MOCIyrM OOXOASAThCS JCNICBIIE, HIXK MOOYyI0Ba BIACHOI
(mMpUBaTHOI) MEPEXi B MEXKaX MICTA.

1.2. 3araabHi npMHUMIM 100Yy10BH Ta QYHKLIiOHYBAHHS
Bupuenns xkonkperaux texHosorii mms mepex LAN, WAN 1 MAN, Takux

ak Ethernet, IP a6o ATM, mnokasamo, 1m0 B IUMX TEXHOJOIH € 0araro
3aranbHOro. Ilpu I1bOMYy BOHM HE € TOTOXHHUMH, Y KOXKHIM TEXHOJOTIT W
MIPOTOKOJII € CBOi OCOOJIMBOCTI, TaK M0 HE MOXXHA MEXaHIYHO TIEPEHECTH 3HAHHS 3
OJIHI€1 TEXHOJIOTIT B 1HIITY.

Cucmema npunyunie nobyooeu mepedxc nepeoaui Oauux 3'sSBUIACS B
pe3yJbTaTi PIICHHS Py KIOYOBUX MPoOJeM, 0araTo 3 SKUX € 3araJbHUMH IS
TEJEKOMYHIKAIIHHUX Mepex Oyb-sIKOTO THUITY.

OpHi€r0 3 OCHOBHUX, SIKIIO HE CKa3aTH TOJOBHHUX, MpoOJieM MOoOym0BU
Mepexxk € komymayis. KoxHUN By30J1, 110 BUKOHYE TpPaH3UTHY Tepenady
Tpadika, MOBUHEH yMITH HOro KOMYTYBaTH, TOOTO 3a0e3meuyBaTh B3a€MOJIIO
KOPHUCTYBa4iB MEpPEXKi.

Ha mexnonocito xomymayii 06e3nocepeqHbO BIUIMBAE NPHUHIMI BUOOPY
MapHIpyTy mnepenadi 1HQOpMaIiHUX MOTOKIB 4epe3 Mepexy. MapmpyT, ToOTo
MOCITIIOBHICT, TPAaH3UTHHMX BY3JIB MeEpeXi, SKI TMOBHHHI MNPOWUTH JaHi, 1100
MOTPANUTH 10 OJEp)KyBada, IIOBUHEH BUOMpATHCA TakK, INI00 OJHOYACHO

nocsranucss Al MeTH. llpum 1pOoMy, mMo-mepiue, AaHI KOXKHOTO KOPHCTyBada
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MOBHHHI TIepeJaBaTUCs SAKHAMIIBUIIIE, 3 MIHIMAJIbHUMHU 3aTPUMKAMU Ha LULIXY;
Mo-JIpyre, pecypcd MepeXi TOBHHHI  BHKOPHUCTOBYBAaTHCS ~ MaKCHMAaJIbHO
eeKTUBHO, TaK IM00 Mepeka 3a OJMHHUII0 4Yacy TMepelaBaia sIKHAKO1IbIe
JAHUX, 1110 HAIXOIATh BIJl YCIX KOPUCTYBa4iB MEPEXKI.

3aBnaHHsl TMOJATAaE B TOMY, MO0 JOMOTITHCS CHOJYYeHHA IMX LJIeH
(eroicTM4HOT METH OKpPEMOro KOpPHCTyBaua i KOJEKTHBHOI METH MEpexi SK
enuHoi cucremu). Komm'rotepHi Mepexi TpaauIliiiHO BUPIIIyBaIM IO MpodiIemMy
HEe(EKTUBHO, Ha KOPHUCTh 1HIWBIAyadbHUX MOTOKIB, 1 TUIBKM OCTaHHIM YacOM
3'SIBUJTUCS OLTBII PO3p0o0JIeH METOIU MapIIpyTHU3aIlii.

CnifibHe BUKOPUCTAHHS pecypciB

OnHi€l0 3  OYEBMIHUX 3pYYHOCTEH, OJEPKYBAaHHUX KOPUCTYBaueM,
KOMIT'IOTEp SAKOTO MIAKIOYAETHCS O MEPEXi, € MOMKIMBICTh BUKOPUCTAHHS
nepu@epiitHuX NpUCTPOiB "dyxkux" KOMI'IOTEPIB, TaKUX SK TUCKHU, IPHUHTEPH,
mwiotepu. Sk 1 Opu aBTOHOMHIA poOOTI, KOMI'IOTEp, BKIIOUEHUH Yy MEPEKY,
3MaTHUM O€3mocepeHbO YOPABIATA TUIBKM TUMHU HepudepiiHUMHU  pH-
CTposiMHU, AKi 10 HbOTO (izuuHo mpuenHaHi. [llo6 3abe3neunT KOpHCTYyBayiB
PI3HHX KOMIT'IOTEPIB MOXMUIUBICTIO CHIJIBHOTO BUKOPHUCTAHHSA MepudepiitHux
MPUCTPOIB, MEPEXKY HEOOXIJIHO OCHACTHUTH SKUMHChH JOJIATKOBUMH 3aco0aMM.
Hexait Mmepeka yTBOpeHa TUTBKH JBOMa KoMmIT'totepamu (puc. 1.5) .

Komm’rorep A Komm'rorep B IIpunTep komm 1otepa B

Puc. 1.5. CnijibHe BUKOPUCTAHHSA NPUHTEpPA

Jlyis movaTKy pO3TsSHEMO, SK B3a€MOJIIOTh OJUH 3 OJHUM KOMII'IOTEp i
nepudepiitauii npuctpiit (I111).
3B's130Kk KOMII'I0TEpa 3 nepudepiiiHIMHU IPUCTPOAMH
Jlnst opranizaiii 3B'SI3KYy MIX KOMI'IOTEpOM 1 mepudepiiHuM TPUCTPOEM
(ITIT) B 060X KX MPUCTPOSIX MepeadadeHi 30BHiIIHI (13U4HI iHTEpPeiicu.
Disuunuil inmepghetic (IKUHA HA3UBAETHCS TAKOXK MOPMOM) BU3HAYAETHCS
HAOOpOM EJIEKTPUYHUX 3B'SI3KIB 1 XapaKTepPUCTHUKAMU CHUTHAJIB. 3BUYAMHO BiH
CTAaHOBUTH pO3HIMAHHSI 3 HA0OPOM KOHTAKTIB, KOXXHHMHM 3 SKHX Ma€ IICBHE
NpU3HAYCHHS, HAMpHUKiIaA, 1€ Moxe OyTH TIpyla KOHTaKTIB [Js Tepenadi
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JAHUX, KOHTAaKT CHHXpOHI3aIli jgaHux 1 T. 1. [lapu po3HiIMaHb 3'€IHYIOTHCS
KaleneM, IO CKJIAA€Tbes 3 HAOOPY MPOBOMIB, KOXHUN 3 SKHUX 3'€qHYE
BIJINTOB1/IHI KOHTaKTH (puc. 1.6).

Mporpama ~
Bydep @

OnepaujiiHa cucTema

Opaiesep :>®

rri

E},;Ep IHTEpd ERC @ E}beEp

komn'ioTepa

IHTepdeicHa kapTa MM KonTponep MM

IHTepdheic

@ NPKWCT RO

Puc. 1.6. 3B's130k komn'ioTepa 3 nepudepiiiHuM NPUCTPOEM
Jlociunuii inmepghetic — 1ie Habip 1HPOPMAIIHHUX TMOBIJOMIIEHb TIEBHOTO

dopmary, sKUMU OOMIHIOIOTBCA JIBa MPHUCTPOi abo 1BI mporpamu (y LbOMY
BUTAJKYy KOMI'toTep 1 mepudepiiiHuil nmpucTpiii), a Takox Hallp TpaBWI, IO
BU3HAYAIOTh JIOTIKY OOMIHY [IUMU MOB1IOMJICHHSIMH.

[IpukiagamMu  CTaHIAPTHUX iHTEepdeiiciB,  BUKOPUCTOBYBAHUX Y
KoMM'toTepax, € mnapajiebHui (KUl T1epenae jgaHi Oaltamu) i1HTEpdeic
Centronics, mnpu3HaYeHWH, SK TMPaBWIO, I MIAKIIOYCHHS MPHHTEPIB, 1
MoCIiI0OBHUM 1HTepdeiic (axuil nepenae aani O0itamu) RS-232C (BimoMuil Takox
sk COM-niopT), 1110 Ma€ OUIbIN yHIBEpCATbHE MPU3HAYCHHS — BIH MIATPUMYETHCS
HE TUIBKM TpUHTepaMu, ane W  rpadoOyaiBHUKAMU, MaHIMYJISITOPAMU
Tuny "Muma" i1 6araTbMa 1HIIMMHU NMPUCTPOSIMU. ICHYIOTH TakoXK CHelliajli3oBaH1
iHTepdeiicu, SKi NpU3HAYEHl I MIAKIIOYEHHS YHIKAJIbHUX MepudepiiiHux
MPUCTPOIB, HAMPUKIAJ, CKJIATHOI (DI3UYHOI EKCIIePUMEHTAIBHOI YCTaHOBKHU
(puc. 1.7).

Y TIII iuTepdelic HaiyacTiie TMOBHICTIO peANi3yeThCs amapaTHUM
OPUCTPOEM — KOHMPOIEpOM, Xouyad 3yCTPIHAIOTbCS W MPOrpaMHO-KEepPOBaHi
KOHTPOJIEpH Il KEPyBaHHS CyYaCHUMHU MPUHTEPAMH, IO BOJOMIFOTH OUIBII
CKJIQJIHOIO JIOT1KOIO.
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Komn'totep A Komn'totep B

Mporpama A Mporpama B
==}

[ipaieep Dpaiaep [lpaiteep
COM-napry COM-nopry fr

j lMepudepikuin

NpWCTpiR
KowTponep Kowtponep || IkTepdeicka
COM-nopry COM-nopry kapra M

Bypep |
IkTepcheiic IkTepdedc

X Koxtponep M
koMn'toTepa KOMMHoTepa

—

IuTepdeic
MpUCTROK

Puc. 1.7. CnijibHe BUKOPHCTAHHS NIPUHTEPA B Mepe:Ki

[lepudepiitai mpucTpoi MOXYTh NpUMUMATH BiJl KOMIT'HOTEpa JiaHi,
Hanpukian, Oaiitu. Jlyxke 3pydHOr0 W KOPHUCHOIO (DYHKIIEI KIIIEHTCHKOT
IporpamMu € 3JaTHICTh BIAPI3HUTH 3aIUT 00 GULYHEeH020 pecypcy Bill 3alUTY 00
JIOKANbHO20 pecypcy. SIKIIO KIIEHTChKAa Mporpama BMIE 1€ POOUTH, TO
JIOJAaTKH HE MOBUHHI MIKIYBaTHUCS, HAMpPHUKIAJ, MPO T€, 3 SKUM HPUHTEPOM
BOHU TMPALIOIOTh (JIOKaJbHUM a00 BWIYYEHHMM), KIIEHTCbKa Mporpama cama
posmizHae ¥ nepenanpasnse (redirect) 3amut 10 BHIIyYEHOI MaIIMHHU. 3BiAcCH W
Ha3Ba, YaCTO BUKOPHCTOBYBAaHA JIs KIIEHTCHKOTO MOIYJS, — pedupekmop. IHOm1
GyHKIT po3Mi3HABaHHA BUIISIOTHCS B OKPEMUN MPOrpaMHUN OJIOK, y IbOMY
BUMAAKY PEIUPEKTOPOM HA3MBAIOTh HE BECh KIIEHTCHKUW MOIYNb, a TIIbKU
el OJIoK.

KiieHT 1 cepBep BUKOHYIOTH CHCTEMHI (yHKIII 3 0O0CIyroByBaHHs
3alUTIB yCIX JOAATKIB KOMMI'toTepa A Ha BHIYYEHHH JOCTYyN 10 pecypcy
(npunTepa, Qaitnis, pakcy) komn'torepa B. 11[o6 nomatku xomn'torepa B mornu
KOpHUCTYBaTHCA pecypcaMd Komm'roTepa A, ONHCaHy CcXeMy HOTpiOHO
CUMETPUYHO JOTIOBHUTH KJIIEHTOM Ui Komm'ioTepa B u  cepBepom s
KoMmm'torepa A.

He3Baxkatoun Ha Te, IO PO3MISIHYTO MPOCTY CXEMY 3B'SI3KY TUIBKH JBOX
KOMI'IOTEpiB, (PyHKLII mporpaM, Mo 3a0e3MeuyioThb BHIYYEHHH JOCTYN [0
npuHTEpa, 0arato B YoMy 30iraroThCs 3 (QYHKIUSMH MepedcHoi onepayiiHoi
cucmemu, MO TPAIIOE B MEPEeXi 3 OUIBIN CKIAJHUMH armapaTHUMU 3B'SI3KaMH
KOMIT'FOTEPIB.

Tepminn "kmieHT" 1 "cepBep" BHKOPHCTOBYIOTHCSI MAJisi TO3HAUEHHS HE
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TIIBKM TMPOTPAMHHUX MOJYJIB, aje W KOMITIOTEpiB, MIIKIIOYEHUX 10 MEpexl.
SIKIo KOMIT'IOTEp HAAa€ CBOI PECYpPCH I1HIIMM KOMIT'IOTEpaM MeEpexi, TO BiH
HA3MBAETLCA cepsepoM, a SKIIO0 BIH iX CIOXWUBAaE — KiuicHmom. IHOM TOM
camMuil KOMIT'IOTEp MOXKE OJTHOYACHO TpaTH PoJIi i cepBepa, 1 KITieHTa.

Mepe:xHi ciry:x0m i 101aTKH

HaganHs xopucTyBadaM CHUTBHOTO JOCTYITY JO TEBHOTO THITY PECYPCIB,
HaNpUKIaa, A0 (aisiB, HA3UBAIOTh TAKOXK HAJIAHHSAM cepBicy (Y IbOMY BUIAIKY
daiinoBoro cepmicy). 3BHYAHHO MEpEKHA ONEpaIiifHa CHCTeMa MIATPUMYE
KUIbKa BHJIIB MEPEKHHUX CEPBICIB JJI1 CBOIX KOpPHCTYyBauiB — (haljIoBUN CEpBic,
CEpBIC NEYATKH, CEpPBIC E€JIEKTPOHHOI MOUITH, CEPBIC BUIYYEHOTO NIOCTYIY U T.
n. [Iporpamm, 1m0 peam3ylOTh MEPEXKHI CEpPBICH, BITHOCATHCS JIO KIacy
PO3MOAUICHUX MPOTPaAM.

OpHak 'y  Mepexi  MOXYTh ~ BUKOHYBaTHCS ¥ PO3MOJLICHI
KOpUCmy8anbHuybki 0ooamky. PO3MOIUIEHNN MOMATOK TaKOX CKJIAJAeThes 3
JIEKIJTBKOX YacCTHH, KOXKHA 3 SKHUX BHUKOHYE SKYCh TEBHY 3aKiHUE€HY poOOTYy 3
pillIeHHsT TPHUKJIATIHOTO 3aBAaHHA. Hampukiaa, ofgHa YacTHHA [dOAATKA, IO
BUKOHYEThCSI ~ Ha  KOMM'IOTEpPl  KOPUCTyBada,  MOXE  MIATPUMYBATH
cremjani3oBaHuil rpadgiuHuil iHTEepdeic, apyra — MpaloBaTd Ha MOTYKHOMY
BUJUJICHOMY KOMITIOTepl W  3aiiMaTuCs CTATUCTHYHOIO OOpPOOKOIO BBEICHUX
KOPHUCTYBaueM JaHHUX, TPETS — 3aHOCUTH OTPHUMaHI pe3yibTaTH B 0a3y JaHUX Ha
KoMITroTepi 13 ycrtaHoBineHoi ctanmaptHoi CVYBJl. Posnomineni pomatku
MOBHOIO MIpPOK) BUKOPHUCTOBYIOTh MOTEHI[IHI MOXJIMBOCTI  PO3MOJILIEHOT
0o0OpoOKH, 10 HAJAlThCS OOYHMCIIOBATBHOI MEPEXKE, 1 TOMY YacTo
HA3UBAIOTHCS MEPEHCHUMU 00O0AMKAMU.

He Bcskuii 10oAaToK, 110 BHUKOHYETHCSI B MEPEXi, € PO3MOALICHUM.
3HauyHa YacTHHA 1CTOPIi JIOKAJTRHUX MEpEXK TOB'Si3aHAa caMe 3 BUKOPHCTAHHSIM
TaKUX HEPO3MOJUICHUX [OAaTKIB. Po3riasiHeMo, Hampukiaa, sK BiaOyBaiacs
poboTa kopucTyBaua 3 Bigomoi y cBiii yac CYBJ] dBase. ®aiinu 0a3u gaHux, 3
SAKUMU TPALIOBaIM BCl KOPUCTYBadl MEPEXkKl, PO3TAIIOBYBaJIHUCS Ha (ailioBomMy
cepsepl. Cama xx CYB]] 30epiranacst Ha KOKHOMY KJIIEHTCBKOMY KOMIT'IOTEpl Y
BUTJIAAI €IMHOTO TporpamHoro moxayns. Ilporpama dBase Oyma pospaxoBaHa
TUIBKM Ha OOpOoOKYy JaHUX, PO3TAlIOBAHHMX Ha TOMY K€ KOMM'IoTepli, 1o M
cama mporpama. KopuctyBau 3amyckaB OBase Ha cBoemy KoMI'toTepi i
nporpama IIykaja JaHl Ha JIOKaJbHOMY IHCKY, 30BCIM He Oepydd 10 yBaru
icnyBanHs Mepexi. 11lo6 oOpoOmsatu 3a momomororo dBase nmawi, po3raimmoBai
Ha BWJIYYEHOMY KOMII'IOTE€pi, KOPHUCTyBad 3BEpTaBCs J0 MOCIyr (aimoBoi
CIy>KOHW, 110 JOCTaBisja JlaHl 13 cepBepa Ha KIIEHTCHKUNA KOMITHOTED 1
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ctBoproBasia i1t CYB/] eexT iXHbOro JIOKaIbHOTO 30€piraHHs.

bimpmricte  MOAATKIB, BUKOPHCTOBYBAaHUX Y JIOKAJBHUX MEPEkKax y
cepenuni 80-X pokiB, OyJud 3BHYAMHUMH HEPO3MOAUICHHUMH JojaTkamu. | 1ie
3pO3yMijIo: BOHU OYJIM HamuCaHi i1 aBTOHOMHUX KOMITIOTEPIB, a MOTIM IPOCTO
Oynu mepeHeceHi B MepexkHe cepenoBuie. CTBOpPEHHS K PO3MOAUICHUX
J0JaTKiB, X0o4a W oO0iisuio Oarato mepeBar (3HIDKEHHS MEpEXHOro Tpadika,
crieriaizalis KOMIT'I0TepiB), BUSBUIIOCS CIIPaBOIO 30BCIM He MpocToro. [loTpidbHo
Oyno BHpiNIyBaTh O34 JOAATKOBHX MPOOJIEM: Ha CKUIBKH YaCTUH PO3OUTH
JOJIaTOK, K1 (PYHKIIT MOKJIACTH Ha KOXKHY YacCTHHY, SIK OpraHi3yBaTH B3a€MOJIIIO
[IMX YaCTUH, 00 y BUMAAKYy 300iB 1 BIJIMOB YAaCTHHHU, IO 3AJTUIIMINACSA, KOPEKTHO
3aBepIryBajId poOOTy i T. 1.

1.3. Anpecauisi By3.1iB Mepexi

[Ipu 06’etHaHHI TPHOX Ta OUIBIIE KOMIT IOTEPIB BAXKJIMBUM aCIIEKTOM CTa€
ix agpecartis.

Jlo axgpecariii By37iB Ta CXeMHU 11 IPU3HAYEHHS! BUCYBAETHCS KiJIbKa BUMOT:

1. Anpeca mae OyTH yHIKQJIBHOIO Y MEPEXI JIF0OOro MacmTaoy.

2. Cxema mpu3Ha4YeHHs ajpec Mae OyTH JIETKO0 1 HE JOMyCKaTH
JTyOJIFOBaHHS.

3. AIlpecu y BEJIMKUX MEPEKax MaloTh OyTH 1€papXiYHUMU JJI 3pDYIHOCTI Ta
IIBUJIKOCTI 10CTaBKH 1HGOpMaIlii.

4. Anpeca mae OyTH 3pydyHOK SIK JUIsl KOPUCTYBaHHS Tak 1 JJs
aJIMIHICTpYBaHHS.

5. Anmpeca Mae OyTHM KOMIIAaKTHOIO, IIO0 HE MEPEBAHTAXKYBATU IaM ATh
KOMYHIKaTUBHOTO 00JIaIHAHHS.

[{i BUMOTM BaXXKO TMOEAHATH B OJIHIM CXeMi, TOMy Ha MPAKTHUIl YacTO
BUKOPHUCTOBYIOTh OJIHOYACHO KIJbKa CXeM ajpecallii i KOMII'IOTep MOXKE MaTu
KUIbKa aJpec-iMeH.

KoHa 3 mux aapec BUKOPUCTOBYETHCS, KOJIM BOHA Y JIAHOMY BHIMAJAKY €
3py4HilIo. ICHYIOTH OMOMDKHI MPOTOKOJH, SIKI 3a aapecord OJHOTO THUITY
MOXYTbh BUSHAUUTH JIPECH THIINX THUIIIB.

Kunacudikaris anpec:
. YHikanbHa ajapeca. BukopucTtoByeThcs i 1AeHTH(IKAIT OKpEeMHX

BY3JiB.

. I'pynoBa agpeca. Inentudikye Bimpasy Kkinbka By3miB. JlaHi, gkum

MPU3HAYEHO TPYIIOBY aAPECy AOCTABISIOTHCS A0 KOXKHOTO By3ja TPYIIH.

. IllupoxomoBHa aapeca. JlaHi 3 IIMPOKOMOBHOIO aJIPECOI0 CKEPOBYIOTHCS

710 BCIX BY3JIIB MEPEXI.
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. Azpeca J0BiJIbHOI PO3CHJIKH. BUKOPUCTOBYETHCSI B HOBOMY MPOTOKOIMI
IPv6. Bona 3anmae rpymy ajapec, aje AaHi JOCTaBISIOTLCSA HE JI0 BCIX BY3IIB,
a TUIbKHU J0 NIEBHUX 3 HUX.
Po3noBcrozkeHi cxeMu aapecamii
Anapamui adopecu
3a3Buuai, 1€ ajgpeca, M0 NPONUcaHa B MEPEKHUX aJanTepax KOMI IOTEPiB
Ta MepexkHoro oOnannanns. lle Tak 3Bana MAC-anpeca, mo mae ¢gopmar B 6
0alTIB 1 MO3HAYAETHCS JABIMKOBUM a00 IMIICHAAIATKOBUM KOJOM, Hampukian 11
A0 17 3B FD 01.
MAC-aapecu He OTpiOHO IMpU3HAYaTH, 00 BOHU a00 BXKe € BOYJIOBAaHUMH
y TpUCTpiil Ha cTaail BUPOOHUIITBA ab0 aBTOMATHYHO TEHEPYIOTHCA IIPH
KOXHOMY 3amycKky obnamHanHs. B MAC-aapecax BincyTHsi Oyab sika ie€papxis i
IpHU 3MIHI 00JIafHAHHs (HAIpHKIad, MEPEKHOrO ajJanTepa) 3MIHIOETbCA 1 ajpeca
KOMIT'I0Tepa, a00 3a HAABHOCTI KUIBKOX MEPEXKHHUX aJanTepiB, KOMIT IOTEP Mae
kinbka MAC-anpec.
Yucnosa adpeca. IP-adpeca
Lle yHiKanbHa YKMCIIOBA aJIpeca, 0 OJHO3HAYHO 1ACHTU(IKYE BY30J, TPyIy
BY3JIIB 200 1uty mepexy. [P-anpeca mae gomxuny 4 6aitu (4x8=32 6itn). s
3pyuHocTi [P-anpeca 3anucyerbest y BUrIsal 4 yucen (OKTETIB), IO PO3AUICHI
TOYKaMHU.
JecsitkoBa ¢hopma npeacTaBIeHHS: 128.10.2.30
JBilikoBa ¢opma mnpeacrasienns: 10000000.000 1010.000 0010.0001
1110
HlichagusitkoBa ¢gopma npeacrasiaenus: C0.94.1.3
HecstkoBa (opma 3amucy [P-ampecu BUKOPUCTOBYETHCS B OMEpALIHUX
cucteMax, 60 BOHA € 3pYyYHOIO I KOPHCTYyBaua, KWW HAJAMTOBYE TOCTYI JO
Mmepexi. J[BiiikoBa (opma € 3pydHOI0 s aAMIHICTPYBaHHS 1 JUJISi BHYTPIIIHIX
onepauiii npuctpois. LllicHaamsTkoBa hopmMa BUKOPUCTOBYETHCS PIIKO.
CumMBoJIBHI aapecu
UucnoBl agpecu € 3py4YHUMU ISl afMIHICTpyBaHHS, aje Uil KOPUCTyBayiB
Taka ajapecalis € HEe3Py4YHOI0, TOMY JUJIi MEpPEeX PI3HOT0 MacuTady ICHYIOTb
CUMBOJIbHI IMEHA, SIKI OJTHO3HAYHO 1I€HTU(IKYIOTh KOMIT IOTEp UM IPYITy BY3JIB 1
3a3BHYai, MarOTh 3MICTOBHI Ha3Bu — admin, student, decanat, site.ua.
BignoBigHicTh MisK pi3HUMM agpecamMu
BianoBigHICTIO MK apecaMy pi3HUX THUIIIB 3aMAa€EThCs CyK0a pO3MOLITY
ajzpec, sika MOXKe OyTH IIEHTPaTI30BaHOK0 a00 PO3IOIIIIEHOIO.
Jl5is IeHTpati30BaHoOro MiAXOLy B MEPEXi BUILISETHCS OJMH KOMIT IOTEp —
CepBep IMeH, B SKOMY 30epiraeThcs TaOIUIl BIAMOBIMHOCTI aapec pi3HUX THUIIB
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(MAC, IP, cumBonbHEX). Permta KoM’ FOTEPiB MEPEXKI 3BEPTAIOTHCS IO HHOTO.

[Ipu posnogineHoMy MiAXOAl, KOXHHM KOMITIOTEp CaM BHUPINIYE IO
3amauy. [lepen mouyatkoM mepenadi BiH BIANpPABISE 10 BCIX BY3JiB IIUPOKOMOBHE
MOBITOMJICHHSI, TIIO0 BIATYKHYBCS BJIACHE BY30J 3 3aJaHOI0 YHCJIOBOIO aIPECOI0
ab0 CUMBOJIbHUM IMEHEM. 3alluT OTPUMYIOTh BCl BY3JIH, MOPIBHIOIOTH BKa3aHY
azpecy 31 cBO€w. Biarykyerbcs ToW By301, Je 30iryiacs aapeca 1 J0 HBOTO
CKEPOBYETHCSI IOBITOMJICHHS.

[Ipu po3monineHOMYy MiAXOAI HE MOTPIOHO BHUAUIATH CEpBEp IMEH 1
3aJaBaTd TaOJMII0 BIAMOBIIHOCTI, aji€ Taki MIMPOKOMOBHI MOBIJOMIICHHS
[EPEBAHTAXKYIOTh MEPEXKY.

[lenTpanizoBaHuil MiJIXiJ 3aCTOCOBYIOTh Y BEJIMKHX MeEpekax, a
PO3MOAUIEHUN — Y HEBEITUKHX.

1.4. TomoJiorii KOMI'IOTEPHUX MeEPEIK.
[Ipu opranizariii KOMIT IOTEPHOT MEpEX1 Ty>Ke BaXKIUBUM € BUOIp mo-no.oeii,

TOOTO KOMIIOHYBAaHHS MEpEXEBOro OOJaJHAHHS 1 KaOenbHOI 1H(GPaACTPYKTYpH.
[ToTpiOHO 00paTH Taky TOMOJOTIIO, sika 3a0e3neunia 0 Ha-IidHY U ePEeKTUBHY
po0OOTy Mepexi,3pydHe KepyBaHHS MOTOKAMU MEPEKEBUX JaHUX. bakaHO TakKoX,
o0 MepeXka 3a BapTICTIO CTBOPEHHS W CYIPOBOY BHUUIILIA HEIOPOTOIO, aje B TOU
e Yac, 3aMIIAITUCA MOXKIMBOCTI 71 ii MOJAJIBIIOTO PO3MIMPEHHS, TAKOXK 0axkaHo,
00 3aJUIITUINCA MOXKJIIMBOCTI JJIsl IEPEXOy A0 OUIBII MIBUIKICHUX TEXHOJOT1M
3B’ SI3KY.

Bubip moTpiOHOI TOmosOrii € CKJIaJHUM 3aBIaHHSIM,UIS BUPIIICHHS SKOTO
HEOOX1THO 3HATH BHJIM TOIIOJIOT1M, IXHI IMMepeBarv Ta HeAOJIKH.

ba3oBi mepe:keBi TomoJiorii

IcHyroTh Tpu 0a30Bi TOMOJIOrii, HA OCHOBI AKUX OYIyeThbCs MEpeBa)KHA
OUTBIIICTH MEPEXK: IIINHA, 31PKa, KUIbIIE.

“Uluna’ (Bus). Y 1iit Tonosorii yci KOMI ' 10TepU 3’ €IHYIOThCSI OJIMH 3 OJHUM
kabenem (puc.1.8). Ilocmani B Taky Mepexy JdaHl TNEpeAaroThCsi BCIM
KOMIT IoTepaM, aje o0poOssie ix mwmiie Toil komm torep,anmapatHa MAC-aapeca

SKOTO 3alrcaHa y Kajpi sk ajpeca oJepKyBaya.

Ilepconansauit
KOMIWIOTEP

TepminaTop 3
3A3EMIICHHSIN

Tepminatop

T

Puc 1.8. Mepexka 3 TonoJiorieio “muna”
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[ls Tomoorisi ayxe TMpocTa B peanizamii i JgemieBa (BUMarae HaiMEHIIE
Ka0eJt0), OJTHAaK Ma€e Psil ICTOTHUX HEAOMIKIB:

1. Taki Mepexi BaXKO pO3IMHUPUTH (30UTBIIUTH YUCIO KOMIT FOTEPIB Y MEpexi Ta
KUTBKICTh CEIMEHTIB— OKPEMUX BIJPI3KiB KaOeto, 110 1X 3’ €IHYE).

2. OCKUIbKM IIIMHA BHUKOPUCTOBYETHCS CIUIBHO, Yy KOXXHUA MOMEHT 4Yacy
nepesady MOKE€ BECTH TUIBKH OJMH 3 KOMII IoTepiB.SIKIIO mepenady
OJIHOYACHO MOYUHAIOTH JIBa 200 OUIbIIEe KOMII IOTEPIB,MUHUKAE BU-KPUBJICHICTb
curHany (3imkuenns, ab0 Konizis), 1O TPUBOAUTH JO IO-IIKOKEHHS BCIiX
KaJapiB. Y IOMY BHUIAAKYy KOMII'IOTEPH 3MYIIEHI NPUIOUHATH Iepenavy, a
MOTIM TIO Yep31 PEeTPaHCIIOBATH J1aHi. BIUMB 31TKHEHb TUM MOMITHIIINKN, YUM
BUIIMN 00CST TepeaHoi Mepexero iH(popMallii Ta YyuM OUIbIle KOMIT IOTEPIB,
NIAKITI0YEeHUX A0 wmuHU. L1 1Ba ¢akTopu B3HMXKYIOTH SIK MaKCUMAaJbHO
MO>KJIMBY,TaK 1 3arajibHy NPOAYKTUBHICTh MEpPEXKI1, CHOBUIBHIOIOUH ii pOOOTY.

3. “lllmHa” € MaCMBHOIO TOTOJOTIEI0 — KOMIT IOTEPH TUIBKH “TPOCIYXO-BYIOTH
Ka0enb 1 HE MOXYThb BIJIHOBIIOBATH MPHU TMepeadl MEpPeKero CUTHAIH, M0
3aryxaroTh. [1[00 TOMOBXKUTH Mepexky, TMOTPIOHO BUKOPHU-CTOBYBATH
nosmoprosaui (penimepu), 1O MIICUITIOIOTH CUTHAN TIEpe]] HOTo Tepeiaveto B
HACTYITHUW CETMEHT.

4. HapiitHICTh Mepexl 3 TOMOJIOTIE “MHA” HU3bKa. KoK eleKTpUYHuiA CUrHai
Jlocsira€  KIHIM KaOearo, BIH, SKIIO HE BXXWTH CICIIAJIBHUX 3aX0-JiB,
BIJIOMBAETHCA, MOPYIIYIOUH poOOTYy BChOro cermeHTa mepexi.lllo63amobirtu
TaKOMY BIJIOWTTIO CUTHAJIIB,Ha KIHIAX KaOEI0 BCTAHOBIIO-IOTHCS CHEIiaIbHI
pesucmopu (mepminamopu), 1O TOTJAMHAIOTH CHUTHA-JK. SKIO X y Oyb-
SAKOMY MicCIll Kabellt0 BUHUKA€e OOpUB— HAMPUKIIAJ, IPU MOPYIIEHH] LIJIICHOCTI
kabemo abo MpocTo MpH BiJ €AHAHHI KOHEK-TOpa, — TO BUHUKAIOTH JIBa
HE3aTEpPMIHOBAaHI CErMEHTH, Ha KIHIAX SKUX CHUTHAJIM TOYHWHAIOTH
B1IOMBATHUCA, 1 BCS MEpexkKa MepecTae mpaioBaTy.

[IpobGiiemu, XapakTepHi ISl TOMOJIOTil “IMIMHA”, TPUBEIHM JI0 TOTO, IO I
MepeXi, HACTUIBKM TOMYJISIPHI e JCKIIbKa JECSITKIB POKIB TOMY, 3apa3 BXKe
MIPAKTUIHO HE BUKOPUCTOBYIOTHCS.

“Kinoye” (Ring). Y maniil TOMOJIOTII KOKHUH 3 KOMIT FOTEPIB 3’ €HYETHCS 13
JIBOMa IHIIUMH TakK, 100 BiJ OJHOTO BIH OJEp>KyBaB 1HGO-pMaIlil0, a THIIOMY
nepenaBaB ii(puc. 1.9.). OcraHHii KOMIT'IOTEp MiAK-TIOYAETHCS A0 MEPIIOro, 1
K1JIbIIE 3aMUKAETHCS.
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[lepeBaru Tomomnorii Kijibiie:
1. Ockinbku kabelli He MalOTh BUIBHUX KIHI[IB,TO TEPMIHATOPHU TYT HE MOTPIOHI.
2. KokeH KOMIT'10Tep BHUCTYIIA€ B POJIi MOBTOPIOBAYa, MiJCHIIIOIOYH CUT-HaJ, 110
JI03BOJIAE€ OyyBaTH MEPEXk1 BEIIMKOTO PO3MIpY.
3. Uepe3 BiICYTHICTh 3ITKHEHb TOIOJIOTiSI Ma€ BHCOKY CTIHKICTH A0 TIepe-
BaHTa)XCHb, 3a0e€3MeUyloun NpH LbOMY €(EeKTHBHY pPOOOTY 3 BEIMKUMHU
noTokaMu 1HGOpMallii, 10 TePeaatoThCS MEPEKEIO.

TTepconaneHMT
Komn'loTep

Puc. 1.9. Mepe:ka 3 TonoJioriero “kiibie”
Henomniku Tonosorii KUIbLE:

1. Curnan y “kuiblii” TOBUMHEH NOPOWTH MOCHIAOBHO (1 TIABKM B OJIHOMY
HaIpsMKY) 4epe3 ycl KOMIT FOTEPH, KOKHUN 3 SKUX TepeBipsie, Ud HE HoMy
aZpecoBaHa iHpopmallisi, TOMy 4yac rnepeaaydl Moxe OyTH CYyTTE-BUM.

2. IligkmroueHHs 10 MeEpeki HOBOTO KOMIT'IOTepa a0o 1HIIIOTO IPHUCTPOIO
notpedye 3yNMMHKH POOOTH BCi€l Mepexi, M0 MOpyulye poOOTy 1HIIUX
KOMIT FOTE€PIB B MEPEKI.

3. Buxin 3 nmagy xoya 0 OJJHOTO 3 KOMIT FOTEPIB a00 MPUCTPOIO MOPYIITYE poOOTY
BCI€T Mepexi.

4. O6puB ab0 KOPOTKE 3aMUKAHHS B OYyIb-IKOMY 3 KaOeiB KUIbLS - po OUTh
po0OoTYy BCi€l Mepeki HEMOKIHUBOIO.

5. 11106 3amoOirTu 3ynmuHII MepeXi NpH BIIMOBI KOMIT'lOTepa abo oOpuBI
Ka0emnto, SIK MPaBWIO, MPOKIANAOTh JBa KUIBLA, IO CYTTEBO 3J0POXKYE
MEPEKY.

Axmusna mononoeia “zipxa” (Active Star). 115 TOONOTIsS BUHUKIIA HA
30p1 OOYMCIIOBANIBHOI TEXHIKU,KOJIM JO MOTYXHOTO LIEHTPAIbHOTO KOMII I0TEepa
MIJKTF0YaIUC BCl 1HINI a0OHEHTH Mepexi. Y Takiid KoHQIry-paiii BCl MOTOKHU
JaHUX HWIUIM BUKIIOYHO Yepe3 UEHTPAIbHUM KOMIT'IOTEp; BiH JK€ TIOBHICTIO
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BIJNOBIIaB 3a KepyBaHHS 1HQOpMAIIiiHUM OOMIHOM MIX yciMa ydYaCHUKaMHU
Mepexi. Kondmiktu mpu Takid opraHizamii B3aemojii B Mepexi  Oynu
HEMO>KJIUB1,0JTHAK HABAHTAKCHHS HA IEHTPAJbHUN KOMIT'IOTEp OYyJI0 HACTUIBKU
BEJIMKUM, III0 HIYUM 1HIIUM, KpiM OOCIIYyTOBY-BaHHS MEpEXI, LIeH KOMII I0Tep, SIK
npaBUiIo, HEe 3aiiMaBcs. Buxin Woro 3 jiaay IpUBOIMB O BIAMOBH BCI€T MEpExi,
TOJI1 SIK BIIMOBA MepUQEpiiHOTO KOMIT I0Tepa a0 0OpHB 3B’A3KY 3 HUM Ha poOOTI
MepeXi He MO3HaYaBcCs. 3apa3 Taki MepekKi 3yCTPI4aroThCS JOCUTh PiIKO.

Tononocisa ‘“zipxa-wuna” (Star Bus). lle HalimommpeHima Ha ChOTOI-HI
tornosiorisg. IlepudepiiiHi KOMII'IOTEpH MIAKIIOYAIOTHECS HE 10 LIEHTPa-JIbHOTO
KOMIT'IOTEpa, a JO IAacHBHOTO KOHIICHTparopa,adbo xady (hub) (puc. 1.10).
OcranHii, Ha BIAMIHY BiJ IEHTPAJIBHOIO KOMII'IOTE€pa, HIIK HE BIAMOBIAAE 3a
KepyBaHHA OOMIHOM JJaHMMH, @ BUKOHYE TI X (YHKIIi, 10 i MMOBTOPIOBaY, TOOTO
BIJIHOBJIIO€ BXIJIHI CUTHAJIU M MEPECUIae iX yCIM - 1H IIMM MIJKIIOYEHUM /10 HbOTO
KoMmm’roTepaM 1 mnpuctposiMm. CaMe TOMy JaHa TOMOJIOTIsA, Xoua (izuuHO U
BUIJISIAAE SIK ‘31pKa”, JIOTIYHO € TOMOJIOTi€r “muHa” (1ei (akT BigoOpaxaeTbes y
il Ha3B1).

He3Bakatoun Ha 3HA4YHI BUTpATH KaOelo, XapakTepHI M MEpPEeX THILY
“3ipKa”, 115 TOTOJIOTISI Ma€ 1ICTOTHI MIepeBary nepe; iHIKUMH, 0 i 00y-MOBWIO 11
HANTOLIUPEHIIIEe 3aCTOCYBaHHS B CYYaCHUX MepexKax.

TlepconansHnit
KoMn 'toTep

Puc. 1.10. Mepe:xa 3 TONOJIOTi€I0 “3ipKa-mmuHa”
[lepeBaru mepex TUIly “3ipKa-luuHa’:

1. HagifiHicTh — MiAKIIOYEHHS 0 IIEHTPaIbHOTO KOHIIEHTpATOpa M BIAKIIOUCHHS
KOMIT'FOTEPIB BiJ] HHOTO HiSIK HE BIJOOPaKYyEThCA HA POOOTI 1HIIOT YaCTHUHU
MEpex1;00puBH KabeNt0 BIUIMBAIOTh TUIBKM Ha KOMIT'IOTEPHU, SKI HUM
3’€/IHaH1; TEPMIHATOPH HE OTPiOHI.

2. Jlerkicte mpu OOCITYrOBYBaHHI i YCyHEHHI IpoOJieM — yCi KOMIT'IOTepU i
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MEpEeXEeBl TPHUCTPOI MIAKIIOYAIOTHCS 10  IEHTPATBHOTO 3’ €IHAIBHOTO
MPUCTPOIO, IO CYTTEBO CIPOIIYE OOCTYrOBYBaHHS K PEMOHT MEPEXKI.

3. 3aXHIIEHICTh — KOHIICHTPAIIiS TOUOK MIIKIIOUYEHHS B OJJHOMY MICIIl J10-3BOJISIE
JIETKO OOMEKHUTH JIOCTYTI JIO JKUTTEBO BAXKIUBUX 00’ €KTIB ME-PEKI.
Bim3HaunMo, 1m0 mNpuU BHUKOPUCTaHHI 3aMICTh KOHIEHTPATOpIB  OLIbII

“IHTEeNeKTyaJIbHOT0” MEpeKeBOro oOnajHaHHA (MOCTIB, KOMYTaTOpiB 1 Ma-
pIIPYTH3aTOPIB — JAOKJIAJAHINIE TPO HUX OyAe PpO3MIAHYTO Jaii) OTPUMYEMO
“OpPOMDKHMI~ THIT TOIMOJOTIi MDK aKTUBHOI W TACHBHOIO 3ipKOI0. Y I[hOMY
BUIAJIKY MPUCTPI 3B 43Ky HE JIUIIE PETPAHCIIOE BXIJIHI CUTHAJIM,aJle i Kepye iX
OOMIHOM.
IHmi MoxIMBI MepeskeBi TOMOJIOTIL

PeanpH1 KOMII'IOTEPHI MEpEXi MOCTIMHO PO3LIUPIOIOTHCS 1 MOJAEPHI-3YIOThCS.
Tomy Maiike 3aBXIHM Taka MEpeka € TIOpUIHOI0, TOOTO ii TOMO-JIOTIs SBJIsIE€ COOO0IO
KOMOIHAIlII0 JEKIIbKOX 0a30BUX Tomojorid. Jlerko ys-Butu cobi riOpuHi
TOMOJIOTI, M0 € KOMOiHaIie “3ipku’ 1 “muHu”, abo “kuibla” 1 “3ipku”.OaHaK
0COOJIMBO CJIiJI BUALIUTUMONON02iI0 “Oepeso” (Tree), siky MOXKHA PO3TIIAAATh SIK
00’eqHaHHS JEKUIbKOX 3ipok” (puc. 1.11). Came s TOIOJIOTiSA Ha CHOTOIHI €
HAWOUIBII MOMYJIAPHOIO MIPH MOOY10B1 JIOKA-THHUX MEPEK.

Aapo mepesci Koyyraropir 3-ro piBHA
( RUCOKOTTIRH/TH CHItA ad0 MAPIIPYTH3ATOPH
KOMYTaTO[}

Pipent po3nmoxiny
( BHCOROTITRI/TR CHuiA
KOMYTATO[}
Pipenr goctymy
(T CTIOHe HHS
KINEHTIB Ta CepBEpiB]

KoyTatopir

/ JOKAILIIMX MEPEK

Tepeonatermit Cepeep

KOMIL'IOTEp

Puc. 1.11. Mepe:xka 3 TonoJorierw “/lepeBo”
Takoxx BUAUIMMO HOBHO38 SI3HY MONOJI02I0, 10 BIAMOBIIAE MEpexKi, Y AKIH

KOKEH KOMIT'FOTEp MEpexXi TMOB’si3aHuil 3 yciMa iHmMMU.He auBs-uynuch Ha
JIOTIYHY TPOCTOTY, LIeH BapiaHT € TPOMI3IKUM 1 Hee()EeKTUBHUM, OCKIIbKU KOXKEH
KOMIT'FOTEp B MEpEXi MOBUHEH MAaTH BEJIUKY KUIbKICTh KOMYHIKALIMHUX TMOPTIB,
JOCTaTHIX Al 3B’SI3Ky 3 KOXKHMM I1HIIUM Komil totepoM mepexi. Came Tomy
MTOBHO3B SI3H1 TOTOJIOT1i 3aCTOCOBYIOTH-CS P1IKO.

Komipuacma mononocia (mesh) BUXOAUTHL 3 TIOBHO3B’SI3HOI HUISXOM
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BUJIAJICHHS JeskuX 3B’ s13KiB (puc. 1.12). Taka Tomosorist € 10CTaTHLO HA-TIHHOIO —
npu oOpuBi Oyab-IKOTO KaHaly Tepeavya JaHWX HE MPHUIHHSA-€THCS, OCKUTBKH
MOXJIMBI JIeKUIbKa MapHIpyTiB JocTaBkd 1HGopmarlii. Ko-mipuyacti Tomosorii
BUKOPUCTOBYIOTBCSI TaM,JIe MOTPIOHO 3a0e3MeuynTH MaKCHUMajlbHy CTIWKICTb
MEpeXi, HampukiIaa, Tpu 00 €THAHHI ACKIIBKOX JUISHOK MEPEXi BEIHMKOTO
miaIprueEMCTBA a00 TpW MIAKIIOYEeHHI a0 [HTep-Hery. [lpm 1mpomy CyTTEBO
30UTBIITYE€THCS BHUTpATa KaOero, YCKIATHIOETbCS MEpexeBe OOJaaHaHHS 1 HOTO
HaJIallTyBaHHS.

Jlokanbua vepeis Na3

Puc. 1.12. Mepeska 3 KOMip4acToI0 TOMOJIOTI€I0

Tema 2. Konnenuii, crTangapT KOMII’IOTEPHUX Mepex, moaeanb OSI
2.1 Moaean OSI.

2.2 IHkancyJasiiisi 1aHuX.
2.3 B3aemois piBHIB .

2.1 Moaean OSI Ta inkancyJasuisi JaHUX
Crpykrypa moaedi OSI
3a JOBI1 pOKM ICHYBaHHS KOMII IOTEPHHX Mepexk Oylia CTBOpEHa -B€ JIMKa

KUIBKICTh PI3HHX MEPEXEBUX MPOTOKOIIB. Mepedicesuii npomokon — 1€ HaOIp
MpaBHJI, IO JIO3BOJIAE 3MIMCHIOBATH 3’€JHAHHSA Ta OOMIH JaHUMH MiX JBOMa 1
OlIbIIIe BKIIOYEHUMHU B MEpexy mpuctposimu. [Iporokonu Oy-BaroTh SIK 8iOKpumi
(ommyGuikoBaHi1 171 O€3KOIITOBHOTO 3aCTOCYBaHHS), TaK 1 3axkpumi (po3poOieHi
KOMEPIIMHUMU KOMIIaHisIMH, 1110 BUMAraroTh JIICH-3yBaHHS ISl BAKOPUCTAHHS).
OpHak yci 111 IpOTOKOJIW MPUUHATO CIIBBITHOCUTH 3 TaK 3BAHOIO eMAlOHHOK
mooenmo e3aemooii siokpumux cucmem (Open Systems Interconnection Reference
Model), a6o mpocto modenno OSI. Ti omuc 6yB omy6GmikoBaumii y 1984 p.
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MixnapomHoto opraHizamiero 31 crapmaptmsamii  (International — Standards
Organization, 1SO), Tomy a1 Hei 4acTO BUKOPHUCTOBYETHLCS 1HINIA HA3Ba: MOOeElb
ISO/OSI. 1ls mozaens siBisie coboro Halip crerudikaliii, SKi OMUCYIOTh MEPEKi 3
HEOJHOPIAHUMU MPU-CTPOSIMU, BUMOTH JI0 HUX, @ TAKOXK CIIOCOOU X B3a€MO/III.

Mogens OSI mae BepTUKanbHY CTPYKTYpPY, V SIKi yCi MepekeBl (PyH-KIIii
po3nojiieni Mix cimoMma piBHsMH (puc. 2.1). KoxHOMY TakoMy piB-HIO CyBOPO
BIJIMTOBIIAI0TH MEBHI OTepartii, MPUCTPOi Ta IPOTOKOJIH.

PeanpHa B3aemomist piBHIB, TOOTO Tiepemada iHdopmarllii ycepeauHi OHOTO
KOMIT F0Tepa, MOKJIMBA TIJILKH 10 BEPTUKAJI Ta TIJIBKH 13 CYCIJIHI-MH PIBHIMHU, SIK1
po3TanioBaHi Buile ab0 HIDKYE.

Jloriyna B3aemois (BIAMOBIAHO JO MPaBHJI TOTO a0O 1HIIOTO MPOTO-KOJIY)
BUKOHYETHCS TOPU30HTAJIBHO 3 AHAJIOTIYHUM PIBHEM IHILOTO KOMIT IOT€pa Ha
OPOTUIICKHOMY KIHII JHII 3B’s3Ky. KoXHMII OlIbIl  BUCO-KMH  PIBEHb
KOPHUCTYEThCA MOCTYyraMy OLIbII HU3bKOTO PIBHS,3HAIOYH, Y IKOMY BUIJISAL 1 IKUM
criocoboM (ToOTO uepes kUit iHTepdelic) noTpiOHO nepeaaTu oMy AaHi.

3aBgaHHs OUIbII HU3BKOTO PIBHA — MPUUHATH JaHi, JOAATH CBOIO 1H()O-
pMalio (Hampukiaj, aapecHy, ska HeoOXigHa s MPaBHIIbHOI B3a€EMOJIi 3
aHAJIOTIYHUM pIBHEM Ha IHIIOMY KOMIT'IOTEpl) 1 mepenaTd JaHl naii. TiabKd
JIAMIOBIIM 10 HAWHUAKYOro, (PI3UYHOTO PIBHSA, MEPEXKEBOI MO, 1HQOopMa-1is
MIOTIaJIa€ B CEPEAOBHUIIE Tepeadi Ta A0CsATae KOMI I0Tepa-oaepKyBada. ¥ HbOMY
BOHA MPOXOAUTH KPI13b yCi PIBHI Y 3BOPOTHOMY MOPSAIKY,[TOKU HE 0-CATHE TOTO K
PiBH4, 3 SIKOTO OyJja nepefaHa KOMIT F0TepOM-BIIITPABHUKOM.

Tenep nmo3naitomumocs 6nrkue 3 piBHIME Mo1eaiOS] 1 BU3HAYMMO MepexeBi
MOCJIYTH, K1 BOHU HA/IaI0Th CYMI>KHUM PIBHSIM.

PiBni moxeai OSI

Pigens (. Bin He BU3HaueHH y 3araipHii cxemi (auB. puc. 2.2.1), ane 1ocuTh
BOKJIMBUN 111 po3yMiHHS. TyT TIpencTaBlieHI MOCEPEIHUKH, SIKMMH BIIACHE 1
BIIOYBA€EThCSl TEpelaya CUTHAIIB: Kabenl pi3HUX THIIB, pajiocur-uanu, [Y-
curHanu i 1.4. Ha 1boMy piBHI HIYOTO HE OMHUCYEThCA, piBeHb 0 Hajae Gpi3UUHOMY
piBHIO 1 TUIBKH cepedosuuie nepedau.

Pigenv 1 — Disuynuti  (Physical). Tyt 3miiiCHIOETBCS Tiepedada He-
CTPYKTYpPOBaHOTO TIOTOKY OITiB, OTPUMaHWUX BiJi KaHaJbHOTO PIBHA2, TIO
GI3BUYHOMY CEpeOBUIIlY, HAMPUKIAA, Y BUIJISAL €IEKTPUYHUX a00 CBITIO-BHX
curHaiiB. Ilpu mnpuiiomi/oTpuManHi 3 JiHII 3B’A3KYy JaHl JEKOJIYIOThCS Ta
nepesaloThCsl A MOAAIBINOI 00poOKM KaHaIbHOMY piBHIO.DI3UYHUN piBEHDb
BianoBimae 3a niompumky 36’sa3ky (link), TobOTo 3mificHioe iHTEepdeEhHc MiK
MEPEKEBUM HOCIEM Ta MEpeXeBUM npuctpoeM. Ha mnpomy piBHI per-
JAMEHTYIOThCS HAIMPYTH, YaCTOTH, IOBXXUHU XBWJIb, TUIIA KOHEKTOPIB, YH-CIIO ©
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(YHKI[IOHATBHICTh KOHTAKTIB, CXEMH KOJIyBaHHS CUTHAJIB TOIIIO.

Kovn'wrep A Kovn'wrep B
[Tp kea gH A + * [TpakmazHEil
PiscHE MpeICTABNEHHEA 4 * PiscHe MpeIcTARNCHEA
Ceancornil - > Ceancornil
i:[ Biprvanuanii ﬁ
IR ATOK

TpancnopTHAi - CersacHTH - TpascnopTHAI
Meperesnil “ [TakeTH =t Mepemesni
EanamkHnil 4 Kazpn * KaHaneHuil
PimrHu | BiTn B PimHI

Puc. 2.1. Bzaemogaist mixk piBusimu moaesi OSI

Pisenv 2 — Kananenuti (Data Link). 3abesneuye 6eznomunxogy nepedauy
O0anux, OTPUMAHHUX BIJl MEPEKEBOTO PiBHA 3, uepe3 (Di3udyHUI piBeHb 1, KUl caM
no co0i BIJCYTHOCTI MOMHJIOK HE TapaHTye€ Ta MOKE BHJIO3MI-HIOBaTH JIaHI.
[ndopmariis Ha bOMY piBHI po3MmiltyeThcsi kadpaxs (frames), me Ha modatky (y
3a20106Ky Kaopy) PO3MIIIYEThCS aapeca oJep-)KyBada Ta BiJNpaBHUKA, a TaKOXK
Kepyroua iHdopMallisi, a HAPUKIHII — KOHMPOJIbHA CyMa, SIKa T03BOJISIE BUSIBUTU
BUHUKAIOY1 MU TIepeadi IOMUIKH (puc. 2.2).
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Jaronoros Ethernat

Tpeiinep

Mpeamiyna | SFID(Start Anpeca Aapeca Ipotesi C FCS EFD
Heobdnma s Frame WIEEREYEANA | EITpAEHAKD afin THIT Ko (End Frame
craxpontani | Delimiter) Sunrvai ponsia | Delimiter)

NpHEMAY | Tlersasae MAC - anpeck BEATW 1A IP-nani CYMA Finak

nEpeIaRat NOUATOR BRIA7EHME Kaapy (ne

HOBOIO Kajpy naget [P aborronmii)
7 1 [ G 2 Big 46 4 1

— 1o 1500 -

—

Prewip v GafiTax

Puc.2.2. CTpykrypa kajapy

[Ipu oxepxaHH1 JaHUX HA KaHAJIBHOMY pPIBHI BU3HAYAETHCS MTOYATOK 1 KIHEI[b
kajapy B motomi OiTiB. Cam KaJp BUMMAEThCs 3 MOTOKY Ta IMEpPEBIpA-€ThCS Ha
HAsIBHICTh MOMIIOK. [loIIKOKEH] MpU Tiepeaadl KaJapu, a TaKOX KaJpH, s sIKUX
HE OTpUMaHe TMIATBEP/DKCHHS TMPO NPUMHATTS, TMepecuiIa-toTbcs 3aHOBO
(pempancnoromocs). Ane QyHKINS BUNPABICHHS MOMWJIOK 32 paXyHOK MOBTOPHOL
nepeaayl NOIIKOKEHUX KaJpiB € HEOOOB’SI3KOBOIO, TOMY Y JIESIKUX peani3alisax
KaHAJIBHOTO PIBHS BOHA BIACYTHs, Hampukiaza, y Ethernet, Token Ring, FDDI.
Takox Ha KaHaJbHOMY pIBHI 3a0e3Meuy-€TbCsl KEpyBaHHA JOCTYIOM [0
CepeoBHIIA TIepeaayi.

KananpHuii piBeHb HOCUTHh CKJIQHUN, TOMY Y BIAMOBIJHOCTI JI0 CMAHOApmis
IEEE (Institute of Electrical and Electronics Engineers), sunymienux B motomy 1980
p. vy pamkax “IIpoexmy 802" (Project 802), ioro wacto po30WBalOTh Ha JBa
niapisHi(puc. 2.3): ynpasninus docmynom do cepeoosuwa (Media Access Control
— MAC) i ynpaesninns nociunum 36 ’szxkom (Logical Link Control — LLC).

Pienr MAC 3a0e3nedye CHUIBHMIA JOCTYI MEPEKEBHUX aIanTepiB 0
(GI13UYHOTO PiBHSI, BU3HAYEHHS MEX KaJpiB, PO3MI3HABAHHS adpec NMpu3Ha-yeHHs
kaodpis (11 aApecH 4acTo Ha3uBaroTh (Ppiznunumu,abo MAC-anpecamn).

Pisenp LLC, sxmit mie max piBHem MAC, BiamoBigae 3a BCTaHOBJICHHS

KaHaJy 3B’A3Ky Ta 3a O€3MOMWJIKOBY BIJINpPaBKy W MpUIIMaHHS MOBIIOM-JIEHb 13
JTAaHUMH.

VnpasiiHHAg
TOTTHHMM IBMIK0M

(LLC)

KanansHuH plBCHE
VhpapmHH
JOCTVTIONM IO CEPEIOBHMILA
(MAC)

Puc. 2.3. Po3ninienns kanajabHoro piBHst Ha miapiBui LLC Ta MAC
Pisenv 3 — Mepeoicesuti (Network). Leii piBeHb 3a0e3meuye J0CTaBKy JaHUX

MK JBOMa By3iaMu B Mepexi.IloBimomieHHS MepekeBOro piBHS Ha3MBAIOTh
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naxkemamu (packets). ['onoBHa 3amaua MEpekKEBOrO PiBHSA— II€ TOIIYK MapIIPYTy
BiJl OJTHOTO KOMIT'IOTE€pa JI0 1HIIOTO 1 mepeaaya makera uuM mapupytoM. [laker
y3araJlbHEHO CKJIAJa€eThbCsl 13 3arojoBKa 1 TMOJdS JaHUX. Y TMOJdl  JaHUX
PO3MIIIYETHCSI CETMEHT TPAHCIIOPTHOTO PIBHS,A 3a-TOJOBOK MICTUTH CIY>KOOBY
iHpOpMaIlito, a TAKOXK aapecy BiAMpaBHHUKA Ta ofepxKyBaua. Ha MmepexeBoMy piBHI
BBOAWUTHCS ajpecallisi KOMIT'IOTepiB. AJpecu MEpEeKEBOro pIiBHSA HA3UBAIOThH
JOTIYHMMH  aJIpECaMH,OCKUIBKM  aJpecallii He 3aJeXKUTh BiJ amapaTHOTO
3a0e3neyeHHs. Alpecallisi Mepe-)KeBOro pIiBHS lepapxiyHa, aapeca CKIAdaeTbes
MIHIMYM 3 JIBOX YaCTHH— HOMEpa Mepexki 1 HoMepa By3Ja y il mepexi. [lepenaua
JaHUX MDK Mepe-)KaMM 31MCHIOEThCS 3a JOTIOMOTOK0 CHELIaIbHUX MPUCTPOIB,IKI
HA3UBa-10ThCA Mapuipymuzamopamu. OCHOBHI 3aj7a4l MaplipyTu3aTopa — BU3Ha-
YEHHsI MapuIpyTy 1 KomyTalis nakera.3ajadya BHOOpPY MapLIpyTy Ha3UBA€THCA
MaApuipymu3ayiero.

Pisenv 4 — Tpancnopmuuii (Transport). 1leit piBeHb TOB’s13y€ OUIbII BUCOKI
piBHI, $IKI CWJIBHO 3ajeXaTh BI1J IOAATKIB, 3 HIKHIMH DPIBHAMH, SKI OlIble
npuB’si3aHl A0 JiHIA 3B’s3Ky.Ha TpaHcmopTHOMY piBHI BiiOyBa-€ThCsS pO3OUTTS
MOTOKY JAHUX HAa CETMEHTH MpPH BIANPABICHHI JaHUX a00 30UpaHHS BHUXITHOTO
MOTOKY JIaHMX 13 CErMEeHTIB mpu mnpuiiManHi.Ceame-Hmom HA3UBAETHCS OJIOK
JAHUX TPAHCIOPTHOTO piBHsS. TpaHCHOPTHUI pi-BE€Hb MPU3HAUYECHUN Uil JOCTABKU
JaHuX 0e3 MOMMJIIOK, BTpAT 1 AyOIIOBaH-HS B Til MOCHIIOBHOCTI,Y SIKI BOHU Oynu
nepenani.Bin 3a0e3nedye nepenady JaHUX MK JBOMa J0JaTKaMu 3 HEOOX1THUM
piBHeM HaJidHOCTI. [IpOTOKOIM TPaHCHOPTHOrO PIBHS, AKI TAPAHTYIOTh HaAlHY
JIOCTaBKY Ja-HUX, BCTAHOBJIIOIOTH Mepe]; OOMIHOM JaHUMU BIPTyalibHE 3’€THAHHS
Ta y BUIAJKy BTpPATH a00 MOIIKOJKEHHS CErMEHTIB MOBTOPHO iX BIAMPABISIOTH
(manpuxkmnan, TCP). Ilporokonn HeHaAiiHOI HOCTaBKM HE PETPAHCIIOIOTH JIaHi
(manpukinan, UDP).

Pisenv 5 — Ceancosuii (Session). Jlo3Boiise 1BOM MEpPEKEBHM J101aT-KaM Ha
PI3HHUX KOMIT IOTE€paxX BCTAHOBIIOBATH, MiITPUMYBATH i 3aBEpIy-BaTH 3’ €THAHHS,
AK€ HA3UBAEThCS Mepexcegum cearncom. llell piBeHb Ta-KOX BIJMOBIJAE 32
BIJIHOBJICHHS aBapiifHO MEepepBaHUX CEAHCIB 3B’s13Ky. KpiM Toro, Ha 1m’aTOMY PiBHI
BUKOHYETHCSI TIEPETBOPEHHS 3PYUHUX IS JIIOJICH IMEH KOMIT IOTEPIB y MEPEKeBl
aapecu (po3mi3HaBaHHS IMEH), a Ta-KOXK Peali3ylOThCsl (DYHKIIIT 3aXUCTY CEaHCy.

Pisenv 6 — Pigenv npeocmasnenns oanux(Presentation). Buznauae dhopmaTtu
nepeaHoi Mix KoM 'torepamu 1HGopmalii. TyT BUPINIYIOTBCS Taki 3aBIaHHS, SIK
NEePEKOAYBAHHS, CTUCK 1 PO3MAKyBaHHS JaHUX, MHUGPY-BaHHS U nemndpyBaHHs,
MIIATPUMKA MEpexKeBUX (PalIOBUX CUCTEM 1 T.J.

Pigenv 7 — Ilpuxnaonuii, abo Pigenv oooamxis (Application). 3abe3neuye
1HTepdeiic B3aeMoAll mporpam, sKi MpaioTh Ha KOMIT 10Tepax y mepexi. Came 3a
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JIOTIOMOTOI0 IMX TPOTpaM KOPUCTYBAd OJIEPKYE JNOCTYN 10 TAKUX MEPEKEBHUX
nociayr, sk oOmiH (aitmamu, nepegadya €JICKTPOHHOI IIOIITH, BiJJaJECHUN
TepMIHAIBHUHN JOCTYII 1 T.]I.

2.2. Inkancyasinisi JaHUX
[[lo6 3po3yMiTH CTPYKTYpy Ta NPUHIUNK (PYHKIIOHYBaHHS MeEpexi,

HEOOX1THO YCBIJIOMUTH, 10 OyAb-sIKW OOMiH JaHUMHU B MEPEXKi 3MIMCHIOETHCS BiJl
JDKepena A0 onepkyBada (puc. 2.4). Indopmariro, BianpaBlieHy B MEPEXKYy,
Ha3UBAIOTh OaHumu, ab0 nakemamu Oanux.SIKIO0 OJUH KOMIT'IOTEpP (JIKEpEo)
Oakae TOCTaTH JlaHl IHIIOMY KOMII I0Tepy(oaep-KyBady), TO JiaHl CIIOYaTKy
NOBUMHHI OyTHM 3i10paHi B MakeTd B NPOLECIiH-Kancyaayii, TOOTO Tepen
BIJIMIPABJICHHSIM Yy MEPEXKY KOMIT IOTep MOMIIIY€e JaHl Y 3arojlOBOK KOHKPETHOTO
nporokony. llel mpoiec MoxkHa MOPIBHATA 3 MIATOTOBKOI OaHIIEposi /10
BIJIIPABJIEHHS— OOEPHYTH BMICT MarnepoM, BKJIACTH B TPAHCIOPTHUN KOHBEPT,
BKa3aTH aJipecy BiANpaBHUKA W oJep-)KyBada, HAKJICITH MapKd W KUHYTH B
MIOIITOBY CKPUHBKY.

Koxuuii piBeHb €TaJOHHOI MOJENI 3aJeKUTh Bl MOCIYT HUXHBOTO PIBHS.
[Ilo6 3a0e3meunTd 11 TOCIYTH, HIWKHIA pIBEHb 3a JIOMOMOTOIO MPO-IIECY
inkancyssmii - posmimye PDU (Protocol Data Unit — ysacanrvnena nazea
Gdpacmenmy oanux Ha pizHux pieHax moodeniOSI), OTpUMaHUN BiJI BEPXHBOIO
piBHA, y CBO€ moje AaHuX. [IoTIM MOXYTbh J0/aBaTUCSl 3aroJIOBKM M Tpeusnepu,
HEOOX1JH1 PIBHIO JJis peanmi3auli cBoiX (pyHKUid. 3rooM, y Mipy HepeMilleHHs
JAHUX YHU3 1O piBHAX MonaeniOSI, 10 HuX OyAyTh NPUKPI-TUTIOBATUCS J0JATKOBI
3aroJIOBKH U TPEWJIEPH.

Hampuknan, wmepexxeBuidl piBeHb 3a0e3nedye MIATPUMKY pPIiBHS TIpel-
CTaBJICHHS JaHMX, SIKAW, y CBOIO 4Yepry, nepeiac JTaHi B MIKMEPEKEBY IiJ-
cucremy (puc. 2.5).

Opepskysau BinnpaBHuk
[MprxnaxHwmt Ipuxnaxamt
PiBeHb NPEICTABICHHS PiBeHb NPeICTABICHHS

Tami
CeadcoBuit CeaHcoBuit
|
TpascropTHHIA 3arONOBOK TpancropTHHIA
Mepexkesora| Jlami
MepeskeBuit pibiLa MepeskeBrit
Kanansauia 3ArOMOBOK . Kananoawii
3aromoBoK - Tpeitnep
Kanpy MEpeKenora /T[m_“ Kanpy
OL3raHni pipia ’ O 3rannia

Puc. 2. 4. RyxmareTiB y Mepexi




3aBIaHHSIM MEPEKEBOTO PIBHA € MEPEMINICHHSI JaHUX 4Yepe3 Mepeke-BHi
KOMIUTeKC. {1 BUKOHAHHS IHOTO 3aBIaHHs JaHi 1HKAICYJIIOITHCS B 3aroJIOBOK,
SAKUWA MICTUTh 1H(OpMaIlito, HEOOXIAHY 11 BHUKOHAHHS Tepe-aadi, HampuKiIaj,
JIOT14HI agpecu BiampaBHUKa Ta oaepxyBada(IP-agpecn).

VY cBoIO Yepry, KaHaJbHUI PIBEHb CIYTY€ ISl MIATPUMKUA MEPEKEBO-TO PIBHS
(puc. 2.6) Ta iHKarcymoe iHGOpMaIlito BiJ MEPEKEBOTO PIBHS B KaJpH. 3ar0JIOBOK
KaJpy MICTUTh JaHi(Hanpukiaa, ¢i3uyHi agpecH), He-00XiIHI KaHATbHOMY PIBHIO
JIUIS BAKOHAHHS MOT0 (hyHKIIIH.

Oaep:xyBaqa Biaupasuux
Ilpuknaaeuii A TIpurnaTHHiC
PiBens npeacraBiaeHHA PiBeHb NpeaCTABACHHA
Ccancosnii Ccancoswuii
TpascrnopTHHIL TparcrniopTHHIL
McpexeBHIL MCpCKCBHIL
Kananounia Kananbuuia
Qi 3HYHHI \j @i 3uyHUEA

-

Tlaker aanux %

Puc. 2.5. Inkancyasiuisi JaHuX B MepeKeBHUI 3aroJI0BOK

OgnepxyBau Bianpasuui
TpuxnazHmuia IpuxnaHmia
Pieenb npeacrasnents PiBens npeacTaBicHHs

Jam
Ceancosuit Ceancosmit
1
Tpaucnopramit SaronoBoK TpancriopTamE
sepexepore-|  Jamm
Mepesxepuia LB Mepesxepuil
Kananeanii g Ip— . Kanaapaui
3aronorok . TpeiLkp
R yepeskepore- | Jlamm
. .. KIpy o KaIpy 4 ..
@i 3HaHIH DIDIIA @i3HuHAH
T <« 110016101 1001011 P — l

Puc. 2.6. Po3mimnenns ingopmanii B kaapi
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®i3uyHMIA piBeHb CIYTYE U MIATPUMKU KaHAIbHOTO piBHA.Kanpu kanampHOTO
PIBHS TIEPETBOPIOIOTHCS B MTOCTIIOBHICTD HYJIIB 1 OJIMHUIIB JJIS iepeaadl Gpi3suaHIMU
KaHajgaMH (K IpaBuiIo, kademsamu) (puc. 2.7).

[Tpy BUKOHAHHI MepeXaMmH TMOCIYr KOpHCTyBadaM, TOTIK 1 BHJ yIaKyBaHHS
iH(bOpMallii 3MIHIOETHCS. Y HaBEeIEHOMY Ha pHC. 2.8 MPUKJIa/Al 1H-KaICyJsIii MaloTh
MICIIE IT’SITh 3a3HAYCHUX HIDKYE €TalliB MIePETBOPCHHS.

TTomToBC
MOBLIOMJICHHA

Jlawi Hani
Saronosoic Tarri CerMeHT
CCTMCHTY
Mepekermii | 3aroiosoic Tari TlakeT
3aroJI0BOK | CCTMCHTY
3aronopol epekerni | 3aronosoic - Tpeaeps
Jaronopoic | Mepesxeruii | 3aronono TNarri peaey Kaap
Kajipy 3aTONOBOK | CCTMCHTY Rajpy

it

Puc. 2.7. IlepeTBopeHHsI KaJpy B NOCJiI0BHICTh HYJIIB i OIMHULb

Onep:xyBau Bijjpasunk
IIpuxnazmat IIpuxnazmat
PiBenb npeacTaBaeHHsT PiBenb npeacTaBieHHsL

Haimi
CearcoBuii. CeancoBuii
[ I
[ I
TpascropTHmiA : : Tpaucniop THHA
! I
" [ I "
Meperxeprit Meperxeprit
3aroinoBok
KanansHiia mepeskenora | Jlami KanansHria
pinis
@3 HMiA TR 82 2173

Puc. 2.8. /lonaBaHHsI HOBMX 3aroJIOBKIB Ta TpeiijiepiB

31



1. Dopmysanus Oanux. Komm xopucTyBad BIAIpPABIs€ TOBITOMIICHHS
CJICKTPOHHOIO TIOIITOI, aipaBITHO-IIU(PPOBI CUMBOIM IOBIAOMJICHHS TIe-
PETBOPIOIOTHCS. B JIaHI, SIKI MOXYTh IEPEMIIIyBAaTUCS B MEPEKEBOMY KOM-
TUJICKCI.

2. llakysauns Oauux Onsi HACKPI3HO20 mpaHncnopmyeanusa. Js mepenadi
JAHUX Yepe3 MEPEKEBUN KOMIUICKC BOHHU BIAMOBIIHIUM YHHOM YITaKO-BYIOTHCS.
3aBASKH BUKOPHUCTAHHIO CETMEHTIB TPAHCHOPTHA (PYHKIIS rapa-HTye HaJiiHe
3’€IHaHHA XOCT-MAIlINH,I0 OepyTh y4yacTh B 0OMiHI MOBITOMJICHHSIMU, Ha 000X
KIHI[SIX TTOIITOBOI CUCTEMH.

3. Jlooasanns  mepesicesoi  adpecu 6  3a201080K(IP-adpecu).  JlaHi
PO3MIIIYIOTHCA B MAKETI 200 JAedTarpami, sika MICTUTh MEPEKEBHI 3aT0JI0BOK

3JIOTIYHUMH aJpecaMH BIJINpaBHUKA W onepkyBaya. Lli aapecu nomomara-
I0Th MEPEXEBUM MPHUCTPOSIM TepeaBaTH MaKeTH Yepe3 Mepexy OoOpaHuM
HUITXOM.

4. Jlooasanus noxanvHoi adpecu 6 Kauanbhuu 3a2010680K(MAC-

aodpecu). KoxkeH MepexeBUN MPUCTPIA MOBUHEH MOMICTUTH MAKETH B KaJp.
Kaapu 103BOJIAIOTE B3aEMOMIATH 3 HaWOIMXKYIUM, O€3MOCepeaHbO IiIKIII0-
YEeHUM, MEPEKEBUM MPUCTPOEM Y KaHali. KoxeH npuctpii, sikuii nepely-Bae Ha
NUIAXY PyXy JaHUX Mepexero,BuMarae (popMyBaHHS KaApiB IS 3’ €IHAHHA 3
HACTYITHUM TPUCTPOEM.

5. Ilepemsopennsi 6 nocnioogwicms 6Oimie npu nepedaui. Jlns mnepenaui
G13MYHUMH KaHAJIlaMH (SIK TpaBUJIO, KaOeasMH) KaJap MOBUHEH OYTH MepeT-
BOPEHHUM Yy TMOCTIOBHICT OJAMHUIL 1 HymiB. DYHKIS TAKTyBaHHS A€ MO-
KJIUBICTh TIPUCTPOSIM PO3PI3HATU 1I OITH B Tpolieci iX MepemilleHHs B Cce-
penoBumli mepenaui ganux. CepenoBuile Ha PI3HUX JUISHKAX —MUIAXY
MPOXO/KEHHS MOXKe 3MiHtoBaTHCs. Hampukiasn, moBiOMIICHHS €JIEKTPOH-HOI
MOIITHA MOXE BUXOJIUTH 13 JIOKAJIbHOT MEPEX1, MOTIM MEPETUHATH Mari-CTpajbHy
MEpeXy KOMIUIEKCY OYAMHKIB 1 JaJli BUXOJUTH B TJIOOAIbLHY ME-PEXy, TOKU He
Jiiae 10 ofepKyBaya,akuil nepeOyBae y BijianeHii JOKaJIbHIN Mepexl.

Takum ymHOM, TIpU Tepenadi NaHuX Bij BIAMpPaBHUKA J0 OJEpXKyBada JaHl
CIIOYaTKy HAIXOATh HA TMPUKIATHUNA PIBEHb, 3 TMPHUKIAJTHOTO — Ha PI-BEHb
MPEACTABICHHS, 3 PpIBHSA TPEACTABICHHS HAa CEaHCOBWif,a Jajal — Ha
TpaHCHIOPTHUH piBeHb. Ha TpaHCTOPTHOMY piBHI MOTIK JaHUX PO30MBAETHCS HA
cerMeHTH. Ha MepexxeBoMy pIBHI CErMEHT I1HKAlCYJIIOE€ThCd B IAKET,Ha
KaHaJIbHOMY PIBHI TAKET 1HKAICYJIIOETHCA B KaJp, a Kajap Ha (Gpi3MIHOMY pPi-BHI
0iT 3a OITOM mepemaeThCss 4Yepe3 cepeAoBuIle mepenadi gaHux. Onuepxy-
BAY3/IICHIOE 3BOPOTHHI Tpouec(dexkancyisayito), TOOTO 3 Kajapa BHUTATYETHCS
MaKeT, 3 MaKeTa BUTATYEThCS cerMeHT. Ha TpaHCmopTHOMY piBHI 13 CErMEHTIB
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30MpaEThCS BUXIAHWUN TOTIK JaHWX, MICIHS YOTO JaHl TepenaloTh-Cs Ha
CCaHCOBMM pIBEHB, Jalll — HA PIBEHb IPEACTaBICHHS, Jajdl — Ha MPHUK-JIAJHUM
piBeHb. [IpuKkitagHuii piBeHb Iepeaac JaHi 3 J01aTKa OJepiKyBayvy.

2.3. Bzaemogais piBHiB
Mopens OS| mpexacraBisie xoua W JayKe BaXIIHMBY, ajie TUIBKH OJHY 3

Oarathox Momenelt komyHikarid. [li momemi ¥ TOB'I3aHI 3 HHUMH CTEKH
MPOTOKOJIB MOXYThb BIPIZHATUCS KIIBKICTIO PIBHIB, IXHIMH  (DYyHKIISIMU
(puc. 2.1), ¢opmaramu MOBIIOMIICHb, CEpBiCaMH, SIKi HAJAIOTHCS HAa BEPXHIX
PIBHSIX 1 IHIIUX MapaMeTpax.

Ilpoyec nepeoaui. ChopmoBaHa iHoOpMallld TMOYMHAE CBIA HUISIX Ha
BEpXIBLI CTEKa IepedaBaibHOro By3na Ha [lpuknagnomy piBHi. [loTim naHi
nepenatotecs [IpencTaBHUIIBKOMY PIBHIO ¥ TPOAOBXKYIOTH PyX MO CTEKYy [0
@®i13M4HOr0 PiBHS, J€ BOHU IMOCUJIAIOTH Yy MEPEXKY Yy BUIVISAAI 3aKIHYEHOTO
iHpopmarniiiHoro curHany (tadu. 2.1).

Tabmurs 2.1
@yukuii piBHiB eTajsonHoi mogeni OSI
PiBenn DyHKILT
1 2
®iznunmii (PiseHs 1) Peanizye ¢izuune cepeIoBHUIIIe nepenadi CUTHAJTy

(Hammpukmaa, KabenbHy CUCTEMY).

IlepeTBoproe maHi B TepeJaHWMl CUTHAI, IIO0  BIAMOBIZac
(b13UYHOMY CepeIOBHILLY.

Iocunae curnan mo QizuuHoMy cepenoBuilly. PosmizHae ¢iznuny
CTPYKTYPY MEpPEexKI.

BusiBnsie momuiiku nepenadi.

Busnayae piBHI Hampyrd, BHUKOPUCTOBYBaHI Uil mepeaadyi
nU(pPOBUX CUTHAJIB 1 CHHXPOHI3allii epeaaHuX MaKkeTiB.
Busnavae tun curnany — uudposuii abo aHaIOroBuit
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Kananshuii (PiBeHs 2)

YTBOproe  ¢peiimu  gaHUX ~ BiAMOBIZHOTO  (hopmary

3 ypaxyBaHHSIM THITY MEPEXKi.
['eHepye KOHTPOJIbHI CYyMH.
BusiBrisie mOMUJIKY, TEPEBIPSIFOYM KOHTPOJIbHI cyMu. [loBTOpHO
MIOCHJTAE JIaH1 MPH HAsIBHOCTI IIOMHJIOK.
Inimirtoe kanam 3B'sI3Ky M 3a0esneuye #oro Oe3mepeliiiHy
poboty, mo rapantye (i3MUHY HATIHHICTHP KOMYHIKAIid Mixk
By3JlaMH. AHamizye azapecu npuctpoiB. IlinTBepmkye mpuiiom
(bpelimiB

Mepexnunii (PiBeHs 3)

Buznauae mMepexxHuil MapuipyT Juid nepenadi nakertis. J{o3Bosse
3MEHIIUTH  KWMOBIPHICTh TIEPEBAHTAXEHOCTI Mepexi.Peanizye
BIpTyalibHI KaHanmu (Mapupytu). MapuipyTu3ye makeTd B iHIII
Mepexi. BUKOHye mepeTBOpeHHs MK IIPOTOKOJIAMH

TpancriopTHMA
(PiBens 4)

3abe3neuye HAmIWHICTD Tepefavi MaKeTiB MDK  By3JaMH.
3abesneuye TpaBWIBHUN MOPSAAOK Iepenadi U mpuilomy
[IAKETIB JaHUX.
[TiaTBepKxye mpuitom nakera.BinciaiakoBye IOMUJIKA
nepenadi HaKeTiBi MOBTOPHO TIOCWJIa€ TIOTaHi
nakeTu.Po30uBae Oinpiii ¢parmMeHTH JaHMX 1 30upae iX Ha
NPUHOMHOMY BY3Ji B Mepexax, [0 BHKOPHCTOBYIOTH pi3Hi
HPOTOKOJH.

Ceancoswii (PiBeHb 5)

Inimiroe kanam 3B's3KY.

[epeBipsie cTaH yCTaHOBIIEHOTO KaHATY 3B'SI3KY.

Y KOXHUH MOMEHT 4acy BH3HA4a€ 4eproBicTb pPOOOTH BY3IiB
(Hampukaj, SKAA By30J MEPIIUM MOYMHAE Tepenady JaHuX).
Po3puBae kanan micins 3akiHUeHHsSI ceaHCy 3B's3Ky. [leperBopioe
aZipecu BY3JIIB

[IpencraBHULIBKUIA [TepeTBoproe mani y ¢opmar, 3pO3yMITUN IJisi MPUHMAIOYOro
(PiBeHs 6) By3na (Hanpukiazn, nepekoaye cumonu EBCDIC B ASCII).
Bukonye mudpyBanss naHux. BUkoHye cTHCK JaHUX
[Tpukimagaui 3abesmnedye CIIBHHUIA JTOCTYI IO BHJIYYEHHX TUCKiB. 3abe3meuye
(PiBens 7) CHUIBHUM  JOCTYH [0 BUJIy4eHHX mpuHTepiB. OO0pobisie

MOBIJIOMJICHHSI €NIeKTPOHHOI MoITH.3abe3nedye poOoTy CIykO
nepenaui ¢ainiB. 3abesneduye poOOTy Ciy:)k0 KepyBaHHA
¢aiinamu. 3ade3nedye poOOTy CIIy 0 eMyJsIli TepMiHATIB
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CAHOPEHMOBWIA NPOToOKON

7. MpuknagHui > 7. MpuknagHui

l CAHOPEHMOBWIA NPOToOKON I

6. MpegcTaBHULEKWA - 6. MpeacTasHULE KU
l QO oHOPEHMBWA NPOTORDN T

5. CeaHooBuiA - 5. CeaHooBWiA
\ i

4. TpaHCNOpRTHWA CAHOPEHMOBWA NPOTOKDN

4. TpaHcnopTHWA

L |

CAHOPEHMOBWA NPOTOKDN

3. Mepexesni 3. Mepexesni

Y

+ CAHOPEHMOBWA NPOTOKDN
2. KaHaneHwi - 2. KananeHui
) *__ CAHOPEHMOBWA NPOTOKDN
1. ©iavyHIA -

- 1. ©iandHiA

I

Puc. 2.9. Ilepenaya nakeriB ingopmauii no piBHAM

[Tpuitmatounii By30J1 OJEpKye JaHl Ha (I3UYHOMY pIiBHI (Ha caMoMmy
HUKHBOMY PIBHI CTE€Ka), a MOTIM s TEpeBIpkH (PpeiMiB Tepenae OKpemi
nopuii 1HpopMalli KaHaIbHOMY pIBHIO, WI0 BHU3HA4Ya€, YW aJpPECOBAHUMN
KOHKpeTHUu# (periMm MepekHoMy iHTepdeiicy naHoro By3ia. KananbHuil piBeHb
Ji€ SK JUCTOHOINA, IO TMeperjsjae BCO TOWMTY W BHOWUpae JIHCTH,
BIJIMIPaBJICHI Ha KOHKpPETHY ajapecy. Jluctu 13 mi€ro anapecoro 3abuparoTbes W
NepearoThCsl KOHKPETHOMY aJIpecaToBi, IO MPOKMBAE 3a JAHOIO ajapecoro. [
JMCTHU BIAIPABISIOTHCS AaJll IOTH, TIOKU HE 3HAUIyTh CBOTO ajpecara.

Konu xananpHUMIl piBeHb BUSIBISIE (peilM, aapecoBaHM NaHii poOoUiif
CTaHIlli, BIH MEpelae HWOro MEpPeKHOMY pIBHIO, IO BiJICOPTOBYE MPHU3HAYECHY
oMy iH(popmarlito ¥ Mmocwiae JaHi, MO 3aJUIIINACA, BHIE MO CTeKy. OaHak
nepen THM, K (QpeliM Oyae nepeAaHuil Bl KAaHAJIBHOTO PIBHS JI0 MEPEXKHOTO,
KaHAJIbHUI piBeHb MepeBipuTh KOHTPOJbHY cyMy (CRC) i BU3HAYMTH IIiTICHICTh
bpeiimy.

