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BCTYTI

[MoTpeba y B3aEMOAIT 3 IHWNMW NHOABMW € OAHIE 3 OCHOBHUX NOTPe6 /to-
AnHW. CnifKyBaHHA Tak camo BaXMBe A1 NHOA4EN, AK NOBITPSA, BOAA, PKa i fax
Haj, rosioBoto. MpoTArom CBOro iCHyBaHHS NIHOACTBO NOCTIMHO BUHAXOAWMO Ta
BLOCKOH&/IHOBASIO LLUMAXM KOMYHIiKaLiT, NOYnMHaK0UM 3 TiPO/IbCbKMX CMiBIB Ta ro-
NyOGUHOT NOLWITK | 3aBepLUYOYM Mepexero IHTEepHET. Y cyyacHOMY CBITi 3a pa-
XYHOK BUKOPUCTaHHA MEpPeX MU MoB’s3aHi OAMH 3 OAHWM, SIK HIKOMIA paHiLue.
Jlroan MOXyTb MUTTEBO OOMIHKOBATUCH HOBMHAMMU, iiesMK, CMifIbHO CTBOPHOBA-
TW HOBI NMPOEKTW, rpaTy B ITPU 3 IHLWIMMU NIFOABMU, L0 3HAXOAATLCA Ha THLUMX
KOHTMHeHTaX. KoMM’toTepHi MepeXxi LMPOKO 3aCTOCOBYHOTb MPOMUC/IOBI KOM-
naHii, 6aHKK, AepXXaBHi M KoMepuiliHi yctaHoBW. Came Tomy binn CeiTc, oamH
I3 3aCHOBHMKIB KOoMMaHii Microsoft, Ha3BaB mMepexxy IHTepHeT HepBOBOK CUC-
TEMOHO Cy4acHOI CBITOBOT EKOHOMIKM.

Lleir nigpy4yHUK € pe3ynbTaToM TBOPYOT CriBnpaLi KONeKTUBIB Katheapn cu-
CTEMHOrO nporpamyBaHHs i cnewjianizoBaHNX KOMM’HOTepHUX cnucteM HauioHa-
NbHOIO TEXHIYHOIO YHIBEPCUTETY YKpaiHN «KUTBCbKUIA MONITEXHIYHWNIA IHCTU-
TYyT iMeHi Irops CiKopcbKoro» Ta Kaeapy 064MCoBa/ibHOT TEXHIKU BiHHMUb-
KOro HauioHa/IbHOro TEXHIYHOI0 YHIBEPCUTETY i NPU3HAYEHWI, B MepLly Yepry,
ANa CTYAeHTIB crieyianbHOCTI 123 — «Komn’roTepHa iHXeHepis» Npu BUBYEHHI
ancumnninm «KoMn’toTepHi Mepexi».

HaBuanbHa gucumnniHa «Komn’toTepHi Mepexi» € OfHIEK 3 6a30BMX A4
MiArotoBkM 6akanaepis. MeTO BUKNaAaHHA ANCUMN/IHN € (POPMYBaHHS 3HaHb,
YMiHb | HaBMYOK A/19 NMPOEKTYBaHHSA, HaflalTyBaHHSA, 06C/yroByBaHHSA Ta afiMi-
HICTPYBaHHS Cy4aCHUX KOMM’'OTEPHUX Mepex. IMif yac BUBYEHHSA AUCLUMNIIHN
CTYAEHTN OTPUMYIOTb IH(OpMaulito NpPo CyyacHi NpuUHUMNU  No6ya0BY
KOMMN’IOTEPHUX MepeX, NMPOTOKO/N TX PYHKLIOHYBaHHSA, AOCBIA HaMalTyBaHHSA
MepeXxXHoro ob6nagHaHHA. OCHOBHe 3aBAaHHA AucumniiHu «KoMn’toTepHi me-
pexi» — aaTu CTyfleHTam TeopeTMYHY Ta NPakTUYHY MigroTOBKY B ranysi npoe-
KTyBaHHA Ta eKcryarawyii CydacHMUX KOMM IOTEPHUX MePEeX.

Llein nigpy4yHVK AONOMOXeE CTyfeHTam 3acBOITY NPUHUMNN (DYHKLIIOHYBaH-
HA KOMIM’HOTEPHUX MEPeX Ta Mpu3HaYeHHS HanNoOLIMPEHILLINX MePeXXHUX Mpo-
TOKONiB; MeToAM Ta 3acobu nobyaoBM i 0OCMYroByBaHHS Cy4vaCHUX
KOMIM’HOTEPHNX MEPEXX PI3HOro BUAY Ta NPU3HAYeHHS; TeHAEHLIT pO3BMUTKY Npo-
rpaMHUX Ta amapaTHuX 3aco6iB KOMM’HOTepHUX Mepex. lMpakTuyHa YacTuHa
Nigpy4YHMKa MICTUTb NOTY>KHUIA NabopaTopHUIA NPaKTUKYM i A03BOMNUTL CTy/e-
HTaM OTPMMaTK LOCBIA MPOEKTYBaHHA KOMMN’HOTEPHUX MEPEX | HanalTyBaHHS
MepeXXeBoro 06/1agHaHHs.

Migpy4yHnK cKnagaetTbCcsa 3 AeB’ATM po3dinis. MaTepian po3TalloBaHO B
NOTiYHIA NOCNiAOBHOCTI, TOMY PO6OTY 3 NIAPYYHUKOM [AOLI/IbHO NOYMHATK 3
nepLuoro po3sainy. B KiHLUI KOXHOIo po34ifly € NUTaHHA 414 camonepeBipKy,
AKi [J03BONAOTb CaMOCTIMHO MNepeBipMTU CTYMNiHb 3aCBOEHHSA HaBYa/IbHOrO
maTepiany.



Mepwivin po3gisi NPUCBAYEHO OCHOBHMM MPUHUMMNAM Ta apXiTEKTYPHUM
PiLLEHHAM MOOYA0BN KOMM’HOTEPHUX MepPeX. Y UbOMY PO3A4ini MOXHa TakoX
O3HaOMWUTMCL 3 MPUHUMNaMK agpecauil Ta MeTogamn KoMmyTauii B Cy4acHUX
Mepexkax. Po3rnigHyTo iepapXivyHi Mogeni 4ns onucy KOMM’TEPHUX MepeXx.

Y apyromy posgini posrnigHyTo ocobnmBocTi peanisauii Qis4HOro piBHA
KOMMN’IOTEPHUX Mepex, 30Kpema CTPYKTYPY, Knacuikalito Ta XapakTepucTUKm
KaHaniB nepeaaBaHHsA faHWNX, Pi3HOBMAM iCHYHOUMX KabenbHUX CUCTEM, NpoaHa-
Ni30BaHO X Mepesaryn, HefoOMIKM Ta HaBeLeHO peKoMeHAauil fO 3aCTOCYBaHHS.
PO3rnsHyTO Cy4yacHi MeToAu nepefasBaHHs LMPOBMX AaHUX Ha (Di3UYHOMY piB-
Hi Ta Crnocobm My/ibTUMNJIEKCYBaHHSA NOTOKIB AaHWX.

Y TpeTbOoMy PO3fi/i onmMcaHo TEXHOMOTIT peanisauil KaHa/lbHOro PiBHS Cy-
YaCHNX KOMM IOTEPHUX MepeXx, MeTOAN AOCTYNny A0 CepefoBuLLa Ta METOAM Ke-
PYBaHHS /IOTIYHUM KaHa/ioM. Po3rnsgHyTo 0co6nnBOCTI peasnizauil KaHanbHOro
PIBHA B JIOKa/IbHUX Mepexxax Ha npuknagi TexHonorin Ethernet, Token Ring Ta
FDDI. OnuncaHo 0CHOBW (PYHKLIOHYBaHHA KOMYTATOPIB IOKA/IbHUX MEPEeX.

UeTBepTUI pO34isT NPUCBAYEHO MEPEXHOMY PIBHIO. PO3rNsHYTO MPUHLK-
Ny iepapXivyHoi agpecauil Ta anropuTMn MapLLpyTu3alii noTokis gaHux. Onu-
CaHO LUNAXK peani3auii MepeXHOro piBHA B Cy4YaCHUX Mepexkax Ha npuknagi
npotokony IPv4. PO3rnsaHyTo MPOTOKOAWM AMHAMIYHOT MaplupyTtusauii RIP Ta
OSPF. TakoX onmcaHo OCHOBY PO6OTU 3 MEPEXHOH OnepauiiHo CUCTEMOKO
Ha npuknadi Cisco 10S. B KiHUi po34iny po3rfisgHyTO HOBY BEPCIKO NMPOTOKO/Y
IP — IPv6 Ta meToau iioro B3aemofii 3 IPv4.

Y n’AaTomMmy po3gisii po3rnigHyTo Ppob0oTy TPaHCMOPTHOrO PIiBHA Ta 0CO6/M-
BOCTI 10ro peanisauii Ha npuknagi npotokonis TCP ta UDP. OnncaHo MexaHi-
3MW rapaHToOBaHOI nepedayvi AaHUX, METOAM KepyBaHHS MOTOKaMW AaHuX i 60-
POTLOU 3 MepeBaHTAXKEHHAMMU.

Y WoCTOMY pO3f4i/i OnucaHo NoLnpPeHi NPOTOKOMN BEPXHLOIO PIBHSA, 30K-
pemMa NpoTOKO/ AMHaMIYHOro npusHadeHHs agpec DHCP, npoTokon nepeTso-
peHHA OoMeHHMX imeH DNS, npotokonu BigaaneHoro goctyny Telnet Ta SSH,
nowToBi npotokonn POP ta SMTP, npoTokonu nepegadvi tannis FTP ta TFTP,
MPOTOKO/ rinepTekcToBUX nosigomneHs HTTP Ta iHLLi.

CbOMWIA PO3L4iST MPUCBAYEHO CYyYaCHUM TPeHAaM PO3BUTKY KOMIM’HOTEPHUX
MepeXx, 30Kpema IHTepHeTY peyeit, XMapHUM TEXHOJIOTISIM Ta LieHTpaM 06po6KM
[laH1X, OCHOBaM BipTyani3auii, NporpaMHO KepoBaHUM Mepexam.

B BOoCbMOMY po3Aini po3rnsHyTo MeToAM peasnisauil CyvacHUX LMPPOBUX
MepeX, 30Kpema icHyrodi iepapxii undposmx kaHanis PDH 1a SDH. Takox
onncaHo TeXHONOrIT BipTyanbHUX KaHanis Frame Relay Ta ATM i TexHoorito
6araTonpoToKO/IbHOT KOMYyTau it no Mitkax MPLS.

[eB’ATNIN po3ais NPUCBSAYEHO OMUCY TEXHOMONIN 6e3NpPoBOAOBOIO 3B’A3KY
Bifl NEPCOHa/IbHNX [0 rN06a1bHUX.

ABTOpPU CMNoAiBatOTLCA, WO MiAPYYHUK LOMOMOXeEe CTyfAeHTam MornneuTu
CBOI 3HaHHS B rasty3i KOMM’HOTEPHUX MePeX | 6axatoTb YCMiXiB Y HaBYaHHI.



1 BA3OBI NMPNHUUTN NMOBbYAOBU KOMITHOTEPHUX MEPEXX

1.1 lcTopisa po3BUTKY Ta Knacudikalia KOMM’ IOTEPHNUX MepexX

Komn’toTepHi MepeXxi € NoriYHuM pesynbTaToM eBOJOLIT ABOX HaNBaXn-
BiLLMX HAYKOBO-TEXHIYHUX Tasly3el Cy4acHOI uMBinisauii — KOMN’OTEPHUX i
TeNIEKOMYHiKaUiiHUX TeXHONMOrin. 3 ogHOro 60Ky, KOMM’HOTEPHI Mepexi — ue
YaCTKOBMWIA BMMNaLOK PO3MNOAINEHNX O0OUYUCNIOBA/IbHUX CUCTEM, B AKUX MEBHA
rpyna Komn’toTepiB BUKOHYE Habip 3afad i OOMIHIOETLCS iH(opMaLieto. A 3
IHLIOro 60Ky, KOMM’OTEPHI MepeXi MOXHa po3rnifgaTn AK 3acib nepefaBaHHA
IHpopMmaLiT Ha BeNNKI BIACTaHI.

[Mpoo6pa3oM KOMIM’HOTEPHUX MepPeX CTan baraTtoTepMiHa/lbHI CUCTEMU, LLIO
3abe3neyyBasin AOCTYN [0 PeCypciB Tak 3BaHOro merHgpeiimy (mainframe) i npa-
LIFOBa/IM B PEXXUMI 3 pO3M0Aisom Yacy. ICTopito MeH(peimiB NPUIAHATO Bigpaxo-
ByBaTV 3 NnosBM B 1964 poui yHiBepcasibHOI KoM’ toTepHOT cuctemun IBM 360. Y
KOPUCTYBaYiB L€l CUCTEMU CTBOPHOBA/IOCH BPXKEHHS, L0 KOXHWUIA 3 HUX MpaLtoe
Ha OKpemMoMy KOMM’KOTepi, Xoua, Hacnpasgi, OAVMH KOMMN’oTep 06C/yroByBaB BCiX
Mo Yep3i, K rPOCMeNCTeP Mif Yac ceaHcy ogHo4YacHOl rpu. [1o pedi, CXOXMUM yu-
HOM Bif0yBa€eTbCA 06C/YroByBaHHS KNIEHTIB Cy4aCHMUX XMapHMX CepBICIB.

3 NOSIBOKO MepLUMX MeHDpenmiB 3’sBunacb HeoOXIAHICTb Y BigganeHoMy
nig’eaHaHHI Ta 06’eHaHHI MelH(PeriMiB, L0 3HAXOANINCA Ha BE/IMKMX Bifc-
TaHsAx. CnoyaTKy 6yno BMpiLLIeHO 3aaa4y AOCTYNYy A0 KOMM’KoTepa vyepes3 TepMi-
Han, WO 3HaXOAUTbCA Ha 3HAuYHIW BiACTaHI, 3 BUKOPUCTAHHAM TeNe(DOHHUX fi-
Hil 3B8’A3KY Ta MogemiB. Jani 3’aBUNINCA CUCTEMU, B AKX Pa3oM 3i 3’€4HaHHAM
TMNYy TepMiHan-komn’toTep Oyno  peanizoBaHO 3’€4HaHHA  KOMM’toTep-
Komn’toTep. KoMn’roTepy oTpuMan MOX/IMBICTbL 0OMIHIOBATUCA AaHWMU B aB-
TOMaTUYHOMY PeXXuMi. Ha OCHOBI AaHOro NpuHLMNY 6yn0 CTBOPEHO Mepexi, e
peanizoBaHO CNy>6u 06MiHy haitniaMun, CUHXPOHI3alii 6a3 AaHUX, eNeKTPOHHOT
MOLUTK TOLLO.

TakvM YMHOM, Y XPOHO/IOTIYHOMY MOPAAKY NepLUnMK 3’SBUUCA rnobasibHi
mepexxi WAN (Wide Area Network). Ha noyarkosux etanax WAN 6yanysanucs
Ha OCHOBI TenethOHHUX NiHiiA 38’53KY. HOBOBBEAEHHAM, LLIO MPUIALLINO Pa3oM 3 HU-
MW, CTasia BIAMOBA Bif MPUHLMNY KOMyTauii KaHanis, L0 BUKOPUCTOBYBaBCA Y
TenethoHHUX Mepexxax. MynbCyroumnin (IHTEHCUBHMIN 0OMIH YepryeTbes 3i 3HaYHU-
MW nay3amu) i HeYyT/IMBUIA A0 3aTPMMOK KOMMN’HOTEPHUIA Tpaik Habarato edek-
TVBHILLIE MepefaBaTh y Mepexxax, Lo MpaurorTb 3a NPUHUMNOM KOMyTauii nake-
TiB. MMepwi rnobanbHi Mepexi 6yayBanncs 3 BUKOPUCTAHHAM aHasIoroBUX Tesie-
(hOHHMX KaHaniB HWU3bKOT AKOCTI Ta LUBMAKOCTI, L0 BMN/INBA/IO Ha peanisauito npo-
TOKONIB nepefaYi faHnX. TUNOBUM NPUKIALOM € CIMEMCTBO NPOTOKONiB X.25.

Y 1969 poui miHicTepcTBO 060poHM CLLA iHiUitOBasIo pPO3PO6KY Mepexi
Ana 06’efHaHHA KOMN’t0TepiB 060POHHUX | HAyKOBO-AOCAIAHUX LeHTpiB. [aHa
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mepexka oTtpumana HasBy ARPANET (Advanced Research Projects Agency
Network) i cTana no4aTKOBOK TOYKOK A/19 CTBOPEHHA r106anbHOT Mepexi In-
ternet. Mepexka ARPANET 06’efHyBasia KOMN’OTepu Pi3HUX TUMIB, SKi npa-
LIHOBa/IN MifJ, KEPYBaHHAM PI3HUX OnepauiinHnX CUCTeM 3 f04ATKOBUMU MOAYNSA-
MW, LLIO peani3oByBasiv (DYHKLIT MPOTOKONIB KOMYHiKauii. JaHi npoTokonu 6yniu
CNiNIbHAMK AN14 BCIET Mepexi.

P0O3BUTOK rno6asibHUX KOMM’HOTEPHUX MEPeXX 3HaYHOH MIpOH BU3HAYaBCH
PO3BUTKOM TeneOoHHMX Mepex. MMounmHatoum 3 70-x pokiB XX CT. novanm
3’ABNSATUCS BUCOKOLUBUAKICHI LUM(MPOBI KaHanv 3B°A3KY, WO 3’€4HYyBa/IN aBTO-
MaTU4HI TeneoHHi ctaHuii (ATC) Ta TexHonorii, Wo A03BONAIMN OLHOYACHO
nepefasartu 6arato po3mos.

Y Tux Xe 70-Xx pokax BWHMKNA NOTpeb6a Yy CTBOPEHHI JIOKa/IbHUX
KOMIM’OTEPHNX Mepexxax pa3om i3 nosBoro MiHI-EOM, wo 6ynu nobynosaHi Ha
OCHOBI Be/IMKKX iHTerpanbHux cxem (BIC). SlokanbHi mepexi LAN (Local Area
Network) — ue 06’efHaHHSi PO60OUMX CTaHLM, WO po3TalloBaHi Ha HEBENNKIi
TepuTopii, 3a3BMnYait, y pagiyci He 6inblle 1-2 KM. Xo4a Ha CbOrofHi NoKasbHa
Mepexka MoXe MaTu | BeNMKi po3Mipu, Hanpuknag, Kiibka AecaTKiB KifIoOMeTpiB.

3 nossoto LAN gnsa 3’efHaHHA KOMN’HOTEPIB BUKOPUCTOBYBA/INCA HECTaH-
0apTMN30BaHi MepeXHi TeXHONOrii. MepeXxHa TeEXHOOTIA — Lie NOrofpKeHNN Ha-
6ip nNporpaMHKX i anapaTtHMX 3aco6iB, a TaKoX MexXaHi3MiB nepefaBaHHS Aa-
HNX Yepe3 NiHIT 3B’A3KY, L0 € AOCTaTHIM A5 No6yA0BN KOMMN IOTEPHNX MEPEX
| MepefaBaHHA AaHUX Yepe3 HMX. 3aCTOCYBaHHA HeCcTaHAAPTHUX TEXHOMOTIN
CYTTEBO YCKNaAHIOBA/IO MPOLEC 06’€AHAHHA B Mepexy KOMMN’tTepiB Pi3HUX
BUPOGHUKIB.

Y cepeanHi 80-x pokiB XX CT. 3’9BAIUCA CTaHOAPTHI  TeXHONOrii
06’elHaHHA KomM’toTepiB Yy Mmepexy — Ethernet, Arcnet (Attached Resource
Computer Network), Token Ring, Token Bus, FDDI (Fiber Distributed Data
Interface). Bci TexHonoriT 6asyBanncb Ha NPUHLMMNI KOMYyTaLiT NakeTis.

HacTynHum nowtoBXom Ao po3BuUTKY LAN cTana nosBa nepcoHasibHUX
KOMN’tOTepIB, WO MOCTYMOBO 3 ABNAMNCL Y KOPUCTYBaHHI 3BMYaiHUX NOMEN B
IX OoMmiBKax. HasiBHICTb CTaHOAPTHUX MEPEXHUX TEXHO/MOriiA nepeTBopuna
npouec NobyaoBn NOKaNbHOI MepeXi 3 BUPILLEHHA TEXHIYHOT NpPo6/eMun y py-
TUHHY pPOo6OTY.

KiHeupb 90-X poKiB MUHYMOr0O CTONITTA BUABUB ABHOIO Jligepa cepes TeXHO-
NOTin NoKanbHUX Mepex — cimelicTBO Ethernet, B sike yBIMLLAN: KnacUyHa Tex-
Honoris Ethernet 3i wBMAKICTIO nepegaBaHHA 10 M6iT/c, a Takox Fast Ethernet
3i wemakicTio 100 M6it/c i Gigabit Ethernet 3i wsnakicTio 1000 M6it/c. Ha
TenepiLLHI yac BXe cTaHaapTM3oBaHo 10 Gigabit, 40 Gigabit i HaBiTb 100 Gi-
gabit Ethernet, saki opieHTOBaHiI Ha peanisauito He CTifibkn B LAN, CKiJibku y
WAN i MAN (Metropolitan Area Network). XpoHonoriuyHy nocnigoBHiCTb Ba-
X/IMBMX MOMIM Ha LWNAXY PO3BUTKY NEPLUNX KOMM IOTEPHUX MEPEX Ta Mepexi
IHTepHeT HaBefeHO Yy Tabn. 1.1.



Tabnuua 1.1 — Baxxnunsi NOAIT B iICTOPIT KOMM’FOTEPHUX MEPex

Etan Yac
1. MepLue nosigomneHHA nepeaaeTbea Big EOM SDS Sigma 7| 29 )KOBTHSA
KanigopHiicbkoro yHisepcuTety B Jloc-AHmpKenec Ha EOM 1969 p.
SDS 940 CTeH(opACbKOro f4oCMiAHNLBKOMO IHCTUTYTY.
2. 3anpauytosana mepexxa ALOHAnNet — nepLua B CBITI Mepexa 1970 p.

MakeTHOro nepefaBaHHA faHUX Yepes pagiokaHas, po3pobie-
Ha HopmaHom Ab6paMCOHOM, CMiBPOOITHUKOM ["aBaiCbKOro
YHIBEPCUTETY.

3. lNosBa nepLuoi Nporpamn KepyBaHHA €NeKTPOHHOK Mo- 1972 p.
LUTOK, CTBOPeHOI Jlappi PobepTcoHOM. Peit TOMNIHCOH 3a-
MPOMOHYBaB BMKOPUCTOBYBATM CMMBOSI @ [AN1A MO3HAYEHHS
agpecara.

4. CtaHfapTum3auia TexHonorii X.25. 1974 p.
5. Ony6nikoBaHo hopMasibHMin onuc npotokonis TCP i IP, 1981 p.
6. MosBa cny>k6un fomeHHUX iMeH (DNS). 1984 p.
7. MosiBa nepwioi nporpamu gns 06MiHY MOBIAOM/IEHHAMM 1988 p.
(IRC), po3pobneHoi Apkko OMKapHEHOM.

8. 3’aBuBcA ctaHgapT Web, 3anponoHoBaHunin Timom bepHep- 1991 p.
com-J1i i PobepTom Kaiio.

9. Mapk AH/peecceH CTBOPUB NepLumnii Be6-6pay3ep Mosaic. 1993 p.

ICTOPUYHO rONOBHOK METOK 06’€HaHHS KOMMN’HOTepIB Y Mepexy 6yno po-
3noAineHHs pecypcis. KopucTtysadi KOMM’toTepiB, Wo 6ynu nig’egHaHi o Me-
pexi, abo nporpamu, WO BUKOHYBa/INCA Ha LaHWX KOMM’tOTepax, OTPUMyBa/un
[OCTYN [0 Pi3HMX PecypciB IHLWIMX KOMMN'OTEPIB Mepexi. [Jo OCHOBHUX pecyp-
CiB KOMM’KOTepa, AKi MOXHa MOAINATM 3 IHLIMMK KOpUCTyBadammn abo nporpa-
MaMu TpaguUiiHO BiAHOCATD:

e nepudepiiHi NPUCTPOI: NPUHTEPU, NNOTEPU, CKAHEPU, AUCKM;

e [aHi;

e 00YMCOBa/IbHI MOTY)KHOCTI: MPOLLECOPHMIA Yac, orepaTtuBHa Mam’dTb

TOLLO.

[Mpn NpoeKTyBaHHI abo PO3ropTaHHi KOMM’HOTEPHOT Mepexi BaXX/MBUM €
MUTaHHA, [0 AKOT KaTeropii us mepexa HaiexuTb. Lle 6yae 6e3nocepefHbo
BMN/IMBATN Ha BMOIP 061afHaHHA, NPOTOKO/IB nepeaadi JaHUX, BU3HAYEHHS BU-
MOr 10 KBanidhikayii nepcoHany, wo 6yge obcnyrosysatu Mmepexy. Knacudika-
LIS KOMIM’HOTEPHNX MepeX MoXe 6YTM BUKOHaHa 3a Pi3HMMW O3HaKamu, 30Kpe-
Ma 3a TepuTOpIasibHOK MOLUMPEHICTIO, CMocoboM opraHisauii  B3aeMOAil
KOMIM’KOTEePIB, TONOJIONIED, AOCTYMHICTIO TOLLO.
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3a TepuTOpia/IbHOK MOLUMPEHICTIO Mepexi MOoAINATbL Ha [Ba Be/IMKUX
Knacu: NnokKanbHi i rnobanbHi. KpiM TOro 0CTaHHIM 4acoMm 3’ABUIUCH LOAATKOBI
Knacv Ta nigknacu, A0 AKUX BIAHOCATb PerioHasbHi, NepcoHasibHI Ta Mepexi,
L0 3’€EAHYIOTb CXOBMLLA AAHUX.

JlokanbHa komn’toTepHa mepexka LAN (Local Area Network) 06’egHye
abOHEHTCHKI CUCTEMM, LLIO PO3TaLLOBaHI B MeXax 06MeXXeHOoT TepuTopii. Xapak-
TEPHOIO PUCO0 TaKOi MepeXki € Ti HaNeXHICTb Til opraHisauii, e BoHa po3Ta-
loBaHa. B GinblwocTi BUNagKiB 06C/MyroByBaHHA Ta Ha/lalITyBaHHA Takoi Me-
peXi TakoX BUKOHYETLCA (haxiBuAMK L€l ycTaHOBW. LLIBUAKICTL nepefaBaHHS
[aHVX B TaKUX Mepexxax, K npasuo, ctaHoBuTb Big 100 M6it/c o 1 IM6ita/c.
[o LAN BigHOCATb Mepexi NiAnNprueMCTB, 0iciB 6aHKiB, 3aKnafiB 0CBITU TOLLO.

"nobanbHi Komn’toTepHi Mepexxi WAN cbOrofHi 3acTOCOBYHOTLCA /1
06’e|HaHHA NOKaNbHUX MEPEX, LU0 3HAXOAATbCA Ha 3HauyHii BigcTaHi. Hanpu-
Knag, KoMnaHisa mae inianm B pisHMX MicTax abo KpaiHax i Mae noTpebdy 3abes-
NeynT 06MiH JaHUMU MiXK HUMWU. OYeBUAHO, IO TaKMil CepBiC MOXEe HadaTtu
yCTaHOBa, L0 Mae po3rany>eHy Mepexxy KaHanis nepefasaHHs AaHuX i Ha3uBa-
€TbCA MPOBaliAepoM TenleKoMyHiKauiiHux nocnyr. Cnoxxumsadi WAN Mepex, K
npasuIo, MatoTb OMnavyBaTu LIEil CepBic, L0 BUCYBaE crneuudgiyHi BUMoru ao
npotokonis WAN mepeX, 30KpeMa niATpumKa aBTeHTU IKaLii KOpuCTyBauis,
LUMPOKMIA fiana3oH MPOMYCKHUX CMNPOMOXHOCTEN, MOX/MBICTb 3abe3rneyeHHs
AKOCTI cepsicy QoS ToLLo.

PerioHanbHi Mepexi MAN (Metropolitan Area Network) 3alimaioTb
npomi>kHe Micue Mixk LAN i WAN i1 06°eiHYOTb KOMM’HOTEPU Ta MepeXi, Lo
PO3TalLOBaHi B MeXax MeBHOro PerioHy, MicTa, aAMiHICTPaTUBHOIO paoHy. HAK
npaBuo, 6yaytoTbCs Ha OCHOBI LUBUAKICHUX Marictpanei, NpoknageHnx B Me-
Yax Be/IMKNX MICT.

MepcoHanbHi Mepexi PAN (Personal Area Network) 06’efHyt0Tb npu-
CTPOT, WO 3HAaX0AATbCA nopsad. TUnoBuM NpUKIafoM Takoi mepexi € Bluetooth
— Mepexa, Lo npu3HayeHa ans 06’eAHaHHA NOO6YTOBUX NPUCTPOIB, MiAKNHOUEH-
HA KnasiaTypw, rapHiTypu TOLO.

Mepexa 36epiraHHa gaHux SAN (Storage Area Network) asnse coboro
apxIiTEKTYpHE PILLIEHHA AN NIAKNHYEHHA TakMX 30BHILUHIX NPUCTPOIB 36epi-
raHHsa JaHuX, K AUCKOBI MacvBu, OMTUYHI MPUBOAN [0 CepBeEPIB TaKNUM YUHOM,
11106 onepauiiHa cucTema po3nisHana NiAKYeHI pecypcu AK nokanbHi. Lle aae
MOX/IMBICTb KiJIbKOM CepBepam 3BepTaTuCh A0 CMifIbHOro AMCKOBOIO MPOCTOpY,
LLLO CTaE 0COBMMBO aKTyaslbHMM MPW 3aCTOCYBaHHI TEXHO/ONi BipTyanisauii Ta
Knactepum3sauir.

3a opraHisauito B3aeMOAIT MDK KOMM’toTepaMn Mepexi NoAiNATb Ha 0f-
HopaHroBi (per to per abo P2P) Ta iepapxiyHi Mepexi, AKi Le Ha3MBaKTb Mepe-
YKamu 3 BUAINEHUM CEPBEPOM.

OpHopaHroBa Mepexxa CKI1afacTbCa BUKMHOYHO 3 PO60UNX CTaHLLin, KOXHa
3 AKNX MaE 0COOWCTO BUPILLYBATN MUTAHHA aBTEHTUQIKALIT KOPUCTYBAYIB, Ke-
pyBaHHA [OCTYMOM [0 BMlaCHUX PecypciB, BCTAHOB/EHHA Ta NIATPUMKMN MPO-
rpaMHoro 3abesneyeHHs TOWO. B ogHOpaHroBiin Mepexi BCi poboYi cTaHLii piB-
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HonpasHi. Poboya cTaHLif MOXe HafaBaTh AOCTYN A0 TaKMX CBOIX PECYPCiB, AK
ANCKOBWIA NPOCTIp Ta nepudepiitHe obnaaHaHHS. MepeBaroto P2P Mepex € npo-
CTOTa PO3ropTaHHsA i HanalTyBaHHS, OAHAK MpW BeNUKiA KiNbKOCTI poboumnx
CTaHLiin npouec agmiHiCTPyBaHHS Takoi MepeXi CyTTEBO YCKIAAHSAETLCA, a 3a-
XULWEHICTb | HaAINHICTb 3HWKYOTLCA. MicLe 3acTOCyBaHHS OIHOPaHT0BUX Me-
peX — AoOMaLLHI Mepexi Ta Mepexxi Manmx ogicis.

3acTocyBaHHA KJ/TIEHT-CepPBepPHOI apXiTeKTypu nepeabdayvae HasBHICTb BU-
AiNIeHOro Komn’toTepa abo KOMM’HOTepIB, L0 BUKOHYHOTh CrieUmdivHi QyHKLUIT B
Mepexi M HajalTb NOCAYrn iHWKMM Komn’toTepam. Lli npuctpoi HasmBaroTb
cepsepamu (Server — T0i, XTo Hagae nocnyru). OAHIE0 3 HaNbINbLL BaXKNBUX €
(DYHKLiIA KepyBaHHA LOCTYNOM A0 MepeXxi Ta 1T pecypciB. Taky 3agadvy BUpiLLy-
I0Tb, Hanpuknag, Active Directory cepsep Big Microsoft, ZENworks Big Micro
Focus Ta iHWi. Kpim TOro B KOpNopaTuBHIA Mepexi akTyalbHUMU € (DYHKUIT
(hainnioBoro, MOLUTOBOro cepeepa, cepBepa ApyKy. Cnifg 3BepHyTW yBary, L0
KNIEHT-CepBepHa apxiTeKTypa € OCHOBHOH apXiTEKTYpOK Mepexi IHTepHerT,
OCKIi/IbKW OCHOBHI pecypcu L€l Mepexi 36epiratoTbCs Ha Beb-cepBepax.

OG6’eflHYOUN Y MepeXxy Kiflbka pobounx cTaHuiin (6inblue ABOX), NOTPIGHO
BUPILLMTK, AKY BMOPpaTK KOHDIrypawito gisnyHnX 38°a3KiB abo Tononorito. ig
TOMOMOrIEHD MepeXi Po3yMIeETbCA KOHQiIrypauisa rpady, BepLIMHN SKOro Bigno-
Bifat0Tb KiHLEBMM By3/naM Mepexi (Hanpuknag, pobodi cTaHuil), Ta KomyTauin-
HOro o6s1agHaHHA (HanpuKnag, MapLupyTnusaTopm), a pedpa — gisnyHi abo iHMho-
pMaLiiHi 3B’A3KN MiXK BepLUMHaMKW. BUAINstoTb Taki OCHOBHI TOMOSOTIT,

1. TMoBHO3B’A3Ha Tononorisa (puc. 1.1, a) Biagnosigae Mepexi, B AKiA KOX-
Ha poboya cTaHUis 6e3nocepeHbO 3’€AHaHa 3 yCiMa iHWMMW. [aHnil BapiaHT
FPOMI3KMIA Ta HeetheKTUBHUIA, OCKINIbKM HeobXifHa Be/inKa KifbKiCTb KOMyTa-
LiiHWIA NOPTIB, (I3NYHMX NiHIlA 3B’A3KYy. OBHO3B’S13Ha TOMOAOTIA Y BENKNX
MepeXxxax BMKOPUCTOBYETLCS AYXKe PiAKo, OCKiNbKM AN 3B’A3KY 7 BY3/NiB HE0O-
XigHO n(n-1)/2 Pi3NYHUX OYNNEKCHUX NiHIA 3B’ A3KY.

2. KomipyaTa TOnosoris, iHwa Ha3ea — YaCTKOBO 3B’A3Ha, OTPUMYETLCA 3
MOBHO3B’A3HOI LLMAXOM BU/IYYEHHS feakux 3B°a3kiB (puc. 1.1, 6). 3actocosy-
eTbCd Y WAN Mmepexxax, By3famu, K npasusio, € MaricTpasibHi MapLupyTm3arto-
pu, a pebpamun — BUINEHI (Pi3nyHi abo BipTYyasibHi KaHanu.

3. Y mepexax 3 KisibLieBOK Tonosnorieto (puc. 1.1, B) AaHi nepeaatoTbea
Mo KifbLO Bif O4HOr0 KOMM’tOTepa Ao iHWworo. NepesaramMmy AaHOT TOMOAOrIT €
pe3epBHI 3B’A3KM (LOCTYMNHICTb By3/1a [ABOMA LLNSXaMK), MOX/IMBICTb OpraHisa-
LT 3BOPOTHOro 38’A3Ky. OfHaK B JaHOMY BMMaaKy MoTpibHO BXMBaTK cnewjia-
NbHUX 3aX0[iIB, KOMW OAMH BY30/ BIAKIHOUYEHO Bif Mepexi. BukopuctoByBanach
B LAN Token Ring Ta FDDI. € oaHuM i3 BapiaHTiB peani3auii SAN Mepexi.

4. 3ipkonoaibHa Tononoria (puc. 1.1, r) yTBOPIOETLCA Y BUNAAKY, KON
KOXXHWUIA KOMM’HOTep NiAKIYaeTbes 6e3nocepeHbO A0 3arasibHOro 6araToBXxo-
[0BOr0 LIEHTPa/IbHOr0 MPUCTPOKD. JaHnii NPUCTPIA BUKOHYE NnepeHanpaB/eHHs
MOTOKIB iH(opmaLii KoMn’toTepam Mepexi. € OCHOBOK MOOYA0BU CyYaCHUX
LAN, B AKMX (hYHKLiIO LLEHTPa/IbHOro NMPUCTPOI0 BUKOHYHOTb KOMyTaTopu abo
TOYKM AOCTyny.
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5. 3’eaHaHHA MK co60t0 Kinbkox LAN, nobymoBaHMX 3a 3ipKonomibHo
TOMOMOrIE, MOPOAKYE TOMOMONIH0 iepapXivHOl 3ipKn abo fepesa (puc. 1.1,
n). Lis Tononoris cborofHi Ha6inbLl NowmMpeHa K B NIOKalbHUX, Tak i B I10-
GanbHNX Mepexkax.

s@ S \ l LleHTPa/IbHUI enemMeHT

e $38 88

PucyHok 1.1 — Tononorii KoMn’toTepHUX Mepex
a) MOBHO3B’A3Ha, 6) KOMipyara, B) KiflbLieBa, I) 3IpKONOA4I6Ha,
[) fepeBornofibHa, e) 3arajibHa LnHa

6. YacTkoBuM BUNaLKOM 3ipKM € 3arasibHa wmnHa (puc. 1.1, e). Y Takux
MepeXax LEeHTpPabHUM efIeMEHTOM € MacvBHWI Kabenb abo KOHLEHTpaTop
(hub), po AKoro NiAKMYAETLCA Kiflbka KOMMN'tOTEPIB. Taky TOMOMOri0 MakTh
6e3MpoBOAOBI Mepexi, Ae AK 3arajibHa LiMHA BUKOPUCTOBYETLCA pajgiocepeso-
BULLLe. IH(hopmaLlis, L0 nepedacTbes, AOCTYMHa Bifgpa3y BCIM By3fiaM Mepexi,
L0 Nig’eAHaHi fo 3aranbHoi WrHK. OCHOBHA Mepesara AaHoT Tonosoril — H13b-
Ka BapTICTb | MPOCTOTA Nif4’€AHAHHA HOBUX BY3/iB. [T0I0OBHUM HELONIKOM € HU-
3bKa NPOAYKTUBHICTb, OCKi/IbKM B MEBHUIA MOMEHT Yacy repefavy MOXe BUKO-
HyBaTV NLLE OANH KOMMN OTEP.

7. HeBenuki mepexi MaroTb TMMOBY TOMOJONiO — 3ipKa, Kifble, 3araibHa
lWMHa. PasoM 3 TUM, Yy BeIMKUX Mepexax HafBHI [O0BISIbHI 3B’A3KM MiX
KOMN’toTepamn. Y Takux Mepexxax MOXHa BULINNTM YaCTUHMU, WO MatoTb TUMO-
BY TOMOMOrit0. TOMy Taki Mepexxi MatoTb 3MiLlaHy Tononorito (puc. 1.2).

3a AOCTYNHICTHO BUAINAOTL HKYEeBKa3aHi Pi3HOBMAN MEPEX.

3arasibHogocTynHa (Internet) — Le mepexa, WO He NOTPebye npoLecy pe-
eCTpauii Ta BiAKpWTa 4S9 BCIX KOPUCTYBauiB.
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KopnopaTtuBHa (Intranet) — 3akpuTta Mepexka neBHOI KOMMaHil, A1 4oc-
Tyny A0 SIKOT KopucTyBay 060B’S3KOBO Mae mMaTu 06/iKOBWIA 3anunc, B AKOMY
(hiKCytOTbCA MOro npaea AOCTYNYy [0 pecypciB Mepexi. MNpouec AocTyny 40 KO-
prnopaTvBHOT Mepexi nepefbavae NPOXOMKeHHS NpoLeaypy aBTeHTUQIKaLIT, AK
MpasnsIo 3a 4OMOMOroH Naposito.

Kom6iHoBaHa (Extranet) — Le 3axuLleHa Bif HecaHKLiOHOBAHOIo AOCTYMY
KOpropaTMBHa Mepexa, L0 BMKOPUCTOBYE Internet-tTexHonorii Ans BHYTPILL-
HbOKOPMOPATUBHUX LiifIei, & TaKOXK A1 HalaHHA YacTUHW KOPNOpPaTUBHOI iH-
(hopMaLiT Ta KOpPNopaTUBHKUX PECYPCIB Ai10BMM MapTHepam KOMMaHil.
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PucyHok 1.2 — Mepexxa 3i 3MiLLaHO TOMO/OTIED

1.2 OCHOBHI KOMMOHEHTU KOMM’HOTEPHUX MEPEX Ta X NPU3HAYEHHSA

[Mpr3HaYeHH KOMM’OTEPHOI MepeXXi 3BOAUTLCA A0 3abe3rneyeHHss KOMYHI-
Kauii abo 3B’A3KY MK aboHeHTamu. byfb-fika KOMyHiKauis nepefbavae HasB-
HICTb TPbOX 060B’A3KOBUX KOMIMOHEHTIB:

e epepaaBaya (mKepena iHpopmaLii);

e OTpUMYyBaua;

e CepefoBuLLa, Yepes sike Oyae NPoBOAUTUCA Nepeaada faHuX.

BuginatoTe anapartHi i NporpaMHi KOMMOHEHTU KOMM'OTEPHUX Mepex. [0
anapaTHMX KOMIMOHEHT BiHOCATb MPUCTPOI Ta CepeaoBuLLe nepeaaBaHHs aa-
HUX. Bci NpuCTpol, SiKi BUKOPMUCTOBYIOTLCA B KOMM’HOTEPHMX Mepexkax, nofi-
NAKOTb Ha [ABI KaTeropii: KiHUeBi Ta NPOMDKHI (IH(PPaCTPYKTYpHI).

[0 KiHUEeBMX NPUCTPOIB BIAHOCATb «CMOXMBaYiB» Mepexi, To6To Ti npu-
CTpOI, WO € abo BiagnpaBHMKamMu, abo ofep>xyBadamm faHux. Lle poboui cTaHuii,
cepBepwu, NpuHTepK, Beb-kamepw, IP-TenedoHn, cMapToHM Towo. MpoTarom
TPMBA/IOr0 4Yacy OCHOBHUMW KIHLUEBMMW MPUCTPOSIMU Mepexi IHTepHeT 6ynu
cepBepun Ta KNIEHTCbKI poboui cTtaHuil. OaHak 3 rnepexonoM Yy a3y IHTepHeTy
pedyert (Internet of Things) i gani y a3y BceocskHoro IHTepHety (Internet of
Everything) macwTabu nigKMOYEHHA Ta PI3HOMAHITTA KIHUEBUX MPUCTPOIB
3HAYHO PO3LIMPUINCL 33 PaxXyHOK NMOBYTOBUX MPUCTPOIB, TPAHCMOPTHUX 3aco-
6iB, HaPI3HOMaHITHILUMX JaBadiB TOLLO.
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Cepef, NPOMIXXHUX NPUCTPOTB MOXKHA BULINNTN:

e MPUCTPOI AOCTYNY A0 MEPEXi, WO Npu3HadeHi ana nig’egHaHHA KiHue-
BUX MPUCTPOIB A0 JIOK&/IbHOT KOMIM’KOTEPHOT Mepexi: KoMyTaTop
(switch), koHueHTpaTop (hub), Touka goctyny (access point);

e TPUCTPOT AN1A 3’€4HAHHSA MIXK COO0H0 NTOKa/IbHUX MEPeX: MapLupyTu-
3artop (router);

e KOMYHiKaUilHi cepBepn i Mogemun Ans o6cnyroByBaHHs rnob6anibHUX
Mepex;

e MpucTpoi Gesnekn (security appliance), HaibifbL BiJOMUM 3 SKUX €
6paHgmayep (firewall).

OCHOBHUMW cepefoBULLAMI MepefaBaHHA [aHUX Cy4YaCHUX Mepex € Kabe-
NbHI Ta 6e3npoBogoBi. KabenbHi cepeaoBuLia peasti3ytoTbCa Yy BUTNSAAI ONTUY-
HUX NiHil 3B’A3KYy | 3’€HaHb Ha OCHOBI MigHOro ApoTy. ONTUYHI KaHanu, SK
MpaBWo, 3aCTOCOBYHOTLCA A8 MOOYA0BU LUBUAKICHUX MaricTpanei, B TOW e
yac MigHWIN Kabesb € OCHOBOK NOBYA0BU TOKa/IbHUX Mepex. OCTaHHIM YacoMm 3
PO3MOBCHOMKEHHAM MOOGINBHUX MPUCTPOIB 3HAYHE MOLLUMPEHHA OTpuMann 6es-
MPOBOJOBI KaHa/1, rofIoBHe NPU3HaYeHHs AKX — MIAKIKYEHHS 00 Mepexi KiH-
LIeBUX KOPUCTYBaUiB.

[0 nporpamMmHMX KOMMOHEHTIB BIAHOCATL CEpPBICK | MPOLIECH, L0 npaLito-
I0Tb Ha MEPEXHUX NPUCTPOSAX |, 3a/1EXKHO Bif NPU3HAYEHHS, BUKOHYHOTb Pi3Hi
(OYHKUIT. AK npaBuno, nporpaMHi KOMMOHEHTU BM3HAYalOTbCA BiAMOBIAHUM
NPOTOKO/IOM. TaknMM YMHOM, NPOrpamMmHi KOMMOHEHTN MOXHA NOAINNTA Ha:

e MEPEXHIi onepawiiHi cuctemu;

e [POTOKOJIbHI CTEKN;

e MepeXHi 3aCTOCyBaHHS (MepexxHi nporpamu).

1.3 Agpecauisi By3/iB y Mepexi

Mpn 06’eaHaHI AeKiNbKOX KOMM'KOTEPIB Y Mepexy BMHMKae notpeba y ix
IAeHTUIKaLIT, a came: agpecauii IX MepeXXHnX iHTepdgeicis. KoxeH komn’toTep
Ma€e MaTu YHiKaJIbHUiA ifeHTU(ikaTop B Mepexi. B cyyacHMX Mepexxax BUKOpU-
CTOBYHOTbCA Pi3HI afipeCHI CXEMMU, LLLO MatOTb T€ UM IHLLIE NPU3HAYEHHS. 3arasiom
BCI CXeMM afpecauil MOXHa Mot Ha uudgposi Ta andasiTHO-LUNGPOBI. Y
CBOKO 4epry, AK angasiTHO-LM®MPOBI, Tak I UMPPOBI cxemn agpecaulii MOXHa
MoAiNnTK Ha ogHOpPIBHEBI Ta iepapXiyHi (puc. 1.3). MHOXMHY agpec, LWo € Joc-
TYMHOKO B MeXax NeBHOT CXeMu afpecallii, Ha3nBarTb aPECHNUM MPOCTOPOM.

Mpuknagom andasiTHO-UUMPOBOI oAHOPIBHEBOI agpecauii € NetBIOS
(Network Basic Input/Output System) iMeHa, L0 BUKOPUCTOBYHOTLCA AN 14eH-
TUdpikaLii NPUCTPOIB NOKa/IbHOT MepeXi B MePEXXHOMY OTOYeHHI. BOHN npu3sHa-
YeHi 4ns CNpoLUeHHA AocTyny KopmuctysadiB LAN 40 pecypciB iHLWNX pobo4mx
CTaHLi, 30KpemMa AUCKOBMX HaKOMMYyBayiB Ta Pi3HOMaHITHOro nepugepiinHoro
obnagHaHHA. Ak npasunno, NetBIOS imeHa HeCyTb 3MiCTOBHE HaBaHTaXXEHHS |
BKa3yOTb Ha po3TallyBaHHS NPUCTPOLO abo Oro NpM3HaYeHHs.
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Appecauis

/\

AndgasiTHO-LMpoBa Lindposa
OpHopiBHeBa lepapxiyHa OpHopiBHeBa lepapxiyHa

PucyHok 1.3 — Tunwu agpecadii By3niB Y KOMM’OTEPHUX Mepexax

AndasiTHO-LUMPOBa iepapXxiyHa agpeca — Lie JOMeHHI CUMBOJ/IbHI iMeHa,
LLLIO MaroThb iEpapXiyHy CTPYKTYpPY, Hanpuknaa, ftp-servl.rada.gov.ua. Lia agpeca
BKasye, L0 KOMMN’0Tep BUKOHYE PyHKLU IO ftp-cepBepa y mepexi BepxoBHoT Pa-
av (rada). [aHa mepexka HanexuTb 40 3ara/ibHOAepXXaBHOI MepeXxi (gov) Ykpa-
THY (ua). Taka agpecadis 3pyyHa Ans NH0AeN, OCKINbKM Mae 3p03yMiNly CTPYKTY-
py 1 i HecknaaHo 3anam’AtaTn. HaeefeHa y npuknadi agpeca By3na mae 4YoTu-
PW PiBHI: ideHTU(IKATOP KpaiHW, Ae 3HaXOAMTbLCA MEBHWUIA TWUN YCTaHOBW, Aarli
IAEHTUIKYETHCA Cama yCTaHOBa | BY30/1.

Mpuknagom uMdpoBoi oAHOPIBHEBOT agpecauii Moxe 6yt MAC-agpeca.
Lle yHiKanbHa agpeca MepeXxHoro agantepa As1g noro igeHTudikawii B noKasb-
HUX Mepexxax. Taka afpeca 3anucyeTbes Yy [ABIKOBOMY ab0 LIiCTHAAUATKOBOMY
BUrnsagl, Hanpuknag, 48-5D-60-66-D4-4D. MAC-agpecu 3afaroTbCs cammmu
BUPOOHMKAMU NS CBOTX MPUCTPOIB. HAK MpaBuio, BOHU € HE3MIHHUMWU, TOMY
KON Y KOMMN’t0Tepa 3MIHIOETLCA MEPEXHUIA IHTepdelic, TO, BIAMOBIAHO, 3MiHIO-
ETbCA | MepeXkHa agpeca.

MpocTtip MAC-afpec BU3HAYaETLCA AOKYMEeHTaMy MiXHapOAHOI acouiauii
[HCTUTYTY IHXXeHepiB eNeKTPOTEXHIKM Ta enekTpoHiku IEEE, a came: MAC-48,
EUI-48, EUI-64. Haibinbw nowmpeHi agpecn MAC-48, AKi BUKOPUCTOBYHOTb-
ca B TexHonorigx Ethernet, Token Ring, FDDI, WIMAX (Worldwide
Interoperability for Microwave Access) ToLL0. Y AaHOMY BUMNaAKy ajpeca ckna-
[aeTbes i3 48 6iTiB (6 6anTiB). TaKMM YMHOM, BECb aflpeCHMI MPOCTIP Hapaxo-
Bye 2 (a6o 281 474 976 710 656) agpec. MAC-48 i EUI-48 Bifpi3HAIOTLCA
nvule 3a npusHadyeHHaM: MAC-48 afgpecy BUKOPUCTOBYHOTLCA AN MEPEXHUX
npucTpoiB, a EUI-48 — ona iHWKX TMNIB anapaTHOro Ta NporpamHoro 3abesne-
yeHHs. Mpu ypomy igeHTudgikatopn EUI-64 cknagatotbca 3 64 6ITIiB | BUKOPUC-
TOBYHOTbLCA Yy FireWire Ta Ans (hopmyBaHHS XOCTOBOI YaCcTUHK IP-aapecu KiHue-
BOro npucTpoto B IPVG.

MpuKnagom LUMppPoBOI iepapXxivHoi agpecu € IP-agpeca, aKka CKNagaeTbea 3
[BOX YaCTUH: agpecu Mepexi i agpecy komn’totepa. OCKiNbKM KOPAOH MK Ln-
MW YaCTUHaMW He € (PiIKCoBaHWM, pa3om 3 IP-aapecoro BUKOPUCTOBYETLCA Cre-
Lia/IbHUA MOKaXXUMK, KM Ha3MBAETLCSA MACKOK MigMepexi abo [A0BXUHOM
npegikcy. Hanpuknag, 3anuc 192.168.1.1/24 rosopuTb npo Te, wo 192.168.1 —
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Lie agpeca mepexi, a .1 — afpeca KOMM’i0Tepa B Ui Mepexi. Ha BigmiHy Bif,
MAC-agpec IP-agpecy He NpuB’A3aHi XOPCTKO A0 MPUCTPOI | MOXYTb 3MiHHO-
BaTUCb NPV NepemiLLeHHI KOMM’roTepa 3 OAHIET Mepexxu B IHLWY. Came TOMY BO-
HW 4acTO Ha3MBaKOTLCA NIOTTYHUMUY afpecamu.

KopucTyBayam 3pyyHO npautoBaTv 3 angaBiTHO-LUMMPPOBUMKM afpecamu, B
TOM >Ke Yac KOMN’toTepy NpauoTb 3 LMgppoBuMK agpecamn. Ha npaktuui, sk
npaBsnI0, BUKOPUCTOBYETLCA Bifpasy KifibKa Cxem afpecauil, i 04AvH BY30/ Me-
peXxi MoXe Bigpasy MaTu Kifnibka agpec-iMeH.

Po3rnsHemo npuknag, HaBefaeHWn Ha puc. 1.4. KnieHT 3i CBOro HoyToyKa
X04e gicTaTtuchb cepsepa, Lo Mae JOMeHHe iM’a vntu.edu.ua. Jns uboro BiH Mae
CroyaTKy nepeaatu CBili 3anuT Ha 6e34pOTOBUIA MapLUPYTMU3aTOp 3 alpecoro
10.0.0.254. OaHaK OCKiNlbKM MepeXXHUin agantep 6e34p0TOBOr0 MapLUpyTM3aTo-
pa «po3ymie» Tinbkn MAC-aapecn, a caMe: KNEHTCbKA CTaHLiA criovaTky fis-
HaeTbcA nNpo MAC-agpecy maplupyTtusaropa 00-1c-10-9a-4e-0a i TinbkM nicns
LIbOro MOYMHAETLCA NepefaBaHHsA AaHMX. HacTynHOH 3afayetd € BU3HAUEHHS
IP-agpecn cepsepa 3 iMm’aAM vntu.edu.ua. Bnopaswimcs 3 UMM KNIEHT MOXe 6es-
nocepefHbO BCTAHOBUTM 3B’S130K 3 CEPBEPOM.

DNS vntu.edu.ua - 194.146.141.4
cepsep
BesppoTtosui
Web
MapLupyTmusatop cepsep
l"“"‘ - IHTepHeT

o~
I ‘ 10.0.0.254

00-1c-10-9a-4e-0a

vntu.edu.ua
194.146.141.4

Knient

\

PucyHok 1.4 — CninbHe BUKOPUCTaHHS PI3HUX apeCHUX CXeM

[nd nepefaBaHHA JaHUX Yepe3 Mepexy 06/1afiHaHHS BUKOPUCTOBYE LIMKPO-
BI agpecu, TOMY BUHWKAE 3aa4a NepeTBOPeHHS anaBiTHO-LUMMPPOBOT aapecn Ha
umposy. [ NepeTBOPEHHS IMEH 3 O4HOr0 TUMY B iHLIMIA BUKOPUCTOBYHOTHCA
creviaibHi MPOTOKOMN, LLIO HAa3MBatOTbCA NPOTOKOIAMMU NMEePETBOPEHHS IMEH.
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[Mpobnema BCTAHOB/IEHHA BIAMOBIAHOCTI MiX agpecaMu Pi3HUX TUMIB MOXXe
BUPILLYBaTUCA LIEHTPasi3oBaHO abo po3nogineHo. Mpu ueHTpanizoBaHoOMY ni-
AX0fi Yy Mepexi BUAINAETLCA OAMH abo KinlbKa KOMM’KoTepiB (Cepeepu iMeH), Lo
36epiratoTb Tab/MLi BIANOBIAHOCTI aApec PI3HUX TUMIB. IHLWI KOMM’HOTepn Me-
pexi 3BepTaroTbCA 4O AAHOro 3 BIAMOBIAHWMW 3anmMcamu, LWOO MepeTBopUTU
angasiTHO-UM(POBY agpecy y LmppoBy. Konm BUKOPUCTOBYETLCA PO3MNOAisie-
HWIA NigXig, TO Ha KOXKHOMY KOMMN’toTepi 36epiratoTbCs BCi MOro agpecu pisHmX
Tunis. MNepeBaroro Po3nogiieHoro nNigxo4y € Te, WO BiH 403BO/SE BIAMOBUTUCA
Bifl BUAINEHOrO cepBepa, AKUA HeobXigHO aaMmiHicTpyBaTW. Heponikom AaHol
peanisauii € Te, WO BMHUKAE HEOOXIAHICL BUKOPUCTOBYBATYU LLUMPOKOMOBHI MO-
BIIOM/IEHHS, WO € HEIH(OPMAaTMBHMM Ha[/IMLLKOBUM TpaikoM y Mepexi. Tomy
PO3MNOAINEHNIA NiAXiA BUKOPUCTOBYETHCA Y NOKa/IbHUX HEBEIMKUX Mepexax, a
LIeHTpanizoBaHui — Y BENNKUX.

Konn komn’toTepy MOTPIGHO BCTAHOBWUTM BIAMOBIAHICTL  iEpapXivHO-
LMPOoBOT aapecn i 04HOPIBHEBOI LMMPOBOI, BiH BIAMNPABSE Y MepPeXy LUNPO-
KOMOBHWIA 3annT. BCi KOMN’OTEPY MepeXi NOPIBHIOKTL afpecy Yy 3anuTi 3 BNa-
CHOl0. Toil KoMn’toTep, WO 3HAMLIOB BIAMOBIAHICTL, Hagcuiae BiAnNoBiAb, e
MICTUTbCA BIANOBIAHA OAHOPIBHEBA LM(pOBa anapaTHa ajgpeca. Taka cxema Bu-
KOpucTaHa Yy NpoToKosi Bu3HayeHHs agpec ARP (Address Resolution Protocol)
cteka TCP/IP. Came TakuM YMHOM K/iEHTCbKa poboya cTaHuis Ha puc. 1.4 ais-
Hanacb MAC-afpecy 6e34p0TOBOr0 MapLUpyTm3aTopa.

[na nepeTBOpeHHs anaBiTHO-UNGPOBMX iepapXiyHNX agpec (AOMEHHUX
IMeH) y umdposi iepapxiyHi (IP-agpecn) BMKOPUCTOBYETHLCA MPOTOKON DNS
(Domain Name System), L0 6a3yeTbCA Ha LeHTpanizoBaHOMY nigxoai. Ha puc.
1.4 came 3a gonomoroto DNS-cepBepa KnieHTCbKa poboya CTaHUis AisHanacb
npo IP-agpecy cepsepa 3 JOMeHHMM iMeHeM vntu.edu.ua.

[MepeTBOPEHHs  angaBiTHO-UMPpPoBMX ofHopiBHeBUX adpec (NetBlOS-
IMeHa) Yy umndgposi iepapxiyHi BUKOHYHOTb WinS-cepsepu (Windows Internet
Name Service) 3 BUKOPUCTaHHAM LeHTPani30BaHOro nigxoay.

[na agpecauii ogep)KyBadiB TakoX MOXYTb OYTW 3aCTOCOBaHi Pi3HI TUMK
agpec:

e epcoHanbHI agpecn (unicast) BUKOPUCTOBYHOTLCA ANA iAeHTUMIKaLiT
neBHWUX BY3/iB, Hanpuknag MAC-aapeca KOHKPETHOMO MEPEXHOro aja-
nTepa abo IP-agpeca KOHKPETHOIO iHTepdeiiCy;

e rpynosi agpecn (multicast) BUKOPUCTOBYHOTLCA AN iAeHTU®IKaLIT of-
pasy KifibKoxX By3niB. [aHi, L0 CNPAMOBYKOTbLCA Ha TPynoBy agpecy,
HafCUIarTbCA BiApasy Ha BCi BY3/W, L0 BXOAATb A0 CKnady rpynu.
["pynoBa afpeca He 3amiHAE NepcoHa/IbHY | BUKOPUCTOBYETLCA Mapasie-
NbHO 3 Heto. MpUCTPIn MoXKe MaTu Kinbka rpynoBux agpec;

e LUMPOKOMOBHI agpecu (broadcast) BMKOPMUCTOBYKOTLCA LS9 Bifnpas-
NEeHHA JaHnX Ha BCi BY3/1 MepeXi. YacTuHa mepexi, B MeXax AKOi po3-
MOBCIOAKYETLCS LUMPOKOMOBHUIA TpadiK, HA3MBAETLCA LLUMPOKOMOBHUM
LOMEHOM;
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e ajpeca A0BINIbHOrO Po3cMnaHHs, abo ogHoro 3 rpynu (anycast) 3agae
rpyny agpec ak multicast, ane gaHi, Wo BiAnpasneHi Ha L0 agpecy, Aoc-
TaBNIAKOTLCA HE BCIM KOMM’HOTepam rpynu, a TiflbKh O4HOMY 3 HUX. AK
NpaBuso, Lie KOMN’toTep, WO po3TalloBaHWiA 6/mKYe BCiX [0 Bignpas-
HUKa.

1.4 Cnocobu KomyTauii

3’elHAHHA KIHUEBUX NPUCTPOIB Yepe3 Mepexy NMPOMDKHMX BY3/iB Ha3nBa-
I0Tb KOMYTaLi€t0. IocnifJOBHICTb BY3/iB, L0 3HAXOAATHCA Ha LWAAXY Bif nepe-
AaBava Ao npuiiMada, yTBOPHOKTL MapLUpyT. [ns ycnilHOT KOMyHiKauii Heob-
XiHO Y3roguTun npasunia KOMyHikaii, 30KpemMa:

e NpoLeAypY BCTAHOB/IEHHSA 3’€AHAHHS;

e MOBY ab0 Ccroci6 KofyBaHHA faHWUX B MpoLeci KoMyTaLlii;

e OPALOK MepefaBaHHA Ta NPUMOMY LaHWX Y BUMAAKY, KOMM OAHOYACHO

Lile POOGUTN HEMOXXNBO.

MeToan KomyTauii B KOMIM’ KOTEPHUX Mepexax MOoAiNATb Ha KOMyTaLito
KaHasliB Ta 3 NPOMDKHUM 36epiraHHaM, Bi4NOBIAHY Knacu@ikalito nokasaHo
Ha puc. 1.5. KomyTauis kaHanis MoXe 0yT1 TMMYacoBOO | TpuBasior. KomyTa-
i 3 NPOMIKHUM 36epeXXxeHHAM MOXXe BUKOHYBaTUCA SIK KOMYyTaLis MoBifoM-
NeHb abo NakeTiB. Y CBOK Yepry, KOMyTaLisfi MakeTiB MOXe BUKOHYBaTUCA Ye-
pe3 KoMyTaLito ferTarpam abo BipTya/bHUX KaHanis.

MeToan KomyTauii

/\

KomyTauis kaHanis 3 NpoMiXXHMM 36epiraHHAM
KomyTauis KomyTauis
TumyacoBa Tpusana . .
MakeTiB MoBiJOM/IEHb

/\

) . KomyTauisa BipTya/ibHUX
KomyTauis gentarpam yrau PTY
KaHaniB

PucyHok 1.5 — Knacudikavisa MeTofis KOMyTauil y KOMN’HOTEPHUX Mepexxax

MeToa KOMmyTauil KaHa/iB iCTOPUYHO 3’SABMBCS NEPLUMM 3 MOSBOKD Tesle-
(hOHHMX MepeX. [Npu 3acTocyBaHHI MeTOoAy KOMyTaLii KaHasiB nepLl HiX Mo-
yaTW rnepefaBaHHA AaHUX MOTPIGHO BCTAaHOBUTU (Di3NYHe 3’€fHAHHSA MK CTaH-
uieto BignpaBHMKa 1 CTaHuielo oTpuMyBaya. [lpoueaypy BCTaHOB/IEHHS
3’e[lHaHHA nokasaHo Ha puc. 1.6. KomyTauis moxe 6yTu TMUMYacoBOK — BUK/IHO-
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YHO Ha 4ac nepefaBaHHA AaHWX, Taki KaHa/M Ha3MBaKOTbCA KOMYTOBAHUMM.
AKLWO KaHan HafaeTbCst Y KOPUCTYBaHHA Ha TPUBa/IMIA TEPMiH, TO BiH Ha3uBa-
ETbCS BUAINEHNM,

O <4— BY3/M KomyTauii

—O

<¢— (i3nyHMA KaHan

PucyHok 1.6 — BCcTaHOB/IEHHSA 3’ €4HaHHA NPY BUKOPUCTaHHI
MeToAdy KomyTaLil KaHasiB

Kpim TOro, npu 3actocyBaHHI MeTOLYy KOMyTaLii KaHaniB BUHMKAE 3ajada
po3Mnodinly Ha nigkaHanuM (i3M4HOro CepefoBuMLLA 3 BE/IMKOK MPOMYCKHOM
CNPOMOXKHICTHO, TOOTO, OpraHi3auis nepefaBaHHs KiflbKOX HE3aeXHMX MOTOKIB
AaHNX vepe3 oAuH (hisnyHUIA KaHan. Lis 3afada BUPILIYETLCA METoAaMU My/b-
TUNJIEKCYBaHHA KaHaiB.

[TONOBHMIN HefoNiK METOAIB KOMYTaLil KaHaniB nonsirae B TOMY, LWO A/
BCTAHOB/IEHHA 3’€[HaHHA Ta OpraHisyBaTu nepefaBaHHA [LaHUX 060B’A3KOBO
NOTPi6Ha HasBHICTb BIZIbHUX NifKaHaNiB Ha YCiX PI3NYHMX TaHKax Bif Bifgnpas-
HMKa A0 ofepxKyBaya. IHWMM HeJoNiKoM, WO € cneungiyHnM nNpu nepefasaHHi
KOMM’HOTEPHOr0 Tpagiky, € HEMOX/IUBICTb AMHAMIYHOIO PO3LUMPEHHS CMYTU
NPOMyCKaHHA nifgKaHany, HaBiTb SKWO B JAaHWA MOMEHT 4yepe3 iHLWi nigkaHam
[aHi He nepeparoTbea. Lie Npu3BoanTb A0 HeepeKTUBHOMO BUKOPUCTaHHA (i3n-
YHOro KaHany. [T0/10BHOKO X NepeBarord MeToAy KomyTauii KaHanis € MiHIMa/b-
Ha YacoBa 3aTPUMKY Mpwu rnepefasaHHi JaHKX.

[MepeBaroto MeTofiB 3 NPOMIDKHUM 36epiraHHAM € Te, WO Bignaaae Heob-
XiAHICTb B YTBOPEHHI (hi34yHOro kaHany Bif BiAnpaBHMKa [0 OTpUMyBaya, Aoc-
TaTHbO HAABHOCTI BIJIbHOMO KaHasy TiflbKM [0 CYCiAHbOro By3/na KoMmyTauil.
Kpim TOro, npu gparmeHTauii NoBiAOMMIEHHSA ICHYE MOX/MBICTb PO3MOAINY 0f-
HOro NOTOKY JaHMX MO Ki/IbKOX MapLupyTax, Lo A03BO/sSE banaHCyBaTV HaBaH-
TOKEHHA. TakoX L METOAN 3HIMatOTb 0OMEXeHHS LoA0 Nepepo3noginy Biflb-
HOI CMYTY NPOMYCKaHHA KaHany.

MeToan 3 NPOMIDKHMM 36epiraHHAM MOAINAKTLCA Ha KOMYTaLlito NaKeTiB |
KOMyTaL,ito NoBigOM/EHb.

AKLL0 NoBIAOMEHHS abo (hann1 nepeaardTbCs AK eAnHeE Line 6e3 parmeH-
Tauil — ue KomyTauis nosifgomneHHs. [NepeBaroto LbOro MeToAy € MiHimisauis
Cny>k60BOT iH(hopMaLii Ta BiACYTHICTb HEOOXIAHOCTI (hparMeHTauiT I gedparme-
HTawii NoBIAOMEHHSA. 3 IHLWOro 60Ky, Npv NepefaBaHHI BENMKNX MOBIAOM/IEHb
LIel MeTOo[, XapaKTepusyeTbCA TaKMMU HeJ0NiKaMu:
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e Bif0OyBaETbCA MOHOMO/IbHE 3aXOM/IEHHS KOXXHOT MPOMIDKHOI JlaHKA Ha

yac rnepefaBaHHs BCbOro NoBiLOM/EHHS;

® OCKIJIbK/ KOXKHE NOBIAOM/IEHHA Ma€e MOBHICTIO 3aBaHTaXXMTUCHL Ha Mpo-

MDKHWIA  BY30/1 KOMYyTaUil, OCTaHHii noTpebye BenuKoi BydepHol
nam’ATi;

e AKLIO B Npoueci nepeaaBaHHA Bigbynacb BTpata abo CNOTBOPEHHS Yac-

TUHW NMOBIOM/IEHHS, MOr0 NOTPIGHO NOBTOPHO MNepefaBaT MOBHICTIO;
e HeoOXigHICTb NOBHOI Bydepmsauii NOBIAOMIEHHA Ha BYy3nax KoOMyTauil
NMPU3BOAUTL [0 CYTTEBMX 3aTPUMOK NepefaBaHHs.

BHacnigok BULLIECKA3aHOrO METO/A KoMyTauii NoBigOM/IEHb 3aCTOCOBYETLCH
TINbKM AN KOPOTKUX MOBIAOM/EHb, HaNpUKiag, Npv nepegasaHHi Cny>K60BOro
Tpagiky.

OCHOBHMM MeTOZOM KOMYTaLii Npu nepefaBaHHi KOMM’OTEPHOrO Tpagiky
€ METOZ KoOMyTaLil NakeTiB. Y faHOMY BUMaAKy BifOYyBacTbCA MOAIN NOBIAOM-
NEHHA Ha (PparMeHTH, LLIO Aani OKPeMo nepeaarnTbes vepes Mepexxy. [1o KOXHo-
ro goparmMeHTa A0faeTbca BignosigHa cny>bosa iHopmauia (agpecu, Homep
(pparmeHTa TOLWO). KOMYTaLito NakeTiB MOXKe OYTU peani3oBaHO Y BUMNA4I KO-
MyTauil geitarpam i KomyTauii BIpTya/lbHUX KaHaniB.

KomyTauisa gertarpam — Le MeTof, 3a SKUM B none cny>60Boi iHopMmawit
KOXXHOI0O MakeTa [J0Jat0TbCA MOBHI afpecu OoTpumyBaya i BignpaBHMKa, TOMY
NakeT (genTarpama) € He3a/ieXXHOK OAMHULEKD AaHUX | nepeiaeTbcsl CaMOCTIn-
HO. [MepeBaroto Lb0Oro MeToay € He3aneXHICTb KOXKHOT OAMHMLI JaHWX, Hachij-
KOM 4Oro € MOX/IMBICTb MepefaBaHHA MakeTiB PI3HUMM MapLLpyTamMu Ta AMHa-
MiYyHa 3MiHa MapLIpyTy NPy HeLOCTYMNHOCTI OKPeMMX naHoK. Hegonikamu € 3a-
BE/IMKMIA PO3MIp afpecHOl YaCTUHM Ta HeoOXifAHICTb BMOPSAKOBYBaHHS OTpPU-
MaHuX (hparMeHTiB.

[Mpn BUKOPUCTaHHI MeTOAYy KOoMyTaLil BIpTya/ibHUX KaHasliB nepLl Hix
MOYMHAETLCA NepefaBaHHA AaHuX, YTBOPHOETLCA TaK 3BaHWUIA BIPTYa/lbHUIN KaHasl
MDD BIANpaBHWKOM i OTpuMyBa4veM. |aeHTUdikaTop BipTya/lbHOro KaHasy B Mo-
[a/IbLLIOMY BUKOPUCTOBYETLCA 14 agpecauii. [NepeBaroto € eKoOHOMIsA MpPonycK-
HOI CNPOMOXXHOCTI (PI3MYHOr0 KaHany 3a paxyHOK 3MeHLLEHHS CYy>X00BOT Yac-
TUHW Ta 3MEHLLEHHS pPo3Mipy Tabnumui KomyTauii.

Ona TOro, Wo6 OuiHATK 3aTPUMKY MepefaBaHHs [JaHMX B CY4YaCHUX
KOMMN’IOTEPHUX MepeXkax, BUKOHAEMO PO3PaxyHOK 3aTPUMKM MepefaBaHHA da-
HUX Y Mepexi 3 KomyTaulieto KaHasiB i naketis (puc. 1.7 i 1.8 BignosigHo). Ove-
BUAHO, LLO 6iNbLL ePEKTUBHOIO, 3 TOUKM 30pYy YaCOBMX 3aTPUMOK, Byle Mepexa
3 KOMyTaLIE0 KaHauiB, [le pe3epBYETLCA KaHa Ha Yac nepefaBaHHA gaHuX. [a-
Hi 6yayTb HaAXxoAMTU 40 adpecaTa 6e3 3aTpMMOK. OfHaK 3HauYHY YacTUHY Yacy
3ape3epBOoBaHNiA KaHan Gyfe NpPoCcTorBaTK Nig vac nay3 MiXK nepegaBaHHAMM.
AKLL0 BMKOPUCTOBYBATU KOMYTaLLit0 MakKeTiB, TO WWBWAKICTb nepefaBaHHA byae
MEHLLIOHO, asie 3aBaHTaXeHICTb (PI3NYHOro kaHany 6yae 6inbLl PIBHOMIPHOLH.
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Tak, 4yac nepefaBaHHs JaHuX Big By3na Bl go By3na B2 uepes mepexy 3
KOMyTaLiet0 KaHaNiB 7, CKNafacTbCA 3 Yacy PO3MOBCIOMKEHHA CUTHANTY fpe Ta

Yacy nepefaBaHHs MOBIZOMEHHS ¢
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PucyHok 1.7 — YacoBa fiarpama nepefaBaHHs y Mepexi 3 KOMyTaLieto KaHaniB
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PucyHok 1.8 — Yacosa fiarpama nepefasaHHs NnoBifA0OMIEHHS,
LLLO PO3Ai/IEHE HAa MaKeTn, Y Mepexi 3 KOMyTaLieto NakeTiB

22



Yac po3noBCOgKeHHA CUrHaNy BU3HAYAETLCA AK BISHOLLEHHS JOBXMHM Ka-
Hany L, A0 WBUAKOCTI PO3NOBCIOIKEHHSA CUTHANY Voo,

Ly

VPO3

Ipc =

Yac nepefaBaHHsA MOBILOMNEHHA fnn MOXHa po3paxyBaTy 3a Takow op-
MY/I0H0

t _ Nnos
nn="p
n3

Ae  Npog — PO3MIp NOBILOMIEHHS,
Pp; — NpoONyCcKHa CNPOMOXHICTb NiHIT 38’A3KY, BiT/C.
[Mpwn NepegasaHHi NMOBILOMIEHHA Yepe3 MepeXKy 3 KOMYTaLiEr0 NaKeTIB 04HE
NOBIAOM/IEHHA PO3MIPOM N pog PO3AINEHO HA MAKETWU, KOXKEH 3 AKUX Mae 3aro-

NnoBoK. lMakeTn nepeaatoTbCs Bif Nepegasaya A0 Npuinmaya, MiXK SKUMK € KOMY-
TaTOpPW, KOXEH 3 AKUX BHOCUTb [esKy 3aTpumKy KomyTauil. CnoyaTky BM3Ha-
YMMO Yac ¢, NepesaBaHHA OAHOMO nakeTa NoBifOMMeHHs Bif By3na B1 go B2,

MDK SKMMU € aBa KomyTtatopy K1, K2. Yac nepegaBaHHA naketa 3 B1 go K1
CKNAJAETLCA 3 TAKMUX YACTUH:
1. Yac, wo smMtpavaetbca B1, MicTUTb TaKi CKIagoBi:
t, — Yac popMyBaHHSA nakeTa abo yac NakeTyBaHHS;

t, —4ac nepeAaBaHHA B KaHa/ NakeTa (3aronoBka i Nona gaHux);
2. Yac t; NOLLIMPEHHA CUrHay Yepes KaHan 38°A3Ky Bif B1 fo K1;

3. J100aTKOBUI1 Yac BUTPAYaETLCA Ha MNePLLOMY KOMYTaTopi:
t, — Yac NPUAHATTS NakeTa 3 MOro 3aro/I0BKOM 3 KaHasy y BXigHuin Oy-

(bep KOMyTaTOpAa, LLIO0 AOPIBHIOE Yacy nepefaBaHHA NakeTa z,;
fs — YacC OYiKyBaHHA MakeToOM CBOET Yepru (3aB4acHO HEBILOMWUIA, 3asie-

XXWUTb Bif 3aBaHTaXKEHOCTI Mepexi);
s — Yac KomyTauii makeTa, TO6TO nepefaBaHHA naketa Ha BUXIgHWN

nopT. Liei yac € (hikcoBaHUM, CKNagae KifbKa MiKpPOCEKYHA, 3a1eXNTb Bif KOH-
KpeTHOI MoAeni KomyTaTtopa.

TakvM YMHOM, 3ara/ibHUiA yac fg, , NepefaBaHHsA naketa 3 By3na Bl Ha
BUXiAHWIA iHTepdeinc komyTaTopa K1 cknagae

Yac, Lo BUTPaYacTbCA Ha [BOX IHLWMX AIAHKA LWAAXY, NO3HAYMMO Yepe3
fkik2 | Tko_po- LI BRIMMUHWN MICTATL TaKi X CKMafoBi, WO W tg \;, &1€ B HUX
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He BXOAMTb Yac NakeTyBaHHA ¢, | t,, g, HE MICTUTb Yac KOMyTaLiT 7. 3araib-
HWIA Yac nepejasaHHA OAHOrO NnakeTa AOoPiBHIOE

fxm1 =Te1-k1 T Ikik2 T Tk 2-B2-

CymapHuiA Yac nepefiaBaHHs BCbOro MOBILOM/IEHHS HE [JOPIBHIOBATMME CY-
Mi 3HaYeHb Yacy nepefiaBaHHS KOXXHOMO MakeTta, OCKI/IbK/ MakeTu ornpaboBy-
FOTbCA B KiJibKa eTanis i BCI MPUCTPOI MepexXi BUKOHYHOTb Lie napanesibHo. Tomy
yac nepegaBaHHS OAHOIO MOBIAOM/MEHHA OyAe 3HAYHO MEHLUUM, HIXK CyMma 3Ha-
YeHb Yacy nepefaBaHHA KOXHOr0 nakeTa noBifoOM/IEHHS. B13HaunTK 3arasbHui
4ac BaXKKO, OCKI/IbK/ HEMOXX/IMBO BM3HAUUTM 3HAYEHHS Yacy O4YiKyBaHHS Make-
TIB Y Yep3i KomyTauii. AKLIO0 BBaXKATW, L0 NaKeTu B Yep3i 3HAXOAATbLCA MPub-
NN3HO OiHAKOBMI Yac, 3ara/sibHUI Yac nepeaasBaHHsA MOBIOM/IEHHSA MOXHA OLi-
HUTK 3a (DOPMY/IOHD

txny = tkm + (0 =11 +1,),
[ie — Ki/IbKICTb BY3/1iB KOMYyTaLl.
1.5 Mogeni onucy KOMM’toTePHNX Mepexx

Byab-AKa KOMyHiKaLis MK N0AbMU, 800 B MeXax KOMIM’ HOTEPHOT MepeXi €
HEMOXX/IMBOKO 6e3 Y3ro[pKeHHS MeBHMX MpaBus, AKi Ha3MBalOTLCA MPOTOKONA-
MU. OCKIifIbKW npasui abo NPOTOKONIB, WO BM3HAYakOTb (PYHKLIIOHYBaHHA Me-
pexi, NOTpi6HO 6ararto, TO TX HeOOXIAHO cucTeMaTu3yBaTU. N5 LbOro BUKOPK-
CTOBYHOTbCA TaK 3BaHi iepapxiyHi Mogeni, Wwo OMnMCyrTb TY YK IHWY rpyny
npoTokonis. KoxkHe npaBuio abo NPOTOKO/ acoOLOETLCSA 3 TUM Y/ THLUUM piB-
Hem iepapXiyHoi mogeni. KoxxeH piBeHb iepapxiyHOi Mofesni BM3Havae Habip
npasun, WO 61113bKO NOB’A3aHi 3 06’€KTOM | CTaHAAPTU3YHOTb NPOLLEC MEPEXHOT
B3aEMOLIT.

Po3rnsHemo npuknag MOX/IUBOT i€papXiyHOi Mofeni npaswua Ansa Crinky-
BaHHA ntogent (puc. 1.9). Mofenb CKnafaeTbCa 3 TPbOX PiBHIB iepapXii. DYHKL IS
HWKHbOTO PIBHS — Y3rOMKEHHS TUMNY CepeioBumLLa, Yepes ke byae BiabysaTuChb
CMI/IKYBaHHA, Hanpuknag MoO6inbHWUIA TeneoH, eNleKTPOHHa nowTa Toulo. Ha-
CTYMNHWIA piBEHb BU3HAYaE Npasuia NofaHHA iHopMaLlii, 30KpeMa B1bip MoBw,
MexaHi3Mu1 NiATBEPAXKEHHS, CUTHaNN 3aBEPLUEHHS TOLLLO. BepxHiii piBeHb BUKO-
PUCTOBYETLCA ANS BU3HAYEHHS TEMU PO3MOBM.

B iepapxiyHnx mogensax npasuia abo NPOTOKOMN HWKHIX PIBHIB HafarTb
nocnyru npoTokonam abo npasunam BepxHIX piBHIB. Hanpuknag, Ana Toro,
06 y3roanT MOBY CMiNKyBaHHSA, nornepeaHb0 NOTPIGHO BU3HAYUTUCH 3 KaHa-
NOM CnifiKyBaHHA. Habip NpOTOKONIB Pi3HUX PiBHIB, L0 Pa3oM MOBHICTHO 3a-
6e3neyyroTb NPOLEC KOMYHIKaLiT, Ha31BatoTb MPOTOKO/IbHUM CTEKOM.
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Tema

T

MoBa

T

CepepoBuLle

PucyHok 1.9 — Mogenb onucy npasun CrifiKyBaHHS Noein

Bunainatotb Taki MoAeni onvcy NpoToKOoNiB:

e [l0oBIAKOBI, HaNpuKiag, Moaesb B3aeMogii BigkpuTtux cuctem OSI (Open
Systems Interconnection), Lo po3po6ieHa MiXXHapPOAHOK OpraHisaliero
31 ctaHgapTu3auii 1SO;

e [1poTOKONbHI MoZeni, Wo 6am3bKi A0 TOr0 YM IHLWOr0 NPOTOKO/ILHOIO
cTeka. Mpuknagom Tyt € mogdens TCP/IP, WWo BiAnoBigae NPOTOKO/bHO-
My cteky TCP/IP. [logaTkoBy iH(hopMaLito Npo MiXHapOAHI opraHisa-
LT, AKi 3aiMat0TbCA CTaHAaPTM3aLie0 KOMM’ IOTEPHNX MepeXX, HaBeAeHO
y BofaTtky A.

1.5.1 Mogenb OSI. Heo6xigHICTb Y Ti CTBOPEHHI BUHWKNA, KOW 3’ABUach
noTpe6a NiIATPUMKN 6araTbOX NPorpamHMX 1M anapaTHMX 3acobiB i 3abe3neyeH-
HA X B3aemogaii. ig BIAKPUTOI CMCTEMOK PO3YMItOTb MepeXkHe 06/1afHaHHA
(cepsepu, poboui cTaHUii, KOMyTaliiHe 06/1afHaHHS), WO peanizoBaHO 3 BUKO-
PUCTaHHAM BUMOT LLIOAO e/IEMEHTIB BIAKPUTUX CUCTEM.

BigkpuTa cuctema CKMafaeTbes 3 KifibKOX IEpapXiyHuUX CKIafoBuX, Lo BU-
KOHYIOTb CrieuudiyHi 418 CBOro piBHA PYHKLUIT. 3a KOXHUM piBHem mogeni OSI
3aKpinseHi nesHi PyHKUii. B3aeMoLif KOMMOHEHTIB B MeXaxX OAHIEl BIAKPUTOI
CUCTEMU MOXKe BifbyBaTUCA TifIbKN 38 YMOBMW, LLO LI KOMMOHEHTX PO3TalLOBaHi
Ha CycifgHix piBHAX. Ha puc. 1.10 nokasaHO CTPYKTYpy Mofesi B3aEMOAIT BifK-
PUTUX CUCTEM Ta MEPEXHI MPUCTPOT, WO peani3ytoTb PYHKLIT NEBHUX PIBHIB.

Cnif 3a3HaunTW, WO CMCTEMA MOXE MICTUTW TISIbKM YacTUHY PiBHIB, 00Y-
MOBJ/IEHVX MOZE/I0 B3aEMOAIT BIAKPUTUX CUCTEM, HANPUKNIag, MiCT abo mapLu-
pyTusartop. [Npasnno 06MiHy iHpOpMaLED MIX CYCIAHIMU PIBHAMW OfHIET cUC-
TEMW Ha3MBaETbCA iHTepdencoM. MpaBnio B3aEMOAIT OAHAKOBUX PIBHIB PI3HUX
TEXHIYHMX CUCTEM HA3MBAETHCH NMPOTOKO/IOM.

Mogenb OSI MICTUTb CiM PiBHIB: (DI3UYHWIA, KaHIbHWIA, MEPEXHUIA, TPaHC-
MOPTHWIA, CEaHCOBWIA, NPeACTaBHULbKMIA Ta PiBEHb 3aCTOCYBaHb.
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3acTocyBaHb
(Application)
MpeAcTaBHULbKNIA
(Presentation)
CeaHcoBuli
(Session)
TpaHCcnopTHWIA
(Transport)

MepexxHuiA
(Network)

KaHanbHWi
(Data Link)

Di3nyHN
(Physical)

Komn’toTtep, wnto3

Micr,
KomyTarop,
KoHLieHTpaTop Touka goctyny

Maptupy-
TN3aTop

PucyHok 1.10 — CTpyKTypa mofeni B3aeMOAIT BigKpuTnx cuctem OSI
Ta NONyNAPHI MepPeXxHi NPUCTpPoi

®i314YHMIA piBEHb CTaHAAPTU3YE:

e TUM Ta NapamMeTpu cepefoBuULLA NepeaaBaHHA AaHWX, FO0BHUMW Mnapa-
MeTpamMu SKOro € CMyra NponyckaHHA, KOemiLieHT 3racaHHs ToLO;

e cCroci6 nofgaHHA iHQopmauii (cnocié KogyBaHHA AaHWX) MpW nepega-
BaHHI Yepe3 NneBHe CepefoBULLE;

e Cnocié nig’efHaHHA cepefoBMLa MepefaBaHHA [LaHUX [0 MPUCTPOLO,
CTaHAapTM3aLis KOHEKTOPIB.

KaHasibHWIA piBeHb NOAINAETLCA Ha ABa MigpiBHi. BepxHiin — nigpiseHb Ke-
pyBaHHA foriyHnmM KaHasiom LLC (Logical Link Control) i HWKHi — nigpiBeHb
KepyBaHHS 4OCTYNOM 0 cepefoBuLLa nepefasaHHsa gaHnx MAC (Media Access
Control). KaHasibHWiA piBeHb Mae 3a6e3neUnTy rnepegaBaHHA Mi>K NMPUCTPOSIMU B
MeXax floKa/ibHOT Mepexki. Ha gaHomy piBHI opmyoTbes 6/10KN faHKX KaHa-
NbHOrO PiBHA, WO Ha3MBalOTLCA Kagpamu abo ¢peiMaMu i € OCHOBHUMUW Ofu-
HULAMW nepefaBaHHA aaHuX. Kagp — ue 3akiHYeHa 3MICTOBHA MOC/IAOBHICTb
0alTiB, SIKa Ma€ NoYaToK i KiHeLlb.

[0 ¢yHKUi LLC nigpiBHA BigHOCATD:

e (opMyBaHHSA NIOriYHOr0 KaHasly 3 METOH 3abe3rneyeHHs rapaHTOBaHOro

[OCTaB/NAHHS B MeXaX /IOKa/bHOT Mepexi;

e 3abe3rneyeHHs B3aEMOJIT 3 BEPXHIM MEPEXXHUM PIBHEM LUIAXOM [0fa-
BaHHSA CNy>XO0BOro MosiA B AKOMY BKa3yETbCA TUM MPOTOKOMY MepPEeXHo-
ro piBH4, SiK npasuno, IPv4 a6o IPv6.

[0 dpyHKUii MAC nigpiBHA BI4HOCATD:

e [epeBipKy LOCTYMHOCTI CepefoBULLA, PO3TallyBaHHA Ta BUTYYEHHS Ka-
ApY 3 CepefoBULLA NepesaBaHHs;

e BU3HAYEHHA MEX Kaapy;
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e anapaTHy (UundpoBy OAHOPIBHEBY) aapecauito, sika HeobxiaHa y Bunaj-
Ky, KON Kagp MOXYTb OTpUMaTK Bifpasy Kinbka agpecaTis (Y SIoKa/b-
HUX MepexXax AaHuin TUN agpecaii BUKOPUCTOBYETLCA 3aBXAN);

e KOHTPO/Ib CMOTBOPEHb MPW MepefaBaHHi Kagpy LUIAXOM po3paxyHKy Ta
MepeBiPKN KOHTPOJIbHUX CYyM.

PYHKLiA KaHaNbHOTO i (PI3MYHOr0 PiBHA LiISIKOM BUCTaYae A/1 nepesaBaHHS
AaHNX B MeXax /IoKa/lbHi Mepexi. KaHaibHWin piBeHb peasizoBaHO anapaTHo-
MporpamMHo 3a 4OMOMOroK MepeXHOro afanTepa Ta 1oro aparsepa.

MepeXXHnii piBeHb BUKOPUCTOBYETLCS A1 CTBOPEHHS €AMHOT TPaHCMOpPT-
HOI CUCTEMU, LLLO 06’€AHYE KiNlbKa MepeX I BU3Ha4ae crnocib iepapxiyHoi agpe-
cauii NpMUCTPOiB B 00°€AHaHIN Mepexi Ta MexaHi3M1 BUOOPY ONTUMa/IbHOIO Ma-
PLPYTY AOCTaBNAHHA AaHuX. MpuCTpoi, Wo 3abe3neyvytoThb nepefaBaHHA daHMX
MK MepeXkaMu, Ha3nBatoTbCs MapLupyTusaTopamn (router). Boku gaHux me-
PEXHOro piBHA Ha3MBalOTLCA MakeTamu, AKi IHKaNCcyMoTLCA B Kagpu. Mepex-
HWIA piBeHb Y BiNbLUIOCTI BUNaAKiB He rapaHTye HaAinHOro A0CTaBNAHHSA iH(Op-
MalLlit.

TpaHCNOPTHUI pPiBEHb Mae NPUIHATW AaHi Bif, CEaHCOBOr0 PiBHS, PO3fi-
NATK TX, 38 HEOOXIAHOCTI, HA YaCTWMHK, NepefaT MePeXXHOMY PiBHIO | rapaHTy-
BaTW, WO BCi YaCTUHK Yy NpaBubHOMY BUrNA4i Oyae AOCTaB/eHO B Mepexi. Po-
3MIp YaCTVH 3a/1eXXNTb BifJ BUKOPUCTOBYBaHMX NPOTOKO/IB.

Mogenb OSI Bu3Havae N’ATb KNaciB TPAHCMOPTHOrO CepBicy: Bif HAMHWX-
yoro 0 — o Hainsuworo 4. Lli Buan cepsiciB BiAPI3HAKOTLCA AKICTHO HagaBaHUX
MOCAyr: WBUAKICTIO, MOXMBICTIO BIAHOB/IEHHSA BTPAYeHOro 3’€fiHaHHS, 3aaTHi-
CTHO BUABMATY | BUNPABNSATU NOMWU/IKK Nepefdadi (CNOTBOPEHHS, BTpaTy, Ay6nto-
BaHHS faHuX).

CeaHcoBWi1 piBeHb 3a6e3neyvye KepyBaHHSA AiasioroM, iKCye, Ka CTOPOHa
€ aKTMBHOLO; BifNOBIJaE 3a BCTAHOB/IEHHSA NIOMYHOMO 3’€4HaHHA Yepes rnobdaib-
HY Mepexy, akTUBi3ye abo CTBOPIOE MOPTW MPOLIECIB | MIATPUMYE TX B aKTUBHO-
MY CTaHi Ha rnepiog, ceaHcy.

MpeAcTaBHULUBLKWIA piBeHb BM3HAYae Crnocid nofaHHa iHopmauii, y3ro-
[PKYE CTaHAapTW KOAYBaHHA Pi3HUX TUMIB AaHWNX, BUKOHYE NEPEeTBOPEHHSA KOAIB,
LLUMpyBaHHA iHopmauit (SSL-npoTokon).

PiBeHb 3acTOCyBaHb 3abe3neyye B3aEMOAI0 Mepexi Ta KopucTyeada. Lle
Habip pi3HNX NPOTOKO/IIB, 3a LOMOMOIOK AKNX KOPUCTYBaYi OTPUMYHOTb AOCTYN
[0 pecypciB, OpraHi3oBYHOTb CBOK Cri/lbHY po60Ty. OAVHMLIO AaHKX, AKOH
ornepye NPUKNagHUIA piBeHb, 3a3BMyall Ha3vBatOThb MOBILOM/IEHHSAM.

IHTepdeicoM MixXK PiBHSMK, 3 TOUKW 30pY BG/I0KIB AaHMX, € HAsiBHICTb B 3aro-
NOBKY HWKHbOTO PIBHA IH(opMaLii npo Te, KM MPOTOKON HACTYMHOro PIiBHA
(BULLLOTrO) MICTUTLCA B JaHOMY 610U AaHUX. 3aro/ioBOK AaHWX — Lie, PaKTUYHO, Ta
iH(hopmauis, Ky fofae neBHW piseHb mogeni OSI. Mpoueaypa BKaaaHHs iHGo-
pMaLii B 6/10K JaHNX HUXXHBOIO PIBHA HA3MBAETLCA IHKANCYNALIE, a, BiAMNOBIAHO,
3BOpPOTHa npoLedypa — AeKancynsuiero. Y3saranibHeHa Hassa 419 (parMeHTiB [a-
HUX Pi3HNX piBHIB Mogeni OSI BusHayaeTbesa ik PDU (Protocol Data Unit).
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B MepeXxHMX npucTposx Moxe ByTu peanizoBaHa NMLLEe YacTUHA PIBHIB MO-
Aeni B3aemoaii Bigkputux cuctem (ame. puc. 1.10), 30kpema:

KoHLUeHTpaTop (hub) npautoe BUKNHOYHO Ha (PISMYHOMY PIBHI;

micT (bridge), komyTaTop (switch) Ta Touka goctyny (access point) pea-
Ni3yTb I3NYHWIA Ta KaHa/IbHWIA PiBHI;

MapLupyTmsaTop (router) peanisye piBHI 3 PI3NYHOIO 4O MEPEXHOTO;
wno3 (gateway) — Le nporpamHuiA abo nporpamHo-anapaTHUA 3aci6,
SKUWA [03BONSE 3’€AHATM MK COO0K0 MepeXi, L0 MpaLoTb 3 Pi3HUMU
MPOTOKO/IbHUMUY CTeKkaMu. Peanisye BCi cimM piBHIB mogeni OSI.

1.5.2 CtpykTypa mogeni TCP/IP. Kpim mogeni OSI Ha npaKTuui BUKOpK-
cToByeTbca mogens TCP/IP. Ha puc. 1.11 nokasaHO B3aEMO3B’S130K MOZE/eM
OSI ta TCP/IP. [laHa Mofenb CKNafaeTbCa 3 YOTUPLOX PIBHIB, KOXEH 3 AKMX
BUKOHYE HMKYEBKa3aHi yHKUIT:

PiBeHb goctyny o mepexi (Network Access) — Lie H/KHIN piBeHb MO-
Aeni, MICTUTb MPOTOKONN ANA PI3MYHOr0 AOCTaBNSAHHSA AaHUX Y Mepexi;
Mi>xXmepexxHuiA piBeHb (Internet) MiCTUTbL MPOTOKOMM, L0 3a6e3nedy-
I0Tb MNepefaBaHHA faHUX MIXX OKPEMUMU Mepexamu — pernameHTye qy-
HKUIT MDXKMepeXXHOI MapLupyTu3auii Ta iepapXivyHol agpecadii;
TpaHCNOPTHWUIA piBeHb BiAMOBIAAE 3a NOAIN MOTOKIB JaHWX Ha OKPEMI
(hparMeHTN Ta HafaHHA HeobXigHOro TPaHCNOPTHOrO cepsicy AN1A 4OC-
TaBNAHHA AaHUX: HafiAHOrO, 3 rapaHTIiel0 JOCTaBNAHHSA, ane MoBifibHO-
ro; abo 6e3 rapaHTiii, ane WBMAKO;

PiBeHb 3aCTOCYyBaHb MICTUTbL MPOTOKO/N, LLIO BUKOHYIOTb OMpaLoBaH-
HA JaHUX KOPUCTYBauiB, KepyBaHHS 0OMIHOM AaHUMW MiXK 3aCTOCYBaH-
HAMW. Ha gaHoMy piBHI TaKoX CTaHAAapPTU3YETLCA (hopma MojaHHA fa-
HUX.

3acTocyBaHb
[MpoLec/3acTocyBaHHA o
7 M TaBHULIbKNN
(Process/Application) PeAcTa 4
CeaHcoBui
TpaHcmopTHMR TpaHcnopTHUN
(Host-to-Host)
Mi>XMepexxHun MepexHuii
(Internet)
N KaHanbHuiA
MepexxHui focTyn
(Network Access) . o
Di3NYHUN

PucyHok 1.11 — Ctpykrtypa mogeni TCP/IP, Ti 38’430K i3 mogennto OSI
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1.6 MNuTaHHA gna camonepeBipKn

1. Bu3Ha4yTe OCHOBHI eTany PO3BUTKY KOMM’ HOTEPHNX MEPEXK.

2. OxapakTepusyiTe pi3Hi TUNM KOMN IOTEPHUX MEPEX.

3. HasegfiTb npuknag, Konu [OUifIbHO BUKOPUCTOBYBATWM OLHOPAHIOBY
apxiTeKTYpy Mepexi.

4.  $Ki OCHOBHI TOMOJOTiT KOMMN IOTEPHUX MEPEX BM 3HaeTe? [aiTe Kopo-
TKWI aHasi3 KOXHIN 3 HUX.

OxapaKTepu3syiTe NOBHO3B’A3HY TOMO/ION 0.

AKi nepesarn Mae 3ipKonogibHa Tornosoris KOMM’ tOTEPHUX MePeX?
OxapaKTepu3syiTe BNaCTMBOCTI TOMO/ONIT «3arasibHa LUNHa».
Ha3BiTb i 0XapaKTepu3yinTe OCHOBHI KOMMOHEHTW MepeXi.

Ha3BiTb Ta 0XapaKTepu3yinTe OCHOBHI TUMNK MPOMIXHUX MPUCTPOIB.

10. Bun3HauTe MeTOAM agpecaLii KOMM’OTePIB Yy Mepexax, X nNpus3HayeHHs
Ta B3aEMO3B’A30K.

11. TMopiBHAWNTE anaBiTHO-UM(POBI OLHOPIBHEBI Ta iepapxiyHi agpecu
Mi>XK Cc06010.

12. TlpoBegiTb aHasni3 LMMPOBUX OAHOPIBHEBUX aapec.

13. OxapakTtepusyiTe LUM(POoBI iepapxiyHi agpecu.

14. BKaxiTb MeTOAM KOMyTaUil, WO BUKOPUCTOBYHOTLCA B KOMM HOTEPHUX
MepeXkax, | HaBefiTb iX NMOPIBHANbHY XapaKTEPUCTUKY.

15. OxapaKkTepu3ayiTe OCHOBHI [Kepena 3aTPUMKK nepefaBaHHs B Mepexi
3 KOMYTaLli€et0 KaHaliB.

16. OxapaKkTepu3ayiTe OCHOBHI [MKepena 3aTPUMKK nepefaBaHHs B Mepexi
3 KOMYTaLli€to MaKeTiB.

17. Po3paxyiTe 3aTpuUMKY MnepefaBaHHs [JaHUX B Mepexi 3 KoMyTaui€ro
KaHafliB 3a TakMMK YMOBaMu: BifCTaHb MK BifNPaBHUKOM i Ofep>KyBayem
1000 KM, WBUAKICTb PO3NOBCHOAKEHHA curHany 200 Tuc. Kwm/c, 0b6CAr faHux,
L0 nepeaatoTbea, 1 F6ainT, NponyckHa CNPOMOXHICTb KaHany 100 M6iT/c.

18. BuW3HauyTe OCHOBHI MOHATTA MoOAesNi B3aEMOAIT BIAKPUTUX CUCTEM
(OSI).

19. BwusHauTe 3arasibHy CTPYKTYpPY MOZENI B3aEMOAIT BIAKPUTUX CUCTEM.

20. fKe npu3HaYeHHs (i3YHOro Ta KaHasbHOro pisHiB Mogeni OSI?

21. Bwu3HauTe BNacTUBOCTI MepexxHoro pisHA mogeni OSI.

22. $lKe npu3HaYeHHs TpaHCMOPTHOro pisHA OSI?

23. TlopiBHANTE CyyacHi MOAeni onucy KOMM’tOTEPHUX MepexX (Mogeni
OSI ta TCP/IP).

©o~NOoO
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2 ®I3VNYHUN PIBEHb CYUYACHUX KOMITHOTEPHUX MEPEX

2.1 OCHOBHI NpUHUMNN NepegaBaHHA Ha Pi3UYHOMY PiBHI

®i3nyHMIn piBeHb MNpU3HaveHo 6e3nocepefHbO ANS NepefaBaHHS MOTOKY
AaHUX | peanisauii iHTepdency MiXK XOCT-MOAy/NeM Ta CepefoBULLEM Mepeaa-
BaHHA. DYHKUIT (hi34HOro piBHA 060B’A3KOBO peasi3yroTbCA anapaTtHo 3a [o-
MOMOrOK MepeXxXHoro aganrtepa abo nocnifOBHOro NOPTY Ha BCiX MOAYNAX, LUO
nigKNoYarTbeA A0 Mepexi. To6To, BU3HAYalOTLCS IHTEPENCHI cxeMn MigK-
NOYEHHSA A0 KaHay rnepefaBaHHA faHuX, a caMe: MexXaHiuHi, enekKTpuYHi, PyH-
KUiOHa/bHI Ta npoueaypHi napameTpu 1 0CO6/IMBOCTI AaHOMO 3’€AHAHHS.

OCHOBHI (PyHKLiT (Pi3UYHOro piBHA NoAAratoTb y: POPMYBaHHI MOCNiL0B-
HOCTI curHanis, 11 nepedaBaHHI MO (I3NYHMX KaHasax, CMHXPOHi3aLii Ta BUKO-
HaHHI npoueayp MoaynAuil abo KoayBaHHA (3a/1eXHO Bif TMNY I3MYHONo Ka-
Hany). KpiMm Toro, qisuyHunin piBeHb B13Ha4Yae NpoLeaypu rnepefaBaHHA CUTHa-
NiB Y KaHan Ta OTpPMMaHHSA iX 3 KaHasy, crocib nogaHHA Ta BUA CUrHaniB, L0
nepearoTbCs B KaHan y TOMY BUTNIsAI, SKNIA BUKOPUCTOBYETLCA B AaHOMY (hi3u-
YHOMY cepefoBuLLi ((hi3nYHOMY KaHari).

MpuKnagamm MepexxHuUxX iHTepdeincis, SKi peaniaytoTb PYHKUIT (i3nyHOro
PiBHS, € iHTepeiicn RS-232, RS-422A, RS-449, RS-485, V.35, V.90 Touyo.

Byab-9KNiA KaHan 3B’A3KY BM3HAYa€TbCSi CYKYMHICTHO B3aEMOMOB’SI3aHNX
XapaKTepUCTUK, OCHOBHUMM 3 AKUX E€:

e aMNITYAHO-4aCTOTHA XapaKTepuUCTuKa,

LUMPWMHA cMyTu nponyckaHHa (bandwidth),

3aBa/lOCTINKICTb,

3racaHHs (attenuation),

MpPoMnycKHa cnpoMoXHicTb (throughput),

nepexpecHi HaeefeHHA Ha 67vKHbOMY KiHui niHIT NEXT (Near End
Cross Talk) Toulo.

LLInprHa cMyru nponycKaHHA KaHay XapakTepusye HerepepsHUiA giana-
30H 4acTOT, A4/1A AKOro 3racaHHs (BIAHOLUEHHS aMnAiTyan BUXIQHOMO CUrHany
[0 BXiAHOr0) He nepeBULLYE AeSKOro Hamnepeg 3afaHoro 3HayeHHs (3a3Buyai,
0,5). TobTo, CMyra NpPonyCcKaHHA BM3HaA4YaE fianasoH 4YacToT CUrHay, B AKOMY
CUrHaN NepefacTbCA B KaHai 3B°A3Ky 6e3 3HaYHNX CNOTBOPEHb.

MponycKHa CNPOMOXHICTb NiHIT 3B’A3KY XapakTepu3ye MakCUMasibHO MO-
Y/IMBY LUBUAKICTb, 3 AKOK MOXYTb nepegasatncs aaHi. Lleir napameTp, 3 0gHO-
ro 60Ky, 3an1eXuTb Bif NapameTpiB (hi34HOro cepeaoBuLLa, a 3 iHLLIOMo — BU-
3HaYa€eTbCA CNOCOO0M nepefaBaHHA AaHUX 1 X MOAAHHS.

3B’A30K MiXK MPOMYCKHOK CMPOMOXHICTHO NiHIT Ta Ti CMYroK nponyCcKaHHA
AN KaHany 6e3 Wymy MOXKHa BU3HaunTy 3a hopmynoto . HaiksicTta

C=2Flog, M,
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ae  C — makcuMManbHa LUBMAKICTbL NepeaaBaHHs faHux (6iT/c);
F — wuprHa cmyrn nponyckaHHa niHiT (Iy);
M — KiNbKICTb CTaHIB CUTHany.

3 uiel hopMynun BUNMBAE, WO SKLLO NepefacTbes ABINKOBUIA curHan (cur-
Han 3 ABOMa PI3HUMK CTaHamu), TO MPOMYCKHa CMPOMOXHICTb AOPIBHIOE MOA-
BOEHOMY 3HAYEHHIO LLUMPUHM CMYTUX MPOMYCKaHHA NiHIT 3B’A3KY. AKLL0 X CTaH-
Lis-rnepeaaBay BMKOPUCTOBYE Oiflblle [4BOX CTaHiB A/1F KOAYBaHHA [LaHWUX, TO
MPOMYCKHa CNPOMOXHICTb NiHIT MiABULLYETLCS.

Y Ui hopmyni B SBHOMY BUT/ISIAI HE BPAXOBYETLCA LWYM Y KaHani, ane orno-
CepefKOBaHO MOro BnMB Bifo6paxXaeTbCA Npu BUOOPI KiNbKOCTI CTaHiB iHop-
MaLiiHOro curHany.

Knog LLIeHHOH po3wmpwvB L0 (OpMY/ly Ha KaHanv 3 BUMagKoBuM (Tepmo-

AVNHAMIYHMM) LWYMOM
P
C= Flog2(1+ Pm]

ae  C— mMakcummasibHa NpornyckKHa CnpoOMOXKHICTb NiHiT (6iT/c);
F — wunprHa cmyrn nponyckaHHa (Mu);
Pc, P — MOTY)XXHOCTI CUrHany Ta LWymy, Bi4noBigHO.
3a3BMyain Ha npakTuui BigHoweHHs P/P, He BUKOPUCTOBYETLCA. 3aMiCTb

S :
HbOI0 BUKOPWUCTOBYHOTb 3HAYEHHS 10Igﬁ, [le S — NOTY)>KHICTb KOPUCHOIO CUr-

Hany, a N — NOTY)XHICTb WyMy. Taka oAvHMLA Ha3nBaeTbCa deumbenom (4b).
Hanpuknag, AKLWO BiAHOLWIEHHSA curHan/wym Mae 3HavyeHHs 10, To LA BeMynHa
aopisHoe 10 ab; akuwo ue BigHoweHHA 100, To — 20 A6 ToLwo.

Hanpwvknag, KaHan 3i CMyroto nponyckaHHs B 3 KI'L, Ta BiJHOLLEHHAM CUr-
Han/wym y 30 Ab (3BUYaiiHi NnapameTpu 418 aHa0roBoi TeNeqOHHOT cucTeMm)
HIKO/IM He 3MOXXe repefaBaTyi CUTHa/IN 3 MPOMYCKHOK CMPOMOXHICTHO, 6iNb-
woto 3a 30 K6IT/C He3anexKHO Bif, KisIbKOCTI CTaHIB CUTHay.

Tpeba 3a3HaunTK, WO HaBeaeHI (hOpMyv BU3HAYaOTb BEPXHIO, TEOPETUUYHO
MOX/IMBY MeXY MPOMYCKHOT CNPOMOXHOCTI iH(opMaLiinHOro KaHany, Lo, 3a-
3BMYail, € HEAOCHKHMM Y peanbHNX cUcTeMax.

2.2 Knacugikalisa Ta XxapaKTepucTuka KaHaiB nepefaBaHHsA jaHnx

Tunosa opraHisauisa KaHany nepefasaHHs faHUX HaBedeHa Ha puc. 2.1. Po-
6oya cTaHUis, KOMM’OTEP UM BYAb-AKWIA HLLWIA MOAYb, KU NiAKIOYAETLCS
00 Mepexi, Mae y3arasibHeHy Ha3By — 06/1afgHaHHS 06pobku gaHux (004),
3rigHoO 3 MibkHapogHoto TepmiHonorieto: DTE — Data Terminal Equipment. Lle
TepMiHa/ilbHe 06/1afHaHHA NIAKNHOYaETLCA 40 KaHany 3B’S3KYy 3a [JOMOMOror
anapartypwv repefgaBaHHs (KaHany) gaHnx (AKL), sika, BiAnosigHO A0 MiXKHa-
pofHoi TepmiHosorii, mae Hassy DCE — Data Communication Equipment. Oc-
HOBHOK (PyHKUieto AK/L € nigkntodueHHsa OO/, fo NniHiT abo KaHany nepeaaBaH-
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HA AaHuX. Anapatypa nepefaBaHHs faHWX MigKNHOYaETbCA A0 TEPMIHa/IbHOIO
MOAYNS 3a JoMOMOroto iHTepeiicie RS-232, RS-422A, RS-449, RS-485 Toulo,
SKi € iHTepdheiticamu, WO He 3anexaTb Bif cepefoBuLa nepeaaBaHHs. [1o kaHany
3B’S13KY KOMYHiKaliliHe o6nagHaHHSA NiAKIYaeTbCs 3a AONOMOror iHTepdei-
ciB, L0 3an1exarb Bij cepefioBuLa nepefasaHHA, Hanpuknag, V.27, V.35, V.90
TOWO. 3arasibHa Cxema opraHisauil KaHany nepefaBaHHA [LaHWX HaBefeHa Ha
puc. 2.1, a npuknag NigKNYeHHS KOMYHiKaliinHOro o6nagHaHHs 3 pisHUM Ha-
6opom (PYHKLi — Ha puc. 2.2.

basa ATT0KaNbHUI NoKanbHui & basa
JaHux | [ iB'ﬂ.?;OK 3E;'5130K¢ o AaHnX

AKLA 75 ARl

. Katan ¢-7>© daiin

DTE, . DTE;
(00 ,) (OOLg)

—> (Di3NYHI 3B'A3KN
ffffff » NOTi14HI 3B'A3KN

' Kanan nepefaBaHHs fiaHux |

PucyHoK 2.1 — CTpyKTypa KaHasly nepefaBaHHA JaHNX

CraHfapTui Ta pekoMeHgauii iHTepgeicis DTE-DCE BM3HavatoThb:

e 3ara/ibHi XapakTepucTMKN (LUBUAKICTb Ta MNOCAIAOBHICTb NepefaBaHHs);

e (PYHKUIOHaNbHI Ta NpOLEeAYPHI XapaKTepucTUKM (HOMeHKnaTypa, Kare-
ropis, BUBOAW iHTepdelicy, NnpaBua ix B3aeMogil);

e €/IeKTPOHHI XapaKTePUCTUKK (BeIMUYMHA HaNpyrun, CTpyMy Ta oropy);

e MeXaHiYHi xapakTepucTuku (rabaputi, po3noLi/IeHHS KOHTaKTIB TOLLO).

T 1 V.42 NigTpumyeTbes Tinbku
0oL : DG|:E : (hi3nyHNiA piBeHb, AKLWO
BUKOPUCTOBYETLCA |
DTE KaHa/IbHWUI piBeHb, TO Tpeba
Rf/'22312’ V.34 [opaTu 610K, AKMIN NO3HAYeHO
RS-232 ' ()

| | | KaHas TOHa/IbHOT 4acToTm

PucyHok 2.2 — Cxema nigkntoyveHHs DTE ta DCE

€ANHOI Knacugikauil KaHaniB 38°53Ky He ICHYe. Afle MOXHa BUAINTI AesKi
O3HaKKM (MapameTpu), 3a AKUMU | BUKOHYETLCA Knacudikauis. o Takmx xapak-
TEPUCTUK BIAHOCATb:

e JlianasoH YacToT;

e CNocobu nepefaBaHHA fAaHWX Y KaHanax 3B’S3Ky;
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e Cnocib6 opraHizauii nepefaBaHHs;
e COCi6 CTBOPEHHS KaHasy;
e (Di3NYHe cepefOBMLLE KaHasy 3B’A3KY, AKe BUKOPUCTOBYETLCA A/14 Mepe-
[aBaHHS;
e CMnocobu 3axucTy JaHNX Yy KaHali;
e  KIi/IbKICTb IH(hOpMaLiiHMX MOTOKIB, AKI MOXYTb O4HOYACHO MnepejaBaTtu-
CA B KaHani (Cnoci6é mMy/ibTUMNIEKCYBaHHSA MOTOKIB) TOLLO.
Knacudikauis KaHanis 3a fianasoHoM poboumx 4acToT, WO € HalbinbLu
CYTTEBOK NPV BUKOPUCTaHHI eNEKTPUYHUX CUTHaNiB ANs nepefaBaHHs AaHuX,
OCKI/IbK/ BMU3HAYaE NPOoMyCcKHY CNPOMOXHICTb KaHasly, HaBefieHa B 1abs. 2.1.

Tabnmua 2.1 — Knacudikayisa kaHanis 3a gianasoHoM 4acToT

HaiiMeHyBaHHSA [iana3oH HaiimeHyBaHHA :
[lanasoH yacToT
XBWU/b XBW/Tb 4acToT
ﬁ;‘;ﬁ;ﬁﬂ'\)ﬂem%' 10-100 km HaHW3bKI 3-30 kl'y
a'ggxprOB' 1-10 KM H3bKi 30-300 KLy
(F(:Z'geoﬂ":?; PO 1001000 M cepeaHi 300-3000 KTt
ﬁ%ﬁ%ﬂi{fom 10-100 M BUCOKi 3-30 My
'(\)"/ﬁlggg:(opom) 1-10 M [y>Ke BICOKi 30-300 MLy
JeunmeTtposi 10-100 cwm YNbTPaBNCOKI 300-3000 MT'y
CaHTUMeTpOoBI 1-10 c™m HaBUCOKI 3-30ITy
MinimeTposi 1-10 Mm HAASBIHANHO 30-300 Ty
BUCOKI
Jeunminimetposi 0,1-1 mm rinepBunCoKi 300-3000 I'Ty,

Y Ccy4yaCHUX CUMETPUYHUX KabellbHUX NiHIAX 3B’S3KY BUKOPUCTOBYHOTLCH
CUTHa/IN 3 YaCTOTOK He GifbLue AeKiNbKoX coTeHb Kinorepu. KoakcianbHi Kabe-
Ni 4O3BONAOTL NepefasaTit CUrHaIN 3 YacTOTOK A0 COTeHb merarepu. Mpu ne-
pefadi cUrHanis y pafiokaHanax BWKOPWUCTOBYIOTb 4acToTw Big 3*10° go
3*10" 'y B ONTOBOMOKOHHMX KaHanax BUKOPUCTOBYKOTLCS YaCTOTU MOPAAKY
3*10" I'w,

3a HanpaBeHICTHO NiHIN 3B’ A3KY BUAINAIOTb:

e Harnpas/eHi:

— KOaKciasibHi Kabeni;
— CKpyu4eHi napu;
— OMTOBOJ/IOKOHHI;
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e HeHanpasneHi (pagioniHir):
— MPsAMOro 6ayeHHs;
— pagiopeneiHi (peTpaHcnsayis B AeLMMETPOBOMY i 6iflbLL KOPOTKOMY
AianasoHax 4yacToT);
—  KOCMIYHi;
— 10HOC(hepHi;
— TPOMOCHEPHI.

3a crnocobom rnepefaBaHHA iHoOpMaLii B KaHali 3B’A3KYy PO3PI3HAKOTH
ACUHXPOHHI Ta CUHXPOHHI KaHa/W.

LLlo6 aaHi nepefasaya afeKBaTHO CNpUiManncb npuiimMadvem, noTpibHoO Ha
MPUAOMHIN CTOPOHI BMIiTW, No-nepuue, BiadinaTy 6iT Bifg 6iTa (HaBiTb SKLWO ne-
pefacTbCs [AeKifbKa OfHAaKoBMX OGITIB nigpad), i, no-gpyre, BMITU BIA4INNTY
6ainT Bif 6aiTa, TOGTO NPOBECTN MeXi MK 6ainTaMn Y CUMBOIAMM THLLIOT PO3-
PALHOCTI Y HernepepBHOMY MOTOL, BiTiB, L0 HAAXOAATb Y NpuiiMau.

MepLua npobnema Nnerko BUPILLYETLCA Yepe3 CTaHAapTU3aLito LWBUAKOCTEN
nepefavi. Tak, y pi3HUX MDKHApOAHMX CTaHJapTax MOXHa 3HanTW Taki WBNa-
KOCTI NepefaBaHHsA y 6iTax 3a cekyHay: 110, 150, 300, 600, 1200, 2400, 4800,
9600, 14400, 16800, 19200, 28800, 38400, 57600, 115200...

[na BUpIiLLEHHS Apyroi npobniemn BUKOPUCTOBYIOTb OAMH i3 ABOX CrOCO6IB
nepefaBaHHsA iHQopMaLii:

e ACMHXPOHHWNA;

e CUMHXPOHHWIA.

MNpu acnHXpoHHOMY cnocobi (puc. 2.3) iHgopMaLisa NepefaeTbCa B KaHa
MOCUMBOJIbHO, NOYMHAKOYM 3 MOJIOALUMX BITIB. Y CMMBOJII MOXE MICTUTUCA Bif,
5 10 8 iHdopmauiiHux 6iTiB DO-DN. LLle ognH 6iT DP mMOXe fopgasartucs, o6
AOMOBHIOBATW iH(opMaUiliHi 6iTi A0 napHoi (abo HenapHOT) KifbKOCTI oAu-
HULb. Lle [03BONSE BUABNATYA MOMWUIKA HeMapHOI KPaTHOCTI, WO cTasmcs nig
yac nepegaui.

AKWO nepefasatn HIYOro, nepefasay BUAAE CUTHaT OLVMHUYHOMO PIBHS.
MMepefaBaHHA KOXXHOrO CMMBOJIA MOYMHAETHCA CUMHAIOM HY/IbOBOrO PIBHA
CTapT i 3aKIHYYETLCA CUTHAIOM OAUHUYHOTO piBHA CTon.

e KX XX

PUCYHOK 2.3 — ACMHXPOHHE NepefaBaHHA

CurHan CTon MOXe TpuBaTU AK 3aBrOAHO [OBro, aje hMoro MiHimanbHa
TpUBanicTb (3aN1eXKHO Bif NPUIAHATOrO CTaHAAPTY) AOPIBHIOE TPUBANOCTI Nepe-
[aBaHHs 6yab-AKoro iHhopmauiiHoro 6ita D;, TOMHOXeHi Ha 1; 1,5 a6o 2.

OTXe, Npn aCUHXPOHHOMY CMoco6i nepeaasBaHHA OYyAb-AKMIA CUMBO/ «06-
PaMAETLCA» HY/IbOBMM CTapTOBMM | OAUHWYHWM CTOMOBUM 6iTOM. 3 Hamxo-
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[DKEHHAM CTapTOBOro 6iTa Po3MoYMHAETLCS BIAJTIK Yacy, KOTPUIA 003BONSE PO3-
ni3HaTU pewuTy 6ITIiB, HE BUCYBaKOUYM BEIMKUX BUMOI A0 OHAKOBOCTI BIA/iKY
yacy B nepegasadi Ta npuiMadi.

MepeBaraMn acMHXPOHHOrO Crocoby € MOro NpocToTa Ta HeBe/fmMKa Bap-
TICTb, & TakOX Te, WO BiH 3abe3neyye KOHTPO/b MPaBWbLHOCTI MepesaBaHHA
KOXXHOI0 CMBO/a, LLIO L03BO/ISE LUBUAKO pearysaT Ha NOMUIIKMN.

OfHaK nepefayva CTapToBUX | CTONOBMX BITIB 3ailiMae 3HaYHWIA BiICOTOK Ya-
Cy, TOMY BMKOPWUCTaHHA aCMHXPOHHOIO CMNocoby nepefaBaHHs XapakTepHe, B
OCHOBHOMY, /191 HU3bKOLUBUAKICHUX KaHa/liB 3B’A3KY 3 AOCTAaTHbO BMCOKUM Pi-
BHEM LUYMY.

[Npn CMHXPOHHOMY crocobi nepefaBaHHA CTapTOBI Ta CTOMOBI 6iTK BIACYTHI.
3amiCTb HMUX BMKOPWUCTOBYHOTLCA TaK 3BaHi CUMHXPOCMMBOMMN — HENepioanyHi
MOCNIAOBHOCTI HYNIB | OANHWLb JOBXUHOK OAMH abo [Ba 6aiTL.

AK TiNbKW y BXIAHOMY MoTOUi 6ITiB NpuiiMay BUAB/ISE CUHXPOCUMBOJI, Bif
LIbOr0 MOMEHTY PO3MNOYMHAETLCA BiA/IiK BITIB He O4HOrO, a Li/iol MocNi40BHOCTI
6ainTiB (41 CMMBONIB IHLLOI PO3PALHOCTI), LIO YTBOPKOKTL Kagp, CTPYKTypa
SKOro B 3ara/lbHOMy BUT/IsiAi MOoKasaHa Ha puc. 2.4.

CuHxpo- KepyBaHHa | lgeHTUdika- Aadi KOHTPONbHI CuHxpo-

CMMBON KaHa/IoM ig Kopuctybaua 03paamn CUMBO
4 N 6aiTiB PO3PAA

\\ lgeHTMdikaTopm cTaHuiii
0TpUMyBaya
Ta nepefasaya

Peanisye BignoBigHwuii
—— MPOTOKO/, TOGTO KEPYBAHHS
nepefaBaHHAM JaHUX Y Mepexi

PucyHok 2.4 — CUHXpPOHHe nepefiaBaHHA

AKLWO HopMaLia 419 nepefasBaHHA BIACYTHA, CTaHUiA-BIANPaBHUK nepe-
[1a€ CUHXPOCMMBONN, W06 NIATPMMYBATU CUHXPOHHY POOOTY rnepedaBaya Ta
npuinmava.

[MepeBaramy CUHXPOHHOIO NepeaaBaHHA € MeHLUA, MOPIBHAHO 3 aCMHXPOH-
HUM, HaA/IMLLKOBICTb, OT)XKE, BUMLLA LUBUAKICTb NepefaBaHHA IHpopMmaLii Ta ede-
KTUBHICTb BUKOPUCTaHHSA KaHanis. [0 HeoNiKiB MOXKHA BIAHECTU CKNagHiwWy Ta
A0POXKYY anapatypy nepefaBaHHs faHWX, BULLY WMOBIPHICTb BUHUKHEHHS MO-
MWUIOK CUHXPOHI3aLii, @ TaKOX [JOBLUY peakLito Ha NMOMWU/IKOBI KaapW, OCKiNbKK
MOMUIKN MOXYTb OYTW BUSAB/EHI TifIbKN MiCNS OTPUMAHHSA BCbOro Kaapy.

3a TUNomM NPoOMIDKHOI anapaTypu BCi KaHanv 3B’A3KY MOAINAKOTL Ha aHa-
NOroBi Ta UMMpPoBI. B aHanorosux MiHifgx Taka anaparypa BUKOHYE NMiACUNEHHS
aHasIoroBmx, To6TO HenepepBHUX, cUrHaniB. MNMpuknagamy aHanoroBux KaHanis
€ NIIHIT 3B’A3KY B TeNne)OHHUX Mepexkax 3arajibHoro npu3HayeHHs, KaHaam To-
Ha/IbHOT 4YacToOTW. Y LM(POBUX KaHanax MepefaroTbCa AUCKPETHI, IMMY/bCHI
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CUrHanu, aKi MatoTb AiBa YM OifbLLEe CTaHIB. 3a 10MNOMOroH TaKMX CUrHaniB ne-
peaaroTbCs K KOMM’HOTEPHI AaHi, Tak i ayfio- Ta BigeoTpaik y oungpoBaHoOMYy
BUrnsa4l. B undposmx KaHanax sk npomikHa anapartypa 4ns Bi4HOBEHHA dop-
MW IMMY/IbCIB | NIACUNEHHSA ANCKPETHUX CUTHASIB BUKOPUCTOBYHOTLCS pereHe-
patopu. Mpuknagamm UMMPoBUX KaHanis € kaHanm tuny T1/E1, T3/E3, kaHanu
MepeXxi 3 iHTerposaHuMm goctynom ISDN (Integrated Services Digital Network),
AKi 6yayTb AeTasbHiLle po3rnsaHyTi B po3gini 8.

3a cnocobom opraHizauii nepefgaBaHHA PO3PI3HAOTb CUMIIEKCHI, Ayrnie-
KCHI Ta HaniBAyn/1eKCHI KaHaw.

CuMNNeKCHI KaHanM L03BO/IAKOTL Nepefasat iHPpopmauito TiIbKU B O4HO-
MYy HanpsiMKy, TOMY B KOMM’HOTEPHUX Mepexkax Maiike He BUKOPUCTOBYHOTbLCH,
ane 3HaliLLIN 3aCTOCYBaHHS B TefilebayeHHi Ta KOMepPLIHOMY pafiOMOBNEHHI.

[ynnekcHi kaHain 3a6e3neyyoTb 0HOYacHe nepefaBaHHsA B [ABOX Hanps-
MKaX, He BUK/INKAKUMN HebaKaHMX 3YMMHOK Ta OYiKyBaHHS, AKi XapaKTepHi A/
HaniBAyN1eKCHOro kaHany. BOHN BUKOPUCTOBYETLCA B MEPEXHMX 3aCTOCYyBaH-
HAX, AKI BUMaratoTb BMCOKOI MPOAYKTUBHOCTI 0OMIHY Ta LUBMAKOT peakLuii Ha
nepefaBaHHs iH(opmaLii.

HaniBayniekcHi kaHasv nepefaBaHHA TaKOX [103BOSIAOTL MNepefaBaTu iH-
(hopmaLlito B A4BOX HanpsMKax, asie NocnifoBHO Yy yaci. [icnsg nepegaBaHHA [a-
HMX B OIHOMY HanpsMKy NOTPi6HO BUKOHATK MepeHanarofXyBaHHs iHTepQel-
CiB B3aEMO/iHMX CTaHLii i Nicnsa uboro peasnizyBaTn nepefaBaHHs B NpoTuse-
YKHOMY HanpsaMKy. Taki KaHanm 3a6e3nevyroTb MeHLY LWBWUAKICTb NepefaBaHHs,
H>K [YMN/eKCHI, afie MaloTb 3HA4YHO MeHLUY BapTiCTb. HaniBAyniekcHi kaHanm
LLUMPOKO BUKOPWUCTOBYHOTLCA B KOMIM’HOTEPHUX Mepexax, Ana MigKNHOYEHHs Te-
pPMiHaniB 6yab-AKOro TUMy, a TakoX Yy 6araTbOx cucTemax, AKi PYyHKLiOHYHOTb
Ha OCHOBI 3anuTy/Bignosigi. B TeneoHii HaniBAynNIeKCHI KaHa/M peani3ytoTb-
CSl Ha OCHOBI ABOMPOBOAOBOT CXeMM NiAKNHOUEHHS, a AYNEKCHI — HA OCHOBI YO-
TUPUNPOBO/OBOI OpraHisauii. 3a3Bunyain Tened)oHHI KOMNaHil po3rnsaatoTb ABO-
MPOBOAOBY NiHIt0 AK KOMYTOBaHWI KaHa/1 3 aBTOHabopoM, a YOTUPUMNPOBOAOBY
— AIK OpeHA0BaHMIn HEKOMYTOBAHWIA KaHaJ.

3a cnocobom CTBOPEHHSA KaHasly PO3pi3HAKTL TaKi KaHann 3B’ A3KY:

e KOMYTOBaHI;

e HEKOMYTOBaHI, fKi, B CBOI Yepry, TaKoXX MOXYTb OYTU:

- OpeHAoBaHVMU;
- BuAineHUMK (hisnvHUMN).

KomyToBaHMIN KaHan 3B’S13KY — Lie KaHa/, WO HaAaeTbCs KOMYTaLiiHOH
MEepeXxXero Ha TMMYacoBi CeaHCK Ta CTBOPHOETLCA 6e3nocepesHbO nepes nepesa-
BaHHAM AaHUX 3 OKpeMuX KaHasis 3B’A3Ky (nigkntoyeHHs Dial-Up). lMicna 3a-
KIHUeHHA nepefaBaHHA KaHan MikBiAyeTbCA. [1py MOHOBMEHHI CeaHCy 3B’A3KY
MDK TUMM K B3aEMOAIMHMMU MOAYNISIMU KOMYTOBaHWUIA KaHa/l MoXe O6yTu CTBO-
PEHWNIA BXE 3 IHLIMX KaHaniB 3B’53Ky. LLIBUAKICTb nepefaBaHHs B TaKMX KaHaax
HEBMCOKA, a [OBXMHA Ta XapaKTepUCTUKN KOMYTOBaHUX KaHa/liB MOXYTb 4acTo
3MIHIOBATUCA B LLUMPOKOMY AianasoHi.
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HekomyToBaHi (opeHA0BaHI) KaHanu 3B’A3KY KOMYTYHOTbCA 3a3aaseriab,
ICHYIOTb MOCTINHO MiDXX B3aEMOAINHMMM CTaHLiAMU | BUAINAKTLCA JaHUM KOpW-
CTyBayam Ha TPUBA/INIA Yac, NPOTArOM AIKOrO Lji KaHa/l He MOXYTb OyTY 3aliHs-
Ti iHWKXMKM aboHeHTaMW. BOHM MalOTb BiJHOCHO MOCTIHI XapaKTepUCTUKK i
3a6e3neyytoTb 6i/bLLY MNPOMYCKHY CIPOMOXHICTb.

HekomyToBaHi (BUAi/IEHI) KaHa/IM 3B A3KY YTBOPEHI Mapor0 NpPOBOAIB |
CKOMYTOBaHi NOCTilAHO (TOBTO CTBOPEHO (hi3NYHWIA 3B’A30K MiXK aBOHEHTCbKMMM
cTaHuiamun). MNepefaBaHHA faHUX MOXKe BifoyBaTUCS B OY[b-AKUA MOMEHT 6e3
HeoOXiAHOCTI CTBOPEHHSA YM aKTMBI3aLiT He0OXiAHOro KaHany. 3a3Buyaii peani-
3Yt0TbCH 33 YHOTUPMNPOBOLOBOK CXEMOIO.

[MepeBary Ta HelONMIKN KOMYTOBaHUX | HEKOMYTOBaHWX KaHa/liB HaBeeHO B
Tabn. 2.2,

Tabnmugs 2.2 — XapaKTepucTUKM KOMYTOBaHUX | HEKOMYTOBAHUX KaHasiB

KomyToBaHi KaHa/u HekomyTOBaHi KaHa/n
MNepeBaru: MNepeBaru:
® THYYKICTb; e 3306e3MneyeHHs BMCOKOI LUBUAKOC-
e [pOCTOTa peanisauii; Ti NepefaBaHHA AaHuXx;
e HeBe/nKa BapTiCTb 061afHaHHS; e MIATPUMKA BEIMKUX 06CAriB Tpa-
e HeBe/MKa BapTICTb NiAKNHOYEHHS. (iKy;

e 330e3MeyeHHs  3B’A3KY  BULIOI

AKOCTI;

e BIACYTHICTb OGNOKYyBaHHA 3anuTy
Ha 3’eIHaHHA,
e LIBMAKaA peakuis BifganeHol cTaH-

LLiT.
Heponiku: Heponiku:
e HUM3bKa AKICTb; e HEMOX/NMBICTb 3’€IHAHHA Ta ne-
e [10CTaTHbO BE/IMKWI Yac O4iKyBaH- pefaBaHHs AaHWX MpU  NOLUKO-
HA BiANOBIAI Bif BifAaneHoO! CTaH- [DKEHHSAX KaHany;
LLiT; e BI[CYTHICTb HY4YKOCTi, 0CO6/IMBO
e HEeBMCOKa LUBMAKICTb MepefaBaHHA MPY NOLLKOMKEHHSX NIHIT;
AaHNX; e Be/MKa BapTICTb NepefaBaHH4,

e MOX/MBICTb O/10KYBaHHA 3anuTy 0C06MBO MPU BMKOPUCTaHHI BU-
((bOpMYBaHHSA CUTHANTY «3aNHATO» AiNeHNX KaHanis.
NPU 3HAYHIN 3aBaHTaXEHOCTI Me-
pexi);

e Be/INKa BapTICTb MPU 3HA4YHOMY 06-
ca3i Tpagiky.

3a KIiNbKICTIO iHhopMaUiiHMX MOTOKIB, AKI MOXYTb OAHOYaCHO nepepa-
BaTUCA B KaHasi, BUAINATbL O4HOKaHa/IbHI Ta 6araToKaHasbHI, B AKX BUKOPK-
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CTOBYETLCA OYAb-AKNIA CNOCIO YLWiNbHEHHSA (MYNbTUMNIEKCYBaHHA) iH(hopMaLLin-
HMX MOTOKIB.

3a crnocobamm 3axXMUCTy KaHau nepefaBaHHA PO3PI3HAOTD:

e BIAKPUTI KaHa/u;

e 3aKpuTI (3aceKkpeyeHi) KaHan, B AKX BUKOPUCTOBYETLCA BiAMNOBIAHNIN

meTog (MeToAm) 3aXUCTy (LUNQpyBaHHS).

3a CTPYKTYpPHMMMK 0COG/IMBOCTAMW OpraHisauii KaHany po3pi3HAKTb
KOHIrypavii:

e TOYKa-TOuYKa (point-to-point);

e TOYKa-6arato TOYOK (point-to-multipoint).

Mpn KoHirypayii point-to-point (puc. 2.5, a) y KaHani iCHye Tiflbku ABi
CTaHUii, Oy[b-AKa 3 AKMX MOXE nepefasaty faHi, a iHwa ix oTpumysatu. Npu
LIbOMY He BUHMKAE NOTPedn ifeHTUMIKaLIT B3aEMOLIMHNX CTaHLiN.

Mpn KoHirypauii point-to-multipoint (puc. 2.5, 6) [0 KaHany NiAKIOYEHO
GinblUe ABOX CTaHUiid, TOMY Mpu 6yab-KOMY nepefaBaHHi iH(popmauii Heob-
XifjHa igeHTUgiKauia cTaHuii, SKi B3aEMOAiOTb Y JaHOMY CeaHCi 3B’A3KY.

DTE DCE DCE DTE
a)
DTE DCE
DCE DCE DCE
DTE DTE DTE
6)

PrucyHok 2.5 — OpraHisauif KaHany Tuny «point-to-point» (a)
Ta «point-to-multipoint» (6)

3a 3HaueHHAM 6a3n CUrHasy Po3pi3HAKOTb KaHa/IN:

e BY3bKOCMYTOBI;

e LUINPOKOCMYTOBI.

Y Teopii 38’A3Ky BCi CUTHa/M MOAINAKTL Ha NPOCTI Ta CKNafgHi. 3a BU3Ha-
YEHHAM, MPOCTUM CUTHA/IOM Ha3UBaKOTb CUTHaS, A4/19 AKOro 6asa B ~ 1, fe 6a3za
CUrHaNy — ue A0OYTOK TPMBaIOCTI CUTHa/Ty Ta CMYTM YacToT, AKY Leil CUrHa
3aiimae. [na cKnagHoro curHany B >>1. BysbKocMyroBi KaHanv nepefaroThb
MPOCTI CUrHa/IX, a LUMPOKOCMYTOBI — CK/IafHi.
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2.3 Tunun KabenbHUX CUCTEM

JTiHIT 3B’A3KY PO3PI3HAKOTLCA TAKOX 3a TUMOM (PI3MYHOI0 CepeaoBuLLia, sSiKe
BUKOPUCTOBYETLCA 414 NepefaBaHHA iHpopmauii. PisnyHe cepefoBuLLe nepe-
[aBaHHA [aHMX Y KOMM’OTEPHMX Mepexax MoXe 6yTu K NpoBOLOBUM, TaK |
6e3npoBofoBUM. IMPOBOAOBI KaHaM AN1S1 KOMI’HOTEPHMX MEPeX 3a3B14ain CTBO-
PIOKOTBLCA HA OCHOBI KabeflbHWMX NiHii 3B°53Ky. B 6e3npoBO0BMX KaHa/iaxX Luu-
POKO BUKOPUCTOBYHOTLCA pajioKaHa/IM Ha3eMHOro Ta CynyTHWKOBOIO 3B’A3KY.
B cyyacHMX KOMM’HOTEPHMX Mepexxax BUKOPUCTOBYHOTLCA BCi 3a3HayeHi BULLE
TMNW 3B°A3Ky. B faHOMy po3gini po3rnisgatoTbCA TifIbKM NPOBOAOBI KabesbHi
cuctemu, a 6e3npoBoOAOBI kKaHav OyayTb onucaHi B po3aini 10.

KabenbHi KaHann cKnagatoTbCsa 3 NPOBOAIB, AKi Mat0Tb Y 3arasibHOMY BuMa-
AKY OeKinbKa LapiB i30/14Li1: eNeKTPUYHOT, eNeKTPOMarHiTHOI, MexaHi4yHoT Ta,
iHO4I, KNiMaTWYHOI i, 3a3BMYail, PO3’eMIB, 3a JOMOMOIOK SKMX CMPOLLYETLCS
npouec MigKMKOYEHHS [0 Pi3HOMaHITHOrO MepeXHoro ob6nagHaHHA. B
KOMM’IOTEPHUX | TeNEKOMYHiKaUiiHUX MepeXxax Ha CborofiHi BUKOPUCTOBYHOTb-
CAl TPU OCHOBHUX TUMW Kabesto:

e Kabeni Ha OCHOBI CKpyYeHUX (Kpy4yeHnX) nap, ki 6yBatoTb TakKUX TUMIB:

- HeekpaHoBaHa ckpydeHa napa UTP (Unshielded Twisted Pair);

- eKpaHoBaHa ckpy4eHa napa STP (Shielded Twisted Pair);

- (bonbrosaHa ckpyyeHa napa FTP (Foiled twisted pair, BifoMa Takox
AK S/UTP (Shielded UTP);

- 3axuueHa ckpydyeHa napa STP (Shielded twisted pair), y akiin ans
KOXXHOT napu NpoBOAiB BUKOPUCTOBYETLCS CBIiil EKPaH;

- (onbroeaHa ekpaHoBaHa ckpydeHa napa S/FTP (Shielded Foiled
twisted pair);

- 3axulleHa ekpaHoBaHa ckpydyeHa napa S/STP (Screened Shielded
Twisted Pair) — Bigpi3HAETbCA HAABHICTIO [0AATKOBOrO 3arasibHoro
30BHILLHbLOIO EKpaHa;

e KOakciasibHI Kabeni;

e ONTOBOJIOKOHHI Kabeni.

MoTpi6HO 3a3HAYMTK, L0 HaYacTille 3 KabesniB Ha OCHOBI CKPYYeHOT napu
BUKOPUCTOBYOTbCA Kabeni UTP Ta STP. KoakcianbHi Kabeni i CKpy4yeHy napy
4acCTO Ha3MBalTb MiAHUMU KabensmMu,

Ha cborogHi icHytoTb Taki CTaH4apTU Ha Kabeni:

e amepukaHcbkuid: EIA/TIA 568 (Commercial Building Telecommunica-

tions Cabling Standard);

e MikHapogHuia: ISO/IEC IS 11801 (Generic cabling for customer premis-

es);

e eBponeicbkuin: CENELEC EN 50173 (Generic cabling systems).

2.3.1 CKpyd4eHa napa. OaunH 3 nepLumx TUMiB Kabento, CKpyyeHa napa, i Ao
LIbOr0 Yacy LUMPOKO BUKOPUCTOBYETLCA 415 MOOYA0BM KabenbHOI cucteMu ne-
pefaBaHHA AaHMX Yy KOMN'IOTepHUX Mepexxax. CKpy4yeHa napa Mae [fBa i30/1b0-
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BaHi MifHi NpoBoAW, 3a3BMYali TOBLUMHOK 1 MM, CKpyuYeHi y Burnagi cnipani,
L0 [03BOSIAE 3MEHLUUTK €NIEKTPOMArHiTHY B3aEMOAI0 [EKIIbKOX CKPY4YEHMX
nap, AKi po3railosaHi nopyuy (puc. 2.6).

CKpyyeHi napn BUKOPWUCTOBYHOTLCA A/19 NepefaBaHHA AK aHa/IoroBmMx, Tak |
undposmx curHanis. CMyra nponyckaHHA 3a1eXxuTb Bif AlaMeTpa i JOBXUHU
MpoBOAY, @ MakCMMasibHa LUBUAKICTbL MepefaBaHHA 3abe3neyyeTbea npu nepe-
[iaBaHHI Ha BifiCTaHb [0 AeKiNbKOX KifloMeTpiB. besnepeyHoro nepesBaroto Kabe-
NiB Ha OCHOBI CKPYYeHUX Nap € A0CTaTHbO BMCOKA NPOMYCKHa CIPOMOXHICTb |

HeBENNKa BapT iCTb.
8'-
@g.:

PucyHoK 2.6 — Kabesb «CKpyyeHa napa»

BignosigHo fo ctaHgapTy EIA/TIA 568, icHYtOTb Taki KaTeropii kabesis Ha
OCHOBI HeeKpaHoBaHol ckpy4yeHoi napu (UTP):

e Kateropisi 1 (UTP1) — 3BnuaiiHnin TeneoHHWI Kabenb 3i CMYroko Yac-
TOT 0,1 MI'L, AKNiA Mae ofHY napy NpoBoAis (N1ockuin Kabenb). Buko-
PUCTOBYBABCH paHillle, a Ha CbOrofHI BUKOPUCTOBYETLCA ANS Mepesa-
BaHHS ro/10COBOro NOTOKY abo faHMX 3a LOMOMOro MOLEMA;

e Kareropia 2 (UTP2) (cmyra yactot 1 MITu) — 2 napv npoBoAis, Kabenb
i€l KaTeropii MiATpMMYyBaB MepefaBaHHA [JaHMX Ha LUBMAKOCTAX [0
4 M6iT/c, BukopucToByBaBca B Mepexax Token Ring Ta ACNet;

e KaTteropia 3 (UTP3) — 4 napu NpoBOAiB, KOXXHA 3 AKUX CKMAAAETbC 3
[BOX CKPYYeHUX NPOBOLIB, MalOTb EANHY NIaCTUKOBY 000/I0HKY, CMyra
yactoT 16 MI'U, BUKOPUCTOBYETLCS B NIOKa/IbHUX Mepexax 10BASE-T i
Token Ring Ta nigTpymMye WBWAKICTb NepeaaBaHHs aaHnx o 10 Moit/c
abo 100 Mbit/c 3a TexHonorieto 100BASE-T4 i Bignosifae BMMoram
cTaHpapTy |IEEE 802.3;

o Kateropia 4 (UTP4) — kabenb CKNagaetTbCA 3 4-X CKpyyeHuX nap 3i
cmyroto yactoT 20 MU, BMKOPUCTOBYETLCA B Mepexkax Token Ring,
10BASE-T, 100BASE-T4, WBNAKICTb NepefjaBaHHA AaHWX He NepesBu-
wye 16 M6iT/c y ofHii napi, 3apa3 Malixe He BUKOPUCTOBYETbLCS;

e Kateropist 5 (UTP5) — 4-napHuii Kabenb 3i cmyroto yactot 100 MrIu,
BUKOPUCTOBYETLCA B /IOKaIbHUX Mepexxax 100BASE-TX Ta nmigtpumye
LUBMAKICTb nepefaBaHHA gaHux fo 100 M6IT/c npn BUKOPUCTaHHI 2-X
nap NpoBoAiB. 3a3BMyali Npy Po3poobLi HOBMX MEPEX BUKOPUCTOBYHOTb
BAOCKOHa/IeHWIA Kabenb KaTeropii 5e, iKWl [03BONSE 3abe3nevnTu
LWBMAKICTb MepefaBaHHA o 100 MG6IT/c npy BMKOPUCTaHHI 2-X nap
nposoais i 4o 1000 M6iT/c npu BUKOPUCTaHHI 4-X nap;

e Kateropis 6 (UTP6) — kabenb 3i cMyroto yactot 250 MI'u, 3actocoBy-
€TbCA B Mepexxax Fast Ethernet Ta Gigabit Ethernet, mae 4 napu nposo-
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AiB 1 103BOMIAE Nepefasat faHi Ha wemakocTi go 1000 Mé6it/c. dopa-
HWUI y cTaHdapT Yy YepsBHi 2002 poky. ICHye TakoX Moaudikauis Lboro
Kabento: Kareropis 6a, Aka BUKOPUCTOBYE 4aCTOTY NepefaBaHOro Cur-
Hany 500 MIy,. Ha cborogHi ue HanbinbL NoLwmMpeHnid TN Kabento;

e Kateropis 7 (UTP7) — cneuundikauis Ha JaHWin TUN Kabeno MoKy He
3aTBepkeHa, LWBMAKICTb nepefaBaHHA faHux go 100 6iT/c, yactoTa
curHany, skuii nepegaetbes, 4o 600-1200 My, Kabenb Li€l KaTeropii
eKpaHOBaHWI | HAIEXXWTb, 3a BCiMa XapaKTepucTukamu, 4o Kabesnis Tuny
S/FTP (Screened Fully shielded Twisted Pair).

Kabeni karteropii 6 1a 7 BUKOPUCTOBYHOTHCA Y BUCOKOLUBUAKICHUX MaricT-
pansax y cerMeHTax BefMKOi JOBXWHW, OfHaK BapTiCTb Kabento Kateropii 7 Ha
CbOrOAHI MPUOGIN3HO Taka X, K i ONTOBOSIOKOHHOIO Kabento, AKICHI XapakTe-
PUCTUKN AKOTO 3HAYHO BULL.

Kabeni Ha OCHOBI eKpaHOBaHOI CKpy4deHoT napu STP gobpe 3axuLlatotb
nepeAaBaHi CUrHaAv Bif 30BHILLHIX 3aBaf, a KOPUCTYBadiB Mepexi — Bif, LWKij-
NMBOTO BUMPOMiHIOBaHHSA. [ns KabeniB ujiel kaTeropii HeobxifHe AKiCHe 3a3em-
NEeHHS eKpaHa, LLLo 36i/bLUYE X BapTICTb Ta YCKNAAHIOE MPOKIaAaHHS.

OCHOBHUM CTaHZapTOM, KA BU3HAYaE TUNWU Ta MapameTpy eKpaHOBaHOI
CKpYYeHoi napn, € ctaHgapT IBM, 3rigHo 3 SkuM BCi Kabeni NofinsatoTb He Ha
KaTeropii, a Ha Tunu: Type 1-Type 9.

Kab6eni Type 1 — Lie OCHOBHMWIA TN Kabento, napaMeTpu AKOro NpUGIN3HO
BiAMOBIAaOTL napameTpaMm kabento UTPS5. BMKOPUCTOBYETLCA B JIOKa/IbHUX
mepexxax Token Ring, 100VG — Any LAN, Fast Ethernet. Kabenb STP1 mae
MI>KHapOZHWIA CTaTyC 3aBASKM BBEAEHHIO B MIDXKHAPOAHY CUCTEMY CTaHAapTIB.

Kabeni Type 2 — ue kabenb STP1 3 ABOMa A0AATKOBUMU MapamMun Heekpa-
HOBaHWX MPOBOAIB, SKi BUKOPUCTOBYIOTLCA A9 MepefaBaHHs rol0CoBUX MOTO-
KiB.

MoTpi6HO 3a3HauMTW, WO He BCi TUMK Kabenis ctaHaapTy IBM BigHOCATbL
[0 eKpaHOBaHMX CKPyYeHWX nap, Hanpuknag, Kabenb STP3 — ue HeekpaHOBa-
HUI TenegoHHMI Kabenb, kabenb STPS — Lie 0NTOBOIOKOHHWIA Kabenb.

2.3.2 KoakcianibHNiA Kabenb. KoakcianbHi Kabeni MatoTb Kpally 3aBafioc-
TINKICTb, HXK Kabesni Ha OCHOBI CKPYYeHOI napu, Ta 3abe3neuyoTb nepeaaBaHHs
Ha OinblWwi BIACTaHI NPWM BUWMX LIBWAKOCTAX. PO3pi3HAIOTL fABa TUMK
KOaKciaslbHOro Kabesnto.

Mepwwmin Tmn (3 XBnnboBUM onopomM 50 OM) BMKOPUCTOBYETLCA A1 nepe-
[laBaHHA LM(MPOBUX JaHnX. oro nponyckHa CripoMOXHICTb CYTTEBO 3a/IEXUTh
Bifl JOBXMHM Kabesno 1 Moxe gocarat 1-2 M6it/c npy foBXuHI 1 kM. Ha cbo-
rofiHi KoakcianbHi Kabeni 3amMiHIOKTLCA Ha OMTOBO/IOKOHHI, OfHAK Lie BUKOPK-
CTOBYIOTbCA B [eAKNX NIOKa/IbHUX MepeXkax Ta KabenbHOMY TesiebayueHHi.

[pyruin Tmn — LWMPOKOCMYrOBUIA KOaKCia/lbHWIl Kabeslb — BUKOPUCTOBYETb-
CA AN19 NepefaBaHHA aHaJIoroBMX AaHWX (Hanpuknag, CTaHAapTHWIA Tene.isii-
HWIA Kabesb) | Ha3MBAETLCS LUMPOKOCMYTOBUM. TepMiH «LLINPOKOCMYTrOBUIA» MO-
XOAUTb Bif CUCTEMM TeNedhoHil, Ae BiH 03Ha4aB CMYTY 4acToT LmpLly 3a 4 KIu,
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OflHaK Yy TEXHOJOrIT KOMM’ IOTEPHUX MepeX LUMPOKOCMYTrOBUA Kabeslb O3Ha4ae
Kabesb, L0 BUKOPUCTOBYETLCA [/19 MepesaBaHHA aHa/IoroBUX AaHux.
KoakcianbHuin kabenb (puc. 2.7) — Le eneKTpuYHuin Kabenb, AKUA cKnagja-
€TbCA 3 LEHTPa/IbHOro MigHOro nposoAy (1), BHYTPIWHbLOT 130nauii (2), meTase-
BOro 06nseTeHHs (3) Ta 30BHILWHbLOT i30715uiT (4).
KoakcianbHi kabeni posginatoTbea 3a wWwkanoo Radio Guide. HaibinbLu
MOLUMPEHI KaTeropii Kaberto:

e RG8 Ta RGI11l - KoakcCianbHWin Kabenb, Po3pobneHU AN Mepex
Ethernet 10BASE5 («toBcTuin» Ethernet — Thick Ethernet, yellow
Ethernet, Thicknet), mae xBunobosuii onip 50 Om, 30BHILLUHIA AiameTp
0,5 atovimMa (Npr6AN3HO 12 MM). XapaKTepu3yeTbCs CKNaAHICTIO MOHTa-
Xy (gna NigKIYeHHs 40 MOAYNs HeOOXIAHO [O4ATKOBO BUKOPUCTOBY-
BaTW TPaHCMBEPHWIA Kabesnb Ta TPaHCKBEP) | BUCOKOKD BapTICTHO, asle Mae
XOpOLUI MexaHIYHI Ta eNeKTPUYHI XapaKTEPUCTUKN;

11 IR

PUCYHOK 2.7 — Koakcia/ibHbI Kabenb

e RG58 - KoakcianbHWiA Kabenb, po3pobneHun ana mepex Ethernet
10BASE?2 («ToHKMin» Ethernet — Thin Ethernet, Thinnet, Cheapernet),
Mae XBUboBKMiA onip 50 OM, 30BHILLHIA AiaMeTp Npu6an3Ho 6 MMm. Mae
ripwi XapakTepucTUKKN, HIXK «TOBCTUW» Kabeflb, AnA MiAKMYeHHS [0
MOAYNs  BMKOPWUCTOBYETbCA po3’em Tuny BNC. IcHywTb Taki
Moaudikauii:

- RG58/U - cyuinbHWiA LeHTpanbHUIA NPOBIAHNK;
- RGB58A/U — 6aratoXXuibHUiA LeHTpalbHWIA MPOBIAHWK;
- RG58C/U - kabenb 3 BiiCbKOBUM NPUAMAHHAM;

e RG59 — TenesisiiHWin Kabenb 3 XBWILOBMM OMOpoM 75 OM LUMPOKO
BUKOPUCTOBYETLCA B KabenbHOMY TenebayeHHi 418 LUMPOKOCMYrOBOT
nepepadi (Broadband/Cable Television);

e RG11 - maricTpanbHuil Kabenb AN nepefaBaHHA Ha 3HaYHI BiACTaHi;

e RG62 — KoakcianbHuIA Kabesnb 3 XBUIbOBUM onopoM 93 OM BUKOPUCTO-
BYBaBCA B Y)Ke 3acTapi/inx nokasbHux mepexxax ARCNet.

2.3.3 ONTOBOIOKOHHI Kabeni. Hainbinbll nepcnekTUBHUM CepeoBULLEM
nepefaBaHHA, AKe 3abe3nevye LUBMAKICTb nepefaBaHHs noHag 40 6IT/c Ha
BiacTaHb A0 100 KM, € ONTOBO/IOKOHHWUIA Kabenb. ONTOBOMOKOHHI Kabeni ma-
I0Tb LeHTPa/lbHUIA NMPOBIAHMK CBIiTNa (CepueBMHY) — CKNsiHe abo MIacTUKOBE
BOJIOKHO, OTOYEHE IHLIUM LIApOM CKfa (0060/10HKNM), Y AKOTO NMOKa3HUK 3a/10M-
NEHHSA MEHLUWI, HIX Y LeHTPasbHOro, Ta 3axucHe nokputts (puc. 2.8). Pos-
MOBCHOKYHOUUCH MO LEHTPasIbHOMY CK/ISSHOMY MPOBIAHMKY, CBIT/I0 He BUXO-
ANTb 3a AOro MeXi, a Bij6MBaeTLCS Bif NOBEPXHI 060/10HKKN. pOMeHi CBITNa,
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AKI BXOAATb B OMTOBOJIOKHO Mif PI3HMMK KyTaMu, HasnBalTb moodamu. 3a-
NeXXHO Bif, KiJIbKOCTI CBIT/IOBUX MOTOKIB PO3PI3HAKOTL ABa TUMNW OMTOBOJIO-
KOHHOrO0 Kaberto:
e B 04HOMOZOBOMY ONTOBO/IOKOHHOMY Kabeni SMF (Single Mode Fiber)
nepefaeTbCA TiNbKM OAWH CBITNIOBUM MOTIK; AiameTp CepueBUHM
5-15 MIKPOH; BUWKOPWUCTOBYETLCA MpPW OpraHisauil MarictpaibHUX
KaHanis gna nepefasaHHA Ha Be/IMKI BIACTaHI;
e HaraTomofoBi onToBO/IOKOHHI Kabeni MMF (Multi Mode Fiber) no3Bo-
NAKTb NapanenbHO nepefasaTn [eKifibKa CBITNOBUX MOTOKIB (MOA) |
MatoTb 6iNbLINIA AiaMeTp LeHTpanbHOro npoBigHnKa (40—100 MiKpoH).

e Ly

PucyHok 2.8 — CTpyKTypa ONTOBO/IOKOHHOIO Kabesnto

OnTMYHe BOIOKHO PO3PI3HAKOTL 33 XapakKTepoM PO3MOAiNeHHSA MOKasHWKa

3a/10M/IEHHA B3[0BX AlaMeTpa LeHTPaIbHOro CKNOBOJIOKHA. BuainatoTs:

e O0JHOMOZOBE BOJIOKHO, fIKé Ma€ OAHaKOBWIA MOKa3HWK 3a/I0M/IeHHS MO
BCii cepueBuHi (puc. 2.9, a);

e ONTWYHE BOJSIOKHO 3i CTYMIHYACTOK 3MIHOK MOAW, B AKOMY MOKa3HUK
3/10M/IEHHS O[JHAKOBWIA MO BCbOMY [iaMeTpy CepLeBMHM, a Ha MeXi 3
000/10HKOHO Pi3KO 3MIHIKETLCA (puc. 2.9, 6);

e rpafieHTHe OMTMYHE BOJIOKHO, B IKOMY MOKa3HWK 3a/10M/IEHHS M/1aBHO
3MeHLUYETbLCA Bif LeHTpa cepLueBuHmM Ao ii nepudepii (puc. 2.9, B).

5_+ MKM
Mogal
Moga2
a) 6)
Mogal
Moga?
B)

PucyHok 2.9 — OgHomogzoBe (a) Ta 6araToMo10Be OMTOBO/IOKHO
3i CTYNIHYacTOo 3MiHOK Moau (6), rpagieHTHe ONTOBOIOKHO (B)
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[iaveTp cepuesBnHM 0LHOMOLOBOIO ONTOBO/IOKHA 3a3BMYall CKNajae Bif 5
[0 15 MIKpOH, rpagieHTHoro — Bif 50 Ao 62,5 MikpoHa, a CTyniH4YacToro — Bij
100 go 500 mikpoH. B cneundikalii Ha onTUYHe BOMOKHO 3a3BMYali BKa3yeThCA
ABa umcna (Hanpuknag, 62,5/125), neplie 3 AKMX Bignosifae AiaMeTpy ceplie-
BUHW, a pyre — AiameTpy 30BHILLIHbOT 060/10HKM (06MABa 3HAYeHHA 3afaHi B
MiKpoHax). Haibinbw nowmpeHi 6aratoMofoBi ONTUYHI BOJIOKHA TakMX TWUMIB:
50/125 (eBponeiicbknini ctaHgapT) Ta 62,5/125 (niBAeHHOAMEPUKAHCLKUIA Ta
ANOHCLKWIA CTaHAaPTW), a TaKoX ogHOMOA0BI 9/125.

3aTpyMKa nepegaBaHHA CUrHasy B OMTOBOJIOKOHHOMY Kabeni CTaHOBUTb
NPU6M3HO 4-5 HC/M.

2.4 MeToan nepegaBaHHA AUCKPETHUX JaHMX Ha (Di3VHYHOMY PIBHI

Mpw Bugayi iHpopmauil B KaHan 3B’A3KY BM3HAYaeTLCA CNOCI6 NofaHHA a-
HUX CUrHa/laMn Takoi (DOpMM, iIKA BUKOPUCTOBYETLCA B [aHOMY CepefoBULL
nepefasaHHsa. B 3araibHOMY BMMagKy LA npouesypa peani3yeTbCs 3 BUKOPUC-
TaHHAM JIOMYHOrO Ta (Pi3MYHOro KoAyBaHHA. J1oriyHe KoAyBaHHSA BUKOHYETb-
CA 10 (PiI3MYHOrO0 | BUKOHYE 3aMiHy 6iTiB BMXiAHOT NOCMIA0OBHOCTI TAKOK HOBOKO
MOCNIAOBHICTHO GiTiB, IKa Nepeaae Ty X caMy iHpopmaLito, ane mMae 1 4oaaTKo-
Bi MOXX/IMBOCTI ANs NPUAManbHOT CTaHUiT (3a3BUYail Lie MOX/IUBICTb BUSABNATY
MOMU/IKW nepefaBaHHA). JloriyHe KodyBaHHSA [03BOMISE TaKOX 3abe3neynTy
KOHMiAEHUIMHICTb MepefaBaHHA AaHMX 3a PaxyHOK 1X LWWPYBaHHS, BUSBUTK
MOMWUMIKA B NPUAHATIA NOCNIAOBHOCTI CUrHaiB, BU3HAYUTL [OBri MOHOTOHHI
MOCNIJOBHOCTI HYNbOBUX | OAMHUYHMX CUTHasiB, MOB’A3aHUX 3 0COG/IMBUMU
CTaHamu KaHany. 3po3ymino, Lo npu foriYHOMY KOAyBaHHI BMXigHA NOCNiL0B-
HIiCTb 36iNbLUYETLCS, L0 NPU3BOANTL 40 3MEHLLEHHS MPOMYCKHOI CMPOMOXKHOC-
Ti KaHany.

di3nyHe KodyBaHHSA nepefbdayvae BMOIp cnocoby nogaHHA ANUCKPETHOT iH-
(hopmavii y BUrag4i nocnifoBHOCTI CUrHaNIB, AKI nepefaloTbCA B KaHas. [Mpu
nepefaBaHHI JaHUX MO KaHasax 3B’SA3KYy 3aCTOCOBYETLCA [Ba OCHOBHUX TUMW
(Di3NYHOr0 KOAYBaHHS:

e Ha OCHOBI CMHYCOI4a/IbHOr0 HECYYOro CUrHany — Liei crnocib 4yacTo Ha-
3/Bal0OTb  @HA/IONOBOKD  MOAY/IALLEID UM  MPOCTO  MOAY/AUIED
(MaHinynsuieto);

e Ha OCHOBI MOCNIAOBHOCTI NPAMOKYTHUX IMMNY/bCIB — LIeW Cnoci6 3a3Bu-
yain Ha3MBarTb LMPOBMM KOAYBaHHSM.

LLi cnocobu BiApI3HAOTLCA LUMPUMHOKO CMeKTpa MifACyMKOBOro CUrHaay Ta

CKNAZHICTIO anapartypu, L0 BUKOPUCTOBYETLCA A/1A IXHBOT peanisauii.

[Mpn BUKOPUCTaHHI MPAMOKYTHMX IMNYNbCIB CNEKTP NiACYMKOBOI0O CUrHany
BUXOAMTb LOCUTb LUMPOKMM. BUKOPUCTaHHA CUHYCOIfAIbHUX CUTHANIB MPUBO-
ANTb [0 CreKTpa MEHLLOT LWMPUHM 3 TIEK XX LUBUAKICTIO NnepefaBaHHs AaHuX.
MpoTe AN LbOro NoTpibHa GiNbl CKNagHa anapaTypa, HiXX BUKOPUCTOBYETLCS
ANA peanisaui’ NpAMOKYTHUX IMNY/bCIB.
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Ha cborofHi Bce yacTille faHi, WO MakTb aHasorosy npupogy (ronocosi,
ayfio- Ta BileonoTOKM), NepesarTbCs Mo LUPPOBUX KaHaax 38’A3KYy B AMUCKpe-
THI (hopmi, TO6TO y BUrNAAI nocnigosHocTi O Ta 1.

Mpouec nNofaHHA aHaIoroBoT iH(opmaL il y AUCKPETHIN POPMi Ha3MBAETLCA
AUCKPETHOK MOAYALIEH.

[MoTpi6GHO 3a3HAYNTK, L0 TEePMIiHN MOAYNALIT Ta KOAYBaHHS 4acTO BUKO-
PUCTOBYIOTb SIK CUHOHIMK, @ 3aMiCTb TePMiHa «MOAY AL is» B NiTepaTypi BUKO-
PUCTOBYIOTb MOHATTS «MaHinynauis». OgHak MK LMK ABOMa MOHATTAMMU ic-
HYIOTb [esKi BIAMIHHOCTI, a came: SKLWO MOAYNbOBaHWUIA CUrHan nepeaae Auc-
KPETHY iH(hopMaLlito, TO 3amiCTb TepMiHa «MOAYNsLis» BUKOPUCTOBYHOTbL MO-
HATTA «MaHINyNsauis», B IHWKWX BAMaAKax — TiNIbKWU TEPMIH «MOAYNALLIS».

2.4.1 JloriyHe KofyBaHHSA. JloriyHe KOAyBaHHSA MepeTBOPHOE MOTIK BiTiB
Kagpy, ChOPMOBAHOro Ha KaHa/lbHOMY PiBHI, B MOCNIAOBHICTb CMMBOMIB AN
(PI3NYHOr0 KOAYBaHHSA, MIC/A BMKOHAHHA AKOr0 BOHA MNEpPefaeTbCA B KaHaJl.
JloriyHe KofyBaHHS 403BONSE YHUKHYTW [OBrMX NOCNIAOBHOCTEN HY/bOBUX Ta
OAVHUYHUX BITIB, AKI MOPYLYHOTb CUHXPOHI3aLit0 MOAY/IB, | BUABUTY (& MOXeE
A BUNPaBUTM) NOMUIIKK NepefaBaHHA. Kpim TOro, MeToAu NOriYHOro KogyBaH-
HA 403BOMAOTH PO3Mi3HATU MeXIi Kafpy Ta BUABUTK 0COBMMBI CTaHW B Herepe-
PBHOMY MoTOLi GITiB.

[N NorivHoro KofyBaHHS PO3PI3HAKOTbL [Ba METOAM:

e Ha[/IMLLKOBI KOAW;

e CKpemb/toBaHHS.

Hainbinbll po3noBCIOMKEHUMU MeTO4amMM Ha[/IMLLKOBUX KOAIB € KOAM
4B/5B, 5B/6B, 8B/6T T1a 8B/10B.

Y Kopgi 4B/5B 6yab-ska KOMGiHaLif 3 YOTMPbOX iH(hopMaLiinHKX BiTiB 3ami-
HIOETLCS B NepefaBayeBi Ha M’ATb GITIB KOAY, B MOAYNI-OTpUMYBadi BUKOHY-
€TbCA 0OepHeHe NepeTBOPeHHs (3 N’ATK GITIB KOLOBOI NMOCNILOBHOCTI OTPUMY-
t0Tb 4 6TV iH(opMauiiHOT nocnifgoBHOCTI). Mpu TakoMy niaxoai Hag/MLLIKO-
BiCTb 6yae [opiBHIOBaTK ABOM (3 32 MOXIMBUX KOMOGIHaLin Ana nepefadvi Bu-
KOpucToByeTbCA 16). KogyBaHHA CMMBONIB HaBefeHO B Tab/. 2.3. IHWi 16 Kom-
GiHaL i BUKOPUCTOBYHOTLCS AIK CNY)XKOO0BI 7151 BUKOHAHHA 0CO6/IMBMX (DYHKLLIN,
Hanpuknag, BU3HaYeHHA MEX Kaapy, KepyBaHHSI MOTOKOM i MEPEBIPKM KOPEKT-
HoCTi. OnucaHnin Ko BMKOPUCTOBYETLCA B Mepexi Ethernet crtaHgapty
100BaseFX (onTOBO/OKOHHMIA Kabenb) Ta B Mepexi FDDI. LLLo cTocyeTbes cu-
HXPOHI3aUil, TO CNif 3a3Ha4yMTK, WO CUHXPOHI3aLis MOAYNS-0TPUMYBaYya BUKO-
HYETbCA OAWNH pa3 Ha 4 6iTu.

3a TaknM >Xe MPUHLUMMNOM NobyaoBaHO M iHLWI KOAM LUbOro Knacy, Hanpu-
Knag, kof 5B/6B, y akomy 5 6iTiB iH(DOpMaLiiHOro NOTOKY, KOAYETbCA 6 GiTa-
MU Koay (BUKOPUCTOBYETbCS B CTaHAapTHIN mepexi 100VG-Any LAN), a6o
Koa 8B/10B, SiKMii Mae YOTUPUKPATHY HaAAMLLKOBICTb (256 3 1024 KoMbGiHa-
Lil), WO BMKOPUCTOBYETLCA B Mepexxax Gigabit Ethernet.

Y kopi 8B/6T 3aCTOCOBYETLCA iHLLIMNW Migxia: 8 6iTiB iHPOPMaLiHOT nochi-
[AOBHOCTI KOAYHOTbCA WicTbMa Tpinkosumu umdpamn (0, 1 Ta 2). Takuid nigxig
BUKOPUCTOBYETLCS B cermeHTi 100BASE-T4 mepexi Fast Ethernet i nepeabavae
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napasiesibHe nepefaBaHHA TPbOX TPUPIBHEBMX CUTHaNIB TPbOMa CKPYyYeHVMMU
napamu. TakuiAi nigxig [03BOMSiE 3abe3neynTn LWBMAKICTL nepefaBaHHA 100
M6iT/c y kabenax kareropii 3 3i CMyroto nponyckaHHa 6 My,

Tabnuuga 2.3 — MocnigosHocTi Kogy 4B/5B

IHpopmaLiiHa MOCiAOBHICTb OcTaTtoyHa nocnifoBHICTb
0000 11110
0001 01001
0010 10100
0011 10101
0100 01010
0101 01011
0110 01110
0111 01111
1000 10010
1001 10011
1010 10110
1011 10111
1100 11010
1101 11011
1110 11100
1111 11101

CkpembntoBaHHA nepenbayae nobiToBe 064MCNIEHHSA BUXIAHOT KO4OBOI Mo-
CMiJOBHOCTI Ha OCHOBI 3HaYeHb BXifAHOI IH(OpPMaLIMHOT MOCMIAOBHOCTI | BXe
obuncneHnx y nonepegHix Taktax OITiB NiACYMKOBOro Koagy. Hanpwuknag,
CKpemb/iep peasni3ye Take CMiBBIAHOLLEHHS:

B=4A®B ,®B, .,

ae B, — ABirikoBa umpa nigcyMKoOBOT KOAO0BOT MOCIAOBHOCTI;

A, — OBiiKoBa umdpa BXigHoi iHhopMaLiniHOT NOCNiA0BHOCTI;

B.s Ta B,s — ABINKOBI UMppU NiACYMKOBOro Kogdy, SIKi OTpUMaHi Ha
rnonepegHixX TakTax poboTn ckpembsepa, BiANOBIAHO Ha 3 Ta 5 TakTiB paHille
MOTOYHOrO TaKTY;

@ — onepauis fLoLaBaHHSA 3a MOA4y/eM 2.

[icns oTpMMaHHA NiACYMKOBOI NOCNIA0BHOCTI MOAY/b-OTPUMYBaY nepejae
iT B Aeckpembnep, SKMiA BIAHOBNIOE iHOPMaLiiHy MOCAIAOBHICTbL HA OCHOBI
06epHEHOr0 NepeTBOPEHHS.

Pi3HI airopnTMuy CKpemO1t0BaHHA BiPI3HAKOTLCA PI3HOK KiSIbKICTHO A04aH-
KiB Ta pi3HMM 3CyBOM MK AogaHkamu. Hanpvknag, y mepexxax ISDN Bukopuc-
TOBYETLCS [iBa BapiaHTX CKPeMO/toBaHHS: 3i 3CyBOM 5 i 23 Ta 3i 3cyBom 18 i 23.

ICHYIOTb | mpocTiwi meToan 60poTbOM 3 AOBrMM MOCIAOBHOCTAMM OA4W-
HULb, SKI TAKOX BIHOCATb 40 CKPEMO/HOBAHHSA, asie OyAyTb PO3r/ISHYTI HAaMU B
HacTynHomy po3gini (metogn HDB3 — High Density Bipolar 3 ta B8ZS -
Bipolar with 8 Zeros Substitution).
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2.4.2 ®i3nyHe KogyBaHHA. Cnocobwn mogynauii. Mogemun. na nepepa-
BaHHA AMCKPETHUX AaHWX MO aHaNoroBMUX KaHanax, fKi € KaHasiaMu 3 BY3bKOH
CMYTOK 4acTOT, BUKOPUCTOBYETLCA aHasiorosa MoAynsuia. MNpuknagom Takmx
KaHa/liB € KaHa/n TOHa/IbHOI YacTOTK, AIKI NPU3HaYeHi ANa nepefaBaHHsA roso-
COBOro noToKy. | xo4ya rosioc Moxke 3aimatu fgianasoH 100-18000 My, ans ne-
pefiaBaHHsA ro/l0COBOr0 CUrHany NPURHATHOT SIKOCTI BUKOPUCTOBYETHLCA KaHa 3
BY)KYOIO CMYIOH MponyckaHHA (CMyroto vactoT): ans €sponuv — 300-3400 Iy,
ana Amepukn — 300-3300 MLl Tunosa aMmnniTyaHO-4aCTOTHA XapaKTepucTuka
KaHa/ly TOHaJ/IbHOT 4YacToTU HaBeAeHa Ha puc. 2.10.

AYX

A Cwmyra nponyckaHHa 3100 'y
< -

>
3400 f Iy,
PucyHok 2.10 — AYX KaHa/ly TOHa/IbHOT YacTOoTK

Take cTpore 06MeXeHHs CMyru NPOMYyCKaHHA KaHasly TOHa/lbHOT 4acToTw
MOB’A3aHO 3 BUKOPUCTaHHAM anapatypu YLiNbHeHHA Ta KoMyTauil KaHanis y
Tene)OHHUX mepexkax. NepeHeceHHs1 CUrHany B KaHasl 3aaHoi YacTOTU BUKO-
HYETbLCA MOZEMOM 3a OMOMOror MOLYNALLT.

Mogynauis — npouec 3MiHM OAHOr0 YK AeKifIbKOX napameTpiB BUXiAHOMO
CUrHasy 3a 3aKOHOM 3MiHW BXigHOro. Mpu LboMy BXIAHWUIA CUrHaN (KUl MOXe
OyTV AK aHa/I0OroBMM, TaK | LM(IPOBMM) Ha3MBAETLCA MOAY/THOBa/IbHUM, a BUXI-
AHWIA (aHaNoroBKin) — MOAY/IbOBaHUM. 3a/1eXKHO Bif TOr0, AKUIA curHan (aHano-
rOBMI Yn LM(POBUIA) € BXIAHUM, PO3Pi3HAKOTL, BIAMOBILHO, aHa/I0roBY Ta Lug-
pOBY MOAYNALLIT.

OCKIi/IbK/ 415 aHa/I0roBMX KaHaiB OCHOBHUMM XapaKTepuUCTUKaMN CUTHa-
niB € amnniTyaa, vactora Ta (pasa, BUKOPUCTOBYHOTb aMMiTyAHY, YacTOTHY,
(pazoBy mopaynauii (puc. 2.11), a TakoX iX KombiHauii. Ha cborogHi craHgapTu-
30BaHO 6arato pi3HMX cnocobis MoAynsauii. Ti 3 HUX, AKi 3HAWMLLIM CBOE BUKO-
PUCTaHHS B KaHanax KOMM’IOTEPHUX Mepex, HaBefeHi B Tabnmui b.1.

Mpun amnniTygHin moagynsauii (AM) ASK (Amplitude Shift Keying) 3miH-
HOIO € TiNIbKW amniTya curHany, npu LboMYy i 4acToTa, i (pasa MatoTb MOCTIiNHE
3HayeHHsA. Ha npakTuui B YACTOMY BUIISIAI BUKOPUCTOBYETLCA AYXKE PiAKO Ye-
pe3 HWU3bKY 3aBafloCTiMKICTb. TOMY AaHWIn Nigxig BUKOPUCTOBYHOTb, 3a3BMYal,
pa3oM 3 (ha30BOKO MOAY/ALIEL.
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Mpn yactoTHin mopynauii (UM) FSK (Frequency Shift Keying) gns ne-
pefaBaHHs HY/IbOBUX Ta OAUHUYHUX BITIB 3MIHKOETHCA TifIbKN YacToTa CUTHasYy,
Npn UbOMYy i Oro amnniTyga, i (hasa 3anMwaroTbCa HE3MIHHUM. PO3pi3HA0TH
aginkoBy FSK (BFSK — Binary FSC), npu kit npy nepegasaHHi BUKOPUCTO-
BYETbCA TiNIbKM ABa 3HAYEHHSA 4acToTh curHany; dyotmupupiBHeBy FSK (FFSK -
Four-level FSK), npu 3acTocyBaHHI SKOi BUKOPUCTOBYETHCA YOTUPU 3HAYEHHS
4acTOTV CUrHasy i, BIANOBIAHO, 3a OAMH TakKT (O4MH Nepioj 34MTyBaHHA 3 KaHa-
ny) nepefacTbca v NPUAMaETbCA 3 KaHany oapasy fAea 6iTn iHopmauii, Ta 6a-
ratopiBHeBy FSK (MFSK — Multi-level FSR). 3a3Buuali cnocobu 4acToTHOI
MOAYNALIT BAKOPUCTOBYHOTHCA Y HU3bKOLLBUAKICHUX MOAEMAX.

o NAANNNINA
o DAY
o VWAV WA

PucyHok 2.11 — Tunu mogynauii

Mpwu dasosin mogynauii (PM) PSK (Phase Shift Keying) HynboBi Ta ogu-
HWYHI 6iTV NepefaloTbCs CUTHaIAMX OAHAKOBOT aMMnITYAN Ta 4acToTu, ane 3
Pi3HOIO (ha3ot0. AKLL0 BMKOPUCTOBYETLCA ABa 3HavyeHHs dasm (0° ta 180°), ma-
eMo cnpasy 3 ABiiikoBoto PSK (BPSK — Binary PSK), akwwo Yotupu asu (0°,
90°, 180° Ta 270°) — TO 3 KBagpatypHoro (has3osoro Moaynsuieto Quadrature
PSK.

Y ynucTomy BUrAsAI Taki cnocobu Moaynaui’ Ha CbOroAHILLHIN AeHb Malixke
He BUKOPWUCTOBYHOTLCA. ANa NiABMLLEHHS LUBNAKOCTI NepefaBaHHA JaHMX BUKO-
PUCTOBYIOTb KOMOIHOBaHI Cnocobu Moaynsuii, 3 SIKMX Hailbinbll PO3MoBCHO-
[PKEHI cnocobu KeagpaTypHoi amniiTyaHoi mogynauii QAM-N (Quadrature
Amplitude Modulation), siki € Kom6iHaLiet0 amnAiTyAHOT Ta Pa3oBOT MOAYNALLINA
(3ayBaXKMMO, LLIO ANS BU3HAYEHHSA LbOro Cnocoby Moaynsauii 4acTo BUKOPUCTO-
BYeTbCA abpesiaTypa KAM — kBagpaTypHO-amnaiTyaHa moaynauis). N o3Hayae
KiNIbKICTb CTaHIB HECYYOro CMrHany i MoXe Npuimatu 3HayeHHs 4, 8, 16, 32,
64, 128, 256. KinbKicTb 6iTiB, IKa NepefacTbCsa O4HUM CTaHOM, BU3HAYAETLCS
K log, N, e N 03Hayae piBeHb MoaynAuil. Ha puc. 2.12 HaBeeHO KOAYyBaHHS
3a metogoM QAM-16 (puc. 2.12, a) B NOPIBHAHHI 3 METOAOM (ha30BOro KoAy-
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BaHHA PSK-16 (puc. 2.12, 6) npu 0A4HaKOBIM NOTY)XXHOCTI curHany. BugHo, Lo
KOf0Ba BIACTaHb d MK CYCIAHIMW TOUYKaAMW CUTHa/IbHOT CYKYMHOCTI B CUCTEMI
QAM BuLa 3a aHaNOrivYHUIN NOKa3HWK B cucTemi PSK, Lo 03Hayae i GinbLly
3aXMLEHICTb BiJl MOMWOK.

Q Q

A A

0000 0100| 1100 1000
Y S o ® ®

w 0001 0101 | 1101 1001
—o [ [ ] ]

»

V—
\4

001.1 Oﬁl 1?11 .1011

OO?O 0130 ]3.10 .1010

a) 6)
PucyHok 2.12 — Mopynauis QAM-16 (a) Ta PSK-16 (6)

Y KoaKkcia/lbHUX NiHIAX, AKi XapaKTepu3yrTbCA BUCOKUM CriBBiLHOLLEHHAM
CUrHan/LyM, BMKOPUCTOBYETbCA Moaynsauis QAM pisHOro piBHsA, 3a3Buyai,
QAM-64. [ins peTpaHcnayil cynyTHAKOBUX MOTOKIB HayacTille BUKOPUCTOBY-
eTbCA Moaynauis QAM-32, a B Cy4aCHUX Kabe/lbHUX Mepexxax HanbinbLu AoLi-
NbHUM € BUKOPUCTaHHS Moaynsauin QAM-128 Ta QAM-256, Lo Befe A0 6ifbLu
YKOPCTKMX BUMOT A0 aMMNIiTyAHO-YaCTOTHUX XapaKTEPUCTUK CUTHany | PiBHS
exo-curHanis B TpakTi. QAM-MOAyNALia TaKoX LUMPOKO BMKOPUCTOBYETLCH
AN nepefadi JaHMX B Mepexxax kabesnibHoro TefiebavyeHHs.

BinbLU cyvacHWin, AoBepLUEHNIA MeTO4 MOAYNAUIT — Le Tpennic-moaynsuis
TCM (Trellis Coded Modulation). loro nepesaroto € He TifbKn 36inbLUEHHS
KiNIbKOCTi 6iTiB, AKi NepefatdTbCA B OAHOMY TaKTi, a W 3HMKEHHSA BUMOT [0
KaHany 3B’A3KY (3HMXeHHS cniBBigHOWeEHHA S/N Ha 3-6 Ab), Wo BMKOPUCTO-
BYETbCA Y BMCOKOLUBUAKICHMX MOJeMax i BignoBsifae pekoMeHaauisMm ctaHaa-
pTy V.34.

Mogemu. 3a3Buuyali MOAEMOM Ha3MBaltOTb MPUCTPINA nepefaBaHHA [aHUX,
SKWIA Ha CTOPOHI nepefasaya npuiiMae noTik 6iTiB Big TepmiHana (DTE) i nepe-
TBOPHOE MOro B MOAY/NbOBAaHWI CUMHa BiAMOBIAHOT hopMu, LLO NepefacTbes B
KaHas, a Npy OTPUMaHHI CUrHany Ha CTOPOHI NpuiiMayYa BUKOHYHOTLCS 06EpHEHI
AiT — MOAYNbOBaHUI CUTHAN MepPeTBOPHOETLCS B LM(POBI iMNyNbCU, AKi nepe-
[al0TbCA B TePMiHa/T MYHKTY npu3HadeHHsA. OfHaK Ha CbOrofHi MO4EM BUKOHYE
3HaYHO GiNbLUMIA Habip PYHKLIA 3aneXKHO Bif 0CO6MBOCTEN MOro peanisauil Ta
BUKOPUCTaHHS. B 6ifbLU LUIMPOKOMY CEHCI MOEMOM Ha3nBatOTb NPUCTPIN nepe-
AasaHHA aaHux (DCE), sikuid 3abe3nevye iHTepdeinc MiXk TepMiHa/IoM Ta KaHa-
JIOM 3B’A3KY.
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YiTkoT Knacudikauil MogemMiB He iCHYE | B NPUHLMMI He MOXKe ICHYBaTU Ye-
pe3 BenMKe PI3HOMAHITTA cammX MOAEMIB, C(ep IXHbOro 3aCTOCYBaHHS Ta pe-
XUMIB po60TK. Ane MOXKHA Ha3BaTWN HWU3KY O3HaK, 32 AKMMU NPOBOAMTLCA YMO-
BHa Knacuikauisi. [Jo Takmx 03HaK Hanexarb:

e TraJly3b 3aCTOCYBaHHS,

TUN KaHasy, AKWA BUKOPUCTOBYETLCA ANA NepeaaBaHHs;

MeTO/ nepefaBaHHsA AaHuX;

peXxum poboTy;

KOHCTPYKTUBHE BUKOHAHHS;

NIATPUMKA NPOTOKONIB MOAYNALIT, YW iNIbBHEHHA AaHUX, KOPEKLIT noMu-
NOK TOLLLO.

Po3rnsHemo ysara/bHeHy Knacudikauito mogemiB 6e3 aetanisauii OCHOB-
HUX XapaKTepUCTUK i 0c06MBOCTEN (DYHKLIIOHYBaHHS Ta BUKOHAHHS.

3a rasyssio 3acTocyBaHHSA BUAINAOTL Taki rpynu:

e /19 KOMYTOBaHUX TeNePOHHNX KaHaliB;

e N5 BUAINEHMX (OpeHA0BaHMX) TeNe)OHHMUX KaHanis;

e  ANA Mi3NYHUX NiHIN:

- MOZEMM Ha KOpOTKi BiacTaHi (short range: SR-mogemu, Big 1,75 o
10 Km), Ha cepegHi BiactaHi (medium range: MR-mogemu, Big 8 oo
9 Km), Ha BenvKi BiacTaHi (extended range: ER-mogemu, fo 15 km);
- MofemMu ocHoBHOT cmyri (baseband);
e [na umdposmx cucteM nepegaBaHHs (CSU/DSU, kaHanis EI/T1 a6o
ISDN);

e /19 COTOBUX CUCTEM 3B’A3KY;

e 1719 NaKETHUX pagioMepex ToLLO.

[MepeBaXkHY KiNbKICTb MOAEMIB MPU3HaYeHO Ans Po60TU 3 KOMYTOBaHUMU
Ta OpeHAoBaHMMU TeneOHHMMM KaHasiaMu, 3ab6e3neyyoum npu usoMy poboTty
3 aBTOMATUYHMMM TeNTIeNOHHUMMW CTaHLIAMM.

Mogemun anst is4HUX NiHIA BPaxoBYHOTb TXHIO CMYrYy MPOMYCKaHHS, ska
He obmexkeHa 3HaveHHam 3,1 KIU, WO cnpasefBo AnA TeneOHHUX KaHasliB.
Cmyra nponyckaHHs (i3vyHOT NiHIT 3a/1eXNTb Bif TUMY CepeaoBuia nepeaa-
BaHHS (CKpyyeHa napa, KoakcianbHWI Kabenb Towo) Ta i 4OBXUHW. [py LboMy
MOAEMW Ha KOPOTKI BifACTaHi (HW3bKOro piBHA) nepefaroTb B KaHan LM(POBI
cuUrHasm 6e3 X mogynsAuii, a8 MOAeMM OCHOBHOT CMYT BUKOPUCTOBYHOTL Bifno-
BIAHI MeTOAM MOAYNALIT.

Mogemu ans umMpoBuX NiHi 3a6e3nedyoThb NiAKAYEHHS A0 CTaHAAPTHUX
UnppoBux KaHanis, Hanpuknag, T1/E1 a6o ISDN, Ta nigTpyMytoTh (OYHKLIT Bi-
AMNOBIAHMX KaHa/TbHUX iHTepeiciB.

Mogemun ans COTOBUX CUCTEM MiATPUMYOTb CnevljiasibHi NPOTOKON MOAY-
NAUIT Ta KOpeKuii NOMWUMOK, WO A03BO/ISE ePeKTUBHO nepefasat iHopmaL,ito
B COTOBMX KaHanax 3 BUCOKMM piBHEM 3aBaf,

Mogemun and nakeTHUX pagioMepexx npusHadeHi 415 nepefaBaHHA AaHuX B
pagiokaHasi MK MOOIIbHUMM KOPWUCTYBayamu, BUKOPUCTOBYHOUM NPU LIbOMY
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OAVH KaHa/ B PeXXUMI MHOXWHHOMO JOCTyny (3a3BMyail 3 KOHTPOIEM HECYYOi) |
BIAMOBIAHWIA MeTOA MOAYNALT.

3a TMNOM KaHasy, L0 BUKOPUCTOBYETLCA 1A NepefaBaHHSA, PO3pi3HS-

tOTb:
e MOZEMMW AN 2-NPOBOAOBUX MIgHUX NiHIA (3BMYaiiHi, NPOGECIitHI,
ADSL-mogemu, SR-mogemun, ER-mogemu);
e MOZEMM AN 4-NpOBOAOBUX MIgHWX NiHIA (3BMYaiHI, MPOGECIitHi,
HDSL-mogemn, ISDN-mogemn, SR-mogemu, ER-mopgemn, MR-
MOLEeMMN);
e MOZEMM A1 OMTOBONOKOHHUX NiHik (FOM, FOM-T1/E1l, FOM-T2/E2,
FOM-T2/E2);
e MOZEeMM AN pafiokaHanis (pagioMoem, COTOBMIA MOAEM);
e KabesnbHI MofeMM (NS KoakciaslbHOro Kabento).
3a mMeTolOM nepefaBaHHSA MOAEMU MOAINSATb HA aCUHXPOHHI Ta CUHX-
POHHI, Maroun Ha yBasi cnocib nepefaBaHHA faHUX B KaHaui 3B’A3KY Mi>XX Moje-
mMamu. [py LboMy MOZEM MOXe mnpautoBaTy 3 TepMiHasiom DTE B aCMHXPOHHO-
MYy PEeXuMi i 0fHOYacHO 3 BifasleHUM MOAEMOM Y CUHXPOHHOMY peXxumi Ta
HaBMaKu.

3a pexxnmMom poboTY PO3PI3HAKTL MOLEMU AYNIEKCHI, HaMiBAYMIEeKCHI Ta
CUMNJIEKCHI, TOBTO BPaxoBYETLCA CMOCIO opraHisauil KaHany nepefaBaHHs.
3a KOHCTPYKTUBHUM BUKOHAHHAM PO3Pi3HAKTL MOAEMM:
e BHYTPILLHI;
e  30BHILUHI;
LI o)V o]:]h
e [OPTaTMBHI.
| SKWO 30BHILLUHI MOAEMW — Lie aBTOHOMHI NMPUCTPOI, AKI MiAKIHYaKTLCS
[10 po60oYOi cTaHLii abo IHLIOro TepmiHaia 3a A0NOMOroK CTaHAapPTHOrO IHTep-
(peitcy DTE-DCE, To BHYTPIiLUHIA MoAeM $iBNSie COBOKO MaTy PO3LUMPEHHS,
sIKa BCTaBNAETLCA Y BiANOBIAHMIA CNOT KOMM’t0Tepa. "pynoBi mogemu — Le cy-
KYMHICTb [JeKiNbKOX MOJeMIB, 06’ €fHaHMX B €ANHUIA 610K, O MarTb CMifbHI
ONOKM XKUBMEHHS, KEPYBaHHA TOLWLO. KOXHMWIN 3 MOAEMIB rpyrnoBOro mogema €
NNaToto, iKa BCTaBNAETLCA B B/10K, | NpM3HAYeHWIA A5 NiAKIOYeHHA 0AHOM0 YK
[EeKiNbKOX KaHanie. MopTaTuBHI MOAEMW NPU3HAYEHI 415 BUKOPUCTaHHS MOOI-
NbHUMK KOopucTyBadamu (HOyTOyKamm) i xoya M Bifpi3HAKTLCA HEBENMKUMU
po3MipamMu, Ta MatoTb Taki XX (PYHKLiIOHabHI MOX/TMBOCTI, L0 i iHLWI TUMX MO-
LEeMIB.

3a iHTeNeKTya/IlbHUMU MOX/TMBOCTAMMW BUAINAKOTL TakKi TUMX MOAEMIB:

e (€3 cuCTeMU KepyBaHHS;
3 NIATPUMKOIO Habopy AT-KOMaHA;
3 NiATPUMKOK KoMaHg V.25bis;
3 (DIPMOBOIO CUCTEMOKD KOMAHS;
3 NIATPMMKOK NPOTOKONY KepyBaHHA Mepexeto SMNP (Simple
Manager Network Protocol).
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[MepeBa>kHa OGiNbLICT MOAEMIB Ma€ LUMPOKUAW CMEKTP IHTEeNeKTYa/lbHUX
MOX/IMBOCTEN Ta NiATpUMYe Habip AT-KOoMaHA, IKi BUKOPUCTOBYHOTLCA A/1S Ke-
pyBaHHA MPOLECOM NepefaBaHHA Ta napameTpamun 3B°A3Ky. Bnepiue Habip Ta-
KX KomaHg 6yB 3arnpornoHoBaHWUiA KomnaHieto Hayes y 1977 poui, ane 3rofom
HeoZHOPa30BO OMOBHIOBABCA Ta PO3LLMPIOBABCA. Ha cborogHi mogemu, aki ri-
ATpUMYIOTb AT-KOMaHAW, HasuBaroTb Hayes-CymiCHUMU MogeMamu. BinbLuicTb
Cy4acCHMX MOLEMIB Ma€ LUMPOKUIA CMEKTP IHTENEKTYaNlbHUX MOXX/IMBOCTENA.

KomaHaun pekomeHpaauii V.25bis f03BONAOTL KePyBaTU PeXMMaMW BCTAHOB-
NeHHSA 3’€JHaHHA MiXK B3aEMOAIMHUMI MOLYNSAMU Ta NPOLEAYPO0 NepesiaBaHHs.

CneuianizoBaHi MOAeMU 15 MPOMMUC/IOBOTO BUKOPUCTAHHA 4acTO MaroTb
(hipMOBY CUCTEMY KOMaH/, sika BpaxoBye O0COOAMBOCTI rany3i 3aCTOCYBaHHS I
BIAPI3HAETLCA Bif Habopy AT-KoMaHA,

MigTpumka NPOTOKONY KepyBaHHA Mepexetdo SMNP B mogemi [103BONSE
afMIHICTpaTopy KepyBaTn MOAYNAMU Mepexi 3 BiA4aNIEHOro TepMiHaa.

Mogfemun KnacuikyoTb TaKOX 3 ypaxyBaHHAM MNPOTOKONIB, AKi B HUX pe-
anisoBaHi i AKi BU3Ha4al0Tb 0COBNMBOCTI PYHKLIOHYBaHHA MoAeMiB. Bci npo-
TOKONW HaNieXatb [0 ABOX BENIMKUX Tpymn: MiXXHapOAHI Ta ipmosi. [MpoTokonu
Mi>KHapOAHI PO3pobnaloTbCA | NPUIAMAIOTLCS Y BUMNAAI peKoMeHdauin cepii V
MiKHapogHoto  opradisauieto  ITU-T  (International Telecommunication
Union — Telecommunication). ®ipMoBi NPOTOKO/IM PO3PO6NAOTLCA OKPEMUMMU
KOMMaHiAMN-BUPOOHMKaM/ MOZEMIB | € CTaHAAPTHUMM NPOTOKO1aMK fAe-(haKTo.

Mepenik Ta XxapakTepuCcTUKM MOJEMIB HaBeAeHO B AoAaTKy b.2.

2.4.3 MeToan KogyBaHHSA fgaHuX. Mpu UMPPoBOMY KOAYBaHHI AUCKPETHOT
IHpopMaL,iT BUKOPUCTOBYHOTb:

e MOTeHUia/IbHI KOAW, NPV BUKOPUCTaHHI SKKUX 6iT norivyHoro O Ta nori-
4yHOT 1 nofaHi pisHMMK noTeHLUianamun, TO6TO PISHUMKU PIBHAMK Hanpyru
curHany;

e IMMY/NbCHI KOAW, B AKMX ANa nofgaHHA 6iTiB noriyHoro 0 Ta forivHoi 1
BUKOPUCTOBYETLCA abo nepenag noTeHuiany BIAMOBIAHOIO HampsMKYy,
abo iMny/bC BiANOBIAHOT NONAPHOCTI.

[ns nepefaBaHHSA AUCKPETHOT iHPOpMaL,iT MOTPIGHO BUOMPATK TakKnil MeToA

KOAyBaHHS, AKWiA 61 0jHOYaCHO BIAMOBIAaB HKYEHaBEAEHVM BUMOraMm:

e pW OAHIi BITOBIM LUBNAKOCTI MaB 61 HaliMeHLY LUMPUHY CrekTpa nij-
CYMKOBOIO CUTHay, AKWiA OTPMMaHO B pe3y/ibTaTi KOgyBaHHS;

e 3abe3rneyyBaB CUHXPOHI3aLil0 MK MOAY/eM-BiANpPaBHUKOM Ta MOAY-
NeM-0TPUMYyBaYeM AaHuX;

e MaB 61 HEBMCOKMIA piBeHb NOCTIAHOT HANPYry B NiHIT 3B’A3KY;

e MaB MOX/MBICTb PO3Mi3HaBaTV MOMW/IKM i, 32 MOXIMBOCTI, TX BUMpPaB-
NATY;

e MiHIMI3yBaB NOTY>XHICTb NepefaBaya;

e MaB NIAK/OYEHHS, WO He NOTpebye BpaxyBaHHA NOMAPHOCTI NPOBOAIB Y
KOXHIl napi;

e MaB OV HU3bKY BapTICTb MepeaBaHHs.
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CnexkTp CUrHany 3a1eXuTb K Bif CNocoby KofyBaHHSA, Tak i Bif TaKTOBOI
4acTOTU nepefasaya. binblw BY3bKWIA CNEKTP CUrHany A03BONSE OTpuMaTK Gi-
NbLUY WBUAKICTb NMepefaBaHHA B KaHalax 3 04HAKOBOK MPOMYCKHOK CMpOMO-
XHICTIO.
CWHXpPOHi3aLis B3aEMOfINHMX MOAyNiB NOTPi6Ha Ana Toro, wob craHuis-
OTPMMYyBay TOYHO BM3HAYasia MOMEHT, KO/IM NOTPIGHO NPUAHATU 3 KaHasly HOBY
nopuito gaHux. MNpob6nema CUHXPOHI3aLUil B KOMM IOTEPHUX Mepexkax BupiLLy-
€TbCA 3HAYHO CKMafHille, HXK MK 6/70Kamn, L0 PO3TalloBaHi 6/1M3bKO OAWH
Bif, ogHOro. [na BupilleHHs Wiei npobnemMy B KOMM IOTEPHUX MepexXax 3a3Bu-
Yail BUKOPUCTOBYIOTBCA KOAM, LLIO CaMOCUXPOHI3YHTbCA, TOBTO Taki, CUrHaIu
AKNX HeCyTb AN1A CTaHUiT-OTpMMyBaya iH(opMaL,ito Npo Te, Lo NoTPibHO BMKO-
HaTK po3ni3HaBaHHA 6iTa (41 [eKiNbKoxX OITiB Y pas3i BUKOPUCTaHHA OiNbLUOT
KifIbKOCTi CTaHiB curHany). Llieto 03HaKo MOXe CNyXutu 0yab-sikuid nepenaj
piBHA curHany (ppoHT). Kogamu, L0 caMOCUMHXPOHI3YHOTbLCS, Ha3nMBatOTbLCA
Taki Koau, SIKi pa3oM 3 Noc/igoBHICTIO GITIB NepefatoTb i CTPOO, WO CUHXPOHI-
3ye X npuiiom. Tpyv BMKOPUCTaHHI SIK HECy4oro CUMHYCOIOa/IbHOro CUrHasny
Npo6eMmn 3abe3nevyeHHs CUHXPOHI3aLliT He BUHMKaE, 60 3MiHA aMMIiTy4N Hecy-
4ol YacTOTW Aae MOXK/IMBICTb BU3HAUYUTM NOYATOK HOBOMO TaKTY.
Po3rnsHemMo cnocobu AUCKPETHOro KOAyBaHHSA AaHWUX, AKi 3HANLWAWN HaW-
OiNbLL LWIMPOKE BUKOPUCTAHHSA B KOMIM’OTEPHUX Mepexax (puc. 2.13).
NRZ (Non-Return to Zero — 6e3 NOBepPHEHHS 40 HYNA) — MOTeHLiaNIbHWiA
KoZ, MpWv BUKOPWUCTaHHI AKOro 3Ha4eHHt0 noriyHoro O BignoBigae HWMXKHIN pi-
BeHb, a noriyHoi 1 — BepxHiin. BapiaHT kogy NRZI (Non Return to Zero
Inverted) BignoBigae 06epHeHil NOASPHOCTI. Takuin crnoci6é KoLyBaHHA BUKOPU-
CTOBYETbCSA B iHTepdeinci RS-232, AKWiA 3aCTOCOBYETLCS A1 NiAKMOUEHHS Ye-
pe3 NocnifoBHMIA NoOpT. Hegonikamy gaHnxX KOAIB €:
e BUWCOKWIA piBEHb MNOCTIMHOI HaNpyry Npu nepefaBaHHi MNOCNiLOBHOCTEN 3
O[lHaKOBOHO Ki/IbKICTHO OAVHUYHUX Ta HY/NbOBUX BITIB;

e LUMPOKA CMyra CUrHany;

e MpV nepeaasaHHi AOBroi NOCNILOBHOCTI OAMHUYHUX YN HYNbOBUX BITIB
YCKNa[HIETLCSA CUHXPOHI3aLis B3aEMOAIHMX MOAYIB;

e CUTHa/ € NONAPHUM.

AndepeHuianbHnii NRZ (skuin Takox Bigomuii sk NRZI — Non Return to
Zero Invert to ones) € moanikaLieto nonepesHLOro cnocoby KofyBaHHS, Of4HaK
cTaH 6iTa, SKMI1 BUKOPUCTOBYETLCA A/19 KOAYBaHHS MOTOYHOMO 6iTa, 3a/1eXNThb
Bif} CTaHy nonepeAHbLOro 6ita (gudepeHuianbHe KogyBaHHS). [py LboMYy, AKLLO
MOTOYHMIA 6IT nocnifoBHOCTI fopiBHIOE 0, TO 36epiraeTbCsi (NOBTOPHOETHLCS)
3HAYeHHs MonepeaHLOro 6iTa, AKLWO X NOTOYHWUIA BIT 1, TO MOro cTaH € iHBepCi-
€0 rnonepeaHbLOro. JaHuii Kof TakoX He Mae MOXK/IMBOCTI CAMOCUMHXPOHIi3aLlil.
[MepeBarot0 Takoro Crocoby € HeBe/iMKa CMyra MponycKaHHS | HEMONAPHICTb
curHany. BukopucTtosyetbca B Mepexax FDDI, Ethernet ctaHgapty 100Base-
FX Ta B cTaHgapTi ATM155.
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PucyHok 2.13 — MeToam ungpoBoro KoAyBaHHS

Kog 3 noBepHeHHAM a0 Hyns RZ (Return to Zero) mae Agi Moaudikauii: 3
Asoma ctaHamu 6iTa (RZ) i 3 TpboMa (RZ3)), MPUYOMY NOTIYHOMY HY/IIO 3aB-
YO Bi4NOBIJae AOAATHIN IMNYNbC, & NOTIYHIA OANHULI — Bif’€EMHUWIA. IH(hOpMa-
LiHWIA nepexif 34INCHIOETLCA Ha NoyaTKy nepeaaBaHHs 6iTa, MOBEPHEHHS [0
HY/NbOBOI0 PiBHA — Yy cepeanHi 6iTa. OCobAMBICTIO JaHOro Kogy € Te, W0 B ce-
peavHi iHTepBaly nepefaBaHHs biTa € fofdaTHiin abo Bifg’eMHMIA nepexif, WO
3abe3neyvye CUHXPOHI3aL,it0 B3aEMOLINHNX MOAYNIB.

Heponikom Koy RZ € Te, WO BiH 3a6e3neyye Ty X LUBMAKICTb nepefasaH-
HA, WO | nonepeaHi, T06To 4519 3abe3neyeHHA NPOMYCKHOT CNPOMOXHOCTI B 10
M6iT/c HeobXigHa YacToTa Hecyyoi 10 MIMy. Kpim Toro, ans po3pisHEHHS TPbOX
PiBHIB HeoOXifgHe Kpalie CniBBIAHOLLEHHS CUrHaN/LLUyM Ha BXOAi B npuiimau,
HI>X AN9 ABOPIBHEBUX KOAIB.

HaituacTiwe Kog RZ BUKOPUCTOBYETLCA B ONTOBOMOKOHHMX KaHanax. Mpu
LIbOMY BUCOKWMIA piBeHb 6iTa BifnoBigae HasBHOCTI CBITNa («CWU/bHE CBITNO»), a
HM3bKWIA — A0r0 BifCYTHOCTI. BUKOopUCTaHHS TPUPIBHEBOrO KOAY [103BONSE Ha-
BiTb NPV BIACYTHOCTI NnepefaBaHHA CUTHany NIErko BU3HAYUTK LINICHICTb NiHIT
3aBAAKN BUKOPUCTAHHIO TPETLOMO CTaHy CUrHay («CepefHe CBIT/IO»).
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Mpn  6IiNONAPHOMY KOAYBaHHI 3 a/lbTepHATUBHOK iHBepcielo AMI
(Alternate Mark Inversion) BUKOPUCTOBYHOTbCA TPU CTaHW: HYNbOBUIA, AOAATHIN
i Bif’EMHUIA. JIOTIYHMIA HYNb KOAYETLCA HY/NIbOBUM 6ITOM, @ NIorivyHa OgNHNLA —
GiTaMu, 3HaYEHHS AKUX 3MIHIOETLCA MO Yepsi: +V, -V. NepeBaroto A4aHoOro Kogy
€ 3abe3neyeHHs Hy/NIbOBOIO PiBHA HaMpyrn B KaHasli, a TakoX MOX/MBICTb NiAT-
PYMKW CUHXPOHI3auil MOAYNIB Y KaHani npuv nepefasaHHi 4OBrMX NOcigoBHOC-
Tein ognHMLb. aHunin kof € moandikadieto kogy NRZ, ane Mae MEHLUWIA CMEKTP
CUrHany, omxke, 3abesneyye 6inbLLY MPOMYCKHY CIPOMOXHICTb. Kpim Toro, faHe
KofyBaHHS 3abe3neyye po3ni3HaBaHHA AeAKMUX MOMWUIKOBMX CUTHaniB, WO BU-
KopucToByeTbCA B Mepexkax ISDN i kaHanax tuny DS-n.

binonspHe KoayeaHHA 3 BMCOKOK wWinbHicTio HDB3 (High Density
Bipolar 3) € moan®ikauieto nonepeaHLOro Nigxoay, ane [A03BONSE 3a6e3neUnTy
CUHXPOHI3aLito i Npu nepefaBaHHi [0BrMX HyNbOBUX MOCNIAOBHOCTENR. NS
LIbOro nepefaBaHHA YOTMPLOX MOCNILAOBHUX HY/bOBMX BITIB 3aMIHIOETHCA MOC-
nigoBHicTio 000V, fe 3HayeHHsa 6iTa V Oyde TakMMm Xe, WO I nonepeaHbLOro
OAMHWYHOrO iMnynbey (puc. 2.14). Take KogyBaHHA BiAnNoBigae BCIM BUMOram
[0 UMpoBOro KoyBaHHS i BUKOPUCTOBYETLCA A1 KOAYBaHHS MOTOKIB Y LM®-
poBux KaHanax E1 ta E2. B Amepuui BUKOPUCTOBYHOTb MOAMU(IKALIO AaHOro
nigxony — cxemy KogysaHHa B8ZS (Bipolar with 8 Zeros Substitution), y fKili
TaKMM >Ke YAHOM 3aMiHKOETHLCA MOC/IAOBHICTL 3 8 HY/IbOBMX BITIB.

10100001 1000000010 10000
000V BOOV BO OV

PucyHok 2.14 — KogyBaHHS 3 BUCOKOHO LWinbHICTIO HDB3

Y nokanbHuX Mepexkax Ethernet Ta Token Ring Haibinblue BUKOPUCTaHHS
3HaxoAuMTb MaHu4ecTepcbkuin Kog (Manchester Encoding un PE — Phase En-
code). Lle ABoha3HMiA NONSIPHMIA CAMOCUHXPOHI3YBalbHUIA KOf, B SIKOMY J10Ti4-
Ha 1 KOoAyeTbCA nepenagom noTeHuiany Bif HU3bKOro pPiBHA [0 BMCOKOrO, NOri-
YHUA 0 — 06epHeHMM Nepenagom. JaHnin Kog 3a0BO/IbHSAE BCi BUMOTU, asle Mae
LUMPOKY CMYTY NPOMYCKaHHA Ta € MOJIAPHUM.

Moganikauieto Lboro MetToay € anepeHLiasibHe MaHYeCTePCbKe Koay-
BaHHSA (Differential Manchester Encoding), npy BUKOPUCTaHHI SKOro NOTiYHWiA
0 KofyeTbCA HaABHICTIO Ha MoYaTKy nepenagy noteHuiany, a fnorivyHa 1 — Biacy-
THICTIO nepenaay, afe nNpy Lbomy A58 3a6e3rneyeHHs CUHXPOHI3aLii nepenag y
CepeanHi KOXXHOro TakTy €. B mepexxax Token Ring 3acTocoBYeTbCA MoAnika-
s Uboro mMetoay, Kpim «0» 1 «1», L0 BUKOPUCTOBYE fiBa CMY>KO60BI 6iTH, AKi He
MatoTb Mnepenagy B CepenHi TakTy.
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Komb6iHauieto metogiB NRZI Ta Manchester € kogysaHHa CDP (Conditional
Diphase), sake po3pobnieHe komnaHieto Cisco System. BUKOPUCTOBYETLCA Take
noAaHHA GITIiB LM(POBOro NOToKy: 6iTK 0 KOAYHTLCA MEPEXOAOM Y TOMY X Ha-
NpsMKY, Wo i nonepefHin 6iT (Big +V o -V abo HaBnaku Big -V go +V), a
OAVHWYHI BITY — NEepPexooM Yy HanpAMKY, NMPOTUIEXHOMY MonepeaHsLoMmy BITy.
Mpn LboMy 3a6e3MeyyeTbCa HENOMAPHUIA CUTHAN, KA 3aiiMae [10CTaTHLO LUW-
POKY CMYTY MPOMYCKaHHS.

Kog MLT-3 (Multi Level Transmission-3) mae 6arato CnifibHOro 3 Kogom
NRZ, ane BUKOPWUCTOBYE A/1A NepefaBaHHA TPW PiBHI curHany. OANHUYHOMY
6iTy BiANoBifae nepexif 3 0HOro PiBHA CUrHAY Ha IHLLIM, HYNbOBUI BIT KOAY-
€TbCA AK 36iraHHA 3i cTaHOM nonepeaHbLOro 6ita. Heponik gaHoro koay — Bif-
CYTHICTb CMHXPOHI3aLii, afie BiH LUMPOKO BUKOPUCTOBYETLCS B Mepexxax FDDI
(CDDI), Fast Ethernet ctaHaapTy 100Base-FX, a TakoX y KOMYHiKaLiiHUX MO-
aynax komnadii Cisco System.

[na NigBULLEHHSA MPONYCKHOT CNPOMOXHOCTI KaHasy BMKOPUCTOBYHOTLCA
KOAW 3 BiNbLUOK KifNbKICTIO CTaHIB CUrHasy, Lo nepeaaeTbes B KaHasi. Mpuk-
NnaflomM Takoro Kogy € niHinHui kof 2B1Q (2 Binary 1 Quarternary), Skuii Bu-
KopucToByeTbCA B Mepexkax ISDN npu peanisayii 6a3oBoro iHTepericy BRI
(Base Rate Interface) i sBnse coboto mogudikauito kogy NRZ, ane 3 BUKopuc-
TaHHAM 4-X CTaHiB curHany. biTu iHhopMaLiniHOro NOTOKY KOAYHThLCS Y TakKiid
BignosigHocTi: 6iTam «00» BiANOBIAAE PiBEHb CUTHaNY «-2,5 B», 6iTam «01» —
piBeHb curHany «-0,833 B», 6itam «10» — piBeHb cuUrHany «+2,5 Bx», Gitam
«11» — piBeHb curHany «+0,833 B» (puc. 2.15). Cuctemu, AKi BUKOPUCTOBYHOTb
OaHWA  Kof, 3abesnedyroTb MPOMYCKHY CNPOMOXHICTb Big 64 K6iT/c Ao
2 MoiT/c.

10, 01, 11, 00, 00, 10, 01, 11,

- J===T——=—DP—===P === === ==

| | | | | | | |

+2,5B I I I I I I I I
—— === —=T———]—— ——1-=—A
+0,8338 L L
—_—— - [ppe—— ___[\__-I\——— ————

0 | |

| |

—_—— - —— — -_—— ___]\___ —_—— e — — ___1

| |

—0,833B | |
-——- -——f---r——-p-- ———

| | | | | |

—2,5B | | | | | |

PucyHok 2.15 — Kog 2B1Q

Moganikauieto gaHoro kogysaHHs € kogyBaHHS PAM-5 (Pulse-Amplitude
Modulation 5), B aKoOMy A/15 CTBOPEHHSA HagMIpPHOCTI KOAY [0 YOTMPLOX CTaHiB
[0AAETLCA M’ATWIA PiBEHb CUMHANY, WO AaE MOXK/IMBICTb BUSBNATW Ta BUMPaBS-
™™ noMunkn. BukopuctoByeTbca y Mepexi 1000Base-T Gigabit Ethernet, ge
3abe3neyye nepefaBaHHA AaHUX 3i WBMAKICTIO 1 [6IT/C npy WWPWHI CrekTpa
curHany 125 Mry. Ha npaktuui 3Haxo4saTb BUKOPUCTaHHS TakoX Koan PAM-8,
PAM-16, PAM-32, Ki BAKOPUCTOBYIOTb IHLLY Ki/IbKICTb CTaHIB CUTHay.
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2.5 CTpyKTypoBaHi KabesibHi cucTtemMu

CtpykTypoBaHa kabenbHa cuctema (CKC, Structured Cabling System — SCS)
— Le CYKYMHICTb KOMYTaLiiHUX efiemMeHTIB (Kabenis, po3’eMiB, KOHEKTOPIB TO-
LL0), AKi € OCHOBOO iH(DOpPMaLiHOT IH(DPaCTPYKTYpY By Ab-AKOro nignpuemMcTsa.
lgest Takoro nigxofy 6yna cgopmynboBaHa B nepLuiin Bepcii ctaHgapty TIA-568
(Telecommunication Industry Association — Acoujiauis TeNeKoMyHikauiiHoI ra-
nysi), ka 6yna ony6nikoeaHa B 1991 poui. CTpyKTypu3sauis KabenbHOT CUCTEMM
CTBOPIOE YHiBepca/ibHe CepefoBuLLEe AN1A NnepeaaBaHHA KOMM'IOTEPHOro Tpadiky
B /IOKa/IbHUX Mepexxax, opraHisauii noKasibHOT TeneOHHOI Mepexi Ta nepefa-
BaHHA PI3HOMaHITHOI iH(hopMaLliT Bif AaTUMKIB PI3HMX TUMNIB.

Y 3aransHomy Bunagky CKC oxonsoe Taki Tpy MigcucTemm:

e ropusoHTanbHa nigcuctema (ropusoHTasibHa CKC) Bignosifae nosep-
Xam OYAUHKY, B IKOMY pO3TalloBaHa fjaHa KoMmnaHis, i MiCTUTb Kabesb-
HY CMCTEMY, PO3eTKM KOPUCTYBaYiB, KOMyTaLiliHe 06M1afHaHHS, A0 AKO-
ro NigKIKYarTbCA Kabeni KopucTysadis, KPOCOBI LWadu NoBepXy TOLLLO;

e BepTuKa/bHa nigcuctema (BeptukanbHa CKC) MICTUTL MaricTpasibHi
Kabeni Mi>K KpOCOBMMU LuathaMuy MoBePXiB I ONUCYeE 3’ eAHaHHA OKPEMMX
noBepxiB OYAMHKY, a TaKOX KOXXHOr0 MoBepxy 3 LeHTpa/ibHUM anapar-
HUM MOLYNeM OYAUHKY;

e nigcucTema Kamrnyca (nigcmucrema 30BHILIHIX Marictpanei) 3’eqHye B
€OVHY MepexXy OKpemi BYAMHKK, a TaKoX TX NiAKNHOYEHHS 40 FO/I0BHOMO
KOMYHiKaLiiHOro mMofyns Kamnyca. 3a3Bu4yai LS YacTMHa KabenbHOl
CUCTEMW HasMBaeTbCA Marictpannto. ligcuctema Kamnyca BIACYTHS,
AKLLo CKC CTBOPHOETLCA TI/IbKN B OAHOMY OYAMHKY.

Takunin nigxig po ctBopeHHs CKC 3abe3rneyye A0CTaTHLO MPOCTUIA JOCTYN

0 KOMYHIKaLiinHNUX pecypciB Mepexi, Lo 3abe3nevye MOX/IUBICTb AMHAMIYHOI
3MiHM KOH(pirypauii kabenoHoi cuctemn. Mpu ctBopeHHi CKC 3aknafaeTbcs
HaMLLIKOBICTb (BUKOPUCTaHHSA 40aTKOBOT KifIbKOCTI KabeniB, po3’emiB, Kpoc-
naHenen TOLLO), 3aBAAKN AKIA MOXHA MiAKIKOYaTV LO4ATKOBI po6odi CTaHLil,
3MIHIOBATU KOH(irypauito NigKMAYEHHS MOLY/IB MepeXxi.

Ha cborofHi iCHye Tpy OCHOBHMX CTaHAApTV B Chepi CTPYKTYPOBAHUX Ka-

6eNbHUX CUCTEM:

e MiXHapogHuii ctangapT: ISO/IEC IS 11801-2002 Information Tech-
nology. Generic cabling for customer premises;

e eBponencbkuii ctaHaapT: CENELEC EN 50173 Information Technol-
ogy. Generic cabling systems;

e amMepuKaHcbKnii ctaHgapT: EIA/TIA-568C Commercial Building Tel-
ecommunications Wiring Standard.

Ana ctaHpapTiB 1SO 11801-2002 n EN 50173 BM3HauYeHI Taki Knacu Kabe-

NbHUX NiHIN:
e C,p016 Mrl'u;
e D, 00100 Ml u;
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E, o 250 Mlu;
E (A), o 500 MIu;
F(A), oo 600 MIu,

Y ctaHgapT EIA/TIA-568C ans kabenis Ta KOMMOHEHTIB BXOAATb TaKi Ka-
Teropii:

KaTeropid 3, AKa [403B0/IA€ nepeaasaTy CUrHan y cmysi go 16 Mlu;
KaTeropis 5e, o mMae cmyry yactoT 4o 100 MIu;
KaTeropisa 6A, 3i cmyroto yactot go 500 My,

Mepexi, CTBOpPeHI Ha OCHOBI CTPYKTYpPOBaHWX KabeslbHWX CUCTEM, MarTb
TaKi XapaKTepuUCTUKM:

3abe3neyeHHs LIeHTpani3oBaHOro abo [eLeHTPani3oBaHoro yrpas/iHHS
MEPEXKEHD 3a/1eXKHO Bij, MOTOUYHMX 3aBJaHb;

3MiHa i3MYHOT Ta NOriYHOT TOMOJONiA Mepexi;

CerMeHTauis Mepexi 3a paxXyHOK CTBOPEHHA poboumx  rpyn
KopucTyBadiB abo opraHisauii BipTyasibHMX nokanbH1X mepexx (VLAN —
Virtual Local Area Network);

PEKOH{pIrypauiss TOMOMOrii ICHYHUOT Mepexi Ta 3amiHa CTapux
HN3bKOLLIBUKICHMX KaHaniB Ha HOBI BUCOKOLUBUAKICHI;

LUBMAKE BUSIBMEHHSA Ta NiKBigaUis MOLWKOMKEHb Y KabesbHiA CUCTeMI
Mepexi;

MOX/IMBICTb MiAK/THOYEHHS HOBUX KOPUCTYBauiB.

2.6 MeToau MynbTUNEKCYBaHHSA IHPOpMaLInHMX NOTOKIB

ICHye feKifibka cnocobiB MifgBULLEHHS MPOMYCKHOT CNPOMOXHOCTI CUCTEM
nepefaBaHHA faHWX, OIbLWICTb 3 AKUX BUKOPUCTOBYE OAMH i3 METOAIB MY/bTU-
NNeKcyBaHHS iHDOPMaLinHNX MOTOKIB Y OAWH TPYMNOBUIA, KA i NepefacTbCa B
KaHasi 3B’A3Ky. B pe3ynbTtati B MiHIi 04HOYACHO nepefaeTbCa Aeska KisibKIiCTb
MOTOKIB, kA HANEXWUTb Pi3HNM 3aCTOCYBaHHAM Pi3HMX KOPUCTYBaYiB. MynbTu-
MeKcyBaHHSA (4M yLlifbHeHHs KaHany — multiplexing) ana TenekoMyHikawii-
HUX CUCTEM — Lie MepefaBaHHA AaHuX MO AeKiIbKOX JIOTIYHUX KaHanax y 0f4Ho-
My (Di3MYHOMY KaHani. [Ans iHhopmaLintHUX TeEXHONOTiA MYNbTUMNEKCYBaHHS —
Lie 06’eHaHHA AeKiNbKOX NOTOKIB AaHuX (BIpTyalbHUX KaHaniB) y OfVH.

Y Cy4acHMX KOMIM’IOTePHUX Mepexax LUMPOKe 3aCTOCYBaHHA 3HaX04ATb Ta-
Ki METOAM MY/ IbTUMNIEKCYBAHHS:

yacToTHe yuwinsHeHHs FDM (Frequency Division Multiplexing);

yacose yuifibHeHHss TDM (Time Division Multiplexing);
MY/NbTUMIEKCYBAHHA 3a A0BXMHOWO xBuni WDM (Wavelength Divi-
sion);

Kogose yuwinbHeHHss CDM (Code Division Multiplexing);
MY/NbTUMEKCYBaHHA 3a nonapusaudieto PDM (Polarization Division
Multiplexing);

mMogoBe yulinbHeHHs MDM (Mode Division Multiplexing).
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YacToTHe yLiflbHEHHSA BUKOPUCTOBYETLCA B aHA/IOTOBMX KaHasax 3B’A3KY |
Nnonsarae B TOMY, WO KOXHOMY iH(hopMaLiitHOMY MOTOKY AN nepeaaBaHHSA Mo
(hiI3MYHOMY KaHasly BULINAETLCSA KaHasl 3 LUMPUMHOK CMYTY YacToT 4 KI'u, 3 AKuX
3 K'Y, 3 UEHTPAILHOKO HECY4YO0 YacTOTOH f,; BUKOPUCTOBYHOTLCA ANA nepena-
BaHHA NOTOKY, 1 KL — Le cmyra po3isibTPyBaHHA (3aXUCHI Mexi) MIXX HUMU
(puc. 2.16).

CMyru po3inbTpyBaHHS

Cwmyra ans Cwmyra ans l Cwmyra ans
nepegadi notoky 1 nepegadi noToky 2 nepegadi NoToky n

- A A A A A A
I o R Ll ]
R R
ﬁﬂ fHZ ﬁm
N\ J\ J N\ J
~ g ~
KaHan 1 KaHan 2 KaHan n

PucyHoK 2.16 — YacToTHe YyLLifIbHEHHA KaHaniB

MiXKHapoAHWUIA KOHCYNbTaTMBHWIA KOMITET 3 TenedoHii i Tenerpadii BcTaHo-
BWB TaKy iepapxito KaHaiB i3 YaCTOTHUM YLLiSIbBHEHHAM:
e [epBMHHA rpyna WnpuHot 48 KMy micTutb 12 KaHanis y Agiana3oHi 60—
108 kI,

e BTOPMHHA rpyna 3i cMyroro 4actoT 240 KL, MiCTUTb 5 NEPBUHHUX TPy
(60 kaHaniB) y agianasoHi 312-552 kIu;

e TPeTWHHa rpyna 3i CMyroto 4actoT 1234 KIL, MICTUTb 5 BTOPUHHUX TPy
(300 kaHaniB) y fgianasoHi 564-1798 kI,

e YeTBEPTWMHHA rpyna 3i CMyror 4actoT 3872 KI'y MICTUTb 3 TPETUHHMX

rpynu (900 kaHanis).

YacToTHE yLifIbHEHHSA LUMPOKO BUKOPUCTOBYETLCA B TENENOHHNX KaHasax |
XapaKTepu3yeTbCs BUCOKOK KPaTHICTIO MY/IbTUM/EKCYBaHHS, alle MaE HEBUCOKY
3aBafOCTINKICTb, WO MOSAACHIOETLCA B3aEMHUM BMJIMBOM MOTOKIB, AKI nepeaa-
FOTbCA B CYCIAHIX KaHaax.

UacoBe YLLI/IbHEHHS BUKOPUCTOBYETLCA B LIUPPOBUX KaHaax i Ha CbOroAHi
3HANLWNO HaibinbLLe 3aCTOCYBaHHA Cepef YCIX METOAIB My/bTUM/IEKCYBaHHS.
[Mpn 10ro BUKOPUCTaHHI BECb Nepiof poboTu KaHany po36bnBaeTbCs Ha AeKinbKa
4acoBuX iHTepBasiB (TaliM-C/OTIB ab0 TallM-4OMEHIB), Ki/IbKICTb SKUX [OpIiB-
HIOE KINbKOCTI KOpUCTYBayiB y rpyni Ta, BIANOBIAHO, KiNbKOCTI KaHanis, WO
MY/NbTUMIEKCYHOTLCA B JaHOMY KaHani. 3a goriomoroto TDM-komyTaTopa Ka-
Ha/l KOXKHOTO KOpMUCTyBaya no 4epsi MigKNHYaETbCA [0 KaHasly 3B’A3KY, B pe-
3ynbTaTi Yoro (hOpMyeTbCS KOHTENHeP (Kaap), AKWMI MIiCTUTb faHi Bif YCiX Ko-
pUCTYyBaYiB rpynu i nepeaacTbecs K €AnHe Line B KaHani (puc. 2.17).
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KaHan 1

A
A

KaHan 2

TDM-komyTaTop

KaHan 3

KaHan 4

CUWHXpPOHi3ytoui

nocnigoBHOCTI

PucyHok 2.17 — YacoBe yLiflbHeHHA KaHasliB

Yacose yLLiIbHEHHA MOXKe OyTu [ABOX TUMIB: aCMHXPOHHMUM abo nnesiox-
POHHUM (Mepexi ATM Ta TexHonoria PDH) Ta CMHXPOHHWM (TeXHOosOris
SDH). Cyu4acHi TexHo/oril 3 4acoBUM YLLI/IbHEHHAM [03BONIAOTL NepeaBaTtu
MOTOKW AaHuXx 3i Wwenakictio 40 M6iT/c (kaHan STM-256) i 6inblie. deTanbHile
TexHosorii PDH ta SDH 6yayTb po3rnsHyTi B po3gini 9.

MynbTunnekcyBaHHA 3a AOBXMHOK XBuNi WDM (iHoAi Ha3uBalTb XBU-
NbOBe MY/IbTUMNJIEKCYBAHHA) LUMPOKO BWKOPUCTOBYETHCA B OMTOBOJIOKOHHUX
KaHanax. CyTb faHOro nigxoay nonarae B 06’e4HaHHI AeKifIbKOX ONTUYHUX He-
Cyumx A; 3a LOMOMOroK CneujiasibHOro KomyTtatopa Ha CTOPOHI nepefasaya i
nepefadi OTPUMAHOIo My/nbTUMNMIEKCOBAHOIO MOTOKY 2A; N0 OAHOMY OMNTOBO/IO-
KOHHOMY KaHany. B cTaHUiT-0TpMMyBadi 3a fOMOMOror inbTpalii OKpemi He-
Cyui BUAINAKOTLCA 3 OTPUMAHOI0 MOTOKY.