Koxuuii piBeHb cTeKa Ji€ SK CAMOCTIMHHA MOYJb, 110 BUKOHYE OJHY
OCHOBHY (YHKIIII0, 1 KOXKHHM PIBEeHb Ma€ BIacHWM (opmaT KomaHn mepenadi
JaHUX, 00yMOBJICHUI BIITIOBITHUM IPOTOKOJIOM. [Iporokonu,
BUKOPHUCTOBYBaHI ISl 3B'3Ky (YHKIIH, 10 BIAHOCATBCS O TOTO X PIBHA,
Ha3MBAIOTHCS MPOTOKOJIAMHM B3a€MOJIii piBHONpaBHUX cucteM (peer protocol)
ab0 OJHOPAHTrOBUMHU NpOTOKONaMU. (OOHOpan208i NPoOmMoKoaU IO3BOJISIOTh
JIESKOMY PIBHIO Ha TEpelaBalbHOMY BY3J1 B3a€EMOJIATH 3 TaKUM K€ PIBHEM
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npuiiMarouoro By3na. Hampukman, KoiaM KaHalIbHUN piBEHb IeperaBajbHOroO
By3JIa T€HEpYE€ KOHTPOJBbHI CYMH, BiH BHKOPHCTOBYE OIHOPAHTOBHH MPOTOKOJI,
o Oyze 3po3yMisInii KaHATPHOMY PIBHIO MTPHIMAIOUOTO BY3JIa.

Mix piBHIMHU 1HDOpMAIS TEpPEeJacThcs 3a JOMOMOTOI0 KOMaHI, SIKi
HasuBarOThes npumimusamu (primitive) (puc. 2.10). Ilepemana iH(opmarris
HA3UBAETBCA  MPOMOKOIbHOK — OOUHuyero  oomiHy abo  Mmooyiem  OAHUX
npomokony (protocol data unit, PDU).

Y

KaHansHWiA

MeumiTie

|

DiadHKuA

Puc. 2.10. [lepenaua indpopmanuii mixx piBHAMHU

Konu nani HaaXoasaTh BiJl OJHOTO PIBHS A0 1HIIOTO (OUIBII BHUCOKOTO abo
Outbil HU3bKOTO), M0 Moxayisi PDU nomaetscss HOBa Kepyroua iHdopmarris.
[licns Toro, sk Ha JAeskoMy piBHI cdopmoBanuii moayns PDU, Bin
NEPECUIIAEThCS aHAJIOTIYHOMY PIBHIO B3a€EMOJIIOYOr0 By3Jia 3a JOTOMOTOIO
OJTHOPAHTOBUX MpoTokoiB (puc. 2.11). Paszom 3 Tum, koau momyns PDU
TOTOBUHM JI0 TIepeaadl HACTYMTHOMY pIBHIO, SIKUU e mepes piBHEM, J0OJa€ 0
IIOT'0 MOJYJISI KOMaH/IU TepECHUIIaHHS.
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Vaan A Yaen b

Mpuknaguuid POU
- - 7. MprKknagHuA

7. MpuknagHuwi

MpuknagHui F"DLIl - b
MpeacraswuLiskui PDU T MpegcTassuysma POU

6. NMpegcTaeHULEKHRA E. MpegcTaeHlLEEMR
Mpegcraesuy ki POU l

Ceauncosri PDU T Ceavcoanit POU
5. CeancoBui -+ - 5. CeaHcoa i

Ceanconwit POU 4

Tpauc i POU
TpawcnopThud PDU T PRARCTICpTHY

4. TpaucnopTHUA _ o 4. Tpancnop T
TpaxcnopTHui POU T M ceri PO
* Mepexeaui POU vepeass
3. Mepexasui - . 3. Mepexesui
M w@aui POU {aH i
Mepeweny * Kamansui PDU T Kawanehui POU
2. KanankHui - Lad 2. KawaneHui
Kauanskui PODU Dizwgnii POU
y izt PDU i

1. PiswdHiA 1. @izny i

Puc. 2.11. Ilepenauya moay.ist PDU 3a 10moMoroiw oxHOPaHroOBUX
NMPOTOKOJIIB

IHpuHUUNIHY M00yI0BH CKJIAACHUX MEpPeK

MepexHuil piBeHb, y Tepily dYepry, NMOBHHEH HAJaBaTH KOIITH IS PIIIEHHS
HACTYITHUX 3aBJIaHb: JIOCTABKM TIAKETIB Y MEpexi 3 JOBUIBHOI TOIOJIOTIEN;
CTPYKTypH3aIlli MEpexXi IUIAXOM HaJiiHOi Jokam3alii Tpadika; y3roJKEHHS PI3HHX
MPOTOKOJIIB KAHAJIBHOTO PIBHSL.

JlokaJizanist Tpagika u i30s1is Mepex

Tpadik y Mepexi CKIamaeTbcs BUIAJIKOBUM 00pa3oM, OJHAK Y HHOMY BIAOWTI M
JesiKi  3aKOHOMIpPHOCTI. Sk mpaBuio, JedKi KOpPUCTyBaul, M0 MpPAaIlOl0Th HaJl
3arajJbHUM 3aBAaHHSIM (HAmpWKIAN, CHIBPOOITHUKK OJHOTO BIJJIUTY) HalvacTiie
3BEPTAIOTHCH 13 3amuTaMu a0 OJMH BiJl OJJHOTO, 200 JI0 3arajibHOTO CepBepa, 1 TILIbKU
1HOJII BOHU BHUIPOOOBYIOTH HEOOXITHICTH AOCTYMY A0 PECYpPCIB KOMITIOTEPIB 1HILIOTO
BiaUTy. baxkano, mo0O cTpykTypa Mepexi BiAnoBigana CTPYKTypl 1HGOpMamiiiHuX
NOTOKIB. 3aJIe)KHO BIJT MEPEXKHOro Tpadika KOMI'IOTEPH B MeEpexi MOXYTh OyTu
po3/uieH] Ha rpynu (cerMeHTH Mepexi). Komn'torepu NO€IHYIOThCS B TPYIly, SIKIIO
OuIbIlIa YacTUHA MOPOKYBAaHUX HUMU TOBITOMJICHb aJIpecoBaHa KOMIT'IOTEpaM ITi€i kK

TPYIIH.

Jna nooiny mepedxci Ha ceemeHmMU BUKOPUCMOBYVIOMbCA MOCMU U KOMYMAmMopu.
Bonu expanyioTe JokampHHI Tpadik ycepeauHi CerMeHTa, He MepeAaroud 3a Horo
MEXI1 HIIKUX KaApiB, KpIM THX, SIKI aJlpecoBaHl KOMII'OTepaM, IO MepeOyBalTh B
IHIIUX CerMeHTax. TUM camMuM, Mepeka pPOo3MaJacThCs Ha OKpeMi miaMepexi. Lle
JI03BOJIsI€ OLIBII pallioHaJIbHO BUOWpATH MPOMYCKHY 3/JaTHICTh HASIBHUX JIIHIM 3B'S3KY
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3 OIVIAAY Ha IHTEHCUBHICTh Tpadika ycepeauHi KOXHOI TPylH, a TaKoX aKTUBHICTh
0OMIHY JTaHUMH M1XK TpyIlaMHu.

Opnak nokamzaimiss Tpadika 3aco0aMd MOCTIB 1 KOMYTaTOpiB Ma€ 1CTOTHI
0OMEKEHHS.

3 oaHoro OOKy, JOTIYHI CErMEHTH MEpexXi, pO3TallOBaHI MIK MOCTaMH,
HEJIOCTAaTHLO 130JIbOBAHI OJWH BIJ OJHOrO, a caMe, BOHHM HE 3axWUIICHI BiJ, Tak
3BaHMX, [MUPOKOMOBHUX  IITOPMIB. SIKmo  sika-HEOyah  CTaHIA  IOCHIIAE
IIMPOKOMOBHE TIOBIIOMJICHHS, TO TII€ TOBIJOMJICHHS TIEPEJAEThCS BCIM CTaHIIISAM
yCIX JIOTIYHUX CETMEHTIB MEpEXi. 3aXHCT BiJ] IIUPOKOMOBHHUX IITOPMIB y MEpexkax,
noOyJI0BaHUX Ha OCHOBI MOCTIB, Ma€ KUIBKICHMH, a HE SKICHHM XapakTep:
aJIMIHICTPATOp MPOCTO OOMEXKY€E KIIBKICTh IMIMPOKOMOBHHUX TMAKETIB, IO J03BOJISETHCS
TeHEpPYBaTH JICSIKOMY BY3ITY.

3 1Hmoro OOKy, BHKOPUCTaHHS  MEXaHI3My BIPTyaJlbHHUX  CEIMEHTIB,
peanizoBaHOr0 B KOMYTaToOpax JOKaJIbHUX MEPEX, MPUBOJIUTH O MOBHOI JIOKaJi3arlii
Tpadika — Taki CErMEHTH MOBHICTIO 130JbOBaHI OJWH BiJl OJHOTO, HAaBITh BIJIHOCHO
HIMPOKOMOBHUX KaapiB. ToMy B Mepexax, MOOyJOBaHMX TUIBKM Ha MOCTax 1
KOMyTaropax, KOMM'IOTEPH, IO HaJeXKaTb pPI3HUM BIPTyaJIbHUM CErMEHTaM, He
YTBOPATH €TUHOT MEPEKI.

HaBenmeni Hemoyiku MOCTIB 1 KOMYTaTOpiB TOB'SI3aHI 3 THM, III0 BOHHU
OpaLo0Th 3a MPOTOKOJAMH KaHAJIbHOTO PIBHS, Y SKHX Yy SIBHOMY BHUIVIAIl HeE
BU3HAYAETHCS TIOHITTA YaCTHMHHU Mepexi (abo migMepeki, abo cerMeHTa), SKe MOXKHa
Oyn10 O BHMKOPMCTOBYBATH MpU CTPYKTYpH3alli BEIMKOI Mepexi. 3aMmicTh TOro, o0
YIOCKOHAJIUTH KaHAJIbHUI pPiBEHb, PO3pOOIIOBAUl MEPEKHUX TEXHOJOTIH BUPIIIMIN
JOPYYUTH 3aBJAaHHS MOOYIOBU CKIIAJIEHOI MEpPEKI HOBOMY PIBHIO — MEPEKHOMY.

¥Y3roaxeHHsl NPOTOKOJIIB KAHAJIBLHOIO PiBHS

CydacHi 004YMCTIOBAJIbHI MEPEXi 4acTo OYIYIOTHCS 3 BUKOPHUCTAHHSM JIEKIIBKOX
pisHux Oa3oBux TexHosoriii — Ethernet, Token Ring ab6o FDDI. Taka
HEOJIHOPI/IHICTh BHHHMKAE ab0 TMpH OO0'€HAHHI BXKE ICHYIOUMX paHIIIE MEPEX, IO
BUKOPUCTOBYIOTh y CBOIiX TPAHCHOPTHUX IMIJICUCTEMAax Pi3HI MPOTOKOIHM KaHAIBHOTO
piBHs, a00 TpU Mepexoi JO HOBHX TEXHOJIOTIH, TakuX, sk Fast Ethernet ado 100 VG-
AnyLAN.

Came nii1 ymeopeHHs €O0UHOI MPAHCNOPMHOI CHUCTEMH, IO TIOEJHYE KiJIbKa
MEpeX 3 PI3HUMHU TPUHIMIIAMH Tepenadl iH@opMaiii Mk KIHIIEBUMU BY3JIaMH, 1
CIY’)KUTb MepedicHuul pigenb. Komm 1Bi ab0 Ounblie Mepexi OpraHi3yloTh CHUIbHY
TPAaHCIOPTHY CIykO0y, TO TakuW PEXUM B3aEMOJIi  3BUYAHO  HA3WBAIOTh
Mmidemepedicnoro  e3acmooicio (internetworking). s mo3Ha4YeHHs CKIIQJICHOT Mepexi
B AHIJIOMOBHIN JIiITepaTypl 4YacTO TaKOXX BHUKOPHUCTOBYETHCS TEPMIH IHmepmepedica
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(internetwork a6o internet).

CTBOpEHHsSI CKJIQTHOI CTPYKTYpOBaHOi MEpEXi, M0 IHTErpye pi3Hi 06a30Bi
TEXHOJIOT1i, MOXe 3MIACHIOBATUCS W 3ac00aMU KaHAJIBLHOTO PIBHS: JIJIS IIBOTO MOXYTh
OyTH BUKOPUCTaHI JIedKl TUIK MOCTIB 1 KOMyTaTopiB. OJIHAK MOKJIMBICTIO TPaHCIAIIT
MIPOTOKOJIIB KAaHAJIBLHOTO PiBHS BOJIOJIIOTH JaJIeKO HE BCl THUIIM MOCTIB 1 KOMYTaTOPIB,
70 TOTO  MOXIJIMBOCTI Il OOMeExeHi. 30KpeMa, Yy MO€JHYBAHUX Mepekax MOBHUHHI
30iraTucss MaKCHMajbHI pO3MIpUM TMOMIB JaHUX Yy KaJapax, TOMYy IO KaHaJbHI
IPOTOKOJIH, K MPaBUJIO, HE MATPUMYIOTh (PYHKIIIT (parMeHTallii makeTis.

MapumpyTu3aniss B Mepekax 3 J0BUIbHOI0 TOMOJIOTI€0

Cepen MpOTOKOMIB KaHAIBHOTO PIBHA JESIKI 3a0€3MeuyroTh JIOCTaBKY JaHUX Y
Mepekax 3 JOBUIBHOIO TOIOJOTIE0, aje TIIbKA MDK Tapoio0 CYCITHIX BY3IiB
(Hanpukian, npotokosn PPP), a geski — MK Oyab-SKMMH By3JIaMu (HAIpHUKIA,
Ethernet), ame mpum oMy Mepeka IHOBHHHA MATH TOIOJIOTIIO IEBHOTO M JIOCHTH
MPOCTOrO TUITY, HANIPUKJIAJI, IEPEBOMO110HY.

IIpu o0'enHaHHI B MEpPEXKY JEKUIBKOX CETMEHTIB 3a JOIMOMOrOI MapHOTpaTiB abo
KOMYTAaTOPiB MPOJOBXKYIOTh JISITU OOMEXKEHHA Ha ii TOMOJIOTIIO: Yy MEpexi, II0
BUMIILIA, noguuHi Oymu eiocymui metm. J[lilicHo, MicT abo Horo (yHKIIOHAIbHUMA
aHaJIOT — KOMYTAaTOp — MOXYTh BHPIIIYBAaTH 3aBIaHHS JIOCTaBKMU TMaKeTa aJpecaToBl
TUTBKH TOJI1, KOJIM MK BIIMPAaBHUKOM 1 OJIep)KyBadyeM ICHYE€ €IUHUN MIIAX. Y TOHM ke
yac HasBHICTb HAJJIMIIKOBUX 3B'SI3KIB, SKI ¥ yTBOPSATH IETI, YacTO HEOOXigHA IS
Kpaioro OaJaHCyBaHHS HaBaHTAXCHHS, a TaKOX JJis MIABUIICHHS HAIIMHOCTI
MEpeKi 32  paxyHOK ICHYBaHHS aJbTEPHATHBHOTO MapIIPyTy Ha HOAATOK JI0
OCHOBHOTO.

Mepexxauid piBE€Hb JI03BOJISIE TepeAaBaTH JaHl MUK OyJb-KUMH, JOBUIBHO
3B'SI3aHUMU BY3JIaMU MEPEXI.

Peanizaifiss mpoTOKONy MEpPEKHOTO PIBHS Ma€ Ha yBa3l HAasBHICTb y MeEpexi
CIELIAIBHOTO MPUCTPOIO — MAPULPYMU3amopa.

MapipyTi3aTopy MOEAHYIOTh OKPEMI MEPEX1 B 3arajibHy CKIIaJIeHy Mepexy (pHc.
2.3.4). BHyTpilHs CTPYyKTypa KOXKHOI Mepexi He MoKa3aHa, TOMY II[0 BOHa HE Mae
3HAYCHHsS] TPU PO3MVIAAI MEPEKHOro MPOTOKONMy. [lo KOXKHOTO MapuHipyTh3aropa
MOXXYTh OyTH MIPHUEIHAHI KUTbKA MepexX (MpUHANMHI, ABI1).
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Puc. 2.3.4 ApxiTtekTypa ckiiajieHol Mepe:xi

VY ckiIagHUX CKJIaJCHUX Mepexax Maike 3aBXU ICHYE KiIbKa albTepHATUBHUX
MapHipyTiB I TIepeaadl IakeTiB MDK JBOMa KIHIICBUMHM By3JaMU. 3aBJaHHS
BUOOpPY MapuIpyTiB 3 JEKUIBKOX MOMJIMBHUX BHPIIIYIOTh MapIIpyTH3aTOPH, & TaKOK
KIHIIEBI BY3JIH.

Mapwpym — 1ie OCHIIOBHICTh MapIIPYTU3aTOPIB, SAKI MOBUHEH MPOWUTH TaKeT Bij
BIJITPaBHUKA JI0 MYHKTY TPU3HAYCHHS.

Mapmipytuzatop BUOUpae MapHipyT Ha TMiACTaBl CBOTO TMOJAHHS MPO TMOTOYHY
KOH(Irypalio Mepexi il BIAMOBIAHOTO KPUTEPIIO BUOOPY MapLIPYTy.

3BHYAHO SIK KpUTEpI BHUCTyHmae 4Yac MPOXODKEHHS MapHipyTry, M0 Yy
JIOKQJIBHUX MeEpekax 30iraeTbCsi 3 JIOBKUHOIO MapIIpyTy, BUMIPIOBAHOIO B KUIBKOCTI
NpOMICHNX BY3JiB MapuipyTusamii (y 1I00aJbHUX MEpekax MNpUNMAEThCI B
PO3paxyHOK 1 4yac mnepejadi makeTa mo KOXHii JiHii 3B'I3KY).

Mepeorcnuti pigens 1 moaens OSI

Y moxaem OSI, sxa Ha3WBAETHCS TAKOXK MOOENI0 83AEMOOIL BIOKPUMUX CUCMEM
(Open Systems Interconnection — OSI) i po3pobnena Miscnapoonoro Opeanizayicio 3i
Cmanoapmie (International Organization for Standardization I1SO), 3acobu wmepexHOT
B3aEMOJIII JUIATBCSI HAa CIM  PIBHIB, IS SKWAX BU3HA4Y€Hl CTaHAAPTHI Ha3BU U
byHKITIi.

Mepexuuii piBeHb 3aiimae B Mozeni OS| mpoMibkHE TMOJIOKEHHS: 0 HOro MoCiyTr
3BEPTAIOTHCS MPOTOKOJM TMPUKIATHOTO PIBHS, CEAHCOBOTO PIBHSA ¥ PIBHS TOJAHHS.
JInsi BUKOHaHHS CBOiX (YHKIIA MEpeXHUN pIBEHb BUKIMKAE (YHKIII KaHAIBHOIO
piBHS, IKUH, Y CBOIO Yepry, 3BEPTAEThCS JI0 3ac00iB (hI3MUHOTO PIiBHS.

PiBHi1 Ta 3acoom moneni OSI| naBeneni B Tadum. 2.2
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Tabnwurs 2.2
MepexHi anapatHi i nmporpamMHi 3aco0u, NMOB'sAI3aHi 3 Pi3HUMH PiBHAMHU

moaesai OSI
PiBennb MepexHi anapatHi il nporpaMHi 3acoou
OSl
HpukianHui [pukiaaani  mporpamui  inTepdeiicu,  Opaysepu
[aTepHeTy, mnporpamMu  Tepejadi  MOBIIOMJICHb 1
€JIEKTPOHHOI TOIITH, MPOrpPaMU BWJIYYEHOTO JIOCTYITY
HPVGIECTaBHI/HlB [Iporpamu meperBopeHHs W mU(pyBaHHS JIaHHX,
Kiu nporpamMu  QopmaTyBaHHS rpadiku (HaApUKIad, IS
neperBopeHHs B GIF- 1 JPG-daiinu), a Takox 1MUTI03U
CeancoBuii [Iporpamui  gpaiiBepu  MEPEKHOTO  BCTaTKyBaHHS,
nporpamMHe  3a0e3ledeHHs I MOUIYKy  IMEH
KOMIT'FOTEpIB, 3aCO0M /JIsi HAIMIB- 1 MOBHOAYIUJIEKCHOTO
peXUMy  poOOTH, 3acO0M  BWJIYYEHOTO  BHUKIHUKY
nporenyp (RPC) nmns  3amycky  mporpamMm  Ha
TpancmopTHuit [Iporpamui  fpaiiBepu  MEPEKHOTO  BCTaTKyBaHHS,
nporpamMu i 3acobu KepyBaHHS TIOTOKOM JaHUX, a
MepexHuit 1103w, MapILpyTH3aTOPH, IPOTOKOJIN
MapuIpyTu3ailii, MOCTH 3 BUXIJIHUMH MapUIpyTamu i
KananpHui MepexHi aganrtepd, iHTEIEKTyadbHi KOHIIEHTPATOPH
17§ MocTH, KomyTatopu PiBHa 2 i
Di3uunmi KabGemnbHa CHCTEMa, KaOeTbHi PO3HIMAaHHS,
MYJIbTUTIIIEKCOPU, TPAHCMITEPU ¥ pecuBepH, MACHUBHI U
aKTHBHI KOHIIEHTPATOPH, PEMITepHU U ILUII03U

Tema 3. Crexku NpoOTOKOJIIB KOMII’FOTEPHUX MEPEiK.
3.1 Crexk npoTtokoJiB OSI

3.2 Crek nportoxkoJiB TCP/IP
3.3 Crek npoTokoJiB IPX/SPX
3.4 Crex nportokoiaiB NetBIOS/SMB

3.1 Crek nportoxkoais OSI|
CTexku npoToKo0JIiB

Cmex npomoxonie — 1€ 1€papXi4HO BIOPSJKOBAHA CYKYIHICTh IPOTO-KOJIIB,
JOCTaTHIX JUIsl peani3allii B3aeMo/iii By3JiB y KOMIT IOTEPHI Mepexi.
Ha Bigminy BiJx Mojieni, U0 ABJIsSi€ COOOI0 KOHIIETITYalIbHY CXEMY B3a-€MOJI1 CHCTEM,
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CTEK MPOTOKOJIB — II¢ HaOlp KOHKPETHUX crerudikaiii, 1o J03BOJIsIE€ peali3yBaTu
MEPEKEBY B3AEMOIIIO.

[cHye pocuTh Oarato CTEKiB MPOTOKOMIB,AKI IIMPOKO BUKOPHCTOBY-FOTHCS Y
Mepexax. lle crekum, sKi 3’SIBHIMCS Ha OCHOBI MDKHAPOJIHUX 1 Ha-I[IOHAIBHUX
CTaHJapTIB, Ta CTEKH, 3alpoOIlOHOBaHI  (PipMaMU-BUPOOHUKAMU  MEPEKEBOTO
oOnaHaHHs, SKi OJepKaJIM TMOIIMPEHHS 3aBASKU IMOIMIMPEHO-CTI 00IaHAHHS caMe IHUX

bipm.
[MpuknagamMy MOMYJISPHUX CTEKIB MPOTOKOJIB MOXYTh CIyxHTH: cTek |PX/SPX

¢dipmu Novell, crexk TCP/IP, mo BukopucroByeThes y mepexi Internet i B Garathox
Mepekax Ha ocHoBi omepamiiaoi cucteMuUNIX, crek Decnet kopmoparii Digital
Equipment i aesxki inmri. Okpemi 3 HUX Oy-AyTh OLIbII JOKIATHO PO3IIISHYTI HUKYE.

3acTocyBaHHA B MEpEXi PI3HUX CTEKIB KOMYHIKAIMHUX MPOTOKOJIB MOPOIKYE
BEJIMKY PpI3HOMAHITHICTh XapaKTEPUCTHK 1 CTPYKTYp LHX MeEpex. Y HEBEIUKHUX
MepeKax JOCTaTHbO BUKOPHUCTAHHS OJHOTO CTEKYy, ajle€ y BEe-JIMKUX KOPIOPATUBHUX
Mepexax, M0 MOENHYIOTh pI3HI  MiAMEpPEeXl, SK M[pa-BWIO, IapajebHO
BUKOPUCTOBYIOTHCS JIE€K1JIbKA CTEKIB.

[Iporokonu MOXyThb OyTH peaji3oBaHi y BHUIJIAAI IPOrPAMHHUX e€JeMe-HTIB
omepaniiiHoi cuctemu. Hampukian, ayke dYacTOo NPOTOKOIM KaHajdb-HOTO PIBHS
BUKOHAHI y BUIJISAI JpaiiBepa MEpeXeBOro ajaanrtepa,a (yHKIIi MPOTOKOJIB BEPXHIX
PIBHIB MPEICTABISIOTHCS CEPBEPHUMU a00 KIIIEHTCHBKUMHU KOMITIOHEHTaAMHU MEpEKEBUX
CITyX0.

VY KoMmyHIKaliiHOMYy OOJaJHAHHI peani3ylThCs MPOTOKOJIM HMKHIX PIBHIB, SKI
OUIBII CTaHJAPTU30BaHI, HI)K MPOTOKOJM BEPXHIX PIBHIB, IO € MEPEIYMOBOIO IS
YCHIIIHOI CMIUJIBHOT pOOOTH 00JIaIHaHHSA BiJl PI3HUX BU-POOHHMKIB.

Hanpuknan, Ha (i3uyHOMY Ta KaHaIbHOMY pIBHSIX MPAKTHYHO Y BCIX CTEKax
BUKOPHCTOBYIOTBCSI Ti cami mporokoiu. lle moOpe craHmapTH30BaHI IPOTOKOJIU
Ethernet, Token Ring, FDDI Ta inmi, mo 103BOJSIIOTh BUKOPU-CTOBYBAaTH y BCIX
Mepekax OJHAKOBY amaparypy.

[IpoTokonu OUIBII BUCOKMX PIBHIB, MOYMHAIOUM 3 MEPEXKEBOTO, y 1C-HYIOUHMX
CTaHJIAPTHUX CTEKaxX BIJIPI3HAIOTHCS OUIBIIOI PI3HOMAHITHICTIO Ta HaWyacTilie He
BIJINOBIJIAI0Th pekoMeHAoBaHiil Moaemto OSI po3ouBLi Ha piBHI. Hanpuknazn, dyHkiii
CEaHCOBOTO PIBHS 1 pIBHS MNPEICTABICHHS MOXYTbh OyTH 00’€qHAH1 13 MPUKIATHUM
piBHEM.

Taka HEBIAMOBIIHICTh MOSCHIOETHCSA THUM, 110 MepekeBa Moaenb OSI 3’saBunacs sk
pe3ynbTaT y3arajdbHEHHsI BJK€ ICHYIOUMX 1 peajbHO BUKOPHC-TOBYBAaHUX CTEKIB, a HE
HABIIAKU.

Crek npotokoiB OSI

Koxxnomy piBHo Mozeni OSI| BigmoBimae oauH abo0 Kijibka MPOTOKO-JTIB, SIKI

BUKOHYIOTH (PYHKIII1 3a0€3NeYeHHsI MEPEKEBO1 B3aEMO/III.
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Crek npotoko:niB OSI Bignosizae moaeni OS] 1 BKIIrOYa€e MPOTOKOMIU JIJIsI BCIX CEMH
piBHIB (Tab. 2.6.).

Ha ¢izuunomy i1 xaHampHOMY piBHSX cTekaOSI BUKOPUCTOBYIOTHCS CTaHIAPTHI
npotokosn Ethernet, Token Ring Tomo. MepexeBuii piBeHb peandizoBaHUN 3a
nomnomoroto npotokomiB ES-IS 1 IS-1S.

Tabnuys 3.1
Crex nporokoais OSI
Pienbr Mopeui
oSl IIporokosau OSI
7 Ilpuxknagauii FTAM, VTP, X.400 i X.500
6 IlpencraBieHHs [Iporokoin npencraBienns OS]
5> CeaHcoBuit Ceancosuii npotokon OSI
4 TpancnopTHHiA Tpancnoptauii nporokon OSI
3 MepexeBuit ES-IS, IS-IS
Ethernet, Token Ring, FDDI, X.25, ISDN, ATM,
? Kananpunii LAP-D,
PPP Tta inmi
1 ®izuunuit Crenudikariii Gpi3uYHUX CepeOBHIILL

ES-1S (End System to Intermediate System routing exchange protocol) —

MPOTOKOJI MapHIpyTU3allli KIHIIEBUX CHCTEM, 3a JOMOMOTOI0 SKOTO KIHIIEBI CHUCTEMU
(poboui  cTaHIii) CHOBIAIOTH MpO cede MPOMIKHI  CHUCTEeMH(HA-TPUKIIA,
KOHIICHTPATOPH ).

IS-IS (Intermediate System to Intermediate System routing exchange protocol) —
MPOTOKOJI MapIIpyTH3allli MPOMIXHUX CTaHIliH, 3a JOMOMOTOI0 SKOTO TPOMIXKHI
cUCTEMHU OOMIHIOIOTHCS 1H(GOPMALIIEIO TIPO A1I0Y1 MapII-PyTH B MEPEXKI.

[li mpoTOKOAM BHUKOPHUCTOBYIOTHCS  JUIS“pO3BIAKA 1 TOOYJOBM TOB-HOI,
MOCTIAOBHOT ~ KapTUHU  TOMOJOTril  Mepexi, 100 3a0e3NeuuTd MOMIH-BICTh
MapHIpyTH3allii MaKeTiB, K1 MePEeCUIAt0THCS.

TpancopTHUil, ceaHCOBHII 1 PiBEHb MPEACTABICHHS peali30BaHl BiJ-TIOBIIHUMHU
nporokonamu OSI, siki MarOTh MaJie MOIIUPEHHS.

Haiibispiry momnyispHiCTh OTPUMAJIM MPOTOKOJIU MPHUKIAAHOrO piBHS cTeka OSI.
Ie, mepenycim, mpotokos FTAM, VTP, X.400 Ta X.500.

FTAM (File Transfer Access and Management) — mporokon Tepesadi,
3a0e3MeyeHHsl TOCTYIy 1 ynpaBiHHS (ailiaMu.

VTP (Virtual Terminal Protocol) — mportokoi, 110 omnucye poOOTy BipTyalbHOTO
TepMiHAIY.
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X400 — sBnsge coborw Halip pexkoMeHalii MIDKHApOIHOTO KOHCYJIhTATUBHOTO
koMmitery 3 Ttenerpadii ta Tenedonii(CCITT — 6i0 @pany. Comité Consultatif
International Téléphonique et Télégraphique), y SKUX ONHMCYIOTHCA CHCTEMHU
NepecuiaHHs eJIeKTPOHHUX ToBioMiIeHb. [Iportoxkon X.400 Bu3Hayae CTPYKTYpY
MOBIJOMJICHb  €JICKTPOHHOI TOMITH TaK, IO BCi TOBIJOMIIEHHS 3a0BOJILHSIOTH
CTaHAapTHUM PopMmar.

X500 — posmmpenns cranpapty X.400, saxuii Bu3Havyae Gopmar aapecu

MOBIJOMJICHHS, IO ¥ JO3BOJISIE BCIM CHUCTEMaM €JIEKTPOHHOI TIOIITH 3B’ SI3yBAaTUCS MIXK
coboro. 3 camoro mouatky MeToro pexomenpaamii X.500 € po3poOka cTaHIapTiB
rJ100aJIbHOI  JOBIAKOBOT ClIy>kOu.OJTHAK TMpOIEC JOCTABKM IOBIJIOMJICHHSI BHUMAarae
3HaHHS ajpecu ojepxyBada. [Ipu BemukuX po3Mipax Mepek BHHHUKAE IMpobiieMa
30epiraHHs, MOIIYKY W ojepaH-Hs aapec. PimeHHsM 1€l mpoOieMu € JOBIAKOBA
ciyk0a, sika JoromMarae oJIep>KyBaTu aApecH BIAMPABHUKIB 1 OJEpKyBayiB, 110 U SBIISE
c00010 po3-Mo/IlJIEHy 0a3y JaHUX IMEH 1 ajipec.

Monens OSI 3po6una nonyiasipHOIO 11€10 3arajabHO1 MOJIEN PiBHIB MPOTOKOJIB, sIKa
BHU3HAYAE B3a€EMOJII0 MK MEPEKEBUM OOJIaJHAHHSAM 1 TMPOrpaMHUM 3a0€3MECUCHHSIM.
[Ipore ctex mporokomiB OSI, po3poOieHHit K YaCTUHA MPOEKTY W CHPSIMOBAHUMN
3a0€3MeYUTH OJHOPIJIHICTh MPU TMOOYIO0BI MEpex, 1, K HACHIIOK, YHIBEPCAIbHICTh
B3aeMOJii, OyB cHOpWiHATHM OaraThbMa SK 3aHAATO YCKIAIHCHHH 1 Majo
peanizoBanuii.CripaBa B TOMy, 110 po3poOka i BrnpoBajkeHHs: ctekaOSI npumyckana
BIJIMOBY BiJl ICHYIOUMX MPOTOKOJIB 1 MEpPeXiJ Ha HOBI Ha BCiX piBHAX creka.lle myxe
YCKJIQIHWIIO peati3aililo CTeKa W MOCHY)XWIO MPUYMHOK ISl BIIMOBH BiJl HBOTO
OaraTb0X KOMIMaHii, 110 3p00WIIN 3HaYH1 1HBECTHUIIIT B 1HIIN MEPEkKEBI TEXHOJIOT1].

Takum unHOM, KOJIM OyNIM pealizoBaHi MPOTOKOIM st MoaeniOS], BUSBUBCS psif
npooiem:

- MPOTOKOJIA 3aCHOBaHI Ha KOHIICMIIISX, SKI MalOTh MaJO CEHCY B CY4YacHHX
MepeKax;
- cnernudikaiii y IeIKUX BUIMAIKaX BUSBUIUCS HEMOBHUMH a00 TaKHWMH, 110
cynepedarh OJIHa OJHIN;
- 32 (QYHKIIOHAIBHUMHU MOXJIUBOCTAMH mpoTokonu ISO/OSI nmocrynanu-cs
THIITUM TIPOTOKOJIAM;
HasIBHICTh BEJIMKOI KUIBKOCTI PiBHIB BUMarae OIbIIOI 00YMCIIIOBAIBHOT MOTYKHOCTI 1,
SIK HACJI1JIOK, TPU3BOJUTH 0 3MEHIIICHHSI MIBHUIKOIII.

3.2 Crek nportokoJtiB TCP/IP

Crek TCP/IP, sxmii TakoX 4YacTO HA3WBAETHCS CTEKOM IHTEpPHET, CHOTOIHI €
HANOUTBII MOMYJISIPHUM 1 TAaKKUM, 110 IIBHJIKO pO3BHBaeTheA (Tabm.3.2.).

Ileti crex OyB po3poOneHuit 3 iHimiatmBu MiHicTtepctBa oboponn CIIIA #
Opl€HTYBABCs HA 3a0€3MeUeHHs 3B’ 13Ky PI3HOPITHUX OOUUCITIOBAIIBHUX MEPEXK.

Ockinbku ctek npotokodiiB TCP/IP OyB po3pobsieHuit 10 mosiBU Me-pekeBOi MOJIel
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ISO/OSI, To BinmoBiAHICTH #oro piBHIB piBHIM Mojaemi OSI HOCUTH JOCUTH YMOBHUMN
XapakTep, Xoua BiH TaK0XX Ma€e 0araTopiBHEBY CTPYKTYPY.

Tabnuys 3.2
Crek nporokoJis TCP/IP
PiBHi MoaeJti PiBui
oSl IIporoxonu TCP/IP TCP/IP
HTTP, FTP, TFTP, Telnet, SSH, SMTP,
7 SNMP
1
6 Ta 1HII
5
TCP, UDP 2
4
3 IP, ICMP, IGMP 3
2 He pernameHnToBaHo, ajie miATPUMYIOThCS
BC1 MOMYJISIpHI CTaHAAPTH 4
1

Crex OyB peanizoBaHMil [jis poOOTH B omepauiiiHiii cuctemiUnixX, MOMYJSPHICTD
AKOi TIpuBeya 10 MHpokoro mnomupeHHs: npotokoisiB TCP/IP, 3aBasku skum cTek 1
OJIep’KaB CBOIO Ha3BY.

Haiinmxuuit piBeHb cTeka — piBeHb IHTEp(DENCY 3 MEpEkero, BIAMOBIAAE HI3UIHOMY
i xaHanpbHOMY piBHSAM MoaeniOSI. ¥V creky TCP/IP neil piBeHb He periaMeHTOBaHUM,
ajie peanizoBaHa MIATPUMKA MPAKTUYHO BCIX MONYJAPHUX CTAaHIAPTIB (I3UYHOIO M
kaHanbHOrO piBHSA: Ethernet, Token Ring, FDDI (ans nokaneHux mepex), X.25, ISDN,
SLIP/PPP (s rioGanbHUX MEPEex).

PiBenr MikMepekeBoi B3aemonii (piBeHb 3) 3abesneuye MapHIpyTH3a-1il0 MU
nepenady JaHUX MEPEKer0, BUKOHYIOYM, TaKUM YHHOM, (YHKIIi, Bi-AMOBIAHI 0
MepexxeBoro piBHa moneniOSI. Ha mpoMy piBHI BUKOPHUCTO-BYIOTHCS MpoTokonu [P,
ICMP, IGMP.

IP (Internet Protocol) — mixkMepeskeBHii IMPOTOKOJI, SIKMK 3a0e3redye mnepeaady
nanux y mepexax. [Iporokon IP crneumdikoBanuit 8 RFC 791. Jlo #loro oCHOBHHX
GbyHKIIA HajexaTh aapecaris Ta (parMmeHTaiis make-TiB. IIpoTokos He rapaHTye
Ha/I1Hy JOCTaBKYy JaHUX,HE MA€ MEXaHi3My MIATBEP/HKEHb JOCTaBKH MOB1IOMJICHb, HE
BUKOHY€ KOHTPOJIb MOMUJIOK JUISI TIOJIsl JAHUX, HE MIATPUMYE MOBTOPHY Mepeaavy Ta He
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BUKOHY€E (QYyHK-11it0 yrnpaBiiHHs noTokoM (flow control). BusiBieni moMuiku MoXyTb
OyTu oroJiomieHi 3a aonomMororw npotokonyl[CMP, skuil niaTpumyetbes moay-iem [P
POTOKOIY.

ICMP (Internet Control Message Protocol) — mpotokon MixkKMepeKeBUX KEPYIOUnX
MOB1IOMJICHb, IPU3HAYCHHUM 711 OpraHi3allii 3BOPOTHOTO 3B’ 53Ky 3 OKPEMHUMHU BY3JIaMU
Mepexi mpu oOMiHI 1H(GOPMAINEI MPO -TO0 MUJIKHA, HANPHUKIAA, PO HEMOXIIUBICTH
JIOCTaBKU TIAKETa,lPO MEPEBU-IICHHS Yacy KHUTTS a00 TPUBAJIOCTI CKIAJaHHS MaKeTa 13
dbparMeHTiB, PO HEHOPMAaJIbHI 3HaYeHHs mapaMeTpiB. KpiMm Toro, 3a 101MOMOTO0I0 IIHOTO
MPO-TOKOJIY MEPENAIOThCs MAKEeTH, sIKi BUKOPUCTOBYIOTHCS NIl TECTYBAaHHSI, 1 MAKETH,
K1 MICTSITh CITy>K00BI 1HGOpMAaIIiiTHI MOB1IOMJICHHS, HAIIPUKJIIA, TIPO 3MIHY MapIIPyTy
NEePECHIIaHHS W TUITY 0OCIYrOBYBaHHS, NMPO cTaH cu-cteMu Toino. [Ipotokon ICMP ne
poouTts mpoTtokoi I[P 3acobom HaaiHOI TOCTABKM MOBIAOMIICHb. [ MX 1iJIe iCHYe
TCP.

IGMP (Internet Group Management Protocol) — mpoTokoJ1, 10 BUKOPHUCTOBYETHCS
IP-By3namu 1 MapuipyTtu3aTopamMu s TOTO, MO0 MIATPUMY-BAaTh IPYHNOBY PO3CHIIKY
noBiJJoMJIeHb. BiH 103BOJIsi€ BCiM cucteMaM (hi3U-4HOI MEpeki 3HaTH, ki [P-By3nu B
naHui 4dac o0’eAHaHl B TpyNu 1 O SIKUX Tpyn BOHU Hanexarh. Lls iHbopmarris
HEOOX1Ha JJI1 TPYMIOBUX MapIIpy-TU3aTOPIB, CaMe€ TaK BOHH JII3HAIOTHCS, SIKI TPYIIOBI
JedTarpaMu HEOOX1IHO NepeHanpaBisITH 1 Ha skl iHTepdeiicu. IGMP Bu3HaueHuil B
RFC 1112.

PiBenp 2 creka TCP/IP Ha3uBaeTbcsi OCHOBHUM 1 3a0e3neuye (QyHKIIT
TpaHcHopTyBaHHs 1HQopMauii 3 wmepexi. [Ipy 1bOMYy BUKOPUCTOBYIOTHCS JBa
nporokonu TCP 1 UDP, mo peanizytoTh pi3HI MEXaHI3MHU JOCTaBKH JaHUX Ta MAIOTh
PI3HI CTYIICHI HAIHHOCTI.

TCP (Transmission Control Protocol) — mpotokon kepyBaHHS Mepeaadeto, IIo
MpaIoe 3 YCTAHOBKOIO JIOTIYHOTO 3’€HAHHA MUK BIIJAICHUMH TPUKIATHUMU
IpoIlecaMH, a TaK0X BHUKOPHUCTOBYE IPHUHIIMII aBTOMATHYHOI TOBTOPHOI Tepemadi
MmaKkeTiB, K1 MicTaTh noMmiku. TCP Buznauenuii 8 RFC 793.

UDP (User Datagram Protocol) — mpoTokoj KOPHCTYBaJIbHHMIIBKUX JeHTarpam
(cuHOHIM TepMiHa ‘“‘maker”’), SKUM € copomieHuM Bapiantom TCP 1 mpaitoe 6e3
BCTAHOBJICHHSI JIOTIYHOTO 3’€/IHAHHS,BIANOBIIHO, HE 3a0e3ledyye TMepeBipKy Ha
HAsSIBHICTh MOMMJIOK 1 TIATBEpKeHHS ocTaBku maketa. UDP Busnauennii B RFC 768.

Bepxwiii piBens cteky TCP/IP nHazuBaethcs nmpukiaaauM. o mpoTo-KoJiB 1IbOTO
piBHS HalieXaTh TakKi IIMPOKO BHKOPUCTOBYBaHi mpotokonu, sk HTTP, FTP, telnet,
SMTP, SNMP 1 6arato iHIIHuX.

HTTP (HyperText Transfer Protocol) — nporokoun nepeaadi rineprekcty. OCHOBOIO
HTTP € TexHomoris “kimieHT-cepBep”’, TOOTO KIIE€HTH IHIMI-IOIOTH 3’€THAHHS 1
MOCWJIAIOTh 3aIUT, @ CEPBEPH OYIKYIOTh 3’€HAHHS JJII OTPUMAHHS 3amUTy, POOISATH
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HEeoOX1/H1 Jii 1 MOBepTalTh Ha3aja MOBiIOM-JeHHs 3 pe3ynabratoM. HTTP nHacboroani
BUKOPHUCTOBYEThCS y BCECBITHIN MaByTHHI JIsl OTpUMaHHs 1H(pOpMaIlii 3 BeO-CalTiB.

FTP (File Transfer Protocol) — mpotokoun nepenadi ¢aiinis, SKUil BU-KOPUCTOBYE SIK
TPAHCTIOPTHUN TPOTOKOJ i3 BCTaHOBJICHHsIM 3’€mHaHb— TCP, 1m0 miBUIIlye HATIHHICTh
nepemadi (daiimiB. [IpoTokon, nmpusHadueHud Ui 3a0e3MeUeHHs Tepenadi Ta mMpuiomMy
GaiiiB MiXK cepBEpaMu Ta KITIEHTAMH.

TFTP (Trivial File Transfer Protocol) — naiinpocrimmii mpoTokos nepeaadi ¢aiiis.
Ha Binminy Bin FTP, meit npotokon 6a3yerscst Ha po6oTi 3 UDP, mpu 1iboMy mpoTokos
peaizye TUIbKH Tiepeaavy (Gamnis.

SNMP (Simple Network Management Protocol) — mpocTuii mpoTokoJ KepyBaHHS
MEpeXer, NpU3HAYeHW s mepenadl iHQopmarii, o BH3HA-yae ¢opMaTu
MOB1JIOMJICHb, IKUMU OOMIHIOIOTBCS KJIIEHTU M cepBepU,a TaKOXK PopMaTH IMEH 1 aapec
BY3JIIB MEPEXKI.

Telnet — nmpoToko:, mo 3abe3nedye nepeaady MOTOKYy OalTIB MiX IporecaMu adbo
MDK TOpOLECOM 1 TEepMIHAJIOM, SIKWWA 3a3BMYail BUKOPUCTO-BYETHCS I EMYJISIIT
TepMiHaTy BiJIJIaJICHOI CTAHIII].

SSH (Secure Shell Protocol) e ananorom mnportokosnyTelnet, age npu npomy
3MIMCHIOETHCS UG PYBAHHS JaHUX IS Iepeayi.

SMTP (Simple Mail Transfer Protocol) — mpocTwuii mpoToKoI nepeaadi momTH, SKAH
BUKOPHUCTOBYETHCA I 3a0e3MeueHHs mepeadi eIeKTPOHHUX MOIITOBUX MOBIAOMIICHb
13 3aCTOCYBaHHSM TPAHCIIOPTHOTO MpoTokory TCP.

3.3. Crek npoTokoJiB IPX/SPX
Lle#i cTek € OpUTIHAIBHUM CTEKOM MpoTokodiB (ipmuNovell, po3po-Onenum nms

MepexxeBoi omepainiitHoi cuctemu NetWare mie Ha mouatky 80-x pokiB. [IpoTtokonu
Internetwork Packet Exchange (IPX) 1 Sequenced Packet Exchange (SPX), saxi it namu
Ha3By CTE€Ka, € MpsIMOI0 anantaiiero mpoTokomB XNS dipmu Xerox, MOMMpEeHUX
HaOararo mene, Hix crek [PX/SPX. [lonynsapuicte creka IPX/SPX 6e3nocepeHbo
1oB’s13aHa 3 one-paniinoro cucremoro (OC) Novell NetWare.

Jlanuii cTek opieHTyBaBCsi Ha poOOTY B JIOKAJIIBHUX MEpPEKax HEBEIU-KUX PO3MIPIB,
Kl MarOTh HEBEJIMKI OOYMCIIOBAJIbHI MOTYXHOCTI, TOMy MpoTokoiau IPX/SPX maroTh
cBoi ocobmmBocTi (Tadu. 3.3).
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Tabauys 3.3

Crek nporokouay IPX/SPX
PiBHi mogeJi
OSl Iporoxosu IPX/SPX
7
6 NCP, SAP
5
4 SPX
3 IPX, RIP, NLSP
2
[TinTpuMyroThCS BCl MOMYJSPHI CTAaHIAPTH
1

Ha piBHi, sikuii BignmoBimae (izuuHomy i kaHaibHOMY piBHAM Mozeni OSI, ctek
IPX/SPX miaTpumye BCi MOMyJIsIpHI IPOTOKOJIN IIMX PIBHIB.

Hactynuuii piBenb, sikuii BUKOHYe (YHKIT MepexkeBoro piBHs wmogmeni OSl,
peamnizoBanuii mpotokojgamu IPX; RIP i NLSP.

IPX (Internetwork packet exchange) — wikMepexxkeBuii OOMIH ITaKeTaMH —
IPOTOKOJ, IO PErIaMeHTye OOMIH JaHUMHU MEPEXKEI 1 Mpalioe 3a JeUTarpaMHUM
NPUHIUAIIOM, TOOTO 0€3 BCTAHOBJICHHS TOMEPEAHLOTO JIOT1-YHOTO 3’€AHAHHA, IO
3a0e3mneuye O1IbIII EKOHOMHE CITOKUBAHHS O0YHUC-TIOBAILHUX PECYPCIB.

RIP (Routing Information Protocol) — npotokon mapipyTHOi iHboOpMaltii, ABjsE
co00l0 OaWMH 3 HAMCTApIimIUX MPOTOKOTIB,SAKI pEai3yloTh TNPOLECH OOMiHYy
MapHIpyTHOKW iHOpMaIli€ro, oAHaK BiH 1 JOTENEp HaJ-3BUYAHHO PO3MOBCIOJIKCHHUM B
00YHUCITIOBAIBHUX MEPEXax.

NLSP (Netware Link Servies Protocol) — nporokon kepyBanHs 3B’ si3kamu NetWare
— TPOTOKOJI, po3pobiieHuid min onepamidHi cuctemu NetWare, sxuii 3a0esneuye
nepeaavy IaHuX 1 J03BOJISIE BHOUPATH ONTU-MaJIbHI MAPIIPYTH B MEPEXKI.

Ha piBHi, skuii BiAMOBiZa€ TPAHCTIOPTHOMY, BHKOPHCTOBYETHCS MPO-TOKONI SPX,
110 JaB YaCTHUHY Ha3BU CTEKa, /1€ BiH 1 BUKOPUCTOBYETHCH.

SPX (Sequenced Packet exchange) — ymopsakoBaHwii OOMiH TaKeTaMu —
KOMYHIKallIHHUN TPOTOKOJI, pO3poOJIeHUI 1Ji1 BUKOPHUCTaHHS B Mepexkax NetWare.
SPX mnpaitoe 3 BCTAaHOBJIEHHAM JIOTIYHOTO 3’€JHAHHA H 3a0e3le-yye rapaHTOBaHY
JIOCTaBKYy ¥ TMOPSAOK TMOBIIOMJIEHb Y TOTOLI TMAaKeTiB, JJIs MOCHUJIAHHS SKHX
BUKOPUCTOBYE NMPOTOKOI [PX.
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Ha BepxHiX piBHAX BUKOPUCTOBYIOThCS MpoTokonu NCP 1 SAP.

NCP (Netware Core Protocol) — ocHOBHHIT TPOTOKOJI AJIs Iiepeaadi iHpopMaIii Mix
cepBepoM NetWare 1 po6ouoro cTanii€ro. 3a 10MOMOro (yHKIIA I[bOTO MPOTOKOIY
poboua cTaHIis MIAKIIOYAETHCS J0 CepBEpa, MA€ MOXKIMBICTD TMEPErISHYTH (PaloBy
CHUCTEMY CcepBepa, KOMiloe Biada-ieHl ¢Gaiam, 3A1iCHIOE PO3MOIiT  MEpPEKEBOro
IpUHTEpa MK POOOYUMU CTAHLISIMU TOIIIO.

SAP (Service Advertising Protocol) — mpoTokosn orojiomeHHS Tpo CepBic, 3a
OpUHLIUTIOM Ai1 moai6Huil mpoTtokonyRIP. AHanoriuno 3 TuM, K pi3HI BY3JIU MEpexi
0OMIHIOIOTBCS MApUIPYTHOO 1H(OPMAITI€IO 32 -0 MOMOroio nmpotokoay RIP, mepexene
o0OJaHaHHS OJIEP>KY€E MOKIIUBICTh OOMIHIOBATHCS 1H(GOPMAIIIEIO PO HASIBHI MEPEKEB1
CEpPBICH,BUKOPUCTO-BYIOYH MPOTOKOI SAP.

Ha croroanimmniil nenp ctekIPX/SPX peanizoBanuii He Tiibku B NetWare, ane i y
JNEKUIbKOX IHIIMX nomyisipHux wmepexeBux OC, wnanpu-kiaaa Microsoft Windows.
[Tounnaroun 3 Bepcii 5.0, ¢ipma Novell sk OCHOBHMII MPOTOKOJ CBOEI CEpBEPHOI
omnepauiifHoi cucTeMu crajga BUKOpHU-cToByBatH mpotokon TCP/IP, 1 3 Toro wuacy
npakTuyHe 3actocyBaHHs [PX/SPX cTano HeyXuIbHO 3HUKYBATHUCS.

3.4. Ctex nporokoaiB NetBIOS/SMB
Cmex NetBIOS/SMB — cninbHuii ipoekT koMmaniii Microsoft ta IBM, po3po6iiennii

y 1984 p. (tabn. 3.4.1).Ctexk mnpairoe 3 yciMa HaWOLIBII PO3MOBCIOKEHUMHU
IPOTOKOJaMU HUKHBOTO piBHA.Ha BepxHix piBHAX npaiioroTh npoTokoiaun NetBEUI ta
SMB.IIpotokon NetBIOS (Network Basic Input/Output System) crtaB po3mupeHHsIM
cTaHIapTHUX (QyHKIIM 0Oa3oBoi cucremu BBeneHHs/BuBeaeHHs (BIOS — Base
Input/Output System), sikuii 3a0e3nedye TATPUMKY pOOOTH B MEPEXki. Y MOJATBIIOMY
NetBIOS 6yB 3aminenuii mpotokosiom NetBEUI. Ilpu mpomy NetBIOS Bce x OyB
30epexxeHnid s 3abesmedyeHHs cymicHocti gomatkiB. NetBEUI (NetBIOS Extended
User Interface) —  mpoTokou PO3ILIMPEHOTO  KOPUCTYBAJIBHUIILKOTO
iHTepdeiicyNetBIOS, skuil Hamae ¢yHKUii, MO BIIHOCATHCA JO CEAHCOBOIO,
TPaHCIOPTHOTO 1 YaCTKOBO 110 MepexkeBoro piBHIB Moaenl OSI. NetBIOS ninrpumye sk
JIedTarpaMHUi Ccroci0 00-MiHY JaHUMH, Tak 1 OOMIH 13 YCTAQHOBJICHHSM JIOTTYHHUX
3’eaHanb.OHAK LIeH MPOTOKOJI HE 3abe3rneuye MapUIpyTH3alio MaKeTiB, TOMy HOro
3aCTO-CyBaHHSI OOMEXY€ETHCS TUIBKH HEBEJIMKUMHU JIOKAIbBHUMU MEpeKaMu
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Tabauys 3.4.
Crek nporokoJiB NetBIOS/SMB

PiBHi
monesai OSI IIporoxonu NetBIOS/SMB

7

SMB

NetBIOS, NetBEUI

[TinTpuMyIOTHCS BC1 MOMYJISIPHI CTaHIAPTH

Jns Bupimenns 1miei npobrnemu BUKOPUCTOBYETHCINBF (NetBEUI Frame)
peamizailisi 1bOTO MPOTOKONYy, SKUM BIEpIIe 3 SABUBCA B OMNEpaIliiiHIi CHUC-TEeMH
Microsoft Windows NT. IIpore B ckimagHux Mepekax BUKOPUCTOBY-IOTh OUIBII
yHiBepcanbH1 npotokonu crekiB TCP/IP ta IPX/SPX.

SMB (Server Message Block) — mpoTokos, sikuii BUKOHYE (QYHKIIIT MPHKIAIHOTO
piBHS 1 piBHA mnpeactaBieHHs moneni OSl, BuzHadae B3aeMo-Ait0 poOovoi cTaHIlli Ta
cepBepa. SMB Hazae OCHOBHI MeEpEKeBl CEpBICH, HEOOXIAHI JOJATKaM: KEpyBaHHS
cecisiMU mepeaayl JaHWX, BCTAHOBJIEHHS Ta JIIKBIJAIIIO JIOTIYHOTO 3’€IHAHHS, JOCTYII
JU1s1 poOOTH 3 (paiinamu, APyK MO MEPEXi, mepeaady moBiIOMIIEHb TOMIO.

IHi cTexkn NpoToKo0JIiB

Taki crekn, sk AppleTalk xommanii Apple, SNA ¢ipmu IBM a6o crexk DECnet
kopropariii  Digital Equipment, oxepkanu MeHIE MOMIUPEHHS, TOMY IO
3aCTOCOBYIOTHCS B OCHOBHOMY B OIEpAIliiHUX CHCTEMax 1 Mepe-)KeBOMY OO0JIa/IHaHHI,
BUPOOJIEHUX  TepepaxoBaHUMU  ¢ipMamMu, 1, BIANOBIA-HO, OPIEHTOBAHUX Ha
BUKOPUCTAHHS CUCTEMHHUX apXITEKTYp 1 anmapaTHUx iatgopM 1ux xe Gipm.

Bynp-sxuit mpoTokon 3a THMU ab0 1HIIMMH YMOBaMHU MOKE BIJIOBI-IaTH JEIKOMY
piBHIO Mozem OSI. OxnHak 3 orysiAy Ha Te, 10 p03pO6HI/IKI/I HE CYBOPO AOTPUMYIOTHCA
monemiOSI 1 Garato TPOTOKOMIB 1 CTEKiB 3’SIBUJIOCS OO PO3POOKH €TajoHHOI
MOJIeJTi,HaifyacTille MPOTOKOJIM MO-XXYTh BiIHOCHTHCS Bifpa3zy A0 NEKUIbKOX PiBHIB,
a0 HaBHaku, BUKOHYBATH TUIBKM YacTUHY (YHKILIM OAHOrO 3 piBHIB. Yce 1€
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OPUBOJUTH 10 TOTO, IO AJS TOro 1100 3a0e3Me4yuTH yCHilHy poOOTYy MPOTOKOIIB 1
pealizyBaTu 3a-KiH4eHH HaOip QyHKIIiH, 10 3a0e3neuyoTh OOMiH TaHUMHU MEpEXKEIo,
J0-BOJIUTHCSI BUKOPUCTOBYBATH MPOTOKOJIM 3 OJHOro creka. lle mpuBoguTh [0
HECYMICHOCTI 31 CTAaHJAPTHOIO MOJICJITIO BIIKPUTHUX CHUCTEM.

Po30ixxHOCTI i 0c00/IMBOCTI MOIIMPEHUX NPOTOKOJIIB

[IpoTokomnu, M0 BUKOPUCTOBYIOTHCA JJIsl OOMIHY JaHMMH B JIOKaIIb-HUX Mepexax,

MOTUITFIOTHCS 32 CBOEI0 (DYHKITIOHATBHICTIO HA TPU THUIIU:
MIPUKJIAJIHI;
TPAHCIIOPTHI;
MEpEXKEBI.

IIpuknaoui npomoxonu BUKOHYIOTh (PYHKIIi TPhOX BEpXHiX piBHIB Mojeni OSI —
NPUKJIAJHOTO, PIBHS IMPEACTABJICHHS 1 ceaHCOBOro. BoHM 3a-0e3meuyroTh B3a€MOJII0
JOMATKIB 1 OOMIH JaHMMH MK HUMU.JI0 HaW-OLIBIN MOMYISAPHUX MNPUKIATHUX
MIPOTOKOJIIB HAJIEKATh:

FTAM (File Transfer Access and Management) — nmporokon OSI| goctymy 10
(aiinis;

X.400 — iporokon OSI 1151 MiXKHAPOTHOTO OOMIHY €IEKTPOHHOIO MTOIITOI0;

X.500 — mporokon OSI cimyx0 (haiistiB 1 KaTaJIOTiB Ha ACKITBKOX CHCTEMAX;

SMTP (Simple Mail Transfer Protocol) — mporokon IaTepHery mis oOMiHy
€JIEKTPOHHOIO MOILITOO;

- FTP (File Transfer Protocol) — npotokou InTepreTry mis nepeaadi ¢aitnis;

- Telnet — nmporokon [HTepHETY /IS peecTpallii Ha BiAJaleHUX cepBepax i 00poOKu
JAaHUX Ha HUX;

-SMB (Server Message Blocks) — mporokon B3aemoii pobodoi cTaHIlii i cepBepa
¢bipmu Microsoft;

-NCP (NetWare Core Protocol) — mporokos mepemadi JaHUX MiX CepBe-pOM
NetWare 1 po6ouoro cranitiero gpipmu Novell;

- Apple Talk u Apple Share — nabip MepexxeBux npoTokois Gipmu Apple;

-AFP (AppleTalk Filling Protocol) — mpoTokon BifmajaeHoro A0CTymy A0 (aiiiis
dbipmu Apple;

- DAP (Data Access Protocol) — mporokon moctymy go daiinis mepex DECnet.

Tpancnopmui npomoxonu peanizyroTh QYHKIII TPAHCIIOPTHOTO 1 CEAHCOBOTO PIBHS
MozeniOSI. BoHu 1HILIIOIOTE 1 TIATPUMYIOTh CEAHCU 3B’SI3KY MIXK BY3J1aMH MEpPEexKl 1
3a0e3meuyloTh HEOOXIAHMI KOpHUCTyBayaM pIiBEHb HAJIIMHOCTI Tepenayi JaHuX.
HailinonynsipHiini cepesl HUX HACTYIIHI:

-TCP (Transmission Control Protocol) — mpotokon IaTepHery aisi rapaHTOBaHOI
JIOCTaBKH JaHUX, pO30UTHX HA MOCIIIOBHICTh (hparMEeHTIB;

-SPX (Sequential Packet Exchange) — nportokon creka IPX/SPX mis mepenadi

JaHUX, PO3OMTHUX Ha MOCJIIOBHICTh (pparMeHTiB, ¢pipmu Novell;
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-NetBIOS (Network Basic Input/Output System) — mpoTokon BCTaHOBJICHHS 1
KOHTPOJIIO CEaHCIB 3B 3Ky MK KOMIT IOT€paMu;

-ATP (AppleTalk Transaction Protocol), NBP (Name Binding Protocol) —
MPOTOKOJIM CEAHCIB 3B’A3KY 1 TpaHCIIOPTYBaHHs AaHuXx (ipmu Apple.

Mepeosicesi npomoxou BUKOHYIOTh (DYHKIIIT TPbOX HIKHIX piBHIB Mo-aen OSI —
MEpEXKEeBOro, KaHaibHOro M (¢izuuHoro. lLli mpoTOKOJIM YIpaBIsAIOTH aJpecarli€ro,
MapHipyTH3aIli€l0, TMEePeBIPKO TOMIIOK 1 TIOBTOPHOIO Tepenadero  Kajpis,
3a0e3Meuyourd TOCHYyTH 3B 53Ky, 1 BH3HAUYAIOTh MpaBH-Ja 3MIMCHCHHS 3B S3KYy B
OKpEeMHUX CepeloBHIaX Mepenadi gaHux,Hanpu-kiaa, Ethernet abo Token Ring. o
HANUTIOMYJISIPHIIINX MEPEKEBUX MPOTOKOIIB HAJIEKATh:

- IP (Internet Protocol) — mporokoi [aTepHeTy 1st mepeiadvi MakeTiB;

- IPX (Internetwork Packet Exchange) — npotoko: mis nepeadi i MapiipyTu3arii

naketiB ¢ipmu Novell;

- NetBEUI — TpancniopTHHil IPOTOKOI, 1110 3a0€3Medye MOCIyru TPaHC-TIOPTYBAHHS
naHux juis ceanciB 1 goaatkiB NetBIOS dbipmu Microsoft;

- DDP (Datagram Delivery Protocol) — AppleTalk-iporokoi TpaHcopTyBaHHS

nanux ¢ipmu Apple.

Kpim ocobauBocTei!, 00yMOBIEHMX BHUKOHYBAHMMH (DYHKIIISIMH, BIAMIHHOCTI 1
0COOJIMBOCTI MPOTOKOJIIB XapaKTEPU3YIOThCS IXHBOIO OPIEHTAIIE€I0 HA POOOTY B PI3HHUX
OTepalifHUX CUCTEeMaXx 1 3 PI3HUMH aapaTHUMU M1aThopMamHu.

VY xoni oOMIHY AaHUMHU MEPEXKEK MPOTOKOJIU PIZHUX PIBHIB TICHO B3a€EMOJIIOTH
onuH 3 ofHuUM. [IpoTOKOIM OUIBII BUCOKHX PIBHIB BUKOPHUC-TOBYIOTH MOKIIMBOCTI U
CEpBICH TPOTOKOJIIB HUKHIX PIBHIB.

Jlomatku OOMIHIOIOTBECS 1H(GOpPMAIIIEI0 3a JIOMOMOIOK 3ac00iB, IO HAJAIOThCS
NPUKIAIHIMH TIPOTOKOJIAMH, SIKi, Y CBOIO 4Hepry, 3a0e3medyroTh Nepenady JaHuX 3a
PaxyHOK BUKOPHUCTAHHSI BIAMOBIAHUX TPAHCIOPTHUX MPOTOKOJIIB.

TpaHCIOPTHI MPOTOKOJIN 3MIMCHIOIOTH TIEpeIavy JaHUX,BUKOPHUCTO-BYIOUYH MTOCTYTH
MEpEeXXEeBUX MPOTOKOJIIB,BIIMOBIIAILHUX 32 KEPYBAHHS apecallicro, MapuIpyTHU3aIio B
Mepexax, 3a0e3MeueHHs HalIHHOCTI Tiepe-/1ayl JaHUX TOIIIO.

Tema 4. OcHOBH nepenavi JaHUX Y KOMIT'IOTEPHUX MepexKax.

4.1 ®dizuyHe cepenoBHUIle NepeAadi JAHMX Ta XAPAKTEPUCTHKHM KaHAJIB
3B’A3KY

4.2 KongyBaHHSI JaHUX, METOAN KOTYBAHHS.

4.3 IIpocyBaHHS JaHUX KaHaJaMu 3B’s3Ky. Komyranis kanaJjiB i nakerti.

4.1 ®izuuHe cepenoBHINEe MNepeaayi JAHMX Ta XapPaKTEPUCTHKH
KAaHAJIB 3B’ 3Ky
Jlinist 3B's13ky (line) B 3arampHOMY BUIAAKY - 1€ (pi3UYHE CEPEAOBUIIE, MO IKOMY

nepearThes IHPOpMaIliiHI CUTHAIIM, PUCTPOI Tepeadl JaHUX Ta IPOMIKHE MEpEexKHE
oOJaiHaHHSI.
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JIinii 3B'SI3Ky BUKOPUCTOBYIOTH Pi3HE (¢i3uuHe cepenonuiie. Lle mMoxyTb OyTu
Kabellb «CKpydeHa Tapa» 4Yd KoaKciaJbHUM KaOenb (HOCIEM € MeTaj, B OCHOBHOMY
MiJib), ONITOBOJIOKOHHUN KaOenb (HOCIEM € HaJImpo30pe CKJIO, KBapIl YM IUIACTHK) Ta
HABKOJIMIIHIN TIpOCTip (HOCIEM € edip).

B oxaniit miHii 3B'A3Ky MOKHA CTBOPUTH JICKIJIbKA KaHAJIB 3B'3KYy (BipTyaabHUX a00
JIOTIYHUX KaHAJIB), HAPUKIA/ IUITXOM YaCTOTHOTO a00 4acOBOI'O PO3/IICHHS KaHaJIB.
Skio kaHall 3B'SI3KYy MOHOIIOJIBHO BHUKOPHCTOBYE JIIHIIO 3B'SI3KY, TO1 JIIHIIO 3B'SI3KY
Ha3uBaIOTh KaHayuoM 3B'sa3Ky (channel). Kanan 3B'sa3ky - me 3aci® 0JHOCTOPOHHBOT
nepeaavl JaHuX.

Kananu mnepenaui naHux - 1e 3acoOM JBOCTOPOHHBOTO OOMIHY JaHUMH, SIKI
MICTATD JIiHIT 3B'SI3KY 1 anapaTypy nepenadi (mpuitomy) nanux. Kanamu nepenadi 1aHux
00’ €HYIOTh MK 00010 JpKepeno iHpopMallii 1 npuiiMay iHbopmariii.

Po3nisibHe cepenoBuile (MOHOKaHAJM) — (I3UYHE CEPEOBUIIEC Mepeiadl JaHuX, J10
aKoro 0e3mocepeIHRO MIJIKII0YEHO JACKIIbKa MepeaaBadiB By3aiB Mepexi. [Ipu yomy B
KOXXE€H MOMEHT 4Yacy TUIBKA OJIMH 3 TepelaBadiB OTPUMYE JOCTYH JI0 PO3IIBHOTO
CepeIOBUILA.

@Di3u4H1 KaHaIM 3B'SI3KY JNUISATBCA HA JIEKIJIbKAa THUIIIB 3aJIeKHO BIJlI TOrO, MOXYTh
BOHU TiepenaBaTH 1HpopMaIlito B 000X HampsiMax ado Hi.

o JymjiekcHuid kaHaJ 3a0e3nedye OHOUYACHY mepenady iHdopmaiii B 000X
HampsiMax. JlyniaekcHU KaHall MOKe CKJIaJaTHCs 3 ABOX (I3UYHHUX CEPEIOBUII, KOXKHE
3 SIKMX BHUKOPHCTOBYETHCS ISl Tiepeaadl iH¢opMaiii TUIBKA B OJIHOMY Hampsimi.
Mo>xMBHiA BapiaHT, KOJIM OJHE CEpPEIOBHUIIE CIYXHUTh I OAHOYACHOI mepenayl
3YCTPIYHUX TOTOKIB, B IIbOMY BHUIAJKYy 3aCTOCOBYIOTH JOJIATKOBI METOJM BUIIICHHS
KOXXHOTO TIOTOKY 3 CyMapHOTO CUTHAITY.

o HamiBaymiekcHMi KaHaJ TakoX 3a0e3medye mepenady iHgopmarlii B 000x
HampsiMax, ajie He OJHOYACHO, a Mo uep3i. TOOTO BMPOJOBK IMEBHOTO MEPIOAYy Yacy
1H(DOopMaIlis mepeaacTbCcsi B OJJHOMY HaIpsiMi, a TPOTATOM HACTYITHOTO TEpiogy — B
3BOPOTHOMY.

o CHMILUIEKCHUI KaHAaJ J03BOJIsI€ mepenaBaTd iHGOpMaIl0 TUIBKH B OJHOMY
HarpsaMi. YacTo TyIIeKCHUN KaHaT CKIIAIAEThCS 3 IBOX CHMILUICKCHUX KaHAIB.

XapakTepucTuky Qi3 M4HMX KaHAJIIB

IcHye Benmuka KiIBKICTh XapaKTEPUCTHK, MOB'SA3aHUX 3 mepenadyero Tpadiky depes
(b13M4YHI KaHAJH.

Tpadik - ne o6'em iHdopmarii, MO MepenaeTbCs MO KOMIT IOTEPHIN Mepexi 3a
NEBHUHM Tepioa yacy, 3a3BU4Yai, 3a n00y uu Mmicsaub. Tpadik dacTo mOAIAIOTH Ha
BXIIHMI Ta BUX1THUHI. BXigauil Tpadik, ue iHdopmalis, M0 HAIXOIUTh Ha KOMI'TOTEP
KopucTyBaua. Buxinnuii Tpadik 1e, BiANoBigHO, 1HGOpMAIlis, IO BIAMPABISIETHCA 10
MEpexXi 3 KOMIT I0Tepa KOpUCTyBaya.
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3anponoHOBaHe HABAHTAKEHHS1 — 1€ IOTIK JIaHWUX, 110 [OCTYNa€e Bij
KOpPHUCTYBaya Ha BXiJ MepexKi. 3aporOHOBaHE HABAHTAXKEHHS MOYKHA XapaKTEPU3yBaTH
IIBUJIKICTIO BCTYMY JAHUX B MEpexy — Yy 0iTax B CeKyHIy (4M KijoOitax, Meraditax i
T. 1.).

IIBuakicTes mepenayvi nanux (information rate ado throughput, oOuaBa aHrmiCHKI
TEPMIHH BUKOPUCTOBYIOTHCS PIBHOIIPABHO) — II€ (hakmuyHa MBUJIKICTh MOTOKY JaHUX,
0 MPOUIIOB uYepe3 Mepexy. Ll mBuakicTb Moxke OyTH MEHIIA, HDK IIBHJIKICTb
3alpONOHOBAHOTO HABAHTAXKEHHSI, OCKIJIBKU J]aHI B MEPEKI MOXKYTh CIOTBOPIOBATHCS
abo BTpayvaTucs.

o MicTkicTh KaHady 3B'sI3Ky (capacity), 0 Ha3UBAETHCSI TAKOXK MPOMYCKHOIO
CIIPOMOKHICTIO, € MAKCUMAIbHO MOJCAUG0I0 WIBUAKICTIO Tepenadl iHpopmarii 1o
KaHay.

Crnenudikoro 1i€i XxapaKTEpUCTUKHU € Te€, 10 BOHA BIJOMBAE HE JUIIE MapamMeTpu
@izuunoco cepedosuwa nepedadi, ane 1 0COOIUBOCTI 8UOPAHO20 CNOCOOY NepeodasaHHsl
JMCKpETHOT 1H(popMallii 1o oMy cepenoBuily. Hanpuknaa, MICTKICTh KaHaITy 3B'A3KY
B Mepexi Ethernet ma ontuunomy Bonokni jopiBHIOE 10 MOit/c. 1l mBHIKICTH
SBISIETBCSA TPAHMYHO MOJKJIMBOIO JUIsS MO€THAHHsS TexHouorii Ethernet i omruunoro
BoJIokHa. [IpoTe msisg TOrO X camMoro ONTUYHOTO BOJIOKHA MOKHA PO3POOUTH 1 1HIILY
TEXHOJIOTII0 Tepefadl JaHuX, IO BIAPIZHAETHCA CHOCOOOM KOIYyBaHHS JaHUX,
TaKTOBOIO YAaCTOTOIO 1 IHIIMMH TapaMeTpaMy, sSKa MaTUMeE IHIIYy MICTKICTh. Tak,
texHooris Fast Ethernet 3a6e3neuye nepenady naHux 1mo TOMy K ONTUYHOMY BOJIOKHY
3 MakcHManbHOW mmBuAKicTI0O 100 MOit/c, a texuoimoris Gigabit Ethernet - 1000
MoiTt/c. IlepegaBay KOMyHIKaIIfHOTO MPUCTPOIO MOBUHEH MPAIIOBATH 31 HIBUIKICTIO,
PIBHIM MPOMYCKHIN CIPOMOKHOCTI KaHamy. [{s mBUAKICT 1HOA1 Ha3UBAETHCA OITOBOIO
mBHUAKicTIO mepenaBaya (bit rate of transmitter).

o Cwmyra nponyckanns (bandwidth) — mei TepMiH MOXe BBECTH B OMaHy, TOMY
10 BiH BUKOPHUCTOBYETHCS B JABOX PI3HUX 3HadeHHsX. [lo-mepie, 3 HOro J0MOMOro0
MOXYTh XapaKTEepU3yBaTH cepedosuuje nepeoadi. B 1bOMy BUINAIKYy BIH O3Haydae
HIMPUHY CMYTM YacTOT, SIKy JiHIA Tepeaae 0e3 ICTOTHUX CHOTBOPEHb. 3 I[OrO
BU3HAUCHHS 3p0O3yMijie MOXOHKeHHS TepMiHy. [lo-apyre, TepMiH «cMyTa MPOITYCKaHHSD
BUKOPUCTOBYETBCSL SIK CUHOHIM MEPMIHY «MICMKICMb KAHANY 38'A3Ky». Y TEpIIOMY
BUIAJKy CMyTa MpoIycKaHHS BUMiproeTbes B repuax (I'm), B apyromy — y Oitax B
CeKyHIy. Po3pi3HATH 3Ha4YeHHS IHOTO TEPMIHY Tpeba MO0 KOHTEKCTY, XOdYa 1HOJI IIe
3pOoOUTH BaXKKO. 3BHUANHO, Kpalle 0ys0 O BUKOPUCTOBYBATH Pi3HI TEPMIHU TSI PI3HUX
XapaKTepUCTUK, aJjie ICHYIOTh TpaauIlli, SKi 3MIHAUTH BaXko. Take TmO/ABIHHE
BUKOPHUCTAHHS TEPMIHY «CMYTa MPOIyCKaHHs» BXKE YBIMIIUIO 10 0araTbOX CTaHAAPTIB 1
KHUT, TOMY 1 B 1M JICKIIi MU HACJIiIyBaTUMEMO IMiJAX1J, 10 CKJIaBcs. Tpeda Takoxk
BpaxoOBYBaTH, 110 1€l TEPMIH B HOTO JPYyroMy 3HA4Y€HHI € HaBITh MOUIMPEHIIINM, HIXK
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MICTKICTb, TOMY 3 LHX JBOX CHHOHIMIB MH BHUKOPHUCTOBYBATHUMEMO CMYTY
HPOIYCKaHHSI.

3anexxHo BiJl (I3UYHOTO CEpelIOBHINA Tepefadl JaHUX KaHald 3B'SI3Ky MO’KHA
PO3IUIATH Ha MPOBIAHI Ta OE3MPOBIAHI.

Jlo mpoBiAHUX KaHaJIIB HaJIEKaTh:

- [losimpsni ninii 36'a3Ky 0€3 130JI0F0YOTO 1 €KPAHYIOUOTO OOTIIETEHHS.

- Kabenvni ninii 36'a13xy. BUKOPUCTOBYIOThCS Kabenl "ckpyuyeHa mapa', KoakciaJlbHi
ka0eni ab0 ONTOBOJIOKOHHI KaOeJti.

[ToBiTpstH1 (TIPOBIJIHI) JIIHIT 3B'SI3Ky BUKOPUCTOBYIOTHCS TS Tiepeadi TeeoHHuX 1
TenerpadHUX CUTHATIB, a TAKOX JIJIS Tiepenadl KoMi'toTepHux gaHux. Lli miHii 3B's3Ky
3aCTOCOBYIOTHCS SIK MariCTpalibHi JIHIT 3B'3KY.

3a MOBITPSHUMH JIIHISIMH 3B'SI3KY MOXYTb OyTH OpPraHi30BaHI aHAJIOTOBI 1 U(POBI
KaHaiu nepegadi nanux. [IBUAKICTH mepeaadi Mo MOBITPSHUX JIHIAX "MPOCTOi cTapoi
tenedonnoi minii" (POST - Primitive Old Telephone System) e ayxe Husbkor. Kpim
TOTO, 0 HEMOJIKIB LMX JIHIA BITHOCATHCS HH3bKA 3aBaJOCTIMKICTL 1 MOXKIIMBICTH
MIPOCTOTO HECAHKIIIOHOBAHOTO 1]’ €THAHHS JI0 MEPEXKI.

KabenbHi niHIi 3B'SI3Ky MarOTh JOCUTh CKIaAHY CTPYKTypy. Kabensb ckiamaerscs 3
MPOBIIHMKIB, 1110 MOMIIIEH] B KUJIbKa MPOIIAPKIB 130J1s1ii. B koMm'toTrepHuX Mepekax
BUKOPUCTOBYIOTHCS TPU THITH KaOEIiB.

Ckpyuena mapa (twisted pair)

Kabenp, 1110 MICTUTh KUIbKa CKPYYEHHUX Map MIAHMX MPOBOIB, 3a3BHYall YOTHUPH,
10 MOMIIIEHI B €eKpaHoBaHy 0000HKY. [lapa mpoBO/iB CKpy4y€eThCS MiK COOOIO 1100
3MEHIIUTH eNEeKTpUYHi HaBefeHHs1. CKpydeHa mapa € J0CTaTHbO 3aBaI0CTIHKOIO.

Ile xabenb, M0 MICTUThH KUJIbKa MIJIHUX MPOBOIB, 3a3BUYall BICiM, 11O MOMIIIEHI B
130J110104y O00JIOHKY. [[7151 3MEHIIIEHHS eNEKTPUYHUX HaBEACHb MPOBOAU CKPYUYIOThCS
MDK COOOI0 MapaMu.

B 3anmexHOCTI BiJ HassBHOCTI MiJHOI OIUIETKHM a00 amtoMiHi€BOi (OJIBIM HABKOJIO
CKpYYEHHUX Tap, BU3HAYAIOTh PI3HOBUJIN KAOEITI0 «CKpyUeHa Mapay:

He3axuineHa «ckpydeHa mnapay:

1. HeexkpanoBana ckpydena mapa (UTP,
Unscreened Twisted Pair) — expaHyBaHHS
BIJICYTHE.

2. ®oabrosaHa ckpyveHa mapa (FTP,
Foiled Twisted Pair) - TpUCYTHIA OJHH

3arajibHUi 30BHIIIHIN €KpaH.

3. ®oyIbroBaHA €KPAaHOBAHA CKpPY4YeHa

napa (SFTP, Shielded Foiled Twisted Pair)

— Bigpi3HaeTbes  Big  FTP  HasBHICTIO
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«CKpyueHna napay.



JOJJATKOBOTO 30BHILIIHHOTO €KpaHy 3 MITHOT
OILJIETKH.

3axuIieHa «CKpy4yeHa napay:

4. 3axumeHa ckpyyeHa mapa (STP,
Shielded Twisted Pair) — npucyTtHiit ekpan
JUIA KOYKHOI IapH.

5. 3axuieHa eKpaHOBaHA CKPyYeHa mapa
(SSTP, Screened Shielded Twisted Pair) —
B1JIPI3HAETHCS BII STP HasBHICTIO

Puc.4.2 3axume”a J04aTKOBOI'O 3araJibHOIoO 30BHIIIHBOTO

«CKpyuena napay. CKpaHy.
o KabGenp mix’eqnyerbes 0 MEpPEeXHHUX
fie;\/:' NPUCTPOIB 3a JonomMoror pos'emy RJ45
\\::\\ é (puc.4.3).Kabenbp BUKOPUCTOBYETHCA IS
7 S W nepenayi gaHux 31 mBuAKICTIO 10 MoiT/c 1
o 100 Mo6it/c. CkpyyenHa mapa 3a3BHYAi

BUKOPUCTOBYETHCS JUIsSl 3B'SI3KYy Ha BIJICTaHI
He OuIbIIe KIIbKOX COTE€Hb  METPIB.
XapaktepHuM g KaOemo € TMpocToTa

Puc. 4.3. Kabenvnuu

MOHTaXyY, BIH € JEIIEBUM 1 MOMYJSIPHUM
po3'em RJ45.

BUOM 3B'A3KY, AKAN LIUPOKO
3aCTOCOBYETHCSI B JIOKAJTBHUX MEpekax 3
TonoJioriero  «3ipka». CkpyueHa mapa €
JIOCTATHBO 3aBaJlOCTiHKor0. Jlo HEmoJiKiB
Ka0emo «CKpydeHa Tmapa» MOXKHA BiJHECTH
MO’KJIUBICTh TMPOCTOTO HECAHKI[IOHOBAHOTO
11 € JHAHHS 10 MEPEXKI.

Koakcianpuuii kabenn (coaxial cable)

J0EHIWHIA NRPOEiAHWE lzonAuiHE ofonoH ]_[e Kabein 3 LEHTPAIEHUM Mi,Z[HI/IM IPOTOM,
\“\ / SKAH  OTOYCHO  IMapoOM  130JIFOF0YOrO
MaTepiary VIS B1JIOKpPEMJICHHS

LHEHTPAIBHOTO MPOBITHUKA BIJI

™. ZawdcHa 0f0NOHKa  BHYTRIWHIA Npoeigd 30BHIIIHBOTO HpOBi,HHOFO CKpany (Mi,ZIHOT
Puc. 4.4 Koaxcianonuii OIIETKH a0 TMpOIIapKy  aJFOMiHIE€BOI
Kabenb donbru). 30BHIMIHIA TPOBIAHMA  €KpaH

Ka0emo TOKPUBAETHCSA  130JIA111€10  (pHC.
4.4).
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TEHKMA KO SKCTANBHA ka0ens IcHye paBa TUOM KoaKClaJIbHOTO KaOenro:
' TOHKMI KOaKCianbHUM Ka0enb xiaMeTpoM 5

\ \1 MM 1 TOBCTHH KOakcClaJipbHUIl  KaOenb

LerTp e niamerpom 10 mm. ToBcTmii KoakciaabHUH

FlooBiLHmK JienexTpwk Onnetka o2 EHILHA

— 0BOMOHER  gaGesIb Mac MEHILE 3aracaHHs CUTHANy, HiX B

nnieks

toHkoro (puc.4. 5). KoakcianpHuii kabenb €
O1TBIN 3aBaJOCTIHKUM 3a KaOelb «CKpydeHa
napa» i Ma€ MEHIIIE BJIacHE BUIIPOMIHIOBAHHSI.

[TpomyckHa 31aTHICTH ckitagae 50-100 Mo6it/c.

ToHkri koakcianbHmi kaGens JonyctTumMa JOBXHWHA JIiHII 3B'SI3KYy — KUIbKa
Puc.4.5. Toukuit ma kinomeTpiB. HecankiiioHoBaHe i’ € IHAHHS
nOGCMUIL KOAKCIAIbHUTL JI0 KOAKC1aJbHOTO KaOCJ0 € CKJIaIHIIINM, HIXK
Kabenes. 0 Kabemr «CKpydeHa mapa». Panimre,
KOaKClaJabHUH KaleJb OyB JIOCUTD

MOMYJISIPHUM  JIJIl  TIPOKJIQJIaHHS JIOKAJIbHUX
Mepexax 3 TOIOJOTIEK «3arajbHa IIUHAY.
Harenep, BiH BHUKOPUCTOBYETBHCS y pasi
nepeaBaHHs JTAHUX yepe3 MEpexy
KaOeJIbHOTO TeJaeOaueHHS.
BapTicTh koakciaJIbHOTO KaOello € BUIIOI 332 BAPTICTh KAaOEII0 «CKpydeHa mapay,
BUKOHAHHSI MOHTa)XY MEPEXK1 € CKIQJIHIIINM, HI’K TP MOHTaX1 «CKPYUYEHOIO MapoIo».
OnroBo10KOHHMH Ka0e/Ib
JaxucHa ofonoHks  CknaHa ofonoHka ONTOBOJOKOHHUM Kadeanr —
l [I€ ONTHUYHE BOJIOKHO Ha KPEMHIEBIN

Yyd  IUIACTMAcOBIM  OCHOBI,  MIO

CNTHYHE BONOKHD HOMiHleHO B MaTepiaJ'[ 3 HHU3BKUM

Puc. 4.6. Byoosa Koe(illieHTOM 3aJOMJICHHS CBITIIA 1
ONnMo60J10KOHHO20 MOKPUTO 30BHINIHBOIO  OOOJIOHKOIO
Kabenio. (puc. 4.6)

OntuyHe BOJOKHO  IIepelae
ONTHYHI CHUTHAJIM 1 JIMIIE B OJHOMY
HampsMKy, TOMYy KaOelb MICTHUTh

KiJIbKa BOJIOKOH (puc. 4.7).
Ha mepemaBanpHOMY  KiHIT
Puc.4. 7. Onmoesonokonnuii ONTOBOJIOKOHHOTO Ka0emo
Kaoens. 3aCTOCOBYETHCS MePETBOPCHHS
€JIEKTPUYHOI'O CUTHAJTy B CBITJIOBIH, a
Ha TMpUUMaATbHOMY KIHIII 3BOPOTHE
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NEPETBOPEHHS.
OCHOBHOIO TIEpPEBArol0 IHOrO THUMY KaOemo € Haa3BUYailHO BHCOKHI pPiBEHb
3aBaJI03aXMILIEHOCTI Ta BIICYTHICTh BUIPOMiHIOBaHHA. HecaHkiioHOBaHe Mija’ €IHAHHSA
€ nyxe ckinagauM. IlIBuakicte mepemadi manux no 3 ['6it/c. OCHOBHUM HEHOIIKOM
OTNITOBOJIOKOHHOTO Ka0OeJio € CKIAIHICTh 00 MOHTaXy, HEBEJIMKA MEXaHIYHa MIIHICTb
1 YyTJIMBICTh JI0 10HI3YIOUMX BUIIPOMIHIOBAHb.
be3nposioni kananu 36'a3ky (pagiokaHald Ha3eMHOTO 1 CYITyTHHKOBOTO 3B'SI3KY)

BuxopuctoByloTh A7 mepeiayli  CUTHAIIB  €JIEKTPOMArHiTHI  XBWJ,  fKi
PO3MOBCIOIKYIOTECS TI0 edipy.