Po3pisHatoTb Tpy TN WDM MynbTUNMEKCYBAHHSA:

e 3BMYyailHi WDM-cuctemmn (4acto HasueatoTb rpyoumn WDM-

cuctemamu: CWDM - Coarse WDM), aKi 403BONAKOTb MY/IbTUMNJIEKCY-
BaTW He Oinblue 16-TW KaHaniB;

e WinbHi DWDM-cuctemmn (Dense WDM), fKi f03BONIAOTL MY IbTUMNIEK-

cyBaTu He bifibLlle 64-X KaHasiB;

e HagwineHi HWDM-cuctemmn (High Dense WDM), siki f03BONAOTH YLLi-

NbHUTY GifbLUe 64-X KaHasiB.

Kogose yuwiinbHeHHs CDM nepegbayae nepefaBaHHA CUrHa/iB 3 BUKOPUC-
TaHHSAM Pi3HUX KOAIB, TOOTO KOXXHOMY abOHEHTY HafaeTbCA YHiKabHUIA Kog, i
BCi JaHi KOAytTbCA 3 MOro AONOMOrow. AK nNpaswio, NOCNIJOBHICTb OANHNY-
HWUX CMUTHaNIB y NOTOLi AaHUX 3aMiHIOETLCA Ha aeskuii CDM-kog, a anst 3aMiHu
MOCNiAOBHOCTI HYNbOBUX CUIHaNiB — TOM e Koj, ane iHBepToBaHWA. Moay/b-
oTpumyBad 3Hae CDM-Kop nepefiaBaya, CUTHaIM AKOT0 Mae oTpuMyBaTn. Cur-
Ha/M Bif, IHWKNX nepefasadiB 3 iHWKYMKM CDM-Kofamn 0TpumyBay Cnpuinmae siK
aflUTUBHWUIA LUYM i He 3BepTae Ha HbOro yBaru. [lJaHnmin MeToj 4acTo Ha3nBalTb
LLle MeTOAOM PO3LIMPeHHs cnekTpa npsamoi nocnigosHocti (DSSS — Direct
Sequence Spread Spectrum), Wwo 6yae po3rnsaHyTo B po3aini 9.
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[MepeBaroko AaHOro crocoby € nigsuileHa 3axuMLLEeHICTb nepefaBaHHA Aa-
HMX, & TaKOX MOXX/IMBICTb MPUCBOEHHSA KOXXHOMY Mepejasayy CBOro iHAMBIAya-
NbHOro Kogy. CyTTeBMM Hefo/1iKOM KOAOBOIO YLi/IbHEHHA € CKMaAHICTb TEXHI-
YHOT peastizauii Ta HeOOXiAHICTb 3abe3neyeHHs1 TOYHOT CUHXPOHI3auil MoayniB
nepefasaya Ta OTpMMyBaya /15 rapaHTOBaHOI nepeaaui.

KopoBse yLiNbHEHHS! BUKOPUCTOBYETLCA B TEXHOMOTIT 3B’SA3KY, KA peanisye
MHOXWHHWI fOCTYN 3 KOgoBMM YulinbHeHHSM (CDMA — CDM Access). Mpuk-
NafjoM TakKux CUCTEM € CTaHAAPT CTISIbBHUKOBOIO TeIeDOHHOIO 3B°A3Ky 1S-953, a
TaKOX HM3Ka CTaHAapTiB TPETbOro MOKO/IHHA CTi/IbHUKOBUX CUCTEM 3B’A3KY
CDMAZ2000, WCDMA Ta iHW#HX.

MynbTunnekcyBaHHsa 3a nonspusavieto PDM — e yulinbHeHHs iHhopMma-
LiIHMX MOTOKIB 3a A0MOMOI 0K OMTUYHMX HECYUMX, SIKi MAOTb MiHIAHY NONspu-
3ayito. Mpn UbOMy nnoWwmMHa nonapmsauii KOXXHOT Hecy4ol mMae 6yTn po3TaLlo-
BaHa Nif CBOTM KyTOM. Take My/nbTUMN/IEKCYBaHHSA BUKOHYETLCA 3a A0MOMOrOH0
cneuiasibHUX ONTUYHMX MPU3M | MOXKIMBO TiNIbKK NPU BIACYTHOCTI HEOAHOPIA-
HOCTel B OMTOBO/IOKOHHOMY Kabeni. BUKOPUCTOBYETLCS B ONTUYHMX i30/19TO-
pax Ta nigcuatoBayax.

Mogose yuinibHeHHs MDM BUKOPUCTOBYETLCS B KaHaax nepefaBaHHA Ha
OCHOBI 6araToMo/J0BOro oNTOBO/IOKHA. KOXXHWIA iH(hopMaLiiHWiA NOTIK nepeaa-
€TbCS 3a AONOMOIOK ONTUYHOIO MPOMEHS, AKUIA BBOAUTLCSA B KaHa Mif CBOIM
KyTOM. MO/i0Be YLi/IbBHEHHSI MOXE BUKOPUCTOBYBATMCL MPW BIACYTHOCTI nepe-
MilLlyBaHHS Ta B3aEMHOIO MEepeTBOPEHHS MOJ, ONTUYHMX MPOMEHIB. Lle noTpe-
Oye MiABMLLEHNX BMMOTr A0 ONTOBOJIOKOHHWX KaHaniB WOAO BiACYTHOCTI Heof-
HOPIHOCTEN Ta 3rMHaHHS Kabento.

2.7 MNnTaHHA a8 camonepesBipKu

1. OxapakTepuayinTe 6a30Bi (PYHKLIT NPOTOKO/IB (Di3MYHOr0 PiBHS.

2. T1OACHITL 3a1eXKHICTb MK MPOMYCKHOK CMPOMOXKHICTHO KaHaly Ta
LUMPVHOO A0r0 CMYT1 NPOMYCKaHHS.

3. MpoaHanisyite opmynu I'. HaiiksicTta Ta Knoga LLIeHHOHa.

4. BusHauTe MaKCUMasbHY MNPOMYCKHY CMPOMOXHICTb  Ge3yMHUX
KaHasliB 3B’SA3KY /19 KOXXHOI0 3 HanpsMKIB AyNieKCHOro KaHany, AKLO Bif0OMO,
WO Moro cmyra nponyckaHHs fopiBHoe 20 kIW, a MeTof KoayBaHHS
BUKOPUCTOBYE Mepefayy UMMPOBMX CUTHaNIB 3 fABOMa 6iTaMyM Ha KOXHE
34MTYyBaHHA (CKaHYBaHHS).

5. BusHaute MakcUMaibHYy MPOMYCKHY CMNPOMOXHICTb  6e3LlyMHUX
KaHaniB 3B’A3KYy A4 HaniBAynjeKCHOro KaHany, SKWo BigoMo, Lo 0oro cMyra
nponyckaHHa gopieHoe 10 kW, a MeTo KOoAyBaHHA BUKOPUCTOBYE Mepenadvy
LMMPOBUX CUTHA/TIB 3 TPbOMa BiTaMM Ha KOXHe 34UMTYyBaHHS (CKaHyBaHHS).

6. Bu3HauTe, UM MOXe KaHan 3i CMYrow nponyckaHHa 4 KMy i
cniBBifHOWEHHAM curHan/wym 20 ab nepepaBaty UMAPOBI  curHann 3i
wemakicTio 50 K6iT/c.
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7. OxapakTtepusyiTe napameTpu, 3a AKUMWU MPOBOAUTLCA Kacudikawis
KaHasliB nepefadi faHuXx.

8. TloACHITb XapaKTePUCTUKN Ta 0COB/IMBOCTI BY3bKOCMYTOBMX Ta LUUPO-
KOCMYrOBMX KaHasliB.

9. TlopiBHAWTE XapaKTEPUCTUKN ACUHXPOHHUX Ta CUHXPOHHMX KaHanis
nepegadi gaHuXx.

10. TMpoaHanisyiTe XapaKTEPUCTUKN KOMYTOBAHWX | HEKOMYTOBaHUX
KaHasiB rnepegaui.

11. OxapakTepu3yinTte TUNN KabenbHMX Kabenis (TUNis ¢isnyHOro cepeno-
BULLA, AKI BUKOPUCTOBYIOTLCA A4/1 nepedadi iHpopmawii).

12. OxapaKTepu3yinTe TUMN ONTOBOJIOKOHHMX KabeniB Ta X OCHOBHI Xapa-
KTEPUCTUKN.

13. TMpoaHanisyinTe XapaKTepUCTUKM KaTeropii i TUMiB HeekpaHOBaHOI Ta
eKpaHOBaHOI CKpYy4YeHUX nap.

14. OxapaktepusyinTe METOAN nepefadi AUCKPETHUX AaHUX Ha qi3nyHOMY
PIBHI.

15. TI0ACHITb pPi3HMLI0 MDK METOAaMN MOAYNALIT Ta MaHINyNALiT.

16. TloACHITb NOHATTA MoAyNAUii. OxapakTepusyinTe METOAM MOLYNALLT Ta
MaHinynauir.

17. OxapaKTepusynTe XapaKTePUCTUKWM Ta 0COG/MBOCTI NOTEHLia/IbHUX i
IMMY/NIbCHUX KOfIB.

18. LLLo cnifbHOro i B YoMy Pi3HULA MIXK NOTIYHMM Ta (PI3UYHUM KOYyBaH-
HAM?

19. TloACHITL cneuudiky BUKOPUCTaHHS CMOCO6IB /IOriYHON0 KOAyBaHHS
4B/5B, 5B/6B, 8B/6T 1a 8B/10B.

20. TMosicHiTb, fKow 6yae nocnigoBHicTe 0110011011011110 npwm
nepeadi B kaHani 3 BUKOpUCTaHHAM kogy 4B/5B.

21. TloscHITb, sko 6yae nocnigosHictb 0100111011010111 nipwu
nepegadvi B KaHani 3 BUKOPUCTaHHAM amniTyaHo-ha3oBol mogynauii 3 4-ma
cTaHamu CUrHaliB.

22. TlosAcHITb, fKko 6yae nocnigosHictb 0111001000110101 nipwu
nepedayi B KaHa/li 3 BUKOPUCTaAHHAM aMMNaiTyQHO-4aCTOTHOI Moaynauiil 3 4-ma
cTaHaMu CUrHasIiB.

23. T10AACHITbL MPOLEC CKPeMO/IOBaHHA Ta NPUHLMNU (DYHKLIOHYBaHHS.

24. TlpoaHanisyiiTe OCHOBHI CNOCOOM ANCKPETHOrO KOAYBaHHSA AaHuX.

25. TloKaxiTb, KU BUrNaL 6yae mMaTu CUrHan B KaHasli nNpu KofyBaHHI
meTogamu umdgposoro kKogyesaHHs NRZ, RZ, 2B1Q BxigHOI MOCNiA0OBHOCTI
0111101100010011.
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26. TloKaxiTb, AKUA BUrNAL O6yae MaTW CUTHaN B KaHali Npv KOAyBaHHI
mMeTodamn LmMppoBoro koayeaHHA 2B1Q, AMI, PE BXxigHOT MOCNiAOBHOCTI
0111001000110101.

27. OxapakTepusynTe NOHATTA MYyNbTUNAEKCYBaHHA (YL iNIbHEHHS) iH(O-
pMaLinH1X NOTOKIB. AKi MeTOAM MY/bTUMNNIEKCYBAHHS iICHYIOTb?

28. T1OACHITL NPUHUMNM Ta 0COBMMBOCTI BUKOPUCTAHHA 4acoBOro YLib-
HEHHS KaHanis.

29. TIOACHITL NPUHUMNK Ta 0CO6/IMBOCTI BUKOPUCTAHHA YaCTOTHOIO YLLi-
NbHEHHSA KaHaiB..

30. TTOSICHITL MPUMHUMNKX Ta OCO6/MBOCTI BUKOPUCTAHHSA YLLIIbHEHHS 3a
[OBXVHOK XBUII.

31. Knacuikalis MOAeMiB: OCHOBHI MapameTpy Ta TUMU MOAEMIB.

32. MpoaHanisyiite KabesbHy CUCTEMY KOMM’HOTEPHUX MEPEX.

33. OxapakTepusyiiTe 0CO6/IMBOCTI CTPYKTYPOBaHMX KabenbHUX CUCTEM Ta
X nigcnucrem.
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3 KAHAJTbHUI PIBEHb CYUACHUX KOMITKOTEPHUX MEPEXX

3.1 OCHOBHI (hyHKLiT MPOTOKO/1IB KaHa/IbHOI0 PIBHA

$K 6yn0 PO3rNSHYTO B NonepeLHLOMY po3Aini, isnyHMIA piBeHb BignoBigae
3a nepefasaHHA 6iTOBOro MOTOKY AaHUX BIiAMOBIAHO A0 (PI3MYHUX OCO6MMBOC-
Tei KaHany 3B’A3Ky. biTy Ha (his4HOMY piBHI NepeaaroTbCs K EAUHNIA HEpO3-
AiNEHNIA NOTIK He3a/IeXHO BifJ TOro, € NOMUKU NPV MepefaBaHHi faHWX 4um BO-
Ha Bi[16yBa€ETbCA KOPEKTHO.

KaHanbHWiA piBeHb NpaLtoe 3 AaHUMK, TOMY MOro YacTo Ha3MBalOTb PIBHEM
nepefasaHHA gaHuMx. OCHOBHOK 3afayero 4pYyroro piBHA eTasloHHOT Mogeni €
3abe3neyeHHs HafiniHOro nepefaBaHHA iH(opMauii MK OyAb-AaKUMK [BOMA
(abo gekinbkoma y pasi rpyrnoBoro 4 LUMPOKOMOBHOIO nepeaaBaHHs) BYy3namu
MepeXxi yepes iHhopMaLinHWiA KaHan. [ns ub0oro NoTiK AaHWX, AKUIA NepeaaeTb-
CA 3 BULWLOro (MEpeXXHOro) piBHA, Po36bMBaETLCA Ha OKpeMi Kaapw (thpeimn),
CTPYKTYpa i 0OhOpMIEHHSA AKMX 3aeXaThb Bif Cnocoby nepefaBaHHsA B kKaHani Ta
TNy npoTokony. Kpim T0ro, B Kaapi 060B’S3KOBO BUKOPUCTOBYHOTLCA KOAM
KOpeKuiT, 3a ONMOMOrow SKMUX BUABMSAKOTLCA MOMU/KK, L0 BUHUKAX NpU nepe-
[AaBaHHi.

Tpeba 3a3HauNTH, WO PYHKLIT Ta peanidallis KaHal1bHOro PiBHA CYTTEBO 3a-
NnexaTb Bif TOro, B AKMX Mepexax BiH BUKOPUCTOBYETLCA: IN106a/IbHUX Yu N10-
Ka/lbHUX. OCKINIbKN B NIOKa/IbHUX Mepexkax CepefoBuLle nepefaBaHHS AaHUX
BUKOPUCTOBYETLCA BCIMa MOAYNAMU Mepexki, peasni3auis KaHa/IbHOro piBHA
LAN (Local Area Network) mae nesHi 0cobnnBOCTI, AKi 6yayTb PO3rNAHYTI B
nigpo3aini 3.3 gaHoro po3ainy.

Ha puc. 3.1 nokasaHa B3aEMOAisi ABOX KOMYHiKaLiiHMX BY3/iB Mepexi, B
KOXXHOMY 3 SIKUX O/19 KOXXHOTO KaHasy 3B’A3KY ICHYHOTb MoAyni disnyHoro (1) i
KaHa/ibHOro (2) piBHIB Ta €4MHUIA MOAY/Tb MEPEXHOr0 PiBHSA (3), NpM3HaYeHWin
ANA BU3HAYEHHS HanpsMKY MOAasbLIOro nepefaBaHHA iHpopmauii (mpouec ma-

ppyTunsagii).

Mpouec piBHA
nepefiaBaHHs AaHUX

!
7

Mpouec
MapLUpyTH3aLii

MaxeTn
(peviTarpamu)

MpoTtokon
Kagpu
nepefasaHHs aap

a
JaHNX i

PucyHok 3.1 — INpoTOKO/1 KaHa/IbHOr 0 PiBHSA (PIBHA NnepefaBaHHA AaHNX)
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MakeTn abo pevtarpamm (3an1eXXHO Bif CNOCOOY nepefaBaHHA AaHUX MK
BYy3/1aMV MepeXi) HaoXoAATb B MOAY/b KAaHa/IbHOIO PIBHA, e IHKarncy/oTbCA
B KaZpw 3afaHol CTPYKTYpU Ta po3mipy. Moaynb i3yHOro piBHA NepeTBOpPOE
OTPUMaHI Kagpw B NOCNIA0BHICTb CUTHa/IB TaKoT (POPMM, iKa BUKOPUCTOBYETb-
CA B faHOMy (hi34HOMY KaHani Ta 3abe3neyvye CMHXPOHI3aLito nepefaBaHHs.

[NpoTOKON NepefaBaHHA AaHWX BU3HA4Yae Mpaswusia nepefasBaHHA Ta Npu-
oMy iHhopMaLii yepes KaHasl, AKWA 3’€aHY€E B3aEMOAIHI By3nn. Kpim Toro BiH
ynpaB/se NOTOKOM KafpiB, Peryntoe WBUAKICTb MepefaBaHHs, a 'y pasi BUHUK-
HEeHHS NMOMWIOK NPV NepefaBaHHi iHILit0e BigNOBIAHNIA aNropuTM MOBTOPHOIO
rnepefaBaHHs.

Mpn UbOMY piBeHb NepefaBaHHA AaHMX BMKOHYE | HU3KY CreunpivuHnX
(OYHKLIA:

e jHiLianizauia Ta igeHTUiKauia — 06MiH MK B3aEMOAINHMMMN By3namu

Cny>60BMMM NOBIAOMMIEHHAMMN, AKI NiATBEPAXKYHOTb BIANOBIAHO rOTOB-
HIiCTb 10 NepeaBaHHA faHNX Ta KOPEKTHICTb 3’€4HaHHS;

e CUHXPOHI3auia — BUAINEHHA B NOCNIA0BHOCTI BiTiB, WO nepefatoTbCs B
KaHasll, MeXX CUMBONIB;

e (DOPMYBaHHA Kapy — CTBOPEHHS Kagpy 3 6/10Ka faHWX, L0 HaaXO04UTb 3
MepPeXHOro piBHSA, Ta BUAIIEHHS Kadpy 3 NOCiA0BHOCTI 6ITIB, AKa Haf-
XOANTb 3 KaHany;

e ripuiiom Kagpy (abo NocnifloBHOCTI) 3 KaHa/ly Mepexi Ta Moro nepepaa-
BaHHA B KaHa,

e [PO30pPICTb — HAAHHA MOAYNAM BULLMX PIBHIB MOXX/MBOCTI NnepeaaBaH-
HS 0BI/IbHOT NOCNIJOBHOCTI GITIB Ta CUMBO/IB,

e KepyBaHHSA MOTOKAMW JaHMX W IHTEHCUMBHICTIO MepefaBaHHA KaapiB —
Y3ropKEeHHS LUBWAKOCTI NepefaBaHHA Ta LUBUAKOCTI MPUIAOMY MOTOKY
KazpiB;

e KOHTPO/Ib MOMWJIOK | YrpaBniHHA NOCMIAOBHICTIO NepeaaBaHHs KaapiB —
BUSABMEHHA MOMW/IOK, AKI BUHWKaKOTL MpWU rnepedaBaHHi B (Pi3MYHOMY
KaHasi, Ta (3a MOX/IMBOCTI) X KOpeKLif, a TaKoX 3anuT Ha NMoBTOPHe
nepeAaBaHHA BTpayeHnX abo NOLLKOMKEHUX KafpiB;

e KepyBaHHSA KaHa/lOM — KOHTPO/Ib 3a CTaHOM KaHa/y Ta 06po6Ka Koni3siii B
MepeXi, BMUABMEHHS BiAMOB, BiJJHOB/IEHHA POGOTU KaHany TOLLO, 36ip
CTaTUCTUKM NMPO poboTy KaHany;

e ajpecallis B3aEMOAIHMX CTaHLi 3 BUKOPUCTaHHAM (hi34HNX afipec;

e KOHTPO/b 3a AOCTYNOM 0 (hi34HOr0 KaHany.

[MPOTOKONN KaHa/IbHOrO PiBHA BPaxOBYHOTb MaKCUMa/lbHe 3HauYeHHs Ofu-
HuUI nepedasaHHA gaHnx MTU (Maximum Transfer Unit), sika BU3Ha4ae mak-
CUMasIbHWIA PO3MIp MONA faHUX Kafpy, WO nepefacTbca B iHhopMaLiiHOMY Ka-
Hani. 3HaueHHA MTU 3aneXuTb Bifl XapaKTePUCTUK KaHasly Ta KOMYHiKaLiiiHO-
ro cepefoBuLa i TOMy 3a[a€TbCA B MOMEHT BCTAHOB/IEHHSA 3’€HaHHSA abo Bu-
3Ha4Ya€eTbCA BIAMOBIAHNM CTaHAAPTOM Mepexi. Big 3HavyeHHA MTU 3anexuTb
MPOMYyCKHa CNPOMOXHICTb Mepexi (npu 36inbweHHi MTU nponyckHa cnpomo-
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YHICTb MiABULLYETLCA 32 PaXyHOK 3MeHLUEHHS 00CAry HaAMLLKOBOT CNyX60BOT
iHhopmauii). 3HauyeHHss MTU ans Hailbinbll NOWWPEHUX cTaHAapTiB i NpoTo-
KONiB HaBefeHi B Tabnuui 3.1.

Tabnmua 3.1 — 3HayeHHs MTU 15 OCHOBHUX MEPEXXHUX CTaHAapTIB

IHTephenc mepexi 3HayeHHss MTU, 6aiTis

MakcrmanbHe 3HayeHHA MTU 65535
IBM Token Ring (16 M6aiiT/c) 17914
IEEE 802.4 8166
FDDI 4500
IEEE 802.5 Token Ring (4 M6aiT/c) 4464
Frame Relay, LAP-F 4096
IEEE 802.11 2272
Ethernet 1500
Point-to-Point Protocol 1500
IEEE 802.3/802.2 1492
Internet (IPv6) 1280
Internet (IPv4) 576

X.25 576

NetBIOS 512

Point-to-Point Protocol (npn HeBenukiin 3aTpumui) 296

PoboTa NPOTOKONIB KaHa/lbHOrO PiBHA (He3aneXHo Bif Tuny i 0co6/mMBoC-
Tei peanizauii) 34iMCHIOETLCA B TpW eTanu (hasu):

e BCTaHOB/IEHHA 3’€[JHaHHA;

e riepefaBaHHA AaHUX NPUKNaLHOro NpoLecy;

e p03’efHaHHSA (aHYNMHOBaHHS BCTAHOB/IEHOTO 3’€4HAHHS).

[na peanizayii umMx npoueayp Ta AOCTyny A0 NOCAYr KaHa/IbHOro PiBHA BU-
KOPUCTOBYETLCA CYKYMHICTb C/Y)KO0BMX MOBIJOM/EHb, AKI 4acTO Ha3MBaKThb
NpUMITUBaAMM.

Ha eTani BCTaHOB/IEHHA 3’€JHAHHA aKTUBI3YETbCA KaHa i 3a4at0TbCA pe-
XUMW MOro yHKLIOHYBaHHS Ta Hymepauii Kaapis. MNpoueaypa 3’eaHaHHA pea-
NI3YETbCA 3 BUKOPUCTAHHAM TaKUX NPUMITUBIB:

o «3anuT 3’€fHaHHA», AKMUIA BUKOPUCTOBYETLCA MEPEXHUM pPIBHEM A4

BMMOIX Ha OpraHisauito IOrYHOro KaHany i NigTBepAXKyeTbCA KaHaslb-
HUM piBHEM MPUMITUBOM «[TiATPUMKaA 3’€HaHHSA»; NPU OTPUMaHHI 3a-
MATY Ha 3’€fHaHHA Bif BigJaneHOro aboHeHTa Lei NpuMITMB nepeja-
ETbCA MEPEXHOMY PIBHIO Yy BUMAA4I NPUMITMBY «lHAMKaUia 3anuty
3’€[JHaHHA», Y BIAMNOBIAb HA SKWUW BUAAETLCA MPUMITUB «Bignosigb Ha
3anuT 3’eQHaHHA;

66



e «3anuT akTuBI3auii», AKUA NepeBOAUTb KaHa/lbHWIA PiBeHb B aKTUBHUM
CTaH i NiATBEPKYETLCA NPUMITMBOM «[IiATBEPKEHHS aKTUBI3aL,iT»;

e «3anuT igeHTU IKaLIT» KIHLEBUX TOYOK 3’€AHaHHA, SKi 6yayTb B3aEMO-
[ISTN NpyY 0OMIHI JaHUMK;

e «Y3ro[MKeHHa MapameTpiB», SKWA BM3HAYaE AKICTb MOCAYr, WO Haja-
IOTbCA NPV NepeaaBaHHi;

e «3anuT BUOOPY KOHKPETHOrO (Pi3NYHOr0 3’€4HaHHA», AKNIA MigTBEPAKY-
ETbCA NPUMITUBOM «[1iATBEPAXKEHHS BUOOPY».

MNepegaBaHHA faHMX BUKOHYETLCA B (hopmarti MoBifOM/IEHHA abo MacuBy
AaHNX 3 BUKOPUCTAHHAM BifiNOBIAHOIO anroputMy ynpasniHHA iH(opMaLinH1m
KaHa/ioM. Ha uboMy eTarni 060B’A3K0OBO MePeBIPAETLCA KOPEKTHICTb NnepefaHnX
AaHUX (BIACYTHICTb ab0 HasBHICTb MOMWUIOK). BUKOPUCTOBYHOTLCA TaKi LLUICTb
NPUMITUBIB:

e «3anuT nepeaaBaHHs 610Ka AaHWX» [0 BiAAaneHOro MEPEXXHOro mMomy-

N8, NepefaBaHHA MiATBEPAKYETLCA NPUMITUBOM KaHa/IbHOTO PiBHA «[i-
NTBEPPKEHHSI MepefaBaHHs JaHuX»; 6M10K AaHMX, SKWIA HafilALLIOB Bif
BifJaneHoro aboHeHTa, nepefacTbCsd MePeXXHOMY PIiBHIO 3 BUKOPUCTaH-
HAM NPUMITUBY «IHAMKALLIS OTPUMaHHS AaHWX», SSIKWUIA NiATBEPIKYETHCA
NPUMITMBOM «BianoBigb Ha OTPUMaHHA AaHNX»;

e «3anuT NOTOYHOrO CTaHY KaHa/IbHOIO PIBHA;

e «3anuT Ha TepmiHOBe nepefaBaHHA 6/10Ka JaHWX», AKUIA BUKOPUCTOBY-
ETbCA AN HEBIAKNaAHOroO (MPULLIBUALLIEHOIO) NepeAaBaHHsA 6/10Ka faHnX
(kagpy);

e «3anuT nepepuBaHHsA» NPOLLECY nepeaaBaHHA 6/10Ka AaHUX;

e «3anuT yrnpasniHHA NOTOKOM», LLLO MepefacTbCs Bifl MEPEXHOro piBHA
KaHa/lbHOMY, a Npy OTPMMaHHI aHaorivyHOro 3anuTy Bif BiA4aseHOro
aboOHeHTa KaHa/lbHUM PIBHEM BMKOPWCTOBYETLCA MPUMITUB «IHAMKALIS
3anuTy ynpasJ/iHHA NMOTOKOM;

e «3anuT Ha nepexif 40 MOYATKOBOIrO CTaHy», 3a A40MOMOrOK SKOro BUKO-
HYETbCA CKWOAHHA BCIX O/I0KIB AaHWX B MOAYNI KaHa/JIbHOro PiBHA |
BCTaHOB/HOETHCA MOYATKOBa HymepaLis 6/10KiB faHWX.

3aKpUTTA 3’€fHAHHA MOXe OYTW KOPeKTHUM (po3’efHaHHs) abo aBapiii-
HUM (po3pwvB). [N 3aBeplleHHA PobOTWU 3’€4HAHHS BUKOPUCTOBYHKOTLCA [Ba
NPUMITUBMK:

e «3anuT po3’efHaHHA» CTBOPEHOI0 KaHasly, AKWIn NepefacTbes Bif MOLY-

NS MEPEXHOI0 PiBHA B KaHa/IbHUM;

e «3anuT AeakTUBI3aLiT» KOMMNOHEHTIB KaHa/lbHOTO PiBHS.

Bci (a3n nepefaBaHHA 0060B’A3KOBO peani3ylOTbCs B PeXUMI MiATBep-
PKEHHA (pexkuMi Bugadi KeuTaHuiT abo KBOTW), TOOTO | MepefaBaHHs Kafpis
AaHUX, | 3aNnTW BCTAHOB/IEHHSA PI3HMX PEXMMIB PO60TU MatoTb MiLTBEPAKYBa-
TUCb BiAJaIeHOI CTaHLjiet0. 3arasibHa npoueaypa B3aeMOIT MepeXxHUX i KaHa-
NbHUX PIBHIB ABOX CTaHL|in HaBeAeHa Ha puc. 3.2.
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CraHuis 1 KaHan 3B’A3Ky CraHuin 2
MepexxHuii piBeHb 1 | KaHanbHWiA piBeHb 1 KaHanbHuiA pieHb 2 | MepexxHWii piBeHb 2
3anut
3'€AHaHHA IMoBigOMAEHHS NpO
3annT Ha 3’€4HaHHA IHgVKauisa 3anuTy
> 3’€[iHaHHs Bignosigp Ha
- » ’
[NosigomneHHA npo ‘3anv|T 3 €AHaHHA
MiaTBEpAKEHHS 3rofly Ha 3’€[jHaHHs -
3’¢jHaHHA <
dL
MepenaBaHHs |
610Ky AaHuX
IH(hopMaLiiiHNii Kaap IHAVKaLia
> OTpUMaHHA Bignosigb Ha
_ faHnX > OTPUMAHHSA
MigTBepakeHHs P [aHUX
MigTBEPAKEHHS AaHnx h
d
3anuT 6noky gaHux €
5 i
pos’€fHaHHA [ IMoBifOMAEHHS MPO
po3’€AHAHHS IHAVKaLLis . i
A -
> D03’ €HAHHS Bignosigb Ha
_ > 3anuT
MigTBEpKEHHS _ pO3’€flHaHHA
MigTBEpMKEHHS p03’€AHaHHS -
g
po3’efHaHHA <
i
Y

PucyHoK 3.2 — T1ocnig0BHICTb B3aEMOAIT CTaHLi HA KaHa/IbHOMY PiBHI

B cTaHuii 1, B AKilA chopmOBaHO MOBIAOM/EHHS 47151 NepefaBaHHsA B CTaH-
Lit0 2, MEPEXHMIA MOAY b BifNpaBnsie KaHaJIbHOMY PIiBHIO 3aruT Ha BCTaHOB-
NeHHA 3’eflHaHHA. Ha 0CHOBI LLbOro 3anuTy KaHalbHUI piBeHb CTaHUii 1 hopmye
CNy>X60Be MOBILOM/IEHHS MPO BCTAHOB/EHHA 3’€4HaHHSA, (popMaT AKOro BM3Ha-
YaeTbCs BIAMOBILHNM NPOTOKO/IOM KaHa/lbHOro PiBHS, Ta nepegae 1Moro B Bigaa-
NeHy cTaHuito. Tpy OTPMMaHHI LbOro 3anuTy KaHa/lbHWUIA piBeHb BigdaneHol
CTaHUiT 2 nepefac MepexXHOMy piBHIO MpUMITMB  «lHAMKaUiA  3anuTy
3’€[JHaHHA». Y BIANOBIAb Ha Lie aHaNi3yeTbCA MOXIMBICTb | AOLINbHICTL BCTa-
HOBJIEHHS 3’€IHAHHA 3 TAKUMW NapamMeTpamMu i PiLLIeHHS MPo Le NiATBEPKYETb-
cs NpUMITUBOM «Bignosiab Ha 3annT 3’eHAHHA», AKa MOXe OYTW AK MO3UTUB-
HOO, TaK i HEeraTMBHOK. Y pa3i MO3UTMBHOI BIAMOBIAI KaHa/IbHWIA piBeHb (hop-
MYy€E CNy>K60Be MOBIAOM/IEHHS | Nepefae Moro vepes gisnyHMiA piBeHb | cepeao-
BULLLE Nepedadi B CTaHUito 1. LIS 3roga HaaxoAuTb Ha MEPEXHWUI piBeHb CTaHLiT
1 B hopmi npumiTUBY «[I1iATBEPIXKEHHSA 3’€4HAHHA», MIC/A YOr0 MOYMHAETHLCS
nepefaBaHHs H(OpPMaLIAHOro MOTOKY, SIKMA 000B’A3KOBO MiATBEPAKYETHLCA
BiANOBiAHMMM NpuMiTUBaMK. Pasa po3’eAHaHHA BUKOHYETLCA aHa/IOrNvyHo (hasi
3’elHaHHA, ane 3 B1UJayero IHWKX NPUMITKMBIB.
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3.2 Knacuikauis npoToKos1iB KaHa/IbHOro PiBHSA

PO3pi3HAIOTL Pi3HOPAHIoBi (HECMMETPUYHI) NpPoToKoAM (TUMy MepBuUH-
HUA/BTOPUHHWIA abo roNoBHMIA/NIANErNniA) Ta OAHOPaHIroBi (CUMETPUYHI)
npoTokonu (oAHOpiBHeBI abo PIBHOPAHTOBI).

B ofHOpaHroBmx npoToKonax rnepeabdavyacTbCs OAHAKOBUIA CTaTyC Ta PiBHI
MpaBa BCiX CTaHLiin B KaHasi. [py TakoMy NigxoAi Ans cTaHui 3abe3neyytoTb-
CA O[IHAKOBI MOX/IMBOCTI BUKOPUCTaHHA PeCypciB KaHany, OfHaK YrpaB/iHHS
KaHa/loM 3abe3neyvyeTbCs AeLeHTpani3oBaHo. Taki NMPOTOKOMM BMKOPUCTOBY-
IOTbCA B JIOKA/IbHUX Mepexxax 6yab-aKoi Tonosorii i 6yayTe pO3rnsHyTi B Nif-
po3aini 3.3.

Y rnobasibHMX Ta perioHaslbHUX Mepexax 3a3Buyali BUKOPUCTOBYHOTLCS Pi-
3HOPAaHIroBi MPOTOKON, SKi NepeabdayatoTb HasABHICTb B KaHani CTaHLii 3 pi3-
HWM CTaTyCOM i Pi3HUMW npaBamMun. BuainaoTb CTaHUiT TPbOX TUNIB:

e T0/0BHI (NMePBUHHI);

e BTOPMHHI (nignerni);

e KOMOIHOBaHI.

[C0N10BHa CTaHUis, Ka MOXe OyTW NunLle ofHa B KaHasi, 3abe3nevye Kepy-
BaHHA KaHa/10M nepeAasBaHHsA, (hOPMYOUM KOMaHAN, WO € 060B’A3KOBUMMU /1
BCIX BTOPVMHHUX MOAynNiB KaHany. [Mpy uboMy came Lf CTaHuis BiAnosigae 3a
opraHisauito nepefaBaHHsa MOTOKY KafpiB, X BiAHOBEHHA MiC/S NOLWKOLKEHHS
1 3a6e3Mneyye KepyBaHHS Ta KOPEKTHE (DYHKLIIOHYBaHHS BCbOro KaHasy nepega-
BaHHA. lNepBMHHA CTaHUis Bi4NOBIAAE TAKOX 3a OpraHisauito CeaHcy 3B’A3KY 3
KOXKHOLO CTaHLEL0, AKa NigKNHoYeHa [0 KaHany.

BTopuHHa cTaHLis € Nignerno Woh0 NepBuHHOT i pearye Ha KOMaHAW Bif
Hel hopmyBaHHAM BiAnoBiAen. Taka cTaHUist He BiAMNOBIAAE 3a KepyBaHHA KaHa-
NOM 1 NIATPUMYE NLLIE OMH CeaHC 3B’A3KY 3 r0/I0BHOHO.

Kom6iHOBaHi cTaHLiT 04HOYaCHO 06’ €AHYOTb (PYHKLIT AK NEPBUHHOT, TaK i
BTOPWHHOI CTaHUiin. PopmMye | nepefae B KaHa/1 KOMaHAM Ta BignoBifi, a Takox
OTPUMYE KOMaHAM W BiAno.idi Bif iHLWOT KOMBGIHOBaHOT CTaHLii, 3 AKOK MiAT-
PUMYE CeaHc.

3anexxHo Big crocoby nepefaBaHHA PO3PI3HAKTb ACMHXPOHHI Ta CUMHX-
POHHI NMPOTOKO/IN NepefaBaHHs.

ACUHXPOHHI NPOTOKO/M 3a6e3MeyyoTb NOCMMBO/IbHE NepeaaBaHHsA faHNX
y CTapT-CTONHOMY PEXWMi, NPUYOMY CMMBO/IM BUAAKOTLCA B KaHa B [OBI/IbHUIA
MOMEHT Yacy 3a/1eXKHO Bif, X HAAXOLXKeHHA Bif cTaHuiT (Ui npoueaypu onucaHi
B nigpo3aini 2.2 (gme. puc. 2.3 1a 2.4) faHoro nigpyyHuka).

CWHXPOHHI NPOTOKO/IN KaHa/IbHOTO PiBHSA 3a0e3MneyytoTb MnepeaaBaHHs Mo-
CNiAOBHOCTI CMMBO/IIB ab0 Kafpis YITKOT CTPYKTYPU | MOXKYTb 6YTU ABOX TUMIB:

e 6aNT-OPIEHTOBAHUMU;

e OIiT-OpiEHTOBAHMMM.

BainT-opieHTOBaHMin NPOTOKO/ (KOLO3a/IEXKHWNIA, 3HAKO3a1eXKHNIA) 3a6e3ne-
yye nepefaBaHHA JaHWX B iH(opmauiiHOMY KaHani y BUrnagi nocnifoBHOCTI
6ainTiB. Kpim iHpopMaLiHMX 6aiTiB nepefaloTbCA TaKOX KepiBHI Ta Cy>KOO0BI
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6ainTn, AKIi MOXYTb 3yCTPITUCA B OyAb-AKOMY MicCLi MOCnigoBHOCTI. Takuii T1n
nNpoToKoNy 6GinbLue NigxoAnTb ANA CTaHLUii, TOMY WO BiH OpiEHTOBaHU Ha
06p0o6KY AaHUX, NodaHnX y BUrNSAI ABIMKOBUX 6aiTiB. [N KOMYHiKalinHO-
ro cepefioBMLLAa BUKOPUCTaHHA 6alnT-OpiEHTOBAHOrO NPOTOKO/Y MPU3BOAUTL
[0 Heo6XigHOCTI nepegadi AoAaTKOBUX (CNy»XK60BMX) 6aiTiB, WO 3HUXKYE
3arajsibHy MpPOMyCKHY CNPOMOXHICTb KaHany 3B’A3Ky. lNpuknagamyn 6aiT-
OpPIEHTOBaHMX MPOTOKONIB, SIKi 3HAMLLNN HaNbiNbLUe BUKOPUCTaHHS, €:

e BSC (Binary Synchronous Communication);

e SLC (Synchronous Link Control);

e DDCMP (Digital Data Communication Message Protocol).

BiT-opieHTOBaHNN NPOTOKO/ (KOAOHE3aIEXXHWNIA, 3HAKOHE3a/IeXKHWIA) 3a6e3-
neyye rnepefaBaHHA JaHWX B IH(hOpMaLiMHOMY KaHani y BUrNa4l NocnifoBHOCTI
6iTiB. IHhopMaLis NepeaaeTbCa y BUrNAAI KagpiB YiTKOI CTPYKTYPU, KOXHWUIA 6IT
(abo X CYKYMHiCTb) AKOI NPU3HaYeHUA ONs nepefaBaHHA CTPOro BU3HAYEHMX
AaHnX. ToMy KepiBHi 6iT MOXYTb 3yCTPITUCA Y YITKO BU3HAYEHNX MICUAX Kaapy.
Taki NpoTOKO/M Nepeaadi NOTEHUINHO 3abe3nedytoTb GinbLUy WBKUAKICTL (MopiB-
HAHO 3 GaNT-OpieHTOBaHMMW) i BifbLUe NIAXOAATh A4/ KOMYHiKaLiAHOro cepefo-
BMLLA, O 06YMOB/IHOE TX LUMPOKE BUKOPUCTAHHS B Cy4aCHMX KOMIM OTEPHUX Me-
pexax. MNprknagamun 6iT-0pieHTOBaHMX MPOTOKONIB €:

SDLC (Synchronous Data Link Control Protocol);

HDLC (High-Level Data Link Control Protocol);

LAP (Link Access Procedures);

LAPB (Balanced Link Access Procedures);

ADCCP (Advanced Data Communication Control Procedures);
BDLC (Burroughs Data Link Control);

UDCL (Univac Data Link Control).

Mpo3opicTb KaHany. MNpy nepefaBaHHi MOTOKY [AaHWX yepe3 iH(opmMaLiii-
HWIA KaHa/1 BUHUKAE HEOOXIAHICTb PO3AiNEHHS CUMBO/IB Ha iH(opMaL,iiHi Ta Ke-
PiBHI (CNy>X60BI), TOOTO BUAINEHHSA 3 3ara/lbHOr0 MOTOKY TUX CUMBONIB, SIKi BU-
KOPUCTOBYHOTLCA ab0 AN15 NepefaBaHHs faHux, abo 419 KepyBaHHS NMPOLEecom 06-
pobkn gaHux. CyTb npobneMn nonsrae B TOMY, LIO OAHI M Ti X cami CUMMBON
MOXYTb BUKOPWUCTOBYBaTUCL K ANA NepefaBaHHA AaHUX MOBILOMIEHHS, Tak | B
KOMaHax, siKi KepytoTb MpoLecom nepefaBaHHA Ta BU3Ha4YatOTb (DYHKLIIOHYBaH-
HA IHopMaLiiHOro KaHany. ToMy npwv nepefaBaHHi MOC/IAOBHOCTI JaHUX MOT-
PIGHO BXXMBATW Crewia/ibHMX 3aX0fiB, WO peani3oBaHi B KaHa/IbHUX MPOTOKONMaXx,
ANS iAeHTMgIKaLT KepiBHMX Ta iHopMaLinHmMX 6iTiB. 15 UbOro, 3a3Buyai, ne-
pes KepiBHMMU CUMBO/SIaMU MepeaatoTbCa neBHi 6anTn (abo 6iTK), AKi | NOBILOM-
NATb MOAY/MO-0TPMMYBaYY, L0 LI CUMBO/IN BUKOPUCTOBYHOTLCA A5 KepYBaHHS
| He HasiexxaTb [0 NpUKagHMX cepsiciB. Taka npoueaypa nepefaBaHHA HasmBa-
€TbCA MPOLEAYPOI0 NepefaBaHHsA NPO30PUX AaHWX, a caM KaHasl, SKuiA 3abesne-
yye rnepefaBaHHA TakMX JaHWX, — MPO30PUM KaHasI0M.

BaliT-opieHTOBaHI NPOTOKO/IN. OAHUM 3 Ha6INbLL BIAOMMX i MOLLMPEHNX
6alAT-0pieHTOBaHMX MPOTOKONIB € NPOTOKO/ [ABIKOBOr0 CUHXPOHHOIO 3B’S13KY
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BSC (Binary Synchronous Communication abo ckopo4eHo Bisync npotokon),
KNI po3po6neHo ipmoto IBM.

MpoTokon BSC € HaniBAyn/ieKCHM MPOTOKO/IOM | 3a6e3reyye nepefasaH-
HA KOMYTOBaHMMW Ta HEKOMYTOBaHMMMW KaHaniaMu 3 Opradisauieto point-to-
point Ta point-to-multipoint. CTpyKTypa nocnifoBHOCTI, L0 NnepefacTbCs B Ka-
Hau, | po3TallyBaHHS B Hiil KepiBHMX CMMBONIB He (DIKCYHOTbLCS, TOOTO € A0BI-
NbHUMN.

OCKiflbK/ faHuii NPOTOKO/T € KOAO03a/IeXKHUM, (hopMaT KepiBHUX CUMBOSIB
ANA pi3HUX TUNIB KOA4YBaHb € pi3HUM, Hanpuknag, B kogi ASCII cumson SYN
popisHoe 0010110, a B kogi EBCDIC — 00110010. Kpim TOro, Hemae 4iTKOI
CTPYKTYpPWU MOCNILOBHOCTI CUMBOJIIB, SiKa NepeaacTbCa B KaHa/l, TOOTO KepiBHI
(cny>k60Bi) CUMBO/IM MOXYTb 3YCTPITUCA B OY/b-AKOMY MiCLi NepefaBaHol no-
CNiAOBHOCTI, a NPUKNaAHUIA npouec MoXe chopMyBaTU TaKi CUMBOMN AaHNX
ANs nepefaBaHHsA, 6ainTn AKMX 36iraloTbCs 3a KOAYBaHHSAM 3 KEPIBHUMU CUMBO-
namu. AKWO He BXWUTWU BIAMOBIAHMX 3aX0fiB, Le npu3Befe A0 HEKOPEKTHOro
po3ni3HaBaHHS MOCNILOBHOCTI CMMBONIB MPUAMaNbHOKO CTaHuieto. Tomy npu
BMKOPWUCTaHHI NPOTOKO/IIB AaHOr0 Knacy HeobxigHO pobuTtuy BignoBiAHI AiT Ans
iAeHTUikauiT KepiBHUX Ta iHpopmMaLiinHux cumeonis. B npoTtokoni BSC 3 uj-
€0 METOKO BMKOPUCTOBYETLCSA cMMBON DLE, SikuiA BCTaBNAETLCA NpU nepeaa-
BaHHI nepes KOXHWUM CNny>X60BMM CMMBOJIOM. LIS npoueaypa HasnBaeTbCs CTa-
tdiHrom cumsoniB (stuffing abo 6anT-ctatyPiHrom).

Ha CbOorofHilLHiin geHb NPOTOKOAW L€l rpynin BUKOPUCTOBYHOTLCA BCE Me-
HWe i NOCTYNnoBO 3aMiHIOKTLCA OiT-OpiEHTOBAaHUMK MNPOTOKONaMu. bBaiT-
OpIEHTOBaHI MPOTOKOMN BUKOPUCTOBYIOTLCA NPV NepeAasBaHHi JOBruX 6/10KiB
[aHuX, Hanpuknag, npyv nepefaBaHHITEKCTOBMX (hainiB Ana A0AaTKiB, SKi He
BMMaraloTb BUCOKOT LUBMAKOCTI, & TaKOXX MNPV MOCKMMBOJIbHOMY MepeaaBaHHi,
Hanpuknag, ans 383Ky KOMMN’toTepa 3 NPUHTEPOM abo TepMiHa/IoM.

ToMy 3ynUHUMOCL fAeTaslbHile fiMwe Ha  (PyHKUIOHYBaHHI  OIT-
OpiEHTOBaHMX MPOTOKOIB.

BiT-opieHTOBaHI NPOTOKOMW. [lepwnm CUHXPOHHUM BIT-OpiEHTOBaHUM
NPOTOKO/IOM BYB NPOTOKO/ KepyBaHHA CUHXPOHHMM KaHa/loM nepefaBaHHA da-
HUx SDLC (Synchronous Data-Link Control), po3pobneHunin IBM ansa mepex
SNA (Systems Network Architecture). Lle/d npoToKon cTaB OCHOBOK A/ NPO-
TOKO/y BUCOKOPIBHEBOrO ynpas/iHHA kaHanom HDLC (High-level Data Link
Control), skuin po3pobneHo MiXXHapOAHOK oOpraHisauiero 3i cTaHAapTU3aLil
ISO (International Organization for Standardization). | xoua HDLC He peanisye
aesiki xapakTtepuctuky npotokony SDLC, came npotokon HDLC € 6a30BMM
A/151 pO3P06KM BENIMKOT KiNIbKOCTI MoguiKaLi Ans pisHUX TUNIB MepeXx.

NpoTOoKON BUCOKOPIBHEBOro KepyBaHHA HDLC oaepykaB HanbinbLl LIn-
poke BuKopucTaHHA. HDLC Mae fAekinibka Heo60B’SI3KOBUX MOXX/IMBOCTEN, AKI
00’€lHYIOTb XapaKTepUCTUKM PIBHOPAHIOBUX I PI3HOPAHTOBMX METOAIB, LU0 Be-
[e [0 NiKeigauil KomaHz BMOOpY Ta 3MEHLLEHHA KOMaHA, ONUTYBaHHS.

[MpoToKON NIATPUMYE HaMiBAYMIeKCHe Ta Ayrn/eKCHe rnepefaBaHHs Mo Ko-
MYTOBaHUX I HEKOMYTOBaHMX KaHasiax 3 opradisauieto point-to-point Ta point-
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to-multipoint. Ipn LbOMY PO3PI3HAKTL TPU TUNKU CTATyCy CTaHLi: rooBHa,
BTOPMHHA Ta KOMOIHOBaHa.

B3aemofifTv cTaHLUiT MOXYTb B O4HOMY 3 TPbOX PEXXUMIB:

e HopmasnbHoT Bignosigi (Biaryky) NRM (Normal Response Mode);

e acuHXpoHHoi Bignosigi (Bigryky) ARM (Asynchronous Response

Mode);

e aCMHXPOHHWIA 36anaHcoBaHUit ABM (Asynchronous Balance Mode).

Pexxum NRM nepenbayae, L0 BTOPUHHA CTaHLLis MOXKe po3noyaTun nepeja-
BaHHA TiNIbKW NICNA OfepXKaHHA ABHOro MiATBEPAXKEHHSA Bif NepBuHHOI. Tlicna
Oflep>kaHHA KomaHam (4,03B0/Y) Bif FO/I0OBHOI CTaHLIT BTOPMHHA MOYNHAE nepe-
[iaBaHH#A Bi4NOBIAI, KA MOXe MICTUTW faHi. B ogHOMY LMKI BTOPUHHA CTaHU, IS
MOXKe rnepefasati oAmMH abo Aekisibka Kagpis. Iicnd nepegadvi 0CTaHHLOrO Kaj-
Py BTOPWHHA CTaHLis Ma€e 3HOBY O4iKyBaTW Ha SIBHWIA 403BiN NepLU HXK po3no-
yaTu nepefaBaHHA HACTYMHUX KagpiB. AK Npasuo, Len pexuM BUKOPUCTOBY-
€TbCA BTOPVMHHUMW CTaHUiSIMU B KOH(pirypauisx KaHany nepefaBaHHS LaHUX
point-to-multipoint.

Y pexxuMi aCUHXPOHHOT Bignosigi ARM BTOPUHHIM CTaHLiT 4O3BONAETLCA Y
pasi Bi/flbHOro KaHany (3a3Buyai, y cTaHi CrioKo) iHiLitoBaTK nepefaBaHHs 6e3
OTPMMaHHSI IBHOrO f03BOMY Bif MEPBMHHOI CTaHLil. Lleil pexxum aae Benuky
FHYYKICTb PO6OTI BTOPUHHOI CTaHUil. MOXyTb nepegasaTnca oavH abo AeKinb-
Ka KagpiB faHux abo KepiBHa iH(opMaLlia, Ska MOXe 3MIHIOBaTW CTaTyc BTO-
PUHHOI CTaHUii. AK NpaBnio, Tak1ii PeXKUm BUKOPUCTOBYETLCA /151 KepyBaHHS
CTaHLifMK, L0 3’€AHaHi Y KifbLe, abo X y 6aratoTo4ykoBMX 3’€JHAHHAX 3 MOC-
NifJOBHUM onuTyBaHHAM. B 060X BMNafKax BTOPMHHA CTaHLA MOXE OTpUMaTH
[03BIN Bif, IHWOI BTOPUHHOI CTaHLiT i Yy BiAMNOBIAb HA HBOrO PO3MoyaTy nepeaa-
BaHHSA. Takuil peXvM 3MeHLIYE Hak/MafHi BATpaTU Ta 4ac nepefaBaHHs, ane
YCKNaAHIO€E YrpaBniHHA iH(hopMauiiHUM KaHasIoM.

Pexkum ABM BMKOPUCTOBYHOTb KOMOGIHOBaHI CTaHLiT, KOXKHa 3 AAKUX MOXe
iHiLitOBaTK nepefaBaHHs 6e3 OTPUMAHHA MorepeaHbLOro A03BOJY Bif IHLIOT
KOMOiIHOBaHOI cTaHUii. Lleil pexxmm Haibinbll 4acTO BUKOPUCTOBYETHCA Ha
MpaKTULLi, OCKiNbKMA 3abe3nevye ABOCTOPOHHIM OGMIH MOTOKaMM AaHMX MiX
CTaHUisMW.

B npoveci B3aeMogii cTaHLii MOXYTb 3HaXOAUTUCL B OAHOMY 3 TPbOX f10Ti-
YHMWX CTaHIB:

o Hiyianizauil IS (Initialization State);

e rniepefasaHHa iHpopmauii ITS (Information Transfer State);

e JloriyHoro po3’eaHaHHa LDS (Logical Disconnect State).

IHiyiani3auia (3’egHaHHA) BUKOPUCTOBYETLCA AN NepefaBaHHA KOMaHA
KepyBaHHS Ha BiffaneHy BTOPUMHHY abo KOMOIHOBaHY CTaHLil0, a TaKoX A/
0OMiHY MapameTpaMu MixXX Bif4aneHUMU CTaHLISIMX B KaHaui nepefaBaHHs.

Mpun nepefaBaHHI iHGopMaLil cTaHUiT 0yAb-AKOro ctatycy rosioBHa, BTO-
PUHHI (260 KOMOGIHOBaHi) BMKOHYIOTb NepefaBaHHA Ta NpuiioM iHGopmauii
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KopucTyBaya. Mpu uboMy nepegaBaHHsA 34iNCHIOETLCA B pexxnmax NRM, ARM
i ABM.

Peanisauis noriyHoro pos’egHaHHA Mongrac y Bugadi 3anuty Ha
pO3’eAHaHHA | OTPUMaHHI NIATBEPAYKEHHSA LLbOr0 P03’ eAHaHHS.

Y npotokoni HDLC nepenbavyeHo Tpu cnocobu KOHirypyBaHHSA
KaHany npu noro BMKOPUCTaHHI NEPBUHHOK, BTOPUHHOK abo KOMOIHO-
BaHOK CTaHUISIMU:

e HesbanaHcoBaHa KoHirypauis UN (Unbalanced Normal);

e cumMeTpuyHa KoHgirypagis UA (Unbalanced Asynchronous);

e 30asiaHcoBaHa KoHirypauis BA (Balanced Asynchronous).

HesbanaHcoBaHa KOHQirypauisa 3abesnedyye poboTy OAHIEI TOMOBHOI
CTaHUiT Ta oAHiel abo 6ifnbLUOI KifIbKOCTI BTOPUHHMX CTaHLi B KOHMirypauii
point-to-point Ta point-to-multipoint, 3 HaniBAYNAEKCHUM | AYNJIeKCHUM ne-
pefaBaHHAMW MO KOMYTOBaHUX | HEKOMYTOBaHMX KaHanax 3B’A3Ky. Lia KoHi-
rypauis HasmBaeTbCA He36anaHCOBaHOW, OCKIfNIbKM ron0BHa CTaHLisa BiAMOBI-
[a€ 3a KepyBaHHA KOXHOK BTOPMHHOK CTaHLIEK | 32 BUKOHAHHA KOMaHp
BCTaHOBJ/IEHHS PEXUMY.

CumeTpuyHa KOHQIrypauisa nepegbdayvae MyHKLIOHYBaHHA ABOX He3asex-
HUX He3banaHCOBaHUX KOHMirypauin kaHany point-to-point. KoxHa ctaHuis
Ma€ ofpasy [Ba CTaTyCu: rofIoBHOI Ta BTOPUHHOI, | TOMY NIOFIYHO PO3rNsAaETh-
Cs AK ABI CTaHUii. He3Baxkatoum Ha Te, WO CTaHLiA MOXe npautoBaT AK Yy CTa-
TyCi TO/IOBHOI, TaK i BTOPWMHHOI CTaHLjiil, WO € CaMOCTIMHUMW NOTiYHUMU
00’eKTamn, peasibHi KOMaHAW i BIANOBIAI MYNbTUMNIEKCYHOTLCA B OANH (i3nNy-
HWI KaHan. Taka KOH(irypawis 3acTocoByBa/iaCb B NepLUMX BEPCiSX MPOTOKONY.

36anaHcoBaHa KOHQirypauisa cKnagaeTbCs 3 BOX KOMOIHOBaHMX CTaHLLil
B KaHasi point-to-point, npu uboMy peani3ytoTbCa AYyreKCHe | HaniBaymniekc-
He rnepefaBaHHA M0 KOMYTOBaHMX | HEKOMYTOBaHMX KaHasiax 3B’A3KY. OCKibKM
KOMOIHOBaHI CTaHLiT MaloTb OAHAKOBWiIA CTATyC Y KaHani 1 MOXYTb HECaHKL|io-
HOBaHO (popmyBaTy i nepeasaTy CBI TpaiK, KOXKHa 3 HUX Hece OfHaKoBY Bi-
ANOBIJANILHICTL 33 KepyBaHHA KaHa/IoM.

HDLC 3abe3neyye nepefaBaHHA MiX MOAYNAMU Kagpy, CTPYKTypa SKOro
cTporo (ikcoeaHa. Kagpom (thpeiimom, frame) Ha3MBaeTbCs He3aNeXHUI
00’€KT fJaHuX, AKUIA nepefaeTbes AK eanHe Line vepes iHphopmaLinHUiA KaHan.
CtpykTtypa Kagpy npotokony HDLC BctaHoBneHa ctaHgaptom ISO 3309 i Ha-
BefeHa Ha pwuc. 3.3. Npn LbOMY BUKOPUCTOBYHKOTLCA ABa CNOCOOW Hymepauii
KafpiB: HOpMasibHUIA (3 Hymepaui€eto Kagpis 3a mogynem 8) i posLumpeHnia (3
Hymepaujieto kagpis 3a mogynem 128). CTpyKTypa UMX KagpiB HaBeaeHa, Bifno-
BifHO, Ha puc. 3.3 Ta 3.4. Pexxum po3LUMpeHOol HymepaLii BUKOPUCTOBYETLCS B
[OBIMX KaHanax 3B’S3Ky, Hanpuknag, CynyTHUKOBUX, SiKi 3abe3nedvyroTb nepe-
AaBaHHA He 6e3nocepeiHbO MiXK CTaHLis MK, a Yepe3 TPeTi Moay/b.
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1 6aiiT 1 GaiiT 1(2) Gaiit 2 6aintu 1 Gaiit

Mpano Mpano
Dellp Afpeca KepyBaHH# KoHTponbHa cyma oellp
16aint 1 6aiT 1(2) 6aiit N 6aiiTis 2 6ainTtn 1 Gant
CuHXpo . CuHXpo
CAMBON Appeca KepyBaHHSA JaHi KOHTpoO/bHa cymMa CAMBON
(01111110 |1|2|3|4|5|e|7|é'|
I-kagp P/
IHhopmaLiiHWiA Kaap 0 N(S) F N(R)
S-Kkapp 10 | s [P ~w
Cynepsi3opHuia Kaap F
U-Kkagp 3 11 M P/ M
HeHymepoBaHui Kagp F

PucyHok 3.3 — ®opmart kagpy npotokony HDLC (HopmanbHa HymepaLlis)

1 6ait 1 6anT 2 6antu N GaiiTiB 2 Gaitn 1 6aiiT
CuHxpoc . CuHxXpo
IMBON Agppeca KepyBaHH$ JaHi KoHTposnbHa cyma CAMBON
|1|2|3|4|5|6|7|8|9|10|11|12|13|14|1;|.£23 |
I-kaap 2
UL !
IHopMauiiHWIA Kaap 0 N(S) £ N(R)
P
S-Kagp 10| S | XXXX |/ N(R)
CynepBi3opHui Kagp E
- P
U-kaap 11| M |ul M 7] xxxxxxx
HeHymepoBaHuiA Kaap E

PucyHok 3.4 — CTpykTypa Kagpy HDLC npw po3wwimpeHiin Hymepauii

KOXHWIA Kaap MiCTUTb BIAKPVBa/IbHUIA Ta 3aKPUBASIbHUIA CUHXPOCUMBOIN,
AKI Mal0Tb 3Ha4YeHHs 7E Ta 403BONAKOTL CTaHUIT, WO OTPUMYE Kadp, BU3HAYNTU
MOYaToK i 3aKiHYeHHs (periMy. IHOAI 3aKPUBAIbHWUIA CUHXPOCMMBOS Kadpy Mo-
e 06’eflHyBaTUCL 3 BIAKPUBA/IbHUM CUHXPOCKMBOJ/IOM HACTYMHOrO Kagpy, BU-
3Ha4aKuu, TakMM YMHOM, MOro NMOYaToK.

Mone Apfpeca ifeHTUQIKYe ronoBHy abo BTOPWHHY CTaHLito, fka 6Gepe
y4yacTb B 00MiHi. [Mpn He36anaHCoOBaHIn KOHMIrypauii kaHany B LibOMY Moni 3a-
MUCYETLCA aapeca BTOPUHHOI CTaHUii, a npy 36a1aHCOBaHIn — Kagp KoMaHAu
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MICTUTb afpecy CTaHUiT-OTpMMyBaya, a Kagp BIAMNOBIAI — afpecy CTaHUil, fka
nepeaae iHopmadito.

KepyBaHHSA KaHa/IoM nepefaBaHHA JaHWX BU3HAYae TUMW Kagpy, KOMaHau
abo BiAnNoBIAi, a TaKOX MOPALKOBI HOMEPWU KafpiB 4NS KepyBaHHA iX nepefa-
BaHHAM.

Mone [daHi MiCTUTbL JaHI KOpMCTyBaya, AKi nepefatdTbCa MK CTaHLUIiAMW.
MepeBaXkHa KiNbKICTb KEPIBHUX KafpiB He Mae LbOoro noss.

KOHTpONbHI 6iTK npu3HayeHi 415 KOHTPOJIKO KOPEKTHOCTI NepefaBaHHS.
3a3Buyali BUKOPUCTOBYETLCA LMKNIYHUIA KO, FeHepyBaslbHUIA NOMIHOM SKOro
BU3HAYaeTbCA pekoMeHdauismm 1ITU-T V.41,

BuginatoTe Tpy TMnn Kagpis (Tabn. 3.2), AKi BUKOPUCTOBYHOTHCA MPOTOKO-
nom HDLC: iHdopmauiiHuin 1-kagp (I-frame), cynepsisopHuii S-kaap (S-frame)
Ta HeHymepoBaHuin U-kaap (U-frame).

Tabnnua 3.2 — Tunu kagpis npotokony HDLC

o . Koga nons .

HanmeHyBaHHSA MHeMOHiKa (S a6o M) DyHKLIA
IHhopMaLliiHMin Kagp I K/B
CynepBi3opHi Kagpu
[OTOBHICTb A0 NpUnOMY RR 00 K/B
HeroToBHiCTb [0 Npuinomy RNR 10 K/B
BigmoBa Bif npuitomy REJ 01 K/B
Bub6ipkoBa BigmoBa Bij npuiiomy SREJ 11 K/B
HeHymepoBaHa iH(opmaList Ul 00000 K/B
YCT'aHOBJ'IeHHFI HopMasibHOro BiAryky (Set Normal SNRM 00001 K
Regime Mode)
Po3puB 3’eHaHHA, po3’eaHaHHs (Disconnect) DISC 00010 K
3anuT po3’eaHaHHs (Request Disconnect) RD 00011 B
HeHymepoBaHWiA 3anNnT NepesaBaHHs, ONUTYBaHHS Up 00100 K
(Unnumbered Poll)
HeHymepoBaHe nigreepakeHHs (Unnumbered UA 00110
Acknowledgement)
TecTyBaHHA CUCTEMU NepeAaBaHHA faHUX TEST 00111
YCcTaHOoBMeHHS pexxumy iHigianizayii (Set Initialization SIM 10000
Mode)
ﬁgdm;)pemmmy iHiLianisaui’ (Request Initialization RIM 100100 B
Bigmosa Bif kagpy (Frame Reject) FRMR 10001 K/B
Y CTaHOB/IEHHSA PEXMMY aCMHXPOHHOTIO BiAryky (Set
Asynchronous Acknowledgement Mode) SARM 11000 K
Nepesanyck RSET 11001 K
YcTaHoBfieHHS SARM 3 po3LIMPEeHO0 HyMepaLieto SARME | 11010 K
YcraHoBnieHHa SNRM 3 po3LunpeHoo Hymepauieto SNRME | 11011 K
YCTaHOB/IEHHA aCUHXPOHHOI 0 36a1aHCOBaHOro pexuMy |  SAMB 11100 K
O6MiH igeHTUdikaropamm (Exchange Identifier) XID 11101 K/B
BcTaHoBnieHHA SABM 3 po3LIMPeHO0 HyMepaL,i€eto SAMBE 11110 K
IH|_|.|,|an|3au,|ﬂ PEXMMY JIOTIYHOTO P03’ €AHAHHS DM 11000 B
(Disconnect Mode)
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IHpopmaLirHI Kagpy BUKOPUCTOBYHOTLCA A4/1A NepefaBaHHs 6/10KiB JaHNX
KOpUCTYBaya, AKi 3anucaHi B nosi JaHi.

CynepBi30pHI Kagpw npusHayveHi Ana KepyBaHHS NPOLECOM MepefaBaHHA
iH(hopMaLitHNX KaapiB, KePyBaHHS MOTOKOM, a TakoX And (DOpMyBaHHS 3anu-
TIB Ha MOBTOPHY MepeAaBaHHA KaapiB, AKi MOLWKOMKEHI | MICTATb MOMUAKK. Po-
3pI3HAOTL CYNepBi30opHI Kagpu, TUNKW AKX BU3HaYat0TbCa BiTamm S:

e T[OTOBHICTb A0 NpuitoMy RR (Receive Ready);

e HeroToBHicTb 4o npuinomy RNR (Receive Not Ready);

e BigmoBa Big npuiiomy REJ (Reject);

e BubipKoBa BigmoBa Bif npuiiomy SREJ (Selective Reject).

HeHymepoBaHi Kajpy BUKOPUCTOBYHOTHCA [/11 BCTAHOBJIEHHA PEXUMIB
06MiHY iH(hopMaLiEr0 MiXK B3aEMOAIMHUMMK CTaHUisMM Ta cnocoby Hymepauii
KaZpiB, KOPEKTHOr0 3aBepLUeHHS BCTAHOB/IEHUX PEXMMIB, 0OMIHY napameTpamu
Towo. Becboro B 6azoBomy ctaHaapTi npotokony HDLC Bu3HayeHo 18 tunis U-
KaZpis, AKI BM3Ha4atoTbCA 6iTamm M. HeHymepoBaHi Kafpy MOXHa pO34invTu
Ha rpynu BiANOBIAHO A0 PYHKLIN, AKi BOHWN BUKOHYHOTb:

e KOMaHAM BCTaHOB/EHHS pexumy: SNRM, SARM, SABM, (SNRME,

SARME, SABME - gna po3swupeHoi Hymepauii Kagpis), SIM, RIM,
DISC;

e KOMaHAu nepepasaHHs iHpopmauii: Ul, UP;

e KOMaHfa nepesanycky (BifAHOB/IEHHS poboTun): RSET;

e iHWi KomaHau: XID, TEST, DM, UA, FRMR, RD.

BiT onutyBaHHs/3aKkiHYeHHA P/F (poll/final) 06pobnsetbes Tinbku y BUNaa-
Ky, KONN BiH BCTaHoBNeHuin B 1. Konu 6iT P/F BUKOPUCTOBYETLCA [O/IOBHOHO
CTaHLUi€t0, BIH Ha3nBaeTbCA 6iTOM P, Konm BTOPUHHOK — 6iTom F. [T0noBHa cTa-
HUiA BUKOpKUcTOBYE 6IT P y pexxumi NRM ans onuTyBaHHS, a BTOPUHHA — 6IT F
B OCTaHHbOMY I-Kagpi Bignosigi. B pexxumax ARM n ABM 6itn P/F Brkopuc-
TOBYIOTbCA [AN151 OTPUMAHHSA TePMIHOBOT BIAMNOBIAI HA KOMaHAy. Y BMNaAKy Kosu
CTaHUifA OoTpMMana KOmaHy 3 BCTaHOB/IEHUMM 6iTOM OnuTyBaHHA P=1, BOHa
000B’A3KOBO Mae cthopmyBaTy BiAnoBigb 3 6ITOM 3akKiHY4eHHs F=1. B iHWoOMy
BUNaaky 6yne 3p06/eHO BUCHOBOK NP0 HEKOPEKTHY 06pobKy komaHau (To6To
MOMUIKY).

CUHXPOHiI3aLis cTaHLUin Ta KogoHe3anexHicte HDLC. [Ang CMHXPOHi3a-
LT B3aEMOAIT CTaHUilA KaHany BM3HA4YeHO AeKifbKa Cy)K60BMX CUrHasiB: aBa-
PIHOrO 3aBEPLLEHHS, CMOKO, MIDKKaPOBOI0 YaCOBOr0 3ar0OBHEHHS.

CurHan aBapiiHoro 3aBepLueHHSi (A3) CcKnagaeTbcs 3 MOCNIAOBHOCTI
OLAMHUUb, KINbKICTb AKUX Bif CEMU 40 YOTUPHAAUATY, | 3aNnCYETHCA B KiHLI Ka-
apy. CTaHuia nepegae Uer CUrHaI MPU BUHUKHEHHI HelTaTHOT CcuTyauil, fKa
BUMarae BifjHOB/IEHHS. 3a CUrHa/IoM A3 MOXKYTb MepefaBaTUCA CUHXPOCUTHAIN
ANA NiATPUMKW KaHasly B akTUBHOMY CTaHi.

CwurHan cniokoto (CC) o3Havae, Wo KaHan rnepebysae B CTaHi CMOKOHO, AB-
NSE CO60K0 MOCNIAOBHICTb M’ATHAAUATL ab0 6INbLUOT KiNIbKOCTI OAWHULb | Ta-
KOX 3anUCYETbCA B KiHLI Kaapy. HanvacTille BUKOPUCTOBYETLCS B HaniBayne-
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KCHOMY KaHasli Ans 3MiHW HanpsamKy nepefaBaHHA Ha NPOTUNEXHWIA. CurHan
CMOKOK BMMarae Bif, BifaneHoi CTaHLiT nepeHanawTyBaHHA BUXIAHOrO iHTep-
(heitcy i Bugadi BignNoBiAHOT peakLil Ha NPUIAHATUI Kaap.

[na NigTpYMKN KaHay B akTUBHOMY CTaHi MDK Kafpamu rnepefacTbCcs He-
nepepBHa MOCMiAOBHICTb 6aTiB CUHXPOCUMBONIB, SiKa HAa3MBaETLCA CUTHANIOM
MIXKKapOBOro 4acoBoro 3arnoBHeHHSA. LIS NocnigoBHICTL nepefaBaHHA MOXe
OyTV AK 3 NO6aTOBMM MNepefaBaHHSIM CUHXPOCUMBONIB, Tak i 3 06’¢AHaHHAM
OCTaHHbOr0 HY/ILOBOMO 6iTa MonepeAaHbLOro CUHXPOCUMBOJY 3 MEPLUNM HY/IbO-
BUM 6ITOM NMOTOYHOIO CUHXPOCUMBO/Y. TOOTO, B KaHa/li MOXKe nepefaBaTucs K
nocnifoBHicTb 011111100111111001111110, Taki0111111011111101111110.

Ockinbkn npotokon HDLC € KoagoHe3aneXxxHUM, CTPyKTypa Moro Kagpy €
CTPOro (hikcoBaHO | He 3a/1eXXUTb Bif, KOHKPETHOro kody. ToMy HemMae Heob-
XI[AHOCTi PO3pPI3HATK iH(OPMAL|iHI Ta KepiBHI CMMBOMW. €OMHMM BapiaHTOM
BHECEHHSI HEKOPEKTHOCTI B MOC/NIA0BHICTb NepefaBaHHs € BUNaLoK, KON NpuK-
nafHWin npouec opmye daHi A1 nepefasaHHsA, sSKi 36iratoTbCA 3 CUHXPOCUM-
Bo/OM, T06T0 01111110. Ana HeldTpanisauil Takoi CMTyau il BUKOHYETbLCA MPo-
Lenypa 6iT-ctadpiHry (BcTaBnaHHSA 6iTa, bit staffing), ska nepegbayae, Lo npu
nepefaBaHHI Kagpy B YCi MO MiX BiAKPUBa/IbHUM | 3aKpMBaSIbHUM CUHXPOCK-
MBOMaMU Nicnsd N’ATyM NOCNILOBHUX OAMHULb, HE3ANIEXHO Bif 3HAYEHHS HacTy-
MHOro 6iTa, BCTaBMAETLCA HYNMbOBWIA BIT (puc. 3.5), a Npu npuitomi Kagpy Ha
BifaneHin cTaHUiT Ueil BCTaBNeHWU HyNbOBWIA BIT BigKMaaeTbes. Lia npoueny-
pa aHanoriyHa npoueaypi 6anT-cta@iHry, ane 3Ha4yHO 6iflblLl €KOHOMHa i 30-
BCIM HECYTTEBO 3MeHLUYE LIBUAKICTb NepeaaBaHHs.

BuxigHunin kagp

011111100111111111101001111100011011111101111110
- —J - —J

CUHXPOCUMBO/I CUHXPOCUMBO/

MocnifoBHICTb, AKa NepefacTbCa B KaHai
01111110011111}0(11111 010011111 00011011111 101111110
oxssssognsaza ] v 8] ocorsas ] ooszonsss ] oy

CUHXPOCUMBO/I
CUHXPOCUMBOI

Izl — 6iTK, AKi BCTaB/eHi B NOCNiJ0BHICTL nepegadi (6iT-cTadiHr)

PucyHok 3.5 — Npoueaypa 6iT-ctaddiHry B npotokoni HDLC

3.3 Tpoueaypn nepefaBaHHA AaHUX B iHoOpMauUiMHOMY KaHani
3a jonomoroto npotokony HDLC

MpoTtokon HDLC Kepye iHhopMaLinHM KaHanoM LLUISIXOM BUKOPUCTaHHS
crevlia/ibHUX KePIBHUX Kaapis, 3a AOMOMOroH SKMUX nepefaroTbCad KOMaHau. IH-
(hopmaLiiiHi Kagpy NOCNigOBHO LMKMIYHO HYMepyoTbCs (3a Mogynem 8 abo Mo-
aynem 128). [leTanbHille npouenypa nepefaBaHHA BUTNSLAE Tak.
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Mpoueaypa 3’egHaHHA. [010BHA CTaHLIA 3a4a€ peXxum poboTn KaHany 3a
[OMOMOrot0  (hOpMyBaHHSI BIAMOBIAHOrO HeHymepoBaHoro kagpy (SNRM,
SARM, SABM - gna HopMmasbHOT Hymepauii Kagpis abo SNRME, SARME,
SABME — gna poswmpeHol Hymepauir). Ticng BignpasneHHs B KaHa/ LbOro
Kafpy 3anyCcKaeTbCA Mpouefypa Talm-ayTy, OO 3aKiHYEHHA AKOT HeobXifHO
oTpumaTy BIANOBIAb Bif BTOPMHHOT CTaHLii. AKLO LbOro He CTasiocs, rofioBHa
CTaHLif NOBTOPHO BiAMNpasnse KoMaHAy B kaHan. KifbKicTb X MOBTOPIB 3a4a-
ETbCS 1, 3a3BUYaiA, JOPIBHIOE TPbOM. FAKLLO i NiCNs LUbOro Hemae BiAnoBifi Bif
BTOPWHHOI CTaHL,ii, FON0BHA CTaHLis NepeXoinTb B PEXNM TeCTYBaHHSA KaHay.
BTopuHHa cTaHLif B pa3i HErOTOBHOCTI 40 B3aEMOAIT BifnNoBifaEe HEHYMepoBa-
HUM Kagpom «3anuT po3’eaHaHHs RD», a B pa3i roOTOBHOCTI — KaapoM «HeHy-
mMepoBaHe niaTeepmkeHHs UA». TpuiioM LUbOro Kaapy 3aBepluye npoueaypy
BCTAHOB/IEHHS PEXMMY Ta iHiLianizayii kaHany.

Mpoueaypa nepegaBaHHA gaHWX. icnsa BCTAHOBMEHHA 3’€fHaHHS CTaH-
Lif-BignpaBHMK  nepefae  AaHi  3a  AOMOMOroK  iHopMaLiinHNX
I-kagpiB, AKI BMMaratoTb NepeBipKN KOPEKTHOCTI 1X nepefasaHHA Ta NigTBep-
[DKEHHS MpUiAOMY Bif, BigdaneHoT CTaHLil. 3a HeoOXiAHOCTI nepefaBaHHs iH(O-
pPMauiiHOro MOTOKY iHOAI BUKOPUCTOBYHOTb Kaapy «HeHymepoBaHa iH(opma-
uis Ul», ki MiCTATb iH(opMaLito KopucTyBaYa, ane, Ha BigMiHy Bif npuitomy |-
KaZpiB, He MOXYTb OYTV NOBTOPEHI NMPU TX NMOLIKOKEeHHI abo BTpari.

Mpn nepeaaBaHHi iHOpMAaLIMHOrO Kaapy BKa3yeTbCA MOro MopsaKoBuMiA
Homep N(S) i Homep kagpy N(R), aKuid CcTaHLis rotosa BignpaBuTy B HacTyn-
Homy Lukni. Konii BignpasieHnX KagpiB 060B’A3KOBO MatoThb 36epiratuca y
BUXigHOMY 6y(epi cTaHUii-BignpaBHUKaA L0 OTPUMAaHHSA MO3UTUBHOIO Nif-
TBEPMKEHHSA Bif CTaHUii-OTpUMyBaya, fKa MepeBipse OTpMMaHWIn Kagp Ha
HasBHICTb MOMW/OK 3a [OMOMOroK LMKNIYHOro Kogy. Kagp, npuiHAaTuiA 6e3
MOMWNOK, NepeaacTbes ANa NofasibLIol 06PO6KN Ha TPeTid, MEepPeXHWI PiBeHb.
AKLWO MOMWUIIKK, SKI BUHUKIN NPU NepefaBaHHi, He MOXYTb OyTW BUMpaB/eHi
HasBHMMM pecypcami, iHiLiFOETLCS MOro NOBTOPHE nepefaBaHHA. ICHYE AeKifb-
Ka anropmMTmiB KepyBaHHS nepeaaBaHHAM Ha KaHa/lbHOMY PIBHI:

e 3YMUHKN Ta o4vikyBaHHA SAW (Stop And Wait);

e 3 rnoBepHeHHAM Ha N kagpis GBN(Go-Back-N);

e BKBIpKoBOro noeTopeHHA SR (Selective Repeat).

Tob6T0, Ui crnocobun KopeKLii NOWKOMKEHNX KaapiB B KOMMN IOTEPHMUX Mepe-
Xax 6a3ytoTbCs Ha MOBTOPHOMY MepefaBaHHi iHhOpMaLiHOro Kaapy y Bunaj-
Ky, KON Uei Kagp BTpavyeHWid i He OTpuMMaHuWil agpecatoMm, abo cCTaHuif-
OTPVMMYBa4 BUSBMMNA B HbOMY HasiBHICTb NOMWNOK. [py peanisauii airoputmis
KepyBaHHS iH(OpMaLinHM KaHa/ioM peani3oBaHO MexXaHi3M aBTOMaTU4HOro
3anuTy Ha NoBTOpHe nepegaBaHHA ARQ (Automatic Repeat Quest).

Mpoueaypa 3 3ynMHKamm Ta odikyBaHHAM SAW. Takuil airoputM Kepy-
BaHHA (puc. 3.6) nepegasBaHHAM B iH(hopMaLiiHOMY KaHani nepegbadyae, Lo Mi-
CNs BignpaBneHHs iHopMaLiiHOro Kaapy CTaHUif-BignpaBHUK (cTaHLis A) ne-
PEXOAUTL B PEXMM OUiKYBaHHS [0 OTPMMAaHHS Kafpy nigTBepAXKeHHs Bijg Bif-
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AaneHol cTaHuil (CTaHuii B). Y pa3i KOpeKTHOro nepefgaeaHHs cTaHuis B dop-
MYE | BUAE B KaHan CynepBi3opHUIA Kaap Si NO3UTMBHOMO NigTBEPKEHHS «[ 0-
TOBHICTb A0 npuiiomy RR» (aHanor cumsony ACK B npotokoni BSC), skuii
MicTuTb Homep Kagpy N(R), Ha SIKMIA cTaHuis B o4yikye B HACTYMHOMY LMK
nepefadi. Mpn BMHUKHEHHI NOMWUKW B iH(hopMaLinHOMY Kaapi (hOpMyeTbCA
Kafp HeratuBHOT KBUTaHLiT «HeroToBHicTb g0 npuiiomy RNR» (aHanor crmBo-
ny NAK B npotokoni BSC), a none N(R) MicTUTb HOMep KaZpy 3 MOMWJIKOHO,
AKMIN He0bXiAHO NOBTOPHO NepesaTu.

MpocTiii DTE lMosTOpHe
CraHLis A < > repefaBaHHs
11 12 13 14 15
1 1 1 4 |
RR1 | RR2 | RNR3
: “‘ * \ [ \ RR3 \
N R =2 \ — N— \ |
( ) . NR=3 | NR)=3 N(R)=4
L | \ / ‘ | : ‘
s1 S2 S3 S3 S4
CraHuis B Kagp 3

NOMWNKOKO

PucyHok 3.6 — Npoueaypa nepefasaHHA SAW

[C0NOBHMM HEAONIKOM AaHOro NpOTOKOY € NOro HeeheKTUBHICTb: HEBENN-
Ka 3aBaHTaXXEHICTb KaHany i 3Ha4YHWW Yac NPOCTO CTaHUi. Tomy, 3a3Buyai,
BUKOPUCTOBYETLCA 6/10KOBE NepefaBaHHSA AeKiNbKOX iH(opMaLiiHUX Kagpis 3
BUAAYer0 OAHOro Kagpy nigTBepAXKeHHs Ans BCbOro 6/10Ky. Hanpuknag, nicns
nepegadi 610Ky 3 cemu iHopmauiiHmx kagpis (11-17) dopmyeTbca NO3NTMBHA
KBuTaHLUia RR 3 HomepoM N(R) = 8, sika cBiguMTb, WO BCi Ui Kagpy NPUAHATO
6e3 nomunok. Bnokose nepefaBaHHs 3abe3neyye Oifibll BMCOKY MPOMYCKHY
CMPOMOXHICTb KaHany.

Mpoueaypa 3 nosBepHeHHAM Ha N kagpis GBN. Anroputm GBN (8K i an-
ropuT™M BUBIPKOBOIrO MOBTOPEHHS) BMKOPUCTOBYETLCA B AYMJIEKCHUX KaHanax.
Mpun ubomy (puc. 3.7) iH(opMaLiliHi Kagpy nepefaroTbCsl OAMH 3a OAHMM 6e3
OYiKyBaHHA NiATBEPAKEHHA Ha nonepefHi kagpu (TO6TO peani3yeTbCA MNOTOKO-
Be MepefaBaHHs).

Mpuiiom KOXXHOTO I-Kagpy MigTBEPAXKYETLCS CYNepBi30pHUM Kagpom S Tu-
ny «BigmoBa Big npuiiomy REJ», y noni N(R) sikoro MicTutbcs HoMep Kaapy 3
nomunkor. Mpu ofep>kaHHi Takoro kagpy (abo npu 3akiHYeHHi Tanm-ayTy
BCTAHOB/IEHOIO TepMiHY) HeNiATBEPIKEHWNIA Kaap | BCi HACTYMHI, AKi BXe 0ynun
nepedaHi, nepefardTbCAa B KaHan 3HOBY. Taka npouedypa 3Ha4yHO 36i/bLUye
MPOMNYCKHY CMPOMOXXHICTb KaHay MopiBHAHO 3 nonepeaHim. Ane HeoOXIAHICTb
MOBTOPHOIO nepefasaHHs BCIX KaapiB, NOYMHAKOUYM 3 MOLUKOAKEHOrO, NPU3BO-
ANTb 00 3HVKEHHSA ePeKTUBHOCTI, 0CO6/IMBO B OBIMX KaHasax, Yac OTpUMaHHS
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NigTBepMKEHHS [OCUTb 3HAYHWA. Ane Taka npoueaypa 3abesnevye nepeaasaH-
HA KagpiB 6e3 NopyLUeHHS iX MOCNILOBHOCTI, TOMY afpecaT He MOBMHEH BUKO-
HyBaTyW [04ATKOBMX Al 3 COPTYBaHHS NPUAHATUX KafpiB.

MoBTOPHe NepeaaBaHHs 3
noBepHeHHsIM Ha N=3 Kazipu

CraHuisa A
11 12 13 14 15 13 14 15 16 17
-
4

RR1 REJ3 RR5 RR4

N(R)=2 N(R)=3 N(R)=6 N(R)=5
RR2 RR4 RR3 RR5
N(R)=3 N(R)=5 N(R)=4 N(R)=6

S1| [S2| |S3]| |S4| [S5] |S3 S4 S5

CTaHU'iﬂ B MomMmunnka
PucyHok 3.7 — lNpouenypa nepefasaHHA 3 noBepHeHHAM Ha N Kagpis

Anroputm B16GIpKOBOro noBTopeHHs SR. Mpu peanisauii Takoi npoueay-
PV TaKOXX peani3yeTbCA MOTOKOBe nepefasaHHsA (puc. 3.8). Mpu oTpMMaHHI He-
raTMBHOI KBUTaHLiT (CynepBi3opHMin Kaap «BubipkoBa BigmMoBa Bif npuiiomy
SREJ») NOBTOPHO NepeaaeTbest TiNIbKU TON Kaap, SKWid 6yB NPUAHATUIA 3 NOMMN-
nKoto. Taka npoueaypa npu3BoAnTb A0 MOPYLLEHHS MOCMIA0BHOCTI NepejaBaH-
HA KaapiB, B pe3ynbTaTi agpecar 0TPMMYe MOTIiK Kagpis 3 TX nepensiyTaHum no-
psgkoMm. ToMy B MOAYNi-OTpMMYyBayi HeoOXigHO BMKOHATU [OJATKOBE COPTY-
BaHHA KaApiB A9 CTBOPEHHS LiNICHOrO NOBILOM/EHHS, WO NPU3BoAMTL A0 306i-
NbLLEHHA 06cAry nam’aTi BXigHOro 6ydgepa.

[MepeBaroo AaHoro anropuTMy € BiACYTHICTb Ay6nt0BaHHSA NpPU MOBTOPHO-
My repefaBaHHI NpaBWIbHO MepeaaHnX Kadpis, IO Befe A0 30i/bLUEHHS Npo-
MYCKHOI CNPOMOXHOCTI iH(DOpMaLiiHOro KaHany.

MoBTOpPHE NepeAaBaHHs

CraHuis A
11 12 13 14 15 13 16 17 18 19
.
4

RR1 SREJ3 RR5 RR6

N(R)=2 N(R)=3 N(R)=6 N(R)=8
RR2 RR4 RR3 RRY
N(R)=3 N(R)=5 N(R)=7 N(R)=9

S1| [S2| [S3] |S4]| |S5| [S3 S6 S7

CraHLis B Momunnka

PucyHok 3.8 — lNpoueaypa nepefasaHHsA BUOIPKOBOro NoBTOPeHHSA SR
80



OKpemunM BUMaAKOM aNroOpuUTMIB 3 BULAYEHD KBUTAHLI € a/ITOPUTM KOB3-
Horo BikHa (sliding window) 41 aniropuT™ BiKHa 3i 3MIHHUMMK PO3Mipamu
(sizeable window). MNpwn peanisaii LbOro anropuTMy B NpoLeci BCTaHOB/IEHHSA
3’€[JHaHHA CTaHUiT LOMOBNAKOTLCA MPO KiNbKICTb Kafpis, AKI MOXYTb 6yTH ne-
peAaHi B kaHan 6e3 oTpMMaHHA KBUTaHLIT, TO6TO Npo po3mip BikHa (puc. 3.9). B
npoueci nepefasaHHsA PO3MIP BiKHA NMOCTINHO 3MIHIOETLCS, B 3B’A3KY 3 UM al-
rOpuUTM i OTPMMAaB TaKy HasBy. Y BUMaAKy, KON PO3Mip BiKHa CTaHe [LOpPIBHIO-
BaTW HY/0, NepefaBaHHA NPUMMHAETLCA | OUIKYETLCA Ha NPUIAOM KBUTaHUIT Bif
BifJaneHol CTaHLiT.

Po3mip BiKHa BCTAHOB/OETLCA 3 YpaxyBaHHAM 06cAry nam’ati BXi4HOrO |
BUXiAHOro 6ychepiB B3aEMOAINHNX CTaHLLiM, a TaKOX CNocoby HyMepauii Kaapis
(ans HopmasbHOT HyMepauil — MakCUMyMm 8 Kaapis, 4719 PO3LLIMPEHOT — MaKCK-
Mym 128 kagpis).

Tpeba BpaxoByBaTu i Te, L0 BCi Kafpy MOTOKY, /19 AKUX Lie He OTPUMaHO
NiATBEPIPKEHHSA, NOTPIOHO 36epiratn y BUXigHOMY Oydepi, TOMY PO3Mip BiKHa
He CNif, BCTaHOB/IOBATM 3aHAATO BE/IMKUM.

Hanpsam 3MiHu BikHa

Po3smip BikHa
- -

Kagpl | Kagp2 | Kagp3 | Kagp4 | Kagp5 | Kagp6 | Kagp7 | Kagp8 | Kagp9 | KagplO | Kagpll | Kagpl2

Kagpw BignpaeneHo, KBuTaHLii Kazpw BignpasneHo, Kap,pm MOXHa Ka,u,pvn,_ﬂKi LL{€ HE MOXHa
OTPMMaHO Ha Kagp 3 HOMEPOM KBUTaHLLi NOKV HEMaE BIAMPaBATA BIANPABNATA
N(R) -1

HaI'IpFIM nepefaBaHHA AaHUX
-

PucyHok 3.9 — Peanisauisi airopuTMy KOB3HOIO BiKHa

[Mpn BUKOPUCTaHHI aNropuTMy KOB3HOTMO BiKHA e(PEKTUBHICTL MepefaBaHHS
[aHNX MiXK B3aEMOZIAHMMM CTaHLSIMW CYTTEBO 3a/1©XKUTb 5K Bif, PO3Mipy BiKHa,
TaK i Bifl 3HaYeHHs TaliM-ayTy OYiKyBaHHSI KBUTaHLIT Bif, BifgafeHOl CTaHLUil.
ToMy Npv BUKOPUCTaHHI B MepeXxi HafiiHMX KaHasiB 3B’S3Ky AN NiABULLEHHS
MPOMYCKHOI CNPOMOXHOCTI MepexXi po3Mip BikHa HeobXifHO 36i/bLUyBaTH, LU0
npueese L0 3MeHLUeHHSA May3 MK BiAnpaBieHUMU Kagpamun. AKWO B Mepexi
BUKOPUCTOBYIOTLCS MEPEBAXHO HeHafiHI KaHau 3B’A3KY, po3Mip BikHa Heob-
XilHO 3MEHLLYBaTW, OCKINIbKN YacTi MOLIKOKEHHA Ta BTPaTW KaapiB Mpu3Bo-
AATb [0 Pi3KOro 36i/bLUeHHsA KifIbKOCTI Kaapis, AKi He0OXigHO MOBTOPHO rnepe-
[iaBaTy B MEPEeXy, LU0, B CBOIO Yepry, npu3seje 40 3MEeHLLEHHS 3arasibHOT KOpu-
CHOI MPOMYCKHOT CMPOMOXXHOCTI Mepexi.

To6T0, BMOGIp Tallm-ayTy 3aleXUTb He CTiNbKW Bif HadiHOCTI KaHanis
3B’A3KY | MOZY/NIB MepeXi, CKiJIbKU Bif 3aTPUMOK nepeaaBaHHsA KagpiB B Mepe-
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XI, AKi 3anexartb Bif 6aratb0OX NPUUMH i MOCTIMHO 3MIHIOKTLCA. TOMY Npu BU-
KOPUCTaHHI anropMTMy KOB3HOINO BiKHA 3HAYeHHs1 TalM-ayTy i po3Mipy BikHa
06MpatoTbCA afanTUBHO, 3a/1EXHO BiJ MOTOYHOMO CTaHy MepeXxi.

AHaNIoriYHNIA anropmTMm yrpasniHHS BUKOPUCTOBYETLCA | NpoTokosiom TCP
3 €4UHOIO BIAMIHHICTIO: pO3Mip BiKHa BUPaxoBYETLCA He B Ki/IbKOCTI Kaipis, a B
KifIbKOCTi 6alTiB, SKi MOXYTb 6yTU NepeaHi 6e3 niagTBepaKEHHS.

Mpouenypa pos’egHaHHA. [na po3’eqHaHHA KaHany 3B’A3KY, CTBOPEHOIO
Mi>K B3aEMOAINHMMM CTaHLisSIMK, rON0BHA CTaHLis (hOpMYE | BUAAE B KaHas KO-
MaHay «Po3’efHaHHA DISC», aka nigTBepaKyeTbca Bignosigao «HeHymepo-
BaHe niagTeepakeHHA UA». 3annT Ha po3’eHaHHSA MOXe popmyBaTucs i 3 60Ky
BTOPWMHHOI CTaHUiT BUAaYero Kaapy «3anut po3’efaHaHHs RD», AKWin TakoxX nia-
TBepPKYETLCA Kagpom UA.

CimerictBo npotokonis HDLC. Mpotokon HDLC € 6a30B1MM NPOTOKO/IOM
AN PO3PO0OKN BENMKOT KiNIbKOCTI MoamdiKalil i BepCil, ki BpaxoByHTb 0CO6-
NNBOCTI PI3HUX TUNIB MepeX | BUMOr BUPOOHMKIB MEPEeXXHOro obnafHaHHA Ta
KopucTtyBadiB. [1o cimelicTBa npoTokoniB HDLC Hanexatb TakKi NPOTOKONN:

e LLC (Logical Link Control) — npoTokonn KepyBaHHS NOriYHMM KaHa-

NIOM 7151 TOKAJIbHUX MEepex;

e PPP (Point-to-Point Protocol) — CyKynHiCTb MPOTOKO/IB, fIKa OXOMJI0€E
npoTokon KepyeaHHA 38°3koM LCP (Link Control Protocol), npotokon
KepyBaHHsA Mepexketo NCP (Network Control Protocol), npotokonu ay-
TeHTU(ikauii PAP  (Password Authentication Protocol), CHAP
(Challenge Handshake Authentication Protocol), 6araTokaHasibH1i1 npo-
TOoKO/1 MLPPP (Multilink PPP);

e Mpuknagamy Ta Moguikauyigsmu npotokony € PPPoE (Point-to-Point
Protocol over Ethernet), SiKuiA BUKOPUCTOBYETLCA MPU NiAKOYEHHI [0
mepexi Ethernet, PPPoA (Point-to-Point Protocol over ATM), akuii Bu-
KOPUCTOBYETLCA ANA MILK/IOUYEHHSA 40 MEPEX 3 aCUHXPOHHUM LOCTYMNOM
ATM ToWo;

e LAP (Link Access Procedure) — npoueaypa 4OCTyny A0 KaHa/y € OAHi-
€10 3 MepLUMX | BUKOPMCTOBYBa/IaCb B KaHanaxX 3 aCMHXPOHHOK Bifmno-
Bif[t0 Ta 36a/1aHCOBaHOK KOHMIrypauieto;

e LAPB (Link Access Procedure Balance) — 3aCTOCOBYETbLCA B Mepexax
X.25;

e LAPD (Link Access Procedure D-channel) — 3acTocoByeTbCa B LMGpO-
BUX Mepexax 3 iHTerpanbHUMm pgoctyrnom ISDN (Integrated Services
Digital Network);

e V.120 — 3aCTOCOBYETLCHA B LMDPOBUX Mepexax 3 IHTerpasibHUM LOCTY-
nom ISDN;

e LAPM (Link Access Procedure for Modems) — NpOTOKO/T CUHXPOHHOIO
nepefaBaHHA B KOMYTOBaHUX TeNeOHHUX Mepexkax 3arasibHoro BMKO-
puctaHHsa PSTN (Public Switched Telephone Network);
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e LAPX (Link Access Procedure eXtention) — HaniBaynneKCHUIA BapiaHT
HDLC BMKOPUCTOBYETLCA B TepMiHa/IbHUX CUCTEMaxX |1 CTaHAapTi
TELETEX;

e SDLC (Synchronous Data-Link Control), po3po6neHuin IBM ans mepex
SNA (Systems Network Architecture);

e LAPF — npoTOKON KaHa/IbHOr o piBHA Ans MepeX Frame Relay.

BUKoOpUCTaHHA UMKNIYHUX KOAIB ANA 3aXUCTY Bif NMOMUIOK. 3abesne-
YEHHS HafiiHOro nepefaBaHHA — OCHOBHA (PYHKLiS MPOTOKONIB KaHa/bHOro
piBHA. Ane npouefypn BUSABNEHHA Ta KOPeKUii MOMWIOK 3anexaTb Bij
napameTpis i TNy Qi3M4yHOro KaHany. a8 MOX/IMBOCTI KOPEKLIT BUABNEHUX
MOMWNOK A0 n IHPOPMALiNHMX PO3PALIB Kaapy AOAAETbCA k KOHTPONbHMX,
chopmoBaHUX BIAMOBIAHUM YMHOM. Takuil Nigxig BUKOPUCTOBYETLCS B TaKUX
KaHanax 3 Be/IMKOK KifIbKICTIO MOMWOK, SiK 6e3npoBOAO0BI, CYNnyTHNUKOBI KaHa-
N, NIHIT JOCTYNYy aboOHEHTCbKUX MepeX. B aesikmx cyvacHUX KOMM’HOTEPHUX
MepeXxax I MPOTOKOMaxX KaHa/IbHOro PiBHA Kaapw 3 BUABIEHWMM MOMWUIKAMUN He
KOPEKTYHOTbCH, a 3HULWYKTLCA (BiAKMAAOTLCA), |  KOPeKuis MOoMWUIOK
BUKOHYETLCA MPOTOKO/IAMW BULLMX PIBHIB. Takuid Crnocié BUKOPMUCTOBYETLCS
Npwn nepefasaHHi BUCOKOAKICHMMM (Di3UYHMMM KaHanamm Tpadiky (ronocosoro,
MYy/NbTUMEAIAHOIO TOWO), AN AKOr0 MOXe OYTW NOLIKOAKEHO BCTAHOBNEHWUMN
BIACOTOK KaapiB 6e3 CYyTTEBOr0 3HMXEHHA AKOCTI 06C/yroByBaHHS.

Hain6inbL nowmpeHM cnocobom KOHTPO/IKO MOMWUIIOK, AIKIi BUHUKAKOTL NpW
nepefaBaHHI B KaHanax 3B’A3KY, € BUKOPUCTAHHSA LMKITYHUX HALIMLLIKOBUX KO-
aiB CRC (Cyclic Redundancy Check), fki BIZHOCATb A0 NOMIHOMIa/IbHUX KOAIB.
B ocHOBI 6yab-AKOro nosliiHoOMiailbHOro KoAy NeXXuTb NogaHHA MocifoBHOCTI
GITIB y BArNA4I MHOTOU/IEHIB 3 KoediyieHTammn 0 Ta 1, TO6TO Kaap 3 n 6ITIB no-
[AETLCSA CYKYMHICTIO KOEIiLLIEHTIB MHOIOU/IEHA CTEMEHS (n-1), AKUIA CKNaaaeTb-
ca1 3 n unenis Big x"" o x°. Hanpuknag, uncno 10110001 nogaeTbest NOAiHOMOM
7 ctenens: x’ +x° +x’ + 1. 3ayBaxkuMo, IO 3 JaHUMM MHOTFOYIEHAMM MOXKHa
BUKOHYBaTW apuPMeTUYHI AiT 3a mod?2.

[Mpy BUKOPWUCTaHHI LMKMIYHOIO KOA4Yy A1 KOHTPO/KO KOPEKTHOCTI nepefa-
BaHHS Kafp Po3rnsfacTbCsa SK ofHe ABINKOBE YMCOo BignoBigHOT PO3PSAHOCTI,
A/19 AKOTO 323 OMOMOIOK0 reHepyBaslbHOr0 MHorousieHa G(x) POpMYeTLCA LNK-
NniyHnin - HagnMwkosuid  kog (n + K). B reHepyBalbHOMY MHOrOY/EHI
060B’13KOBO CTapLUMin i MOMOALIMIA 6iTM MatoTb AopiBHIOBaTK 1, a cam nofi-
HOM, 3a3BMYali, BijNoOBiAae NPOCTOMY YunChy.

Anroputm (opMyBaHHA UMKNIYHOrO Hagnmwkosoro kogy (nong CRC kaga-
py) Takui.

1. [o nocnigosHocTi M(x), fiKa siBNse cO60t0 Kaap 6e3 nons KOHTPOSIbHUX
po3psaiB, aofatoTbes K 6ITIB, SKi AOPIBHIOKOTL CTEMNEHIO reHepyBaslbHO-
ro mHorouseHa G(x). Takum 4nMHOM OTpMMaHa MOC/IAOBHICTL MICTUTb
(n+K) 6iTiB i BiANOBIAac NocnifoBHOCTI (MHOrouneHy) x*M(x).

2. OTpyrMaHa nocnifosHicTb x*M(X) AiNNTLCA 3a MOAY/eM 2 Ha reHepysa-
NbHWUIA MHOTOYNEH G(x).
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3. 3anvuwoK Big AineHHs R(x), AKWMin Mae He Ginblue kK 6iTiB i ABNSiE cob60t0
3HaYeHHs KOHTPO/IbHMX po3psaaiB CRC, aki nepefatoTbCa pasoM 3 Kaf-
pomM M(X), yTBOPHOKOUM MHOTo4neH T(X), WO AinnTbes (3a mod2) 6e3 3a-
NLLKY Ha reHepyBasibHWUIA NONiHOM G (x).

Mpn nepepasaHHi Kagpy 6e3 NOMWIOK MOLYNem-oTpuMmyBayem Gyae npu-
MHATO MOCNifOBHICTb T(X), @ Y BMNAAKY HasABHOCTI MOMWIOK — NOCNIJOBHICTb
T(X)+E(X), ge mHorouneH E(X) BKasye Ha HasBHICTb MOMW/IOK. [18 MepeBipKu
KOPEKTHOCTI NPUIHATOrO Kagpy B MOAY/Mi-OTpMMYyBadi NPUAHATAA MHOTOY/IeH
[iMNTbCA Ha reHepyBasibHUIA NoniHOM G(X). 3a BiACYTHOCTI MOMW/IKA B OTpUMa-
HilA NOCNIAOBHOCTI 3a/MLLIOK Bif AineHHA T(x)/G(x) gopiBHioe 0, a 3a iX HasBHO-
CTi 3anmMwok Big AineHHs (T(X)+E(X))/G(X) HeHyNbOBUIA. TakuM YMHOM MOXHA
BUABUTU BCI MOMW/KK, KPIM TUX, WO KPaTHi reHepyBa/ibHOMY MHOrOYIeHy
G(x). LUnkniyHi Kogm [03BONAKOTH BUSBUTK BCI OQHOKPATHI MOMWIKK, ABI i30-
NbOBaHi OAHOKpPATHI 1, LWO 0CO6/MBO BaXKIMBO NPV MepefaBaHHI B KaHanax
3B’A3KY, BCI NaKeTu MOMWUIOK JOBXWHOI He binblue K. B3arani gna unknivyHoro
Koay AOBXMHOK (n+k) 6iTiB MMOBIPHICTb NOSIBM HEBUSIBNEHWUX NOMWOK [OpIiB-
Hioe 2™ npn HesHauHili HagMLLKOBOCTI (An9 Kagpy po3mipom 1500 GaitTis i
16-6iToBOMY reHepyBa/lbHOMY MOMIHOMI A04aTKOBa Cry)kK60Ba IH(opmaLis
cknagae nuiue 0,13%, a npu 32-6iTOBI KOHTPO/LHIN nocnifgoBHocCTI — 0,26%.

3a3Buyali BUKOPUCTOBYHOTLCA reHepyBas/lbHI MHOMOU/IEHW, 3a/IMLLIOK Bif Ai-
NeHHA Ha AKi fopiBHIOE 16 a6o 32 6iTam. Halbifblie NOWMPeHHS 3HaALWAN HK-
YKYeHaBeieHi MHOTOYIeHN, AesKi 3 AKUX € Mi>KHapOAHUMW CTaHJapTaMu:

e CRC-16 x™+x"+x?+1, akwii 3anponoHosaHo hipmoto IBM i Bukopuc-

TOBYETLCSA B 6araTb0x NpoTokonax (Hanpuknag, BSC);

e CRC-16 (CRC-CCITT) x™+x™+x°+1, wo po3pobreHnii KOMiTeToM
CCITT (ITU) i BukopucTtoByeTbcs npoTokosiom HDLC B mepexax X.25,
Bluetooth Toulo;

o CRC-32 x¥+x®+x2+xP+x 0+ x4+ 003+ x X+ x+x+1, aKuii
HabyB B OCTaHHi POKW LUMPOKOro BUKOPUCTaHHA i 3arnporoHOBaHWiA
IEEE nnsa BukopuctaHHa B Mepexxax Ethernet Ta FDDI.

3.4 OcobnmnBoCTi peanisayii KaHa/IbHOro PiBHSA B JIOKA/IbHUX Mepexax

Pi3HMUA MK MpoTOKONaMu nepefadvi faHnX 418 NOKa/IbHUX | rNo6aibHNX
MepeXX MOACHIOKTLCA, B OCHOBHOMY, 0COB/IMBOCTAMW BUKOPUCTOBYBaHMX B LNX
Mepexxax KaHanie. KaHanm NoKasibHUX Mepex MatoTb BUCOKY AKICTb | HEBE/INKY
[OBXVHY, a rNo6anbHNX — 3HAYHO HUXYY AKICTb | BeIMKY AOBXMHY. Taki 0c06-
NMNBOCTI Jal0Tb MOX/MBICTb CMiIbHOTO BMKOPUCTaHHSA BCiMa By3/naMu Mepexi
KaHa/ly nepefadi B peXumi posnoginy vacy. Kpim Toro, BUCOKa SIKiCTb Kabersis,
L0 BMKOPUCTOBYIOTHCA B JIOK&/IbHUX Mepexax, [03BOSISE BiMOBUTUCS Bif
CKMagHNX anropuTmiB NOBTOPHOIO nepeaaBaHHsA MOLLIKOAKEHNX ab0 BTPaYeHNX
KafpiB, OCKi/IbKN MMOBIPHICTb NOMU/IOK NPK MepeaaBaHHi 3HA4YHO HDKYA, HIXK Y
rnobasibHUX Mepexax.
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B IHCTUTYTI IHXXeHePIB 3 efleKTPoTexHiKM Ta enekTpoHikn IEEE (Institute of
Electrical and Electronics Engineers) cTBopeHO KomiTeT 802, KM 3aiMMaETbCA
cTaHAapTU3aLiet0 NoKabHUX MepeX. LM KomiTeTom po3pobieHo CiMencTBO
ctaHgapTis IEEE 802.x, AKi 0XONntoTb Ti/IbKA ABa HWXKHIX PIBHI €Ta/lOHHOT
mogeni OSI, a came: (hi3YHWIA Ta KaHa/IbHWIA, OCKiNbKK came Ui piBHi Bigobpa-
XaroTb cneundiky nokanbHUX mepex. CtaHgaptv IEEE 802.x ctanm ocHoBoKO
A9 po3pobKu MiKHapoAHuX cTaHgapTie 1SO 8802.x. Mepenik pobounx rpyn
IEEE 802.x Ta 0CHOBHa cfhepa iX po3poboK HaBefeHO B aofaTky B.1. MoTpi6HO
3a3HaYMTK, WO KiNbKICTb pobounx rpymn Ta iX NpU3HavyeHHs MOCTIAHO 3MiHIO-
HOTbCA, AesAKI 3 HUX NIKBILYIOTbCA a60 BHOCATHCA B IHLLI.

Ha isnuHomy piBHi mogeni IEEE 802.x BM3Ha4atOTbCA Ta CTaHOAPTU3Y-
IOTbCA PI3HI TUMK CepefloBMLLA NepeaaBaHHs, WO, B NPUHLMMI, HE HANEXWUTb [0
(hisnyHoro pisHa mogeni OSI.

KaHanbHuii piBeHb Mogeni IEEE BpaxoBye cneumdiky NoKaibHUX Mepex,
AKa npviBena o Ooro po3AifieHHa Ha ABa NigpiBHI, AKi 4aCTO Ha3UBatOTb PIBHA-
MW. PiBeHb nepefaBaHHA fAaHUX 41 IOKaIbHUX MepeX nofarTb SK CYKYMHICTb
ABOX nigpiBHiB (puc. 3.10):

e LLC (Logical Link Control) — KepyBaHHS IOFYHUM KaHasioMm;

e MAC (Media Access Control abo Medium Access Control) — KepyBaHHS

AO0CTYMOM [0 CepefoBuLLa NepesaBaHHs.

MigpiseHs LLC

KaHanbHWI piBeHb MigpiseHs MAC

PucyHok 3.10 — Peani3auis KaHa/IbHOro PiBHA B IOKA/IbHUX Mepexxax

MigpiseHb LLC BUKOHYE NepefaBaHHA KapiB MiX By3naMu Mepexi 3 pis-
HUM CTYMNeHeM HafiHOCTI, a TaKoX peani3ye iHTEPMENC 3B’A3KY 3 MEPEXHUM
piBHeM, fKui1 yepe3 piBeHb LLC 3anuTye HeobXifHY MOMY TPaHCMOPTHY NOCY-
ry signosigHoi akocTi. Mpotokonu LLC nigTpumytoTh AeKinbka pexxumis pobo-
T, SKI He 3aeXaTb Bif KOHKPETHOI TeXHOMOrIT NOKasibHOT Mepexi. Tpeba 3a-
3HAYMTW, WO NPoTOoKONM NiapiBHA LLC BUKOPUCTOBYIOTL I iHLUI TEXHONOT T, AKI
He po3po6sieHo KomiTeToM 802, Hanpuknad, npotokon FDDI, sikuid ctaHaapTu-
30BaHO IHCTUTYTOM ANSI. OcHOBHMMM (hyHKUiAMYM nigpiBHA LLC €:

e KepyBaHHA nepefaBaHHAM KafpiB MK CTaHL|i€t0-BiANPaBHMKOM | CTaH-

Lieto-oTpumysayem (aHanorivyHo npotokony HDLC);
e 3a0e3MeyeHHs €AMHOr0, He3aeXXHOro Bif MeTofy LOCTyrny [0 Cepeno-
BMLLA NepefaBaHHs, iIHTepdelicy 3B°A3KY 3 MEPEXHVM PIBHEM.

MigpiseHs MAC BpaxoBye ICHYBaHHA B IOKa/IbHUX Mepexax CepefoBuLLa
nepefaBaHHs JaHUX, LLO MOAINAETLCA MK yCiMa By3/naMu Ta 3abesrnedye 1oro
KOpPeKTHe BMKOPUCTaHHA BIAMOBIAHO [0 aropuTmy LOCTyny A0 KaHany. [Micns
TOro, IK OTPUMaHO [OCTYN A0 KaHany (CepefoBuLlia) nepefaBaHHs, KepyBaHHS
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nepefaerbca piBHO LLC, akuii 3abesnevye nepefaBaHHS NOTMYHUX OAMHMULUb
[aHNX 3 PI3HOK AKICTHO 06¢yroByBaHHA. OCHOBHI (hyHKUIT nigpiBHA MAC:
e peanisauis BIAMNOBIAHONO NPOTOKO/MY AOCTYMY 4O CepefoBMLLa nepeaa-
BaHHS;
e (popmyBaHHA KaapiB Bi4NOBIAHOT CTPYKTYPMU;
e pO3Mi3HaBaHHA KadpiB, MPU3HAYeHNX KOHKPETHIA CTaHUil 3 BUKOPUC-
TaHHAM MAC-agpec ((Di3nUHMX afpec MepexxHNX nnar);

e BUAB/IEHHA Ta KOPEKL,iS MOMU/IOK.

Y cy4vacHMX NOKa/lbHUX Mepexkax HainbinblLue BUKOPUCTaHHS 3HaLLNW AeKi-
nbKa npoTokonis nigpisHA MAC, aki peanisytoTb pi3Hi airopuTMn LOCTYny A0
cepefoBuLLIA NepeaaBaHHs Ta BU3HAYalOTh CNeUMdiKy TaKmMX TEXHOMONIN NoKa-
noHUX Mepex, Ak Ethernet, Fast Ethernet, Gigabit Ethernet, Token Ring,
ARCNet, FDDI, 100VG-AnyLan Ta iHLLi.

[MoTpibHO 3ayBaXXnTw, WO NpoTokonun nigpisHiB LLC 1a MAC B3aEMHO He-
3a/1eXHi: Oyab-aKuii npoTtokon nigpieHa LLC MoXKe BMKOPUCTOBYBATUCL 3
Oyab-akum npotokonomM MAC i HaBnakwu.