TexHosorii 0e3npoBiAHOT Tepeayl JaHUX 03BOJISIE pO30YIOBYBATH MEPEXi, IO
MOBHICTIO BIJMOBIJAIOTh CTaHAAPTaM 3BUYAHHUX MPOBIIHUX MEpPEXK, 0€3 BUKOPUCTAHHS
Ka0enpHO1 MPOBOJKH. be3npoBifHI MepeXi BHKOPHUCTOBYIOTBCS TaM, JI€ MPOKIACTH
KabeJib BKpai CKJIaJHO a00 HEMOXKIIUBO.

Hociem iH(popmarlii B Takux Mepexax BHCTYNawTh pamioxswil CBY-miamazony.
Paniokananu Ha3eMHOro 1 CYNYTHUKOBOTO 3B'SI3KY YTBOPIOIOTHCA 32 JOMOMOTOIO
nepeaaBava i npuiiMava paaioxswib (puc.4.8.).

Puc.4. 8. Be3npogioui ninii 36’a3Ky.
KoxxeH By305l Mae aHTEHy, fKa OJHOYACHO € TMepelaBayeM Ta MpuiiMadem

€JIEKTPOMArHiTHUX XBWJIb. XBWJIl PO3MOBCIOKYIOThCS B armocepi abo BakyyMi 3i
. 8 .
mBUAKICTIO 3%10° M/C 3 TEBHUM TUIIOM HAIPSIMKY, 1110 3aJIEKUTH BiJl TUITY aHTCHH.

Tunu anTeH

. IMapadoniuna aHTeHa (ckepoBaHa). [lommpeHHS eIEKTPOMArHITHUX
XBWJIb B1I0YBA€THCA B IEBHOMY HAIPSIMKY.

. I3oTponHa anTeHa (HeckepoBaHa). EjexkTpoMarHiTHI XBUJII 3alIOBHIOIOTH
BECh IMPOCTIP B MEXax MEBHOTO pajlycy, 110 BU3BHAYAETHCA 3aTyXaHHSAM cUrHaiy. Taki
aHTCHU BUKOPUCTOBYIOTh B @BTOMOOLIIAX Ta MOPTATHBHUX MPUCTPOSIX.

JIJIsT KOMIT'IOTepHUX MEPEK HABKOJMIIHIA TPOCTIP MOKE BHKOPHUCTOBYBATHCS SIK
PO3JIUIbHE CEPEIOBUIIIE, X0Ua TYT € TIEBH1 OCOOJIMBOCTI:

. [IpocTip HE HaNEXUTh 1O MEBHOI OpTaHi3allli AK y KaOeJIbHUX MEpEKax.

. [IpoBigHe cepeoBHIlle BU3HAYAE HAMPSMOK PO3MOBCIOPKEHHSI CUTHAIB, a
y 0€31pOBIIHOMY MOILIMPEHHS XBUJIb € HECKEPOBAHUM.

Jlns mepenadi 3a JIOMOMOTOK O€3MPOBIAHOL JIiHIT 3B’SI3KY MOTPIOHO MOIYIHOBaTH
CJICKTPOMArHiTHI KOJMBaHHS TiepefaBada y BIAMOBITHOCTI 10 TOTOKY OITIB, IO
NepeIaeThes.
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OyHKINT TepeTBOPEHHs IUCKPEeTHOI i1H(dopMallii B €JIEeKTPOMAarHiTHI KOJIMBaHHSI
Bukonye DCE-npuctpiii (Mozem), 1110 po3tamoBanuii Mixk aHTeHoto Ta DTE mpuctpoem
(KOMIT F0T€pOM, KOMYTaTOPOM YU MapIIPyTH3ATOPOM).

Hianasonu enekmpomazHimmo2o cnekmpy
OCHOBHI XapaKTePUCTUKH O€3MpOBiIHOI JiHIT 3B’SI3Ky, Taki fK BIACTaHb MIXK

By3JlaMH, TEPUTOPisl OXOIUICHHS, IIBUIKICTh TMEpeaadl — 3ajexaTh BiJ YacTOTH
CJIEKTPOMArHITHOTO CIIEKTPY, 110 BUKOPUCTOBYeThCs (puc. 4. 9.).

Yacrora, Ny

102 10% 10¢ 105 106 10" 10® 10° 10'° 10" 1012 10'3 10™ 105 10

. —
Bin e ceiTno

I
IHpEYER B OHIM

Papiopgiz naso HA A= S30H
¥NET pagioneTos 1l
B - gisnazaH

MikpoxEMNBOE
Liana30HK

| [ I
ELF VLF | LF MF HF | VHF | UHF | SHF | EHF

*—H***m***ﬁ*-ﬂ*&
Mig BoHMA AM-pagio Fi-pagioc TV | CynyTHeEM
3B'A30K I i [
| v ‘ Papapu
Ha 8,6 0gH 1
SE'Az0K il ol neHi
| TenedqoHM
] ] ]
[ | 17 1T 1T 1 | |
106 105 10¢ 10% 102 10" 1 10" 102 10° 104 105

[oBuMHa XBMAI, 1
Puc. 4.9. /lianazonu enekmpomazHimnozo cnekmpy.
Hiamazon g0 300 I'T'epn
Pamionmianma3zon € po3aiieHH Ha YaCTUHU BijJ €KCTpa HU3BKHUX YacTOT JO0 €KCTpa
Brucokux. Ha Hux nmparirtorots pamiocraniiii (Bix 20 Kl'epir no 300 MI'epir).

TyT BUKOPUCTOBYIOTh Pajiio MOJIEMH, 110 3’ €IHYIOTh 2 CETMEHTH JIOKAJILHOT Mepexi
Ha mBuakoctsax 2 400, 9 600 a6o 19 000 oit/c.

Hiamazon Bix 300 MI'epir g0 3 000 I'T'epi
BukopucToBYIOTHCSI MIKPOXBHIIBOBUMH CUCTEMAMMU:

. CynyTHUKOBI KaHAJIH.
. be3npoBiaHi JIOKalbHI MEpEexKi.
. Cucremu ¢ikcoBaHOTO OE3MPOBIAHOTO AOCTYITY.

[ndpavepBoHUii qiana3oH

[IInpoko BUKOPUCTOBYETHCS y Oe3mpoBigHOMY 3B’s3KYy. OCKIIbKH 1H(pauepBOHE
BUMPOMIHIOBAaHHS HE MOXE€ NPOXOJUTH CKpI3b CTIHH, TO I1H(PA4YepBOHI CHUCTEMU
BUKOPHUCTOBYIOTh JJII YTBOPEHHS HEBEIMKHX CETMEHTIB JIOKAIBHUX MEPEkK B MEkKax
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OJIHOTO MPUMIIICHHS.

Bunume cBiTio (;1azep)
CucreMu BHUIUMOTO CBITJIa BUKOPUCTOBYIOTBHCS JJisi OpraHizaiii JOCTYyIy Ha
HEBEJIMKUX B1JICTaHSIX.

HOWupeHH}Z eﬂekmpOMaZHimHux X6UJlb

. UuM BWINOIO € TOTOYHA YacTOTa, TMM BHINOK € MIBUAKICTH Tepemadi
1H(opMmarii.
. UuM BWIIOIO € YacTOoTa, TUM TipIIe CHUTHAJ IPOXOJHWTH dYepe3 3aBaju

(ctian). (AM-panio — Ha KIMHaTHY aHTeHY, |V — nmoTpiOHa 30BHIIIHS aHTEHA, BUIUME
CBITJIO B3araji He MPOXOIUTh)

. UM BHUIOIO € YacTOTa, TUM INBHJIIC 3MEHIIYETHCS CHEPTisl CUTHATY Yy
BIJIMOBIHOCTI 70 BiICTaH1 BiJ JKepea.

. Huspki vacrotu (mo 2 Ml'epi) po3mOBCIOJIKYIOTBCS B3JIOBX ITOBEPXHI
3emuti (Tomy AM-pajio nepefaeTbcsi Ha COTHI KUIOMETPIB).

. Curnanu 4dactot Big 2 a0 30 MI'epu BinmOuBaroThcsi i0HOCheporo 3emi,
TOMY, 32 HasIBHOCTI MOTYKHOTO MepejaBadya BOHU PO3MOBCIOKYIOThCSI Ha BIJICTaH1 J10
1 000 ximomeTpiB.

. Curnanum B pmianmazoHi Ouibimie 3a 20 Ml'epn € curHaiamMum mpsiMoi
BUJIMMOCTI 1 pO3MOBCIOKYIOTHCS JIUILE TIO MPSMIM.

. Curnaim Oinbine 3a 4 I'Tepry mornuMHarOTBCS BOAOIO 1 JOII MOXE OyTH
3aBaJI010 MU Tepeaayi.

. Bci  cywacHi cuctemu  O€3mMpOBIAHOTO  3B’SI3KY  MPAIIOIOTh  Ha
BHCOKOYACTOTHHX Jiama3zoHax (Big 800 MI'ep).

IIpobaemu 6e3npoGioHo20 36 'a3Ky

JIs yCHIIIHOTO 3aCTOCYBAaHHS MiIKPOXBHJIBOBOTO [l1alma3oHy MOTPiOHO BpaxyBaTH
Ha MpoOJieMu, 110 MOB’sI3aHi 3 MOBEIHKOI CUTHATIB, K1 MOIIMPIOIOTHCA B PEXKUMI
psSIMOT BUIMMOCTI 1 3yCTpivaroTh Ha CBOEMY HUIAXY 3aBaau (puc.4. 10.).
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Puc. 4.10. OcnosHni 3a6adu npu 6e3npoGioHoOMY 36 ’A3K).
BinOuBanHns. SKIIo curHan 3yCTpidaeTbes 3 3aBaJIOI0, SIKA YACTKOBO € MPO30POI0

JUTsL JaHO1 JIOBXKMHU XBWJIb, ajie ii po3Mipu € HabaraTo OUIBIIMMU 3a JOBXKHUHY XBUJI,
TOJA1 YacTUHA EHEprii CUrHajdy BIIOMBA€THCA BiJl 3aBajid. XBUJ MIKPOXBHIIbOBOTO
Jlana3oHy € JOBXUHOIO B KUJIbKA CAHTUMETPIB, TOMY BOHHU YaCTKOBO BIJTOMBAIOTHCS BiJl
CTiH OYJIMHKIB TIPU Mepeiadi CUTHAJIIB B MICTI.

Mudpakuis. SIKo curaan 3ycTpiyae HEMPOHUKHY /U HbOTO 3aBaay (HAMpPUKIIA/,
MeTajeBy IJACTUHY), TO CUTHAJI OMHHA€E 3aBajy 1 HOr0 MOXKHA OTPUMATH, HABITH HE
3HAXOJITYUCH B 30HI MPSIMOI BUIUMOCTI.

Po3ciroBannsi. Konmu curnan 3ycrpiyae 3aBagy, po3MIpU SIKOi € CHIBMIPHUMHU 3
JOBXKMHOIO XBWJIl (ZI€peBO, MapKaH), BIH PO3CIIOETHCA 1 MOLIMPIOETHCA M PI3SHUMHU
KyTaMHU.

B pesynbTaTi moaiOHUX SBULI, SIKI MOBCIOJIHO 3YyCTPIYAIOTHCS JJI1 OE3MPOBIIHOTO
3B’sI3Ka B MICTI, MPpUMAay MOXE OTPUMATH KIJIbKA KOMIN OJAHOrO curHainy. Takuii edext
HA3MBAEThCS 0AaraTOMPOMEHEBHM TMOIIMPEHHSIM CHTHAIY 1 4YacTO BHSBISIETHCA
HETaTUBHUM, OCKIJIBKH OJIMH 3 CUTHAJIIB MOKE MPUUTH 13 3BOPOTHOIO (Pa3010 1 MOAABUTH
OCHOBHUU CUTHAJ.

OCKUIBKY Yac TOMIMPEHHS CUTHATY B3JIOBX Pi3HUX NUISIXIB B 3araJIbHOMY BUIAAKY
OyJie pi3HUM, TO MOXKE CIOCTEPIraTUCs CUTYyallisl, KOJM CUTHAIMU, 10 KOAYIOTh CYCiJIHI
01TH JaHUX, BHACIIIOK 3aTPUMKH, IOXOIATh JI0 MMpUKMada OHOYACHO.

Bci 11 cnoTBOpeHHSI CUTHANy CKJIQJIalOThCSA 13 30BHIIIHIMU €JIeKTPOMAarHiTHUMU
3aBaZlaMH, SIKMX B MicTi € Oararo. Hampukian, MiKpOXBUIIBOBI Ieyl, IO MPALIOIOTH B
miamasoni 2,4 I'ro.

Jliist 6e3mpoBiIHOTO 3B’ SI3KY ICHY€ Oararo 3aBaj, K1 JOJAI0Th B Pi3HI CIIOCOOU:
. CremiaibHi METOIW KOAYBAaHHS, IO PO3MOIUISIOTH €HEPril0 CUTHALY Yy
HIMPOKOMY Jlarna3oHi 4acToT.
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. [lepenaBaui curHamy (1 npwiiMadi, SIKIIO 1€ MOXJIWBO) TParHyTh
PO3MIIIIATH HA BUCOKUX CIOPYAAX, 00 YHUKHYTHU OaraTopa3oBUX BiJI[3€PKAJICHb.

. 3acTocyBaHHS TMPOTOKOJIIB 31 BCTAHOBJIEHHSIM 3’€/lHAHb Ta MOBTOPHUMHU
nepenadyaMu kazapis. L{i mpoToKoIu A03BOJIAIOTH MIBUIIE KOPETYBATU MOMUJIKU.

Jliyensysanmus enekmpomacHimHo20 cnekmpy

EnexrpoMarHiTHi XBWJII TIONIMPIOIOTHCA y BCIX HampsMKaxX Ha 3HA4HI BIACTaHI 1
JIOJTAIOTh YMCJICHH] 3aBajiM, TaKl sIK, HAIIPUKJIAJ, CTIHU OyJIuHKIB. TOMYy, BUKOPHUCTaHHSI
€JIEKTPOMArHITHOTO CIEKTPY MOTpeOye UEHTPai30BaHOTO PEryiioBaHHsS. B KOXHii
KpaiHi € criemialbHul Aep>KaBHUN OpraH, SIKMH BHUAA€E JIIEH31I onepaTopaM 3B'sS3Ky Ha
BUKOPUCTAHHS MEBHOI YACTHHM CHEKTPY, IO € JOCTATHBOIO JUIS Mepeaadl iHpopmallii
32 TMEBHOK TEXHOJIOTi€r. JIIlEeH31s BUIAETHCS HAa MEBHY TEPUTOPIIO, B MEXKaxX SIKOI
OTIEPAaTOpP BUKOPHUCTOBYE MOHOITOJIHPHO 3aKPITUICHHUH 3a HUM Jiana30oH 9acToT.

YacToTHUMHU Aiania3oHaMU Il MIKHAPOJAHOTO BUKOPUCTaHHS O€3 JIIEH3YBaHHS €
900 Mru, 2,4 I'riyta 5 I'r.

Ili nmiama3oHW BIABEAEHO /IS IPOMHUCIOBUX TOBapiB OE3MPOBITHOTO 3B'S3KY
3arajJpHOTO MPU3HAYEHHS, HAIIPUKJIIA JJI PUCTPOIB OJIOKYBaHHSI IBEpEil aBTOMOOLIIB,
HAayKOBHUX 1 MEAMYHUX MPUCTPOiB. BIAMOBIIHO 10 Mpu3HAYSHHS 111 Alalla30HU OTPUMAIIN
Ha3By |ISM-miana3zoniB (Industrial, Scientific, Medical — mnpomwucnoBicTs, Hayka,
MEJIUILINHA).

Hait6inpm 3aiitastuM € mianazon 900 Mrm. Lle 1 3po3ymisio, 60 HU3BKOYACTOTHA
TeXHIKa 3aBXau Oyna aemieBmioro. ChOorogHi akTMBHO OCBOIOETHCS jiana3oH 2,4 I'rm,
HaAIpHUKIIaa, B TexHojorisx Bluetooth ta miamason 5 I'rir.

OOOB'I3KOBOI0 YMOBOIO TYT € OOMEXKEHHSI MaKCHMAaJIbHOI MOTYHOCTI MepeaHuX
CUTHAJIIB , 1110 mepenaTbes Ha piBHI 1 BT. Ile obmexye paaiyc aii mpuctpois, mob ix
CUTHAJW HE CTalM 3aBajaMy IS 1HIIMX KOPHUCTYBadYiB, sIKi, MOXKJIMBO, MPAIIOIOTH B
TOMY K Jlana3oHl 4acTOT B IHITUX paloHaX MiCTa.

JIyst 3BMEHIIIEHHST B3a€EMHOTO BIUTMBY IIPHUCTPOIB, SKi TpaiioioTh B |ISM-aianazonax
PO3POOIISIIOTHCS 1 BTUTIOIOTHCS CIIeIialIbHI METOAM KOTYBaHHS.
Tunu 6e3nposioHUX KAHANIB 38 SI3K)

Panioperneiini kaHaau 3B'sI3KY

Panmiopenelini kaHaiu 3B'SI3KYy CKJIQJalOTBCS 3 TMOCIIJIOBHOCTI CTaHIlA, IO €
peTpaHcasaTopaMu. 3B'A30K 3A1MCHIOETHCS B MEXKaX MPSMOi BUAMMOCTI, BIJICTaHb MIX
cycimaiMu ctaniismu - 10 50 kM. [{udposi pagiopeneitHi diHil 3B'I3Ky 3aCTOCOBYIOTh
SK PerioHabHI YU MICIEBI CUCTEMH 3B'SI3KY Ta IMepenayl JaHHUX, a TaKOX IS 3B'SI3KY
MK 0a30BUMH CTaHITISIMA MOO1THHOTO 3B'SI3KY.

CyIyTHUKOBI1 KaHAJIH 3B'S3KY.
B cynyTHUKOBHX cuCTeMax BUKOPUCTOBYIOThcA aHTeHn CBY-nianazoHy yacTot ass
npUiioMy paJilOCUTHAMIB Bl HA3eMHUX CTaHIM 1 peTpaHCALIl UX CUTHANIB Ha3aJ 110
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HA3eMHHUX CTaHIliil. B CymyTHMKOBUX MepekaxX BUKOPHCTOBYIOTHCS TPU OCHOBHI THUITH
CYNyTHHUKIB, SIKI 3HAXOSATHCS Ha TE€OCTAI[IOHAPHUX OpOiTax, CepelHiX ad0 HU3BKHUX
opOitax. CymyTHUKH 3aIlyCKaIOThCS, SIK MPABUIIO, TpyrnamMu. Po3HeceH1 oIMH BijJ OJJHOTO
BOHU MOXKYTh 3a0€3MeUnTH 00XBaT Mailke BCi€l MOBEpXHI 3eMIIL.

pr—
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® Y A
= P

\

b
2

HazemHa cTaHUiA, Wo nepenac HazemHa cTaHUia, Wo npuimac
Puc. 4.11. Cynymnuxkoeuii kanan nepeoaui OaHux.

CynyTHUKOBUW 3B'SI30K JOLIUIBHO BUKOPUCTOBYBAaTH  JUIsl OpraHi3alii KaHaiy
3B'SI3Ky MK CTaHUISIMH, II0 PO3TAIlOBAaHI Ha JYX€ BEJIMKHUX BIACTAHIX, 1 MOKIUBOCTI
00CIyroByBaHHsI @0OHEHTIB y BaKKOJOCTYITHUX MICIISIX.

[IpomyckHa 34aTHICTh € BUCOKOIO — KUJIbKa JecsATKiB MOiT/C.

Mo0151bHI KaHaIH 3B'A3KY

Paniokananmu MOOUIBHOTO 3B'SI3KY CTBOPIOIOTH 3a MPUHIMIAMU MOOUIBHUX
TeneoHHUX Mepexk. MOOUIbHMI 3B'I30K - 1€ Oe3MpoBiJHA TEJIEKOMYHIKaIiiHa
cUCTEeMa, IO CKJIAJIA€ThCsl 3 MEpEeKl Ha3eMHUX 0a30BUX CTaHIIlM, sKi MPaIoOTh Ha
npuiiom/mnepenadyy 1 MoOUIBHOTO KomyTatopa (200 IEHTPYy KOoMyTailii MOOLIBHOTO
3B'SI3KY).

ba3oBi cTaHuii mij’€IHaHl 10 LEHTPY KOMYTallli, IK1il 3a0e3reuye 3B'30K, K MK
0a30BUMHU CTAHIISIMU, TaK 1 MK IHIIUMHU TeJle()OHHUMU MEPEKaMHU Ta TJI00ATbHOIO
Mepexero [HtepHer. 3a CBOIMH  (QYHKIISAMM LIEHTp KOMYTallii € aHaJOriyHUM J0
3Bu4aitHoi ATC npoBiTHOTO 3B'SI3KY.

LMDS (Local Multipoint Distribution System) - me cranmapT MOOLTBHHX MeEpex
O0e3npoBiHOi  mepenadi  iHGopmamii s dikcoBaHux —aboHeHTIB. CucTtema
pO30yAOBYETHCS 32 MOOUILHUM MPHUHITUIIOM, OJIHa 0a30Ba CTAHIlS J03BOJISE OXOMUTH
palioH pajiycoM B Kiibka KimtoMmeTpiB (mo 10 km.) 1 mig’€qHATH KUIbKA TUCTY
abonenTiB. Cami ctaHuii 00'€IHYIOTBCS MK COOOI0 BHCOKOLIBUIKICHUMHU Ha3eMHUMU
KaHaJlaMH 3B's3Ky a00 paniokananamu. [lIBuakicTs nepenayi ganux mo 45 Moit/C.

Paniokanaim WIMAX (Worldwide Interoperability for Microwave Access)
ananoriuni Wi-Fi

WIMAX, Ha BigMiHy BiJ TpaJWIIMHUX TEXHOJIOTIH paioNOCTyIy, MPAaIIoE Ha
BIIONTOMY CHTHaTi, 1032 30HW MPAMOi BHIAUMOCTI 0a30Boi craHIii. Excrmeptn
BBakarTh, 10 MoOUTbHI Mepexxi WIMAX BigkpuBaroTh HabaraTto IIiKaBilii
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NEPCIEeKTUBH ISl KOpUCTyBauiB, HIXK QikcoBanuit WIMAX, npusnaueHuit s
KOPITIOPaTUBHMUX 3aMOBHHUKIB. [HpopMaIlito MoKHa TepenaBaTy Ha BiacTaHi 10 50 kM. 31
mBuakKicTo 1o 70 Moit/c.

Paniokanamu MMDS (Multichannel Multipoint Distribution System)

Ili cucremu 31aTHI 0OCIYyTOBYBaTH TEpPUTOPi0 B panaiyci 50—60 kM., mpu 1iboMy
npsiMa BHIMMICTh TIepeiaBada orepatopa He € o0oB'si3koBoto. CepenHs rapaHTOBaHA
IIBUJIKICT Tiepeaadl panux ckiagae 500 Koit/c — 1 M6iT/c, ane MoxxkHa 3a0€3MeUUTH
10 56 MOiT/c Ha OTWH KaHAaI.

Paniokananu 1Jia JOKaTbHUX MEPEX

CrangapToM OE3MpOBIAHOTO 3B'SI3KY JUIS JOKAIBHHUX Mepex € texHojoris Wi-Fi.
Wi-Fi 3abe3nedye mijg’eqHaHHA B JBOX PEKUMAaX: «TOYKA-TOUKa» (I 00’ €THAHHS
JIBOX KOMII IOTEPIB) 1 OararoToukoBe 3'€eMHAHHS (I MM €IHAHHS KIJIBKOX
KOMIT FOTEpPIB 10 OAHOI TOYKH 10cTyiy). LIBuakicTe 0OMiny ganumu o 11 Mo6iT/c npu
3'€THaHHI «TOYKA-TOYKa» 1 10 54 MOiT/c ipu IHPPACTPYKTYpHOMY 3'€ THAHHI.

Paniokananu Bluetooht

Lle TexHouoris Mepeaayi TaHUX Ha KOPOTKI BifcTaHi (He Ouibiie 10 M) 1 Moxke OyTH
BUKOpPUCTaHa i1 CTBOPEHHS JoMamHiXx Mepex. LIBuakicte mnepemadl AaHUX HE
nepesuurye 1 Moit/c.

4.2 KonyBaHHSI TaHUX, METOH KOYBAHHSA
Ak BigOMO, Yy OOUYMCIIOBAJIbHIM  TEXHIIl [ TPEACTaBJICHHS  JaHUX

BUKOPUCTOBYETHCS ABIMKOBHI KOA. YcepearuHl KOMI'IOTEPa OJUHUILISIM 1 HYJISIM JTaHUX
BIJIMOBIAAIOTh TUCKPETHI €JIEKTPUYHI CUTHAIIH.

[IpeacTaBieHHss [OaHUX Yy BUIJSAAl EIEKTPUYHUX a00 ONTUYHUX CUTHAIIB
HA3MBAETHCS KOAYBAHHSM.

[cHYIOTH pi3HI CHOCOOM KOAYBaHHS NIBIMKOBUX HUGP, HANPUKIA] MOTEHIiHHUIMA
cnociod, mpu SKOMY OJMHHUII BiJIMOBIAA€ OUH PIBEHb HAMNPYTH, a HYJIIO — 1HIIUN, a00
iMnyJabcHuM cnmocid, Koiu A npeacTaBieHHs HUGP BUKOPUCTOBYIOTHCS IMITYJIbCH
PI13HOI TTOJISIPHOCTI.

AHaJIOT1YH1 MIAXOAW 3aCTOCOBaHI I KOJIYyBaHHS JaHUX 1 MPH Iepenadl ix Mix
JIBOMa KOMIT'IOTEpaMH MO JiHisiX 3B'A3KYy. [IpoTe 11 miHIi 3B'A3Ky BIIPI3HIIOTHCA 3a
CBOIMU XapaKTEPUCTHKAMHU BiJ JHIA ycepenuHi komm'torepa. ['0J0BHA BiAMIHHICTh
30BHIIIHIX JIIHIM 3B'I3KY B1Jl BHYTPILIHIX MOJISATa€e B iX Habarato OUTbLIIN MPOTSHKHOCTI,
a TaKO’)X B TOMY, III0 BOHM IPOXOJATH M03a €KPAaHOBAHUM KOPIYCOM IO MPOCTOpax,
YaCTEHbKO CXMJIBHHX JI0 A1l CUJIBHHUX €JIEKTPOMArHiTHUX 3aBaj. Yce 1€ MPU3BOAUTD JI0
ICTOTHO BEJIMKHX CHOTBOPEHb MPSMOKYTHUX IMIYJbCIB (HANPUKIAA, «3aBaJCHHIO»
GbpOoHTIB), UMM ycepeauHi KoMIT'roTepa. ToMy 11l HaAiHHOTO PO3Mi3HABAHHS 1IMITYJIbCIB
Ha MpUMaIbHOMY KIHIIl JIHIT 3B'A3Ky NOpH Tepedadl JaHUX yCepeauHl 1 Io3a
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KOMI'IOTEPOM HE 3aBKJIU MOKHAa BUKOPHUCTOBYBATH OJIHI 1 T1 K IIBUIKOCTI 1 criocoOu
KonayBaHHs. Hampukian, mnoBuibHE HapoCTaHHS (DPOHTY IMIYJIbCY 4Yepe3 BHUCOKE
€MHICHE HaBaHTAXEHHS JIHII BHUMarae, o0 IMIYJIbCH TEpPelaBaluCsI 3 MEHIIO0
IIBUJIKICTIO (1100 mepeaHiit 1 3a/iHii GPOHTH CYCIIHIX IMITYyJIbCIB HE MEPEKPUBAIIUCS, 1
IMITYJIBC BCTUT «JIOPOCTH» IO HEOOX1AHOTO PIBHS).

VY o0uncnioBaJbHUX Mepekax 3aCTOCOBYIOTh SIK MOTEHIlIHE, TaK 1 IMITyJIbCHE
KOJyBaHHSI TMCKPETHUX JaHUX, a TAaKOX creuu(iuHuii crocid mpeacTaBieHHs JaHUX,
SKUW HIKOJIM HE BHUKOPUCTOBYETHCS YCEpeAWHI Komm'torepa, — moayJsaunio. [lpu
MOAYJIAIIT MUCKpEeTHa 1H(OpMAIliss TPEeaCTaBISETECA CHHYCOITaTbHUM CHTHAJIOM Ti€l
4acTOTH, Ky JoOpe nepeiae HasiBHA JIHIA 3B'S3KY.

[ToTenmiine, abo iMIyJbCHE, KOJYBaHHS 3aCTOCOBYETHCS Ha KaHalaX 6UCOKOI
sAKocmi, a MOJIYJAIIS Ha OCHOBI CHUHYCOiJaJJbHUX CUTHAIIB NPUUHATHIIIA Y TOMY
BUMAAKY, KOJM KaHal BHOCHTH CHJIbHI CIIOTBOPEHHS B TIEpeJaBaHl CHUTHAJH.
Hanpukman, Momyssiisi BUKOPUCTOBYETHCS B TJIOOATBPHUX MeEpekax Mpu Tmeperadi
JAHUX YEepe3 aHAJIOTOB1 TelIe(POHHI KaHAIM 3B'S3Ky, sIKI OyJu po3poOIieHi Uil nepeaadl
roJIOCy B aHAJIOTOBiM (popMi 1 TOMY TMOTraHO MIAXOAAThH JJis Oe3MmocepeIHboi nepeaadi
IMITYJIBCIB.

Ha crnioci6 nepenanHs CUrHajiB BIUIMBAE 1 KiTbKicmb Opomie B JIHISX 3B'A3KY MIXK
KoMIT'foTepaMu. {7151 3HUKEHHS BapTOCTI JIIHIN 3B'SI3Ky B Mepexax 3a3BUYail mparHyTh
JI0 CKOPOYEHHS! KIJIBKOCTI JIPOTIB 1 YEpE3 1I€ BUKOPUCTOBYIOTH HE MapajesbHy Mepeaady
ycix OiTiB omHoro Oaiita abo HaBITh NEKUIBKOX OAaMTIB, SIK 1€ POOUTHCA yCepeauHi
KOMIT'IOTepa, a OCIIIOBHY MOOITHY Mepeaavy, 0 BUMarae BCbOro OJIHI€T mapu APOTIB.

IIle onHiero mpobieMoro, sIKy Tpebda BUPINIYBATH MpU Mepeaadyl CHUrHajiB, €
npoOJjieMa B3a€MHOI CHHXPOHI3amii mepenaBaya OJHOTO KOMIT'IOTEpa 3 MpUHMaueM
iHmoro. Ilpu opranizamii B3aemojii MOIYJIB ycepeAuHl KOMITIOTEpa Iisi mpodriema
BUPIIIYETHCS JTy’KE MPOCTO, OCKIIBKU B LIbOMY BHIIJIKy YC1 MOIYJ1 CUHXPOHI3YIOThCS
BiJl 3arajpbHOTO TAaKTOBOrO reHepaTopa. IIpoOmema cuHXpOHI3aIii TpU 3B'A3KY
KOMI'IOTEPIB MOXE BHPIIIYBATUCSA PI3HUMH CIOCOOaMH, SK IUIIXOM OOMIHY
CHellaJbHUMU TaKTOBUMHM CHHXPOIMIYJbCAaMHM 110 OKpeMid JiHil, TaKk 1 HUIAXOM
NepIoANYHOI CUHXPOHI3aIlli 3a37ajeriib OOyMOBJICHUMH KoJamMu abo iMITyJbcaMu
XapakTepHoi (popmu, 110 BIAPI3HAETHCA Bl (POPMU IMITYJIbCIB AAHUX.

Hes3Baxkaroun Ha 3axonu (BUOIp BIAMOBIIHOI IMIBUAKOCTI OOMIHY JaHUMM, JIHIN
3B'I3Ky 3 TIEBHUMH XapaKTePUCTUKAMH, CIOCOO0y CHHXpOHi3alli mnpuiiMada 1
nepenaBaya), IO pOOJATHCSA, ICHYE IMOBIPHICTh CHOTBOPEHHSI JAESIKUX OITiB
nepenaBaHuX AaHuX. [[s miABUILEHHS HAAIHOCTI Mepenayl JaHUX MK KOMI'IOTEepaMu
4acTO BUKOPHUCTOBYETHCS CTAHAAPTHUN MPUHOM — MiAPAXyHOK KOHTPOJBHOI CyMH 1
nepejaya i 1o JIHISX 3B'SI3KY IMICHIS KOXKHOIro 0aita abo micis Aeskoro OJI0Ky OaMTiB.
YacTo B mpoTOKOJI OOMIHY JAaHUMHU BKIIOYAETHCS SIK OOOB'SI3KOBM €JIE€MEHT CHUTHAJI-

65



KBUTaHUif, SKUI MiITBEPPKYE MPABWIBHICTh NMPUHAOMY JaHUX 1 TOCHIIAETHCS BiJ
oJIep>KyBaya BiAIIPaBHUKOBI.

1. NRZ (Non-Return to Zero — 6e3 moBepHEHHs 10 HYJIs1) — HOTECHIIHHUN KO, CTaH
SIKOTO TIPSIMO 200 1HBEPCHO BiI0OpaXkae 3HaYEHHS O1Ta JTaHUX;

2. nudepenuianbumii NRZ — cran miHseTbesa Ha movaTky OITOBOTO 1HTEPBATY IS
"1 1 He minsieTses ipu "0”;

3. NRZI (Non-Return to Zero Inverted — 6e3 moBepHEHHS 10 HYJISI 3 iHBEPCI€l0) —
CTaH MIHSETHCA Ha MOYATKy OITOBOTO iHTEpBaly Ipu nepeaadi "0” 1 He MIHAETbCS MPU
nepenadi "1”. BukopucroByetses B FDDI, 100BaseFX;

4. RZ (Return to Zero — 3 moBEepHEHHSAM 110 HYJIS) — OINOJSIPHUI IMITYJILCHHIA KOJI,
[0 CaMOCHUHXPOHI3Y€eThCs, 10 TpeacTtaBise "17 1 "0” iMmynabcaMu TPOTHIICKHOI
MOJIIPHOCTI, IO TPWUBAIOTh IIOJIOBHHY TakKTy (B JApPYry IIOJOBHHY TAaKTy CTaH
BCTAHOBJIIOETHCS B HYJIb); YChOT'O BUKOPHUCTOBYETHCS TPH CTAHU;

5. AMI (Bipolar Alternate Mark Inversion — OimoyssipHe KOJIyBaHHS 3
IbTEPHATUBHOIO 1HBEPCIE€I0) — BUKOPUCTOBYEThCS Tpu cTanu: 0, + 1 —, 11 KOAYBaHHS
JIOTIYHOTO HYJII BUKOPHUCTOBYEThCS cTaH (0, a JOriyHa OJUHUIISL KOAYETHCSA IO Yep3l
craHamu + 1 —. BuxopuctoByerncst B ISDN, DSX;

6. Manuvecrepcke koayBanHsi (manchester encoding) — nBodasHe moNsApHE
KOJyBaHHS, IO CaMOCHUHXPOHI3YETHCS, JIOTIYHA OJWHUIS KOIYETHCS TIEPEIaioM
MOTEHIIAJly B CEpPEJIMHI TaKTy BiJi HU3BKOTO PIBHS J0 BHCOKOIO, JIOTIYHHHN HYJb -
3BOPOTHUM TI€pernajoM (K0 HEOOXIAHO MPEACTaBUTU JBa OJHAKOBUX 3HAYCHHS
MiApsAa, Ha T0YaTKy TakKTy BigOyBaeTbCs JOAATKOBUH CIY)KOOBHM mepemnan
norexiiiany). BukopucroByerncs B Ethernet;

7. JudepenuianbHe wmaHuyecTepcke koayBanusi (differential manchester
encoding) — aBodaszHe MoJsipHE KOAYBaHHS, III0 CAMOCHHXPOHI3YEThCS, JIOTIYHUN HYJIb
KOJY€EThCS HASBHICTIO Tepemnaay MOTEHIialy Ha MOYaTKy TakKTy, a JIOTiYHA OAWHUIL -
BIJICYTHICTIO TIEpenaay; y CepeluHl TakTy Iepenaj € 3aBxXau (IUisl CHHXpoHi3alli). B
Token Ring 3actocoByeThcsi Moamdikailis [boro meromy, kpim "0” 1 "17, mo
BUKOPHUCTOBYE ciy>k00B1 61T "J” 1 "K”, 110 HE MaroTh nepemnaay B cepeauni Takty ("J”
HE Mae Mepernaay Ha o4aTky Takty, "K” — mae);

8. MLT-3 — tproxpiBHEBE KOIyBaHHS 31 CKpeMOIIOBaHHSIM 0€3 CaMOCHHXPOHI3aIlii,
JIOTTYHUNA HYJIb KOJY€ETHCS 30€pEKEHHSIM CTaHy, a JIOT1YHA OJUHUIIS KOJYEThCS 10 Yep3i
HacTynmHuUMH ctanamu: +V, 0, -V, 0, +V 1 1.1. BukopucroByetsest B FDDI 1 100BaseTX;

9. PAMS5 (Pulse Amplitude Modulation) — n'stupiBHeBe OirossipHe KOAYBaHHS, IIPH
SAKOMY KOKHa Iapa OIT JaHMX NPEACTaBISETbCS OJHUM 3 I'ATH PIBHIB MOTEHIATY.
3actocoByethest B 1000BaseT;
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10. 2B1Q (2 Binary 1 Quarternary) — nmapu OiT JaHHX TPEACTABIIAIOTHCS OJHUM
YETBEPTUHHUM CHUMBOJIOM, TOOTO OJIHUM 13 YOTHPbOX PIBHIB IOTEHINiANTY.
3actocoByeThbes B ISDN.

0 1 0 1 1
IoTermmas oy Kog NRY,

8 | sinned

Binmoxapamii xog AMI (NERZ

BirmonApHHiT iM Iy 16 CHEE Ko7,

MaH4ec TepcbKHE K0T

Puc. 4.12. CriocoOu AUCKPETHOTO KOTYBAaHHS JTAHUX

Sk BM 3HaeTe me 3 WKUIBHOTO Kypcy «IHdopmaTuku» naHi B OOYMCIIIOBaIbHIN
TEXHIIl TMPEJICTaBICH] ABIMKOBUMM Koaamu. Yucina 3 1HIIUX CHUCTEM YHCIICHHS
(1ecATKOBOi 1 MIECHAIUATUPIYHOI CUCTEM, Kl IIMPOKO BUKOPUCTOBYIOTHCSA Yy CKJIail
JaHUX ) TIEPETBOPIOIOTHCS Y ABIIIKOBY CUCTEMY.

[lepexmnan 3 AECSITKOBOI CUCTEMH YUCIICHHS y JBINKOBY Ta LIICTHAALATKOBY:

a) TIOYaTKOBE I[IJIe YHUCIO MUIUTHCS HA OCHOBY CHCTEMH YHCIEHHS, B SKY
NEePEeBOAUTHCS (HA 2 - MpH MepeKyaal B IBIMKOBY CUCTeMY YHCIEHHS abo Ha 16 - mpu
nepeKiaji B MICTHAAISATUPUYHY); BUXOAUTh YaCTKa 1 3aJIMIIOK;
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0) AKIIO0 OTpUMaHA YaCTKAa MEHIIIE OCHOBU CHCTEMH YHCIICHHS, B Ky BUKOHYETHCS
NepeKIIa], MPoIeC IUICHHS MPUITUHSAETHCS, TEPEeXOIATh 0 KPOKy B). IHakmie Han
JaCTKOI BUKOHYIOTb Ji1i, OITMCaH1 B KPOIIl a);

B) YCI OTpHUMaHI 3QJIMIIKH 1 OCTaHHS YacTKa MepeTBOPATHCS BIAMOBITHO 10 TaOJIHII
nepexaaay B udpu Ti€i CHCTEMU YUCIICHHS, B IKY BUKOHYEThCS TIEPEKJIIaT;

r) opMy€eThCsl pe3yabTyIOUYe YMCIO: MOTO CTapIIMid po3psia - OTpUMaHa OCTaHHS
YaCcTKa, KOXKEH TOJAIBIIAA MOJOIIIUN PO3PST YTBOPIOETHCS 3 OTPUMAHUX 3QJIUIIKIB
BiJl JUICHHS, TTOYWHAIOYN 3 OCTAHHBOTO 1 KIHYAIOUH MepIuM. TakuM 9MHOM, MOJIOIITHI
PO3pSIl OTPUMAHOTO YHUCHIA - TEPUINI 3aJUIIOK Bij JUICHHS, a CTapIIMiA - OCTAHHS
qacTKa.

4.3. IlpocyBaHHA JaHUX KaHajaaMu 3B’ s13ky. KomyTranisa kanasiB i nakeriB
Sk BIIOMO, 3'€THaHHS KIHLIEBHX BY3JIB 4Ye€pe3 MEpPEKY TPAH3UTHUX BY3/IB HA3MBAIOTh

KomyTani€ero. [TocimioBHICTh By3IiB, ITI0 JIeXKaTh HA IIUISIXY B/ BIIPaBHUKA J0 OJIEp KyBaya,
YTBOPIOE MAPHIPYT.

Konu BH3HaueHi MaplipyTd Nepeaadl JaHuX, 3alyCH MPO MaplIpyTH 3po0JieH] B
TAaOJNMISIX yCIX TPaH3UTHUX BY3JIB, YCE€ F'OTOBO JO BUKOHAHHS OCHOBHOI omeparii —
nepenayl JaHUX MK a0OHEHTamMu (KoMyTallii aDOHEHTIB).

JUist KOo’)kHO1 mapu aOOHEHTIB 1 omepauis MoXe OyTH MpeAcTaBieHa JIeKUIbKoMa
(MO0 yuciy TpaH3WTHUX BY3JIB) JOKaAbHUMU omnepauisiMu komytamii. Ilepenycim,
BIJINIPAaBHUK MMOBMHEH BUCTABUTH JIaHl Ha TOM CBIi 1HTEpPEIIC, 3 IKOTO pO3NOYNHAETHCS
3HAWJIEHUIA MapIIpyT, a yCi TPaH3WUTHI BY3JM MOBMHHI BIJINOBIJHUM YMHOM BUKOHATH
MEePEeKUJIaHHI) JaHUX 3 OJHOTO CBOro 1HTepdeicy Ha IHIIWN, 1HIIMMH CJIOBAaMH,
BUKOHATH KoOMYyTalilo inTepdeiiciB. [lpuctpiii, (yHKIIOHATEHUM NPUIHAYCHHSIM
SIKOTO € KOMYTallisl, HA3UBAETHCSI KOMYTATOPOM.

[Ipore mepin Hi’XXK BUKOHATH KOMYTAIlll0, KOMYTaTOp TMOBHHEH PO3MI3HATH TOTIK.
Hani, 1o uig UbOT0 MOCTYNUIIM, aHATI3yIOThCS Ha MPEIMET HAsBHOCTI B HUX O3HaK
SAKOTO-HEOYb 3 TIOTOKIB, 3aJJaHUX B TaOIMuUIll KoMyTalli. SKkmio craBcs 30ir, To 1l JaH1
CIPSIMOBYIOThCS Ha 1HTepdelc, BU3HAYCHUH 11 HUX B MapIIPYTi.

KomyTtaTopom Moke OyTH SIK CHeEIiali30BaHUN MPUCTPIM, Tak 1 yHIBEpCAIbHHMA
KOMI'toTep 31 BOyIOBAaHUM MPOTPaAaMHUM MEXaHI3MOM KOMYyTallii, B I[bOMY BHUIAJIKY
KOMYTaTOp HAa3UBAETHCS IPOrPAMHUM.

MyJabTHILIEKCYBAHHS i 1eMYJIbTHILIEKCYBAHHS

[Ilo6 Bu3HAuWTH, HA SAKUK 1HTEpdehc ciia mepenaTd AaHi, MO TOCTYIWIIH,
KOMYTaToOp MOBHWHEH BHU3HAUWTH, JO SKOTO TMOTOKY BOHM BiAHOCATHCA. lle 3aBmanHHs
MOBUHHE BHPIIIYBATUCS HE3AJIEKHO BIJI TOTO, MOCTYIA€ Ha BXiJl KOMYTaTOpa TUIbKH
OJINH «YUCTUI» TOTIK a00 «3MIIIaHUI» TMOTIK, 110 € Pe3yJbTaTOM arperaiii JeKiIbKOX
NOTOKIB. Y OCTaHHbOMY BHUINAIKy [0 3aBIaHHS PpO3Mi3HABAHHS MOTOKIB JI0JAETHCS
3aBJIaHHS AeMYJIbTHILIEKCYBAHHA, TOOTO PO3MOILTY CyMapHOTO arperoBaHoro MoTOKy
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HAa JIEKUIbKa CKJIaJJOBUX HOTO MOTOKIB.

Sx mpaBwio, omeparifo KOMyTarii CympOBOIKY€E TaKOX 3BOPOTHA oOIeparlis —
MYJbTHIUIEKCYBAaHHA. [Ipy MynbTUIIEKCYBaHHI 3 JEKUTBKOX OKpPEMHX TIOTOKIB
YTBOPIOETHCSI 3arajIbHUN arperoBaHui MOTIK, SIKKH MOXKHA MeEpeJaBaTd MO OAHOMY
¢b13nuHOMY KaHaTy 3B'SI3KY.

Omnepariii MyJTbTHUILUIEKCYBAaHHS/IEMYJIbTUIUIEKCYBAHHS MAlOTh TaKe X BaXKJIMBE
3Ha4YeHHs y OyIb-sSKii Mepexi, sIK 1 omeparlii KoMyTallii, ToMy 110 0e3 HUX J0Beocs O
JUIs. KOKHOTO TIOTOKY TepeadadyaTd OKpEeMHIl KaHajl, 110 MpuUBeiao O A0 BEIUKOI
KUTBKOCTI TapalieTbHUX 3B'S3KIB B Mepexki 1 3Beio O «HaHIBELb» YCi TepeBaru
HEMOBHO3B A3HOI MEPEXKI.

OnHuM 3 OCHOBHHMX CHOCOOIB MYJIBTHIUIEKCYBaHHS MIOTOKIB € po3nofia yacy. [Ipu
bOMY CIOCO01 KOKEH MOTIK Yac BiJ 4yacy (3 ¢ikcoBaHMM a00 BUIAJKOBUM IEPIOIOM)
oTpuMye (I3UYHHUIN KaHaJ B IOBHE CBOE PO3MOPAIKEHHS 1 IEpeAae M0 HbOMY CBOI JIaHI.
[Tommpennii Takok YaCTOTHMI PO3MOAIT KaHATy, KOJU KOKEH MOTIK NEepeae JaHl y
BUJIIJICHOMY HOMY YaCTOTHOMY Jiana3oHi.

TexHomoriss MyJNbTUIJICKCYBaHHS TOBMHHA JIO3BOJSITH OJEPKYBaueBl TaKOTO
CyMapHOro  MOTOKY  BMKOHYBaTM  3BOPOTHY  ONEpalil0  —  PO3MOALI
(IeMyIbTUIUICKCYBaHHS) JaHUX Ha CKJIaoBl MOTOKU. Ha koxkHOMY 1HTEpderci MOXKYTh
OJIHOYAaCHO  BHUKOHYBaTtucsi  oOuaABI  GyHKIIT —  MYyJbTHUIUIGKCYBaHHA 1
NeMYJIbTUILIEKCYBaHHS.

Cepen 6e3mivl MOXKIIMBUX MIJXOMAIB J0 PIIICHHS 3a7a4l KOMyTallii a0OHEHTIB B Mepekax
BUJIUSIIOTh JIBA 3aCaJHUYMX, JI0 SIKUX BITHOCSITH KOMYTALIK) KAHAJIB 1 KOMYTAIII0
MAKeTIB.-

Komyraiiist maketiB

TexHika KOMyTalli MakeTiB OyJa creniaabHo po3pobieHa Ayt ePEeKTUBHOI nepeaayi
KoMIT'toTepHoro Tpagiky. Ilpu komyramii makeTiB ycl mepegaBaHi KOPUCTyBayeM
Mepexi JaHl po30UBaOTHCS B IOYATKOBOMY BY3JIl Ha MOPIBHAHO HEBEJIMKI YACTHHM, 1110
HA3MBAIOTHCS MMAKETaMU, KaJpamMu, ab0 KOMIpKaMH, — Y JAaHOMY KOHTEKCTI BIIMIHHOCTI
B 3HAUCHHI IIUX TEpMiHIB He icTOTHI. KOXXeH makeT 3a0e3nedyeThbcsi 3aroji0BKOM, B
SKOMY BKa3ye€ThCsl ajJipeca, HEoOXiJHa Jii JOCTAaBKH IaKeTy BY3Jy MpU3HAYEHHS.
HasiBHICTH azmpecu B KOKHOMY TaKeTl € OJHI€I0 3 HAWBaXHMBIIIUX BIIACTUBOCTEH
TEXHIKM KOMYTallli TMaKeTiB, OCKUIbKM KOXXEH IaKeT Mmodce OyTH oOpoOsieHuit
KOMYTaTOpOM HE3QJIKHO BiJ 1HIIMX MakeTiB iHpopmaliitHoro mnoTtoky. Okpim
3aroJIoBKa y MakeTl € 1€ OJHO JI0JIaTKOBE IO0JIe, K€ 3a3BUYail PO3MILLY€EThCS Yy KIHIII
NAKETy 1 TOMY Ha3UBA€THCS KIHIIEBUKOM. Y KIHIEBUKY MOMIIIAETHCS KOHTPOJIbHA CyMa,
sgKa J03BOJISIE TIEPEeBIPUTH, YW Oyia CIOTBOpeHa iH(opMalls Mpu Mepeaadi yepes
Mepexy ado Hi.

[TakeTy MOCTYIAIOTh B MEPEKY 6€3 nonepeoHb020 pe3ep8ysanHs Il 368'13Ky 1 He 3
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Qixcosanorw nanepeod 3a0anol0 WBUOKICMIO, SIK 1€ POOUTHCS B MEpekax 3 KOMYTAIIIE0
KaHaJliB, @ B TOMY TEMIII, B IKOMY iX reHepye jxepeno. [lependauaeTnes, o mepexa 3
KOMYTAIII€I0 MAaKeTIB Ha BIAMIHY BIJ MEpPEXi 3 KOMYTalll€l0 KaHaJiB 3aBXKJIU T'OTOBa
IPUIHATH TTAKET BiJl KIHIIEBOTO By3Ja.

[Ipoueaypa pe3epByBaHHs MPOITYCKHOI CIPOMOKHOCTI MOKE 3aCTOCOBYBATHCS 1 B
NMakeTHHX Mepexax. [IpoTe OCHOBHAa 1€ TaKOTO PE3EpPBYBAaHHS MPUHITATIOBO
BIPI3HSAETHCS BIJ 171 pe3epBYBaHHS MPOMYCKHOI CIPOMOXHOCTI B MeEpekax 3
KOMYyTaIli€ro KaHamiB. Pi3HUIA mossTrae B TOMY, IO MPOMYCKHA CIIPOMOYXKHICTh KaHATY
MEpexXi 3 KOMYTaIll€l0 TAaKeTiB MOXXE JUHAMIYHO TMEepPepO3MOIUIATUCS MK
1H(OpMaIIHHUMU TTOTOKAMH 3aJIEKHO B1JI MOTOYHUX MOTPEO KOKHOTO MOTOKY, YOTO HE
MO>Ke 3a0€3MeYNTH TEXHIKa KOMYTallil KaHaiB.

Mepexxa 3 KOMyTaIll€l0 MaKeTiB, TAK CaMO SIK 1 Mepeka 3 KOMYTAIEI0 KaHaJiB,
CKJIQJIA€ThCS 3 KOMYTATOpiB, TNOB's3aHUX (GI3MYHUMH JTiHIAMHA 3B's3ky. [Ipore
KOMYTaTopu (QYHKIIIOHYIOTh B IIMX Mepekax Io-pi3HOMY. ['OjloBHA BiJIMIHHICTH
MOJIATAE B TOMY, I1I0 TAKETHI KOMYTaTOPU Maroms eHympiwHo 0ygepHy nam'amo 1iis
TUMYacoOBOr0 30epiraHHs NakeTiB. [[ICHO, MAKETHUN KOMYTATOpP HE MOXKE MPUUHATH
pIllIEHHST TIPO TIPOCYBAaHHS ITaKETy, HE MAaIOUYM y CBOIM MmMam'siTi yChOTO ITaKeTy.
KoMyTaTop mnepeBipsie KOHTPOJIbHY CyMY, 1 TUIBKM SIKILIO BOHA FOBOPUTH MPO TE, IIO
JlaHl TIAKEeTy HE CIIOTBOPEHI, MOYMHAE OOPOOJSATH MaKeT 1 3a aapecor0 MpU3HAYCHHS
BU3HAYA€ HACTYNMHUA KOMYyTaTtop. ToMy KoowceH TaKeT TMOCHIIOBHO OIT 3a OITOM
noMIIIaeTbesi y BXiaHmii Oydep. Maroun Ha yBasi IO BJIACTHBICTb, TOBOPSTH, IO
MepeXi 3 KOMYTaIlI€l0 TTaKeTIB BUKOPUCTOBYIOTh TEXHIKY 30epe:KeHHs 3 MPOCyBAHHIM
(store - and - forward). ITomiTuMoO, 1110 TS ITi€T METH JOCUTH MaTH Oydep po3mipoM B
OJIVH TIaKeT.

Bbydepuzariis moTpiOHa MaKETHOMY KOMYTATOPY TAKOXK 01 132004CEHHS UBUOKOCHI
npulHaAmMmA nakemie i3 weuokicmio ix komymayii. SIKIIO KOMYTYHOYHil OJIOK He
yCTHTa€e 00OpOOISATH AKeTH, TO Ha 1HTEpdeiicax KOMyTaTopa BUHUKAIOTh BX1HI Yepru.
OueBuaHO, 1O AJIA 30€piraHHs BXiAHOI yepru o0'eM Oydepa MOBUHEH NEPEBUILYBATH
pO3Mip OJHOrO MakeTy. ICHYIOTH Pi3HI MAXOAU 10 MOOYJAOBHM KOMYTYHOUOTO OJIOKY.
Tpanuuiiiauii cnoci®0 3acHOBaHMM Ha OJHOMY LEHTPaJIbHOMY IMpPOLECOpl, SIKH
o0cnmyroBye yci BXiJiHI 4epru komyraropa. Takuii criocid moOya0BH MOKE MPU3BOIUTH
JI0 BEITUKHUX Yepr, OCKIIBKHA MPOIYKTUBHICTH MIPOIIECOpa PO3AUIAETHCS MIXK JIEKLTbKOMA
yepramu. CyyacHi cnocobu moOyJOoBH KOMYTYKOYOro OJOKY 3acHOBaHI Ha
OaraTompoIecCOpHOMY MiAXO/1, KOJIU KOXKEH iHTepderic Mae CBiil BOyJ0OBaHUI TIPOIIECOp
1151 00poOku makeTiB. KpiM Toro, icHye TakoX HEHTPaIbHHUI IPOIIECOop, 10 KOOPAUHYE
poboty 1iHTepdeiicHux mnporecopiB. BuxopuctanHsa iHTepeHCHHUX TPOILIECOPIB
MIJBUIIY€E MPOAYKTUBHICTh KOMYyTaTopa 1 3MEHIIYE Yepru y BXIAHUX iHTepdeiicax.
[IpoTte Taki yepru Bce OJHO MOKYTh BUHUKATH, OCKUIbKH LIEHTPAJIbHUN MPOLECOp K 1

70



paHillie 3aJHIIAETHCS «BY3bKHUM MICIIEM).

Hapemri, Oydepu moTpiOHI 0151 y320001ceHHs wieuUOKocmeli nepeoayi OaHux 8
KaHanax, TiIKIIOYEHUX JO0 TMAaKeTHOro komyratopa. JIificHO, SKIO IIBHIKICTbH
OPUMHATTA TAKETIB 3 OJHOTO KaHaly BIPOAOBXK JEIKOrOo TMEpiofy IEPEeBHILYE
MPOMYCKHY CIIPOMOXKHICTh TOTO KaHaly, B SIKAU 111 MAKETH MalOTh OyTH CIPSIMOBaH1, TO
o0 YHUKHYTH BTpaT NAaKETIB Ha IUILOBOMY 1HTepderci HeoOXiTHO OopraHi3yBaTu
BUXIJIHY Yepry.

Y Mepexi 3 KOMYTAIll€l0 TMAaKeTiB myJhbcalii Tpadiky OKpemMux aOOHEHTIB
BIJIMTOBITHO /IO 3aKOHY BEIUKHX YHCENT PO3MOAUIIIOTECS B Yaci Tak, MO IX IMMKH
HalyacTille He CHIBNaJaroTh. TOMYy KOMYTaTOpPH MOCTIHHO 1 JIOCHUTh PIBHOMIPHO
3aBaHTaXeH1 poOOTOIO, SIKIIO YUCIIO OOCIYrOByBaHUX HUMU AOOHEHTIB JIIACHO BEJIMKE.
bydepuzaris 3riamkye mysbcaiii, ToMy KoeQilI€HT IMyJbcallii Ha MariCTpaJbHUX
KaHaJlax Ha0araTo HIWKYUM, HIXK Ha KaHanaxX aDOHEHTCHKOTO JIOCTYILY.

Ockinbku 00'em OydepiB B KoMyTaTopax OOMEXEHH, 1HO/A1 BiIOYyBa€ThCs BTpaTa
MaKeTiB Yepe3 nepenoBHeHHs1 OydepiB MpU TUMYACOBOMY IMepeBaHTAMKEHHI YaCcTUHU
MepeXi, KOJU CHIBINAAI0Th MEPIOAM IMyJbcallii AEKIIbKOX 1H(QOpPMalIMHUX MOTOKIB.
OcCKkiJIbKH BTpaTa MaKeTiB € HEB1JI'€MHOIO BJIACTUBICTIO MEPEXi 3 KOMYTAIIIEIO MAKETIB,
TO I8 HOPMAJIbHOI pPOOOTH TaKMX MEpPEeX poO3poOJIEHUN psiJi MEXaHI3MIB, SKl
KOMIIEHCYIOTh 1ei edekT. [{i MexaHi3MU Ha3UBaIOTHCS METOJAaMU 3a0€3MeUYeHHS SIKOCTI
00CITyroByBaHHS 1 IHKUHIPUHTY TpaQIKy.

PimienHs npo Te, Ha KUl 1HTEp(deiic mepeaaT MakeT, o NPUNHIIOB, IPUHMAETHCS
Ha I1JICTaBl OJIHOTO 3 TPhOX METO/IIB IPOCYBAHHSI MAKETIB :

o Ilpu detimacpammniii nepedaui 3'eNTHAHHS HE BCTAHOBIIIOETHCS, 1 YC1 TIepeiaBaHi
MaKeTu npocysaromspcs (MEPEAatoThCs Bl OJHOTO BY3JIa MEPEXKi 1HIIOMY) He3ANeHCHO
00uUH 6i0 00HO20 HA MIACTaBl OJHUX 1 TUX ke mpaBui. [Iporenypa oOpoOku makery
BU3HAYAETHCS TUTHKU 3HAYCHHSIMH TIapaMeTpiB, sIKl BiH HECE B €001, 1 TOTOYHUM CTAaHOM
Mepexi (HampuKiIaa, 3aJIe)KHO Bij 11 HAaBaHTAKEHHS MAaKeT MOXE CTOSTH B 4Uep3i Ha
obcnmyroByBaHHsa Oinbimmii abo menmmii 4dac). [lpore Hiska iHGoOpMmarlliss mpo BxKe
nepe/iaHi MakeTH Mepeker0 He 30epiraeTbest 1 B X041 0OpOOKM 4eproBOro MakeTry 0
yBaru He Oeperbcs. TOOTO KOXKEH OKpPEeMHid MaKeT PO3TIISIAEThCS MEPEXKEI K
aOCOJIFOTHO He3aseKHa OJUHUIA Tepeaadi — AerTarpaMma.

Bubip intepdeticy, Ha skuii OTPiOHO MEPEIaTH MAKET, 110 MOCTYIUB, BII0OYyBAETHCS
TIIBKM Ha MiACTaBl ajgpecd NPHU3HAYEeHHS, [I0 MICTUThCS B 3arojoOBKYy IaKeTy.
[IpuHaneXHiCTh MaKeTy J0 MEBHOIO 1HGOPMAIIIMHOTO TTOTOKY HisIK HE BPaXOBY€ETHCS.

PimenHs nmpo mpocyBaHHS MaKeTy NPUUMAETHCSI HA OCHOBI Ta0JMII KOMYyTaIlii, 1110
MICTUTh HaOlp aJpec MpU3HAYEHHS 1 aJpecHy iH(opMmalliio, M0 OJHO3HAYHO BU3HAYAE
HACTYITHUM 1O MapuipyTy (TpaH3UTHHI a0 KiHIEBUM) By30s. Tabmui komyTarli
JeUTarpaMHoOi MEpeKi TOBMHHA MICTHTH 3alKMCH MPO YyCl afpecH, KyAu MOXYTb OyTH

71



COpsIMOBaHI MAaKeTH, IO IMOCTyNalTh Ha I1HTepdelcH KoMmyTatropa. A BOHH B
3aralbHOMY BHIAJKy MOXYThb OyTH ajapecoBaHi Oynb-iKoMy By31y Mepexi. Ha
IPAKTHULl BUKOPUCTOBYIOTHCS MPUHOMHM, II0 3MEHIIYIOTH YHCJIO 3alKCIB B TaOIuI,
HalpuKIaa, l€papxXiuHa ajapecaiis. B 1boMy BuUMaaKy TaOJMIs KOMYyTallli MOXKe
MICTUTH TUIBKHM CTapilli YaCTMHMU ajpec, SKi BIAMNOBITAIOTH HE OKPEMHM BYy3JaM, a
TEeSKIN TPy By3miB (7151 iX TTO3HAYEHHSI 9aCTO 3aCTOCOBYIOTH TEPMIH «ITIIMEPEIKAY ).

He3Bakaroun Ha 3aCTOCYBaHHS 1€papXIyHOi ajpecallli B JESKUX BEIUKUX Mepekax
(manmpukian, B [HTEpHETI), KOMyTaTOPH MOXXYTh MaTH TaOJUIll 3 YHUCIOM BXOJiB, IO
NEPEeBUIIy€E JEKiIbka TUCAY. Y TaOmuii komyTtamii At ofHiel 1 Tiel X aapecu
NPU3HAYEHHSI MOXKE€ MICTHTHCS JNEKUIbKa 3alKCiB, IO BKa3ylOTh BIANOBIJIHO Ha pi3HI
aApec  HACTYIIHOrO KoMyTaropa. Takuid MiAXig  Ha3UBA€ThCs  OaJaHCOM
HABAHTA’KEHHS 1 BUKOPUCTOBYETHCA ISl MIABUUIEHHS MPOIYKTUBHOCTI 1 HAIIHHOCTI
Mepexi. Jlesika «po3MUTICTh» HUISIXIB PYXy MAKETIB 3 OJHIEI0 1 TIEIO X aJIPECcOoro
NPU3HAUEHHSI Yepe3 MEpEexKy € NpSMHUM HacliJKOM IMPUHIMILY HE3aJIeKHOi 00poOKu
KOKHOT'O TaKeTy, BIACTUBOIO JeHTarpaMMHOMY MeTony. IlakeTu, siki pyxarwTbes 3a
OJIHIEI0 1 TOMY 3K aJpecor0 MpPU3HAYEHHS, MOXYTh AOOUpPATHUCA A0 HBOTO PI3HUMHU
IUIIXaMHA TaKOXX BHACHIIOK 3MIHM CTaHy MEpExXl, HaOpHKIaa BIAMOBU HPOMIKHUX
KOMYTaTOpIB.

JlefiTarpaMHUM METOJ MPAIIO€ MIBHJIKO, OCKIIBKH HISKUX IOMEPEIHIX 1A mepen
BIJNIPABKOIO JTAHUX MPOBOAMTH HE BHUMAaraerbcs. IIpoTe mpu TakoMy MeTOnl Ba)KKO
nepeBipuT (akT AOCTABKM TaKeTy BY3JIy Mpu3HaueHHs. Lleil meTon He rapaHtye
JIOCTABKY MaKeTy, BiH pOOUTH L€ B MIPY MOMJIMBOCTI — JIJISl OMKCY TAKOI BIACTUBOCTI
BUKOPUCTOBYETHCS TEPMiH OCTaBKa 3 MakcuMaasuumu 3ycuwuiamu (best effort).

o Ilepedaua 3i 6cmanognenHam 102iuH020 3'€OHanHA PO3NATAETHCS HA TaK 3BaHI
ceaHcu, abo soriyHi 3'enHanHd. [Iporeaypa oOpoOku BU3HAYAETHCA HE JUISI OKPEMOTO
nakeTy, a Ajs yciei 0e3iul MakeTiB, 0 NEPeJaloThCsA Y paMKaxX KOXKHOTO 3'€THAHHS.
Jlist Toro, 06 peanizyBaTu AudepeHIliioBaHe 00CIyrOBYBaHHS MAKETIB, 0 HAJIEKATh
pI3HUM 3'€IHaHHSAM, Mepeka TOBHHHA, MO-TIEpIIE, MPUCBOITH KOXHOMY 3'€THAHHIO
inenTudikarop, no-npyre, 3anaMm'atatd napaMmeTpu 3'€IHaHHs, TOOTO 3HAYEHHS, IO
BHU3HAYAIOTh Mpoleypy 0OpoOKHM MakeTiB y paMKax Lboro 3'enHanns. s iHdopmarris
Ha3WBaeThCs iHGopMamielw npo cran 3'eqHaHHA. DIKCOBaHWI MapIIPyT HE €
000B'sI3k0BUM mapameTpoM 3'eqHaHHs. [lakeTw, 1m0 HajmeXxaTb OAHOMY 1 TOMY X
3'€IHAaHHIO, MOXYTh TEPEMIIMATUCS TI0 PI3HUX HE3ICKHUX OJWH B OJHOTO
MapupyTax.

[lepenaya 31 BCTAaHOBIEHHSM JIOTIYHOTO 3'€IHAHHS TPYHTYEThCS Ha 3HAHHI
«repenictopii» oominy. Lle mo3Bossg€e palioHaNbHIlIE B MOPIBHIHHI 3 JeHTarpaMMHBIM
crocoboM o0pobsaTu naketu. Hanpuknan, mpu BTpaTi JEKUIBKOX MOMEpPEAHIX MaKeTiB
MOKe OyTH MOHI)KE€HA IIBHUJKICTh BIANPABKU MOAANbIINX. UM 3aBASKH Hymeparii
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NakeTiB 1 BIJCTEXKYBAHHIO HOMEpPIB BIANPABICHUX 1 MNPUHHATHUX TMAKETIB MOXHA
MIJBUIIUTH HAIMHICTh NIJISAXOM BIAKHUJIAHHS TyOJIIKATIB, BIIOPSIKOBYBAaHHS THX, IO
MOCTYIUJIU 1 TOBTOPEHHS Mepeiayul BTpayeHUX MaKETIB.

[Tapametpu 3'eqHaHHS MOXYTh OYTH SIK MOCTIMHHUMH BIPOIOBXK YCHOTO 3'€THAHHS
(HampuKiIaA, MaKCUMalIbHMA pPO3MIp TakKeTy), TaK 1 3MIHHUMH, IO JAHAMIYHO
B1IOMBaIOTh MOTOYHUMN CTaH 3'€HaHHS (HANIPUKJIAJ, 3rajilaHi BUIIE MMOCIII0BHI HOMEpHU
nakeTiB). Komu BianpaBHUK 1 oJiepKyBad @hikcyroms MOYaTOK HOBOTO 3'€/THAHHS, BOHH,
nepeayciM, «JOMOBIISIFOTHCS» PO TTOYATKOBI 3HAUYEHHS NTapaMeTpiB MPoLeypu OOMIHY
1 TUTBKH TICTIS ITHOTO TTOYWHAIOTH TIEpeIavy BIACHE JaHUX.

Ilepenaua 31 BCTAaHOBJICHHSIM 3'€HAHHS HaA1MHIIIA, aje BUMarae OUIbIIE Yacy st
nepeaadi JaHuX 1 0OYKCTIOBAIBHUX BUTPAT B1JI KIHIIEBUX BY3JIiB.

[lomiTuMO, 110, HA BIAMIHY BiJ Mepenayl JAedTarpaMHOrO THUIly, B SKId
HNIATPUMYETBCA TUIBKM OJWUH THUIN Kaapy, — I1H(QOpMaUliHMWi, nepenaya 31
BCTAHOBJICHHSIM 3'€/IHAHHS TOBMHHA MIATPUMYBATH SK MIHIMYM JBa THIIUM KaJpiB —
1H(dopMaIliiiHi, IepeHocsaYl BIacHE MPHU3HAYEH! /I KOPUCTyBada JaHi, 1 CIIy»XOOBI,
MpU3HAYEH1 JJI1 BCTAHOBJICHHS (PO3PUBY) 3'€ THAHHS.

o Ilepedaua 3i 6cmanoGIeHHAM GIpMYANbHO2O Kauany. SIKIMIO 110 4Yucia
napaMeTpiB 3'€IHaAHHS 6x00umb MapIIpyT, TO yCl MAKeTH, M0 NepeAaloThCcsl y paMKax
UbOTO 3'€HaHHS, MOBHMHHI NPOXOJUTH IO BKa3aHOMY UUIAXy. Takuil eguHUR
3a37aJIeTib MPOKIAJACHUN (DIKCOBAaHMH MAapLIPYT, LIO0 CIHOJIy4ae KIHIEBl BY3JIH B
Mepexi 3 KOMyTalli€lo MaKeTiB, Ha3MBaOTh BipTyaJabHUM KaHaJioM (Virtual circuit, ado
virtual channel).

Bipryanabni kanamm (virtual circuit, ado virtual channel) — me crifiki nsxu
JTOTpUMaHHS Tpadiky, 10 CTBOPIOIOTHCA B MEPEXK1 3 KOMYTaIll€l0 MakeTiB. BipTyanbHi
KaHau € 0a30BOO KOHIEMIIi€r TexHoorii X.25, Frame Relay i ATM.

TexHika BipTyaJIbHUX KaHaliB BPaXOBY€ ICHYBaHHS B MEpeXi MOTOKIB AaHuX. s
TOTO, 00 BUIUIMTH MOTIK AAHUX 13 3arajbHOr0 Tpadiky, KOKEH MaKEeT I[bOr0 MOTOKY
M03HAYAETHCS MiTKOI0. Tak camMo sIK B Mepekax 31 BCTAHOBJICHHSM JIOT1YHUX 3'€THAHb,
NPOKJIAJICHHS BIpTyaJlbHOTO KaHAJIy PO3MOYMHAETHCS 3 BIAMPABKH 3 By3Ja-IHKepema
3aMuTy, IO HA3UBAETHCS TAKOXK MAKETOM BCTAHOBJIEHHSI 3'€lHAHHA. Y 3amuTi
BKa3ye€ThCs aapeca MPU3HAYEHHS 1 MITKa TOTOKY, I SKOTO TPOKIIATAEThCS e
BIpTyaJIbHUM KaHaJl. 3amuT, TPOXOIIIr 110 Mepexi, popMye HOBHUI 3aMKC B KOXKHOMY 3
KOMYTaTOpiB, pPO3TAallOBAaHUX Ha NUIAXY BIJ BIANpPAaBHHKA J0 OJepKyBaua. 3amuc
TOBOPUTH MPO T€, SIKUM YMHOM KOMYTaTOp MOBMHEH OOCIYrOBYBaTH MAaKET, 110 Ma€
3aaaHy MiTKy. CTBOpeHUH BIpTyalIbHUM KaHAJ 1IeHTU(PIKYETHCS TIEO K MITKOIO.

[Ticas mpokiaZeHHs BIPTyalbHOTO KaHAy MEpeka MOXKe IepefaBaTH MO HbOMY
BIIMOBIAHUN TMOTIK JaHUX. Y YCIX TaKeTax, SKi MEepPeHOCATh NPU3HAYCHI IS
KOpPHUCTyBaya JiaHi, aJjpeca MPU3HAYEHHS BXKE HE BKA3YEThCS, WOTO pOJib T'pa€ MiTKa
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BipTyaibHOro kanamy. [Ipu BcTymi makeTy Ha BXIAHHMHA iHTEepQeEHC KOMYTaTOp YHUTA€E
3HAUYEHHSI MITKM 13 3arojioBKa MakeTy, 110 MPUNIIOB, 1 MEpEeryisifae CBOI TaOJIMIIO
KOMYTaIIii, 10 sIKIi BU3HAYA€E, HA SIKUM BUX1THUN MTOPT MEpeaaTH MakeT, 0 MTPUHIIOB.

TaOnuist koMyTamii B Mepekax, IO BHKOPHUCTOBYIOTh BIPTyalbHI KaHAIH,
BIJPI3HAETHCS BiJl TaOJIMII KOMYyTaIlil B IedTarpaMHUX Mepexax. Bona MicTuTh 3anucu
MiNLKYU Npo mi, GIPMYAIbHI KAHAIU, WO NPOXOOSAMb uepe3 KoMymamop, a He Tpo yci
MOXIJIMB1 aJipeCu TpHU3HAYEHHS, SK 1€ Mae MiClle B Mepexax 3 JelTarpaMHUM
QITOPUTMOM TPOCYBaHHS. 3a3BUUail y BEJIMKIA Mepexi KUIbKICTh MPOKIAACHUX Yepes
BY30J1 BIpTyaJbHUX KaHAJIB ICTOTHO MEHIIIE 3arajbHOi KIJTbKOCTI BY3J1iB, TOMY 1 TaOIHUIII
KOMYyTalli B IbOMY BHIaJIKy Habarato KOpoTIle, a, OTXKE, aHaJli3 TaKkoi TaOJIuIl 3aiimae
y KOMYTaropa MEHILE 4Yacy. 3 II€l K MPUYMHU MITKa KOPOTIIA 3a aJIpecy KIHIEBOTO
By3Ja, 1 3aroJIOBOK TMakeTy B MepexaxX 3 BIpTyaJlbHUMHU KaHajJaMH TMEPEHOCUTH IO
MepexXi 3aMICTh JIOBIOi aJpecy KOMIAKTHUN 1IeHTU(IKATOP MOTOKY.

VY oxHIi 1 TI XK€ MEpEekKeBIM TEXHOJIOrlT MOXYTh OyTH 3aisiHI PI3HI CIIOCOOH
oOMiHy nanumu. Tak, gedtarpamHuid npoTokoisl |P BHKOpucCTOBYeThCs Ajid mepenadi
JAHUX MDK OKpPEMHMH MEpEKaMH, IO CTaHOBIATH IHTepHeT. B TOoM ke wyac
3a0€3MeYeHHsIM HaJ[IMHOT JOCTaBKM JaHMX MDK KIHIICBUMHU BY3JIaMH II€T MEpexi
3aiiMaeTbcsi mpotokoa TCP, mo BcTaHoBmoe JjoriuHi 3'enHaHHs 0e3  dikcarii
Mapuipyty. | HapemTi, [HTepHET € MPUKIAIOM MEPEXi, MO0 BUKOPUCTOBYE TEXHIKY
BIpTyaJIbHMX KaHAJB, OCKUIBKH J0 CKJIany [HTepHeTy BXOoauTh HeMano mepex ATM i1
Frame Relay, 1o miaTpuMyrOTh BipTyaJIbHI KaHAJIH.

Ha 3akiHueHHs mnpuBeaeMO TaOJUIIO, B SKIH 3BEICHI BIIACTMBOCTI 000X BHIIB
Mepexx. Ha mifctaBi 1ux JaHUX MOXHA apryMEHTOBAHO CTBEPKYBaTH, B SIKHX
BUIIAJIKaX paIllMOHAJIbHIIIE BUKOPUCTOBYBATH MEPEXi 3 KOMYTAIlI€I0 KaHAIIB, a B SIKUX
— 3 KOMYTAIII€I0 MMaKeTIB.
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Taoauus 4.1. [TopiBHSIHHS MEPEXK 3 KOMYTAIlIE€I0 KAHATIB 1 [TAKETIB

KomyrTartist kaHasiB
HeoOxi11H0 3a31aneriap
BCTAHOBJIIOBATH 3'€THAHHSI

Komyrarrist maketiB
BiacyTHiit eTan BCTaHOBJICHHS
3'eTHaHHA (IeHTarpaMHHN CIIOCi0)
Anpeca 1 1112 ciyx00Ba
iH(pOpMaILlis TepelaeThCs 3 KOXKHUM
[IAKETOM

Anpeca noTpiOHa TIJIBKU Ha
eTari BCTAHOBJICHHSI 3'€THAHHS

Meperxka MOXKe BiIMOBHUTH
aOOHEHTOBI1 y BCTAHOBJICHHI
3'€THAHHSA

Mepeska 3aBKIU TOTOBA
NPUHHATH J1aH1 B1J aOOHEHTA

I'apanToBaHa nmpomyckHa
CIIPOMOKHICTB (cMyTa
IPOITyCKaHH:) ISl B3aEMOIIF0OUUX

aOOHEHTIB
Tpadik peanbHOro yacy
nepenaerbes 0e3 3aTPUMOK

[IponyckHa CIPOMOXKHICTh
Mepexi /111 aDOHEHTIB HEBIOMA,
3aTPUMKU Tepeadl HOCITh
BUIIaJIKOBHMI XapaKkTep

Pecypcu mepexi
BUKOPHCTOBYIOTHCSI €pEKTUBHO MPHU
nepeaayl myJibCyrouoro Tpadiky

Mo>kJIMB1 BTpaTH JaHUX 13-32
nepenoBHIOBaHHs OydepiB

Bucoka HamiliHicTh
nepeaayi

Heparionanbue
BUKOPUCTAHHS IIPOITYCKHOI

ABTOMaTUYHNI TUHAMIYHAN

PO3IIOI1T IIPOITYCKHOT CITPOMOKHOCTI
(b13UYHUX KaHAJIB BIJMOBIIHO J0

(aKTHUYHO1 IHTEHCUBHOCTI Tpadiky

CIIPOMOJKHOCTI1 KaHaJliB, 1110

3HIMKYE 3arajibHy €(DEeKTUBHICTb
Mepexi

a00OHEHTIB

Tema 5. AnapartHi 3aco0u moOya0BM Ta Ta CTPYKTYPHU3ALii KOMIT'IOTEPHUX Mepex
5.1CTpykTypu3aiisi BeJIJUKHX MEpPex.

5.2 ®i3uyHa Ta JOTiYHA CTPYKTYPHU3allisl JIOKAJIBLHOI Mepexi .
5.3 Mepe:xkHe kKOMYHiKalliliHe 00J1aTHAHHS

5.1 CTpykTypH3auisi BeJTUKHX MepeskK

B neBemmkux mepexax (10-30 xomm’roTepiB) HayacTiIie BUKOPUCTOBYETHCS TIEBHA
TUIIOBA TOMOJIOT1S:

e 3aranpHa muHa (Ethernet).
e 3ipka (Ethernet).
e Kimsre (TokenRing, FDDI).
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Bci i tomosorii MarTh BIACTUBOCTI OJHOPIAHOCTI — TOOTO BCI KOMIT' HOTEPH Y
MEepeXi MaloTh OJIHAKOBI MpaBa Ha JOCTYN JO IHIIMX KOMIT'I0TepiB. OIHOPIAHICTD
CTPYKTYPH CHPOIIY€ HApOUIECHHS YMClia KOMIT I0TEPiB, MOJIETIIye OOCIYyroByBaHHS Ta
EKCILTyaTallio MEepexi.

[Tpu po30yA0B1 BENMUKUX MEPEK BUHUKAIOTH MIEBHI TPOOIEMHU:

e OOMeXeHHs Ha JIOBXKHUHY JIHIN MK By371aMH.
e (OOMeXXeHHs Ha KUIbKICTh BY3JIiB.
e (OOMeXeHHs Ha IHTEHCUBHICTh Tpadiky.
JI71s1 BUpIIIEHHS [TUX MPOOJIeM BUKOPUCTOBYIOTH CIIEIiaIbHI METOJIM CTPYKTYypHU3aIlii
MEpEeX Ta crieniajibHe 00J1aJHAaHHS:
e [loBToproBaui (repeater).
e Komnnenrparopu (concentrator, hub).
e Moctu (bridge).
e Kowmyraropu (switch).
e Mapupyruzatopu (router).
e [Ilmo3u (gateway).

Take oOnagHaHHA HA3WBAETHCS KOMYHIKAlITHUM, OO BOHO MPU3HAYEHO IS
00’€/THaHHS OKPEMHUX CETMEHTIB MEPEeXk1 JI0 €IMHOTO II1JI0TO.

CmpyKkmypuszayis 10KaIbHOI MeperCl

Tyt ci po3pi3HATH:

e TomnoJiorit ¢gizuyHUX 3B’A3KIB, TOOTO (QI3UYHY CTPYKTYPY MEPEXKI.
e Tomnouorii JoriyHux 3B’A3KiB, TOOTO JIOTTYHY CTPYKTYPY MEPEKI.

Kondirypamis ¢izuunux 3B’sI3KiB BHU3HAYAETHCS CICKTPUYHUMHU 3’ €JIHAHHSIMU
KOMIT I0TEpIB, 1 MOXKE OYTH MpeACTaBiIeHa y BUMIISAL Tpady, 1€ By3JlaMH € KOMIT I0TEpU
Ta KOMYyHiKaIliiiHe o0agHaHHs, a peOpaMu € BiIpi3KK KabOelto, M0 3’ €IHYIOTh Il BY3JIH
(puc. 5.1).

/

Puc. 5.1. Konghizypauin ¢izuunux 36’°a3kie.
JloriuHi 3B’SI3KM — 1I€ NIUIAXW MPOCYBaHHS 1H(MOpPMAIIHHUX TOTOKIB MO MEPEXKI.

BoHu yTBOpIOIOTBCST 3a paxyHOK BiJIMIOBIHOTO HaJaIITyBaHHS KOMYHIKaI[ifHOTO
oOJy1aTHaHHS.
B neBHux Bumagkax ¢izudHa 1 JOT14HA TOIMOJIOTIl MEpeXi MOXKYTh 30iratucs (puc.S.
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2), a B IeSIKUX BUIAKaX — He 30iratucs (puc. 3).

A B C

Puc.5. 2. Dizuune «xinvue» ma 102ivne «Kijibue.

Puc. 5.3. Dizuuna «3azanvHa wWiuHa) ma 102iuHe «Kiibuye».

5.2®i3uyHa CTPYKTYpHU3allisl JOKAJIBHOI Mepe:xKi
OcHoBHUMHU  3aco0amu  GI3MYHOI  CTPYKTypU3alli  JIOKAIbHOI  MEpexi €

noBToproBadi (repeator) Ta konmenTparopu (concentrator) uu xaom (hub).

IloBTOproBay €  HAWUOPOCTIIMM  KOMYHIKAIWHUM  TPUCTPOEM,  MIO
BUKOPUCTOBYEThCS I (PI3UYHOTO 3 €JHAHHS PI3HUX CErMEHTIB KaOelto JIOKAJIbHOT
Mepexi, 3 METOIO 301TIBIIECHHS 3arajibHOI JIOBXKUHU Mepexi. B moBToproBaui € nuiie aBa
MOPTH, 1 CUTHAJI 3 OJHOTO MOPTY MEPECKEPOBYETHCS HA THIITHA.

KoHueHTpaTOpOM Ha3uBaeThCS MOBTOPIOBAY, SIKUW CIIPOMOXKHUMN 3’€THATU KLIbKa
cerMeHTiB. [Ipuctpiit Mae OUIBITY KUIbKICTh IOPTIB, & CUTHAJM, 110 HAAINIIUIA HA OJUH
NOPT CKEPOBYIOTHCS HA BC1 1HIII MOPTH.

KoHueHntpaTopu € HEOOX1AHUMHU TPUCTPOSIMU TPAKTUYHO Y BCIX OA30BUX MEPEKHUX
TEXHOJIOT15IX.

Jlociuna cmpykmypuszayis mepexici y po30inibHoMY cepedosuilyi

di3nyHa CTPYKTypHU3allisi MEpekl HE JI03BOJISIE€ BUPINIYBATH MEBHI MPOOJIEMH, Taki
AK:

. Jlebinut mpoImycKHOI 31aTHOCTI.

. HeMoxMBICTh BUKOPUCTAHHS B PI3HUX YACTHHAX MEPEXKI JIHINA 3B’SI3KY 3
PI3HOIO TTPOMYCKHOIO 37aTHICTIO.