CraHgaptv IEEE 802.x maloTb UYIiTKY CTPYKTYpy, fKa HaBefJeHa Ha
puc. 3.11. Taka CTPyKTypa BM3Ha4ae 3arasibHi (OyHKLIT Ta NigXoan B Pi3HMX Te-
XHOMNOTIIX NOKa/IbHUX MepexX. OcobmBoCTi KOXHOT TexHonorii LAN B/3HaYa-
I0TbCA creuungikoo peanizauii nigpisHa MAC i cepefosuwa nepefaBaHHA
(To6TO, Pi3nyHMM piBHEM). B KOXHI TexHonorii ogHomy npotokony MAC Bi-
AnoBifae AeKinbKa BapiaHTIB peanisauii i3nYHOro KaHany nepegaBaHHs, TO6TO
OyOb-AKa /oKa/lbHa Mepexka MoxXke 6yTu nobynoBaHa Ha OCHOBI PI3HUX TUMIB
(hi3n4HOro cepesoBmLLA.

802.1 3arabHi NUTaHHs 06’ €HaHHA Mepex ME?:Q':”V'
802.2 KepyBaHHA NOriYHUM KaHaiom LLC
KaHanbHui
piBeHb
802.3 802.4 802.5 802.6 802.11 802.15 802.16
Token Token MAC
Ethernet Bus Ring MAN WLAN WPAN WIMAX
di3nyHe cepefoBULLE: PiznyHnii
e KOaKcCiaflbHU Kabenb; piBeHb

HeeKpaHOBaHa CKpy4eHa napa;

eKpaHoBaHa CKpyyeHa napa;

OMNTOBONOKOHHMIA Kabenb (04HOMOAOBWIA Ta 6araToMO4OBWiA);
6e3MpoOBOAOBWIA KaHa.

PucyHok 3.11 — CtpykTypa ctaHgapTis IEEE 802.x
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CraHpgapTtu, aKi po3pobneHi nigkomitetom 802.1, € 3ara/ibHUMKU ANS BCIX
TEXHO/OTIA 1 MICTATb BM3HAYEHHS Ta XapaKTePUCTUKWN JIOKA/IbHUX Mepex,
3B’5130K mogeni |IEEE 802 3 mogennto OSI. Ane HalibinbLl BXXIMBUMU, 3 NPaK-
TWUYHOI TOYKM 30pY, € CTaHAapTW, AKi PO3rNA4alTb B3aEMO/I0 MEPEX PIZHUX
TOMOJIOriN, a TAKOXX PO3POOKY CKNafHMX MEPEX Ha OCHOBI 6a30BUX TEXHO/OT M.

MoTouHuiA nepenik ctaHgapTis IEEE 802.1 HaBefeHo B gopatky B.2. BiH
MICTUTb TaKi BaXX/IMBI CTaHAAPTU:

e |EEE 802.1D, B AKOMY pO3rnsHyTa /lorika poboT MocTa/KomMyTaTopa;

e |EEE 802.1H, wo Bu3Ha4ae PyHKLIOHYBaHHS TPaHC/IHOBa/IbHOrO MOCTa

A8 06°elHaHHA MepeX pPi3HMX ToMnonorin, Hanpuknag, Ethernet i Token
Ring, Ethernet Ta FDDI TowWo (€AMHMM 0OMEXEHHAM MNPU LbOMY € BU-
KOPUCTaHHA B CerMeHTax, Lo 06’eAHYyt0TbCs, 3HaYeHHa MTU ogHoro
po3mipy);

e |EEE 802.1Q, B IKOMYy BM3Ha4eHO cnocié nobygosun BipTya/lbHUX Me-

pexk VLAN Ha 0CHOBI KOMYTaTopiB.

3.5 lNigpiBeHb KepyBaHHA NOrYHUM KaHa/10M

Mpotokon LLC 6a3yetbca Ha npoTtokoni HDLC i 3a6e3neyvye nepegaBaHHA
KaZpiB MK MOAYNAMU NIOKa/IbHOT Mepexi 3 He0OXIAHOK SKICTIO NOCAYT TpaHc-
MOPTHOI CNy>X6bwu (geiTarpamHMM  CrnocoboM, CepBiC 3  BCTAHOB/IEHHAM
3’elHAHHA Ta BU3HAYEHHAM | KOPEKLIE NMOMWIIOK), BUMOIM A0 AKOI nepefa-
HOTbCA 3 MEPEXHOr0 PiBHA. [POTOKOMM MEPEXHOro PiBHA NnepeaaroTb 4715 Mpo-
ToKoNy LLC 610K faHux (MakeT), KU KpiM afpecHoi iHpopMaLii MiCTUTb BU-
MOrM [0 AKOCTI TPaHCMOPTHUX NOCAyr, fKi Mae 3abesneunty npotokon LLC.
Lleii nakeT, pasom 3 HeobXigHMMK cnyx6oBumK onuismu npotokony LLC, ne-
peaaeTbca BiAnoBigHOMY npoTokony nigpisHa MAC.

BignosigHo fo ctaHpapty IEEE 802.2 nigpiBeHb KepyBaHHA NOTiYHMM Ka-
Hanom LLC Hagae BepXHIM PIBHSAM TpU TUNKX NpoLeayp:

e LLC1 - npouenypu 6e3 BCTaHOB/IEHHA 3’€flHAHHA Ta 6e3 NiATBEPKEH-

HS;
e LLC2 - npouenypv 3 BCTAaHOBNEHHAM 3’€JHAHHA Ta 3 NiATBEPIKEHHSM,;
e LLC3 — npouenypv 6e3 BCTaHOB/IEHHA 3’e€fHaHHA, ane 3 NigTBeEp-
IPKEHHSAM.

Cepsic 6e3 BCTaHOB/IEHHSA 3’€lHaHHA Ta 0e3 MiATBEPMKEHHA He rapaH-
Ty€e AOCTaBKY KajpiB i TOMY HalyacTille BUKOPUCTOBYETLCS B 3aCTOCYBaHHSX 3
MOTOKOBWUM MepefaBaHHAM AaHUX abo NPOTOKO/aMU BULLMX PIBHIB, AKiI cami
3a6e3neyyroTb BUSAB/IEHHSA Ta KOPEKLit0 NOMU/IOK.

Cepsic i3 BCTaHOB/IEHHAM 3’€HaHHA Ta 3 NMiTBEPIKEHHAM 3abe3neyye
HaaiHWMIn 06MIH Kagpamn MiXK MOAyNsMK NoKanbHOI Mepexi. Mepes novyaTkom
nepefaBaHHs Oyab-AKOro 6/10Ky KapiB BCTAHOB/MHOETLCA NIOTIYHE 3 €AHAHHA MIX
BiZNPaBHMKOM i afpecaToMm, a B NPOLECI NepefiaBaHHs, L0 peasli3yeTbCa B PEXM-
Mi KOB3HOIO BIKHA, KOHTPOJ/IOETLCA KOPEKTHICTb MepefaHnx Kafpis. 3a3Buyal
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BUKOPWCTOBYETLCA B KaHaax 3 BUCOKMM piBHEM LUyMY. Lleli cepBic aHanorivyHmm
npotokonam cimerictea HDLC (LAP-B, LAP-D, LAP-M), AKi BUKOPUCTOBYHOTb-
cA B rnobasbHUX Mepexax Ans 3abesneyveHHs HafdiiHOro nepefaBaHHs.

Cepsic 6e3 BCTaHOB/IEHHSA 3’€AHAaHHA 3 MIATBEPIPKEHHSM AOCTaBKU Yy
BMMAaAKY, KON YacoBi 3aTpaTh Ha BCTAHOB/IEHHA 3’€[HAHHA HEMPUINHATHI, a ni-
ATBEPLXKEHHS KOPEKTHOCTI NMPUIAOMY BifnpaBieHnX AaHuX HeobxigHe.

Bnbip ogHiel 3 UMX Npoueayp 3aneXuTb Bif cTpaTerii po3pobKM KOHKpeT-
HOro CTeka NPOTOKONIB. B NOKa/ibHUX MepeXkax HainyacTille BUKOPUCTOBYETLCA
cepsic LLC1, ocKinbKn iX KaHann 3B’A3KY AKICHI, 3 HU3bKMM PiBHEM MOXMOOK.
B ctekax TCP/IP Ta IPX/SPX 3aBxan BuKopucToByeThbes cepsic LLC1, a B cTe-
KoBi Microsoft/IBM BukopucToBytoTbCa cepsick LLC1 1a LLC2, 3anexHo Bij,
ocobnmsocTein poboTn 6a3osoro npotokony NetBIOS/NetBEUI. AKLL0 BiH 3a-
besneuvye nepefady B AerTarpaMHOMY peXxumi, TO BukopuctoByeTbcst LLCI,
AKLLO B PeXXuMi BipTyasibHOro 3’egHaHHA — 10 LLC2. Pexxum LLC2 BuKopucTo-
BYETbCS TaKOXX CTEKOM NPOTOKONiIB SNA Mpu BUKOPUCTaHHI NTOKa/IbHOT MepeXxi
Token Ring. LLC2 BMKOPUCTOBYETLCA TaKOoX KomnaHieto Hewlett-Packard npu
MigKNHOYeHHI NpuHTepiB Ao mepexi Ethernet. Cepeic LLC3 3a3Bunyail BUKOpUC-
TOBYETLCA B CUCTEMAX aBTOMATU30BaHOI0 YrpaBiHHS.

HaiuacTile B NIOKaIbHNUX MepeXxax Ha CbOrofHi BUKOPUCTOBYHOTb MPOTO-
konu LLC1.

3aranibHa CTpPyKTypa Kaapy LLC, akuiA, 3rigHo 3i ctaHgapTom IEEE 802.2,
Ha3nBarOTb MPOTOKO/bHUM 6/10KOM aaHmx PDU (Protocol Data Unit), HaBefeHa
Ha puc. 3.12 (po3mip onuin Kagpy HaBeAeHO B 6GaiTax). BOHM MOXYTb 6yTU
TPbOX TUMIB: IH(POPMALLiiAHI, KEPIBHI Ta HEHYMEPOBaHI.

Flag DSAP SSAP Control Data Flag
01111110 01111110
N N N N NS J\ J
Y Y Y Y " Y
1 1 1 1(2) N 1

PucyHok 3.12 — ®opmat Kagpy LLC

Kagpu LLC noumHaroTbCa | 3aKiHYYy0TbCA CUHXpocMBonamn Flag, saki Bu-
3HayaroTb Mexi 610Ky nepepgadi. Mons SSAP (Source Service Access Point) Ta
DSAP (Destination Service Access Point) 03B0OMAKOTb, BiANOBIAHO, BU3HAUYNTY
CepBIC BEPXHLOr0 PiBHA, AKWIA Mepefae AaHi 3a AONOMOroH LbOro Kaapy, Ta
MOAY/M0 AKOro MPOTOKOMY Ha BifAaneHiit CTaHUil HeobXigHO nepedatn Lew
Kagp Ana noganbliol 06pobku. 3a3Hayummo, Lo BCi NPOTOKOMAM BigNOBIAHO A0
ctaHgapty IEEE 802.2 matoTb CBild Kof, Hanpuknag, npotokon IP - 0x6, Net-
BIOS - 0xFO. Mone Control Bu3Hayae TN Kagpy Ta NopsaKoBi HOMepU Kaapis i
MOBHICTIO 36iraeTbea 3 BignosigHUm nonem npotokony HDLC (LAPB). Mone
aaHux kagpy LLC Data BUKOPUCTOBYETLCS A4/1 NepeaaBaHHA MakeTiB MPOTOKO-
nis BepxHix pieHiB IP, IPX, AppleTalk, DECnet ToLo.
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CTaHLiin BIAOYBa€eTbCA IHTep(epeHL,is Ta B3aEMHe CMOTBOPEHHS CUTHasiB, TOOTO
BUHNKAE KOHMNIKT (260 Kosi3ia) B KaHani. Mpu UbOMY Ha CbOroAHI NOKasbHI
Mepexi 6yaytoTbCs MepeBaXXHO TakKUM YMHOM, LLOO B Mepexi He Oyno e4MHOro
By3/na (Amcnetyepa), AKWin 61 KoopauHyBaB po60oTy iHLWIMX MOAYNIB, a BCi CTaH-
i1 6ynm 6 3 04HaKOBUM CTaTyCcOM i MO 6 (hyHKL,IOHYBaTK aBTOHOMHO.

Tomy B LAN Ha CbOrofiHi BUKOPUCTOBYOTLCA PO3MOoAiNeHi METOAN 4OCTY-
ny [0 cepefoBula nepefaBaHHsA, AKi € Oifibll HadiMHUMK, OCKIiNlbKM BiMOBa
LIeHTPa/IbHOr0 By3/1a MepeXi 3 LieHTpani3oBaHUM METOL0M MPU3BOANTL A0 Bij-
MOBM BCIET Mepexi.

[na fjoctyny Ao cepefoBuLLa NepeaaBaHHA B NIOKA/IbHUX Mepexxax BUKOpU-
CTOBYHOTbCS ABa TUNW METOAIB AOCTYNy: AeTepMiHOBaHI Ta HeAeTepMiHOBaHI
(BnaakoBi abo MMOBIpHICHI). [leTepMiHOBaHI MeToAM AOCTYNY nepefdayvaroThb
HasABHICTb NEBHOr0 anroputMmy (ONUTYyBaHHA, Nepedadi npasa AOCTYMYy TOLLO),
BIAMOBIAHO A0 AKOro MOAY/O MepeXi HaaaeTbest 4OCTYN A0 CepefoBULLa nepe-
AaBaHHSA. Taki MeToAm BMMaratoTb nepefaBaHHA [OAATKOBOI crewianbHOi iHgo-
pMaLii KepyBaHHA | A03BONSAKOTL BpaxyBaTh 0CO6MMBOCTI (hi3MUHOT Ta /IOTTYHOT
TOMONOTI NOKaNbHOT Mepexi 1 XxapakTep iHPopMaLil, Wo nepeaacTbCa B Mepe-
XI. Taki MeToan BMMaratoTb BUKOPUCTaHHA OiflbLL CKNaAHOI anapaTtypu Ta pea-
nisauii, ane A03BONAOTL 3a6e3MeYnTN HanbiNbL edieKTUBHE BUKOPUCTAHHSA ce-
peaoBuLLA nepeaaBaHHA Mepexi.

MeToan HefeTepMIiHOBaAHOIO AOCTYMY NPOCTI B peanisauii, 3aBAAKN YoMy
3HaMWAN GiNbLL LUMPOKE BUKOPUCTaHHS B NIOKaSIbHUX Mepexkax (3aBAsku Mo-
LUMpeHHI0 mepexki Ethernet). Taki meToam GinbLu ePeKTUBHI B pa3i nepeaaBaHHA
KOpPOTKMX Kaapis (40 1500 6aiTiB) i HU3bKOT IHTEHCMBHOCTI 3anuTiB Ha nepeaa-
BaHHA (3aBaHTaXXEHOCTI KaHa/ly nepefaBaHHs). MeToau X AeTepMiHOBaHOro
AOCTyny 3abe3neyytoTb CTabinbHY PO60TY Mepexi npu nepefaBaHHi Kaapis
3Ha4YHOro po3mipy (3assuyai, Big 4 KbéainTie o 16 K6auTiB) i nigBuLeHOMY
PiBHI 3aBaHTAXXEHOCTI KaHa/y, OCKi/IbKU nepefdayvatoTb YiTKUA anroputm foc-
Tyny MoOAyniB Mepexi Ao cepefosuvia nepefasaHHs. Kpim Toro, B pasi Heob-
XIOHOCTI JeTepMiHOBaHI MeToAu AOCTYNY A03BOMAKOTL AOCTaTHLO MPOCTO pea-
Ni3yBaTu NPIOPUTETHE NepefaBaHHA AK Kaapis, TaK | BCbOro rnoBiJOM/IEHHS.

Cepef feTepMiHOBaHUX MeTOAIB AOCTYNY PO3PI3HAOTD:

e METOJ ONUTYBaHHS;

MeTO[, KiflbLIEBUX CNOTIB,;
MapKepHi MeToau;

IHTEpPBa/IbHI METOAN;
IHTEPBa/IbHO-MapPKepHI METOAMN.

MeTof onuUTyBaHHS 3a3BM4Yall BUKOPUCTOBYETLCA B Mepexax 3 (hi3MYHOH
TOMOJIOTIER «3ipKa» i Nepefdavae HasiBHICTb LIEHTPa/IbHOrO BY3/a, KW NOCi-
[OBHO OMUTYE KOXHY 3i CTaHLii Ha HasBHICTb B Hill Kaapy Ans nepegadi. AKLLo
CTaHLifl, Ky ONUTYE LIeHTPa/IbHUIA BY30/1, Mae iH(popmMaLito A1 nepefaBaHHs,
BOHA CMOBILLAE NPO Le LEeHTpasIbHUIA MOAY/ b NepefaBaHHAM 3anuTy Ha A0CTyn
[0 CcepefoBuLia nepefasBaHHA. Y BiAnoBiAb Ha Le LUEeHTPasbHWA BY30/1 Hafae
CTaHLIT MOHOMO/IbHE MPaBO BUKOPUCTAHHA CcepefoBULLia MepeaasaHHsA. [licns
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3aKiHYeHHs nepefaBaHHA H(OPMaUIT LEeHTPaSIbHWIA BY30/1 NMPOLOBXYE OMUTY-
BaHHSA HACTYMHUX CTaHLi. TaKMM YMHOM BCi CTaHL|iT Mepexi MOXYTb 3LiCHIO-
BaTW nepefaBaHHA iHopMaLil TiIbKK Nicnd TOro, K OTPMMarOTb A03Bif Ha Lie
Bifj LeHTpanbHOro By3na. OUiIHIOYM Yac OYiKyBaHHS AOCTYMY CTaHuii 4o cepe-
[0BYLLA NepeaBaHHA MOXHa CKas3aTW, L0 BiH CYTTEBO 3a/IeXUTb Bif TpMBaIoC-
Ti ONUTYBaHHSA aBOHEHTCbKUX CTaHLi Ta IHTEHCMBHOCTI 3anuTiB. MiHiMa/IbHWIA
yac OYiKyBaHHS 3a/1eXMTb Bifl Ki/IbKOCTi CTaHUiA B Mepexi Ta TpuBanoCTi X
ONUTYBaHHSA, & MaKCUMa/lbHUIA Yac BM3HAYaETbCA 3a YMOBW HasBHOCTI iHMop-
Mauii ans nepefaBaHHS B KOXHii aBOHEHTCbKMIA CTaHLiT Ta € (hiKCOBaHUM,
OCKI/NIbKN KOXHWUIA HAaCTYMHWUIA 3anNnT Ha nepefaBaHHsA Kafpy B KOHKPETHIl cTa-
HUIT 6ye 06po6naTucs TiNbKK nicns 06CnyroByBaHHA MOTOYHOIO 3arnunTy.

MeTog, KiflbLIeBMX C/I0TIB BUKOPUCTOBYETLCA JIMLLIE B JIOKA/IbHUX Mepexax
3 TOMOJOTIED «KiNbLe» i nepeabavae TaKTOBaHUI AOCTYN [0 CepefoBuLLA Mne-
pefaBaHHsA. B Mepexkax 3 TakMMm JOCTYNOM OHOYaCHO MepefaeTbes Aeska gik-
COBaHa Ki/IbKIiCTb NakeTiB (CerMeHTiB), AKi MOXYTb MaTu OAWH 3 [BOX CTaHiB:
«Bi/IbHO» Ta «3alHATO». CTaHUif, AKa Mae iH(opMmaLito Ana nepefasaHHs, oui-
KY€ Ha MNosBY B KaHa/li YeproBoro cerMeHTa i nepeipsie Moro ctaH. MNpu BusB-
NEeHHI NOPOXHBLOro CerMeHTa (KU He MICTUTb AaHWX OS5 NepefaBaHHs) CTaH-
L1is 3anmncye B HbOTO AaHi Ana nepefaBaHHs Ta NMo3Havae noro K 3anHATUIA cer-
MeHT. KOXHa CTaHL,if Kinbua nepesBipsae OTPMMaHWA CErMeHT i Npy NosBi Make-
Ta 3 AaHVMK NS Hel 3anuncye oTpumaHy iHhopMauito B CBili Oydep, a cerMeHT
Mo3HaYae K BiSIbHUIA.

OueBMAHO, WO 418 ONTUMa/IbHOTO 3aBAHTAXKEHHS MepeXxi 3 TaKMM MeTOL0M
AOCTYNy NOTPI6HO, W06 KiNbKiCTb CTaHUi abo AopiBHIOBaNA KiflbKOCTI CErMeH-
TiB Kifibld, abo 6yna 6inbLioto Bif Hel. OCHOBHOK MepeBarold MeTody KifbLie-
BMX CNOTIB € Manuii Yac Bignosidi i cTabinbHa poboTa Mepexi, 0fHaK gocsra-
ETbCA Lie Yepe3 HeeheKTVBHE BUKOPUCTAHHA KaHany nepefasaHHs gaHux. Tomy
HaryacTille Mepexi 3 TaKMM MeTOLOM [0CTYMNy BUKOPUCTOBYHOTLCS B CUCTEMAX
OrMepaTMBHOIO KOHTPO/HO Ta KepyBaHHA TEXHO/OTNIYHMMM npouecamu. Mpukna-
A0M Takoi mepexi € Cambridge Ring.

MeTog NepefaBaHHsA nNpasa nepegbayvae NocTiHe nepefaBaHHA B Mepexi
crewiaibHOro Kafpy HeBenMKoro posmipy (3assuyai, 3 6ainTn), AKUA HasuBa-
€TbCA MapkepoM (token). Mapkep, KA Ma€ [iBa CTaHW: «BIJIbHO» | «3aNHATO»,
MOCNIJ0BHO NepefaeTbCa Bif OAHIET CTaHUiT 40 IHWOI i PaKTUYHO € 03HaKOK
[103B0/1y Ha nepeaaBaHHA faHux. CTaHUif, aKka Mae faHi 4na nepegadi, o4vikye
Ha Bi/IbHWIA MapKep, NpU OTPUMaHHI SKOro AoAae 40 HbOro CBI Kaap, BCTAHOB-
NOE MapKepy O3HaKy 3alHATOCTI | nepefae X B Mepexy. Mapkep pasom 3
nig’eAHaHMM KagpoM MOoCMif0BHO MepefacTbCsl HACTYMHUM CTaHLisM, KOXHaA 3
SKUX Mepe.ipsie agpecy oTpMMyBaya, i AKLO AaHi nNpu3HadeHi He 1i, a iHLWIN
CTaHLii, MapKep nepeaaeTbecs Aasi B KaHasl. AKLLO0 XX Kaap Npv3HayYeHo Liin cTa-
HUIT, TH(hopMaLlia 3anncyeTbes B i Bydep, a B MapKepi BCTaHOB/IHOETLCA CreLia-
NbHWIA BIT NIATBEPMLKEHHS | NepefacTbCs CTaHUiT, Wo Bignpasuna kagp. Micns
OTPUMaHHS MiATBEPIYKEHHS CTaHUif-BiAMNPaBHMK 3MIHIOE CTaH MapKepa Ha «Bi-
NbHO» | Nepefae Moro B kaHasl. MapkepHi MeToAmn AOCTYNYy MatoTb Taki nepesa-
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MM: rapaHTOBaHMN MakCUMa/lbHUI Yac 3aTPUMKKM MnepefaBaHHs Kagpy, Wwo npu-
BOAMUTbL [0 MOX/IMBOCTI TX BUKOPUCTAHHA B peasibHOMY 4aci; HEMOXX/IMBICTb BU-
HUKHEHHS KOMI3ii B KaHasi i 3aBAAKM LbOMY 3abe3reyeHHst cTabifibHOT poboTu
MepeXi; JOCUTb e)eKTMBHE BUKOPUCTAHHS PecypciB KaHay | Mepexi B Ljifiomy
[0CTaTHLO NPOCTO [03BOMAE peanizyBaTn NPIOPUTETHUIA AOCTYN OKPEMUX CTaH-
Ui o pecypcis mepexi. OAgHak CKnagHicTb npoueayp iHiyianisauil Kinbus ta
BIAHOB/IEHHS KOPEKTHOrO (PYHKLIIOHYBaHHA Mepexi nicns BiAMOB abo BTpatu
MapKepa npun3BoAATb A0 YCKNaAHEHHA MOAYNIB MePeXi 1 3Ha4HOI X BapTOCTI.

MpuKnagamy NoKalbHUX MepeX, SKi PYHKLIOHYIHOTb Ha OCHOBI MapKepPHOro
[OCTyny, € Mepexi KinbLesoi Tornosorii Token Ring (TR, TRN), WWHHOT Tono-
norii Token Bus Ta ARCnet-Bus, a TakoxX Tonosnorii «3ipka» ARCnet-Star.

B pesknx Mmepexax 3 KiflbLLeBOK TOMO/OrIEHD BUKOPUCTOBYETHCA METO[,
BCTaB/IEHHS PEricTpa, KW 103BONSE NiA’€AHYBATM YEProBuin Kaap cTaHuii Ao
MOTOKY KafpiB, L0 NepefatoTbCst B KaHani. Takuia nigxig A03BONSE O4HOYACHO
nepefasaTi B KiflbLleBOMY KaHasi 3a [OMOMOrol 0AHOro Mapkepa fekinbka Ka-
ApiB Bif Pi3HMX CTaHLii, WO npuBese A0 MigBULLEHHS e(DEKTUBHOCTI (yHKLiO-
HYBaHHS BCI€l /IOKa/IbHOT MepeXxi.

IHTepBa/ibHI MeTOAM AOCTYMNy abo METOAN CUMHXPOHHOrO Po3Mnojiny 4vacy
nepef6ayaroThb, WO BECb LMK 0OMiHY 3i CTaHUiMU KaHany po36MBaETbCA Ha
AeKifnbKa 4acoBuX iHTepBaniB (TaiM-LOMEHIB, TallM-CNOTIB), KifIbKiCTb AKX [0-
PiBHIOE KinbKocTi MoayniB B KaHani N (puc. 3.14). KoxXHii cTaHLiT HagaeTbCs
CBIi YacoBMI iHTepBa, NPOTArOM SIKOro BOHa OTPUMYE AOCTYN A0 BCiX pecyp-
ciB Mepexi i MoXke nepefasat aadi [. B pasi BiACYTHOCTI B Hill aHWX AN ne-
pefaBaHHs (B) yacoBuil iHTEpPBaSl HE BMKOPUCTOBYETLCA IHLUMMWU MOAYNAMMU.
Mo>KHa cKasaTi, LLIO NPV BENNKI IHTEHCUBHOCTI 3annTiB Ha nepefaBaHHs ede-
KTUBHICTb BUKOPUCTaHHA KaHasly HabnMKaeTbCAa A0 MakcUMaibHOI. [pn 3HU-
YKEHHI IHTEHCUBHOCTI 36iNbLUYHOTLCS Mepioamn o4vikyBaHHSA (MPOCTOHD), WO NPKU3-
BOAUTb [0 3HMXXEHHS e()eKTUBHOCTI.

CraHuisa 1 CraHuina 2 CraHuisa 3 CraHuis N

333 !

4 B il il
—

Limkn o6MmiHy

PucyHok 3.14 — Peanisauif iHTepBa/ibHOro A0CTYNYy 40 KaHany:
[ — nepegaBaHHA AaHuX, B — BIACYTHICTb AaHUX ANa nepefaBaHHA
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PO3pi3HAIOTL Mepexi 3 ynopaLKoBaHMM | HEBMNOPSAAKOBAHUM po3TalllyBaH-
HAM CTaHUil, B AKWX, BIAMOBIAHO, MOCMIAOBHICTL NepefaBaHHA npasa AOCTyNy
[0 cepefoBuLLa nepeaaBaHHA 36iraeTbCA 3 NOCNIAOBHICTIO NIAKIHOYEHHA MOLY-
niB A0 KaHany abo He 36iraeTbca. OCTaHHI BapiaHT [03BOJISIE BPaxoByBaTu
0c06NMBOCTI AOCTYNY CTaHUin A0 cepefoBuLLa NepeaaBaHHs, ane NpPU3BOAUTb
[0 YCKNaflHEHHA npoueaypv rnepefaBaHHA npas 4OCTYNY.

IHTepBaNbHO-MapPKeEPHI MeToAN AOCTYMYy 3abe3nedvyoTb NpaBo Ha Aoc-
TyN [0 KaHany K Ha OCHOBI CMHXPOHHOrO Po3Mnofiny vacy, Tak i nepefaBaHHS
MapKepa 3 ypaxyBaHHSIM 3aBaHTaXEHOCTI Mepexi. AKLI0 Mepexa [0CTaTHbO
3aBaHTaXXeHa, TO nepefaBaHHA KaapiB BigOyBaeTbCA 3rifiHO 3 YaCOBUM PO3MoO-
AiNOM, NPU 3MeHLLEHHI 3aBaHTaXXEHOCTI HWMKX4Ye BCTAHOB/IEHOrO 3HAYE€HHS B
MepeXXi reHepyeTbCa MapKep, KU NepefaeTbCs B KaHani i BM3HAYae NpaBso
CTaHUil/ nepeaaBaTn faHi. Takuii afanTUBHUIA anropuTm nepeiaBaHHs npuiBe-
[e [0 3MEeHLUEeHHS Yacy O4iKyBaHHA Ta MifgBWLLEHHA e()eKTUBHOCTI BUKOpUC-
TaHHA pecypciB Mepexi.

[Mpn peanisauii MeTOAIB HeAeTepMiHOBaAHOIo (BMNaLKOBOIro, iMOBIPHICHO-
ro) AOCTYMy KOXKHa CTaHLis MepeXi He3aneXHo Bif, IHLLMX CTaHLiA MOXKe Hama-
ratucs nepefasaty AaHi B KaHan. OCKiflbKM NpW LUbOMY MOXK/MBA OfHOYacHa
cnpoba aekinbkoma CTaHLissMX OTpMMaTK 4OCTYN A0 CNifIbHOro cepeaoBumLla re-
pefiaBaHHs, Taki MeToAM 4acTO Ha3uBatoTb METOZaMM MHOXWHHOIO [OCTYnY.
3arasibHOK0 NpobemMoro AN BCiX TUNIB UMX METOAIB € npobnema 3maraHb, sika
BUHWKAE Mpun cnpobi 0fHOYaCHOro nepeAaBaHHsA AaHWX AeKiflbKoMa CTaHLisgMK,
LLIO0 NPU3BOANTL [0 KOAIi3iil B KaHani, TOGTO 3iTKHEHb KaapiB Bif Pi3HUX BiAnpas-
HUKIB. IMOBIPHICTb BUHMKHEHHS KONi3il 3aMeXnTb Bif KifIbKOCTI CTaHLi B KaHa-
Ni Ta Bif IHTEHCMBHOCTI X 3BepTaHb A0 CepeoBuLLa NepeaaBaHHs.

MepLUOtO Mepexero, B SKili BUKOPUCTOBYBaBCA BMMNAAKOBMIA AOCTYM, Byna
mepexxa ALOHA, po3pob6sieHa B MaBaiCbKOMY YHIBEPCUTETI. B TakMx mepexxax
ofpasy nicna opMyBaHHSA Kaap rnepefaeTbCs B KaHasl, i NPy BUHUKHEHHI KONi-
3i nepefaBaHHA MPUMNUHAETLCA, a Yepe3 IHTepBasl Yacy, AKUA HeobXigHWA aNns
nepefaBaHHA OAHOMO Kaapy, CTaHuis 3 iIMOBIPHICTIO P MOBTOPHO Mepeaae Kaap.
E(heKTMBHICTb TAKOro AOCTYMNYy CYTTEBO 3a/IEXUTb 5K Bif, KiNbKOCTI CTaHLil, Tak
| Bifl IHTEHCMBHOCTI 3aMWTIB Ha 3aXOM/IEHHA KaHany Ans nepefaBaHHsA i, 3a3BU-
yai, CTaHOBUTbL He BuLLe 0,2.

Y mepexi «cuHxpoHHa (TaktoBaHa) ALOHA» Becb Yac poboTu nogineHo
Ha IHTepBaM Yacy (CNoTK), MPOTATOM KOXHOIO0 3 AKUX MepefacTbCs OAMH Kaap.
CTaHUiT CMHXPOHI30BaHO TaKMM YMHOM, L0 KOXHa 3 HMX 3HaE, KOM Mo4vnHa-
ETbCA HOBWM CnoT. MNMepefaBaHHA KafpiB MOX/MBE TifIbKM B MOMEHT NOYaTKy
4YeproBoro CnoTy, i NPy BUHMKHEHHI KONI3ii BCI CTaHUIT NpUNUHAOTL nepeaa-
BaHHA Ta, 3 IMOBIPHICTIO p, MOBTOPHO HamaralTbCA nepeaaTy Kagp Ha noyarky
HOBOIO 4acoBOro C/noTy. EPeKTMBHICTL TaKoro nigxoay Bullla, ane He nepesu-
wye 0,37.

OfHUM 3i cnoco6iB 3HMKEHHS KiNbKOCTI KOMI3ilA € NPOC/YX0BYBaHHA KaHa-
Ny nepef nepefaBaHHSAM Kafpy 1 nepefaBaHHsA MOro TiflbKW 3a HasiBHOCTI Biflb-
HOro KaHany. Takuii peXkum nepefiaBaHHA Ha3MBAETLCA MHOXUHHUM JOCTYMNOM
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3 KOHTposiem Hecy4oi (MAKH) CSMA (Carrier Sense Multiple Access). lNpoTe
yepe3 3aTPYMKY PO3MOBCIOKEHHSA CUTHA/Ty CTaHLisd, WO posnoyana nepega-
BaHHS, HE MOXKe BM3HAUMTW, LLO iHLIA CTaHL i TaKoX po3rovasa rnepefaBaHHs.
B pe3synbTaTi LbOro Bif0YBa€ETbCA IHTEP(EPEHLIS CUTHaMIB | CNOTBOPEHHS iH-
(hopmaLii B cepefioBULLI NepefaBaHHS.

B Mepexxax 3 MHOXWHHUM [OCTYMNOM i KOHTPOMEeM Hecy4oi nepefdayveHo
[eKifibKa MeTO/iB 3aX0n/eHHs KaHany (Tabn. 3.3):

Tabnuua 3.3 — XapakTepucTnKa MeTOLIB 3aX0MN/IEHHS KaHasly

BiKNagae nepegavy 3 Mmo-
BipHiCTIO 1-p

YmoBa HeHanonernvsui p-HanonerMBuia 1-Hanonernmeuia
Mepepatn 3 AMOBIPHICTIO P,
. . | [Nepepatun . PEA P P MNepenatu
KaHnan BifibHWiA : BIKNAcTU nepefaBaHHA 3 :
HeBifKNagHo o T HeBifKNagHo
NMOBIpPHICTIO 1 - p
CraHuisf 04iKye BMNagKOBUM
nepiog yacy i 3HOBy Hamara-
BunagkoBuin yac €TbCA 3axonuTu KaHan. lic- | be3nepepBHO
KaHan 3aiHATO | O4YiKyBaHHS i NS 3BINIbHEHHA KaHasly nepe- | KOHTPOJOE
KOHTPO/b [ae 3 MMOBIPHICTIO p, abo | Hecyuy

Konisis

[MoBTOPHO Nepefae
KaZp nicna sunag-
KOBOIO Yacy

lMoBTOPHO nepejae  Kagp
nicns  BMNALKOBOIO  vacy
OYiKyBaHHS

MMoBTOPHO nepefae
Kagp nicng Bunag-
KOBOr0 4acy Oui-
KyBaHH$!

OYiKyBaHHSA

e HEHarnonernMBMi KOHTPO/b HECY4ol, KO CTaHLiA MPOCyXOBYE KaHas
He NOCTINHO, a Yepe3 BUNAaLKOBMWIA IHTEpPBasT Yacy;

e P-HanonernMBNA KOHTPO/b HECYYOT;

e 1-HanonernMBMiA KOHTPO/b, NPY peanizauii AKOro CTaHLis nepefae Kagp

ofpasy, AK Ti/IbK/ 3BifIbHUBCA KaHaJl.

MpuHumnosa BigmiHHICTL anroputmy ALOHA Big CSMA nonsrae y npo-
Liefypi BUABMEHHA KONI3ii: B NepLioMy BUMNaAKy KOMi3isi BUABNSAETHCA Ha BXOAI
CTaHUIT-0TpMMYyBaYa, a B ApYromy — Ha BUXOZi CTaHUiT-BiANpaBHUKa.

Po3pi3HAt0TL Taki Mogudikauil metogy CSMA:
e METOJ MHOXXMHHOIO JOCTYMY 3 KOHTPOJIEM HECYYOi i BUSBNIEHHAM KOJi-
311 CSMA/CD (Carrier Sense Multiple Access with Collision Detection);
e METOJ MHOXWHHOIO JOCTYMY 3 KOHTPO/IEM HECYYOi 3 YHUKHEHHAM KOJi-
3il  CSMA/CA (Carrier Sense Multiple Access with Collision
Avoidance).

MeTof MHOXWHHOIrO AOCTYMNY 3 KOHTPOMEM HeCcyuyoi | BUABMEHHAM KONi3ii
CSMA/CD BMKOPUCTOBYETLCA B YCIX ICHytounx Mepexax Ethernet, Fast
Ethernet Ta Gigabit Ethernet, pob6ota fkux Bignosigae creyndgikayii
IEEE 802.3.
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CepefoBuule, WO PO3MOAINAETLCA MK YCiMa MOALYNSAMU Mepexi, B O6yab-
AKMIA MOMEHT Yacy MOXe 3HaxOAUTUCh B OAHOMY 3 TPbOX CTaHiB: MPOCTOH (Ka-
Han BiNIbHWIA), NepefaBaHHA (KaHan 3alHATUIA), KOHKYpeHUiT (Koni3is), Wo no-
Ka3aHo Ha puc. 3.15. KoxxHa cTaHLif 04HOYaCHO MOXXe nepejasaTty faHi I «npo-
C/TyXOBYBaTU» KaHasl, NpPMYoMY MpOC/yXOBYBaHHS Bif0YBaETbLCA MOCTiMHO. Ta-
Ka npouefypa [03BOMAE BU3HAYMTH, LLO BifOYBAETLCA B KaHall, TOOTO B AKOMY
CTaHI BiH 3HaXOAUTLCH.

IHTepBa/In
KOHKYpeHU,iT
SIEIED D=
Mepiog Mepiog, Mepiog
nepefaBaHHA KOHKYPeHLT MPOCTOI0

PucyHok 3.15 — Npotokon CSMA/CD

AKWOo KaHan BifbHUIA i y MAC-piBHA chopMOBaHO Kaap AN15 nepefaBaHHs,
TO Kagp nepefacTbCs B MEPEXHWNIA KaHas Yepe3 Pi3uYHNIA piBeHb, AKWA O4HOYa-
CHO KOHTPOJIKOE CTaH CepefoBuLLIA NepefaBaHHA. Y BUNaaKy, KON fAaHi, fKi ne-
pefatoTbCs B KaHas i MPUiAMatoTbCs 3 HbOr0, He 36iratoTbes, Le Oyae o3HayaTtu,
L0 LLe AKacb CTaHLis BUKOHYE MepefaBaHHs (Y1 HamaraeTbCs Le 3poouTn).

Cxema BUWSB/IEHHA KONi3ii B KaHa/l [JOCTaTHbO MPOCTa i HaBefjeHa Ha
puc. 3.16. Y Bunagky KoHMIKTY (KONi3iT) B KaHasi nepegayva NPUNuUHAETLCA, a
BIAMPaBHMK MNepefae B KaHan cneujiasibHy 32-6iTOBY MOCNILOBHICTb jam, fKa
IHopMYE BCi IHLLI CTaHLIT, WO BXXe BUKOHYETLCA MepeaaBaHHA Kagpy i iMm 3a-
OOPOHAETLCA BMKOHYBATW MepefaBaHHA CBOTX AaHuX. [Micns BMNaAKoBOro iH-
TepBaJly Yacy BMKOHYETLCA MOBTOPHA crpoba nepefaBaHHA Kagpy, Npuyomy,
A1 KOXHOI HacTynHoi cnpobu nepefaBaHHsA Yyac O4YiKyBaHHSA [O0BI/IbHO 36i/b-
Wwyetbed. Micna 16 nocnifoBHUX HeBAasMx Cnpob nepedatn faHi BUAAETLCS
CUrHan NOMWUNKN link error, SKUA NEPefAETLCA MPOTOKONY BEPXHLOTO PIBHA |
CBIAYMTb MPO Te, WO KaHan HefJOoCTynHWi. MNepeaaBaHHA [aHOro Kagpy BifK-
NaflaeTbCA i PO3NOUYMHAETHLCA NepeaaBaHHA HACTYNHOrO Kaapy, AKWUW nepefaHo
3 nmigpieHa LLC.,

3aBaskK Taki npoueaypi metogq CSMA/CD, nopieHaHO 3 CSMA, 003B0OSISE
lBMALLE MepefaBaTy AaHi i 6inbWw e(eKTUBHO BUKOPUCTOBYBATU MEPEXHMIA
KaHaJl.

MeTof MHOXWUHHOIO AOCTYMY 3 KOHTPOJIEM Hecy4ol 3 YHUKHEHHAM KO-
ni3it CSMA/CA 3a3Bu4ain BUKOPUCTOBYETLCA B 6€3MPOBOAOBUX Mepexkax, po-
6oTa AKuX onucaHa B cneundikayisx IEEE 802.11, wo 6yayTb po3rnsHyTi B
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po3aini 9. Ha sigminy Big metogy goctyny CSMA/CD, npu peanisauii aKoro
jam-NOoCNifOBHICTb MepefacTbCs TiNIbKW MPU BUSABMEHHI KONI3ii, NMpN BMKOPUC-
TaHHI meTogy CSMA/CA cnoyaTky BifnpaBnsieTbCA CUrHaN jam, sSiKWin iHgop-
MY€E CTaHUiT KaHasy, WO AesKa CTaHuif Mae faHi Ana nepefaBaHHA Ta 6axae Le
peanisyBatu. licnd nepefaBaHHs jam-NOCNIAOBHOCTI CTaHUiA Lie AeAKWUA vac
repeBipse KaHan Ha HadABHICTb B HbOMY aHasIorivyHMX CUTHaNIB jam Bif, IHLLMX
CTaHUii. FAKLLO TaKuil CUrHaN BUABMEHO, TOOTO, AEAKWIA iHLWINIA BY30/1 BUKOHYE
nepefaBaHHs, faHa CTaHUis OYiKye AO0BINIbHUIA MPOMDKOK Yacy i 3HOB Hamara-
€TbCA MepefaTy AaHi; Npwv BILCYTHOCTI IHWMX NnepefaBaHb CTaHLIA MOYMHAE ne-
pefiaBaHHA CBOIX AaHuX. [py TakoMy NiAX04I MOX/IMBA vLe KONI3isi KOPOTKNX
Jjam-KajpiB, a He KOMi3is iIHpopMaLiiHUX KagapiB.

BNoK faHunx BNOK fjaHux MigpiBeHb KepyBaHHS
$ ? noriyHmMm KaHanom LLC
dopmyBaHHA Kagpy Po3nakoByBay
Y
Konisis I
MigpiBeHb KepyBaHHsA
T [OCTYNOM A0 (isvyHOro
cepenosuia MAC
» |
Y
[ucneTyep goctyny [JucneTyep goctyny

MigpiBeHb NepefaBaHHA
(i3NYHMX CUTHaNIB

PUCyHOK 3.16 — Cxema BUSB/IEHHS KOMI3ilA

[MepeBaroto BMNALKOBMX HeleTepMiHOBaHMX METOAIB LOCTYMY € MpocToTa
X peaniszauii, HeBe/IMKa BapTiCTb, a TaKOX HE3HAYHMI Yac OYiKyBaHHSA NPU HK-
3bKilA IHTEHCUBHOCTI 3anuTiB. 30iNblUEeHHS KiNbKOCTI 3amnuTiB Ha 3aXOrJ/eHHs
KaHa/y Npu3BoAMTb [0 HecTabifibHOT poboTy MepeXi, OCKi/IbKM iIMOBIPHICTb YC-
MiLUHOro nepefaBaHHsA 3MEHLUYETLCS, a Yac 3aTPUMKKM Ta IMOBIPHICTb KONi3il
36I/bLUYIOTBCS, WO € CYTTEBUM HefoMiKOM Takoro nigxogdy. Kpim toro, He Mo-
YKHa BU3HAYMTIN MaKCUMaslbHUIA rapaHTOBaHWUIA Yac 3aTPUMKM [0 YCMILLIHOro ne-
pefaBaHHsA Kafpy, Lo Npu3BoAMTL A0 HEMOXK/IMBOCTI BUKOPUCTAHHSA LIMX METO-
AiB B Mepexax, fAKi MaloTb nepefaBaTu faHi B peasibHOMY Yaci.

MpoTokonn 6e3 Konisiid. Xo4a B npotokoni CSMA/CD KOH(NiKTV He Bia-
OyBatOTbCA MiCNA TOro, AK CTaHLiA 3axonua KaHan nepefaBaHHs, BOHN MOXYTb
BifbyBaTnCs B Mepiof KOHKYpPeHLii, WO NPU3BOAUTL [0 3HWKEHHS 3arasbHol
MPOMYCKHOI CNPOMOXHOCTI (NPOAYKTUBHOCTI) MepeXi, 0CO6MBO MpPW 3HAYHIN
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[NOBXMHI Kabento i HeBeNIMKMX Kagpax. ToMy po3po6/eHO [eKifibKa crocobis
[OCTYnNy [0 CepefoBuLLa nepefaBaHHA, AKI [03BOMIAKOTL CTAHLUISAM BU3HAYUTU
MpaBo nepefaBaHHA fAaHMX B KaHasi 6e3 Konisii. PO3rnsHeMo OAuH 3 TakuxX Me-
TOLIB, KU Ha3nBaeTbCA MeToAoM 6iToBol KapTu (bit map). Mpu peanizauil
uboro metofy (puc. 3.17) nicns nepefaBaHHA Kaapy BBOAMTLCA Nepios KOHKY-
PEHLIT, IKMIA CKNalaeTbCA 3 TaKOT Ki/IbKOCTI YacoBUX iHTEpBasiB, SiKa [OPIBHIOE
umcny ctaHuin B LAN (Ha pucyHKyY — 8 iHTepBasiB KOHKYpeHLiT). AKLLO CTaHLisA
Mae Kagp AN nepefasBaHHs, BOHa Mnepefae OAMHUYHWIA BIT 3asBKW Y CBilA Yaco-
BUA IHTepBa/l. TakMM YMHOM, MICNS 3aBEPLUEHHS Nepiody KOHKYPEHLiT BCiM
CTaHLifM BiJOMO, AKI 3 HUX MarOTb IH(hopMaLito 41 nepegasaHHsA. CtaHuiT rno-
YMHalOTb NepefaBaHHSA BiAnNoBIAHO A0 CBOIX MOPSAKOBMX HOMepIB, TOOTO, Bij-
MOBIAHO [0 4epru, sika BU3HAYeHa B Nepiof KOHKYpPeHLil. Peanidyroun Takui
aNropuTM MOXHa NOBHICTIO YHUKHYTU KOH(NIKTY B KaHasli, OCKiJIbKW BCI CTaH-
LiT MPOCNYXO0BYIOTb NiHI0, BIACNIAKOBYHOUN 1T CTaH.

12 12345678
Kagp 1 Kagp 5 Kagp 8 Kagp 2 Kagp 4
1 1 1 aap aap anp (T [T T T 11 aap aap
______ :\‘:\_><’, 7 T \\§:¥<___,,,/V 7
“ J “ J
Y Y
8 iHTepBanis 8 iHTepBaniB
KOHKYpeHLUi KOHKYpeHLUi

PucyHok 3.17 — MpoTokon 6iTOBOI KapTy

OUIHIOUN e(DeKTUBHICTb [AaHOro alropuTMy MOXKHA CKasaTu, LLO B Hesa-
BaHTaXKeHOMY KaHasi 6iT-kapTa 6yae NpocTo NOCTINHO NOBTOPHOBATUCH.

[Mpw BeNUKilA 3aBaHTaXKEHOCTI KaHasly, KoM BCi CTaHLiT MatoTb iH(hopMaLlito
ANA nepefasaHHA, nicna nepiogy nogadi 3asasok 3 N 6iTiB nepegatoTbca N Kaa-
piB. Ipn LbOMY HaKnagHi BUTpaTW Ha nepefaBaHHA OAHOI0 Kaapy CKnadalTb
BCbOr0 OAWH OIT.

3.7 TexHonoria Ethernet

Ha cborofHi TexHonoria Ethernet € Hali6ifbll NOLUMPEHOK TEXHOJOTIERD
NOKanbHUX Mepex i onucyetbca ctaHaapTamu IEEE 802.3, NOTOYHWIA CMIMCOK
AKNX HaBefeHO B AoAaTKy B.3, a TakoX (3 HEBENMKMMM BIAMIHHOCTSAMW) B CTa-
HAapTax mixxHapoaHux 1SO 8802.3 Ta eBponelicbkknx ECMA 82. lNeplua Bepcis
mepexi Ethernet po3pobneHa gipmoto Xerox y 1975 poui. besnepeyHoto nepe-
Barot0 AaHoro TUMy NOKanbHUX MepeX € i MPOCTOTa, HeBe/IMKa BapTiCTb, MOX-
NNBICTb MacLUTabyBaHHS.

Tononoris, napaMeTpy Ta 0CO6MMBOCTI peani3auil mepexi Ethernet 3ane-
XaTb Bif TUNYy cepefoBuLLa NepefaBaHHs Ta MapKytoTbea K XBaseY, e X Bu-
3Hayae LWBMAKICTb nepefaBaHHA (MPONYCKHY CMNPOMOXHICTb), 3a3BU4ail, B
M6iT/Cc, a Y — MakCUMasibHY [JOBXWHY cermeHTa (B COTHAX MeTPIB), LLO CrpaBe-
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ANMBO [ANs MePLUMX Bepciii Mepexi, abo Tun cepeaosula nepenasaHHs (Base
BKasye, L0 BUKOPUCTOBYHOTLCA BY3bKOCMYrOBI KaHan, TO6TO nepegaya Bigoy-
BaETbCS Ha OAHIM 6a30Biil 4acTOTi, HA BiAMIHY Bif LLUMPOKOCMYIOBUX Mepex
Broad, fKi BUKOPUCTOBYIOTb AeKi/lbKa HECYUYMX YaCTOT).

[na poctyny [0 cepefoBuLla nepefaBaHHA B YCIX MOAMGiKaLiax mepexi
Ethernet BUKOPUCTOBYETHCA METOL MHOXMHHOIO JOCTYMY 3 KOHTPOJIEM Hecy4ol
Ta BUSBNeHHAM Konidii CSMA/CD (6inblu geTanbHO AaHWUA anropuTm po3rns-
HYTO B nonepeaHbOMY nNigpo3aini). Bei ctaHuii NigKAYeHI 40 OAHOrO Criflb-
HOro cepeaoBuLLa nepedaBaHHsA, TOMY MepefaBaHHA peasizyeTbCA TiNIbKU MK
ABOMa Oyab-AK1UMK By3namm Mepexki. MepexxHUin aganTep KOXHOI CTaHLiT Me-
pexi npuiiMae Ta aHani3ye BCi Kaapw, fKi nepefaroTbCa B KaHai. AKLLO NPUIAH-
ATnin Kagp mae MAC-afpecy oTpumyBaya, Lo 36iractoca 3 MAC-afpecoto cTa-
HUIT, peiim 3anucyeTbea B Oydep i NepeBipseETbCA Ha HasBHICTb MOMW/IOK 3a
aornomoroo umknivHoro kogy CRC. Y pasi BiACYTHOCTI NOMUNOK Kaap nepefa-
ETbCA Ha MEPEXHWUI piBeHb AN NOAaNbLLIOT 00PO6KM, 3a HAsBHOCTI MOMMIOK
Kaflp 3HULLYETLCS, | HISSKMX MOBIAOMMEHb MPO NOMWUKY OTPMMYBay He Bianpas-
nse. MNoBTOpHe mnepefaBaHHA BTpayveHMX abo MOLUKOLXKEHMX KafpiB MOXYTb
IHILitOBaTK MPOTOKONM BULMX PiBHIB. TOMYy Mepexxa Ethernet € mepexeto, sika
(DYHKLIOHYE B peXXuMMi HerapaHTOBaHOI A0OCTaBKW, afie BUKOPUCTaHHA AKICHUX,
HafINHNX KaHasliB 3B’13KY KOMMEHCYE BIACYTHICTb MeXaHi3MiB KOpPeKLUil nomu-
NOK. 3Ha4YeHHS OCHOBHMX MapaMeTpiB NpoLefypy nepeaaBaHHs Kaapis HaBedeHi
B Tabnmui 3.4.

Tabnmug 3.4 — OCHOBHI NapameTpu npoueaypv rnepefaBaHHsA Kaapy

[MapameTp 3HayeHHA
MixKKafpoBui iHTepBas 96 6ITOBUX IHTEPBA/IB
IHTepBan BigTepMiHyBaHHA (slot time) 512 6iTOBMX iHTEpBaIN
[l0BX1Ha jam-nocnif0BHOCTI 32 6iTn
MakcrManbHa KifibKiCTb CNpob nepefaBaHHSA 16
MakcrmManbHa oBXWHa Kagpy (6e3 npeambynn) 1518 6awTiB
MiHimasibHa foBXMHa Kaapy (6e3 npeambynn) 64 6aintn (512 6iTiB)
[loBXu1Ha npeamo6ynun 8 6anTiB

Slot time — ue yac, NPOTAroM AKOro CTaHLif rapaHTOBaHO MOXEe BU3HAUUTMU,
O B KaHa/li Hemae Konisil. Lleli mapameTp NoB’si3aHniA 3 iHWMM NapameTpoMm —
«BIKHOM Koni3ii» (collision window), iKuiA [JOpiBHIOE Yacy ABOKPATHOrO Mpo-
XO[PKEHHS CUTHa/y MidXK Hailbinbl BifganeHUMU By3naMu Mepexi, TOOTO Hail-
OiNbLLUIOT 3aTPUMKM, NMPU AKIN CTaHUIA We MOXKe BUSBUTU BUHUKHEHHS KONIi3il.
AKLWIO cTaHLis, SKa Nepefae Kaap, He po3ni3Hae Konisito, ppeinm byae BTpade-
HO, L0 Npu3BefeHe [0 HeobXiAHOCTI MOBTOPHOIO NepefaBaHHSA 3a LOMOMOro
MPOTOKO/Y BUMLLOIO PiBHA, SIKa, B CBOK Yepry, CYTTEBO 3HU3UTb KOPWUCHY Mpo-
MYCKHY CNPOMOXHICTb Mepexi.
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Y mepexax Ethernet BUKOPUCTOBYIOTBCA Kafpy HMDKYEBKa3aHUX YOTUPLOX
(hopmaTis (puc. 3.18), Aki, 3a3BMYain, NiATPMMYIOTb peanisalito HanbinbLL Mno-
LUMPEHMX MPOTOKO/TIB MEPEXXHOI O PiBHS (PO3MIpY OMUii BKa3aHi B 6ainTax):

e Ethernet Il (npotokonu IPX, IP, AppleTalk Phase 1);

e Ethernet 802.2 (npotokonu IPX, FTAM);

e Ethernet 802.3 (npotokon IPX);

e Ethernet SNAP (npotokonu IPX, IP, AppleTalk Phase II).

Kagp Ethernet 1l (Ethernet DIX)

P DA SA Type Data CRC
N ~ U\ v \ v P\ ) N— I\ )
8 6 6 2 46 - 1500 4
Kagp Ethernet 802.2 (802.3 + 802.2)

P SFD DA SA Length | psaP | ssap | Control Data CRC
H_A_Y_/\ v J\ v /\_Y_/\_YJ\_Y_/\_Y_IK ~ / H_/
7 1 6 6 2 1 1 1/2 43/42 — 1497/1496 4

Kagp Ethernet 802.3 (“Raw’)
P SFD DA SA Length Data CRC
H_/\_Y_/\ v I\ v /\_Y_/\ — H_/
7 1 6 6 2 46 - 1500 4

Kagp Ethernet SNAP (Sub Network Access Protocol )

p SFD DA SA | Length [ 03P [ Ssap | Contiol | progipy Data CRC
H_A_Y_/\ v J\ v J\_Y_/\_Y_/\_Y_/\_Y_J\ v J\C ~ JH_/
7 1 6 6 2 1 1 1 5 38— 1492 4

PucyHok 3.18 — dopmatu kagpis Ethernet

3ayBaXXMMO, WO Ha CbOrOAHI Hal4acTille BMKOPUCTOBYETLCA Kaap
Ethernet II.

P (Preamble) — npeambyna, BAKOPUCTOBYETLCA 415 CUMHXPOHI3aLii Ta CKa-
naeTbest 3 cemu (abo BocbMI) GalTiB, SIKi MatoTb 3HauYeHHs 10101010;

SFD (Start of Frame Delimiter) — po3gifibHUK noyaTky Kagpy (3HayeHHs
10101011) BKa3ye Ha Te, LLIO HACTYMHWIA 6ainT € 6aiiTOM 3aronoBKa Kaapy;

DA (Destination Address) — agpeca npusHadeHHs (6-6aritoBa MAC-agpeca
OTpUMyBaya), AKa Moxe 6yTu TUMIB:

e unicast — iHAMBIQyanbHa afpeca, fKa BW3Hayae OAHOro agpecara AnA
OTPUMaHHS JaHoro Kaapy (B LbOMY BMNAAKy MePLUMiA GIT CTapLloro
6arita gopiBHIOE 0, a YHIKa/IbHICTb afipecu 3ab6e3nevyeTbCcs BUPOOHNUKOM
MepeXXHOro o0bnagHaHHs: ctaplua nonosMHa MAC-agpecy BU3Hayae BU-
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POOHMKa, a MonoALa — iAeHTUMIKATOP JaHOro MEPEXHOro 061agHaHHA
Y BUPOOHMKA);

e broadcast — LUMPOKOMOBHa ajpeca, sika BKasye Ha Te, LU0 AaHWUA Kaap
OTPUMYIOTb BCI BY3/11 MepeXi, Ta Mae 3HayeHHA OXFFFFFFFFFFFF;

e multicast — rpynosa agpeca, fka BM3Hayae, L0 OTpPMMyBayammn Kagpy €
BCi BY3/M BKa3aHOI rpynu (npv LbOMy Meplunii 6iT cTapwioro 6aiTa
LOPIBHIOE 1, a IHLWI MICTATb I4eHTUgIKATOP rpynu BY3/iB Mepexi);

SA (Source Address) — MAC-aapeca BiagnpasHuKa (unicast-agpeca);

Type — none BM3Ha4ae AKNiA NPOTOKO/T BEPXHLOIO PIBHA Nepeaae CBOI faHi
B Kagpi (BMKOHYe (hyHKLiT noniB DSAP i SSAP 3 3aronoska LLC);

Length — micTuTb po3mip nons gaHnx Data B 6anTax;

Data — MiCTWTb faHi, W0 nepeaatoTbCA NPOTOKO/IOM BEPXHLOIO PiBHS;

CRC (Cyclic Redundancy Check) — KOHTpOnbHa NOCAIAOBHICTb Kaapy Mic-
TUTb KOHTPOJIbHY CYMY Kafpy, fika o6uncneHa 3a aniroputMmom CRC-32;

DSAP, SSAP 1a Control hakTMuHO Hanexarb [0 3arosioBka LLC-kaapy;

ProtlD — geHTuikaTop NPOTOKONY, AKWIA 103BO/ISE BUKOPUCTOBYBATWN Kaf-
pu Ethernet gna nepegadi gaHnx GinbLU LWMPOKOT CYKYMHOCTI NPOTOKO/IB BEPX-
HbOr0 PiBHA i CKNagaeTbecs 3 ABOX nonis: TpubarToBoro OUI (Organizationally
Unique Identifier), ske BM3Hayae opraHisadito, W0 KOHTPO/KOE KOAW MPOTOKO/IB
B ApYyromMy fBob6aritoBoMy noni Type, sike 3a 3MiCTOM MOBHICTIO iIEHTUYHE PO3-
rNAHYTOMY OZHOIMEHHOMY MO0,

BignosigHo o ctaHgapty IEEE 802.3 po3pi3HAOTL AeKinbka TUMiB Mepex
Ethernet 3 pi3HMMK NPOMYCKHOK CMIPOMOXKHICTIO Ta TUMOM CepefoBuLLia nepe-
Aadi. Po3rnsaHemo oCHOBHI Moamdikauii ctaHaapTiB mepexi Ethernet Ta ix oc-
HOBHI XapaKTEPUCTUKN, AKI BIAHOCATL i A0 (hi3YHOTO PiBHS.

Mepexi Ethernet 3 nponyckKHOI cnpomMoXHIicTio 10 M6iT/c. Mepexi aa-
HOI Fpynn MaroTb AeKifibka TWMiB, AKi HaBefeHi B Tabnuui 3.5, i MatoTb Pi3HYy
TOMOJIOrito: K «wnHa» (10Base5, 10Base2, 10Broad36), Tak i «3ipka» (BCI iH-
wi). Ona nepefdadi curHanis BUKOPUCTOBYETLCA MaHYeCTepCbKe KOAyBaHHS, a
ANA CUHXPOHI3auil — HaoMLWKoBMIA koA 4B/5B (amB. NnyHKT 2.4.1), iKWl 103BO-
NA€ YHUKHYTU nepefadvi AOBrMX HYNbOBUX i OAUHUYHMX MOCNiLOBHOCTER. Me-
PeXi 3 TOMOMOTIE «3ipKay, AKi HalbiNbL MOLMPEHI Ha CbOrOAHI, BUKOPUCTO-
BYIOTb KOHUeHTpatopn (hub) ansa o06’egHaHHa cTaHuUii (puc. 3.19). Bukopuc-
TaHHS Takoro nigxofy Aae MOX/IMBICTb CTBOPHOBATU Mepexi i 3 6araTtopiBHe-
BOKO [1epeBOMNOAIOHOK TOMOMONIE, NPUUYOMY [0 KOXHOrO KOHLEeHTpaTopa Mo-
XYTb NiAKNKYATUCA AK CTaHUIT, TaK I iHLWI KOHLEHTPaTopwW.

Mepexi Takoi TONOMOrii XapaKTepusyrTbCs 3HAYHO BiNbLUOD XXMBYUICTIO,
OCKI/IbKM BIK/TKOYEHHS CerMeHTa 3 0yab-AKNUX MPUYMH HE NMO3HAYaETbCA Ha Po-
00TI iHWKX cermeHTIB. Kpim TOro, Taka KoH(irypauis Mepexi Ao3Bosise ocTa-
THbO MPOCTO OpPraHi3yBaT KOHTPO/Ib 38 CTAHOM MepPEeXi i 3HU3UTKU, TaKUM Yu-
HOM, KiNbKICTb KOH(IKTIB Ta [OCTaTHbO JIErKO BUABUTU AK HECMPAaBHWI Cer-
MEHT, TaK i CTaHLit0, KA € IPKEPESIOM NepeBaHTAKEHHA MepeXxi.
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Tabnuugs 3.5 — MNapameTpy mepex Ethernet

MakcumanbHa
HaiimeHyBaHHs Howmep BIACTaHb MiXX
: 0 '
CTaHAapTY CTaHApTY Twun cepepfosuLLa nepegavi M' Ay/NAMN, M
Hanis-
Aynnekc
Aynnekc
10 M6iT/c
KoakcCialbHUIA Kabenb fJiameT-
10Base 5 DIX-802.3 pom 05 moiima (1,27 cm), | 500
«TOBCTUIA Ethernet», 50 Om
KoakCianbHWUIA Kabenb AiameT-
10Base2 IEEE 802.3a pom 0,25 proiima (0,125cm), | 185
«TOHKMiA Ethernet», 50 Om
10Broad 36 IEEE 802.3b KoaKciaibHuii Kabenb, 75 OMm 1800
FOIRL IEEE 802.3d [Ba OMTOBO/IOKOHHMX Kabeni 1000 1000
10Base-T IEEE 802.3i [Bi CKpyueHi napu Karteropii 3 100 100
10Base-FL IEEE 802.3) [1Ba ONTOBO/IOKOHHMX Kabeni 2000 2000
10Base-FB IEEE 802.3) [Ba ONTOBO/IOKOHHMX Kabeni 2000
10Base-FP IEEE 802.3) [Ba ONTOBO/IOKOHHMX Kabeni 1000
100 M6iT/c (Fast Ethernet)
100Base-TX | IEEE 802.3u | ABi cKkpyueHi napu Kateropii 5 100 100
100Base-FX | IEEE 802.3u | ABa ONTOBO/IOKOHHMX Kabeni 412 2000
100Base-T4 | IEEE 802.3u | 4oTupu CKpy4eHi napy Kateropii 3 | 100
100Base-T2 | IEEE 802.3y | 4oTupu cKpydeHi napu Kateropii 3 | 100 100
1 I6iT/c (Gigabit Ethernet)
6araToMOZOBUA  ONTOBO/IOKOH-
HUIA Kabenb piameTpom 62,5 316 316
a60 50) MKM, fjiana3oH XBW/b a6o 550) | (abo 550
1000Base-LX | IEEE 8023z | \pngohtnh A ( a )
O[JHOMO/JOBWIA  OMTOBOJ/IOKOH- 316 5 kM
HWIi Kabenb giametpom 10 Mkm | (a6o 550)
6araTomMOA0BMiA  OMTOBO/IOKOH-
HWIA Kabenb piameTpom 62,5 275 275
1000Base-SX | IEEE 802.32 (a6o 50) mKMm, giana3oH xBuib | (a6o 550) | (a6o 550)
770-860 Hm
1000Base-CX | IEEE 802.3z eKpaHoBaHa CKpy4eHa napa 25 25
) 4YOTUPWN HeeKpaHOBaHI CKpYy4eHi
1000Base-T IEEE 802.3ab napw Kareropii 5 (a6o 6) 100 100
10 6iT/c (10G Ethernet)
24,55 Ta
) IEEE 802.3an- |ckpy4yeHa napa Karteropii P
10GBase-T | 5505 5e, 6 Ta 6a (a60 7) 100 BiA
MoBiAgHO
10GBase-CX4 | IEEE 802.3ae  [MigHuIA Kabenb 15
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MpoaoBXeHHs Tabnuui 3.5

6araToMoA0BMWIn OMTOBO/IOKOHHWI

10GBase-SR |EEE 802.3ae ' : 26 (82)
Kabesib Pi3HOro JiamMeTpa
10GBase-LR IEEE 802.3ae 6araTOM(?,£|,OBI/II/I QHTOBOHOKOHHMM 10 kKm
Kabesib Pi3HOro JiamMeTpa
10GBase-ER IEEE 802.3ae 6araT0M9'qOBMM (.)HTOBOHOKOHHMM 40 Km
Kabenb pPi3HOro giameTtpa
6araTomMof0BMWiA ONTOBO/IOKOHHWIA 240
Kabenb (300)
10GBase-LX4 IEEE 802.3ae
OA4HOMOAOBUIA  ONTOBO/IOKOHHMWIA
10 Km
Kabesb
10GBase-SW IEEE 802.3a¢ 6araToMo/0Buii OMTOBO/IOKOHHIA 300
Kabenb, AoBXMHa XBU/i 850 HM
10GBase-LW | IEEE 802.3ae | OAHOMOAOBIN OMTOBONIOKOHHIY 25 KM
Kabesnb, foBXunHa XBuni 1310 HM
10GBase-EW | IEEE 802.3ae | OAHOMOAOBIN OMTOBONIOKORHNY 40 Km
Kabesb, JOBXMHa XBU/i 1550 HM
10GBase-KR IEEE 802.3ap | onTOBONMOKOHHWIA Kabesb
40G Ethernet (40GbE)
40GBase- KR4 | IEEE 802.3ba | A51s 06’eqHyBa/IbHOI NaTy im
40GBase- CR4 | IEEE 802.3ba | MigHwii 6iakcianbHuii Kabenb ™
40GBase-T IEEE 802.3ba | UTP kateropii 8 30M
40GBase-SR4 IEEE 802.3ba | 0nTOBONMOKOHHMIA Kabesb 100 m
40GBase-LR4 IEEE 802.3ba | oNnTOBOMIOKOHHWIA Kabesb 10 Km
40GBase-FR4 IEEE 802.3bg | ONTOBOMIOKOHHWIA Kabesb 2 KM
100G Ethernet (100GbE)
100GBase- KR10 | IEEE 802.3ba | A MOKPALIEHOT 06"€AHYBaTIbHO 1m
nnaTy
100GBase- CR10| IEEE 802.3ba | MifHWi4 6iakcianbHWIT Kabenb 7™M
100GBase-SR10 | IEEE 802.3ba | onTOBONOKOHHUIA Kabenb 125 ™
100GBase-LR10 | IEEE 802.3ba | onTOBOMOKOHHUIA Kabenb 10 Km
100GBase-ER10 | IEEE 802.3ba | onTOBOMOKOHHUIA Kabenb 40 Km
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KoHueHTpaTop

CraHujis CraHuis

PucyHok 3.19 — CTpyKTypa mepexxi 3 4BOPIBHEBOIO AepeBONoA4i6HO0
TOMOJIOTIED

Mepexi Ethernet 3 nponyckHoto cripoMoxkHicTio 100 M6iT/c (Fast
Ethernet). CtaHgapT Fast Ethernet 6yno npuiiHaThiA y 1995 poui i BU3Havae 5K
MOAMMIKaLiT Ha OCHOBI CKPY4YeHOI napu, Tak i ONTOBO/IOKOHHOIo Kabento (auvB.
Tabnuuto 3.5). Y mepexi cneymgikauii 100Base-TX BUKOPUCTOBYETHCA KOAY-
BaHHA 4B/5B, a gna 100Base-T4 — 8B/6T, 0CTaHHE 3 AKUX J03BOMAE 3ab6e3neym-
TWU He NMWe Kpawli efNeKTPUYHI napameTpu nepefaBaHHsA CUrHanis, ane n ix
CTIIKY CMHXPOHI3aLito. AK (isnyHe KofyBaHHSA BMKOPUCTOBYIOTbLCA Koan NRZ
Ta MLT-3.

Y Fast Ethernet, nopisHAHO 3 Mepexxamu Ethernet, BUKOPUCTOBYETLCA TOM
e MEeTOZ A0CTyny [0 CepefoBuULLA NepefaBaHHA | Takui »xe opmaT Kagpy, ane
CYTTEBOIO BIAMIHHICTIO € NOBHa 1T Npo3opicTb A1 npotokonis TCP/IP Ta IPX,
TO6TO AnA 3abe3neyeHHs pobOTU LMX NPOTOKONIB B Mepexax Fast Ethernet He
noTpibHe AoAaTKOBe NporpamHe 3abe3neyeHHs, HOBI PiBHI TPaHCNALIT TOLLLO.

CraHgapT Fast Ethernet MicTUTb | peXnMm aBTOMNepPeroBopiB, AKUIA [103BO-
Nsie NigTPMMYBATW HabiNbLL BUTIAHWIA peXXnum poboTn ABOM 3’€HAHUM CTaH-
LM, Lo MiATPUMYHOTb [eKi/ilbKa CTaH4apTIB (Di3NYHOro PIBHA | PO3PI3HAKOTHCA
LUBMAKICTIO MepefdaBaHHA Ta Ki/fIbKICTHO CKPy4YeHUX nap. Bu3HayaloTb Taky
MPIOPUTETHICTb PEXUMIB (B MOPAAKY 3MEHLLEHHS MPIOPUTETIB):
aynnekcHuin pexkum 100Base-TX a6o 100Base-FX;
100Base-T4;
100Base-TX;

AynnekcHui pexkum 10Base-T;
10Base-T.

Tpeba Big3HaunTK, WO TpaauuiiHo mepexi Ethernet € mepexxamu 3 Hanis-
AYNNeKCHUM nepefaBaHHAM. [ns 3abe3neyeHHs poboTy B LyNIEKCHOMY PeXxu-
Mi MOTPIGHO BMKOPMCTOBYBATK Oifibll CKNAAHI MEPeXHi agantepu, AKi MatoTb
npautoBaTy B TaKOMY PEXMMI, @ KOHLEHTPAToOp Mae 6yTn KOMYTYBa/IbHUM.
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Tononorig mepexi Fast Ethernet aHanoriyHa Tonosorii 10-merabitoBux me-
pex, asie NiATPUMYE CninbHY POOOTY NOKa/IbHUX MEPEeX 3 MPONYCKHOK Chnpo-
MOXHicTio 1 10 M6iT/c, i 100 Mé6iT/c.

Mepexi Gigabit Ethernet. Mepexa Gigabit Ethernet, ctaHgapTt fkoi 6yno
NPUINHATO B 1996 poLii, BUKOPUCTOBYE TaKy X TeXHOMOrito, Wwo i Fast Ethernet, i
€ CYMICHOIO 3 Mepexxamu ctaHfapTie 10Base-T Ta 100Base-T, L0 3Ha4HO nose-
rwye nepexif Ha 6inbLL BUCOKOLLBUAKICHI Mepexi. B ctaHgapTi Gigabit Ether-
net BU3HAYeHO 4 BapiaHTW, SKi BUKOPUCTOBYHOTb CKPY4YeHY napy Ta OnTOBOJIO-
KOHHWI Kabenb (auB. Tabn. 3.5). Tunosa CTPYKTypa Mepexi, ska Mae [eKifbka
poboumnx rpyn, HaBefeHa Ha puc. 3.20. KomyTaTop /10Ka/ibHOT Mepexi npu Lbo-
My 3abe3neyye B3aEMO/IO LIeHTPasIbHUX CepBepiB I BUCOKOLIBUAKICHUX KOMY-
TaTopiB pobounx rpyn, AKi NIATPUMYHKOTb PI3HI LWIBMAKOCTI nepefadi: Bif
100 M6iT/c fo AeKinbKoX rirabiTis.

[na nigTpMMKM NOTPIGHOT WBMAKOCTI NepefaBaHHA B kKabeni karteropii 5 (i
BULLE) BUKOPUCTOBYETLCA KoAyBaHHA PAMS (MyHKT 2.4.3), a TakoX /OrivyHe
KopyBaHHs 8B/10B. | Tak, aK i Mepexi Fast Ethernet, Gigabit Ethernet sukopuc-
TOBYE NMpoLeaypy aBToneperosopis.

Mepexi 10 Gigabit Ethernet. CtaHaapTt 10 Gigabit Ethernet Ha cborogHi —
Lle Harbinbw LWBMAKICHWMIA BapiaHT TexHosnorii Ethernet, akuin opieHTOBaHO
TiNIbKN Ha OYNIeKCHUIA pexxum nepegadi. Lle nepwnid ctaHgapt Ethernet, akuia
He NoAiNnse cepefoBuLLEe NepedaBaHHs I, KpIM TOro, MIiCTUTL cnielmikayii isu-
YHOro PiBHSA, AKi CYMICHI 3i CTaHAapTaMu rnodasbHUX Mepex, a caMe: Mepex
SONET/SDH, saki po3rnaHyTi B nigpo3aini 9.3.

KomyTatop

Cepaep

KomyTatop

N
Cepsep 2 %@

CTaHujis % CraHujis
% CraHuis

CraHuis

PucyHok 3.20 — Tunosa cTpykTypa Mepexi Gigabit Ethernet

Mepwa Bepcia ctaHgapty 10 Gigabit Ethernet, opieHTOBaHa Ha BMKOpUC-
TaHHA ONTOBOJIOKOHHOMO Kabento, npuinHaTta y 2002 poui, a B 2006 poui — cTaH-
[apT, B AKOMY OMUCYETLCS PYHKLIOHYBAHHS MepeXi Ha CKpyUYeHiii napi.

IcHye fekinbka moguikauin ctaHaapty 10G Ethernet (guB. 1aén. 3.5), og-
Ha 3 AKkux (10GBase-T) nepenbayae BUKOPUCTAHHA CKPY4YeHOT napu KaTteropii 6
(abo 6a), BCI 1HLWI — ONTOBOJIOKOHHOIO Kabersto.
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Y wMepexax craHgapty 10GBase-LX4 BUKOPUCTOBYETHCA KOAYBaHHS
8B/10B, B ycix iHWKMX — 64B/66B, W0 [03B0ONSE 3a06€3MeUNTU CTIKY CUHXPOHI-
3alil0 nepefaBaHHA Ta YHUKHYTU MnepefaBaHHs JOBIUX HY/MbOBUX Ta OAUHWY-
HWX NOCNiLOBHOCTENA.
Ha cborofHi 0CHOBHMM npu3HadeHHAM Mepex 10Gigabit Ethernet € He no-
Oy[i0Ba NTOKa/IbHUX MepeX, a opraHisauis BUCOKOLUBUAKICHMX MaricTpanei ass
perioHa/lbHUX 1 rnobasibHUX Mepex, fKi 06’efHYHTb reorpadiyHo BigfaseHi
NoKanbHi Mmepexi. Takunin nigxif 3Ha4Ho NPOCTiLniA (i AeLLeBLUNIA), OCKINbKN He
BUMarae CKagHoro i Joporo B peasisauil NepeTBOpeHHs (hopmatiB AaHuX i
npoueayp nepefasaHHs, asie 3abe3neyye Heo0o6XiAHY AKICTb 06CYroByBaHHS.
Mepexi 40Gigabit Ethernet Ta 100Gigabit Ethernet
3a OCTaHHI [ecATb POKiB 6e3mnepepBHO 30i/bLUYOTLCA 06CATU faHUX, fAKi
nepefaloTbCsl B Mepexxax, KpiMm Toro, BUMOrn Ao LUBWAKOCTI nepefaBaHHA Ta-
KOXK 6e3MnepepBHO POCTYTb. 3’ABNAETLCA GaraTo 3a4ad, fKi BUMararTb nepesa-
BaHHA BCe 3 6i/bLLOK WBKMAKICTIO. Came TOMY nepes po3pobHuKamm 6yna noc-
TaB/ieHa 3afa4va po3pobKu TEXHONOT I, SiKi 6 403BONMAN NepedaBaT BeNNKi 06-
CArv faHux 3i WBNAKOCTAMU B AeKifibKa COTEHb rirabiTiB i HaBiTb TepabiTiB.
Mepexi 40GbE Ta 100GbE, po3po6neHi rpynoto IEEE 802.3ba Ethernet
Task Force, € HaCTynHMM eTanom Po3BUTKY cTaHAapTis Ethernet. BoHn 3a6e3-
neyytoTb LIBUAKICTb NepefaBaHHA gaHux signosigHo 40 ta 100 M6iT/c, MOXYTb
BMKOPWCTOBYBaTM OMTOBO/IOKOHHUIA Ta OGiakcCialbHWiA Kabeni, a TaKoX
06’eHYBa/IbHY Nnaty.
Mepexi 200Gigabit Ethernet
Taki mepexi signosigatoTe ctaHaapTy IEEE 802.3bs, nponoHyo4n LeKiflb-
Ka BapiaHTIB cneundikauin i nepeabayaroTb AyrnieKCHe nepefaBaHHA Ha Pi3Hi
BifcTaHi. OCHOBHI XapaKTepuCTUKK crieuudikalii:
e 200GBase-DR4 BukopucToBYE 4 CMYTrin 04HOMO/ZOBOIO OMTOBO/IOKHA Ta
4 piBHI aMnNiTy4HOT MOAYNALIT, NepefasaHHA Ha BiAcTaHb 500 Mm;

e 200GBase-FR4 3abe3neuye nepefaBaHHA Ha 2 KM | BUKOPUCTOBYE TaKy
X cucTemy i piBHI Mogynauii, faHi nepefarotbea no 4-x niHisx WDM
OZHOMO/0BOI0 OMTOBOJ/IOKHA;

e 200GBASE-R BMKOPUCTOBYE Ti X XapaKTepuctuk, wo i 200GBase-FR4,

nepefaBaHHA Ha BigcTaHb 10 KM,
Mepexi 400Gigabit Ethernet
Taki Mepexi TakoxX BignosigatoTs ctaHaapTy IEEE 802.3bs i 3a6e3neuyrotb
aynnekcHe nepegasaHHA. OCHOBHI XapaKTePUCTUKM crieumdikayiii:
e 400GBASE-SR16 3abe3neuyye nepefaBaHHA Ha BigcTaHb 100 M 3 BUKO-
PUCTaHHAM KOZYBaHHSA Ha 16 niHisx 6araToMo40BOro OrnTOBO/IOKHE,;

e 400GBASE-DR4 3ab6e3neuvye nepefasaHHs Ha BigcTaHb 500 M 3 BUKO-
pUCTaHHAM 4-piBHEBOI MOAYNAUIT Ha 4-X KaHanax 0AHOMOZOBOr0 OMTO-
BOJIOKHa;
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e 400GBASE-FR8 —nepefaBaHHA Ha BigCcTaHb 2 KM 3 BUKOPUCTaHHAM 4-
piBHEBOI Moaynauii Ha 8-mmu kaHanax CWDM-niHisxX 0gHOMOAOBOrO
OMTOBOJ/IOKHE,;

e 400GBASE-LR8 3a6e3neuye nepefasaHHs Ha BigcTaHb 10 KM 3 BUKOPU-
CTaHHAM 4-piBHeBOI MoaynAuii Ha 8-mn KaHanax WDM ogHoMo40BOro
OMTOBOJIOKHA.

3.8 TexHonoria Token Ring

Mepexxa Token Ring (MepeXa 3 MapkepHMM focTynom) 6yna po3pobreHa
KoMmnaHieto IBM i npusHayanacb Ans 06’efHaHHS BCiX poboymx cTaHuil, AKi
BUNYCKatoTbCA Lieto KomnaHieto. CtaHgapTamn IEEE 802.5 Tta ISO 8802.5 (xo-
ya MIXXK HUMU | € [esaKi HeCYTTEBI BIAMIHHOCTI) pernamMeHTOBaHI Bepcil Mepexi 3
MPOMYCKHOIO CPOMOXKHICTIO 4 M6iT/c Ta 16 M6iT/c (TR4 1 TR16 Ta 3i 3HayeH-
HAMM MTU 4464 Ta 17914 6aiiTis, BignoBsigHO), B cTaHgapTi IEEE 802.5t (1998
p.) onucaHa mMepexka 3 NMpPoMyCcKHOK CNPOMOXHICTIO 100 M6iT/c. | xo4a Ha Cbo-
rofgHi mepexa Ethernet € Hali6inbLI NOLIMPEHOD NOKa/IbHOK MEPEXELD, SiKa BU-
TiCHSIE BCI IHLUI TMMK, PO3PO6NSETLCA CTaHAAPT ANd TR, KU pernaMeHTye ne-
peaaBaHHs 3i WwBMAKicTio 1 6iT/c. KomnaHieto IBM cneuianibHO ans Mepexi
Token Ring 6yna po3pobneHa KoHuenuis emyntoBasbHOT nporpamy NetBIOS,
L0 [03BONNO Oifibll FTHYYKO pearyBaTh Ha 0COG/IMBOCTI amapaTypu i nigTpu-
MyBaTV CYMICHICTb i3 mporpamamu 6ifibLL BUCOKOIO PiBHS.

Mepexa Token Ring 3Ha4uHO cknafHiwwa 3a Ethernet, Wwo Bege i 4o 6isbLUOT
BapTOCTI, i Ma€ NOriYHY TOMOJONI0 TUMY «KifbLe» Ta Pi3nYHYy TOMONOTi0 TUNY
«3ipKa». Lle noB’A3aHO 3 TUM, WO OKpemi cTaHuil (i BCI MoAeni) mepexi nigk-
NOYAK0TLCA [0 KaHaly He 6e3nocepefHbo, a Yepes creliaibHi KOHLEHTpaTopu
(abo npucTpoi MHOXMHHOro goctyny) MAU (Media Attachment Unit) a6o
MSAU (Multi-Station Access Unit). Ha puc. 3.21 HaBefeHa CTpyKTypa Mepexi,
npuyomy BUKopucToByoTbest MAU, AKi, 3a3BMYail, MatoTb 8 nopTiB (Xoua ic-
HYtOTb 16- Ta 24-NOPTOBI KOHUEHTPATOPX) AN NiAKIHYEHHS poboYMX CTaHLii
Ta iHWKUX moayniB mepexi i asa nopty (RI ta RO) gna nigkntoyeHHs HLWNX
MAU. Bci noptv MatoTb HOPManibHO 3aMKHYTUIA CTaH, a Npu NiAKIYEeHHI 10
Oy/b-IKOro MoAyns WiNiCHICTb KinbUs 6yae 3ab6e3neyvyBaTch Yepes MepexxHui
aganTtep NigKM4YeHoro By3na. Ans nepefaBaHHA AaHWX Ha (Pi3MYHOMY PiBHI
BUKOPUCTOBYETHCA MaHUYeCTEPCbKe KOAYBaHHS.

] | | |
( RI RO . RI RO RI RO
— MAU (MSAU) = — MAU (MSAU) = - MAU (MSAU)

PC PC PC PC PC PC PC PC PC

PucyHok 3.21 — CtpykTypa mepexi Token Ring
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Y nepwmnx Bepcisx mepexxi Token Ring yHKUiT MAU BUKOHYBa/n nacuBHi
KOHLeHTpaTopy IBM 8228 a6o aktusHi IBM 8229. [ns 36iNblUeHHA BIACTaHI
MDK LMMM  KOHLeHTpaTopamy BWKOPUCTOBYHOTLCA, BIAMOBIAHO, MAaCUBHI
IBM 8218 1a aktmBHi IBM 8219 nosToptoBayi. Ha cborofHi 4acto BUKOPUCTO-
BYETbCA MpUCTpPiil kepoBaHoro goctyny CAU (Controlled Access Unit) IBM
8230, AKuin siBNsie COO60K BUCOKOIHTENEKTYaNlbHWUIA aKTUBHUIA KOHLEHTPATOop, A0
AKOro MOXHa NigK4aTn 40 4-X NOKa/IbHUX MEpPEX.

Ansa peanisauii mepexx ctaHgapTy IEEE 802.5 po3pobneHo Habip iHTerpa-
NbHUX cxem TMS 380, Akuii npu3HayYeHo Ans peanisauil (isMYHOro Ta KaHasb-
HOro piBHIB. Lleil Habip 3abe3neyye nepefasBaHHA faHUX, Bifeo, My/bTUMesia
3aCTOCyBaHb 3 Pi3HUMU NPIOPUTETAMMU | MICTUTb CXEMW:

e TMS 38051 ta TMS 38052 BUKOHYIOTb (OYHKLiT NpUiMMaHHSA Ta nepega-

BaHHA Kaapy, iHTepdeicy 3 kabenem;

e TMS 38010 — cnevianizoBaHWili MepeXXHWiA 16-po3psSAHAIA KOHTPONEP;

e TMS 38020 peanisye hyHKUiT npoTokony IEEE 802.5;

e TMS 38016 — 32-p0o3psaHNIA MEPEXHNIA KOHTPONEP.

Y mepexxax Token Ring MOXyTb BUKOPUCTOBYBATUCb Taki Kabeni: ekpaHo-
BaHi TMny 1, 2, 6, 9; HeekpaHOBaHi KaTeropiin 3, 5; ofHOMO0BI Ta 6araTomMoA0-
Bi. Bif XapakTepucTukn KabenbHOI CUCTeMWU, KifIbKOCTi i Pi3HOBUAIB NOPTIB
MAU, a TakoX NpPOonyCKHOI CMPOMOXHOCTI KaHa/ly 3a/nexarb YCi XapaKTepuc-
TUKM Mepexi, SKi HaBeeHi B Tabn. 3.6.

Tabnmug 3.6 — XapakrtepucTnkm mepexi Token Ring
CepefioBuLLe NepesiaBaHHSA
MNapameTp STP UTP UTP
type 1, 2/6,9| category 3 | category 5
LLIBnaKicTb NepefaBaH-

Hs, MGiT/c 4 16 4 16 4 16 |4/16 |4/16

KinbKiCcTb CTaHLiin 250 | 250 | 150 | 150 | 150 | 150 | 250 | 250
BigctaHb RI/RO, m 770 | 350 | 200 | 100 | 250 | 120 (10 Km|2 Km
JoBXnHa pafianbHOro
Kabesnto npu nacmeHomy| 200 | 100 | 100 | 60 | 130 | 85 [10KM|2 KM
MAU, m

JoBXnHa pafianbHOro
Kabesnto npu aktneHoMy | 300 | 150 | 200 | 100 | 250 | 120 10 KM |2 KM
MAU, m

SM |MM

3 ycix cTaHuiid, SKi NiAKNKYeHi 40 Mepexi, BUAINATL 04HY, WO Mae PyH-
KUIT aKTMBHOro MoHiTopa (Active Monitor), SiKuii BUKOHYE FOMIOBHY KepiBHY
(hYHKLiO B KiflbLi | NIATPUMYE BUKOHAHHSA TaKNUX QYHKLiiA:

e 3a0e3neyeHHs PO60TM rONOBHOIO TaKTOBOIO reHepaTopa;

e KOHTPO/b MepefaBaHHA MapKepa B Mepexi i, B pasi Moro nowKomKeHHs

abo BTpaTu, reHepais HOBOro Mapkepa;
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e riepefaBaHHA KepiBHOT iH(hopMaL,iT, HeOOXIAHOT A4/19 HOPMa/IbHOT Po6oTH
BCIiX CTaHL|ii KinbLS;

e 3a0e3neyeHHs HEOOXIAHMX YacoBMX 3aTPUMOK B KifbLy;

e BUJAJIEHHA 3 KifbLA KaApiB A4/19 NONepespKeHHs 3aLMKH0BaHHS.

AKTVBHMIA MOHITOP BCTAHOBMIOETLCA Mif, Yac iHiyianisauii Kinbusa i 3a3Bu-
yain Mae Hainbinbwy MAC-agpecy, BCi iHLWI CTaHUiT BBaXKAKOTbCA PE3ePBHUMM
MOHiTOpamy (Standby monitor), KOXHWIA 3 AKMX NPY BigMOBI aKTUBHOIO MOHi-
TOpa MOXe CTaTu aKTUBHMM (NPV BUKOHaHHI BIAMOBIAHUX Mpoueayp). AKTUB-
HWUIA MOHITOp NepiognyHO (Yepe3 KOXHi 7 C) nepefae cny>K60BuiA Kaap, AKUIA
nokasye (yHKLIOHYBaHHS LLbOro MOAYNA B KifbLi, AKLLO X 32 16 ¢ He 6yno Ta-
KOro Kafpy, BBaXXaeTbCA, L0 aKTUBHWIA MOHITOP HecrnpaBHUN i 3 pe3epBHUX MO-
HITOPIB BUGUPAETLCA HOBUIA aKTUBHUIA.

Y mepexax Token Ring BUKOPUCTOBYHOTLCA TpW TUMNW Kafpis: MapKepa, Aa-
HWUX Ta NepepumBaHHs, (hopmaTn SKUX HaBefeHOo Ha puc. 3.22 (po3mip onuil Ha-
BefleHO B 6GaliTax). Kagp mMapkepa Bu3Ha4yae npaBa AOCTyny [0 CepefoBuLla
nepefaBaHHA CTaHUiT, ska /ioro oTpuMana. Kagp gaHux 3abe3nedye nepepa-
BaHHA AK AaHuX Ons KepyBaHHA Kinbuem (MAC-kagpw), Tak i JaHUX KOPUCTY-
Baya (LLC-kagpw). CtaHgapt Token Ring Bu3Havae 25 TuMiB KepiBHUX Kaapis
MAC-piBHS, 6 3 KX € OCHOBHUMW. Kaap nepepmBaHHS — crielianibHWin Kepi-
BHU Kafp, AKWA MOXe OyTW BignpasneHWin B 6yab-AKUA MOMEHT i B Oy/b-
AKOMY MiCLii NOTOKY AaHuX, CBIAYNTb MPO Te, L0 NOTOYHE rnepeaaBaHHsA Kaapy
abo Mapkepa BiAMIHAETbLCS.

ST (Starting Delimiter) — po3ginbHUK MNOYaTKy Kadpy, 3HAYeHHS AKOro
JKOJKO000, ge J tTa K — 6iTn, 3Ha4eHHs SKMX He BiAnNoBifae andepeHLuiaibHOMy
KoayBaHHIO Manchester (MyHKT 2.4.3 AaHOro nocibHMKa) i NpoTArom nepLumx
ABOX OITOBMX iHTepBaniB JK yTpMMYETbCA OAMH PiBeHb CUIHasly, NPOTSAroM
apyrmx JK — NpoTUNeXHUiA piBeHb, TOMY TakuiA 36ii1 CUHXPOHI3aLliT Nerko Bu-
ABNAETLCA MOLY/IEM-0TPUMYBAYEM;

Kaap mapkepa
SD | AC | ED
1 1 1
Kagp gaHux
SD | AC | FC DA SA RI Info CRC ED | FS
Y Y Y Y Y
1 1 1 6 6 >=0 >=0 4 1 1
Kagp nepepviBaHHs
SD | ED
1 1

PucyHok 3.22 — dopmatu kagpis Token Ring
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AC (Access Control) — kepyBaHHA 4OCTYNOM, 3HayeHHA akoro PPPTMRRR
BM3Ha4ae AKUIA 3 HACTYMHUX BY3/1iB OTPMMAE NPaBo Ha nepefaBaHHs, Mpu Lbo-
My: 6iTv PPP 03HayatoTb NOTOYHMIA npiopuTeT Kaapy (000 — HaimeHLwnia, 111 —
HaviBuwmin); T — 6iT mapkepa (T = 0 gna mapkepa, T = 1 Ans mapkepa 3 Kaf-
pom); M — 6iT MOHITOpa (AKLLO AaHWiA Kaap nepefaHo akTUBHUM MOHIToOpom, M
= 1); RRR — 6iTK pe3epBoBaHOro npiopnteTty (403BONAOTL aOOHEHTY pe3epBy-
BaTW CBOE NPaBOo NOAA/bLLON0 3aX0MeHHs KaHany);

ED (Ending Delimiter) — po3ginbHUK KiHUA Kagpy, 3Ha4YeHHA $KOro
JKLIK1IE, ge JK matoTb Takuii Xe cTaH, Wwo i B ST, 6iT | (Intermediate) BMU3Ha-
yae, € AaHWin Kagp NPOMiKHMM B nocnigoBHocTi Kagpis (I = 1) abo KiHue-
BUM/eguHMM B nosigomneHHi (1 = 0), a 6iT E (Error) Bkasye Ha BUSAB/IEHY NOMU-
nky (E = 1);

FC (Frame Control) — kepyBaHHs Kagpom, hopmart fgkoro FFZZZZ7ZZ, 6itn
FF Bm3HavatoTb Tvn Kagpy: 00 — MAC-kaap, To6To Kagp 3i cny>60B0oK0 iH(Op-
mauieto, 01 — LLC-kagp, T06TO Kagp AaHUX kKopuctysada, 10 ta 11 — 3apesep-
BOBaHi; 6iTn ZZZZ77Z pns LLC-kagpiB 36epiratoTb piBeHb Oro npiopuTety, a
ana MAC-KafpiB BU3Ha4atoTb OAUH 3 A0ro 25 Tunis;

DA (Destination Address) — aapeca npusHaveHHs (6-6aritoBa MAC-aapeca
OTpVMYyBaYa, B SKil cTapLunii 6iT agpecy BU3Havae oTpumMyBaya: 0 — iHAMBILYa-
NbHa, 1 — rpynosa, a Apyruin 6iT BKkasye Ha crocié npusHadeHHs agpecun: 0 —
rno6anbHUIA (YHiBepcanbHWI, SIKWUIA 3anmMcaHo B afanTepi), 1 — noKanbHWit), aka
MOXe ByTu:

e iHAMBIYa/IbHOIO;

e [PYMOBOIO;

e (DYHKUIOHa/IbHOIO, fKa NPU3HAYaETLCA MOAY/IAM, WO BUKOHYHOTL Criflb-

HI YHKUIT | SiKi 260 3a3aaserifb BU3HavatoTb apxiTekTypy TR, abo npu-
3Ha4at0TbCA KOPUCTYBAYeM 3a/eXXHO Bif oro noTped (Hanpvknag, ag-
pecu, SKi 3ape3epBoBaHO AN1s BiANOBIAHNX CNYXKO0BMX LiNEN:

FF FF FF FF FF FF — LUuMpoKOMOBHWIA Kaap;

CO0 00 FF FF FF FF — wmpokomoBHMit MAC-Kagp;

CO0 00 00 00 00 01 — aKTUBHWIA MOHITOP;

C0 00 00 00 00 02 — cepsep NapameTpiB KifbLd;

C0 00 00 00 00 08 — MOHITOP MOMMWNOK KiflbLiA;

C0 00 00 00 00 10 — cepsep 3BITIB NPO KOH(Irypawito;

CO0 00 00 00 01 00 — cepBep MOCTOBOIO 3’€AHAHHS;

CO0 00 00 00 20 00 — cucTEMHMIA aaMiHiCTpaTOp;
a TaKOoX agpecu cepeepis, AKi NPMU3HAYat0TbCA KOPUCTYBaYaMu:

C0 00 00 80 00 00 Ta CO 00 04 00 00 00);

SA (Source Address) — MAC-afpeca BiAnpaBHUKa;

RI (Routing Information) — mapLupyTHa iHpopmaLis, L0 BUKOPUCTOBYETLCS
TINIbKM B MepexXax, aKi MICTATb [eKifibKa cermeHTiB TR, npu3HayeHa A4 ifeH-
TUdpikauil Kineub i MOCTIB (L0 BUKOPUCTOBYIOTLCA A1 06’€4HAHHA MapKepHUX
Kineub), Yyepes AKi HeobXIiAHO nepefaTn Kaap agpecary; MICTUTb NOC/IAOBHICTb
2-6aiTOBNX aapec CerMeHTIB Ha MapLUpPYTi A0 ajgpecata, sSiKi KepytoTb po60ToLo
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MOCTIB B peXXunmi MapLupyTunsauii Big mprepena (Mpu LboMy cTapLunii 6iT B agpe-
Ci BignpaBHMKa JOPiBHIOE 1);

Info (Information) — iH(opmaLiiHe none, WO MICTUTb AaHi BEPXHIX PiBHIB
(kagp LLC), B AKMX HaBeAeHi BKa3iBHUKN AOCTYMY 40 CepBICIiB BiANpaBHMKa Ta
oTpumysaya (ave. puc. 3.12), abo cny>k6osi gaHi (kagp MAC), npuyomy po3mip
LIbOro nons 3anexuTb Bif Bepcii TR i cknagae, 3a3sudyait, 4 Kéantun gna TR4 |
16 Kb6aiTiB gnsa iHWKX.

CRC (Cyclic Redundancy Check) — 6ainT KOHTPO/O 3a LUMKAIYHUM KOJOM
CRC-32;

FS (Frame Status) — ctaTyc Kagpy, copmaTt sikoro ACrrACrr (ogHo6ainToBe
none, sike ANns HafinHOCTI MICTUTb ABi OAHAKOBI TeTpaam), Ae: r — 3ape3epBoBaHi
6iTn, A (Address Recognized) — 6iT po3ni3HaBaHHS afpecu, KU BKa3ye Ha Te,
o oTpumMmyBaY € B cerMmeHTi, C (Frame Copied) — 6iT KonitoBaHHS Kafpy, SKuWii
BM3HaYaE, L0 ajpecar CKONitoBaB AaHuii Kaap B CBili 6ytep; Le none 403BOSSE
BiAANPaBHMKY OTPUMaTK iHpopMaLito, Lo NepefaHnii Kagp 6yno oTprmMaHo.

Y wmepexi Token Ring Ha nigpieHax LLC ta MAC BUKOPUCTOBYHOTHCA
npoueaypy 6e3 BCTAHOBMIEHHA 3 €AHAHHSA, ane 3 NiATBEPMKEHHAM OTPUMaHHS
nepefaHux kKagpis. [Ang goctyny 40 CepefoBuLia nepefaBaHHs BUKOPUCTOBY-
ETbCA KNACUYHMIA MapKepPHUIA JOCTYM, TO6TO B KiflbLi MepeXi NOCTIMHO nepeaa-
ETbCA MapKep, SKWWA BM3HA4ae MpaBoO CTaHLIl, WO MOro oTpuMMana, nepeaatu
CBOI Kagpu faHux. Y mepexxax TR BUKOPUCTOBYETbCA MOAMMIKaLIS LbOro Me-
TOfly, a caMe: MapKepHWIA JOCTynN 3 npiopuTeTaMu, Npw peanisauii SKOro BU3Ha-
4aloTbCA NPIOPUTETN KaapiB MapKepa Ta Mapkepa 3 AaHUMU, AKi nepearoTbCs B
KaHa/li, a TaKoX MOTOYHMX KaapiB, AKI O4YiKyKOTb Ha rnepefaBaHHA B CTaHLisIX.
[MpK LbOMY MOXYTb BUHUKHYTU HUXYEONMCaHi cUTyalLlil.

CraHuis, AKa oTpMMana Mapkep, He Mae iHgopmauii And nepeaaBaHHs. B
TaKOMy BUMafKy CTaHLif nepefae Mapkep HacTynHiW cTaHuii 6e3 3MiHW 3Ha-
YEHHSA MpIopUTETY.

CraHuif, fka oTpumasa mMapkep, Mae iHopmauito ana nepegasaHHsA. MNpu
LIbOMY CTaHLif MOPIBHIOE MPIOPUTET CBOrO Kaapy, MiAroTOB/IEHOrO A0 nepeaa-
BaHH$, 3 NPiOpMUTETOM P OTPMMAHOI0 Kagpy. AKLLO0 BiH HUXXUMiA 3a P, TO cTaHLis
BUKOHYE Apyre MopiBHAHHA 3 6iTamu pe3epBOBaHOro npioputety R. B pasi sik-
L0 BiH MEHLUWI i LbOro 3HaYeHHs, TO OTpMMaHuiA Kagp 6yae nepefaHo HacTyr-
Hill B KifbLi CTaHUiT 63 3MiHM 3HauYeHHs1 R. AKLLO X npiopuTeT Kagpy A5 ne-
pefadi BULLMI 3a 3Ha4YeHHs R, TO CTaHL,is BCTAHOB/IOE MOr0 HOBE 3HAYEHHS, LU0
O3Hayae 3adBKY Ha MOX/IMBICTb HACTYMHOrO nepefaBaHHsA CBOro Kafpy. AKLO
X NpiopuTeT Kagpy, NiAroTOBMEHOro 40 nepefaBaHHs, BULLMIA 3a NpiopuTeT
OTPMMaHOro Kagpy, cTaHuisi 3anucye B CBili Oydep 3HavyeHHs P Ta R 3 oTpuma-
HOro Kagpy I nepefae kagp 3 npioputetom P, a 6iTn R BcTaHoB/MtoE B 0, WO fo-
3BOMIAE IHLWIMM CTaHLisIM KOHKYpYyBaTh 3a NpaBo OTPMMaTK AOCTYN O KifbLs.
[Micna noBepHEHHS MO KiNbLUIO NepefaHoro Kaapy CTaHuis, fka Bignpasuna pa-
Hillle Kaap, BiAHOBNIOE 3anuncaHi 3HaveHHs P Ta R i nepeaae 1ioro B KaHan. Pea-
ni3ayis Takoro anroputMy 06po6Ku NpiopuTeTiB KaapiB A0O3BONAE 3PIBHATA LLa-
HCM BCiX CTaHLil Ha AOCTyn A0 cepefoBuLLa nepefaBaHHs.
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HUIT abo Kabento 3’efHaHHS CTaHUiA QOopMYe | BUAAE B KaHa/ CUMHa/IbHWUIA Kaap
nonepemkeHHs (MAC-kagp), KU apecyeTbCs BCIM CTaHLiaM Kinbus. Buko-
PUCTaHHS Takoi npoueaypwv A03BOSIAE /IOKaNi3yBaT HECNpaBHICTb A0 PiBHSA,
aKTMBHOT CTaHUIT-Ccycifa Ta Kabeno Mi>K HUMMN.

Takum 4YmMHOM, BaXX/IMBOIO NepeBaroto Mepexk Token Ring € BIACYTHICTb He-
CTabiNibHOT po6OTK, OCKINIbKM KOH(NIKTHUX CUTYaLiil He BUHMKAE, WO Befe [0
3HAYHO 6iNbLIOT eDEKTMBHOCTI BUKOPUCTAHHS pecypciB KaHany. [10 Hefonikis
TakMX Mepexx Tpeba BifHECTU CKMafHICTb a/IfOPUTMIB KepyBaHHSA | MepPeXHUX
afanTepis, WO NPU3BOANTL A0 3HAYHO GiNbLU BUCOKOT BapToCTi, HiX Ethernet,
HeOoOXiAHICTb KOHTPO/KO HAasABHOCTI MapKepa B Mepexi, a TakoX 3a/IeXHICTb
(DYHKLIOHYBaHHA MepeXi Bif KOXHOIo 3 MoAy/iB Mepexi.

3.9 Mepexi FDDI

TexHonoris FDDI (Fiber Distributed Data Interface) — nepiia TexHonoris
NOKa/IbHUX MepeXx, Ka BUKOPUCTOBYBasia OMTOBO/IOKOHHWIA Kabenb fK cepeso-
BULLEe NepefaBaHHsA, po3po6/ieHa Ha OCHOBI MPUHLMMIB AOCTYNY A0 KaHany Me-
pexi Token Ring. Mepexxa FDDI CcTBOpHOETLCS Ha OCHOBI ABOX Kineub: nep-
BUHHOrO (primary) Ta BTOPUHHOrO (secondary), npnyomy 060B’S3KOBO IHOp-
MaLlif B HAX NepeaaeTbes B MPOTUNEXHMX HanpsMKax (puc. 3.23).

Primary

Secondary

/‘

PucyHok 3.23 — Tononoris mepexi FDDI

Takuin nigxig Ao3BoNse npu BiAMOBI OyAb-AKOro Moayns mepexi abo npu
(hi3NYHOMY PO3PUBI MEPEXXHOI0 Kabesito BUKOHATU AMHaMIYHY PEKOHirypawito
TOMOJIOrii, BIAHOB/OKOYM TakKUM YMHOM KOPEKTHE (YHKLIOHYBaHHA Mepexi.
Mpwn pekoHgirypauii (3ropTaHHi KifnbLsa) nepeBuHHE Kinble 06°eQHYETHCA 3 BTO-
PUHHUM 3a [OMOMOrOK KOHLEHTpaTopiB Ta (abo) mepexkHux agantepis FDDI.
TexHosoris mae Taki 0cobMBOCTI:
e riepefaBaHHA fdaHuxX 31 wsuakictio 100 M6iT/c (gna ABOX Kineub
200 M6iT/c) npu foBXuHI Kinbusd 100 Kwv;

e MOX/MBICTb NiAKMHOYEHHA A0 500 CTaHLii B 04HOMY KifbLi;

e edeKTVBHE BMKOPUCTAHHSA MPOMYCKHOI CMPOMOXHOCTI Mepexi fK A/
ACMHXPOHHOTO, TakK I AN CUHXPOHHOTI O TpaqiKiB;

e 3abe3neyeHHs BiMOBOCTIMKOCTI Mepexi 3a paxyHOK CTaHAapTHUX Npo-
Lieflyp peKoH®irypauii Tononorii nicns BigMoB Pi3HUX TUNIB.
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| nepBuHHe, | BTOPUHHE KiNbLA ABNSKOTL COO0KO CrisibHE PO3MofifieHe cepe-
[OBULLE NMepefaBaHHs faHWX, O/ AKOro BU3HAYEHO METOL MapKepHOro AoCTy-
My, WO po3pobnieHniA Ha 6a3i MeToAdy focTyny Mepexi Token Ring. BigMiHHOCTI
B LIMX MeTofax AOCTYNYy NossratTh Y:

BiICYTHOCTI aKTMBHOIO MOHITOpa, NnepeabdayacTbes, WO BCi CTaHLIT piB-
HOMpaBHi i MOCTIAHO KOHTPO/IKOKOTL iHTepBa/T MiXK Mapkepamu (TOKeHa-
MW), Ta HasABHOCTI (PI3UYHOIO 3’€AHAHHS MXK CYCIAHIMU nopTamu;
BIACYTHOCTI npoueayp 06pobku npiopuTeTiB Kagpie (3amicTb 8-
PIBHEBOrO MPIOPUTETY KafpiB BeCb Tpaik Mepexi po3ginsaiTb Ha 2
Knacu), LWo 3Ha4YHO CMpOLLYye anropuTMm 06po6KK NOTOKIB;

TOMY, WO A/19 aCUHXPOHHOIO PeXnmMy, 418 AKOro HecyTTEBI 3aTPUMKW,
yac yTpUMaHHS MapKepa B CTaHLiT 3a/1eXKNTb Bif, 3aBaHTXXEHOCTI KiflbLA
(NpV He3HauHi 3aBaHTAXEHOCTI KiNbLUA Yac yTpMMaHHA Mapkepa 36i-
NbLUYETLCA, NPW 30i/IbLUEHHI HaBaHTAXXEHHSA — 3MEHLLYETLCA), AN1A CUHX-
POHHOIO PEXMMY Yac YTPUMaHHS MapKepa 3a/IMLLAETLCS NOCTINHUM (K
i B Mepexxax Token Ring) i Tomy Takunin Tpaghik 06C/yroByeTbCA HaBITh
NPy NepeBaHTaXXEHHI KibLs;

BUKOPUCTaHHI anropMTMy paHHbOrO BUBISIBHEHHS Mapkepa, AKWiA re-
penbavae, L0 HOBMIN MapKep (POPMYETLCA CTaHLIErD 0apasy nicns nepe-
flaBaHHA Heto Kagpy (B mepexi Token Ring cTaHuisi 3BiNIbHIOE MapKep
nicns Toro, SK BiH 6yae nepeaHuii Yepes BECb CErMEHT).

Bpaxosytoumn Tonosorito Mepexxi FDDI po3pi3HAOTL Taki KOMMOHEHTU Me-

pexi:

SAS (Single Access Station) — cTaHUiT OAWHWUYHOIO MiAKMOYEHHSA, SKI
MiAKMYaKTLCA TiNIbKW [0 NePBUHHOIO KifnbUA (CTaHuii knacy B);

DAS (Dual Access Station) — cTaHuiT NOABINHOIO MigKMOYEHHS, AKi 0f-
HOYaCHO MOXYTb MiAKNHOYATUCA A0 ABOX MaricTpaibHUX Kifeup: i nep-
BWUHHOIO, | BTOPUHHOIO (CTaHUIT Knacy A);

SAC (Single Access Concentrator) — KOHLEHTPaTOPN O4MHMUYHOIO MifK-
NIOYEHHS;

DAC (Dual Access Concentrator) — KOHUeHTpaTopy MoABIMHOrO nigk-
NFOYEHHS,

LLi cTaHUiT Ta KOHLEHTpaTopy MatoTb 4 Pi3HMX TUNK nopTis (Tabn. 3.7), sKi
BIPI3HAKOTLCSA 3@ CBOIM NPU3HAYEHHAM Ta 0CO6/IMBOCTAMM MiAKNHOUEHHS.

Ocob6nmBoCTi peanisauii UuMx MoayniB HaBefleHi Ha puc. 3.24. KoXHWIA BY-
301 MepeXi Mae MaTu MIHIMYM OAMH MOAY/b AOCTyny Ao cepeposuwa MAC,
SAKUA Mae CBOK YHikanbHy MAC-agpecy. CtaHUil OAUHUYHOIO MNiAKMHOYEHHS
SAS, sKi 3a3BMYail NigKNHYaTLCA A0 KiNbLs 3a AONOMOroH KOHLEHTpaTopa,
MatoTb OfMH NMOPT S, AKMIA NpaLIoE K Ha NPUIOM, TakK | Ha nepeaasaHHs (puc.
3.24, a). CtaHuil noAsinHoro nigkntoyeHHs DAS matoTb fBa MoOpTU ANS MifK-
NOYEHHS A0 ABOX Kifleup I A03BONAKOTL O4HOYACHO Nepedasaty Ta NpuUiAMaTu
AaHi no ABox Hanpsmkax (puc. 3.24, 6). KoHUeHTpaTopy OAMHWUYHOIO MifK/t0-
YEHHSA MatoTb TiSIbKK NopTVM M Ana NiAKAYeHHS CTaHuUii SAS, a KOHLEHTpaTo-
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pu DAC (puc. 3.24, B) MaroTb TpU TUMNK NOPTIB, AKI SO3BONAIOTL CTaHUiAM SAS
Ta DAS nigkntoyatumcs o ABox Kineub Mepexi.