. Tumnosi (izuuHi ToOmoOJIOTIi («3arajibHa IIUHAY, «KUIBLE», «3IpKay) s
0oOMiIHY JaHUMH MalOTh JIUIIE OJHE PO3IIbHE CEPEeIOBUIIE, 1110 00’ €qHYE BC1 MEPEKHI
npuctpoi. Hampuknaa, B Mepexi «3arajbHa IIMHA» B3a€EMOIS JBOX KOMII IOTEPIB
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3aliMae IIMHY HAa BeChb 4yac OOMIHY, TOMYy Mpu 301IbIIEHHI KUIBKOCTI KOMII IOTEpIB
3MEHIIYETHCS MTPOYKTUBHICTH Ta MIBUIIKOIIS MEPEXKI.

. YacTo THUMOBI TOMOJIOTIi BHSBISIOTHCS HEAJACKBATHUMH O CTPYKTYpH
1H(OpMAaIIITHUX TTOTOKIB BEIMKOI MEPEKI.

i mpo6iemMu cripoMoskHA BUPIIIATH JIOTIYHA CTPYKTYPH3AIlisd MEPExKi.

[Tpuknaz

Hexaii, Ha mianpueMcTBi Oyia mpocTa OJHOCErMEHTHa Mepexa. Jlo omHoro kabento
Oyno mix’eqHaHO BCi KOMITHOTEPH IMANPUEMCTBA 3a TOIOJOTIEI0 «3arajbHa ITHHA
(puc.5.4). 3 yacoMm, KUIBKICTh KOMIT'IOTEpPIB 30UIBIIMIIACA, MeEpexa BCE 4YacTille
BUSIBJISUIACS] 3aWHATOIO, KOPUCTYBadyaMm JIOBOAWJIOCS [OBIIE YEKaTH BIIMOBIIAI BiJ
MEpEeXHHUX 3acTocyBaHb. OKpIM TOTO, MOYaIM MO3HAYATUCS OOMEKEHHS Ha JIOBXKUHY
3B'I3KIB MK KOMIT'IOTEpaMH 1 BUSBWIOCS HEMOKJIMBUM PO3MIIIECHHS KOMIT'IOTEPIB B
MPUMIILIEHH], 1110 BUJIUICHO Il HOBO1 po00YO0i rpymH.

Pofioua royvna 1 Pofous rpyna 2

[ 4y - — o

Bignin 1 Bignin 2 Bionin3

Puc.5. 4. Oonocecmenmna mepesca nionpuemcmaea.
Byno npuiiHsTO pillIeHHS! CTPYKTYPU3YBaTH MEPEXKY 1 3aCTOCYBATH KOHIICHTPATOPHU.

Ha puc.5.5 mokazaHo mepexy, 10 yTBopujaca micis (I3UYHOI CTPYKTypHU3allii.
3'1BUNaCs MOXKJIMBICTb PO3HECTH KOMIT'IOTEpPU KOPUCTYBadiB Ha BEJIMKI BIJCTaHI 1
bi13UYHa CTPYyKTypa MEpexXi cTajga BIANOBIIATH aJAMIHICTPATUBHOMY  YCTPOIO
nignpueMmcta. [Ipore, mpoOnremu, 10 MOB'SI3aHI 3 MPOAYKTHBHICTIO, 3aJMIIMAIUCS
HeBupimeHuMu. Hampukian, mopas, KoM KOpUCTyBad KoMI'torepa A HaJCWIaB JaH1
10 komm'torepa B, Bcs Mepeka iist HIITUX KOMIT I0TepiB Oyiia 3a0JI0KOBAHOIO.

FOHURHTRATOMD

K.OHURHTRATOR

KOHURHTRATOR KOHURHTRATOM KOHURHTRATOR

(1 0 O30 O30 CF [

A B Pofioua rpyna 1 PoBoua rpyna 2

(. 4y o — "

Bigain 1 Biaain 2 Biggin 3

Puc. 5.5. @Dizuuna cmpykmypu3zayisa mepexrci RiOnpuemMcmaea.
BiamoBimHo 10 JoTikM  poOOTH KOHIIEHTpATOpa Kaap, IO HAJICHUIAETHCS

komm'rorepoM A 110 koMmm'torepa B, moBTOproeThcs Ha Beix iHTepdeicax BCIX BY3JIB
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mepexi. [loku komm'torep B He oTpumae ampecoBaHuil 10 HBOTO Kazp, >KOICH 3
KOMIT'IOTEPIB MEPEKI HE MOXKE MaTh JOCTYI JO0 PO3JUILHOTO CepeloBHUIa Tepenayi.
OTXe, BUKOPUCTAHHS KOHIIEHTPATOPIB 3MIHWIO Jiuie (I3UYHY CTPYKTYPY MEpexi, a
JIOT1YHA CTPYKTYypa 3aJuiuiiacs 0e3 3MiH.

Bupimenns HaBeneHO1 y Mpukiaail mpobdieMu ToJisirae y BiIMOBI BiJl BUKOPHUCTAHHS
OJIHOT'O 3arajbHOTO /IS BC1X BY3JI1B PO3/IILHOTO CEpEOBUIIIA.

Hampuknan, B manomy BUIAAKy OakaHo, mo0 Kaapw, SKi MepeaaroTh KOMITIOTEPH
Bimminy 1, Buxomwmm O 3a MeXi ITi€l YaCTHHM MEPEeXi JINIIE y BHUMAAKY, SKIIO BOHU
OpSIMYIOTh /10 KOMITIOTEPIB IHIIKMX BIJAUTB. 3 1HIIOTO OOKYy, B MEpEXY KOXKHOTO 3
BIIJIUIIB TOBMHHI TMOTPAIUIATH JIMINE Ti KaJpH, IO aapecoBaHl JO BY3JIB caMme i€l
Mepexi. TakuM 4yuHOM, B MEXKax KOXHOTO BIJUIUTY BapTO BUKOPHUCTOBYBATH OKpEME
«BJIACHE» PO3JLIbHE CEPEIOBHUIIIE.

Jloriuna cTpykTypH3amisi Mepexi — 1€ TMpOIEC PO3IUICHHS 3arajbHOro
PO3IUIBHOTO cepenoBUilia (Mepeka) Ha JIOTIYHI CEerMEHTH, 5Kl MPeJCTaBiISIOTh
CaMOCTIH1 PO3/IUIbHI CepeOBHINA (CErMEHTH MEPEKI) 3 MEHILIOIO KUIBKICTIO BY3JIIB.

3a NpaBWIBHOI JIOTIYHOI CTPYKTYpH3alii Mepexi ii MNPOAYKTUBHICTH CYTTEBO
MIJIBUIIYETHCS, OCKLJIBKM KOMIT FOTEPH OJIHOTO BIIUTY HE OYIKYIOTh B TOM dac, SK
KOMIT'IOT€pU 1HIIIOTO BIJUTY TEpearoTh JaHi. TakoX, JOTiYHA CTPYKTypHU3allis
JIOMYCKA€ HAsIBHICTh PI3HOT MPOITYCKHOI 3/TATHOCTI B PI3HUX CETMEHTAX MEPExi.

[Tomupenns Tpadiky, MO0 TPU3HAYCHUH [JIs KOMIT IOTEPIB MEBHOIO CETrMEHTY
MEpEeXi JIMIIE y MekKax I[bOr0 CETMEHTY Ha3UBA€ETHCS JOKAaJi3aliero Tpadiky.

J1J1st TOT14HOT CTPYKTYpH3allii BAKOPUCTOBYIOTh:

e Mocrtnu.
e KomyraTopu.
e Mapupyruzaropu.
e [llmro3m.
5.3 Mepe:xHe KOMYHikalliiiHe 00J1aHAHHA

Iloemopiosau (repeater)
OcHOBHOIO (YHKITIE€I0O TOBTOPIOBAaYa € TOBTOPEHHS CUTHANIB, 10 HAAXOMSITH IO

roro mopty. [loBTOproBaY BIJHOBIIOE 1 TMIJCUIIIOE EIEKTPUYHI XapaKTEPUCTUKHU
CUTHQJIIB Ta I1X CHHXPOHHICTh, 1 3@ paxyHOK IIbOTO 3'SABJISIETHCSI MOJIMBICTh
301IBIIYBaTH 3arajbHy JOBXKUHY KaOelo MIXK BIAJAaICHUMHU By3JIaMHU B Mepexi (puc.d.

6).

TEpPMiHATOP TEpPMiHATOP

c | NOBTOPHEAY |
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Puc. 5. 6. 06’°conannsn gizuunux cezmenmie 3a 00nNOMo2010 nOBMoOpPHO8ayda.

Konyenmpamop (concentrator), xa6 (hub)
Konnentparopom abo xaboMm Ha3uBarOTh OaraTomopToBHii TOBTOpIoBadY. Bin

BUKOHY€ HE JuIe (yHKIII0O TOBTOPEHHS CUTHANIB, ajie 1 BUKOHYeE (DYHKIIIT 00'e AHAHHS
KOMI'IoTepiB  Mepexi. [IpakTHuHO y BCIX CY4YacHHX MEPEXKHHUX CTaHAapTax
KOHIICHTPATOp € HEOOX1IHUM €JIEMEHTOM MEpPEXKi, 10 CIOIy4ae OKpeMi KOMI'IOTEpH y
MEPEeKY.

tl ] [{ 4

Puc.5. 7. MyrvmunnexcyeanHs nomokie y KOHUeHmpamopi.
OyHKIT, 10 BUKOHYE KOHIICHTPATOp HaOJIMXKeHl 0 (YHKIIA MYJIbTHIUIEKCOpA

(puc. 5.7). Slnpom KOHIIEHTpATOpa € MPOIIECOP.

B KoHLeHTpaTopl CymMapHa NpPOIyCKHA 3/IaTHICTh BXIJHUX KAaHAIIB € BUUIIOKO 3a
MPOMYCKHY 3JAaTHICTh BUXIAHOTO KaHalmy. OCKUIBKM TOTOKM BXIJHUX JaHUX B
KOHIIEHTpaTOpl € OUTbIIMMHU 32 BHUXIJIHUNA TOTIK, TO TOJOBHUM MOTrO 3aBJIaHHSM €
KOHIICHTpAIlis JaHUX. Y pasi, KOJIM YHCIO OJOKIB JJaHMX, IO MOCTYNalTh Ha BXOJH
KOHIIEHTpaTOpa, MEPEBUIILYIOTh HWOT0 MOXJIMBOCTI, TOJI KOHIIEHTPATOP JIKBIIOBYE
YaCTUHY IUX OJIOKIB.

Sxy O ckimagHy CTPYKTYypy HE YTBOPIOBAIU KOHIICHTPATOPH, BCI KOMIT'IOTEPH, IIIO
mia’eqHaHl 0 HUX YTBOPIOIOTH €JIMHHMM JIOTIYHUN CETMEHT, B SKOMYy JitoOa mapa
B32€EMO/IIFOYUX KOMITFOTEPIB MOBHICTIO OJIOKYE MOKJIMBICTH OOMIHY JTAaHUMHU JIJISI IHITUX
KOMIT'FOTEPIB I[bOTO CETMEHTY.

BupoOHMKHM KOHIIEHTpATOPIB pEali30BYIOTh B CBOIX MPHUCTPOSX pi3HI HabOpH
JOIaTKOBUX (DYHKIIIH, ajie HalvacTilie 3yCTpi4aloThCs HACTYITHI:

. OO0'enHaHHS CETMEHTIB 3 PI3HUMHU (I3UYHUMH CEPEIOBHUIIAMH (HATIPUKIIA]
KOakClaJIbHUM Kabenb, CKpydeHa Tapa, ONTOBOJOKOHHUN Kabenb) 10 €JUHOTO
JIOTTYHOTO CETMEHTY.

. ABTOCErMeHTallisl MOPTIB — aBTOMAaTUYHE BIJ €QHAHHS IMOPTY MPU HOTO
HEKOPEKTHIA TMOBEAIHIN (TOIIKO/KEHHs Kalearo, I1HTCHCHBHA TEHepallis IaKeTiB
TTOMHJIKOBOT JIOBYKUHH TOIIIO).

. [TinTpumMKka MK KOHIIEHTpaTOpaMu PE3EPBHUX 3B'A3KIB, SIK1 OYIyTh 3aJlisTHI
y pa3i BIIMOBY OCHOBHHX 3B’SI3KiB.

. 3axucCT JaHMX, L0 MEepPearoThCs MO MEPEeXl Bl HECAHKI1IOHOBAHOTO
JOCTYILY.

. CydacHi KOHIIEHTPATOpU MAIOTh TOPTH M Wi €IHAHHS 10 Pi3HUX

JIOKAJIbHHUX MECPCIK.
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. [TinTprMka 3aco01B yrpaBiIiHHSI MEPEKAMHU.

KoHueHntpaTopu Ta MOBTOpIOBaYl € MEPEKHUMH MPUCTPOSIMHU, WIO [iIOTh Ha
bi3ugynomy piBHI MepexkHoi Mojeni OSl. Bimpizku kabemro, 1Mo 00’€IHYIOTh JBa
KOMIT'IOTepU ab0 JIBa I1HIIMX MEPEKHUX [MPUCTPOi, HAZUBAIOTHCS (PIBMUHHUMH
CerMEeHTAMH, TOMY KOHIICHTPATOpH 1 IOBTOPIOBadi, SKi BUKOPUCTOBYIOTHCS MJIs
JOJIYYCHHS HOBUX (DI3UYHUX CETMEHTIB € 3aco0amu (hi3M9HOI CTPYKTYPHU3AIlii MEPEKi.

Micm (bridge)

[lepmri nmpucTpoi, 0 T03BOJSIIN 00'€THYBATH KiJIbKa Mepexk, OyIu ABOXIIOPTOBUMHU
1 OTpUMaliu Ha3By MOCTIB. 3 PO3BUTKOM JaHOrO TUIly OOJaJAHAHHS, BOHH CTallu
0araTonopToOBUMHU 1 OTpUMAJId Ha3By KomyTatopiB. [leBHuil yac oOuaBa MOHSATTS
ICHYBaJM OJIHOYACHO, a IMI3HIME 3aMICTh TEPMIHY «MICT» CTajd 3aCTOCOBYBaTH
«KOMYTaTOp».

Micr, a TakoX HOro MIBUAMIMNA aHAJIOT — KOMYTaTOp, MOJILJISE 3arajdbHe CEPeI0OBUIIE
nepenadl JIaHWX Ha JIOTIYHI cerMeHTH. JIOTiyHUN CerMeHT YTBOPIOETHCS MUIIXOM
00'eTHaHHS KITbKOX (DI3MYHUX CETMEHTIB (BiAPi3KiB KaOEI0) 3a JOMOMOTOI0 OJTHOTO UM
KUTBKOX KOHIIEHTpaTopiB (puc. 5.8).

Q MICT

EauHe
po3AiNEHE
cepefoBMILE

Puc. 5.8. 06’conanns noziunux cezmenmis mepeiici 3a 00NOMo2010 Mocma.
KosxeH mnOTiyHUN CETMEHT MiAKIIYAEThCsl O OKpeMoro mopTy wmocta. [licms

HAJXO/DKCHHS KaJpy Ha NMEBHUI MOPT, MICT MMOBTOPIOE TIEH Kajp, aje HEe Ha BCIX MOPTax,
AK 1Ie pOOUTH KOHIIEHTPATOp, a JIMIIE Ha TOMY MOPTY, A0 SKOTrO MiJI’€IHAHO CETMEHT,
10 MICTUTbh KOMIT'FOTE€p-OJIEP>KyBay.

Tum camum MiCT 130710€ Tpadik OJHOTO CETMEHTY Bij TpadiKy 1HIIOTO, 1 MiBUIILYE
3arajgpbHy TPOAYKTUBHICTH Mepexi. Jlokamizamiss Tpadiky HE JUIIE EKOHOMHUTH
IPOMYCKHY 3JaTHICTh, aji¢ 1 3MEHIIY€E MOXJIMBICTh HECAHKI[IOHOBAHOTO JOCTYIY IO
JAaHUX, OCKUIbKA KaJph HE BHUXOAATh 3a MEXI CBOTO CErMEHTY 1 iX CKJIaIHIIIe
MIEPEXOMUTH 3TOBMUCHHUKOBI.

Ha pucynky 5.9 mokazano mepexy, siky OyJ0 OTpUMAaHO 3 MEPEXi 3 MEHTPATLHUM
KOHIIEHTpaTopoM (pHucC. 5.5) mumaxom ioro 3amiHM MoctoM. Mepexi Bimaume 1 1 2
CKJIQIAI0ThCS 3 OKPEMHUX JIOTITYHUX CErMEHTIB, a Mepeka BTy 3 — 3 JBOX JIOTIYHHUX
cermeHTiB. KokeH JoriuHuii cermMeHT moOyaoBaHO Ha 0a3i KoHIeHTpartopa. Bin mae
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npocty (i3uyHy CTPYKTYpY, IO YTBOPEHO BiApi3KamMu KaOemro, sKi I €THYIOTh
KOMITFOTEPH JI0 MOPTIB KOHIIGHTpaTopa. SIKIIO0 KOpPUCTyBad Komm'itorepa A Hajcuiae
JlaHl 10 KoMmm'torepa B, 1110 3HaXOIUTHCS B OJJHOMY 3 HUM CETMEHTI, TO IIi 1aHl OyAyTh
MTOBTOPEHI JIUIIIC Ha MEPEKHUX iHTep(deicax iX 3arajJpHOr0 CETMEHTY.

F % MocT
| |
KOHURHTRATOR KOHUsHTRATOR KOHURHTRATOR KOHURHTRATOR
F F F F N
[masssnaansnannn] [samssnaansnaann]
(0O OO0 00O 0 0 OO O O
[ | | ] I ] [ ] [ ] I 1 [ ] [ ] [ ]
A B FaBoda rpyna 1 FPoBoda rpyna 2
Bigain 1 Binain 2 Bingin 3 Bigain 3

Puc. 5.9. €Eoune cepeoosuuie, wio po3oinaemocs, 3a 00NOMO2010 MOCIA
nepemeopene
6 uomupu po30invHi cepedosuuia.
Jiist mokamizaiii TpadiKy MOCTH BUKOPUCTOBYIOTh amapaTHi aipecu KOMIT'IOTEpIB.

SAxuM YMHOM MICT AI3HAETHCS MPO TOPT, HA KWW Tpeba mepedaTd KaJp, ajke
amaparHa ajipeca He MICTUTD JKOJHOI 1H(popMaIlii Mpo HAJIEKHICTh KOMIT'IOTEpa 3 TaHOIO
aJpecoro JI0 TOTO YH 1HIIIOTO CerMeHTY?

3BUYaiiHO, Taka iH(popMallis Moke OyTH HaJjaHa MOCTY aJMIHICTPATOPOM IIiJl Yac
pyuHoi koHpirypauii. [Ipote, Takuil crnocid € Mano NMPUIATHUM ISl BEIUKUX MEPEX.
MicT Bupinlye L0 3aJady aBTOMAaTHYHO, 3a JONOMOIOI0 IPOCTOr0 HaBYAIBHOTO
aJITOPUTMY.

Byab-sikuii maker 00po0/si€TbCsl HACTYITHUM YHHOM:

1. Mict BuTaArye 31 ciyx00Boi iH(Mopmarii nakery MAC-aapecy BiampaBHUKaA 1
IIyKae Moro B TaONMIN ajapec aOOHEHTIB, SIKi BIAHOCSTBHCSA O JAHOTO TMOPTY. SKIIO
TaKoi aJipecu B TaOJUIIl HEMA€, TO BOHA TYAH JOJAEThCS. TakKUM YMHOM, aBTOMATHYHO
dbopmyeThcss TabmUIA agpec BCiXx aOOHEHTIB KOXXHOTO CETMEHTY, IO i €IHaHI 0
TIOPTIB MOCTA.

2. Mict Butirye 31 ciyx060Boi iH(opmanii nmakety MAC-aapecy oxaepkyBauda i
IIyKae Horo B TaOJUISIX aJipec, 10 BiTHOCATHCS 10 BCiX MOPTIB.

Akmio makeT aapecoBaHO B CErMEHT, 3 SKOTO BiH HAIIWAIIOB, TO BIH HE

PETPaHCIIOETHCS Ha 1HIII MOPTH.

e SIKIIO MakeT € MMPOKOMOBHUM a00 IPYyHOBHM, TO BiH PETPAHCIIOETHCA Y BCl
MOPTHU OKPIM TOTO, 3 IKOTO HAINIIOB MaKeT.

e JSIkmo maker agpecoBaHO JUIsl OJTHOTO Aa0OHEHTA, TO BIH PETPAHCIIOETHCS
JUIIe B TOM MOPT, A0 SKOTO MPUETHAHO CETMEHT 3 IUM a0OHEHTOM.
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e Skmo aapecy mpuiiMaua HE BUSBICHO B XOJHIN 3 TaOIUIb aApec, TO MaKeT
HAJICUJIA€ThCS JI0 BCIX TOPTIB, OKPIM TOr0, 3 SIKOTO BIH HaJIMIIOB (SIK
IITUPOKOMOBHHUH).

Tabnui agpec aOOHEHTIB MalOTh OOMEXKEHUH PO3Mip, TOMY BOHU (POPMYIOThCS TaK,
100 MaTH MOJKJIMBICTh aBTOMAaTUYHOTO OHOBJIEHHSI CBOT'O BMICTYy. AJpecu aOOHEHTIB,
SK1 JIOBrO HE HAJICWJIAIOTh MaKeTiB, 3a NeBHUM yac (3a ctangaptom |IEEE 802.1D - 5
XBWJIMH) BUTUPAIOThCs 3 Tabuill. Ile rapanTye, 1o agpeca aboHeHTa, IKOTO BiJ € THAHO
BiJl Mepeki ab0o MEePEeHEeCEeHO M0 IHIIOTO CETMEHTYy, He 3aiiMaTHMe 3alBOTO MICII B
TaOJIHIII.

OpHOYacCHO MICT MOXKE PETPAHCIIOBATH TUIBKKM OJWH mMakeT. Bei ¢dyHkiii mocra
BUKOHYIOTBHCSI TIOCHTIZIOBHO OJHUM IIEHTpajIbHUM mporiecopoM. Came TOMY, MICT
Ipaltoe NOBUIbHIIIE, HI)K KOMYTaTOp.

MocTi He MarTh MEXaHI3MIB YNpaBIiHHS MMOTOKaMHU OJIOKIB JaHUX. Tomy, MOXe
CTaTUCS, 10 BXIJHUM MOTIK OJOKIB BUSABISETHCA OUIBIINM, HIK BUXITHUNA. Y LBOMY
BUIMAJKYy MICT MOXKE HE BIOpATHCS 3 OOpPOOKOIO BXIJHOIO IOTOKY, 1 Horo Oydepu
OynyTh niepenoBHioBatucs. [I[o6 1boro He BiOy0CS, HAAMIPHI OJJIOKU BUKHUIAIOTHCS.

MocTi MOXYTh MiATPUMYBaTH OOMIH MIK CErMEHTaMU 3 PI3HOIO IIBUJKICTIO
nepenadi, a TakoXK 3a0e3medyBaTH CIOJYyYEHHSI HAMIBAYIUIEKCHUX 1 JYTJICKCHUX
CErMEHTIB.

OCKiJIbKM, TOYHA TOTOJIOTIS 3B'A3KIB MDK JIOTIYHMMH CETMEHTaMH MOCTY €
HEBIJIOMOIO, BiH MOXX€ NPABWIBHO TMPAIIOBATH JIMIIE B THX MEpPEkKax, B SIKUX
MIDKCETMEHTHI 3B'SI3KH HE YTBOPIOIOTh 3aMKHYTHX KOHTYPIB (TICTEIb).

OTXe, MOCTH MarOTh a0COJTIOTHO TIeBHE Mpu3HadYeHHs. [lo-mepiie, BOHN MprU3HAYCHI
JU1s 3'€THAHHSI MEPEKHUX CETMEHTIB, 10 MalOTh Pi3HI (i3UYHI cepeIoBUIIA, HATPUKIIA]]
JUIs 3'€THAHHS CETMEHTY 3 OITOBOJOKOHHHMM KabelleM 1 CerMeHTY 3 KOaKClaJbHUM
kabenem. [lo-gpyre, MocTh MOXyThb OyTH BHKOPHCTaHI ISl 3B'I3KYy CErMEHTIB, WIO
MaroTh Pi3HI MPOTOKOJIA HUXKHIX PiBHIB ((hI3UIHOTO 1 KAHAIBHOTO).

Komymamop (switch)

KomyTtatop 3a ¢hyHKIIOHANTBHICTIO € MOAIOHUM JI0 MOCTa 1 BIPI3HAETHCS Bl MOCTa
B OCHOBHOMY BHIIIOIO MMPOAYKTUBHICTIO. YacTO TEPMIH «KOMYTATOP» BUKOPUCTOBYETHCS
y BY3bKOMY CEHCI, TO3HAYal0Yl KOHKPETHUH T nmpuctporo (puc. 5.10).

——e——
AL
[ 3

NETGEAR™ ®eornencn 1 < 3 4 S 6 7 8

MIDI-X

Puc. 5.10. Komymamop.
Koxen mopT koMmyTaTopa OCHAILEHO CHEI[IaJIbHUM MPOIECOPOM, SIKUM 00poOIsie
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KaJpH 3a aJITOPUTMOM MOCTa HE3aJIeKHO BiJ MPOLECOPIB IHIIUX MOPTiB. MICT B KOXKEH
MOMEHT Yacy MOe 3JIIMCHIOBATH Tepeaady KaJpiB TIILKU MIXK OJHIEIO IMaporo MOPTIB, a
KOMYTaTOp OJJHOYACHO MIATPUMYE MOTOKH JAHUX MK BCIMa CBOIMHU mopTamu. [HImmmu
CJIOBaMH, MICT Mepeae KaJapu MOCIiA0BHO, @ KOMYTAaTOP MapajeibHo.

Moctu 3'sBHIIMCS B Ti YacH, KOJHM MEPEXKYy JUIMIM Ha HEBEIUKY KUIBKICTh
CEerMEeHTIB, a MIXKCErMEHTHUH Tpadik OyB HeBeIMKUM. Mepexxy HaldacTile JUTHIA Ha
JIBa CETMEHTH, TOMY 1 TepMiH OyB BHOpaHHI BIAMOBIAHUHN - MICT. JIJ1s1 0OpOOKH TTOTOKY
JAHUX 3 CepeHbOI0 I1HTEHCHBHICTIO 1 MOUT/C MOCTY IJIKOM BHCTa4ajo
MIPOTYKTUBHOCTI OJTHOTO TIPOIIECOPHOTO OJIOKY.

[Ipu 3MmiHi cutyamii B KiHII 80-X - modarky 90-x pOKIB - TMOSABI IIBUIKHX
MIPOTOKOJIB, TPOYKTUBHUX MMEPCOHAIBHUX KOMIT'IOTEPiB, MyJIbTUMEI1MHOI 1HhOpMaIii,
PO3/TICHHI MepeXi Ha BEJIHUKY KUIbKICTh CETMEHTIB - KJIIACHUYHI MOCTH IMEpecTallu
crpaBisTUCS 3 poOoTor0. OOCIYroByBaHHS MOTOKIB KaJIpiB MK KUJIbKOMa MOPTaMH 3a
JIOTIOMOTOI0 OJTHOTO MPOIECOPHOTO OJIOKY BUMArajao 3HAYHOTO IMiJIBUIICHHS IIBUIKOI1
npotecopa 1 0yJI0 JOCUTh JOPOTUM PIILICHHSM.

EdexTuBHIIUM BUSBWIOCS pIIIEHHS, SKE€ 1 «IOPOJUIO» KOMYTATOpH: JUIs
00CITyroByBaHHS TMOTOKY, II0 HAJXOJUTh Ha KOXXEH TOpT, B MPHUCTPIM CTaBUBCS
OKpeMHUH crHeniaiai3oBaHuil MpoIecop, KU peanizoByBaB anroputM Mmocta. Ilo cyri,
KOMYTAaTop - 1€ MYJIbTHIPOIIECOPHHUI MICT, 110 3aTHUI MapajelbHO MPOCYBATH KaJIpH
BiJIpa3y MiXk BCIMa IapaMu CBOIX MOPTIB.

Konu crano eKoHOMIYHO BHUIPABAAHO BUKOPHCTOBYBATH OKpEMI CIIELIali30BaHi
IIPOIIECOPH HA KOXXKHOMY TOPTY KOMYHIKaIlliiHOTO TMPHUCTPOI0, KOMYTaTOPH JIOKATbHUX
MepeX IITKOM BUTICHUIIA MOCTH.

3a paxyHOK IIbOTO 3arajibHa MPOJYyKTUBHICTH KOMYyTaTOpa, 3a3BHUaid, € BUIIOKI 3a
MPOIYKTUBHICTH TPATUIIIHHOTO MOCTA, 1[0 MAa€ OJMH MPOIECOPHUN OJIOK.

B xomyHikamiiHii Mepexi KOMyTaTOp € CUCTEMOIO PETPAHCIISLII - CUCTEMOIO, 110
npu3HayueHa Uil mepenadi  gaHux abo TepeTBOPEHHsS MpoTokoiiB. Komyraris
3MIUCHIOETHCS TYT Oe3 skoaHoi 00poOku nanux. Komyratop He Mae OydepiB 1 HE MOKE
HAKOMMYyBaTH JaHi. ToMy, MpW BUKOPUCTAHHI KOMYTaTOpa MIBHUIKOCTI Tepemadi
CUTHAJIB B KaHajgax MarwTh 30iratucs. KaHanbpHi mporecu, MO peanai3oBYIOThCS
KOMYTaTOpPOM, BUKOHYIOTh CIIEI1alIbHI IHTErPaJIbHI CXEMHU.

CroyaTKy, KOMYTaTOpH BUKOPHUCTOBYBAJIMCS JIMIIE B TEPUTOPIATBLHUX MEpPEKaX.
[ToTiM BOHM 3'SBUIHCS 1 B JIOKAJILHUX MEpEkKax, HAMPHUKIIAA, KOMYyTaTOPH MPUBATHUX
ycranoB. Ili3Hime 3'ABUIMCS KOMYTOBaHI JIOKAIbHI Mepexi. IX sapoMm cTamu
KOMYTaTOpH JOKAIbHUX MEPEK.

KomyTaTop Moxe 00’eqHyBaT cepBepu 1 OyTH OCHOBOIO IJisi 00'€THAHHS KIJTBKOX
pobounx rpym. BiH ckepoBye makeTw JaHUX MK BY3JaMH JIOKIbHOI Mepexi. Koxken
KOMIT'FOTEp CErMEHTY OTPUMY€E IOCTYI A0 KaHally mepefadi JaHuxX 0e3 KOHKYpeHIi 1

84



0aunTh JuIIe Toi Tpadik, KU KypCcy€e B HOTO CETMEHTI.
OyHKIIT KOMyTaTopa JIOKAIBHOT MEPExXi:
e 3abe3neyeHHs! HaCKPI3HOI KOMYyTallii.
e HasBHicTb 3ac00iB MapIIpyTH3aIIii.
e [linTpuMKa MPOCTOro MPOTOKOIY YIPABIIHHSI MEPEKEIO.
e ImiTarris Mocta abo MapIIpyTH3aTOPA.
e OpraHnizaiis BipTyaJbHUX MEPEK.
e [lIBuakicHa peTpaHcslis OJIOKIB JaHUX.
BiamoBimao mo 6a30Boi eramorHoi Moaen OS| MOCTH Ta KOMyTaTOpH OMHCYIOTHCS
MPOTOKOJIAMHU (DI3UYHOTO 1 KAHAJLHOTO PiBHIB. MOCTH Ta KOMYyTaTOpHU MEPETBOPIOIOTH
¢iznunanii (1A, 1B) i kananpauii (2A, 2B) piBHi pizHux TumiB (puc. 5.11).

MicT
:~=‘:]—Ka.||;a.nl — 1= 24 | [2B -9—Kaman 2 —[:::
| 14| [1B

Mepexa A |24

Mepexa B

Puc. 5.11. Poboma komymamopie Ha (hizuunHomy ma KaHAIbHOMY PIiGHSAX.
OOMexeHHs, M0 TMOB'sI3aHl 13 3aCTOCYBaHHSIM MOCTIB 1 KOMYTaTopiB, - 3a

TOMOJIOTIEI0 3B'SI3KIB Ta 1HIIUX - MPHUBEIU JO TOTO, IO B MEPENIKY KOMYHIKAIIMHUX
MPUCTPOIB 3'IBUBCS 1€ OJMH MPUCTPIil — MapIIpyTHU3ATOP.

Mapwpymuzamop (router)

MapuipyTtuzatop — CUCTEMa PEeTPaHCIIALIT, 0 CIOJIyYae AB1 KOMYHIKAIIiHI MEpexi
a0o0 ix yacTuHU. MaplpyTHU3aTOpH MPaLOI0Th HAa TPETbOMY (MEPEKHOMY) P1BHI MOJeJIi
OSI, 110 crinKyeThes 3 MPOTOKOJIAMH BUIIUX PiBHIB.

MapupyTuszaTopu, Sk i MOCTH a00 KOMYTATOPHM PeTPAHCJIIOIOTH NMaKeTH 3
oaHi€i 4yacTuHM Mepexi B iHmy. CrnoyaTky MapmipyTu3aTop BiJI KOMyTaTopa
BIJIPI3HSBCS TUIBKK THUM, III0 Ha KOMIT'HOTEpP1, AIKMH 00’€IHy€ JB1 4M OUIbIIE MEPEK,
OyJ10 BCTAHOBJICHO 1HIIIE MPOrpaMHe 3a0e3MeUeHHS.

Ha Temep MK MapmpyTH3aTOpOM 1 KOMYTAaTOpPOM ICHYIOTh IPHHIIMIIOBI
BIIMIHHOCTI:

e MapmpyTu3aTopu TpAIOTh HEe 3 (GI3UYHUMH aJapecamH ITaKeTiB
(MAC-anpecamu), a 3 JOriuHuMH MepexxHuMu azapecamu  (IP-
azpecamu).

e MapuipyTu3zaTopy pEeTPaHCIIOTh, HE BCHO  1HQOpMaIil, IO
NpUXOAUTh, a JUINE Ty, SKa aJpecoBaHa JO HUX OCOOHCTO, 1
BIJIKMTAFOTh (HE PETPAHCIIIOIOTH) MIMPOKOMOBHI MTAKETH.
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e MapmpyTu3aTopu Ha BIAMIHY BIJ MOCTIB 1 KOMYTaTopiB He €
MPO30PUMHU ISl AOOHEHTIB.

['070BHOIO BIAMIHHICTIO € Te, [0 MAapHIPyTU3aTOPH MIATPUMYIOTH MEpPEXi 3
BEJIMKOIO KUIBKICTIO MOXJIMBUX MapIIPyTiB Ta IUIIXIB Mepeaadi iHpopmalri, Tak 3BaHi
Komipuacti Mepeski (meshed networks). Ipukian Takoi Mepexi MOKa3aHW Ha PUCYHKY
5.12. KomyraTopu > BHMararwTh, 100 B Mepexi He Oyjao meTenb, Mmo0 IUIIX

MOIMpeHHs 1HPopMaIlii Mixk IBoMa OyIb-IKUMHU a0OHEHTaMU OYB €IMHUM.
MapmpyTusaroep

Rag
ana
2 a LA

%‘fg% i%j
oo

Puc. 5.12. Komipuacma mepesica 3 mapupymusamopamu.
Mapuipytuzatopu € CKJIaAHIIIMMUA 32 MOCTH 1 KOMYTAaTOpu 1, BIJIMOBIAHO,

JTOpOXXKUuMU. MapuipyTuzaTopaMu CKJIAJIHIIIE YIPaBIsTU, BOHU € TMOBUIBHIIIMMU 3a
koMyTaTopu. [Ipore, BoHM 3a0€3MeuytoTh HaUTIIMOIIEe pO3IJICHHS! MEPEX] Ha YACTUHHU.

SIKII0 KOHIEHTPATOPH JIMINIE MOBTOPIOIOTH BCl MakeTH ((Pi3MYHUN PIBEHb MOJETI
OSl), mo mnoCTynmuau Ha HUX, KOMYTaTOPH 1 MOCTH PETPAHCIIOIOTh TUIBKU
MDKCETMEHTHI 1 IIMPOKOMOBHI MakeTH (KaHAJbHUU PIBEHB), TO MapIIpyTU3aTOPU
CIIOJTYy4YarOTh OKpPEeMi aBTOHOMHI MEpeXi, 1110 He BIUIMBAIOTH OJIHA HAa OJIHY, 30epirarouu
IpU LIbOMY MOXKJIMBICTh nepeadl iHdopmarlii Mixk HUIMHU (MEPEKHUN PIBEHb).

Po3smip mepexi, mo mia €IHYEThCS A0 MapHIpyTH3aTOpa MPAKTUYHO HIYMM HE
00OMEKEHO: Hl JOMYCTUMHUMH PO3MIpaMU 30HH KOH(IIIKTIB, Hi TOMYCTUMOIO KIJIBKICTIO
HIMPOKOMOBHHUX MAaKETIB, HI MOXJIMBUMH JJIs KOMYTaTOPiB 1 MOCTIB P13HOMaHITHUMU
nepeBaHTaxeHHsAMU. [Ipu 1boMy jerko 3a0e3neuyroThCs adbTEPHATHBHI, AYOJIIOIOYl
NUISXY TOIUPEHHs 1H(QopMalii 11t 301UIbIIEHHS HAIIMHOCTI 3B'SI3KY.

Jlns BUOOpY MapuipyTy KOKEH MapuipyTuzaTop (hopMye B CBOIH mam'aTi TaOJuIll
TIAHUX, SIK1 MICTSTh:

e Homepu Bcix Mepex, o M’ €IHaHI 0 TaHOTO MapIIpyTH3aTOpA.
e (Cnucok BCIX CYCIAHIX MapuIpyTU3aTOPIB.

86



e Cmucox MAC-aapec 1 [P-anpec Bcix aOOHEHTIB Mepex, SKi MiJ €IHaHI A0
Mmapuipytuzatopa. Lleli crnucok aBTOMATHMYHO OHOBIIIOETHCS, SK 1 y pasi
MOCTIB Ta KOMYTaTOPIB.

Kpim Toro, cnucok BCiX AOCTYMHUX MapHIpyTH3aTOPiB MOBUHEH OYyTH y KOKHOTO
a0OHeHTa Mepexi. MapmpyTuzatopu 0oOpoOJISIOTH aApecHy 1HGopMaIlilo, IIo
MICTHTBCS y CIyk00Bi#l iHpopMarllii makery. BoHa MICTUTH HOMEp Mepexi, 1 caMme IIi
MEpEeXi CIoydae MapIipyTH3aToP.

KosxeHn aboHEHT, mepil HiXK BIANPABUTH MAaKET, BU3HAYA€, YU MOXKE BiH CKEpYyBaTH
Horo Oe3nmocepeHbO /10 OJiepKyBaua YU HOMY MOTPIOHO CKOPUCTATUCA MOCITyramMu
MaplIpyTu3aTopa. SIKIo HOMep BJIACHOI Mepexl BIANPABHUKA 301ra€Tbcs 3 HOMEPOM
MepeKi OTpUMyBaua, TO MaKeT MepelaeThes Oe3nocepeiHbo, 0e3 MappyTu3arii. ko
0JIepKyBay 3HAXOAMTHCS B IHILIIN MEpEXl, TO MAKET MEPEJAETHCS 10 MapIIPyTU3aTOPA,
KWW CKEpOBYE HOro y motpiOHy mepexy. IIpu nboMy BUXOAHTH, IO MAKET B LIJIOMY
aJpecoBaHO 10 MapuIpyTu3atopa (SK J0 OJHOrO0 3 a0OHEHTIB BJIACHOI MeEpexl), a
BKJIaJICHa B HbOMY 1H(opMalis agpecoBaHa il a0OHEHTA 3 1HIIOI Mepexl, I AKOro
BOHA, BJIaCHE, 1 IPU3HAYECHA.

Mapmpyrtuzarop ananizye |IP-aapecy, 1o MicTUTbCA y CKIIaAl MaKeTy, 1 IEPETBOPIOE
MaKeT, U0 HAJIIMIIIOB MO OAHIN 3 MEpeX, y MaKeT, 110 NMPU3HAYECHUN JJIS 1HIIIOT MEPEXKi.
VY moumni agpecu makety BiH ctaButh MAC-aapecy onepkyBada i ceoro MAC-aapecy, sk
BIJITPAaBHUKA TIAKETy. Y BIJIMOBIb MMAKET AHAIOTTYHO MA€ MPOUTH Yepe3 MOCepPETHIKA —
MapIIpyTH3aTOP.

Came MapuipyTuU3aTOpH Hal4acTillle BUKOPUCTOBYIOTHCS MIJIs 3B'A3KY JOKaJbHUX
Mepex 3 riao0aJbHUMU, 30KpeMa, 3 [HTEepHeT, iKka MOKe PO3TIIJaTUCS K MEpeka, 110
MOBHICTIO MapIIPYTHU30BaHAa.

MapuipyTu3aTopu 4acToO 3aCTOCOBYIOThCS JJisl 00'€THaHHS B OMOPHIM Mepexi

0araTtboX JIOKAJBbHUX MEpPEeX a0 IS 3B'SI3KY JOKAIbHUX MEpEX Pi3HUX THUMIB (puC. D.
13).

NoransHa NokansHa NokaneHa
MEpEHa MEepEHa MEDEX NokansHa
MEpEXE
NokansHa
MEDEHS

OnopHa Mepexa

§

/

MaplupyTu3atopn <

NokankHa
MEpEXA

NokansHa
MEpEXA

NoxansHa TNokansHa
MEpEHa Mepeka

Puc. 5. 13 Onopna mepedica.
MapmipyTtuzaropu 4acto 00'€JHYIOTh MK CO00I0, TOZAI IS B3a€EMOIIOB’s3aHa
87



CYKYIHICTh yTBOpioe Tak 3BaHy xmapy (Cloud), mo €, mo cyTi, OJHHM TiraHTCHKHM
Mapupytuzatopom (puc. 5.14).

Take 3'eqnanHs 3a0e3nedye THYYKHUH 1 HAAIHHUHN 3B'SI30K MK BCiMa I € JTHAHUMHU
710 HBOTO JIOKAJTbHUMHU MEPEKaMH.

JNokansHa NokaneHa NokansHa
MEDEWA MEDENE MEpEXE NokansHa
MEpEXA

NokaneHa
MEDENE

NokansHa
Mepexa

NokaneHa
MEpE¥a

NokansHa
Mepexa

NokankHa
MepEXa

Puc. 5. 14. Xmapa mapwpymuszamopis.
[ToTyXHUI MapIIpyTH3aTOP € JOPOTUM MPUCTPOEM, BiH CKIIAJHUN B HAJAITYBaHHI

Ta ekcrutyataiii. ToMy BHKOPHUCTOBYBATH MHOTO CHIJ y BHUIQJAKax, KOJU 1€ IMCHO
HEOOXIJTHO, HAIPUKJIAJ, KOJIA 3aCTOCYBAaHHA KOMYTAaTOpiB 1 MOCTIB HE J03BOJISIE
MI0JI0JIATH TIEPEBAHTAKCHHS MEPEXKI.

LImo3u (gateway)

03 € cucTemMor peTpaHcisanii, o 3ade3nedye B3aeMoji0 1H(OpMaIiiHUX
MEPEK.

[IInr03 mo3Bosisie 00'eMHYyBAaTH MeEpexXi, IO TMOOyJOBaHI HAa ICTOTHO Pi3HUX
nporpaMHuUX 1 amapatHux 1miatgopmax. Hampukman, nuiro3 MoKe  J103BOJUTH
KOPHCTYBa4yaM, IO MPaIioTh B Mepexi UNiX, B3aeMOIIsATH 3 KOPUCTYyBadyaMH MEpPEexi
Windows.

TpanuuiitHo B [HTEpHETI TEPMIHU «IIUTIO3)» 1 «MAPIIPYTU3aTOP» BUKOPUCTOBYIOTHCS
SIK CHHOHIMH.

[nro3u  omepyloTh Ha  BepxHiX piBHsIX wMozaeni OS|l  (ceancoBomy,
NPEAICTaBHUIIBKOMY 1 MPUKIAJHOMY) 1 MPEACTABISAIOTh HAWOLIbII PO3BUHEHUI METO
00'eTHAHHS MEPEKHUX CETMEHTIB 1 KOMI'IOTEPHUX Mepek. HeoOXiTHICTh B MEPEKHUX
IUTI03aX BUHUKAE MPHU 00'€THAHHI JBOX MEPEXK, 110 MAIOTh PI3HY apXITEKTYpY.

B saxocTi nuito3y, 3a3Buyail, BAKOPUCTOBYETHCS BUAUICHUI KOMM'IOTEp, HAa SIKOMY
3alylIeHO TMpOTpaMHe 3a0e3MeyYeHHs NUTI03y 1 TPOBOMATHCS MEPETBOPSHHS, IO
JI03BOJISIIOTH B3aEMOJISITH KIJIBKOM CHCTEMaM B MEPEXI.

[Hmoro  QyHKIIE MNUTIO31B € TMEpPeTBOPEHHS NpoTokojiB. I[lpu orpumanHi
noBigomienns IPX/SPX s kmienta TCP/IP 1umio3 mepeTBOprOE€ MOBIIOMIICHHS Yy
npotokoa TCP/IP.

[IInto3u € CKIagHIIMMM Y BCTAHOBJICHHI Ta HAJAIITYBaHHI 1 TMPaIIOIOTh
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MOBUIBHIIIE, HI)K MapIIPYTU3aTOPH.

Tema 6. CTanaapTH JOKAJIbHUX MEpPex
6.13arajibHa XapakTepuCTHKA MPOTOKOJIIB JIOKAJIBLHUX MEPEK.

6.2Ctpykrypa cranaapriB |[EEE 802.X
6.3IIporokoi LLC piBHst kepyBanus JioriuauM kaHajiom (802.2)

6.1. 3arajnbHa XapaKTepUCTUKA MPOTOKOJIB JIOKAJbHUX MepekK

IcHye ¥ pgocutrh TIOMITHa TEHJEHINS JO BUKOPUCTaHHS B TPaJULIAHUX
TEXHOJIOTISIX TaK 3BaHOI MIKPOCETMEHTallli, KOJW HaBIThb KIHIEBI BY3JIM BiIpa3y
3'€IHYIOTBCS 3 KOMYTaTOPOM IHIUBIAyaJIbHUMU KaHaidamu. Taki Mepexi BUXOJSATh
JOPOXKY€e TOAUTIOBAHUX a00 3MIIMIAHUX, aje MPOIYKTUBHICTD iX BHIIIC.

[Ipy BUKOpPUCTaHHI KOMYTATOpIB Yy TPaAULIAHUX TEXHOJIOTIM 3'IBUBCSI HOBUU
pexxuM podotu — nosnodynaexcuui (full-duplex). ¥V momimoBaHoMy cerMeHTi CTaHIi
3aBXKIM TPALoTh y Hanieoyniexchomy pesxcumi (half- duplex), Tomy mo B koxHUI
MOMEHT 4Yacy MEpEKHHM ajantep CTaHIli abo rmepemae CBOI JaHi, ado MpuitMae uyxi,
aje HIKOJIM He poOuTh Ie omHouyacHo. lle cmpaBemmuBO A BCIX TEXHOJOTIM
JIOKQJIbHUX MEPEXK, TOMY IO TOJUTIOBAaHI CepeloBHUIlla MIATPUMYIOTHCA HE TIIbKU
KJIACHYHUMH TEeXHOJIOTiAMHU JokaabHuX Mmepex Ethernet, Token Ring, FDDI, ame #
Bcima HoBuMU — Fast Ethernet, 100 VG-AnyLAN, Gigabit Ethernet.

VY MOBHOAYIJIEKCHOMY pEXHMI MEPEKHHUIN aJantep MOKE OJJHOYACHO Tepe/aBaTv
CBOI JlaHI B MEpeXy U mpuiiMath 3 MEpexki 4dyxki naHl. Takull pekuM HECKIIaJIHO
3a0e3neuyeTbcss  MpH  OpsIMOMY  3'€JHaHHA 3 MOCTOM/KOMyTaTopoM  abo
MapuipyTU3aTOpoOM, TOMY IO BXiJ 1 BHXIJ KOXHOTO TOPTY TaKOTO MPHUCTPOIO
MPaIIOI0Th HE3aJIeKHO JPYT BiA JApyra, KOKHHM 31 cBoiM Oydepom kaapis.

CporosiHi KOXKHA TEXHOJIOTIS JIOKAJhHUX MEPEX MPUCTOCOBaHA JJIsi poOOTH SK Y
HaIliBIyIUIGKCHOMY, TaK 1 TIOBHOAYIUIGKCHOMY peXuMax. Y IMX peKuMax
OOMEXEHHs, 10 HaKJIAJaloThCid Ha 3arajbHy JOBXHHY MEpEXi, ICTOTHO
BIIPI3HSIOTBCS, TaK IO Ta caMa TEXHOJIOTIS MOXe J03BOJISTH OYyJIyBaTu IOCUTH
PI3HI MEpEeXkl 3aJIeKHO BiJi OOpAHOro PEXUMY POOOTH (SKHIl 3aJIeXUTh BiJl TOTO, SIKi
MPUCTPOT BUKOPUCTOBYIOTHCS IS 3'€JHAHHS BY3JiB — MOBTOPIOBaYl a00 KOMYTaTOPH).
Hanpuknan, texnomorisi Fast Ethernet nosBomsie ans HamiBAYIUIEKCHOTO PEXHMY
OynyBatm wMmepexi mgiametrpom He Oinbiie 200 MerpiB, a [y MOBHOAYIIIIEKCHOTO
pexuMy OOMEXKEHb Ha JlaMeTp Mepexi He IcHye. TomMy Npu TOpPIBHAHHI PI3HHUX
TEXHOJIOT1H HEOOXiHO OOOB'SI3KOBO OpaTH 10 YyBark MOJKIJIMBICTH iXHBOI poOOTH Yy
JBOX pEeXHUMax. Y JaHid IJiaBl BUBYAETHCS B OCHOBHOMY HAIlIBIYIUIEKCHUI pPEXUM
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poOOTH MPOTOKOJIB, @ TMOBHOAYIUIEKCHUN DPEXUM PO3TJISAAE€THCS B HACTYIHIN IJIaBi,
pa3oM 3 BUBYEHHSIM KOMYTaTOPiB.

Kpim Toro, nesxi cydacHi BHCOKOINPOJYKTHBHI TEXHOJIOTii, Taki sk Fast
Ethernet, Gigabit Ethernet, y s3mauniii Mmipi 30epiraroTh HACTYIHICTh 31 CBOIMH
nonepenHukamu. lle 1me pa3 miATBEpIKYye BaXIMBICTh BHUBYCHHSA KJIACHYHHUX
IPOTOKOJIIB JIOKAJIBHUX MEPEX, MPHUPOIHO, MOPSA 3 BUBYCHHSIM HOBHUX TEXHOJIOTIH.

6.2 Ctpykrypa crangapriB I[EEE 802.X

V¥ 1980 pomui B incTtuTyTi |IEEE OyB opranizoBanuii komitetr 802 31 cranmapTusaiii
JIOKaJLHUX MEPEXK, Y PE3yiabTaTi pOOOTH SIKOTO OYyJI0 MPUNHATE CIMEHCTBO CTaHAApTIB
IEEE 802-x, ski MICTSITh peKOMEeHAalii 13 MPOEKTYBaHHSA HIKHIX PiBHIB JIOKAJIbHHUX
Mmepexk. [li3Hime pe3yabTaTH poOOTH IHOTO KOMITETY JISITIM B OCHOBY KOMILIEKCY
MmikHapogHux crangaptie 1SO 8802-1..5. Lli cranmaptu Oyniu CTBOpPEHI Ha OCHOBI
Jy’e PO3MOBCIOKeHNX (pipMoBHX cTaHaapTiB Mepesk Ethernet, ArcNet i Token Ring.

Kpim IEEE y po6Goti 31 cranaapTu3aiii NPOTOKOJIB JOKAJIBHUX MEpex Opaiu
ydqacTh 1 1HIN opranizamii. Tak, Ui Mepex, o IMpalolTh Ha ONTOBOJIOKHI,
aMepUKaHChKUM 1HCTUTYTOM 31 cranmaptuszamii ANSI OyB po3pobnenuit cranmapt
FDDI, mo 3abe3neuye mBuakicth nepenaui ganux 100 Mo/c. PoGorm 31
CTaHJapTU3allii TPOTOKOJIB BEAyThcs Takoxk acomiamiero ECMA, 1o mnpuiiHaTi
crangmaptu  ECMA-80, 81, 82 mis nokanpHOi Mepexi Tumy Ethernet i 3romom
cragmapty ECMA-89,90 no merony mepemadi mMapkepa.

Cranmaptu cimeiictBa |IEEE 802.X oxommoroTe TiIbkM J1Ba HMKHIX PIBHI CeMU
piBHeBOi Moaem OSI| — ¢i3uuynuii 1 kaHanpHU. 1le moB's3aH0 3 THM, IO caMe Il PiBHI
HANOUIBIIO MIpOI0 BIAOMBAIOTH crelU(iKy JOKanbHUX Mepex. Crapin 3K piBHI,
MOYMHAIOYM 3 MEPEKHOI0, Yy 3HayHId Mipl MalTh 3arajbHl PHUCH SIK ISl JTOKAJIBHUX,
TaK 1 )11 TJI00aIbHUX MEPEXK.

Cnemudika JOKaJIbHUX MEPEX TaKOX 3HAWIIIA CBOE BIIOWUTTA B MOJAUII
KaHAJIbHOTO PIBHA Ha JBa MAPIBHS, SKI YacTO HA3MBAIOTh TAaKOX PIBHAMHU.
Kananenuii pienp (Data Link Layer) numThcs B JIOKQJIBHUX MeEpekax Ha JBa
HipIBHS:

e Joriunoi nmepenaui nanux (Logical Link Control, LLC);
e KepyBaHHs A0cTynoM jo cepenopuiia (Media Access Control, MAC).

Pigeno MAC 3'ssBuBcs yepe3 ICHYBaHHS B JIOKaJbHUX MeEpeXax IOJLUTIOBAHOTO
cepenoBuiia mepemaui manux. Came 1el piBeHb 3a0e3Medye KOPEKTHE CITUIbHE
BUKOPHUCTAaHHS 3arajlbHOTO CEPENOBHUINA, HAJAI0YM 1i BIAMOBIAHO IO TEBHOTO
aNITOPUTMY B PO3MOPSHKEHHS Ti€l a0o0 1HIIOI cTaHiii Mepexi. [licis Toro, sik 10CTyM
70 CepeIOBHINA OTPUMAHWH, HEI0 MOXKE KOPUCTYBATHCS OLIbIIE BUCOKHIA PIBEHb —
piBenb LLC, mo opranizye nepenady JOTIYHUX OJWHUIIL JAHUX, KaapiB 1HGOpMaIlli,
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3 PI3HUM PIBHEM SIKOCTI TPAHCHOPTHHUX TMOCHYT. Y CyYaCHUX JIOKQJIbHUX MEpeKax
oJIep)Kajy TOWIMPEHHsT Kiabka TmpoTtokoiiiB piBHd MAC, 1o peanizyloTh pi3Hi
QITOPUTMHU  JIOCTYIy [0 TMOJUTIOBAHOTO cepefoBuina. LI mpoTokoiM MOBHICTIO
BH3HA4YalOTh crenudiky Takux TexHonorii, sk Ethernet, Fast Ethernet, Gigabit
Ethernet, Token Ring, FDDI, 100 VG-AnyLAN.

Pigenv LLC BimmoBinae 3a nepeaady KajapiB JaHUX MK By3JIaMH 3 PI3HUM CTyIIEHEM
HQJIMHOCTI, a TakoX peanizye GyHKIIi 1HTEpdelicy 13 NPWIATalOYUM JI0 HBOTO
MepexxkuuM  piBHem. Came uepe3 piBeHb LLC MepexxHHMII MpPOTOKOJ 3amuTye B
KaHAJIBHOTO PIBHSA MOTPIOHY HOMY TpaHCIOPTHY OIEpalilo 3 MOoTpiOHOMO skicTio. Ha
pieai LLC icHye kinbka peXuMiB pOOOTH, IIO BiAPI3HAIOTHCA HASIBHICTIO a0o
BIZICYTHICTIO Ha IIbOMY pIBHI NPOLEAYpP BIJIHOBJIECHHS KaJpiB y BHUIAJKY IXHBOI BTpaTu
ab0 mepeKkpydyyBaHHS, TOOTO TPAHCIOPTHUX IOCIYT, IO BIAPIZHSIOTHCS SIKICTIO, I[HOTO
piBHSL.

[Tpotokonu piBaiB MAC 1 LLC B3aemMHO He3asieHI — KOXXKHUU MPOTOKOJ PIiBHS
MAC moxe 3acTocoByBaTHCS 3 Oyab-skuM mpoTokojioMm piBHsA LLC, 1 HaBmakwu.

Crangaptu |[EEE 802 marTh MOCHTH YITKY CTPYKTYpY, HaBeleHy Ha puc.6. 1.

L5 cTpykTypa 3'sBUjIacs B pe3yNbTaTi BEIHKOi poOOTH, mpoBeaeHoi komiteTom 802
3 BUIUICHHA B Pi3HUX (IPMOBHX TEXHOJIOTISAX 3arajbHUX IMAXOMIB 1 3arajbHUX
GyHKINNA, a TakoX Y3TOJKEHHsSI CTUJIIB iXHBOTO OMUCY. Y pe3ynbTarTi KaHaJIbHUN
piBeHb OyB pO3aUICHWM Ha JBa 3rajaHux miapiBHA. OnUC KOXKHOI TEXHOJIOTIT
po3auieno Ha aBi yacTuHH: omuc piBHSI MAC 1 omuc ¢izuuHoro piBHS. SIK BUAHO 3
pPUCYHKA, TPAaKTUYHO B KOXHIA TEeXHOJIOTii eauHOMY mpoTokony piBaHs MAC
BIJIMOBIJA€ KUIbKA BapIaHTIB MPOTOKOMIB (PI3UYHOTO PiBHSI.

Han kananpbHUM pIBHEM YCIX TEXHOJOTIA 300pa)K€HUN 3arajibHUM JJisi HHUX
nporokos LLC, mo miaTpuMmye Kiibka peXUMIB poOOTH, ajie HE3aJICKHUIN BiJ BHOOPY
koHkpeTHo1 TexHoorii. Ctangapt LLC kypupye migkomiter 802.2.

Hagith TexHomor1i, cCTaHAapTU30BaHI HEe B paMkax koMiteTy 802, opi€HTYIOThCS Ha
BukopuctanHs mporokony LLC, Busnauenoro cranmaprom 802.2, Hampukian,
nporokoji FDDI, crannaptuzoBanuit ANSI.
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Puc 6.1. Crpykrypa cranaapris IEEE 802.X
OxkpeMo pO3TISITAIOTECS  CTaHAApPTH, po3pobmoBanbHI migkoMiterom 802.1. 11i

CTaHJAPTU HOCITH 3arajJbHUM Al BCIX TEXHOJIOTIH xapaktep. Y mimkomiteri 802.1
MUHYJIOTO PO3pOO0JIEHI 3arajibHi BU3HAYEHHS JIOKAJTbHUX MEPEXK 1 iXHIX BJIACTHUBOCTEH,
BU3HAYeHUH 3B's130K Tpbox piBHIB Mmozpeni |EEE 802 3 wmogemmro OSI. Ane
HaWO1IbIIe TPAKTUYHO BaXIMBUMU € craHaapTu 802.1, sKi OMMCYIOTh B3aEMOIII0 MK
co0010 PI3HUX TEXHOJIOTIM, a TAaKOX CTaHAAPTH 3 MOOYIAOBH OLIBII CKJIAJIHUX MEPEK
Ha OcHOBI 0Oa3zoBux Tomosiorid. Ll rpyma crangapTiB HOCUTH 3arajbHy Ha3BYy
cTaHAapTiB MepexHux B3aemomii (internetworking). Crogm BXOIATh TaKi BaKJIMBi
crangapt, sk crangapT 802. ID, mio omucye Joriky poOOTH MOCTa/KOMyTaTopa,
crangapt 802.1H, skuii Bu3Hayae poOOTYy MOCTa, IO TPAHCIIOE, SKUM MOXke 0e3
Mapiipytu3atopa noeanyBatu mepexi Ethernet i FDDI, Ethernet i Token Ring i 1. 1.
Crporogui Hallp craHmapTiB, po3poOieHux migkomiterom 802.1, mpogoBxkye
30uThITyBaTCs. Hampukman, HeJaBHO BiH TIOTIOBHHUBCS BaKIMBUM  CTaHIAPTOM
802.1Q, mo Bu3Hauae croci® MoOyIoBH BIpTyasibHUX JOKambHUX Mepex VLAN y
Mepexax Ha OCHOBI KOMYTaTOPIB.

Cranmaptu 802.3,802.4,802.5 1 802.12 onucyrOTh TEXHOJOTIT JIOKATPHUX MEPEXK,
AK1 3'ABUJIMCS B pe3yJbTaTl MOMIMIIEHb (IPMOBHUX TEXHOJIOTIH, IO JISATJIM B IXHIO
ocHoBy. Tak, ocHoBy craHmaprty 802.3 ckmama Texnomoris Ethernet, pospoGiiena
xommanisimu Digital, Intel i Xerox (a6o Ethernet DIX), cranmapt 802.4 3'sBuBCs sK
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y3aranpHeHHs TexHosorii ArcNet kommanii Datapoint Corporation, a cragmgapt 802.5 B
OCHOBHOMY BifnoBigae Texuosorii Token Ring kommanii IBM.

Buxiani ¢gipMoBi TexHonorii Ta ixHi MoaudikoBaHi BapiaHTH — cTtaHmapta 802.x y
psizi BUTIAIKIB AOBI1 POKU iCHYyBasu mapanenbHo. Hanpukian, texnomnoris ArcNet tak go
KiHIlT He Oyna HaBeleHa y BIANOBIAHICTH 31 craHmapToM 802.4 (Temep 1e poduTH
i3HO, TOMY IO Jech nmpuoiau3Ho 3 1993 poky BupoOHuUITBO BeTaTKyBaHHs ArcNet 6yio
3ropayto). Po30bkHOCTI MK TexHonoriero Token Ring i crammaprom 802.5 Tex
NepioANYHO BUHUKAIOTh, TOMY 110 KoMmmadis IBM peryispHo BHOCHTH YIOCKOHAJICHHS
y cBoio TexHosorito i xomiter 802.5 BinOuBa€ 11i BAOCKOHAJICHHS B CTaHAAPTI 3 JACIKUM
3ali3HEHHsAM. BukmodeHHs craHoBUTH TexHomoris Ethernet. Ocranniii  dipmoBuit
craumapt Ethernet DIX OyB mpuitasaruii y 1980 pomi, i 3 THX mip HIXTO OuTble HE
BKuBaB cnpo0 QipmoBoro po3sutky Ethernet. Yci HoBoBBeneHHS B CIMEHCTBI
TexHousorid Ethernet BHOCSTBCS TUTBKM B pe3ysibTaTi MPUAHATTS BIAKPUTHX CTaHIAPTIB
komiteToM 802.

binbmn mi3H1 CcTaHAApTH CIOKOHBIYHO PO3pOOJSUIMCS HE OJIHIEID KOMIIAHIEIO, a
TpyNoOI0 3alliKaBJIEHUX KOMIIAHIM, a MOTIM MepefaBalucs y BIANOBIAHUN MiAKOMITET
IEEE 802 mis tBepmkenHs. Tak BimOymocst 3 texHosorismu Fast Ethernet, 100 VG-
AnyLAN, Gigabit Ethernet. I'pyma 3amikaBieHHX KOMIIaHiIi YTBOPIOBaJIA CHOYATKY
HeBeNIMKe 00'€qHaHHS, a MOTIM, Y MIPY PO3BUTKY pOOIT, 10 HHOTO MNPUEIHYBAIUCS
IHIIIT KOMMAaHii, TaK M0 MPOIeC MPUNUHATTS CTAaHAAPTY HOCUB BIIKPUTUN XapaKTep.

Croroani komiteT 802 BKJIIOYA€ HACTYITHUM PSIT IMIAKOMITETIB, Y SIKMM BXOJATH SIK
Ti, IO BXKE 3ralyBajuCh, TaK JCSIKI 1HIII:

. 802.1 — Internetworking - 00'eqHaHHS Mepex;

. 802.2 — Logical Link Control, LLC — kepyBaHHS JIOTiYHOIO TEepeaaycto
TaHWX;

. 802.3 - Ethernet 3 meTonom goctyny CSMA/CD;

. 802.4 — Token Bus LAN — nokaibHi Mepexi 3 MeTogoMm noctyny Token
Bus;

. 802.5 — Token Ring LAN — nokanbHi Mepexi 3 MeTogom jgoctyiy Token
Ring

. 802.6 — Metropolitan Area Network, MAN — meperxi MeraroJicis;

. 802.7 - Broadband Technical Advisory Group - TexHiuHa KOHCYJbTaIliliHA
rpyna no mupoKoNoJIOCHIN nepenayi:

. 802.8 - Fiber Optic Technical Advisory Group - TexHidYHa KOHCYJIbTaIliiHA
rpyna 1no BOJIOKOHHO-ONITUYHUM MEPExXax;

. 802.9 — Integrated Voice and data Networks — inrerpoBani mepexi
nepeaadi rojiocy 1 JaHuX;

. 802.10 - Network Security - mepexeBa Oe3reka;
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. 802.11 - Wireless Networks - 6e3npoToBi Mepexi;
. 802.12 - Demand Priority Access LAN, I00VG-AnyLAN - jokaabHi Mepexki
3 MCTOAOM AOOCTYIIY 3a BUMOI'OIO 3 HpiOpI/ITeTaMH.

6.3[Iporokos LLC piBHst kepyBanHs joriuaum kanajaom (802.2)
[Iporoxon LLC 3abe3nedye i TEXHONOTIH JIOKATbHUX MEPEX MOTPIOHY SKICTh

MOCIYyT TPaHCHOPTHOI CIykOW, Tepenalud CBOi Kaapu abo JedTarpaMHUM
cnocoboMm, abo 3a JOMOMOIO TpOUEAYp 13 YCTAHOBJCHHSM 3'€lHaHHSA U
BifHOBIIeHHsIM  KanpiB. [Iporokon LLC 3aiimae piBeHb MK  MEpPEKHUMH
nporokosiamu ¥ mpotokoidamu  piBHS MAC. [Iporokonn MepekHOro piBHS
nepenaroTh 4Yepe3 MDKpiBHEBUH iHTepdeiic nmani mist mpoTtokoiny LLC — cBiif maker
(mampukman, maket [P, IPX a6o NetBEUI), anpecny indopmarito mnpo By30I1
NPU3HAYCHHS, a TAaKOX BHUMOTH JI0 SIKOCTI TPAHCHOPTHUX TOCTYT, IO MPOTOKOIY
LLC noBunen 3abe3neuntH. [Iporokon LLC momimae maker MpOTOKOJIY BEPXHBOTO
pPIBHS y CBIM Kajap, IO JOMOBHIOETHCA HEOOXITHUMHU CIy>KOOBUMH mojissMu. Jlami
yepe3 MiKpiBHeBHM iHTepdeiic mporokon, LLC mnepemae cBiii kagp paszom 3
aJipecHoOl0 1H(OpMAIII€I0 MPO BY30J MPU3HAYCHHS BIAMOBITHOMY MPOTOKOJY PIBHS
MAC, o BnakoBye kaap LLC y cBiit kaap (Hanpukian, kaap Ethernet) (puc.6. 2).

3aronoeok Ethernet Kapp LLC

Ka;ﬁ; Ethernet
Puc. 6.2. CTpykrypa kaapy

B ocnoBy npotokony LLC moxnaaenuit nporokon HDLC (High-level Data Link
Control Procedure), mo € cranmaprom ISO. Bnacue crangapr HDLC cranoBuTh
y3araJlbHeHHs  JEKUIbKOX  OJIM3bKMX ~ CTaHAAPTIB, XapakTEepHUX IS  PI3HHUX
TexHousorii: mporokony LAP-B mepex X.25 (craHmapTy, HIMPOKO PO3MOBCIOIKEHOTO
B TepuTopianbHuX Mepexax), LAP-D, BukopucroByBanoro B mepexax ISDN, LAP-M,
o0 Tpairoe B cydacHuXx Mojemax. ¥ crneumdikamii IEEE 802.2 takox € Kibka
HEBEJMKUX BigMiHHOCTEH Bia ctanmapty HDLC.

Cnouatky y ¢ipMoBHUX TexHoJorisx miapiBeHb LLC He BUIIISABCS B caMOCTIMHUMN
nipiBeHb, Ta 1 HOro (QyHKIII PO3UMHAIMCA B 3arajbHUX (QYHKLISIX MTPOTOKOIY
KaHAJIbHOTO piBHs. YUepe3 OUIbINI pPO3XOJKEHHS Yy (PYHKIISX MPOTOKOJIB (hipMOBHUX
TEXHOJIOT1H, ki MokHa BimHectu 10 piBHA LLC, na piai LLC moBenmocs BBecTn
Tpu TUM mnporenyp. [[poTokoa MEpeKHOTo PiBHS MOXKE 3BEPTATUCS JO OJHIET 13 IMHUX
IpoLEayp.

Tpu munu npoyedyp piena LLC

VY BignosigHocTi 31 ctangaptoMm 802.2 piBeHb KepyBaHHS JIoT14HMM KaHajiom LLC

Ha/la€ BEPXHIM PIBHIM TPHU THUIIU MPOLEAYD:

LLC1 — mpouenypa 6e3 ycTaHOBJICHHS 3'¢qHaHHS ¥ 0e€3 MIATBEPHKCHHS;
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LLC2 — nporieaypa 13 YCTaHOBJICHHSM 3'€THaHHS ¥ TATBEPIKCHHIM;

LLC3 — mpornenypa 06e3 yCTaHOBJICHHsI 3'€HAHHs, ajie 3 MiATBEPKCHHSIM.

Lle#t Habip mpolenyp € 3arajibHUM IS BCIX METOJIB JOCTYIy IO CEpEeOBHINA,
Bu3HaueHux crangapramu 802.3 — 802.5, a Takox cranmaprom FDDI 1 cranmaptom
802.12 na texuoJoriio 100 VG-AnyLAN.

Ilpoyeoypa 6e3 ycmanosnenns 3'eonanus U 6e3 niomeepodcenns LLCL nae
KOpPUCTyBayeBl 3aci0 Jg mepenayi JaHUX 3 MiHIMymMoM Butpat. lle aeitarpamuumii
peXuM poOOTH. 3BHUANHO II€¥ BUJ MPOLIEAYPH BUKOPHUCTOBYETHCS, KOJMU Takl QPYHKIIIT,
SK BIJIHOBJICHHS JTaHWUX TICJIS TOMWJIOK 1 YIOPSAKYBAaHHS JaHWX, BHKOHYIOTHCS
IPOTOKOJIAMH  BHUILEPO3MILIEHUX PIBHIB, TOMY HEMAa€ MOTpeOu AyOIrOBaTH iX Ha PiBHI
LLC.

Ilpoyeoypa i3 ycmanoenewnsm 3'eomanv i niomeepoxcennaim LLC2  nae
KOPHUCTYBaue€Bl MOXJIMBICTb YCTAHOBUTH JIOTIYHE 3'€IHAHHS TIEpel IOYaTKOM
nepenayi OyAb-IKOTO OJOKY JaHMX 1, SKIIO II€ MOTPIOHO, BUKOHATH MPOLEIypU
BIJIHOBJICHHSI TICJISI TOMWJIOK 1 YIOPSAKYBaHHS TMOTOKY HUX OJOKIB y  paMKax
yctaHoBieHoro  3'eqHaHHsA.  [Iporokon LLC2 ©Garato B  9oMy aHaJIOTiYHUN
npotokoiam cimeiictea HDLC ( LAP-B, LAP-D, LAP-M), sixi 3acTOCOBYIOTBCS B
III00AJIBHUX Mepexax Ul 3a0e3NedeHHs] HaaliHOI mepeadl KaJpiB Ha 3allyMIIEHHX
miisx. [Iporokon LLC2 mpaittoe B pexuMi KOB3HOTO BiKHA.

Y  neskux BUMagkax (HaOpWKIaa, TPU BUKOPUCTaHHI MEPEXK Y CHCTeMax
peajbHOTrO Yacy, KepyruuxX MPOMHMCIOBUMH 00'€KTaMH), KOJM THUMYAcOBI BHUTpATH
BCTAQHOBJICHHSI JIOTIYHOTO 3'€JHAHHS TIepea BIANMPABICHHIM JaHUX HENPUHHSATHI, a
HIATBEPKEHHSI MPO KOPEKTHICTh MPUIOMY NEpelaHux JaHuX HeoOxigHo, 0Oa3oBa
nporeaypa 0€3 yYCTaHOBIICHHS 3'€qHaHHA W 0€3 MATBEPKCHHS HE MIIXOauTh. JIis
TaKMX BUMAJKIB IepeadayeHa J0oJaTKOBa MPOLEAypa, SKa HA3UBAETHCS IMPOIIETYPOIO
0e3 yCTaHOBIIEHHS 3'€JHaHHS, ajie 3 miarBepmkeHasm LLC

BukopucranHs onHOTro 13 TphoX pexuMiB poOotu piBHA LLC 3anexurs Bix
cTparterii  po3poOIIOBaviB  KOHKPETHOTO CTeKa NpPOTOKomiB. Hampukman, y crer
TCP/IP piBenb LLC 3amxau mpairoe B pekumi LLCL, BHUKOHYyHOUM TpocTy poOOTYy
BUTATY 3 KaJpy ¥ JEeMyJIbTUIUIEKCYBaHHs MakeTiB pi3Hux mpotokoniB — IP, ARP,
RARP. Amnanoriuno BukopuctoByeThes piBeHb LLC crexom IPX/SPX.

A crek Microsoft/IBM, 3acuoBanuii Ha mpotokom NetBIOS/NetBEUI, uyacto
BukopuctoBye pexum LLC2. 1Ile BigOyBaerbcs TOAl, KOJIM caM IPOTOKOI
NetBIOS/NetBEUI moBuHEH mparfoBaTH B PEXHMiI 3 BiIHOBICHHSM 3aryOJieHHX 1
NEepeKpyueHNX JaHuX. Y IbOMY BUMNAJAKY Lig poboTa meperopyyaerbes piBHiO LLC2.
Axmo sk mpotokoa NetBIOS/NetBEUI mnpairoe B aeiitarpaMHOMY peXHMi, TO
npotokoi LLC nparitoe B peskumi LLCI.

Pexum LLC2 BUKOPUCTOBYETHCS TaKOXK CTEKOM MPOTOKOIIB SNA y TOMy BUMAAKY,
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KOJIM Ha HI)KHBOMY PiBHI 3aCTOCOBYETHCSI TEXHOIIOTIsE TOKen Ring.

Cmpykmypa kaopie LLC. Ilpouedypa 3 sionoenennam xaopie LLC2

3a cBoiM mpu3HaueHHSAM yci kaapu piBHsS LLC (axi HazuBaioTbcs B CTaHAApTI
802.2 6mokamu nmanmx — Protocol Data Unit, PDU) miapo3ninsiroTbest Ha TPH TUIH —
iH(pOpMaIliiiHi, Kepyrodi i HEHyMEpOBaHi.

Ingopmayinini  kaopu (Information) npusHaueni i1 nepemadi  iHpopmarii B
nporeaypax i3 ycTaHoBieHHsM JorigHoro 3'emHanHs LLC2 1 moBuHHI 000B'SI3KOBO
mictuTi mosie iH(opmarii. Y mporeci mepenadi iHPOpMAIIMHUX OJOKIB 3I1MCHIOETHCS
iXHA Hymepallis B peKuMi KOB3HOTO BIKHA.

Kepyroui xaopu (SUpervisory) mpusHaueHi Juis Tepeaadi KOMaHiA 1 BimmoBiuei y
nporieypax i3 yCTaHOBJICHHSAM JjoriyHoro 3'eqnanHs LLC2, y ToMy umcni 3anmTiB Ha
MOBTOPHY NlepeAavy NepeKpydeHux iHPopManiiHuX OJIOKIB.

Henymeposani  xaopu (Unnumbered) mnpusHaueHi i rmepenadi  HEHYMEPOBAHHX
KOMaHJ 1 BINOBIJEH, 1110 BHUKOHYIOTH Yy TMpoleaypax Oe3 YCTaHOBJIEHHS JIOTTYHOTO
s'emHaHHA Tiepenady iH(opmarti, imeHTndikamiro ¥ TectyBamHs LLC-piBHs, a B
nporeaypax 13 yCTaHOBIEGHHsSM JjoriyHoro 3'eqHanHs LLC2 — BcraHoBieHHs W
po3'€IHaHHS JIOTIYHOTO 3'€JHAaHHS, a TaKOoXX 1H(MOPMYBaHHA NPO MOMHJIKU. YCl TUIH
kazapiB piBHa LLC matots equamii dopmar:

[Ipamnop Anpeca Anpeca Ioxne, JlaH1 IIpamnop
1111110 BXOJY BXOJY Kepye (Data) 1111110
npHU3HaYCH JoKepena (Contr
(DSAP) (SSAP)

Kanp LLC obGpamnseTscss mBoMa ogHoOanToBuMHU mojsmu "[lpamop", mo maroTh
snadenHs 01111110. IMpamopu BukopuctoByOThCsl Ha piBHI MAC mis BH3HaueHHS
mex kanpy LLC. BimmoBimHo g0 6araTopiBHEBOiI CTPYKTYpH NPOTOKOJIIB CTaHIIAPTIB
IEEE 802, xanp LLC Bxmamaetscsa B kaap pisus MAC: kaap Ethernet, Token Ring,
FDDI i 1. n. [Ipu upomy mpamnopu kanpy LLC BimkumaroThcs.

Kanp LLC mMicTuTh moJie JaHUX 1 3aroj0BOK, IO CKJIATAETHCS 13 TPHOX IOJIB:

ajpeca TOYKM BXxoay ciyxOu mpusHadyenHs (Destination Service Access Point,
DSAP);

azpeca TOYKH BXOay ciyxOu mxepena (Source Service Access Point, SSAP);

kepytoue noje (Control).

llone oOanux kadpy LLC npusHadeHo mjig mepedadi Mo MeEpekli TaKeTiB
IPOTOKOJIB BHINEPO3MIIIEHUX PiBHIB — Mepexxknux mportokomiB IP, IPX, AppleTalk,
DECnet, y pigkux BuUNagkax — MNPUKIAAHUX MPOTOKOJIB, KOJM Ti BKJIQJAalOTh CBOI
MOBIIOMJICHHSI Oe3MmocepelHb0 B KaJpu KaHaIbHOTO piBHA. [lonme maHmMX Moxe OyTu
BIJICYTHIM Yy KEpYIOUHX Kajpax i JACSIKHX HEHYMEPOBAHUX Kajpax.
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Aopecni nonss DSAP i SSAP 3aiimarors mo 1 Gaiity. Bonu no3BosisitoTh ykasatw,
sgKa choyk0a BEpPXHBOTO pIBHS TMEepecuiae JaHl 3a JIONOMOIOK IbOTO  Kajpy.
[IporpaMHOMy 3a0e3MEUYEHHIO BY3JiB MEPEXi NpPH OJIepkKaHHI KaJpiB KaHAIBHOTO
PIBHS HEOOX1JIHO PO3IMi3HATH, KWW MPOTOKOJ BKJIAB CBIM IMaKeT y TMOJIe JTaHUX Kajpy,
0 HAIIWAIIOB, MO0 MepeAaTH BUTATHYTHH 3 KaJpy MakeT MOTPIOHOMY MPOTOKOITY
BEPXHBOTO pIBHA JUIsI HAcTymHOI 00poOku. Jlns imeHTHIKaIii IUX MPOTOKOIIB
YBOJATHCS TaK 3BaHI agpecd TOYKH Bxoay ciyxou (Service Access Point, SAP).
3naueHHs aapec SAP mpunmcyroThCs MPOTOKOJAM Yy BIAMOBIAHOCTI 31 CTaHIAPTOM
802.2. Hanpuknan, ais nporokony IP 3nHauenHs SAP mopiBHioe 0x6, UIsi IPOTOKOIY
NetBIOS-0*F0. JIns ogHux ciyx0 BH3HA4YeHa TUIBKM OJIHA TOYKa BXOAYy W,
BIJIMOBITHO, TIIBKK ofauH SAP, a mis iHmmxX — kuibka, koiu aapecu DSAP 1 SSAP
30iratotees. Hampuknan, skmo B kaapi LLC 3nauenns DSAP i1 SSAP Mictate Kon
nporokony IPX, To oOMIH KaapaMu 3O1MCHIOETbCS MK JBoma |PX-momynsamu, 110
BUKOHYIOTbCS B PI3HMX By3nax. Aise B Jesdkux Bumaakax B kaapi LLC
BKa3yIOThCSA, M0 po3pisHAIOTEC DSAP 1 SSAP. Ile MOXIMBO TIIBKM B THX
BUIAJKAX, KOJNU Ciyxk0a Mae kuibka aapec SAP, mo moxe OyTH BHUKOPHUCTAHO
OPOTOKOJIOM  BYy3Jia  BIJNpaBHUKAa B  CHEIIAIbHUX  IUIAX, HaNpUKIaa s
MOBIJJOMJICHHSI BY3J1a OJIEpKyBaua MpO MepexiJ MPOTOKOIY-BIANPABHUKA B JCSKUN
cnermdiunuii  pexxum pobotu. llietro BmactuBicTio mpotokomy LLC  wacrto
KopuctyeTbes npotokona NetBEUI.

Tlone kepysanns (1 abo 2 OaliTH) Mae CKIaAHy CTPYKTYpPYy IpU PoOOTI B pexxuMi
LLC2 i nocuth mpocTy cTpykTypy mpu podoti B pexxumi LLCL (puc. 6.3 [27]).

VY pexumi LLC1 BUKOPHUCTOBYETHCS TUTBKM OJUH THI KaIpy — HEHYMEpPOBaHUM. Y
[IOTO KaJpy II0JIC KEPyBaHHS Ma€ JIOBXMHY B OAMH OalT. YCl MInojs Mojs
KEepYBaHHs HEHyMEPOBAaHUX KaJpiB MPUUMAIOTh HYJIbOBI 3HAYEHHS, TaK M0 3HAYMMHUMU
3aIMIIAIOTECS TUIBKM Tepilil JBa OITW TOJsl, BUKOPHCTOBYBaHI SIK O3HAKa THILY
Kaapy. 3 ormigy Ha Te, mo B nporokomi Ethernet mpm 3ammci peanmizoBaHMi
3BOPOTHUNA MOPSJIOK OIT y Oaifti, To 3anmuc monst ynpasiiHHs kaapy LLCIL, BkiaaeHoro
B Kamp mportokony Ethernet, mae 3mauenns 0x03 (tyr 1 mam mpedikc OX mo3Havae

ITICTHAIATUPIYHE TTOTaHHS).
PoOspAaM Nona wMpEaeniHHA

Tyn sampy 123456 7 89 1011 12 13 14 15 16
iHG opmIaL AHM R
[ Inforrmoation)

0 M3 F/F ME)

KepiBHM R
< [Supervisory) 1 0 3 — | — | — H(R)

HE Hyhad oo BEHED A 1 1 Wl P/F I
(Urrnunbered)

Puc. 6. 3. CTpykTypa noJsi KepyBaHHs
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VY pexumi LLCZ BHUKOPHCTOBYIOTbCS BCI TpU TUINHU KaApiB. Y LBOMY pPEXKUMI
Kaapu JIAThCss Ha KoMauau W BiamoBimi Ha mi komauau. bit P/F (Poll/Final) mae
HACTYIHE 3HAYCHHS: Yy KOMaHaax BiH HasuBaeThcs Oitom Poll 1 Bumarae, mo0 Ha
KoMaHay Oyiia JaHa BIAMNOBiAb, a Yy BIANOBIAAX BiH Ha3uBaeThes OiTom Final i
TOBOPUTH TIPO T€, IO BIJAMOBIAb CKJIATAETHCA 3 OAHOTO Kaapy.

HenymepoBaHi KaJpu BHKOPHUCTOBYIOTHCS Ha IOYATKOBIM cTaiil B3aeEMOJil JBOX
BY3JIIB, @ caMe€ CTajil BCTAHOBJICHHs 3'eqHaHHA 3a mnporokosoMm LLC2. Tlone M
HEHYMEpOBaHUX KaJpiB BHU3HAYAE€ KiIbKa THITIB KOMAaHI, SKUMH KOPHCTYIOTHCS JBa
BY3JIM Ha €Talll BCTAHOBJICHHS 3'¢AHaHHs. Hipkue HaBeneH1 MPUKIIaa ISIKIX KOMaH]I.

Vemanosumu  s3oanancosanuti  acunxponnui pozwupenuti pexcum (SABME). L
KOMaHJla € 3allUTOM Ha BCTAHOBJICHHS 3'€qHaHHSA. BOHA € OmHi€I0 3 KOMaH IOBHOTO
Habopy koMaHja Takoro poxay mpotokoiay HDLC. Posmmpenuit pexum o3Hauae
BUKOPUCTAHHS JBOOANTOBUX MOJIIB KEPYBaHHS AJIA KaJpiB IHIIUX JIBOX THUIIIB.

Henymeposane — niomeepoocennss  (UA).  CioyxuTh  JUIS  IATBEPUKCHHS
BCTAHOBJICHHS 200 PO3PUBY 3'€THAHHSI.

Cruoanns 3'eonanns (REST). 3anut Ha po3puB 3'eTHAHHS.

Ilicna BcTaHOBIEHHS 3'€qHAHHA JaHlI W IIO3UTHBHI KBUTAHINI ITOYMHAIOTH
nepenaBatucs B iHGopmaniiHux Kagpax. Jloriunmit kanan mpotokomy LLC2 e
TYTUIGKCHUM, TaK IO JaHl MOXYTh IepefaBaThcs B 000X HampsMKax. SIKIO MOTIK
NYIJIEKCHUM, TO TO3WUTHBHI KBUTAaHLII Ha KaJpuh TaKOX JIOCTAaBISIIOTBCA B
1HbopMaIiitHIX Kaapax. SKIo X MOTOKY KaJapiB y 3BOPOTHOMY HAamNpsIMKy HeMae abo
K TMOTpIOHO mepegaT HEraTUBHY KBHUTAHIIIO, TO BHKOPHUCTOBYIOTHCS CYNEPBI3OPHI
KaJpu.