Tabnunug 3.7 — Tunu NopTiB CTaHUiM | KoHUeHTpaTopis FDDI

Tun :
MigKnoYeHHs [Mpr3HayeHHs
nopTy
P1/SO (Primary In/Secondary Out) 3abe3neyye 3’eaHaHHA MOAYNIB MOABIiA-
A Bxifg nepBMHHOrO KifbUA 1 BWUXI4 | HOFO NIAKIKOYEHHA 3 MaricTpasibHUMM
BTOPMHHOTO Ki/lbLis KinbLAMM
PO/SI (Primary Out/Secondary In) 3abesneyye 3’eHaHHA MOAY/IB MOABIN-
B Buxig nepBMHHOrO KifbUA | BXif | HOTO MIAK/IHOYEHHA 3 MariCTpabHUMU
BTOPWUHHOIO KiflbLA KinbLUsaMM
M Master PI/PO Bxig nepBuHHOrO | MOpT KOHUEHTpaTopa Ans 3B’A3KY 3 Npu-
KiNbLA/BUXIi[ NEPBUHHOIO KinbLA CTPOAMU OANHUYHOTO NIAK/IHOYEHHS
S Slave PI/PO Bxig nepBUHHOro Ki- | Mopt MoAyns O4UHWUYHOIO NiAKAKOYEHHS
NbUA/BMXif, MEPBUHHOIO KiNbLA 0151 3B’A3KY 3 KOHLEHTPaTopoM
[MAC | A —— |B
y > [MAC|{+—1—>
[ S |

A

> MAC

\4

B)

CraHuii mepexi

PucyHok 3.24 — KomnoHeHT mepexxi FDDI: cTaHuii o4MHUYHOro
NigKNoYeHHs (a), NoABIMHOIO MigKNtoYeHHs (6) Ta KOHUeHTpaTopu (B)

[na Toro, wo6 cTaHuis Morna rnepefasaty CBOT AaHi B KaHasl, a He Ti/lbKu
BMKOHYBATW peTpaHCAALit0 KafpiB iHWMX CTaHLiA, BOHA Mae MaTu xo4a 6 of1H
mogynb MAC. 3a3Buyain Lii yMOBI BignoBigatoTb BCi cTaHuiT mepexi FDDI i
KOHLEHTpaTopy, AKi BUKOPUCTOBYIOTL MoAynb MAC ans reHepavii Takmx cny-
KO0BMX KagpiB, AK Kagpw iHiuianisauil KinbUs, Kagpu AiarHoCTUKK (MoLyky
HecnpaBHOCTeN), Kagpu 3axX0r/IeHHA KaHay ToLO.

Ha cborogHi nuwe texHosoria FDDI gae MOXNMBICTb peKoH®irypavii To-
MOOrii MpN HecnpaBHOCTAX Ha (pi3n4HOMY piBHI. KoHLUeHTpaTopy nposoB-
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XYIOTb PYHKLUIOHYBaHHS NpY BiAKIHOYEHHI CTaHUiT Bif nopTie abo npu o06pmBi
Kabento.

KOMMOHeHTN hi3nYHOro i KaHasibHOro pisHiB Mepexx FDDI nokasaHi Ha
puc. 3.25.

®i3nyHnin nigpiseHb MIC BM3Ha4ae TN Ta MOPT 3’€4HaHHA 3 OMNTUYHUM
cepefioBMLLEM NepefaBaHHs, a nigpiseHb PMD, aKuil 3aneXuTb Bif cepefoBu-
LA nepejasaHHs, BU3HAYa€E e/IEKTPUYHI Ta ONTUYHI KOMIMOHEHTU, TUN 3B A3KY 3
cepeaoBuLLLEM, BUMOTM 0 6aratoMooBoro kabento towo. MigpiseHs PHY Bu-
KOHYe KofyBaHHSA BignosigHo ao kogy NRZ, a nigpiseHb MAC 3abe3srneuyye Ke-
pyBaHHA LOCTYMNOM CTaHLii [0 cepefoBMLLA NepeaBaHHs, BUKOHYE /IOTIYHE KO-
AyBaHHA 4B/5B Tow0. 3aco6u KepyBaHHS CTaHUieto SMT BMKOHYHOTb MOHITO-
PUHT Ta KOHTPOJIb PO60TK BCbOTO KiflbLisA, BUAB/IEHHS MOMWUJIOK TOLLLO.

TakuMm umHOM, TexHonoris FDDI 3a6e3neyye BUCOKOLUBMAKICHE Mepeaa-
BaHHSA B KaHa/ll Ha Be/IMKi BIACTaHI, MOX/IMBICTb PEKOHMIrypawyii Tonosorii, 3a-
BAAKWN YoMy 3abe3reyvyeTbes i BiAMOBOCTIMKICTb, a/ie MPU3BOAUTL [0 3HAYHOrO
YCKNaflHEHHA CTPYKTYpU MOAYNiB Mepexi Ta npoueayp iX (YHKLIOHYBaHHS.
Tomy mepexi FDDI 3a3Buyali BUKOPUCTOBYIOTb He ANs NOGYA0BU NTIOKASIbHUX
MepeX, a A/ CTBOPEHHS BUCOKOLUBUAKICHUX MaricTpanei, Ao AKUX nigknroya-
IOTbCA OKPEMI CTaHLiT (3a3BMyali Yepe3 KOHLEHTPATOPK) Ta NOKaslbHI Mepexi.

LLC (Logical Link Control)
IEEE 802.2

l T KaHanbHui
piBeHb

MAC (Medium Access Control)

MigpiseHb 4OCTyny A0 cepeaoBumLa

SMT l
(Station PHY (Medium Dependent Interface)
Management ®i3nyHMin NigpiBeHb
Tools) DiznuHNii
piBeHb

PMD (Physical Media Dependent)

®i3nYHWIA NigpiBeHb, SKWIA 3aNeXNTb Bif cepefoBULLA

l

MIC (Medium Interface Connect)
3’giHaHHS 3 ONTUYHUM CEPEOBMLLIEM OnTUYHe
cepe/oBuLLe

PucyHok 3.25 — KomnoHeHTH piBHiB mogeni OSI B mepexi FDDI
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3.10 OcHoBW (PYHKLIOHYBaHHA KOMYTaTOPIB SIOKa/IbHUX Mepex

Bci cTaHuii, 38’A3aHi 04HMM 3arajibHAM CepefoBULLEM NepefaBaHHs, B Me-
pexxax Ethernet cknagatoTb AOMEHN KoNi3iil. Mepexi, nobyaoBaHi BUK/KOYHO Ha
KOHLeHTpaTopax (xabax), cknajaroTb OAWMH AOMeH Kofi3ii. MpakKTUYHO B HeBe-
NNKUX KOMIM’IOTePHUX Mepexax (4o 20 By3niB) HemMae YMOB NS BUHUKHEHHS
LUTOPMY KOMI3I — ICHYHUMIA MexXaHi3M JOCTYny A0 cepefoBuLa nepeaaBaHHA
[03BO/IAE 3aMobirTv 3ITKHeHHAM Kagpis. MpoTe, AKLLO A0 Mepexi MiAKIHYaETb-
A BiNbLUa KiNbKICTb CTaHLiA, TO MOXMBA CUTYaLisl, KOJIM NPOTArOM KOPOTKOIro
IHTEpBa/ly Yacy mMepexka NpPUNuHAe yHKLUIoHyBaTu, I nicna uboro pobora me-
pexi BIHOB/OETLCA 6e3 AKOro-Hebyab BTPyYaHHA. Haibinbl MMoBipHa npu-
YMHa AaHol cuUTyauii — LUTOPM KONi3ii. [ns HEMOX/IMBOCTI BUHUKHEHHS LUTOP-
MY KONi3iiA HeoBXiAHO PO3AINUTX AOMEH KONI3iiA Ha JOMEHMN MEHLUMX PO3MIpIB,
3B’A3aHNX 3a JONOMOror KomytaTopa. OCKiNlbKM KOXeH AOMEH MICTUTb MEHLLY
KIfIbKICTb BY3/1iB B KOXXHOMY AOMEHI KONi3ii, 3MEHLUYETLCA MMOBIPHICTb BUHU-
KHEHHS LUTOPMY KONi3iiA.

Takum YMHOM, BUKOPUCTAHHA KOMYTATOPIB, AKI NPaLoTh AK BY30/1 KOMY-
Tauil, Npuinmaroym Ta nepefaroumn Kagpu Mixk pisHUMM napamm aboHeHTIB OAHO-
4aCHO, [03BO/ISIE 3MEHLUMTU MMOBIPHICTb BMHUKHEHHA KOMI3iA 1 3a paxyHOK
LbOro MiABNWMTI edheKTUBHICTb Mepexx Ethernet. JlokanbHi Mmepexi, nobynoBsa-
Hi Ha OCHOBI KOMYTaTopiB, Ha3nearoTbCA Switch Ethernet.

3anexHo Bif PYHKLIN, SKi BAKOHYIOTb KOMYTaTopK, Ta iX BignoBigHOCTI pi-
BHAM eTa/loHHOI Mogeni OSI, po3pi3HAOTb KOMyTaTtopu 2-ro Ta 3-ro piBHiB.
KomyTtaTopn 2-ro piBHS (OYHKLIOHYKOTb Ha KaHa/JlbHOMY PiBHI 1 nepefarTb
OTPUMaHUI Kagp TiNbKA Ha O4WH BUXIAHWIA MOPT, SKUWA BU3HAYAETLCA 3 ypaxy-
BaHHSM MAC-agpecy ogepxxyBaya. B Liei1 )Ke yac iHLWi NopTn KoMmyTaTopa Mo-
XYTb BUKOPMUCTOBYBATUCH /151 MepeAaBaHHs MK iHLIOK Napoto CTaHuin. Takum
YMHOM, peasibHa NPOMYCKHa CMPOMOXHICTb MepeXi MoXe nepeBuLLyBaTh Mak-
CUMasIbHY LUBUAKICTb NepefaBaHHA AaHUX 3 KOXHOI CTaHLIT.

[N nepefasBaHHA KafpiB KOMYTaToOp BUKOPUCTOBYE TABGMMLIIO NPOCYBaHHSA
(abo apgpecHy Tabnuuto), Aka MicTUTb fABa nond: MAC-agpecy cCTaHUil-
OfepXKyBaya Ta iJleHTU(iKaTop NMOpTy KOMyTaTopa, Ha AKUiA HeobXigHO nepesa-
TW Kafp 3 TaKO afpecoro Npu3HavyeHHs. B no4yaTKoBOMY CTaHi Wi nons Tabnuui
MOPOXHI. KoMyTaTop 3anoBHIOE CBOKO Tab/ML0 aBTOMaTMYHO, HAa OCHOBI Nacu-
BHOIO CNOCTEPEXEHHS Ha TPatikoM, AKWUIA LIMPKY/HOE B CErMeHTaX, L0 NiAK/Lo-
YeHi [0 1oro nopTis.

AKWO KOMYTaToOp He MOXE 3HaWTK aapecy OoAepxkyBaya B CBOI afpecHil
Tabnvui, BiH HanpaBnse Kagp Ha BCI MOPTM 3a BUK/KOYEHHAM TOro, 3 SKOro
OTPMMaHO Kaap. MakcumManbHUIA po3mip TabnuLi NPoCyBaHHA € 03HAKOK KOHK-
PETHOro KoMyTaTopa i MoXe 6yTI Bif KiflbKOX AeCATKIB agpec (KomyTtaTopu pi-
BHSA Masioro ogicy) Ao coTeH Tucay (MarictpanbHi Komytatopn). Kpim Toro, ae-
AKI TUNW KOMYTaTOPIiB 00MEXYHTb KifIbKICTb afpec, AKi MOXYTb OyTu 3apeecT-
POBaHI 71 KOXXHOr0 MopTy.
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KomyTaTtop moxe npawtoBati B IBOX OCHOBHUX peXnmax:

e po3oporo 3’efHaHHsA (Transparent Bridging);

e TepmiHoOBOI KomyTauil (Express Switching).

Mpn npo3opomMy 3’€fAHaHHI PO3Mip afpecHOT Tabnuui Mae MakCuMasibHe
3HaYeHHS, OCKiNlbkM MicTUTb MAC-agpecu BCiX CTaHLi NTOKa/IbHOTO CErMeHTY,
B TOMY 4umcCni i TUX, WO 6e3nocepefHb0 He MPUELHaHI 40 KOMyTaTopa. AKLLO
PO3MIp aApecHoi Tabnnui MeHLWWIA 3a KiflbKiCTb NPUCTPOIB B SIOKa/IbHOMY Cer-
MeHTI, TO Tpagik, cnpsamoBaHunii Ha MAC-afpecwm, L0 He BMICTUIUCL B afpECHY
Tabnuuto, 6yae nepegaBaTMCb Ha BCi MOPTU KOMyTaTopa.

Oco6nmMBOCTAMM KOMYTaTOpa, LU0 Mpautoe Ha OCHOBI CNOCOOY TepMIHOBOT
KOMyTauii, € Taki:

e O[IVH 3 NOPTIB BU3HAYalOTh K MaricTpasibHWiA;

e KOMYTATOp KEPYE MNOro agpecHo TabnnLEer TakuM Xe YAHOM, AK i Npu

NpPo30poMy 3’€fHaHHI, MPOTe BiH He 3anam’ATOBYE afpecy BiAMNpPaBHUKIB
TUX Kagpi., L0 HaZINLWIM Yepe3 maricTpasibHU NopT;

e KOMYTATOp Nepefac Kagpw 3 BiJOMUMU agpecamn ofep>KyBaya (3apeecT-

pOBaHVMMM B afipecHili Tabnuui);

e Kajpu 3 HEBIOMOO afpecoto ofep>KyBaya 3amicTb TOro, LWo6 nepeaasa-

TW Ha BCI NOPTW, BiH Nepefae Ha MaricTpasibHWiA NopT;

KoxkHa cTaHuis, nigknoveHa (6esnocepefHbo abo Hi) 40 KOMyTaTopa, Lo
npawtoe B peXxumi TepMiHOBOT KOMyTaLlil, Mae CroYaTky rnepefatu Kagp 4n1s To-
ro, LLo6 KomyTaTOp 3anam’saTaB i 3anuvcaB Ti agpecy.

B 060x onncaHMX BuLLEe CNocobax KOMYTaTop HIKOMW He repefae Kagp Ha
MopT, 3 AKOT0 BiH 6YB OTPUMaHWA.

ICHYe fekinbka MeToAIB KOMyTauii, SiKi peanizoBaHO B KOMyTaTopax 2-ro
PiBHS:

e Hackpi3Ha (cut-through) abo KoMyTauis «Ha bOTY»;
6e3pparmeHTHa (fragment-free processing);

3 6yepm3adieto Kaapis (store-end-forward processing);

e [HTeNeKTyasbHa KOMyTaLif.

[Mpn BUKOPUCTaHHI HAaCKPI3HOT KOMYyTaLii KOMyTaTop NoYvMHae Bignpasns-
TW Kagp Ha BignoBiAHWIA BUXIAHWIA MOPT KaHany ofpasy, fK TilbKK OTpMMaHa
IHpopMmaLis, HeobXigHa ANA BU3HAYeHHA agpecaTta, TOOTO MiCAS OTPUMAHHSA |
aHasizy neplumx 6 6anTiB Kagpy, B AKX mMictutbca MAC-aapeca ogepyyBaya.
Lle Bege 4O 3HAYHOrO CKOPOYEHHS 3aTPUMKW MepefaBaHHs, afie He [O03BOJISE
BUABUTU Kafpy 3 NOMUIKaMU, SKi MOXYTb OYTU BUSABMEHI TifIbKU MiCNA OTPU-
MaHHS BCbOro Kagpy. Kpim Toro, nicns oTpyMaHHs TifibKn 6 6ainTiB KOMyTaTop
He MOXXe BUSBMTW KOMI3it0, L0 NPU3BOANTL A0 36i/bLUEHHS TX KiSIbKOCTI MiX
AOMEHAMW KONI3ii.

€avHa BIAMIHHICTb 6e3(hparMeHTHOI KOMyTaLil Bif HAaCKPI3HOT Monsdrae B
TOMY, KOMYTaTOp Ha pO3MOYMHaE Mofasnblue nepefaBaHHs Kaapy MOKU He
oTpuMaEe nepui 64 6ainTn, Wo € (3rigHo 3i cneyndikauieto Ethernet) rapaHTieto
TOro, L0 KOMIi3il B CErMeHTI He Oyae. TakMm YMHOM, AaHWin MeTo[ KOMyTau il He
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36i/IbLLYE YMCIO KONI3iid, NpoTe, NMOPIBHAHO 3 MonepeaHiM MeTOAO0M, MPU3Bo-
AUTb [0 BiNbLUIOT 3aTPUMKKN NepeaaBaHHs.

[Mpwn nepefaBaHHi 3 6yepmrsalieto Kagpis KOMyTaTop OTPUMYE BeCb Kaap,
nepeBipse MOro Ha HasBHICTb NOMWNOK i Ti/IbKK MOTIM Mepefae Ha BiAnoBiAHWIA
MOpT Ha OCHOBI 3aMuCiB B afipecHil Tabnunui NpocyBaHHs. [aHnin meTof, nopis-
HAHO 3 ABOMa norepeAHimu, 3anobirae 36iNbLLEHHIO KiNIbKOCTI KOMI3i i nepe-
[aBaHHIO MOLLKOMKEHUX KafpiB, NpoTe 3aTPUMKa, AKY BHOCUTb TaKuMil KOMyTa-
TOp, MOXe 6YTM 3HAYHOLO | JOCAraTh 3Ha4YeHHs Yacy, HeobXiaHOro Ans npuino-
My Ta nepejasaHHsA BCbOI0 Kagpy.

IHTenekTyaslbHa KoMyTauis € KOMOIHaLIErD KOMyTalii «Ha NIbOTy» | KO-
MyTauii 3 6yepusalieto Kagpis. CnoyaTKy KOMyTaTop BUKOPUCTOBYE KOMYTa-
L0 «Ha NbOTY», | AKLLO KifIbKICTb BIAMOB NpY nepegadi Kagpis nepesuLlye ae-
fIKe BCTaHOB/IeHe 3Ha4yeHHs, KOMyTaTop aBTOMAaTUYHO MOYMHAE BiANPaBIATA
OTPUMaHI Kagpu Ha OCHOBI MeToAy 3 Bydepumsaviieto. AKLLO YMCIO BIAMOB Najae
HVXKYe [AaHOro 3HAYEHHs,, KOMYTaTop MOYMHAE BMKOHYBATU KOMYTaLit0 «Ha
NbOTY».,

Takum 4YMHOM, KOMYTaTopu 2-r0 PiBHA [L03BONANOTL MepefaBaTVl MOTOKWM
AaHNX 3HAYHOro Po3Mipy, NpoTe, 3i 36i/bLEHHAM KiNbKOCTI CTaHuii, AKi nigk-
NKOYEHI 40 MepeXi, BOHW BXe He MOXYTb BUKOHYBATWU CBOT (PYHKLIT B MOBHOMY
06ca3i. Y Mepexi 3 BeNMKOK KifbKICTHO CTaHLiA KOPUCTYBaYiB Lie MOXe Npu3-
BECTM [0 3HAYHOrO MepeBaHTAXEHHA ab0 A0 BWHWKHEHHS LUMPOKOMOBHOIO
wtopmy (broadcast storm).

KomyTaTopu 3-ro piBHA 403BONAKOTL YaCTKOBO PO3B’A3aTy LIKO NPOGIeEMY.
PO3pI3HAIOTL MakeTHI Ta MNOTOKOBI KOMyTaTopu 3-ro piBHA. [MaKeTHI KOMyTa-
Topun (packet-by-packet switch) yHKLIOHYHOTb aHa/IOMYHO MapLUpyTMU3aTOPY,
O/IHaK, OCKi/IbKW BCi Oro PyHKLUIT peanizoBaHO anapaTtHo, NPOAYKTUBHICTb Me-
pexi 3Ha4yHO 36inblyeTbCs. [pyM BUKOPUCTaHHI MOTOKOBOIMO KOMyTaTopa
(flow-based switch) npoayKTUBHICTbL 36iNbLLIYETHCA 32 PaxXyHOK igeHTUdgiKauii
noTokiB IP-nakeTiB 3 0AHAaKOBMMMW agpecamu BignpaBHMKa I ogepxkysaya. Lle
peani3yeTbCsa LUMISXOM CMOCTEPEXEHHSA 3a TpadikoMm, KU NepefaeTbCs yepes
KomyTaTop, abo 3a JOMOMOroK creuiaibHOro igeHTuikaTtopa NOToKy B 3aro-
NOBKY nakeTa. lNMicng igeHTndikawii KOHKPETHOro NOTOKY AN NPUCKOPEHHS A0-
CTaBKW NakeTa 3a3Buyali 06MpaeTbCst MapLUPYT, AKUIA BXe BYB paHille BU3Haue-
HO, WO BeAe A0 36i/bLUeHHS NPOAYKTUBHOCTI Mepexi.

3.11 MNuTaHHA Ana caMmonepeBipKu

1. OxapakTepusyiTe NPU3HaYeHHA KaHa/IbHOrO PiBHA Ta MpoaHanidyiTe
OCHOBHI (PYHKL,iT MPOTOKO/IIB LbOr0 PiBHS.

2. ToscHITb 3HavyeHHs napameTpa MTU Ta Moro BNAMB Ha MPOMYCKHY
CMPOMOXHICTb KaHany.

3. [MpoaHanisyiTe eTanu PyHKLiOHYBaHHA NPOTOKO/IB KaHa/IbHOrO PiBHS
Ta TUMU NPUMITUBIB.

4. TloAACHITb 0CO6MBOCTI Knacugikalii MpOTOKO/IB KaHAIbHOTO PiBHS.
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5. TlpoaHani3yite XapaKTEpPUCTUKN  OaWT-OpiEHTOBaHMX Ta  OIT-
OpiEHTOBaHMX MPOTOKONIB KAHA/IbHOIO PIBHS.

6. TMosICHITb 0CO6/IMBOCTI (hYHKLIIOHYBaHHSI GaiiT-OpieHTOBaHUX Ta OiT-
OpPIEHTOBaHMX MPOTOKONIB KAHA/IbHOTO PIBHS.

7. TpoaHaniszynte 0co6MMBOCTI peanisauii  pexumis poboTn  6iT-
opieHTOBaHOro npoTtokony HDLC.

8. [MpoaHanisyinte 0CO6MMBOCTI KOH(IirypyBaHHA KaHany B MNPOTOKO/II
HDLC.

9. OxapakTtepusyiTte opmaTti kagpis npotokony HDLC Ta 0co61mBOCTI
TX BUKOPUCTaHHS.

10. OxapakTtepuayiiTe cnocobu Hymepauii kagpis npotokony HDLC i oco-
6/11MBOCTI Ta chepn X BUKOPUCTaHHS.

11. TlosACHITb cnocobu 3abe3neyeHHs MPO30POCTI KaHany B MPOTOKOMaxX
BSC ta HDLC.

12. TMokaxiTb CTpyKTypy 11-ro Kagpy npwu nepegasaHHi 3a [4OMOMOroOH
npotokony HDLC Ha cTaHuito 3 agpecoto 7F B HaniBAynaeKCHOMY pexumi y
MPO30pOMY KaHa/i Takoi nmocnigoBHOCTI gaHmx: 11111111 10110101 00000011
0111110.

13. TlpoaHanisyite 0CO6G/MBOCTI Ta CPEPU BUKOPUCTAHHSA Mpoueayp Kepy-
BaHHA nepefaBaHHAM B KaHani (npoueaypy SAW, GBN, SR).

14. TlokaxiTb npoueaypy nepefaBaHHA [aHMX B HaniBAyn/JEKCHOMY
KaHani B peXumi HopmasbHOT BignoBigi 3a goriomoroto npotokony HDLC. lMe-
pefaBaHHS BUKOHYETbLCSA 6/10kamMun 3 12 kagpis. [Mpu nepegasBaHHI M’ATOro Ta
BOCbMOrO KaapiB Bifbynacs noMuka.

15. TlokaxiTb npouedypy nepefaBaHHA JaHUX B AYMEKCHOMY KaHasi B
PeXUMi  acMHXPOHHOI Bignosiai 3a Agonomoroto npotokony HDLC. Ans
KepyBaHHA MOTOKOM KafpiB 3 PO3LUMPEHOKD HyMmepaLietd BUKOPUCTOBYETHCA
aIropuTM BMOIPKOBOIO MOBTOPEHHA. Kagpu 3 HoMepamu 2 Ta 6 OTpMMaHo 3
MOMWU/IKOK. 3aTpMMKa OfepXKaHHSA Kaapy MigTBEPAPKEHHS CTAHOBUTbL 3 Kafpw.

16. OxapakTepuayinte NpuHUMN POBOTN «KOB3HOr0O BikHa». [MOSICHITL Bif
AKUX MapameTpiB 3a/1eXXUTb PO3MIP BiKHa Ta SKMM YMHOM BIiH BMJIMBaE Ha
e(heKTMBHICTb NnepefaBaHHS.

17. TIOACHITb NPUHUMNN KOAYBAHHA 3 BMKOPUCTAHHAM LMKMIYHUX KOZLIB.
["eHepyBa/lbHWIA NONIHOM Ta 1Oro BUAN.

18. OxapakTtepusyiiTe 0CO6/MBOCTI peanizauii KaHa/JlbHOro pPiBHA B
NOKa/IbHNX Mepexxax.

19. [aitTe 3arajibHy XapakTepucTUKy CTPYKTypu cTaHgapTis IEEE 802.x Ta
T KOMIMOHEHTIB.

20. TpoaHanizyte 0COGNMBOCTI  peanisauil  MigpiBHA  ynpaBniHHSA
NOTiYHMM KaHa/IoM Ta npoueayp Moro PYHKLiOHYBaHHS.

21. TlosicHITL MpuHUMNKX B3aemogii npoTtokonis nigpisHie LLC ta MAC.
AKi onuii 060B’A3K0BO MatoTb 6yTK B 3arosiokax LLC ta MAC?

22. [aiiTe 3ara/ibHy XapakKTepuUCTWKY MeTOAiB [LOCTYny A0 CepeaoBuLLa
nepefaBaHHsA faHNX.
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23. TpoaHanisyiite 0CO6/MBOCTI BUKOPUCTAHHA Ta TUNW LETepMIHOBaHUX
MeTOZiB AOCTYNY [0 CepefoBuLLa NepesaBaHHs.

24. TpoaHanisyinte 0co6AMBOCTI BUKOPUCTaHHS Ta TUNW HeaeTepMiHOBa-
HMX (BUNAaLKOBMX) MeTOAIB AOCTYNY 40 CepeoBMLLA NepefaBaHHs.

25. TloACHITbL 0CO6/MMBOCTI  (PYHKUIOHYBaHHA Ta peanisauil  MeTofiB
CSMA/CD T1a CSMAJ/CA.

26. OxapakTepusyiite mMeTof 6iTOBOI KapTy Ta 0CO6/IMBOCTI MOro (hyHKLL-
OHYBaHHS.

27. OxapakTepusyiTe mMeTof AOCTYNYy 4O CepefoBuLLa NepefaBaHHs, AKNN
BUKOPUCTOBYETLCA B Mepexi Ethernet.

28. UuMm BM3HAYaETbCA MiHIMaNbHUIA Ta MaKCUMabHWIA PO3MIpK Kaapy,
KU BUKOPUCTOBYETLCA B Mepexxax Ethernet?

29. OxapakTepusyinte MeToAM NOTiYHOro Ta (Di3MYHOro KOAyBaHHS, SIKi
BUKOPUCTOBYIOTLCS B Mepexxax Ethernet.

30. lMpoaHanisyiite TMNK Kagpis Mepexi Ethernet, 1X MOX/IMBOCTI Ta 0C0O6-
NNBOCTI BUKOPUCTaHHS.

31. HAxi Tunu mepexi Ethernet Bam Bigomi? MNpoaHanisyiTe ix xapakrepumc-
TUKWN Ta 0COBNNBOCTI CTPYKTYPM.

32. Aki Tunn mepexi Fast Ethernet Bam Bigomi? MNpoaHani3yiiTe X xapak-
TEPUCTUKN Ta 0COBNMBOCTI CTPYKTYPU.

33. TlpoaHanisyinTe XapakTePUCTUKM Ta 0CO6IMBOCTI CTPyKTypu Gigabit
Ethernet.

34. Aki Tunn mepexx 10 Gigabit Ethernet Bam Bigomi? lMpoaHanisyiiTe ix
XapaKTePUCTUKN Ta 0COB/IMBOCTI CTPYKTYPU.

35. OxapakTepusyiiTe NepcrnekT1BN Po3BUTKY TexHonoriT Ethernet.

36. TMosCHITL 0CO6MMBOCTI CTPYKTYPHOT opraHisauii Mepexx Token Ring.
Pi3HMLA MIDXK (Pi3MYHOIO Ta SIOFIYHOK TOMOIOTIAMN Mepexi.

37. TIOACHITb (hYHKLUIT aKTUBHOINO MOHITOpPA Ta MPU3HAYEHHS 1 CTPYKTYpPY
KaZpiB, fKi BAKOPUCTOBYHOTLCA B Mepexkax Token Ring.

38. TlpoaHanisyiTe 0co6MBOCTI CTPYKTYPHOT opraHisauii mepexx FDDI Ta
MOXX/IMBOCTI ANHaMIYHOT peKOHirypauir.

39. TloAcHITL 0C06AMBOCTI MIAKIHOUYEHHS KOMMOHEHTIB Mepexi [0 nep-
BWUHHOIO Ta BTOPUHHOIO Kiflelp.

40. TMpoaHanizyinTe YYHKLIT KOMMOHEHTIB KaHa/IbHOro i (Pi3NYHOro PiBHIB
B Mmepexi FDDI.

41. TpoaHanizyinTe 0cobAMBOCTI (PYHKLIOHYBaHHA KOMYTaTOpiB 2-ro Ta 3-
ro piBHiB.

42. TI0ACHITb 0COG/MMBOCTI METOAIB KOMYyTauii, SKi BUKOPUCTOBYHOTLCS B
KOMyTaTopax 2-ro piBHS.

43. TlopiBHANTE 0CO6/MBOCTI PYHKLIOHYBAHHSA MaKETHNX i NOTOKOBUX KO-
MyTaTopiB. [10 AKOro Knacy KOMyTaTopiB iX BIAHOCATbL?

44. T10ACHITb 0CO6/IMBOCTI HACKPI3HOT Ta 6e3parMeHTHOT KOMyTaLiin Ta ix
BMN/IMB Ha XapaKTEPUCTUKIN Mepexi.
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4 MEPEXXHWW PIBEHb

4.1 Afpecauis KOMM'IOTepPiB Ha MepeXHOMYy PpiBHI Ha npuknagi
IP-agpecauii

Y KOXXHOro xocta Ta mapLipyTtusatopa B Internet € IP-agpeca, L0 cKknaja-
ETbCA 3 [ABOX NIOTIYHUX YaCTUH: iAeHTUDIKATOPIB Mepexi i XocTa. Y 3arofoBKy
IP-nakeTa gns 36epiraHHs IP-agpec BigBOAATLCA 2 NONSA JOBXMHOK MO 4 6aiTK
(32 6iTn).

HaiuacTiwe IP-agpecu 3anucytoTb Yy BUTMISAI HOTMPbOX AECATKOBUX YUCEN,
WO € 3Ha4YeHHSIMW KOXHOro 6aliTa, PO3A4iINEHNX Kpankamu, Hanpuknag,
192.168.0.1. OaHy agpecy MOXHa nogatu y fApiikoBomy copmati 11000000
10101000 00000000 00000001, a6o wictHaguaTkosomy C0.A8.00.01.

Tpeba Big3HaAuNTK, WO 3annC afpecy He nepefbdadvae crieyiasbHOro0 po3ve-
XYB&/IbHOI0 3HaKa MK I4eHTU(ikaTopammn Mepexi I xocta. Ane npy MapLupy-
Tn3aLi’ BUHNKAE HeOOXIAHICTb PO3AINMTIU afpecy Ha Ui ABi YacTuHW. [ns uboro
BUKOPUCTOBYIOTLCA TaKi Nigxoan:

e BUKOPUCTaHHA (PikcoBaHOi Mexi. pu uboMy 32-6iTOBe Mosie agpecu
3aBYaCHO AiNNTbCA Ha [Bi YaCTUHW (PIKCOBAHOI AOBXWUHW, B OAHIN 3 AKNX
3aBXAN PO3MILLYETLCA iAeHTUQIKATOP Mepexi, B iHLWIA — By3na. Ane B
AaHOMY BUNaAKy, OCKiNIbKK MoJe, WO BiABOANTLCA ANs 36epiraHHs Ho-
Mepa BYy3/a, Ma€ (PikCoBaHy JOBXWHY, BCI Mepexi 6yayTb MaTh OfHaKo-
BE MaKCUMasbHe Yncno By3/iB. TakWil nigxig He f03BONSE AUEPEHLiN-
HO BUKOPUCTOBYBATW afpecHWin NpocTip, TOMY CbOrofHI Maike He BU-
KOPUCTOBYETLCS;

e BUKOPWUCTaHHA MacKu, L0 A03BONSE MaKCMMa/lbHO THYYKO BCTaHOB/O-
BaTV MeXi MiX ifeHTu(ikaTopamn Mmepexi i Bysna. TyT agpecHuWin npo-
CTIp MOXXHa BMKOPWUCTOBYBATW A1 CTBOPEHHA 6araTb0X Mepex Pi3HOro
po3mipy. Macka — ue 32-6iToBe 4MCno, L0 BMKOPUCTOBYETLCA Pa3oM 3
IP-agpecoto, NpryoMy ABINKOBMIA 3aNmnC MacKm MIiCTUTb HerepepBHY Mo-
CNiJOBHICTb OAMHMLb B TUX po3psadax, Wo MaroTb B IP-agpeci iHTepnpe-
TyBaTUCA AK HOMep Mepexi. Mexa MK NocnigoBHOCTAMU OAMHMULb |
HyniB y MacLi BiANOBIAae MeXi MK iaeHTU IKaTopamn Mepexi I By3na
B IP-agpeci. KinbKicTb 0AMHMLb B Macli HasuBawTb npegikcom. Ha-
npuknag, macyi 255.0.0.0 Bignosigae npedikc 8;

e BMKOPUCTaHHA KnaciB agpec (nNoBHOKMacoea ajgpecauis). BeBoauTbes
n’ATb Knacis agpec: A, B, C, D, E. Tpu 3 Hux — A, B, C — BuKopucTo-
BYIOTbCA A1 afpecauii mepex, a Aga — D, E — matoTb chevianbHe npus-
HayeHHA. [ KOXHOro Knacy MepexxHuxX afijpec BM3HAUYeHO MOJIOXKEHHSA
MeXi MiXXK HOMepPOM MepeXxi I HOMepoMm BY3/a.

4.1.1 Knacu IP-agpec. O3HaKot, Ha OCHOBI 5iKOT IP-agpecu BigHOCATbL A0

TOrO UM IHLLIOrO Knacy, € 3HaYeHHs KiJlbKOX nepwunx 6ITiB agpecn. Y 1aon. 4.1 i
Ha puc. 4.1 HaBefeHO CTPYKTYpY IP-adpec pisHUX Kacis.
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Tabnuua 4.1 — Knacu IP-aapec

Mepuwi HainmMeHLWnin — HanbiNnbLniA KinbKicTb By3niB
Knac A . Macka -
6iTK HOMepKn Mepexi y Mepexi
1.0.0.0-126.0.0.0 52_
A 0 (0 — He BMKOPUCTOBYETLCSA, 255.0.0.0 ‘o
nose 3 6antu
127 — 3ape3epBOBaHO)
16
B 10 128.0.0.0-91.255.0.0 255.255.0.0 2 _Z’V
none 2 6antu
8
C 110 192.0.0.0-23.255.255.0 255.255.255.0 22, o
none 1 6anT
1110 224.0.0.0-239.255.255.255 "pynosi agpecu
E 11110 240.0.0.0-247.255.255.255 3ape3epBoBaHO
0 7 8 15 16 23 24 31
Afpeca Mepexi Afpeca npucTporo (XocTa)
Knac A 01 7 sirie) (24 GiT)
0 15 16 31
KnacB |10| Agppeca mepexi (14 6iTig) ARpeca npucTporo (xocra)
AApeca Mep (16 6iTiB)
0 23 24 31
i . Agppeca xocTa
Knac C | 110 Appeca mepexi (21 6iT) (8 6iTiB)
0 31
Knac D | 1110 "pynoBa afpeca
0 31
Knac E | 11110 3ape3epBoBaHui

PucyHok 4.1 — Ctpyktypw IP-agpec pisHUX Knacis

[o Knacy A BiHOCATb afpecK, B SIKUX CTapLumnii 6iT mae 3HadyeHHs 0. B aa-
pecax Knacy A nif igeHTudikatop mepexi BiggoanTbea 1 6aiT, a iHwi 3 6aniTtu
IHTEPMPETYTLCA AK HOMep By3/1a y Mepexi. Mepexi, Bci IP-agpecu Skux ma-
l0Tb 3HaYeHHs nepworo 6awWta B AianasoHi Big 1 (00000001) po 126
(01111110), BigHOCATL A0 Mepex Knacy A. 3HadeHHs 0 (00000000) nepluoro
bainiTa He BMKOPWUCTOBYETLCA, a 3HayeHHs 127 (01111111) 3ape3epBOBaHO K
anpeca 3sopoTHoi netni (loopback). IP-agpecu, nepwnii OKTET SIKUX AOPIBHIOE
127, BUKOPUCTOBYHOTLCA A/19 TECTYBaHHS Nporpam, opraHisauii poboTun KieHT-
CbKOT Ta CepBepHOI YacTMH MpPOrpaMHOro 3abesneyeHHs, LIO BCTAHOB/IEHE Ha
OfHOMY KOMN’toTepi.

[0 Knacy B BigHOCATL BCi agpecu, cTapLui Asa 6iTh AKMX MakTb 3HAUYEHHS
10. Y paHux apgpecax nig ifeHTudikatop mepexi Ta Bysna BiABOAUTLCA MO
2 banTu.
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[o knacy C BigHOCATb BCI agpecu, cTapi 3 6iTK SKUX MatOTb 3HAYEHHS
110. B agpecax knacy C nig igeHTUikatop Mepexi BigBoanTbca 3 6aiiTn, a nig
ileHTUdikaTop By3na — 1 6aiT.

AKWOo agpeca Mepexi NoYMHaeTbea 3 nocnigosHocTi 1110, To BOHA Hane-
XuTb Knacy D i Bu3Hayae ocobnmy rpynosy agpecy (multicast address). 'py-
noBa azpeca ifeHTUDIKYE rpyny MepeXxxHux iHTepMelciB, SKi, B 3ara/lbHOMY BU-
nagky, MOXXYTb HasieXatu pisHUM Mepexxam. IHTepelic, Wo BXOANTb Y rpyny,
pasoM 3i 3BUYaHOI iHAMBIAYaNbHOK IP-afpecoro OTPUMYE e OfHY, rPynoBy.
AKLWO nNpy BigNpPaBeHHI MakeTa afpecold OTPpMMyBava BKa3aHa ajpeca Knacy
D, TO Takuin nakeT mMae 6yTU JOCTaBNEHWIA BCIM By3/aM, SKi BXOAATb B rpyny.
OfVH XOCT MOXe BXOAUTM Y KiflbKa rpyn. B 3arasibHOMYy BUNaAKy YEHN Tpynu
MOXXYTb 3HAXOAUTUCA Y PIZHUX Mepexax, L0 po3TalloBaHi Ha BEIMKMX BifCTa-
HAX. ['pynoBa agpeca He AiNMTbCA Ha IAeHTUMIKaTOP Mepexi Ta By3na i ornpa-
LIbOBYETLCS MapLUpyTN3aTOPOM 0COO/MBUM 4YMHOM. OCHOBHE MPU3HAYEHHS
rpynoBoi afpecy — NOLUMPEHHSA IH(OPMALLIT 38 CXEMOKO «OAMH A0 B6araTbox».

AKLWOo afpeca NoOYMHAETLCA 3 nocnigoBHocTi 11110, To AaHa agpeca Hasne-
XWUTb Knacy E. Afpecy LbOro Knacy 3ape3epBoBaHo /1 MaibyTHbOro BUKOPK-
CTaHHS.

LLlo6 oTpumatm 3 IP-agpecu igeHTUdiKaTop Mepexi i By3na, NoTpibHO pos-
AINNTY agpecy Ha ABi BI4NOBIAHI YaCTUHW | JOMOBHUTU KOXHY 3 HUX HYNIAMU A0
noBHUX 4 6ainTie. Hanpuknag, ans agpecn knacy A 10.120.200.1 nepunia 6anT
IAeHTUIKYE MepexXy, a OCTaHHI TPU — BY30/1. TakUM YMHOM, iAeHTU(IKATOPOM
mepexi € agpeca 10.0.0.0, a By3na — agpeca 0.120.200.1.

Mpn npusHaveHHi IP-agpec iaeHTUQIKaTOP Mepexi | By3/na He MOXYTb
CKMagaTucs NuLLe 3 OAHNX ABIMKOBUX HYNMIB 1 0AvHMUb. ToOMy Y Tabn. 4.1 mak-
CUMasibHa KifIbKICTb BY3/iB 3MeHLIeHa Ha 2, agpecu 0 i 255 3a60pOHEHO BUKO-
PUCTOBYBATY AN aapecaLlii MePeXXHMX IHTepPgeNnciB.

TyT TakoXx MOTPIGHO nam’ATatv, AKWO Y MNOJi «HOMEP Mepexi» CTOATb
NNLLIE HYNI, TO 3@ 3aMOBYYBaHHSIM BBaXKAETbCSA, LLIO BY30/1 MPU3HAYEHHSA Hase-
XXWUTb Till )Xe Mepexi, Wo i By30/1-BignpaBHUK. Taka agpeca Moxe 6yTu BUKO-
pUCTaHa Nnue K agpeca BignpaBHUKa. AKLLO BCi ABiMKOBI po3psaan IP-agpecu
[OPIBHIOWTL 1, TO MakeT 3 TakOK afpecord Mpu3HaYeHHs Mae poscunaTucs
BCIM BYy3/1aM, LLIO 3HAXOAATbCA Y Tiil XKe Mepexi, WO i BignpaBHUK MakeTta. Ta-
Ka afipeca Ha3nBaeTbCA 06MeXeHO LwrpokomoBHOO (limited broadcast). O6-
MEXEHICTb 03Hauae, WO NakeT He BUiAe 3a MeXi JaHoT Mmepexi. AKLLO X none
agpecy OTpumyBada y po3psAgax, Lo BiAnMoBigaldTb HOMepYy XOcCTa, MICTUTb
nuwe 1, To naket, WO Mae Taky agpecy, po3CUMIaETbCA BCIM By3/laM Mepexi,
HOMep AKOT BKa3aHO B afpeci oTpumyBaya. Hanpuknag, naket 3 agpecoto
192.168.1.255 6ye BianpaBneHo BCiM By3nax Mepexi 192.168.1.0. Takuii Tmn
agpecu HasmBaeTbecA WmpokomoBHUM (broadcast). MNpu UbOMy Tpeba po3ymiTu,
WO Y NPOTOKOAI IP Hema po3yMiHHS LUMPOKOMOB/IEHHS Y TOMY CEHCI, Ik BOHO
BUKOPUCTOBYETLCSA B NMPOTOKO/AX KaHA/IbHOrO PiBHA, KOMW faHi MaloTb OyTU
A0CTaB/eHi BCIM BY3/iax Mepexi. AK 06mexeHe, Tak i 3BMyaiiHe LUMPOKOMOBHE
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PO3CW/MIaHHA MalOTb MeXIi NOLUMPEHHA Yy MNigMepexi: BOHM 00MeXytoTbcsa abo
MepeXkero, 40 AKOT Ha/leXXuTb BIANPaBHUK MakeTa, abo Mepexero, 14eHTUgiKa-
TOP AKOT BKa3aHO AK OTpuMyBaya. TOMY NoAif Mepexi Ha YaCTUHK 3a LONOMO-
rol0 MapLUpyTU3aTOpPiB N0KaNi3ye LUMPOKOMOBHUIA LUTOPM MeXaMu OfHIET 3
MiAMepeXxx fimile TOMy, L0 Hemae cnocoby aapecysBaTh NakeT 04HOYACHO BCIiM
By3/1aM BCiX NigMepexx Mepexi.

4.1.2 BukopucTaHHs Macok npu IP-agpecadii. Akwo pasom 3 IP-agpecoto
BMKOPUCTOBYBATW MacKy, TO Lie [03BO/IMTb BUKOHYBATU afpecauito BOifbLl rHy-
YKO 1 BIAMOBUTUCA Bif KnacoBoi agpecauii. Mpu ubOMy YaCTUHY MepeXi Hasu-
BalOTb Nigmepexero. [na BUAINEHHA NigMepexxi mapLupyTusaTtopy HeobXigHO
«HaKMacTu» Macky nigmepexi Ha IP-agpecy, Wo 403BOMUTL BUAINUTY B afpeci
IAeHTUiKaTop Mepexi, Nigmepexy I XocT.

Hanpuknag, Hexah pgna  IP-agpecn 172.16.155.5 3agaHO  Macky
255.255.192.0. [ABiikoBWIA BATNSA, BIAMOBIAHO TaKWM:

e IP-agpeca -10101100.00010000.10011011.00000101;

e Macka —11111111.11111111.11000000.00000000.

AKLWO irHopyeaTn MacKy i iHTepnpeTysaTh agpecy 172.16.155.5 Ha OCHOBI
KnaciB, TO igeHTupikaTopom Mepexi € 172.16.0.0, a By3na — 0.0.155.5 (ockinb-
KW agpeca HaneXxuTb 40 Kniacy B).

AKLWO BMKOPUCTOBYBATM Macky, TO 18 nocnigoBHWX OAWHWULL B Maclyi
255.255.192.0 nicns «HaknagaHHsA» Ha IP-agpecy 172.16.155.5 ainatb 1i Ha ABi
YaCTUHW:

e ifeHTM(iKaTOp Mepexi —10101100.00010000.10;

e ifeHTU(ikaTop By3na —011011.00000101.

Y [ecsaTKOBI popmi 3anmc Homepa Mepexi i By3na nicns AONOBHEHHS A0
32 6iTiB MatoTb, BigNoBigHO, Takunii BUrnsa4: 172.16.128.0 i 0.0.27.5.

BugineHHsa 3a 4ONOMOror MacKu afgpecy Mepexi Ta XocTa MOXKHa iHTepn-
peTyBaTu AK BUKOHaHHA norivyHoi onepadii | (AND).

[N 3anncy macoK BUKOPUCTOBYHOTLCA TAKOX TaKi (hopmartu 3anucy:

e LicTHaauaTkosi koam: FF.00.00.00 — macka ans agpec knacy A,

e BUKOPUCTaHHA npedikcy, Hanpuknag, 172.16.155.5/18. Tyt 18 — ue

npegikc, Wo BKa3ye Ha KiNbKiCTb OAMHULb Y MacL,i.

4.2 AnroputmMmn MapLupyTmusaii NOTOKIB fJaHUX

BaxxmMBolo (hyHKLIEID MEPEXHOro piBHA € BMOIp MapLupyTy Ans nepepa-
BaHHS NakeTIB Bif MOYaTKOBOIro A0 KiHLEBOro By3/a. Y 6ibLLOCTI Mepex nake-
Tam NOTPIGHO NPOXOAMTU Yepes KiflbKa MapLupyTu3aTopis. AIroputMn BUGopy
MapLUPYTY i CTPYKTYpY AaHUX, Lo iX (a1roputMmn) BUKOPUCTYIOTb, € FO/IOBHOHD
MEeTOHO MpW MPOeKTyBaHHI MEPEXXHOr0 PiBHS.

ANropuT™M MapLupyTm3alii peanisyeTbCs TIEKD YaCTMHOK NPOrpaMHoro 3a-
6e3neyeHHs MePEeXXHOTr0 PiBHSA, AKa BiAMOBiAae 3a BUOIp BMXILHOT NiHIT ANa Bif-
MpaB/IeHHs BXIAHOMO nakeTa. TakoXX NOTPibHO PO3ymiTy, L0 MapLupyTm3aLis Ta
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nepecunaHHa — Ue pisHi npouecn. MNepecrnaHHa nondrae y onpawtoBaHHI BXij-
HWX NaKeTiB |1 BUOOPI AN HUX, BIANOBIAHO A0 Tabnuui MapLipyTu3auil, BUXij-
HOT MiHIT. MapLupyTu3auia Bignosifae 3a 3anoBHEHHS Ta OHOBJ/IEHHS Tab/vupb
MapLupyTusayii. Mpu LboMy BUKOPUCTOBYHOTHCA a/ITOPUTMI MapLUpyTU3aLil.

ANropuT™ BM60PY MapLLpYTy Mae 6yT KOPEKTHUM, NPOCTOTUM, HagiiHUM
(BipHO pearysaTu Ha 3MiHW TOMONOrii 1 TpaiKy), CTIK1M, cnpaBea/IMBAM Ta
ONTUMA/IbHUAM.

ANropuTMn BU60PY MapLUPYyTy MOXHA NOAINNTU Ha AiBa OCHOBHUX Kacw:

e aNanTWBHI;

e HeajanTUBHI.

HeafanTuBHI anropyTtMn He BPaxoBYHOTb NMpW BMOOPI MapLUpyTy TOMO/O-
rit0, NMOTOUYHWIA CTaH MepeXi | He 3MIHIOKTb TpadiiK Mo NiHisX. Bubip mapwpyTty
ANA Napu XOCTiB BUKOHYETLCSA 3aBYaCHO, B aBTOHOMHOMY PeXuMi, i CIUCOK Ma-
PLUPYTIB 3aBaHTAXYETLCA Y MapLUPYTU3aTOPM MNif Yac 3aBaHTAKEHHS Mepexi.

AfanTvBHI afiropuTMy NpUAMaKOTb PiLleHHs MPo BMOIp MapLupyTiB npwu
3MiHI TONONOTIT, @ TaKOXX 3a/IeXXHO Bif, 3aBaHTAXXEHOCTI NiHIA. AfanTUBHI anro-
PUTMW BIAPI3HAOTLCA [IKepenaMu OTPUMaHHA TH(opMaLii, MOMEHTaMW 3MiHU
MapLlpyTiB (Hanpuknag, yepes MeBHi PiBHI IHTepBasM Yacy, Npu 3MiHI HaBaH-
TaXeHHA Ha KaHas1 abo Mpu 3miHI TONOANOrIT) | AaHWMU, WO BUKOPUCTOBYHOTLCS
ana ontumisauii (BiAcTaHb, KiNbKICTb TPAH3UTHMX YacTMH abo O4YiKyBaHWI yac
rnepecunaHHs).

[Mpwn BMGOPI WINSAXY Bif OAHOIO By3nia MepeXi 40 iHLIOro Mae BUKOPUCTOBY-
BaTUCA ONTMMa/lbHMIA MapwpyT. TyT NOTPIGHO CKas3aTu, L0 B OAHIN Mepexi
MOXKe YT KiflbKa ONTUMa/IbHUX MapLupyTiB. MHOXWHY ONTUMa/IbHUX MapLu-
PyTiB Bif BCiX BifnNpaBHWKIB [0 OTPMMYBayiB Ha31BalOTb BXIAHUM [epeBoM. 3a-
BAAHHSAM BCIX aropuTMiB BMOOPY MapLUpYTy € OOYMC/IEHHS | BUKOPUCTaHHS
BXIZHOro [epeBa An1a BCiX MapLupyTu3atopiB. BxigHe fepeBO He MICTUTbL ne-
Te/lb, TOMY KOXXEH MakeT JOCTaB/AETLCA OTPUMYBayy 3a 0OMeXXeHe YnNCOo nepe-
cunaHb. OfHaK Y pealbHUX YMOBaXx NiHIT 38°A3KY Ta MapLUpyTU3aTopy MOXYTb
BUXOAMTW 3 Nafy Nif Yac BUKOHaHHS NeBHUX onepawiin. ToMy pi3Hi MapLUpyTu-
3aTOPU MOXYTb MaTW Pi3HE YABNEHHS MPO NOTOYHY TOMOJIOT K0 MepeXxi.

4.2.1 Bnbip HaMKOPOTLLOrO LUAAXY BUKOPUCTOBYETLCA Y PI3HUX (Dopmax
3aBAsiKM CBOT NpocToTi. laes nonsrae y nobyaosi rpady nigmepexi, y SKoro
KOXXeH BYy30/n Oyfe BIiAMOBIAaTW MapLUPYTU3aTOPY, a KOXHa Ayra — MiHii
3B8°A3Ky. [ns BMOOpPY MapLipyTy MK [BOMa MapLupyTusaTopaMu anroputm
3HaXOAMTb HAMKOPOTLLUMIA LWINAX MiXK HAMKU Ha rpadi. HakopoTwwmM LASXoM
MOXKe OYyTn abo KifbKICTb TPaH3UTHUX AINAHOK, abo (i3nyHa AOBXMHA NiHIT,
abo cepefHA OOBXMHA Yepru i 4yac 3aTPUMKK MepecuniaHHsA, abo nponyckHa
CMPOMOXXHICTb.

Bifomo Kinbka aniropuTMiB 3HAXOPKEHHS HAMKOPOTLLOrO LW/SXY MiXK ABOMa
By3namu rpagy. OauH 3 HMUX 6yno 3anpornoHoBaHO Efcrepom Bibe [einKkcTpoto
(Edsger Wybe Dijkstra) y 1959 p. KoxxeH BY30/1 «NOMIYa€TbCSA» BIACTAHHIO [0
HbOro Bif, By3na BiAnpaBHMWKa MO HaiMeHLLIOMY BigoMoMy LWnaxy. CrovaTky
LUNAXM HEBILOMI, TOMY BCi BY3/IM BBaXatOTbCA HeLOCSHKHUMMW. Tlicng Toro fk
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MOYMHAE MpautoBaT aIrOPUTM | 3HaXOA4ATLCA BIACTaHI, MOMITKA BY3/iB 3Mi-
HIOKOTLCS 1 BKa3yOTb Ha ONTUMaNbHUIA Wnax. Micna Toro Sk NigTBepaKyeThes,
LLL0 NOMiTKa BiAMOBiAae HaKOPOTLLIOMY LUAXY, BOHA CTaE NOCTIAHOW | Hagani
He 3MIHIOETbLCA.

[ns npuknagy po3rnsgHeMO 3BaXXEHWIA HeHanpaBieHWin rpad), LWo HaBeaeHWi
Ha puc. 4.2, a. Barosi KoegiLieHTN ans pebep BiANOBIAAIOTL BIACTaHI MK Map-
WwpyTm3aropamu. MoTpibHO 3HAWTU HANKOPOTLLWIA Wnax Big A fo I. MNMoynHae-
MO 3 By3/la A, SKWIA MO3HAYMMO YOPHUM Kpyrom. [ani AoCnifKyemo BCi
3B’513aHi 3 HUM BY3/M | BKa3yeMo 6inis HUX BiACTaHb A0 By3na A. FAKLIO 3Hali-
AeTbCs BiNbLL KOPOTKMUIA LUNAX [0 AKOro-Hebyab BYy3/1a, TO pa3oM 3 BifJICTaHHIO Y
nomiTuUi 6ina By3na 3aMiHUTLCS Ha3Ba BY3Nna, Yepes iKW Oyae NPoXoaAuTU Hali-
KOPOTLWWIA WnsiX. TakuM YAHOM MOXHa 6yae BiAHOBUTW Becb LNAX. IMicns pos-
rnagy BCiX cycifis A NOMiYaeMO NOCTINHMM TOR BY30/, WO € HanbavkumMm. Lle
Oyfe By30n b, BiH cTae HOBMM poboyvM By3/10M. BignosigHI NO3HAYKM MoKasa-
HO Ha puc. 4.2, 6.

B(2, A) B(c0, -)

€(6, A) XKoo, -)

B(2, A) B(9, B) B(2, A) B(9, B)

[(e0,—) A

6(61 _) >K(°°v _) €(5v nq) )K(OO, _)
B) r)
B(2, A) B(9, B) B(2, A) B(9, B)

M(eo,-) A (o0, -)

€5, 0) X(9, €) €(5, 0) (8, E)
i) e)

PucyHok 4.2 — MNpuknag 064nCneHHA HANKopPOoTLIOro wnaxy Big A go I
3 BUKOPUCTaHHAM aniropuTtmy [enkctpu
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[ani NOBTOPIOEMO TaKy X npoueaypy 3 By3nom b — gocnigkyemo BCix 1oro
cycigiB. AKWO cyma BifCTaHi Bif By3na b i 3Ha4eHHA NnomMiTKK y BY3ni b (BiAc-
TaHb Bif A [0 B) BUABNAETLCA MEHLLIOKD, HIXK 3HAYEHHA MOMITKW Y BY3/i, WO [0-
CNigpKyeTbecs (BiACTaHb A0 A, fKY 3HaWAEHO IHWWM LUIAXOM), TO Le O3Hayae,
LLL0 3HarAeHo KopoTwui Wwnsx. MNomMiTka By3na 6yae 3MiHOBaTHCS.

[Micna gocnifXeHHs BCIX CYCIAHIX 3 po60YMM BY3/iB | 3MIHI TMM4YacoBUX
MOMITOK, MO BCbOMY rpadly LUYKaeTbCA BY30/1 3 HaMEHLUOK MOMITKOH. Llei
BY30/1 MOMIYa€ETbCA AK MOCTIMHWIA | CTae NOTOYHMM poboumm By3noMm. Ha
puc. 4.2 nokasaHo nepwi 5 eTanis pob0oTn airopuTMy.

[na npuknagy posrnsaHemo puc. 4.2, 8. Ha gaHomy etani By3on [ 6yno no-
MiYeHO NOCTiHWMM. Hexaid, Hanpuknag, iCHYe KOPOTWWNA Wnax HixX AB/, Ha-
npuKnag, vepes yaBHI BepwnHM X, Y, T06T0 AXY[. Y faHoMy BUMaaKy MOX-
NMBI ABa BUNagKW: abo BY30/1 Y BXe € MOCTiHMM, a0 Lie Hi. AKLIO Le Tak, TO
By30/ [] BXXe nepeBipsBCA, TOAi BY30/1 Y 6yN0 NPU3HAYeHO MOCTiMHUM i po6o-
4ymM BY3/10M. To6TO, Wwax AXY[] Bxe J0OCNiL4KyBaBCS.

AKL0 BY30/1 Y NOMIYEHO AK TMMYacoBMiA, TO MOMITKA By3/a Y abo 6ifbLia,
abo AopiBHIOE MomiTui By3na [, UM MeHLWa Hel. Y nepLioMy BUNALKY LUAAX
AXY[l He MoXxe BYyTU KopoTwuMm, HixX wnax AB[. AKLL0 X nomiTka By3na Y
MeHLLIa NOMITKW By3na [, Tofi By30n Y Mae O6yB CTaTh NOCTIMHUM paHille By3na
[, 1 By30n [l nepeBipsBcA 6 3 By3na Y.

4.2.2 MeTo[ 3aNIMBaHHSA € CTaTUYHUM afirOPUTMOM, MPU SSIKOMY KOXXHWIA
MakeT, WO NPUXOAWTb, BIAMPABNAETLCA Ha BCI BUXIAHI MIHIT, KPIM Ti€l, 3 AKOI
MNPUIALLOB AaHWiA NakeT. JaHuii anropuTm NOPOLKYE BENNKY KiNbKIiCTb Ay6/iB
MakeTiB, AKWO He BMKOPUCTOBYBATU HIAKUX 00AATKOBUX 3ac06iB. OAMH 3 HUX
nonarae y posmillieHHi B 3aro/ioBKy nakeTa NiunibHUKa, Wo 6yae paxysBaTtu Ki-
NbKICTb MPOMAEHUX LOiNSHOK | 3MEHLLYBAaTUCA Ha KOXXHOMY MapLUpyTK3aTopi.
Konn 3Ha4eHHs Lboro NivnsibHMKa CTae HyNbOBUM, MakKeT 3HULWYETLCA. B igea-
NbHOMY BUMaAKY AaHWUA NiYNIbHUK Mae BCTAHOB/OBATUCA TaKUM, LLO AOPIiBHIOE
AOBXWHI LWNSXY Bif BignpaBHMKA A0 OTpMMyBaya. AKLWO BiANpPaBHUK He 3HaE
BifICTaHI [0 OTPUMYyBaYa, BiH MOXEe BCTAHOBUTU 3HAYEHHS NiYM/IbHUKA TaKUM,
LLLO AOPIBHIOE JOBXMHI MakCUManbHOr0 WNAXY (4iamMeTpy) y AaHiin nigmepexi.

ANbTEPHATMBHMI CNOCIO 0O6MEXeHHs KiNnbKOCTi Ay6nikaTiB nonsdrae y nif-
paxyHKy NakeTiB, L0 NPOXOAATb Yepe3 MapLupyTmsatop. Lie ao3sonse He Bian-
paBnATY iX MOBTOPHO. Hanpuknag, KOXeH MapLUpyTMU3aTop 3anucye y KOXHUI
OTPMMaHWI Bif, CBOIX XOCTIB MakeT MOpSAKOBMIA HOMeP. Bci MapLupyTmnsaTopu
MatOTb CMMCOK MapLLpyTM3aTopiB-AXKepen, y AKoMy 36epiratoTbCs BCi NOPAAKO-
BIi HOMepW NakeTiB, AKi TM 3ycTpivatoTbCA. AKLIO NakeT Bif AaHOro Apxepena 3
TaKUM MOPALKOBUM HOMEPOM BXE € Y CMUCKY, TO BiH Jani He NMOLUMPHOETLCA |
3HULLYETBCA.

LLLo6 He 6yno 30i/bLUEHHS CMMCKY, MOXHa 3abe3neunT 4ns BCIX CMUCKIB
NiYUNbHKK &, WO Oyfe nokasysaTtu, L0 BCi MOPAAKOBI HOMEPW, BK/IKOYHO 3 £,
BXe 3ycTpivanucs. | Koim NpuxoanTb NakeT, MOXKHA /Ierko nepesipuTn, Yn BiH
He € oy6/iKaToM.
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Ha npaktuui 3ycTpivaeTbCs BapiaHT AaHOro airopuTMy Mif Ha3Bow «BUOi-
PKOBE 3a/IMBaHHA». Y [aHOMY BMMaAKYy MapLUpyTMU3aTOPU NMOCUIAK0TL NakeTu He
M0 BCiX NiHisAX, a nLle No TUX, AKi nayTb NPUGIM3HO Y NOTPIGHOMY HaNPSAMKY.

Y 6inbLIOCTi BMNAAKIB AaHWIA aniropuTM He BUKOPUCTOBYETLCA. OAHaK BiH
3aCTOCOBYETLCA TaM, [ie NOTPibHa BMCOKA HaMiMHICTb, iKa 3a6e3nevyeTbecst Haj-
NNLLKOBUM MepecunaHHAM NakeTis.

4.2.3 MapLupyTusaLis 3a BEKTOPOM BifcTaHel. CyyacHi KOMM’OTEpPHI
Mepexi 3a3BMyali BUKOPUCTOBYHOTb HEe CTaTUYHI, a AMHaMiYHi MeToaN MapLupy-
TU3auii, OCKIJIbKM CTaTUYHI HE BPAxXOBYKOTb MOTOYHE 3aBAHTKEHHA Mepexi.
HaibinbL nonynspHi gsa MeToau:

e MapLUpyTK3aLlia 3a BEKTOPOM BiJCTaHel;

e MapLUpyTM3aLlia 3 ypaxyBaHHSIM CTaHy KaHasy.

MepLunin MeTo Npawtoe Ha OCHOBI TabnnLb (BEKTOPIB), WO MiATPUMYHOTLCS
BCiMa MapLupyTusaTopamy 1 MICTATb HaKpalyi BiAOMI LUNAXWU 419 KOXHOIO 3
MOX/IMBMX afpecaTiB. [N OHOBMEHHS AaHUX Y Tab/MuUsX BUKOHYETLCS 0OMIH
IHpopMaLLiErd MK CYCIAHIMW MapLLPYTM3aToOpamu.

ANropuTM MapLipyTM3aLii 3a BEKTOPOM BiCTaHEN Lie Ha3nBatOTb 3a iMe-
HeM oro aBTopis bennvaHa-Poppaa i Popaa-PynkepcoHa.

Y paHomy BunagkKy Tabnuui, 3 AKUMK NpauorTb | AKi OHOBNHOKTL MapLu-
PYTU3aTOPKU, MICTATb 3anuncKh NPo KOXeH MapLupyTtu3atop nigmepexi. KoxeH
3arnmnc CKNagaeTbCa 3 IBOX YaCTUH: HAMNPIOPUTETHILLNIA HOMEp NiHIT ANs JaHOro
OTpMMYyBaya i BifcTaHb abo Yac MPOXOMPKEHHS MakeTa [0 [aHOro OTpUMyBaua.
OAMHMLEI0 BUMIPIOBaHHSA MOXE CyryBaTy YMC/I0 TPAH3UTHUX AiNISHOK, Minice-
KYH/W, KifIbKICTb NaKeTiB, AKi YeKatoTb Yy Yep3i y JaHOMY HanpsMKY, TOLLLO.

BBaxaeTbCA, L0 MapLupyTM3aTopam BigomMa BiACTaHb [0 KOXHOrO i3 Cyci-
AiB. AKLIO 32 O4NHNLIO BUMIPIOBaHHS BUKOPUCTOBYETLCS Ki/IbKICTb TPAH3UTHUX
AINAHOK, TO BIACTaHb AOPIBHIOE OAHIN TPaH3UTHIN AiNAHLUI. AKLWO BiACTaHb BU-
MIPHOETHCA B OAMHUUAX Yacy 3aTPUMKK, TO MapLUpYyTMU3aTop MOXe T BU3HaYaTK
3a fonomoroto crieyianbHoro ECHO (exo) nakeTa, B KA OTpMMYyBad NoMiLlae
yac OTPUMaHHSA | KM BigNpaBNsETbCA Ha3a AKOMOra LUBMALLE.

Hexall, Hanpvknag, 3a OAVHWLIO BUMIPHOBaHHS BMKOPUCTOBYETLCA Yac 3a-
TPUMKW, | AN8 JaHOro MapLupyTmU3aTopa Ler napameTp BifoMUIA Ans BCiX CYCi-
AiB. Yepes KOXHI T MiniceKyH/ BCI MapLUpyTX3aTopu BiAnNpaBnsTb CBOIM CY-
ciflaM CNM1COK i3 3aTpMMKaMK 4/ KOXXHOIo OTprMyBaya. KoXKeH 3 HUX OTpUMYyeE
TaKWin CNUCOK Bif, YCiX CBOIX cycifiB. Hanpuknag, ogHa 3 Taknx 1abnmub npu-
vwna Big cyciga X, i B Hili BKa3aHo, L0 Yac MOLUMPEHHS Bif MapLupyTusaTopa X
[0 MapLupyTusaTopa i JOpiBHIOE X;. AKLLO0 MapLUpyTM3aTop 3HaE, L0 Yac nepe-
CUMIaHHA [0 MapLupyTmsaTopa X LOPIBHIOE m, TO 3aTPMMKa Npy nepeaadi nakera
MapLupyTmnsaTopy i yepes X fopiBHIOE Xj+m. icig BUKOHaHHA TakuMx 064mc-
NeHb AN BCiX CBOIX CYCifiB MapLUpyTMU3aTOp MOXKE BMOPaTW HaKpaLmiA LIsX |
PO3MICTUTM BiANOBIAHMIA 3anuc y HOBY Tabnuuto. Mpu LboMy cTapa Tabnmus B
0bpaxyHKax He BUKOPUCTOBYETLCS.

[MpoLec OHOBMEHHS Tabnuui NokasaHo Ha puc. 4.3. 3niBa NokasaHo nigme-
pexxy. MNepLi 4oTMpKU CTOBMLiI NOKa3ykTb BEKTOPW 3aTPUMOK, LLO TX OTPUMYE
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mapLupyTusaTop J1 Big cBoT cycigis. MapLupytmsatop A BBaXKae, L0 Yac nepe-
[aBaHHA Bif HbOro Ao b gopiBHioe 12 mc, 25 mc — [0 MapuipyTusaTopa B i T. 4.
Hexai mapLupyTtunsaTop J1 ouiHMB 3aTPUMKK A0 cBOIX cycigiB A, K, 1'i M Bigno-
BiAHO K 8, 10, 121 6 mc.

MapLipyTursaTop HoBa po3spaxoBaHa
3aTpumka gnsa Ji
A b B r A K | M Ninis
g AlO 24 20 21 8| A
- K b |12 36 31 28 201 A
@ I B |25 18 19 36 28| K
r |40 27 8 24 20| |
a1 7 30 22 171 K
g n ﬁ g E |23 20 19 40 30| K
X |18 31 6 31 18] 1
1117 20 0 19 12 ] 1
K |21 0 14 22 10] K
njlo 11 7 10 0] -
M |24 22 22 0 6 | M
H |29 33 9 9 151 M

3atpuMka  3aTpumka  3aTpumka  3aTpymKa  Hosa TaGnuus
NA=8 NK=10 ni=12 M=6 winaxis ang Ji

BekTopw, LU0 X OTPMMAHO Bif, cycigis /1

PucyHok 4.3 — lNpuKnag BMKOHaHHS anroputMy bennmaHa-®opaa

Tenep po3rngHemo, sk By30/ J1 po3paxoBye HOBUIA MapLUPYT A0 MapLUpyTu-
3atopa XK. BiH 3Hae, W0 3aTpnmKa o A cknagae 8 mc, A BBaXae, L0 Bij HbOro
[0 XK faHi 6yae foctasneHo 3a 18 mc. Takum YnMHOM, J1 3Hae, L0 KOonu BiH Byae
BigNpaBnsaTK naketn Ansa XK yepes A, To 3aTpMMKa cKnage 26 Mc. AHa/IOri4yHO
BiH 06UMCNIOE 3HAYEHHS 3aTPMMOK A1 MapLUpYTIB Bif HbOro 4o XK, L0 Npoxo-
AaTb yepes iHWKx cycigis (K, 1 i M), i otpumye BignosigHo 41 (31+10), 18
(6+12) i 37 (31+6) mc. Halikpalye 3Ha4yeHHs — Lie 18 Mc, TOMy came BOHO MOMi-
WAETbCA Y PAAOK Tabnuui ansa otpumysada XK. PasoM 3 4nCIOM 3amnmcyeThbes
3HaYeHHS NiHiT, Yyepe3 Ky NPOXOAUTb HaMKOpPOTWWKA wnax Ao XK, To6To ue |.
[aHnii MeTof NOBTOPHETHCA ANA BCIX IHLWIMX aapecaTis, i NpU LbOMY OTPUMY-
€TbCA HOBa TabMLA, L0 NOKasaHa fK NpasBuii CTOBMELb Ha PUCYHKY.

ANropuTM MapLUpyTK3aLii 3a BEKTOPOM BiACTaHEN MpaLtoe TeopPeTUYHO,
afie Mae Cepio3HMIA HefloNiK Ha MPaKTULLi: Xo4a npaBubHa BiANOBIAb HapeLUTI
3HaAXOAMTBLCSA, NPOLLEC 1T MOLLYKY MOXKe 3aiHATK fy>Ke 6araTo Yacy. BiH WwWBMAKO
nepepaxoBye TabnuLi, KO OTPUMYE «rapHi» HOBUHM (Hanpuknam, 3aTpumMKa
cTa/la MEHLUOK)), ane MOBIIbHO MIiCNA OTPUMAaHHA «MOraHux» HOBUH (Hanpu-
Knaf, 3aTpMMKa cTana 6inbloto). MoraHi HOBMHM MOBI/ILHO MOLLMPHOOTLCA —
YKOAEH MapLUpyTM3aTop He MOXe BCTaHOBWUTU 3HAYeHHA BIACTaHi TakuM, L0
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OiNblUe HX Ha OAMHULIO MepeBULLYE MiHIMa/IbHE 3HAYeHHS LIET BIACTaHI, LU0
36epiraeTbea y cycigis. TakMM YMHOM, BCi MapLUpyTu3aTopu 6yayTb [0 HECKiH-
YEHHOCTI 36i/blUYyBaTN 3HAYEHHS BIACTaHI 4O MapLUpyTU3aTopa, WO «3HUK» Y
nigmepexi.

4.2.4 MapLupyTunsauis 3 ypaxyBaHHAM CTaHy NiHii. Bigmosutuca Big an-
ropuTMy Ha OCHOBI BEKTOPIB BifcTaHel gosenoca y 1979 p. 3 ABOX NMPUYUH: He
BpaxoByBasiacsi NMPoMyckKHa CMPOMOXHICTb JIiHIT, anroputm 6yae AOBro npuxo-
ANTU Y CTINKKWIA cTaH (Npobniema paxyHKy A0 HecKiH4eHHOCTi). OCHOBOK HOBO-
ro anroputmy 6yna npocta ifes, Wo rpyHTYETbCA Ha OCHOBI M’ATM BUMOI A0
MapLUpYyTM3aTOpa, a Came: KOXXEH MapLUpyTU3aTop Mae:

e 3HaXOAUTW CBOIX CYCIAIB I Ai3HABATUCA IX MEPEXHI afpecy;

BUMIpIOBATM 3aTPUMKY ab0 BapTiCTb 3B’A3KY 3 KOXKHUM 3i CBOIX CYCIfiB;
CTBOPIOBATW MAKET, WO MICTUTb BCHO 3i6paHy IHopMaLito;
BIANPaBNATY LM NaKeT BCiM MapLUpyT13aTopam;

064YMCOBATI HANKOPOTLLUNIA LLINAX [0 BCiX MapLUPyTU3aTOpIB.

Y pe3ynbTaTti KOKHOMY MapLUpyTM3aTopy BiAnNpaBnstoTLCA: MOBHA TOMOJIO-
ris N yci BUMIpAHI 3Ha4YeHHA 3aTPUMOK. T1icns LbOoro AN 3HaXO4KEHHS HalKo-
POTLUOrO LUNAXY A0 KOXHOrO MapLupyTu3aTopa MOXe BUKOPWUCTOBYBaTUCA asi-
roputm Lenkctpu.

4.2.5 lepapxiyHa mapuwpyTtusauida. Posmip Tabnuub MapLupyTusadii, Lo
NiATPUMYHOTBCSH MapLUpyTM3aTopaMu, 30i/1bLLYETHCA NPOMOPLiAHO 30i/bLLUEHHIO
po3mipy mepexi. Mpu uboMy NOTPiIGEH 3HAYHMIA 06CAT Nam’ATi ans 1T 36epiraH-
HA, 6iNbLLe Yacy A4 i onpautoBaHHS, 30i/1bLYETLCSA KiNbKICTb CMY)X60BUX Na-
KeTiB. Y MEeBHUIA MOMEHT Mepexka MOXKe 36iMbLUMTUCA A0 TaKMX PO3MipiB, LLO
36epirati Ha MapLupyTM3aTopax BCHO HeOOXiAHY IHOpMaLito 6yae HEMOXK/NBO.
ToMy y BENMKMX Mepexxax MapLupyTu3alis Mae BUKOHYBaTUCA iEPapXivHO.

[Mpn BUKOPUCTaHHI iepapXivyHOT MapLupyTu3auii MapLipyTn3aTopu po3ou-
BalOTbCA HA OKpeMmi perioHn. KoxeH MapLupyTu3aTop 3Hae BCi feTani Bubopy
MapLLPYTY B MeXax CBOro PerioHy, ane HiYoro He 3Hae NPO CTPYKTYPY iHWNX
PErioHiB.

Y BENNKUX Mepexax MOXe BMKOPMUCTOBYBATUCA He NLLIE [BOPiBHEBA i€pa-
pxis. Moxe 6yTn HeobXifHe rpynyBaHHs PerioHiB y KnacTepu, KnacTepiB y 30-
HW, 30H y rpynu i T. 4. TyT 6yno AoBefieHO, WO ONTUMasibHa Ki/IbKICTb PIBHIB
lepapxil ang nigMepex, WO CKnagatTbCd 3 N MapLUpyTMU3aTopiB, [AOPIBHIOE
In N. Mpy yboMy NOTPIOHO e In N 3anuUciB 419 KOXHOIo MapLupytmsaropa. [o-
BefleHO, L0 30i/IbLUEHHS AOBXMHM e(PeKTUBHOMO CepeHbOro LWsAXY, Wo € Hac-
NiIKOM BMKOPUCTaHHS iepapxivyHOl MapLupyTu3alii, 4oCUTb Masne i 3a3Bu4ail €
NPUAHATHUM.

4.2.6 LLinpokomoBHa mMapLupyTmsauis. Y Aesknx 3acTocyBaHHAX MOTPIO-
HO BigNpaBnATY MOBIAOM/IEHHS Ha 6araTto XocTiB abo BiApa3y Ha BCi. HanbinbLu
e(heKTUBHO MOLUMPIOBATY BIAMOBIAHI AaHI LUMPOKOMOBHMM CMOCO60M, L0 Aae
MOX/IMBICTb BCiM 3aLliKaB/IeHUM XOCTam OTpumMyBaTh iX. LLINPOKOMOBHMM Ha-
3MBaETLCA PO3CUIAHHA NAKeTIB BCIM MyHKTaM Mpu3HayeHHs. [ns 1horo peanisa-
LT BUKOPUCTOBYHOTLCA Pi3HI METOAM.
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OnnH 13 MeTOfiB BUKOHYE PO3CUMAHHA OKPEMUX NAKETIB Y BCIX HanpsAMKax.
Ane Le nNp13BoAUTL 40 3aBaHTaXKEHHS KaHany. KpiM Toro, BignpaBHMKY MNOTpi-
OGHO MaTW MOBHWUIA CMUCOK BCiX XOCTiB-OTpMMYyBadiB. TOMY BUMKOPUCTOBYETLCA
anropuT™m GaratoafpecHoi MapLupyTtusauii. [Mpn BUKOPUCTaHHI AaHOro MeToay
Yy KOXXHOMY MakeTi MiCTUTbCA abo CNUCOK aapecaTis, abo 6iToBa KapTa, L0 BKa-
3y€ Ha XOCTU-0TpMMYyBaYi. MapLupyTnsatop, Lo OTPMMYE Takuii NakeT, nepesi-
PSE CNMCOK, LLO MICTUTBLCA B MakKeTi, i BU3Ha4yae Habip BUXIAHMX MiHIA. Oani
CTBOPIOE KOMIT naketa A8 KOXHOT BUXIAHOI NiHil. BeCb CNMCOK PO3CKIaHHS
PO3MOAINAETLCA MK BUXIAHUMU NiHIAMW. TTicns NeBHOT KiNbKOCTI nepecuiaHb
KOXXeH nakeT 6yzie MICTUTK inLe O4HY afpecy Npu3HayYeHHs.

[HLLIMIA anropuTM LUMPOKOMOBHOT MapLUpPYTM3aLlil BUKOPUCTOBYE KOPEHEBE
aepeBo abo iHLWe 3B’A3He AepeBO. 3B’S3HE AepPeBO ABMSE COO0K MiAMHOXUHY
nigmepexi, WO MICTUTb Yy CO6I BCi MapLUpyTU3aTOpK, asie He MICTUTb 3aMKHY-
TUX LWNAXIB. FAKLWO KOXEH MapLIpyTU3aTop 3Hae, AKi 3 Oro NiHii Hanexarb
3B’A3HOMY [lepeBY, BiH MOXe BifnpaBuTX BXIAHWIA NakeT Ha BCI NiHiT 38’A3HOI0
[epeBa, KpiM Ti€l, 3 AKOi 10ro oTpumaB. Taknii MeToZ, ONTUMa/IbHO BUKOPUCTO-
BYE MPOMYCKHY CMNPOMOXHICTb Mepexi, YTBOPHOE MiHIMa/IbHY KiJIbKICTb Make-
TiB. €4MHOI0 YMOBOK € HasABHICTb Y BCIX MapLUpyTM3aTopiB iH(opMaLii npo
3B’A3He [epeBo.

ICHYe NOAIOGHNIA LUIMPOKOMOBHUIA afITOPUTM, B SIKOMY MOXE He BMKOPUCTO-
BYyBaTWCH 3B’A3HE [epeBo. Y MOro 0CHOBY MOK/MaAeHO ifleto NpocyBaHHSA 3yCTpi-
YHUM WIsXom. Ko NpuxoguTb LUMPOKOMOBHWIA MaKeT, MapLupyTn3aTop nepe-
BIPSAE, Y/ BMKOPUCTOBYETLCA A/ NepeaaBaHHA [Kepeny LUMPOKOMOB/IEHHS Ji-
Hifl, SKOK NPUIALLIOB NakeT. AKLWO BiANoOBiAb NO3UTUBHA, TO BENMNKA NMOBIPHICTb
TOrO, LU0 LLUMPOKOMOBHMI NaKeT NPUIALLOB HaKpaLLMM MapLUPYTOM i € NepLUOD
Koni€eto, Ky OTpPMMaB MapLupyTu3aTop. ToAi MapLipyT1U3aTop po3cuiace Len na-
KeT BCIM JIiHISM KpiM Ti€l, AKO BiH MOro oTpuma. Ase KO MakeT OTPUMaHo
Bif} TOrO X [pKepesia iHLLO JiHI€0, BiH BiAKNAAETLCA AK MOTEHLiHA KOris.

4.3 MpuHUMNM peanisauii NPOTOKONIB MEPEXHOro piBHA Ha Npuknagi
npotokony I1Pv4

MpoTokon IP (Internet Protocol — MiXKMepeXXHUIA NPOTOKO/) ONUCAHO Y A0KY-
MeHTi RFC 751. Y KOXHilA HaCTYMHIi Mepexi, L0 3HaX0AUTLCA Ha LUSXy nepe-
MiLLEHHS MakeTa, NPoToKon IP 3BepTaeTbCA [0 3ac06iB TPaHCMOPTYBaHHA AaHOT
Mepexi, Wo6 3 X JONOMOro nepeaar NakeT Ha MapLUpyTU3aTop, AKWUin Bege [0
HaCTynHOI Mepexi, abo 6e3nocepefHbO A0 By3fa-oTpumysada. OfHIED 3 TOM0B-
HUX (DYHKLiN npoTokony IP € niaTpMMaHHs iHTepdelicy 3 TEXHOMOTIAMM MepeX,
L0 3HAXOAATLCA HMdKYe 3a IepapXIicro | YTBOPOKOTL 3arasibHy Mepexy. Takox
npoTokon IP niagTpumye iHTepeinc 3 NPOTOKOMaMy TPAHCMOPTHOMO PIBHS.

MpoTokon IP BigHOCATb [0 NMPOTOKO/IB 6e3 BCTAHOB/IEHHA 3’€fHAHHS, BiH
MigTPMMYE OrnpautoBaHHA KOXHOMo IP-nakeTta ik He3asIeXXHOT OANHULI 0OMIHY,
LLLO0 He NOB’A3aHa 3 IHWKMK NakeTamu. BiH He 3abe3rneyye JOCTOBIPHY JOCTaBKY
[aHUX.
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OTpuMaTK iH(opMaLito MPO OCHOBHI (PYHKLIT MPOTOKONY AOMOMOXE pO3r-
naf CTPYKTYpY 3arofioBkKa NpPoToKony. IP-nakeT CKafaeTbea 3 Noss 3arooBka i
faHnx. CTPYKTYpy 3aronoBKa NokasaHo Ha puc. 4.4.

0 7 8 15 16 23 24 31
Homep sepcii LoexwuHa Twun cepsicy (8 6iTiB) 3aranbHa f0BXMHA
(4 6iu) i (16 6iTiB)
(4 6iTv) PR |[D]T]|R]
laeHTndikaTop NakeTa Mpanopui 3cyB thparmeHTa
(16 6iTig) (3i 6L;T|“)M (13 6iTiB)
Yac »xutTa MpoToKON BEPXHLOTO PiBHA KoHTposbHa cyma
(8 6iT) (8 6iTiB) (16 6iTiB)
IP-agpeca BignpaBHKKa (32 6iTn)
IP-agpeca oTpumyBaya (32 6iTn)

{ MapameTpy i BUPiBHIOBaHHS {

PucyHok 4.4 — CTpyKTypa 3aronoBka IP-naketa

Mone HomMep Bepcii 3ariMae 4 6iTK Ta igeHTUDIKye Bepcito npoTokony IP.
CbOrogHi B 0CHOBHOMY BMKOPUCTOBYETLCS Bepcis 4 (IPv4), Xoya BCe YyacTille
3yCTpivaeTbCca HoBa Bepcia IPV6.

3Ha4YeHHs1 AOBXMHW 3arofioBKa IP-naketa TakoxX 3aiMae 4 6iTn Ta BUMi-
PIOETbCA Yy 32-6iTOBUX CnoBax. 3a3BM4ail 3aro/loBOK Mae A0BXWHY 20 6GanT
(n’aTb 32-6iTOBUX CNiB), afie Npu AoAaBaHHI AeAKOi CMy>KO60BOT iHpopmaLii Le
3Ha4YeHHs1 MOXKe BYyTuM 36i/bLUEHO 3a paxyHOK A0A4aTKOBMX GaiTiB y noni napa-
MeTpiB. Hail6inbLua A0BXWHA 3aronoBKa cKknanae 60 6aiTis.

Mone Tun ceps.icy (Type of Service, TOS) BMKOPUCTOBYETLCA AN 36epi-
raHHs O3HaK, L0 BifobpaXatoTb BUMOrM A0 SKOCTI 06CNyroByBaHHA Maketa.
[Mpur3HayeHHs BITIB Take:

e repwi 3 6ITK MICTATb 3HAYEHHS NPIOPUTETY NakeTa: Bif HalHMKX4oro 0

[0 HamBuLloro 7. MpiopuTeT naketa MoXxe GpaTuca A0 ysaru, i 6inbLu
Ba>K/IMBI MaKeTN ONpaLboBYOTLCS Y NepLly Yepry;

e HaCTynHi 3 6iTV BU3HAYalOTb KpUTepid BUGOpY MapLupyTy. Akuwo 6it D
(Delay — 3aTpumka) BCTaHOB/IEHO B 1, TO MapLUpyT Mae OyTU TakKum,
W06 3aTpuMKa AOCTaBNAHHS Byna MiHIManbHOW. BcTaHoBNeHHs Gita T
(Throughput — nponyckHa CrNpPOMOXHICTb) B 1 03Ha4Yae MakKCKMIi3aLito
MPOMYCKHOT CpoMOXKHOCTI, a 6iT R (Reliability — HagiinHicTb) BUKOpWC-
TOBYETLCS A1 MaKCUMi3aLiT HaainHOCTI JOCTaBNEHHS;

e 2 0iTW, WO 3aMWNANCA, MaKOTb HY/NbOBE 3HAYeHHA. Ase HanpUKiHUI
90-x pokiB XX CT. 6yN0 NPUIAHATO CTaHAapTW AudepeHLinHoro ande-
PEHLinOBAHOIO 06CMYroBYyBaHHS, i MOME «TUM CEPBICY» NoYaan HasuBa-
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Tn 6aiiToM AndepeHuinoBaHoro obenyrosysaHHsa (DS-6aiiT). MNpu Lbo-
MYy MiATPUMYETLCS AndepeHLiioBaHe 06CNyroByBaHHS KaciB Tpadiky.
Knacom Tpaiky HasMBaeTbCsA CYKYMHICTb MakeTiB, L0 HagXoaAaTb Ha
orpautoBaHHA | MatOTb 3arasibHy O3HaKy, Hanpukniag, BCi NakeTu roso-
COBUX 3aCTOCYBaHb abo Bci naketn 3 MTU y NeBHUX MeXax.

Mone 3arasibHOT JOBXWHW 3aiiMae 2 6aiTu i XapaKTepusye 3arasibHy A0B-
YXNHY nakeTa 3 ypaxyBaHHS 3arofioBka i noss gaHux. MakcvumasibHa JOBXUHA
nakeTa 0OMeXyeTbCA PO3PALHICTIO MONA, WO BU3HAYaE AaHy BENNYMHY, | CKNa-
nae 65535 6anTiB. Ase y GINIbLLOCTI KOMM’HOTEPIB | MEPeX TaKi Be/MKi nakeTu
He BMKOPWUCTOBYHOTLCH. [JOBXMHA NakeTa BUOMPAETLCA 3 ypaXyBaHHAM MaKCu-
Ma/IbHOT JOBXMHW MakKeTa MPOTOKO/Y HUMXXHLOIO PiBHSA, WO 6yae mictutn IP-
naket. AKWO ue kagpu Ethernet, To BUGUpaOTL NakeT 3 MakCMMa/IbHOK [0B-
XnHoto 1500 6aiTis.

|jeHTUiKaToOp NakeTa 3aiimae 2 6alTh i BUKOPUCTOBYETLCA AJ19 PO3Ni-
3HaHHA NakeTiB, WO YTBOPIOKTLCA Y pe3ynbTati Noginy Ha YacTuHU (hparmeH-
Tauii) no4yaTtkoBoro naketa. Bci yacTuUHKM ((hparMeHTW) OAHOrO Maketa MarOTb
0[jHaKOBe 3Ha4YeHHS LbOoro nons.

Mpanopui 3aiiMatoTb 3 6ITK | MICTATbL O3HaKW, WO NOB’sA3aHi 3 (hparMeHTa-
uieto. BctaHosneHuin y 1 6iT DF (Do not Fragment — He (hparmeHTyBaTh) 3a60-
POHSIE MapLUPYTMU3aTOpy (hparMeHTyBaTW AaHWiA NakeT. BcTaHoBNeHWMA B 1 6IT
MF (More Fragments — 6inbLue parmMeHTiB) roBOPUTL NPO Te, WO [aHWii NakeT
€ NPOMIXXHMM (He oCcTaHHIM) (hparmeHTOM. OCTaHHIl 6IT 3ape3epBOBaHO.

Mone 3cyB (hparmeHTa 3ariMae 13 6iTiB i 3a4a€ 3MiLLEeHHS Mo AaHUX LbOo-
ro pparmMeHTa BiAHOCHO NOYaTKy NO/sA AaHUX BUXigHOTO (HeparmMeHTOBaHOI0)
naketa. BUKOPUCTOBYETbCS MpU 30MpaHHI/po3bMpaHHi ()parMeHTIiB MaKeTiB.
3MiLLEeHHSA Mae ByTn KpaTHe 8 bantam.

Mone vac xutta (Time to Live, TTL) 3alimae 1 6ainT i BUKOPUCTOBYETLCS
AN 33[jaHHSA TPaHWYHOIo TePMiHY, NPOTATOM SIKOro NakeT MOXKe MnepefaBaTucs
yepe3 mMepexxy. YUac XXMTTA naketa BUMIPIOETLCA ab0 B CEKyHAax i mKepenom-
BiANPaBHMKOM, ab0 KiNbKICTHO NPOMIKHUX BY3NiB. MMiCNs KOXHOI CeKyHAW Me-
pebyBaHHS Ha KOXXHOMY MapLUpyTKU3aTopi, Yepes AKWi1 NPOXOANTL NakeT Nno Me-
pexi, 3 MOTOYHOro Yacy XXUTTA BIAHIMAETbCA OAMHMUA. LI ognHMUA BigHIMa-
€TbCA | TOAI, KoM 4vac nepebyBaHHs OyB MeHLIe CeKyHAW. OCKifIbKM Cy4acHi
MapLLPYTU3aTOPN PigKO OMpaLboBYOTb MaKeT Gifiblle CeKYHAM, TO Yac XUTTH
MOXXHa IHTeprpeTyBaTh AK MakCUMasibHY KiflbKiCTb TPaH3UTHUX BY3/iB, AKi [0-
3BOJIEHO MPONTK MakeTy. AKLWO0 3HaYeHHS NOMS CTa€ HYNbOBUM [0 TOrO, AK na-
KeT noTpan/isie oTpumyBady, NakeT 3HULLYETLCS.

[Mone NPOTOKOY BEPXHLOrO PIBHSA 3ailMae OAWH GalT | MICTUTb IAEHTN-
(hikaTop, L0 BKa3ye, AKOMY MPOTOKO/Y BEPXHLOIrO PIBHA HaEXWUTb IH(OpMa-
Lis, WO po3MilleHa y noni gaHux naketa. 3HayeHHs igeHTudgikaTopis Ans pis-
HWX NPOTOKONIB HaBeAeHo Y fokymeHTI RFC 1700, Hanpuknag, 6 o3Havae, Lo B
nakeTi 3Haxo4MTbCs NoBigoMeHHa npoTtokony TCP, 17 — npotokony UDP, 1 —
npotokony ICMP.
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KoHTponbHa cyma 3arosioBka 3ailMae 2 6ailTi i po3paxoBYETLCA NALLIE
Ana 3aronosBka. OCKiNbKM Aeski NoAs 3arofioBka 3MIHIOKTb CBOE 3HAYEHHS Y
npoueci nepefaBaHHA NakeTa MepeXxero (Hanpuknag, Yac XXUTTH), KOHTPO/IbHA
CyMa MepeBipsAeTLCA | NOBTOPHO PO3PaxOBYETLCA HA KOXXHOMY MapLUpyTM3aTopi
I KiIHLEBOMY BY3/i AK [JOMOBHEHHA [0 CyMW BCixX 16-6iTOBUX C/iB 3arosioBka.
Mig yac 06YMNCNEHHA KOHTPO/bHOI CyMM 3HAYEHHSA Camoro Monsi KOHTPO/bHOT
CYMW BCTaHOB/IHOETLCA Y HY/b. AKLLO KOHTPO/IbHA CyMa He 36iraeTbCs, TO Naket
BIAKNOAETHCS.

Mone IP-agpec BignpaBHUKA | OTpMMyBa4va MatoTb OfHaKOBY [LOBXWUHY —
32 6iTw.

[Mone napameTpiB € HEOO0B’A3KOBMM | BUKOPUCTOBYETLCS, 3a3BUYail, NLLIE
AN HanaromkKyeaHHSA mMepexi. Lle none cknafgaertbes 3 KifibKOX onuii 0AHOro 3
BOCbMW BU3HAYeHMX TUMIB. Y LMX ONUiAX MOXHa BKa3yBaTu TOYHWIA MapLUPYT,
PEECTPYBATU MapLUPYT, AKUM NPOXOAUTL NAaKeT, 3anncyBaTn faHi cuctemu 6es-
MeKu i Yacosi BiATiKK,

OCKIifIbKM KifbKICTb MiANonis y nosi napameTpiB MoXe 6yTu [0Bi/IbHOK, TO
B KiHLi 3arosioBka Mae 6yTn AoAaHo Kiflbka Hy/NboBUX GaiTIiB 419 BUPiBHIOBaH-
HA 3aro/10BKa rnakeTa 3a 32-6iTOBOK MeXelO.

4.4 Knacuikauist NpoToKoIB AMHAMIYHOI MapLupyTu3auii

AK 6yNno 3a3Hay4yeHo y nonepeaHix nigposdinax, MapLIpyTr3adis aBnse co-
60ot0 BMGIp HanpaMmKiB (MapLUpyTiB) NepefaBaHHs AaHUX Bif OAHIET Mepexi [0
iHLWOT. MapLupyT MOXYTb 3afaBaTUCh 6e3nocepeiHb0 aAMiHiCTpaTopoMm (CTa-
TUYHI MapLupyTh) abo CTBOPHOBATMCL AMHAMIYHO Ha OCHOBI IH(opMaLil, oTpu-
MaHOi BIf IHLIMX MapLUpyTm3aTopiB (AMHamivyHi MapupyTu). IHQopmalis npo
MapLpyTn 36epiraetbcs B Tabnumui mapwpyTtmsayii. OCHOBHOK MepeBaroro
AVNHAMIYHOT MapLUpyTM3auil € MOXIMBICTb OMepaTUBHONO pearyBaHHsA Ha CTaH
MepeXi: NosABY HOBMX CEerMeHTIB, BiAMOBY KaHaniB 3B’A3KY i HaBiTb BUXIij i3 na-
Ay OKpemMuxX MapLupyTmM3aTopiB. AKWO NPV HanawTyBaHHI HEBENMKOT Mepexi,
WO MICTUTb ABa, TP MapLUpyTU3aTOpKW, CTaTUYHA MapLUpyTM3auis € LiIKOM
MPUAHATHAM PILLEHHSAM, TO B MepeXkax 3 JecaTKaMn Ta COTHSAMW MapLupyTun3a-
TOpiB aNlbTepHaTMBa ANHAMIYHIA MapLUPYTU3aLlil BiACYTHS.

Tak, Ha puc. 4.5 NokasaHo Mepexy, L0 MICTUTb TpKU MapLupyTusaTopu. He-
Xal agMmiHicTpaTop HanawiTyBaB 06/1afiHaHHS TaKUM YMHOM, L0 MapLUpyT 3 Me-
pexi A B Mepexy b npoxoauTb 4epe3 nepwuni Ta ApYruin MapLupyTmu3aTopu.
AKLLO KaHan MK poyTepamn Rtl Ta Rt2 BiAMOBUTL, TO MPOXOMKEHHS AaHNX 3a
UMM MapLUPYTOM CTaHe HEMOX/IMBUM, X04a, K BUAHO 3 PUCYHKA, ICHYE a/bTe-
PHaTUBHUIA MapLIpyT Yepe3 Rt3. OgHak Ansa Toro, Wwob Leid MapLupyT cTaB goc-
TYNHUM, aaMIHICTPaTOP Mae BHECTM 3MiHM B MapLUpyTHI Tabnuui Ha Rtl Ta Rt2.
[Mpn BMKOPUCTaHHI AMHAMIYHOT MapLupyTusauil 3MiHKM 6yayTb 3pob/eHi aBTo-
MaTWUYHO NPOTArOM KiflbKOX XBW/IMH, ab0 HaBiTb CEKYHU.
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Mepexxa A Mepexa B

PUCYHOK 4.5 — CTaTU4HMin MapLupyT

YcniwHe (yHKLIOHYBaHHA AUHAMIYHOT MapLUpyTu3auii 3a1exunTb Bif Bu-
KOHaHHS MapLLpyTU3aTOPOM [IBOX OCHOBHUX (DYHKLIiA:

e MIATPUMKM TabnMLi MapLIpyTH3aLii B akTyaslbHOMY CTaHi;

e CBOEYACHOr0 PO3MOBCHKEHHSA IH(OPMaLIT MPo CTaH TOro YW IHLWIOro

(hparmeHTa Mepexi.

[Nna po3noBCHOAKEHHA iH(opMaLiT NMPo Mepexy BUKOPUCTOBYETHCH OAMH
abo Kinbka MpPOTOKOMIB MapLipyTm3auil. MNpoTokon MaplipyTmsauii BU3HaYae
Habip npasu/, WO BWKOPUCTOBYKOTLCA MapLLPYTU3aTOPOM NPU 34iACHEHHI
3B’A3KY 3 CYCIgHIMN MapLUpyT13aTopamMmu, 30KpemMa BiH BU3HAYaE:

AKAM YAHOM PO3CUNA0THCA OHOB/IEHHSA MapLLPYTIB;
AKa IHopMmaLlisi MICTUTLCA B OHOBJIEHHSIX;

e 3 AKOK NEepPioANYHICTIO BiJCWNaOTbCA OHOB/IEHHS;

e AKNM YMHOM BM3HAYaAOTHLCA afpecaTi OHOB/EHD.

Mpn popmyBaHHI Tabnmup MapLUpyTU3aLii Ta iX OHOB/IEHHI MOCTae 3ajava
BMOOPY HalKpalloro MappyTy. KOoXHWA anroputM MapLupyTusaLii BUKopuc-
TOBYE CBIiil BNacHWiA cnoci6é Bnbopy HarKpalioro mapwpyTy. s Uboro 3 KoX-
HVM MapLUPYTOM acOLiFOETbCA MEBHE 3HAYEHHS, IKe Ha3MBaETbCA METPUKOH.
FAK NpaBuIo, MeHLLE 3HaYEeHHS METPUKMN BKa3ye Ha KpaLLmMil MapLupyT.

OfHI NPOTOKO/IN BUKOPUCTOBYIOTb MPOCTI METPUKWU, LLO PO3PaXOBYHOTLCH
Ha OCHOBI SIKOroCb OAHOrO MapameTpa, Harnpukiag, KifbKOCTI MPOMDKHUX Map-
LUPYTN3aTOPIB. ICHYIOTb TaKOX MPOTOKO/MN, L0 BMKOPUCTOBYHOTL TaK 3BaHi
KOMMO3UTHI METPUKM, AKI PO3PaxoByrHOTbCA Ha OCHOBI ABOX abo Gisblue napa-
MeTpiB MapLupyTy. [ns po3paxyHKy METPUK HalyacTille BUKOPUCTOBYHOTb HU-
YKYeHaBefeHI napameTpu.

Cwmyra nponyckaHHsA (Bandwidth) — xapakTepu3ye nponyckHy CrpoMOX-
HICTb KaHa/ly, YuM Oifiblia NPoMyCcKHa CMNPOMOXHICTb, TUM MEHLLE 3HaYeHHS
MeTpUKW. Lleit napameTp € CTaTUYHMUM | He 3MIHIOETLCS B NPoLEeCi po6oTn Me-
pexi.

3atpumka (Delay) — yac, akuii noTpibeH nakeTy Ans NPOXOMKEHHS KaHa-
NOM 3B’A13KY; TaKOX CTaTMYHWUIA NapameTp i 3aneXuTb TifIbK1 Bif napameTpiB
IHTEpenciB, L0 YTBOPIOKOThL KaHa.
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PiBeHb 3aBaHTakeHHSA (Load) — cTyniHb BMKOPUCTaHHA PecypciB KaHany
abo mMapLupyTusaTopa, AMHaMiYHWUIA napameTp.

HagiiHicTb (Reliability) — xapakTepu3sye piBeHb NOXMOOK, WO BUHUKAKOTb
B KaHaI.

KinbkicTb nepexogis (Hop count) — KiNbKICTb MapLUpyTM3aTopiB, Yvepes
AKi Mae NPOMTU NakeT A/19 LOCATHEHHS ajpecarta.

BapTicTb (Cost) — f0BifIbHE 3HAYEHHS, L0 PO3PaxX0BYETLCA HA OCHOBI LUNPW-
HW CMYTM NPOMYCKaHHs abo BCTAHOBMHOETLCA 6e3nocepeHbO aAMiHICTPaTOPOM.

Konu moBa e Mpo NpoTOKONM MapLupyTu3auii cnif YiTKo Bigpi3HATH Mpo-
TOKO/IM MapLupyTu3aLii Bif NPOTOKONIB, L0 MapLUPYTU3YHOTLCA.

MpoTOKO MapLUpyTU3aLii — Le 3acié KoMyHikauii MK MapLupyTusaTopa-
MW, KW O03BONSIE MPUCTPOSM CMifIbHO BUKOPMCTOBYBATW iH(OpMaLito Npo
MepeXi i BM3HayaTu BiACTaHb [0 OKPeMuX BY3NiB Ta MepeX. IHdopmauis, aKy
OAWH MapLLPyTU3aTOP OTPMMYE BIf, IHLLIOMO 3a LOMOMOrOK NPOTOKOY MapLUpy-
TU3auii, BUKOPUCTOBYETLCS AJ19 CTBOPEHHA ab0 OHOB/IEHHS TabNNLLI MapLUpyTK-
3auii. HanowwmpeHiwyMy NpoToKoNaMn MapLUpyTusauii €:

RIP (Routing Information Protocol);

OSPF (Open Shortest Path First);

EIGRP (Enhanced Interior Gateway Protocol);

IS-1S (Intermediate System To Intermediate System).

Ba3oBnMK XapakKTepUCTMKaMK, 3a SIKUMMK afMiHIiCTpaTop BMOMpaE TOM uu
IHLUWNIA NPOTOKON MapLUpyTM3aLil, €:

e 4ac peakLuil Ha 3MiHN B MepeXi (4ac KOHBepreHuir);

e TUMN METPUKY;

e CK/afHICTb Ha/laLITyBaHHA Ta NIATPUMKWY,

e [POTOKON € BIAKPUTUM 4YM  NPONPUETAPHUM  (HaNeXuTb  (ipmi-

PO3POBHMKY).

[MpOTOKONN, LLIO MapLUPYTU3YIOTLCA, BUKOPUCTOBYHOTLCS A1 AOCTaBNsAH-
HS laHMX KOPWUCTYBaYiB. IX 4acTo Ha3uBalOTb MPOTOKONAMU NepefaBaHHA Aa-
HUX. Cnig 3BepHYTM yBary, WO MPOTOKOAM MapLupyTu3auil ans AoCTaBsHHS
CBOIX CNy>X60BUX MOBILOM/IEHb BMKOPWUCTOBYHOTH MPOTOKOMN, L0 MapLUpyTH-
3yt0TbCA. Ha CbOrofHILHINA AeHb HAMOLUMPEHILIMM MPOTOKO/IOM, LLIO MapLupy-
TU3YETLCA, € NPOTOKON IP.

Ak 6yn0 3a3HayYeHO BULLE, MPOTOKON AMHAMIYHOT MapLUpyTH3aLii Mmae migT-
pMMyBaTK B aKTya/lbHOMY CTaHi Tabnuui mapwpyTtmsadii. 4ns uboro nomy He-
06XiHO OnepaTuBHO pearyBaTy Ha 3MiHK B Mepexi. OueBUAHO, L0 LWBWNAKICTb
peakuii 6yae 6e3nocepefHbO 3asieXaTu Bif PO3Mipy Mepexi, Ky BiH 06cnyro-
Bye. Came TOMY [OCUTb YacTO afMiHICTPATOPN BEJIMKMX KOPMOPATUBHUX MEPEX
NOAINATL MEPEXY Ha Kiflbka 30H MapLupyTu3auii. BinbWicTb CydacHUX NpoTo-
KONIB AVMHaMIYHOT MapLupyTu3auil NigTpyMmMye 6araTo30HHY MapLUpyTu3aLito.

Y TOW Xe 4Yac BUHMKaE iHLWIA 3aa4a — 06’ €HaHHS KifIbKOX Mepex, Lo Ha-
neXxaTb PI3HUM BflaCHMKaMm i, K MpaBu/io, BUKOPUCTOBYHOTb Pi3Hi MPOTOKONU
AVNHAMIYHOT MapLupyTu3auii, B oAHYy rnobansHy Mepexy 3 nigTPUMKOK MapLu-
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pyTu3auii MK HUMK. [na BUPILWEeHHS i€l 3a4a4i BBEAEHO MOHATTA aBTOHOMHOI
cuctemu (AC) Ta po3po6s1eHO NPOTOKONM MapLupyTusauii mixk AC.

ABTOHOMHa cucTeMa — Lie Habip MepeX, AKi 3HaXO0AATbCA Mif EANHUM af-
MIHICTPATUBHUM KepyBaHHSAM | B AIKMX BMKOPWCTOBYETLCA €fMHA CTpaTerid Ta
npasuna MapLipyTmsauil. 9K npasuno, NUTaHHAMKA MapLupyTusauii MiX aBTo-
HOMHMMW cMCTEMaMK 3aiimaroTbes Internet-nposaingepn. HagaHHA HOMepiB aB-
TOHOMHMM CUCTEMaM 3[iNCHIOETLCS LieHTpasizoBaHO opraHisauieto IANA aHa-
noriyHo IP-agpecauii. Ha cepeamHy 2011 p. 6yno 3apeecTpoBaHo 6inblue 37
TUCAY aBTOHOMHMX CUCTEM.

3arasibHy Knacuikauito NPOTOKO/IB AMHAMIYHOT MapLUpyTuU3aLil HaBeAeHO
Ha puc. 4.6.

[MpOoTOKONN ANHAMIYHOT

MapLupyTmr3auii
BHYTPILHLOT 30BHILLUHBLOT
MapLupyTm3auii MapLupyTmsauii
AncTaHyiinHo- 36anaHcoBaHi 3 ypaxyBaHHAM
BEKTOPHI g riopuaHi y CTaHy KaHany
RIP EIGRP OSPF
IGRP IS-1S

PucyHok 4.6 — Knacudikauis npoToKoiB AMHaAMIYHOT MapLupyTu3auii

3a Micuem 3acTOCyBaHHA MPOTOKONN AMHAMIYHOI MapLupyTusauii nogins-
IOTbCA Ha fABa Knacu: BHYTPIWHbLOI MapwipyTtusauii IGP (Interior Gateway
Protocols) Ta 30BHiWHbOT MapLipyTusauii EGP (Exterior Gateway Protocols).
MpoTokonn knacy IGP BMKOPUCTOBYHKOTHCA BCEpPeLUHI aBTOHOMHUX CUCTEM i
MPU3HaYeHi 414 PO3MNOBCIOMKEHHS IH(hopMaLiT Npo HaaBHI Mepexi. IHopmaLis
Mpo 3MiHM (MosiBa HOBUX 1 HELOCSXHICTb ICHYHOUMX Mepexx) nepefacTocs iH-
UMM MapLupyTU3aTopaM aBTOHOMHOT CUCTEMM TakOX 3a [OMOMOroH MPOTOKO-
nis IGP.

[na Toro, wo6 maplipytmsatopam ofHiei AC cTano Bigomo Mnpo Mepexi,
LL|0 po3TawoBaHi B iHWNX AC, BUKOPUCTOBYHOTLCA NPOTOKONM Knacy EGP. Ma-
PLUPYTN3ATOPMU, L0 3a6e3MeYyroTb 30BHILLHIO MapLUpyTU3aLito, po3TalloBaHi Ha
MeXi aBTOHOMHMX CUCTEM i MepeaardTb IHLIMM NPUMEXOBUM MapLLpyTM3aTo-
pam iHhopmaLito Npo HasBHI B Mexkax AC mepexi (puc. 4.7).
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AS 200
IGP - EIGRP

AS 300
IGP - IS-IS

AS 100
IGP - OSPF

(R

PUCYHOK 4.7 — 30BHILLHSA Ta BHYTPILWHA MapLupyTusawii

Ha cbOrogHilHin AeHb (YHKUi0 30BHILUHLOT MapLUpyTu3aLii BMKOHYE
eAnMHWiA npoTokon — BGP (Border Gateway Protocol).

3a npuHUMnomM (hyHKLIOHYBaHHA NPOTOKoNM Knacy IGP mMo)kHa noginivTtu
Ha 2 6a30Bi TUNU:

e [WCTaHLiNHO-BEKTOPHI NMPOTOKO/MN;

e TPOTOKO/M 3 ypaxyBaHHAM CTaHy KaHasy.

AuncTaHuinHo-BeKTOPHMIA NpoToKon (distance vector routing protocol)
BM3HA4yae HanpsaMoK (BEKTOpP) Ta BiACTaHb 40 KOXKHOT mepexi. MNpoTokonu 3
ypaxyBaHHAM cTaHy KaHany (link-state routing protocol — LSR) BiATBOpOHOTHL
TOMONOrIK0 BCieT MepeXi | Ha ocHoBi anroputmy SPF (shortest path first) pospa-
XOBYIOTb ONTUMa/IbHUIA MapLUPYT A0 KOXHOI MepeXi. ICHYHTb TaKoX KOMOIHO-
BaHi MPOTOKONN, AKI Ha3MBaKOTbCA 36anaHCOBaHUMM TiGPUAHUMWN NPOTOKO-
namu, aKi NOEAHYIOTb MEeBHI pUcK 6a30BMX Kacis.

Haiigomiwnm i, NeBHO, HalncTapilMM AUCTaHLiNnHO-BEKTOPHUM NPOTOKO-
nom € npotokon RIP (Routing Information Protocol). Lieli npoTokon € BigKpu-
TUM | NIATPUMYETLCSH MEPEXHUM 06NaHaHHAM BCiX BUPOOHWUKIB, OCUTbL MPOC-
TWA B HaNaWTyBaHHI. AK MeTPUKY BUKOPUCTOBYE iH(OPMALLit0 NPO KiNbKICTb
MPOMIDKHUX MapLUpyTMU3aTopiB, WO iHOAI NPM3BOAUTL A0 HEONTUMaIbHOT Map-
WwpyTmsauii. IcHytoTb asi Bepcii RIP: RIPv1l ta RIPvV2, ronosHa BigMIHHICTb
MK SKAMW nonsirae B Tomy, wo RIPv1 B OHOBMEHHAX He nepeaae iHopmMaLito
Npo Macky.

Mpotokon IGRP (Interior Gateway Routing Protocol) Tex Hanexutb [0
rpynu AMCTaHUiHO-BEKTOPHUX MPOTOKONIB, OYB po3po6/ieHunin B cepeanHi 80-x
POKiB MUHYNoro ctonitta gipmoto Cisco. "onoBHa BigMiHHICTb Big RIP — BUKoO-
PUCTaHHA KOMMO3UTHOT METPUKM, fIKa PO3PaxOBYETHCA HA OCHOBI KiJIbKOX Ma-
pameTpiB MapLpyTy. Ha CbOroAHiLLHIN feHb BBaXKAETbCA 3aCTapiInMm.

MNpoTokon OSPF (Open Shortest Path First), Ak i RIP, HaneXutb ao Bifk-
PUTUX MPOTOKONIB, OAHaK 6a3yeTbCA HA MPUMHLUMMOBO IHLWIKMX Migxoaax LWwoao
BU3HAYEHHS1 MapLUPYTIB. KOXHWIN MapLUpyTM3aTOp Ha OCHOBI iH(opMaLil npo
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TOMOJIOTi0 BCIiET MepeXi po3paxoBye ONTUMa/bHI MapLIPYTW, BUKOPUCTOBYHOUN
anroputMm Leikctpu. MeTprKn po3paxoBytOTbCA HA OCHOBI MPOMYCKHOT CNpo-
MOXHOCTI KaHanis. LLINPOKO 3aCTOCOBYETLCA B rETEPOrEHHNX Mepexax.

MpoTtokon IS-IS (Intermediate System To Intermediate System) Takox €
CTaHZapTHUM NMPOTOKO/IOM Knacy IGP i 3a NPMHUMMNOM PO6OTU Ay>KE CXOXKUIA Ha
OSPF. BigMiHHOCTI nondraloTb B peanisauii 6arato3oHHOI MapLupyTu3saLii.
Kpim Toro IS-IS migrpumye 6inblly KinbKiCTb MapLUpyTiB, WO pobutb 1Oro
NpUBabAMBILLIMM 3 TOUKM 30pY MacLLTaboBaHOCTI.

MNpoTtokon EIGRP (Enhanced Interior Gateway Routing Protocol) po3po6-
neHmnin gipmoto Cisco gk anbtepHatuea IGRP. BiH yoco6/110€ NO3UTUBHI prcK
SK ANCTaHLiHO-BEKTOPHMX NMPOTOKONIB, TaK i NPOTOKOMIB 3 ypaxyBaHHsIM CTa-
HY KaHaJy.

4.5 AncTaHuinHO-BEKTOPHI NPOTOKON MapLupyTusauii

[Mpy BUKOPUCTaHHI AWUCTaHLINHO-BEKTOPHMX MPOTOKONIB MapLUpyTM3aTopK
nepiognyHo OOMIHIOKOTLCA OAMH 3 OAHWMM KOMisMM Tabnuub MapLupyTusauii
(OHOBMEHHSA). TakMM YMHOM BOHWM PerynsapHoO noBigOMASAKTL CBOIX CyCiAiB Mpo
3MiHM Tononorii Mepexi. ANCTaHLinHO-BEKTOPHI NPOTOKO/IM 6a3ytoTbCA Ha an-
roputmi bennvaHa-dopaa.

MMpointocTpyeMo po6oTy AUCTaHLiIHO-BEKTOPHOIO MNPOTOKO/Y Ha NpuKnagi
npotokony RIP. Ha puc. 4.8 HaBefieHO cxemy Mepexi, B siKil 415 3a6e3neveHHs
MapLIpyTm13aLii BUKOPUCTOBYETLCA NPOTOKON RIP.

10.2.0.1/24  10.2.0.2/24

Int2 Intl
Int3110.4.0.1/24 Int3{10.5.0.1/24
Int2110.4.0.2/24 Int2{10.5.0.2/24

PucyHoK 4.8 — Mepexa gns HanawTyBaHHA RIP

dopmyBaHHA TabnnuUp MapLUpyTM3aLii Npu BUKOPUCTaHHI npotokony RIP
3AIACHIOETLCA B KiNbKa eTaniB. PO3rnsHeMo Liei npouec Ha Npuknagi MapLipy-
Tn3aropa Rt1.

Ha nouyatkoBoMy eTani mMapLipyTM3aTop 3aHOCUTb B TabAULI0 MapLipyTu-
3auii iHopmauito nNpo 6e3nocepefHbO MpUefHaHI Mepexi. Lle BigOyBaeTbCH
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aBTOMATUYHO MICNS HanalTyBaHHS iHTepdeliciB 6e3 3a/ydYeHHs 3acobiB cTaTu-
YHOT ab0 AMHaAMIYHOT MapLipyTM3alii. TakuM YAMHOM, MICNSA 3aBEPLUEHHSA LbOro
eTany Tabnmus maplupyTtusauii Rtl matume BUrnsg, SK1iA nokasaHo B 1a6n. 4.1.

Tabnmuyg 4.1 — Tabnnua mappytmsaii Rtl Ha noyaTkoBomy eTani

Network Mask Interface Next Router Metric
10.1.0.0 255.255.255.0 Intl - 0
10.2.0.0 255.255.255.0 Int2 - 0
10.4.0.0 255.255.255.0 Int3 - 0

3ayBaxkumo, o none Next Router (HaCTynHWUIA MapLIPYTN3aTOP) MOPOXKHE,
a rnone MeTpuKK OopiBHIOE 0, OCKINbKK Mepexi 6e3nocepefHbO NpueaHaHi. Ha-
ragaemo, Wo npoTokon RIP 3a METPUKY BMKOPWUCTOBYE KiSIbKICTb NMPOMIXHUX
MapLUpyTU3aTOPIB.

Ha HacTynHomy eTani KOXHWIn MapLupyTu3aTop BiAnpaBnse cBOi Tabnumui
MapLUpyTu3auii cycifam i OTpMMYye aHanorivyHi Tabnuui Big HUX. B OHOB/IEHHAX
nepeaaeTbCs IHPOpMaLLis NPo agpecu Mepex, Macky Ta MeTPUKK, MPUYOMY 3Ha-
YEHHSA MeTPUK 30i/bLUYETHCA Ha OAMHULKD. OTpUMaBLLN OHOB/IEHHS, MapLUpy-
TM3aTop 40JAE HOBI 3anucK B TabnML0 MapLupyTm3aLiil. 3BepTaemo yBary, Lo B
none Next Router 3aHOCUTbCA agpeca BiAnpaBHWKA OHOB/IEHHA, a B Mone
Interface — iM’51 iHTepdeicy, Yepes AKNn OHOB/IEHHA OTPMMaHO. Tak, 411 CXeMu
Ha puc. 4.8 nicng oTpumaHHA OHOB/eHb Bif Rt3 Ta Rt2 Tabnunua mapLupyTtusauii
Rtl Habypae BUrnaay, HasegeHoro B Taos. 4.2.

Tabnmuga 4.2 — Tabnuus MapLupyTmsadi’ Rtl 3 nepLunmy OHOBIEHHAMM

Network Mask Interface Next Router Metric
10.1.0.0 255.255.255.0 Intl - 0
10.2.0.0 255.255.255.0 Int2 - 0
10.4.0.0 255.255.255.0 Int3 - 0
10.6.0.0 255.255.255.0 Int3 10.4.0.2 1
10.7.0.0 255.255.255.0 Int3 10.4.0.2 1
10.3.0.0 255.255.255.0 Int2 10.2.0.2 1
10.5.0.0 255.255.255.0 Int2 10.2.0.2 1

Y TOMY BMNaAKy, KON Ha MapLUpyTU3aTop HagXoamMTb iHopMmalis Npo Me-
pexy, A5 AKOT BXe € 3anunc B Tabnuui mapLupyTursauii, nepesara HagaeTbCcs 3a-
MUCY 3 MEHLLIOKD METPUKOK. Tak, B HaBeeHOMY NpPWK/agi OHOB/IEHHSA NPO Me-
pexi 10.4.0.0 Ta 10.2.0.0, wo Haginwnm BignosigHo Big Rt3 Ta Rt2, 6yayTb
MPOIrHOPOBaHI.

AHaorivyHo Bif0YyBaETLCA (POPMYBaHHS MApPLUPYTHMX Tabnuub iHWNMK Ma-
pwpyTtuatopamn. Tak, nicng OTPUMaHHA NepLUnxX OHOB/IEHb B TabNMUAX Map-
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WwpyTtmnsauil Rt3 ta Rt2 3’aBuTbea iHopmauisa npo mepexy 10.8.0.0 3 meTpu-
KOl 1, AKa Ha HacTyrnHOMY eTarni po3CW1aHHSA OHOBJIEHb MOTPanuTb Ha Rtl, |
TabnvuA MapLupyTusauii Habyae Burnagy, HasegeHoro B Taon. 4.3.

Tabnmug 4.3 — Tabnnua mapupytusauiil Rtl 3 gpyrmm OHOB/IEHHAMM

Network Mask Interface Next Router Metric
10.1.0.0 255.255.255.0 Intl - 0
10.2.0.0 255.255.255.0 Int2 - 0
10.4.0.0 255.255.255.0 Int3 - 0
10.6.0.0 255.255.255.0 Int3 10.4.0.2 1
10.7.0.0 255.255.255.0 Int3 10.4.0.2 1
10.3.0.0 255.255.255.0 Int2 10.2.0.2 1
10.5.0.0 255.255.255.0 Int2 10.2.0.2 1
10.8.0.0 255.255.255.0 Int3 10.4.0.2 2
10.8.0.0 255.255.255.0 Int2 10.2.0.2 2

Taknm 4YnHOM, ANs Mepexxi, HaBeAeHol Ha puc. 4.8, npouec opmyBaHHA
TabnmLi MapLupyTusalii 3aBepLunTbLCA MiCNs OTPUMaHHA 4BOX OHOB/EHb. 3Bep-
Taemo yaary, wo mepexa 10.8.0.0 nogaHa B Tabnuui ABoMa 3anmcamu, To6To Ao
Hel BeAyTh [iBa MapLUpyTh 3 OA4HAKOBMMU METPUKaMU. Y TakoMmy BUNaAKYy Map-
LpyTn3aTop 6yae OAHy 4acTUHY Tpadiky nepecvnaT¥i OAHUM MapLUpyToM, a
IHWY — iHWKXM. Taka TEXHOMOrisa Ha3MBaETbCA 6asiaHCyBaHHSAM HaBaHTaKEHHSA
(load balancing).

OfiHa 3 OCHOBHUX (hYHKLIin MPOTOKONY MapLUpyTU3aLlil — ornepaTuBHe pea-
ryBaHHA Ha 3MiHW B TOMOMOrIT Mepexi, fAKi MOXyTb O6yTU gogatHuMuK (nosiBa
HOBMX Mepex) Ta Bif’eMHUMK (BTpaTta A0CTyny abo BiAK/IHOYEHHS ICHYHOYMX
mepex). Peakuis aucTaHLiMHO-BEKTOPHOIO MPOTOKO/Y Ha A0AaTHI 3MIHW € Npo-
FHO30BaHOO — iHDOPMaLLiS NPO HOBI MepeXi NoTpansse B YeProBi OHOB/IEHHS 1
PO3MOBCIHOAKYETHCA Ha IHLWI MapLupyTnsaTopu. LLLo cTocyeTbea Bif EMHUX 3MiH,
TO BOHM MOXYTb CYTTEBO YCKMagHUTN PoBOTY NPOTOKO/Y | HaBiTb MPUBECTU
Mepexy B HenpauesfaTHWUiA CTaH.

Y Bunagky, Konv mepexa 10.3.0.0 cTtana HegoCTynHOK, 04YeBMAHO, Lo Rt2
BU/TY4UTb 3anmc npo Hei 3i CBOET Tabnuui mapwipyTumsadii. IMicns uboro Hagxo-
ANTb OHOB/EHHSA Bif Rt1, B aAkomy € maplipyT ao Mepexi 10.3.0.0 (puc. 4.9).

Y paHomMy BMnagKy npotokon RIP cTBOpMB Tak 3BaHY MapLUPYTHY MeT/to, a
came: nakeTu, Wo npsAMytoTb B Mepexy 10.3.0.0, 6yayTb nepefasatuch Mixk Rtl
Ta Rt2 goku none TTL He popisHtoBatMMe 0. OCKifIbKM 3anucKn B Tabnnui map-
LLUPYTKM3aLil TaKoXX 0OMeXeHI B 4yaci, HacTaHe MOMEHT, KOMM iH(opMaLito npo
mepexxy 10.3.0.0 6yae Buny4yeHo 3 Rtl. OgHak Micns HaAXOMXKEeHHS YeproBoro
OHOBJIEHHS 3 Rt2 Lieil 3annc 3HOBY 3 ABUTLCS, TiNIbKN BXe 3 METPUKO 3 i T. [.
AKLLO He BXXNTU AKMXOCb 3aX0/iB, NeTNA 6yamn iCHyBaT HECKIHYEHHO.
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Network | Int. | Next Rt.| Metric Network | Int.| Next Rt.| Metric

10.3.0.0| Int2{10.2.0.2 | 1 —> | 163:6-6nt2 8

10.2.0.1/24 10.2.0.2/24 10.3.0.1/24

Int2 Int1

Network | Int. [ Next Rt. |Metric Network [ Int. | Next Rt. |[Metric
10.3.0.0| Int2|110.2.0.2 | 1 10.3.0.0| Int1{10.2.0.1 | 2

PUCYHOK 4.9 — YTBOpPEHHA MapLUPYTHUX NeTesb npoTokonom RIP

[na 06MeXeHHs yacy ICHyBaHHA MneTesib Ta 3anobiraHHsA iX YTBOPEHHIO Po-
3p06/1eHO HU3KY MeTOAIB, 30KpPeMa: 0OMEXEeHHSI MaKCUMa/IbHOro 3Ha4YeHHs Me-
TPVKW, PO3LLENSIEHHA TOPU30HTY, MWUTTEBE OHOBJ/IEHHS TOWO. MakcumanbHe
3HAYeHHS METPUKMN, a, BigNOBIAHO, 1 MaKCMMasibHa KiflbKiCTb NOCNiJOBHO PO3-
TaloBaHMX MapLUpyTr3aTopis B NpoTokosi RIP o6mexeHi unciom 15. MeTtpurka
16 BUKOPUCTOBYETLCA A1 IH(HOPMYBaHHSA CYCIfiB MPO HEAOCSKHICTb Mepexi.

[C0N0OBHA NPUYMHA YTBOPEHHA MApLUPYTHUX MeTeslb MOMArae B MOLUIMPEHHI
3acTapinoi iHgopmauii. Tak, B HaBeeHOMY Mpuknaai Rt2 cnpuiiHsaB SK akTya-
NbHY iH(popMmauito Big Rtl npo mepexy 10.3.0.0, aKy, [0 pedi, BiH paHiLle cam i
Hagicnas fo Rtl. To6To, Rtl He 6yB BYaCHO NPOIH(OPMOBaHWUNA, L0 Mepexa
10.3.0.0 cTana HeAOCAHKHOMO, | B CBOIX OHOB/IEHHAX PO3MOBCHOAXKYBaB IHOpMa-
LIit0, LL,O BTpaTU/Ia CBOKO aKTya/lbHICTb.

CyTb MeTOAY pO3LLenIeHHA ropu3oHTY (split horizon) nonsrae B Tomy, L0
MapLUpyTHa iH(opmaLis Npo NeBHY Mepexy HIKO/N He nepefaeTbCa Ha ToW Ma-
puwpyTn3aTop, 3BiAKM Ti 6yno oTpuMmaHo. Tak, mapwpyTmsatop Rtl (ams.
puc. 4.8) B OHOBMEHHSX, WO OyayTb Bigcunatucb 4vepes Int2, nepegasaTvme
TiNbKM Mapipytm go mepex 10.1.0.0, 10.4.0.0, 10.6.0.0 ta 10.7.0.0, a uyepe3
Int3 — 10.1.0.0, 10.2.0.0, 10.3.0.0 Ta 10.5.0.0. MeTo/ PO3LUENIEHHA TOPU3OHTY
BUpILLYE NpobsieMy neTeNlb MK [ABOMa CyCigHIMW MapLupyTmsaTtopamu (puc.
4.9), ofHaK NeTnis MOXe YTBOPKOBATUCb TPbOMA | BiflblLe MapLUpyTU3aTopamMu.
Tak, B HaBejeHOMY NMpuKniaai 3actapina iHgopmadis npo mepexy 10.3.0.0 moxe
HafinTh yepes Rt3 Ta Rt4, i ToAi NET/O YTBOPSATHL BCI YOTUPY MapLLPYTU3aTOPMW.

MeTogq MWUTTEBUX OHOBMeHb (triggered update) nmonsrae B TOMy, LLO,
OTpUMAaBLLUM IH(OPMaLLIFO MPO 3MIHEHHSA METPUKN A0 NEBHOT Mepexi, MapLupy-
TN3aTOP HE YeKae MOMEHTY PO3CU/IaHHS NePioANYHUX OHOB/EHb, a BIAMNPaB/sE
OHOBJ/IEHHA TEPMIHOBO. HacnpaBgi nepefaBaHHs 34iNCHIOETLCA HE MUTTEBO, a 3
3aTPUMKOIO Y KiflbKa CEKYH[, TOMY MeBHa MMOBIPHICTb YTBOPEHHS MeTAI 3a-
NNLLIAETHCA.

MeTog TUM4acoBoro ytpmmaHHs Big 3miH (holddown) 3myLuye mapLipy-
TU3aTopK, AKMM CTasI0 BiAOMO MPO HEAOCHKHICTb TIET UM IHLLOT Mepexi, YTpu-
MaTWCb Ha NEeBHUIA Yac Bif NPUIAHATTA OHOB/IEHb MPO L0 MEPEXY Bif CyCifHiX

141



MapLupyTmnsaTopis. [MpunyckaeTbes, WO NPOTAroM BIAMOBILHOIO nepiogy Map-
LLPYTM3aTOPU BUyYaTb 31 CBOIX Tabnmub IHPOpPMaLito NPO HeJOCSHKHY Mepe-
XY, OCKIJIbKM NP0 HET He 6yayTb HaAXOAUTN OHOBJIEHHS.

He 3BaKaloum Ha 3Ha4YHWUIA apceHan MeToAiB 60poTbOM 3 MapLUPYTHUMU
NeTNAMU CTOBIACOTKOBOI rapaHTil YHWKHEHHS LbOro SBULIA AUCTaHLiAHO-
BEKTOPHI MPOTOKONM He fatoTb. OKpiM MapLUpPYTHUX MeTenb iCHYHTb W iHLLI
HeAoNIKN ANCTaHLiNHO-BEKTOPHUX MPOTOKO/IB, 30KpeMa 0OMeXeHWi fdiameTtp
mepexi (15 nocnifoBHUX MapwpyTtusatopis 415 RIP), nepiognyHe BigcunaHHS
MOBHOI TabnuLi MapLupyTU3aLii Ha LUMPOKOMOBHY abo rpyrnoBy afpecy, Lo 3a-
BaHTaXye CNy>XX60BUM TpadikoM KaHa/iv 3B’A3Ky Ta pecypcu OTpumyBadis, BU-
KOPUCTAHHA K METPUKM KiNIbKOCTI MPOMDKHMX MapLupyTu3aTopis (MPOTOKO/
RIP). Came Tomy npoTokon RIP 34e6i/1bloro BUKOPUCTOBYETLCA B HEBEIMKIMX
NOKaNbHUX Mepexax, Aie 3a3HaveHi HeoNiKN He € KPUTUYHUMU,

4.6 MpoToKOM MapLUpyTM3aLii 3 ypaxyBaHHSM CTaHy KaHasy

[MpPOTOKONN MapLUPYTU3aLLiT 3 ypaxyBaHHSIM CTaHy KaHany MPUHLMMNOBO Bi-
APi3HAOTLCA Bif, ANCTaHLiNHO-BEKTOPHMX. ["0M10BHA BiAMIHHICTb — HasABHICTb B
KOXXHOMY MapLUpyTK3aTopi iHopMaLii Mpo TONOJIOrit0 BCIET MepeXi, Ha OCHO-
Bi IKOT 3MIACHIOETLCA PO3PaxXyHOK ONTUMaNbHUX MapLIpyTiB. [ BU3HAYEHHS
MapLUpYTY, SIK NPaBuI0, BUKOPUCTOBYETLCS a/irOPUTM [eKCTpU, AKWIA LWe Ha-
31Bal0Tb a/ITOPUTMOM BMOOPY HarKopoTworo wnaxy (Shortest Path First —
SPF). Ona peanisauii 4aHOro TMny MapLupyTu3aLil BUKOPUCTOBYHOTLCA HUMXKYe-
HaBefeHI KOMIMOHEHTH.

AHOHCcK cTaHy KaHasy LSA (Link-State Advertisement) — HeBefMKi nake-
T, WO MICTATb IHOpPMaLLit0 NPO napameTpu Ta CTaH 6e3nocepefHbO NPUEQHa-
HUX O MapLupyTmn3aTopa KaHaslis.

TononoriyHa 6a3a faHuX, fKa CTBOPHOETLCA 6e3nocepeHb0 KOXHUM Ma-
PLUPYTN3ATOPOM Ha OCHOBI OTpUMaHUX LSA.

ANroputm BMO60PY HAMKOPOTLLONO LLUISAXY BUKOPUCTOBYETLCA A/1 3HAXO-
[PKEHHSA ONTUMa/IbHMX MapLUPYTIB [0 BCIX MEPEeX.

Tabnuua mapLupyTmusauil MICTUTb IH(OpMaLLito Npo BCi BIAOMI Mepexi,
IHTepericK, Yepes AKi NPOXOAATb HAMKPALL MapLLIPYyTU Ta METPUKN LMX MapLL-
pyTiB.

[Mpouec CTBOPeHHA Tabnuui mapipyTusauii 3acobamm LSR-npoTokony Mi-
CTWTb TakKi eTanu.

1. KOoXXHWi MapLupyTm3aTop BMBYaE iHOpMaLLito nNpo BCi 6e3nocepeHbo
npueaHaHi Mepexi.

2. KoxXHuii mapLupyTmsaTtop Bianpasnsie B yci 6e3nocepefHb0 MpUeaHaHi
mepexxi naket Hello gna BcTaHOBMEHHA Tak 3BaHUX CYCIACbKUX BiAHOCUH, B pe-
3yNbTaTi Yoro (POpMyeTbCA 6asa fAaHux «CycifiB».

3. Koxnuii mapipytusatop opmye LSA i Bignpasnse ix BCIM CBOIM CY-
cigam.
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4. OTpumaBLlLM LSA, KOXHWIA MapLUpyTM3aToOp 3aHOCUTb LIKO iH(hopMaLlito
[0 B/IaCHOT TOMONOriYHOT 623K | BiANpaBIse aHOHC IHLWIWMM CyCigaMm.

5. OTpumaBLlum LSA Bif yCiX MapLUpyTU3aTOPIB, KOXHMIA MapLUpyTN3aTop
Oyaye rpa mepexi, BepLiMHaMKN AKOrO € MapLUpyTMU3aTopy Ta NIoKasibHi Mepe-
Xi, a pebpamun — KaHaIn 3B°A3KY MIXK HUMN.

6. 3acTocoBytOUM anroputm LenkcTpu, KOXHWA MapLupyTusaTop 6yaye
NOTiYHY TOMONOTIt0 Yy BUINIAAI AepeBa, KOPeHEM SKOro € BiH caMm, a rifikamMmm —
MiHIMa/bHI MapLUpyT 4O IHWNX BepLUMH rpagy.

7. MaplpyTm3aTtop 3aHOCUTb [0 Tabnuui MapLipyTusauii Harkpalyi map-
LUPYTW Ta NOPTU, Yepe3 AKi BOHM AOCTYMHI.

OfHuM i3 HarnowmpeHiwmx LSR-npoTokonis € OSPF. Po3rnsHeMo npouec
(hopMyBaHHS Tabnuui mappyTmnsauii Ha mapwpyTmsaTopi Rtl (puc. 4.10).

2\ 10.5.0.1/24
T I Y 10

10.5.0.2/24

Int3| 10.3.0.1/24 10.8.0.1/24
10
Intl| 10.3.0.2/24

10.8.0.2/24

Int2

Int3|10.11.0.1/24
5] Net4

PucyHok 4.10 — Mepexa pna HanawtysaHHsa OSPF

[Micns 3aBepLUeHHA MepLuoro i gpyroro etanis Ha Rtl 6yae cdpopmoBaHO
Tabnuuto cycigis (Tabn. 4.4).

Tabnnug 4.4 — Tabnunua cycigis Rtl

Router Interface Network Next Router Metric
Rt2 Int2 10.2.0.0/24 10.2.0.2 10
Rt4 Int3 10.3.0.0/24 10.3.0.2 10

- Intl 10.1.0.0/24 - 5

AHanoriynHi Tabnuui CTBOPIOKOTH | THLWI MapLupyTusaTopu. Ha ocHoBI OTpu-
MaHuX Tabnuub opmytoTbca LSA i BignpaBnsatoTbCA CyCifgHIM MapLLpyTU3aTo-
pam (etan 3).
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Y npoueci 06MiHy LSA-M0BIAOMIEHHAMN MapLUPYyTM3aTOpPU (DOPMYHOTb TO-
nonoriyHi 6asu (etan 4), aKki Ha 3aBepLlasibHOMY eTani A4/1d BCIX MapLLpyTn3arto-
piB 6yAyTb OAHAKOBMMW | MaTUMYTb BUTNA, HaBedeHWIA B Tabn. 4.5.

Tabnnuyg 4.5 — TononorivyHa 6asa npotokony OSPF

Rtl | Rt2 | Rt3 | Rt4 | Rt5 | Netl | Net2 | Net3 | Net4 | Net5
Rtl 10 10 &)
Rt2 | 10 10 20 &)
Rt3 10 15 3)
Rt4 | 10 15 5
Rt5 20 | 15 | 15 5

Etan 5 3aBepluyetbcs POpMyBaHHAM rpadyy Mepexi, SKWil HaBefeHO Ha
puc. 4.11.

5 15
Net4 \R-t4/

PucyHok 4.11 — pady, Wwo Bignosigae Mepexi, HaBeAeHi Ha puc. 4.10

3acToCcoBYHOUMN anropuT™ [eMKCTpU, KOXEH MapLLpyTU3aTop BU3HAYae on-
TMMa/IbHI MapLUPYTK [0 KOXKHOT 3 Mepexx (eTan 6). Pe3ynbTaTi BUKOHAHHS LibO-
ro etany ana mapwpyrtusaropa Rtl HaBegeHi Ha puc. 4.12.

, )

5 10
() ——(uc)
Net4 5 Rt4 o Rt5
et 1. t!
\_/ 5

PucyHok 4.12 — JloriyHa Tonosorig mepexi, noéygosaHa Rtl

3 NIOriYHOT TONONOTiT reHepyroTLCA 3anucK And Tabnuui MappyTmsauil Rtl
(tabn. 4.6).
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Tabnunua 4.6 — Tabnmua mappyTtumsayii Rtl

Network Mask Interface Next Router Metric
10.1.0.0 255.255.255.0 Intl - 5
10.2.0.0 255.255.255.0 Int2 - 10
10.3.0.0 255.255.255.0 Int3 - 10
10.4.0.0 255.255.255.0 Int2 10.2.0.2 15
10.5.0.0 255.255.255.0 Int2 10.2.0.2 20
10.6.0.0 255.255.255.0 Int2 10.2.0.2 25
10.7.0.0 255.255.255.0 Int2 10.2.0.2 35
10.8.0.0 255.255.255.0 Int2 10.2.0.2 30
10.9.0.0 255.255.255.0 Int3 10.3.0.2 30
10.10.0.0 255.255.255.0 Int3 10.3.0.2 25
10.11.0.0 255.255.255.0 Int3 10.3.0.2 15

[icna 3aBepLUeHHA (hopMyBaHHSA TabnuLi MapLipyTu3auii KoXKeH mapLipy-
Tn3arop nepiognyHo (ana npotokony OSPF KoxHi 10 ¢) BignpaBnsie CBOIM Cy-
cigam naketu Hello, ski hakTnyHO NiaTBEpAKYHOThL Npaue3faTHICTb MapLUpyTy-
3aTopa Ta BigNOBIgHWX KaHasiB 3B’A3KY. Lle eauHuiA cny>x6oBuii Tpadik, Lo
reHepyeTbCA 3a BIACYTHOCTI 3MiH B TOMO/OrIT.

AKLL0 MapLUpyTU3aTOpy CTae BIAOMO MPO 3MiHX TOMONOrIT, K godaTHi (ro-
fBa HOBMX Mepex), TaK i Bif’eMHi (BTpaTa 3B’A3KY 3 ICHYHOUMMW Mepexamu),
reHepytoTbCA BignoBigHI LSA Ta BifCWNaoTbCA CYCIAHIM MapLupyTu3aTopam,
AKi, B CBOO Yepry, po3noBCOMKYIOTb L0 IHopmavito gani. OTpumMasLy iHDo-
pMaLito NPo 3MiHW B TOMOJOTIT, KOXEeH MapLUpyTM3aTop BigNoBIAHO MOAUMIKYE
CBOKO TOMNOJOriYHY 6a3y Ta 34iNCHIOE NepepaxyHOK MapLUpyTiB.

MeTpuka B npotokoni OSPF Ha3nBaeTbCst BAPTICTHO (COSt). 3 KOXHUM iH-
TepericoM MapLUpPyT13aTOpa acoLitOETLCS NEBHE 3HAYEHHS BapTOCTI, IKE MOXe
OyTN MPUMYCOBO BCTAHOB/IEHO aAMIHICTPaTOpPOM, abo po3paxoBaHO 3a 3aMOB-
4yBaHHAM Ha OCHOBI CMYTX MPOMYCKaHHA. BinblLOMY 3HaYeHHIO CMYTi rpony-
CKaHHA BI4NOBIJaE MeHLle 3HayeHHA MeTpukuU. CymapHa MeTpuKa MapLupyTy
BM3HAYaETHCA LLUISAXOM 3BMYAMHOIO 0AaBaHHsA METPUK MOr0 OKPEMUX NTaHOK.

OcobnmsocTi poboTn LSR-NpOTOKO/IB BUCYBalOTh [0AATKOBI BMMOIM [0
06/1aIHaHHSA, 30Kpema MapLLpyTU3aTopy MarTb MaTW:

e [IOCTaTHIO KiNIbKICTb OnepaTuBHOI Nam’aTi Ana 36epiraHHsA TOMOMOriYHOT

6a3n, Tabnuui cycifis, Tabnmui MapLupyTusadii Towulo;

e MOTY>XHWIA MPOLECOP, AKMIN Mae ornepaTMBHO PO3PaxoByBaTK ONTUMaIb-

HI MapLpyTK.

[Mpwn po6oTi 3 LSR-npoToKonamu cnig BpaxoByBaTy, WO Ha eTanax 3 Ta 4
BiAOYBaETLCA /TaBMHOMOAIOHe 3pOCTaHHA KifIbKOCTI LSA B Mepexi, Wo MoXe
TUMYacoBO 3HU3UTK MPOMYCKHY CMNPOMOXHICTb KaHaniB 3B’A3Ky. OfHaK nicns
3aBepLUeHHs eTany PopMyBaHHS TOMONOTIYHNX 6a3 06CAr CMy>KO60BOro Tpagiky
3BOAUTLCSA 10 MiHIMYyMY.
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OCKifIbKM Oyfib-SIKi 3MIHW B TOMOJIOTiT Mepexi MPU3B0AATL 40 MepepaxyHKy
ONTUMA/ILHUX MapLUPYTIB YCiMa MapLupyTn3aTopamu, BUKOPUCTAHHA BEIMKOIL
KifIbKOCTI MapLUpyT13aTOPIB Ta KaHaniB 3B’A3KY MOXXE BBECTU MEpPeXxy B CTaH
MOCTINHOT KOHBepreHuii. Kpim Toro, 36i/bLUeHHS KiNbKOCTI MapLLpyTU3aTopis
36iNbLUYE PO3MIPWU TOMOMOTIYHOT 6a3n i, TAKMM YMHOM, YCKMaQHIOE 3aaa4y no-
LUYKY ONTUMaNbHUX MapLUpyTiB. BMX040M 3 Takoi cuTyauil € 3aCTOCYBaHHS 6a-
raTO30HHOT MapLUpyTmK3aLii, KoNn ofiHa Be/IMKa Mepexxa NofinsaeTbcs Ha Kinbka
OKpeMUX AOMEHIB MapLLpyTu3auii.

4.7 OCHOBU (PYHKLIOHYBaHHSA Ta KOH(IrypyBaHHA MapLUpyTM3aTopiB

Byab-aKnin MapLupyTusaTop (akTU4HO € Crnewjiani3oBaHUM KOMIM’HOTEPOM.
BiH MicTUTb Ti X caMi KOMMOHEHTW, WO | 3BMYaHWIA MNEePCOHabHWIA
KOMN’toTep, 30Kpema, LEeHTpa/bHWUIA npoLecop, onepaTMBHY Ta MOCTIAHY
nam’dTb, Habip pi3HOMaHITHUX iHTepgeicie Towo. OfHak crneuudika poboTu
LIbOro NPUCTPOIO Nepeabdayae i HadaBHICTb CrieLianizoBaHNX KOMMOHEHTIB. AK 1y
BUMNaAKy 3i 3BUYaHUM KOMMN’tOTEPOM, ANS MOro (PYHKLiOHYBaHHA HeobXigHa
onepawiiHa cucTema.

4.7.1 OCHOBHI KOMMOHEHTK Cy4acHOro mapLupyrtusatopa. LieHTpasnb-
HWiA npouecop (LIIM) BUKOHYE Taki IHCTPYKLiT onepauiinHoi cucTeMu, SK iHilia-
nisauis cMCTEMW, BM3HAYAE HaMKpaLLMI LWNAX ANA nepefaBaHHsA nakeTa, Kepye
MpoLecoM nepefasaHHs NakeTa 3 BXiAHOIO iHTEPMENCY Ha BUXIAHWIA TOLLO.

OnepartmBHa nam’atb (Ol) BUKOPUCTOBYETLCA AJ1A:

e 30epiraHHa ariny onepauifiHOI cuCTeMU, KM KomitoeTbes B Ol B

NpoLeci 3aBaHTaXKEHHA MapLLpyTU3aTopa;
e 30epiraHHa pobo4yoro KoHgirypauiiHoro tainy (running-config), axkuia
MICTUTb Habip aKkTya/bHUX KOMaHA AN onepauiiHoT CUCTeMU;

e 30epiraHHa Tab/mui MapLIpyTU3aLii Ta iHWKX MapLIpyTHUX Tabnvup;

e TMMYacoBOro 36epiraHHs NakeTiB, L0 HAAX0AATb Ha iHTepdelicK.

MocTiHa nam’aTb (M) BUKOPUCTOBYETLCA A1 36epiraHHS NOYaTKOBOIo
3aBaHTaXyBaua, [iarHOCTUYHOr0 NPorpaMHOro 3abesneyvyeHHs (TecTye anapaTHi
KOMIMOHEHTW MiCNs BKIKOUEHHSA NMPUCTPORD), Ypi3aHOT Bepcii onepauiiHol cuc-
Temu.

dew-nam’aTb BUKOPUCTOBYETLCSA /19 MOCTIMHOrO 36epiraHHa aiiny
ornepawjinHoi cucTemu.

EHeproHesanexxHa onepatvsHa nam’atb (EHOIT) BUKOpPUCTOBYETLCA A1
36epiraHHs pe3epBHOro KOoHMirypauiinHoro tariny (startup-config). Micns 3aBa-
HTaXXKeHHS onepawinHoT cuctemu startup-config 3aBaHTaxyeTbest B Ol i Ha 0ro
OCHOBI aBTOMaTM4HO YTBOPHOETLCSA running-config.

IHTepencn BUKOPUCTOBYIOTLCA A1 Ni4’€4HaHHS [0 MapLupyTm3aTopa,
NoAINAKTLCA Ha IHTepdiencn: KepyBaHHS (KOHCOMIbHUIA NOPT), NOKaNbHUX Ta
PO3MOAIIEHNX MEPEX.

OnepauiiHa cucteMa BUKOPUCTOBYETLCA A1 iHTepripeTauii KOH®irypa-
LiHWX haiiniB, AKi MICTATb NapamMeTpu Ta IHCTPYKUIT KepyBaHHS NOTOKaMK fa-
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HUX, WO MepefaloTbCs Yepe3 mapLipyTmsatop. Hainbinbll po3rnoBCHOMKEHOK €
onepauiriHa cuctema Cisco 10S (Cisco Internetwork Operating System) Bif, Ko-
pnopauii Cisco Systems. [ns KOXHOI mogeni abo rpynu mofeneit o6nagHaHHS
po3po6seETbCA oKpema Bepcis 10S, aka Mae BnacHUA Habip PYHKUIRA, WO Npus-
HayeHi and poboTu 3 BiANOBIAHUM NPUCTPOEM (NpUCTposmMM). Lle nosicHoE ic-
HYyBaHHA BE/IMKOro Pi3HOMaHITTA Bepciin 10S. Ona CnpoLleHHs igeHTudikauii
Cisco 10S HasBa (harny onepauiiiHOi cucTeMn Mae (pikcoBaHy CTPYKTYpY i
CKMafAETbCA 3 TaKUX OCHOBHUX YaCTUH:

e Ha3Ba anapaTHol nnatopmu, Ana aKol npusHayeHo 10S;

e 0O3HaKa crevyiasbHUX MOXMBOCTEN, WO NigTpumytoTses 10S;

e BKa3iBHUK thopmm 36epexkeHHs dariny 10S (YLiNbHEHWUIA YN HeyLLiNbHe-

HUIA);

e BJacHe Bepcia 10S.

ICHYIOTb ABa OCHOBHMX CNOCO6M Nia’eqHaHHA 10 MapLUpyTU3aTopa 3 METOH
AIOr0 HanawTyBaHHA — /l0Ka/ibHe Ta BigganeHe. MMpy NOKabHOMY 3’€fHaHHI
KOHCO/IbHUIA MOPT MapLupyTu3aTopa 3’€4HYETbCA 3 MOCMILOBHUM NMOPTOM nep-
COHa/IbHOro KOMM’toTepa 3a A0MOMOror CrnewiaslbHOro KOHCOMbHOIo Kabento.
Ha komn’toTepi 3anycKaeTbCsA NporpamMa, LWo eMysoe pexxum TepMiHana VT100.
KOHCONbHWIA JOCTYN € OCHOBHMM CMOCO6GOM afgMiHICTPaTMBHOIO AOCTYNy [0
MapLUpyTH3aTopa, OCKIi/IbKM MOXe OYyTW 3AiNCHEHMIA 3a OYyAb-AKUX 06CTaBUH.
KOHCONbHWIA JOCTYN € EAUHNM MOX/IMBMM CNOCOBOM AOCTYNYy MpU No4YaTKoBO-
MYy HanaliTyBaHHI MapLupyTu3aTopa y BUMagKy BUHUKHEHHS Npo6siemM 3 3aBaH-
TaXEHHSIM onepaliinHoi cucteMn abo KOHGirypawinHoro dainy.

BigganeHunin ocTyn € MOX/IMBMM 3a YMOBM KOPEKTHOI0O Ha/lalUTyBaHHSA XO-
ya 6 ogHoro LAN- a6o WAN-iHTepgeiicy. Kpim Toro BiH nepepgbavae Hass-
HICTb (DI3NYHOr0 3’€HAHHS 3 MEepPEeXero Ta HanalTyBaHHA Ha MapLUpyTU3aTopi
cepsiciB BigaaneHoro 3’egHaHHA Telnet abo SSH.

4.7.2 OcHoBM poboTun 3 onepauinHoto cuctemoro Cisco 10S. 10S sBnsie
C060t0 crieyndivyHe nporpamHe 3abesneyveHHs, WO Kepye PYHKUiAMM MapLipy-
TusaTopa. TpaauuinH1uM iHTepakTuBHUM cepeaosuilem Cisco 10S € iHTepdeiic
KomaHgHoro psgka (CLI — Command Line Interface). IHTepdeiic komaHAHOIO
psaka Cisco Mae iepapXxivyHy CTPYKTYpY. 19 BUKOHAHHA Pi3HMX 3a4ay Us CTpy-
KTypa noTpebye nepexoay B pPi3Hi pexkumu. Tak, Ana HanalwTyBaHHS iHTepde-
CiB MapLLpyTN3aTOpa HEOOXIAHO MEPENTN B PEXUM KOHIrypyBaHHs iHTepdei-
ciB, B AKOMY MO)XHa BMKOHYBATW TifIbKW Ail, NOB’A3aHi 3 NEBHUM iHTepdeicom,
Hanpuknag, npusHadeHHs IP-agpecun. B pisHux pexumax CLI mMae pi3Hi no3Ha-
UKW 3amnpoLLEHHS, L0 A03BONAE afMIHICTPAaTOPy BUKOPUCTOBYBATM NINLLIE Ti KO-
MaHAMN, L0 NpuTamMaHHi NeBHOMY pPexxumy.

OnepauinHa cuctema Cisco 10S 3abesneyvye poboTy iHTepnpeTaTopa Ko-
mMaHg (EXEC). IHTepnpeTaTop nepeBipsie | BUKOHYE BCi KOMaHAK, L0 Oynn BBe-
AeHi 3 KoHconi. 3 meToto 6e3nekn Cisco 10S EXEC-pexumn posgineHi Ha aga
6a30BMX piBHI AoCTyny — KopuctyBaubkuin (user EXEC mode) i npuineiiosa-
Hui (privileged EXEC mode).

147



Y KOpUCTYBaLbKOMY PEXUMI OOCTYMHUA OOMEXEHMIn Habip OCHOBHUX KO-
MaHf, WO A03BOIAE Ti/IbKM BiACNIAKOBYBATM pob0Ty MapLupyTtusatopa. Kopuc-
TyBaUbKUA PEXMM He [03BOMIAE BHOCUTU HIsIKMX 3MIH B KOHQpirypauito Mapiu-
pyTu3atopa. AAMiHICTpPaTop BUKOPUCTOBYE LIEn PEXMUM TiNIbKU A1 MOHITOPUH-
ry cuctemn. Ans ifgeHTugiKauil KOPUCTYBALbKOrO PeXXumy B 3amnpoLUeHHI KO-
MaHAHOro pAfKa BUKOPUCTOBYETLCS MO3HAYKa «>», AKIil Nepeaye iM’a MapLupy-
Tn3aTopa (3a 3aMoBYyBaHHAM iM’a MapLUpyTmn3aTopa Router).

MpwvBineioBaHWin peXXUM JOCTYNY Aae MOX/UBICTb BUKOPUCTOBYBATU MOB-
HWIA Habip KOMaHA MapLupyTM3aTopa. AK npasuio, AOCTYN 4O LbOro pexumMy
3aXMLWAa0Tb naponemM. [ BUKOHAHHA Oyab-AKUX KOMaHg, HanallTyBaHHS | Ke-
pyBaHHA MapLUPYTM3aTOPOM HEeOOXiAHO NEeperTn B MPUBINENOBAHWIA PEXNM.
IHTepdeiic KOMaHAHOroO pAdKa IAEHTUMIKYE LEe PeXnM Mo3HauKow «#». Ons
nepexody 3 KOpPWUCTYBaLbKOro PeXunmy B MpUBiNeioBaHWin BUKOPUCTOBYETLCA
KOMaHAa enable.

[N BMKOHaHHA KOHKPETHMX KOH(pirypauiHmx fiil noTpibHO nepentu B
PEXMM r106a/1bHOT KOHirypaLlii:

Router# configure terminal
Router(config)#

Y UbOMYy pPeXuMi MOXKHA BMKOHYBaTW KOH®IrypauinHi 3agadi, Lo CTOCY-
HOTbCA NPUCTPOIO B LiNIOMY, Hanpuknag, 3MiHATA iM’ MapLupyTn3aTopa, npus-
HauMTV Maposib Ha nepexig B MPUBINENOBaHWUIA PEXUM, CTBOPUTU CTaTUUHMIA
MapLLPYTHWUIA 3annc TOLLO.

[Nna KOH(irypyBaHHS OKPEMUX KOMMOHEHTIB MapLupyTusatopa (iHTepden-
ciB, BIpTyanbHUX NiHilA, NPOTOKONIB AMHAMIYHOI MapLUpyTU3aLil) NoTpibHO 3
pPeXnMy rnobanbHoOI KOHIrypauii nepenTn y BignoBigHMIA pexxmumM. Hanpuknag,
AN ePexoay B pexknm KoHDirypyeaHHs iHTepericy FastEthernet0/0 noTpi6Ho
BBECTM KOMaHAYy:

Router(config)#interface FastEthernet0/0
Router(config-if) #

Mepexif 3 0AHOro PiBHSA iepapXii Ha nornepeaHin 34IMCHIOETLCA KOMaHAOH
exit, a nepexig 3 OyAb-AKOro piBHA Bifpa3y Ha HaBULMA — KOMaHAOK end.
CnipolleHy CTpyKTypy iepapxiuHnx pieHiB CLI Cisco I0S HaBegeHO Ha
puc. 4.13.

[na cnpolleHHA poboTtun agmiHicTpatopa Cisco 10S 3abe3neyvye pisHOMaHI-
THI yHKUIT gonomorn. ®@yHKLiIA KOHTEKCTHOT 4OMOMOrM [103BOMSE MepernsaHy-
TW Nepenik KoMaHg, aKi NigTPUMYHTbCA B MOTOYHOMY pexxuMi, abo Habip K/to-
4OBMX CNiB, WO TX BUKOPMUCTOBYE Ta UM IHLIA KOMaHAa. BUKIMK LIET QYHKUIT
3[INCHIOETLCA 3a [OMOMOrOK CUMBOMA «?», WO BBOAUTLCA Y BiAMNOBIAHOMY
KOHTEKCTI abo nicns neBHOI KOMaHAW. DYHKLIA NepeBipKN CUHTAKCUCY Cnpo-
LLLYE NMOLUYK MOMWUJIOK B IMEHI KOMaHAM abo K/loHOBMX cioBaxX. Kpim TOro icHye
Habip PI3HOMaHITHUX (DYHKLLI, L0 A03BONAE NPULIBUALINTY BBEAEHHA KOMaHS,
HanpuKiag, MOXIMBICTb BUK/IMKY Ta peAaryBaHHSA nonepefHiX KOMaHg, BUKO-
PUCTaHHA TiIbKX NOYaTKOBMX NiTep KOMaHAM abo K/Il0HOBOro C10Ba, BUKOPUC-
TaHHS TaK 3BaHMX «rapsaymx KnasiL».
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Router> KopucTyBaubKuii

EXEC-pexum
enable
disable
end MpwuBineiioBaHwMi
> Router# EXEC-pexim

Router(config-if)# Router(config-line)# Router(config-router)#
PeXxumm KoHirypauit PeXkxummn KoHirypauit Pexxumu KoHirypauii
iHTepdeicy BIpTYa/bHUX NiHil npotokony RIP

PucyHok 4.13 — CTpykTypa iepapxivyHux pisHiB CLI Cisco 10S

4.7.3 ToyaTKoBe KOHirypysaHHA mapuipyTtumsaTopa Cisco. HesanexHo
Bif TMNy MapLupyTusaTopa Ta Bepcii 10S icHye 6a30Buil Habip KOHMirypauii-
HUX Li, SKWIA, 9K NpaBuno, nepeaye HanawTyBaHHIO BflaCHe MapLupyTu3auii.
Croay MOXHa BiJHECTU:

e KOH(irypyBaHHs iMeHi MapLUpyTN3aTOopa,;

KOH(pirypyBaHHs Maposito Ha NprBINeNoBaHNIN PeXXuM;
KOH(IrypyBaHHS BigfaneHoro 4octyny;
KOH(DirypyBaHHS iHTEPQENCIB;

nepeBipKa 34iACHEHNX HaNalTyBaHb;

36epeXkeHHs KOHMirypawinHoro tainy.

KoHirypyBaHHs iMeHi MapLupyTu3aTopa 34iCHIETLCS B PeXMMI rnobasib-
HOT KOHd(pirypauii. [ng npusHavyeHHs MapLupyTmsatopy iMeHi Rtl Heob6xigHO
BBECTU KoMaHfay Router(config)#hostname Rtl. icns 4oro psagoK 3anpoLleHHs
Habypae surnagy Rtl(config)#.

KOH®irypyBaHHsa naposito Ha NpvBINerioBaHNn PEXXUM 3L4iACHIOETLCA 3 Me-
TOO 3anobiraHHA HecaHKLiOHOBAHOro JOCTYNY A0 HbOro. Jns Lboro mMoxe 6y-
TN BUKOPUCTAHO OfHY 3 ABOX KOMaHA,

Rt1(config)#enable password passl
Rt1(config)#enable secret pass2

Y nepwomy BUNaaKy naponb passl 6yge 36epiraTcb B KOHQirypawinHomy
(hainni y BigKpUTOMY BUIASAI, B APYrOMY BUMaaKy naposib pass2 6yae 3alimg-
POBaHO, L0 MiABULLYE 3aXULLEHICTb MapLUpyTM3aTopa. Y BUNaAKy Of4HOYaCHOro
3acTocyBaHHA 060X KOMaHA akTya/lbHUM naposieM byae pass2.

[HLLIOKO BaXX/IMBOKO 3aa4eto NMoYaTKOBOro KOH(IrypyBaHHs € 3a6e3rneyveHHs
MOX/MBOCTI BiAJasIeHOro [OCTyny A0 MapLlpyTtu3aTopa. 3a 3aMOBYYBaHHAM
Lier AoCTyn 34IMCHIOETLCA 3a A0NOMOroro npotokony Telnet. nsa HanawTysaH-
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HA L€l MOX/IMBOCTI HEOOXIAHO NEPerTN B PEXMM KOH(IrypyBaHHA BipTyasib-
HUX NiHIN:

Rt1(config)#line vty 0 4

Rt1(config-line)#password pass3

Rt1(config-line)#login

Y HaBefieHOMY MpuKnagi BiAKPUTO AOCTYN A0 M’ATK BipTyasbHUX NiHiiA
(0+4) 3 ogHakoBMM naposniem pass3. KomaHga login B JaHOMY BUMafKy BUMarae
3anuTyBaTW Naposb Mif Yac BifgaseHoro goctyny. Ans nigBULLEHHSA 3axuLLe-
HOCTI BifaneHoro AoCTyny B Cy4aCHUX MapLupyTu3atopax 3amiCTb NPOTOKO/Y
Telnet 3acTocoBytoTb SSH.

KOHpirypyBaHHs iHTEpPeliciB MapLLpyT13aTopa B HanNpoCTiloMy Bunag-
Ky nepenbayae npusHayeHHs IP-agpecy i Macku nigmepexxi Ta BKIKOUYEHHS iH-
Tepency:

Rt1(config)#interface FastEthernet 0/0
Rt1(config-if)#ip address 10.1.0.1 255.255.255.0
Rt1(config-if)#no shutdown

Mpy KOHDIrypyBaHHi NOCNILOBHUX iHTepdeiciB B AeAKMX BUNALKAX MOXE
BUHWKHYTN HeOOXiAHICTb A0AATKOBOrO MpM3HayYeHHs CMYru NpOMnycKaHHS Ta
4aCTOTU CUHXPOHI3aLii.

MepeBipKY KOPEKTHOCTI BBEAEHUX KOMaH/ I napameTpiB MOXe 6yTWU BUKO-
HaHO LIMISXOM Mepernsgy po6o4oro KoHdgirypauiiHoro ainy 3a A0noMOror
KomaHaun Rtl#show running-config.

[na 36epeXxeHHst 3p06neHNX HanawTyBaHb B €HEpProHe3asieXHi nam’siTi
cnif BuKopucTat KomaHgy Rtl#copy running-config startup-config, aéo ii cko-
poYeHniA BapiaHT Rtl#copy run start.

4.7.4 KoH(irypyBaHHsi CTaTUYHOI Ta AMHaMiYHOI MapLupyTusauiini. ba-
30Ba (DYHKLi MapLUpyTU3aTopa BU3HAYaETbCA MOro Ha3Boto. [N 3abe3neyeHHs
(hyHKUIT MapLupyTm3auii 060B’A3KOBUM € BUKOHAHHA AK MiHIMYM [BOX YMOB.
Mo-nepLue, Ha MapLUPYTU3aTOPI MatoTb OYTU BK/IKOYEHI | NpaBu/IbHO HanalTo-
BaHi SiK MiHIMYM [Ba iHTepdericu. MNo-apyre, Ha MapLupyTn3aTopi mae 6yTu Ko-
PEKTHa Tabnmus MapLupyTusauii.

Bci 3anucu B Tabnuui MapLupyTusaii, 3 TOUKN 30py iX NOXOLKEHHS, MOX-
Ha MOAIIMTN Ha TPW KaTeropii:

e aBTOMATWYHI, SKi MICTATb IHhopMaLito Npo 6e3nocepefHLO NPUEAHAHI

MepeXxi, 3’ ABNATLCA NICNA 3aBEPLLEHHS KOH(IrypyBaHHS iHTEPMENCIB;

e CTaTMYHI, AKi CTBOPHOKOTLCA B/TACHOPYYHO aAMIHICTPaTOPOM;

e [MHaMIYHI, AKi reHepyoTbCA MPOTOKOMAMU ANHAMIYHOT MapLUpyTU3aLii.

CTtaTnyHa maplipyTm3auis, K npasu/io, BUKOPUCTOBYETLCS B HEBETMKMX
mepexax. Hexant Ha MapupyTmzaTtopi Rtl (aus. puc. 4.8) HeobXigHO Aoaatw
ctatnyHui 3anuc ans mepexi 10.3.0.0. CTBOpPeHHS CTaTUYHUX MapLUPYTIB 34ii-
CHIOETLCA B PEXUMI rN06abHOT KOHGirypaLii 3a JONOMOrord KoMaHAw.

Rt1(config)#ip route 10.3.0.0 255.255.255.0 10.2.0.2.

[na nepernsagy mapLupyTHOT iH(pOpMaLiT BUKOPUCTOBYETLCSH KOMaH4a

Rtl#show ip route .
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Pe3ynbTaT BUKOHaHHSA KOMaHAW HaBeaeHW Ha puc. 4.14.

10.0.0.0/24 i=z subnetted, 4 =subnets

C 10.1.0.0 is directly connected, FastEthernetl/0
C 10.2.0.0 iz directly connected, FastEthernetZ/0
5 10.3.0.0 [1/0] wia 10.2.0.2

cC 10.4.0.0 iz directly connected, FastEthernet3/0

PucyHok 4.14 — MapLupyTHa iHgopmMauis Ha Rtl nicng CTBOPEHHS
CTaTUYHOI 0 MapLUpyTy

Ha puc. 4.14 moXKHa no6aymTi 3anucK npo Tpu 6esnocepesHb0 NpUeLHaHI
mepexi: 10.1.0.0, 10.2.0.0, 10.4.0.0 Ta O4MH CTaTUYHWIA 3anNUC MNP0 MepPexy
10.3.0.0. Ana KopeKTHOT poboTn MapLupyTm3aTopa Rtl HeobxigHO Aoaatu CTa-
TUYHI 3anuncy gna iHwmnx mepex (10.5.0.0+10.8.0.0).

FAKLLO BUHMKAE NoTpeba BUAAIMTY CTaTUYHWMIA 3anuc (6yno JonyLleHo Mo-
MW/KY NPU MOro CTBOPEHHI abo Mepexxa CTasia HeIOCSXKHOK), BUKOPUCTOBYETb-
CA Ta XX caMa KoMmaHAa, fKili nepeaye «no». Hanpuknaa, ans BUaneHHs CTBO-
PEHOr0 Hamm CTaTUYHOIO 3anucy BUAAETLCA KOMaHda

Rt1(config)#no ip route 10.3.0.0 255.255.255.0 10.2.0.2.

Mpoueaypa KOH(IrypyBaHHS AMHAMIYHOT MapLipyTu3auii, He3aneXxHo Bif
TUMNY NPOTOKO/Y, MICTUTb [iBa OCHOBHUX KPOKMW:

e aKTMBI3aLif NPOTOKOMY AMHAMIYHOT MapLUpyTU3aLiT;

e BU3HAYeHHS Mepeniky Mepex, Npo AKi 6yayTb BIACUIATUCL aHOHCMW.

HanawTyBaHHs npoTokony RIP Ha Rtl 34iCHIOETLCS TaKUM YMHOM:

Rt1(config)# router rip
Rt1(config-router)# network 10.0.0.0.

Cnif 3BepHYTH yBary, L0 3a AONOMOrol KOMaHAW «networky» BKasytoThbCs
BCi 6e3nocepefHbO NPUELHAHI MepeXxi, NPo AKI MapLupyTu3aTop 6yae iHhopmy-
BaTu cycigis. And Rtl takumn mepexxamu € 10.1.0.0, 10.2.0.0, 10.4.0.0. OgHak
OCKIi/IbKN BOHW BCi Haniexartb [0 OAHIET mepexi knacy A, a came 10.0.0.0, 1o go-
CTaTHbO OZHOIO 3arnuncy 3aMiCTb TPbOX.

[Micns 3aBepLUeHHSA KOHQirypyBaHHA RIP Ha BCIX MapLupyTm3aTopax Ko-
MaHga «show ip route» Ha Rtl BuaacTb iH(popmaLito, HaBefeHy Ha puc. 4.15.

Nitepa «R», fAKka nepefye 3anucam B Tabnumui MapLipyTusauii, CBiAYNTb L0
BOHM CTBOPeHi came npoTokosioMm RIP. [1Ba uncna B KBagpaTHUX Ay>XKaxX BU3Ha-
4yaloTb BIAMOBIAHO aAMIHICTPAaTUBHY BiACTaHb Ta MeTpuKy. AAMIHICTpaTMBHA
BiCTaHb — Lie YNC/I0, AKe XapaKTepu3ye CTYNiHb NPIOPUTETHOCTI LLbOro 3anucy i
BUKOPUCTOBYETHLCA B TOMY BMNAAKY, KOMW A1 MEBHOT MepeXi B Tabnuui mapLu-
pyTu3auii € ABa 04HaKOBMX 3anuncu, OTPUMaHUX 3 PI3HUX [pKepen (Hanpuknag,
OAWH 6YyB CTBOPEHWI CTaTUYHO, a iHWWIA OTPMMAaHO AMHaMiuHO). B Takomy BU-
nafiKy rnepesara HafaeTbCA 3anucy, Lo Mae MeHLLY afMIHICTPaTUBHY BiACTaHb.
120 - agmiHicTpatMBHa BiACTaHb NpPoTOKONy RIP 3a 3amoBYyBaHHAM. Ha
puc. 4.15 TaKoXX MOXHa NMo6aynTn, CKifIbKM Yacy MPoMLio 3 MOMEHTY OTpU-
MaHHS OCTaHHbOI 0 OHOBJIEHHSA MPO TY YK HLLY MEPEeXY.
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10.0.0.0/24 i=s subnetted, & subnets

C 10.1.0.0 is directly connected, FastEthernetl/0

c 10.2.0.0 is directly connected, FastEthernetc2/0

23 10.3.0.0 [120/1] wvia 10.2.0.2, 00:00:08, FastEthernet2/0

C 10.4.0.0 is directly connected, FastEthernetc3/0

2] 10.5.0.0 [120/1] wvia 10.2.0.2, 00:00:08, FastEthernst2/0

2] 10.6.0.0 [120/1] via 10.4.0.2, 00:00:05, FastEthernst3/0

2] 10.7.0.0 [120/1] via 10.4.0.2, 00:00:05, FastEthernst3/0

2] 10.8.0.0 [120/2] wia 10.2.0.2, 00:00:08, FastEthernetZ/ 0O
[120/2] wia 10.4.0.2, 00:00:05, FastEthernet3/ 0

PucyHok 4.15 — MapLupyTtHa iHghopmauia Ha Rtl nicna HanawTyeaHHA RIP

[na KoHpirypyesaHHa OSPF Ha maplupyTtusartopi Rtl (gus. puc. 4.10) not-

Pi6HO BBECTU TaKi KOMaHAM:
Rt1(config)# router ospf 1
Rt1(config-router)# network 10.1.0.0 0.0.0.255 area O
Rt1(config-router)# network 10.2.0.0 0.0.0.255 area 0
Rt1(config-router)# network 10.3.0.0 0.0.0.255 area 0.

«1» B nepLwiomy psAKy Bu3Havae igeHTudikatop OSPF-npouecy. Lle uucno
Ma€ NI0Ka/ilbHe 3HauYeHHS | He 000B’A3KOBO Ma€ MOBTOPHOBATUCL Ha IHLLIMX Map-
LUpYTMN3aTOpPaXx.

«area 0» 3afjae HOMeP 30HM MapLUPyTU3aLii, SKWI1 B JaHOMYy BUMNaaKy Mae
OyTV OHAKOBWUM /111 BCIX MEPEeX | BCIX MapLUpyTM3aTopiB.

«0.0.0.255» — iHBepTOBaHa macka (wild card mask), sika B JaHOMy BMMagKy
BUKOHYE TY X caMy (DYHKLit0, WO i 3BMYaiiHa Macka.

[N 3MiHEHHS METPUKM iHTEP(EICY BUKOPUCTOBYETLCA KOMaHa

Rt1(config-if)# ip ospf cost 5,
[e «5» — HOBe 3HayeHHs ospf-MeTpukm.

Micna 3ailCHEHHs BIANOBIAHMX HanallTyBaHb Ha BCIX MapLUpyTu3aTopax

MapLUpyTHa iHpopmauis Ha Rtl HabyBae BMUIrNsay, HaBe4eHoro Ha puc. 4.16.

10.0.0.0/24 is subnetted, 11 subnets
c 10.1.0.0 iz directly connected, FastEthernetl/0
C 10.2.0.0 iz directly connected, FastEthernet2/0
c 10.3.0.0 is directly connected, FastEthernet3/0
] 10.4.0.0 [110/15] wia 10.2.0.2, 01:12:43, FastEthernet2/0
o] 10.5.0.0 [110/20] wia 10.2.0.2, 01:12:43, FastEthernet2/0
o] 10.6.0.0 [110/25] wia 10.2.0.2, 01:12:49, FastEthernet2/0
o] 10.7.0.0 [110/35] wia 10.2.0.2, 01:12:49, FastEthernet2/0
] 10.8.0.0 [110/30] wia 10.2.0.2, 01:12:43, FastEthernet2/0
] 10.9.0.0 [110/30] wia 10.3.0.2, 01:09:24, FastEthernet3/0
o] 10.10.0.0 [110/25] wia 10.3.0.2, 01:09:24, FastEthernet3/0
o 0.2, 01:09:24, FastEthernet3/0

10.11.0.0 [110/15] wia 10.3.

PucyHok 4.16 — MapLupyTtHa iHgopmMania Ha Rtl nicng HanawTysaHHA OSPF

4.8 OcobnusocTi npoTokony IPv6

[Mpo6nema HecTaui IP-agpec icHye BXe AeKinbka pokis. B yepBHi 1992 poky
CniBTOBAPUCTBO Internet 4ns BUPILIEHHA LIET NPo6eMy po3pobuao Tpy Npono-
3uuii wopao npotokony IP HoBol Bepcii: «TCP and UDP with Biggest Addresses
(TUBA)», «Common Architeature for the Internet (CathlP)» Ta «Simple Internet
Protocol Plus (SIPP)». Ticna aHanisy umMx LOKYMeHTIB B CiYHI 1995 poky 6yna

152



onybnikoBaHa peKoMeHaLia LWoA0 NpoTokony IP HAaCTYnmHOro NOKoNiHHA «The
Recommendation for the IP Next Generation Protocol», ska onvcaHa B JOKyMe-
HTI RFC 1752.

Ha cborogHi npotokon IPv6 BXe BUKOPUCTOBYETLCA B AEKiNIbKOX TUCAYaX
MepeX B ycboMy CBITI. IPv6 — Lie HOBa Bepcis npotokony IP, o po3pobneHa
AN 3aMiHn ctapoi Bepcii IPv4. BigMmiHHOCTI npoTokony IPv6 Big IPv4 3B04ATb-
CA 1O HACTYMHOrO.

3MiHa Ta po3LLUMPEHHSA apecHOro npoctopy. B npotokoni IPv6 A0BXMHA
afipecu 36inblueHa ao 128 6iTis (3amicTb 32 po3psagis B IPv4). OTxe, agpecHui
npocTip 36inbLwyeTbcA B 296 pasie. Kpim Toro, B IPv6 nepenbayeHa MOX/iu-
BICTb CTBOPEHHS afpecHOT iepapXil 3i 3HA4YHO OiNbLIOK KiNIbKICTIO PIBHIB, HIX
nepef6ayveHa NpoTokoiom IPv4.

3MmiHa hopmarty 3arosioBka naketa. [eski nons saronoska IPv4 BunyyeHi
(y cnny HenoTpiGHOCTI UM Hee(eKTUBHOCTI BUKOPUCTaHHSA) abo CTain Heo-
O0B’A3KOBUMU 15 BUKOPUCTaHHSA. BBeAEHO TaKoX AeKifibKa TaknxX HOBUX (hyH-
KUii, SK none MiTKK 4ns igeHTdiKalii NoToKy NakeTiB, L0 BUMaratTh creLia-
NbHOT 06POOKM; PO3LUMPEHHS 3aro/0BKa A4/ CIPOLLEHHS onepauii WwndpysaH-
HA Ta IAeHTU IKaLiT, @ TAKOX 3aro/0BOK MapLUpyTu3aLii.

36iNbLIEHHA MPOAYKTMBHOCTI MapLupyTusaTtopis. pu BUKOPUCTaHHI
npotokony IPv6 LWBMAKICTb 06POOKN NakeTiB NPW 3BUYAIHIN 3aBaHTaXXEHOCTI
Mepexi 6yfe BuLLa, HIXX Yy NakeTiB NpoTokony IPv4. Lle NOACHIOETLCA TUM, LLUO,
Ha BIgMiHY Big npoTokony IPv4, B AKOMY MapLUpyTV Bij, JyKepena nogaHi B fo-
AATKOBIl ONUIT 3aro/loBKa i KOXXHWUIA MapLLpyTU3aTop Mae NepesipaTy Ta aHani-
3yBaTW 3HaYeHHs LUbOro napameTpa, B NakeTi NpPoTokosy IPv6 3HayYeHHs 3aro-
NOBKa MapLUpyTu3auii aHanisyeTbCsa TiflbKM Yy BUNAAKY, SKLO MapLupyTnsaTop
BUSABUTbL OAHY 3i CBOIX agpec y nosi Destination address OCHOBHOIO 3arosioBka
nakeTta IPv6. Kpim TOro, parmeHTauis naketiB MOX/MBa TifIbKWU Ha CTaHUIT,
fKa BiAnNpaBnse NakeTu, WO NPUBOAMTL A0 30i/bLUEHHS NPOAYKTUBHOCTI Po6o-
TV MapLupyTtusaTtopis. CtaHLif-BiANPaBHUK MPU LbOMY Ma€ BU3HAUMTU MaKCK-
Ma/lbHUA po3Mip 6/10Ky nepegaBaHHA faHux MTU Ha wnsxy Ao craHuii-
OTpuMyBaya i pparMeHTyBaTy nakeT Bi4nNoBiAHO A0 3HaYyeHHa MTU. [ns 6inbL
e(eKTMBHOI poboTn Mepexi npoTtokon IPv6 BumMarae, Wob B YCiX MPOMIDKHUX
NaHKax nepefasaHHA faHuX po3mip MTU 6yB 61 He Hwkde 1280 6aiTiB (3a-
MiCcTb 576 6aiTiB and npotokony I1Pv4).

[MossBa MOXX/MBOCTI MapKyBaHHS MOTOKY AaHUX. 3’ABNAETLCA MOX/U-
BICTb 14EHTU(IKYBATN NOTOKM MaKeTiB, AKI Ha/eXaTb KOHKPETHOMY A0AaTKy
BiANpPaBHMKA, | AKUA HeoOXigHO 06p0o6NATM 0CO6MMBMM YMHOM (Hanpuknag,
06pobKa faHuX y peasibHOMY Yaci, HeCTaH4apTHWIA TN cepsicy ToS Tow).

[lofaBaHHA nonis 415 ayTeHTUgiKauil nakeTis. B IPv6 BBefeHO onuit
ayTeHTU®iKaLiT ang 3abe3neyeHHs 3aXUCTy KOHQIAeHUiNHOT iHopmauii, Wwo
rnepeaaeTbcs B Mepexi, Ta iAeHTUiKaLil MepeXxXHUX MOAYNIB.

dopmart 3aronioBka npotokony IPv6 onuncaHo B fokyMeHTax RFC 1883 Ta
RFC 2460 (pwuc. 4.17).
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OCHOBHWI 3arofloBoK NpoTokony IPv6 ctaHoBUTL 40 6ainTiB (3 HUX 32 6ainTu
BMKOPUCTOBYHOTLCA AJ151 NepefaBaHHs IP-aapec BifnpaBHMKa Ta OTpMMYyBaya).

0 4 8 16 24 31

Bepcis MpioputeT Mitka noToky

JliMiT KinbKoCTi

[loBXuHa gaHmnx HacTynHuin 3aronosok .
nepexogis

IP-agpeca BignpasHuka (128 6iTiB)

IP-agpeca oTpumyBaya (128 6iTiB)

PucyHok 4.17 — ®opmaT 0OCHOBHOI0 3arosioBka naketa IPv6

Bepcis — 3HaueHHs Nons A0pPiBHIOE HOMEPY BePCiT MPOTOKOY, TO6TO 6.

MpiopuTeT (3rigHo 3 RFC 1883) — none A03B0/IAE BiANPaBHUKY MpU3Haya-
TW NakeTy NEBHWUIA piBeHb NpiopuTeTy. MOXNMBI 16 3HaYeHb NPiopuUTeTY Po3ai-
NeHi Ha ABi rpynu:

e npioputetTn 0—7 BMKOPWUCTOBYIOTLCA A/1A MaKeTiB, AKI He MOXYTb ByTu
nepefiaHi nNpu 3aHaATo MepenoBHeHi ninHil. Ciogn BigHocATb: TCP-
Tpadik, 30Kkpema nepefasaHHsa E-mail, Tpadik cepsiciB FTP, NFS,
TELNET, X-interactive;

e ripiopuTeTn 8-15 NpmM3HayaroTLCA NakeTam, AKi MaloTb 6yTU Bifnpas/e-
HIi nNpn 6yab-aKoMy CTaHi NiHIT (KpiM 06puBY). Hanpuknag, npioputert
PiBHA 8 KOPUCTYBaY MOXE NPU3HAUNTK NakeTam, aKi MOXKHa BiAnpaBuTK
B OCTaHHHO Yepry npu nepeBaHTaXeHil NiHii, a npiopnteT 15 — B nepLly
(Lue nakeTn peanbHOro Yacy 3 Bifeo-, ayAio- Ta aHa/IONYHUMWN JaHUMU,
AKi MaloTb NnepefaBaTnCs 3 MNOCTIAHOKO LUBUAKICTIO).

B ocTaHHIX mogudikauisax npoTokony BignosigHO Ao AokymeHTa RFC 2460
none MpiopnTeT 3amiHeHO Ha Knac Tpadiky, sike po3wnpeHe Ha 1 TeTpaay 3a
paxyHoK nons MiTKa noTokKy i Mae po3Mip 1 6aiT. MNpu Lbomy nepLli Tpu 6iTK
BU3HAYal0Tb Kac Tpagiky, a iHWi — npiopuTeT. PeKoMeHA0BaHI Knacu Tpagiky
ANA Pi3HNX KaTeropin NnpuknagHMX 3actocyBaHb HaBeAeHO B Tabnuui 4.7.

MiTka noToky. Lle nofe mMoXxxe BUKOPUCTOBYBATUCA BiANPaBHUKOM 415 TO-
ro, Wwo6 BiAMivaT NakeTw, AKI BUMararTb crieyiasibHOi 00P0OKN B KOMYHIKa-
LiHMX MOAynsixX Mepexi (Ha Lwo3ax, MaplipyTtusaTopax Touio). XocTn Ta
LLNKO3KW, AKI HEe MIATPUMYIOTL L€l onuii, MaloTb BCTaHOBUTY Le nose B 0 Ta ir-
HopyBaTtu npu 06pobui naketa. MOTIK — Lie MOCNIA0BHICTb MaKeTiB, L0 iX Bign-
paBNsAOTb MEBHOMY OfiepXKyBayeBi (a0 rpyni ofep>KyBadiB), Ha LWAAXY 40 AKMX
MakeTn MarOTb NPONTYK crieyiasibHy 06p0bKy (Hanpuknag, iHpopmalis npo npo-
XO[PKEHHSA MEBHOro MOTOKY Oyde peecTpyBaTucs.). MITKOK MOTOKY CNYXWUTb
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rcesfoBMNaaKose yncno B gianasoHi 1-(F)FFFFF. Akwo 3HayeHHs nonsa gopi-
BHIOE HY/IH0, TO BBAXXAETHCSA, LLLO NAKET HE HANIEXMNTb XKOAHOMY MOTOKY.

Tabnnua 4.7 — XapakTepucTuka Knacis Tpagiky

Knac [Npn3HaveHHs
Tpadiky
0 HexapakTtepr3oBaHWii Tpaik
1 3arnoBHIOBa/IbHMI TpaikK (MePeXXHi HOBUHW)
2 HecyTTeBuin iHhopMaLiinHWiA Tpadik (eNeKTPOHHA MoLLTa)
3 3ape3epBOBaHO
4 CytTeBnin Tpaik (Tpadik cepsicis FTP, HTTP, NFS)
9) 3ape3epBOBaHO
6 IHTepakTMBHUIA Tpadik (Tpadik cepsicis Telnet, X-terminal, SSH)
Tpaik kepyBaHHA (MapLUpyTHa iH(opMaL, i,
7 ;
nosigomsneHHs SNMP)

[oBXnHa gaHux. Ione BU3HaYae OOBXMHY [JaHMX nakeTa (B 6aiTax), ki
po3TalLoBaHi 04pasy 3a 3arofioBKOM. AKLLO0 3Ha4YeHHs nons gopisHioe 0, To Ao-
BXMHA faHMX NakeTa 6inblie 65535 6ainTiB, i 11 3Ha4YeHHS 36epiracTbCsa y Bigno-
BiAHOMY MoONi A0AATKOBOro 3arosioBka Hop-by-Hop. OaHe none nogibHo nosto
[oxunHa 3aronoBka (IHL — Internet Header Length) B nakeTi npoTokony
IPv4, ane AKWO AaHe nose MICTUTb JOBXUHY AaHMX MNIC/A 3arofoBKa, TO nose
IHL BM3Hayae JOBXWHY CaMOro 3aro/ioBKa naketa.

Mone HacCTynHOro 3arosioBKa MICTUTb IH(POPMALI0 NMPO TWM 3arosioBKa,
AKWUIA PO3TaLloBaHWNi 3a OCHOBHMM 3arofnoBkoM IPv6 (8K i none MpoToKos Bep-
XHbOI0 PIBHA MPOTOKONY BM3Ha4yae, AaHi AKOro TPaHCMOPTHOrO MPOTOKONY
3HaxofATbeA 3a IP-3aronoskom). B IPv6 faHe none [03BONSE BCTaBNATY JofarT-
KOBI 3arofioBKM Mixx faHumu npotokonis IP ta TCP a6o UDP. BukopuctoBy-
IOTbCA Ti X 3HAYEHHA KOAIB MPOTOKONIB, WO i NpoToKosiom IPv4, Ta onuncaHi B
AokymeHTi RFC 1700 (Hanpuknagd, 3HayeHHa 1 Bu3Havae npotokon ICMP, 6 —
npotokon TCP, 17 — npoTtokon UDP).

JTiMIT KiNbKOCTI NepexodiB. Lle none aHanoriyHo noso Yac XutTs
(TTL — Time to Live) npotokony IPv4 i BM3Ha4yae MakCUMasibHY KifIbKICTb
MPOMIXKHUX KOMYHIKaUiiHUX BY3NiB, Yepe3 fKi MoXe OyTW nepefaHO Maker.
BennunHa 3meHWYeTbCA Ha 1 NpU NPOXOKEHHI NakeTa Yepe3 KOXHWUIA LUJIH03
abo mapLupyTm3aTop. AKLLO Nose CTae Hy/NIbOBUM, TO MaKeT BUIYYaETbCS, a o-
ro BignpaBHUKY 3acobamm npotokony ICMP nepefaeTbCcs MOBIAOMIEHHS MPO
BUAAIEHHS NakeTa.

Ajpeca BignpaBHuKa. IP-agpeca BignpaBHuka naketa (128 6iTiB), CTPYK-
Typa Ko onucaHa B fokymeHTi RFC 1884.

Apapeca oTpumyBaya — IP-agpeca oTpumyBsaya naketa (128 6iTiB). AKLWIO
3aro/ioBOK Maketa MICTUTb [JOJATKOBWIA 3ar0/0BOK MapLupyTusauii, ue nosne
MOXXe BU3HayaTW He afpecy npusHayeHHa KiHUeBOT CTaHLuii, a agpecy npomix-
HOro mMapLupyTu3saTopa.
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IcHye gBa thopmatu naketiB IPv6: 6e3 goaaTkoBux 3aronoskis (puc. 4.18)
Ta 3 [eAKOK KIifIbKICTHO A0AAaTKOBMX 3aro/fioBkiB (puc. 4.19), Aki 3anncyroTbCs
MI>XX OCHOBHMM 3aro/ioBkom IPv6 nakeTa Ta 3aro/iloBKOM MPOTOKO/Y BEPXHbOIO
piBHA (3a3BMyald, Le npotokon TCP un UDP).

3aronosok IPv6
HacTynHwuiA 3aronoBokK —
3aronosok TCP (UDP)

3aronosok TCP (UDP) [OaHi

PucyHok 4. 18 — CTpykTypa nakeTa IPv6 6e3 oAaTKOBUX 3aro/ioBKiB

3arofioBok 3arofioBok 3aro/oBoK 3aronosok
i ' Autentication
IPv6 Routing Fragmentation HacTmHui 3aroM0EOK
HacTynHuii HacTynHuii HacTtynHuii 3aron)(;30|< ! ToP(UoP) Taki
3arofioBOK — 3arofioBOK — 3arosioBoK —
Routing Fragmentation | Autentication 3aronosok
TCP (UDP)

PucyHok 4.19 — CTpykTypa naketa IPv6 3 feKifibkoma Ao4aTKOBUMMU
3aro/ioBKamu

Ha cborofHi cTaH4apTU30BaHO AeKifbKa 40AAaTKOBUX 3aro/l0BKIB, KOXKHWUIA 3
AKUX 33[aETbCA CBOIM 3HAaYeHHAM Kogy nons HacTynHuii 3aronoBok. CTaHga-
PTM30BaHO TaKi A0AATKOBI 3aro/ioBKW: (hparmMeHTaLii, MapLupyTusauii, iHKancy-
nauit, ayteHTUiKawil, onuin Hop-by-Hop, micus npnsHavyeHHs Ta BifACYTHOCTI
HaCTynHOro 3arofioBka. Lli [04aTKOBi 3ar0/l0BKM PO3LUMPEHHS 3a3BM4Yall He
aHani3ytoTbCA Ta He 06PO6NATHCA KOMYHIKALIMHUMK BY3/1laMU Ha MapLUpyTI
nepefaBaHHA. CeMaHTMKa Ta BMICT KOXHOrO 3arofioBKa BU3Ha4atoTb HeobXxia-
HICTb 06POOKM HaCTYMHOro 3aro/sioBKa B nakeTi. TO6TO, AOAATKOBI 3aro/loBKM
MOTPIGHO 06POGNSATA CTPOro B NOPSAAKY X PO3MILLEHHA B NakeTi. EAUHNIA BU-
HATOK 3 LibOro npasuna CTOCYETLCA ONUii 3aronoska Hop-by-Hop, akuii npus-
HayeHWA AN NepefdaBaHHs iH(opMaLii, Ky HeobXigHO 06POGMSATN KOXHUM
KOMYHiKaLiiHAM BY3/10M Ha MapLUpyTi nepefaBaHHs, OXOMJIoYmM BignpaBHUKa
I OTpuMyBaya. HAKLLO Lieil 3arofioBOK € B MakeTi, TO BiH 000B’A3KOBO Mae 6yTu
3anucaHnii ogpasy nicns OCHOBHOrO 3arosioBka naketa IPv6. Y Tabn. 4.8 HaBe-
[EHI 3Ha4YeHHS MoJiB A9 BU3HAUYEHHSA TUMY A0AATKOBMX 3aro/ioBKiB.

Y pasi BUKOPUCTaHHA B OAHOMY MakeTi 6ifblue 04HOro 40AaTKOBOrO 3aro-
NOBKa CTaH4apT PeKOMEH/Ye pOo3TaLloBYyBaTy iX Y TaKOMY MOPSALKY:

e 3aro/0BOK Naketa (OCHOBHUI);
3aro/fioBok onuiii Hop-by-Hop;
3aro/0BOK Onuin micus npusHadeHHs Destination Options;
3aro/ioBOK mappyTmsauii Routing;
3aro/ioBoK (pparmeHTauil Fragment;
3arofioBoK ayTeHTUdikauii Authentication;
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e 3arofIoBoK 6e3neyvyHmx BKnageHb Encapsulating Security Payload:;

e 3aro/I0BOK ONuiin micusa npmsHadeHHs Destination Options;
e 3arofIoBOK NPOTOKONY BepXHbLOro piBHA (TCP, UDP ToLL0).

Tabnmuys 4.8 — 3HavyeHHs Nons HacTynHWIA 3aronoBoK

FlOAATKOBUN | 3HaueHHA [Mpu3HayYeHHs Po3smip | RFC
3aronoBoK | (ZecsATKoBe)
MictuTb iH(opmalito ans Ko-
Hop-by-Hop 0 MYHiKaLinHUX BY3/liB Ha Map- - 2460
LUPYTi NepefaBaHHA MNakeTa.
[03B0NA€ BIAMNPaBHUKY BW3Ha- 2460
Routing 43 4K nepem’K BY3/iB, Yepe3 fKi ] 3775
NakeT 060B’A3KOBO Mae OyTu 5095
nepefaHui.
Fragmentation 44 MicTuTbCs 'IH(bOpMaLI,IFI PO g4 2460
(pparmeHTaLitO Makera.
Encapsulating 3abe3nevyeHHs1 KOHMIAeHLinHO-
Security 50 CTi faHuX (BXOA4MTb B NMPOTOKON - 4303
Payload (ESP) IPSec).
Cnyxutb gna igeHTudikauii
Autentication KIHLUEBMX BY3MiB Ta 3abe3ne-
51 = : ) - 4302
Header (AH) YeHHA  UINICHOCTI  NakeTiB
(Bx0aMTb B NpOTOKON IPSec).
BigcyTHICTb HacTynHoro 3aro-
No Next noska. [laHi, AKi 3HaX0AATLCH
Header 59 33 LM 3arofioBKOM, MatoTb IT- - 2460
HopyBaTucA | nepegaBaTuCH
6e3 3MiH.
Destination Onuii, Aki mMatoTb 06pobnaTuca
: 60 : . - 2460
Option Ti/IbKW CTaHLIEH0-0TPUMYBaYEM.

BigMiHHICTb 3arofioBkKiB onuin micusa npusHadeHHs Destination Options
Header nepwioro ta gpyroro Tunie nojsrae B TOMy, WO OMUIT 3aro/ioBKa nep-
LLIOrO TUMY MatoTb 06POBNATUCA He TiNIbKN B CTaHLiT MPU3HAYeHHs, agpeca AKoi
3a3HayeHa B Moni Naketa Agpeca oTpyUMyBaYa, a il B YCiX KOMYHiKalilnHNX BY-
3nax, afjpecu SKUX HaBefeHO B 3aro/ioBKy MapLupyTmsauii. Onuii 3aronoBka
APYyroro Tuny MaroTb 06po6nATUCA TiNIbKM B KIHLLEBOMY BY3/Ii.

KOXHWI1 [10[aTKOBMiIA 3aro/loBOK PO3LUMPEHHS MOXEe MICTUTUCb B MaKeTi
TifIbKM OAVH pas3, 3a BUHATKOM OMMCaHOr0 BULLE BUMAAKY. AKLLO 3a 3aro/I0BKOM
BEPXHbOI0 PiBHSA € LLe OAWH 3arosioBok IPv6 (y BUNafKy TYHe/toBaHHS Ym iHKar-
cynauii B nakeT IPv6), To 3a HUM MOXYTb MICTUTMCS AOrO A0AATKOBI 3ar0f10BKMU.
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4.9 Agpecadis B IPv6

ICHYIOTb TpW CTaHAAPTHI (hopMu NofaHHs agpec IPv6.

1. OcHOBHa hopma, nNpu BMKOPUCTaHHI SiKOT 128-6iTOBa agpeca NoAaeTbes
CYKYMHICTIO 3 BOCbMW 6/10KiB, KOXXHWUIA 3 AKUX MICTUTb LLICTHAAUATKOBI
16-6iToBI YMcna. Hanpuknag:

0125:A7C8:3542:F7DB:89E5:91A4:FFEE:5425

8210:DC07:40:7:0:0:4521:3

(Npv LbOMY MOXXHA He HaBOAMTW MOYATKOBI HY/li B KOXXHOMY 3 G/10KIB).

2.Ctucna (ckopoyeHa) gpopma. OcobnmsocTi agpecu IPv6 npu3BoadTh [0
TOro, LL{O BOHA 4YacTo MICTUTb AOBri NOCNIA0BHOCTI HYNbOBKUX BITIB. ONs
TOro, o6 3pobuTn 3anunc GiNbLL KOMNAKTHUM | 3pYYHUM B KOPUCTYBaH-
Hi, po3p0o6/1eHO creliaflbHUIn CUHTaKCUC ANS BUAANEHHS NOCNiA0BHOCTI
HYnbOBUX 6ITIB. Hanpuknaa:

MNpu3HayeHHA  OcHoBHa hopma Ctucna opma
unicast-agpeca  2835:0:0:0:57:700:100D:7792 2835:: 57:700:100D:7792
multicast-agpeca FF01:0:0:0:0:0:0:43 FF01::43
agpeca loopback 0:0:0:0:0:0:0:1 i |

0:0:0:0:0:0:0:0 "

3. AnbTepHaTmBHa (hopma. Ller 3anuc ayxxe 3py4yHui npy pooboTi 3 aape-
camu IPv4 Ta IPv6, B AKOMY B MOMIOALLINX 32 PO3psaax MNOAAETLCA CTaH-
AapTHa agpeca IPv4 B aecaTkoBii hopmi. Hanpuknag;

0:0:0:0:0:0:71.18.33.10 un 2 71.18.33.10
0:0:FFFF:0:0:0:201.54.32.7 un  0:0: FFFF:: 201.54.32.7.

[MpoTokon IPV6 nepenbavae BUKOPUCTaHHS 3-X TUMIB ajpec.

MepcoHanbHi (Unicast) — igeHTUdIKaTop iHAMBIAYaSIbHOro (OA4HOr0) iHTe-
poeitcy. Afpeca BU3HAYaE OKpPeMUiA MOLY b MepeXxi abo NopT mMapLupyTmusaTopa
I, B CBOIO Yepry, Moxe 0yTu:

pynoBi (Multicast) — igeHTUikaTop CYKYMnHOCTI iHTepdeiciB (agpeca
Habopy BYy3niB). Y npoTokoni IPv6 BiACYTHE MOHATTA LUMPOKOMOBHOI afipecu.
LLInpokomoBHa afpecalis 3amiHeHa NiATPMMKOK rpyrnoBoro nepefaBaHHA Aa-
HUX. Taknin MmexaHi3M HeobXiAHWI npoTokony IPv6 ans kepyBaHHS NPOMYCK-
HOKO CMIPOMOXKHICTIO MepeXi Npu nepefasaHHi MynbTUMeAMMHOrO Tpadika. Ma-
KeT, KU BIANPaBNSETLCA 3a TaKOK afipecoro, nepeaacTbes BCiM iHTepdericam
MOAYNIB, SKi 3a1al0TbCA TAKOKO afpecoto.

Ajpeca foBifIbHOro poscunaHHa (Anycast) — igeHTudgikaTop Habopy BYy3-
nis. Lleii TMn agpec BUKOPUCTOBYETLCS A1 3a6e3neUeHHst NPOXOMKEHHS Tpadi-
Ka yepe3 MapLlpyTM3aTopu OKpemmx nposangepis. Ha BigMiHY Bif rpynoBux
afipec, Takuii naket mae OyTu JOCTaBNeHUIA Byab-AKOMY YneHy rpynu (3as3su-
yai, nepefaeTbCs B HAMGIMXKYMIA BY30/).

[Mpyn NpU3HaYeHHI afpecy KOXXHOMY MOPTY MapLupyTu3aTtopa pasom 3 nep-
COHa/IbHOK aflpecoro NPUCBOKETLCA LLie OfHA aApeca, 3arajibHa A/1s BCiX MopTiB
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BCiX MapLLpyTn3aTopiB B Mepexi JaHoro nposarigepa (Us agpeca i € anycast-

afipecoto).
BunainaoTb Taki pi3HOBMAM NEPCOHaNIbHNX adpec:

"nobanbHi nepcoHanbHi (Global unicast) — 0CHOBHMIA TN agpec B
Internet, € aHanoriyHUMK ny6niyHUM IPv4 agpecam, rnobasibHO yHiKa-
NbHI, MapLUpYTU3YOTLCA B Mepexi IHTepHEeT, MOXYTb MpPU3Ha4YaTUChb
CTaTUYHO abo ANHAMIYHO;

JlokanbHi agpecn ninii (Link-local) — BUKOPUCTOBYOTLCA TifIbKU B
NOKa/IbHOMY KaHasli, aBTOMaTUYHO KOH(IrypuUpyroTbCA Ha BCiX IHTep-
(peiticax, npedikc, WO BUKopucToBYOTbL Link-Local agpecn -
FE80::X/10, mapLupyTunsatopu He nepepatoTb naketn 3 Link-local ag-
pecamu BifnpaBHUKa abo ofep>KyBaya, 34e6i/bLUe BUKOPUCTOBYHOTLCA B
CNy>X60BMX LINIAX | € 060B’A3KOBUMU;

CamotectyBaHHs (Loopback) — nosHavaeTbea 0:0:0:0:0:0:0:1 a6o ::1,
€ aHanorom IPv4 agpecn 127.0.0.1, BUKOPUCTOBYETLCA A1 BiANpaBIeH-
HA MakeTa caMoMmy cooi;

HeBusHaueHa (Unspecified) — nosHadvaeTbes 0:0:0:0:0:0:0:0 abo ::, He
MOXe OyTW npu3HayeHa iHTepdeincy, BUKOPUCTOBYETLCA K apeca Bif-
npaBHMKa 3a BiACyTHOCTI IP-agpecu;

JTokanbHi yHiKanbHi (Unique local) — Bu3HauveHi B RFC 4193, € nogai-
OHMMUK [0 npuBaTHUX agpec IPv4, MapLIpyTU3YOTLCA B MeXax OKpeMoT
Mepexi, npedgikc FCO0::/7;

IPv4 BbypnoBaHi (IPv4 embedded) — BUKOPUCTOBYOTLCA NPW Nepexosi
3 IPv4 Ha IPv6 Ta noginatoTbecs Ha agpecy and TpaHcnauii 1IPv4 B IPv6
(::FFFF:0:0:0/96) Ta agpecu Aana BigobpaxkeHHsa IPv6 Ha [Pv4
(::FFFF:0:0/96).

Cxema agpecauii npotokosny IPv6 cyTTeBO BIAPI3HAETLCA Bif NPOTOKONY
IPv4. 128-6iToBa AOBXWHA afpecy NPOCTOPY A03BOMAE 3HATU AeiunT agpec y
mepexi Internet. B cxemi rno6anbHOT nepcoHansHoT agpecadii IPv6 3aknageHwmi
iepapXivyHNiA po3nodin afpecHOro NPOCTopy Ha OKpeMmi piBHI. | 3amicTb ABOX
abo TpbOX piBHIB B agpeci IPv4 B npoTokoni IPv6 BMKOPUCTOBYETLCA 5 PiBHIB,
OXONJoKYK: 2 piBHI igeHTUMIKaLil NnpoBarigepiB Ta 3 piBHI igeHTUMiIKauiT abo-
HeHTIB Yy Mepexi. 3arasibHa CTPyKTypa agpecu npotokony IPv6 HaeefleHa Ha
puc. 4.20.

Mpedikc

laeHTUdikaTop laeHTUikatTop laeHTUikaTop IgeHTUikaTop
nposaigepa aboHeHTa nigmepexi By3na

PucyHok 4.20 — 3arasibHa CTPYKTypa agpecu npotokony IPv6

B agpecHomy npoctopi IPv6 BigMiHeHO noAin agpec Ha Knacu. B OCHOBI
PO3MoAiNly afpecHOro NPoOCTOPY NEXUTb TEXHOMOTIS 6e3K1acoBOi MIXAOMEHHOT
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mapwpyTmsayii CIDR. Tun IP-agpecn BW3HA4aeTbCA MNpeikcoMm dgopmaty
(FR — Format Prefix) 3amMiHHOT fOBXWHW. Po3nogin agpecHoOro npocTopy i Mety
BUKOPUCTaHHA ajpecu, 3a/ieXXHO Bif 3HayeHHA npeikca, HaBegeHo B RFC
1884. Bci nong agpecn € 3MiHHUMK, a TX AOBXMHA Ta CTPYKTypa MOXYTb 3Mi-
HIOBATUCH 3a/1€XKHO BIf, 3HaYeHHA npedikca. Takuid po3nogin agpec nigTpumye
npsame BUAINEHHA afpec NpoBarijepa, afpec /I0KaJbHOr0 BUKOPUCTaHHA Ta rpy-
MOBMX agpec.

[na npuknagy Ha puc. 4.21 ta 4.22 HaBefeHo, BIiANOBIAHO, CTPYKTYPY aj-
pecn IPv6 3 npediikcom 010, SKMIA BUKOPUCTOBYETLCA ANSt afpec 3 iAeHTUdi-
KaLlieto npoBaigepa B MexXax rnobasibHO YHIKalbHUX afpec, Ta NIoKasbHI agpe-
CW NTHIT.

Mpedike laeHTudikatop lpeHTudikatop | 3apesepsoBa | lgeHTudikatop | 3apesepsoBa lgeHTudikaTop
P nposaiigepa nposaiigepa HO aboHeHTa HO BYy3na
\ I v J\ v I\ v J\ v I\ v . ~ J
010 5 6iTiB 16 6iTiB 8 6iTiB 24 6iTn 8 6iTiB 64 6iTK

PucyHok 4.21 — dopmat agpecu 3 igeHTudikawieto nposaiigepa

Mpedike (1111 1110 1000) 000...000 YHikanbHa agpeca fiHii

Mpedike (1111 1110 1011) 000...000 YHika/bHa agpeca NiHii

PucyHok 4.22 — JlokanbHi agpecu niHii

[na npusHaveHHA IPv6 agpec BUKOPMCTOBYHOTLCA CTaTUYHI | AMHaMIYHI
meToau. Mpu cTaTMyHOMY MeTOZI afpeca XOCTY MPU3HAYaETLCA BPYUHY afMi-
HicTpaTopoM. AK MpaBwso, Leit nigxia BUKOPUCTOBYIOTb A1 NPU3HAYEHHS af-
pec, AKi MalTb 6YTU BIAOMUMMW i He 3MIHKOBATUCb, HANPUKNaA: afgpeca iHTep-
(heiticy MapLUpyTM3aTOpa, afpeca MepexHoro npuHTepa, agpeca cepsepa. ICHy-
0Tb [1Ba PiI3HOBUAM CTATUYHOIO METOAY: 3BMYaHWIA i 3 BUKOPUCTaHHAM iHTep-
(pericy EUI-64, ocTaHHiin nepeabayae npusHadeHHs TifIbKU MEPEXHOT YaCTUHM
afjpecu, XocToBa YacTMHa reHepyeTbCA aBTOMaTU4YHO Ha ocHoBi MAC-aapecu 3a
MpasuIoMm, L0 Oyze ONMCaHO HKYE.

OnHamMiuHMI cnoci6 npusHadeHHs IPv6 afpec TakoXX Mae CBOI Pi3HOBUAN.
Cepep, HUX noBHoYyHKLUioHansHUA DHCP ans 1Pvée (DHCPvV6), npu skomy,
AK 1 anda IPv4, X0CTy, NpU3HaYaEeTbCA NMOBHUIN Habip afpecHoi iHopmaLii: noBs-
Ha IP-agpeca, foBxumHa npeikca, agpeca o3y, agpeca DNS cepsepa ToLLO.
Llei cnoci6 opieHTOBaHMI Ha Po60oYi CTaHLiT KiHLEBUX KOpUCTyBaYiB. [pyrui
cnoci6 — aBTOKOHQIrypyesaHHA (Stateless Address Autoconfiguration,
SLAAC) He nepeabayvae HasBHocTi DHCPV6, HaTOMICTb 0CTaTHbO 3BMYaHO-
ro MapLipyTmsaTopa, Ha KoMy BKIHOYeHO IPv6-maplupyTtusalito. KnieHTcbka
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CTaHLif 33 3anMTOM OTPUMYE Yy MapLupyTM3aTopa afpecy Mepexi, JOBXUHY
npeikca i agpecy L3y, XOCTOBA YaCTUHA afpecy reHepyeTbCA BMNAAKOBUM
YMHOM abo 3 BMKOpUCTaHHAM onuii EUI-64. Llein cnocié npusHaveHHs agpec
OpieHTOBaHWIA Ha NOGYTOBI NPUCTPOI, MPUCTPOT IHTEPHETY peyeid Towo. TpeTin
pisHOBUA npusHadeHHs agpec (Stateless DHCP) € Komb6iHaLieto nepLioro ta
Apyroro i nepefbayae AOMOBHEHHS afpecHOl IHgopMaLii, OTPUMaHOI 3a A0no-
MOrOK aBTOKOHMIrypyBaHHS, AOAATKOBMMU AaHUMKM, oTpuMaHumun 3 DHCPv6
cepsepa, Hanpuknag npo agpecy DNS-cepsepa.

Po3srnsHemo npouedypy nepetBopeHHs 48-6itoBoi MAC-agpecn B 64-
6iTOBUIA iAeHTUDIKATOP BY3/a, AKWIN BUKOPUCTOBYETLCA MPOTOKONOM IPV6.

Bigomo, Wwo GiNbLUICTb MEPEXHNX MPOTOKONIB KaHa/IbHOTrO PIBHS BUKOPUC-
TOByE oaMH 3  Tpbox npoctopis MAC-agpec, fAKi  KepywTbCs
IEEE: MAC-48, EUI-48 Ta EUI-64.

MAC-agpeca (MAC-48) BMKOPUCTOBYETbCA B GaraTbOX MPOTOKOMaX
Ethernet (ctaHgaptn IEEE 802.2 ta IEEE 802.3), Token Ring, FDDI, Wi-Fi
(craHgapT IEEE 802.11) Ta iH.

YHikanbHuin igeHTudikatop OUI (Organizationally Unique Identifier) — ue
24-6iTOBMA HOMeEp, SAKWA HaJaeTbCA peecTpauinHuM nigposginom IEEE
(Registration Authority Committee) i hopmye cTapwii Tpu 6aitn MAC-agpecu.

PoswupeHunin igeHTnikatop EUI-48 (Extended Unique Identifier) Bukopu-
CTOBYETbCA A/1A IHLUMX TUMNIB arnapaTHOro Ta MporpamHoro 3abesneveHHs (Ha-
NpUKIag, MepPeXXHMX NPOTOKONIB).

IHcTUTYT IEEE BBakae TepmiH MAC-48 3acTapifiuM i po3rnisfacTbca Moro
AK OKpPeMuil BUMNaLOK BUKOPUCTaHHSA ifeHTudikaTopa EUI-48 gna ctaHgapTis
IEEE 802.x Ta iH. B noganbwioMy BUPpOOHUKM Ta iHLLI opraHisauii MatoTb BUKO-
pucToByBaTu Bu3HaveHHsA EUI-48. IgeHTudgikatopy MAC-48 i EUI-48 igeHTu-
YHI NPW CaMOCTINHOMY BMKOPWUCTaHHI, ane € Aesaki 0cobamBOCTI Npu X iHKar-
cynauii 8 EUI-64.

Po3wupeHnin igeHTugikatop EUI-64 BUKOPUCTOBYETHCA B Mepexax IPv6
Ans opmyBaHHS MosiofLwmx 64 6IiTiB B MepexHiii aapeci By3na, a TakoX B Me-
pexxax FireWire. lgeHTudikaTop iHTepdeicy B opmati EUI-64 cknagaetbes 3
TPbOX YaCTUH:

e 24-6iToBuin OUI Ha ocHOoBI MAC-afpecu KnieHTa, B IKOMY CbOMUIA BIT €

06epHEHUM, TOBTO, AKLLO 7-1 6iT Mae 3Ha4eHHs O, BiH CcTae 1, i HaBNakw;

e BCepefuMHy BCTaBnseTbCA 16-6iTOBe 3HauyeHHs FFFE (B wicTHaaUATKO-

Biin cucTemi uncnenHs) ans OUI-48, a6o FFFF gns MAC-48;

e 24-6iTOBUI ifeHTUDIKATOP NPUCTPOID Ha ocHoBI MAC-aapecu KiieHTa.

Mpoueaypa nepetsopeHHs EUI-48 (MAC-48) B EUI-64 (npouec EUI-64)
HaBedeHo Ha puc. 4.23.

B Tabnuui 4.9 HaBefeHO MOPIBHAHHSA OCHOBHUX MapameTpiB NPOTOKO/IB 4-i
Ta 6-1 BepcCiil.
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MpoTtokon ICMP f03BoNse MapLipyTm3aTtopy abo iHLWOMY KOMYHIKaLiiiHO-
MY BY3/ly NOBIAOMNATW CTaHLitO-BiANpaBHMKa AaHUX MPO MOMUIKK abo HeluTa-
THI CUTYyaUil, W0 BUHUKAN Npy NepefasaHHi IP-nakeTa, BUKOHYBATU AiarHOCTU-
YHI PYHKUIT (Hanpuknag, yTuaita ping), nepegasatyt 3Ha4eHHS MTU, 34ilACHIO-
BaTW MOLUYK CYCIifiB TOLLO.

HeoObxifHO 3ayBaXKUTW, WO MPOTOKO NMPU3HAYEHO TifIbKW 414 MOBIAOMIIEH-
HA MPO MOMWJIKW, WO BUHUKAW MPW NepeAaBaHHi, a He A/ BUMPaB/IEHHA LnX
MOMW/IOK. BignpaBHUK Mae CaMOCTIHO BU3HAUUTW, [e | HOMY BMHUKIA NOMWUSI-
Ka i BXWUTW 3ax0fiB AN Ti YCYHEHHS Ta HefOoMyLWeHHSA B ManbyTHbomy. MMpu
LLbOMY [aHWiA MPOTOKO/T He MOXE BUKOPWUCTOBYBATUCh ANA MepefaBaHHs MoBi-
AOM/IEHb MPO NOMUMKWU BYb-AKMM NPOMIXHMUM BY3/1aM, OCKi/ibku IP-nakeT Mic-
TUTb TiNIbKK IP-afpecu BignpaBHMKa | OTpuMyBaya.

ICMP BuKOHYe B Mepexax IP 4iTKO BU3HaueHi (hyHKUiT, AKI nonsratTb B
HKYEBUKIAAEHOMY:

e KOHTpOsb goctynHocTi IP-agpecu (echo request, echo respond);

e KOHTPO/Ib Yacy XXWUTTS NakeTa B Mepexi;

e repeagpecaLis nakera;

e BUJaya MoBiAOM/EHb MPO HEAOCHKHICTL afgpecara abo NMPO HEKOPeKT-
HICTb NapameTpis;

e (popmyBaHHA Ta NnepecuiaHHa YacoBUX MITOK;

e BMJaya 3anuTiB Ta BIiArYyKIB AN afpeCcHNX MacoK Ta IHLWOT iH(opmauiT.

MpoTtokon ICMP BUKOPUCTOBYETLCA A1 PO3CUNAHHA iHDOPMALinHNX NOBI-
[OM/IEHb Ta NOBIAOM/IEHb KEPYBaHHA TaKMUX TUMIB:

e KepyBaHHa notokom (Flow control) — sKwo xocT-oTpuMyBay (LU/o3
ab0o peasibHUIA OTPUMYBAY TH(HOPMAaL,iT) He BCTUIrae 06pobnaTy iH(opMmalito, To
AaHe NoBiJOMMIEHHS IHPOPMYE NPO HEOOXIAHICTb NPU3YMNUHEHHS BiANpPaBIeHHSs
MaKeTiB;

e BwusHaveHHA HepocskHOCTI oTpumyBada (Detecting unreachable
destination) — AKLLO NakeT He MOXe OYTW AOCTaB/eHUI (3 AKUXOCb MPUYKH) 10
MYHKTY-NPU3HAYEHHSA, TO LUMKO3, AKUIA He MOXKe JOCTaBUTW MakKeT, MoBiLOM/ISE
Npo e BignpaBHUKY nakeTa. IHhopMyBaTh MPO HEMOXX/IMBICTb [0CTaBUTK MO-
BiZJOMNIEHHS TaKOX MOXe NpUCTpiit, IP-agpeca SIKOro BkasaHa B Nakeri;

e 3miHa mappyTy (Redirect routing) — noBigOMIEHHSA BiANPaBISETLCA
y BUMAAKY, AKLIO LLMO3 He MOXE [0CTaBUTK MakeT abo MapLUpyT Yepe3 HbOro
He € ONTUMa/IbHVM, ajie B LbOro LUIK3Y € IHWI Mpono3nuil 3 JOCTaBAHHSA, a
came: afjpeca iHLOoro Wk3y;

e [lepeBipka goctynHocTi BigganeHoro xocta (Checking remote host)
— AKLLO HeobOXIAHO MepeBipMTU HasABHICTL cTeka npoTtokonis TCP/IP Ha Bigga-
NeHiN CTaHLiT, BUKOPUCTOBYETLCS noBigomneHHs ICMP Echo Message, oTpu-
MaBLUW SiKe BifdaneHa cucTema ofpasy BiAnoBsifae, NiATBEPMKYHUM MOro
OTPUMaHHS.

Mpotokon ICMP iHKancyntoe CBOI MOBIfOMIEHHA 6e3nocepeiHb0 B IP-
naket. MMpun ybomy naketu, wo mictatb ICMP-noBigomieHHs, 06po6as0TLEA
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aHas/IorivyHoO nakeTam KNIEHTCbKUX CepBICHMX A0AaTKiB. Lie npu3BoauTs 40 TOrO,
wo nosigomneHHa ICMP MoxyTb 6yTW BTpadeHi B npoLeci nepefaBaHHs, K |
Oyab-AKWiA iHWWIA nakeT. Kpim Toro, ans nepegasaHHs ICMP-noBigomneHb ao-
CUTb 4YacTO OOMEXYETbCA CMyra MPOMyCKaHHS, WO MpU3BOAMTL 4O TOro, Lo
yactTnHa ICMP-NoBigoOMMIeHb BUYYAETLCA MPOMIKHUMK MapLUpyTU3aTOPaMU.
Ockinbkn ICMP-NPOTOKONT MOXYTb TaKOX BUKOPUCTOBYBATU 3/1I0BMUCHUKK 4NA
NpoBefAeHHs aTtak po3BigHULBEKOro T1ny abo DoS-artak, nesHi pisHosmuan ICMP-
MOBIAOM/IEHb MOXYTb TaK0X 6/10KyBaTUCb NMPUCTPOSAMI Be3NeKN.

CtpykTtypa ICMP-MoBifoM/IEHb BM3HAYAETLCA TUMOM MOBIAOMJIEHHS, ane
000B’A3K0BO MicTUTb nons Tun T1a Kog (puc. 4.24, a) i nepegbayvae aBa eTanu
IHKancynayii Ha MepeXxxHomy pisHi (puc. 4.24, 6).

Tvn Koz KoHTpobHa cyma
a
[HaHi (3anexartb Bif TMNYy Ta Kogy) )
SAronaBok | nawi ICMP
3ar°|”POBOK O6nacTb faHux IP naketa 6)

3arosioBOK

KaHa/IbHOr 0 PiBHS ObniacT AaHx Kaapa

PucyHok 4.24 — Ctpyktypa ICMP-nosigomneHHs (a)
Ta npoueaypa roro iHkancynauii B IP-naket (6)

B Tabnuui 4.10 HasegeHi Tunn ICMP-noBigOM/IEHb, BU3HAYEHI CTaHAAPTOM
ANA BUKOPUCTaHHA B TaHAeMi 3 npoTokosiom IPv4, Ta ix koam (3a notpedu), Wwo
3abe3neyvye A0AaTKOBUI piBeHb AeTanizauil NoBigoMIeHb. 3ayBaXXMMO, WO K-
LLL0 He BKa3yeTbCs Bepcia npotokony (K IP, Tak i ICMP), matoTb Ha yBa3i came
MPOTOKONM 4-1 Bepcil.

CTpyKTypa KoXKHOro 3 ICMP-noBigoM/eHb 3a/1eXNThb Bif AOr0 TUNY i Koy,
ane 3asBmyain ans Ginbl TOYHOI igeHTMdIKauii B none AaHi 3aHocuUTbCs IP-
3aro/iIoBOK NakeTa, A4/ AKOro cpopMoBaHo Lie MoBIAOM/IEHHS, Ta nepLli 64 6iTu
obnacTi gaHnx IP-nakerTa.

Tpeba 3a3HauMTH, LLO B TaHAEMI 3 NPOTOKOMOM IPV6 (PYHKLIOHYE iHLIA Bep-
ci NpoTOKONy nepefaBaHHA KepiBHUX noBigoMneHb ICMPV6, akuin mae
060B’A3K0BO MiATPMMYBaTUCb KOXHUM BY3/IOM MepPeXi, Lo npawtoe Ha OCHOBI
npoTokony IPV6.

MpoTtokon ICMPV6 (RFC 2463, RFC 4443) BUKOPUCTOBYETLCHA BY31amu 3
IPv6 ans opmyBaHHA MOBIAOMMIEHb NPO MOMWU/IKA, L0 BUHWUKAW NpW 06po6Li
IPv6 naketa, giarHocTuui Ta rnepegasaHHI MOBILOM/IEHb MPO y4acTb BY3NiB Y
multicast rpynax.
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Tabnuus 4.10 — Tunu i kogm ICMP-noBifLoM/IEHb

ICMP-noBigomieHHs .
Onwuc noBIAOMNEHHA

Twvn Koa

0 Echo-Bignosiab (ping-BiAKAVK)

3 0—15 Ajpecat HelOCSHKHNIA

4 0 BigkntoyeHHA BiANpaBHMKA NPW NEPENOBHEHHI Yepru

5 0—3 Mepeagpecysatt (3MIHUTW MapLLPYT)

8 0 Echo-3anuT (ping-3anur)

9 0 OronoLleHHA mapLupyTmnsaropa

10 0 3anuT MapLupyTmsaTopa

11 0,1 [nsa nakeTa yac XXutTts Buinwwos (TTL=0):

12 0,1 Mpobnema 3 NnapamMeTpaMu naketa

13 3annT YacoBOT MITKK

14 YacoBa MiTKa-BiANoBi/b

15 3anuT iHthopmauii (3acTapino)

16 IHopmaLiiHa BiAnoBiab (3acTapino)

17 3annT afpecHoT MacKu

18 Bignosigb Ha 3anuT agpecHOi MacKm

IHpopmavis ICMPv6-noBiJoM/IEHb MOXE BUKOPUCTOBYBATUChL MPOTOKO/a-
MW BiNibLl BUCOKOIO PiBHA (TPaHCMOPTHOMO YM PIBHA A0AATKIB) AN nikeigauii
npobnem npu nepefasaHHi. Lia X iHhopmalis Moxxe OyTU BUKOpUCTaHa Mepe-
YXHUMUW afiMiHICTpaTopamn 41 BUABNEHHSA NPO6/IEM B MepeXi.

Mpotokon ICMPV6 BUKOPUCTOBYE [iBa TUMNW NOBILOM/IEHD:

e npo nomunku (Tvnu 1-4, 100,101, 127), AKi BU3HAYAKOTLCA AOKYMEHTOM
RFC 4443;

e iH(opMmaLiviHi noBigomneHHs (Tunu 128-153, 200, 201, 255), wo onu-
caHo y gokymeHTtax RFC (2710, 3122, 3775, 3810, 3971, 4065, 4286 Ta 4443).

3arasibHa CTpPyKTypa nosigomseHHa npotokonis ICMPv6 (kog 58 B noni
HacTynHuii 3aronosok B naketi IPv6) tTa ICMPv4 (kog 1 B noni MNMpoTokon
BEPXHLOr0 PiBHA B naketi IPv4) ogHakoBa. BigMIHHOCTI CTOCYHOTBLCA TiflbKU
KOAiB TUMIB NOBiLOM/IEHb | 0COBNMBOCTEN CTPYKTYpU IPV6 nakeTta Ta NpuHLM-
MiB Oro 06po6Ku.

4.11 B3aemopis npotokonis IPv6 Ta IPv4

Ha cborofHi nepeBaxHa KifibKiCTb XOCTIB MepeXi Internet oyHKLUIOHYE Ha
6a3i npoTokony IPv4, ane BXe iCHye BeMKa KifIbKICTb MepeX i XOCTIB B HUX,
AKI NiATPUMYOTb IP-NPOTOKO/T HOBOIO MOKO/IHHA. TOMY BUHUKAE HEOOXIAHICTb
3a6e3MneyeHHs KOPeKTHOro ()yHKLIOHYBaHHA Ta B3aEMOAIT XOCTIB 3 Pi3HUMMN Be-
pcisMu npoTokony IP. ToMy 3 camoro novatky po3pobku npoTtokony IPv6 pos-
PO6NANMCH | MeXaHi3MM Oro B3aeEMOAIT 3 NPOToKonoM IPv4. Bei Wwnsaxm MoXHa
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pO34iNUTY Ha A4Bi rpynu: 3abe3neyvyeHHs B3aEMOAIT XOCTiB 3 IPv6 MiXK coboto Ye-
pe3 iCHyrouy Mepexy Internet, sika (DYHKLIOHYE Ha OCHOBI NpoToKony IPv4, Ta
MeToAM, AKi 3a6e3rneyyroTb B3aEMOAII0 MK XocTaMu 3 npoTokonamu IPv6 Ta
IPv4 Ta nocTynoBuiA nepexig Big NpoTokony Bepcii 4 Ha Bepcito 6 (RFC 1933).
BuainatoTb Taki MeToan B3aEMOIT:

e MigTPUMKa ABOX CTEKIB MPOTOKO/IB (CUCTEMM 3 NOABIHUM CTEKOM);

e OpraHisauif TyHeniB Ans nepegadi Tpaiky IPv6 yepes mepexi 3 npoTo-
Konowm IPv4,;

e BWKOPUCTaHHS LLUNHO3Y MNPUKNALHOIO PiBHS;

e TpaHcnAuisa agpec.

MoABiiHNIA CTEK — HaibiNbLL NPOCTMIA crocib 3abe3neyveHHs B3aemogii. B
LbOMY BUMaAKy Ha KOXXHOMY XOCTi 3 IPV6, AKu1iA Mae B3aEMOAIATA 3 XOCTaMMu,
L0 (OYHKLIOHYOTb Ha 6a3i NpoToKony IPv4, BCTaHOBNHOETHCA LLE | CTEK MPOTO-
Kony IPv4 i nomy npuceotoeTbest agpeca IPv4 (puc. 4.25). Ticna uiel npoueay-
PY JaHWA XOCT MOXKe B3aeMOfiATK 5K 3 IPv4 xocTamu, Tak i 3 IPv6 xocTamu.