B indopmariiinux kagpax € moje N(S) mist 3a3HadeHHS HOMEpa BiAMPaBICHOTO
kaapy, a takox mnoje N(R) mns 3a3HaueHHS HOMepa Kaapy, IO MpUIMad OUIKyeE
olepxatu Bl  mepenaBaya  HactynmHuM. Ilpm  pobori  mporokony LLC2
BUKOPUCTOBYETHCS KOB3HE BIKHO po3MipoM B 127 kaapiB, a s iXHbOI HyMeparii
IUKJIIYHO BUKOpUCTOBY€eThbesa 128 uucen, Bin 0 no 127.

[lpuitmau 3aBxkAu maMm'sita€  HOMEpP OCTAaHHBOTO Kajapy, NPUMHATOTO BiJ
nepeqaBaya, 1 MIATPUMYE 3MIHHY 13 3a3HAYEHUM HOMEPOM KaJpy, IO BIH OUIKYy€
NpUAHATA BiJg TepenaaBada HacTymHuM. [lo3naummo ioro yepes V(R). Came 1e
3HaueHHs nepenaerbess B mosie N(R) kampy, 1m0 mocmiiaeTbes mnepenaBady. SIKmo y
BIJIMOBIJb HA LIEW Kajap MpHUilMad npuiiMae Kajp, y sSIKOMy HOMEp MOCIaHOro KaJapy
N(S) 30iraetscst 3 HOMepoMm ouikyBaHOro Kaapy V(R), To Takuii kamp yBaKaeTbes
KOPEKTHUM (SIKILIO, 3BHYAHO, KOPEKTHA HOro KOHTPOJbHA cyMa). SKIIo mpuiimad
npuiimae kanp i3 HomepoMm N(S), mepiBmum V(R), To medl kagp BiIKUaeThCs i
NOCUJIA€ThCS HeraTuBHA KBUTaHISA Biomosa (REJ) 3 nHomepom V(R). Ilpu npuiiManHi
HEraTUBHOI KBUTAHIl mepenaBady 3000B'I3aHUN TOBTOPUTH Tepeaady Kaapy 3
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HoMepoM V(R), a Takox yciXx KajapiB 3 OLIbIIUMH HOMEpaMH, SIKi BiH YK€ BCTHT
BiJIiCJIaTH, KOPUCTYIOUHUCHh MEXaHI3MOM BikHa B 127 kajapis.
Jlo cknaay cynepBi30pHUX KaJapiB BXOASITh HACTYIIHI:

Biomosa (REJect).

Ipuiimay ne eomosuii (Receiver Not Ready, RNR). Ilpuiimau comosuii (Receiver
Ready, RR).

Komanma RR 3 nomepom N(R) dYacto BHKOPHCTOBYETHCS SK IO3MTHBHA
KBUTaHIIIS, KOJM TOTIK JaHUX BiJ MpuiiMada 10 IepeaaBada BIJICYTHIM, a KomaHa
RNR — 115 BHOBUIBHEHHS TOTOKY KaJpiB, IO HAAXOAATh Ha mpuiiMad. Ile moxke
OyTu HEOOXiNHO, SKIIO TpuiiMad HE BCTUTae OOpPOOUTHM TOTIK KajapiB, IO
HAJCWIAIOThCS MOMY 3 BEJIMKOK IIBUAKICTIO 32 PAXyHOK MEXaHI3My BIKHA.
Opepxanns kanpy RNR xagae Bin mepemaBaya MOBHOTO NMPUIMHEHHS IMepeadl, 10
onepxxanHs kaapy RR. 3a momomororo mux KajapiB 3A1MCHIOETHCS KEPYBaHHS MOTOKOM
JaHUX, M0 OCOOJMBO BAXJIMBO JUISI MEPEXK, IO KOMYTYIOTBCSA, y SKHX HEMae
MOJIUTIOBAHOTO ~ CEPE/IOBUINA, 110 ABTOMAaTHUYHO TajbMye poOOOTy IiepenaBaya 3a
paxyHOK TOro, II0 HOBUH KaJp HE MOXHa MepeaaTH, MOKH MpuiiMay HE 3aKiHYMB
IIPUKAOM IIOTIEPEIHBOTO.

Tema 7. TexnoJoris Ethernet (802.3)
7.1 Metoa noctymy CSMA/CD

7.2®opmatu kaapiB TexHosuorii Etherne
7.3Cnenndikanii ¢pizmunoro cepenouia Ethernet
7.1 Metoa noctymy CSMA/CD. Texuouoris Ethernet (802.3)

Ethernet — ne wHalimommpeHimmii Ha CHOTOHINIHIA JCHb CTAaHAAPT JIOKAIBHUX
Mepex. 3arajibHa KUIbKICTh MEPEX, IO MpaloloTh 3a mpoTokosiom Ethernet y neit
4yac, OIIHIOETBCS B D MUIBHOHIB, a KUIBKICTh KOMI'IOTEPIB 13 YCTaHOBJIEHUMU
MepexxHuMHu anantepamu Ethernet — B 50 misbitoHIB.

Koy roBopsate Ethernet, To mig 1um 3BUYaiiHO PO3yMIOTh KOKEH 3 BapiaHTIB i€l
TexHoJioril. Y Oinbin By3bkoMy ceHci Ethernet — me mMepexxumii cranmapt, 3acCHOBaHUMN
Ha ekcrepuMeHTanbHIH Mepexi Ethernet Network, mo dipma Xerox pospoOuna i
peanizyBana B 1975 poui. Meroa moctymy OyB BUIpOOyBaHUil Ie paHille: y ApYTii
noJsioBuH1 60-X pokiB y pamiomepexi ['aBailcbKOro yHIBEpCUTETY BHUKOPUCTOBYBAIUCS
pi3HI BapiaHTH BWIIAJIKOBOTO JIOCTYIy JO 3arajJlbHOTO pPaJioCepeOBHINA, IO
onmepkanu 3aranbHy HasBy Aloha. V 1980 poui ¢ipmu DEC, Intel i Xerox cminbhO
po3pobmin i omyOmikyBanmu crangapt Ethernet sepcii |l ans mepexi, moOynoBaHoi Ha
OCHOBI KOaKClaJIbHOTO KabOelo, 10 CTaB OCTAHHBOK BEpCi€ld (PIPMOBOTO CTAaHAAPTY
Ethernet. Tomy ¢ipmoBy Bepcito cranmapty Ethernet nasmusators cranmaprom Ethernet
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DIX a6o Ethernet II.

Ha ocHoBi cranmapty Ethernet DIX OyB po3poGraenuii cranmapt IEEE 802.3, mo
Oarato B YoMy 30Ira€ThCs 31 CBOIM IONEPETHUKOM, aje JCSAKI PO3XOKCHHS BCe-
Taku €. Y Toi yac sik y crangapti |EEE 802.3 pospizustorsesa piBHi MAC 1 LLC, B
opurinaapHOMy Ethernet oOmaBa mi piBHI 00'€HaHI B €IMHUN KaHAJIBHUN piBEHb. Y
Ethernet DIX Bu3HauaeThcsi TPOTOKON TecTyBaHHS KoHirypamii  (Ethernet
Configuration Test Protocol), mo Bimcyrniii B IEEE 802.3. Tpoxu Biapi3HS€ThCS i
dopmar Kampy, Xouya MiHIMaIbHI W MaKCHUMallbHI pO3MIpH KaapiB y IUX
crangaprax 30irarotbcss. Yacro mms Toro, mo0 Biapisuutu Ethernet, Busnauenuit
crangaptom |EEE, i ¢ipmosuit Ethernet DIX, mepmmii Ha3uBarOTh TEXHOJIOTIERO
802.3, a 3a ¢ipMoBuM 3anumarTh Ha3By Ethernet 6e3 momaTkoBHX MO3HAYCHb.

3amexxHo Bixg Tumy ¢izumuHoro cepenopuma craagapt |IEEE 802.3 mae pizni
moaudikariii — 10 Base-5, 10 Base-2, 10 Base-T, 10 Base-FL, 10 Base-FB.

Y 1995 poni OyB mpuiiHsaTHii ctanmapt Fast Ethernet, mo Garato B oMy He €
CaMOCTIHMM CTaHAApTOM, MPO IO TOBOPUTH 1 TOH (akT, 10 WOro OMUC MPOCTO €
JOTaTKOBUM PO3AUIOM 10 ocHOBHOro craHmapry 802,3 — posmimom  802.34.
Amnanoriuno, npuitaatuii y 1998 pori cranmapt Gigabit Ethernet omucanuii y po3aini
802.3z "OcHoBHI TOKyMeHTH'".

s mepenaui nBiikoBOi iHQopmarii 3 kabemo Il BCiX BapiaHTIB  (HI3UUYHOTO
piBus TexHojorii Ethernet, mo 3a0e3smeuyrorh mnpomyckHy 3aatHicTh 10 MOIT/3,
BUKOPUCTOBYETHCS MAaHYECTEPCHKUI KO/,

VYci Buau crangaptie Ethernet (y tomy umeni Fast Ethernet i Gigabit Ethernet)
BUKOPUCTOBYIOTh TOM CaMUi METOJ| TMOJAUIY CEpeloBHUIa Tepeaadl JaHuX — METO]
CSMA/CD.

Metona nocrymy CSMA/CD

VY mepexax Ethernet BukopucTOBYeThCS METOA JOCTYIY IO CEPEIOBHIIA Mepeaadi
JaHUX, SKUH HA3WBAE€THCS METOAOM KOJEKTUBHOTO JIOCTYIY (0 SIKOTO BiTHOCSATBHCS MU
pamioMepexi, 10 MOPOAMJIM 1€ METOid). YCi KOMITIOTepU Takoi Mepexki MaroTh
Oe3rocepeHiil JOCTyN 10 3arajbHOi IIMHHA, TOMY BOHa MOXXEe OyTH BUKOpHCTaHa
JUISL Tiepefadi TaHuX MK OyJb- SKUMH JBOMa By3idamMu Mepexi. OmHoYacHO BCI
KOMIT'IOTEpU MEPEkKl MaroTh

MOXXJIMBICTh HETaWHO (3 YypaxyBaHHSM 3aTPUMKU TIONIUPEHHS CHUTHANY TII0
GI3UYHOMY  CEepe/IOBHUIILY) OJiepKaTH JaHl, SKI KOXEH 3 KOMM'IOTEpIB II0YaB
nepefaBaT Ha 3aranbHy muHy (puc.7.1l [22]). IIpocToTa cXemu MiIKIIOYEHHS — Ie
oauH 3 (hakTOpiB, 10 BH3HAUMIM ycmix craHmapty Ethernet. ['oBopsTh, 1110 Kabeb,
710 SIKOTO MIiJKITFOYEH] BCl CTaHIIii, MpaIfoe B PeXUMI KoJeKTHBHOTO noctyiry (Multiply

Access, MA).
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Puc. 7.1. Meroxa BunaakosBoro nocrymy CSMA/CD Eranu nocrymy a0
cepeI0BHUINA

VYci OCHOBHI TapMOHIKM CHUTHAy, IO TAaKOXK HA3UBAIOTHCA HOCIHHOIO YacTOTOIO
(carrier-sense, CS). OszHakor HE3aHHITOCTI CEpPENOBHINA € BiJICYTHICTP HA Hil
HOCIMHOI 4acTOTH, IO NMPU MAHYECTEPCHKOMY CIOCOO1 KOAyBaHHA jopiBHIOE 5 — 10
Mrii, 3anexHO BiJ MOCHIIOBHOCTI OJWHUIIL 1 HYJIB, IEPEIAHUX Y IIed MOMEHT.

Sxuio cepemoBuile BUIbHE, TO BY30JI Ma€ MpaBO ModYaTu mepenady kaapy. Llew
Kaap 300pakeHuit Ha puc. 1 mepmmm. By3on 1 BusBHUB, IO CEpPelOBHINE BUIbHE, 1
noYyaB TepenaBaTH CBiii kaap. Y kimacuuHiii mepexi Ethernet ma koakcianbHOMY
kabeyll CUTHaIM TepelnaBadya By3Ja 1 MOMIMPIOIOTHCA B 00MABa OOKH, Tak IO BCi
BY3JIM Mepexi iX onepkytoTh. Kaap maHuUX 3aBXIU CYNPOBOKYETHCS npeamobyion
(preamble), sixka ckmamaetses 3 7 GaiiT, 1m0 ckimagaroThes 31 3Hadenr 10101010, 1 8-
ro Oaiita, skiii mopiBHioe 10101011. IIpeamOyna moTpiOHa At BXODKEHHS MpHUiiMayda
B MOOITOBUI 1 CHUHXPOHI3M 13 epeaBayeM.

VYci craniii, miakiIOUeHi 10 Kademo, MOXKYTh po3mi3HaTH GakT mepeaadi Kaapy, 1
Ta CTaHIls, IO JIOBIAAE€THCS BIACHY aJpecy B 3arojoBKax Kajpy, 3alucye HOro
BMICT y CBiil BHYTpimHii Oydep, 00pobisie oTpumaHi IaHi, Mepeaae iX HaAropy Io
CBOEMY CTEKy, a IOTIM TIOCWJIa€ T0 KabOelro Kaap-BiAMOBIAL. AJpeca CTaHIIi
JDKepesla BTPUMYETHCS Yy BHXIJHOMY KaJpi, TOMY CTaHLIS-OJEep>KyBad 3HA€, KOMY
MOTPiOHO MOCTIATH BiJIOB1Ib.

By3on 2 mig wac mepenmaui kanpy By3noM 1 Takok HamaraBcs MOYaTH Tepenady
CBOTO KaJpy, OJHAK BHSBUB, IO CEPEIOBUIIE 3ailHATE — Ha HI € MPUCYTHHOIO
HOCIfHa 9acToTa — TOMY BY30J 2 3MYIIEHUH YeKaTH, TOKH By301 1 HE MPUNMHHHUTH
nepenavyy Kaapy.

[licas 3akiHueHHS mepenadi Kajapy BCl BY3JIM Mepexi 3000B'si3aHI BUTPUMATH
texHonoriuny mnay3y (Inter Packet Gap) B 9,6 mkc. L1 nmaysa, sika Ha3MBAa€TLCS TAKOXK
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MDKKQJpOBUM 1HTEpBaJoM, TOTpiOHA Jid MPUBEACHHS MEPSKHUX aJaNnTepiB Yy
BUXIJHUN CTaH, a TaKOX I 3armoOiraHHs MOHOIIOJIBHOTO 3aXOIUICHHS CEpPEeIOBHINA
oaHi€r0 craHiiero. Ilicas 3akiHUEHHS TEXHOJOTIYHOI Tay3d BY3JIM MarTh IIPaBO
noyaTH Tepeady CBOTO Kaapy, TOMY IO CEpeloBuIlle BiabHe. Yepe3 3aTpuUMKu
MOIIMPEHHS CUTHAIY IO KaOelai HE BCl BY3JIM CTPOrO OJIHOYACHO (IKCYIOTh (haKT
3aKiHUEHHS mepeaayl Kaapy By3iom 1.

VY HaBezeHOMY NpUKIIAIl By30J1 2 JOYEKaBCsS 3aKIHUEHHS Tepenayl Kajapy By3JI0M
1, 3pobuB may3y B 9,6 MKc 1 Mo4aB nmepeaaqy CBOTO Kajpy.

BuHukHeHHs KOJII3il

[Ipu omnmcaHoMy MiIXOJlI MOXJIMBA CHUTyalls, KOJH JIBl CTaHLIi OJHOYAaCHO
HAMararoThCs TepelaTH KaJp JaHUX [0 3araibHOMy cepeloBuilly. MexaHi3Mm
MIPOCIIYXOBYBaHHSI CEPEIOBUINIA M Tay3a MiX KaJpaMu HE 3aXUIIAl0Th BiJl BUHUKHEHHS
Takoi cHTyalii, Koiau JBi abo Oudblne CTaHIii OJHOYACHO BH3HAYAIOTh, IO
CEpeoBHUIIC BUIbHE, 1 TIOYMHAIOTH IEepeAaBaTH CBOi KaJpHu. [ 0BOPATH, IO MPHU IILOMY
BifOyBaeThcst xonizisi (collision), Tomy mo BMicT 000X KaapiB 3IIITOBXYEThCS Ha
3aralbHOMY Kabemi ¥ BiAOyBaeTbCsd NEpeKpydyBaHHS 1HpopMalii — METOIU
KOJIyBaHHS, BHKOpPHCTOBYBaHi B Ethernet, He m03BOJIAIOTH BUAUISTH CHUTHAIH KOXHOT
CTaHIIIi 13 3arajJlbHOrO CUTHAITY.

Koumizis — 1me HopmanbHa cuTyalliss B pobori Mmepexk Ethernet. V mpuxnani,
300pakeHOMY Ha pHUC.7. 2 , KOMi3i0 TMOpOAMJIa OJHOYACHA TIepeadya JaHUX BY3JIaMHU
3 1 1. Jlmga BUHHMKHEHHS Ko3ii HE OOOB'I3KOBO, MO0 KIJbKa CTaHIIM IOYaId
nepenayy aOCONIOTHO OJHOYACHO, Taka cCuUTyaulis ManoWMmoBipHa. HaOararo
WMOBIpHIIlIe, 0 KOJI3isl BUHUKAE 4Yepe3 Te, 0 OJUH BY30J MOYMHAE Tepeaady
paHilie iHIIOTO, aje JO APYroro By3ja CUTHAJIM TMEPIIOr0 MPOCTO HE BCTUTAIOThH
JTIATA HAa TOM dYac, KOJM JPYrui BY30J BUPILIYE IMOYATH IeEpeadyy CBOro Kaapy.
ToOTo KOMi3ii — 1e HACHIIOK PO3MOIIICHOTO XapaKkTepy MEpexi.
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Puc. 7.2. Cxema BUHUKHEHHS il IOIIMPEHHS KOJIi3ii

[IIo6 kopekTHO OOpOOHWTH KOJI31I0, BCl CTaHINI OJHOYACHO CITOCTEPIraroTh 3a
BUHUKAIOUMMHU Ha Kabesal curHajgaMu. SIKimo mnepenaHi CUTHaIM W CUTHAIU IO
CIIOCTEPITAIOThCS, BIAPI3HAIOTHCA, TO (QiKCyeTbes esusisnennss xonizii  (collision
detection, CD). [lns 30iiblIeHHS WMOBIPHOCTI SKHAWIIBHALNIOTO BHSBIICHHS KOJIi3il
BCIMa CTaHINSAMH MEPEXi CTaHIlis, 0 BHUSIBWJIA KOJII3il0, IIEpepHuBae Iepeaady CBOTO
KaJpy (y IOBUIBHOMY MICIli, MOXJHMBO, 1 HE Ha MExXIi 0ailTa) 1 MiJICUIIOE CUTYAIIIO
KOJI31i MOCWJIAaHHSAM B MEPEXY CHEIlaIbHOI TMOCIIIOBHOCTI 3 32-X OITIB, Sika Ha3BaHa
jam-nocnioosnicmio.

[Ticis mporo rmepeaaBajibHa CTaHINIS, IO BUSBHIIA KOJi3110, 3000B's13aHa IPUITUHUATH
nepenadyy W 3poOWTH May3y NPOTATOM KOPOTKOTO BHIAJKOBOTO IHTEpBaly dacy.
[ToTiMm BOHa MOXeE 3HOBY IMOYaTH CHPOOY 3aXOIUICHHsS CEpeJOoBHINA I mepeaadl
kaapy. BunaakoBa may3a BUOMpPAEThCS 3a HACTYITHUM aJTOPHUTMOM:

[Tay3a = L x (iHTepBai BIACTPOUKH),

Jie 1HTepBall BIACTPOYKH JOpiBHIOE 512 OiToBUM iHTepBasiaM (y TEXHOJOTI]
Ethernet nmpuiinsTo BCi iHTEpBAIM BUMIPIOBATH B OITOBUX iHTepBasiax; OITOBUI iHTEpBaJ
MO3Ha4YaeThesl K Dt 1 BiAMOBiTae yacy MiXK TOSBOIO JBOX IOCHTIJOBHHUX OIT JaHUX Ha
kabeni; mia mBuakocti 10 MoOiT/c BenmuuHa OitoBOro 1HTEepBay nopiBHIOE 0,1 MKC
a60 100 ue);

L craHOBUTH cOOOIO IIijie 4KClio, oOpaHe 3 PIBHOK WMOBIpHICTIO 3 Jiama3ony [0,

2N ], me N — HOMEp moBTOpHOI crpodu mepeaayi gaHoro kaapy: 1,2,..., 10.
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ITicns 10-i cnpoOu iHTEpBajn, 3 SKOro BUOUpAEThCA Tay3a, HE 301IBIIYETHCS.
Takum ymHOM, BHIIAJKOBa May3a Moke mpuiiMaTtu 3HadeHHs Binx 0 mo 52,4 mc.

Axkmo 16 mnochnimoBHUX Ccnpod Tepeaadl  Kaapy BUKIMKAIOTh —KOJI3ik0, TO
niepeiaBayd MOBUHEH MPUITMHATH CIIPOOH i BIIKUHYTH TIEH Kap.

3 omucy MeToay JOCTYyNy BHUAHO, IO BiH HOCHUThb IMOBIPHICHMM Xapakrtep, 1
HMOBIPHICTh YCHIIIHOTO OJIEPXKaHHS Y CBO€ PO3MOPSKEHHS 3arajbHOr0 CepeOBHIIA
3QJICKUTHh Bl 3aBaHTAXKEHOCTI MEpEeXi, TOOTO BIJ I1HTEHCHBHOCTI BHUHHMKHEHHS B
CTaHLISIX MOTpeOu B mepemadl kaapiB. [Ipu po3pobii 1poro mMeromy Hampukiaii 70-
X POKIB mependavanocs, 1o MBUAKICTh mepeaadi ganux B 10 MOiT/c ayxke BHUCOKa B
NOpIBHSHHI 3 MOTpedaMu KOMM'IOTEPIB Yy B3aEMHOMY OOMIHI JaHUMH, TOMY
3aBaHTAXKEHHS Mepexi Oyne 3aBkau HeBedukuM. lle mpumyiieHHs 3aIuIIaeThes
1HOA1 CHOpaBeJIMBUM 1 JOHHMHI, OJHAK YXe€ 3'IBUWIMCS JOJATKH, IO MPAIIOITh Yy
peanbHOMY MaciiTabi yacy 3 MyJIbTUMEIIHHO0 1H()OpMAITETO, SIKI AykKe 3aBaHTAKYIOTh
cermentu Ethernet. Tlpu mpoMy komi3ii BHHHKarOTh Habararo uacrimre. [Tpw 3HauHIH
IHTEHCHBHOCTI KOJIi3iii KOPHUCHA MPOIYCKHA 37aTHICTh Mepexki Ethernet pisko manae,
TOMY 110 MEpeXa MaikKe MOCTIHHO 3aifHsITa MOBTOPHUMHU CHpOOAMH Iepenadl Kajpis.
JIyist 3MEHIIIeHHS] IHTEHCUBHOCTI BUHUKHEHHS KOJi31i MOTpiOHO ab0 3MEeHIUTH Tpadik,
CKOPOTHUBILIM, HANPUKIAJ, KUIBKICTh BY3JIIB y CErMEHTI abd0 3aMIHUBILIM JOJIAaTOK, abo
HiABUINUTH IIBUAKICTH IMPOTOKOIY, HampuKiag, nmepeiitn Ha Fast Ethernet.

Cnin 3a3Haunth, mo Meton goctyny CSMAJ/CD B3arami He TapaHTye CTaHIIi,
10 BOHAa KOJIM-HEOYIb 3MOXKE OJIep’KaTH JOCTYyH 1O CEpeJOBHILIA. 3BUYANWHO, NPU
HEBEJIMKOMY 3aBaHTAKEHHI MEpPEXKl MMOBIPHICTh Takol TMOAIl HEBENWKa, aje Mpu
Koe(illl€eHTI BUKOPUCTAHHS MEpEXKi, 10 HAOIMXKaeThcs A0 1, Taka momis CTae Iyxe
iMoBipHOIO. Henomik MeTony BUNaaKOBOrO JOCTYILY

— IUlaTa 3a WOro HaJ3BUYAHYy MNpPOCTOTYy —II0 3pobuB TexHouorito Ethernet
camol Heloporow. [HII MeToau AOCTYyIy — MapKepHHU TocTyn Mepex Token Ring i
FDDI, meron Demand Priority mepexx 100 VG-AnyLAN — BijbHI Bif I[OTO
HEJIOJIIKY.

Yac noaBiiiHOT0 000pOTY il pO3Mi3HABAHHSA KOJII3il

YiTke po3Mi3HaBaHHS KOJI31M ycCiMa CTaHIIIMH MEPEXi € HEOoOXiTHOK YMOBOIO
KOpekTHOI pobotu Mepexi Ethernet. Skmio sika-HeOynp IepenaBajibHa CTaHINS HE
pO3Mi3HA€ KOJi3iI0 W BUPIIMIUTH, MO Kajap JaHUX HEI TMepelaHuil MPaBUILHO, TO
ne kaap maHux Oyae 3aryosieHuil. Yepe3 HaKIAIEHHs CUTHAIIB MPU  KOMI3ii
iH(pOpMaIlis KaJpy CIOTBOPUTHCS, 1 BiH Oyae BiAOpakoBaHWN MPUKWMAIOUYOI0 CTAHIIIEIO
(MOXJIMBO, 4epe3 po30DKHICTh KOHTPOJbHOI cymu). llIBumme 3a Bce, mepekpydeHa
iHpopMariss OyJe MOBTOPHO NepefaHa SIKUM-HeOynb MPOTOKOJIOM BEPXHBOTO PIBHS,
HANpUKIaA, TPAHCIOPTHUM ab0 MPUKIATHUM, TMPALIOYUM 13 YCTAHOBJIEHHSM
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3'eMHaHHsA. AJle MOBTOpPHA Iepelaya TMOBIJIOMJICHHS MPOTOKOJIAMHM BEPXHIX PIBHIB
BIIOy€TbCA Yepe3 3HAYHO OUIBINI TPUBAJUM 1HTEpBaAI 4yacy (1HO/AI HABITh Yepe3 KiJbka
CEeKYHJl) y TOPIBHSHHI 3 MIKPOCEKYHIHUMH I1HTEpBAJIAMH, SKHUMH OIEPY€E MPOTOKOI
Ethernet. Tomy sikmo xomizii He OymyTh HAIIHO PO3IMI3HABATHCS BY3JIaMH MEPEXKi
Ethernet, To me npusBene 10 MOMITHOTO 3HMKECHHS KOPHCHOI MPOIYCKHOI 37]aTHOCTI
JaHOT MEepexi.

Jlis  HagiiiHOro po3Mi3HABaHHA KOMI31M MOBMHHO  BUKOHYBATHCS HACTYIIHE
CIiBBITHOIICHHS:

Tmin = PDV, ne Tmin — 4ac nepenaui kajapy MiHIMaiIbHOI JoBkuHHU, & PDV —
Yac, 3a SKUM CUTHaJ KOJI31i BCTUra€e MOIMPUTUCS 10 CaMOT0 JAaJIEKOTO By3Jla MEpEexl.
Tomy 1m0 B HaWripmoMy pa3l CUTHAJ TOBHHEH MPONTH JIBi4l MDK HaWOUIbII
BUJYYEHUMHU OJIHa BIJ OJHOI CTaHUIAMH Mepexi (B OJHy CTOPOHY IPOXOJUTH
HECTIOTBOPEHUI CHUTHAJ, a MO JO0pOo3l Ha3al TOUIMPIOETHCS BXKE MEpPeKpydeHui

KOJII3I€EF0 CHTHAJT), TO IeW 9ac HA3MBAETHCH uacom noositinoco obopomy (Path Delay
Value, PDV).

[Ipu BuUKOHaHHI IIi€i YMOBHU T€pelaBalibHa CTaHIlS TMOBUHHA BCTUTAaTH BUSBUTHU
KOJI3il0, M0 BUKIWKAB IEpPEAaHW HEW Kaap, e 0 TOro, SK BOHA 3aKiHUYHTH
nepenavyy nboro Kajapy.

OueBUJIHO, 110 BUKOHAHHS I[1€1 YMOBHU 3aJIeUTh, 3 OAHOTO OOKY, BIJl JOBXUHU
MIHIMAJIBHOTO KaJpy ¥ TMPOMYCKHOI 3MaTHOCTI Mepexi, a 3 1HIIOro OOKy, Bij
JIOBXKUHU Ka0eTbHOI CUCTEMU MEPEKI M MIBUJIKOCTI MOMIMPEHHSI CUTHANTY B Kabemi (s
PI3HHMX THUIMIB KaOeJIo 11 MIBUIKICTb TPOXHU BIJIPI3HSIETHCS).

Yci mapamerpu mpoTtokonry Ethernet miniOpani TakuM uYumHOM, MO0 TIpH
HOPMaJILHIN POOOTI BY3JIIB MEpEeX1 KOJMI31i 3aBKIM YITKO posmizHaBaiucs. [Ipu Bubopi
napameTpiB, 3BUYAHHO, YPAaXOBYBaJIOCS 1 HaBeJI€HE BUIIE CIIBBIIHOIICHHS, IO 3B'A3Yy€
MK CO0OI0 MIHIMAJIBbHY JOBXKUHY KaJpy ¥ MakCUMaJbHY BiJICTaHb MK CTaHIISIMU B
CErMEHTI Mepexi.

VY crangapti Ethernet mpwuitasro, mo MiHiManbHa JOBXKHHA MO JaHUX Kaapy
CTaHOBUTH 46 OalT (110 pa3oMm 31 CIyXKOOBUMH MOJSIMU  JIa€ MiHIMAJIbHY JTOBXUHY
Kaapy 64 Gaiit, a pazom 13 npeamOynoro — 72 Gaiitr abo 576 0it). 3BiACH MOXKYTh OyTH
IEBHI OOMEXKEHHS Ha BIJICTAHb MK CTAHIIISIMH.

Omxe, B 10-merabitnomy Ethernet wac mepemaui kaapy MiHIMaIbHOI JTOBXKHHHU
JOpiBHIOE 575 OITOBMM IHTEpBaaM, OTXKE, 4ac IMOJBIMHOTO 0OOpPOTYy IOBUHEH OyTH
MeHImMM 57,5 Mkc. Biacranp, 10 CHUTHaI MOXE MPOWTH 3a I Yac, 3alieKHUTh BiJl
TUITY KaOero ¥ JIJIT TOBCTOrO0 KOAKCIaJbHOTrO Kabemto aopiBHIOe mnpubauzHo 13 280
M. 3 omAay Ha Te, IO 3a Il Yac CUrHaJl MOBHHEH MPONTH MO JiHII 3B'S3KY

JBiYl, BIJICTAaHb MDK JBOMa BY3JIaMHM HE TOBHHHAa OyTH Oinpmie 6 635 M. VY
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CTaHJapTl BEJIMYMHA I1Ii€1 BiJICTaHI 0OpaHa 1CTOTHO MEHIIIO0, 3 OOJIKOM 1HIIUX, O1IbII
CYBOPHX OOMEKCHb.

Onne 3 Takux OOMEXEHb IMOB'A3aHE 13 TPAHUYHO NPUITYCTUMHUM 3aracaHHsIM
curnaiy. Jlns 3a6e3nedeHHss HEOOX1AHOI MOTY>KHOCTI CUTHATY MPH HOTo MPOXOIKEHH1
MDK HaWOUIbII BHUJYYEHMMH OJHA BIJI OJHOI CTaHIIAIMH CETMEHTa Kabelto
MaKCHMaJlbHa JTOBXHHA OE3MepepBHOTO0 CETMEHTa TOBCTOTO KOAKCIAJIbHOTO Kabelto 3
00J1iKkOoM BHeceHoro iM 3aracanHs obpana B 500 m. OueBuiaHo, mo Ha kabem B 500
M YMOBHU pO3Mi3HAaBaHHS KOMi3ii OyayThb BHKOHYBATHCS 3 OUIBIIMM 3amacoM st
KaJIpiB OyJb-gKO1 CTaHJApPTHOI JOBXHHH, Y TOMY YWCIl ¥ 72 OGalT (4ac MOoJBIMHOTO
obopory mo kabemo 500 M craHoBuTh ychoro 43,3 OiToBHX iHTepBaliB). Tomy
MiHIMaJbHA JOBXHHA Kajpy Morja © OyTH BCTaHOBJEHA Ie MeHIow. OaHak
PpO3po0IIIOBayl TEXHOJIOTI] HE CTaJu 3MEHIIYBATH MIHIMAJIBHY JIOBXUHY KaJpy, Maro4u
Ha YyBa3l 0araTOCerMEHTHI MeEpexi, fAKi OYIyrThCS 3 JIEKUIBKOX CETMEHTIB,
3'€IHAHUX MTOBTOPIOBAYAMM.

[ToBTOpIOBaui 30UIBIIYIOTH TOTYXHICTh TEPEJaHUX 13 CErMEHTa Ha CETMEHT
CUTHAJIIB, Y pe3yJbTaTi 3aracaHHsl CUTHAIIB 3MEHIIYEThCS W MOXHAa BUKOPHUCTOBYBATH
MepexKy Habarato OUIbINOI JIOBXKHHH, IO CKJIATa€ 3 JEKUTBKOX CErMeHTIB. Y
KOoakciampbHUX  peamizamisix  Ethernet  pospoOmroBaui  0OMeXWIM MaKCHMalbHY
KUIBKICTh CETMEHTIB Y MEpEeXl I'ATbMa, M0 y CBOIO 4Yepry OOMEXye 3arajibHy
nopxkuny wmepexi 2500 merpamu. HaBith y Takiii OararocerMeHTHii MEpEexKI
yMOBa  BUSIBJICHHS  KOMI3Id AK 1  paHillle BUKOHYETHCS 3 OUIBIIUM 3aracoM
(MOpiBHSEMO OTpUMaHy 3a YMOBHM TMPHUIIYCTUMOTro 3aracaHHs Biactanb B 2500 M 3
OOYHUCIICHOI0 BHIINE MAKCUMAJIbHO MOXJIMBOK 3a YacOM IIONIMPEHHS CHUTHATY
BijicTaHHIO 6635 M). OmHaK y MIMCHOCTI YaCOBHIH 3armac € iCTOTHO MEHIITUM, OCKIIbKA
B 0araToCerMEHTHUX MeEpexax caMi IMOBTOPIOBAYl BHOCSTH Yy TMOIIMPEHHS CHUTHATY
JIOJIATKOBY 3aTPUMKY B KUIbKa JECATKIB O1TOBMX iHTepBaliB. HeBenukuii 3amac OyB
3po0JIeHN TaKOX JJIsi KOMITGHCAIlli BIIXWJICHb MapaMeTpiB Kabemto i MOBTOPIOBAYIB.

VY pesynabTaTi O00JIIKY BCIX LHUX 1 JEIKMX IHIIMX (aKkTopiB OyJI0 pPETENbHO
migiOpaHe CIIBBITHOMICHHS MiIX MIHIMQJIBHOIO JOBXKHWHOIO KaJpy W MaKCHUMAaJIbHO
MOXJIMBOIO  BIJICTAHHIO MDK CTaHIsIMM ~ Mepexi, 1o 3a0e3neuye HaJilHe
po3mi3HaBaHHS Koiizid. [lfo BigcTaHb HA3MBAIOTh TAaKOX MAaKCHMAJIBHHM JiaMETPOM
MEpEeKI.

VY T1abn. 7.1. HaBemeHl 3HAYEHHS OCHOBHHMX IapaMeTpiB MpOLEAypU Mepeaadi
kaapy crangapty 802.3, siki He 3anexarh BiJ peamizaiii (Pi3UYHOrO CcepeaoBHUIIA.
BaxnuBo BiI3HAYUTH, M0 KOXXKHUK BapiaHT (PI3UYHOTO CEPEJOBHILNA TEXHOJOTIT
Ethernet momae mo 1Mx OOMeXeHb CBOi, 4acTO OlJbIlle CYBOpI OOMEXKEHHS, SKi

TaKO>X TOBHHHI BHUKOHYBATHUCS 1 sIKi OyIyTh PO3IJISIHYTI HHMKYE.
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Taoauus 7.1.

IMapamerpu piBass MAC Ethernet

IHapamerpu 3HaveHHs
biToBa mBUIKICTE 10 Moit/c
[aTepBan BijicTpOUYCHHS 512 6iTOBUX 1HTEpBATIB
Mixkanposuii inTepBan(IPG) 9,6 Mkc
MaxkcumarnbsHe 9rciio cipob mepeaadi 16
MakcuMaibHe YUCiI0 3pOCTaHHs Jlalma3oHy 10
JloBkHHA JaMm-II0CII1A0BHOCTI 32 Oita
MakcumaibHa JoBKHUHA Kajpy (6e3 mpeamOyin) 1518 Gaiir
MiniManbsHa J0BXKUHA Kajpy (6e3 mpeamOyIn) 64 Gaiit (512 6iTiB)
JloBuHa npeaMOyu 64 61T
MiHimasbHa JOBKHMHA BUITAJIKOBOI ITaY3H ITiCIIs 0 O1TOBUX IHTEpBAJIB
MaxkcuManbHa JIOBXKHHA BHIIAJKOBOI Iay3H 524 000 GiToBUX 1HTEpBAIB
icJIs KOMi311
MaxkcumainbHa BIJICTaHb M1 CTaHLIISIMU MEPEXKI 2500 m
MakcumalibHe YUCIIO CTaHIlli B MEPExKI 1024

31 30UTbLIEHHSM IIBUAKOCTI TMepeaayl KajapiB, 10 Ma€ MiICIle B HOBHX
CTaHJapTax, siKi 0a3yloThcsi Ha ToMy e meromi goctyny CSMAJ/CD, nanpukian,
Fast Ethernet, makcumanbHa BiJICTaHP MIX CTaHISIMA MEPEXi 3MEHIIYETHCS
NPOTMOPLIHHO 301IbIICHHIO MBUAKOCTI Tepemadi. Y cranmapti Fast Ethernet Bona
craHoBuTh Omm3pko 210 M, a B cramgaprti Gigabit Ethernet Bona Oyma 6
OoOMEXeHOI0 25 MeTpaMu, SKOM po3po0JroBayl CTaHAAPTy HE MOYAIH JIEIKHX
3aXO/1B MIOJ0 30UIBIIEHHS MIHIMQJIHHOTO PO3MIPY MaKeTa.

MakcumajibHa IPOAYKTUBHICTH Mepe:ki Ethernet

Kinbkicte 00poOmoBanux kazapiB Ethernet y cekynay wacto BKkasyeThes
BUPOOHHMKAMHM MOCTIB/KOMYTATOPIB 1 MaplIpyTU3aTOPIB SK OCHOBHA XapaKTEPUCTHKA
MPOIYKTUBHOCTI WX TPHUCTPOIB. Y CBOIO UEPTy, IIKABO 3HATH YHUCTY MAKCUMAIbHY
NPOIYCKHY 3JaTHICTh cerMenTa Ethernet y kanpax y cekyHay B i7caJbHOMY BHIIQJIKY,
KOJIM B MEpPEXKI HEeMae KOJMi3iid 1 HeMae JOJaTKOBUX 3aTPUMOK, BHECEHHX MOCTaMH M
MapiipyTu3aTopamMu.  Takwii ~ TMOKa3HWK  JOTOMara€  OIiHUTH  BHUMOTH  JIO
OPOAYKTUBHOCTI KOMYHIKAIIHUX MPHUCTPOiB, TOMY IO B KOXKHUU MOPT MPUCTPOIO HE
MOXKE HAIXOJAWTH OUIble KaJapiB B OJUHUIO Yacy, YUM JO3BOJISIE 1€ 3pOOUTH
BiJIMTOBITHUI TIPOTOKOJT.

JIns KOMYHIKaIlifHOTO BCTaTKYBaHHS HaWOUIbII BaXKHUM PEXKUMOM € 00poOKa
KaJIpiB MiHIMaJIbHOI JOBXHHHM. [[e TOSICHIOETBbCS THM, IO Ha 00POOKY KOKHOTO Kajpy
MICT, KOMyTatop a00 MapuipyTH3aTOp BUTpadyae MPUOJM3HO TOM caMme d4ac,
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MOB'I3aHUI 3 MEperyiaoM TaOJauIll MPOCyBaHHS Nakera, (OpMyBaHHAM HOBOTO KaJpy
(s Mapmpytuszartopa) i T. M. A KUIBKICTh KaJpiB MIHIMAQJIbHOI JOBXKHHH, IO
HAJXOJSATh Ha MPUCTPIA B OAMHUINIO YaCy, IMPHUPOJIHO OLIbINE, HDK KaJpiB OYIb-iKOi
1HIIOT  JOBXMHHM. [HIIA  XapakTepuCTUKAa  MPOIYKTHUBHOCTI  KOMYHIKAILIMHOTO
BCTaTKyBaHHA — OIT y CEKyHIly — BHUKOPHUCTOBYETBhCS piJIle, TOMY IO BOHa He
TOBOPUTH TPO T€, SKOTO pO3MIpy KaJpy MpU IOMY 0O0pOOJISB MPUCTPIid, @ Ha KaJIpax
MaKCHUMAaJbHOTO PO3MIpy JOCSIITH BHUCOKOI MPOAYKTUBHOCTI, BUMIPIOBaHOI B OlTax y
CeKyHy, Habararo Jieriie.

BuxopucroByroun napameTrpu, HaBeleHI B Tabn.7.1, po3paxyeMo MaKCHUMAallbHY
NPOAYKTHBHICTH cerMeHTa Ethernet y Taxumx oguHMIIIX, SK YHCIIO MEpelaHuX KaJapiB
(maxkeTiB) MIHIMAJIBLHOI JIOBKUHU B CEKYH]TY.

JUis po3paxyHKy MaKCHUMAaJIbHOI KUIBKOCTI KaJpiB MIHIMaJbHOI JOBXHHH, IO
NpOXOJIAThH MO cerMeHTy Ethernet, momitumo, 1110 po3mip Kaapy MiHIMAJIBHOT TOBKUHH
pa3oM i3 mpeaMOyJIol0 CTaHOBHTH /2 GaiT abo 576 Oit (puc.7.3[29]), Tomy Ha ¥oro
nepefady 3arpadaeTbcss 57,5 mkc. JlomaBmm MikkaapoBuil iHTEpBan B 9,6 MKc,
0JIEP)KY€EMO, IO TIEPioj MPOXO/KEHHS KaJpiB MIHIMAIbHOI JOBKHHU CTaHOBHUTH 67,1
MKC. 3BiZICM MaKCHMMalbHO MOXIIMBA NPOMYCKHA 37aTHICTh cermMeHta Ethernet

cranoBuTh 14 880 xamp/c.
57,5 mrc

l L

9.8 “mhl L T =671 M s

E'IZ|-|1.E 4|'
- e

B

Puc. 7. 3. Jlo po3paxyHKiB mpoIycKHOI 31aTHOCTI mpoTokoiay Ethernet
[IpupogHOo, 110 HASBHICTh Yy CETMEHTI JEKUIBKOX BY3JIB 3HUXKYE IO

BEIIMYHMHY 32 PaxXyHOK OYIKyBaHHS JOCTYITy 1O CEPEIOBHINA, a TAKOX 3a PaxyHOK
KOJI3ii, 10 MNPUBOAATH JO HEOOXIHOCTI TMOBTOPHOI Tmepedadi kaapiB. Kaapu
MaKCHMAaJIbHOT JTOBXWUHU texHosorii Ethernet MaroTh noJjie  JIOBXKUHHU
1500 6aiit, mo pazom 3i ciayk00Bor0 iHGopMaliiero nae 1518 Gaiit, a 13 nmpeamOyor0
craHoBUTH 1526 OGaititr a6o 12 208 O6ir. MakcumanbHO MOXKJIMBA MPOITYCKHA
3maTHICTh cermenrta Ethernet mist kampiB MakcHMManbHOI JOBKHHH CTaHOBUTH 813
kaap/c. OueBUAHO, MO MPU POOOTI 3 OUIBIIMMU KaJapaMu HaBAaHTA)KEHHS Ha MOCTH,
KOMYTaTOpH ¥ MapIIpyTH3aTOPU JTOCUTH BITUYTHO 3HUKYETHCS.

Tenep po3paxyemo, KO MaKCUMaJIbHO KOPUCHOKO IMPOITYCKHOIO 3/IaTHICTIO B OIT
y CEeKyHIy BOJOAIIOTH cermeHTH Ethernet mpu BukopucTanHI KaapiB pi3HOTO po3Mipy.

[lin xopucnor nponycknoro 30amuicmio NPOMOKONY PO3YMIETHCS IIBHIKICTh
nepenadl KOPUCTYBATHHUIIPKAX JaHUX, SKI MEPEHOCATHCS TMOJeM JaHux Kamapy. Lls
MPOITYCKHA 3JIaTHICTh 3aBXAM MEHIIE HOMIHAJIBHOI OITOBOi IIBHAKOCTI MPOTOKOIY
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Ethernet 3a paxyHok JeKkiabKoX (GakTopiB: CIy:KO00BOI 1HPOpMAaLIiT Kaapy; MIKKaIPOBUX
iaTepBaiiB (IPG); oduikyBaHHS JOCTYITY 10 CEPEIOBHIIA.

Jl1st kampiB MiHIMAJIbHOT JOBKMHHU KOPUCHA MTPOITYCKHA 37IaTHICTh JTOPIBHIOE:

CIT =14880 x 46 x 8 = 5,48 Moir/c.

Ile nabarato menme 10 MOit/c, ame BapTO BpaxyBaTH, IO KaJpu MiHIMaJIBbHOI
JOBXMHH BUKOPUCTOBYIOTHCSI B OCHOBHOMY ISl TepeAadi KBUTAHIN, Tak IO J0
nepeaadi BjaacHe JaHUX (DaiiiB I IIBUJKICTH BIJHOIICHHS HE Mae.

Jlnis KapiB MaKCUMAJIbHOT TOBKHHHM KOPHCHA IMPOITYCKHA 37IaTHICTh JTOPIBHIOE:

CI1 =813 x 1500 x 8 =9,76 Mbirt/c,

IO JIOCUTb OJIM3BKO 10 HOMIHAJIBHOI MIBUJIKOCTI TIPOTOKOIY.
[Ile pa3 migkpecauMo, IO TaKOl IMIBUAKOCTI MOXHA JOCSITTU TIIBKHM B TOMY

BUIAJIKy, KOJM JIBOM B3a€EMOJIIOYMM By3JlaM y Mepexi Ethernet immi Bysmu He
3aBaYKalOTh, 110 OyBa€ BKpal piJKo.

[Ipu BUKOpHUCTaHHI KaJpiB CEPEAHBOIO PO3MIPY 3 ToJieM JaHuX B 512 Oait
NpOMyCKHA 3JaTHICTh Mepexi ckmage 9,29 MOit/c, mo Tex AOCUTh ONHU3BKO 10
rpaHn4HoOi npomnyckHoi 31atHocTi B 10 Moit/c.

[Ipm BiACYTHOCTI KOJI3IM 1 OYIKYBaHHSA JOCTYNy KOE(IIEHT BHKOPUCTAHHS
MEpPEeXi 3aJICKUTH Bl pO3MIPY IO TaHUX KaaApy ¥ Mae MakcumaibHe 3HadeHHs 0,976
Opy Tepeaadl KaJapiB MaKCUMalbHOI JTOBXUHU. OYEeBUAHO, 110 B pPEAbHIA MEpEexKl
Ethernet cepenne 3HaueHHs KoeQillieHTa BHKOPHCTAHHS MEPEXKI MOXKE 3HAYHO
BIIPI3HATUCA BiJ Ii€l BeMWYMHU. BUIbIl CKIagH1 BUMAAKKA BU3HAUEHHSI MPOITYCKHOI
3IaTHOCTI MEpeXi 3 ypaxyBaHHSAM OYIKYBAaHHS JOCTYIY ¥ BiANpaIibOBYBaHHS KOJi31H
OyAyTb PO3IJIIHYTI HUXKYE.

7.2 ®opmaTu KaapiB TexHouorii Ethernet
Cranmapt Ttexnosorii Ethernet, ommcanmii y mokymenti IEEE 802.3, mae omuc

enqudoro (opmary kampy piBHs MAC. Tomy mo B kxagp piBas MAC moBuHeH
BKianarucs kaap piBHsa LLC, onucanuit y qoxymenti |IEEE 802.2, To 3a cranmapramu
IEEE y mepexi Ethernet moske BHKOPHCTOBYBATHCS TIIBKM €IMHUH BapiaHT Kaapy
KaHaJIBHOTO PIBHSI, 3arojloBOK skoro € komoOiHamieo 3aronoBkieB MAC 1 LLC
HipiBHIB.

[TpoTte Ha npakTuii B Mepexax Ethernet Ha kanaibHOMY piBHI BUKOPHUCTOBYHOTHCS
kaapu 4-x pizaux ¢opmariB (tumiB). lle moB's3aHe 13 TPUBAJIOK ICTOPIEI0 PO3BUTKY
texHouorii Ethernet, mo HapaxoBye nepioj icHyBaHHS 10 NpuiHATTS ctanaapTie IEEE
802, xomm migpiBeHs LLC He BuaimsBcs 13 3aradpbHOrO MPOTOKONY #, BIAMOBIIHO,
3arosioBok LLC He 3acTocoByBaBcs.

Koncopriiym tprox ¢ipm Digital, Intel i Xerox B 1980 pomi nomaB Ha po3risi

komitery 802.3 cBoro ¢ipMoBy Bepcito cranmapty Ethernet (y skiit
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OyB onucaHuil NeBHUI (opMmar Kaapy) SK MPOEKT MIXKHAPOJIHOTO CTaHIAPTy, aje
koMmiTer 802.3 mnpuitHAB CTaHAAPT, IO BIAPI3HIETBCI B JACIKAX JETAISIX Bij
npono3uilii DIX. BiagMiaHOCTI cTocyBanmucs ¥ QopMary Kaapy, IO TOPOIUIIO
ICHYBaHHsI IBOX PI3HUX THUIIB KaJpiB y Mepexxax Ethernet.

Ile omuu dopmaT Kaapy 3'siBUBCA B pe3yabTari 3ycwib kommanii Novell i3
NPUCKOPEHHS POOOTH CBOTO CTEKa MPOTOKOIIB y Mepekax Ethernet.

I HapemTi, yeTBepTU hopMaT KaJpy CTaB PE3yIbTATOM JIsIIbHOCTI KoMiteTy 802.2
13 IpUBEACHHS MONepeaHiX (HopMaTiB KaJpiB IO IESKOr0 3arajibHOTO CTaHAAPTY.

Posxomkenns y dopmaTtax KaJpiB MOXKYTh MPHUBOJUTH JI0 HECYMICHOCTI B POOOTI
amapaTypu W MEPEKHOTO IPOTPaMHOrO 3a0e3NedYeHHs, PO3paxOBaHOTO Ha POOOTYy
TIIBKH 3 OJHUM cTangapToM kaapy Ethernet. OxHak chOroaHi MpakTUYHO BC1 MEPEKHI
aJanTepu, ApaiBepd MEPSKHHX aJanTepiB, MOCTH/KOMYTaTOpH W MapIIpyTH3aTOPH
BMIIOTh MpAIlOBaTH 3 yCIMa BUKOPUCTOBYBAHMMH Ha TMpakTulill (opmaramMu KaJpiB
texHouorii Ethernet, mpuuomy po3mizHaBaHHS THITY KaJIpy BUKOHYETHCS aBTOMATHYIHO.

Hwxye HAaBOOUTHCS ONMUC YCiX YOTHPHOX THMIB KaapiB Ethernet (tyr mim xagpom
pO3yMI€TbCSI BeCh HAOIp TOJIB, SIKI BIJHOCSATHCS /10 KaHAJIBHOTO PiBHSA, TOOTO MOJIs
MAC 1 LLC piBniB). Toli camuii TUI Kaapy MOK€ MaTH pi3HI HA3BH, TOMY HIKYE JJIS
KOXKHOTO THIY KaJpy HaBEIECHO JEKUIbKAa HAlOUIbII y>KMBaHUX Ha3B:

kaap 802.3/LLC (kagp 802.3/802.2 abo xagp Novell 802.2); kaxp Raw 802.3 (abo
kaap Novell 802.3);

kazap Ethernet DIX (a6o xaap Ethernet I); kaap Ethernet SNAP.

dopmaTH BCiX UX YOTUPHOX THINIB KanpiB Ethernet waBenmeni Ha puc.7. 4.

3aronoBok kaapy 802.3/LLC e pesyiapraroM 00'eqHAaHHS TIOJIB 3aroJIOBKIB
KaJpiB, BU3HaueHux y cragmaptax |[EEE 802.3 1 802.2.

Crangapt 802.3 Bu3Hauae BiCiM MOJIB 3arojioBka (puc. 4; moje mpeamOynu i
MOYaTKOBUI OOMEXHHK KaJpy Ha MAJIOHKY HE MOKa3aHi).

Ilone npeambyru (Preamble) ckmamaeTbcs i3 CeMH CHHXPOHI3yHOUMX OaiTiB
10101010. IIpu wmaHYecTepChbKOMY KOAYBaHHI IS KOMOIHAIliSl TPEACTaBISEThCA Yy
GI3UYHOMY CEpEeIOBHUII TEPIOJUIHIUM XBUJIBOBHUM CHUTHAJIOM 13 4yacToToro 5 MIm.
Touamrosuii obmesxncnux kaopy (of-frame-delimiter, SFD) cknamaeTbest 3 omHoro Gaiita
10101011. TTosiBa 1i€i komOiHAIIT OIT € 3a3HAYEHHSM TOTO, 10 HACTYIMHUN OaliT — 11e
nepimi OaiT 3aroJoBKa Kajpy.

Kanp 802.2/LLC

) [6-1497(1496)

) DSA SAP tontr Data CS

arooBok LLC

110



Kanp RAW 802.2/Novell 802.3

6-1500

) Data CS

Kanp Ethernet DIX(II)

6-1500

) Data CS

Kanp Ethernet SNAP

6-1492
) DSA SAP  |ontr YUI Data CS
A A 3 00000
arososok LLC aroJioBOK

Puc.7. 4. ®opmatu kaapis Ethernet

Kanp 802.3/LLC

Aopeca npusnauenns (Destination Address, DA) moxe Oytu noBxuHOW 2 abo 6
Oaiir. Ha mpaxkTuii 3aBXau BUKOPUCTOBYIOThCS ajapecu 3 6 Oait. [lepmmii OiT
cTapmioro Oaifta agpecd TpHU3HAUYEHHS € O3HAKOK TOTO, YW € ajapeca
IHIUBITyabHOIO a00 rpymnoBoro. Skiio BiH nopiBHIOE 0, TO ampeca € iHOUBi0yanbHO0
(unicast), a sxmo 1, To ne epynosa adpeca (multicast). I'pymoBa anmpeca Moxke
NpU3HAYaTHCS BCIM BYy3/71aM Mepexi abo 3K TeBHIM Tpymi By3diB Mepexi. SKmio
aJpeca CKJIQJA€TbC 13 YCIX OAMHUIb, TOOTO Ma€ IICTHAALATUPIYHE TOJAHHS
O*FFFFFFFFFFFF, To BOHa mpu3HaudaeThCs BCIM By3JIaM Mepeki W HA3UBAETHCS
wuporxomosHoro aopecoio (broadcast). B inmmx Bumaakax rpynopa ajapeca IOB'si3aHa
TITBKA 3 TUMH BY3JaMH, SKi KOH(ITypoBaHI (HANpUKIAJ, BPYUYHY) SIK YJEHU TPYIH,
HOMED SIKOi 3a3HaYeHuM y TpynoBid anpeci. [pyruit OiT crapmoro OaiTa aapecu
BU3HAYA€ CMOCIO MPU3HAYEHHS aJpecl — IEHTpai3oBaHWii a00 JOKambHUN. SIKII0
et Oit mopiHioe 0 (110 OyBae Maiike 3aBXKIM B CTaHAApTHIN amapatypi Ethernet), to
azpeca MpHU3HAYCHA ICHTpaIi3oBaHo, 3a monomoror komitetry |IEEE. Komiter IEEE
po3mojauIsie MK BUPOOHMKAMH BCTAaTKyBaHHS TaK 3BaHI OpraHizalliiHO YHIKaJIbHI
ineatudikaropu (Organizationally Unique Identifier, OUI). Ileii inenTHdikaTop
MICTUTBCS B 3 cTapiiux Oaitax anpecu (Hanpukian, ineHtudikarop 000081 BuzHavae
xommaniro Bay Networks). 3a yHikanpHiCTh MoJommmx 3-x OaWT agpecd BiIOBiIAE
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BUPOOHUK yCTaTKyBaHHs. JIBaaisTh 4OTHpU OITH, 10 BIABOASTHCS BUPOOHUKOBI IS
anpecartii iHTep(deiciB HWOTro MPOAYKIii, MO3BOJSAIOTH BUIYCTHTH 16 MITBHOHIB
iHTepdeNciB Mg OJHMM 1AeHTH(]IKaTOpOM opraHizamii. YHIKaJIbHICTh ajapec, IO
PO3MOMIISAIOTECS  IIEHTPATI30BAaHO, TMIOMIMPIOETBCS HA BCI  OCHOBHI  TEXHOJIOTIi
nokanpHux Mepex — Ethernet, Token Ring, FDDI i 1. 1.

Aopeca ooxcepena (Source Address, SA) — nie 2- abo 6-6aiiToBe TOJ€, MO MICTUTH
azipeca By3Ja — BianpaBHUKa kKaapy. [lepmmii 6iT agpecu 3aBxau Mae 3HadeHHs 0.

Hosowcuna (Length, L) — 2-06aiiToBe moJjie, 0 BH3HAYAE JOBXKHUHY ITOJISA JAHUX Y
KaJIpl.

Ilone oanux (Data) moske mictutu Big O mo 1500 OaiitiB. Ajie SIKIIO JOBXKHHA
noJis MeHmie 46 0ailTiB, TO BUKOPUCTOBYETHCS HACTYIHE IOJIE — TIOJIE 3allOBHEHHS,
— 100 JOMOBHUTH Kajp [0 MIHIMaJIbHO MPHUIIYCTUMOTO 3HAYEHHS B 46 OalTIB.

Ilone s3anosnenns (Padding) ckmamaeTbes 3 Takoi KUIBKOCTI OaiTiB 3allOBHIOBAYIB,
mo 3a0e3leuye MiHIMaIbHY JOBXKHHY TOJs maHux B 46 OaiitiB. Lle 3a0esmeuye
KOPEKTHY poOOTYy MeXaHi3My BUSIBICHHS KOJI31A. K0 MOBXKWMHA TMOJS JaHHUX
JOCTATHS, TO TIOJIC 3aTIOBHEHHS B KaJpi HE 3'SIBIIIETHCA.

Tlone xonmponvnoi cymu (Frame Check Sequence, FCS) cknanaetscst 3 4 0OaiTiB,
IO MICTSATh KOHTPOJBHY cymy. lle 3HaduenHs obGuucmioetrbes 3a anroputmMom CRC-
32. Tlicns onepxkaHHsS Kaapy poOoda CTaHIlST BUKOHYE BJIacHE OOYMCICHHS
KOHTPOJIBHOI CYyMHU JIA IBOTO Kajpy, MOPIBHIOE OTPUMaHE 3HAYCHHS 31 3HAYCHHSIM
IIOJIs1 KOHTPOJIBHOI CyMHU UM, TAKUM YMHOM, BU3HAYae€, YU HE MEPEKPYUYEHUN OTPUMAHUN
KaJp.

Kanp 802.3 € xanpom MAC-miapiBHS, TOMY y BIAIOBIIHOCTI 31 ctangaprom 802.2
y WOro mojie AaHuX BKiIamaeTbes kKanap miapiBHa LLC 3 BuiydeHuMu mpamopamu
noyaTky ¥ kiHusg kaupy. ®@opmar kaapy LLC OyB omucanmii Bume. Yepes Te 110
kaap LLC mae 3aromoBok momxuHOr 3 (y pexxkumi LLC1) aGo 4 Gaiiti (y pexumi
LLC2), To MakcHMabHUI pO3MIp MOJIS AaHUX 3MeHInyeThest 10 1497 a6o 1496 Gaiiris.

7.3Cnenudikamii ¢pizmunoro cepenosuma Ethernet
Icropuuno mepmii  Mepexi  Texnosorii  Ethernet Oynu  CTBOpeHl Ha

KoakcianpHOMY Kabeni giamerpom 0,5 mroiima. Hagam Bu3HadeHi ¥ iHmn cnenudikarii
¢izuunoro piBHS it ctaHaapTy Ethernet, mo m03BONSAIOTE BHKOPHCTOBYBATH Pi3Hi
cepenosuiia nepenadi ganux. Meroa goctyny CSMA/CD i Bci THMYacoBi mapameTpu
3JTUIIAIOTECS TUMH CaMUMU JiJIsi Oyab-sikoi  crienuikaitii  Gi3MdHOTO  cepeoBHINA
texHojorii Ethernet 10 Mo6it/c.

®iznuni cnenmikarii TexHosorii Ethernet ma choromgHimHIA IeHL BKIIIOYAIOTH
HACTYIHI cepeIoBUIIa Tiepeaayl JaHHuX:

112



10Base-5 — koakcianpHui kabenb mgiamerpom 0,5 nroiimMa, SKUMl Ha3WBAETHCS
"TroBcTUM" KOakciaibHUM KaOeimeM. Mae xBwiboBuii omip 50 Om. MaxkcumanbsHa
noBxuHa cermeHTa — 500 MeTpiB (0€3 MOBTOPIOBAYIB).

10Base-2 — koakcianpHmii kabens giamerpom 0,25 mgroiima, sIKUM Ha3UBAETHCS
"ToHKMM" KoakciaibHUM KabOenem. Mae xBunboBuit omip 50 OM. MakcumanbHa
TOBXHHA cerMeHTa — 185 meTpiB (6€3 mOBTOpIOBAUIB).

10Base-T — xabenb Ha OCHOBI HeekpaHoBaHoi kpydenoi mapu (Unshielded
Twisted Pair, UTP). VtBopuTth 3ipKOIOaiOHy TOIOJIOTII0O Ha OCHOBI KOHIICHTPATOpA.
BiacTane Mk KOHIIEHTPATOPOM 1 KIHIIEBUM BY3JIoM — He Oibie 100 M.

10Base-F — BOJOKOHHO-ONTHYHUI KaOenb. TomoJyoriss aHaloTiyHa TOMOJIOTI]
crangapty 10Base-T. € xinmbka BapianTiB 1€l cnerudikaiii — FOIRL (Biacrans 1o
1000 m), 10Base-FL (Bimctanp mo 2000 m), 10Base-FB (Biactans g0 2000 m).

Yucno 10 y 3a3HaueHnX BUIlIE Ha3BaX Mo3Ha4a€ OITOBY MIBUIKICTH Mepeadi JaHUX
mux cranmapTie — 10 Moit/c, a cmoBo Base - Meronm mepemadi Ha OfHINA 0a30Bid
yactoti 10 MI'L] (Ha BigMiHy BiJi METO[IB, IO BHUKOPUCTOBYIOTH KiJIbKa HOCIHHHX
4acToT, sKi Ha3uBaroThcs Broadband — mmpoxocmyroBumu). OcTaHHIA CHMBOJ Y
Ha3Bl CTaHAAPTY (PI3UYHOTO PIBHA MO3HAYAE THI KAOEIIO.

Cranpaaprt 10 Base-5

Crangapr 10Base-5 B 0OCHOBHOMY BIAMNOBIa€ EKCIIEPUMEHTANIBHIN Mepexi
Ethernet ¢ipmu Xerox i moxke BBaxkaTHcs kiaacuunum Ethernet. Bin

BUKOPUCTOBYE SK CEpPEIOBHINE Tepeladl JIaHUX KOaKClaJibHUM Kabenb 13
XBIWIbOBUM omopoMm 50 Om, miaMeTpoM LEeHTPaTbHOTO MITHOTO TpoBeAcHHS 2,17 Mm
1 3oBHimHIM giamerpoM Omu3pko 10 wmm  ("toBctmit"  Ethernet). Takumwu
XapaKTePUCTUKAMH BOJIOII0Th kKabeni Mmapok RG-SHRG-II.

Pi3HI KOMIIOHEHTH MeEpeXl, IO CKIAJAEThCS 13 TPhOX CETMEHTIB, 3'€JHAHHUX

NOBTOPIOBaYaMH, BUKOHAHOI HAa TOBCTOMY KOaKClaJdbHOMY KaOelll, HaBeJeHl Ha pHC. S

Hezarpywezedt

Teom
“E TR Mosropmess Kafem RGE afio BG11

SO0 Tpancmzip ! [repeator)
- T

A B — R ; r‘;; Tl
LMepemﬁ Hor'sorep
AWATITET

Poz'em DE-15

— Kabem ATI

Puc.7. 5. Komnonentu ¢iznunoro piBHs mepexi cranaapry 10 Base-5, mo
CKJIAIAETHCA i3 TPHOX CerMeHTIiB
KaGenb BUKOpUCTOBYETHCS SIK MOHOKaHan Jisl Bcix craHIiil. CermeHT kabemro
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Mae MakcuMmaiabHy J0BXKHMHY 500 M (Ge3 moBTOproBaYiB) 1 MOBUMHEH MaTH Ha KIHIISAX
mepminamopu, omopoM 50 Owm, MO0 TOTMHAIOTH CHUTHAIM, SKI TOIIMPIOIOTECS TI0
kabeno, 1 TEePelIKo/PKaloTh BHHUKHEHHIO BiAOWTHX curHajiiB. Ilpu BiacyTHOCTI
tepmiHatopiB ("3armymok") y kabenl BHHHMKAIOTh CTOSYl XBHJIl, TaK IO OJIHI BY3JH
OJICPXKYIOTh TIOTYXXHI CUTHAJIM, a IHIII — HACTIIBKM CJIa0Ki, 10 iXHIM IpHiioM cTae
HEMOJKJTUBHM.

CraHuis TOBMHHA MIAKIIOYATHCS J0 KaOemo 3a JOMOMOrol IpuiimMaya —
mpancisepa (transmitter + Teceiver = transceiver). TpaHCiBep YCTaHOBIIOETHCS
oe3nocepelHLO Ha Kabenmi W XapyyeTbCs BIJ MEPEXKHOrO ajantepa KOMITIoTepa.
TpaHciBep MOXe TPHETHYBATHCS 1O KaOCNI0 SK METOJOM IPOKOJIOBAHHS, IO
3abe3rneuye OesnocepeaHii Gi3UYHUN KOHTAKT, TaK 1 0€3KOHTAKTHUM METOIOM.

TpanciBep 3'€THYETBCS 3 MEPEKHUM anantepoM iHTepdeiicHum kabenem A VI
(Attachment Unit Interface) mosxunoro gm0 50 M, 1m0 ckmagaerbes 3 4 KpydeHHX
nap (amanrtep TmoBMHeH MaTm posHiManHs AUI). HasBHicTh cTaHIapTHOTO
iHTepdeiicy MDK TpaHCIBEPOM 1 IHIIOK YAaCTHHOK MEPEKHOro ajanrtepa JIyxKe
KOPHCHA TIpU MEPEeXOo/i 3 OJHOTO TUMY Kalemnto Ha iHmmi. [[as 1mporo J0CUTH TIIbKH
3aMIHUTH TpaHCiBep, a IHIIAa 4YaCTMHA MEPEXHOro ajanTepa  3ajHUIIa€ThCs
HE3MIHHOIO, TOMY M0 BOHa BiampampboBye mpoTokon piBHI MAC. Ilpu mpomy
HEOOXIHO TIIbKK, 100 HOBUHM TpaHCiBep (HAMpUKIAN, TpaHCIBEp JUIsl KPYYEHOl
napuv) miaATpuMyBaB craHpapTHuil iHTepdeiic AUL. Jlns npuennanHs 10 iHTEpdeiicy
AUI BuxopucroByeTbes po3HiManus DB-15.

JlormyckaeTbess MIAKIIOYEHHS 10 OJHOTO cermeHta He Oinbmie 100 TpanciBepis,
NPUYOMY BiJICTaHb MDK MIKIIOYEHHSIMH TPAHCIBEPIB HE MOBMHHA OYTH MEHIIOIO 2,5
M. Ha xaGeni € po3MmiTka depe3 KOXHI 2,5 M, IO IMO3HAYA€ TOYKH ITiIKITFOUCHHS
TpaHciBepiB. [Ipu nmpueaHaHHI KOMI'IOTEPIB BIAMOBIAHO A0 PO3MITKH BIUIMB CTOSYHX
XBUJIb Y Ka0eJll Ha MEPEKHI aJanTepu 3BOJUTHCS 10 MIHIMYMY.

TpaHnciBep — 1€ YacTMHA MEPEKHOTO ajanTepa, 10 BUKOHYE HACTYMHI (DYHKIIIT:

OpUiioM 1 repeaya JaHuX 3 Kabelto Ha Kabelb; BU3HAUYECHHS KOJIi31i Ha Kabell;

EJIEKTpUYHA PO3B'si3Ka MK KaOesieM 1 1HIIOK YaCTHHOKO a/IanTepa; 3aXUCT KaOemro
B1JI HEKOPEKTHOT pOOOTH ajanTepa.

OcranHio (GyHKIIO 1HOAI HA3UBAKOTh "KoHmponem 6Oanakywocmi”, 10 €
OyKBaJIbHUM TEPEKJIaIOM BIAMOBIIHOTO aHTiiiickkoro Tepmina (jabber control). Ipu
BUHUKHEHHI HECHPAaBHOCTEM B ajganTepi MOXXE BUHHKHYTH CHUTyallis, KOJU Ha
kabenb Oyne Oe3yNMMHHO BHAABATHCS IOCIIAOBHICTh BHITQJIKOBUX CHUTHAIIB. Yepes Te
Ka0enp — 1€ 3arajgbHEe CEpEeIOBWINE JUIsl BCIX CTaHIA, TO poboTa Mepexi Oyne
3a0J0KO0BaHa OJHUM HecnpaBHUM agantepoM. IIlo6 mporo He Tpamuiiocsi, Ha BHUXO.I
nepefaBadya CTaBUTbCA CXeMa, IO TMepeBipse wyac mnepenadl kaapy. Ko
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MaKCUMaJIbHO MOXJIMBHUN Yac Mepeavi TMakeTa TEePEeBUIIYETHCS (3 ACSKUM 3alacoM),
TO II1 CXeMa MPOCTO BiM'€qHYE BHXIJ meperaBada Bia kabemo. MakcuMalbHUN dYac
nepenadi  kaapy (pasom i3 mpeamOyioro) gopiBHioe 1221 wmkc, a yac jabber-
KOHTPOJTI0 BcTaHOBMOETHCS piBHUM 4000 MKc (4 mc).

CroporieHa CTpyKTypHa cxeMma TpaHCiBepa HaBelaeHa Ha puc. 7.6. IlepemaBau i
npuiiMad MPUETHYIOTHCS IO OJHIE€T TOUKHA KaOeNo 3a TOTIOMOTOI0 CIEIliaIbHOT CXEMH,
HanpuKIaa TpaHchopMaTopHOi, IO MO3BOJISIE OpraHi3yBaTH OJHOYACHY Tepenady i
MIPUHOM CUTHAIB 3 KaOeio.

+ -
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Puc.7. 6. CTpykTypHa cxema TpaHciBepa

JleTekTop KOJI31M BH3HAYa€ HAABHICTh KOMI3li B KOakClalbHOMY KabOenl 3a
MIJBUIICHUM pPIBHEM TIOCTIMHOI CKJIaJI0oBOi CHUTHaATIB. SKIIO TIOCTiIMHA CKJIagoBa
nepesuilye neBHUil mnopir (O0auspko 1,5 B), BuxoauTh, Ha KaOeib Mpaloe Oliblie
OJIHOTO TepefaBava. ejleMeHTd, 10 po3B's3yioTh (PE) 3abe3nedyiorh ranpBaHIUHY
PO3B'SI3KYy TpaHCiBepa BiJ 1HIIOI YAaCTUHU MEPEXKHOTO ajanrepa ¥ TUM caMuM
3aXUIIAIOTh afanTep 1 KOMI'IOTEp BiJ 3HAYHUX TEpernajiB HAMpyTH, 110 BHHUKAIOThH
Ha Kalenl mpu KWOro YHIKOIKEHHI.

Crammapr 10 Base-5 Bu3Hauae MOXJIMBICTh BHUKOPUCTaHHS B  MEpexi
CICIIAIbHOTO TPHUCTPOI0 — nosmoprosaua (repeator). IloBroproBau CIyXHTb ISt
o0'eTHAHHS B OJIHY MEPEXY JCKIJIbKOX CETMEHTIB KaOento W 30UIbIIEHHS TUM CaMUM
3arajgbHOi JOBXHMHM Mepexi. [loBToproBau mpuilMae CUTHaJIM 3 OJIHOTO CErMEHTa
Ka0eito i MoOITHO CUHXPOHHO MOBTOPIOE iX B IHIIOMY CETMEHTI, MOJINIIyIoun (GopMy
W MOTYXHICTH IMITyJIbCIB, a TaKOXX CHHXpPOHI3yrouu immynbcu. [loBToproBau
CKJIaIaeThCs 3 NBOX (a00 NEKIIbKOX) TPaHCUBEPIB, Kl MPHETHYIOTHCA 1O CETMEHTIB
Ka0emnto, a Takok OJIOKY MOBTOPEHHs 31 CBOIM TakTOBUM TeHepaTopoM. st kpaiioi
CHUHXpOHI3awii mepenaHux OIT MOBTOPIOBAY 3aTpUMY€E Iepeaady JEKUTbKOX MepIInX
0IT mpeaMOyNIM Kaapy, 3a PaXyHOK 4YOTO 30UIBIIYEThCS 3aTpUMKa Mepenadl Kaapy 13
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CEerMeHTa Ha CETMEHT, a TAKOK TPOXHU 3MEHIIYEThCS MikKKaapoBuit iHTepBan IPG.

Crangapt  J103BOJISIE BUKOPHUCTaHHS B Mepexi HE oineie 4
MOBTOPIOBAYIB 1, BIJAMOBIIHO, HE OUIbINE S5 cerMeHTiB kabemto. [lpu MakcuMainbHIM
NOBXWHI cermMeHTa kabemo B 500 M 1ie mae MakcuMaiabHy JOBXKUHY Mepexi 10
Base-5 B 2500 m. Timbku 3 cerMeHTH 3 5 MOXKYTh OyTH HaBaHTOKEHUMH, TOOTO
TaKUMH, IO SKUX MITKITIOYAlOThCS KIHIEBI BY3IM. Mik HaBaHTaXECHUMH CETMEHTaMU
MOBUHHI OYTM HEHABaHTAXXEHI CErMEHTH, TaK [0 MaKCUMajbHa KOH]Iryparis
MEpeXi CTaHOBUTh [IBa HABAaHTAKEHUX KpaWHIX CETMEHTH, fAKI 3'€HYIOTHCS
HEHABAHTAXEHUMHU CErMEHTaMM Il€ 3 OJHUM IEHTPAJbHUM  HaBaHTAKEHUM
cermenToM. Ha puc. 5 OyB HaBeneHwit npukiaa mepexi Ethernet, mo ckmanaerbes i3
TPhOX CErMEHTIB, 00'€lHaHWX JIBOMa TMOBTOproBauamu. KpailiHi cermMeHTH €
HABaHTAXXCHUMH, a MPOMDKHHUNA — HEHABAHTAKCHUM.

[TpaBuiao 3acTocyBaHHS TMOBTOproBauiB y Mepexxi Ethernet 10 Base-5
HasuBaeTrbes "llpasunom 5 — 4 — 3. 5 cerMmeHTiB, 4 TOBTOpIOBadi, 3 HaBaHTAKCHHUX
cermMeHTH. OOMEXEHE UYMCIIO MOBTOPIOBAYIB MOSICHIOETHCS JTOJATKOBUMH 3aTPUMKaMU
MOIIMPEHHST CUTHATY, SKi BOHM BHOCSTBH. 3aCTOCYBaHHS MOBTOPIOBAUIB 30UIBIIYE Yac
MOJIBITHOTO TIONIMPEHHS] CUTHANy, IO JUIS HAJIMHOrO pO3Mi3HABAHHSA KO3 He
MOBHHEH TEPEBUIYBaTH dYac TepeAadl Kaapy MiHIMaIbHOI TOBXHUHHU, TOOTO Kaapy B 72
OaiitT abo 576 OiT.

Cranaapt 10Base-2

Crangapt 10Base-2 BUKOPUCTOBY€E fK TE€pellaBalibHE CEPEIOBHINE KOAKCIaTbHUMN

kabenp 13 JiaMeTpoM IeHTpanbHOro MigHoro mpoBeAcHHS 0,89 MM 1 30BHIMIHIM

= n

niamerpom Omu3bko 5 MM ("tonkwmii" Ethernet). KaGens mae xpuiboBuii omip 50 Owm.
Takumu xapakTepHCTHKaMH BOJIOIIOTH kabemi mapok RG-58 /U, RG-58 A/U, RG-58
C/U.

MakcuMajbHa JIOBKMHA CerMEeHTa 0e3 IOBTOPIOBAdiB CTaHOBUTH 185 M, cerMeHT
NOBUHEH MATHU Ha KIHIIX TEPMIHATOPH, MO norofsath, 50 OM. ToHkuil KoakcialbHUN
Ka0esb JIelieBie TOBCTOTro, uepe3 1mo mepexi 10Base-2 iHomi Ha3uBarOTh MepekaMu
Cheapemet (Bix cheaper — Oinmbin memieBuii). Aje 3a JEIHICBHHY KaOEIIO JTOBOIUTHCS
pO3IUTauyBaTUCS SIKICTIO — "TOHKHU'" KOaKcCial Mae€ TipUly MEeperIKo103aXuIleHICTb,
ripiry MeXaHI4Hy MILIHICTh W OUIbII BY3bKY CMYTY IPOIYIICHHS.

Craumi migKIroYarThea A0 Kaldearo 3a goroMoror BucokodyactorHoro BNC T-
KOHEKTOpa, 1[0 CTAaHOBUTh TPIMHUK, OAMH BIABIA SKOTO 3'€IHYETHCS 3 MEPEKHUM
amanTepoM, a JBa IHIIMX — 13 JBOMa KIHISIMH pPO3pUBY Kabemo. MakcumanbHa
KUJIBKICTh CTaHIIM, IO MIJKIIYalThCes 10 oaHoro cermeHra —30. MiHiManbpHa
BiJicTaHb MDK cTaHmisiMu — Im. KabGenp "ToHKOro" koakciama Mae po3MITKY IS
T1IKJIFOYEHHS BY3JIIB 13 KPOKOM B 1 M.
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Crangmaptr 10Base-2  Ttakox  mepeadadyae  BUKOPUCTAHHS  MOBTOPIOBAYIB,
3aCTOCYBaHHS SIKMX TakoX mnoBuHHE Bigmosimatu "llpaBuny 5 — 4 — 3". ¥V mpomy
BUITQJIKy Mepeka OyJie MaTh MaKCUMaJIbHY JOBXHUHY B 5x185 = 925 m. OdeBuaHO, 110
11e OOMEXXEHHS € OUTbIIe CUIIBHUM, YUM 3arajbHe oomexxeHHs: B 2500 meTpis.

Crannmapr 10Base-2 nyxe Omm3bkuit 1o crangapty 10 Base-5. Ane TpaHciBepu B
HOMY O0'€THAHI 3 MEPEKHHMH aJanTepamMH 3a PaxyHOK TOT0, IO OLIbII THYYKHH
TOHKHM KOaKCIaJIbHUM KaOelnb MOKe OyTH IMiJIBEICHHM Oe3mocepeHb0 0 BHUXIAHOTO
pO3HIMAHHS IIATH MEPEKHOTO ajanTepa, YCTAaHOBJICHOI B IMaci KOMITOTEpa.
Kabenp y 1mipoMy BHUIIAQJKy "BHCHUTH' Ha MEPEKHOMY aJialTepi, O yTPYAHsIE QizudHe
NEPEMIIIEHH KOMIT'IOTEPIB.

Tunosuit ckman wmepexi crangapty 10 Base-2, mo ckinagaerbcs 3 OJHOTO
cerMeHTa kabeio, HapeieHui Ha puc. 7. 7 [27].

F 3

mo 185 meTpie »

Kabems RG58C/U

Puc. 7. 7. Mepe:xa cranaapty 10 Base-2

Peanizamisi mporo craHgapTy Ha NOPAKTUIl OPUBOJIUTH IO HAWOLIBII MPOCTOTO
pIIIeHHS [T KaOeIbHOI MEpexi, TOMY 110 I 3'€JHAHHS KOMII'TOTEPiB MOTPiOHI TUTBKH
MepexHi afgantepy, T-koHekTopH i Tepminatopu 50 Om. OmHak 1ell BUA KaOeTbHHX
3'eMHaHb  HaWOUIbIIE CUJBHO MIAHUNA  aBapisiM 1 300sM: Kabenp  OuUIbII
COPUMHSTIMBHMA IO MEPEIIKOJ, YMM "TOBCTUH" KOaKCiadbHUI Kabesb, Yy MOHOKaHall
€ BeNMKA KUTBKICTh MEXaHIYHUX 3'€HaHb (KOXKHHM T-KOHEKTOp Ja€ TpYU MEXaHIUHUX
3'€IHAHHS, JBAa 3 SKUX MAalOTh JKUTTEBO BAXKJIMBE 3HAUCHHS IS BCIET MeEpexi),
KOPHUCTYBadl MaroTh JIOCTYIl J0 PO3HIMaHb 1 MOXKYTb MOPYIIUTH LLTICHICT MOHOKaHaA.
Kpim TOro, ecretvika i eproHOMIYHICTh I[bOTO PILIEHHS 3aJUINAIOTh Oa)KaTW Kparioro,
TOMY IO BiJ KOXHOi CTaHIi 4Yepe3 T-KOHEKTOp BIAXOIATH JBA JIOCHTH TOMITHHX
MIPOBEJICHHSI, SIKI M1 CTOJIOM YacTO YTBOPIOIOTH MOTOK KaOemro — 3amac, HeoOX1THUN Ha
BUIIAJI0K HaBITh HEBEIMKOTO IIEPEMIIIICHHS pOO0OYOro MicCIisl.

3aranbHuM  HenodikoM craHgaptiB 10 Base-5 1 10 Base-2 e BiacyTHICTB
omepaTHBHOI  1H(oOpMaIii Mpo CTaH MOHOKaHaua.  YIIKOJKEHHS  KaOemro
BUSIBJISIETBCS Bipasy K (Mepexka IepecTae MpaifoBaTH), ajie Uil MOIIYKY BIIpi3Ka,
10 BiIMOBHWB, Ka0Oer0 HEOOXITHHIA CrieiadbHUN Npuiiaa — KaOeIbHUIA TeCcTep.

Cranaapr 10 Base-T

Cranmapt npuitastauii 'y 1991 pori, sk JOMOBHEHHS 10 ICHYIOUOTro Habopy
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crangapri Ethernet, i mae no3nauenns 802.3L.

Mepexi 10 Base-T BUKOPHCTOBYIOTH SIK CEPEIOBUIIE IBI HEeKPAHOBAHI KpY4eHi
napu (Unshielded Twisted Pair, UTP). bararonapuuii kabe/ib Ha OCHOBI HeEKpaHOBAaHOT
KpyueHoi mapu Karteropii 3 (kareropiss BH3HAYa€ CMYTy TMPOIYIICHHS Kabelio,
BelMuuHy mnepexpecHux HaBeneHb NEXT 1 geski iHINT mapaMeTpud MOTo SIKOCTI)
TeneoHHI KOMIMaHii BXE JOCHUTh JaBHO BHUKOPHUCTOBYBAIM JUIS IAKITIOUEHHS
TeneOHHUX amapariB ycepeAuHi OymiBenab. lle# kabenb HOCHTH Takok Ha3By Voice
Grade, mo roBopuTh MpoO T, IO BiH MPU3HAYCHUI IS TIepe/iadi rojiocy.

Ines mpucrtocyBaTu 1eil mnonyispHUM Buja KalOemo Ay NOOYAOBH JIOKAJIBHUX
MepeX BHUSABWIACS MOyKE IUIJHOI0, TOMY IO Oarato OyaiBedb YK€ OylIM OCHAIlEHI
NOTPIOHOIO KAaOEThbHOIO CHUCTEMOIO. 3alMIIANOCA PO3POOUTH CHOCIO MiIKIIOUEHHS
MEPEXKHUX aJanTepiB 1 1HIIOO KOMYHIKalIMHOTO BCTAaTKYBAHHS 1O KPYYEHOI mapu
TakKUM YHWHOM, II00 3MIHM B MEPEXHHUX ajanrepax 1 MporpaMHOMY 3a0e3rneueHH1
MEPEXKHUX ONepaliiHuX cucteM Oyiu O MIHIMaIbHUMHU B TOPIBHSIHHI 3 MeEpekaMu
Ethernet na xoakciampHOMy KabOemi. Lle Bmamocs, ToMy mepexia Ha Kpy4deHy Mapy
BUMAarae TUIbKM 3aMiHU TPaHCIBEpa MEPEKHOTO ajantepa abo MopTy MapuipyTH3aTopa,
a METOJl JIOCTYIy ¥ BCl MPOTOKOJIM KAaHAJIBHOTO PIBHS 3aJUIIMIUCA THUMH 3K, IO U
y Mepexax Ethernet na xoakciaapHOMY Kabedi.

KinneBi By3aM 3'€IHYIOTBCA 3a TOMOJIOTIEN '"TOYKa-Touka" 31 cHelialbHUM
IPUCTPOEM — 0araTomopTOBMM MOBTOPIOBAYEM 3a JOMOMOTOI0 JBOX KpPyUYEHHX mMap.
Opna kpydeHa mapa moTpiOHA i mepefadi AaHWX Bl CTaHIIi /10 TOBTOpIOBaya
(Buxig Tx MepexHOro ajamnTepa), a 1HIIA — JJIS Mepeaadi JaHuxX BiJ MOBTOPOBayda
no cranmii (Bxing Rx wMepexnoro amantepa). Ha pwc.7.8. mnokazanuil mnpukian
TPHOXIIOPTOBOTO TOBTOpIOBaua. [loBTOproBau mpuiiMae CUTHAIU Big OJHOTO 3
KIHIIEBUX BY3JiB 1 CMHXPOHHO NEpeNae iX Ha BCi CBOI 1HILI MOPTH, KPIM TOTO, 3 SIKOTO

Koxxexrparop 10Base-T

&

? B v
rﬂ% [Al%l  [WTT

Brrra mapa
7 yateropin 3
Hoexzoa <= 100m

Poz'em RJ-45 Sap

HAIIMIUIM CUTHAJIHN. , [/ amamop
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Puc. 7. 8. Mepexa crangapty 10Base-T: Tx — nepenaBau; Rx — npuiimau
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baratomopToBi mMOBTOpIOBaYi B I[bOMY BHUNAAKy 3BHYAMHO HA3WBAIOTHCS
KOHIIEHTpaTopaMu (aHrIOMOBHI Tepminum — hub abGo concentrator). Konmenrtpartop
3MiicHIOE  (YHKIII TOBTOpIOBaya CHUTHAJIIB Ha BCIX BiApi3Kax Kpy4yeHUX Tiap,
MIIKTIOYEHUX J0 HOro TOPTIB, TaK IO YTBOPIOETHCS €IWHE CEPENOBHUIIE Mepeaadl
JaHUX — JIOTIYHWUH MOHOKaHa (JoriuHa 3aranbHa ImuHA). [lOBTOprOBaY BHSBIISIE
KOJII3110 B CEIMEHTI y BUIIQJKY OJHOYACHOI Mepefayl CUTHANB IO JEKIIbKOX CBOIX
Rx-Bxogax 1 mocwWjaa€e jam- MOCHIIOBHICTH Ha Bci cBOi Tx-Buxomu. CraHmapt
BU3Hayae OITOBY MIBHIKICTh mepeaaui nanux 10 MOit/c 1 mMakcuManbHy BiJICTaHb
BIJIpI3Ka KPYYEHOI Mapu MIX JBOMa O€3MOCepeIHBO 3B'SI3aHUMHU By3JaMU (CTAHIIISAMU U
KoHIleHTpaTtopamu) He Outbine 100 M mpu HAsSBHOCTI KPY4YEHOI Mapu SIKICTIO HE HUXKYE
kareropii 3. Ils BimcTaHb BH3HAYAETHCS CMYTOIO NMPOMYIIECHHS KPY4YeHOI Hapw — Ha
noskuHi 100 M BoHa j03Bosige mepenaBaTH AaHl 31 mBuukictio 10 MO6it/c npu
BUKOPUCTaHHI MAaHYECTEPCHKOTO KOJTY.

Konnentparopu 10Base-T moskHa 3'€elHyBaTH OJMH 3 OJHUM 3a JIOIOMOTOI0 THX K€
NOPTIB, SIKI NMPHU3HAYEH] JUIs MIJKIIOYEHHS KIHLIEeBHX By3miB. [Ipu 1mpomy mnoTpiOHO
noxbaTu mpo Te, W00 TmepemaBad 1 MpUiiMad OJIHOTO MOPTYy Oynu 3'€HaHI
BIJIMTOBIHO 13 IPUMAaYeM 1 MepeIaBavyeM IHILIOTO OPTY.

Jlns 3a0e3neueHHsT CHMHXPOHI3AIli CTaHIIW Tpu peamizaiii Mmpoueayp AOCTYIy
CSMA/CD 1 nHaniiiHOrO pO3Mi3HABaHHs CTaHISIMA KOMi3ii y CTaHgapTi BU3HAYCHE
MaKCHUMaJbHE YHUCJIO KOHIICHTPATOPIB MK OYIb-IKMMH JBOMa CTAHIIISIMH MEpEXKi, a
came 4. lle mpaBuno 3BeTbcst "mpaBwiio 4-x xa0OiB" 1 BOHO 3amiHs€e "mpaBwio o5 — 4
— 3", 3acTocoByBaHe 70 KoakciadbHUX Mepex. Ilpu ctBopenni mepexi 10 Base-T 3
OUIBIIMM YHKCJIOM CTaHIId KOHIIEHTPATOpPU MOXHA 3'€IHYBaTH OJWH 3 OIHUM
iepapxidHUM CrocoOOM, CTBOPIOIOYH JIEPEBONOAIOHY CTPYKTYpY (puc. 7.9).

Bex mepeka - O ZOMeH YOI

Puc.7. 9. Iepapxiune 3'eqnanns koHueHTparopis Ethernet

119



Tema 8. Mepexi cimeiictBa Ethernet
8.1 Fast Ethernet - six po3BuTok TexnoJorii Ethernet

8.2 Ocob6auBocTi TexnoJorii 100 VG-AnyLAN
8.3 BucoxomBuakicHa TexnoJiorist Gigabit Ethernet

8.1 Fast Ethernet - sixk po3BuTOK TexHoJorii Ethernet
Knacnyauii  10-merabitauii  Ethernet ymamroByBaB OinBHIICTE KOPUCTYBadiB

npoTsiroM Oim3pko 15 pokiB. Oxnak Ha moyatky 90-X pokiB modana BiTdyBaTHCS
Horo HejoCTaTHs MPOITYCKHA 37aTHICTh. [l komm'toTepiB Ha mporecopax Intel 80286
abo 80386 i3 mmHamu ISA (8 MO/c) abo EISA (32 MO6/c) mpomyckHa 3AaTHICTB
cermenta Ethernet cranopmnma 1/8 a6o 1/32 kanany "mam'sTh-muck", 1 1me aoOpe
y3ro/DKYBaJIOCS 31 CHIBBIIHOIIGHHSM OOCATIB JIaHUX, OOpOOJIOBAaHUX JIOKAJIBHO, 1
JTaHUX, TEePEAaHnX Mo Mepexi. J{Js MOTYTHIMMX KITEHTChKUX cTaHMii 13 muHoI PCI
(133 M6/c) us gons Bmnama jgo 1/133, mo Oyno sIBHO HemocTaTHhO. Tomy Oarato
cermenTiB 10-merabitHoro Ethernet cramm mepeBaHTaXEHUMH, peakilisi CepBepiB y
HUX 3HAYHO BIaJla, a YacTOTa BHUHHUKHEHHSI KOJI31d 1CTOTHO 3pociia, Ie OuibIie
3HIDKYIOUYM KOPUCHY TIPOIYCKHY 3/aTHiCTh. Haszpisia HEOoOXiIHICTh Yy po3poOIll
"HoBoro" Ethernet, To6TO TexHomorii, mo Oyma 0 Takow ke e(EeKTUBHOI 3a
CHIBBIIHOIICHHSAM IiHA/AKICTh mpu npoxyktuBHocTi 100 MOit/c. Y pesynbrarti
MONIYKIB 1 AOCHIKEHb (PaxiBIll PO3AUIMIIMCS Ha JBa TaOOpH, IO 3PEIITOI0 IMPHUBEIIO
0 MOsSIBU ABOX HOBHX TexHoimorii — Fast Ethernet i 100 VG-AnyLAN. Bouu
BIZIPI3HSIOTHCS CTYIIGHEM HACTYITHOCTI 13 KiracuuauM Ethernet.

VY 1992 pomi rpyna BHPOOHHMKIB MEPEKHOIO BCTATKYBaHHS, YPaXxOBYIOUM TaKHX
mingepiB texHosorii Ethernet, sk SynOptics, 3Com i psg iHIIMX, YTBOPHIIK
HekoMepuiiiHe o0'eqnanHs Fast Ethernet Alliance mis po3poOku cranmapty HOBOI
TEXHOJIOTIi, 1[0 TOBMHHAa Oyjla B MAaKCHUMAJIbHO MOXJIUBOMY CTYINEHI 30epertu
ocobimBoCTI TexHoorii Ethernet.

Jpyruii tabip ogommim kommanii Hewlett-Packard i AT&T, ski 3ampornoHyBain
CKOPHUCTATHCS 3pPYYHUM BHUIAJAKOM JUIS YCYHEHHS JESIKHUX BIJIOMHUX HEIOJIKIB
texnosorii Ethernet. Uepes skmiich 4yac [0 IUMX KOMITaHIA TpUEIHATACS KOMITAHISA
IBM, 1mro BHecia Mmpomo3uliiio 3a0e3Me4YuTH B HOBIM TEXHOJOTII JIEIKYy CYMICHICTb 13
mepeskamu Token Ring.

VY komiteti 802 inctutyty |IEEE y nei xe vac Oyna copmoBaHa AOCTIAHUIIBKA
rpyna Jajis BUBYEHHS TEXHIYHOT'O MOTEHIIaTy HOBUX BHCOKOIIBHUJIKICHUX TEXHOJIOTIH.
3a nepiox 3 kinug 1992 poky i mo kineup 1993 poky rpyna |IEEE Bupumma 100-
MeraliTHI pIillIEHHs, 3alpONOHOBaHI pi3HUMH BUpoOHUKaMu. [lopsia 13 mpomo3uiisMu
Fast Ethernet Alliance rpyma posrisiHyna TakoX 1 BHCOKOIIBHIKICHY TEXHOJOTIIO,
3anpornoHoBany kommaHissmu Hewlett-Packard i AT&T.

VY ueHTpi auckyciii Oyna mpoOiiema 30€peKeHHS BUITQJKOBOTO METOJY JOCTYIY
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CSMA/CD. TIlpomosumist Fast Ethernet Alliance 306epirama neit meron i TuM camum
3abe3reuyBajga HaCcTYIHICTh 1 morokeHicTh Mepex 10 Moit/c 1 100 Mo6it/c. Koamimis
HP 1 AT&T, mo mana miaTpuMKy 3HAYHO MEHIIIOTO YHCia BHUPOOHUKIB y MEpEexKHIN
ingyctpii, umm Fast Ethernet Alliance, 3ampomonyBaia 30BCiM HOBHH METOJ
noctyny, HasBanmii Demand Priority — mpioputetHuii goctym Ha BUMOry. BoceHu
1995 poky obOmmBi Texnosorii cramu cramaptamu IEEE. Kowmiter IEEE 802.3
npuiinsaB crienudikamiro Fast Ethernet sx crammapr 802.31, mo He € caMOCTIHHUM
CTaHJIaPTOM, a CTAaHOBHUTH JOMOBHEHHA N0 IcHyrouoro cranaapty 802.3 y Burismi
rmaB 3 21 mo 30. Komiter 802.12 mnpuiinas texuojorito 100 VG-AnyLAN, o
BUKOPUCTOBYE HOBMI Meton aoctymy Demand Priority i miarpuMye Kkaapu IBOX
dopmaris — Ethernet i Token Ring.
®iznunmii piBenb TexnoJorii Fast Ethernet

Yci  Bigminnocti Texmoiorii  Fast Ethernet Bim Ethernet 3ocepemxkeni Ha
¢iznunomy piBHi (puc. 1 [10]). Pieai MAC i LLC B Fast Ethernet szammmmmucs
abCOIOTHO TUMHU 3K, 1 X onucyroTh KosuinHi TiaBu ctanaaptie 802.3 1 802.2. Tomy
posrmsimaroun  TexHousorito Fast Ethernet, mm OymemMo BHBYATH TIJIBKM KiJIbKa
BapiaHTIB ii (PI3UYHOTO PIBHS.

Crex npotokoiiB Ethernet 802.3 Crek npotokomnis Fast Ethernet 802.3u

Higpiserr  LLC _ igpierr  LLC
(802.2) : - : (802.2)
. S e
o) IlinpiBens gocTymy ! ' IligpiBeHb JOCTYIY
-3 JI0 CepeoBUINA i = i JI0 CepeioBUIIA
= MAC b ! MAC
= V3romkeHHs
‘,:‘3 (Reconciliation)
& Tarepdetic AUI Tntepdeiic
Ml
[linpiBeHp KOIyBaHHA
v, (F’hysmal ngmg) % -
2 [TinpiBeHs ¢piznuHOTO a E
2 MIPUETHAHHS R
a ) g o @
)2‘ [ixpisens hizmunoro (Physical Medium Attachment) o g
s MpUEHAHHS [TinpiBeHb 3a51€KHOCTI i g
Z (Physical Medium Attachment) Gbizmanoro Cepenopuma g_ 5
g (Physical Medium Dependent) 5
MigpiBeHb aBTO Neperosopis NPo | =
WBMAKICTb Nepegadi '¢;> %
(Auto-Negotiation) = 2
Pos'em Pos'em a
(Medium Dependent Interface) (Medium Dependent Interface)

Puc. 8. 1. Bizminnocti Texnoutorii Fast Ethernet Bix TexnoJorii Ethernet
binmpmn  ckmagHa  cTpykTypa ¢isuuHoro piBHs TexHousorii  Fast  Ethernet
BUKJIMKaHA TUM, IO B Hill BUKOPHCTOBYIOTHCS TPU BapiaHTH KaOEIbHUX CHUCTEM:
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BOJIOKOHHO-ONITUYHUI 0araroMoioBuii Kabellb, BAKOPUCTOBYIOTHCS JIBa BOJIOKHA;

KpydeHa Iapa KaTeropii 5, BUKOPUCTOBYIOThCS JIB1 IapH; KpydeHa Iapa kareropii 3,
BUKOPHUCTOBYIOTHCSI YOTUPH TTAPH.

Koakcianpuuii Kkabenb, 10 JaB CBITy mepmy wMepexy Ethernet, y uwmcio
JO3BOJICHUX CEPENIOBHIN Iepenadi JaHux HoBoi TexHosorii Fast Ethernet ne
notpanuB. lle 3arampHa TeHmeHIs OaraThbOX HOBUX TEXHOJIOTIHA, OCKUIBKH Ha
HEBEJIMKUX BIACTaHIX KpydeHa Iapa KaTeropii 5 103BoJjsi€ mepeaaBaTH TaHi 3 TIEH Ke
MIBUAKICTIO, MO ¥ KOakCialbHUN Kabemnb, aje Mepeka BUXOAWUTh OUIBII ACIICBOIO U
3py4YHOIO B eKcIUTyartarii. Ha Oi1pImX BiJICTaHSAX ONTHYHE BOJOKHO BOJIOAlE Habararto
OUIBII IIMPOKOK CMYTOK TMPOMYIIEHHS, YHM KOAaKClaJlbHHM Kabelb, a BapTICTh
Mepeki BUXOJUTh HEHA0Arato BUILOI0, OCOOJMBO SIKIIO BpaxyBaTh BUCOKI BUTpPATU
Ha TIONIYK 1 YCYHEHHSI HECIPABHOCTEH y BEJIMKiN KaOelbHIN KOaKCialbHIN CUCTEMI.

[Ipore 1st oOcTaBMHA HE MOy)KE IMEPEIIKO/KAE TMOOYI0BI BEIUKHX MEPEX Ha
texHoJjiorii Fast Ethernet. CnpaBa B Tomy, mo cepeanna 90-Xx pokiB Big3HaueHa HE
TUTBKA TIMPOKUM TMOIIMPEHHSM HEAOPOTUX BHCOKOIIBUIKICHUX TEXHOJIOTIN, ane W
OypXJIUBUM pPO3BUTKOM JIOKaJbHUX MEpEK Ha OCHOBI KomyratopiB. Ilpum
BUKOPUCTAaHHI KOoMyTatopiB mporokon Fast Ethernet wmoxke mnpamoBatn B
MOBHOYIUICKCHOMY PE&XHMI, y SKOMy HeMae OOMEKEHb Ha 3arajbHy JTOBXKHHY
MEpexi, a 3aJIMILAIOTHCS TIIBKM OOMEKEHHS Ha JIOBXKUHY (DI3MYHUX CETrMEHTIB, IO
3'€IHYIOTh CYCiIHI MPUCTPOi (aganTtep — KOMyTatop abo KOMYyTatop — KOMYTaTop).
Tomy mpu CTBOpEHHI MaricTpajcii JIOKaJIbHUX MEpPEK BEIUKOi JOBXKHHHU TEXHOJIOTIS
Fast Ethernet Ttakox aKTHBHO, 3aCTOCOBYETHCS, aje€ TUIbKH B IOBHOIYILUIEKCHOMY
BapiaHTi, pa3oM 3 KOMYTaTOpPaMH.

VY nmaHoMy po3aiunl poO3IIIAJAETHCS HAMBAYIJICKCHUN BapiaHT poOOTH TEXHOJOTIT
Fast Ethernet, mo moBHICTIO BIAMNOBiJa€ BH3HAYEHHIO METOIY IOCTYIIY, OIUCAHOMY B
cranmapti 802.3.

VY nopiBHsIHHI 3 BapianTamu ¢i3ndHol peanizamii Ethernet (a ix HajxiuyeThCs 1ICTB),
B Fast Ethernet BigMiHHOCTI KOKHOTO BapiaHTa BiJ IHIIUX TIHOIIE — MIHSIETHCS SIK
KUIBKICTh TIPOBITHUKIB, TaK 1 METOAU KOIyBaHHSI. A dYepe3 Te 1m0 (i3UdHI BapiaHTH
Fast Ethernet cTBoproBamcst ogHOYACHO, a HE €BOJIOLINHO, AK I Mepex Ethernet,
TO Oyja MOXJMBICTH JCTATLHO BU3HAYUTH Ti MiJPiBHI (PI3WYHOTO PIBHS, SIKI HE
3MIHIOIOTBHCSl BiJl BapiaHTa J0 BapiaHTa, 1 T1 MIJPiBHI, AKI cleUU(IuHl I KOXKHOTO
BapiaHTa (I3UYHOTO CEpPEOBUIIIA.

Odimiitanit cranaapt 802.31 BcTaHOBUB TpH pi3HI crienudikanii Ay (Qi3u4HOTO
piBast Fast Ethernet i naB im HacTynHi Ha3Bu (puc.8.2):

100 Base-TX nmnsi mBomapHOTrO KaOemr0 Ha HEEKpaHOBaHIW kpydeHui mapi UTP
Kareropii 5 abo expanoBaHiii kpyueniit mapi STP Type 1;

100 Base-T4 mns 4doTHphOXImapHOro KaOedar0 Ha HEEKpaHOBaHIM KpydeHil mapi
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UTP kareropii 3, 4 a6o 5;
100 Base-FX st 6araToMo/10BOTO ONTOBOJOKOHHOTO Ka0Ei0, BUKOPHUCTOBYIOTHCS
JIBa BOJIOKHA

‘ MNigpiseHe LLC

‘ MigpiseHs MAC

Y3rogKeHHsa
(Reconcilliation)

- lHTepdenc MII

100Base-FX 100Base-TX 100Base-T4

|
|

| OnMToBonoKHD | | Kpy-eHa napa | | Kpy<exa napa |

piBEHb

DizUIHNIA

Puc.8. 2. Ctpykrypa ¢izuunoro pisus Fast Ethernet

JUis  BCIX  TphOX  CTAaHAApTIB  COPABEJIMBI  HACTYNHI  TBEPJUKEHHS U
XapaKTePUCTUKH:

dopmati kanpiB TexHosorii Fast Ethernet BimpisHstoThCs Bin ¢opmariB KaapiB
TexHouorii 10-meradiTHoro Ethernet.

Mixkanposuii intepan (IPG) mopisuioe 0,96 Mkc, a GiTOBHI iHTEpBal JOPiBHIOE
10 HCc. Yci TUMYAcOBI MapamMeTpu alropuTMy JOCTyIy (IHTEpBall BIJACTPOUKH, Yac
nepenayl Kajapy MIiHIMaJIbHOI JOBXKWMHU W T. 1.), BUMIPIOBaHI B OITOBUX IHTEpBajax,
3AMIIWINCA KOJMILHIMUA, TOMY 3MIHM B PO3JUIM CTaHAAPTY, IO CTOCYIOTHCS PiBHS
MAC, He BHOCHIIHCS.

O3HaKol BIIBHOIO CTaHy CEpPEIOBMINA € Iepegada 1o Hid cumBony ldle
BIJIMOBITHOTO HAJIMIIIKOBOTO KOAYy (a HE BIICYTHICTh CHUTHANIB, SIK y CTaHIapTax
Ethernet 10 Moit/c). ®i3uunuii piBeHb BKIIOYAE TPU CICMEHTH:

piBeHb y3rokeHHs (reconciliation sublayer);

HesanexHuil Bix cepenosuina intepdeiic (Media Independent Interface, MIL);

npucTpiii pizuanoro pisas (Physical layer device, PHY).

PiBens y3romkenHss moTpiOHmii mnst toro, mo0 piBerb MAC, po3paxoBanuii Ha
iaTepdeiic AUI, 3mir npairoBati 3 pi3uuHuM piBHEM uepe3 iHnTepdeiic MII.

[Mpuctpiit ¢izumunoro piBas (PHY) ckmagaerbes, y CBOIO 4epry, 3 ICKLIBKOX
HiAPIBHIB (IUB. pUC. 2):

MiApPIBEHb JIOTIYHOTO KOJYBaHHS JAHUX, IO MEPETBOPUTH BCTYIHHUKIB BiJ PIBHS
MAC oOaiitu B cumBoim koxy 4B/5B ab6o 8B/6T (oObumBa KOau BHUKOPHUCTOBYIOTHCS
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B TexHoutorii Fast Ethernet);

miApiBHI  (I3UYHOTO TPUEAHAHHA ¢ MIAPIBEHb 3aJEKHOCTI BiJl (PI3UIHOTO
cepenosumna (PMD), siki 3a0e3nedyroTh (pOpMyBaHHS CUTHAIB BiJIOBITHO IO METOMY
¢iznuHoro koxyBanus, Hanpukian, NRZI abo MLT-3;

OiIpIBEHb  aBTONEPErOBOPIB, IO JO3BOJSE JBOM  B3a€EMOJIIOYUM  IOPTaM
aBTOMATHYHO BHOpaTH HAWOUTBIT e(DEKTUBHUN pEeXUM  POOOTH, HAMPHUKIA,
HaMIBAYIUIEKCHUNA a00 MOBHOAYIUIEKCHUHN (L€l MiApiBeHb € (aKyIbTaTUBHHUM).

[aTepdetic MIT miarpumye He3anekHUN BiJ (PI3MUHOTO CEPEIOBUINA CIIOCIO OOMIHY
manumu MK miapiBHeM MAC 1 migpiBaem PHY. Ileit inTepdeiic anamoriyauii 3a
npusHadeHHsM iHTepdeiicy AUl kmacuunoro Ethernet 3a BuHsTKOM TOTrO, IO
iTepdeiic AUl posramoByBaBcst Mk MiApiBHEM (PI3MYHOTO KOJIYyBaHHS CUTHaITY (AJis
OyIp-sIKUX BaplaHTIB KaOel0 BHKOPUCTOBYBABCA OJHAKOBUI METOJ (HDI3UUYHOTO
KOAYBaHHS — MAaHYECTEpChbKUU KOJA) 1 MmiApiBHEM (DI3UYHOTO NPHETHAHHS 10
cepenoBuiia, a iHrepderic MII posramoByetscss Mk mipiBHeM MAC 1 migpiBHAMU
KOJyBaHHsI CHTHaIy, sikuxX y cranmapti Fast Ethernet tpu — FX, TX i T4.

Po3'em MII na BimMminy Big pos'emy AUl mae 40 KOHTaKTiB, MaKCUMaJIbHA JTOBKHHA
kabemto MII cranoBute 1 M. Curnamu, nepenani no inTepdeiicy MII, maroth
amrutityay 5 B.

®izuunnii pisens 100 Base-FX — 6aratomo10Be 0NITOBOJIOKHO, 1BA BOJIOKHA.

s  cnermmdikamis  Bu3Hadae pobory mpotokony Fast  Ethernet  mo
0araToMOJJOBOMY  ONTOBOJIOKHY B  HAMIBAYIUIEKCHOMY ¥  TOBHOIYIUIEKCHOMY
pekuMax Ha OCHOBI Jo0pe mepeBipeHoi cxemu komyBanHs FDDI. Sk 1 B cranmapri
FDDI, xoxxHuii By30J1 3'€IHYETHCS 3 MEPEKEIO JBOMAa ONTHYHWMHU BOJOKHAMH, IO
inyTh Bing npuitmada (Rx) 1 Big nmepenasaya (Tx).

Mix cremidikamisvmu 100 Base-FX 1 100 Base-TX € 0arato CHuibHOI TOMY

CITUIBHI JUISL  JBOX  criertiikarmiii BJIACTUBOCTI OyAyTh JaBaTUCS i
y3araibHeHoro Ha3Boro 100 Base-FX/TX.

Y Ttoit wac sk Ethernet 31 mmBuakictio mnepemaui 10 MOiT/c BHKOPHUCTOBYE
MaHYECTePChbKE KOJyBaHHS JJIs TIOJAHHS JaHWX TpU Tepeaadi mo Kadeno, y CTaHaapTi
Fast Ethernet Busnauenmii iHmmii merom komyBamus — 4B/5B. Lleit meronm yxe
noKazaB CBOIO edekTuBHICTH y cranaapti FDDI 1 0e3 3MiH mnepeneceHuid y
cnermdikariro 100 Base-FX/TX. Ilpu 1mpomy meroni koxkHi 4 OiTH AaHMX MiIPiBHS
MAC (sxi Ha3MBalOTh CHUMBOJIAMH) TPEACTaBISIIOThCA 5 Oitamu. HammmkoBuii 61T
JI03BOJISIE 3aCTOCYBAaTH MOTEHLINHI KOAM MPU MOJAHHI KOXHOTO 3 M'ATH OIT y BUIVISAL
eNIEKTPUYHUX 200 ONTHUYHUX IMITYJbCIiB. [CHyBaHHS 3a00pOHEHHMX KOMOIHAIIi CHMBOJIB
JI03BOJISIE BiAOpPAKOBYBAaTH TMOMMJIKOBI CHMBOJIH, IO MiJIBUIILYE CTIMKICTH POOOTH MEPEXK 3
100 Base-FX/TX.

Jns Bigmiaenns kaapy Ethernet  Bim  cumBoaie  ldle  BukopucToByeThCs

124



koMmOiHamis cumBoiiB Start Delimiter (mapu cumsosnie J (11000) i JIO (10001) xomy
4B/5B, a micas 3aBeplICHHS Kaapy Iieped mepimmM cumBosioM ldle BcraBiserses
cumBoa T (puc. 3).

ﬂpe?{;‘:gyﬂa JK| Mpeambyna!SFD |DA|SA|L|  Oasi |CRC| T ﬂpe?{;‘:gy”a
MepLumit BaiT npeamByni JK - oBmexyBay nodaTiky NoTOKY 3HAYYLLUX CUMBONIB

T - oBmexyBay KiHUA NOTOKY 3HAYYLWKWX CUMBCIIB

Puc. 8.3. be3nepepBuuii notik nanux cnemudpikauniii 100 Base-FX/TX

[licns mneperBopenns 4-6itoBux mnopmiii koxie MAC B 5-0iToBi  mopiii
¢b13uyHOTO  pIBHS  iX HEOOXIJHO TPEJNCTAaBUTA Yy BUIJIANI ONTUYHUX  abo
CJICKTPUYHUX CUTHANIB y Kaleni, mo 3'enHye By3nu mepexi. Crenudikarii

100 Base-FX 1 100 Base-TX BHKOpUCTOBYIOTH JIsi I[bOTO pI3HI METOAU
¢di13uunoro komyBanHa — NRZI 1 MLT-3 BianosinHo (sik 1 B TexHozorii FDDI mpu
po0OTI Yepe3 ONTOBOJIOKHO i KpyUdeHy mapy).

®izuunnii pisenb 100 Base-TX — kpyuena napa DTP Cat 5 a6o STP Type 1, aBi
napu.

Sx cepenoume mnepenaui ganux crenudikaris 100 Base-TX BuxopucToBye
kabenp UTP kateropii 5 abo kabenr STP Type 1. MakcumanbHa TOBKHHA Kabeo B
000x Bumakax — 100 m.

OcnoBHui Bigminaocti Bif coemudikarii 100 Base-FX — Bukopucranns meromy
MLT-3 nns mepemaui curnamiB 5-6itoBux mopuiid koay 4B/5B mo kpyueniit mapi, a
TaKOX HasBHICTh (yHKIIT aBTOomeperoBopiB (Auto- negotiation) mns BuOOpy pexumy
poborn mopry. Cxema aBTO IIEPETOBOPIB JIO3BOJIAE IBOM 3'€THAHUM (hi3HUHO
OPUCTPOSIM, Kl MIATPUMYIOTh KUIbKa  CTaHAApTIB  (I3UYHOTO  PIBHSA, IO
BIJIPI3HAIOTHCS OITOBOIO MIBUAKICTIO M KUIBKICTIO KPYyYEHUX TMap, BHOpaTH HaWO1IbII
BUTIAHUN peXuM poOOTH. 3BUYANHO TpOLEAypa aBTOIEPErOBOPIB BiIOYBAETHCS MpU
NpUEHAHHI MEPEXHOro ajganTepa, 110 Moxke mpauoBaTd Ha mBuakoctsx 10 1 100
MG6iTt/c, 10 KOHIIEHTpaTopa abo KOMyTaTopa.

Onwucana Hmwkdye cxema AuUto-negotiation chOroaHi € CTaHIAPTOM TEXHOJOTII
100Base-T. Jlo 11p0ro BUpOOHHUKHM 3aCTOCOBYBAJIM Pi3HI BJIACHI CXEMH aBTOMATHUYHOTO
BU3HAYEHHS IIBUIKOCTI POOOTH B3aEMOJIIIOYMX TOPTIB, SKI HE OYyJId CyMICHI.
[MpuitasaTy sk cranmapt cxemy Auto-negotiation 3ampornoHyBajia CIOYaTKy KOMITaHis
National Semiconductor 3a nazsoro NWay.

Ycboro B 1€ 4Yac BHU3HAYEHO O PI3HUX PEXKHUMIB POOOTH, SKI MOXKYTh
niaTpumyBatu rpuctpoi 100 Base-TX a6o 100 Base-T4 na kpydenux napax:

10Base-T — 2 mapu kateropii 3;
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10Base-T full-duplex — 2 mapwu xareropii 3;

100Base-TX — 2 mapu kareropii 5 (abo Type 1ASTP); 100Base-T4 — 4 mapu
Kareropii 3;

100Base-TX full-duplex — 2 mapu xateropii 5 (abo Type 1A STP).

Pexxum 10 Base-T mae HallHWKYMN TPIOPUTET TPH TEPETOBIPHOMY MPOIIECi, a
noBHomyruiekcHu pexkum 100 Base-T4 — maiiBummid. [leperoBipuuii  mporiec
BiIOyBa€TbCc TNPH BKJIIOYEHHI JKUBJICHHS TMPUCTPOIO, a TaKOX MOXe OyTH
HIIHoOBaHUN y OyJb-SKHMH MOMEHT MOJYJIeM KEpYyBaHHS MPHUCTPOIO.

[Tpuctpiii, mo moyar mporec auto-negotiation, mocunae cBOeEMy MapTHEPOBI MAUKy
cnemianpaux immyiaesciB Fast Link Pulse burst (FLP), y skomy wmictutbes 8-OiTHe
CIOBO, IO KOJYy€ TIPOIOHOBAaHWM pEXUM B3a€EMOJIi, TMOYMHAIOYUA 13 CaMOT0
MPIOPUTETHOTO, MIATPUMYBAHOTO JJAHUM BY3JIOM.

SIkmio By3on-mapTHep miaATpuMye QyHKIi0 auto-negotuiation i Takoxkx Moxke
NIATPUMYBATH 3allpOIIOHOBAHUM pPEXUM, BIH BIAMNOBIAAa€e maykor immyisciB FLP, y
K1 TATBEPIKYE NaHUM PEXUM, 1 Ha IIbOMY MEPEroBOpU 3aKIHUYIOTHCS. SIKIIO K
BY30JI-TIAPTHEP MOXKE MIATPUMYBATH MEHII TPIOPUTETHUM PEXKUM, TO BIH YKa3ye
Woro y BIANOBIAI, 1 Led PEKUM BUOUPAETHCS SK POOITHUK. TakuM YHHOM, 3aBXKIU
BUOUPAETHCS HAWOIBIT MPIOPUTETHHUM 3aralIbHUN PEXUM BY3ITIB.

By3on, mo marpumye Tinbku TexHonoriro 10 Base-T, koxni 16 Mc mocuiae
MaH4YeCTepChKl IMIYJIbCH JUIS TEPEBIPKM LUTICHOCTI JiHII, 1[0 3B'3ye Horo 13
cycimHiM By3noMm. Takuil By3on He po3yMmie 3amut FLP, mo pobuth iomy By301 3
¢ynkiiero Auto-negotiation, i TPOIOBXKYE IMOCHIATH CBOi iMmmysbcd. Byszou, 1o
olepXaB y BIANOBIAs Ha 3anuT FLP Tiabku iMmynbcu mepeBipKH LITICHOCTI JIHIA,
po3yMie, M0 WOTrO MapTHEP MOXKE TpaIoBaTH Tiabku 3a cranmaprom 10 Base-T, i
BCTAHOBIIIOE 1IEW pexXuM podoTH U st cede.

8.2 OcobamBocti Texnouorii 100 VG-AnyL AN

Texnonoris 100 VG-AnyLAN BinpisHseThcs Bin kimacuuHoro Ethernet y 3nauno
OinbIomMy crymeni, yumM Fast Ethernet. I"osoBHI BiIMIHHOCTI:

BukopucroByerbes iHmmii meton moctymy Demand Priority, mo 3a0e3meuye
OUIBII CHpaBEAJIMBUIA PO3MOALUT MPOIMYCKHOI 3JaTHOCTI MeEpeXi B TMOPIBHSHHI 3
merogom CSMA/CD. Kpim Toro, 1eift MeToj] MiITpUMy€e MNPIOPUTETHUN ITOCTYH IS
CUHXPOHHHMX JIOJATKIB.

Kanpu nepenarorbcsi HE BCIM CTaHISIM MEPEXI, a TIJIbKH CTaHINT IMPU3HAYCHHS.

VY Mepexi € BUAUICEHUH apOITp JOCTYMy — KOHIIEHTPATOp, 1 L€ MOMITHO BIAPi3HSIE
JaHy TEXHOJIOTIIO BIJ] 1HIIHX, Y SIKMX 3aCTOCOBYETHCS PO3MOAUIEHUN MIK CTaHIISIMU
MEpEeXi aNrOPUTM JIOCTYILY.

[TinTpumyroThcs Kaapu aBoX TexHosorii — Ethernet i Token Ring (came 1s
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obOcraBuHa nana nobasky AnyLAN y Ha3Bi TEXHOJIOTIY).

Hani mepemaroThess omgHouacHo 1o 4 mapam kabemro UTP xareropii 3. Ilo
KOXKHIA Tapl JaHi TepedaroThest 31 MBUAKICTIO 25 MO6iT/c, mo B cymi mae 100
Moit/c. Ha Bigminy Big Fast Ethernet y mepexax 100 VG-AnyLAN Hemae KoJTi3ii,
TOMY BJQJIOCS BHKOPHUCTOBYBATH Ui Tiepeladi BC1 YOTHPH Tapu CTaHIAPTHOTO
kabemo karteropii 3. Jlmsg KoayBaHHS JaHMX 3acTOCOBYeThesa Koja SB/6B, 1o
3abe3reuye CIEKTp CUTHaldy B miamazoHi Ao 16 Mri (cmyra npomymienas UTP
Kareropii 3) mpu IIBHAKOCTI mepemaui manux 25 MOit/c. Metoa mocrymy Demand
Priority 3acHoBaHmii Ha TiepeAadi KOHIICHTpaTOpy (QYHKIH apOiTpa, IO BUPIIIyE
npobieMy aocTymy A0 moaunoBaHoro cepemoBuma. Mepexa 100 VG-AnyLAN
CKIIQJAE€ThCS 13 IEHTPAIBHOTO KOHIICHTPATOPa, SIKU HA3MBAETHCS TAaKOK KOPCHEBUM, 1
3'€/IHAHUX 3 HUM KIHIICBHUX BY3JiB 1 IHINIMX KOHIIEHTpaTopiB (puc.8.4 ).

JlomyckaroTbCsl TpU pIBHI KackaayBaHHA. KOXHUI KOHILIEHTPATOp 1 MEPEKHUU
anantep 100 VG-AnyLAN mnoBuneH OyTu HacTpoeHuid abo Ha poOOTy 3 Kaapamu
Ethernet, a6o 3 xagpamu Token Ring, npuyoMy OJHOYACHO HUPKYJIALIS 000X THIIIB

e T

|an'| |an2| Mk1-8

KaJIpIB HE JIOMYCKAEThCS.

|r& | |rm2| NKz-8

Puc. 8.4. Mepexa 100 VG-AnyLAN
KoHueHTparop LMKIIYHO BUKOHYE ONWUTYBaHHA mopTiB. CraHuis, mo Oaxae

nepeaTi TMakeT, MOCUJIac CIeialbHUNA HU3bKOYACTOTHHH CHUTHAJ KOHIICHTPATOpY,
3aMUTYIOYM TIiepenady Kajapy M ykasywouu #oro mpioputer. Y wmepexi 100 VG-
AnyLAN BHUKOPHUCTOBYIOThCS JiBa PIBHI MPIOPUTETIB — HU3bKUN 1 BUCOKUM. Huzbkuit
piBEHb TMpPIOPUTETY BIAMOBIAA€ 3BUYAWHUM JaHuUM (daitoBa cmyxkba, ciyx0a
MEYaTK! ¥ T. 11.), @ BUCOKHI MPIOPUTET BIAMOBIAAE JAHUM, YYTIUBUM JO TUMYACOBHUX
3aTpUMOK (HampuKiam, MyibTEMenia). lIpiopuTeTn 3amuTiB MarOTh CTaTHYHY U
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JTUHAMIYHY CKJIaJ0Bi, TOOTO CTaHINS 3 HU3BKUM PIBHEM MPIOPHUTETY, IO JOBTO HE Ma€
JOCTYIy 0 MEPEXKi, OACPKY€E BUCOKHI MPIOPUTET.

Sxuo Mepexa BUIbHA, TO KOHIEHTPATOp J03BOJisie Tiepenauy maketa. [licms
aHaii3y aJpecu oJepKyBaua B NPUUHITOMY TNAKETI KOHIIEHTPATOp aBTOMATUYHO
BIJIMIPABIISIE TIAKET CTaHIi MpU3HA4YEHHS. SIKIIO0 Mepexa 3aiHATa, KOHIICHTPATOP
CTaBUTh OTPUMAHHMHA 3aITUT y YEPry, MO0 OOpOOJIIETHCA  BIAMOBIAHO 70  TOPSIKY
HAJXO/KEHHS 3aIuTIB 1 3 ypaxyBaHHSM TpIOpPUTETIB. SIKIIO 70 TMOPTY
MIKTIOYCHUN 1HIMN KOHIICHTPATOpP, TO ONMUTYBAHHS TPUIUHSETHCS 10 3aBEPIICHHS
ONMUTYBaHHS  KOHIICHTPATOPOM  HIKHBOTO  piBHA.  CraHmii, MiAKIOYEHI J0
KOHIIEHTPATOPIB PI3HOTO PIBHA 1€papxii, HE MawTh IepeBar 3 JOCTyIy J0
MOJIUTIOBAHOTO CEPEIOBUINA, TOMY IO PIIIEHHS MPO HAJAHHS JOCTYIYy NPUWMAETHCS
nicisi MPOBEAEHHS ONMUTYBAaHHS BCIMA KOHIIEHTPATOPAaMH BCIX CBOIX MOPTIB.

3anuIIaeTbCsl HESICHUM MUTAHHSA — SIKUM YWHOM KOHILIGHTPATOp JOBITAETHCS, 10
SKOTO TOPTY MIAKIIOYEHA CTaHIlS MpU3HA4YeHHS? Y BCIX IHIIUX TEXHOJOTISX Kajp
IPOCTO TEpeJaBaBCid BCIM CTaHINSIM MEpPEeXl, a CTaHIls MPU3HAYEHHS, PO3ITi3HABIIU
CBOIO aJipecy, KomitoBasia kaap y 0ydep. st pimieHHsT LbOro 3aBAaHHS KOHIICHTPATOP
noBigaetbes aapecy MAC cranilii B MOMEHT (hi3MYHOTO TPHETHAHHS ii 10 MEpexi
kabenem. SKIIO B IHIIMX TEXHOJOTISX Mporenypa (I3MYHOrO 3'€THAHHS 3'SICOBYE
3B's3HicTh KabOemro (link test y rtexnomorii 10 Base-T), Tum mnopty (TexHOJOTIs
FDDI), mBuakicth podoTu mopty (mporeaypa auto-negotiation s Fast Ethernet), To B
texHoJjiorii 100 VG-AnyLAN KoHIIeHTpaTop MpW BCTAHOBJICHHI (Di3MYHOTO 3'€HAHHS
3'sicopye aapecy MAC cranmii, 1 3amam'stoBye #oro B Tabmumi aapec MAC,
aHaJIOT1UHIA Tabmuill Mocra/koMmyTtaTopa. BigminHicTh KoHueHtparopa 100 VG-
AnyLAN Big Mocta/koMyTatopa B TOMY, III0O B HbOIO HEMa€ BHYTPIIIHBOTO Oydepa
J1sl 30epiranHs kaApiB. ToMy BiH mpuiiMae BiJ CTaHIIA Mepexi TUIbKU OJWH KaJp,
BIJINpaBIIi€ MOr0 Ha TOPT TPHU3HAYCHHS M, TOKW 1€l Kaap He OyJe MOBHICTIO
NPUIHITHN CTAHINIEI0 MPU3HAYCHHS, HOBI KaJIpH KOHIICHTpATOp He mpuiimae. Tak 1o
edeKT TMOAUTIOBAHOTO cepeoBuina 30epiraethecs. [lomimmyeThess TiTbKH Oe3mexa
MEpexi — KaJpy He MOMaJar0Th Ha Yyl MOPTH, 1 IX BayKUe MEPEXOIMUTH.

Texnonoris 100 VG-AnyLAN niaTpumye Kinbka cnenudikamii GpizuyHOro piBHS.
[lepBicHuii BapianT OyB pO3paxOBaHWW Ha YOTHPH HEEKPAHOBAHI Kpy4yeHI mapu
kareropiii 3, 4, 5. Ili3uime 3'sBuiucs BapiaHTu (PI3UYHOTO PiBHS, pO3paxOBaHi Ha JBI
HEEKpaHOBaHI1 Kpy4eHl Mapu Kareropii 5, 1Bl ekpaHoBaHl KpydeHl mapu Tumy 1 abo
K JBa ONTUYHUX 0araToMOJOBUX OMTOBOJIOKHA.

BaxmuBa ocoOnuBicts TexHosorii 100 VG-AnyLAN — 36epexenHs ¢opmatiB
kanpiB Ethernet i Token Ring. IMpuxunbaukum 100 VG-AnyLAN cTBepkyrOTh, 110
el MiIXia TMOJISTIIATh MIKMEPEKHY B3aEMOJIII0 Yepe3 MOCTH W MapIHIpyTH3aTOpH, a
TaKOXX 3a0€3MeYnTh CYMICHICTh 13 ICHYIOUHMMH 3aco0aMH MEpPEXHOTO KepyBaHHS,
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30KpeMa 3 aHaji3aTopaMu TPOTOKOJiB. He3Bakaroum Ha 0OaraTo TapHUX TEXHIYHHUX
pimmenb, TtexHojoris 100 VG-  AnyLAN He 3Halinuia BeJIMKOI — KIJIBKOCTI
NPUXWIBHUKIB 1 3HA4YHO YCTymae 3a momyispHicTio Texnosorii Fast Ethernet.
MosximBo, 11e BiAOyJ0oCsS uepe3 Te, IO TEXHIYHI MOXKJIMBOCTI MHIATPUMKU PI3HUX
tuniB Tpadika B TexHonorii ATM icrotHo mmpn, Hik Yy 100 VG-AnyLAN. Tomy
Ipy HEOOXITHOCTI TOHKOTO 3a0e3MeUYeHHS SKOCTI O0OCITyroByBaHHS 3aCTOCOBYIOTH
(abo 30umparoThcst 3actocoByBaTu) TexHoiorito ATM. A nmns Mepex, y SKUX HEMae
HEOOXITHOCTI MIATPUMYBATH SKICTb OOCIHYyroBYBaHHS Ha PIiBHI MOJUTIOBAaHUX
CErMEHTIB, OUIBIN 3BUYHOK BusaBMiaca texHoioris Fast Ethernet. Tum Oimbre, mo
JUISl TMATPUMKHA YK€ BHUMOIJIMBUX JO IIBUAKOCTI Tepenadi JaHuX JOJaTKIB €
texnojiorist  Gigabit Ethernet, mo, 30epiraroun Hactymuicth i3 Ethernet 1 Fast
Ethernet, 3a0e3neuye mBuakicTs nepeadi gaaux 1000 Moit/c.

8.3 BucoxkomBuakicHa texnoJioria Gigabit Ethernet
Jlocuth MWBUAKO TiCHs MOABM Ha puHKY nOpoAykTiB Fast Ethernet mepexesi

IHTErpaTopy W aJMIHICTPATOPH BIAYYJM TI€BHI OOMEXKEHHA 1pH N0OYyHOB1
KOpPIOpaTUBHUX Mepexk. Y 0araThoX BHMaAKax cepBepu, miakiaoueHi mo 100-
MerabiTHOro KaHally, MEePEeBaHTAXYBAIM MaricTpaii Mepexk, 110 MpaIlol0Th TaKOoX Ha
mBuakocti 100 M6it/c — wmarictpam FDDI 1 Fast Ethernet. BimuyBanacs notpeba B
HACTYMMHOMY piBHI iepapxii mBuakocted. Y 1995 pori OuIbll BUCOKHM piBEHb
HMIBUIKOCTI MOIJIM HaJaTH TUIbKA KomyTatropu ATM, a mpu BIACYTHOCTI B TOH 4ac
3py4YHUX 3ac001B Mirparlii 1€ TEXHOJIOTIi B JIOKaIbHI Mepexi (xoua crnerudikamis LAN
Emulation — LANE Oyna npuitHara Ha moyatky 1995 poky, npaktudna ii peanizariis
Oyna 1o mepeay) BIPOBAKYBaTH iX y JOKAIbHY MEPEXKY Maii’ke HIXTO HE 3Ba)KyBaBCsl.
Kpim Toro, Texnonoris ATM Bizpi3Hsiiacs Ty>Ke€ BUCOKUM PiBHEM BapTOCTI.

Tomy noriyHUM BUTJISIIAB HACTYMHUM KpOK, 3poonenuit IEEE, — uepe3 5 wmicsis
MICAsT OCTAaTOYHOTO TPUUHATTS craHgapTy Fast Ethernet y wepBHi 1995 poky
JTOCTITHUIIbKIA Tpyni 1O BHBYEHHIO BHCOKOMBHUAKICHUX TexHosorid IEEE Oyno
3alpONOHOBAHO 3aWHATHUCS PO3TIIAI0OM MOXIMBOCTI BUpoOneHHs crannapty Ethernet i3
III€ OUIBII BUCOKOKO O1TOBOIO IIBUJKICTIO.

Biitky 1996 poky Oyno orosomieHo mpo ctBopeHHs rpynu 802.3z miis po3poOku
MPOTOKONTY, MakcuMmanbHO mofaioHoro Ethernet, ame 3 OiroBoro mBuakictio 1000
Mo6iTt/c. Sk 1 y Bunanky Fast Ethernet, moBigomieHHs 0ys10 CIPUIHITO TPUXUILHUKAMU
Ethernet 3 Benmukum eHTy31a3MOM.

OCHOBHOIO TMPUYMHOK €HTYy31a3My Oyja TepCrneKTMBa TaKoro 3K ILJIABHOTO
nepekyiany wmarictpaieir mepexx Ha Gigabit Ethernet, momi6bHO TOMYy, sK Oynu
nepeBeneHi Ha Fast Ethernet mepeBantakeni cermentu Ethernet, posramoBani Ha
HIDKHIX PIBHAX lepapxii Mepexi. Jlo Toro »k JOCBiA mepenayi JaHWX Ha TirabiTHUX
MIBUKOCTSAX YK€ MaBcs, SIK y TepUTOplaibHUX Mepexax (texHomoris SDH), tak i B

jokanpHuXx — TexHojoris Fibre Channel, mjo BUKOpPHCTOBYETHCS B OCHOBHOMY JJIst
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MKITFOUYEHHS BUCOKOIIBUAKICHOT Tiepudepii 70 BEIMKUX KOMITIOTEPIB 1 TIepeaaB AaHi
10 BOJIOKOHHO-ONITUYHOMY KaOeJl 31 IBHAKICTIO, OJM3BKOi 10 TrirabiTHOI, 3a
JIOTIOMOTO10 HaJTUIIIKOBOTO Koty 8B/10B.

B yTBOpenuit nis y3romkeHHs 3ycuiib y il obmacti Gigabit Ethernet Alliance 13
caMoro MoYaTKy BBIANUIM Taki (uarmanu ramysi, sk Bay Networks, Cisco Systems i
3Com. 3a pik cBOro iCHyBaHHA KiJbKicTh yuacHHKiB (Gigabit Ethernet Alliance icroTHO
3pocnia 1 HapaxoBye 3apa3 Oumbine coTHI. Sk mepmuii BapianT (pi3uyHOro piBHSA OYB
npuiiHaTuii piBeHb TexHonorii Fiber Channel, 3 ii kogom 8B/10B (sik 1 y Bumanky Fast
Ethernet, konmu m1s1 IpUCKOPEHHS poOIT OyB MPUHHATUM BiANpalibOBaHUM (HI3UUHUN
piBers FDDI).

[lepma Bepcis cranmapty Oyna po3risHyTa B ciuHl 1997 poky, a OCTaTOYHO
crangapt 802.3z OyB npuiinatuii 29 depBHs 1998 poky Ha 3acimanni komitety IEEE
802.3. Pobotu 3 peanizamii Gigabit Ethernet Ha kpydenuil mapi kareropii 5 Oynu
nepenani cneuiaabHoMmy komitety 802.3ab, 1m0 BXe pO3IJISHYB KiUIbKa BaplaHTIB
IPOEKTY LBOr0 CTaHAApTy, Npu4oMy 3 JumHsS 1998 poky mpoekT nmpuadaB OCUTh
CTaOUIBHUI XapakTep.

He wdekaroum mnpudHATTA CTaHAApTy, JESAKI KOMIIAHII BUITYCTWJIM IMEpIIe
ycratkyBanHsa Gigabit Ethernet Ha onToBooKOHOMY Kabeni Bxke 10 jita 1997 poky.

OcHoBHa 1ixes po3poOHUKIB cranaapty Gigabit Ethernet ckimanaerbcs B
MaKCUMaJIbHOMY 30epekeHH1 17ed kiacuuHoi TexHosorii Ethernet mpu mocsirHeHH1
o1ToBoi mBuakocti B 1000 Moit/c.

Tomy 110 TTpU pO3pOOIII HOBOI TEXHOJIOTIT MPUPOJIHO OUIKYBATH JIESIKUX TEXHIYHUX
HOBUHOK, III0 WAYTh Yy 3araJIbHOMY PYCJIi PO3BUTKY MEPEKHHUX TEXHOJOTIH, T€ BaXKIUBO
Bi3HaunTH, mo Gigabit Ethernet, Tak camo sk 1 #10ro MEHIIT MBUIKICHI TOOpAaTHMHU, Ha
PI1BHI MPOTOKOJY HE Oyi€ MiATPUMYBaTH:

. SKICTh 0OCITyTOBYBAHHS;
. HaJJIMIITKOBI 3B'SI3KU;
. TECTyBaHHS MPaLE3/IaTHOCTI BY3J1B 1 YCTaTKyBaHHS (B OCTAHHbOMY BHUIIAJKY

— 3a BUKIIIOYEHHSIM TECTYBaHHS 3B'SI3Ky MOPT — MOPT, sK 11e pobuthes s Ethernet
I0Base-T i 10Base-F i Fast Ethernet).

Bci Tpu Ha3BaHMX BJIACTUBOCTI BBAXKAIOTHCS JTYXKE MEPCIEKTUBHUMU 1 KOPUCHUMU B
CyyaCHUX Mepekax, a OCOOJMBO B Mepekax HalOmmkyoro maiOyrHboro. Yomy x
aBTopu (Gigabit Ethernet BiIMOBISIIOTHCS BiJ HUX?

3 MpuBOAY SIKOCTI OOCIYroBYBaHHS KOPOTKO MO’KHA BIANOBICTH Tak: “cuia € —
po3yMy He MoTpiOHO”. SKImo MaricTpayib Mepexi Oyjae mpaifoBaTd 31 MIBUAKICTIO B
20 000 pa3ziB mepeBHUIIYIOUO0i CePeaHIO MBUAKICTh MEPEKHOI aKTUBHOCTI KJIIEHTCHKOTO
komm'rorepa U y 100 pa3iB mepeBHIyIOUOT CEpeHI0 MEPEXHY aKTUBHICTH CEpBeEpa 3
mepexkHuM agantepom 100 M6it/c, To mpo 3aTpUMKY MMaKeTiB Ha Marictpali B 0araTbox
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BUMAJKaX MOXXHAa He mikiayBatucs B3araimi. [lpm HeBenumkoMmy  Koe]ili€HTI
3aBaHTaxeHHs1 Marictpaii 1000 MGit/c yepru B komyTtatopax Gigabit Ethernet OynyTh
HEBEJIIMKUMHM, a 4yac Oydepuzailii 1 KOMyTallii Ha Takii MBUIAKOCTI CKJIAIa€ OJWHMII 1
HaBITh YaCTKU MIKPOCEKYH]I.

Hy a sakmo Bce-Taku marictpasib OyJe 3aBaHTa)XeHa Ha JOCTATHIO BEIUMYMHY, TO
NPIOPUTET YYTTEBOMY JO 3aTPUMOK UM BUMOTIUBOMY JI0 CEPEIHBOT MIBUIKOCTI Tpadiky
MOKHA HaJaTd 3a JOMOMOIOI0 TEXHIKM MPIOPUTETIB y KOMyTaTopax — BIAMOBITHI
CTaHIapTH JJIsi KOMYTaTOpiB yKe MPUHHATI (BOHH OyAyTh PO3TISAATHCS B HACTYIHIN
rnaei). 3are MoxkHa Oyne Kopucrartucs pAyxke mnpoctoro (Mmaibxe sk Ethernet)
TEXHOJIOT1€10, PUHITUIIA POOOTH SIKOT BIIOMI MPAKTUYHO BCIM MEPEXKEBUM (PaxiBIIsM.

['onoBHa izest po3poOHKiB TexHoyorii Gigabit Ethernet mossirae B Tomy, 1110 1CHYE 1
Oyne ICHyBaTH Jyke Oararo Mepex, y SKHUX BHCOKa IMIBHAKICTh Marictpail 1
MO>KJIMBICTh TPHU3HAYEHHS MAKeTaM NPIOPUTETIB y KOMyTaTopax OYyIyTh I[IJIKOM
JOCTaTHI JIJIsl 3a0€3MEeUeHHs SAKICHOTO TPAaHCIIOPTHOTO OOCIYTOBYBAHHS BCIX KIIEHTIB
Mepexi. | TIIbKM B THX PIIKMX BUIAJKAX, KOJU 1 MaricTpajib JOCUTh 3aBaHTAXKEHA, 1
BHUMOTH JIO SIKOCTI 00CITyTOBYBaHHsI Ay>K€ TBEP/Il, MOTPiIOHO 3aCTOCOBYBATH TEXHOJIOT1IO
ATM, mo mgificHO 3a paXyHOK BHCOKOI TEXHIYHOI CKJIQAHOCTI Ja€ TrapaHTii sIKOCTI
00CcITyroByBaHHS JIJIs1 BCIX OCHOBHUX BUJIIB Tpadika.

HannumikoBl 3B'I3KM 1 TECTYBaHHS yCTaTKyBaHHsA HE OyIyTh HiATPUMYBATHUCS
texHoJoriero Gigabit Ethernet yepes te, mo 3 uuMM 3amavyamMu J0Ope CHPABIISIOTHCS
OPOTOKONM OUIbII BUCOKUX PIBHIB, Hampukiag Spanning Tree, NpoTOKOIU
Mapuipytusanii 1 T.1n. ToMy po3pOOHUKH TEXHOJOTII BUPIIIWIM, 10 HWXKHIN pIBEHb
IIPOCTO TOBMHEH IIBUAKO TIEpeaaBaTHd JaHl, a OUIbII CKJIagHI 1 3a7adl IO PiJKO
3ycTpidyaroThes (HampHKiIaa, mpiopuTesaiis Tpadika) MOBUHHI MEpeaBaTUCI BEPXHIM
PIBHSIM.

o »x 3aranbHOro Maetrbcss B TexHojorii (Gigabit Ethernet y mnopiBHsHHI 3
texHoJorisimu Ethernet 1 Fast Ethernet?

. 30epiratotbea yei popmatu kaapis Ethernet.

. Sk 1 panime OyAyTh iCHYBaTH HAaIlIBIYIUIEKCHA BEpCisl MPOTOKOIY, WLIO
niarpumye meton aoctyny CSMA/CD, 1 NOBHOAYIUJIEKCHA BEpCis, IO MpaLIoe 3
KOMYyTaTopaMu. 3 MPUBOAY 30€peKeHHsS HaIMiBAYIUIEKCHOI Bepcii MPOTOKOIY CYMHIBY
Oymu me B po3poOHukiB Fast Ethernet, TomMy 1m0 ckiagHO 3MYCHUTH NpaliOBaTH
anmroputm CSMA/CD Ha BHCOKMX MBHUAKOCTSAX. OMHAK METOA JOCTYIY 3aJIUIITUBCS
He3MIHHMM y TexHouorii Fast Ethernet, 1 Horo BUpIIIUIM 3JIMIIATH B HOBI1M TEXHOJIOT]
Gigabit Ethernet. 306epekeHHs HEIOPOTOro PIlIEHHS JJIs IMOJUIIOBAHUX CEPETOBHUIILL
03BOJINTh 3acTtocyBatu (Gigabit Ethernet y HeBenmukux poOodux rpymnax, sKi MarOTh
HIBUJIKI cepBepH 1 poOoUil CTaHIIi.
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. [linTpuMytOTBCS BC1 OCHOBHI BHJIM KaOeliB, 10 BUKOPHUCTOBYIOTHCS B
Ethernet 1 Fast Ethernet: BoloOKOHHO-ONITUYHMM, KpyU€Ha Mapa KaTeropii 5, koakcial.

[Ipore po3pobHukam Ttexnoisorii Gigabit Ethernet st 30epexeHHs HaBeleHUX
BUIIIEC BJIACTUBOCTEH JOBEJIOCS BHECTH 3MIHHM HE TUIBKH y (DI3UYHUN PiBEHb, 5K 1€ OyII0
y Bunanky Fast Ethernet, ane it y piens MAC.

[lepen po3pobuukamu crangapty Gigabit Ethernet crtosmum Baxkki mpoOiemu.
Onniei 3 Hux Oyna 3amada 3a0e3leyeHHs TPUMHATHOTO JiaMeTpa Mepexi s
HaAMIBIYIJIEKCHOTO PEXUMY pOOOTH. Y 3B'SI3KY 3 OOMEKEHHSMH, L0 HaKIalaloThCs
MetogoM CSMA/CD nHa nosxuHy kabeinto, Bepcis Gigabit Ethernet qyis moaitoBaHoro
CepeloBHUIla JIOMycKajga OU JIOBKHUHY CETMEHTa yChOro B 25 MeTpiB npu 30epekeHH1
po3Mipy KazapiB 1 Bcix mapamerpiB Meronry CSMA/CD nHe3minaumu. Tomy 110 icHye
BEJIMKA KUIbKICTh 3aCTOCYBaHb, KOJIA MOTPIOHO MIABUIIUTHU JilaMETp MEpEexkKi xoda O A0
200 MetpiB, HEOOXiIHO OyJI0 SKUMCh YHMHOM BHPIIIATH L0 3aJady 3a pPaxyHOK
MIHIMaJIbHHUX 3MiH y TexHoJjorii Fast Ethernet.

[Hmoro 1 HalckIaAHINIOW 3agadero Oylao JOCSITHEHHs OI1TOBOI IIBHUJKOCTI
1 000 MOit/c Ha ocHOBHUX THIIax KaOeaiB. HaBITh U1 OIITOBOJIOKHA JOCITHEHHS TaKO1
IIBUAKOCTI MPEACTaBisie [esAki mpoOjemu, Tomy 1o Texuosoris Fibre Channel,
b13uuHM piBeHb sIKOT OyJI0 B34TO 3a OCHOBY JJIsi ONTOBOJIOKOHOM Bepcii (Gigabit
Ethernet, 3a0e3neuye mBUIKICTH Tepenadi gaHux Bcboro B 800 MOit/c (GiToBa
MIBUJKICTh Ha JIiHII TOpiBHIOE B IIboMy Bumanaky npubiu3Ho 1 000 M6it/c, ane mpu
Metoai komyBaHHsi 8B/10B kopucHa 0iToBa MBUAKICTH Ha 25 % MeEHIIE MIBUIKOCTI
IMITYJIbCIB Ha JIIHII).

[ mapemri, cama ckiajHa 3ajadya — MIATPUMKA KaOeao Ha KpydeHuil mapi. Taka
3a/1aya Ha TEPIIUN TOTIISA] 3IA€THCS HEPO3B'A3HOI — ajpke HaBiTh Aia 100-MerabiTHHX
MPOTOKOJIB JIOBEJIOCS BHUKOPHUCTOBYBATH JOCHUTh CKJIQJHI METOIW KOJYBaHHSI, II00
YKJIACTU CIEKTP CHUTHAy B CMYTy MpoIylleHHs kabemo. OgHak ycmixu (axiBLiB 3
KOJyBaHHS, [0 TIPOSBIIIMCS OCTAHHIM YacOM y HOBUX CTaHIapTax MOJEMIiB, MIOKa3ajH,
o0 3aja4a Mae IMaHcu Ha po3B's3aHHs. [1[o6 He raapMyBaTH MPUNHATTS OCHOBHOI
Bepcii crangapty Gigabit Ethernet, 1o BUKOpHCTOBYE ONTOBOJOKHO 1 Koakcial, OyB
cTBOpeHuit okpemuii komiteT 802.3ab, o 3aiimaeTscs po3poOkoro ctanmapty Gigabit
Ethernet na kpydenuii mapi kareropii 5.

Bci mi 3aga4i Oynm yCHinmHO BUPIIIEHI.
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Tema 9. Texnouoris Token Ring (802.5)
9.10cHOBHI XapaKTepUCTHKH TeXHOJIOril. MapkepHuii MeTox [I0OCTYymy [0

MOJALIIOBAHOIO Cepel0OBUIIIA.
9.2 ®opmaru kaapis Token Ring.
9.3 ®iznunmii piBenn TexnoJorii Token Ring.
9.10cHoBHi xapakTepucTHKHU TexHoJorii Token Ring

Mepexi Token Ring, tak camo sk 1 wMepexi Ethernet, xapakrepusye
NOJUIIOBAHE CEPENOBUILE Iepefadl JAaHMWX, L0 y LbOMY BHUMAJIKYy CKJIAQJA€ThCS 3
BIJPI3KiB Kabemo, M0 3'€JHYIOTh BCl CTaHIli Mepexi B Kijble. Kinbile po3risaaeTscs
K 3araJlbHAd TMOAUTIOBaHUM pecypc, 1 s JOCTymy 10 HbOrO TNOTpIOEH He
BUTIAJIKOBUI aJITOPUTM, SIK Y Mepekax Ethernet, a merepmiHoBaHuWii, 3acCHOBaHHI Ha
nepenayl CTaHIISIM IpaBa Ha BUKOPHUCTAHHA KUIbLS B MeBHOMY mnopsiaky. Lle mpaso
HepeaeTbCs 3a JONOMOTOI0 Kajpy CHElalbHOrO (Gopmary, Ha3UBAaHOTO MapKepoM
a00 moxkernom (token).

Texuonoris Token Ring Oyna po3po6ieHa kommnaniero IBM y 1984 porii, a mortim
nepenana sik nmpoekt crangaapty B komiteT |EEE 802, mo na 1i ocHoBI mpuitsaBy 1985
poui cranmgapt 802.5. Kommaniss IBM BukopuctoBye TtexHonorito Token Ring y
SKOCTI CBO€i OCHOBHOI MEpPEKHOI TEXHOJOTIi Il MoOyJAOBH JIOKAaJIbHUX MEpEeX Ha
OCHOBI KOMM'IOTEpIB pI3HUX KIaciB — MalH(]pelMiB,  MIHI-KOMI'IOTEPIB 1
NepCcoHaJbHUX KOMIT'IOTEepiB. Y 1mel 4ac came kommadis IBM € ocHoBHUM
3aKOHOAaBIIeM Monu TexHojorii Token Ring, poOmsum Omu3pko 60% MepexHUX
ajanTepiB 11€1 TEXHOJIOTTI.

Mepexi Token Ring mpamoroTh i3 JBOMa OITOBMMH IMIBHAKOCTAMH — 4 1 16
MG6it/c. 3mimyBaHHS CTaHIINA, O MPAIIOIOTh HA PI3HUX MIBUAKOCTSIX, B OJHOMY
Kbl He JomyckaeTbcs. Mepexi Token Ring, mo mpamtorors 3i mBuakictio 16
MO6iT/c, MaroTh JedKl BIOCKOHQJIEHHS B alrOPUTMI JOCTYNMY TOPIBHSHHO 31
crangapTom 4 Moit/c.

Texuosnoris Token Ring e 6inmbIn ckinaaHo0 TexHouoriero, unM Ethernet. Bona mae
BJIACTUBOCTI  BifMOBOCTiliKocTi. Y Mepexi Token Ring BusHaueHi mporenypu
KOHTPOJIF0O POOOTH Mepexi, KI BUKOPUCTOBYIOTH 3BOPOTHUM 3B'S30K KUIbLEMOAIOHOT
CTPYKTYpH — TIOCTaHMW KaJp 3aBXKAU BEPTAEThCS B CTaHIIO-BiANpaBHUKA. Y
JeSKUX BHUMAJKaX BHUSABJICHI MOMIJIKH B POOOTI MEpeXi yCyBalOThCS aBTOMATUYHO,
HANIPUKJIaA, MOKe OYyTHM BITHOBJICHMH 3aryOieHuii mapkep. B iHmmMX Bumamkax
NOMUJIKU TIJIBKU (PIKCYIOTBCS, a IXHE YCYHEHHS BUKOHYETHCSI BPYUHY OOCIyrOBYIOUUM
NIEPCOHATIOM.

JI7iss KOHTPOJIO MEpeki OJHa 31 CTaHIIA BHKOHYE POJIb TaK 3BAHOTO AKMUBHO20
MOHImMOpa. AKTUBHUI MOHITOP BUOMPAETHCS T Yac 1HIIami3aIli Kbl SK CTAHII 3
MakcuManbHUM 3HadeHHSIM MAC-aapecu. SIKII0 akTUBHHUI MOHITOP BUXOJIUTH 13 Jafy,

133



nporeaypa iHimamszarii KUTbISI TOBTOPIOEThCS W BUOMPAETHCS HOBHUM aKTUBHUN
MoHiTOp. [Ilo6 Mepexa Moria BHUSBUTH BIIMOBY aKTHBHOT'O MOHITOpA, OCTAaHHIN Yy
npame3gaTHOMY CTaHl KOXHI 3 CEKyHIU TeHEepye CHellaibHUA Kaap CBOEl
MPUCYTHOCTI. SIKIIO 1iel Kaap He 3'IBISEThCA B MEpexl OuIbIne / CEeKyHJ, TO 1HIII
CTaHIii Mepexi MOYMHAIOTH MPOLEAYPY BUOOPIB HOBOT'O aKTHBHOTO MOHITOpA.
MapxkepHuii MeTOJ A0CTYyMy /0 MOAIJIOBAHOIO Cepel0BHIIA

VY Mepexax 3 mapkepHum memooom docmyny (a 10 HUX, KpiM Mepex Token
Ring, BimHocatbes mepexi FDDI, a takox Mepexi, Oau3bki g0 cranmapty 802.4,
ArcNet, mepexi BupoOHHUoro mpuszHaueHHss MAP) mpaBo Ha gocTyn 1o cepenoBHIa
nepeaaeThCsl MUKIIYHO BiJl CTAHIIIL IO CTAHIIIl MO JIOTTYHOMY KUIBIIIO.

Y wmepexxi Token Ring kinblie yTBOPUTHCS BiApi3kaMu KaOemro, M0 3'€IHYIOThH
cycigai craHili. TakuM YMHOM, KOXKHA CTaHINS 3B'I3aHAa 31 CBOEIO IONEPEIHBOIO
HACTYIHOK CTaHLISIMH ¥ MoOke Oe3MocepeHh0 OOMIHIOBATHCS JaHUMU TUIBKH 3
HuMHU. Jlng 3a0e3neyeHHs JOCTyNy CTaHLIM 10  (I3UMYHOrO  CEpeAOoBHINA IO
KUIBITIO  LMPKYJIOE  Kaap  cHemiaiabHoro ¢opmaTy W NMpU3HAYCHHS — Mapkep. Y
mepexxi Token Ring Oynb-sika cTaHIlsl 3aBXIU O€3MOCepeTHbO OJCPXKYE NaH! TiTbKH
B1JI OJHIET CTaHINI — Ti€i, KOTpa € IMONMepPeAHLOI0 B KUIbIll. Taka CTaHINS Ha3UBAETHCS
HAUOIUINCUUM AKMUBHUM CYCIOOM, PO3MAUIOBAHUM 6uuje no nomoky (JaHux) —
Nearest Active Upstream Neighbor, NAUN. Ilepemauy >k OaHMX CTaHIls 3aBXKIU
3IMCHIOE CBOEMY HAaWOIMKYOMY CYCI/IOB1 JIOJIUTUITH TTO TTOTOKY JaHUX.

OpeprkaBiii MapKep, CTaHIlS aHaI3ye HOro W TMpH BIACYTHOCTI B HeEl JaHUX
JUIsl Tiepedadl 3a0esrnedvye WOro MpOoCyBaHHS N0 HacTymHoi craiii. CraHiis, 1o
Mae JIaHi JuIs repenadi, Mpy oJep KaHHI MapKepa BHIIy4dae WOro 3 KUIbIlA, IO Ja€ ii
paBo JIOCTyNy A0 (I3UYHOTO cepeloBUIa M repenadi cBoix maHux. IloTiM 1
CTaHIlisl BUJIA€ B KiJbIE KaJp JAaHUX YCTaHOBJIEHOro (popMary MOCIIAOBHO IO OiTax.
[lepenani 1ani MPOXOAATH MO KUIBLIIO 3aBXKIU B OJIHOMY HANpsIMKY BiJ OJIHI€T CTaHIIii
no ixmoi. Kaap BU3HAYaeThCS aapecoro MpU3HAYCHHS i aapecoro mkepena (puc.9.1).
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Mapkep  BigMiTku B naketi npo 3 KNBUA  cTaHyia 2
OTPUMAHHA ’

Puc. 9. 1. [Ipunumun MapKepHOro A0CTYILY

Vi craHuii Kbl peTPaHCIIOTh Kaap MOOITHO, SIK MOBTOproBayi. SKIIO Kaap
OPOXOAWTHh 4Yepe3 CTAHLII0 TMPU3HAYEHHS, TO, PO3MI3HABIIA CBOIO ajpecy, I
CTaHIliS KOMIIOE KaJap Yy CBIA BHyTpimHIA Oydep 1 BCTaBisie B Kaap O3HAKY
niATBep/UKeHHsT mnpuiioMmy. CraHilis, O BUAalda Kaap JAaHUX Yy KUIblLE, MOpH
3BOPOTHOMY HOro OJepXaHHI 3 MIATBEPIKECHHAM NpUIIOMY BUJIy4Yae LEed Kaap 13
KUIBLISL ¥ TIepefae B MEPEKy HOBHM Mapkep sl 3a0e3MeUeHHS MOXKJIMBOCTI IHIIUM
CTaHIISIM Mepexl MnepefaBaTd JaHl. Takuil anroputM JOCTYIy 3aCTOCOBYETHCS B
Mmeperkax Token Ring 3i mBuakictio pobdotu 4 MOIT/C, ONMUCaHUX y CTaHAApTI
802.5.

Yac BOJIOAIHHS TOAUTIOBAaHUM cepeoBuieM y mepexi Token Ring oOMexyeTbes
yacom ympumanns mapxepa (token holding time), micis BUTIKaHHSA SIKOTO CTaHIIiS
3000B'A3aHa TMPUNUHUTU MEpeady BJIACHUX JAHUX (TMOTOYHHM KaAp J103BOJIETHCS
3aBEPIIUTH) 1 TIepeaaTH MapKep Jami mo Kijbiro. CTaHIlsl MOXKE BCTUTHYTH TIepeIaTu
3a yac yTpUMaHHS MapKepa oJuH abo KUIbKa KaJpiB 3aJeKHO BiJl PO3MIpy KalpiB 1
BEIMYMHM Yacy BTPUMMaHHA MapKepa. 3BUYAMHWN dYac YTpUMaHHS Mapkepa 3a
3aMOBYYyBaHHsAM JaopiBHIOE 10 Mc, a MakcUMallbHUM po3Mip Kaapy B cranmapti 802.5
He Bu3HaueHui. s mepexx 4 MOit/c BiH 3Bu4YaitHO nopiBHIoe 4 KO, a mjis mepex
16 Mo6it/c — 16 KO. lle mop'szane 3 TuM, 110 3a 4Yac yTpUMaHHS MapKepa CTaHIls
NOBHHHA BCTUTHYTHU TepenaTu xoua 6 ogun kanap. [lpu mBuakocti 4 Mb6it/c 3a gac 10
mc MoskHa niepenata 5000 Gaifri, a mpu mBuAKocTi 16 Mb6it/c — BiamoigHo 20 000
OaiiTiB. MakcuMaibHi po3MipHu KaJpy oOpaHi 3 ASSIKUM 3aIacoM.
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Y wmepexxkax Token Ring 16 MOiT/c BHKOPHCTOBYETHCS TaKOX TPOXH 1HIIKH
QITOPUTM JIOCTYIY JO KUIbIS, SKUM HA3UBAIOTh aJTOPUTMOM PAHHbO20 36iNbHEHHS
mapkepa (Early Token Release). BigmoBimHO [0 HBOIO CTaHIlS IEpeaac Mapkep
JOCTYITYy HACTYIHIM CTaHIlli Bigpa3y K IMICIA 3aKiHYCHHS TIepeadi OCTaHHBOTO OiTa
KaJpy, HE YeKAaluud MOBEPHEHHS MO KUIBIIO I[bOTO KaApy 3 OITOM MiATBEPKEHHS
npuiioMy. Y IIbOMY BHIIAQJKy MPOMYCKHA 3[aTHICTH KIJIbISI BUKOPUCTOBYETHCS OLIBII
e(pEeKTUBHO, TOMY IO IO KUIBIIO OJHOYACHO TMPOCYBAIOTHCS KaApU JAEKUIBKOX
ctannii. I[Ipote cBOi Kaapu B KOXXHHII MOMEHT Yacy MOXKE T€HepyBaTH TUIbKH OJHA
CTaHIlisl — Ta, KOTpa B II€il MOMEHT BOJIOJII€ MapKEepPOM JIOCTYITy. [HII cTaHIli B Lel
Jac TUIBKHA TIOBTOPIOIOTH UYXI KaJpH, TaK IO MPUHIMI IOAUTY KUIbLS B dYaci
30epiraeTbcs, MPUCKOPIOETHCS TUTBKU MPOIIeaypa nepeadi BOJIOAIHHS KIJTbIEM.

JUis pi3HUX BUAIB MOBIJOMIIEHb, IEPEAaHUM KaJpaMm, MOXYTb MpHU3HAYATUCS
pisHi mpiopumemu: Big 0 (wwkuumit) go 7 (Bummid). PimeHHs mpo mpiopUTeT
KOHKPETHOTO KaJpy TpuiiMae mepenaBanbHa craHmis (mporokoa Token Ring
OJIEpKYy€e IIed MapaMeTp 4Yepe3 MIKpPIBHEBI 1HTepQeHcH BiJl MPOTOKOJIB BEPXHBHOTO
pIBHS, HANpUKIAJ, NPUKIAIHOTO). Mapkep TakoXX 3aBXKIUM Mae€ JIeIKUH pIBEHb
noTo4YHOro npioputery. CTaHIis Ma€ MpPaBO 3aXONHUTHU MepeJaHuil il Mapkep TUIbKU
B TOMY BHIAJKy, SIKIIO NPIOPUTET KajJpy, IO BOHA Xoue mepeaard, BUIIUN (abo
JIOPIBHIOE) TIPIOPUTETY Mapkepa. Y MNPOTUIICKHOMY BHUMIAAKY CTaHIlsS 3000B's3aHa
nepenaTi MapKep HACTYIHIN MO KIJIBIIO CTaHIIII.

3a HasABHICTH y MEPEXI MapKepa, MNPUYOMY €IWHOT HWOTO KOMii, BIAMOBIIA€E
aKTUBHUM MOHITOp. SKIIO AaKTUBHUI MOHITOP HE OJIEPKYE MapKep MPOTATOM

TPUBAJIOTO 4acy (Hampukian, 2,6 ¢), TO BiH MOPOKYE HOBUM MapKep.

9.2 ®opmatu kaapiB Token Ring
VY Token Ring icHytoTh TpH pi3HUX (opMaTh Kapis:
® Mapkep;
® KaJp JaHWX;
® T[IOCIIJOBHICTD, 1110 IEPEPUBAE.
Mapkep
Kanp Mapkepa ckiagaeThbes 13 TPhOX TMOJIB, KOXKHE JOBKHUHOIO B OJMH OaiT:

Touamkosuui obmexcnux (Start Delimiter, SD) 3'sBnsieTbcst Ha TMOYATKY Mapkepa,
a TAaKOX Ha MOYaTKy OyIbh-SKOTO Kaapy, IO MPOXOAUTH Mo Mepexi. [lome craHoBUTH
HACTYIHY YHIKaJbHY MOCIIOBHICTh CHUMBOMIB MaHuecTtepchbkoro koay: JKOJKOOO.
Tomy nmoyaTkoBui 0OOMEKHUK HE MOKHA TOTUTYTaTH Hi 3 KO OITOBOIO MOCIIAOBHICTIO
yCepeauHi Kajpy.
Kepysanns oocmynom (Access Control) ckmamaerbest i3 4oTUPHOX Mmianodis: PPP,
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T, M u RRR, ne PPP — 6itu npiopurery, T — 6it mapkepa, M — 6iT monitopa, RRR —
pesepBHi OiTu mpiopurery. bir T, ycranoBnenuit B 1, ykazye Ha Te, IO JaHUU
KaJap € MapKepoM JOCTyIy. BiT MOHITOpa BCTaHOBIIOETHCS B 1 aKTHUBHUM MOHITOPOM
1 B 0 Oyap-sKOI0 1HIIOI CTaHIlI€I0, IO Tepeaae Mapkep abo Kajp. SIKIO aKTUBHUMA
MOHITOp 0aunTh Mapkep abo Kaap, IO MICTUTh OIT MOHITOpa 31 3HadeHHsIM 1, TO
aKTUBHUI MOHITOp 3Ha€, MO Lel Kaap abo Mapkep yXKe OAWH pa3 OOINIIOB KiJbIle
i1 He OyB 0OpoOsieHuil craHIisMH. SIKIIO 1€ Kaap, TO BiH BIJAATSETHCA 3 KBS
Sxmo 1e wapkep, TO AaKTHBHHM MOHITOp TMepelae WOro Jajii Mo KUIBLIO.
BukopucTtanHs 1oiB MpiOopUTETIB OYyJ1e PO3TISHYTO HIKYE.

Kinyesuit oomexcnux (End Delimeter, ED) — ocranne mosie mapkepa. Tak camo
K 1 TOJie TOYAaTKOBOIO OOMEXHHUKA, II€ T0JIe MICTHTh YHIKaJIbHY IOCHIIOBHICTh
MaHuectepcbkux kojniB JK1JK1, a takox nBi omHoOIToBUX o3Haku: | 1 E. O3naka |
(Intermediate) moka3sye, uyu € kaap ocraHHiM y cepii kajapiB (1 — 0) abo npomikanMm (1
— 1). Oznaka E (Error) — me o3naka momuiku. BoHa BcraHOBO€Thes B 0 cTaHIN€rO-
BIJITPABHUKOM, 1 OyJb-sIKa CTaHIlS KUIbL, 4epe3 sKy MNpPOXOAUTh Kajp, MOBHHHA
BCTAHOBUTH 1[I0 O3HAKy B 1, SIKIIO BOHa BHUSBUTH MOMUJIKY IO KOHTPOJIBHIN cyMi abo
IHIIH HEKOPEKTHOCTI Kajapy.

Kaap nanux i noc/iiioBHiCTh, 110 IEpepUBacE

Kanp manux BKJIIOYA€ Ti K TpH MOJs, IO M Mapkep, 1 MAa€ KPIM HUX 1€ KUIbKa
JOJIATKOBUX TIOJNIB. TakuM YWMHOM, KaJp JaHUX CKJIQJA€ThCA 3 HACTYIHUX MOJIB:

noyaTkoBuii oomexkauk (Start Delimiter, SD); kepysanns xaapom (Frame Control,
PC);

anpeca npusHaueHHs (Destination Address, DA); anpeca mxepena (Source Address,
SA);

naxi (INFO);

koHTposibHa cyma (Frame Check Sequence, PCS); kinmeBuii obmexuuk (End
Delimeter, ED);

craryc kaapy (Frame Status, FS).

Kaap manux moske mepeHOCUTH a0o0 Cay>KO00BI1 JaHi JJisi KEpyBaHHS KIJIbleM (IaHi
Mac-piBHsi), ab6o kopuctyBambHHIBKI gaHi (LLC-piBus). Crammapr Token Ring
BU3HAvae 6 TumiB kepyrounx kaapiB Mac-piBus. [lone FC BusHauae tum kaapy (MAC
abo LLC), i sxmo BiH BuszHaueHuidd sk MAC, TO moje TakoX yKasye, sSIKUH i3 MeCTH
THUIIIB KaJIpiB MPECTABICHUA JAaHUM KaJpPOM.

[Tpu3HaueHHS IUX IIECTH THITIB KaAPiB:

1. o0 ymeBHuTHCS, IO ii axpeca yHIKalbHA, CTaHINs, KOJM BIEpIIE
NPUEIHYETHCS 10 KUIbL, Tocuiae kaap Tecm oyonosanns aopecu (Duplicate Address
Test, DAT).

2. [ITo6 moBigOMHUTH 1HIN CTaHIli, IO BIH Mpane3laTHUH, aKTHBHUN
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MOHITOp TIEPIOJWYHO TIOCHJIa€ B Kutblle Kaap Icuye axmuenuti monimop (Active
Monitor Present, AMP).
3. Kanp Icnye pesepsuuit monimop (Standby Monitor Present, SMP)

BIIIPABISETHCS Oy Ib-SKOIO CTAHLIIEIO, 1110 HE € aKTUBHUM MOHITOPOM.

1. PesepBuuii MoHiTOp Biampasise kaap Mapkep zasexu (Claim Token, CT), komu
Mi03pIOE, 110 AKTUBHUM  MOHITOp  BIIMOBHB, TIOTIM pPE3€pBHI  MOHITOPHU
JOMOBJISIFOTBCSI MK CO00I0, SIKHH 3 HUX CTaHE HOBHM aKTHMBHMM MOHITOPOM.
Cranmis  BignpaBiase kaap Cuenan (Beacon, BCN) y Bumaaky BUHHUKHCHHS
CEepHO3HUX MEPEKHUX MpoOJeM, TaKUX K OOpUB KaOeto, BHSBJICHHS CTaHIIll, 110
nepenae kajapu 0e3 OulKyBaHHS Mapkepa, BUX1J cTaHUii 3 Jyagy. Busnauaroum, sika
CTaHLisl BIANpaBIse KaJIp CUTHaJy, IO JAlarHocTye mnporpama (ii iCHyBaHHS U
¢GyHKIIi He BHM3HA4YaKOThCsA craHmaptamu Token Ring), MoxHa JOKami3yBaTH
npobnemy. Koxkna cranmis mepioanyHo mnepenae xkaapu BCN gotu, moku He mpuiiMe
kaap BCN Bix cBoro nomepemasoro (NAUN) cycima. ¥ pe3ynbrari B KiUIbI[ TUIBKH
OJIHA CTaHINSA TMpoaoBXKye mepenaBatd kagpu BCN — Tta, y skoi € mpobiemu 3
nonepeariM cycimom. Y mepexi Token Ring xoxna cranmis 3nae MAC-aipecy cBOro
HOTEPEIHROTO Cycifa, ToMmy Beacon-mpouenypa NpUBOAMTH O BHSBJICHHS aJpecu
HEKOPEKTHO MPaItOr0Y0i CTaHIII].

2. Kagp Ouuwenns (Purge, PRG) BUKOpHUCTOBYETHCS HOBUM aKTHBHHM MOHITOPOM
JUIsl TOTO, 1100 MEepPeBECTH BCl CTAHINT y BUXIJHUW CTaH 1 OYMCTUTU KUIbILIE BiJ YCIX
paHile mocIaHuX KaJpiB.