3acTocyBaHHS MOABIHOIO CTeKa Mae MeBHi HeAONiKN, 30Kpema HeobXiAHO
BCTAHOBUTY A0AATKOBE MporpaMHe 3ab6e3neyeHHs i BUKOHATU MOro KOHQIrypy-
BaHHSA Ha KOXXHOMY XOCTi Mepexi, Lo npu3sese 40 36i/bLUeHHA HaBaHTaXXeHHS
Ha XOCTW i NiJBWLLEHHSA BUMOT A0 HasiBHUX B HMX pecypciB. KpiM TOro He Tifb-
K1 XOCTW, a 1 YCi MapLUyT13aTopu Ta LLUIO3M Mepexi MatoTb MaTh pecypcu Ans
006po6kM AK nakeTiB IPv4, Tak i nakeTiB IPv6, W0 BMMarae mogepHisawii BCbOro
MPUKNaAHOro NPOrpaMmHoro 3abesneyeHHs He TiNIbKN KIHLUEBUX CTaHLin, a i Ko-
MYHIiKaLinHNX BY3/iB.

MpuknagHi IPv4
cepaicy Internet
| |
IPv4 IPv6 "0
| | .
KananbHumn
piBEHb PR , .
IPV4 Mepexa ’
@ npoB.aiigepa \
:- TPV_G _I IPv6
- Internet

PucyHok 4.25 — OpraHizauisi NoABiiNHOro cTeka

TyHenoBaHHA. JaHuiA MeTof Npu3HaveHnid Ans cTBopeHHs IPv6 TyHenis
yepes ICHyrouUI Mepexi, AKi NiIATPUMYOTb NPOTOKOA IPV4, ane He NIATPUMYIOTb
npotokon IPv6. Taki TyHeni CTBOPHOKOTHCA aBTOMATUUYHO abo BPYUHY PI3HUMM
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cnocobamu Ta 06°€HYHOTb OKpeMi Mepexxi 3 NPoToKooM IPv6 mixk coboto. lMa-
KeTn IPv6 npu BXofi B TaKMil TyHeNb iHKaNCyntorTLCA B NakeT IPv4 i nepecu-
naroTbea yepes IPv4 Mepexy Ha iHWWIA KiHeub TyHento (puc. 4.26). Tam BOHM
AeiHKancynoTbes i 06po6Nat0TLCA AK 3BUYaliHi IPv6 naketn (puc. 4.27). Ha
OCHOBI Takunx TyHesiB PYHKLIIOHYE eKCneprMeHTaslbHa rnobanbHa IPv6 mepexa
6bone. [laHe pilieHHs NpobeMn CyMICHOCTI € YaCTKOBMM, OCKIJIbKN He 3a6e3-
nedvye B3aemofii IPv4 xocTiB 3 IPv6 xocTamu. Ane Ha AaHWil MOMEHT came Liel
MeXaHi3M € HainbinbL nowmnpeHUM. ICHYHOTb Taki TUNKU TYHENIB:

e xocT-xocT (host-to-host). [1Ba XOCTV 3 NOABINHNUM CTEKOM NPOTOKONIB,
AKI MatoTb JOCTYN TiNbKX A0 IHPACTPYKTYpu IPv4, CTBOPIOKOTL TYHENb «3 KiH-
LA B KiHeUb»;

e MapLUpyTM3aTop-XocCT (router-to-host) — TyHe b «3 CepefnHUN B KiHELbY;

e XxocT-mapuupyTunsatop (host-to-router) — TyHesb «3 NOYaTKY B KiHELb»;

e MapLlpyTM3aTop-mapLipyTusatop (router-to-router) — TyHenb 3’€AHYE
ABi NPOMIXKHI TOUYKM Ha MapLUpPYTI.

Ipv6 nakeT - macaxump

OCHOBHMWi [JopaTtkosuii

3aronoBok Ipv4
P 3aronoBokK IPv6 3aronoBokK IPv6

[OaHi

Ipv4 naket - TpaHcnopT

PucyHok 4.26 — IHkancynsauia IPv6 naketa B nakeT IPv4

Mepexa

Mepexa

Mepexa

PucyHoK 4.27 — lNpouenypa TyHeNtoBaHHA

B nepwmx ABOX BMNaAKax KiHLEBOK TOYKOK TYHE/H0 € XOCT, TO6TO KiHLe-
Ba TOYKa MapLlpyTy nepegasaHHA naketa IPv6. B Takomy pasi agpeca KiHUA
TYHENM0 O06YMCIOETLCA aBTOMATUYHO, BUKOPUCTOBYHOUM AN1d Lboro IPv4-
cymicHi agpecu («IPv4-compatible IPv6 address»), siki CTBOPHOKOTLCS 32 paxy-
HOK AoAaBaHHA [0 32-6iToBMX agpec 96 HynboBUX 6ITiB (puc. 4.28).

AKLIO KiHLEeBa agpeca He BU3HAYaEeTbCA 3a L{iIbOBOKD afipecoo OTpUMyBaya,
HeoOXiiHO BUKOPUCTOBYBATK CKOHMIrypoBaHWil TyHe b, ANS AKOro napameTpu
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TYHE/N0 3a[at0TbCA MApPLUPYTHOK TabnuLEro Y BY3/i, HA AKOMY 34iACHIOETLCS
IHKancynayis. Lle HeobxigHO y BMNaAKy, KOAK LiboBa afpeca OTPUMyBaya He €
IPv4-cymicHoto, | ToAi BignpaBHMK Mae 3HaTu IPv4-agpecy maplipyTmnsaTtopa 3
NOABINHMM CTEKOM, SIKWIA | 3abe3neyye JocTaBKy nakeTta IPv6. 3ayBaxXunmo, Lo
06unAaBa KiHUA 0yab-aKOro TyHesto MatoTb Matu IPv4-cymicHI agpecu.

0000..... 0000 Apnpeca IPv4

PucyHok 4.28 — IPv4-cymicHa agpeca

LLInto3 npuknagHoro piBHA (ALG — Application Level Gateway) npunyc-
Kae, L0 419 KOXXHOIO MEPEeXHOro foAaTka, KMl yHKLIOHYE Ha KiHLEBMX CTa-
HLISX, CTBOPHOETLCA CreliasibHe NpPUKIafHe nporpaMHe 3abesneyeHHs, fAKe
NMpu3HayeHe AN51 NepeTBOPeHHsA Tpadiky LbOro MepeXHoro goaatka 3 Tpagika
IPv4 y Tpadik IPv6 i HaBnakn. Heoniky LbOro MeToAy noB’A3aHi 3 HeObXiaHi-
CTHO CTBOPeHHS BignoBigHMX ALG-LWNH03iB AN KOXXHOMO MEpPEeXHOro Aodarka
KOXXHOro XocTa.

Be3koHTeKCTHUI IP/ICMP TpaHCnATop — AaHUin MexaHi3M nepeabayae
po3TallyBaHHA Ha KopAoHi IPv6/IPv4 mepexx cnewiasibHOro areHta (TpaHcnaTo-
pa), KU BUKOHYE TPaHCAALI0 NpoToKonis. Mpn ubomy IPv6 XocTam npusHa-
4aroTbCA cneuianbHi TMnn agpec: :FFFF:0:0:0/96 — agpeca and TpaHcaAuil
IPv4 B IP v6 Ta ::FFFF:0:0/96 — agpeca gna sigobpaxeHHa IPv6 Ha IPv4. B
060X TMnNax agpec mMmonoAwi 4 6ainTin 3amiHATLCA Ha BignoBiaHy IPv4 agpecy.

MakeTn IPv4, WO HaaxoasaTb B Taky CUCTEMY, MepeHanpaBnsaoThCa LboMy
areHTy, e BUKOHYETLCS NepeTBopeHHs opmaty IPv4 Ha dopmat IPV6, i nepe-
CunarTbCa fani Ao cTaHuii ogepxKyBaya. NakeTu, WO BiAnpaBnaTLCA Y Bigno-
Biflb, Bifl XOCTiB 3 NpoTOKonoMm IPv6 A0 XocTiB 3 IPv4, TakoX MatoTb MPOATK
yepe3 IP/ICMP TpaHcnsTop, ane HeO60B’I3KOBO Yepes3 TOW XKe CaMUid, TOMY L0
cam TpaHCnATop € 6e3KOHTEKCTHMM, TOOTO He NOTPebye A0AATKOBOI IHOopMaLii
Ansa TpaHcnauil. MporwoBLWK Yepes3 TpaHCIATop, NakeT npoTokony IPv6 nepet-
BOPHOETLCA Ha NakeT IPv4 i nepefaeTbCa BiANOBIAHIN CTaHLIT 38 NPU3HAYEHHSAM.
3PYYHICTHO LIbOro crocoby € NPo30opiCTb A8 B3aEMO/iMHMUX XOCTIB i MOBHa 6e3-
KOHTEKCTHICTb, LLIO ICTOTHO MoJerwlye 1T peasisalito Ta BUKOPUCTaHHS.

MepeBaramy Takoro nmigxofy € NpoCToTa BMKOPUCTaHHA, BCTAHOB/IEHHA Ta
HanalTyBaHHs TpaHcnaTopa. Mpu Lbomy HeobxigHO BCiM xocTam IPv6 mepexi
HagaTn IPv4-cymicHI agpecu, a NpuUKnagHe nporpamHe 3abesneyeHHs 3anuila-
€TbCA He3MIHHMM. HefonikoM JaHOro MeTofy € Te, L0 BiH MOXKE BUKOPUCTOBY-
BaTUCb TiNIbKK 418 3B’A3KY MEPeXX 3 MPoToKosoM IPV6 yepe3 npocTip NPOTOKO-
ny IPv4, a He HaBnaku. ToMy AaHui Nigxig AoUiNbHO BUKOPUCTOBYBATW Ha eTa-
ni nepexofy Mepexi Internet Ha HOBY BepcCito MPOTOKONY. B nogansLiomy, npu
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36i/bLLEHHI KifIbKOCTI XOCTIB, MapLUpyTN3aTOpIB, LLMHO3IB, AKi OyAYyTb PYHKLiO0-
HyBaTK Ha OCHOBI NpoTokony IPv6, HeobXxigHO Gyde 3a6e3neynT 3B’A30K Me-
pex 3 NpoTokonom IPv4 yepes npocTip IPV6.

4.12 MNuTaHHSA gna camonepesipKn

BusHauTe cTpyKTYypYy IP-agpecw.
YKaxiTb Knacu IP-agpec Ta oxapaktepuayiTe ix.
BusHauTe 0c06MBOCTI BUKOPUCTAHHA Macok npu IP-agpecadii.

4. Appeca xocta ctaHoBUTb 10.156.211.47. Bu3HauiTb agpecu mepexi y
BUMafKax, KOMv LOBXWHM Nnpegikca cTaHoBNATb 26, 20 1 13.

5. Agppeca xocta ctaHoBUTb 10.201.87.145. BusHauuTb afpecy Mepexi,
LLUMPOKOMOBHY ajpecy, nepLuy i 0CTaHHK AOCTYMHI agpecy 3a yMOBM, WO 40B-
XWHa npeikca CTaHOBUTH 22.

6. OxapaKTepuayiTe OCHOBHI aropuUTMy MapLUpyTU3aLil NOTOKIB AaHNX
Yy KOMI’IOTEPHUX Mepexkax.

7. $K BM3HAYaETbCSH HAMKOPOTLUMWA LIMSAX 3 BMKOPUCTAHHAM anroputmy
HerikcTpn?

8. $K BM3HAYa€ETbCA HANKOPOTLLMIA LUNAX 3 BUKOPUCTAHHSAM afiroputmy
bennmaHa-®opaa?

9. Bwu3HauTe CTPYKTYpY 3arosioBka i Npu3HayeHHA MoniB nakeTa, Lo ¢o-
PMYETLCA NPOTOKO/IOM IPV4.

10. Aki napameTpu Mepexi abo KaHaniB 3B’S3KY BMKOPUCTOBYHOTLCHA A1
(hOpMYyBaHHSA METPUKN?

11. AKi OCHOBHI XapaKTepUCTUKX MarOTb NPOTOKONN MapLUpyTU3aL,ii?

12. 3a Ak1uMy napameTpamy 34INCHIOETLCA Knacu@ikaLis NpoToKosiB Ma-
pLpyTn3aLii?

13. OxapaktepusyinTe NPUHUMNU PO60TU AUCTaHLiHO-BEKTOPHMX MPOTO-
KONIB.

14. TI0ACHITb NPUYMHM YTBOPEHHSA MapLLPYTHUX MeTe/lb Ta ONULLITL OCHO-
BHI MexaHi3mu 60p0TbOM 3 LM SBUILLEM.

15. OxapakTtepusyiTe NpuHUMNM poboTH NPOTOKONMIB 3 YpaXyBaHHAM CTa-
HY KaHaJy.

16. [ainTe NOPIBHANbHY XapaKTePUCTUKY AMCTaHLiAHO-BEKTOPHMX MPOTO-
KOJ1iB Ta NMPOTOKONIB 3 YpaxyBaHHAM CTaHy KaHany.

17. $Aki Tabnuui Ta AN 4oro 3acTOCOBYHOTb B CBOI PO6OTI AMCTaHLiAHO-
BEKTOPHI NPOTOKO/IN Ta MPOTOKO/IM 3 YpaxyBaHHAM CTaHy KaHany?

18. Ha3BiTb OCHOBHI KOMMOHEHTN Cy4aCHOro MapLUpyTm3aTopa Ta oxapak-
Tepu3ynTe iX NPU3HaYeHHs.

19. SAKi mexaHi3Mu 06MEXeHHS JOCTYyny nepefdayveHi B onepawiiHii cuc-
Temi Cisco 10S?

20. B yomy nonsrae iepapxiyHicte CLI Cisco 10S?

21. $Ki OCHOBHI 3a4a4i NOYaTKOBOro KOH(irypysaHHA MapLupyTusaropa?

wn e
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22. FAKAM YMHOM 3[IACHIOETHCA KOHIrypyBaHHSA CTaTUYHOT Ta AMHaMiYHOT
MapLUpyTKH3aLiin?

23. AKy iHpopmaLito MOXKHA OTPMMATK 3 Tab/IMLi MapLLpyTU3auii?

24. OxapaKTepusyiTe OCHOBHI BifAMIHHOCTI npoTokony IPv6 Big NpoTOKO-
ny IPv4.

25. TlosiCHICTb 0CO6/MBOCTI BBEEHHSA [0JAaTKOBUX 3ar0/oBKiB B CTPYKTY-
py nakeTis IPV6.

26. HaBepniTb CTpyKTYypy naketa IPv6, akuin nepegae TCP cermeHT i Mic-
TUTb 3arofIoBKM MapLupyTusauii, ayteHTUdikauii, parmeHTayii ta Hop-by-
Hop.

27. OxapakTepusyite CTPYKTypy agpecauii IPv6 Ta npuHuunu posnoginy
aflpecHoro npocTopy.

28. TMpotokon ICMP. Mpr3HaveHHsa Ta 0CO6MBOCTI (PYHKLIOHYBaHHS.

29. TMpuHumnu poboTtn npotokony ICMP.

30. Tunu ICMP-noBigom/eHb Ta TX NPU3HAYeHHS | ()YHKLIOHYBaHHS.

31. OxapakTepusyite npoueaypy iHkancynauii ICMP-noBigomneHb Ta i
HeOoOXifHICTb.

32. TlosAcHiTb ocobnmBocTi npoTokony ICMPV6.

33. TlpoaHani3yiTe OCHOBHI cnocobu B3aeMofii npoTokonis IPv6 Ta IPv4.

34. OxapakTepu3syiite 0COGNMBOCTI TUMIB aapec, sKi BBeAEHI B NPOTOKONI
IPVG.

35. OxapakTepu3yinTe MeTOAM NPU3HAYEHHS afpec, LLIO peani3oBaHi B IPV6.

36. HaBefiTb Knacuikauito nepcoHansHUX IPv6-agpec Ta oxapakTepu-
3yWTe X MPU3HAYEHHS.

37. TloACHITL 0CO6/IMBOCTI OpraHisauii Ta ()yHKLiOHYBaHHSA CUCTEM 3 MO-
ABINHNM CTEKOM.

38. Twunu TyHenis i TX 0CO6/IMBOCTI.

39. lMpu3HayeHHA Ta HeOOXIAHICTb npoueaypa nepetsopeHHa EUI-48
(MAC-48) B EUI-64.
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5 TPAHCMNOPTHUIA PIBEHb

5.1 basoBi NpUHUMNKX peasti3awii TpaHCMOPTHOrO PiBHA

AK 6yno 3a3Ha4yeHO B MonepeaHbLOMY Po3fini, MEPEXHMWIA PiBEHb HE KOHT-
PO/IKOE MPOLIEC AOCTaBMSHHS MNaKeTiB | He Halae HiKuX rapaHTii. OfHaK Ha
LUNAXY Bif, BiANpaBHMKA A0 OfepyKyBaya MakeTun MOXYTb 6YTU CrOTBOPeHi abo
BTpayeHi. [ledaki nporpamMmyM MatOTb BacHi 3acobu 06pPOBKM  MOMWNOK,
NMoB’sA3aHMX 3 BTPATOKD Ta CMOTBOPEHHAM MakeTiB, OAHaK ICHYHOTb | Taki, WO
BUMaratoTb HasiBHOCTI HafiliHOro 3’e¢fHaHHsA. Came TPaHCMOPTHWUIA pPiBEHb
(TP) 3abe3neyye nepefaBaHHA AaHUX MK KIHLUEBMMW CUCTeMamu 3 Heoo-
XiAHUM T™M CTyMNeHeM HafiHOCTI, WO BM3HAYaEe NOro K/4oBY Posib B MoZeni
OSI. Ons HagaHHA BIAMOBILHOIO cepsicy BepxHiM piBHAM mogeni OSI npoTo-
KON TPAHCMOPTHOrO PiBHA MatOTb peasi3oByBaTh NeBHUIA Habip PYHKLIA.

5.1.1 basoBi (hyHKLUii NPOTOKONIB TPAHCMOPTHOro PiBHA. [10 OCHOBHUX
(hYHKLLi NPOTOKONIB TPAHCMOPTHOIO PiBHA HaneXxarb:

e MIATPUMKA PI3HUX TUNIB KOMYHIKaLiT;
cermMeHTaLif Ta BiAHOB/EHHS;

IHKancynauis Ta gekancynayis;
BNOPSAAKYBaHHSA JaHMX Ha 60U 0fepXKyBaya;
MY/IbTUMNEKCYBaHHSA 1 eMybTUMNEKCYBaHHS;
IAeHTUiKaia 4oAaTKiB;

KepyBaHHSA NOTOKaMW JaHUX;

KepyBaHHSA 3’€JHAHHAM;

BUMPAB/IEHHS MOMUJIOK;

3a6e3rneyeHHs sakocTi cepsicy (Quality of Service - QoS);
nepefaBaHHs faHUX;

IHTEpMeC KOpUCTyBaYa;

TepMiHOBe [JOCTaB/IAHHS.

TpaHCNOPTHWIA piBeHb NIATPUMYE ABa 6a30BUX TUMM KOMYHIKaLiiA: OpieH-
TOBaHWIA Ha BCTAHOB/IEHHA 3’€HaHHA Ta 6e3 BCTAHOB/IEHHA 3’€HaHHA (LeiTar-
paMHWin). TN KOMYHiKauii 3 BCTaHOB/IEHHAM 3’€4HaHHA nepefbadae npoueny-
Py BCTaHOB/IEHHS, MIATPUMKMA Ta PO3puUBY 3’€4HAHHA MK 00’€KTaMu BEPXHIX
piBHIB. Llel TMn KoMyHiKauii BUKOPUCTOBYE 6arato npoTOKO/IIB BEPXHiX PIBHIB
i AOro AOCWTbL YacTO Ha3uBatOTb HafdiHMM. [MepeBary LBLOro TUMY CePBICY €
OYEBUAHMMU — Lie MOX/IMBICTb BUMPAB/IEHHSA MOMWUIOK, KepyBaHHA MOTOKaMu
[aHNX, BropsAAKYyBaHHA 6/10KiB AaHux TP. OaHakK B AesKuMX Bunagkax OifbLu
NpuBabAnBUM € CepBiC NepefaBaHHA faHNX 6e3 BCTaHOB/EHHS 3’€HaHHSA. Lle, B
nepLly 4epry, CTOCYETbCA Mporpam, SKi BuMMaratoTb MiHiMi3auil BUTpaT,
MOB’A3aHNX 3 MepefaBaHHAM AaHuX. [prKnagaMm Takux CrnoXkmsadis TpaHCMno-
PTHOIO CepBiCy € CUCTEMUN 30MPaHHA AaHWX, CUCTEMU PO3NOBCIOAKEHHSA IHQOp-
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Mauit, cMcTemn, WO YHKLUIOHYHOTb B PEXUMI «3anuT-BiANOBIAb», CUCTEMU pe-
a/IbHOTO Yacy ToLLO.

[MepenaBaHHA MOBIAOM/IEHHS Yepe3 Mepexy nepenbayae MOro po3dUTTA Ha
(pparmMeHTn. PO3Mipn (parmMeHTiB BU3HAYAKOTLCA MaKCUMa/IbHUM pPO3MIpOM
610Ky AaHuMX KaHanbHoro pisHa (MTU). Lia npoueaypa Ha3vBaETbCA CermMeH-
Tauieto (puc. 5.1). Came ToMy 610K/ AaHUX TPAHCMOPTHOIO PiBHA Ha3MBaKOThb
cermeHTamMn. HacnpaBgi TeEPMIH «CerMeHT» 3aCTOCOBYHOTb A0 OAWHWLL Mnepe-
[aBaHHA [aHUX B MeXax HafiiHoro (rapaHToBaHOro) TPaHCMOPTHOMO CepBicy,
Hanpuknag, TCP-cermeHTW. BNOKM [faHWX HerapaHTOBaHOro TPaHCMOPTHOrO
cepBiCy HasvBalOTb fAevtarpamamu, Hanpuknag, UDP-geiitarpama. Ha 6oui
OfiepXXyBaya BMHUKae 06epHeHa 3aaya — BiAHOB/IEHHA NOBILOM/IEHHSA 3 OTPU-
MaHuX (PparMeHTIB.

MNoBigomneHHs CearcoByid
A piBeHb
TpaHcnopTHWUIA
piBEHb
7 7N N S~
i 7 R Sl
T| Cerment 1 T| CermeHT 2 T | CermeHT 3
....................................... J¢1
| |
MepexxHui
M| T| Maker 2 P
piBeHb

PucyHok 5.1 — Cxema NpoxXoAKeHHs NoBiJOM/IEHHSA Yepes
TPaHCMOPTHUIA PiBEHb

[Micna 34iACHEHHA cerMeHTauil A0 KOXXHOro gparmeHTa [J0Aar0TbCA MEBHI
CNy>00Bi AaHi, 30KpeMa HoMep (hparMeHTa, apecHa iH(popmalis, KOHTPObHA
CymMa TOLLO. TakuM YMHOM, (PparmMeHT MOBISOM/IEHHS MEPeTBOPKETLCA Ha Cer-
MEHT, a e/l NpoLec Ha3nBaeTbCA IHKancynsauieto. Ha puc. 5.1 iHkancynsauis Ha
TPaHCMOPTHOMY PiBHI MOKa3aHa [04aTKOBUM 3arosioBkom 3 fitepoto T. Cnig
3BEPHYTU YyBary, WO npoueaypa iHKancynsauil 34iACHIETLCA N Ha THLIMX PiB-
HAX, 30Kpema, Ha MepeXxxHoMY | KaHanibHoMy. Ha puc. 5.1 cny)x6oBa iHpopmaLiis
MepeXHOro piBHA nokasaHa nitepoto M. lMpoueaypa BigKuaaHHA Cy>XK60BOro
3aro/ioBka Ha 6oL ogep)XyBaya Ha3MBaETLCA AeKancysAuieto.

[licna oTpMMaHHA CermeHTiB A/19 BiJHOB/IEHHA MOBILOM/IEHHA HEOOXiAHO
30INCHUTK X BMOPSAAKYBaHHS, OCKi/IbK/ B 3ara/ibHOMY BMNAAKY BOHN MOXYTb
HaginTn Ao ofepXKyBaya He B TOMY NopsAKy, B AKOMY 6ynv BignpaseHi.

3afa4a NPOTOKO/IB TPAHCMOPTHOrO PIiBHA MOMsArae B nepefaBaHHI AaHNX
MDK MPUKIagHAMK NpoLecamu, WO BUKOHYHOTBCA Ha KOMM’HOTepax B Mepexi.
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Ha KoXXHOMY KOMN’tOTepi MOXKe BMKOHYBATUCb [eKifibKa npouecis (puc. 5.2),
WO € ofep>KyBayaMu Ta BIAMPaBHUKAMW MOTOKIB AaHMX. TOMY [OCTaB/SHHS
AaHUX Ha MepeXHWUIA iHTepdelic KoMn’toTepa-o4epXKyBada — Le Lie He KiHeup
LUNAXY, OCKIIbKM faHi  MNOTPIGHO CnpsAMyBaTM KOHKPETHOMY MpoLiecy-
ofep>KyBady, Hanpuknag, npouecy A komn’totepa |. MMpoueaypa posnoginy
MPOTOKO/IAaMW TPAHCMOPTHOMO PIBHA MakKeTiB, WO HAAXOAATb Bif MEpPEeXHOro
PIBHA, MDK NPUKNagHMK NpoLiecaMy Ha3nMBaETLCA AeMYNIbTUMNIEKCYBaHHAM.,

T 1 |\~ T = 1
Mpovec Mpouec Mpouec Mpouec Mpovuec Mpouec
A B C D E F
A A A A A A
A v v \ v Y
Mopt Mopt Mopt Mopt Mopt Mopt
1 2 3 4 5 6

pisHsa (TCP/UDP) pisHsa (TCP/UDP)

A
Y

IMpOTOKON MEPEXHOro
pisHs (IP)

A

|
|
|
|
|
|
|
|
|
|
|
, |
|
|
|
|
|
|
|
.|

IMpOTOKON MepEXXHOro
piBHA (IP)

A
Y

MpOTOKON KaHa/IbHOro
piBHs (Ethernet)

A
Y

MpoToKoN KaHa/IbHOro
pieHs (Ethernet)

I
I
I
I
I
I
I
I
I
I MpOTOKO/ TPAHCMOPTHOO
I
I
I
I
I
I
I
I
I

I I
I I
I I
I I
I I
I I
I I
I I
: MpOTOKO/ TPAHCMOPTHOIO :
I I
I I
I I
I I
I I
I I
I I
I I
I I

Komn’toTep | Komn’totep 11

PucyHok 5.2 — Cxema B3aeMOAIT NPUKNaLHUX MPOLIECIB Yepes Mepexy

ICHye obGepHeHa 3afadva: fAaHi, WO TeHepyKTbCA Pi3HUMKU nNporpamamu
(npouecn D, E, F), aKki npautotoTb Ha 0AHOMY KiHLEBOMY BY3/i (KOMMN’HOTEp
[1), MatoTb 6YTK nepefaHi 3ara/ibHOMY N5 BCIX HUX MPOTOKOIbHOMY MOZLY/IHO
MEPEeXXHOro PiBHA 41 MOAa/bLLOrO BiAMpas/eHHs B Mepexy. Lo po6oTy, wo
Ma€ Ha3By MY/bTUMNEKCYBaHHSA, TaKOX BMKOHYKOTb NPOTOKO/M TPaHCMOPT-
HOro piBHS.

Mpouefypa MynbTUMNNEKCYBaHHSA (4eMYNbTUMNNIEKCYBaHHSA) 3M4IACHIOETLCA 3a
L0MOMOrOH0 Tak 3BaHWX NMPOTOKONbHMUX NOPTIB. MPOTOKONbHMIA MOPT YHiKa/b-
HUM YMHOM iAEHTU(IKYE NPUKNAAHUIA NPOLLEC HA KOMM’HOTepi, TO6TO (haKTUUHO
BUKOHYE (PYHKLiKO agpecaLii. Hanpvknag, Ha komn’totepi | nopt 1 3akpinneHo
3a npouecom A.
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OCKifIbK/  LUBUAKICTb MepefaBaHHA [aHWX B MeXax BCTaHOB/IEHOrO
3’eJHaHHA MOXKe 6YyTKM BINbLLIOKD 3a NPOMNYCKHY CMPOMOXHICTb Ha 60LI 0AepXKy-
Baya, BMHMKAE noTpeba B MexaHI3Mi KepyBaHHA MoToKamu fdaHuX. Lle aae
3MOry OflepXXyBauy BM/MBaTV Ha IHTEHCUBHICTb BifnpaBneHHA AaHWX Bignpas-
HUKOM. [HLLUE 3aCTOCYBaHHSA L€l (hYHKUIT — peakuis Ha nepeBaHTaXXeHHA Mepe-
XI, KO HeobXifHO TEPMIHOBO MPUMYCUTU BCIX BIAMPaBHUKIB CYTTEBO 3MEH-
LUMTW IHTEHCUBHICTb Tpaqiky.

CepBiC KepyBaHHSA 3’eqHaHHAM nepefdavac npoueaypn BCTaHOBMEHHS i
po3puBy 3’efHaHHA. Npouenypa BCTAHOB/IEHHA 3’€lHAHHA MOXKe OyTW CUMMET-
PUYHOIO, KOMM 06KMABa y4YaCHUKM MOXYTb OYyTW iHiLiaTopamy BCTaHOB/IEHHS
3’e[lHaHHA, ab0 aCUMETPUYHOIO, fIKa BMKOPUCTOBYETLCS MPW YTBOPEHHI CUMIM-
NEKCHOro /IOriYHOro KaHany. ICHYHTb TakoX [Ba BapiaHTV po3puBY 3’€4HaHHS
— HenepegbadyBaHWin Ta MOCTYMOBUIA. Y MepLioMy BUMaAKy MOX/MBa BTpata
[AaHUX, B APYroMy — 3aKpuTTa 3’€fHaHHA BiA0OYBa€cTbCA MICNS 3aBepPLUEHHS re-
pefaBaHHS.

LLle ogHieto BaxXMBOKO 3adadeto TP € igeHTUdikalis Ta BunpaB/ieHHSA Mo-
MW/IOK, L0 BUHMKAIOTL Mif Yac nepefaBaHHs AaHuxX. HarnowmpeHiwni Metos
3HAXO[PKEHHSA CMOTBOPEHNX CErMeHTIB 6a3yeTbCA HA BMKOPWUCTAHHI KOHTPO/Ib-
HMX NocnifoBHOCTeN. [nsi BiAHOBNEHHS CNOTBOPEHUX Ta 3ary6/ieHnX cerMeHTIB
HallyacTille BUKOPUCTOBYHOTL MOBTOPHE NepefaBaHHs.

HagaHHs kopucTyBadyaM TP neBHOI SIKOCTI cepBicy nepegbavae 3abesne-
UEHHA B MeXax 3’€fHaHHS NeBHWX napameTpiB npouecy nepegadi gaHux, 30K-
pema AonyCcTUMOro piBHS MOMWOK i BTPaT, (DiKCOBaHOI MakKCMMaslbHOT 3aTpUM-
KW nepefaBaHHA AaHuX, hiKCOBaHOI MiHIManbHOT NPOMYCKHOI CIPOMOXXHOCTI Ta
NIATPUMKY PI3HUX PIBHIB NpiopuTeTy. MOX/IMBOCTI MEPEXHOr0 PiBHA 3abe3ne-
4ynTK NapameTpu QoS € 06MEXeHMU, TOMY BUHUKAE NMoTpebda ixX peanisauii Ha
TP. Hanpuknag, npu nepeaasaHHi (hainfiB MoXKe BUHUKHYTU NoTpeba B MaKCcK-
Mi3auil NPoNYCKHOT CMPOMOXHOCTI /IOrYHOro 3’€iHaHHA, NPOTOKO/M 06CNyro-
BYBaHHS TpaH3aKLiii BMMaratoTb MiHiMi3aLil 3aTPUMKK, NOLUTOBI MPOTOKO/N
«3aLiKaBfieHi» B TakoMy napameTpi Qo0S, AK MpPiOPUTETHICTb.

dyHKUIA NepefaBaHHA faHUX nepefbayac CTBOPEHHS Pi3HMX TUMIB /IOriy-
HUX KaHaniB nepefaBaHHA JaHMX 3 TOUKW 30pYy AYMIEKCHOCTI, KpiM TOro B Ae-
AKUX BUMagKax BUHMKAE NoTpeba BiAOKPEM/IEHHA KaHasliB nepefaBaHHSA AaHUX
Ta CNy>XX60BOT IH(opmMaLii.

HasBHiCTb cTaH4apTU30BaHOro iHTepdenicy Mixx TP Ta cycigHIMU PiBHAMM
€ TaKOXX BKpar BaXNMBOO (yHKLie0 TP. 30kpema Ue Aae 3Mory KepysaTu ro-
TOKaMK JaHuX MiXK 06’eKTaMu CyCifHIX PiBHIB, BN/IMBATX Ha MeXaHi3M Bignpa-
B/IEHHSA NiATBEPAKEHb, 3A4IACHIOBATY NPAMWIA A4OCTYN A0 NaM’ATi TOLLO.

CepBic TepMiHOBOro AOCTaBMEHHSI Hadae IHCTPYMEHTapiil nepeaaBaHHS
BaX/MBUX AaHUX 3 MiHIMa/IbHOK 3aTPUMKOO. Ticns HagXo4KeHHs Takux Aa-
HUX 06’eKT TP MWUTTEBO IH(OPMYE MporpaMy Ofep>KyBaya Mpo TakKy MNOAIKO i
nepejae faHi agpecaty, TOAI SK Y 3BUYAHOMY PEXMMI BifiOYBaETbLCA HaKOMU-
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YEHHS AaHuX Yy BXigHOMY Oydepi. Lleit cepsic Moxe OyTU BUKOPUCTAHUIA A1
nepegaBaHHA cvMMBona «Break» nifg yac TepMmiHaibHOrO 3’€fHaHHA, nornepe-
[PKeHb MPo Hebe3neyHi cuTyauil ToLLO.

BianosigHo o mogeni OSI cTyniHb HafinHOCTI, WO 3a6e3neyyeTbCs TPaHe-
MOPTHMM PIBHEM, MOXXE BapitOBaTUCb B LUMPOKOMY Aiana3oHi, noynHarouu Bifg
HaMMpPOCTILIOro Cepsicy A0CTaB/neHHA 6e3 npouefypu NOriYHOro 3’efHaHHA Ta
MNiATBEPAKEHHS MPUIAOMY [0 rapaHTOBAHOIO [OCTaB/IeHHSA BCiX G/10KIB faHWX 3
NpaBu/IbHOKO MOCNIAOBHICTIO 3 MOXK/IMBICTIO KepyBaHHA MoTokaMu gaHux. Crta-
HAAPTOM BU3HAYeHO N’ATb Knacie cepsicy TPO-TP4. Habip cepBiciB Ans KOX-
HOro Knacy HaBefeHuWin B Tabn. 5.1.

Tabnnua 5.1 — Knacuv cepBicy TpaHCMNOPTHOr 0 PiBHSA
Cepsic TPO | TP1 | TP2 | TP3 | TP4
MepeXXHWIA cepBic i3 BCTAHOBNEHHAM 3’€flHAHHA | + + + +
MepeXXHuiA cepBic 63 BCTAHOB/IEHHSA 3’€fHaHHSA | - - - -
CermeHTauisa Ta BigHOB/IEHHS + +
BigHOBNEHHSA 3’€JHaHHS - + -
BunpasneHHs NOMUIOK - +
MynbTUNNEKCYBaHHA Ta AeMY/IbTUNIEKCYBAHHSA | - - +
KepyBaHHSA NOTOKamMu AaHuX - - +
[MoBTOpHa Nepeaaya no TammM-ayTy - - - -
HagiinHuiA TpaHCNOPTHWIA cepBic - + - +

+ |+ |+

+ |+ |+ |+ |+

AK BUAHO 3 TabnuLi, Knacu cepsicy BIAPI3HAIOTLCA AKICTIO HafaBaHUX MoC-
Nyr, a came: TEPMIHOBICTO, MOX/IMBICTIO BIZHOB/IEHHA MepepBaHoro 3'e4HaHH4,
HasABHICTIO 3ac06iB My/IbTUMIEKCYBaHHA [AeKiNIbKOX 3’€4HaHb MiX Pi3HUMM
NPUKIaAHUMI NMPOTOKOMAMU Yepes3 3arajibHUii TPaHCMOPTHWIA NMPOTOKO/, a ro-
NOBHE — 3[aTHICTIO 1O BUAB/IEHHSA | BUMNPAB/IEHHA TaKMUX MOMW/IOK MnepeaBaHHs,
AK CMOTBOPEHHSA, BTpaTta i Ay6/110BaHHSA MaKeTiB..

Bnbip Knacy cepsicy TPaHCMNOPTHOrO PiBHA BU3HAYaETLCA, 3 OLAHOI0 BOKY,
TUM, IKOKO MIPOHO 3afada 3abe3neyeHHs HafiliHOCTI BUPILLYETLCS caMUMK NPo-
rpamMamu i NPOTOKoMaMu BULLMX (PO3TaLLOBaHWX HAaZ TPaHCMOPTHMM) PIiBHIB. 3
iHWOro 6oKy, Len B1GIp 3aneXuTb Bif TOr0, HACKiNbKM HafiinHOW € cuctema
TPaHCMOPTYBaHHS AaHNX B MepeXi, fiKa 3a06e3nevyeTbcs pPiBHAMMN, LLLO PO3TaLLO-
BaHi HMXXYe TPAHCMOPTHOrO: MEPEXHUM, KaHalbHUM | I3VYHUM. Y BUMaAKY,
KONW AKICTb KaHaniB nepefaBaHHA JaHUX € Ay>XKe BUCOKOH, a MMOBIPHICTb BU-
AB/IEHHS BCIX MOMWIOK NMPOTOKOMaMWN HUXHIX PIBHIB AOCUTb BeNMKa, A0LiNbHO
Oyfe BUKOPUCTATN OAWUH i3 MOMErweHnx cepBiCiB TPAHCMOPTHOIO PIiBHS, KW
He nepefbayvac baraTtopasoBuX NepeBipokK, MNiATBEPAXKEHb Ta IHLLIMX MEXaHi3MiB
NiABULLEHHS HafiHOCTI. B TOI e yac 3a YMOBW HEHaAiNHOCTI TPaHCMNOPTHUX
3aC00iB HMKHIX PIBHIB AOLI/IbHO 3aCTOCOBYBATM 6iflbLL PO3BMHEHI CepBicK Tpa-
HCMOPTHOIO PIBHS, AKI BUKOPUCTOBYHKOTb PI3HOMAHITHI 3aC06M BUSIBMIEHHS Ta
YCYHeHHs MOMW/OK, 30Kpema, norepesHe BCTAHOB/IEHHSA NIOFIYHOMO 3’€4HaHHS,
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KOHTPO/Ib AOCTaB/IEHHS O/IOKIB JaHUX i3 3aCTOCYBAHHAM LMK/IIYHOT HyMepauii,
BCTAHOB/IEHHS TailM-ayTiB [OCTaB/IEHHSA TOLLO.

Bci npoTokonu, NounHaroum 3 TPAHCNOPTHOIO PIBHSA | BULLUE, peani3yroTbCH
NporpamMHMUMM 3acobamm KiHLEBMX BY3/iB MepeXi — KOMMOHEHTaMK iX Mepex-
HUX onepayinHux cuctem. MNMpuknagamm TPaHCMOPTHUX NMPOTOKOIB € NPOTOKO-
nnm TCP i UDP cteka TCP/IP ta npotokon SPX cteka IPX/SPX. OcKinbKku
NPOTOKONbHWIA cTeK TCP/IP Ha CbOrOAHILLHIN AeHb € CTaH4apTOM Ae (PaKTo, €
CeHC fleTa/IbHO 3YNMUHUTUCL Ha peanisauii TP came B TCP/IP.

5.1.2 MNpoTokonbHi nopTn cteka TCP/IP. o0 TpaHCNOPTHOIO PiBHA CTeKa
TCP/IP BigHOCATb:

e TPOTOKON KepyBaHHA nepepaBaHHAM (Transmission Control Protocol,

TCP), onuncanunin B RFC793;

e [POTOKON KOpUCTyBaLbkux gertarpam (User Datagram Protocol, UDP),

onucaHuii B RFC768.

MpoTtokonn TCP i UDP BefyTb Ans KOXHOT Nporpamu iBi CUCTEMHI Yepru:
yepra faHux, WO HaAXo4AaTb B Mporpamy 3 Mepexi, i yepra faHux, AKi gaHa
nporpamMa BiAnpaB/ise B Mepexy. Taki CUCTEMHI Yepry Ha3MBarTLCA BiANOBIA-
HO TCP- Ta UDP-nopTtamu, npuyomMy BXifHa i BUXifHa Yepru O4HIET nporpamm
pO3rNAfalTbCA AK OAUH NOpPT. AN igeHTUdikauil nopTis TM NPUCBOKOKOTL HO-
mepu.

AKLLO npoLecy ABNATL COB0K0 TaKi NOMYNAPHI CUCTEMHI Cy>K6u, K DNS,
SSH, FTP, telnet, HTTP, TFTP TOLW,O0, TO 32 HUMW 3aKPINAATLCA CTaH4APTHI
npusHayeHi HoMepK, SKi Le Ha3mBarTbCA 3arasibHosigoMmummn (well-known)
HOMepamu nopTiB. Lii HoMepn UeHTpasi3oBaHO NpPU3HayeHi TIEK XX CaMOKo Op-
raHizauieto (IANA), L0 KOHTPO/OE afpecHUA NPocTip B Mepexi IHTepHeT, i
ony6nikoeaHi y BignosigHnx gokymeHtax (RFC 1700, RFC 3232). Tak, Homep
80 3aKpinneHnit 3a CepPBEPHOID YaCTUHO CMY>KO6WM AOCTYNY A0 rinepTeKCTOBNX
NOKYMeHTIiB HTTP, a 23 — 3a CepBEPHOI0 YaCTUHO CNYXXOM BiaaneHoro Kepy-
BaHHA telnet. Mpu3HayeHi HoMepy B aiana3oHi Big 0 o 1023 € yHiKaNbHUMW B
MeXax IHTepHeT.

Homepw 3 fiana3oHy 1024-49151 TakoX npu3HavatoTbCs i KOHTPOMHOKTLCA
IANA, ofHaK ue Bif0yBa€cTbCA 3a IHILiaTMBM PO3POOHUKIB NPOrpaMHoOro 3abes-
neyeHHs. LI mopTy Ha3MBalOTbCA 3apPEECTPOBaHMMMW i MpPU3HaYeHi Ana Tux
nporpam, Lo BiAHOCHO HefaBHO Po3pobneHi abo He CTasm rnobasbHO MoLumpe-
HUMK, Hanpuknag, 1027, 1029 tcp-nopTy 3akpinsieHi 3a NonynsapHoK nporpa-
MO MUTTEBMX noBigomseHs 1CQ, 8080, 8008 — anbTepHaTvBHI noptn HTTP-
cepsicy.

IHWi Homepw (Big 49152 o 65535) HasmBarOTbCA AMHaMIYHUMK (NpuBaT-
HMMK) | TeHepyloTbCA OrepauiiHOl CMCTEMO Y BifNOBIAb Ha HaLXO[KEHHS
3anuTy Bif nporpamu. Ha KOXHOMY KOMM’KOTepi orepauiiHa cucTema Befe
CMMCOK 3aHATMX | BiIbHUX HOMepIB MopTiB. Mif Yyac HaAXO[KEHHA 3anuTy Bif
nporpamu, WO BMKOHYETLCA Ha AaHOMY KOMM’OTepi, onepauiliHa cucteMa BU-
Ainse i nepwnii BiflbHWn HOMeP. Y NoAanbLLIOMY BCi MEPEXHI nporpamu «cnin-
KYIOTbCS» 3 LiEH0 NPOrpamoro Yepes BUAINEHWIA 1A AMHAMIYHWUIA HOMeEP NOpPTY.
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[icna Toro, AK nporpamMa 3aBepLumnTb poboTy, iT HOMEp NOBEPTAETLCA A0 CMUCKY
BifIbHMX | MOXKe BYTU NpU3HaYeHWI iHWIn nporpami. JuHamiuyHi HOMepK € yHi-
Ka/lbH/MM B MeXax OHOro KOMM’toTepa, asie npu LboMy 3BMYaliHOKO € CUTYaLlis
36iraHHA HOMepiB MOPTIB NPorpam, Lo BUKOHYHOTLCSA Ha PI3HMX KOMM’roTepax.
AK npaBnIo, KMIEHTCbKI YacTMHKU BigoMumx nporpam (HTTP, SMTP, DNS, FTP
TOL0) OTPUMYIOTb AUHAMiIYHI HOMepW NOPTIB Bif onepauiiHOT CUCTEMMN.
MpuKNagHUA NPOLEC YHIKa/IbHUM YMHOM BW3HAYAETLCA B MeXax Mepexi
napoto: IP-agpeca xocTa Ta HoOMep NopTy. Taka KOMOiHaLis HAa3MBAETLCA COKe-
ToM (socket). CokeT, BU3HaueHuin IP-agpecoto i Homepom UDP-nopTy, Ha3nBa-
eTbcd UDP-cokeToMm, a IP-agpecoto i Homepom TCP-nopty — TCP-COKeTOM.

5.2 Npotokon UDP

MpoTokon UDP BUKOHYE MiHIMYM [ii1, HEOOXIAHMX ANS MPOTOKO/Y TPaHC-
MOPTHOrO piBHA. PakTNYHO (yHKLIT UDP 3B0ATHCA 40 Onepauiin MybTUnIek-
CYBaHHS Ta [LeMy/NbTUMNEKCYBaHHS, a TaKOX HECKNaLHOI MepeBipKM HasABHOCTI
MOMW/IOK B AaHMX. TakKum YMHOM, Mijg Yac BMKopucTaHHa UDP nporpama maii-
YKe Hanpsamy B3aEMOZI€ 3 NMPOTOKONOM MepeXHoro pisHs IP. UDP oTpumMye no-
BIAOM/NIEHHA 3 PiBHA A0AATKIB, fO4AE A0 HMX MO HOMepiB MOPTiB BiAmnpaBHMKa
I 04epXKyBaya, a TakoX [Ba IHWKUX creyiasibHUX NOAs i Yepe3 HUXKHI PiBHI ne-
pefiae CTBOPeHY AeiTarpamy ofepyBayy.

AKL0 OCTaHHIN ycnilHO OTpUMYE AeiTarpamy, npotokon UDP 3a gonomo-
rot0 Monsi HoMepa MopPTy Ofep)KyBada Harpasnse AaHi NOTPiGHOMY MpoLecy.
Cnig 3BepHyTM yBary, wo npotokon UDP He nepeabavae npoueaypn BCTaHOB-
NEHHS NOTIYHOro 3’€fiHaHHA nepef NoYaTkoM nepefaBaHHsA fAeiTarpam. Tomy
UDP BigHOCATb 10 NPOTOKOIB, WO 3A4iMCHIOKTL NepeaaBaHHs JaHUX 6e3 BCTa-
HOBMeHHSA 3’eHaHHA. CTpykTypy UDP-feiTarpamm HaBefieHo Ha puc. 5.3.

0 15 16 31

Howmep nopTy BignpaBHMKa Howmep nopTy ofep>xyBaya
(16 6iTiB) (16 6iTiB)

[loBXuHa feviTarpamu KoHTposnbHa cyma
(16 6iTiB) (16 6iTiB)

MpuknagHi gaxi
(noBigoOMNEHHS)

PucyHok 5.3 — Ctpyktypa UDP-aeiTtarpamu

[aHi nporpamy po3TaLLOBYOTLCA B NONI AaHWUX AenTarpamu, Hanpuknag, B
noni faHmx moxxe 6yt DNS-nosigoMneHHsa (3anuT abo BignoBiAb) abo cemnn
MOTOKOBOro ayAio. 3aronoBok UDP-aelitarpamy CKIafaeTbCs 3 HOTUPLOX [BO-
6ainToBMx nonis. Homepwn nopTiB BignpaBHMKaA | Ofep)XKyBada [03BONAHOTb
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XOCTY NPU3HAYeHHA HanpaBuUTU [aHi AerdTarpamMmyv HeobXigHoOMY COKeTy (IHLK-
MW C/loBaMW, 34iNCHIOBATN NPOUeAypY AeMynbTunnekcyBaHHs). KOHTpoibHa
Cyma npusHayeHa N8 NepeBipkM MOMWIOK B OTpUMaHMX AaHux. [osXuHa
[eTarpamu [03BOJISIE BU3HAYNTU MEXY AaHMX.

He AuBnsuYMcb Ha BIACYTHICTb rapaHTii JOCTaBNeHHA AaHWX MiHiMi3aLis
HaknagHUX BUTpaT Hagae npoTokony UDP HM3KY nepesar MoOpiBHAHO 3 Hafil-
Hum TCP.

BifcyTHICTb npouefypy BCTAHOB/IEHHS JIOMYHOr0 3’€HaHHA [103BOJIAE
YHUKHYTW 0OAATKOBMX BUTPAT Yacy. Lle € rosioBHOK NPUYMHOK0 BMKOPUCTAHHS
UDP npuknagHum npotokosiom DNS.

BigcyTHICTb IHhopMauii Npo cTaH 3’egHaHHA. MNpoTokon TCP ans peani-
3auii rapaHToBaHOro A0CTaB/leHHS NOTPebye BUKOPUCTaHHA BydepHOT nam’ATi,
B AKiiA 36epiratoTbCs HeNiATBEPAXKEHI CErMeHTU Ta iHLWa cny>X60oBa iHpopmaLlis.
Tak1MM YMHOM OfMH i TON XKe KOMMN’'OTEP MOXKe OAHOYACHO MiATPMMYBaTK 3Ha-
4HO binbLie UDP-ceaHciB HixX TCP.

HeBenukunin po3mip 3aronoBka. UDP-3aronoBok cknagae 8 6aitie, a
TCP — 20. Lle 003B0Nsi€ epeKTUBHILLE BUKOPUCTOBYBATM CMYTY MPOMYCKaHHS.

MoKpaLlleHN1 MexaHi3M KepyBaHHA nepefaBaHHAM aaHuX. MNepenasaH-
HA faHuX B TCP-COKeT MOXe Npu3ynUHUTUCL BHACNILOK 6araTtbox pisHUX Npu-
YMH: HasBHOCTI 03HaK MepeBaHTaXKeHHSA KaHasy, 3MeHLUeHHs BiKHa nepeasaH-
HA, BIACYTHICTb NIATBEPMXKEHHS Ha MepefaHWnii CerMeHT Towlo. Lle npn3BoanTb
[0 BKpail HeraTMBHWX HacNigKiB Mpu nepefaBaHHi Tpadiiky peanbHOro uacy.
Came 3 L€l MPUYMHM Nporpamu, WO MpauioTh B peasibHOMY 4aci, HajarTb
nepesary npotokony UDP.

5.3 lNpoTokon TCP

MpoTtokon TCP — ue 0OCHOBHWIA TPAHCMOPTHWUIA MPOTOKO/ 3i CTEKA MPOTOKO-
nis TCP/IP. BiH 3abe3neuye HafiiiHe nepefaBaHHA MOTOKY AaHUX, BUKOPUCTO-
BYOUM NPY LIbOMY HeHagiinHWIA cepBiC TPAHCNOPTYBaHHS MAaKETIB, L0 HafaeTb-
csi npotokosiom IP. B mMepexax IP npotokon TCP BUKOPUCTOBYETLCS A5 06pO-
OKW 3anuTIiB Ha BXif B Mepexy, AOCTyny A0 (hainfioBMUX PecypcCiB B NIOKA/IbHUX |
rnobanbHUX Mepexax, pensikauii iHpopmauii MK KOHTpoiepamn AoMeHiB Ac-
tive Directory, nepefaBaHHsa cnvckiB pecypcis Towo. Ha npotokon TCP nokna-
[AETbCA 3aflaya KepyBaHHS MOTOKaMM AaHUX | 3ab6e3rneyeHHs MexaHi3MiB BUXO-
Ay 3 nepeBaHTaXKeHHSA. BiH Bignosijae 3a y3romkeHHs WBMAKOCTI nepeaBaHHS
AAaHNX 13 TEXHIYHUMKU MOXKIMBOCTAMU pOB0Y0T CTaHLii-04ep>KyBayda Ta NPoMiX-
HUX NPUCTPOIB B MEPeXI.

5.3.1 CtpykTypa TCP-3aronoBKa. [JaHnin NpoTOKON BUKOPUCTOBYE TifIbK
OAWH TWN NPOTOKONbHOro 610Ky gaHnx (PDU — Protocol Data Unit), Akuid Ha-
3nBaeTbcs TCP-cermeHTOM. CermeHT CKNafaeTbCA 3 3arofioBKa i NOMs AaHuX
(KopncHOro HaBaHTaXeHHs). Ha puc. 5.4 nokasaHuii popmaT TCP-cermeHTa.

MiHimanbHa foBxuHa TCP-3aronoska cknagae 20 6aiTiB. Takuil BeNIMKMWiA
PO3MIp BUKIMKAHWUIA TUM, LLLO OAMH i TOW CaMWin 3aro/loBOK BUKOPUCTOBYETLCA
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MPOTOKO/IOM AN Pi3HMX uinen. ONna BM3HAYeHHSA (PYHKUiA OinblIOCTi Nonis
NpU3HaYeHi KOHTPO/IbHI 6iTu, hopMaT | 3Ha4YeHHSA AKNX HaBedeHo B Tabn. 5.2.

0 15 16 31

Howmep nopTy BignpaBHuKa (16 6iTiB) Homep nopTy oTpumyBaya (16 6iTiB)

Homep B nocnigosHocTi (faHux) (32 6iTu)

Homep nigreepakeHHs (32 6iTn)

3cyB faHnx
(4 6iTn)

KOHTpOnbHI 6iTu
(6 6iTiB)

KoHTponbHa cyma (16 6iTiB) BkasiBHMK TepMiHOBOCTi (16 6iTiB)

Pe3seps (6 6iTiB) BikHo (16 6iTiB)

Onuii (3MiHHa [OBXWHA) BupiBHIOBaHHs (80 32 6iTiB)

MpuknagHi AaHi (NOBiJOMAEHHS)

PucyHoK 5.4 — ®opmaT TCP-cermeHTa

Tabnmugs 5.2 — dopmart i 3Ha4YeHHSI KOHTPO/IbHUX BITIB

No 6iTa | CKOpPOYEHHS [prn3HaYeHHs
1 URG 3ajisiHe nose «BKasiBHNK TEPMIHOBOCTI»
2 ACK 3ajisHe nosie «HOMep NiATBEPIKEHHA»
3 PSH BBiMKHEHa (DYHKLLiS «NPOLLUTOBXYBaHHS»
4 RST NepeBaHTaXXEHHA AaHOro 3’eiHaHHA
5 SYN CVHXpOHi3aLis HOMepiB y Yepsi
6 FIN JaHux ana nepegaBaHHA Hemae

Homep nopTy BignpaBHUKA | HOMep MOPTY OAep>KyBaya, AK i B MPOTOKO-
ni UDP, ifeHTU(iKyOTb Npouecn, WO € BiAnpaBHUKaMK | ofep>KyBayamn aa-
HUX.

Homep B nocnigoBHoCTI (Sequence Number) BM3Hayae HOMep MepLUOro
6aiiTa y 4ep3i (NocnifgoBHOCTI) 6alTiB B MOTOYHOMY CErMeHTI. BUHATKOM € BU-
Nnagky, KoM BCTAHOB/EHO OIT cMHXpoOHi3auii SYN. Toai gaHe nose nosHavae
noyaTKoBui HoMep B nocnigoBHocTi (Initial Sequnce Number, ISN), i nep-
LN B6ainT faHnx Mae Homep Y Yepsi ISN+1. BUKOPUCTOBYETLCA ANA HymepaLii
CErMeHTIB 19 3a6e3neYeHHs rapaHTiin JOCTaBNEHHS.

Homep nigTBepmkeHHs (Acknowledgment Number) mMiCTUTb HacTymnHWiA
HOMep 6aliTa, SKWUA OYiKye BignNpaBHWK Y BIAMOBiAb Ha HafiCNaHWIA CErMEHT.
[HLWMMK cnoBamn, Ha HagicnaHWn CerMEeHT 3 AaHWMK BiANPaBHUK OYiKye Ccer-
MEHT 3 MiATBEPIPKEHHAM MOro ycniwHoro npuitomy. MiareepmkeHHs nepeaa-
€TbCA Y BUTNALI 3anMUTy HACTYMHOro cermeHTa. pu uboMy Mae 6yTU BCTAHOB-
NEHNI KOHTPO/IbHUI 6IT nigTBepfkeHHA ACK. TigTBepipkeHHs (a60 ACK)
BiANPaBAOTLCA NOCTINHO NiCNS BCTAHOB/IEHHS 3’€4HAaHHS.

[Mona Homepa B MOCAILOBHOCTI | HOMepa NiATBEPAYKEHHSA BUPIBHIOKOTLCA 3a
ymcnom 6aiTiB B MoJi AaHKX, a He 3a JOBXMHOK BCbOro cerMeHTa. Hanpuknag,
AKLLO B Mo/l HOMepa B MOCNIA0BHOCTI BKazaHO 3HayeHHA 2000 i cermeHT mic-
TUTb B Noni gaHux 700 6aiTiB, TO CErMeHT NIATBEPAXKEHHSA B MO/ HOMepa NigT-
BepAKeHHA nepepacTs 2701.
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3cyB fgaHux (Data Offset) Bu3Hauvae KinbKicTb 32-6iToBMX cniB B TCP-
3arofioBKy. TakmMm 4YMHOM BKasyeTbCA Mno4vaTok nona fgaHux. TCP-3arosioBok
3aBXAW 3aKiHYYETbCA Ha 32-6iTOBI MeXi, HaBiTb AKLLO B HbOMY HasiBHi HeO-
00B’A3KOBI MoNA.

Mone pe3epB (Reserved) 3anoBHIOETLCA HYNAMM | MPU3HAYeHe AN ManbyT-
HbOr0 PO3LLMPEHHSA NPOTOKOY.

BikHo (Window) BKkasye KifbKiCTb 6aiTiB, AKi MOXe nepefatv ofep>xysad
CerMeHTa, He OYiKytouu MigTBepaKeHHs. Lle nosie BUKOPUCTOBYETLCA 419 Kepy-
BaHHA NOTOKaMW JaHUX.

KoHTponbHa cyma (Checksum) po3paxoByeTbCA HA OCHOBI BMICTY CErmMeH-
Ta 3 ypaxyBaHHsIM NceBA03aronoBKa. 96-6iTOBMUIA NCeBA03aroN0BOK MICTUTb Ya-
CTUHy IP-3aronioBka, 30kpemMa IP-agpecu BianpaBHUKa | 0epXKyBaya, NPOTOKON
Ta [JOBXWHY CermMeHTa. 3aBAsfKu [OLaBaHHIO NceBfo3arosioBka npotokon TCP
3axuuyae cebe Bif CNOTBOPEHOr0 4OCTaB/EHHS NPOTOKOIOM IP.

BkasiBHUK TepmiHoBoCTi (Urgent Pointer) noBigoMnse noToYHe 3HaUYeHHS
BKasiBHMKa TepMIHOBOCTI. Lls BefiMymnHa B1U3Havae 3CyB BiJHOCHO HOMepa B Yep-
3i laHOro cermeHTa. [laHnil BKa3iBHUK MoBifOM/ISE HOMep 6aliTa, Lo € HacTymM-
HUM 3a TePMIHOBUMW AaHUMUK, TOOTO, MOYMHaKOUM 3 LbOro 6aiTa, AaHi MalTb
3BUYaHWI piBeHb TEPMIHOBOCTI. lone BUKOPUCTOBYETLCA CMiSIbHO 3 KOHTPO-
nbHUM 6iTom URG.

Mone onuii (Options) Mae 3MiHHY OBXWHY | MOXe B3arasi 6yTu BiACYTHIM.
Onuii (Heo60B’sA3KOBI MapameTpun) po3TalloBaHi B KiHUi TCP-3aronoeka, a ix
A0BXWHa € KpaTHO 8 6iTam. MpoTokon TCP mae 6yTn rotoBmin 06po6sTH BCI
BUAM ONUii. Onuii BAKOPUCTOBYHTLCA A/1A BUPILLEHHS A0MOMIKHUX 3a/ad, Ha-
npuknag, ang Bubopy MakCUmaibHOro po3mMipy CermeHTa.

BupisHoBaHHSA (Padding) moxke maTu 3MiHHMIA po3Mip i siBNsie COBO0 (hik-
TUBHE NOJe, WO BUKOPUCTOBYETLCA ANS AONOBHEHHS PO3MIpY 3aronoBka o ui-
Noro ymcna 32-6iToBux chis.

KoHTtponbHi 6iTn PSH (Push) i URG (Urgent) peani3ytoTb [Bi Cny»Xou
npoTokony TCP: npocyBaHHs (NPOLUTOBXYBaHHA) MOTOKY AaHMX | CUTrHasi3aLito
NPO TEPMIHOBI AaHi.

3asBnyain npotokon TCP 3A4ilCHIOE NepefaBaHHS AaHWX, KON KiNbKICTb
6aiTiB, WO MakTb 6yTU NepefaHi, AOPIBHIOE MAaKCMMa/IbHOMY 3HAYEHHKO [0B-
YXVMHW Nonsa faHnx cermeHTa. OfHaK NpUKIaLHUIA NPOLEC MOXe BuMaraTu, Lob
NMPOTOKON Mepefas BCi AaHi, WO 3a/IMWNINCG, | NOMITKB TX No3Ha4ykor PSH. Ha
npuinMansHoMy 6oui Mofynb npoTokony TCP gocTaBuTb Wi AaHi nporpami-
ofep>KyBady Bigpasy (TobTo AaHi He ByayTb odikyBaTh B Oyepi). MexaHi3m
MPOLUTOBXYBAHHSA, AIK NPaBW/o, 3aCTOCOBYETLCA Y BMNAAKY AOCATHEHHSA Oriy-
HOro KiHUS faHnX, Hanpuknag, npy nepegasaHHi 0OCTaHHLOrO cerMeHTa hainy.

KoHTponbHUin 6iT URG [03BONSE iH(OpMYBaTU MporpaMn Ha npuiimasib-
HOMY 6oLi Npo Te, WO BXiAHMI NOTIK MICTUTbL BaX/IMBI [aHi, a NoJe BKa3iBHMKA
TEPMIHOBOCTI BU3HAYae MeXY MiXK BaXIMBUMMW | 3BUYaHUMU JaHUMK. AK iy
nonepeaHLOMY BUMaAKy BaXK/IMBI fJaHi Bigpasy Micns HagXoLKeHHs nepepa-
IOTbCA NPOrpami-ofep>KyBauy.
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5.3.2 OcHoBHI ha3n pobotn TCP-npoTokony. B po6oti TCP-npoTokony
MOXXHa BULINNTW TaKi TPU OCHOBHI (hasu: BigKpnTTA TCP-3’€¢qHaHHA, nepe-
[aBaHHA JaHUX | 3aBepLLEHHSA 3’€4HaHHS.

CnpoLweHo npouec BIAKPUTTA 3’€4HaHHSA nepeabayvae BUKOHAHHA TakoTl Mo-
CNiJOBHOCTI AjiiA:

1. TMporpama-iHiyiaTop, WO Mpautoe Ha XOCTi BignpaBHMKa i NoTpebye ne-
pefaBaHHsA AaHuX 3a gonomoroto TCP-npoTokony, Bignpasnse 3anuT Ao NpoTo-
Kony TCP Ha BigKpUTTA NOPTY ANA NepefaBaHHs;

2. Tlicna BigkpuTTa nopty npoTtokon TCP, Wo npautoe Ha XOCTi BiAnpas-
HVKa, BIAMPaB/fe 3anmT nporpami-eignosifadvy, Lo 3HAXOANTLCA Ha XOCTI ofe-
pXKyBaya i 3 IKOK HeobXifHO BCTAaHOBUTY 3’€AHAHHS;

3. TMpoTtokon TCP Ha XocCTi ofep)KyBaya BigKpvBae NopT A4N1s nNpuinomy aa-
HUX i BiANpaBnsie KBUTaHLitO, IKa NiATBEPAKYE NPUIAOM 3annTY;

4. TCP-NpoTOKON Ha XOCTi OfiepXKyBaya BiIKpMBaE NOPT A4/ nepefaBaHHA
| TAKOX Mepefae 3anuT nporpami-iHiyiatopy;

5. TMporpama-iHiuiaTtop BigKpvBae NopT Ans Npuinomy i NoBepTae KBUTaH-
Lito.

TCP-3’ejHaHHA (haKTUYHO € AYNNEeKCHUM, TOMY nepegbayac BCTaHOB/IEHHSA
[BOX 3’€AHaHb — Bij BiANpaBHMKA 40 Ofep>KyBaya i B 3BOPOTHOMY HanpsmKy.

[ig vac nepefaBaHHA AaHUX Yepe3 3’€lHAHHA KOXKeH 6anT iH(opmauii Hy-
MepyeTbCa. Hymepalis BefeTbCA | B Yepsi BiAMNpaBneHHs, i B 4ep3i npuiiomy.
Mepw HXX MOYHeTbCA NepefaBaHHA MoaynsA(iB) npotokony TCP BiAnpaBHUK i
oflep>XKyBay MarOTb CMHXPOHI3yBaTU OfIMH 3 OIHMM MOYaTKOBI HOMepWU GaiTiB B
yeprax. CMHXPOHI3auis BUKOHYETLCA LUIAXOM OOMIHY CermeHTamu, SKi BUKO-
PUCTOBYHOTLCA MPW BCTAHOB/EHHI 3’€4HAHHS.

CermMeHTN CUHXPOHI3aLiT MICTATb BCTAHOBMEHWNIA BIT CMHXpOHI3auii SYN i
NnoyaTKOBWMIA HOMep Y Yep3i BignpaB/eHHs B Mo HOMepa B NOCNiA0BHOCTI. Cu-
HXPOHi3aLis BMMarae, Wob KoxXXHa CTOpOHa Haficnana CBiil BNacHMA NoYaTKo-
BWIA HOMep B Yep3i | oTpumana NiATBepAXKeHHS MPo OTPUMaHHSA AaHOro HomMepa.
HymepytoTbecs | cami CErMeHTW: HOMEPOM CErMeHTa BBaXKAETLCA HOMeEpP NepLUo-
ro 6aiTa B MnoJsii KOPUCHOIO HaBaHTaXXeHHS LbOro cerMeHTa. Npuknag BCTaHOB-
neHHa TCP-3’eHaHHsA Ta NOPALOK CMHXPOHI3aLiT NoKasaHo Ha puc. 5.5, a.

A [5)
FIN

ACK
FIN

W‘

B)

PucyHok 5.5 — Po6oTa npotokony TCP
a) BCTaHOB/IEHHSA 3’€4HaHHS, 6) nepefaBaHHsA AaHUX, B) 3aBEPLUEHHSA 3’€4HAHHS
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[Mpovuec cMHXPOHI3auil nepeadayvae BUKOHaHHSA TaKuX Liu:

1. CraHuisa BignpasHuK (A) Bignpasnse cerMeHT 3 BigmiTKoto SYN i cBOiM
HomepoMm B Yep3i ISN=N cTaHuii ogep>xxysauy (b);

2. OpepxxyBad nepepae BiLnpaBHUKY NIATBEPLXKEHHS, B AKOMY BKa3ye, LU0
OYiKye Ha cermeHT 3 HomepoM AN=N+1;

3. OfepxyBay TakoXX Bifgnpasnse cermeHT 3 BiAMITKOKO SYN i BracHUM
HOMepoM B Yep3i ISN=K;

4. BignpaBHUK nepefae MiATBEPLXKEHHS, B AKOMY BKa3ye, L0 OYiKye Ha
cerMeHT 3 Homepom AN=K+1.

Kpoku 2 i 3 MoXHa 06’eaHaT, TOMY Takuil 06MiH Ha3MBAETLCA BiAKPUTTAM
3’elHaHHA 3 NMiATBEPKEHHAM TPbOX MoBigom/eHb (three-way handshake). Cnig
3BEPHYTW YyBary, WO Yy BUNAaAKYy B3aEMOAIT KMiEHTa 3 CepBEpOM iHiLiaTopoM
TCP-3’eJHaHHA 3aBX/M € K/IEHT.

dasa nepefasaHHA faHuX (gue. puc. 5.5, 6) nepefbavac BUKOPUCTAHHA Me-
XaHi3mMiB Hymepauil BignpasieHuxX CErMeHTIB I NiATBEPAXeHb NPO iX OTPUMaH-
HA. OcKinbkn TCP-3’eqHaHHA € AYNJIEKCHUM, TO BUKOPUCTOBYHOTLCA [BI HYyMe-
pauii cermeHTiB — Big A fo b Ta Big b go A. Ak 6yno nokasaHo BULLLe, NOYaTKO-
BIi HOMepu AN Hymepauii 6ynuM Bu3HayeHi Ha eTani BCTaHOBNEeHHA TCP-
3’eflHaHHA. Tak, NnepLunii CerMeHT AaHuX, Lo 6yae cnpsamosaHo Big A 1o b, ma-
Tume Homep SN=N+1. BignoBigHo, NepLUnic CEermMeHT, CNPSAMOBaHNIA B 3BOPOT-
HOMY Mopsaaky, 6yae nig Homepom SN=K+1.

Homepom cermeHTa BBaXKaeTbCA HOMep MepLuoro 6GaiTa B CermeHTi. Tak,
Hanpuknag, SKLWo Homep nepLuoro cermeHTa N+1 i BiH MicTUTb L 6aitTiB faHuX,
TO HOMep ApYyroro cerMeHTa BignosigHo 6yae N+1+L.

[na nigTBepmkeHHs oTpuMaHmx gaHuxX TCP-npoTOKON BUKOPUCTOBYE TaK
3BaHi OYiKyBa/IbHI NIATBEPMKEHHA — OTPMMABLUM CErMeHT CTaHuis BiAnpasfse
3anuT Ha HacTynHuiA. Ha puc. 5.5, 6 nokasaHo npoLec nepefasaHHA Ta NigTeep-
[PKEHHA AaHMX B HanpsamKy Big A fo b. Ha npaktuui nepegasaHHs Ta nigrsep-
[PKEHHA AaHNX 3A4IACHIOKTLCA OAHOYACHO B 000X Hanpsmkax. Mpuknag BCTaHo-
B/IEHHSA 3’€jHaHHSA Ta AYN/eKCHOro rnepeAaBaHHA AaHuX HaBeeHO Ha puc. 5.6.

PUCyHOK 5.6 — lpuKnaj BCTaHOB/EHHA Ta NepeAaBaHHA JaHNX
B Mexxax TCP-3’elHaHHA
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Mpouenypa 3aBepeHHs TCP-3’eAHaHHA € aHaMorivyHo A0 BCTAHOB/IEHHS
(puc. 5.5, B). BigMiHHICTb nongrae B ToMy, WO IHILIATOPOM 3aBepLUEHHS MOXe
OyTW K K/I€EHT, TaK i cepep. Kpim Toro, 6itv nigTBepmAXXeHHS OTPUMaHHS 3a-
MUTY Ha 3aBepLUEHHA 3’€[HaHHA Ta BNACHUIA 3anWT Ha 3aBepLUEHHS 3’€[HaHHS
He 000B’A3KOBO NepefatoTbCA B O4HOMY CErMeHTI.

5.3.3 KepyBaHHA npouecoMm nepefaBaHHA faHuUX B Mexax TCP-
3’eHaHHA. [na KepyBaHHA NOTOKOM AaHWX npoTtokon TCP BUKOPUCTOBYE Me-
XaHIi3M KOB3HOro BiKHa 3i 3MIHHMMW po3Mipamun. PO3rnsgHeMo cxemy po6oTu
[AaHOro MexaHiaMy Ha npuKnagi ABOX CTaHUii: A — BiAnpaBHMKa daHuX i b —
Oflep>KyBauya.

CraHuia b Buginse 6yhepHuid npocTip ana npuiiomy W 6ainTis, TaKUM Un-
HOM CTaHLif B moxe npuinHATM W 6aiiTiB, a CTaHLisa A MOXe BifnpaBuTK Ti ca-
Mi W GaiTiB 6e3 HeOOXiAHOCTI OYiKyBaHHA NiATBEPIKEHHS NPO IX OTPUMAHHS.
AK BuLLe 6yno 3a3HayeHo, NiATBEPKEHHA MICTUTL HOMepP B NMOCNIAOBHOCTI Ha-
CTYMHOrO CerMeHTa, KU 04iKyeTbCA. BOHO crnoBillae cTaHuito A npo Te, Wo
CTaHUia b oTpMmana BCi nonepeaHi CErMeHTU | HenpsMo IHPOPMYE MPOo roToB-
HICTb OTPMMAaHHSA HaCTYMHUX CErMEHTIB, WO MICTATb Yeprosi W 6aiTiB.

Taka cxema poboTy NiAXoAMTb ANA NIATBEPAKEHHA OTPUMAHHA MHOXMHM
CerMeHTIiB | MPOAEMOHCTPOBaHa Ha puc. 5.7, a and sunaaky W=3000 6aiTis.
CraHuia b otpumye cermeHTr 3 Homepamu 101, 1101 i 2101, ane yTpuMyeThCA
Bif, BiANpaBieHHA NigTBEPMKEHHS Ha MepLUi ABa CErMeHTU [0 OTPUMaHHSA Cer-
MeHTa 3 HoMepom 2101. Bignpasnatoun NigTBepLKeHHs, B AKOMY BKa3yeTbCA
Ha O4iKyBaHHSA cermeHTa 3 HoMepoMm 3101, cTtaHuia b ogHOYacHO NiATBEPAKYE
OTPUMaHHA cerMeHTiB 3 Homepamn 101, 1101 i 2101,

A W=3000 GaiiTis b A W=1000 GaiiTis B
SN:_Z

0
L 2000, i

PucyHok 5.7 — MNpuknag nepegasaHHsA 3 3aCTOCYBaHHAM MeXaHi3My KOB3HOIO
BikHa npu a) W=3000 6ariTiB Ta 6) W=1000 6aiTis

183



Takum YMHOM, MOXHa CKa3aTu, WO CTaHuis A Befe Cr1coK HOMepiB B Noc-
NifIOBHOCTI CerMeHTiB, AKi 11 403BOMEHO BiANpPaBnsAT, a CTaHuia b nigTpumye
CMWCOK HOMEePIB B MOC/IAOBHOCTI CErMeHTIB, SiKi BOHA rotoBa MpUAHATK. Lli
CMMCKN Ha3MBatOTbCA BiKHAMM CErMEHTIB, a TaKy CXeMy rnepefaBaHHSA LaHUX
Ha31BatOTb KepyBaHHAM MOTOKOM 3 BUKOPUCTaHHSAM KOB3HOIO BiKHa.

MopiBHsABWK puc. 5.7, a Ta 5.7, 6 HEeBaXKO Mo6aymTu, WO PO3MIP BikHA
6e3nocepeHbLO BMNMBAE Ha NPOMYCKHY CPOMOXHICTb TCP-3’eqHaHHsA. Tak, B
HaBefieHOMY NpuKnagi 36iNbLUeHHS BiKHa B TpY pasn 403BO/AMO 3a O4HAKOBUIA
nepiog yacy nepegatuv BABiyi 6ifbLle gaHuX. B 3arasibHOMY BMMagKy mMakcuma-
NbHa WBWNAKICTb NepefaBaHHs faHuX yepe3 TCP-3’e¢qHaHHA 3aneXuUTb Bif po3-
Mipy BiKHa nepefaBaHHA Ta 3aTPUMKWM 3a YMOBW, SIKLLO BOHa He nepebinbLuye
MPOMYCKHOT CNPOMOXXHOCTI KaHany.

Hexali po3mip BikHa nepefaBaHHsA CTaHOBUTL W 6alTiB, 3aTpMMKa nepeja-
BaHHA — D C, WBUAKICTb nepefasaHHA — R 6iT/c. MNpunycTtumo, Wo Bignpas-
HWK NOYMHAaE nepeaasaTyt NOCNifOBHICTb 6aiTiB Yepe3 BCTAHOB/IEHE 3’€4HaHHS.
[ns Toro, wo6 nepwmnii 6anT AocAr ofepXXyBaya, HeO6XiAHO D CeKyHf. Takuia
camuii Yac (D CeKyH[) HeoOXiAHWIA ANs OTPUMaHHA NigTBEPMKEHHS. MPoTArom

LIbOro 4acy BignpaBHWK MOXe nepegatn 2RD 6iTiB, abo R% 6anTiB. OfHaK

BiANpPaBHNK 0OMEXeHWn PO3MIPOM BiKHA Y W 6alTiB | He MOXe 3CyBaTu BiKHO,
LOKW He OTpuMae NiATBEPIXKEeHHA. TakuM YAHOM MakCMMasibHa LWBMAKICTb Me-
pefaBaHHA fAaHUX B Mexax TCP-3’egHaHHA BU3HA4YaTMMETbCA BUPa3oM

R=4%. B igeanbHOMY BMNaAKy Le 3HayeHHs 36iraetbCAa 3 MPOMYCKHOH

CNpoMOXKHICTHO TCP-3’eHaHHS.

[MpupoAHo, Wo po3mip BikHa BU3HaYaEe odepxkyBay. KpiM TOro Bif ofepxy-
Baya He BMMAaraeTbCs HeranHoro MigTBepPMAXKEHHS CErMeHTIB, L0 Hagiiwn. BiH
MOXE OYiKyBaTW [esKWiA Yac, a NoTiM chopmyBaTV NiATBEPIKEHHA 0fpa3y Ha
AeKinbka cermeHTiB. Oflep)KyBay Mae NPOBOAUTU LesKY MOMITUKY, fKa 6 pery-
ntoBasa KinbKicTb faHnX, WO X BiH A03BONSE NepeaasaTy BignpaBHUKY. MoXHa
BUAINNTY ABI MONITUKM Ofep)KyBaya: KOHCepBaTUBHY Ta ONMTUMICTUYHY.

KoHcepBaTMBHa Cxema BU3HAYEHHS PO3Mipy BikKHa 6a3yeTbCs Ha TOMY, LLO
NIMIT BUAINSETHCA BIAMOBIAHO A0 HAasABHOrO AOCTYMHOro 6ydgepHOro npocTopy.
KoHcepBaTUMBHa CXemMa MOXE CYTTEBO OOMEXWUTM MPOMYCKHY CMNPOMOXHICTb
TCP-3’eqHaHHA B CUTYyaLiT, KoM 3aTpUMKa D € 3HA4YHOILO.

Ofep)XyBay MOXe eqeKTUBHiLLE BMKOPMUCTOBYBATU MPOMYCKHY CMPOMOX-
HICTb KaHasy 3a 40MOMOror ONTUMICTUYHOT NOMITUKM, BCTAHOB/OKOYM PO3MIP
BikHa GiNbLUNIA 3a BiNbHUIA GydepHMiA NpocTip. B gaHOMy BMNaaKy ofep)Kysad
MPUNYCKaE, WO A0 MOMEHTY HaAXOMKeHHS AaHuX 06CAr BifibHOro 6yepHoOro
npocTopy 36iNbWmMTLCA. Taka cxema 34aTtHa NiABULWUTY NPOMYCKHY CMPOMOX-
HiCTb, afle SKWO BignpaBHMK Mpautoe LWBM/LLIE, HDXX OfepXXyBay, TO AesKi cer-
MeHTV ByayTb BigKnaaTucs, OCKinibku 6ydep byae saiHATUIA. Lle, B CBOO Yepry,
npu3Bee [0 NOBTOPHOrO nepeAaBaHHA BiAKUHYTUX CErMEHTIB i, HAaBMaku, 3ve-
HLUMTb e)eKTUBHICTb BUKOPUCTaHHA NPOMYCKHOT CIPOMOXXHOCTI KaHasny.
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Cnig 3BepHYTHM yBary, Lo, OKpiM po3mipy Bydepa Ha 6oL ofdep)KyBaya, Ha
PO3Mip BiKHa BM/IMBAE (DaKT HAsABHOCTI NepeBaHTaXKeHb B MepeXi. OcobmnBocCTi
peakyii TCP Ha nepeBaHTaXXeHHs OyAyTb PO3rNAHYTI HMXKYE.,

5.3.4. MoniTnKn BignpaBAeHHA Ta NMPUAOMY CErMeHTIB. AKLWO BiACYTHI
AaHi, nomiveHi BigmiTkoo PSH, npotokon TCP Ha 6oui BignpaBHMKa MOXe
CaMOCTINHO BUpILLYBaTK, KON CNif 34iMCHIOBAaTK NepefasaHHs. Iig yac nepe-
AaBaHHA fgaHux TCP-MoAy/to Bif nporpaMy KOpUcTyBaya BOHW 3anuCyOTbCA B
Oydep nepefasaHHs. MpoTtokon TCP MOXe CTBOPHOBATW CErMEHT A1 KOXHOT
rpynu gaHux, Wo HaaxoAsTb Bifg nporpamu, abo BiH MOXe OYiKyBaTW HaKonu-
UEHHS MEeBHOT KiNbKOCTI faHWMX | TifIbKW Nicns Lboro oopMyBatu i BignpasnaTy
cermMeHT. OueBMAHO, L0 B NepLIOMY BUNALKY Yac 3HAXOMKEHHA AaHUX Y BUXI-
AHOMY Oydepi 6yae MiHIMasIbHUM, OPYrUiA BapiaHT 3abe3neunTb HopMyBaHHS
CerMeHTIB MaKCUMa/IbHOro po3Mipy i [03BO/INTL 36i/bLUNTA KOPUCHY NPOMYCK-
HY CMPOMOXKHICTb.

Bunbip Ha KOPUCTb TIEI UM IHLIOT MONITUKN BiANpaB/ieHHSA MOBHICTIO 3a/e-
XXWUTb Bif BMMOr [0 LWIBUAKOAIT. FAKLIO nepeaaBaHHS CErMeHTIB BifbyBatOTbCH
pigKo, ane nNpu LbOMy nepeaaroTbCsa Be/IMKI 06CArN AaHMX, TO CErMEHTU MOXXHa
(hopmyBaTK Bigpasy nicna HagXOMKeHHA JaHUX — HaKNa4HI BUTpPaTW TyT ByayTb
HeBE/IMKMMU. 3 THLWIOro 60Ky — HaBiTb AKLIO 06CAr AaHWUX, WO MepefaroTbes,
HEBENMKWIA, IHOAI € CEHC BiANpaBnsTK iX Bigpasy nicns oTpUMaHHs — NPy LbOMy
HaknafHi BATpaTK OyAyTb BEIMKMMK, afle Taka cucTema 3abesrnedye mMakcuma-
NbHY LWBMAKICTb NepefaBaHHs.

AKWO BIACYTHI AaHi, nomideHi BigmiTKor PSH, npoTtokon TCP Ha 6oui
oflep>KyBayva TakKoXK MOXKe CaMOCTIAHO BMPILLYyBaTW, KOMW CNifd AOCTaBNATY AaHi
nporpami Kopuctyeaya. BiH MoXe [OCTaBNATU AaHi Micnsa OTPUMaHHS KOXHOIOo
cerMeHTa, abo 3giicHoBaTK Oydepusalito gaHnx. Tak camo, K iy BUNagKy 3
BiAnpaB/eHHAM, BUOIP MONITUKN AOCTAaBKWN 3a/1eXKUTb Bif BMMOT [0 LUBUAKOAIT.
AKLWO faHi HaaXoA4ATh PIAKO | MarOTb BENMKWUIA 0BCAT, TO € CEHC NnepeaasaTtu X
«Haropy» Bigpasy. 3 iHLWOro 60Ky, AKLWO AaHi HAAXOAATb PIAKO ManeHbKUMM
yacTMHamMK, TO X HeravHe nepefaBaHHA MpPoOrpami-ofepXxyBady npussene o
Hee(PeKTUBHOI0 BUKOPUCTaHHSA pecypciB nporpamu i npotokony TCP.

AKLWO CerMeHTU HaaxoAdATb Y MOPSAAKY TX BiAnpasneHHs, npotokon TCP
nomiwlae TXHi gaHi B 6ytep npuinomy Ans LOCTaBKM Nporpami Kopuctysaua.
Ane [oCUTb BIPOTiAHOK € CcUTYalis, 3a AKOI MOPALOK HaAXOMKEHHA BiApi3HA-
TUMETLCA Bif MOpPsAAKY BiAnpasneHHA. MPUUMHOK LIbOro MOXe OYyTU NPOXo-
[PKEHHSA CerMeHTIB Pi3HUMW MapLupyTamu. B Takomy Bunagky npotokon TCP
Ha 6oL oAepXKyBaya MoXke abo NpPUIAMATK TiSIbKK Ti CErMeHTU, AKI HAAXOAATb B
nopsaKy BignpasneHHsa (iHLWI CErMeHTM MPOCTO BiAKMAAOTLCA), a60 Npuinmatu
BCi CErMeHTU, HOMePW SKMX 3aikcoBaHi Yy BikHI Npuitomy (HesanexHo Bif no-
PAAKY TX HAAXOIPKEHHS).

Mpotokon TCP nigTpumye Yepry cerMeHTiB, AKi 6ynn BignpaseHi, ane we
He 6ynu nigTeepmpkeHi. Crneyndikayis NpoToKONy BU3HAYaE, WO BiH 6yge no-
BTOPHO NepefasaTyi CErMeHT, AKLLO Ha HbOro He 6yNno OTPMMaHO MiATBEPKEH-
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HA MPOTArOM AesAKoro npoMikKy yacy. Peanisauis npotokony TCP moxe nigr-
PUMYyBaTV TPU PEXXMMU NMOBTOPHOIO NepefaBaHHS.

e TinbKu nepunii (puc. 5.8, a). NMiATPUMYETLCA OANH TaliMep NOBTOPHO-
ro nepefaBaHHA AN15 BCIE Yeprn. AKWoO 6yno OTpUMaHO MigTBEPMKEH-
HSA, 3 Yepry NOBTOPHOrO nepefaBaHHA BUAAISETLCSA MEPLUMIA CErMeHT i
TallMep CKMAAETbCA. AKLLO TarMep crnpauboBye (MiATBEPLKEHHS He Ha-
AIALLNO NPOTArOM BKa3aHOro MPOMIKKY 4acy), CerMeHT 3 Nnoyatky 4ep-
M1 nepefaeTbcs NOBTOPHO, a TaliMep CKUAAETLCS.

e [lakeTHuin (puc. 5.8, 6). MiATPUMYETLCA OANH TaliMep NOBTOPHOIO ne-
pefaBaHHA AN151 BCIET Yeprn. AKWO 6yn0 oTpUMaHO MiLTBEPAKEHHS, 3
Yepru NOBTOPHOIO MepefaBaHHA BUAANSAKOTLCA BCI MIATBEPIKEHI cerme-
HTW | TallMep CKMAAETbCs. AKLO TailMep cnpalboBye (3a BKasaHWi Npo-
MIDDKOK Yacy NifTBepa)KeHHs He 6y/no OTPMMaHO), BCI CEFMEHTU 3 Yepru
nepeaatoTbCs MOBTOPHO, a TallMep CKMAAETLCS.

e |HAMBIOyanbHWiA (puc. 5.8, B). 115t KOXXHOro CermMeHTa B 4ep3i nigTpu-
MYETLCA OKPEMUIA TaillMep. AKLLO Ha cerMeHT 6yn0 OTpUMaHO NigTBep-
[PDKEHHS, BIH BUAANAETLCA 3 Yepru MOBTOPHOrO nepefaBaHHs, a Moro
Tailmep 0OHYNAETLCA. AKLLO AKWIACH i3 TaliMepiB cnpauboBye, TO Bifno-
BiIHWIA CErMeHT NnepeAacTbCsl MOBTOPHO, a MOro Taimep CKUAAETLCA.
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PUCYHOK 5.8 — Pe>Knm NOBTOPHOIo nepeaaBaHHA 3a TaKUMU CXEMaMU:
a) «TiNbKM NepLunii», 6) NakeTHWI, B) IHAMBIAYaTbHWNIA

E(eKTUBHICTb TIEI UM IHLLOT MONITUKX MOBTOPHOMO MepefaBaHHA 3a/1eXNUTb
Bifl MOMITUKX NPUIAOMY CErMeHTIB Ha 6oL ofep>KyBaya. HAKLLIO OAepXKyBay BU-
KOPUCTOBYE NONITUKY NPUIAOMY, BIAMOBIAHO A0 SKOT NPUMAMatOTbCA NULLIE Cer-
MEHTH, W0 HaAXO0A4ATb Y NOPSAAKY BiAnpas/eHHs, TO BiH 6yae BigKuaaTu cerme-
HTW, OTPMMaHI Nicng BTpayeHOro cerMeHta. Taka cxema pobotu gobpe nigxo-
ANTb NS MAaKeTHOI MONITMKMA MOBTOPHOrO MepefaBaHHA. AKWO OfepyKyBad
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NPUIMae BCi CErMeHTU He3aeXHO Big NopsAAKY TX NpMoyTTs, TO ONTUMa/IbHUMM
€ peXxumun «TinbKy nepwnii» abo «IHANBIAYabHNIA.

[licna HagxomkeHHs cermeHTa npotokos TCP Ha 6oui ofep)KyBaya Mae ABa
BapiaHTV Aiin 4N Toro, Wwoob BignpaBnUTU MigTBEPAYKEHHS.

e HeraliHo. Bigpa3sy nicnsa oTpMMaHHA faHUX nepefacTbes NopoxkHin (6es

AAaHNX) CErMeHT, AKUIA MICTUTb BigNOBIAHWNIA HOMEP MiATBEPAKEHHS.

e 3 HakonunueHHAM. Mo3Hayka ACK BCTaHOB/OETLCS B CErMEHTI 3 fa-
HUMW, AKI 0flep>KyBay Hafcunae BiAnpaBHUKY Y BiAnoBigb. LLLo6 3anobi-
rT LOBrVMM 3aTpMMKaM, BCTaHOB/IHOETLCS TaiMep BikHa. AKLIO TariMep
36irac 0 MOMEHTY BifAMpaB/IEHHS YeproBoro cerMeHTa 3 NiATBEPMAKEH-
HAM, TO BIACWIAETLCA MOPOXKHIA CErMEHT, L0 MICTUTb BIAMOBIAHWIA HO-
Mep NiATBepAKEHHS.

EeKkTUBHICTb NepeaaBaHHA faHuX B Mexxax TCP-3’eHaHHA TaKoX CYTTEBO
3a1eXNTb Bif 3aTPUMKM NOBTOPHOrO NepefaBaHHs, WO BU3HAYaeTbCs TaliMe-
POM MOBTOPHOIO rMepeAaBaHHs.

[MpoTtokon TCP He (hopMye ABHUX HeratMBHUX MiATBEPIPKEHb, TOOTO NIAT-
BEPAPKEHb, LLL0 ABHO BKa3yHOTb Ha MOPYLLEHHS, AKi cTanmncs. 3amicTb LbOro npo-
TOKON NOKNaAaeTbCs BUK/OYHO Ha NO3UTMBHI NiATBEPKEHHS | HA MOBTOPHE
nepefaBaHHs, ke Mae BifbyBaTnCS, AKLLO MiATBEPAKEHHS He HAAXOAMTb Mpo-
TArOM BM3HAYEHOro MPOMiXKKY yacy. [1Bi noAil NpuBoAsATL A0 NMOBTOPHOrO ne-
peflaBaHHS CerMeHTa: CermMeHT OyB CMOTBOPEHWI Nif Yac rnepefaBaHHA Ta cer-
MEHT 3ry6eHo.

ANa NpUAHATTA PiLLeHHA NPO NOBTOPHe nepefaBaHHS BUKOPUCTOBYETLCS
cnewjianbHUIA Tailmep, WO 3anyCKaeTbCs NicNs BignpaBneHHs cermeHTa. AKLWOo
yac Tarimepa 36irae [0 MOMEHTY HaAXOMKEHHS NiATBEPMKEHHS NPO A0CTaBKY
CerMeHTa, BignpaBHUK Mae 3[iiCHUTL NOBTOPHE nepefaBaHHsA. EGEKTMUBHICTb
po6oTn TCP cyTTEBO 3aneXWUTb Bif, BMOOPY 3HAYeHHS TaliMepa MOBTOPHOrO
nepefaBaHHA. Ba3oBWM enemMeHTOM [151 PO3PaxyHKY 3aTPUMKM MOBTOPHOrO
nepefaBaHHA € 3HAYeHHA Tak 3BaHOro 4acy nofBiiHOro obepHeHHs (Round
Trip Time). RTT — ue NoABOEHNIA Yac MPOXOLXKEHHA CerMeHTa Bif, BifnpaBHN-
Ka 40 ofep>KyBaya. 3aTpMMKa NOBTOPHOIro nepeaaBaHHs Mae 6yTu Aewo 6ifb-
woto 3a RTT.

ICHYe aBa Cnoco6u BU3HAYeHHS 3aTPUMKIN MOBTOPHOIO nepefaBaHHs.

e ®dikcoBaHU TailiMep. BMKOPUCTOBYETHCA (DIKCOBAHe 3HAYEHHS, SiKe
BU3HAYAETHCA 3a CTATUCTUYHUMW AaHVMMK, WO XapaKTepHi 4ns «Hopma-
NbHOT» NOBeAIHKN PO3MoAifieHOT MepeXi. IHaKLLe KaXKyyu, BU3HAYaETbCA
cepefHe 3HayeHHs RTT, i TaliMep BCTAHOBMKETLCA [0 OinbLnM.
OcCKifnbKK Taka noniTuka 6a3yeTbCs Ha CTINKOMY peXxuMi poboTn Mepe-
XIi, TO BOHa He 34aTHa afeKBaTHO Ta FHY4KO pearysBaTi Ha Pi3Ki 3MiHU
YMOB B Mepexi.

e AfanTMBHUIA Talmep. 3HayeHHA Taillmepa MOCTIMHO OHOB/HOETHLCH.
dopmyna Ans Moro pospaxyHKy 6a3yeTbCA Ha akTya/lbHOMY 3HaYeHHi
RTT, i0ro BiAXWNeHHI Bif, CepeaHbOro 3HaYeHHs Ta AesaKUX HLKX na-
pameTpax.
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5.3.5 bopoTb6a 3 nepeBaHTaXXeHHAMW. KOHTPO/b 3a NepeBaHTaXXeHHAMMN
B Mepexax IP JOCUTb BXXKO peanisysatu 3 Ornagy Ha Liny HU3KY NPUYnH, 30-
Kpema:

e poTOKON IP He OpiEHTOBaHWIA Ha BCTAHOB/IEHHA 3’€fHaHHS. BiH He 3a-
6e3neyvye BUAB/IEHHA MepeBaHTaXXeHHS | BHACMIAOK LbOro He MOXe BU-
KOPWUCTOBYBATUCh /19 KOHTPOJIHO 3a NepeBaHTaXKeHHAMU;

e npotokon TCP 3AiCHIOE KOHTPO/Ib MepefaBaHHA [aHUX B MeXax
3’€[JHaHHA | MOXKe /iLLIe 3a HeNmpPsSAMUMK 03HaKaMWn BUSBUTY MepeBaHTa-
YeHHS B Mepexi. OfHaK, OCKIJIbKM 3aTPUMKM B PO3MOAINEHNX Mepexax
MOCTINHO 3MIHIOKOTLCA, IH(POPMALif, OTpYMaHa Ha OCHOBI HenpAMUX
03Hak (Hanpuknag, po3mip BiKHa), He 3aBXAu € [OCTOBIPHOHO;

e He iCHYe pO3NOAINEHOro afiropuTMy, AKUA 61 3abe3neuns B3aEMOLitO
TCP-mofyniB pi3HMX XOCTIB, L0 NepefaroTb AaHi Yyepes CnifibHUin gisn-
YHWIA KaHan. To6TO, NMPOTOKOMM Ha Pi3HMX KOMMN’KOTepax He MOXYTb
B3aEMOJIATM OAMH 3 OAHUM AN1A MIATPUMKKN NEBHOro PIBHA 3arasibHOro
MOTOKY, BHACNIJOK YOro KOXEH 3 HUX POO6UTb CNPobY «3axOonuTu» BCHO
CMYTY MPOMYCKaHHS.

[MpoTtokon TCP mMoXe BNAMBAaTW Ha CTYMiHb 3aBaHTAXXEHHS MepeXi, Kepyto-

4/ NOTOKOM faHuX 3a A0MNOMOror KOB3HOIO BiKHa, 3aCTOCOBYHOUM Pi3HI MeToaum
nepefaBaHHA Ta NPUIAOMY JaHUX | BiAnpaBieHHA MigTBEPIKEHb, CMiAKYHOUM 3a
PiBHEM MOMWJIOK | BUKOPUCTOBYOUM Pi3HI METOAM MOBTOPHOIO NepeiaBaHHs.

MexaHi3Mn 60poTbOM 3 MepeBaHTaKEHHAMM, WO 3acTocoByOTbCA B TCP,
NnonararoTb B 0OMEXeHHI LBMAKOCTI NepefaBaHHA JaHMX BiANpaBHUKOM Y BU-
nagKy HasBHOCTI (haKTy rnepeBaHTaXKeHHS. AKLLO NepeBaHTaXKEHHA B MePEeXi He
CrocTepiratoTbCs, TO BiANPaBHUK MOXKe 36iNbLUYyBaTh LWBUAKICTL MepefaBaHHs,
B IHLLIOMY BMMaAKy LUBUAKICTb NepeaaBaHHA MPUMYCOBO 3HMXKYETLCA.

[Mpwn peanisayii Takoro nigxoay HeobXifAHO BU3HAYUTUCL 3 BiAMOBIAAMM Ha
HV)KYeHaBeeHi 3annTaHHS.

e HAKMM 4MHOM BignNpPaBHWK 0OMeXyBaTMMe LWIBUAKICTb NepefaBaHHs Aa-

HNX?

e FK BifNPaBHMK MOXe BU3HAYUTU HASABHICTb MepeBaHTaXXEHHSA Ha LLNAXY
MK HUM | 0fiep>KyBayem?

e B akuin cnoci6 6yae 3miHIOBaTUCL LUBMAKICTb NepefaBaHHs Npu BUSIB-
NeHHi nepeBaHTaXXEHHS?

3anexxHo Bif Habopy Bi4NOBILEN MOXHA OTPUMATU Pi3HI anropuTMm 6opo-
TbOW 3 nepeBaHTaXKeHHAMW. Haibinblw Bigomumu € anroputmn Tahoe, Reno,
Vegas, Hybla ToLo. Po3rnsHemo mMexaHi3Mm 60p0Tb0U 3 nepeBaHTaXXeHHAMN Ha
npuknagi anroputmy Reno, npunyckatouu, WO BiANPaBHUK 34IACHIOE Nepesa-
BaHHSA BEMKOI0 (hainnly AaHuXx.

AK 3a3Hayanocst BULLE, rO/IOBHUM MeXaHi3MOM OOMEXEHHS LUBUAKOCTI Me-
pefiaBaHHS [aHUX € BIKHO CermMeHTiB, abo BIKHO nepeAaBaHHsA, a MOro Po3mip
3a1eXKNTb Bif 06CArYy Bi/IbHOro micus B 6ydepi npuitomy. MexaHi3M KOHTPO/IHO
nepeBaHTaXKeHHSA BUKOPWUCTOBYE [OLATKOBMI MapameTp, L0 Mae HasBy BIKHO
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nepeBaHTaXEHHA. Y BUNALKY BUKOPUCTaHHA OCTaHHbLOrO PO3Mip BiKHa repe-
[laBaHH$ BM3HAYa€ETbCA AK MiHIMa/IbHE 3 ABOX Umces — 06CAry Bi/ibHOro micus Ta
PO3MIpY BiKHA NepeBaHTaXKEHHS.

[HLIE BaXX/IMBE NUTAHHA — AKMM 4YMHOM TCP BU3Hayae (hakT HassBHOCTI Me-
peBaHTaXKeHHA. O3HaKOK MepeBaHTaXXeHHA € nogia BTpaTa naketa. i yac
3HAYHUX MepeBaHTaXXeHb B Mepexi 6ydepn 04HOro abo AeKifIbKOX MapLupyTu-
3aTopiB MEePenoBHIOKTLCS, BHACMILOK 4YOro 4YaCTUHa MakKeTiB BiAKWUOAETHLCS.
BTpaTa naketa (DIKCyeTbCA BiAMPaBHUKOM MICNA 3aKiHYEHHS IHTepBasly OYiKy-
BaHHS ab0 Nif Yac OTPUMaHHS TPbOX AyONHOBa/IbHNX KBUTaHLiN (puc. 5.9).
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PncyHOK 5.9 — Bu3HayeHHs (hakTy HasBHOCTI NnepeBaHTaXXeHHS:
a) 3a TaimayToM, 6) OTPUMaHHSA TPbOX AY6/HOBaNIbHUX KBUTaHLLIN

[licna BCTaHOBMIEHHA (PaKTy NepeBaHTaXKEHHS MOTPIOGHO BXUTK NEBHUX 3a-
XO0fiB, CNPSIMOBaHMX Ha BMXif 3 LbOro craHy. 1o nepeniky Aii, cnpsMoBaHUX
Ha BUXif 3 NMepeBaHTaXeHHs, BXOAATh: aANTUBHE 30i/IbLUEHHS Pa3oMm i3 My/ib-
TUNNIKATUBHUM 3MEHLUEeHHAM, MOBISIbHUIA CTapT, peakuia Ha nepebinb-
LLIEHHA Talim-ayTy. [MeBHY MOCNIA0BHICTb 3a3HAYEHUX Aiii Ha3MBaOTb a/Iropu-
TMOM KOHTPOJI0 NepeBaHTaXKeHHA npoTokony TCP.

AanTuBHe 306iNIbLUEHHA | MybTUNNIKATUBHE 3MeHLUeHHS. OCHOBHOK
ILeE0 MexaHi3My 60poTbbM 3 nepeBaHTaXXeHHSAM 3acobamm npoTtokony TCP €
3HVDKEHHS LUBWAKOCTI MepefaBaHHA LUISXOM 3MeHLLEHHS PO3Mipy BikHa nepe-
BaHTaXXKeHb Micnsa BTpaTU nakeTiB. Llinkom IAMoBIipHO, Wwo Yy Bcix TCP-
3’e[lHaHHAX, AKi 06CNYroByOTLCA AaHMM MapLUPYyTM3aTOPOM, CNOCTEPIrarTLCA
BTpaTW MakeTiB, WO NPM3BOAUTL [0 OAHOYACHOIO 3MEHLLEHHS BiKOH MepeBaH-
TaXXeHb BCIMa UMY 3’ eAHaHHSAMK. KiHLEBUIA e(heKT NOnsrae y 3HKEHHI Tpadi-
Ky, LLO NPOXOAUTb Yepe3 MnepeBaHTaKEHWUIA MapLUpyTM3aTop i, K HacMifokK, B
nocnabnieHHi nepeBaHTaXeHHs. MpoTe akTyaNbHUM 3a/IMLLAETLCA NUTAHHSA NPO
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Te, HAaCKINIbKN CYTTEBUM Ma€e OYTW 3HVKEHHS LUBWAKOCTI NepefasaHHA nifg vac
BTpaTW MakeTa.

Y npotokoni TCP BUKOPUCTOBYETLCA TaK 3BaHe MY/IbTUMNJ/IIKATUBHE 3Me-
HLUEHHS, WO 3HaYNTb 3MEHLUEeHHS BiKHa MepeBaHTaXXEHHSA Yy [Ba pasn nicns
BTpaTW nakeTa. HAKLL0 BTpaTa naketa Bigdynacs npu po3mipi BikHa nepeBaHTa-
XeHb y 20 K6aiiTiB, TO ocTaHHe 6yfe 3meHLweHo o 10 K6aiTiB. Y Bunagky
BTpaTW LLe OAHOr0 NakeTa po3mip BikHa JopiBHIOBaTUMe 5 KbainTam. 3MeHLLEeH-
HA pO3Mipy BiKHa NepeBaHTaXXEHHS MOXe BigbyBaTucs 6aratopasoBo, OfHaK
MOro0 3HAYEeHHS He MOXe OYyTM MeHWUM 33 MaKCUMaIbHUA  PO3MIp
cermeHTta (MSS).

BiAcyTHICTb nepeBaHTakeHb, abo BTpaT MakeTiB, BKAa3ye Ha MMOBIPHICTb
MPUCYTHOCTI Ha NiHIT 3B’A3KY PecypciB, WO He BUKOPUCTOBYHITLCH, | € CMOHY-
Ka/IbHAM MOTMBOM A8 36i/bLUeHHA LUBMAKOCTI MepefaBaHHA AaHUX. 306ib-
LLUEHHSA LWBWAKOCTI BiAOYBaETbCA MOBIBHO Ta nnaBHO. [Mpotokon TCP Hibu
«MpoLLynye» BiflbHI pecypcy Ha Wwnsxy 3’efHaHHA. KoXkeH pa3 nif vac oTpu-
MaHHA KBWUTaHLIT 32 YMOBW BIACYTHOCTI BTPaT MakeTiB 3HAYeHHS BiKHA TPOXW
36IbLUYETLCA (K NPaBWIo, Ha BeNNYMHY MSS).

Takum ynHoM, TCP 34iiCHIOE aauTMBHE 30iMbLUEHHS LWUBMAKOCTI nepeaa-
BaHHA MPW BIACYTHOCTI NepeBaHTaXXeHb B MepeXxi I My/lbTUNNIKaTUBHE 3MeH-
LUEHHA LWBWAKOCTI NepeaaBaHHsA 3a HAfABHOCTI NnepeBaHTaXKeHb. AJITOPUTM KOH-
TPO/KO NepeBaHTaXeHb NpoTokony TCP yacTo HasuearoTb anroputmMom AIMD
(Additive-Increase, Multiplicative-Decrease — aguTnBHe 36i/IbLLUEHHSA | MY/bTU-
NNiKaTUBHe 3MeHLLEHHS). Pa3a NiHIMHOro 3p0oCTaHHs NOTOKY JaHUX B MPOTOKO-
Ni KOHTPO/IIO MepeBaHTaXXeHHSA Ha3MBaETbCA BMXOLOM 3 MepeBaHTaXKeHHs. Be-
NMYMHA BiKHA MepeBaHTaXKEHHSA LMKNIYHO MPOXOAUTb Yepe3 cTafil NiHiHOro
3pOCTaHHA | PI3KOro cnagy A0 MOMOBUHM MOTOYHOIO 3HAYeHHS Mif Yac BTpaTy
naketa. ["padik 3miHeHHA po3mipy BikHa gna TCP-3’efHaHb 3 TPMBa/IMM YacoM
XUTTA Haragye 3y6ui Nunku i HasegeHui Ha puc. 5.10.

MoBinbHWIA cTapT. IMig 4Yac BCcTaHOBNeHHA TCP-3’¢4HaHHA MOYaTKOBUM
3HaYeHHAM BIKHA NEepeBaHTAXEHHSA € BennymHa MSS; oTKe, MoyaTkoBa LUBUA-
KICTb nepefaBaHHA AaHuX cknagae MSS/RTT. Hanpuknag, SKuWwo
MSS=1500 6arvitam, a RTT=30 mc, TO no4yaTKoBa LUBWAKICTb MepeAaBaHHs
3’elHaHHA NpU6M3HO AopiBHIOE 400 K6iT/c. OCKiNbKM MakCUMabHO MOX/IMBa
LUBMAKICTb NepefaBaHHs 3HaYHO nepesuye BennunHy MSS/RTT, niHiliHe 36i-
NbLLUEHHSA NOYATKOBOT LWBWUAKOCTI € HepalioHaIbHUM, TOMY O Lier Npouec TAar-
HEeTbCS 3aHaATO A0BIO.

[na NpuUcKopeHHs 36iNbLUEHHSA PO3MIPY BiKHa Ha Mo4yaTKOBOMY eTari 3a-
MICTb NiHINHOrO 36iNbLUEHHS BUKOPUCTOBYETLCS EKCMOHEHLia/IbHE 30i/bLUEHHS,
TO6TO, PO3MIp BiKHa 36i/bLUYETLCA BABIYI MICNA KOXHOIO NiATBEPIKEHHA MPO
OTPUMaHHS. EKCNoHeHUia/lbHe 3pOCTaHHA MPOLOBXYETLCA A0 NEepLUOi BTPaTy
nakeTta, Nicnd 4oro 3HayeHHs PO3MIpYy BiKHA MepeBaHTaXXEHHS 3MEHLLYETHCA
BABIYI | B nofanbLIOMy 36i/1bLUYETLCS aAUTUBHO.
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PucyHok 5.10 — 3MiHEHHs po3Mipy BiKHa NepeBaHTaXXeHHSA MpK 3aCTOCYBaHHI
IroOpUTMY MY/IbTUMNIKATUBHOIO 3MEHLUEHHS Ta aAUTUBHOIO 36i/IbLLUEHHA

OTxe, B nepuliin ¢asi nepefaBaHHA faHuX yepe3 TCP-3’efHaHHS, WO Mae
Ha3BY MOBINIbHWIA CTapT, BiANPaBHUK MOYMHAE MepeaaBaHHSA 3 NMOBINIbLHOKO LLIBU-
AKICTHO, SiKa 30i/bLUIYETLCS 3a eKCMOHEeHLia/lbHUM 3aKOHOM. BIKHO nepeBaHTa-
YKEHHS cnoyaTtky AopiBHOe 1MSS, nicns ycniwHOro oTpMMaHHA JaHuX ofep-
KyBau Binpasnsfe NigTBEPLKEHHS | 30i/bLUye BIKHO A0 2MSS. OTpumasLum 6e3
BTpaT HaCTYMHY MOPLIt0 AaHKX 0fepxKyBad 36i/bLuye BiIKHO o 4MSS i T. 4. Lis
npoueaypa MpPOAOBXKYETHCA A0 MepLuol BTpaTh cermeHTta. Pasy MOBISIbHOIO
CTapTy NPOAEMOHCTPOBAHO Ha puc. 5.11.

W=1MSS, AN=100
SN=100, N=1000
W=2MSS, AN=1100
SN=1100, N=1000
SN=2100, N=1000
W=4MSS, AN=3100
SN=3100, N=1000
SN=4100, N=1000
SN=5100, N=1000
SN=6100, N=1000

\ 4

A

\ i

BignpaBHUK
\i
Opnepxysay

\4

\i

Y

PucyHok 5.11 — ®a3a nosinibHOro ctapty B po6oTi TCP-npoTokony

Peakuisi Ha nepeb6ifibLUEHHA TaliM-ayTy. 3aCTOCYBaHHSA MeXaHi3MiB NoBi-
NbHOrO CTapTy, MY/IbTUNNIKATUBHOINO 3MEHLLIEHHS Ta agUTUBHOIO 36i/bLUEHHS
[103BONIAE peanidyBaT BCi HEOOXIAHI AN KOHTPO/IKO nepeBaHTaXeHb Aiil. Tak,
pO3MIp BiKHa MepeBaHTaXeHb NMPOTOKoy TCP nicns BCTaHOBNEHHSA 3’€f4HaHHS
[OPIBHIOE BennuMHi MSS, fasni eKCnoHeHUialbHO 3p0oCTae A0 MepLloi BTpaTu
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nakeTa, Micns 4Yoro cnpawlboBye aIrOPUTM aAUTUBHOIO 30i/IbLUEHHS | MYNbTUI-
NIKaTUBHOI O 3MEHLLIEHHS.

[na nonerwweHHs Buxody 3 nepeBaHTaXKeHHsA npoTtokon TCP HeoaHakoBO
pearye Ha pi3Hi 03HaKuW BTpaTtn nakeTa. Haragaemo, L0 03HaKaMu BTpaTu Mnake-
Ta € CrnpayoBaHHA Taiimepa NMOBTOPHOIO MepeAaBaHHA Ta OTPUMAHHA TPbOX Ay-
6ntoBasIbHUX KBUTaHLi (AMB. puc. 5.9). Y nepluomy BMNagKy CnocTepiraeTbes
«KOPCTKe» NnepeBaHTaXKEHHSA — NIATBEPIKEHHS He HAAXOAUTb BYACHO HE Ti/IbKN
Ha MepLinii CerMeHT, a il Ha HacTyMHi. [pyrvin BapiaHT Ha3MBalOTb «M’SAKUM»
epeBaHTaXXeHHAM, OCKi/IbKN BTPAYeHO Ti/IbKW OAMH CErMEHT, a IHLWI HAAXO4ATb
BYaCHO.

Y BunagKy «M’sIKOro» nepeBaHTaXKeHHs1 rnoediHka TCP Bignosijae HaBe-
[AEHOMY paHillie anropnuTMmy: po3mip BiKHa NnepeBaHTaXXeHHSA 3MEHLUYETLCA B/BI-
4Yi, @ NOTIM NOYMHAE NiHIAHO 36iNbLUYBATUCA. AKLIO HassBHWUIA (haKT «)KOPCTKO-
ro» nepeBaHTaXXEHHS, BiANPaBHUK NEPEXOANTb B CTaH MOBINIbHOIO CTapTy, 3Me-
HLLUYHOUM PO3MIP BiKHA NepeBaHTaXKeHHs [0 BenmunHu MSS. Jani BigbysaeTtbea
36i/bLLEHHSA BiKHA 3@ eKCMOHEeHLia/lbHUM 3aKOHOM, [JOKW Oro po3Mip He JoCsAr-
HEe BE/IMYMHM, LLLO AOPIBHIOE MOMOBUHI PO3MIPY BiKHa HA MOMEHT CrpaLoBaHHA
TaillMepa nepeBaHTaXeHHS. Ticna LbOro 3pOCTaHHA 3Ha4YeHHS BiKHA MepeBaH-
TaXXeHb 3HOBY CTaE NiHINHNM.