VY crannapti 802.5 BUKOPUCTOBYIOTHCS aAPECH Ti€l &K CTPYKTYPH, 10 1 y CTaHAAapTi
802.3. Anmpecu mnpu3HaueHHS W JDKepena MOXYTh MaTH JOBXMHY abo 2, abo 6
OaiitiB. Ilepmmii OIT agpecu NpHU3HAYEHHS BHU3HAYa€ TpymnoBa a0 1HAWBIAYyalbHA
anpeca gk Juisi 2-0alToBHX, Tak 1 aisi 6-OaiitoBux aapec. pyruii 6iT y 6-0aiftoBUX
azipecax TOBOPUTH MNpO Te, MpHU3HAUEHa ajapeca JOKaJbHO abo rinodampHO. Ajpeca,
IO CKJIAJAEThCA 3 YCIX OJMHUI, € HIMPOKOMOBHOIO.

Agnpeca pkepenia Mae TOM ke po3Mip 1 ¢opmar, 10 W aapeca MPU3HAUCHHS.
OnHak O3HaKa TpyINoOBOi aJApPEeCH BUKOPUCTOBYETHCS B HHOMY OCOOJMBUM CHOCOOOM.
Uepe3 Te mo agpeca xepena HE MOxe OyTH TPYIMOBOIO, TO HAsSBHICTh OJIMHUII B
BOMY pO3psAIlI TOBOPUTH MPO TE, L0 B KaApl € CIHeUiaJbHE noie MapuipymHoi
inghopmayii (Routing Information Field, RIF). s indopmariis notpibHa mpu poOOTi
MOCTIB, IO 3B'I3yIOTh Kilbka Kijemb T0Ken Ring, y pexumi mapiipyTtusaiii Bif
JoKeperna.

[Tone manux INFO kaapy Moxe MICTUTH JaHI OJHOTO 3 ONHCAHUX KEPYIOUHMX
kanpiB piBHa MAC abo xopucTyBalbHUIIBKI AaHi, yrnakoBaHi B kaap piBas LLC. Lle
nojie, SK MM B)K€ BIJ3HAaYaldW, HE Ma€ BHU3HAYEHOI CTAHIAPTOM MaKCHUMAaJIbHO1

JOBXKUHHU, XO4Ya ICHYIOTh MPAKTUYHI OOMEXKEHHsS Ha HOro po3Mmip, 3aCHOBaHI Ha
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TUMYACOBUX CITIBBITHOIIEHHSIX MDK 4YacoM YTpPUMaHHS MapKepa W dacoMm mepeaadyi
KaJIpy.

[Tone cratycy FS mae nomxuny 1 GalfT i MicTuTh 4 pe3epBHUX OITH ¥ 2 migmosus:
01T po3mizHaBaHHS anpecu A u OiT xomitoBaHHs kaapy C. Uepes Te, mo 1e moje He
CYNpOBOKYeTbcs oOumcnenHsiMm cymmu, CRC, To BuKopuc- TOBYBaHi OiTH Amst
HAJIAHOCTI JyOJIIOIOTBCS: Toje cTrarycy FS wMae Burman Acxxacxx. Skmo 01T
pO3Mi3HABaHHS a/peCH HE BCTAHOBJICHHMM MijJ 4Yac OJep>KaHHS Kajapy, 1€ O3Haydae, 1o
CTaHIllsl TpHU3HAYEHHsS OUIbIIE HE € TMPUCYTHBOIO y Mepexi (MOXKJIMBO, BHACHIIOK
HEMOoJa/I0K, & MOXIIMBO, CTaHIlisl mepedyBae B IHIIOMY KUIbIl, MOB'3aHOMY 3 JIaHUM
3a JIOMOMOrOI0 MOCTY). Skmo oOuaBa OITH BII3HABAHHS aJpecd W KOIIIOBaHHS
KaJIpy BCTAHOBJICHI 1 OIT BUSBIICHHS TOMWIKH TaKOX YCTaHOBJIEHUH, TO BUXIJAHA
CTaHIllsl 3HAae€, IO IMOMWJIKA Tpamuiacs MICl TOro, sk 1eil kaap OyB KOPEKTHO
OTPUMAaHHM.

llocnioosnicms, w0 TIEpEepUBAE, CKIATAETHCA 13 JBOX OalTIB, IO MICTITh
MOYATKOBHUM 1 KIHIEBUN OOMEXHHUKHU. [1OCHIIOBHICTD, 110 MEPEPUBAE, MOKE 3'IBUTHCS
B OyIp-IKOMYy MiCIll IMOTOKY OITIB 1 CHUTHaJli3y€ Mpo Te, 0 IMOTOYHA Iepeaaya
KaJipy abo MapKepa BiIMIHSIEThCS.

IIpiopuTeTHMiA TOCTYN 10 KiJIbIS

Koxunuii kanp panux a0o Mapkep Mae IMpIOPUTET, YCTAHOBIIOBAHHWM OiTaMu
npioputeTy (3HaueHHs Big 0 g0 7, npudoMy 7/ — HaiBuIMi nipioputeT). CTaHIlS MOXe
CKOPHUCTATUCS MAapKepOM, SIKIIO TUILKM B HEl € Kaapu JUIsl mepeaadl 13 mpiopuTeToM
piBHMUM a0o0 OUIbIIMM, HDK MPIOpPUTET Mapkepa. MepexHuil agantep CTaHIli 3
KaJpamMH, y SKUX OPIOPUTET HUXKYE, HDK MPIOPUTET MapKepa, HE MOKE 3aXOINUTU
Mapkep, aje MOK€ MOMICTUTH HAMOUIBIIMKI MPIOPUTET CBOIX MEpeaad, 110 OYIKYIOTbh,
KaJIpiB y pe3epBHI OITHM Mapkepa, ajge TUIbKKM B TOMY BHIAJKY, SIKIIO 3alUCaHUl y
pe3epBHUX OiTax MPIOPUTET HUXKYE HOTO BIIACHOTO. Y PE3yNbTaTi B pPe3epBHUX OiTax
NPIOPUTETY BCTAHOBJIIOETHCSI HAWBUIUI TMPIOPUTET CTaHINi, 10 HAMaraeTbCcs
oJlep>KaTH JOCTYN JO KUIbL, aje HE MOXE IbOro 3pOoOMTH uepe3 BHCOKHUI
PIOPUTET MapKepa.

CraHiis, mo 3yMijia 3aXOMUTH MapKep, Mepeac CBOI KaJpu 13 MPIOPUTETOM
Mapkepa, a TOTIM T[epeaae Mapkep HacTymHoMmy cycimoBi. [lpu 1poMy BoHa
NEepenucy€e 3HAYEHHS PE3epBHOTO TPIOPUTETYy B TOJIE NPIOPUTETY Mapkepa, a
pe3epBHUN TPIOPUTET OOHYJSAETbCA. TOMy MpH HACTYIHOMY MPOXOJIl Mapkepa IO
KUIBLIIO Oro 3aXONUTh CTaHIIIs, 110 MAa€ HAUBUILIUI TPIOPUTET.

[lpu imimiamizamii KUIBIIEI OCHOBHHMM 1 PE3EepBHUN  MPIOPUTET MapKepa
BCTaHOBTIOIOTHCS B 0.

Xoua MexaHi3M ImpiopureTiB y TexHosorii Token Ring e, ame BiH Mo4MHAaE
NpailoBaTd TUIBKM B TOMY BHUNAAKY, KOJIM J0JAaTOK ab0 NPUKIATHUN MPOTOKOJI
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BUPIIIYIOTh HOr0 BHUKOPHCTOBYBaTH. [Hakmie Bci craHiii OyAyTh MaTH pIiBHI IpaBa
JOCTYIy JO KUIbIS,, IO B OCHOBHOMY U BiOyBa€Tbcsi Ha MPAKTHIN, TOMY IO
OinTbIIIa YaCTHHA JTOJIATKIB MM MEXaHI3MOM HEe KOpPHUCTYeThcs. Lle moB'si3aHe 3 TuM, 110
MPIOPUTETH KAJPiB MIATPUMYIOTHCS HE Y BCIX TEXHOJIOTISIX, HAIPUKIIAI, y Mepexkax
Ethernet Bonm BimcyTHi, ToMy n0JaTOK Oyje MOBOAMTHUCS IMO-Pi3HOMY, 3aJIE)KHO BiJ
TEXHOJIOT1i HIKHBOTO PiBHA, MO0 HeOaxaHo. Y CydacHHX Mepekax MPIOPUTETHICTh
00pOoOKHM KapiB 3BUYANHO 3a0€3MeUyeThcsl KOMyTaTopamMu abo MaplIpyTH3aTOpaMu,
Kl MiITPUMYIOTh 1X HE3aJe)KHO BiJ] BUKOPHUCTOBYBAHUX IPOTOKOJIB KaHAJIHHOTO
PIBHSI.
9.3®izuunuii piBenn TexHousorii Token Ring

Cranmapt Token Ring dipmu IBM criokonBiuHO miepenbauaB moOyI0BY 3B'SI3KiB Y
MepeXi 3a JIOTIOMOTOK KOHIIEHTpaTopiB, ski HaszuBaroTh MAU (Multistation Access
Unit) abo MSAU (Multi-Station Access Unit), To0to mpuctpossMu OaraToCTaHI[IHOTO
noctyny (puc.9.2 [29]). Mepexa Token Ring mosxe BirouaTH 10 260 By3:iB.

Ring In
/ Ring Out

A

i

Ya

KoHuswTpaTop

Puc. 9.2. ®dizuuna koudirypauisi mepeski Token Ring

Konrnenrpatop Token Ring moke Oyth akTuBHMM a00 mnacuBHMM. IlacuBHUI
KOHIEHTPATOP MPOCTO 3'€JHYy€ MOPTH BHYTPIIIHIMHU 3B'SI3KaMM TaK, 1100 CTaHIIi, 1110
HIJKITI0YAI0ThCA 10 LMX MOPTIB, YTBOpWIM Kijble. Hi mocuneHHs curHamiB, Hi iX
pecunxponizaiito nacuBauii MSAU nHe Bukonye. Takuii mpucTpiii MOXHaA BBaKaTu
MPOCTUM KpPOCOBUM OJIOKOM 3a onHuMM BuKIoueHHsIM — MSAU 3abesneuye o00xin
SAKOrO-HEOyib MOPTY, KOJM TMPHUETHAHUM 1O LBOr0 MOPTY KOMIT'IOTEP BUKIIIOYAIOTb.
Taka dyHkIIs HeoOXigHA A 3a0€3MEUEeHHS 3B'S3HOCTI KUIbISI M03a 3aJICKHICTIO Bij
CTaHy MiJIKJIIFOYEHUX KOMM'IOTEPiB. 3BUYAHHO 00X1JlI MOPTY BUKOHYETHCA 3a PaXyHOK
pEeNeHMX CXEM, SIKI XapuyrThCs MOCTIHHUM CTPYMOM BiJl MEPEKHOTO ajanTtepa, a mpu
BUMUKaHHI MEPEXXHOIO aJiantepa HOPMAJIbHO 3aMKHYTI KOHTAKTH pelie 3'€IHYI0Th BX1]l
IIOPTY 3 MOTO BUXOJIOM.
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AKTUBHMIM KOHIIEHTPATOp BUKOHY€ (DYHKIIT pereHeparlii CUrHajIiB 1 TOMY 1HOJI
Ha3MBAETHCS MMOBTOPIOBaUeM, K y cranaapti Ethernet.

Bunrkae mHUTaHHS — KO0 KOHIIGHTPATOpP € TACHBHUM IIPUCTPOEM, TO SIKUM
9yuHOM 3a0e3medyeThCsl SKICHA TIepefada CUTHAJIIB Ha OUIBIN  BIACTaHI, SIKI
BUHUKAIOTh TPU BKJIIOYEHHI B MEPEXy KIJIBKOX COTEHb KOMI'toTepiB? Biamosigs
MOJIATAE B TOMY, IO POJIb MiJCHIIIOBa4Ya CUTHAJIB y I[bOMY BHUMAAKy Oepe Ha cebe
KOXKHHUI MEpexHUM ananrtep, a pojib PECUHXPOHI3YIOUOro OJIOKY BHUKOHYE MEPEKHUN
ajanTep aKTHBHOTO MOHITOpa Kinblid. Kokuuii mepexnuii agantep Token Ring mae
OJIOK TOBTOPEHHS, IO BMI€ PETEHEPYBATH W PECHMHXPOHIZYBATH CHUTHAJIM, OIHAK
OCTaHHIO (DYHKI[1}0 BUKOHY€ B KUJIbI[l TUIbKM OJIOK TOBTOPEHHS! aKTUBHOI'O MOHITOPA.

biok pecunxponizamii ckimagaetbcsi 3 30-OitHoro Oydepa, 1o mnpuiiMae
MaHYeCTepChKI CUTHAJIM 13 TPOXM TNEPEKPYYECHUMH 3a Yac O0O0OpOTYy MO KIUIBIIO
1HTEepBaNIaMu TpOoXo keHHS. [Ipn MakcuManbHIM KUIBKOCTI CTAHIIM y KUIbLI

(260) Bapiariigs 3aTpUMKH HHUPKYJSIIT OiTa MO KUIBLIO MOXE J0csAraTH 3-01TOBUX
1HTEepBaiB. AKTUBHMM MOHITOp "BcTaBise" CBid Oydep y Kuiblie W CHHXPOHI3YE
0I1TOB1 CUTHAJIM, BUAAIOYH iX Ha BUXI1J 3 HCOOXI1THOIO YaCTOTOIO.

VY 3araipHOMYy BHIaAKy Mepeka Token Ring mae koMOiHOBaHYy 3ipKOBO- KiIBIIEBY
koH(pirypariro. Kinnesi By3mu miakiaodaroteess 10 MSAU 3a Tomosoriero 3ipku, a
cami MSAU mnoennyroThes yepes crnemianbhi moptu Ring In (R1) i Ring Out (RO) mst
YTBOPEHHS MariCTpajJbHOTO (P13UYHOTO KUIbIIA.

VYei craHmii B KUIBIII TIOBMHHI TMpalloBaTd Ha OJHIA mBHIKOCTI — abo 4
MG6it/c, abo 16 MOoit/c. Kabemi, 1o 3'€IHYIOTh CTaHIID 3 KOHIICHTPATOPOM,
HasuBarOThcs  BiaramykyBanumu  (lobe cable), a xabem, 1m0 3'€AHYIOTH
KOHIIEHTpaTopH, — Marictpanbaumiu (trunk cable).

Texuomoriss Token Ring 103Bojsie BUKOPHCTOBYBATH JUIA 3'€IHAHHS KIHIICBHX
CTaHIIM 1 KOHIIEHTpaTopiB pi3HI Tunu kabemto: STP Type |, UTP Type 3, UTP
Type 6, a Tako BOJIOKOHHO-ONITHYHUI KaOelIb.

[Ipu BuKOpuUCTaHHI eKpaHOBaHOI KpydeHoi mapu STP Type 1 3 HoMeHKiaTypu
kabenpHO1 cuctemu |IBM y kinbue nomyckaerbest moeanyBatu o 260 cranuiid npu
JTOBXHHI  BiAramyxyBaHux kabemB g0 100 wmerpiB, a mnpu BUKOPHUCTaHHI
HEEKPAaHOBAHOI KPYYEHOI Mapu MaKCUMallbHA KUIBKICTh CTAHINM CKOPOUYYETHCS 0 12
npy JOBXKHUHI BiATamy>KyBaHUX KabemiB g0 45 merpiB. Biactanb Mik NacHBHUMHU
MSAU wmoxe nocsratu 100 m mpu Bukopuctandi kabemto STP Type 1 1 45 m mpu
BukopuctanHi kabemo UTP Type 3. Mk aktuBaumu MSAU makcumaiibHa
BIJICTaHb 30UIbIIY€ETHCS BIAMOBIAHO /10 730 M a60 365 M 3aJieXKHO BiJl TUITY KaOeJto.

MaxkcumanbHa noxuHa Kuteliss Token Ring cranoButs 4000 M. OOMexeHHsS Ha
MaKCHMaJIbHY JOBXKHHY KUIbIS W KUTBKICTh CTaHIIM y Kbl B TexHouorii Token Ring
HE € TaKUMHU CyBOpUMH, SK y TexHouorii Ethernet. Tyt ui oOMmexxeHHs Garato B yoMy
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MOB'I3aHI 3 4YacoM O0O0OpOTYy MapKepa MO KUIbLIO (aje He TUIBKM — € W 1HIIl
MIpKYBaHHS, IO JUKTYIOTh BHOIp OOMEXeHb). Tak, SKI0 Kiblie cKiIamaeTbes 3 260
CTaHIl{, TO Mpu Yaci BTpuMaHHs Mapkepa B 10 Mc Mapkep MOBEpHEThCS B AKTUBHUMI
MOHITOp y HaHWripmomMy pasi uepe3 2,6 ¢, a Iled yac caMe€ CTaHOBUTh TaWM-ayT
KOHTPOJIF0O 000pOTYy Mapkepa. Y TPHHIWI, BCi 3HAYEHHS TalM-ayTiB y MEPEKHHUX
amanrTepax By3JiB Mepexi Token Ring wMoxHa HaOyIoOBYyBaTH, TOMY MOYKHA
noOynayBati mepexy Token Ring 3 OUIBIIO KUTBKICTIO CTaHIK 1 3 OLUIBIIOKO
JIOBYKUHOIO KUJTBIIA.

[cHye Benmka KUTBKICTH amapaTypu Uisi Mepek Token Ring, mo modmimmrye
JesKl CTaHAApTHI XapaKTEPUCTHKM LHUX MEpPEeX: MAKCUMaJlbHY JOBXKHHY MEpExi,
BIICTAHb MIDXK KOHIIGHTpAaTOpamMu, HaAIMHICTh (ILJISXOM BHUKOPUCTAHHS MOJBIMHUX
KiJIeIIh).

Tema 10. Texnonorig FDDI.
10.1 Texunouaoria FDDI.

10.2 OcobsmBocti meToay aoctymy FDDI.
10.3 ®iznunuii piBenn Texnouorii FDDI.
10.4TlopiBusinnst FDDI 3 Texnonorisvu Ethernet i Token Ring.

10.1Texunoaoris FDDI.
Texunonoris FDDI (Fiber Distributed Data Interface) — onroBosjokoHHUI

1HTEpQEic pO3MOAIICHUX JaHUX — II€ Teplia TEXHOJOTIS JOKAIBHUX MEPEeX, Yy SKIA
CepelIoBUIIIEM TMepefayl JaHUuX € BOJIOKOHHO-ONTHYHHUI  Kabenb. PobOotu 3i
CTBOPCHHSI TEXHOJIOTIN 1 IPUCTPOIB JJI1 BUKOPUCTAHHS BOJIOKOHHO- ONTHYHHMX KaHAJIB
y JIOKalmbHUX Mepekax movanucs B 80-Ti pokuw, He3abapoM TMiCls TOYATKY
MPOMUCIIOBOI  EKCIUTyaTallii MOAIOHMX KaHaliB Yy TEPUTOpIaJbHUX  MEpeKax.
[Tpo6nemua rpyna X3T9.5 incturyty ANSI pospobuia B mepion 3 1986 mo 1988 p.
nouyatkoBi Bepcii crangapty FDDI, mo 3a0e3neuye mepenady KaapiB 31 MIBHAKICTIO
100 MOit/c mo moABIHHOMY BOJIOKOHHO-ONTHYHOMY KUIBIIO AOBXKUHOIO 10 100 kM.

Ocnoeni xapakmepucmuku mexHoaoziy

Texunonoris FDDI Gararo B 4Womy T1pyHTyeThcsi Ha Texnousorii  Token Ring,
pO3BMBaOUM ¥  yAOCKOHAIIOWOUW ii OCHOBHI imei. Po3pobmroBaui TexHOJMOTIT
FDDI craBumu mepen co0Or0 B SKOCTI HAWOUIBII MPIOPUTETHUX HACTYITHI ITLJII:

MIBUAITUTH O01TOBY MBUAKICTE niepenadi ganux g0 100 M6it/c;

MMIBUIIUTH  B1IMOBO CTIMKICTD  Mepexi 3a paxyHOK CTaHJAPTHUX
OpoLeyp BIJHOBJIEHHA ii MICJIA BIAMOB PI3HOTO pONYy — YUIKOJKEHHS Kaberto,
HEKOPEKTHOI pOOOTH By3/1a, KOHIIEHTPATOpPa, BUHUKHEHHS BHCOKOTO PIBHS IEPEIIKO]T
Ha JIHIT # T. II.;
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MaKCUMaJIbHO €(EeKTUBHO BHUKOPHUCTOBYBATH TOTEHLIWHY NPONMYCKHY 3[1aTHICTh
MEpexi SIK JJIi aCHHXPOHHOTO, TaK 1 JJIi CHUHXPOHHOTO (YYTJIMBOTO /0 3aTPUMOK)
TpadikiB.

Mepexka FDDI Oynyerbcss Ha OCHOBI  JIBOX ONTOBOJOKOHHHMX —KUTeIb, SIKI
YTBOPIOIOTH OCHOBHHM 1 PE3EPBHUN NUIAXM MEpenadl JaHuX MDK By3JIaMH MEpEexi.
HasiBHiCTH ABOX KUIENb — II€ OCHOBHHUII CIIOCIO MIJBUIIEHHS BIAMOBO CTIHKOCTI B
mepexi FDDI, 1 By3nmm, siki XOUyTh CKOPHUCTATHUCS IIUM MiABUIIEHUM TOTEHIIAJIOM
HAJIHHOCTI, TOBUHHI OyTH MIJIKJIFOYEHI 10 000X Kijellb.

VY HOpManbHOMY pekrMMI pOOOTH MEpEeXi JaHl MPOXOIATh 4Yepe3 yCl BY3Nu H yci
TUITHKKA  KaOenro Timbku mepBuHHOTO (Primary) Kijmbls, Iell peXuM  Ha3BaHUUN
pexumMoM Thru — "Hackpizaum" abo "TtpansutHuMm". Bropunue kinbiie (Secondary) y
IbOMY PEXHUMI HE BUKOPUCTOBYETHCS.

VY Bumaaxky skoro-HeOy/b BHUJYy BIJIMOBU, KOJIM YacTHHA TMEPBUHHOIO KIJIbIS HE
MOXK€ TIepelaBaTu JaHl (Harpukiaa, oOpuB kabemo abo BiIMOBa By3Ja), MEPBUHHE
KiJIbIIe TIOEAHYETHCS 13 BTOpuHHUM (prc.10.1), 3HOBY yTBOprOrOuM e€muHe Kinmbie. Lleit
pexuM poboth Mepexi HasuBaeTbcsi Wrap, TobTto "3ropranHa" abo "3ropraHHs"
kutenb. Omnepaifist  3ropTaHHs  BUPOOJISETHCS 3ac00aMH  KOHIIGHTpATOpiB  1/abo
Mmepexxkaux agantepis FDDI. Jlns cnpomienHs wiei npoueaypu JaHli MO NEPBUHHOMY
KUIBIIO 3aBXKIW TEpealoThCsl B OJAHOMY HampsIMKY (Ha glarpamax Iedl HampsMoK
300paKy€e€ThCcsl MPOTU TOJAMHHHUKOBOI CTPUIKHM), @ MO BTOPUHHOMY — Y 3BOPOTHOMY
(300pakyeThCsi 32 TOJUHHUKOBOIO CTPUIKOIO). TOMy TIpM YTBOPEHHI 3arajibHOTO
KUIBIIA 13 JBOX KUICIh TIepedaBayl CTaHIM, SAK 1 paHile, 3aJuIIarThes
MIIKIIOYCHUMA 10 TNpUMMadviB  CYCIIHIX CTaHIH, M0 JO03BOJSE IPABUILHO
nepenaBatu W mpuiiMatd 1HQOPMAIIIO0 CYCIIHIMH CTaHI[ISIMU.

VY cranmaprax FDDI OGarato yBarm mNOpuIiIsSeTbcs Pi3HUM TpolEAypaM, siKi
JI03BOJISIFOTh BU3HAYUTH HASBHICTH BIIMOBU B MEpPEXki, a MOTIM 3pOOUTH HEOOXITHY
pexoHdirypamito. Mepexxa FDDI  wmoxe MOBHICTIO  BITHOBJIFOBAaTH  CBOIO
npane3fgaTHiCTh Yy BUMAAKYy OJMHUYHMX BIIMOB i eleMeHTiB. [lpu MHOXHHHHX
BIIMOBaX MepeXa po3MaJaeThcsd Ha KibKa He 3B's3aHux Mmepex. Texuosoris FDDI
JIOTIOBHIOE MEXaHI3MH BHSIBJICHHS BigMOB TexHojorii Token Ring wmexanizmMamu
peKkoHdirypamii HUISXu mepenadl JaHUX y MEpeki, 3aCHOBAaHUMU Ha HasBHOCTI
pEe3epBHUX 3B'SI3KIB, 3a0€3MEUYBAHUX JIPYTUM KIJIBIEM.
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OBpKE KiNbUS

BTOpWHHE KiNkLE
—

E——
[NepBWHHE KiNbLE

Puc. 10.1. Pexkondirypauis kineus FDDI npu BinmoBi

Kineis B mepexax FDDI posrmsigaroTbes sik 3arajbHe MOIUTIOBAHE CEPEIOBHILE
nepeaadi JaHuX, TOMY JUIsl HEi BU3HAUCHUM cHeliadbHui MeTon aoctymy. el meron
IayXe ONM3bKUM 70 MeToay nocTymy Mepex Token RINg 1 TakoX Ha3HBAEThCS
METO/IOM MapkepHoro (a0o TOKeHHOro) Kuibit — token ring.

BigmiHHOCTI MeTOAy NOCTyNy MOJSraloTh Yy TOMY, IO 4Yac yTPUMaHHS MapKepa
B Mepexxi FDDI He € mocriitHOIO BenmmumHOIO, sk y Mepexki Token Ring. Llei dac
3QJIEKUTh BIJ] 3aBaHTAXEHHS KUIbII — TMPH HEBEJIMKOMY 3aBaHTAXKEHHI BIH
30UTBIIY€ETHCS, a MPU OUIBIIMX IMEPEBAHTAXKEHHIX MOXE 3MEHIIyBatucs 10 Hyis. L1
3MIHM B METO/1 JIOCTYIy CTOCYIOThCSI TUIBKM aCHHXpOHHOro Tpadika, IO He
KPUTUYHUN 70 HEBEIMKUX 3aTPUMOK Tiepenadi kaapiB. s cuHXxpoHHOTO Tpadika
yac yTpPUMaHHA MapKepa, SK 1 paHille, 3aIMIIAEThCS (PIKCOBAHOKO BEJIMYMHOIO.
MexaHi3M NpIOpPHUTETIB KaJpiB, aHAJOTIYHUI TpuitHATOMYy B TexHojorii Token Ring,
y TexHojorii FDDI BincytHiil. Po3po6itoBadi T€XHOJOTTI BHUPIIIMIMA, IO PO3MOALI
Tpadika Ha 8 piBHIB MPIOPUTETIB HAIUIIKOBUN M JOCUTH PO3ALTUTH Tpadik Ha JBa
KJIacu

— QACUHXPOHHUH 1 CHUHXPOHHHMH, OCTaHHIA 3 SKHX OOCIYyrOBYETbCS 3aBXKIM,
HaBITh MPU NEPEBAHTAKEHHSX KIJIbLIA.

B immomy mepecwiaHHS KaapiB MDK CTaHIisIMH Kutbllsi Ha piBai MAC
noBHICTIO BiamoBigae TtexHosorii Token Ring. Cranmii FDDI  3acrocoByroTh
JITOPUTM PaHHBOTO 3BIIBHCHHS Mapkepa, sk i Mepexi Token Ring 3i mBuakicTio
16 M6it/c.

Anpecu piBaas MAC wmarth crangaptamii juis TtexHosorid |EEE 802 dopwmar.
®opmar kaapy FDDI Onms3ekuit g0 Qopmary kampy Token Ring, ocHoBHI
BIIMIHHOCTI TOJISITAIOTh y BIJACYTHOCTI MOJIB TpiopuTeTiB. O3HAaKM pO3Mi3HABAHHS
aZpecH, KOMIIOBaHHS KaJpy ¥ MOMMIIKH JO3BOJIIOTH 30€perTd HasiBHI B Mepexkax
Token Ring mpoueaypu oOpoOKHM KapiB CTaHI[EO- BIAIPABHUKOM, MPOMIKHUMU
CTaHILISIMUA ¥ CTAHIIIEIO-OJCPKYBAYEM.
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FiBHi

MpwuKknagHwWia
YaBNeHHA

~ MpoTtokonin FDDI
CeancoBuin
TpaHcnopTHWA LLC 802.2
MepexHuin / MAC |
KaHanbH1A / PHY |(e«— SMT
Pia4HUA PMD |e—

Puc. 10.2. Crpykrypa npotoko.iB TexnoJiorii FDDI

Ha puc. 10.2 naBeneHa BiANOBIAHICTH CTPYKTYpPH MPOTOKOmiB TexHojorii FDDI
cemupiBaeBoi momeni OSIl. FDDI Busnagae mpoTokoa (Pi3WYHOTO PiBHS W MPOTOKOI
migpiBas goctyny g0 cepenouimia (MAC) kananpHOTO piBHA. SIK 1 B 0arathox
IHIIUX TEXHOJIOTISIX JIOKAIbHUX Mepex, y TexHosorii FDDI BukopuctoByeThcs
MIPOTOKOJI TIAPIBHS KepyBaHHs kKaHaioM naHux LLC, Busznauenuit y cranmapti |IEEE
802.2. Takum 4ymHOM, He3Bakarouu Ha Te, 10 TexHosoriss FDDI 6yna po3pobiena i
cragmaptuzoBana iHctutytoM ANSI, a nHe xomiterom |EEE, Bona moBHICTIO
BITUCY€ETHCS B CTPYKTYPY cTannaptis 802.

Bingminnoro pucoro Ttexnosorii FDDI e piBenb kepyBaHHs cTaHIiero — Station
Management (SMT). Came piBenb SMT BukoHye Bci (QyHKIIi 3 KepyBaHHS K
MOHITOPUHTY BCiX 1HIIMX piBHIB cTeka npotokoiiB FDDI. ¥V kepyBanH1 kuiblieM Oepe
y4acTh KOKHHUM By3071 Mepexi FDDI. Tomy Bci By3nu OOMIHIOIOTBCSI CIELIAIbBHUMU
kaapamu SMT 11 KepyBaHHS MEPEKEIO.

BinmoBoctiiikicte  mepexx FDDI  3a6e3nedyetscss mpoTokoidamMu W IHIIAMU
PIBHSIMHU: 3a JOMOMOror0 (hI3UYHOTO PIBHS YCYBalOThCS BIIMOBHU

Mepexxi 3 (I3UYHMX TPUYWH, HAMpUKIaa, dYepe3 oOpuB Kabemro, a 3a
noromoroto piBHs MAC — 5orivni BiAMOBH Mepexi, HalpUKIIAJ, BTpara MOTPIOHOTO
BHYTPIIIHBOTO MIISAXY TMepeaadli Mapkepa ¢ KaapiB JaHUX MDK — [OpTaMu
KOHIICHTPATopa.

10.2 OcobauBocti MeToay aocryny FDDI
Jlis mepenadl CHHXPOHHUX KaJpiB CTaHIS 3aBXKIM Ma€ MPaBO 3aXOMUTH MapKep
npu Horo HagxomkeHHi. llpu 1pboMy uac yTpuUMaHHS MapKepa Mae 3a3Jajierigb
3a7aHy (PIKCOBaHYy BEITUUMHY.
Axmio x cradmii kuiblsl FDDI moTpiOHO mepenat acMHXPOHHUN Kaap (THIT
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KaJI[py BU3HAYAETHCS MPOTOKOJAMHU BEPXHIX PIBHIB), TO IS 3'SICYBaHHS MOXJIHBOCTI
3aXONNEeHHS MapKepa npu 1020 uyepeosomy HAIXOJDKEHHI CTaHIlS MOBHHHA BUMIPSATH
IHTEpBaJ Yacy, L0 MPOMIIOB 3 MOMEHTY IMOMNEPEeIHbOTO Npuxoay wmapkepa. Llei
IHTepBaJa Ha3uBa€Thcs uacom obopomy mapkepa (Token Rotation Time, TRT).
[arepBan TRT piBHSETHCA 3 1HIIOIO BEIMYMHOIO — MAKCUMATILHO NPURYCIUMUM YACOM
obopomy mapkepa no kimeyio T Op. Slxmo B Texnosorii Token Ring makcumaibHO
NpUIYCTUMUN 4Yac o000poTy Mapkepa € ¢ikcoBaHO BenmuuHO (2,6 13
po3paxyHky 260 cranmiii y kiibiii), To B TexHosorii FDDI cTanIii moMOBISIOTECS TIPO
BenmuuuHy T Opr mig gac iHimiamizargii kuielsg. KoykHa cTaHIisi MOXe 3alporoHYyBaTH
cBoe 3HaueHHa T Opr, y pe3ynapTaTi AJsl KUJIbIS BCTAHOBIIOETHCS MIHIMAJIBHUNA 13
3apONOHOBAHUX CTaHIisiMU 4Yac. lle mo3Bossie BpaxoByBaTu MOTpeOM AOAATKIB, IO
MPAIIOIOTh HA CTAHINAX. 3BUYAWHO CHUHXPOHHUM JoJaTKaM (JoJaTKaM pealbHOTO
yacy) MOTpIOHO dYacTille MepeaBaTd JaHI B MEpPEeXY HEBEIUKUMH MOPLISIMH, a
ACMHXPOHHHMM JIOJlaTKaM Kpalle OJepKyBaTH JOCTYNl JO MEpEexi pijaiie, aie
outbimMu  mopiismMu. I[lepeBara BiJlaeTbCs CTaHINSAM, IO MEPEIAIOTh CUHXPOHHUM
Tpadik.

TakumM dYMHOM, TIpM YEProBOMY HAAXO/KCHHI Mapkepa Uil Iepemadi
ACMHXPOHHOI'O KaJpy piBHAETbCA (akTHUHUNA dYac obOopotry ™apkepa [RT 3
MakcuMaabHO MOXIMBUM T Op. Skmo Kuiblie HE MEpeBaHTaXXEHE, TO MapkKep
NPUXOANUTH paHime, HiX MuHae iHTepBan T Opr, To6to TRT < T Op. V mpomy
BUIIAJIKy CTAHIIII I03BOJISIETHCS 3aXOMUTH MapKep 1 nepeaatu cBiil kaap (abo kaupu) y
kutblie. Yac yrpumanns mapkepa THT nopisatoe pizammi T_Opr — TRT, 1 nmpotsirom
IILOTO Yacy CTaHIlisS TIEpela€ B KUIbIE CTITLKM aCUHXPOHHHUX KaJpiB, CKIJIbKA BCTUTHE.

ko K KuUlblle MepeBaHTaKeHe M Mapkep CIHi3HUBCA, TO iHTepBan [RT Oyne
oubmie T Op. Y 1poMy BHUIAQAKY CTaHLIs HE Mae€ IpaBa 3aXOMUTH MapKep s
ACMHXPOHHOTO Kajpy. Ko Bci CTaHIi B MeEpeXi XO4uyTh IepefaBaTH TUIbKU
ACMHXPOHHI KaJph, a MapKep 3poOMB 00OPOT MO KIJBIIO 3aHAATO MOBUILHO, TO BCl
CTaHIll MPOMYCKAIOTh MapKep Yy peXUMi TOBTOPEHHS, MapKep IIBUAKO pPOOUTH
YyeproBuil O0OPOT 1 HAa HACTYNMIHOMY ULHMKII pOOOTH CTaHIli BXE€ MalOTh MPaBoO
3aXOMUTH MapKep 1 mepenaTtd CBOi KaJpH.

Merton noctynmy FDDI nns acunxponHoro tpadika € aganTHBHUM 1 J00pe
PETYITI0E TUMYACOBI IEPEBAHTAKECHHS MEPEKI.

Biomosocmiiikicme mexnonozii FDDI

Jlns 3a0e3medeHdss BimMOBOCTIMKOCTI B craHmapti FDDI mepenbavene cTBOpeHHS
JIBOX OINTOBOJIOKOHHUX KUIELb — MEPBUHHOTO i BTOpuHHOro. Y ctanmapti FDDI
JIOTTYCKAIOThCSl JIBA BUAM TPUETHAHHS CTaHINN 10 Mepexi. OaHoYacHe MiIKITF0OUEHHS
0 TIEPBUHHOTO ¥ BTOPUHHOTO KUIEHb HA3UBAETHCS MOJBIMHUM MiJIKIIOYEHHAM —
Dual Attachment, DA. Iligkiaro4yeHHsS TIABKH 10 IEPBHHHOIO KBS HAa3HUBAETHCS
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oMHOYHUM miakmoueHHsM — Single Attachment, SA.

VY cranpapti FDDI nepen6aueHa HasBHICTh y Mepexki KIHIIEBUX BY3JiB — CTaHIIN
(Station), a Takox kouneHrpatopiB (Concentrator). st cTaHIii i KOHIIGHTPATOPIB
JOMYCTUMO OyAb-SIKUW BHJl MIJKIIOUEHHS JO MEpeXi — SK OJWHOYHUN, TaK 1
nonsiitanid. Taki npuctpoi MmaroTh BigmosimHi Ha3zeu: SAS (Single Attachment
Station), DAS (Dual Attachment Station), SAC (Single Attachment Concentrator) i
DAC (Dual Attachment Concentrator).

3BUYAfHO KOHIIEHTPATOPH MAlOTh TMOABIWHE TMIAKIIOYEHHS, a CTaHIll —
oJMHApHe, sk Ie moka3aHo Ha puc.10. 3 [10], xoua 1ie # He 000B's13K0BO. 1100 MpHCTpOI
jgermie OyJo TMPaBWIBHO TPHUEIHYBATH 1O MEpEeXi, iXHI PO3HIMAHHS MapKipyIOThCS.
Posnimannas tunmy A 1 B moBuHHI OyTHM B NPHUCTPOIB 3 MOJABIMHUM ITIKIIOYECHHSM,
posniManHss M (Master) e B koHIEHTpaTOpa Ui OJMHAPHOIO IMiIKIFOYCHHS CTaHIIIT,
y sKOi BiAMOBIIHE pO3HIMaHHS TOBWUHEH MatH Tum S (Slave).

Y BuUIagKy OJIHOKPAaTHOrO OOpHUBY KaOeIl0 MDK MPHUCTPOSIMU 3 TOABIAHUM
nigkiIrodeHHasIM Mepexa FDDI 3moke mpoaoBXUTH HOpMallbHY PpOOOTY 3a paxyHOK
aBTOMATHYHOT peKOoH(Irypallli BHYTPIIIHIX NUIAXIB Tepenadl KajapiB MiX HOpTaMu
koHmenTpatopa (puc.10. 4 [10]). /IBopa3oBuii 0OpHB KaOe0 MPUBEAC JO YTBOPCHHS
nBox 13omboBaHux Mepexxk FDDI. Ilpu oOpuBi kabemto, 1o ijge a0 craHuii 3
OJIMHApPHUM TMIAKIIOUCHHSM, BOHA CTAa€ BIAPI3aHOIO  BII  MEPEXi, a  KUIbIE
OPOJOBXKYE  TPALIOBATH 332 PaxyHOK PEKOH(Irypailii BHYTPIIIHBOTO LUISIXYy B
KOHIIEHTpaTopi — mnopT M, g0 sKoro Oyna MiIKIIOYEHA JlaHa CTaHIlg, Oyne
BUKJTFOUCHUN 13 3arajabHOTO UIAXY.

—

Tl A L TedE KoquamrmaTop OO

Puc. 10.3. Ilinksouenns By3.aiB a0 kijneus FDDI
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CEpue rabenw

Puc.10. 4. Pexondirypauia mepexi FDDI npu o6pusi npoBenenus

Jlis  30epekeHHsI Tpare3laTHOCTI MEpekl MpPH  BIIKIIOUYEHHI JKUBJICHHS B
CTaHIIISIX 3 MOJABIMHUM IMJKIIOYEHHSAM, TOOTO cTaHIisx DAS, ocraHHI NMOBUHHI OyTH
OCHAIIICHI ONTHYHMMHU oOximHmMu mepemukadamu (Optical Bypass Switch), ski
CTBOPIOIOTH OOXIJHUI WIISAX JJIs CBITJIOBHX MOTOKIB MPHU 3HUKHEHH! Xap4yBaHHS, 110
BOHU OJICP>KYIOTh BiJl CTAHLIII.

I napemrTi, cranmii DAS a6o xonnentparopu DAC MoxHa TAKIIOYATH 10 JBOX
noptTiB M oHOro abo JBOX KOHIIEHTPATOpPIB, CTBOPIOIOYM JIEPEBOMOIIOHY CTPYKTYPY
3 OCHOBHMUMHM ¥ pe3epBHMMH 3B'A3KaMU. 3a 3aMOBUYBAHHAM MOPT Y MIATPUMYE
OCHOBHMM 3B'sI30K, a mopt A — pesepBHuid. Taka KoH(irypaiis Ha3MBAETHCA
nigkmroueHasm Dual Homing

BinMOBOCTINKICTh MIATPUMYETHCS 32 PaXyHOK IMOCTIHHOTO CHOCTEPEKEHHS PiBHS
SMT KoOHIIEHTpaTOpiB 1 CTaHLINA 32 TUMYACOBUMHU IHTEpBAJIaMM LIMPKYJIALIT Mapkepa i
KaJIpiB, @ TAaKOX 3a HAsBHICTIO (PI3UYHOTO 3'€JHAHHS MIDK CYCIIHIMU MOpPTaMH B
Mepexi. Y wmepexi FDDI Hemae BUIIIEHOTO aKTUBHOTO MOHITOpa — BCl CTaHIli M
KOHIIEHTPATOPH PIBHOMPABHI, 1 TpU BUSBJICHHI BIAXWICHb Bil HOPMHU BOHU
MOYMHAIOTH TMPOIIEC MOBTOPHOI 1HIIIAI3aIlll Mepexi, a MOTIM 1 ii pekoH(Iryparii.

Pexkondirypaiisi BHYTPIIIHIX HUIAXIB Y KOHIEHTPATOPax 1 MEPEXHUX ajanrepax
BUKOHYETHCSl CIHEI[IAIbHUMU ONTUYHUMH TIEpEMHUKaYaMH, SKi TepeHanpaBisiOTh
CBITJIOBHI MPOMIHB 1 MAIOTh IOCUTh CKJIAIHY KOHCTPYKITITO.

10.3 ®i3uunuii piBens Texnoorii FDDI
VY Ttexunonorii FDDI ngns mepenadi CBITJOBMX CHTHAMIB MO ONTUYHMX BOJIOKHAX
peanizoBaHe JoriyHe koayBaHHsS 4B/5B B crnosnydeHHi 3 (I3UWYHUM KOJYBaHHSIM

148



NRZI. s cxema mpuBOAUTH OO Mepenadi Mo JiHIi 3B'A3KYy CHTHAMIB 3 TaKTOBOIO
yacToToro 125 Mri1.

Yepez Te mo 3 32 KOoMOiIHAIIA 5-OITHMX CHMBOJIB JJIsi KOAyBaHHS BHXITHUX 4-
OITHMX CHUMBOJIB TOTPIOHO TUTbkH 16 komOiHarmiii, TO 13 16, MO 3amumIHCA,
0o0paHO KiJTbKa KOJIIB, SIKI BUKOPHUCTOBYIOTBCS SIK CITy>kO00Bi. Jlo HaWOIbII Ba)JIMBUX
CIy’)k0OBHX CHMBOJIB BiZHOCHTBCA cuMBOa ldle — mpocTmii, 10 MOCTIHHO
NepelaeThCsl MDK MOpTaMU TMPOTATOM Tay3 MDK I[epefadeto KajpiB JaHuX. 3a
pPaxyHOK IIbOTO CTaHIlli ¥ KoHIeHTparopu Mepexki FDDI mMaroTh mocrifiny iHpopMmaliito
npo craH GI3MYHUX ~ 3'€IHAHb CBOIX TMOPTIB. Y BHUMAJAKYy BIJICYTHOCTI TOTOKY
cumoniB ldle  ¢ikcyerscss BimMoBa  i3muHOrO  3BSI3KY W BHPOOISETHCS
pekoH(Irypamis BHYTPIIIHBOIO NUIAXYy KOHUEHTparopa abo CTaHIli, KO I
MO>KJIHBO.

[Ipu mnepBicHOMy 3'eqHaHHI KaOeleM JBOX BY3JiB iXHI TOPTH CHOYATKY
BUKOHYIOTh MPOLEAYPY BCTAaHOBJIECHHA (I3MYHOTO 3'€HAaHHA. Y Mid mpoueaypl
BUKOPUCTOBYIOThCSI ~ MOCIIIJJOBHOCTI ~ CIIy’)kO0BUX  cuUMBOJNIB koxy 4B/5B, 3a
JIOTIOMOTOI0 SIKMX CTBOPIOETHCA Jesika MOBa KOMaHJ (izuuHoro piBHs. LI kxomanau
JI03BOJIIIOTH TOpPTaM 3'ICyBaTH OJWH y oaHOro Tumu moptiB (A, B, M abo S) i
BUPIIIUTH, Y4 KOPEKTHO JaHe 3'€HaHHS (HAMpUKIAMI, 3'€IHaHHA S-S € HEKOPEKTHUM 1
T. 1I.). SIKImO 3'€AHAHHA KOPEKTHE, TO Jall BUKOHYEThCS TECT SKOCTI KaHalIy IpU
nepenayi cumBoiiB KomiB 4B/5B, a moTiM mepeBipseThCs Tpare3aTHICTh PiBHS
MAC 3'eqHanuX NPUCTPOIB NUIIXOM Tepemadi mekinmpkox kaapie MAC. Skmo Bci
TECTU MPOWIIUIM YCHIIIHO, TO (I3UYHE 3'€IHAHHS BBAXKAETHCS BCTAaHOBIEHUM. PoOOTY
13 yCTaHOBJIEHHSI (I3UYHOrO 3'€IHaHHA KOHTPOJIOE MPOTOKOJ KEPYBaHHS CTAHIIIEIO
SMT.

@i3UuyHUN piBEHb PO3AUICHWH Ha JBa MIAPIBHS: HE3aJEKHHUHA BIJ CEpeAOBHILA
nigpisers PHY (Physical) i 3anexxnmit Binm cepenosuia miapiserr PMD (Physical
Media Dependent) (qus. puc. 3).

Texnonoriss FDDI y wneit wac miarpumye asa miapiBus PMD: nnsi BOJOKOHHO-
ONTHUYHOTO Kabenmo ¥ JJi1 HEeKpaHOBAHOI KpydeHoi mapu Kareropii 5. OcraHHIN
CTaHJapT 3'SIBUBCS Mi3HIIIE ONTUYHOrO i HasuBaeTbest 1P-PMD.

OnToBosokoHHMM miapiBeHs PMD 3a0e3nedye HeoOXximaHi 3aco0u st mepenadi
JAHUX BIJI OJHIET CTAHINI JO IHIIOI MO ONTHYHOMY BOJIOKHY. Woro crienudikarris
BU3HAYAE:

BUKOPHCTAHHS B SKOCTI OCHOBHOTO (DI3MUHOTO CEpeoBHINA 0araToMoJ0BOTO
BOJIOKOHHO-OIITHYHOTO Kabemro 62,5/125 mxwm;

BUMOTH JI0 TIOTYKHOCTI ONTHYHUX CHUTHAIIB 1 MaKCHMaJbHOTO 3aracaHHs MIiX
By3JaMu Mepexi. s crangapTHOro 6araromMoJIoBOro KaOelto Ii BUMOTH MPHUBOIATH
JI0 TPAaHWYHOI BiJCTaHI MK By3J1amMu B 2 KM, a JJIsl OJHOMOJIOBOTO KaOeNio BiJICTaHb
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30utbIIyeThest 10 10 — 40 kM 3a5exHO Bif IKOCTI Kabesto;

BUMOTH JI0 ONTHYHUX OOXigHMx mepemukauiB (optical bypass switches) i
ONTUYHHX TIPUAMAYiB;

napametpu ontuuHuxX posHiManb MIC (Media Interface Connector), ixue
MapKyBaHHS;

BUKOPUCTAHHS IJIs Tmepefadi cBitia 3 moBxkuHO xBwii B 1300 HM; momaHHS
CUTHAJIIB B ONITUYHKUX BOJIOKHAX BiAMOBimHO A0 MeToay NRZI.

[TinpiBerr TP-PMD Bu3Hauae MOXJIMBICTH MEpeaadl JaHUX MK CTaHIISIMH IO
Kpy4deHId mapi BIAMOBIIHO 10 MeToay i3uuHoro koayBanHa MLT-3, 1o
BUKOPUCTOBY€E JBa PiBHI mMoTeHIiany: + V 1 — V Ui MOJaHHS JaHMX Yy KaOeli.
Jlnst  onepskaHHsT PIBHOMIPHOTO 3a TMOTYXKHICTIO CIEKTpa CUTHAIY JlaHi Tepen
(GI3MYHUM  KOJQYBaHHSIM MPOXOAATh uepe3 ckpemOnep. MakcumanbHa BIACTaHb MIXK
By3JIaMH Y BiANOBiHOCTI 31 ctangaptoMm [P-PMD nopisaioe 100 m.
KUTBIA FDDI

KUIOMETPIB, MaKCUMaJbHE YHCIO CTaHIM 3 MOABIMHUM MiJKIIOYEHHSM Yy KUIbI —

500.

MakcumairHa 3arajibHa JTOBXKMHA crtanosuth 100

10.4 Tlopisusianast FDDI 3 Texnosorisimu Ethernet i Token Ring

YV tabn. 10. 1 m©aBenmeni FDDI 3
texnoJorisimu Ethernet i Token Ring.

pe3yabTaTd TOPIBHSAHHS  TEXHOJIOTIT

Ta6aumg 10.1.
Xapakrepucruku Texnogoriii FDDI, Ethernet, Token Ring

XapakTepucTruka FDDI Ethernet Token Ring
bazosa 100 MoiTt/c 10 M6it/c 16 MbiTt/c
IITRIA Tﬂ'('i("T‘L
Tomosoris [Tongiiine [[una/3ipka 3ipka/KisbIie
KUIBIIC JIEPEB
Meron nocrymy YacTka Bifg yacy CSMA/CD [IpioputetHa
000poTy Mapkepa cucrema
Cepenonuiiie OTNTOBOJIOKHO, ToBcTui EkpanoBana Tta
nepeaayi JaHUX HEEKpaHOBaHa KOaKClaJIbHUM HEEKpaHOBaHa

KpydYeHa mapa
Kareropii 5

Ka0eJb, TOHKHI
KOaKClaJIbHHM
kKabenb, KpyueHa
napa Kareropii 3,
OTITOBOJIOKHO

Kpy4eHa mapa,
OIITOBOJIOKHO
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MinimanbHa 200 kM (100 xkm 2500 m 4000 m
TOBXMHA MEPEexKi Ha KiJIbIIE)
(6e3 MocCTiB)
Makcumanbaa 2 kM (HE 2500 m 100 m
BIJICTaHb MIXK oureme 11 nb
BY3JIaMU BTpAT Mixk
BY3JIaMU)
MaxkcumaiabHa 500 (1000 1024 260
KUTBKICTB BY3JTiB 3’€/IHaHb) JUIS eKpaHOBAHOT
KpYY€HOI ITapu
72 INIIHEEKPAHOBAH
01 KpYyY€HOI I1apu
TakTyBaHHS Ta Posnoainena He Bu3Haueni AKTUBHHI
BIJTHOBJICHHSI peaimizariis MOHITOP

micisa BIZIMOB

TaKTyBaHHS 1

B1THOBJICHHS

micis BIZIMOB

Texnonoriss FDDI po3po0Omsiiacsa i 3acTocyBaHHS Y BIANOBIAAIBHUX [IISTHKAX
MEpeX — Ha MariCTpaJibHUX 3'€JHAHHAX MDK BEJIMKUMU MEpexamH, HalpHuKiIal,
Mepexkamu OyaiBenb, a TaKOX IS MIAKIIOYEHHS J0 MEpeXi BUCOKOMPOMTYKTUBHHX
CepBepiB. 3a0€3MeunTr

HIBUAKICTH TMepenayl JaHuX, BIJIMOBOCTIMKICTb Ha PiBHI MPOTOKOJY M OUIBIII BiICTaHI

ToMmy TroMOBHMM g  po3poOJiroBadiB  OyJio BUCOKY
MK By3JdaMH Mepexi. Yci mi mim Oynu gocarHyti. Y pesynbrari texHosoris FDDI
BUMIIJIA SIKICHOIO, ajie JOCUTh Jopororo. HaBiTh mosiBa OLIbII ACHIEBOTO BapiaHTa
JUISE KpydeHoi mapu He HabaraTo 3HHW3WJIO BapTICTh MIJAKIIOYEHHS OJHOTO BY3Ja J0
mepexki FDDI. Tomy mnpakTthka mokasajga, M0 OCHOBHOIO OOJIACTIO 3aCTOCYBaHHS
texHosorii FDDI cranm marictpani Mepex, 10 CKJIAJaloThCs 3 JCKUTBKOX Oy/IiBElNb,
kmacy MAN. na

HIJKITIOYEHHS! KIHEHTCHKUX KOMII'IOTEPIB 1 HaBITh HEBEIMKUX CEpPBEPIB TEXHOJOTISA

a TakoXX Mepexi MacmrTady BeJIMKOro  MicTa, TOOTO
BUSIBUJIACS 3aHAJTO JOpOrorw. A ockuibku BcTaTkyBaHHs FDDI Bumyckaerbcs Bke
6sm3pko 10 pokiB, 3HAUHOTO 3HMXKEHHSI HOTr0 BapTOCTI OUIKYBAaTH HE JOBOJUTHCS.

VY pesynbrari MepexHi (axiBmi 3 mouaTtky 90-X pOKIB CTamu MIyKaTH IIISIXA
CTBOPCHHS TOPIBHSHO HEAOPOTUX 1 B TOH K€ Yac BUCOKOIIBHIKICHUX TEXHOJIOTIMH,
AK1 O TaKk caMo YCIIIIHO MPAalfoBaId HA BCIX MOBEpXaxX KOPIOPATUBHOI MEpExXi, K L€

poomwm B 80-1i pokm Texnosorii Ethernet i Token Ring.
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Tema 11. TexHosorii mo0ya10BH po3noaiIeHNX KOMII'FOTEPHUX MEpPexK.
11.1 Orasa TexHoJiorii po3noaisiennx mepex (WAN).

11.2 BipTyaJabHi KaHAJU PO3NOAIJIEHUX MEPEK.
11.3 3’eqHanHs i3 KOMyTali€l0 KAHAJIB Ta KOMYTAaIli€l0 MaKeTiB.

11.10rasix Texnodoriii po3noginenux mepex (WAN)
Y wMmipy TOro, ik po3Mipu MiANPUEMCTBA 3O0UIBIIYIOTECA 1 MOro MiA-po3aALTU

JIOBOJUTHCS] PO3TAIIOBYBATH B PI3HUX MICIISIX,BUHUKIIA HEOOXIA-HICTh y 3 €IHAHHI M1k
c00010 JIOKAIBHUX MEPEXK IHX IMIPO3JAUIIB 1 CTBOPEHHS posnoodinenoi mepeci (Wide-
area network — WAN) nionpuemcmea.

[lin posnoodinenoro mepescero WAN po3yMilOTh KOMYHIKAIIHHY Me-pexy, sgKa
GbyHKIIOHYE Ha TepuTOpii, 1Mo reorpadiuHo mepeBuinye chepy poOOTH JOKATBHOI
Mepexi. OCHOBHA BIJIMIHHICTh PO3IMOAUIEHOI MEPEkI BiJl JOKAJIBbHOI MOJIATAE B TOMY,
10 JUIsl BUKOPUCTAHHS PO3MOALICHOI Me-pexKi KOMeplliiiHa KoMMaHisi ad0 opraHi3allis
MOBUHHA YKJIACTH JOTOBIp 3

Inmepnem-nposatioepom (Internet Service Provider — ISP) nns Toro, 1mo0
CKOPHUCTATUCSl MOro mociyramu. [mmepHem-nposaiidep — 1€ OpraHizailisi, sKa HaJae
MOCJIYTH JOCTymy 10 IHTepHeTy Ta iHmN moB’si3aHi 3 [HTepHerom mociyru. [mns
OJIepKaHHS JIOCTYIy JO0 CMYTH MPONMYCKaHHS Ha BEJNMKINA Te-putopii mepexa WAN
3a3BUYail BUKOPUCTOBY€E KaHANM 3B’A3KY, SIKI HaJa-toTbcd omeparopamu ciiy)kOWAN.
Ak npaBwio, mepexxa WAN 3’enHye Mixk coOoro umii onHiei abo JeKIbKOX
oprasizaiiii, Hajgae JOCTYN A0 30B-HIIIHIX CIyK0 1 3abe3neuye AOCTYN BiJJIaJIEHUM
KopucTyBauam.Po3mnofi-ieHi Mepexi 3a3BUYail MepenaroTh JaHl PI3HUX THUIIIB,TaKl SIK
3BYK, IU(-POBI JaHi 1 BiJi€O.

Texnosorii po3noaieHNX Mepex (YHKIIIOHYIOTh Ha TPhOX HHUKHIX Pi-BHAX
etasionHo1 Mojieni OSI — Ha (i3uyHOMY, KaHATLHOMY 1 MEPEKEBOMY.

Cuy:k0M po3noaijieHuX Mepex

HaliyacTiie BHUKOPUCTOBYIOTBCA Takl CIYy:KOM pO3MNOAUICHHX MEpexk, fK
TeneOHHUIN 3B’A30K 1 nepepada gaHux. Lli ciy:xOu QyHKUIOHYIOTh Ha JUISHII MIXK
mouxkoio npucymuocmi (point of presence, POP) ta menegonnoro cmanuyicio (central
office) mposaiimepa. Tenedonna craniis sBase co-0010 ogic MicueBoi TeraeGoHHOT
KOMIaHii, 10 SKOTrO MpHUEIHAHI BCl JIOKA-JIbHI BIATay>KEHHS TaHOTO PETIOHY 1 B IKOMY
B1I0YBa€ThCSI KOMYTalllsl JTiHI1i a0OHEHTIB.

Orunsin cepeoBHINa Po3MOAICHOT MEPEXi JI03BOJISIE€ IOAUTATH CITY»K-01 TIpoBaiiiepa
Ha TPU OCHOBHI I'PyIU:

1. Buxaux (call setup). Lls cinyxba BCTaHOBJIIOE Ta MNPHUIIHHSAE 3B’SI30K MIiX
KopucTyBauamMu TejieoHiB. BoHa Ha3uMBaeThCA TaKOXK CHUTHAMI3alI€l0, CIyx0a
YCTaHOBKHM J3BIHKA BHUKOPHUCTOBYE OKpeMUW TeleQOHHUN KaHall, SKUH He
BUKOPUCTOBYETHCS JJIs 1HIMUX [uIed. J[g BCTaHOBIEHHS BHKJIMKY HaidacTiie
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BUKOPHUCTOBYEThCS cucmema cuenanizayii 7 (Signaling System 7 — SS7), sika nepenae i
npuiiMae TeaedoHHI Kepyrodi MOBIJIOMIICHHS 1 CUT-HaJW Ha NIIAXY B TOYKW Iepeaadi
710 TIyHKTY MpU3HauYeHHs. B ykpaiHCch-Kiil TexHIYH1HM JiTepaTypl SS7 Ha3UBaIOTh TaKOX
3a2A/IbHOKAHANILHOIO cucmemoio cuenanizayii, ado 3KC-71.

2. Tumuacose myavmuniexcysanns (Time-division multiplexing — TDM). s
nepenaui iHopmarii Bix O6araTboX JKEpesl BUKOPHUCTOBYETHCA CMyTa IMPOITyCKaHHS
¢dikcoBaHOI MIMPUHU B OJHOMY 1 TOMY K CEpeloBHIIl mepenadi. MeTona KomyTarii
KaHaJiB BUKOPHUCTOBY€ CHUTHAJI3allll0 Uil BHU-3HAUEHHS MAapUIPyTy BUKIUKY, SKUH
ABJsiE COOOI0 BUIUICHUM MIIAX MDK BIJIPAaBHUKOM 1 OJCp)KyBaueM. 3JIHCHIOIOYH
MYJIbTUIUICEKCYBaHHSI MOTOKIB JaHUX y (hiKCOBaHI 4yacoBl mpomixkku, TDM no3Bossie
YHUKHYTH TI€pEBaH-TAXEHHS TMPUCTPOIB 1 3MIHM 3Ha4YeHb 3arpuMku. Kanamu TDM
BUKOPHUCTO-BYIOThCS 0a30BOI0 TeneoHHO0 ciryk0010 Ta ISDN.

3. IIpomoxon Frame Relay. [npopmaris, sika MicTuThesl y (ppeiimax, mepeaaeThes
N0 MEBHIA CMy31 MPOMYCKaHHS CIUIBHO 3 1H(OpMAaII€ BiJ IHIIUX NEPEArIaTHUKIB.
Frame Relay € cratucTH4HOI0 MYJIBTHUIUIEKCHOIO CIIY*)0010, Ha BiAMIHY Big TDM, sxa
BUKOPHUCTOBYE 17IeHTU(IKATOPU 2-TO PIBHS 1 MOCTIMHI BipTyanbHi kaHanmu. Kpim Toro,
KOMyTallid NakeTiB Mpo-TokoiaoM Frame Relay BHKOpHCTOBYe MapuipyTuzaiiio 3-To
PIBHSI, TIPH SIKIM aJipecu BIAMPaBHUKA Ta OJIEpKyBadya MICTATHCS B CAMOMY TaKeTI.

IIpoBaiizepu moCayr po3noalIECHUX Mepex

TexHOJOrIYHUI MPOrpec OCTAHHBOTO JECATUIITTS 3pOOMB JOCTYNHHUM  JUIS
POEKTYBAJIBHUKIB MEPEX Psii HOBHUX pilieHb. [Ipu BHOOpPI ONTMManb-HOTO BaplaHTa
PO3MOAIIEHOT Mepexi HEOOXITHO OIL[IHUTH MepeBard 1 Bap-TICTb IMOCIYr pI3HUX
IpOBaiiiepiB.

[Ipu yxnagaHHi TOTOBOPY OpraHi3aii€r0 Ha BUKOPUCTAHHS PECypciB 30BHIIIHBOTO
poBaiiiepa MEPEKEBHUX MOCIYT OCTaHHIN Mpej sIBJsE -1€ PEAMIATHUKY TIEBHI BUMOTH
10 3’€lHaHb, fKI CTOCYIOThCS, 30KpeMa, TUMy OOJaJHaHHS, MPU3HAYEHOTO IS
OTPUMAaHHS IUX TOCTYT.

HaliyacTile BHUKOpPUCTOBYIOTH TaKi TEpPMiHHM, MOB’S3aHI 3 OCHOBHUMHU THIIAMH
MIOCITYT B PO3MOAIIEHUX MEPEKax:

e cmayionapue obaaouwanus kopucmysada (Customer’s premises equipment,
CPE). 1le mpuctpoi, (¢hizuuHO po3TaIioBaHi B MPUMIIICHHIX KopucTyBaua (puc. 11.1).
Bonu BkIIIO4aloTh B ce0e SIK MPUCTPOI, sIKI HAJEXKaTh CIO-)KUBAYEBl, TaK 1 MPUCTPOI,
OpEHJIOBaH1 y MpoBaiiepa;

e Oemapkayia (abo J[lemapk) (Demarcation abo demarc). Touka, B sKiil
3akiHuyeTbess CPE 1 moumHaeThcss NOKanmbHE BINTaNMyKEHHS CIY>KOW Mpo-Baizepa.
YacTo 15 TouKa 3HaXOAUTHCA B TOULl IPUCYTHOCTI Oy 1B,

® JoKanvbHe giozanydicenns (a6o “ocmanns muna’”). KaGenwb (3a3Buuail MigHUIMA
JIpiT), 110 BEJI€ BiJ MYHKTY JeMapKailii 7o Teae@oHHOi cTaHIlli mpoBaiiiepa;
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o xomymamop menegonnoi cmanyii(CO switch). KomyTyrouuii mnpuCTpii,
KU sBISIE COOOI0 HAMOMMKYYy TOYKY MPHUCYTHOCTI Ui CioyxOu mpoBaiinepa
PO3IOIITIEHOT MEPEexKi;

e nramHa udacmuna mepedci (toll network). Komyrtatopu Ta iHIII HPUCTPOL
KOJICKTUBHOTO KOPHCTYBaHHS B cepeloBuIll mpoBaiinepa. [loTik maHMX KIi€HTa Ha
CBOEMY MLUIAXY 10 Micls MPHU3HAYEHHS MOXE IMPOXOAUTH MO HUX JO TEPBUHHOIO
IEHTPY, MOTIM JI0 PaiOHHOIO IIEHTPY 1 Jaji 0 pe-TioHAIbLHOTO ab0 MIKHAPOJHOTO

HEHTPY.

TewrpaiLuuii

odic

JlokaabHe
BiATATY KEHHIT

Jlokaaphe
BiJTATy>KCHHA

ObnagHaHHT B 0(ici KOPHCTYBAYA:
Puc. 11.1. O6nagnanus CPE

Ha Tteputopii kopucTyBaua OCHOBHA B3a€MOJIsl BIIOYBAETHCS MK TEPMiHAIBHUM
obnmagHanHsM (data terminal equipment — DTE) Ta TepmiHanbHUM 0OJagHAHHSIM
KaHany nepenadi ganux(data circuit-terminating equipment, data communications
equipment — DCE). 3a3suuaii DTE — e mapmpytuzarop, a DCE — 1ie npuctpiii, sikuit
BUKOPHCTOBYETbCA JUJISI TIE-pETBOPEHHS JaHUX KOpHUCTyBada 3 (opmu, sKa
BukopuctoByerbcsi DTE, y ¢opmy, BIANOBIAHY NPHUCTPOIO CIYKOU PO3MOILIEHOI
Mmepexi. Ak nokazano Ha puc. 11.2, DCE sBnsie coboto nmpuennanuii mogem (modem),
MOJAYJIb KaHaJIbHOI Ciy:kOu/Monynb cinyx6u nanux(channel service unit/data service
unit — CSU/DSU) abo TtepmiHambHU# amantep/mMepeskeBe 3akiHuenus 1 (terminal

adapter/network termination 1 — TA/NT1).
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‘ > Momen
CSUDSU
DTE DCE TANTI

DTE

Puc. 11.2. Intepgeiic DTE/DCE
Bigpi3ok nuisixy Mk nBoMaDTE Ha3uBaoTh KaHaloM, JAHIIOTOM a00 JIHIERO.

Cnouatky DCE 3ab6esneuye intepdeiic aist mocryny DTE no kanany cepemoBuiia
posnoainenoi  mepexi. Inatepdeiic DTE/DCE Bucry-mae sk wMexa, Ha SKid
BIANOBIAAJIBHICTS 3a Nepelady IOTOKY MJaHMX Iepe-XOAUTh Bl MepearIaTHUKa
PO3IOIITIEHOT MEepeXk1 10 MpoBaiiaepa.

[arepdeiic DTE/DCE BukopucToBye pi3Hi MPOTOKOIM (Takl, Hanmpu-kiaid, sk HSSI 1
V.3.5), fKi BCTaHOBIIOIOTHh KOJAM, 110 BUKOPUCTOBYIOTHCS MPUCTPOSIMHU JJII B3aEMHOIO
oOminy iH(popmariieto. Lleil iHTepdelic BuU3HA-yae, SKUM UYMHOM MPALIOE CIyK0a
BUKJIMKY 1 SIK IOTIK JaHUX KOPUCTyBaya MPOXOJUTh PO3MOIITIEHOI MEPEKEIO.

11.2 Biprya/bHi KaHAJIH PO3NOAiJIEHUX MEPEK.
Bipmyanvnuti xanan (virtual circuit) cCTBOPIOETbCS I 3a0e3MEUYCHHS HAIIMHOTO

3B’SI3Ky MDK JBOMa MEpPEXEBUMH MpucTposmu.Ha npoTuBary kaHamy Tuiy ‘“‘Toyka-
TOYKa” BIH sBISE CcO00K0 He (I3UYHUHN,a JIOTITYHUN JIaHIIOr. ICHYIOTH JBa THIIH
BIPTYaJIbHUX KaHAIB: KOMymoeaHi sipmyanvui kanaau (switched virtual circuit — SVC)
1 nocmiuni sipmyanvui kananu (Permanent virtual circuit — PVC).

KomyToBaHni BipTyalibHI KaHaJduM CTBOPIOIOTHCS JWHAMIYHO 3a 3alUTOM 1
MIPUIIMHSIOTH CBOE ICHYBAaHHS MIcCIIs 3akiHdeHHs nepenadi.llpoiiec 3iiic-HeHHS 3B SI3KY
M0 KOMYTOBaHOMY BIPTYyaJIbHOMY KaHAJIy CKJIQJa€ThCs 3 TPbOX €TalliB: CTBOPEHHS
KaHally, TIepe/iada IaHuX 1 BIAKIIOUCHHS KaHay. Da3a BCTAHOBJICHHS KaHATY BKITIOYAE
B ce0e CTBOPEHHS BIPTYyaJIbHOTO JIaH-IIOra MK MPUCTPOSIMH JIKEPEia Ta OJepKyBaya.
Ha erami nepepadi 1aHux 3[1ACHIOEThCS Nepenaya iHdopmanii, a ¢as3a 3akiHUeHHS A1l
KaHAJIy MICTUTh y c001 PO3pUB 3B’SI3KYy MIXK MPUCTPOSMH JPKEpesa Ta OJep:KyBaya.
KomyTo-BaHi BipTyaJIbHI KaHaJId BUKOPUCTOBYIOTHCS B CUTYaIlisX, KOJIM OOMIH 1H(}O-
pMalli€l0 MK MPUCTPOSIMH Ma€ OJMHMYHUNA XapakTtep. TakoMy KaHaiay MOT-piOHa
BEJMKA CMyra MpPOIMYyCKaHHS B 3B’S3Ky 3 HasBHICTIO ()a3 BCTAHOBJICHHS 1 PO3PUBY
3B’A3Ky, OJHAK MpH IbOMY 3a0€3MeuyeThCsl 3HIKEHHS BHUTpAT y TMOPIBHSHHI 3
CUTYAII€I0 TTOCTIMHO BKIIOYEHOT'O BIPTYaJIbHOTO JAHIIIOTA.
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[TocTiitHuii BipTyaJIbHUN KaHAJI Ma€ TIIbKUA OJMH PEXUM POOOTHU— Mepenady JaHuX.
Taki kaHaIM BUKOPUCTOBYIOTHCS B TUX BUIAKAX,KOJIH OOMIH JaHUMU M1k IPUCTPOSIMU
HOCUTH MocTiiiHuN xapaktep.llocTiiiHl BipTyajdbHI KaHAJIM BUKOPUCTOBYIOTH MEHIITY
CMyTy TIPOINYCKaHHS 3a paxy-HOK BIJICYTHOCTI (pa3 BCTAaHOBJICHHS 1 pPO3PUBY
JaHIIOTa,ae 30UIbIIYIOTh BUTPATU y 3B’SI3KY 3 TMOCTIHHOIO TOTOBHICTIO KaHAy [0
nepeaavl JaHuX.

CranpapTu curHaJjiszanii Ta IIBUAKOCTI Nepeaayi po3nogijJieHuX Mepexax

Y mpoBaiiepa PO3MOAUICHOI Mepeki MOXKHA 3aMOBUTH KaHajil 3 PI3HOIO
IIBUJIKICTIO TIEpeaadl JaHuX, sKa BHUMIPIOEThCA B OiTax y cekyHay (0it/c). Lla
IIBUJIKICTh BU3HAUAE, SIK IIBUJKO JaH1 OyIyTh NEpEeIaBaTUCS PO3MOIIIICHOIO MEPEXKEIO.
VY T1ab6n. 11.1. HaBeeHI OCHOBHI TUIM KaHAJIB 3B’SI3Ky po3noAiieHnx mepexx WAN Ta
1X cMyra IpOITyCKaHHS.

Taonuys 11.1

Tunu kanajuiB Mepexxk WAN Ta iX NponmycKHa 31aTHICTh

Cranpapr
Tun Jinii CUTHAJTY HIBuakicTh nepeaaui
56 DSO 56 Koit/c
64 DSO 64 Ko6it/c
T1 DS1 1,544 Moit/c
El M 2,048 M6it/c
J1 Y1 2,048 MoiTt/c
E3 M3 34,064 MGit/c
T3 DS3 44,736 M6it/c
0C-1 SONET 51,840 Moit/c
OC-3 SONET 155,520 Mbit/c
0C-9 SONET 466,560 Mbit/c
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0OC-12 SONET 622,08 MoOit/c
OC-IS SONET 933,12 Moit/c
OC-24 SONET 1244,16 Moit/c
OC-36 SONET 1866,24 M6it/c
0OC-48 SONET 2488,32 Mbit/c
OC-96 SONET 4976,640 Mb6it/c
0C-192 SONET 9953,280 Mbit/c

Oobsnagnanusa mepe:xxk WAN

ITo cyti mepexiWAN sBisoTh coboro rpynu MepexLAN, 3’eqHaHUX MiX COOOIO
KaHaJlaMU 3B’SI3KY,SK1 HAaJAl0ThCs MpoBaiaepamMu ciyk0. OCKUIbKY 11 KaHAIH 3B 3Ky
HE MOXYTb OyTH 0Oe3nocepeHbo mpu-eaHaH1 10 mepexk LAN, BUHUKae HEOOX1AHICTD Y
pi3HOMY THI1 00JaHAH-HSI, 110 peasi3ye meil iHTepdeiic.

Posnopmineni wMepexxi BUKOPUCTOBYIOTh PIi3HI THIH MPUCTPOIB,BKIIO-UAIOUU
HACTYTIHI:

1. Mapwpymuszamopu, £[Ki BHUKOHYIOTh pI3HOMaHITHI (QYyHKLII, 30Kpema,
pEryJIOBaHHS MEPEXKEBUX MPOIIECIB 1 YIPaBIIIHHS MOPTaMu 1HTEpPEICiB.

2. Komymamopu, saKki 3I1ACHIOIOTH Mepeaady TrojoCoBUX, IU(PpoOBUX 1
BIJICOCUTHAJIIB B MEKaX CMYTH MPOMYCKaHHS PO3MOIIIIEHOT MEPEXKI.

3. Moodemu, ki peanizyloTb iHTEpQEnc I cayk0 roiocoBux maHux. Moaemu
BKIIO4aroTh B cede mpuctpoi CSU/DSU 1 TA/NTI, mo miaT-pumytots iHTepdeiic 31
ciyx0amu ISDN.

4.  KowmyHuixayiuini cepéepu, OCHOBHUM 3aBJIaHHSIM SIKMX € BCTaHOBJIEHHS 1
BiJIKITIOYCHHS 3B’ SI3KY 3 KOPHCTYBa4yeM.

Mapwpymuzamopu  ABISIIOTH  COOOI0  MPUCTPOI, MO PeaAT3yIOTh  MEPEekKeBi
cayxkOu. KoM 'roTepu JOKadbHUX MEpPEX, SIKUM TMOTpPIOHO TepedaTd  JaHi,
HANpaBISIOTh X Ha MapuipyTuzaTop, akuil mae sk LAN-intepdeiicu, Tak 1 WAN-
iHTepdericu, K mokazano Ha puc. 2.5.3. [l nepenaui qanux Ha BigmoBigHud WAN-
iHTepdeiic MapHpyTU3aTOpP BUKOPHUCTOBYE aapecHy iHpopmario. Mapipytuzaropu €
AKTUBHUMH 1HTEJIEKTYaIbHUMH MPUCTPO-IMHU, OTKE€ BOHH MOXYTh OpaTH y4yacTh Y
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KepyBaHHI poOOTOI0 Mepexi. BoHU 3A1MCHIOIOTH 1€ HUIIXOM AMHAMIYHOTO KOHTPOJIIO
pecypciB 1 MIATPUMKH BU-KOHAHHS MEPEKEI0 CBOiX 3aBAaHb, TaKUX SIK MIJITPUMKa
3B’sI3Ky, 3a0e3le-4yeHHs HAaJIMHOCTI Tepefadl JaHUuX, KOHTPOJIIO KEpyBaHHS Ta
THYYKOCTI IIPH 3MiHI YMOB pOOOTH.

Komymamopu posnodinenoi mepedxci SBISAIOTH COO0I0 MEPEKEBI TPHUCTPOI 3
JeKiTbKOMA MOPTaMH, SIKi 3a3BUYail KOMYTYIOTh MMOTOKH JaHUX Ta-KUX MPOTOKOJIB, SIK
Frame Relay, X.25 1 xomyroBana wMmynbTHMerabiTHa ciyx6a manux (Switched
Multimegabit Data Service — SMDS). Komyratopu po3NOAUICHUX MeEpex
GyHKIIOHYIOTh Ha KaHalbHOMY piBHI etasoHHoi Mozem OSI.  Komyraropu
GIIBTPYIOTh, MEPEHANPABISIIOTh 1 MIATPUMYIOTH MOTIK (perMiB Ha OCHOBI aJipecu
IYHKTY IPU3HAUYEHHS KOXKHOTO (hpeiimy.

Mooemu BASAOTH COO0IO0 MPUCTPOI, K1 MEPETBOPIOIOTH OJIUH B OJ-HOTO IU(MPOBI i
aHAJIOTOBl CUTHAJIM INUIIXOM MOIYJAIL 1 AEMOAYJSALII, IO JI03BOJISIE TMEpeaaBaTh
uu(ppoBl AaH1 3BUYAHUMH TeIe()OHHUMU JIiHI-IMH. Y BIANpPaBHUKA IU(PPOBI CUTHAIU
NEPETBOPIOIOTECA Y (POpMY,IOT-pIOHY AJIA Teperayl JaHuX [0 aHaJOrOBUX KaHallax
3B’43KYy.Y IYHKTI NPU3HAYEHHS LI aHAJIOTOBI CUTHAJIM MEPETBOPIOIOTHCSA B MEPBUHHY

uugppoBy popmy.

Puc. 11.3. Mepexi WAN i LAN, 3’¢qnani mixk co0010 32 101OMOTI010
MapuIpyTU3ATOPiB
Ha puc. 11.4 nokazanuii mpukiaa 3B’ 13Ky MK MOJIEMaMH, 110 31HC-HIOEThCS Yyepe3
PO3MOMIICHY MEPEKY.
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Mojiem nepe;jiac ananorori
TOJIOCOEI CHrHaTH Teledonmil CHeTeM

Mojem Moyem
Cepenosnme

TanaOHHOTO
R 3EBKY
Kommtorep nepenac
IH(POBI CHIHATH MOJIEMY

TUL AN 50 LA UL

[udhpornii Amagorommitl —  |Anasorosmit ITndposnii

-

Puc. 11.4. Mepexi WAN Ta moaemu

Ipucmpiin CSU/DSU — ue npuctpiit 3 nudpoBumM inTepdeiicom (iHOAl ABa OKpemi
uuppoBl TPUCTPOI), KUK afgantye (izuyHuil iHTepdeiic Ha npuctpoi DTE (Takomy,
HAIMpUKIAM, K TepMmiHan) ao iHTepdeiicy Ha DCE-nipuctpoi (TakoMy, ik KOMyTaTop) y
Mepexi 3 komyTtoBaHuM HocieM. Ha puc. 11.5 mokazano posmimennss CSU/DSU B
posnoxauieniii  mepexi. IHomi CSU/CDU 006’e€qnyroThCs B OJHOMY KOpITyCi 3
MapLIpyTHU3aTOPOM.

[Tudpore ToKanBHE BUIramyKeHHs
sakiHuyeThest HaCSU/DSU

Mapipyrasatop Ta CSU/DSU
3" €JIHaHI TOC/IIOBHMM KadesieM

Puc. 11.5. Moayas CSU/DSU mepexi WAN

Tepminanvuuti adanmep 1SDN (Integrated Services Digital Network) — rie mpuctpii,
KWW BUKOPUCTOBYETbCS IJisi 3 €AHAHHS 1HTepdeicy 0a30BOi MIBHIKOCTI Iepeaayl
(Basic Rate Interface — BRI) 3 inmmmu intepdeiica-Mu. TepMmiHaIbHHNA aganTep
3a3Bu4ai sBisie coooro ISDN-monem.

KomyHnixayitini  cepsepu, $Ki KOHIEHTPYIOTh TIepemady ITaHUX Biaja-JIeHUX
KOPHUCTYBauiB, BHUKOPUCTOBYIOTHCSA MJis 3a0€3MeYeHHs] MUCTAHIIMHO-TO AOCTYIY [0
Mepexxk LAN. BoHu MoxyTh MaTu pi3HI komOiHalii aHano-roBux 1 mudpoBux(ISDN)
iHTEep(dEICIB 1 0JJHOUYACHO MEPEIa0Th JaH1 JECATKIB 1 COTEHb KOPUCTYBAYIB.
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Tunm kaHaJiB pO3NOAITEHUX Mepex

[cHyIOTh JBa TUIK KaHaMIB, SIKI BUKOPUCTOBYIOTHCS B PO3MOAUICHHX MeEpexax:
BUJIICHI JIIHIT 1 KOMyTOBaH1 3’eiHaHHsA. KoMyToBaH1 3’€/IHaHHS, Y CBOIO YePry, MOXKYTh
BUKOHYBAaTHU KOMYTAIIiIO ITAKETIB UM KaHAJIIB.

Buoineni ninii

VY Tux BUMaIKax, KOJU MOTPiOHI MOCTIHWHI BUAUICHI 3’ €THAHHS, BUKO-PHUCTOBYIOTHCS
OpEHIOBaHI JiHi1 13 MPOMYCKHOTO 3aTHICTIO 110 2,5 I'6iT/C.

Kanamn “touka-Touka” 3a0e3medyloTh 3a37alieriib YCTAaHOBJICHI Ka-HAJM 3B’SI3KY
Mepexx WAN Bin odicy KopuCTyBada 0 BIAJAJIEHOT MEPEXKI Yepe3 HECydy MEpEexy,
TaKy, HapuKiIaj, sk Mepexa tenedoHHoi komna-Hii. Kananu “rouka-touka’” 3a3Buuai
OPEHIYIOThCS B ONEpaTopa 3B 43Ky 1 TOMY 4acTO Ha3UBAIOTbCIOPEHOOBAHUMU JITHIAMU.
Omneparopu 3B’A3KYy MPOMOHYIOTh BUJIUICHI JIIHII 3 PI3HUMH MOKJIMBUMHU 3HAUYCHHSIMU
IPOITYCK-HOT 3JaTHOCTI.

Bapricte BuaizeHoi JiHII 3a3BUYail BU3HAYAETHCS HEOOXITHOIO MPO-ITYCKHOIO
3IaTHICTIO 1 BIJICTAHHIO MDK TOYKaMH, IO 3 €qHYIOThCcs. KaHanmu ‘“‘rouka-touka”, siK
MPaBUJIO, KOIITYIOTh JIOPOXKYE, HIK CIYKOM CHIJILHOTO BUKOPUCTaHHSA, Takl sk Frame
Relay. Bapricthb pimiens, 110 BUKOPUCTOBY-IOTh BUAUICHI JIHIT, 3HAYHO MIABUILYETHCS,
SKIIO 1M1 JIiHIT 3’ €IHYIOTh BEJU- Ky KIJTBKICTh MEpPEKEBUX BY3IiB. [IpomyckHa 31aTHICTD
BUJIIJICHUX JIiHIA 3a0e3mnedye BIACYTHICTh 3aTPUMKU M JepeH4aHHs.Jlns  aeskux
JOJATKIB, TaKUX SIK €JICKTPOHHA TOPTriBJs, MOCTiHA JOCTYIHICTh TaKWUX 3’€IHAHb €
CYTTEBOIO.

JUist  KOKHOrO  3’€IHAHHS  BUJIIEHOI JIIHIT TOTPIOEH TMOCHIIOBHUA  MOPT
mapmipyTtuzaropa. [loTpiOni Takoxxk momyni CSU/DSU 1 kananm Bix mpoBaii-mepa
cyx0u. BumineHi niHIT 4acTO BHUKOPUCTOBYIOThCA it moOymoBu WAN-mepex,
OCKITTBKM  3a0€3MeuyloTh TOCTIMHY BHJAUIEHY CMYTry MOporyc-KanHs. Taki JiHii
TPAJAMIIIITHO KOPHUCTYIOTHCS OLIBIINM IOMUATOM,0JTHAK BOHU MAIOTh 1 PAJ HEIONIKIB.
OO6csar mnepemaui gaHux Mepexetro WAN yac-To 3MIHIOETBCS, TOMY MPOIMYCKHa
3IaTHICTh KaHAIIy PIIKO BIANOBIAA€ KOH-KPETHUM NOTpebdaM kopuctyBayiB. KpiM Toro,
KOXHIA KIHIEBIA ToOUlll MO-TpiOEH OKpemuil iHTepdeiic MapupyTuzaTopa,ToMy
MapHIpyTH3aTOp Yy HEHTPAIbHIN TOUIll 31PKOMOAIOHOT TOTOJOTIi BUSBISETHCS JTOCUTH
IOopo-TUM. bynb-sKi 3MIHM TapaMeTpiB BUIIJICHOI JiHII, SK MPaBUIO, BUMAararoTh
BiJIBIIyBaHHsI By3JIa ONIEPATOPOM JIJIsl 3MIHH MPOTYCKHOI 3aTHOCTI.

Bunineni miHIi MOXYTh BUKOPHUCTOBYBATHICS I CTBOPEHHS Oe3moce-peaHix
3’€JlHaHb THUIY ‘‘TOYka-Touka’ MDK Mepexkamu LAN mianpuemctBa. BoHu Takox
BUKOPHUCTOBYIOTBCSI ISl TPUEIHAHHS OKpeMux UM 10 Me-pexi 3 KOMYTAIlIElo
MakeTiB. Y TakoMy KaHall MOXYTb OyTH MYJbTHILIEK-COBaHI KijgbKa 3’€IHaHb, IO
3MEHIIY€ JOBXHHY JIiHII W BHUMOTHM JIO0 KUIBKO-CTI 1HTEpP(EHCIB IEHTPAIbHUX
MapUIPyTU3aTOPIB Y TOIMOJIOTII MEPEXKI.
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11.3 3’eqnaHHs i3 KOMyTalli€l0 KaHAJIB Ta KOMYTALli€l0 MaKeTiB.
Komymayisa kananie (circuit switching) moxxe OyTH BUKOpPHCTaHa MPH BCTAHOBJICHHI

3’€IHaHHS JJIs Tepefadl roJIoCOBUX a00 3BUYAMHHMX JIaHUX MK JBOMa reorpadidHo
BIITAJICHUMHU MyHKTamu. llepen mouyaTkoM mepe-iadi KOPUCHUX JIaHUX HEOOX1JIHO
CTBOPDUTH 3 €THAHHS TIUIIXOM BCTAaHOB-JICHHS KomyTaTopiB. lle 3miCHIOETBCS
TeneOHHOIO CITYKO00I0 NIIIXOM Ha0Opy HOMEpa y 3BUYaHUX TOJIOCOBHX JIHISX a00 B
u(pOBHUX KaHaIax

ISDN.

Konu aboneHT pobuth TenedoHHUN A3BIHOK, HAOPAHUM HOMEP BUKO-PUCTOBYETHCS
JUTsl BCTAHOBJICHHSI KOMYTaTOPIB Y MPOMDKHHUX IMyHKTAaX BCI-€I0 JOBXHHOIO MapuIpyTy
TaKUM YWHOM, 100 yTBOpIOBaBCS Oe3nepepBHUN KaHal BiJ TelnedOoHHOT TPyOKu
CTOpPOHHU, KA BUKJIIUKAE, 0 TeIe(hOHHOTO amapara CTOPOHH, Ky BUKIUKAIOTh. OCKUTBKH
JUIsL CTBOPEHHSI KaHally BU-KOPUCTOBYETHCS oOlepalis KOoMyTailii, Taka Tejie(oHHa
CHUCTEMa Ha3MBA-€ThCS MEPEKEI 3 KOMYTalll€l0 KaHajiB. SKIIO B Takid CHUCTEMI
3aMIHUTH CIIyXaBKH MOJIEMaMH, MPUEIHAHUMH JI0 KOMIT IOTEpiB, TO TaKUM KOMYTO-
BaHMM KaHAJIOM MOXKHa TepelnaBaTh KoMl toTepHi gani. Ha puc. 11.6 naBenenuit
MPUKJIIA] MEPEXkKi 3 KOMYTAIlI€I0 KaHAIB.

Mepeia
oIEpaTOpa
RN

DCE

OO0
O O Konyratop
OO0|lo

e

Oipic

KOPHCTY Bata

O Mepesa™
O WAN

i

O

Puc. 11.6. Komyrauisi kanaJjis
Ha nmpakTtuiii kaHaj Moke MICTUTH B COO1 JUISTHKH, CEPEAOBUIIEM Ie-peiadl sIKUX
MOXe OyTH HE TUIbKM MITHUNM Kalesb,a, HaNpuKiIajJ ONTOBOJOKOHHUHN Kabenb abo
MIKpOXBUJIBOBUM 3B’s30K. Ha BHYTpIIIHIX AUISHKAX MAapHIPyTy MDK OKPEMHMHU
OPOMIKHUMH TOYKaMU MOXKYTh NEpeJaBaTUCs JaHl i 1HIIUX KOPHUCTYyBadiB, TOMY AJIs
HaJaHHA iM yciM 1O uep3l MOXJIHM-BOCTI  BHUKOPHCTOBYBaTH 3’ €IHAHHS
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BUKOPHUCTOBYETBCS Myabmuniekcysanns 3 nooitom uacy(Time-division Multiplexing —
TDM). Buxkopuctanass TDM rapanTye, 110 KOKHOMY KOPHCTyBaueBi Oyjae HajgaHa
NIEBHA YaCTHHA MPOIYCKHUX MOXJIMBOCTEH TaHOTO 3’ € THAHHS.

SIKIo  KaHaJ BUKOPUCTOBYETHCS JUISI Tiepefadi KOMIT'IOTEpHUX JaHUX, TO
BUKOPUCTAHHSA Takux (PIKCOBAHMX YACTUH TIPOIMYCKHOI 3AaTHOCTI MOXKE BUSBUTHCS
HeedekTBHUM. Hampukman, sSKIo KaHaia BUKOPHUCTOBYETHCS sl AOcTymy aolnternet,
To mpu nepenadiWeb-cTopiHKH BiAOYBA€ThCS CIUIECK AaKTHUBHOCTI, TICHS SIKOTO
HACTYMAa€ Tepio]; Oe3AisUIbHOCTI KaHaly MOKM KOPUCTYBau YUTAE CTOPIHKY, a MOTIM
HOBUM CIUIECK MPH OJiep>kKaHH1 HOBOI. Taki KOJIMBaHHS IHTEHCUBHOCTI MK HYJIBLOBOIO 1
MaKCUMAaJIbHOIO THUIIOBI ISl MOTOKIB JaHMX Yy KOMIT'IOTEpHUX Mepexax. OCKUIbKU
KOPHUCTY-Bau Ma€ BUKIIOYHE MPABO HA BUKOPUCTAHHS Takoi (hIKCOBAHOI MPOITYCKHOI
3JTaTHOCTI, TO KOMYTOBaH1 KaHaJIM € IOPOTMM CIIOCOOOM Iepeayi TaHuX.

[Ipuknagamu 3’€IHaHb 13 KOMYTAII€I0 KaHAJIIB MOXKYTh OyTH:

® 3arajbHOJOCTYNHA TeilepoHHA Mepexa,mo KomyryeThes (Public Switched
Telephone Network — PSTN);

e intepdeiic 6a3oBoi mBuaAKOCTI ISDN (Basic Rate Interface — BRI);

e inrepdeiic nepunHOi mBHakocTi ISDN (Primary Rate Interface —PRI).

3’conanna iz Komymauicro naKkemie

baratbom xkopuctyBauam WAN-mepexx He BraeTbcs n00UTHCS e(EeK-TUBHOTO
BUKOPHUCTAHHS MPOMYCKHOI 34aTHOCTI, SIKa HATA€ThCS BUILICHUM KaHAJIOM, ITOCTIHHUM
a00 TakuM, 110 KOMYTY€EThCS, BHACTIAOK TOTO, IO iX IMOTOKH JaHUX MalOTh BUOYXOBHUI
xapaktep.[ns  OiapIn  parfioHaJIbHOTO  OOCIYrOBYBaHHSI TAaKUX  KOPUCTYBadiB
npoBaiiepu CIy>KO HaJalOTh TEXHOJIOTIl, Y SKUX JaHl MEPeAaroThCsl B MO3HAYCHUX
rHi3gax, ¢ppeiimax abo makeTax MepexaMu 3 komymayiero naxemis (packet switching).

OCKUIbKM KaHalM, K1 3’€IHYIOTb INPOMDKHI IMyHKTH ab0 KOMYTaTOpH B MeEpexi
poBaiiiepa, BUAUISIOTECS OKPEMOMY KOPHCTYBAaueBl TUIBKHM B TOMY BUNIAAKY, SIKIIO B
HBOTO € JaHl JUIg Tepenadi, CTa€ MOXJIMBHM BHKO-PHUCTAaHHsS KaHajiB OaraTbMa
KOPUCTyBadyaMH, a BapTICTh KaHAIY JJIs KOX-HOTO KOPHCTyBaua MOYKE BUSBUTHCS
3HAYHO HIDKUYOIO 32 BAPTICTh MPU BU-KOPUCTAHHI BUIIIICHOTO 3’€JHAHHS 3 KOMYTAIIIEI0
KaHaJIIB. 3 1HIIOTO OOKY, BHACHIIOK TOTO, [0 OKPEMOMY IMAKETy, MOMKJIMBO, TOBEAETHCS
OUIKYBaTH TMepeadyli Ha KOMyTaTopl JOTH, MOKM MaKeT IHIIOr0 KOpPUCTyBadya He
3aUIIKATG KaHa, sampumxa (delay, latency) i sapiayis sampumxu (TakoX Ha3UBAETHCS
oepenuannsim (variability of delay, jitter)) y mepexax 3 xomyTalli€ro makeriB Oijblia,
HDK B Mepekax 3 KOMyTali€ro KaHaimiB. He3Baxaiounm Ha 3aTpUMKY il JepeH4YaHHS,
BJIACTHBI CHIJIHHO BUKOPHUCTOBYBAHMM MEpe-KaM, CydacHI TEXHOJOrIl 3a0e3meuyroTh
3aJIOBUIbHY Tepefady TaKMMH Me-peXaMH TOJIOCOBUX JaHWX 1 HaBiTh Bijeo. Ha pwuc.
11.7 naBeneHu MpUK-JIaJa MEPEXKI 3 KOMYTAIIIEIO TTAKETIB.

KomyTtartopu B Mepexax 3 KOMyTalli€l0 MMaKeTiB MOBUHHI OyTH 37]JaTHI BU3HAYUTHU 32
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aIpecHOI0 1H(POPMAIIIEI0 KOXKHOTO MaKeTa HACTYNHUN KaHaj, Y KU CIij BIAIPaBUTH
neil maker. Jliis BU3HAYEHHS IHOTO KaHAIY MOXKEe OYTH BHKOPHCTAHO JBa
MIIX0AH:0e3 opienmayii  Ha 3’eonanms(connectionless) 1 opienmosanutl Ha
6CMAHOBIeHHs 3 €OHants. Y cucTeMax 0e3 opieHTallli Ha 3’ €IHaHHS, TAaKUX, HAPUKIaJ,
gk Internet, Bcs ampecHa iHQopMaIlisi MICTUTBCS B KOXXHOMY MakeTi. Y CHCTeMax,
OpIEHTOBAHUX Ha 3’€JHAHHS, MAPIIPYT KOXKHOTO MAaKeTa BU3HAUYCHUH 1 KO)KHOMY MaKeTy
no-tpiben mnumie ineHtudikarop. Y texnonorii Frame Relay Ttakwii imentudikatop
HA3MBAETLCS idenmugikamopom kananrvhoeo piensi(data-link connection identifier —
DLCI). Komyrarop BH3HAaYa€ MapIIpyT y BHUCXIJ-HOMY HANpPSIMKY, HEpEryisiaaodu
TaOJHIIIO 1IeHTU(DIKATOPIB, sIKAa 3HAXO-AUTHCS B HOTO ornepaTuBHiN mam’a11. CyKymHICTh
MO3UIIINA Y BCIX TaKUX TAOJHUIIX BU3HAYAE€ KOHKPETHUN MapHIpyT a00 KaHANl y CUCTEMI,
AKIIO Ta-KUWA “KaHalm” (PI3MYHO ICHY€ TUIBKM MiJ] 4ac MPOXOJDKEHHS MaKeTy JaHUM
KaHaJIOM, TO BiH HA3UBAETHCS GIipMYalbHUM KAHATIOM.

Otpic

KOPHCTYBa4a

JleMyTBTHITIEKCY BAH TS @
Mepe:xa
%@- 00 | =S

oneparopa
QO

3B'3KY -
) KomyTatop

Ol OOJI0 &
% ) O Mepexa
> T *ICE O WAN |
() 0O
O OON
S O O
OO0
MynsTHIIEKCY BAHHSA - Y @
S SIS
Puc. 11.7. Mepe:xa, 110 BAKOPHCTOBY€ KOMYTAILlil0 AKETIB
SIKo MapHipyTH CTBOPIOIOTBCS Bifjpa3y MICIS BKJIIOYEHHS KOMYTAaToOpiB,  TO

BOHM  HasuBalOTbCsnocmivnumu  eipmyarvhumu  kanazamu (Permanent Virtual
Circuits, PVC); sKkiio MapiipyTH CTBOPIOIOTHCS Ha BHUMOTY, TO BOHHM Ha3WBAIOTHCS
sipmyanvhumu kananamu, ujo komymyromocs (Switched Virtual Circuit — SVC). [To3wuriii
TaOJUIb, IO YTBOPIOIOTH BIPTyaJbHMM KaHal, MOXYTh OYyTH 3allOBHEHI IIJISXOM
PO3CHIIaHHSI MEPEXKEIO 3alUTIB Ha 3 €THAHHSA (SIKI KOMYTYIOThCS BIpTyaJbHUN KaHAIOM—
SVC). Mlani, sxi nmoBuHHI npoilth kaHaioM SVC, MOBUHHI OYIKYBaTH 3allOBHEHHS
BIMOBIAHUX IIO3MIIIM TaONUIb, OJHAK IIicjs BcTaHoBiIeHHS KaHanSVC 3Moxke
(GYHKIIIOHYBAaTH MPOTITOM JEKUIBKOX TOAWH, JHIB a00 HaBiTh THXK-HIB. Y TOMY
BUIIAJIKY, KOJIM KaHaj TMOBHHEH OyTu noctymHuil mocTiiiHo (kananm PVC), moswmmii
TaONHIh 3aMOBHIOIOTHCS IMiJI Yac 3aBaHTAKEHHS KO-MyTaTopiB, Tomy kanamu PVC
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3aBXKJIH JTOCTYIIHI.
[TpuknagaMu TEXHOJIOTIH, IO BUKOPHUCTOBYIOTH 3’€IHAHHS 3 KOMYTAIII€l0 ITaKEeTIB
abo ruizg, € X.25, Frame Relay, ATM.

Tema 12. Komyramis nakeriB 3 BHUKOPHMCTAHHSM BipTyaJibHUX KaHAJiB.
Mepexi X.25. Mepe:xi Frame Relay.
12.1 KomyTauisi nakeTiB 3 BUKOPUCTAHHAM BipTyaJbHHX KaHAJIB

12.2 Mepexi X.25
12.3 Mepexi Frame Relay

12.1 KomyTranisi nakeTiB 3 BAKOPUCTAHHAM BipTyaJbHUX KAHAJIB.
Texnika BipTyaJIbHUX KaHaTIB, SIKa BHUKOPHUCTOBYETHCS Y BCIX TEPUTOPIaIbHUX

Mepexax 3 KomyTalli€ero maketiB, kpim TCP/IP, mosnsirae B HacTynHOMY.

[lepm1 HiKX mnaker OyAe mnepegaHUil yepe3 Mepexy, HEOOXIIHO BCTAaHOBUTHU
BIpTyaJIbHE 3'€IHAHHS MK a0OHEHTaMU MepeXi — TepMiHalaMH, MaplIpyTu3aTopaMu
Yy KOMI'IOTepaMu. ICHYIOTh JBa TUNM BIpTyalbHUX 3'€lHAHb — BIPTyaJIbHUI KaHaI,
mo komytyerbes (Switched Virtual Circuit, SVC) 1 mocrtiiiHui BIpTyaJlbHHH KaHAJ
(Permanent Virtual Circuit, PVC). Tlpu CcTBOpeHHI BIpTyaJbHOTO KaHaIy, IO
KOMYTY€TbCS, KOMYTaTOPU MEPEkK1 HACTPOIOIOTHCA Ha Mepeavy MakeTiB JUHAMIYHO, TI0
3anuTi a0OHEHTa, a CTBOPEHHS TOCTIMHOTO BIPTYaJbHOTO KaHATy BiOyBa€EThCS
3a37aJIeTiib, IPUUOMY KOMYTaTOPU HACTPOIOIOTHCS BPYUHY AJMIHICTPATOPOM MEPEXKI,
MOJKJIMBO, 13 3aJTy4€HHSIM [EHTPaTi30BaHOI CUCTEMH KEPYBAHHS MEPEKEIO.

3MICT CTBOPEHHS BIPTYyaJIbHOIO KaHajly IMOJsra€e B TOMY, IO MapIIpyTH3aLis
MAKETIB MK KOMYTaTOpaMH Mepexki Ha OCHOBI TaOJUIb MaplIpyTH3allil BiAOYBa€ThCS
TIIBKH OJIMH pa3 — IPHU CTBOPEHHI BIPTyaIbHOTO KaHAy (MAEThCSl HA yBa3l CTBOPEHHS
BIPTYaJbHOTO KaHaly, WI0 KOMYTYETbCS, OCKUIBKM CTBOPEHHS IMOCTIHHOTO
BIPTYaJbHOTO KaHaIy 3JIMCHIOETHCS BpPYYHY 1 HE BUMArae Inepeaayl MakeTiB IIo
mepexki). Ilicns cTBOpeHHs BIpTyalbHOTO KaHally Mepefada MakeTiB KOMyTaTOpamu
B1JIOYBA€ETHCS HA OCHOBI TaK 3BAaHUX HOMEPIB UM 17IeHTU(IKATOPIB BIPTyaIbHUX KaHATIB
(Virtual Channel Identifier, VCI). KoxHoMmy BipTyalbHOMY KaHaJly NPUCBOIOETHCS
3HaueHHss VCI Ha ertami CTBOpEHHS BipTyalbHOTO KaHATy, MPUYOMY 1€ 3HAYCHHS Mae
HEe TJI00aIbHUM XapakTep, sk ajgpeca aOOHEHTa, a JOKAJIbHUNH — KOXXKEH KOMYTaTop
CaMOCTIHHO HyMepye HOBHMM BipTyanbHUM KaHai. KpiM Hymeparii BipTyajabHOTO
KaHaJy, KOXKEH KOMYTaTOp MpH CTBOPEHHI IIbOTO KaHAJIy aBTOMATUYHO HAaCTPOIOE TaK
3BaHl TaOJMII KOMYyTalli MOPTIB — I TaOJMUI[l OMHUCYIOTh, HA KU MOPT MOTPIOHO
nepesaTy MakeT, M0 MPUNIIOB, K0 BiH Mae Bu3HaueHui Homep VCI. Tak mo micius
OPOKJIAJAKH BIPTYQIbHOIO KaHaly 4epe3 MeEpexy KOMyTaTopu Oulblie He
BUKOPHUCTOBYIOTh JJIsl MAKETIB LBOT'O 3'€AHAHHS TAOIMIII0 MaplIpyTH3allli, a epelatoTh
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naketu Ha ocHOBI HomepiB VCI HeBemukoi pospsimHocti. Cami Tabiuill KoMyTamii
MOPTIB TaKOX BKJIIOYAIOTh 3BUYAWHO MEHIE 3alKCiB, YUM TaOJHUIll MapIIpyTHU3allii,
TOMy 10 30epirarTh JaHl TUIBKM TPO [iI0Yl Ha JaHUH MOMEHT 3'€THaHHS, IO
POXOJATh Yepe3 JaHuM MopT.

Pobota Mepexi mo MapmipyTu3ailii MakeTiB MHPUCKOPIOETHCS 3a PaxyHOK ABOX
¢dakropis. [lepmmuii monsirae B ToMy, 110 PIlICHHS MPO Mepeaady MakeTra MpUiMaeThes
MIBUJIIIE Yepe3 MEHIINK po3Mmip Tabnuii komyTalii. Jpyrum ¢akTopom € 3MEHIICHHS
YacTKH CIy>k00BOi 1H(popMalli B makerax. AJpecu KIHIEBUX BY3JIB y TIOOATbHUX
Mepekax 3a3BUYail MaloTh JIOCUThH BEJNUKY AOBXKHHY — 14-15 nmecsatkoBux 1mudp, 1o
3aiimaioTh 0 8 Gailt (y Texnozorii ATM — 20 06aiit) y cinyx00BOMY IOJi TakKera.
Howmep BipTyanbHOro kanaiy 3a3zBuyail 3aiimae 10-12 61T, Tak 1110 HaKJIaJH1 BUTPATH Ha
aJpeCHy YaCTUHY ICTOTHO CKOPOYYIOTHCS, @ BUXOJHTh, KOPUCHA MIBUAKICThH Mepenadl
JaHUX 3POCTAE.

Pexxum PVC € 0coOnMBICTIO TEXHOJIOTIT MapuIpyTH3alli MaKeTIB y TI00aTbHUX
Mepexax, y mepexkax TCP/IP Takoro pexxumy podotu Hemae. Pobora B pexumi PVC e
HaWOUIbII €PEKTUBHOIO 3a KPUTEPIEM MPOIYKTUBHOCTI Mepexi. [lonmoBuHy poboTH 3
MapHipyTH3alii MakeTiB aJAMIHICTpaTOp MEPEXi YK€ BHUKOHAB, TOMY KOMYTaTOpHU
IIBUJIKO 3alMarOThCS TepeaBaHHSAM KaJpiB Ha OCHOBI TOTOBUX TaOJMIL KOMYTaIli
noprtiB. [locTiiiHui BipTyaabHUN KaHaJ MOAIOHUI BUAIIEHOMY KaHAy B TOMY, IO HE
NOTPIOHO BCTAHOBIIIOBATH 3'€JHAHHA 4M po3'enHaHHs. OOMiH makeramu o PVC moxe
BiIOyBaTuCs B OyAb-sikuii MOMeHT uacy. Bigminnicte PVC y mepexax X.25 Bifg
BUIIeHO1 miHil Tuny 64 KOit/c monsirae B TOMy, IO KOPHCTYBad HE MAa€ HISKUX
rapanTii mojao aivicHoi mporyckHoi 3natHocti PVC. Bukopucranns PVC 3BuuaitHo
Habaratro JemieBlle, HDK OpeHJAa BUIAUICHOI JIiHII, TOMY IO KOPUCTYBad TMOJIJISE
MPOITYCKHY 3/IaTHICTh MEPEXKI1 3 IHITUMHU KOPUCTYBaYaMH.

PexxuM npocyBaHHS MakeTiB HA OCHOBI TOTOBOT TaOIUIlI KOMYTaIlii MOPTIB 3BUYANHO
HA3MBAIOTh HE MapIIPYTU3AI[€l0, a KOMYTAIl€l0 1 BIHOCATH HE JI0 TPETHOTO, a JI0
JIpyroro (KaHaJibHOMY) PIBHSI CTEKA MPOTOKOJIB.

[TpuHun mapuipyTusanii NakeTiB Ha OCHOBI BIPTYyaJIbHUX KaHaIIB MOSCHIOETHCS
Ha puc.12.1. [Ipu BcTaHOBJICHHI 3'€JHAHHS MK KIHIIEBUMH By3J1aMU BUKOPUCTOBYETHCS
CHellaJIbHAN THUII NTaKeTa — 3alUT Ha BCTAHOBJICHHS 3'€JHAHHS (3a3BUYail HA3UBAETHCA
Call Request), mo mMicTuth Garatopo3psiaiHy (y MPUKIAIl CEMUPO3PSIHY) aapecy By3ia
IpU3HAYEHHS.
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Puc. 12.1. KomyTaniss B Mepe:kax 3 BipTyaJbHUMH 3'€THAHHAMU
Hexait kinueBuii By3os 3 aapecoro 1581120 mouynHae ycTaHOBIIOBATH BIpTyajbHE
3'eIHaHHA 3 BY3JIOM 3 ajapecoro 1581130. OxHovacHo 3 afpecoro Mpu3HAYeHHS B MaKeTl
Call Request Bkazyerbcsi 1 HOoMep BipryanbHoro 3'eqHanHHs VCI. Lleit Homep Mmae

JIOKaJIbHE 3HAYEHHS Ul MOPTY KOMIT'HOTEPA, Yepe3 KWW yCTAHOBIIOETHCS 3'€THAHHS.
Yepes ouH MOPT MOXKHA BCTAHOBUTH JOCUTH BEJIMKY KUTBKICTh BIpTyaJIbHUX 3'€THAHB,
TOMY TpOrpaMHe 3a0e3MEeUEeHHS MPOTOKOIY II00aTbHOI MEpeki B KOMI'IOTEpl MPOCTO
BUOWpAE BUILHUN Yy JAHUW MOMEHT JJIsl JaHOTO TOPTY HOMeEp. SKIo depes3 MopT yxke
MpOKIIasieHo 3 BIpTyalibHI 3'€ THAHHS, TO JJI1 HOBOTO 3'€JHAHHS Oyne oOpaHuii Homep 4,
10 SIKOMY 3aBXM MOKHA OyJie BIIPI3HUTH MMAKETH JAHOTO 3'€IHAHHS BiJ] MAKETIB 1HIINUX
3'€IHaHb, 1110 MPUXOAATH HA LEU MOPT.

Jam naket tumy Call Request 3 agpecoro npuzHauenus 1581130, nomepom VCI 4 1
aapecoro mxepena 1581120 Bianpasinsersesa B nopT 1 komyraropa K1 mepexi. Anpeca
NPU3HAYCHHS BUKOPHUCTOBYETHCSA I MapUIpyTH3allii MakeTa Ha OCHOBI TaOIHIb
MapHipyTH3allii, aHaJOTIYHUX TaOIUIAM MapuipyTusaili nporokony IP, ame 3 Oumbin
IPOCTOI0 CTPYKTYpPOIO KOYKHOTO 3aIlMCy. 3alliC CKIAJAEThCS 3 aJApecH MPHU3HAUYEHHS i
HOMEpa HOpPTY, Ha SKUW MOTPIOHO IepeciaTH makeT. Alpeca HACTYIHOIO KOMyTaTropa
HE MOTpiOHA, TOMY IO BCl 3B'SI3KM MDK KOMYTAaTOpamHu € 3B'S3KaMH THIY «Kparka-
Kpamka», MHOKMHHUX 3'€JHaHh MDK mopTamu Hemae. CTaHAapTH TI00AbHUX MEpex
3BUYAHO HE OMHCYIOTh SKUH-HEOYabh MPOTOKOJ OOMIHY MapHIpyTHOK iHGOpMAIIIELO,
noaioHuit RIP un OSPF, mo no3Bosisie koMyTaTopaM Mepeki aBTOMAaTHYHO OyyBaTh
Tabnuii mapumpyTtuzamii. Tomy B Takux Mepexax aJMIHICTPaToOp 3BHYAWHO BPYUHY
CKJIaJa€e moaiOHy TaOIMITI0, BKa3yrOUH Tl 3a0€3MEUYeHHs B1IKA30CTIHKOCTI OCHOBHUH 1
pPE3epBHUM IIISXH 7S KOXKHOI agpecu mpu3HadeHHs. BukioueHHsM € mepexi ATM,
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U SIKUX po3poOsieHuid mpotokos mapiipytusanii PNNI, 3acHoBanmii Ha anropurmi
CTaHy 3B'SI3KIB.

VY npuBeaeHOMY NPUKIAAl BIAMOBIIHO 10 TaOJMII MapIIpyTH3aIli BHUSBHIOCS
HeoOxiqHuM nepenatu mnaker Call Request 3 mopty 1 nHa moptr 3. OmHowacHO 3
nepesaveio nakera MapuIpyTH3aTop 3MIHIOE HOMED BIPTYalIbHOTO 3'€JHAHHS MaKeTa —
BiH MPUBIACHIOE MAKETy MEPIINi BUIbHUNA HOMEpP BIPTYaJbHOTO KaHay JAJS BUXITHOTO
MOpTy NaHoro komytatopa. KokeH KiHIIEBUH BY30JI 1 KOKEH KOMYTaTOp BeIe CBiH
CIHUCOK 3alHATUX 1 BUIBHUX HOMEpIB BIPTyaJIbHUX 3'€JHaHb JJI YCiX CBOIX IMOPTIB.
3MiHa HOMEpa BIpTyaJIbHOTO KaHally POOUTHCS JJIsl TOTO, 1100 pH MPOCYBaHHI MaKEeTiB
y 3BOPOTHOMY HampsIMKY (2 BIpTyaJibHI KaHAJIM MPAIIOIOTh Y TYTUIEKCHOMY PEXKHUMI),
MOXHa OYJI0 BIIPI3HUTH IMAKETH JAHOTO BIPTYaJIbHOTO KaHay BIJ MAKETIB IHIIUX
BIpTyaJbHUX KaHAIIB, YK€ MPOKJIAJEeHUX uyepe3 noptT 3. Y mpukiiaal yepes mopT 3 yxe
IPOXOJIUTH KiIbKa BIpTyaJIbHUX KaHaIB, IPUYOMY CAMHUM CTApIIMI 3aiHATHI HOMEp —
ne Homep 9. Tomy KOMyTarop 3MIHIOE HOMEpP BIPTyaJlbHOIO KaHally, IO
IIpOKJIanaeTses, 3 4 Ha 10.

Kpim Tabnuii wmapuipytusamii  Juisi KOXHOTO TIOPTY CKJIAJAEThCS  TaOJMIIS
KoMyTalli. ¥ tabmauii komyTallii BXiAHOro mopty | mapuipyTusaTop Bif3Hayae, M0 B
MOJAJIBIIOMY TaKeTH, 1o MpuOyIn Ha 1ei mopt 13 HomepoMm VCI piBHUM 4 MOBHHHI
nepenaBaTucs Ha TMOPT 3, MPUYOMY HOMEp BIPTYaJIbHOTO KaHaIy TOBHHEH OyTH
smineHui!t Ha 10. OgHOYacHO pOOUTHCS 1 BIAMOBIAHUEN 3amuC y TaONMWIl KOMYTaIlli
nopTy 3 — MaKeTu, M0 NPUUIUIK [0 BIpTyalbHOMY KaHall 10 y 3BOpOTHOMY HampsiMKy
NOTPIOHO MepesaBaTh Ha MOPT 13 HOMEPOM 1, 3MIHIOIOYM HOMEpP BIPTYaJIbHOTO KaHAIY
Ha 4. TakuM 4YMHOM, MPHU OJIEpP’KaHHI MAKETIB Y 3BOPOTHOMY HAIPSIMKY KOMII'FOTEp-
BIJIMTPABHUK OJIEP)Ky€ MakeTu 3 TUM ke HoMmepoMm VCI, 3 skuM BiH BIANPAaBIAB iX Y
MEPEKY.

VY pesynbTati Ail TaKOi CXeMHU MaKeTH JaHWX B)KE HE HECYTh JIOBI1 apecH KiHIIEBUX
BY3J1iB, @ MAlOTh Y CIIy’KOOBOMY MOJIi TUIBKM HOMEp BIPTYaJbHOTO KaHay, Ha Ii/ICTaBl
AKOr0 1 BHUPOOJSETHCS MapUIpyTH3allisi BCIX MakKeTiB, KpIM MaKeTa 3aluTy Ha
BCTAHOBJICHHSI 3'€IHAHHA. Y MEPEeXi NPOKIANAEThCA BIPTyalbHMI KaHaj, IO HE
3MIHIOETBCS TIPOTATOM YChOTO Yacy iCHyBaHHS 3'€IHAHHs. oro HOMep MiHse€ThCs Bix
KOMYTaTopa J0 KOMYyTaTopa, ajie JJis KIHIIEBUX BY3/iB BiH 3aJIMILIAETHCS MOCTIHHUM.

3a 3MEHIICHHA CIIy>)KOOBOTO 3arojIOBKy MPUXOIUTHCS IJIATUTH HEMOXIIMBICTIO
Oamancy Tpadiky BcepeauwHi BIpTyalnbHOTO 3'eqHaHHA. [Ipu BigMOBI SKOTO-HEOYIH
KaHaIy 3'€ JHAaHHS IPUXOJAUTHCS TAKOX YCTAHOBJIIOBATH 3aHOBO.

BrnacHe kaxyuu, TEXHOJIOTiSI BIPTyaJIbHUX KaHaIB JO3BOJISIE peai3yBaTH JBa
pPeXUMHU TPOCYBAaHHSA MAKETIB — CTaHJAAPTHUN PEXUM MaplupyTu3allii Mmakera Ha
MiACTaBl aJpecu MNPU3HAYEHHS 1 PEXUM KOMYyTalli MakeTiB Ha IMiJACTaBl HOMEpa
BIpTyaJbHOro KaHamy. Ll pexumu 3aCTOCOBYIOTBCS MOETANHO, IPUUIOMY MEPIINi eTar
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CKJIQJIA€ThCS B MapHIpyTHU3allii BChOTO OJHOTO IMaKeTa — 3allUTy Ha BCTAHOBJICHHS
3'eTHaHHA.

TexHoyoriss BiIpTyadbHHUX KaHAJIIB Ma€ CBOI IepeBard 1 HEAOJIKH BIJTHOCHO
texHonorii IP- uym IPX-mapmpyruzaiii. MapmipyTuzaiiisi KOXXHOro makera 0e3
MOTIEPeTHROTO BeTaHOBINeHHs 3'enHanHs (Hi [P, Hi IPX He mpalttoroTh 13 BCTAHOBICHHIM
3'eqHaHHs) e(EeKTUBHA JUII KOPOTKOYACHHUX MOTOKIB AaHuX. KpiM TOro, MOKIHBO
po3napanentoBaHHs Tpadika A MiABUIIEHHS MPOIYKTUBHOCTI MEPEXkKi MpU HASBHOCTI
piBHOODKHUX HUIAXIB Yy Mepexi. LlIBunie o6poOaseThes BiIMOBA MapIIPyTU3ATOPA YU
KaHally 3B'SI3Ky, TOMY III0 HAaCTYIHI MaKeTH MPOCTO MiAYTh MO HOBOMY HUIAXY (TYT,
HIonpas/a, MoTpiOHO BpaxyBaTH Yac BCTAHOBJIEHHS HOBOI KOH]Irypariii B TaOIUIIX
mapmipytu3zanii). Ilpu BHUKOpHUCTaHHI BIPTyaJIbHUX KaHAIB JyXe e(EeKTUBHO
NEPealoThCs Yepe3 MEpeXy JAOBTOCTPOKOBI MOTOKH, aje s KOPOTKOYACHHUX Iel
PEXHUM HE Ty’Ke MiIXOIUTh, TOMY III0 HA BCTAHOBJICHHS 3'€/IHAHHS 3BUYAHO 1€ Oarato
yacy — HaBiTh KomyTaTopu TexHosiorli ATM, mio mnpaiorwTh Ha JyKe BHUCOKHX
IIBUJIKOCTSIX, BUTPAYAIOTh HA BCTAHOBJICHHS 3'€qHAaHHA 10 5-10 mc xoxHUM. Yepes 1o
obctaBuHy koMmmaHist Ipsilon po3poOuiia Kibka pokiB Ha3aj TexHousorito IP-switching,
ska BBoAWIA B Mepexi ATM, sKi MpaIioloTh MO OMUCAHOMY MPHUHIUII BIPTYalbHUX
KaHalIB, PEXKUM Tepeaadl sYeikiB 0e3 MONepeIHbOro BCTAHOBJICHHS 3'eqHaHHs. Ll
TEXHOJOTIS MICHO MPUCKOPIOBAJa MEpeaady depe3 Mepeky KOPOTKOYaCHHX MOTOKIB
IP-makeTiB, TOMy BOHa cTajia JOCUTH MOMYJISPHOIO, XO04a 1 HE mpuadana craryc
CTaHaapTy.

12. 2. Mepexi X.25
IIpu3HaueHHs i cTpykTypa Mepex X.25

Mepexi X.25 € MepexkamMu 3 KOMYTAIlEI0 TAKETIB, sIKI BUKOPUCTOBYIOTHCS IS
noOy/10BU KOPIOPAaTUBHUX Mepexx. OCHOBHA MPUYMHA TAaKOl CUTYyaIlll MOJSTrae B TOMY,
0 JOBruid yac mepexi X.25 Oylu €AMHUMHU JAOCTYIHUMHU MEpEeXaMHu 3 KOMYTAII€r0
NAKeTIB KOMEPUIMHOTO THUIly, y SKHUX JaBajuCs rapaTii Koe(ilieHTa TOTOBHOCTI
Mepexi. Mepexa Internet Takok Mae JIOBry ICTOPiIO ICHYBaHHs, ajie SK KOMepIiiiHa
Mepeka BOHA TMoYanach eKCIUTyaTyBaTHCS 30BCIM HENAaBHO, TOMY JJII KOPIOPATHBHUX
KopucTyBauiB BHOOpy He Oyno. Kpim Toro, mepexi X.25 moOpe mpaioroTh Ha
HEHAIIMHUX JIHISX 3aBISKH MPOTOKOJAM i3 BCTAHOBJICHHSM 3'€IHAHHS 1 KOPEKIIEIO
MOMUJIOK Ha JIBOX PIBHSIX — KaHAJIBHOMY 1 MEPEKHOMY.

Cranpapt X.25 «IHTepdeiic MK KIHIIEBUM YCTAaTKyBaHHSM JAHUX 1 amaparyporo
nepeaadi AaHUX JJIA TEPMIHATIB, IO MPAIIOIOTh Y MAaKETHOMY PEXHMI B Mepekax
nepeaayl JaHuX 3arajlbHOro KOpPUCTyBaHHs» OyB po3poOnenuit komiteroM CCITT y
1974 poui 1 mepernsgaBcs Kuibka pasiB. CTaHaapT HIOHAWKpallle MiAXOIUTh s
nepenavi Tpadika HU3bKOi IHTEHCUBHOCTI, XapaKTEPHOTO AJIsl TEPMIHAJIB, 1 B MEHIIIOMY
CTYIIEHI BIANOBI/IAa€ OUIBII BUCOKMM BUMOTaM Tpadika JIOKaJIbHUX MEpex. SIK BUIHO 3

168



Ha3BM, CTAaHAAPT HE OMHUCY€E BHYTPIMIHINA mpucTpiil mepexi X.25, a TUIbKKM BU3HAYAE
KOPUCTYBAJILHUITbKHUH 1HTEpdeENc 13 Mepexkero. B3aemoiss 1Box mepexxk X.25 BU3Hauae
crangapt X.75.

Texnounorisa mepex X.25 Mae KilbKa ICTOTHUX O3HAK, 110 BIJPI3HAIOTH ii BT IHIIUX
TEXHOJIOT1H.

» HasBHICTB y cTpyKTYypi Mepexi crneniaapHoro npuctporo — PAD (Packet
Assembler Disassembler), mpu3HaueHOTro JUIsi BAKOHAHHA Omepallii 30upaHHs TeKUTbKOX
HU3bKOLIBUAKICHUX MOTOKIB 0aiTiB Bi an(aBiTHO-IIU(PPOBUX TEPMiHATIB y MAKETH, SKi
NepeslaloThCsl 110 MEPEeXkl 1 HAMPABISIOTHCS KOMI'tOTepax st oopooku. Lli mpuctpoi
MaloTh TaKOX POCICHKOMOBHY Ha3By ‘“300pimuk-pazdopmiuk nakeror”, CPII.

* HasBHICTh TPHOXPIBHEBOTO CTEKY MPOTOKOJIIB 3 BUKOPUCTAHHSAM Ha
KAaHAJIBHOMY 1 MEpPEKHOMY PIBHAX MPOTOKOJIB 13 BCTAHOBJIEHHSM 3'€JHAHHS,
K1 KEpYIOTh TOTOKaMH JaHUX 1 BUMPABISIOTH TOMIJIKH.

* OpieHTalld HAa OJHOPIJIHI CTEKH TPAHCHIOPTHUX MPOTOKOJIB y BCIX By3jax
MEpeXi — MEPEKHUU PIBEHb PO3PAXOBAHUW HA POOOTY TUIBKH 3 OJHUM MPOTOKOJIOM
KaHAJIBHOTO PIBHS 1 HE MOXKE MOJI0HO MpoToKoay IP moeanyBaTtu pi3HOPIIHI MEpexKi.
Mepexa X.25 cknamaerbes 3 komyraTopiB (Switches, S), siki Ha3MBarOTBCS TaKOXK
nentpamu komyrtaiii maketiB (LIKII), po3ramoBanux y pisHuX reorpadiyHuX TOUYKaX 1
3'€IHAHUX BUCOKOIIBUAKICHUMHU BUAUICHUMHU KaHajmamu (puc.12.2). Buaineni kaHaimu
MOXXYTb OyTH K IU(POBUMHU, TaK 1 aHATOTOBUMHU.

MafHdpeim

Puc.12.2. Crpykrypa mepexi X.25
ACHHXPOHHI CTApTCTOIHI TEPMiHAIU MiTKIIOYAIOTHCS 10 MEPEeXi uepe3 MpUcTpoi
PAD. Bonu MmoxyTh OyTu BOyJ0BaHUMH 4M BigganeHuMu. Boynosanuit PAD 3BuuaitHO

po3TanioBaHuil y CTiill KoMyTaTopa. TepMiHAIU OAEPKYIOTh AOCTYN 10 BOYIOBaHOIO
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npuctporo PAD no TenedoHHi Mepexi 3a JONOMOIOI MOJEMIB 3 ACHHXPOHHUM
iHTepdeiicom. BOynoanuii PAD Takoxx miakiarodaeTbess A0 TeleOHHOI Mepexi 3a
JIOTIOMOTOI0 JICKIJIBKOX MOJIEMIB 3 aCHHXPOHHHMM iHTepdeiicom. Bimnmamenuit PAD
ABJIIE COOOI0 HEBEJIMKUN aBTOHOMHUM MPUCTPIM, MIAKIIOYEHUN O KOMyTaTopa 4yepe3
BumineHud kaHain 3B's3ky X.25. Jlo BimmaneHoro mpuctporo PAD Ttepminamm
HIAKTIOYAIOTECST [0  aCHUHXPOHHOMY  iHTepdeiici, 3BHYalHO IS I1€1  METU
BUKOpHCTOBY€eThes iHTepderic RS-232C. Oaun PAD 3Buuaiino 3a0e3neuye TOCTyI ISt
8, 16 un 24 aCHHXPOHHUX TEPMIHAIIB.
Jlo ocHoBHUX ¢yHKIM PAD, Bu3HaueHux crangaptoMm X.3, BIHOCSTHCS:
* 30MpaHHs CUMBOJIIB, OTPUMAaHUX B1Jl ACHHXPOHHUX TEPMIHAIIB, Y IAKETH;
* p030MBaHHSI MOJIB JaHUX Yy MAKeTax 1 BUB1Jl JaHUX HA aCHHXPOHHI TePMIHAJIH;
* KEpYBaHHS TPOIEAypaMy BCTAHOBJICHHS 3'€THAHHS 1 PO3'€THAHHS MO0 MEPEeXKi
X.25 3 1OTpIOHUM KOMIT FOTEPOM;
* Mepefaya CUMBOJIB, IO BKJIIOYAIOTh CTApT-CTONHI CHUTHaIUM 1 OI1TH
NepeBIPKU Ha MAPHICTh, 32 BUMOTOK0 ACHHXPOHHOI'O TEpMIHAJa;
* TMPOCYBaHHS TaKeTIB TMpPU HASBHOCTI BIJMOBITHUX YMOB, TaKHX $IK
3allOBHEHHS MaKeTa, 3aKIHYCHHS Yacy O4iKyBaHHS H 1H.

Tepminanu He MarwTh KIHIIEBUX ajapec Mepexi X.25. Anpeca NPUBIACHIOETHCS
nopty PAD, sxuii miakiiodeHwil a0 KomyTaTopa makeTiB X.25 3a JI0NOMOIOr0
BUJIJICHOTO KaHaIly.

Hes3Baxkarouu Ha Te 110 3a/1aya MiIKII0YEHHS «HEIHTEJICKTYyaIbHUX» TEPMIHAIIB 10
BIIJTAJICHUX KOMIT'FOTEpPIB BUHHMKA€E 3apa3 JocuTh pinko, ¢yHkiii PAD yce e
3anumarotbesi  noTpiOHuMuU.  [Ipuctpoi PAD  d9acTo  BUKOPHUCTOBYIOTBCS IS
MIIKIIOYEHHS 10 MepeX X.25 KacoBUX TepMiHadiB 1 OaHKOMATiB, IO MAarOTh
acUHXpoHHUM 1HTEpPeiic RS-232.

Cranmapt X.28 BH3Hayae MapamMeTpu TEPMIHANA, a TAKOX IMPOTOKOJI B3aEMOJIIi
tepmiHana 3 npuctpoem PAD. Ilpu poOoTi Ha TepMmiHall KOPUCTYBad CHOYATKY
IPOBOJUTH JESIKUMA TEKCTOBUM Jianmor 13 mnpuctpoem PAD, BHUKOpUCTOBYIOUU
CTaHJapTHUN Ha0ip CUMBOJILHUX KoMaHd. PAD Moske mpairoBaTi 3 TEpMiHAJIOM Y ABOX
peKHMax: KepyruoMy 1 Tepeiadi JaHux. Y KEepyrdoMy peXuMi KOPUCTyBad 3a
JIOTIOMOT'OF0 KOMaH]T MOK€ BKa3aTH aJpecy KOMIT'I0Tepa, 3 SIKUM MOTPIOHO YCTAaHOBUTH
3'emHaHHS TIO Mepexi X.25, a TakoX BCTAaHOBUTU €Kl mapameTrpu podotu PAD,
HAMpUKJIa] BUOpATH CHENialbHAA CHUMBOJ IS TO3HAYEHHS KOMAHIW HEraiHOTro
BIJIMPABJICHHS MMAKeTa, BCTAHOBUTH PEXXHUM €X0-BIJIMIOBIIEH CUMBOJIIB, 1110 HAOMPAIOTHCS
Ha KiaBiatypi, Bii npuctporo PAD (mpu mnpomy nucruiet He Oyne BimoOpakatu
CHUMBOJIH, 110 HAOMPAIOTHCS HA KJIaBiaTypl AOTH, TOKM BOHU HE MOBEpPHYThCs Bijg PAD
— 1€ 3BUYANHUIN JIOKATbHUIA PEXUM POOOTH TepMiHajia 3 Komm'torepoMm). [Ipu Habopi
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koMmbOiHamii knasim Ctrl+P PAD nepexoauts y pexum nepeaayi JaHuX 1 cipuiiMae Bci
HACTYITHI CUMBOJIM SIK JIaH1, SIK1 OTPIOHO MepeaaTH B makeTi X.25 By3/1y NpU3HAUYCHHS.

[To cyti, mpotokonu X.3 1 X.28 BH3HAYaIOTh NPOTOKOJN EMYJSIli TepMiHama,
noaiOHuii 1o npotokony telnet creka TCP/IP. KopucrtyBau 3a 101moMororw mpucTporo
PAD BcranoBmioe 3'eqHaHHS 3 MOTPIOHMM KOMITIOTEPOM, a MOTIM MOYKE BECTH BKE
Jiajgor 3 OMEpaliHUI CHCTEeMOI0 IThOTO KoMmm'torepa (y peXumi mepenadi JaHuX
npuctpoeM PAD), 3amyckatoun noTpiOHI MporpaMu 1 Meperisgaroyu pe3ynbTaTd iXHbOT
pobOTH Ha CBOEMY €KpaHi, SIK 1 TpHU JOKAJIbHOMY MIIKIIOYEHHI TepMiHama 0
KOMII'FOTepa.

Komm'totepr 1 JOKajbHI MepeXi 3BHYANHO TMIIKIIOYAIOTHCS 0 Mepexi X.25
Oe3mocepelHb0 yepe3 ajgantep X.25 4 MapupyTU3aTtop, SKUM MIATPUMY€E Ha CBOIX
iHTepdeicax nporokonn X.25. Jns xepyBanHs npuctposmu PAD y mepexi icHye
npotokon X.29, 3a TONOMOIOI0 SIKOTO BY30JI MEpeXl MOKE KepyBaTH 1 KOH(PIropyBaTH
PAD Bignmaneno no mepexi. IIpu HeoOX1gHOCTI mepeaadl JAaHMX KOMI'IOTEpH, SKI
NIJKITI0UEHI 10 Mepexi X.25 Oe3nocepeanbo, nociayramu PAD He KopucraroThes, a
CaMOCTIHO BCTaHOBJIIOIOTH BIPTyaJibHI KaHAIM B MEPEXKIi 1 MepefaroTh Mo HUX JlaHi B
nakerax X.25.

Aapecanisi B Mmepexkax X.25

Skmo wepexxka X.25 He 3B'I3aHAa 3 30BHINIHIM CBITOM, TO BOHAa MOXeE
BUKOPHUCTOBYBATU ajpecy Oyab-sikoi JOBXMHU (y Mexax (opmary mojs aapecu) i
JaBaTH ajpecaM JIOBUIbHI 3Ha4YeHHs. MakcumaiibHa JOBXKWHA TOJIs aJpecu B IMaKeTi
X.25 cknanae 16 6aitt.

Pexomennaiiist X.121 CCITT BusHauae Mi>KHapOJIHY CUCTEMY HyMepallii aapec s
MEpeX Tmepefadyl JaHUX 3arajlbHOTO KOpPUCTyBaHHSA. SIKmo Mepexa X.25 xoue
OOMIHIOBATHCS JAHUMU 3 HIIUMH Mepekamu X.25, To B Hill MOTPIOHO TOTPUMYBATHUCS
aapecarii crangapty X.121.

Anpecu X.121 (masuBarothcst Takox International Data Numbers, IDN) marotb
PI3HY JOBXHHY, sIka MOXe ckiaaatu 10 14 necsatkoBux 3HakiB. [lepuri yotupu uudpu
IDN nasuBaroTh kojoMm ineHtudikamii mepexi (Data Network Identification Code,
DNIC). DNIC mnoaiseHuii Ha 1Bi 4acTHH: Tiepiina yacTuHa (3 uudpu) BU3HAYAE KpaiHy,
y SIKIfl 3HAXOAUTHCS Mepexa, a apyra — HoMmep mepexi X.25 y maniit kpaini. Takum
YUHOM, BCEpEIMHI KOKHOI KpaiHK MOXHa opranizyBaTu TUIbkU 10 mepex X.25. Skmio
XK MOTpIOHO TpoHymepyBatu Ouibine, HiX 10 Mepex s omHiel KpaiHu, mpoOiema
BUPIIIYETHCS THM, 1110 OJHIN KpaiHi J1aeThcs Kuibka kojiB. Hanpuknan, Pocis mana g0
1995 poky oaun kog — 250, a B 1995 pomi it Oy BuauieHui e oguH kojx — 251,
[Hmm uudpu Ha3uBaIOTBCS HOMEpPOM HalioHalbHOro tepMiHaia (National Terminal

Numbe, NTN). Li mudpu no3BosnsaoTh ineHtudikyBatu BusHaueHud DTE y mepexi
X.25.
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Mixnaponni wmepexi X.25 MOXYTh TaKOXX BHKOPHUCTOBYBATH MIXKHAPOTHUI
cranjapt Hymepaiiii abonentiB ISO 7498, onucanuii BuIle.

ITo cranmapti ISO 7498 nns mymepartii mepex X.25 mo aapecu y dopmari X.121
JOMAEThCSA TUIBKKW OAWH OalT mpedikca, sskuil Hece koa 36 (BUKOPHUCTaHHS B ajapeci
TITBKA KOMIB JAECITKOBUX 1Hdp) uu 37 (BUKOPUCTAHHSA JOBIIBHUX JBIHKOBUX
koMOiHariif). Ileit kom mo3BOJIsi€e  yHIBEpCATbHUM KOMYTAaTopaM, HAaNpUKIAL
komyTaropam Mmepexi ISDN, mo miaTpuMye TakoXX 1 KOMyTalilo MakeTiB X.25,
ABTOMATUYHO PO3II3HABATH THUI AJPECH 1 MPABWIHPHO BUKOHYBATH MapIIPyTH3AIIO
3alUTy HAa BCTAHOBJICHHS 3'€THAHHS.

Crexk npoTokoJiB mepexki X.25

Crannmaptu Mepex X.25 onucyroTh 3 piBHI poTokomiB (puc.12.3).

eHa ¢iznunomy piBHI BH3HaueHl cuHXpoHHI iHTepdeiicu X.21 1 X.21 bis mo
yCcTaTKyBaHHA nepenadi nannx — abo DSU/CSU, saxmo BuaiieHu kaHam € udpoBum,
a00 710 CHHXPOHHOTO MOJIEMY, SIKIIIO KaHaJ BUIJICHUH.

e Ha kananpbHOMY pPIiBHI BUKOPHUCTOBYEThHCS MiAMHOXkUHA TmpoTtokoiny HDLC, mo
3a0e3nevyye MOKJIMBICTh aBTOMATUYHOI TNepefavl y BUNAAKy BUHUKHEHHS MOMUJIOK Y
ninii. [lepenbaueno Buodip 13 1BOX npoueayp aoctymy Ao kanainy: LAP yu LAP-B.

eHa MepexxHoMy piBHI BU3HadeHUM mOpoTokond X.25/3 0OMiHY MmakeTamu Mix
KIHIICBUM yCTaTKyBaHHSM 1 MEPEXKEIO Nepeiadl JaHuX.

KomeuHbiA ysen

(komnbioTep, Mapwpytuaatop, PAD)

VI Ak

P78 T8

- — -
MMYTaTO _ A

LAP-B " LAP-B “LAPB
X.21/X.21bis

e L] [ ~
Moororon 1111 1

Puc. 12.3. Crexk nporokoJiiB Mepeki X.25
TpancnopTHuil piBeHb MOXXE OYyTHM peani3oBaHMN Yy KIHLIEBUX BY3J1aX, ajieé BiH

CTaHJapTOM HE BU3HAYAETHCA.

[Tpotokon (izuuHOTO PiBHS KaHATY 3B'sI3KYy HE OOTOBOPEHUH, 1 1€ 1a€ MOKIIUBICTh
BUKOPHCTOBYBATH KaHAJIU PI3HUX CTaHAAPTIB.

Ha xkaHanmbHOMY piBHI 3a3BU4ail BUKOPHCTOBYEThCS TmpoTokosn LAP-B. Ilei
MIPOTOKOJI 3a0e3meuye 30amaHCOBaHUM PEXUM POoOOTH, TOOTO 00M/IBa BY3JIH, IO OEPYTh
ydacTh y 3'elHaHHi, piBHompaBHi. [lo mpotokoni LAP-B BcTaHOBMIOETHCS 3'€THAHHSA
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MK KOPUCTYBaJbHUIBKUM ycTtarkyBaHHsM DTE (xomm'torepom, IP- um IPX-
MapHIpyTU3aTOPOM) 1 KOMYyTaTOPOM Mepexi. Xoda cTaHAapT 1€ 1 He 00YMOBITIOE, aje 3a
nporokoioM LAP-B MoxiMBO TakoX BCTaHOBJICHHS 3'€/lHAHHA HA KaHAJIbHOMY piBHI
BCEpPEIMHI Mepexl MK Oe3rocepeHbo 3B's3aHUMHU KomyTatopamu. [Iporokon LAP-B
Maiike y BCIX BiHOCHHAX iAeHTuyHUI npoTtokony LLC2, kpim aapecarii. Kagp LAP-B
MICTUTh OJHE OaHOOaiTOBe ampecHe mojie (a He nBa — DSAP 1 SSAP), y skomy
BKa3y€EThCS HE ajjpeca CIy>KOM BEpXHBOTO PiBHSA, a HAMpsAMOK mepeaadi kaapy —O0x01
st HaripasieHHs: komana Bim DTE mo DCE (y mepexy) um Binnosige# Big DCE no
DTE (3 mepexi) 1 0x03 myst Hanpasienss Bianosiaen Bix DTE no DCE uu xomann Bix
DCE no DTE. IlinTpuMyeThcsi IK HOpMaJIbHUN pEXUM (3 MAaKCUMAJIbHUM BIKHOM Y 8
KaJpiB 1 OJHOOAWTOBUM TIOJIEeM KEpyBaHHS), TaK 1 PO3IMIMUPEHUNA pekuM (3
MaKCHUMaJIbHUM BIKHOM y 128 kaapiB 1 1BOOAHTOBUM NOJIEM KEPYBAaHHS).

Mepexuuil piBeHb X.25/3 (y craHmapTi BIH Ha3BaHUN HE MEPEXKHUM, a
NAKeTHUM PIBHEM) PpEAI3Ye€TbCAd 3 BHUKOPUCTAHHAM 14 pI3HUX THUMIB IAKETIB, IO
NPU3HAYEHHIO AHAJIOTIYHUX TUMaM KaapiB mnpoTtokoiny LAP-B. Tak sk HaniiHy
nepenady ngaHux 3abesnedye mpotokosn LAP-B, mporokon X.25/3 Bukonye (yHKIT
MapHIpyTH3allii TakeTiB, BCTAHOBIICHHS 1 PO3PUB BIPTyaJIbHOTO KaHATY MK KIHIICBUMHU
abOHEHTaMU Mepexi 1 KepyBaHHS TOTOKOM TAKETiB.

[licnst BCTaHOBJIEHHS 3'€JHAaHHS Ha KaHAJIBHOMY pIBHI KIHIIEBUM BY30]
NOBMHEH BCTAHOBUTH BIpTyalbHE 3'€IHAHHS 3 1HIIMM KIHLIEBHM BY3JIOM Mepexi. s
npboro BiH y kaapax LAP-B mocunae maker Call Request mpotokony X.25. dopmar
nakera Call Request mokazanwmii Ha puc. 12.4.

[lonsi, po3ramoBani B  MepmIMX TPhOX  OaliTax  3arojoBKka  TAKeTa,
BUKOPUCTOBYIOTBCS y BCIX THUHax kaapiB mpotokony X.25. O3znaku Q 1 D 1 Modulo
po3TaIioBaHi B CTapIiii YacTHHI mepiioro 0anTa 3arosoBka. O3Haka Q mpu3HayeHa s
pO3Mi3HaBaHHS HAa MEPEKHOMY piBHI TUIy iHGOpMarii B moyi JaHux maketa. [lpu
oJIep>KaHH1 MmakeTa iHpopMmarlisi, po3TalioBaHa B MOJIi JaHUX, a TAKOXK 3Ha4YeHHs OiTa Q
NEpPEeIaeTbCcsl  BEPXHIM  PIBHSAM  KOPUCTYBAJbHULIBKOTO  CT€Ka  IPOTOKOJIB
(6e3rocepeIHLO TPAHCIIOPTHOMY PIBHIO 1bOro cTeka). 3HadueHHs Q=1 o3Haudae
Kepylouy KOPHUCTYBalIbHMIIbKY iHpopMamito, a Q=0 — pgani. O3naka D o3Hauae
MIATBEP/DKCHHST TPUHOMY IIaKkeTa BY3JIOM TMpU3HAYEHHSA. 3BUYAWHUNA MEXaHi3M
MIATBEPPKCHHSI TPUMAHSATTS IMAKETIB 3a JIOMOMOTOI0 KBUTAHIIIA Ma€ ISl MPOTOKOIY
X.25 TUIBKH JOKQJIbHHM 3MICT — TIPUHAOM TIaKeTa IMiATBEP/HKYE HaWOIMHKINN
KOMYTaTOp MEpEeXl, yepe3 sIKWi KIHIIEBUH BY30J 3alpPOCHUB 1 BCTAHOBUB BIpPTyajbHE
3'eHaHHs. SIKIIO 3K BY30JI-DKEPENO 3alpOCUB MIATBEP/KEHHS MNPUHOMY KIHIIEBUM
BY3JIOM, TO II€ TIATBEP/DKEHHS I1HJIUKYEThCS BCTaHOBJEHHsSM Oita D (delivery
confirmation) y makerax, uio WayTh BiJ By3/a MPU3HAYCHHS.
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Q | D | Modulo LGN
LCN
Type = 0xdB
Anuna DA Anvna SA
Appec HasHayenuns (DA)

bl b T LR ol TSRS ——

itk T TR P e pp——

e -

Anuxa nons yenyr (FL)
Yenyru (Facilities)

b L R ———

[ —— -

Puc.12.4. ®opmart nakera Call Request
O3znaka Modulo roBoputs mpo Te, 1Mo KoMy moayia — 8 uu 128 —

BeJIEThCA HyMmepallis makeTiB. 3HaueHHs 10 o3nayae moaynb 128, a 01 — mMomyns 8.

ITone Homep moriunoi rpymm (Lodiccd Group Number, LGN) MicTuTh
3HAYEHHA HOMEpa JIOTIYHOI TPyNH BIpTyalibHOTO KaHany. KaHanu yTBOPIOIOTH JOTTYHI
rpynu no pyHKIIOHAIbHIN O3HAIll, HAPUKIIAL:

* MOCTIMHUN BIpTyalbHUI KaHa;

* BipTyaJbHUH KaHaj, 10 KOMYTYETbCS TUIbKU JJI1 BXIJHUX MOBIIOMJIEHB
(cuMILIEKCHU);

* BIpTyaJIbHUI KaHaM, M0 KOMYTY€EThCS, TUTBKU JJII BUXITHUX MOBIIOMJICHb
(cuMILIEKCHU);

* TyTUICKCHUHN BIPTYaIbHHUM KaHAa, [0 KOMYTY€EThCSI.

MakcumanbHa KITBKICTh JIOTIYHUX Tpylnl — 12, Xo4a B KOHKPETHIA Mepexi
MIPUITYCTUMA 1 MEHIIIA KUIbKICTb.

[Tone Homep noriunoro kanany (Logical Channel Number, LCN) micTtuth
HOMEp BIPTYaJIbHOTO KaHANY), SIKUW IPU3HAUYCHUN BY3JI0M-IDKEPENIOM (JIJ1s1 BIpTyalIbHUX
KaHaJiB, 110 KOMYTYIOTbCS,) UM aIMIHICTPATOPOM Mepeski (U1 MOCTIHHUX BipTyaIIbHUX
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KaHaiiB). MakcuManbHa KUIBKICTh BIPTyaJbHMX KaHaTIB, L0 MPOXOIATh Yepe3 OAUH
opT, TIOPiBHIOE 256.

[Tone Tun (Type) Bkaszye tun nakera. Hanpuxnan, nns makera Call Request
BiJIBe/ieHe 3HaueHHs Tuiy, piBHe 0x0B. Monommmii 0iT 1bOro moJis BU3HAYAE, Y €
naketr kepyrouuM (0iT gopiBHIOE 1) um makerom manmx (61T mopiBHioe 0). 3HAUCHHS
0x0B wmictuth 1 y Monoamomy 6iTi, TOMy 1€ KepYIOUMid MakKeT, a 1HII OITH B I[bOMY
BUIAJIKy BU3HAYAIOTh IMATHI TakeTa. Y TMakeTi maHmx 1iHm Oith mons Type
BUKOPHCTOBYIOThCS JJisl IepeHeceHHst HoMmepiB kBuTaniii N(S) i N(R).

HactynHi f1Ba mosis BU3HAYalOTh JIOBKHUHY aJpec MpU3HAYCHHS 1
mxepena (DA 1 SA) y nakeri. 3anuT Ha BCTAaHOBJICHHS BIPTYaJbHOTO KaHaTy BKa3zye
obunpi angpecu. Ilepma aapeca morpibna nnst mapupyrtusanii nakera Call Request, a
apyra — JUISl  yXBaJ€HHS PIIICHHS BY3JOM TpPHU3HAYCHHS TIPO  MOXKIJIMBICTH
BCTAHOBJICHHSI BIPTyaJbHOTO 3'€AHAHHS 3 JAHUM BY3JIOM-DKEpesioM. SIKIo By307
NPU3HAYEHHSI BUPIUIYE NPHUIHATH 3alUT, TO BIH NMOBUMHEH BiamnpaButu naker Call
Accepted — «3anuT npUAHATHIT», Y SKOMY TaKOX BKa3aTh OOWABI aJpecH, MOMiHSBIIH
iX, MPUPOIHO, MICIIMU. AJPECH MOXYTb MaTH JOBUIbHMM (PopMar 4u BiANOBIIATH
BuMoram cranaapty X.121 uu ISO 7498.

Cami agpecu mpu3HAYEHHS 1 JpKepesa 3aiiMaloTh BIJABEJEHY iM KIJTBKICTh
OalT y HACTYIMHHUX JBOX IOJISX.

[Tonss omxuna mossa nociayr (Facilities length) 1 Ilocmyru (Facilities)
NOTPiOH1 JyIsl  Y3rOMXKEHHS JIOJATKOBUX TIOCIYT, IO HAJa€e Mepeka aOOHEHTY.
Hanpuknan, mnocinyra «laeHTudgikaTop KOpPUCTyBaya MEPEXKI» JI03BOJISIE 3aJaTv
1meHTrU(IKaTOp KOpUCTyBava (BIAMIHHMM BIJ WOTO MEpPEXHOI ajpecH), Ha MiACTaBl
SKOTO MOXYTh OIUIAYyBaTUCS PaxXyHKH 3a KOPHUCTyBaHHsS Mepexero. KopucryBau 3a
JIOTIOMOTOI0  TIOCTYTH  «Y3TOJDKEHHS TapaMeTpiB KEpyBaHHS IIOTOKOMY»  MOXKeE
MOTIPOCUTH MEPEKY BUKOPUCTOBYBATH HECTAaHAAPTHI 3HAUYCHHS MapaMeTPiB MPOTOKOITY
— po3Mipa BiKHA, MAaKCUMAJIbHOTO PO3MIpy MoJisl 1aHux mnakera 1 T.1. [IpoTokon X.25
JOTyCKa€ HACTYMHI MaKCUMaJibH1 3HAYEHHS JOBXUHU MoJs nanux: 16,32, 64, 128, 256,
512 1 1024 6aiit. Halikpaioro € 1oBxxkrHa 128 Gait.

[Taket Call Request mpuiiMaeTbcst KOMYTaTOPOM MEPEXKi 1 MAPIIPYTUIYETHCS
Ha TIJCTaBl TaOJIUINl MapIIpyTH3allii, MPOKIaAal0Yl TP IIbOMY BIpTyaJIbHUN KaHAI.
[TouyaTkoBe 3HAYEHHS HOMEpA BIPTYaIbHOTO KaHATY 3a7a€ KOPUCTYBA4 y IIbOMY IaKeTl
B moni LCN (amanmor monst VCI). Ilporoxon mapmpytuzaiii mns mepex X.25 He
BU3HAYCHUU.

12. 3. Mepexi Frame Relay
IIpu3HaveHHs i 3arajibHa XapaKTepuCTHKA

Mepexi frame relay — mopiBHSHO HOBI Mepexi, 110 HabaraTo Kparie
HIAXOASTh Ui Tepenadl MyJbCylodoro Tpadika JOKaJbHUX MEpeX y MOpIBHSHHI 3
mepexkamu X.25, mpaBja, sl epeBara BUSBISETbCS TUIBKUA TOJIl, KOJM KaHAJIH 3B'S3KY
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HAOIMKAIOTHCS MO SKOCTI 10 KaHaB JOKAJBHUX MEPEX, a A riIo0albHUX KaHalliB
TakKa sIKICTb 3a3BMYail JOCSHKHA TUTBKH MPU BUKOPUCTAHHI BOJJIOKOHO-ONTHYHHUX KaOeliB.

[lepeBara Mepex frame relay mossirae B X HU3BKIM IPOTOKOJIBbHIM
HAJIMIPHOCTI 1 JedTarpaMHOMYy pexuMi poOOTH, 110 3a0e3Meuye BHCOKY IMPOIMYCKHY
3ATHICTH 1 HEBEJIMKI 3aTpUMKU KajpiB. Haxiiiny mepemauy kamapiB TexHosoris frame
relay He 3abesmeuye. Mepexi frame relay cnerianbHO po3poOIISITUCS SK CYCIHUIBHI
MepexKi A 3'€IHaHHS MPUBATHUX JIOKAIBHUX Mepexk. BoHu 3abe3neuyroTh MBUIKICTD
nepenavi faHux g0 2 Moit/c.

OcoOnuBicTio TexHoJorli frame relay € rapaHToBaHa MiATPUMKAa OCHOBHHUX
MOKAa3HUKIB AKOCTI TPAHCHOPTHOIO OOCIYIOBYBaHHS JIOKQJIbHUX MEPEK — CEPEeNHbOI
HIBUKOCTI Tepenayl JaHUX IO BIPTYyaJIbHOMY KaHajl MpU MPUITYCTUMUX ITYJIbCAIsX
Tpadika. Kpim texnosnorii frame relay rapantii sIkocTi 0OCIyroByBaHHsI Ha ChOTOJHI1
MOXe HagaTu TUIbkM TexHosoris ATM, y Toil yac sk 1HIII TEXHOJOTiI HaJar0Th
HEOOXI1JIHY SIKICTh OOCIIYTOBYBaHHS TIJIbKH B PEKHUMI «3 MAaKCUMAJIbHUMH 3yCHILISIMU
(best effort), To6TO Ge3 rapaHTiid.

Texnonorisa frame relay y mepexxax ISDN cranmapTuzoBaHa sk ciyxba. Y
pexkoMenaiax 1.122, mo uitnuu y cBit B 1988 porii, 1151 ciayk6a BXoAWIa B YUCIIO
JIOJIATKOBHUX CITYKO MaKETHOTO PEKUMY, aJie TIOTIM YK€ TIPU Meperiisiii peKOMEH Iallii y
1992-93 p. Bona Oyna Ha3BaHa ciyx0010 frame relay i BBifiIIIIa B 4MCIIO CIYXKO pEXRKUMY
nepeaayl Kaapis nopsn 31 ciyx0o0to frame switching. Ciy:x0a frame switching mpaittoe
B PEXMMI TapaHTOBAaHOI JIOCTAaBKM KaJApIB 3 PEryIIOBaHHSIM MOTOKy. Ha mpaxTtuii
MOCTaYaJIbHUKH TEJIEKOMYHIKALITHUX MMOCIYT NPONOHYIOTh TUIbKH CiIyk0y frame relay.

Texnonoris frame relay Biagpa3y mnpuBepHyJia BEJIUKY YyBary MpOBIIHUX
TEJCKOMYHIKaIIHINX KOMIIaHIi 1 OpraHi3aiii mo crangapTtusailii. Y ii cTaHOBJIECHHI 1
crangaptuzaiii kpim CCITT (ITU-T) aktuBny yuyacts npuiiMmaroTh Frame Relay Forum
1 komiteT TISI incTuTyTY ANSI.

Hekomepuiiiny opranizanito Frame Relay Forum yrtBopunu B 1990 pori
kommnaHnii Cisco Systems, StrataCom (cworoani — miaposain Cisco Systems), Northern
Telecom 1 Digital Equipment Corporation 1jsi po3BUTKY 1 KOHKpeTH3alli CTaHIapTiB
CCITT 1 ANSIL Cpenudikanii Frame Relay Forum nasuBatotecss FRF 1 maroth
nopsinikoBi Homepu. Crienmikamii FRF gacto ctangapTusyroTh T1 aclieKTH TEXHOJIOT1T
frame relay, sxi me He 3HaWnUM cBoe BimoOpaxenHs B ctanmaprax ITU-T i ANSIL
Hampuknan, cnemmdikamiss FRF.11 BuzHauae pexxum mepegadi rojiocy Mo Mepekax
frame relay.

Koncopuiym Frame Relay Forum po3po6uB cnernudikaiiito, sika BiMoOBigae
BUMoram 0Oa3oBoro mportokoiy frame relay, pospoGaenoro TISI 1 CCITT. Opnak
KOHCOPIIIYM PO3MIHMPUB 0a30BHA MPOTOKOJ, BKIIOYUBIIU JOAATKOBI MOMJIMBOCTI TIO
KEPYBaHHIO Mepexkero 3 OOKy KOpUCTyBaua, IO IyK€ BaXKIMBO NMPHU BUKOPUCTAHHI
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Mmepex frame relay y ckimagHux KopropaTuBHHX mepexax. Lli momoBHeHHs n0 frame
relay HasuBaroTh y3araapHeHo Local Management Interface (LMI) — nokanbpHUi
iHTepdeiic kepyBaHHs.

Cragmaptu ITU-T 3Bu4aiiHO BiAPI3HSIOTHCS BUCOKUM PIBHEM CKJIQTHOCTI 1
HAsSBHICTIO 0araThbOX MOMUIMBOCTEH, IO JOCHTh Ba)XKO BTUIMTH Ha TPAKTHIIL.
Crnenuoikamii Frame Relay Forum cnpomyrots neski acnexktu crangaptiB [TU-T um
BIJIKMTAFOTh JIESIKI MOKJIMBOCTI. Tak, TexHoioris frame switching He 3HaimmIIa CBOTO
BimoOpakeHHs B cnenudikanisx FRF, a mpoueaypu cTBopeHHs BipTyadbHUX KaHAaIIB,
10 KOMYTYIOThCS, 3'siBrutHcCs B crienudikaiisx FRF miznime, Hixk y cragmgaprax [TU-T,
1 BUSIBIJTHCSI OUTBIIT IPOCTHUMU.

Cranpmaptu frame relay, sk ITU-T/ANSI, tak 1 Frame Relay Forum,
BHU3HAYAIOTh JBa TUIM BIPTyalbHHX KaHalB — mnocTiiHl (PVC) 1 mo KoMyTyroThCs
(SVC). Lle BignoBinae motpedaM KOPUCTYBadiB, TOMY IO JUIS 3'€JHAHB, TIO KX Tpadik
NepelaeThCs Maixke 3aBXKau, OUIbIIE MIIXOASTh MOCTIMHI KaHalu, a JJIs 3'€HaHb, 10
MOTPiOH1 TUTBKH K1JIbKA TOJIMH HA MICS1Ib, OLIbIIE MIIXOASITh KaHAIH, 110 KOMYTYIOTbHCS.

Opnak BUpOOHMKHM YycTaTKyBaHHs frame relay 1 mocTadaqbHUKH TOCTYT
Mepex frame relay moyanu 3 mATPUMKHU TUIBKM MOCTIMHUX BIpTyalibHUX KaHauiB. Lle,
MPUPOIHO, € BEIMKUM CIIPOIICHHSIM TexHoJor1i. [IpoTe B ocTaHHI POKM yCTAaTKyBaHHS,
00 MIATPUMYE BIPTyaJIbHI KaHald, 10 KOMYTYIOThCS, 3'SBUJIOCS, 1 3'SIBUIHCS
MOCTa4aJIbHUKH, 10 TPOMOHYIOThH TaKy MOCIYTY.

Crek nporokoJis frame relay

Texnonoris frame relay BUKOpPUCTOBYe nisi mepenadl JaHUX TEXHIKY
BIpTyaJIbHUX 3'€/IHaHb, AHAJIOTIYHY TiH, SKa 3aCTOCOBYBajacs B Mepexkax X.25, ogHak
CTeK MpoTOoKoJiB frame relay mepemae kaapu (MpuU BCTAHOBJICHOMY BIPTYyaJlbHOMY
3'€/IHaHHI) MO MPOTOKOJIaX TIIbKU (DI3UMYHOTO 1 KAHAJIBHOTO PIBHIB, Y TOM 4ac K y
Mepekax X.25 1 micisi BCTAHOBIICHHS 3'€JHAHHS KOPUCTYBAIBHUITBKI JIaH1 TTEPEIAIOTHCS
POTOKOJIOM 3-T0 piBHSI.

Kpim Toro, nporokon kananeHoro piBHs LAP-F y mepexax frame relay mae
JIBa pEKMMHU poOOTH — OCHOBHHMM (core) 1 kepyrouunii (control). B ocHOBHOMY pexuMmi,
mo (aKTUYHO TPAKTUKYETHCSI B CHOTOAHINIHIX Mepexax frame relay, kaapu
NepeIaroThCsl 0€3 MePEeTBOPEHHS 1 KOHTPOJIIO, SIK 1 B KOMYTaTOpax JOKATHHUX MEPEK.
3a paxyHOK 1IbOTO Mepexi frame relay MaroTh qy’ke BUCOKY NMPOJTYKTUBHICTH, TOMY IO
KaJIpu B KOMyTaTOpax HE MiIaI0THCS TIEPETBOPEHHIO, a MEepeka HE TIepe/1a€ KBUTAHIII1
MIATBEPKEHHSI MK KOMYTAaTOpaMH Ha KOXXE€H KOPUCTYBAJIBHHMIIBKUN Kajp, sIK 1e
Bi10yBaeThcs B Mepexi X.25. [lynbcanii Tpadika nepenaroThes Mepexero frame relay
JIOCUTB IIBUJKO 1 0€3 BEJIMKUX 3aTPUMOK.
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[Ipy TakOoMy miIXOAl 3MEHUIYIOTbCA HAaKJIaAHI BHUTpPATH MpHU TMepenadl
MaKeTiB JIOKAJLHUX MEPEK, TOMY [0 BOHU BKJIAQIAIOTHCA Bipa3y B Kaapu KaHAJIHLHOTO
PIBHS, a HE B [TAKETH MEPEKHOTO PIBHS, SIK I1€ BIIOYBA€EThCS B Mepexkax X.25.

CrpykTypa creka (puc.12.5) nodbpe BigOUBae MOXOIKEHHS TEXHOJOTIT frame
relay y Hagpax texnozorii ISDN, Tomy mo Mmepexi frame relay 3amo3uuaiors Gararo
4oro 31 cTeka nporokoiB ISDN, ocobauBo B mpoleaypax yCTaHOBIECHHS BIPTyajIbHOTO
KaHajy, 10 KOMYTUPYETHCSI.

YnpaansHiss (D) Daxnbie YNpARNSHHE
(eignaling) (O. B, H) Do (signaling)
(D, B, H)
Q.931/Q.933 MpoToxant 0.931/Q.933
BOPXHIX ypOBHBA jm=mmmmsscecan
(IP, NetBEUI, SNA) ' LAP-F control
| Q22
LAP-D | LAP-D
C.921 LAP-F cora LAP-F core Q.921
Q922 . Q.922
)
]
DHIHIBCcKMA ypoBeHb |.430/431 : Duanieciii yposehs 14300431
H

TapswHan ST Cemo
Puc. 12.5. Crexk nporokoJiB frame relay

OcHoBy TexHosorii ckimamae mnpotokon LAP-F core, skuit € myxe
crpoiieHoo Bepciero npoTokosry LAP-D. IIpotokon LAP-F (cranmapt Q.922 ITU-T)
mpaitoe Ha Oynb-akux KaHanmax mepexi ISDN, a Ttakox Ha kanamax tunmy TI1/EL.
TepminanbpHe ycTaTKyBaHHS Tocwiiae B Mepexy kKaapu LAP-F y Oynp-saxuii MomMeHT
4yacy, BBaKAlOYW IO BIPTyaJbHUN KaHAT y MEpeki KOMYTaTOpiB yXKe MPOKIAJICHUN.
[Tpu Bukopuctanui PVC ycratkyBanHio frame relay moTpiOHO MiATpUMYBaTH TUIBKH
nporokon LAP-F core.

[IpoToxon LAP-F contol € HeoGoB's13k0BUM Aomatkom 10 LAP-F core, sikuit
BUKOHYE (DYHKIIi KOHTPOJIIO JOCTaBKHU KaJpiB 1 KEPyBaHHS MOTOKOM. 3a JIONIOMOTOO
npotokoiy LAP-F control Mepexero peanizyerscs cinyx0a frame switching.

Jlyis ycTaHOBKM BIPTyaJdbHMX KaHaliB, IO KOMYTYIOThCS, ctanmapt ITU-T
npornonye kaHai D kopuctyBanbHHIIBKOTO 1HTep(delicy. Ha HboMy Sk 1 paHilie mpaioe
3Hailomuil mpotokon LAP-D, 1m0 BUKOPUCTOBYEThCSA JIsl HAMIWHOI mepeaadi KaapiB y
Mepexkax ISDN. IToBepx mbpOro mpoTokoJy mpairoe npotokosa Q.931 ym mporokos
Q.933 (saxumit € cnpomeHHaM 1 Moaudikamiero npotokony Q.931 ISDN), mo
BCTAHOBIIIOE BIpTyajbHE 3'€IHAHHS Ha OCHOBI aJipec KiHIIeBUX aOOHEHTIB (y CTaHIapTi
E.164 uu ISO 7498), a Takox HOMepa BIpTyaJbHOTO 3'€HAHHS, 110 y TEXHOJOTIi frame
relay HazuBaetbes Data Link Connection Identifier — DLCI.

[Ticis TOrO BipTyanbHHIA KaHAI, MO0 KOMYTYEThCS sIK, y Mepexi frame relay
YCTAHOBJIEHUM 3a jgomoMorow mnporokodiB LAP-D 1 Q.931/933, kaapu MOXKYTh
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TpaHcmoBatucs 1o npotokonmi LAP-F, mo komyTrye iXx 3a momomorowo Tabauih
KOMYyTallli MOPTiB, y SKUX BUKOPUCTOBYIOThCS JoKaidbHI 3HaueHHs DLCI. IIpoTtokon
LAP-F core BUKoHye HE yci (yHKIIT KaHAJIBHOTO PIBHS B MOPIBHSHHI 3 MPOTOKOJIOM
LAP-D, tomy ITU-T 300paxye #oro Ha miB piBHS HWXK4e, HDK mporokon LAP-D,
3aJIMINA0YX Mictie Uit QYHKINH HaaiiHOI epenadi nakeTiB mporokoiry LAP-F control.

Yepes Te, mo TexHousoris frame relay 3akiHUyeTbCs Ha KaHAJIbHOMY PiBHI,
BOHA J00PE MOTOIUTHCSA 3 1IC€H0 THKATICYIISAIIT TAKEeTIB €IMHOTO MEPEKHOTO MPOTOKOITY,
Hanpukian I[P, y kaapu kaHaabHOTO piBHS OYyIb-SKMX MEpEX, IO CKIAAAI0Th
iHTepMepexy. Ilporeaypu B3aeMojil MPOTOKOIIB MEPEKHOTO PIBHSI 3 TEXHOJIOTIEIO
frame relay crampmaptuzoBani, Hanpukiaa, npuiitHsaTa crnerudikamiss RFC 1490, ska
BHU3HAYAa€ METOAM 1HKAmCysiii B Tpadik frame relay Tpadika MepekHUX TPOTOKOMIB 1
IIPOTOKOJIIB KAHAJIBHOTO PiBHA JOKaIbHUX Mepex 1 SNA.

[Hmoro ocobnuBicTiO TexHojorii frame relay € BigMoBa BiJ KOpeKIIii
BUSBIICHHX Y KaJpax crnoTBopeHb. IIporokon frame relay mae Ha yBa3i, 1m0 KIHLEBI
By37M OynyTh BHSBISATH 1 KOPEKTYBaTH IMOMUJIKA 33 PaXyHOK pOOOTH MPOTOKOJIIB
TPAaHCIOPTHOTO YW OUIbII BUCOKUX piBHIB. lle BuUMarae neskoro cCTrymneHs
IHTEJIEKTYaJIbHOCTI BiJ] KIHIIEBOTO YCTaTKyBaHHS, 1110 MO OUIBIIIA YaCTUHI CHPABEIINBO
JUISl Cy4yaCHHUX JIOKAJIbHUX MeEpexX. Y IIbOMYy BIJTHOIICHHI TexHoJjoris frame relay
OJIM3bKa 10 TEXHOJIOTIN JIOKaNbHUX Mepexk, Takux sk Ethernet, Token Ring 1 FDDI, ski
TAaKOX TUIBKM BIJKHUJAIOTh CIIOTBOPEHHI KaJpH, ajie caml He 3alMaroThCsl iXHBOIO
oBTOpHOIO Tiepeaauecto. CTpykrypa kaapy nporokony LAP-F naBenena na puc. 12.6.

®nar Anpec DanHbie ( po 4056 Gaii) CRC | ®nar

8 7 6 5 4 3 2 1

DLCI C/R | EAD

DLCI FECN|BECN| DE | EA1

Puc.12.6. ®opmart kaapy IAP-F

3a ocHOBY y3stHil hopmat kaapy HDLC, ane mose aapecu iCTOTHO 3MiHHIIO
CBIil popMar, a nmoje KkepyBaHHS B3araji BiJICYTHE.

[Tone Homepa BiptyansHoro 3'ennanHs (Data Link Connection Identifier)
DLCI) cknanaetses 3 10 6iTiB, 110 A03BOJIs€ BUKOpUCTOBYBAaTH 10 1024 BipTyanbHUX
3'enHanb. [Tone DLCI Moxe 3aiiMatu 1 OUIbIIE YUCIO PO3PAJIIB — LIMM KEPYIOTh O3HAKH
EAO i EA1 (Extended Address — posmmpena anapeca). SIkmo OiT y mid o3Hami
BCTAHOBJICHUH y HYJIb, TO O3HaKa Ha3uBaeThcsi EAQ 1 03Hauae, 1110 B HACTYITHOMY OaiiTi
€ TIPOJIOBXKEHHS MOJsI aJpecH, a SKIIO OIT O3HAaKH JOPIBHIOE 1, TO MOJIE HA3UBAETHCSA
EA1 1 iHauKye 3aKiHYEHHS MOJIS aJ[pecH.
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Hecsatupospsaanii popmatr DLCI € ocHOBHUM, ajie TPy BUKOPUCTAHHI TPHOX
Oaiit i anpecanii nojge DLCI mae poexuny 16 01T, a Ipu BUKOPUCTAHHI YOTHPHOX
Oaiit — 23 Oira.

Cranpaptu frame relay (ANSI, ITU-T) posnoautsatots aapecu DLCI mix
KOpHUCTYBa4aMH 1 MEPEKEI0 B TaKU CIociO:

* 0 — BHUKOPHUCTOBYETHCS JJISl BIpTyaJIbHOTO KaHAIy JIOKaJIbHOTO KEPyBaHHS
(LMI);

* 1-15— 3ape3epBoBaHi A1 MOAAIBIIIOTO 3aCTOCYBAHHS;

* 16-991 — BukopuctoBytoThcs abonenTamu Juist Hymepaiii PVC 1 SVC;

* 992—1007 — BUKOPHUCTOBYIOTHCS MEPEKHOIO TPAHCIIOPTHOIO CIIYk OO0
JUTSI BHYTPIMEPEKHUX 3'€THAHB;

* 1008-1022 — 3ape3epBoBaHi I MOAATBIIIOTO 3aCTOCYBAHHS;

* 1023 — BUKOpPUCTOBYIOTHCA JIsl KEPYBaHHS KaHAJIbHUM PIBHEM.

Takum uymHOM, y Oyab-skoMmy 1HTepdeiici frame relay mmd KiHUEBHX
OPUCTPOiB KopucTyBaua npuauisierbess 976 anpec DLCI. Ilone maHux Moxxke MaTu
po3Mip 10 4056 GailT.

[Tone C/R mae 3Buuaitnuii st mpotokoiy cimerictBa HDLC 3mict — 1ie
O3HaKa «KOMaHIa-Bl1AIIOBIIbY.

[Tonst DE, FECN 1 BECN BUKOpPUCTOBYIOTHCSI IPOTOKOJIOM JJI1 KEPYBAHHIM
Tpad1KOM 1 MIATPUMKHU 33/1aHO1 IKOCT1 0OCIIyTOBYBAHHS BIPTYaJbHOTO KaHAIY.
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