[na peanisauii NoKpaweHoro MexaHiamy KepyBaHHS MepeBaHTaXXeHHAMM
TCP BMKOPUCTOBYE creliasibHWil NapameTp — MOPOroBe 3HaYeHHs BiKHa, L0
BU3HA4a€e PO3Mip BiKHA MepeBaHTaXeHHS, Npu SKOMY 3aBepLUYETLCA (da3a MoBi-
NbHOTO CTapTy | MOYNHAETLCA (ha3a agnuTUBHOIO 36i/bLLUEHHS.

3a3Buyali 3a 3amMOBYYBaHHSIM MOPOrOBe 3HAYEHHS BiKHA € [LOCUTb BENKUM
(HalnyacTiwe 65 Kb6aiiTiB) Ans MiHiMi3aLiT BNAUBY LbOro napameTpa Ha noyartky
nepedasaHHA. [Mig yac BTpaTy NakeTa Nnoporose 3Ha4YeHHS BiKHa JOPIBHIOE MO-
NOBMHI MOTOYHOI0 3HAYEHHS BiKHA MepeBaHTaXXeHHA. Hanpuknag, SKwo nepeg
BTPaTOIO MakeTa po3mip BiKHa rnepeBaHTaXeHHs cTaHoBUB 30 KbalTiB, TO nopo-
roBe 3Ha4yeHHs BikHa fopiBHIOBaTMMe 15 KbaitTam i 36epexxe Take 3Ha4YeHHA [0
HacCTyMnHOT BTPaTX MakeTa.

TakMM YMHOM, MOKPALLEHWNIA a/irOpPUTM KepyBaHHA MepeBaHTaXXeHHAMKN bOa-
3yBaTUMETbCS Ha HUXKYEHaBeLeHNX npaBuiax.

e FKWO PO3Mip BiKHA NepeBaHTAXKEHHS He MepPeBULLYE MOPOroBoro 3Ha-
YeHHS BIKHA, BiANPaBHMK 3Haxo4MTbCs Y hasi NOBIILHOrO CTapTy, i po-
3Mip BIKHa rnepeBaHTaXKeHHA 3p0CTaE 3a eKCMNOHeHLia/lbHUM 3aKOHOM.

e FKWO po3Mip BiKHA MepeBaHTAXXEHHS MepeBULLYE MOPOroBe 3HaYeHHSs
BiKHa, BIAMNPaBHWK NepexoanTb Y (hasy BUXOAY 3 NepeBaHTaXeHHS, | po-
3Mip BIKHa rnepeBaHTaXKeHHS 361NbLLYETLCA NIHIAHO.

e [licna oTpMMaHHA TPbOX AYy6/1H0Ba/IbHNX KBUTAHLLI NMOPOroBa BeMynHa
BCTAHOBJIHOETHCA TaKOH, L0 AOPIBHIOE MOIOBUHI MOTOYHOIO 3HAYEHHS
PO3MIPY BiKHA NepeBaHTaXKEHHS, a PO3MIP BiKHa MepeBaHTaXXEHHSA CTa€e
TakMM, L0 AOPIBHIOE MOPOroBOMY 3HaUYEHHIO.

e T[licnsa cnpautoBaHHsA Tailmepa NMOBTOPHOrO nepefaBaHHs 3HaYeHHS Mo-
POroBOi BEMYNHW LOPIBHIOBATMME MOIOBUHI MOTOYHOrO 3HaYeHHS Po-
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3MipYy BiKHa MepeBaHTaXeHHs, a Po3Mip BiKHA MepeBaHTaXeHHA 3MeH-
LIYeTbCA Ao MSS.
Mpuknag poboTn anropuTMy KepyBaHHS MepeBaHTaKEHHAM MOKas3aHo Ha
puc. 5.12.

=

| D
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BikHO nepeBaHTaXeHHs (MSS)

l B

\/

PucyHok 5.12 — Mpuknag poboTy airopuTtMy KepyBaHHS NepeBaHTaXKEHHAM
TCP-npoTokony

Y MOMeHT yacy t, BiakpmBaeTbca TCP-3’¢4HaHHA, BCTAHOB/HOETHCA MiHIMA-
NbHUIA PO3MIP BIKHA MEepeBaHTAXXEHHS | NOYMHAETLCA (haza NOBIILHOTO CTapTy
(3oHa A).

Y MOMEHT yacy t; BiibyBaeTbCA BTpaTa MakeTa, Npo AKYy Crnosilae noTpiHa
KBUTaHLiS. Lle npu3BoanTb A0 3MEHLLEHHA BIKHA B [Ba pasv i nepexig 4o asu
aAnTUBHOrO 36iNbLUEHHSA (30Ha B).

Y MOMEHT 4acy t, 3HOBY Bif0OyBa€eTbCA BTpaTa MakeTa, OfHaK Ha Leil pas
CMOCTEPIracTbCa «KOPCTKE» NepeBaHTaXKEHHS. PO3MIp BiKHa nepeBaHTaXXeHHS
BCTaHOBMOETLCA 1MSS, a noporose 3HayeHHA (DIKCYETLCA Ha PiBHI NOOBUHW
MOTOYHOIO BiKHA MepeBaHTaXeHHA — 6MSS. lMounHaeTbCsa (Pasa MOBiSILHOMO
cTapTy (30Ha C).

Y MOMEeHT yacy t3 po3mip BiKHAa MepeBaHTaXKEHHS MOYMHAE [LOPIBHIOBATU
NMOPOroBOMY 3HAY€eHHIO, LLO IHILitoE nepexif A0 da3n aAuTUBHOIO 30i/bLUEHHS
(3oHa D).

Y MOMEeHT yacy t, 3HOBY Bifi0yBa€TbCA BTpaTa nakerta, ajie Ha Lien pa3 cro-
CTepIraeTbCa «M’AKe» rnepeBaHTaXeHHS, TOMY BIKHO 3MeHLUYETbCS BABIYI | Bif-
OyBaEeTbLCA aAUTUBHE 36i/bLUEHHSA (30Ha E).

5.4. Moaundiikauii npotokony TCP

MpoTokon TCP € OCHOBHVM MPOTOKO/IOM PO60TN B MepeXi IHTepHeT, AKuii
BUKOHYE [OCTaBKy [aHUX Y BWUINAA4I MOTOKIB [JaHWX 3 BCTAHOB/IEHHAM
3’elHaHHSA, | BUKOPUCTOBYETLCA Y BUMaKax, KON HeobxigHa rapaHToBaHa Aoc-
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TaBka nosigomeHb. Mpotokon TCP (yHKLIOHYE HOpMasibHO MPU BUKOHAHHI
[eKiNIbKOX MPUHLMNOBNX YMOB, a came:

e IMOBIpPHICTb MOMWU/IKM [OCTaBKM HEBE/MKA | BTpaTa MakeTiB Bif0yBaETb-
Csi BHACNiJOK nepenoBHeHHs bydepa;

e Mepexa Mae (hikcoBaHy Mosocy nponyckaHHA 6e3 CyTTEBUX KOMMBaHb;

e yac [0CTaBKWM MOBiAOM/MNEHb Ha KiHLEBY CTaHLil0 CTabiflbHWI, NakeTu
MOBILOM/IEHHS NepeaarnTbCs YiTKO NOC/iA0BHO;

e Jo0BXMHa TCP-cecii B feKinbka pasiB 6ifbla 3HavyeHHs RTT (Round
Trip Time), TO6TO iHTepBasly Yacy MiXK BifnpaB/ieHHAM NakeTa i 3aKiH-
YEHHSM 110ro 06pobKuM y aapecaTa;

e B3aemofid 3 iHWwumMu TCP-ceciamn He Mae NPU3BOAMTU 4O Pi3KOro 3HK-
YKeHHS e()eKTUBHOCTI CTBOPEHOIO BipTyasIbHOro KaHany;

e [IOCTaTHIin po3Mip MepexxHUX OydepiB B3aEMOLIMHUX CTaHUil, iHaKLle
MPOMYyCKHa CPOMOXKHICTb By/1e 3HMXKXYBATUCh | BU3HAYATUCS HE CMYT OO
NPoMnycKaHHA KaHasy, a po3Mipom 6ydepa;

e [0CTaTHbO 3HAYHWIA PO3MIP NONS AaHWUX MakeTa 3 KOHTPO/IEM Ha noyat-
Ky Cecii 3HaYeHHS MaKCUMa/IbHOro po3Mmipy fAaHuMX, AKi NepeaaroTbCs B
KaHani MTU.

Taki YMOBM BMKOHYHOTBLCA [a1eKO He 3aBXAW, 0CO6/IMBO MpWU nepefaBaHHI
yepes CyMyTHMKOBI KaHann Ta NPy BUKOPUCTaHHI MOGINLHOrO 3B’A3KY, LU0
MPU3BOANTL [0 3HKEHHS e(DeKTUBHOCTI NnepefaBaHHs.

Kpim TOro, Ha cbOrofHi icCHye HeoOXi4HICTb MepefaBaHHA BENNKMX 06CAriB
AaHux (TepabainTy iHhopmMauii), Wwo, B NepLly yepry, akTyasbHO B Takux cge-
pax, K 0OMIH JaHUMKW MK AaTaueHTpamu, 6aratbMa cepsepaMu Ta OKpeMUmm
abOHEHTCbKMMM CTaHUiamn. TpoTokon e TCP 6yno po3pobneHo ansa nepeja-
BaHHA HabaraTo MeHLWMX 0B6CAriB AaHNX, HXX Ti, 3 AKUMW JOBOAMTLCS NpatitoBa-
TN cy4acHUM popatkam. Tomy B TCP MOXMBI 3Ha4HI 4YacoBi 3aTPUMKM, L0
0fpa3y BMnavMBaE Ha 3arajibHy MPOMYCKHY CMPOMOXHICTb Mepexi. Kpim Toro,
AaHWIA NPOTOKO/ He 3abe3neyye HeO0bXifHI B CydacHMX YMOBaxX HafilnHICTb i Ma-
cltaboBaHiCTb. TOMY pO3rigHEMO OCHOBHI Moamdiikauii npotokony TCP Ta
OCHOBHI X XapaKTepUCTUKMN.

B ocTaHHi pOKM 3anporoHoBaHO AeKiflbKa HOBUX MoAudiKauid NpoToKony
TCP:

TCP-Tahoe;

TCP-Reno T1a itoro 6inbLw nonynspHa sepcis NewReno (RFC-3782).;
TCP-Vegas Ta 6inbLL cyyacHa Bepcis Fast TCP;

TCP-Westwood.

Anroputm TCP Tahoe € HaibinbL AaBHIM i JOCTATHLO LLUMPOKO BUKOPUCTO-
BYETbCA. pun Moro peanisawii KOHTPOMKOETLCA 3arMOBHEHHS Oydepa i Npu NOBHO-
MY Oro 3anoBHEHHI i BTpaTi AKOICb KifIbKOCTi NepefaHnX CerMeHTiB BTpaveHui
CerMeHT i BCi, WO 6ynn HagicnaHi nicna HLOro, nepefatoTbCs agpecarty NnoBTop-
HO. MMpKn 3HaYHIA MMOBIPHOCTI BTPATW NakeTiB TakWil NiAxXif CYTTEBO 3HWMKYE
MPONYCKHY CNPOMOXHICTb | JOAATKOBO 30i/bLUYE 3aBaHTaXKEHHS KaHany.
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MpoTtokon Fast TCP, sakuin 6a3yetbcd Ha TCP-Vegas, KOHTPOOE PO3MIp
BIKHa MnepefaBaHHs 3a paxyHOK aHanily 3aTpuMMKWM B 4ep3i Ta BTpaTWU MakeTiB
AN19 BU3HAYeHHA (paKTy BMHUKHEHHSA MepeBaHTaXeHHsA B KaHasi. Mpu BCTaHOB-
NeHHI (haKTy, WO Mepexa HabnMKaeTbCA L0 NepeBaHTaXKEHHS, PO3MIp BikHA
3MEeHLUYETLCA. AKLLO0 nepeBaHTaXKeHHA Oyae NofoMaHo, Po3MIp BiKHA 30i/bLuy-
€TbCA. TakMM YMHOM, PO3Mip BiKHa nepefaBaHHA 6yfe Habnmxatuca Ao Heob-
XiJHOr0, ONTUMa/bHOrO 3HAYEeHHS, WO A03BONSAE 3MEHLUMTU BTPATW 3HAYHOI
Ki/IbKOCTi MaKeTiB.

Mogudikauia TCP-Westwood [o03Bonse fOCATHYTM GiNbLUOT eq)eKTUBHOCTI
BUKOPUCTaHHSA KaHa/ly 3a paxyHOK po3p006/IeHOr0 a/iropuTMy KepyBaHHS BIKHOM
NepeBaHTaXKEHHS, AKWIA 6a3yeTbCs Ha aHani3i NOTOKY AaHWX, PIBHA BTPAT MaKeTiB
| MOTOYHOrO 3HaYeHHA CMYrX NPornyckaHHA. TakuiA nigxig 3a NeEBHUX YMOB [0-
3BOJISE OTPUMATU KpaLLi pe3y/nibTaTi, HXX NMpu BUKOPUCTaHHI IHLUNX anropuTMmiB.

Bepcis npotokony TCP-Reno NewReno mae fekinbka Moaudgikadii, a ca-
me: BIC-TCP (Binary Increase Control TCP), CUBIC TCP, P-TCP (Parallel
TCP Reno), S-TCP (Scalable TCP), HS-TCP (HighSpeed TCP), HSTCP-LP
(HighSpeed TCP Low Priority), H-TCP (Hamilton TCP).

Mogaundikauii BIC-TCP 1a CUBIC TCP 3a6e3neuytoTb KepyBaHHA rnepeBaH-
TKEHHAM 471 YCYHeHHSA nNpo6ieMun NoBisibHOI peakuii npotokony TCP y Buco-
KOLUBMAKICHUX Mepexxax BenvKoi foBXuHKu (fast long-distance networks), sika
MPU3BOAMTL 4O TOrO, L0 3HAYHA YacTMHA MPOMYCKHOI CMPOMOXHOCTI 3a/mLa-
€TbCA HEBUKOPUCTAHOLO.

HS-TCP BMKOPUCTOBYE MeXaHi3M KepyBaHHS rnepeBaHTaXkeHHsM B TCP ans
MoKpalLeHHA QyHKLioHYBaHHS npoTokony TCP y BUCOKOLWWBUAKICHUX Mepexax
31 3Ha4YHOHO (BE/IMKOHKD) 3aTPUMKOHO.

Metoto moamdikauii HSTCP-LP € BUKOPWUCTaHHS TiflbKM HaA/MLLIKOBOI
MPOMYCKHOI CNPOMOXHOCTI Mepexi, Mpu LbOMY HEBMKOpMUCTaHa MpoMyckKHa
CMPOMOXHICTb MOXe 6yTn BUKopucTaHa iHwumn TCP-noTokamu.

B moamikauii S-TCP ans 3mMeHLUeHHs BTpaTy NPOAYKTUBHOCTI Mnicnsa Bu-
HUKHEHHS NepeBaHTaXKEHHA 3MIHEHO TPaAMLINHWIA anropuTM KepyBaHHS repe-
BaHTaXXeHHAM TCP 3a paxyHOK KepyBaHHS pO3MipOM BiKHa.

Ak 6yno nokasaHo paHille, npotokos TCP He 3af0BO/IbHAE BMMOrK bGara-
TOMOTOYHMX MePEeX 3 MHOXXWHHOK apecauieto. Hanpuknag, Kony mMobifibHWiA
Wi-Fi iHTepdelic TenethoHa BTpayae curHan, Bci TCP 3’eAHaHHs, WO
npue’a3aHi o IP-agpecun iHTepdeincy Wi-Fi, 6yae nepepsaHo. TCP TakoX He
MOXe ByTV e(peKTMBHO BUKOPUCTAHO /15 BCTAHOB/IEHHSA 3’€4HAHHA 3 3a4IAHHAM
NEKINbKOX LUNAXIB.

Tomy 6yao pospobneHo npotokon MPTCP (Multipath TCP) — 6arato-
MapLUpyTHUn TCP, SKMi1 € HAbOPOM PO3LINPEHb perynsipHoro npotokony TCP
ans peanisauii cepsicie Multipath TCP, wWo Aae MOXAMBICTbL AN OA4HOIMO
3’€QlHaHHA nepefasaTV fOaHi 4epe3 fAekifbka MapwpyTie ogHoyacHo (RFC
6824). [aHnii NpPOTOKON [03BOJMISE OpraHidyBat (QYHKUiOHyBaHHSA TCP-
3’€[lHAHHA 3 [OCTaBKOK MaKeTiB OAHOYACHO [AeKisibKoMa MapLupyTamu yepes
Pi3HI MepeXHi iHTepericK, AKi 3’egHaHO 3 pisHMMK IP-agpecamu (puc. 5.13).
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TCP nignotik 1 .-

MPTCP noTik MPTCP norik

PucyHok 5.13 — MpuHuun dyHKLUioHyBaHHSA npoTokony MPTCP

Ans MepeXHUX [0JaTKiB Take 006’€fjHaHHS PO3rNALaETbCs AK 3BMYaliHe
TCP-3’eiHaHHA, a BCe KepyBaHHsS MOTOKaMK peani3yetbes pecypcamm MPTCP.
ICHYIOTb Taki K/o4HoBi 06MexxeHHs peanisauii Multipath TCP:

e peanisayis Mae 6yTU CYMICHOK 3 YXKe ICHYH4YMMK BepCigMu CTaHOapT-

Horo npotokony TCP;
e OAMH abo feKifnbKa BY3/iB MalOTb [eKifibKa BXOAiB/BUXOAIB Ta AeKifbKa
IP-agpec.

MpoTtokon Multipath TCP mMo)e BMKOPWUCTOBYBATUCL He TisibKW A1 36i/b-
LLUEHHSA NPOMYCKHOI CMPOMOXHOCTI, a 1 AN NigBuLLEHHA HadiiHocTi. MPTCP
(PYHKLIIOHYE Ha TPaHCMOPTHOMY PiBHI Ta Mae 6yTn Npo3opumM Ans GifibLl BUCO-
KX 1 61/1bLI HA3bKUX PIBHIB. BiH (hakTMYHO € HAOOPOM [0AATKOBMX MOX/IMBOC-
Tei noBepx cTaHAapTHoro npotokony TCP (puc. 5.14).

PiBeHb foaaTkis

MPTCP

Mignotik TCP MignoTik TCP

IP IP

PucyHok 5.14 — MPTCP y cteky TCP-IP

[oaatok iHiUitoe 3’eqHaHHA Wsxom BigkputTa TCP-cokeTa 3BUYaiHUM
cnocobom. 3’eaHaHHA MPTCP iHILitOETbCA TaK caMo, SIK 3BUYaliHE 3’€HAaHHSA
TCP. Lle nokasaHo Ha pucyHky 5.15, ge BctaHOB/MEHO 3’eAHaHHA MPTCP mix
agpecamu Al i B1, mix By3namun A i B. AKW0 40AATKOBI WAAXW LOCTYMHI, JO-
patkosi TCP cecii (MPTCP «nignoTokn») IHILIFOKTLCA Ha UMX Lwnsaxax |
06’€HYIOTLCA 3 ICHYHOUMM MiANOTOKOM, SIKWIA NPOAOBXKYE BUCTYNATU EANHUM
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NiAKNYEHHSA 4Na A0AATKIB Ha nNpuknagHomy piBHi. [logatkosi TCP nignoToku
nogaHo Mk agpecoto A2 Bysna A 1 B1 agpecoto By3na B. CTBOPeHHSA HOBMX
NiANOTOKIB CynpoBoAXyeTbeA nepepasaHHAM SYN I ACK-nakeTiB, W0 MICTATb
onuito MP_JOIN. KnieHT iHiLitoe HOBWIA NiANOTIK, BUKOPUCTOBYOUN napy IP-
agpec (KnieHT + cepsep). A 414 iaeHTUdikawii 3’e4HaHHA, AKe BCTAHOB/HETLCH,
BUKOPUCTOBYETHLCA MapKep, LLLO reHepyeTLCS 3 BUKOPUCTaHHSAM K/toYa.

XocT A XocT B

IP-agpeca Al IP-agpeca A2 IP-agpeca B1 IP-agpeca B2

MoyaTKoBi Ha/lallTyBaHHSA 3’elHaHHA

______________ _}
<_ ______________
JopaTtkosi
HanalTyBaHHA 3’€fHaHHA
———————— >
(. ________

PucyHok 5.15 — MPTCP 3’efHaHH# 3 AeKinibkoma agpecamu

MPTCP igeHTUdikye Kifbka LWAAXIB HAABHOCTI MHOXUHHUMX agpec. Kifb-
KiCTb KOMOiIHaLi UMX afgpec MoXKe OYTW eKBiBa/leHTHa KifIbKOCTi [04aTKOBMX
NAxis. Hanpuknag, iHWi NOTEHUiNHI WAAXKM, WO MOXYTb OYTU CTBOPEHI: afi-
peca A1l — apapeca B2 i agpeca A2 — agpeca B2 Toulo. Xoya nokasaHo, Lo
[0AaTKOBa Cecist HILitOETbCA 3 aApecn A2, BOHa MOXe ByTHW iHililioBaHa i 3 aj-
pecn B1l. BcTaHOBNEHHSA AOAATKOBMX MIAMOTOKIB AOCATaETHCA 32 PaxyHOK Cro-
coby KepyBaHHA MapLupyToM. Y MPTCP-3’efHaHHI Habip IP-agpec KiHLeBoro
By3/1a MOXe 6yTn 3miHeHo. MPTCP moxe fogatv HOBI agpecy abo BUAAIUTH
iX. Konn NAT 6/510Kye BCTaHOB/IEHHA 3’€fHaHHA B OAHOMY HanpsMKY, cepsep
He MOXe BCTaHOBWUTM A0AaTKOBe 3’€HaHHA (HOBWUIA MigNOTIK). Y UbOMY BMNaa-
Ky CepBep MOXe aHOHCYBaTW AOCTYMHY ajpecy ANs KnieHTa 6e3 BCTaHOB/IEHHSA
3’efHaHHA 4yepe3 cuctemy NAT. Hanpuknag, cepsep iH(POpPMYye KiieHTa Mnpo
anbTepHaTMBHI IP-agpecn. TTicng 4oro KNIEHT MOXe BignNpPaBUTWU  OMLIHO
MP_JOIN po ui€i HoBOiT agpecu. MNpomidkHe MepexkHe 06n1afHaHHSA MOXKe 3MIHN-
T IP-agpecy, came TOMY Lieii NapameTp BUKOPUCTOBYE iAeHTM(IKaTOp agpecu
ANA igeHTUdIKauiT agpecy Ha XOcTi.

Konu gekinbka NignoToKiB BUKOPWUCTOBYHOTLCS Pa3oM, AaHi, Lo npuiiva-
IOTbCA 3 PI3HUMU 3aTPUMKamn, 06po6iAoTbca MPTCP 3aBAsKN BUKOPUCTaHHIO
NopAAKOBMX HOMepIB Ha piBHI 3’¢aHaHHA. MPTCP nignoTokn MoXyTb 6yTn f10-
AaHi abo BMaaneHi B 0yab-aKMi1 Yac i 3a6e3neuyroTb HagiiHe 3’eIHaHHSA, Ae O/
foctaBku gaHnx MPTCP BUMKOpPUCTOBYE HOMep NocnifgoBHOCTI faHux (DSN).

KoxHuit nignotik MPTCP igeHTUikyetbcst 32-6iTOBOK MOCNIAOBHICTIO,
O BuAiNeHa Ans nopagkoBoro Homepa nignotoky SSN (Session Sequence
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Number). AupektnBa MPTCP po3sonse Bigobpaxatn SSNs Ha DSNs (Data
Sequence Numbers). ToMy AaHi MOXYTb OYTU MOBTOPHO MepefaHi Ha PI3HMX
nignoTokax, y pasi, Konu craecs 36iil. Lia anpekTuea 34iACHIOE Bif06paXKeHHS,
a TaKoX MOXe Mepefasaty MigTBepAXKeHHA Ha piBHI 3’egHaHHA DANSs (Data
Acknowledgement Numbers) ans npuitHaToro DSN (pucyHok 5.16).

XocT A oot E
SSN=123, DSN:O (0_>123, Ien=1)1 “au
—]
SAN=124, DAN=1
—
SSN=124, DSN=2 (2_>124’ Ien=1)1 “”
—]

SAN=125, DAN=3

PucyHok 5.16 — MiareepmkeHHsA naketie MPTCP

Yci nignoTokn MaroTb CiflbHUIA Bydep AasS BXiAHUX NOBIJOM/EHb i BUKO-
PUCTOBYIOTb TOW >Xe po3Mip BikHa npuiiomy. € aBa piBHI NiATBEPIKEHb B
MPTCP. TMigTBepmiXXeHHs Ha piBHI nignotokis y MPTCP BUKOPUCTOBYHOTLCH
ANA NIATBEPMKEHHA NPUAOMY CErMeHTiB, WO BiAMNpaBifOTLCA MigNnoTOKamu
He3a/IeXXHO Bif TX [Kepena AaHuxX. IHWWUA TUN — NigTBEPAKEHHS NPUIAOMY Ha
piBHI MPTCP 3’egHaHHs gna DSS. LI nigTeepmkKeHHs BIACTEXYHOTb €BO/HOL IO
B MOTOL,i i KOB3HWNX BiKHaX Npuiiomy.

[ns 3aBepLUeHHs 3’elHaHb Yepe3 NiANOTOKM KNieHT nepefae «Data FIN» B
pamkax onuii Data Sequence. MNMpoueaypa € aHanoriyHoto TCP FIN, ane suko-
HYeTbCA Ha piBHI 3’efHaHHA. [licng TOro, AK BCI AaHi OTPUMaHi Ha piBHI
3’eflHaHHA, BignpaBnseTbcs nosigomneHHsa «Data ACK».

LLi onepauii B MPTCP 3aiiiCHIOIOTbCA 3aBASKM 0O6MiHY KepPiBHOK iHopma-
uieto (naHumun kepysaHHs) MTPCP mix xoctom A (KnieHT) i xoctom b (cep-
Bep), L0 HaBefeHi Ha pUCYHKY 5.16. KepiBHa iH(opmauisa MPTCP npeacTtasne-
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Ha onuisMu B Maketax, TO6TO KoxXHa onepauisa MPTCP nepefaeTsca 3a gorno-
MOFOK OAHOr0 YMCIOBOro TUNy 3 cyosapiaHTamn — TCP onuii.

SCTP (Stream Control Transmission Protocol) — npoTokon nepegasaHHA
3 KepyBaHHsAM notokom (RFC 3257, 3286, 4960) — nopiBHAHO 3 NPOTOKO/1aMU
TCP 1a UDP, BUKOHYE TaKi [04aTKOBI (DyHKLIT, AK 6araTonoTo4HICTb, 3aXUCT
Bif DDo0S aTak, CUHXPOHHe 3’€HaHHA MDXK ABOMa XOCTamy ABOMa ab0 Gi/bLLIOHD
KINIbKICTIO He3a/ieXXHUX (isnyHmnx KaHanis (multi-homing). SCTP 3abe3neuye
HafinHe nepefaBaHHA MOBIAOMMIEHb MiX KiHLEBUMW XOCTaMu, BUKOPUCTOBYHO-
4/ MHOXWHHY afpecauito (puc. 5.17), Wo, B CBOK uepry, 3abesneuye
BiZIMOBOCTINKICTb, BUKOPUCTOBYHOUM HAA/IMLLKOBI MepexHi wnaxu. SCTP —
MPOTOKO/, OPiEHTOBaHWI Ha MOCTiMHe 3’€fJHaHHSA, [e KIHLEBWIA BY30/1 MOXe OY-
TW afpecoBaHMI 3a O0ONOMOroK AeKinbkox IP-agpec B Kom6iHauii 3 SCTP-
ropTamu.

Mepexxa Ethernet

PucyHok 5.17 — 3actocyBaHHA SCTP

Lleir npoToKon AOCTYNHWIA B Linux, novnHaroun 3 Bepcii sapa 2.6.

DCCP (Datagram Congestion Control Protocol) — npoTokon Hagae me-
XaHi3mMy 4na BIACNIAKOBYBaHHSA MepeBaHTaXXeHHA B Mepexi. Llei mpoTokon He
rapaHTye [0CTaBKy iH(opMmaLil B HEO6XiAHi NOCNIAOBHOCTI, afie € eheKTUBHUM
ANA 00AAaTKiB, B IKMX AaHi, L0 He A0CTaB/feHi B MOTPIOHMIA Yac, CTalTb HEKO-
PUCHUMW. TakuM 4YMHOM BTPAYaETLCA CEHC 0OPOOKM TaKUX AaHUX, OCKiNbKM
BOHW BXe He € aKTya/lbHUM. Hanpuknag, noTokoBe Mefia-MOB/IEHHS, OHNalH-
Irpn, IHTepHET-TeNe(hoHiIs TOLLO. Ha CborogHi 6inbLLIICTb TaKMX A0AATKIB camo-
CTIHO BiACNIAKOBYE MepeBaHTaXXEHHS Ta BUKOPUCTOBYE npoTokonnm TCP Ta
UDP. MpoTokon nigTpnmyeTbea 3 Bepcii 2.6.14 aapa Linux.

XTP (Xpress Transport Protocol) — NpoTOKON HOBOro MOKOMIHHSA, AKWA
Aonae Taki Hegonikn npotokony TCP, SK NOBINbHUIA CTapT, HeetheKTMBHA PO6o-
Ta npw BTpaTi nakeTiB. B XTP po3aineHi yHKLUiT 3a6e3neyeHHst HaginiHoro ne-
pefaBaHHA AaHMX Ta KepyBaHHSA HUM, a TaKOX AOMYyCKae KepyBaHHSA NPOMyCK-
HOK CMPOMOXHICTIO KaHa/ly Ta BUPILLIYye NpobneMy rnepeBaHTAXEHHS KaHasy.
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MprHUMNoBOK 0cobAMBICTIO XTP € He3aeXHICTb Bif YMcna yY4acHUKIB IHQop-
MauiiHOro o6MiHy (3BMYaHWIA PEXUM € E€KBIBA/IEHTHUM FPynoBOMY nepeja-
BaHHIO, 3 L€l NpuunHN XTP MOXe BUKOPUCTOBYBATUCA | AK NMPOTOKON rpyrno-
BOro nepegasaHHsA) I MOX/MBICTb poboTn 3 MAC, IP a6o AALS. MpoTtokorn
npu3HaveHnin B nepcnekTusi 3amiHTM TCP Ta UDP. 'pynoBe nepefjaBaHHs B
XTP, Ha BiAMIHY Bif IHWMX NPOTOKO/IB, MOXe rapaHTyBaTWl [OCTaBKY iH(oOp-
Mauii, WO MOXKe BUSBUTUCA BXK/IMBMM MpU 6araTOTOMKOBOMY KepyBaHHI abo B
AEeAKNX Po3rofineHnx 6aszax gaHux.

Mpn 5% BTpaT nakeTiB XTP 3abe3neyye B 6 pasiB OifbLLy MPONYCKHY
CNPOMOXKHICTb, HXX TCP. ¥ Tabnuui 5.3 HaBefeHO MOPIBHANbHI pe3ynbTaTu
BUMIpIOBaHHA NPOMYCKHOT CMPOMOXHOCTI KaHanny ATM (155 MG6iT/c) npu Bu-
KopucTaHHi npoTtokonis TCP, UDP i XTP (BMKOPUCTOBYBA/INCA MaKeTN LOBXU-
Hoto 8190 6aitTiB).

Tabnnua 5.3 — MopiBHANbHA xapaktepuctnka TCP, UDP ta XTP

Hasea npoTokony [MponyckHa (M6iT/c) CNPOMOXXHICTb
TCP 89-93
UDP 93-94
XTP 112-115

5.5 lMuTaHHA gna camonepesipKn

1. OxapakTtepusyiTe 6a30Bi PYHKLIT MPOTOKO/IB TPAHCMOPTHOMO PIiBHS.

2. TTOACHITH, AKUM YMHOM Bif0YBAETLCA MY/IbTUMNEKCYBAHHA Ta AeMY/Ib-
TUNJIEKCYBaHHA MOTOKIB AaHWX Ha TPaHCMOPTHOMY PiBHI. Ynm 06ymoB/eHa He-
06XiAHICTb LIET MpoLeaypy came Ha TPaHCMOPTHOMY PiBHI?

3. T[lopiBHAWTE Knacu CepsiCiB TPaAHCMOPTHOIO PIiBHA Ta BW3HAYiTb, A/
AKMX 3aa4 HallkpaLle NiAX0ANUTb KOXKEH i3 HUX.

4. TI0ACHITb NPU3HAYeHHSA MPOTOKO/IbHUX MOPTIB Ha TPAHCMOPTHOMY piB-
Hi. HaBefiTb aHanorii 3 iHWKMX rany3eit NIOACLKOT AisNIbHOCTI.

5. OxapakTtepusyinTe npotokon UDP. HaBefiTb NpuKnaan cepsicis, L0
BMKOPUCTOBYOTL NMpoTokon UDP.

6. [loACHITL NpM3HaYeHHA OCHOBHKX nonis TCP-3aronoBka.

7. BKaxiTb, BUKOPUCTaHHA AKUX nosis TCP-3aronoBka L03BOJISE MPULL-
BUALLNTW JOCTaBKY faHMX OTPUMYBaYy.

8. OxapakTepu3yiTe Npu3HaYeHHs1 KOHTPO/IbHUX 6iTiB B 3aronosky TCP-
cerMeHTa.

9. [aiiTe nopiBHANbHY XapakTepuctuky TCP- Ta UDP-npoToKony, BKasa-
BLUVM nepeBaru i Hefl0MiKN KOXXHOI0 3 HUX.

10. OxapaKkTepu3yinTe 0CHOBHI ha3un poboTn TCP-npoTokony.
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11. ONnWIiTb MexaHi3M MiATBEPMKEHb, IO TX BUKOPUCTOBYE MPOTOKO/I
TCP.

12. CtaHuia A Bignpasu/ia Ha CTaHLito B Tpu cermeHTn, BCi BOHW Bynn yc-
nilWHO JocTaeneHi. Homep B NOCNiA0BHOCTI MepLuoro 3 Hux popisHioe 2300, B
noni faHuWx cermeHTiB BignosigHo 6yno nepegaHo 1000, 1200 Ta 1400 6GaiTis.
BkaxiTb, LLIO BKa3aHO B Mo/ HOMepa NiATBEPAKEHHS B KBITAHLIT MPO OTPUMAaHHS
KOXHOIO 3 CerMeHTIB. LLLO 3MiHWTbCS, SKLLO NepLUMiA CerMeHT 6y/10 BTpayeHo?

13. LLlo Take BIKHO CErMEHTIB i K MOro po3mip Br/MBaE Ha LUBUAKICTb Mne-
pefaBaHHA faHnX yepe3 TCP-3’eAHaHHS.

14. Hexali 3aTpyMKa nepeaaBaHHs faHunx yepe3 TCP-3’¢aHaHHSA CTaHOBUTb
200 mc; AKuiA Tpeba BCTaHOBUTM PO3MIp BikHa, L0 6 LIBMAKICTb MepeaaBaHHs
AaHnX cTaHoBMNa 2 MGIT/c npy NPONYCKHI CNPOMOXKHOCTI KaHany 10 M6iT/c.

15. TopiBHANATe MiXK COB00 PeXKUMK MOBTOPHOIO MepeAaBaHHA AaHuX, Lo
BUKOPUCTOBYOTLCA TCP-NpoTOKO/IOM. BKaXKiTh nepeBarn Ta Heflo/liKu KOXKHO-
ro 3 HUX.

16. MoACHITb, AKI NPUYNHN BUHUKHEHHS NepeBaHTaXKeHb B IP-mepexi i AKi
OCHOBHI 03HaKM LIbOro ABULLA.

17. AKi oCHOBHI 3axoan BxwuBae TCP-NpoTOKoN Ans BMXOAY 3i CTaHy ne-
peBaHTaKEHHA?

18. OnnWiTb, AKUM 4YMHOM pearye npoTokon TCP Ha nepebifblUeHHS
TalM-ayTy i OTPUMaHHSA TPbOX AYyO6/1HOBaNbHUX KBUTaHLIN, MOSCHITb PI3HULIIO.

19. BkaxiTb ocHOBHI nepesarn MPTCP nopisHsHO 3 TCP.

20. OxapakTtepuayiiTe ocob6nmBocTi npoTokony MPTCP.
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6 NMPOTOKOJIM BEPXHIX PIBHIB

6.1 MNMpoTokon DHCP

Mpotokon DHCP (Dynamic Host Configuration Protocol) — ue mepexHuii
MPOTOKO/, WO A03BOMAE By3NaM Mepexi aBToMaTU4YHO oTpumyBaTu IP-agpecu
Ta IHWI napameTpu, WO HeobXigHi ansa pobotn y mepexi TCP/IP. CtaHpapT
NPOTOKONY MPUAHATO Yy 1993 p., MOTOYHY BEPCit0 MNPOTOKOAY OMUCaHO Y
RFC 2131. Y 2003 p. 3’asunacst Hoa Bepciss DHCP, 1o npu3HaveHa Ans BUKO-
pucTaHHA 3 IPv6, HasuBaeTbcd DHCPV6 i onncaHa y RFC 3315. Jani 6yge pos-
rnagaTnca NpoToKo, Wwo onepye 3 IPv4-aapecamu.

[MpoTOKON Mpautoe BIAMOBIAHO A0 KIEHT-CEPBEPHOI CXeMu. KIEHT — Ue
KOMM’HOTEP Mepexi, Lo Xoye oTpumaTn B opeHay IP-agpecy, a DHCP-cepsepu
BUKOHYIOTb PYHKLIT ANUCMEeTYepiB, L0 HafatoTb aApecu, KOHTPOMOKTL TX BUKO-
PUCTaHHA | NOBIJOMAATL K/iEHTaM HeoOXifHI KOHdirypauiiHi napameTpu.
Cepsep NiaATpMMYE Nyn BiNbHUX afpec i Beie BNacHy peecTpaviinHy 6asy faHuX.
TakoXX Mae 3abesneyvyBaTi B3aEMOZII0 3 PETPaHCAALIAHUMW areHTamMy NpoTo-
kony BOOTP i o6cnyrosyBatu BOOTP-knieHTiB. DHCP mae 3a6e3nevyBsaty
YHIKQ/IbHICTb ~ MEPeXHWX  afpec, WO  BMKOPUCTOBYHOTHCA  PI3HUMMU
KOMMN’toTepammn Mepexi B JaHNA MOMEHT, 36epeXKeHHs nonepeHixX KoHgirypa-
LI KNIEHTCbKMX CTaHLii nicnsa nepesaBaHTaXXeHHS KNieHTa abo cepsepa.

MpoTtokon DHCP Hagae Tpu cnocoby po3snogainy IP-aapec:

e pyuYHWIA po3nogin. Mpu uboMy cnocobi agMiHiCTpaTop BCTAHOB/MOE Bif-
nosigHicTb anapaTHoi agpecu (ans Ethernet mepex ue MAC-agpeca)
KOXHOI0 KMIEHTCbKOro Komn’totepa i nesHol IP-agpecn. dakTuyHo, aa-
HWUA cnoci6 po3noginy aapec BifApPI3HAETLCA Bif PYYHOro Hanaromky-
BaHHSA KOXXHOr0 KOMM’toTepa nvLle TUM, Wo BIiAOMOCTI Mpo agpecu 36e-
piratoTbCa LeHTPasni3o0BaHo;

e aBTOMAaTMYHWIA po3nogin. MNpu fgaHoMy Cnocobi KOXHOMY KOMM’HoTepy
Ha NOCTiHe BMKOPUCTaHHSA BUAINSETbCA AesKa BinbHa IP-agpeca 3 nes-
HOro fianasoHy, SKuUi 3aaae agMiHicTpaTtop;

e AWHaMiYHWMIA po3nogin. Llei cnoci6 aHanoriyHMin aBTOMaTU4YHOMY PO3-
MoAiNy 3a BUHATKOM TOrO, WO aapeca BUAAETLCA KOMM’HOTEPY He Ha Mno-
CTiiHEe KOPWUCTYBaHHSA, a Ha MeBHUA TepMiH. Lle Ha3MBaeTbCS OPEH/OH
agpecu. Micns 3aKiHYeHHs TepmiHy opeHan IP-agpeca 3HOBY BBaXKA€ETb-
cs BiNbHOK. Kpim TOro, KnieHT caM MOXXe BiAMOBUTUCSA Bif OTPUMaHOI
agpecu.

[eski peanizauii cny>xx6v DHCP 3gaTHI aBTOMaTM4HO OHOB/IOBATW BiAMNOBI-

AHi 3anucn DNS npu BUAINEHHI KNiEHTaM HOBUX agpec.

Kpim IP-agpecn DHCP TakoX MoXe noBifoMNATH KNIEHTOBI 40AATKOBI Ma-
paMeTpu, HeobXiAHI 419 HOpMa/ibHOT po60TK B Mepexi. LIi napameTpu Ha3uBsa-
toTbcA onuiamy DHCP. Cnucok cTaHaapTHUX onui nepepaxosaHo y RFC
2132. 3 HUX HalbiNbLL YaCcTO BUKOPUCTOBYHOTHCS:
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IP-afpeca mapLupyTr3aTopa 3a 3aMOBYYBaHHSAM;
Macka nigmepexi;
agpecu cepsepis DNS;
iM’a gomeHy DNS.

B3aemogis mixx DHCP-cepsepamu | KnieHTaMW BUKOHYETLCA LLNAXOM 06Mi-
Hy nosigomneHHaMK. dopmat nosigomneHHss DHCP nokasaHo Ha puc. 6.1. Y
Tabs1. 6.1 HaBe4eHO TUNW MONIB NOBIAOM/IEHHA Ta TX NPU3HAYEHHS.

0 718 15116 23 | 24 31
op (1) htype (1) hlen (1) hops (1)
xid (4)
secs (2) flags (2)
ciaddr (4)
yiadd (4)
siadd (4)
giaddr (4)
chaddr (16)

sname (64)

file (128)

option (3MiHHa LOBXMHa)

PucyHok 6.1 — ®opmat DHCP-nosigomneHHs

Tabnnua 6.1 — 3HadyeHHsA nonis DHCP-MoBigoMIEHHS
Mone BaiT Mpr3HayeHHsA nona
op 1 Kog onepauii noBigoMeHHS / TUN NOBIAOM/IEHHS.
1 1=BOOTREQUEST, 2=BOOTREPLY
htype 1 Twun anapaTHoi agpecu, Hanpuknag, 1 anga Ethernet.
hlen 1 [oBXWHa anapaTHOT agpecu, Hanpuknag, 6 ansa Ethernet.
1

KnieHT BCTaHOB/IOE Lie MO/e B HY/lb, MO/E MOXKE BUKOPUCTOBYBATMUCS are-
HTaMK TpacyBaHHS, KON B3aEMOist BAKOHYETbCS Yepes NocepeaHyKa.

ID TpaH3aku,ii, BUNagKoBe Y1cro, Wo BUOMPAETLCA KNIEHTOM i BUKOPU-
xid 4 CTOBYETLCS AK KNIEHTOM, TaK i CepBepOM 151 BCTAHOB/IEHHSA Bi4NOBiA-
HOCTI M)XK 3anuTamu i Bignosigamu.

3anoBHIOETLCA KMIEHTOM, Ki/IbKICTb CEKYH/, 3 MOMEHTY NOYaTKy 3anuTy
afipecy abo pectapTy npoLiecy.

flags 2 Mpanopu,.

IP-agpeca KNieHTa, L0 3an0BHIOETLCA NINLLIE B TOMY BUNAAKY, SKLLO0
ciaddr 4 KNieHT 3HaxoauTbesa B ctaHi BOUND, RENEW a6o REBINDING i
MOXKe pearyBaTth Ha 3annuTn ARP.

hops

Secs 2
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[MpoaoBXeHHs Tabn. 6.1

yiadd 4 IP-agpeca, WO NPONOHYETLCA KITIEHTY.

siadd 4 IP-agpeca cepsepa.

giaddr 4 IPjg,qpeca areHTa peTpaHCcnALiT, BAKOPUCTOBYETLCS, AKLLO B3aEMOAIA
3AINCHIOETLCS Yepes3 NocepeHuKa.

chaddr 16 | AnapartHa agpeca K/i€eHTa.

sname 64 IM’a cepBepa, PALOK 3aKIHUYETHCA HYEM.

IM’5 (hainny 3aBaHTaXXeHHS (Boot-thaiiny), cTpiuka 3aKiHUYyETbCS HY/EM;

file 128 | im’a «generic» a6o Hynb y DHCPDISCOVER, NOBHWUIA ONKUC WASXY Y

DHCPOFFER.

option var | lone He060B’A3KOBMX NapameTpis.

AK TpaHCMOPTHUIA NPOTOKON Anst 06MiHy DHCP-noBigoMNeHHAMW BUKOPK-
cToByeTbca UDP. Konu BianpaBnseTbCA NOBIAOMAEHHA Bif K/iEHTa Ha cepsep,
TO BUKOPUCTOBYETbCS 67-1 nopT DHCP-cepBepa, Ana nepefaBaHHsA MOBiLAOM-
NEHHSA Y 3BOPOTHOMY HanpsiMKy — 68-i1. KOHKPeTHI npoueaypu B3aeMOAIT MidK
KnieHtamun i DHCP-cepeepamu pernameHtye RFC 1542,

HagaHHs afgpecy B OpeHAY BWMKOHYETHCA Y BIAMOBIAb 3@ 3anuUT K/IEHTA.
DHCP cepsep (abo rpyna cepsepiB) rapaHTytoTh, L0 HajaHa ajpeca A0 3aKiH-
UEHHSA TepMiHY OpeHAn He Byae HafaBaTUCA THLLIOMY KIEHTY. Konu KieHT no-
BTOPHO 3BEPTAETLCA [0 CepBepa, TO OCTaHHIN HamaraeTbCA HagaTu oMy agpe-
Cy, SKy TO BMKOPWCTOBYBAB PaHillie. Y CBOK Yepry K/iEHT MOXe Hagicnatu
3annT Ha NPOAOBXEHHS OpeHan abo A0BYaCHO BiAMOBUTUCA Bif Hel. [POTOKO/
TaKoX MOXe HagaTtu IP-agpecy B HEOOMeXXeHe BUKOPUCTaHHS.

6.1.1 B3aemopisa KnieHTa i cepepa Npv HagaHHI MepexxHoT agpecu. lMo-
CNMiAOBHICTb NOAIN NPY HafaHHI aapecn HaBeeHO Ha puc. 6.2, a onMc NoBiJOM-
NeHb —y Tab. 6.2.

Tabnmusa 6.2 — Tnn i NPU3HaYeHHs NOBIAOM/IEHb NPW B3aEMOAIT KieHTA |
cepsepa

[oBifOMNEHHSA [Mpy3HaYEHHSA NOBILOM/IEHHSA

DHCPDISCOVER KnieHT BianaBnﬂe LUMPOKOMOBHE MOBIJOM/IEHHS, 106 3HANTH

[OCTYMHWI CepBep.
BianpaenseTbca cepepoM KIEHTY Y BiANOBIAb HA NOBILOM/IEHHSA
DHCPOFFER DHCPDISCOVER i MicTUTb NPONo3uLito 3 KOHGirypawiiHumm
napameTpamMu.
[MoBiAOMIEHHSA KiEHTa CepBepy:
— 3anuT napamMeTpiB Bij OAHOr0 cepsepa i HeABHO BiAKMAAE NPO-
No3unLiT IHLUWX CepBepiB;

DHCPREQUEST . . . .
— NiATBEPAKEHHA KOPEKTHOCTI paHiLle npusHayveHor agpecu,
Hanpuknag, nicns nepesaBaHTaXKeHHA CUCTEMMU;
— 3annT PO3LUMPEHHA Yacy XUTTA KOHKPETHOT MepeXxXHoT agpecu.
BianpaBnsieTbcsa cepBepoM KNIEHTY i MiCTUTb KOHirypauiliHi na-
DHCPACK Anp pBep y (pirypay

pamMeTpu, B AKNX € TAKOXX MepeXkHa afpeca.
BianpaenseTbcs cepepoM KNIEHTY NOBILOM/EHHSA NPO Te, WO Me-
DHCPNAK peXHa agpeca HEKOPEKTHa, HanpuKnad, KNieHT nepeMilLeHnii B
IHLWY nigmepexy, abo Yac BUKOPUCTaHHSA afipeck 3aKiHYMBCS.
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[MpoaoBXeHHs Tabn. 6.2

DHCPDECL INE ::(TILIE:T i cepeep BUSIBUNN, LLLO MepeXKHa afipeca BXe BUKOPKCTOBY-

DHCPRELEASE Bl,_c_l,npaBnﬂeTbCH KMIEHTOM CepBepy 3 METOHO BiAMOBM Bi/l MEPEX-
HOT aApecy Ta aHy/IHoe Yac Aii afpec, Lo 3aINLLNBCS.
BignpaBnseTbCs KNiEHTOM CepBepy 3 NPOXaHHAM HaZaTW JIOKaSbHI
DHCPINFORM KOH(pirypauiriHi napameTpu; KNieHT BXXe Mae OTPUMaHy MepPeXHy

ajpecy.
Cepsep Knient Cepsep
He BMGpaHo + BMGpPaHo
DHCPDISCOVER CTapT |H|L|||a.l'||3aL|||| DHCPDISCOVER
A/ i
Bu3HaueHHA BusHaueHHs
KOHirypauii KOHirypauii
Y
36upaHHS BiArykis
Bu6ip KoHirypauii
DHCPREQUEST DHCPREQUEST
y
BWKOHaHHS
KOHGpirypauii
DHCPACK
Y
3aBepLueHHs iHiLianizauii
Shutdown
DHCPRELEASE
y
AHYNOBaHHA
KOHGpirypauii
\ v

PucyHok 6.2 — INopsAgok B3aeMOAii KieHTa | cepBepa npu Bugadi IP-agpecu

1. KnieHT Bignpasnse y BnacHy (isnyHy nigmepexy LUMPOKOMOBHE MOBi-
pomneHHa DHCPDISCOVER, B skomy M0OXe BKa3yBaTUCA ajpeca, Lo BiallTo-
BYE K/i€HTa, i vac 11 opeHAW. AKLWO B faHiin nigmepexi DHCP-cepBepa HeMae,
MoBIAOM/NEHHS Byae nepedaHo B iHLWI NigMepexi peTpaHNALiRnHAMMK areHTamm
npotokony BOOTP (BOHM X NMOBEPHYTb K/TIEHTY BIiAMOBIAI CepBepa).

2. bygb-akuiA i3 cepBepiB  MOXe BIfNOBICTM Ha  MOBILOM/EHHS
DHCPDISCOVER nosigomneHHam DHCPOFFER, gogaslin oo HbOro goctyn-
Hy IP-agpecy (yiaddr) i, SKW0 noTpi6bHO, NapaMeTpy KOHirypauii knieHta. Ha
AaHoOMYy eTani cepBep He 3060B’s3aHUI pe3epByBaTK BKasaHy aapecy. BiH moxe

205




3anponoHyBaTu iHWOMY KIEHTY AaHy afgpecy. PasoM 3 TMM CepBep MOXe BU-
KoHaTu nepesipKy 3 gonomoroto ICMP-3anuTy, UM He BUKOPUCTOBYETLCA AaHa
IP-agpeca B Mmepexi.

3. KnieHT He 30060B’A3aHMIA pearyBaTi Ha nepLly > NpPonosuuito, Lo Ha-
Ainwna. JonyckaeTbes, Wo6 BiH f0o4eKaBcs BiAryKiB Bif AeKibKOX CepBepiB i,
3YMVHUBLLNCH HAa OAHIN i3 NPOMO3ULLiA, BIANPaBMB Y MEPEXY LLUMPOKOMOBHE Mo-
BigomneHHss DHCPREQUEST. Y HbOMYy MICTATLCA i4eHTU®IKATOp 06paHoro
cepsepa i, MOX/IMBO, 6adKaHi 3HaYeHHSA MapameTpiB KOHirypayii. AKLWO K/ieH-
Ta He BNALLTOBYE XO/[Ha 3 Npono3uuii, To BiH 3amicTb DHCPREQUEST 3HoBy
Hagcunae B Mepexy 3anut DHCPDISCOVER. Akwo B npoueci 04YiKyBaHHS
BiArykiB Big cepeepa Ha DHCPDISCOVER pfocArHyTo Talm-ayT, KNieHT Bign-
paBnse AaHe NoBiJOMIEHHS NOBTOPHO.

4. lpeHTtudgikatop y nosigomneHHi DHCPREQUEST pao3Bonse BignoBij-
HoMy DHCP-cepBepy nepekoHaTuCst B TOMY, WO KIEHT MPUAHAB caMe ioro
npono3suuito. Y Bignosiab cepsep Bignpaesnse niareepmkeHHs DHCPACK, wo
MICTUTb 3Ha4YeHHSA HeobXiAHMX napameTpiB KOHQirypauii, i BAKOHYE BiAnoBij-
HWIA 3anuc y 6asy JaHux.

AKLLO 40 MOMEHTY HaaxomkeHHA nosigomneHHs DHCPREQUEST 3anpo-
MOHOBaHa afipeca BXe NMPUCBOEHA IHLLOMY KMIEHTY (Hanpuknag, neplia craHuis
3aHa/[To [0Bro pearysasna), cepsep sianosigae nosigomneHHam DHCPNACK.

5. Otpumaswum nosigomneHHs DHCPACK, KnieHT 3060B’A3aHWIA Nepeko-
HaTuca B yHiKasibHOCTI IP-agpecn (3acobamu npoTtokony ARP) i 3adikcysatu
CyMapHuWi1 TepMiH T opeHAKN. OCTaHHIn PO3PaxoBYETLCA SIK Yac, O MUHYB MiX
BignpaBneHHsaM nosigomneHHs DHCPREQUEST i npuitomom BiAnoBigHOIo
nosigomneHHss DHCPACK, nntoc TepmiH opeHau, 3a3HadeHmin y DHCPACK,

AKWO afgpeca BXe BUKOPUCTOBYETbCA IHLIOK CTaHUIED, KIEHT 30-
6oB’A3aHUIA Hagicnath cepsepy nosigomneHHss DHCPDECLINE i He paHilue
Hi>K Yepe3 10 ¢ noyaTy BClO Npouefypy 3HOBY. MpoLec KOH(IrypyBaHHS TakoX
MOHOB/OETLCA, KON KMIEHT OTPMMaB Bif cepsepa nosigomneHHs DHCPNACK.

6. 19 4OCTPOKOBOIrO NPUMUHEHHS OPeHAM afpecy KNIEHT Bignpasnse cep-
Bepy nosigomneHHs DHCPRELEASE.

HaBefieHa NOCNIAOBHICTb Al MOMITHO CMPOLWLYETHLCSH, AKLWIO KNEHT 6axae
MOBTOPHO npavtosatu 3 IP-agpecoto, Lo 6yna oMy BUAiseHa paHille. Y LboMy
BUNaAKY neplumm Bignpasnsetbca nosigomneHHam DHCPREQUEST, B skomy
KNIEHT BKa3ye afipecy, L0 BUKOPUCTOBYBaslaCsA paHille. Y BignoBiAb BiH MOXe
oTpumatu nosigomneHHss DHCPACK a6o DHCPNACK (KL afpeca 3alHaTa
ab0 KNIiEHTCbKWNIA 3arnT € HEKOPEKTHUM). Y [aHOMY BUMaAKy YHiKa/lbHICTb aj-
PECK Ma€e MepeBipATU TaKOX KIEHT.

AKLWO Ha MOMeHT oTpumaHHs 3anuTy DHCPDISCOVER cepsep He Mae Bi-
NbHUX IP-agpec, BIH MOXe HagiciaTi noBigoMIeHHSA NPo npobnemy aaMiHICT-
patopy. Pa3om 3 TuMm, 3a3BMyaid, KMIEHTY BUAINAETLCA adpeca, Lo 3aikcoBaHa
3a HUM Ha JaHuii MOMEHT. FKLWO Le HEMOXX/IMBO, CepBep 3anponoHye agpecy,
AKOK KOPUCTYBABCS KMIEHT A0 3aKiHYEHHS TePMiHY OCTaHHbOI OpeHau (3a yMo-
BW, WO AaHa ajpeca BifibHa), ab0 afpecy, Ky BKa3ye cam K/IEHT y CBOEMY 3a-
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NUTI (3HOBY XX TakW, AKLWO afpeca He 3aiMHATa). Y TOMY BUMNagKy, Koaum BCi no-
nepeaHi BapiaHTV He NiAXoAAaTb, HOBa afpeca BMOMPAETLCA 3 NMyy AOCTYMHMX
afipec 3 ypaxyBaHHsM MigMepexi, 3 AKOT HafiLWOoB KNIEHTCbKWIA 3anunT.

6.1.2 IHTepnpeTaLia yacy opeHAN, 3aKiHYeHHA opeHAn. KNieHT oTpumMmye
MepeXHy afpecy Ha NeBHWA nepiog 4vacy (KM mMoXe 6YTWM HEeCKiHYEHHWUM).
MpoTtokon DHCP yac BuMiptoe y cekyHAax. 3HavyeHHs vacy OxFFfffff 3apesep-
BOBaHO /151 NO3HAYeHHA HECKIHYEHHOCTI.

OCKI/IbKW KITIEHT | CepBep MOXYTb He MaTu CUHXPOHI30BaHWX MOAMH, 3Ha-
yeHH$ Yacy B DHCP-NoBiAOMNEHHSIX € BIAHOCHUM i IHTEPNPETYETLCA 3 ypaxy-
BaHHAM MOKa3iB /IOKa/IbHUX FOAMH KJieHTa. Yac BUMIPKOETLCA B CEKYHAAX i Mo-
[AeTbCa y BUrnsaai 32-6itoBmx Kogis 6e3 3Haka. Lle 403B0ONsiE onvcyBaTu BifHO-
CHi iHTepBanu Yacy Bif 0 go npnbamnsHo 100 pokiB, WO LiIKOM NPUAHATHO A1
Linen npotokony DHCP.

BignosigHO f0 anropuTMmy iHTepnpeTawil yacy Ail KoHgirypauiiHmx napa-
MeTpiB BBaXKAETHCA, L0 FOANHHUK KNieHTa | cepBepa CTabifibHi 04MH BIAHOCHO
OAHOro. AKWO roAMHHUK KiEHTA NpaLoe HEKOPEKTHO, TO MOXe BUHUKHYTU
CUTyaLisl, KoM CepBep BBaXKae 4ac [Aii HadaHO! KOHGirypauil suyepnaHum, a
KNiEHT — Hi. LLLo6 YHMKHYTW Takol CMTyauii, CepBep MOXe BignpaBuUTN KITIEHTY
3HAYEeHH$ Yacy Ail KOpoTLLUe TOro, sKe BiH 3anuncye y cBoiil 6asi fJaHuX.

AKWo TepmiH opeHan IP-aapecn 3aKiHYYETHCA, TO K/TIEHT MOXe 3aBepLUNTY
poboTy 3 AaHow agpecoto, Bignpasuewiy Ha DHCP-cepBep NOBiAOMMIEHHS
DHCPRELEASE, a60 3aB4aCHO 3anpoCuTU NMPOAOBXEHHS TEPMIHY OpeHAWn. Y
nepLIoOMy BMMagKy Ans OTPUMaAHHA HOBOI afpecn HeobxigHe BMKOHAHHS BCI€l
npoueaypw iHiuianisauii 3aH0BO. Y ApYyroMy — KNieHT NPOAOBXUTb ()YHKLIOHY-
BaTW Y Mepexi Mpo30po 4115 KOpUCTyBaya.

[na NpoAoBXeHHA OPeHAW KIIEHT MPOXOANUTL ABa CTaHW: MOHOB/IEHHS af-
pecn (RENEWING) i noHoBneHHs KoHgirypauii (REBINDING). Mepwnin Ha-
CTa€ NpW6/IM3HO Ha NONOBMHI TEPMiHY OpeHAmn agpecy (Tak 3BaHWA MOMeEHT T1),
APYTnil — nicns 3akKiHYeHHA NPUGaN3HO 7/8 NOBHOrO Yacy opeHAn (MOMEHT T2);
A9 PO3CMHXPOHI3aL T NPoLeciB PeKOHMITYpYBaHHS PI3HUX KIIEHTIB 3HAYEHHS
LUMX YacoBMX MITOK pPaHAOMI3YylOTbCA 3a A0MOMOroK BMMaAKOBOro 4acoBOro
[OBaXKKa.

Y momeHT T1 knieHT Bignpasnse DHCP-cepsepy, fKkuiA BUAaB oMY afpe-
cy, nosigoMmneHHs DHCPREQUEST 3 npoxaHHAM MPOAOBXUTU TEPMIH OPeHu.
OTtpumasLumn nosutueHy Bignosigs (DHCPACK), KIEHT nepepaxoBye TEPMIH
OpeHaun i NPofoBXYe PO6OTY B 3BMYANHOMY pexxkumi. KnieHT yekae npuxopmy
BignoBigi Big cepsepa npotarom (T2-t)/2 ¢ (3a ymMOBM, L0 Le 3HAYEHHS He Me-
HLe 60 c), ge t — yac BiAcunaHHA 0CTaHHLOro nosigomneHHs DHCPREQUEST,
Micng Yoro AaHe NoBiAOM/IEHHS BiAMNPaB/sSe NOBTOPHO.

AKLO BIANOBIAb Bif cepBepa He Hagivwa A0 MOMeHTY T2, K/IiEHT nepexo-
amTb y craH REBINDING i nepefae BXe LUMPOKOMOBHe MOBILOM/IEHHS
DHCPREQUEST 3i CBOEKD NOTOYHOI MEPEXXHOK afpecoro. Y LbOMY BUNAaaKy
MOMEHTM MOBTOPHMX BMAad 3anntis DHCPREQUEST po3paxoBytoTbCA aHaso-
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rYyHO nornepesHbLOMY BUMAAKY, Ti/IbKM 3aMiCTb T2 (irypye yac 3akiHYeHHA Te-
PMiHY OpeHau.

He BMKOYeHO ogHak, wo Bignosigs DHCPACK He npuiige 40 3aKiHUYEHHS
TepMiHy opeHAW. ToAi KMieHT 3000B’s3aHUIA HEraHO MPUMUHUTA BUKOHAHHS
Oy/[b-KUX MEPEXHMX onepawiin i 3aHOBO noyaTy npouec iHiuianizayii. AKLLOo
Bignosigb DHCPACK Bce-Taku Hafiige i3 3anisHeHHAM, TO K/IIEHTOBI peKome-
HAYETbLCA BiApa3y X BiAHOBUTK POOOTY 3 BUKOPUCTaHHAM KOJIMLLIHBLOT afpech.

6.2 poTokon DNS

MpoTtokon DNS (Domain Name Service) BUKOPUCTOBYETLCA ANS1 OTPUMaH-
HA BIAMOBIAHOCTI MiXK iMeHamu BY3/iB Ta iX IP-agpecamun. Cuctema AOMEHHMX
IMEH ABNSE COO0O0 PO3noAineHy 6a3y AaHuX, L0 BUKOPUCTOBYETLCS 3aCTOCY-
BaHHAMKU TCP/IP gna BCTaHOBNEHHSA AaHOT BigNOBIAHOCTI. TakoXX DNS Bukopu-
CTOBYETLCA A/1 MapLUpYyTU3aLil efleKTPOHHOT nowwTn. TepmMiH po3nogineHa 6asa
[aHNX 03Hayae, L0 BOHA 36epiraeTbCa He Ha OAHOMY MepeXxHOMY BY3ni. KoxkeH
BY30/1 NIATPUMYE BNacHy iH(opmauiiHy 6a3y AaHux, a TakoX 3aryckae 3acTo-
CYBaHHS, WO BiAnNpaBnse 3annuTn Ao iHWKnX cepsepis. NMpoTokon DNS ao3Bonse
KNieHTaM i cepBepam CMifiKyBaTmcsa MiX co60l0.

Joctyn fo DNS BUKOHYE 3aCTOCYBaHHSA-BU3HAYHUK (resolver). BuaHauHUK
— Le nignporpamMa, Wo BMKOPUCTOBYETLCA AN CTBOPEHHS, BiANPABNEHHS i iH-
TepnpeTauii NakeTis, WO BMKOPUCTOBYHOTLCS CepBepamn iMeH Yy Mepexi. [ns
MepPeXHOi nporpamu MoTpibHO BUKOHATU MEPeTBOPEHHS iMeHi By3na Yy IP-
afpecy nepef TMM, K BOHa rno4yHe Bigkpmeatn TCP-3’eqHaHHA abo Bignpas/ns-
TV gentarpamy 3 BukopucTaHHaM UDP. KoHuenuii DNS onmcaHo y RFC 1034,
a fetani po3pobku Ta cneumdikayii DNS BuknageHo y RFC 1035.

6.2.1 OcHoBu DNS. lMpocTip DNS iMeH Mae [epeBONOAiGHY iepapXivyHy
CTPYKTYpY. Ha puc. 6.3 nokasaHo opraHizauito DNS.

KOpPeHeBWiA JOMeH 6e3 Ha3BM

[OMeHN
BEPXHLOI0
piBHA

[LOMeHU

apyroro
piBHA

Binopycis

sun.vnt.edu rada.gov.ua

3arajibHi JoMeHu

[OMeHM KpaiH

A
Y

e 33.13.252.140.in-addr.arpa.

PucyHok 6.3 — lepapxiyHa opraHizayig DNS
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KoykeH By30/1 Ha puc. 6.3 Mae MITKY JOBXMHOK A0 63 cumBo/iiB. KOpiHb ae-
peBa — Lie cneuiasibHUin By30/ 6e3 MITKU. MITKM MOXYTb MICTUTK NiTEPU BEPX-
HbOro ab0 HWKHLOIO PEricTpiB. IM’a JOMeHy Ans 6yab-AKOro By3na B [epeBi —
Lie NOCNILOBHICTb MITOK, LU0 MOYMHAETLCA 3 KOPEHeBOro By3na. Mpu Lbomy MiT-
KN po34iNnsoTb Kpankamu. KoxkeH BY30/ AepeBa Mae Matu YHiKasbHe iM’s foMe-
HY, /e 0AHaKOBI MITK/ MOXYTb BUKOPUCTOBYBATUCA B PI3HUX TOUKAaX AepeBsa.

IM’A JOMeHY, L0 3aKIHYYETbCA KParkow, Ha3MBaeTbCs abCOMOTHUM [0-
MeHHUM imeHeM (absolute domain name) a6o noBHUM imeHem fomeHy (FQDN —
fully qualified domain name), Hanpuknag, «static.rada.gov.ua.».

[lOMeHN BepXHbLOrO PiBHSA MOAIEHO HA TPY 30HN:

1) .arpa — ue cneuiaibHUA AOMEH, L0 BUKOPUCTOBYETLCS AN 3iCTaB/EHHS
agpec Ta iMeH;

2) CiM TPUCUMBOJSIbHUX [OMEHIB Ha3uMBatOTbCA 3arajibHMUMuK (general) abo
opraHisauifiHumm gomeHamu (organizational). Tx Knacudikalilo HaBeagHO Yy
Tabn. 6.3. ImeHa .edu, .gov, .mil 3ape3epBoBaHi 3a opraHizayismu CLUA, iHLWi
MOXYTb BMKOpUCTOBYBaTMNCA 3a Mexxamu CLUA. Y 2000 p. 6yno cim HOBUX A0-
MeHIB BEpPXHbOI0 PiBHS;

Tabnmug 6.3 — 3arasibHi JOMeHU

JomeH Onunc ﬂ'o'\ge;o%BE%eHo Onuc

N — "anysi, Wo NoB’a3aHi 3 NOBITPAHNM

.com | KomepuiiiHi opraHisauii. .aero
TPaHCMopTOM.

.edu | OcBiTHI opraHi3auii. .biz OpraHi3zaui, Wo nos’s3aHi 3 6i3HecoM.
.gov | Ypsgosi opraisauii CLLA. .coop HekomepuiiiHi opraHisaui.
int | MikHapogHi opraHisauii. .info [19 HeOBMEXXeHOro BUKOPUCTaHHS.
.net | Mepexi. .museum Mysei.
.0rg | IHWi opraHisauii. Name Okpemi ocoow.
.mil | Biincbkoi opraHizauii CLUA. .pro Byxrantepu, OpUCTK, NiKapi.

3) BCi JBOCMMBO/bHI IOMEHM BiANOBifa0OTL KogaM KpaiH. IX nepenik Mox-
Ha 3HanTK y ISO 3166. BoHM Ha3nBatOTLCA AOMEHaMK KpaiH (country) abo reo-
rpadiyHnmu (geographical) fomeHamw.

Baxxnmea xapaktepuctnkn DNS — Le nepefaBaHHA BIANOBIAa/1IbHOCTI BCe-
peavHi DNS. He icHye opraHisauii, Wwo Kepysasia 6 i 06cnyrosysasia BCe [epeBo
LifIKoM. 3amicTb LbOro ogHa opratisauia NIC o6cnyroeye nviie 4actuHy gepe-
Ba ([JOMEHN BEPXHbLOrO PIiBHSA), a BIANOBIAa/IbHICTb 32 OKPEMi 30HM MepefacTbes
IHWMM opraHisauisaM. 30Ha — Lie OKpema KepoBaHa 4YacTuHa gepesa DNS. Big-
MoBifanbHa 3a KepyBaHHS 30HOKD OpraHi3allis BUKOHYE HanallTyBaHHS CcepBepiB
DNS (name servers) ans uiei 30H1. Konn B 30HI 3’ABNSAETLCA HOBUIA BY30n (Bif-
MoBigHO, HOBe IM’S), aAMiHICTpaTop 30HM noMiwae im’a 1 IP-agpecy By3na B
6a3y faHux cepsepa DNS.
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Cepeep DNS moxke 06cnyroyBaT ofHYy abo Kifibka 30H. [ns L€l 30HM
CTBOPIOETLCSA OCHOBHUIA cepBep DNS (primary name server) i oauH abo Kifbka
BTOPUHHMX cepBepiB (secondary name server). MepBUHHWIA | BTOPUHHWIA cepBe-
pPU MaKTb OYTW HE3IEXXHUMWN | HAA/IMLLIKOBMMM TaKMM YMHOM, LLO6 cuctema
DNS He BuiiLNa 3 nagy npv BigMOBI OHOrO i3 CepBepiB.

Akwo cepsep DNS He Mae HeobXxigHOT iH(opMmaLil, BiH BCTAHOB/OE KOH-
TakKT 3 iHWKM DNS-cepBepom. KoxkeH cepBep Mae 3HaTW, K BCTAHOBUTW KOH-
TakT 3 KopeHeBuMK cepeepamyt DNS (root name servers). Y CBOK 4Yepry, Kope-
HeBi cepBepu 3HatOTb iMeHa Ta IP-agpecn KOXHOro odiuiitHoro cepsepa DNS
A9 BCIX JOMEHIB APYroro piBHs.

dyHaaMeHTa/lbHa XapakTtepucTuka DNS — uUe KewyBaHHA. Konu DNS-
cepeep OTPMMYE IHOPMaLLit0 MPO BIAMOBIAHICTL IMEHI Ta afpecu, BiH Kellye
LIt0 IH(hopMaLLit0 TaKMM YMHOM, 06 Y BUMaAKy HacTynHOro 3annty morna 6ytu
BMKOpUCTaHa iH(opmauia 3 kewy. Mpu UubOMy [0AATKOBMA 3annT A0 iHLWINX
CepBepiB He BUKOHYETbLCA.

6.2.2 ®opmat nosigomneHHA DNS. Ak Big3Hayvanocs, npotokon DNS ke-
pye B3aemogieto Mixk DNS-knieHTom Ta DNS-cepsepoM. DNS-knieHT Bignpas-
nse 3anut, a DNS-cepBep noeepTae BiAMoOBiAb, WO MICTUTb HEOOXIAHY AN KNi-
eHTa iHopmauito. JlokanbHUA DNS-cepBep Hagcunae BignoBigi KnieHTam i Bu-
[a€ 3anuTu iHWKnMm cepeepaM. KopeHeBi cepsepy HagatoTb fvule Bignosigi. Ha-
npuKniag, nporpama xo4ye BctaHoBUTK IP-aapecy ans www.test.site.com. KnieHT
3B’SI3YETbCA 3 NOKanbHUM DNS-cepBepoM, SKUIA 3BEPTAETbCA [0 KOPEHEBOIro
DNS-cepBepa 3 MeToto gisHatucsa IP-agpecy DNS-cepsepa .com. Jani nokanb-
HuA DNS-cepsep Bignpasnse 3anut DNS-cepepy .com, wo6 AisHatucs IP-
anpecy DNS-cepsepa site.com. icna upboro nokanbHNMin DNS-cepBep Haacunae
3anuT DNS-cepBepy 30HM site.com. AKLL0 30Ha Mae Mig30HN, TO MOXKe OYyTK BU-
[aHW 0OAATKOBMWIA 3annT AOMeHY test.site.com, AKWA HagacTb Yy Bignosigb IP-
agpecy ans www.test.site.com.

DNS-3anuT MoxXke 6yT1 peKypcvMBHMM abo iTepaTMBHUM. PeKypcMBHWIA 3a-
NUT BUMarae, Wo6 DNS-cepBep, KWl NpuiAMae 3anuT, caM BUKOHYBaB NepeT-
BOPeHHsA. Hanpuknag, nepeTBOpHOBaY BUAAE PEKYPCUBHUIA 3aMUT /IOKa/IbHOMY
cepBepy iMeH Ha NepeTBOPEHHSA AOMEHHOro iMeHi y IP-agpecy. Ha puc. 6.4 no-
Ka3aHo, LLI0 Ha eTani 1 nepeTBOPOBaY aKTUBI3YETLCS Yepe3 CUCTEMHUIA BUKIUK.
[ani nepetBoptoBay Hafcunae DNS-3anuT nokansHoMy cepsepy (eTan 2) i ye-
Kae Bignosigi (eTan 9). JlokanbHMin DNS-cepBep 34iCHIOE Aii 3 onpayoBaHHS
3anuTy nepeTeBoptoBaya. ITepaTMBHWUIA 3anNUT BUMarae, LWO6 faHuiA cepeep Y
BiANOBiAI KNieHTY Hadas IP-agpecy HacTynHoro B iepapXii DNS-cepBepa. Ko-
PEHeBi cepBepy 06CMYroByHOTb NMLUE iTepaTUBHI 3anuTW. JloKanbHUn DNS-
cepBep Haacwunae 3anuT KopeHeBoMy DNS-cepsepy (etan 3), wo6 AisHaTuCS
im’a Ta IP-agpecy DNS-cepBepa Ansi 30HM Ha HaCTYMHOMY PiBHI iepapxii (eTan
4). Lle gonomarae po3BaHTaXWUTU KOpPeHeBi cepsepu. JlokanbHuii DNS-cepsep
MOXXe BifNpaBUTK 3anuT HaCTYNHOMY CepBepy B iepapxii (eTanu 5, 6, 7, 8). Ha-
PEeLTi TOKaNbHWIA cepBep BianoBsiaae nepeTsoptoBady (etan 9), a nepeTBoproBaY
Hagae IP-agpecy 3actocysaHHI0 (eTan 10).
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J

Komn’toTep KnieHTa /BVKopeHeBMVl cepeep
([ Web-6paysep ) ( /
Keww DNS 4

1 | 410 —5>CepBep [lOMEHY
46— BEPXHbLOI0 PiBHA

2 DNS-3anut >

DNS- | @ 2NS-BiAnosizL JlokanbHniA

(MMepeTBoptoBaY J 9 DNS-cepBep J\
VXCepBep [IOMEHyY

[pyroro pisHa

PucyHok 6.4 — OnpautoBaHHA DNS-3annTy

Ans DNS-3anuTiB i DNS-BiAnNoBifgein BUKOPUCTOBYETLCA OfHAKOBWIA thop-
mart. Ha puc. 6.5 nokasaHo 3aranbHuii hopmaT DNS-NoBigoMIeHHS.

0 15| 16 31

K-Tb 3anuTIB K-Tb 3anuciB pecypcis Bignosigein 12 6aniTiB

K-Tb 3anuciB pecypcis npas goctyny K-Tb [O4ATKOBMX 3anucis pecypcis

3arnnTn

BIAMOBII
(3MiHHa KifbKICTb 3anuncis pecypcis)
npasa gocTyny
(3MiHHa KifIbKICTb 3anuncis pecypcis)

[o4atkoBa iHopmadis
(3MiHHa KifIbKICTb 3anuncis pecypcis)

NN NN
e e

PucyHok 6.5 — ®opmat DNS noBigoM/IeHHS

MoBifOMNEHHS MICTUTb (hiKCOBaHWA 12-6ainTOBMIA 3aro/oBOK, 3a AKUM e
4OTUPW NOSA 3MIHHOT LOBXUHWN. 3HAYEHHSA NOJIIB:

1) none igeHTUdikawii (identification) BCTAaHOBNOETHCA KNIEHTOM i MOBep-
TaeTbCA cepBepoM. Lle none A03BONSE KNIEHTY BU3HAUUTM, Ha KW 3anUT Npu-
Lwna BignoBiap;

2) 16-6iTose none npanopuis (flags) NnogineHo Ha KifibKa YacTuH, AK MoKa-
3aHO Ha puc. 6.6.
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1 4 1 1 1 1 3 4

QR opcode AA| TC | RD | RA zero rcode

PucyHok 6.6 — Nosne npanopuis 3arosioska DNS-N0BIAOMNEHHS

TyT:

- QR (Tun nosigomneHHsA), 1-6itose none: 0 o3Havae 3anuT, 1 — BIANOBIAb;

- opcode (kog onepauii), 4-6iToBe none. AK npaBuao, MICTUTb 3HaYeHHS O
(cTaHgapTHMI 3anuT). IHWI 3Ha4YeHHs — ue 1 (iHBepCcHMK 3anuT) i 2 (3anuT cTa-
TyCy cepBepa);

- AA — 1-6iToBKiIA NpanopeLp, WO 03HaYae «aBTOPUTETHA BiAnoBiAb» (authori-
tative answer). Cepsep DNS mae noBHOBaXKEHHA A71A LIbOrO AOMEHY Y po3gifi
3anuTisB;

- TC — 1-6iTOBe None, WO 03Ha4YaEe «06bpizaHo» (truncated). Ans UDP ue 03Ha-
yae, L0 NOBHWIA po3Mmip BiAMOoBIAl NepeBumLLye 512 6ainTiB, ane 6yn10 NOBEPHYTO
nuwe nepLui 512 6anTis BigNOBIAl;

- RD - 1-6iToBe Mone, WO 03HavYae «HeobxifgHa pekypcis» (recursion desired).
BiT MOXe OyTV BCTAHOBNEHWIA Y 3annTi, a MOTIM NMOBEPHYTWIA Yy BiAno.igi. Liei
npanopeub Bumarae Big DNS-cepBepa onpautoBati JaHWnii 3annT K PeKypCcuB-
HWIA (recursive query), TOGTO cepBep Mae cam BM3HaUUTK HeobXxiaHy IP-agpecy,
a He noBepTaTyu agpecy iHworo DNS-cepsepa. AKLLO JaHWIA 6iT He BCTaHOB/EHO
I DNS-cepsep, L0 OTpMMaB 3annT, He Mae aBTOPUTETHOI BIAMOBIAI, BiH NoBep-
Tae y BiAnNoBiAl cnncok iHwnx DNS-cepsepiB, A0 AKX HEOOXIAHO 3BEPHYTUCS,
o6 oTpMmaTK BiAMOBIAb. Lle Ha3MBaeTbCA 3anMTOM, LLIO MOBTOPHOETLCA (itera-
tive query);

- RA - 1-6iToBe Mone, LLIO 03Ha4ae «PeKypcis MoxmBa» (recursion available).
Lieir 6iT BCTaHOBNIOETLCA B 1 Yy BIAMOBIAI, SKLLO cepBep NiATPUMYE PeEKYPCIto.
Binbwicts cepsepisa DNS nigTprMMye pekypcito, 3a BUHATKOM KifIbKOX KOpeHe-
BUX CEPBEPIB, AKI € HAATO 3aBaHTaXKEHUMU;

- zero — 3-6iToBe nose, Wo Mae gopieHoBatu O;

- rcode — Ue 4-6iToBe none Koy BiAnoBiAi. 3BMYaiHi 3HaveHHs: 0 (Hema no-
MWUIOK) | 3 (NoMunka imeHi). NomMunka iMeHi NoBepTaETbCA Ti/IbKW Bif aBTOpPK-
TeTHoro DNS-cepBepa i 03Havae, WO iMeHi JOMEHY, SiKe BKa3aHO Y 3anuTi, He
ICHYE;

3) HacTyrnHi YoTnpu 16-6iTOBMX MONA BKAa3ykTb Ha KiNbKICTb MYHKTIB Y
4YOTUPLOX MOMSAX 3MIHHOI JOBXWHW, WO 3aKiHYYKOTb NMOBIAOM/EHHA. Y 3anuTi
KifIbKICTb 3anuTaHb 3a3BMyaii JOPIBHIOE 1, a iHLWi TPU NiYNIbHUKN AOPIBHIOKOTH
0. Y 3anuTi, L0 NOBepTaETbCS, KiNIbKICTb BIAMOBIAEN AOPIBHIOE, AK MIHIMYM, 1,
a IHWI MOXYTb 6YTW K HYMbOBUMMW, TaK I HEHy/NbOBMMU. POpMaT KOXKHOIO
DNS-3anuTy y noni 3anntaHHA NokasaHo Ha puc. 6.7 (3a3BuMyail € NuLLe OfHe
3annTaHHS).

212



0 15| 16 31

/ iM’s 3anuTy /

TN 3anuUTy K/nac 3anuty

PucyHok 6.7 — ®opmart nons 3anutaHHA DNS-nosigomneHHs

TyT:

- IM’A 3anuTy — Le iM’4, WO LWYyKaeTbea. BOHO BUrnsaae AK NOCAifOBHICTb 3
OfHi€T ab0 KiNIbKOX MIiTOK. KOXHa MiTKa NOYMHAETLCA 3 1-6aNTOBOrO MiUn/IbHU-
Ka, SIKWA MICTUTb KifbKiCTb 6aiTiB, WO MAYTb 3a HAM. IM’A 3aKiHUYyeTbCs 6Gail-
TOM, WO AopiBHIOE 0. BiH € MITKOIO 3 HY/IbOBOKO [JOBXMHOO, & TaKOX MITKOK
KopeHsi. KOXXHWI NiunnbHUK 6aiiTiB Mae 6yTn B fiiana3oHi Big 0 A0 63, OCKiNbKu
[OBXMHA MITKM 06MexyeTbea 63 6aritamu. Lle none mMoxe 3akiH4yBaTUCS Ha
0bMexyBauli, Lo He AopiBHIOE 32 GiTaM, 3arOBHEHHSA He BUKOPUCTOBYETLCA. Ha
puc. 6.8 nokasaHo, AK 36epiraetbcs iM’a foMeHy test.domain.edu.ua.

4 1t|le]ls|t]6|ld]J]olm]Jali]ln|3]e|ld]Ju|l2]uf|lalo
NiYNIbHUK NiYNNbHUK NiYNNbHUK NiYNNbHUK NiYNNbHUK

PucyHoOK 6.8 — 36epiraHHs iMeHi fomeHy test.domain.edu.ua
Y YaCTUHI iM’a nonga 3anutaHHA DNS-3anuty

- Y KOXXHOT0 3anuTaHHs € TUM 3anuTy (query type), a TakoXX Bi4NOBiAb Ma€e TUN
(type). IcHye 6ina 20 pi3HMX 3HA4YeHb, YaCTMHa 3 AKUX YXKe 3acTapina. Y
Tabn. 6.4 HaBefeHO [eaKi 3 LMX 3HayeHb. Tun 3anuTy — Le HaAMHOXWHa (MHO-
XWHa, MNIAMHOXMHOK SKOr0 € JaHa MHOXKWHA) TUNIB: [Ba 3 HaBeLeHNX 3Ha4YeHb
MOXYTb BUKOPUCTOBYBATUCA NNLLIE Y 3anUTaHHAX. Haibinbll NowMpeHnin tun
3anucy — TmMn A, L0 O3Hauvae, Wo HeobxigHa IP-agpeca Ana BKasaHOro iMeHi
(query name). PTR-3anuT BuMmarae iMeHi, Wwo Bignosigae IP-agpeci.

Tabnmug 6.4 — 3Ha4eHHs TUNYy 3anuTy Noss 3anutaHHs DNS-noBigomnieHHs

, nppose Twun 3annT

Im’sa iaﬁsHHﬂ Oonwuc Tun (type)? (query type;/?
A 1 IP-appeca Tak Tak
NS 2 Cepsep DNS Tak Tak
CNAME 5 KaHOoHi4YHe iM’5 Tak Tak
PTR 12 3anuc BKasiBHMKa Tak Tak
HINFO 13 IHopmaLis npo By30/ Tak Tak
MX 15 3anuc npo 06MiH MOLLUTO Tak Tak
AXFR 252 3annT Npo nepefaBaHHS 30HU Hi Tak
*abo ANY 255 3anuT BCiX 3anuciB Hi Tak
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- Knac 3anuty (query class) 3BMYailHO [OPIBHIOE 1, WO BKa3ye Ha adpecu
Internet;

4) octaHHiI Tpu nons DNS-nosigomneHHs — Le Bignosigi (answers), npasa
(authority) i gopatkoBa iHhopmauisi (additional information). 3aranbHuii hop-
MaT HasnBaeTbca 3anucom pecypcy (RR — resource record). Ha puc. 6.9 nokasa-
HO 3araJibHUIA hopmar 3anucy pecypcy.

0 151 16 31
/ IM’A JOMEHY /
™n Knac
4ac XuTTA

LOBXUHA JaHNX pecypcy

{ [laHi pecypcy {

PUCYHOK 6.9 — 3arasibHui1 hopmart 3anucy pecypcy

Ha puc. 6.9 BignoBiaHI Noid 03Ha4yatoTh Take:

- iM’ fomeHy (domain name) — ue iM’d, AKOMY BiAMNOBI4aOTb HACTYMHI AaHi
pecypcy. dopmat iMeHi TaKWil Xe, SIK NMOKasaHO Ha puc. 6.7 ana nons 3anu-
TaHHS;

- Tun (type) BKasye Ha oAuH i3 TuniB kogiB RR. Lle Te came, W0 i 3Ha4YeHHs
TMny 3anuty. Ona gaHnx mepexi Internet none knac (class) 3BnyainHo BCTaHOB-
NeHo B 1;

- none yvac Xutta (TTL — time-to-live) — Le KiNbKICTb CEKYH/, MPOTATOM SKUX
RR moxe 6yTK KelloBaHWUIA KieHTOM. 3B14YaitHo TTL RR A0piBHIOE 2 AHAM;

- AOBXWMHa 3anucy pecypcy (resource data length) Bkasye Ha KinbKiCTb AaHUX
pecypcy (resource data). ®PopmaTt UMX AaHUX 3anexuTb Big Tuny (type). Ana
TUny, Wo AopisHioe 1 (3anuc A), faHi pecypcy — e 4-6aiitosa IP-agpeca.

6.3 lNMpotokonu Telnet Ta SSH

6.3.1 MNMpoTtokon Telnet (TErminaL NETwork). OgHa 3 Ha/icTapilinx iH-
(hopMaLiiH1X TexHosoriin mepexi Internet. OCHOBHMM MPU3HAYEHHSIM MPOTO-
KOJy € peasi3aLis MepPeXXHOro TepmiHana A4 AoCcTyny A0 pecypcis BigganeHo-
ro komn’totepa. MNMpotokon Telnet 3a6e3neuye aBoHanpaBneHuin 8-6iTOBUIA Ka-
Ha/l nepe/asaHHs JaHuX. 1oro ronoBHNM 3aBaHHAM € CTBOPEHHS CTaHAapTHO-
ro MeToay B3aeMOfii TepMiHa/IbHUX MPUCTPOIB | TepMiHaN-0pPiEHTOBAHUX MPO-
LieciB yepe3 mepexy. Creymdikauito NpoToKony HasegeHo y RFC 854,

Telnet BukopuctoBye TCP-3’efHaHHA ANA nepefaBaHHA faHWUX, LWLO CYMi-
LLAETLCA 3 KEPIBHOK iH(opMaLito NPOTOKOAY. MPOTOKON MOXeE BUKOPUCTOBY-
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BaTUCA AN 3’€4HaHHA 3 OyAb-AKUM CepBiCOM. BiH 3HaX0AUTLCA Ha CeaHCOBOMY
piBHI Mogeni OSI. [na 3abe3neyveHHs BigLaneHOro AocTyny A0 TepMiHana cep-
Bepa CTaH4apTOM pe3epBYETLCA MNOPT 23.

OCHOBY NPOTOKONY CKNafatoTb TPU 6a30Bi KOHLENUT:

e KOHLeMuia MmepexxHoro BipTyanbHoro tepmiHana (NVT — network virtual

terminal);

e TPUHLMN Y3roLKeHHS NapameTpiB 3’ €HaHHS;

e 3a0e3neyeHHs CUMETPIT TepMiHaNiB I NPOLECIB, WO 403BO/AE MPOTOKONY

BiANPaBNATU KOMaHAW KepyBaHHS Oyab-5Kili CTOPOHI 3’eqHaHHSA. Moginy
Ha «KNIEHT» | «CepBep» HeMae.

NVT — ue ySBHMIN NPUCTPINA, L0 3HAXOAUTLCA Ha 000X KiHUAX 3’€AHaHHA Y
KnieHTa | cepsBepa, 3a A0MOMOroK AKOro BCTAHOB/HOETHCHA BIAMOBIAHICTL MiXK
IXHIMW peaslbHUMKN TepMiHanamn. Takum YMHOM, ornepauiiHa cucTteMa KieHTa
Ma€ BM3HavaTh BIi4MOBIAHICTb MK TUMOM TepMiHana, 3a AKMM Npaitoe Kopuc-
TyBa4, i NVT. Y CBOI Yepry, cepBep Mae BCTaHOB/HOBATU BIAMOBIAHICTb MiXK
NVT i Tumn Tnamu TepMiHanis, sSKi BiH (Cepsep) NiATPUMYE.

NVT cnyrye cMmMBO/IbHMM MPUCTPOEM 3 KnaBiaTyporo i NpuHTepom. [aHi,
BBeZEHI KOpWUCTyBayem 3 KfasiaTypu, BiAMNPaBsOTLCA CepBepy, a AaHi, oTpu-
MaHi Bij, cepBepa, HaaXoA4ATb Ha NPUHTep. 3a 3aMOBYYBaHHAM K/TIEHT Bifobpa-
YKae eXOM Ha NpuHTEp BCe, WO BBIB KOPUCTYBaY. BignosigHO 40 NpuHUMNY Y3-
rofpkeHHs napameTtpis NVT ue MiHiManbHO HeobXiaHWIA Habip NapameTpiB, LLO
[03BONSE MNPaLOBaTU HaBiTb «HAWMPUMITUBHILLMMY» MPUCTPOSIM. CyyacHiLui
MPUCTPOT MaroTb OiNbLIi MOXIMBOCTI MOAAaHHA iH(opmauil. MNpuHLMN y3ro-
[PKEHHSI MapameTpiB [403BO/ISIE BUKOPUCTOBYBATU LI MOX/MBOCTI. Hanpuknag,
NVT € TepMiHa/IOM, SKUA He MOXe BUKOPUCTOBYBATU (DYHKLIT KepyBaHHA Kyp-
COPOM, a peasibHUin TepMiHas, 3 KOro 34iNCHIOETLCS Po60Ta, MOXK/NBO, BMIE Lie
poouTU. BMKOPUCTOBYHOUN Y3rOMKEHHS NapameTpiB, TepMiHa/bHa Mporpama
MPOMoHye 06CNyroByBa/lbHOMY MPOLECY BUKOPMUCTOBYBaTW KepiBHI MOCNif0B-
HOCTI [ONS KepyBaHHA BMBeAeHHAM iHopMauil. OTpumaBLLM TaKy KOMaHay
NpoLec noYvMHae BCTaBNATM KepiBHI MOCAILOBHOCTI B AaHi, Npu3HadeHi gna Bi-
N06PaKEHHS.

[MpoTOKON NPOMNOHYE CTPYKTYpPY pAodatkoBux napametpis «DO, DONT,
WILL, WONT», Wo [03B0/SiE KOPUCTYBayeBi | cepeepy 6i/bLL TOYHO [JOMOBU-
TUCA MPO 0COBNMBOCTI 3’€4HaHHA. KOMaHAM MatoTh Take 3HaYeHHS:

WILL - BignpaBHNK X04e BCTAHOBUTW faHy ONLit0 4515 Cebe;

DO - BignpaBHMK Xoue, LL06 OTPUMYyBay BCTAHOBMB AaHy OMuito;
WONT - BignpaBHMK X04e BUMKHYTU L0 OMLito An1si cebe;
DONT - BiAnpaBHUK X04e, Wwo6 oTpuMyBay BUMKHYB OMLitO.

Hanpuknag, komaHga WILL XXX Bkasye Ha NpOnosunuito CTOPOHMU-
BignpaBHMKa BUKopucToByBaTU napameTp XXX. DO XXX i DON’T XXX ¢,
BIAMOBIAHO, NMO3UTMBHOK | HeraTMBHOW Bignosigato. CueHapii 06roBopeHHs
onuiin Telnet HaBeaeHo y Tab6n. 6.5.
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KomaHau Telnet nepepatotbecs y BUrNAAI 8-6iToBUX NOCNiLOBHOCTeN (6aii-
TiB). Tak, komaHai DO Bignosigae 6ant 253, WONT — 252 T. 4.

Tabnnua 6.5 — LLicTb cueHapiiB 06roBopeHHs onuin Telnet

KomaHpga KomaHga
i Onuc
BIAMNpaBHMKa |0TpUMYyBaya
WILL DO _?_KI,ED&BHVIK X04e BCTaHOBUTW OML IO, OTPUMYBaY BIAMNOBIAAE
WILL DONT ElllﬂnpaBHMK X04e BCTaHOBUTW OMLI0, OTPUMYBaY roBOPUTb
DO WILL BiNpaBHMK X04e, W06 OTP1MYyBay BCTaHOBWB ONMLit0, OTPK-
MyBay rosoputb TAK
DO WONT BignpasBHWK xoue, W06 ofepXyBay BCTAHOBMB ONLit0, OTPU-
MyBay rosoputb Hl
WONT DONT ?EllzpaBHMK X04e BUMKHYTW OMLito, OTPMMYBay Ma€ ckasaTu
DONT WONT BiZNPaBHMK X04e, W06 OTpUMYyBay BUMKHYB OrLit0, OTPK-
MyBay Mae ckaszatu TAK

YCTaHOB/NEHHA MEBHOro napameTpa BiAOyBaeTbCA TaK: OAWH 3 Y4YaCHMKIB
3’€[lHaHHA NOCK/IAE IHLLIOMY 3anuT, NPOMOHYUN BUKOPUCTOBYBATY Mif Yac po-
60TW NEBHUIA NapameTp. AKLLO iHLWA CTOPOHA NOroApKYeTbCA, NapaMeTp Heral-
HO 3afit0ETbCA. AKLLO NPUXOAUTL BiMOBA, BUKOPUCTOBYETLCS Te 3HAYEHHS Ma-
pameTpa, fike BM3HayaeTbca Ans NVT. 3BMYaiiHO, napaMeTpu Y3romkytTbCs
CMoYyaTKy npu BCTAHOB/IEHHI 3’€4HaHHSA, X04a npu poboTi 0AHa 3i CTOPIH MOXe
3HOBY 3MIHUTK AKiCb NapameTpn. KomaHam KnieHTa Telnet onncaHo y 1abn. 6.6.

Tabnuus 6.6 — KomaHam Telnet-knieHTa
MapameTp Ais
BcTaHoBneHHa Telnet-nigknoyeHHA [0 KoMn’toTepa abo BigdaneHoro cep-
Bepa. MOXXHa BMKOPUCTOBYBATM MOBHY KOMaHZy open abo CKOPO4YeHy O.
Hanpuknag, KoMaHgow o0 remcomp 44 6yfe BCTaHOB/IEHO MiLKMHOYEHHS [0
KomM’toTepa 3 IMeHeM remcomp Yepes nopr 44.
3akpuTTa 3’eaHaHHs Telnet. [lo gaHOT KOMaHAM MOXHa gogatu iM’a Bigaa-
NEHOro By3na i HoMep NoOpTy. Hanpuknag, KomaHAow ¢ remcomp 44 nigk-
NOYEHHS [0 BifJa/IeHOro cepeepa remcomp Yepes nopt 44 6ye 3akpuTo.

open a6o o

close abo ¢

Mepernag NOTOYHMX NapaMeTpiB KnieHTa Telnet. HabepiTb faHy KomaHay,
W06 Bifo6pasnTM CNUCOK MOTOYHMX PO6OUMX napameTpis. [ns 3MiHM napa-
MeTpiB Mif 4ac BCTaHoBfeHoro Telnet-ceaHcy (nigkntoyeHHa go Telnet-
cepBepy) HaTUCHITbL Kom6iHauito knasiw CTRL+] gna suxogy 3 Telnet-
ceaHcy. [1n9 nNoBepHeHHA B CeaHC HaTUCHITL Knasilwy ENTER. docTynHi
Taki poboui napameTpu:

WILL AUTH (nepesipka giicHocti NTLM);

WONT AUTH;

WILL TERM TYPE;

WONT TERM TYPE;

LOCALECHO off;

LOCALECHO on.

display

quit a6o g Buxig i3 nporpamn Telnet.
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[MpooBXeHHs Tabn. 6.6
Set 3aBgaHHsA Tuny telnet-tepmiHana 4ng NiAKIHOYEHHS, BK/IKOYEHHSA BUBEAEHHS
NOKa/IbHOTO exa, BCTAHOB/IEHHS 3HAYeHHS MepeBipkM aBTeHTUYHOCTI NTLM,
3a/JaHHA CUMBO/1A NMEePEMUKAHHSA PEXMMY Ta BCTaHOB/IEHHSA BeeHHS XXypHany.
SET NTLM Bmurkae NTLM. AKLL0 BUKOPUCTOBYETLCA NepeBipKa aBTEHTUY-
HocTi NTLM, npu nigknoYveHHi 3 BigaaneHoro Komn’toTepa He 6yge Buaa-
BaTWCA 3anuT BBEAEHHSA IMEHI Ta napons.
SET LOCALECHO BK/t04Yae pexxmMM I0KaIbHOro BiO6paXKeHHA KOMaHA,.
SET TERM {ANSI | VT100 | VT52 | VTNT} 3agae 3a3HauyeHuid Tun TepMi-
Hana. Mpwu poboTi 3i 3BMYANHMMKM NporpaMamy KOMaHAHOro pagka cnif, Bu-
KopuctoByeatn Tun TepmiHana VT100. MNpu poboTi 3 po3LwmpeHnMmn npo-
rpaMamu KOMaHAHOro psifKa cnif BUKOpUCTOBYBaTK TN TepMiHana VTNT.
ESCAPE + cumBon 3aae NOCNIA0OBHICTb KNaBill A/ NePeMUKAHHSA 3 PEXU-
MY CeaHCy B peXXuM KoMaHA. Hanpvknag, wo6 3aaaty CMMBO NepeMmnKaHHS
pexumy CTRL + P, yeenite SET ESCAPE, HatucHiTb kKnasiwi CTRL + P i
HaTUCHITb Knasiwy ENTER.
LOGFILE im’sa hainy 3agae aiin >ypHany akTuBHocTI Telnet. daiin xyp-
Ha/ly Mae 3HaXOAUTUCA Ha JIOKaIbHOMY KOMM’toTepi. 3anuc nogin y XypHan
MPW BCTAHOB/IEHHI LibOro napamMeTpa noYnHaeTbCA aBTOMaTUYHO.
LOGGING BMMKae BeEHHA XypHany. FKWO He 3agaHuid (aiin XypHany,
BUJAETHLCA NOBIJOM/IEHHS NMPO MOMUJIKY.
unset BrMUKae BMBeAEHHS NOKa/IbHOrO exa abo BCTaHOB/IEHHS NepeBipKM aBTeH-
TWUYHOCTI 38 3aNUTOM iMeHi Y¥ Napons.
UNSET NLM Bigkntoyae NLM.
UNSET LOCALECHO BigK/to4ae peXxum 10Ka/ibHOro BiJobpaXkeHHs KO-

MaHj.

status Bu3Hauag, uv BCTAHOBNEHO MiAK/OYeHHS KnieHTa Telnet.

CTRL+] MNepeMUKaHHSA y peXXmMMm KomaHaHoro pagka Telnet i3 ceaHcy MigK/IHOYEHHS.
enter [MepemMuKaHHSA B CeaHC, AKL0 BCTAHOB/IEHO NiAK/IFOYEHHS.

?abo help | Bigo6paxeHHs 40BiAKOBOI iH(opMaLil.

6.3.2 Npotokon SSH (Secure SHell). Konn noyann WMPOKO BUKOPUCTO-
BYBaTUCA a/ITOPUTMN LLUU(MPYBAHHA NPY MnepefaBaHHI JaHUX Yy Mepexi, ofHe 3
nepLUmMx 3aBfaHb Oyno opraHisyeatu 6e3neyHe cepefosuile. o Lboro icHysana
cuctema RSH, W0 [03BONANA NEBHUM KOpPUCTYBavaM 3 MEBHUX KOMM’HOTepiB
(Mi>XX HAMK MatoTb Bynm ByTW AOBIpPYI BiAHOCHHMW) NpaLoBaTh Ha cepsepi 3 io-
ro 060/10HKOK. Lle nmpakTU4YHO Te X came, Wwo i Telnet-goctyn. Ane 3 po3BUT-
KOM Mepex 6yno BUABMNEHO «Aipku» RSH.

Tomy 6yno po3po6sieHo HOBMiIA NpoToKon SSH. Bci fgaHi, LWo nepefaroTbes
yepe3 SSH, wungpytoTbes. ICHYe Kinbka Bepcii NpoTokony SSH, Lo po3pisHs-
IOTbCS AITOPUTMaMK LWIN(PYBaHHS Ta 3araJlbHUMKU CXeMamy poboT. Y AaHuii
4ac BMKOPWUCTOBYETLCA NPOTOKON SSH Bepcii 2.

3arasiom, 3apa3 SSH € KoMepuiiHUM NMPOAYKTOM, WO CynepeynTb BUMOram
6e3nekn. Bcim mae 6yTy BiOMUIA NOYATKOBUIA KO CUCTEMU 3aXUCTY iH(opma-
LT, wo6 nepekoHaTncs y BiACYTHOCTI Byab-akux backdoors.
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SSH Hapgae 3 cnocobu ayTeHTUiKauiT KnieHTa:

e 3a IP-agpecoto KnieHTa (Hebe3neyHo);

e yepes Ny6MiYHNIA KTHOY KITIEHTA;

e CTaHJapTHWI NaponbHUIA METOL.

[Mpw 3annTi KieHTa cepsep NOBILOMASE MOMY, SKI METOAW ayTeHTUMIKaLiT BiH
MNIATPUMYE | KNIEHT NO Yep3i HaMaraeTbCs NepesipuTU iX. 3a 3aMOBUYBAHHAM KJli-
EHT CroYyaTKy HamaraeTtbCsl ayTeHTUMIKYBATUCA CBOEHD afpecoro, MoTiM ny6siy-
HUM K/TFOYEM i, IKLLO HIY0ro He cripautoBasio, nepeaae naposb, BBEAEHWUIA 3 KnaBi-
atypu (Npu LpOMy Maposib LWNPPYETLCA aCUMETPUYHUM LWNgPpYyBaHHAM). [icns
MPOXOPKEHHSA ayTeHTU(iKaLii O4HMM 3 METOAIB 3 HasABHUX Y K/ieHTa | cepsepa
Map K/OYiB reHepyeTbCca KN4 CUMETPUYHOIO LUNMPYBaHHS, BiH FEHEPYETLCS Ha
MiAcTaBsi CBOrO CEKPETHOro Ta BiAfasieHOro nyo6aiyHoro Kodis. icna voro B
HaCTynHi daHi, WO nepefaroTbcA vepe3 SSH, WwWngpyoTbes AaHUM KaroyeM (3a-
3BMYail BUKOPUCTOBYETLCS anroputm AES 3 J0BXMHOIO KtoYa 128 6iTiB).

MpoTokon SSH Bepcii 1 mMaB feski «b6arn» B LUNGPYBaHHI JaHKMX, LLO nepe-
[aroTbes, | 6yB, HacnpasAi, MeTOAOM 6e3rneyHoi ayTeHTUdiKauii. MNpoTokon Be-
pcii 2 nigTpuMye BiNbll CyYacHI METOAN LWNQPYBaHHSA AaHWX, TaKOX pasoM 3
AAHUMWN HAACWUAKTLCA KOHTPO/bHI cymun hopmaty SHA ab6o MD5, wwo yHemo-
XXNMBMOE NiAMIHY ab0 IHWY MoAMMIKaLi0 JaHUX.

6.4 TpPOTOKO/IN eNEeKTPOHHOT NMOLUTN

EnekTpoHHa nowita abo mepexkHa NoLIToBa Ccny»ba — Le po3nojineHe 3a-
CTOCYBaHHS, rOM0BHOK (DYHKLIIEID AIKOTO € HaflaHHS KOpUCTyBavam Mepexxi Mo-
YKIMBOCTi 0OMiHIOBATUCA €1eKTPOHHMMM NOBILOM/IEHHAMW. ENeKTpOHHa nowuTa
nobyaoBaHa BiAMNoBiAHO A0 KNiEHT-CEPBEPHOI apXiTeKTYpu. MOLITOBUIA KNIEHT
PO3MILLYETLCA Ha KOMMN’KOTEPI KOPUCTYBaYa, a MoLITOBUIA CepBep, K Npasuo,
— Ha BUAiNeHoOMY KOMM’toTepi.

[MoWTOBUIA KNIEHT — Lie Nporpama, Lo BUKOPUCTOBYETLCA AN HafaHHA iH-
Tepeiticy KOpUCTYBaYyeBi, a TaKOX A5 3aC06iB PO6OTU 3 €N1EeKTPOHHUMMU MOBI-
AOMNEHHAMM. MOLWITOBKUIA CepBep BUKOHYE MPUIAHATTA MOBIAOM/EHb Bif, KNi€H-
TIB I NepeHarpas/ieHHs iX IHLWIMM K/liEHTaM BIAMOBIAHO A0 3a4aHUX Nnpasusl.

OO6MIH nowTo 3 BUKOPUCTaHHAM TCP BMKOHYETLCS Yepes areHTIB nepe-
aasaHHA nosigomneHb (MTA — message transfer agent). Hanpuknag, Hain6inbLw
nowmpeHnt MTA ana Unix-cuctem — ue Sendmail. Kopuctysadi 3BM4aiiHO He
cninkyTbea 3 MTA. 3agada CUCTEMHOMO afMiHiCTpaTopa BCTaHOBUTU NIOKaSTb-
HUA MTA.

ENeKTpoHHI NOBILOMMIEHHA MatOTb CTaHAAPTHWIA (opmat. Y CrpoLleHoMY
BapiaHTi MOro MOXKHa noJaTtu y BUIsAAI ABOX YaCTMH: 3arosioBka, Lo MIiCTUTb
CNY>K60BY IH(hopMaLito, Ta Tifia MOBIAOM/IEHHS, WO MICTUTbL CaM «/INCT» KOPUC-
TyBaya. [(0/10BHa YacCTMHa 3aro/ioBKa — Lie afpeca BignpaBHUKa i OTpUMyBaya y
(opmaTi user@domain.com, e user — IAeHTUMIKATOP KOPWUCTyBaya MOLUTOBOT
CnyK6un, domain.com — iM’S AOMeHY, 40 AKOro HaneXuTb JaHWin KOPUCTYBau.
TakoX B 3aro/ioBOK MoMiLLaloTbCa AaTa | Tema nncTa, BIAMITKMA NPO LWKGpPY-

218



BaHHSA, TEPMIHOBICTb [OCTaB/IEHHS, HEOOXIAHICTb NIATBEPMKEHHA (DAKTYy Mpo-
YMTYBaHHSA INCTa OTPUMYBAYEM, BUKOPUCTOBYBaHUI BUJ, KOLYBaHHA. TakoxX [0
NMCTa MOXYTb [olaBaTn Meaia-thaninu.

3arasiom efieKTPpOHHa MoLUTa CKNafaeTbCs 3 TPbOX YaCTUH:

1. KoHBepT, wo sukopuctoByetbcd MTA ana poctasneHHs. RFC 821 Bu-
3Ha4ae BMICT Ta iHTepnpeTayito KOHBEPTa, a TaKoX NPOTOKO/, KU BUKOPUC-
TOBYETLCA 4719 06MiHYy nowToto TCP-3’egHaHHAM;

2. 3aro/ioBKU, L0 BUKOPUCTOBYHOTHCA KOPUCTYBALLbKUMU areHTamu;

3. Tino — ue BMICT MOBIAOM/IEHHSA BiA BIAMPaBHWKN O OTpUMYyBaua.
RFC 822 Bn3Hayae Tiflo MOBIAOMIIEHHS.

AK 3acié nepefgaBaHHA MNOBIAOM/IEHb MOLITOBA CNy)X6a BUKOPUCTOBYE
npotokon SMTP (Simple Mail Transfer Protocol). SMTP peani3yeTbcs yepes
HECUMETPUYHI B3aEMOAINHI YacTuHU: SMTP-knieHTa Ta SMTP-cepsepa. Liei
MPOTOKO/ OPIEHTOBaHWI Ha NepefaBaHHs JaHUX Bif KMieHTa 4o cepsepa, Tob-
ToO SMTP-KnieHT npautoe 3 60Ky BignpaBHUKa, IHILIKOE 3’€AHAHHSA | BiAcunae
3anuT Ha 06¢cnyrosyBaHHs, a SMTP-cepBep 3 60Ky OTpuMyBaya BinoBijae Ha
3annTn KNieHTa.

CbOrofiHi, K NpaBuI0, BUKOPUCTOBYETLCS CXeMa MOLUTOBOT CY>K61 3 BUAI-
NEHVM CepBepPOM, LLO MOCTIAHO Mepefae MoBiAoOMEHHS Bif, 6araTtbox Bignpas-
HUKIB 10 6araTboX OTpMMyBadiB. [1s KOXKHOIo fJomeHY imeH DNS CTBOPHOKOTb-
ca 3anuen Tuny MX, B aKkumx 36epiratotbcst DNS-iMeHa NoLIToBUX CepBepiB, LLO
06CNyroByrOTb KOPUCTYBaYIB JaHOI0 JOMEHY.

KopwucTtyBay 3a 4OMNOMOror MOLUTOBOrO K/iEHTA CTBOPHE MOBIAOMI/IEHHS,
BKa3ye afipecy oTpuMmyBaya i Bignpasnse nicT. Jani BigbyBaeTbCA 3BepTaHHA [0
cuctemn DNS, wo6 BusHaumt DNS-iM’s nowitoBoro cepsepa. [licns noro
OTPUMaHHA BiOYBa€ETbCA MOBTOPHE 3BepHeHHA A0 DNS gna otpumaHHs IP-
aflpecu noLuToBOro cepsepa.

SMTP-knieHT BiAnpaBnse 3a AaHok IP-agpecoro 3anuT Ha BCTaHOB/IEHHA
TCP-3’eiHaHHA Yepe3 NopT 25. 3 UbOro MOMEHTY MOYMHAETLCA Aiasior MK K/ii-
EHTOM i CepBepoMm 3a NPOTOKONOM SMTP. ¥ Tabn. 6.7 HaBeleHO KOMaHAM Npo-
TOoKoNy SMTP. TyT NOTPIGHO Big3HAYMTK, WO KOXHA UMdpa y KoAi BiAnosiai
Mae neBHe 3HayeHHs. MNepla umdpa o3Hayae, U 6y10 BUKOHAHHS KOMaHAM Yc-
niwHUM (2), HeycniwHmMm (5) abo we He 3akiHunnoca (3). Apyra i TpeTa uuppu
KoZy BiANOBIAi NOACHIOKOTH 3HAYEHHSA MepLLOT.

Tabnmug 6.7 — KomaHay NpoTokosy nepefasaHHaA nowtv SMTP

KomaHpa/Kop Oonuc

HELO IHiLitOE NnepefaBaHHS.

MAIL MounHae noLiTosy TpaH3akLito, fKa 3aKi_queTbc;1 nepefaBaHHAM Aa-
HMX B OAMH abo Ki/lbKa NOLITOBUX ALLMKIB.

RCPT |ieHTUdiKye 0TpYMyBayva NOLITOBOrO NOBILOM/IEHHS.
[aHi, Wwo nayTs nicna uiei KoMaHaW, po3rnsagatoTbCa OTPUMYyBadeM AK

DATA [aHi MoLUTOBOro MNoBiAOM/IEHHS. [OLITOBE NOBILOMIEHHSA 3aKIHYYETHCA
KombiHauieto cumsonis CRLF-kpanka-CRLF.

RSET [NepepuBae NOTOYHY NOLUTOBY TPaH3aKLit0.
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[MpoaoBXeHHs Tabn. 6.7

Bumarae Bifj 0TpyMyBaya He BUKOHYBATW HisIKUX Aiid, a nnLle BUaaBaTm

NOOP BignoBigb OK. BUKOPUCTOBYETLCA Y BiNbLLOCTI BUNALKIB ANA TECTY-
BaHHS.
QUIT Bumarae Bugasatu Bignosigb OK i 3akpnBaTyi NOTOYHE 3’ €4HAHHS.
VREY !3vnv|arae Bif OTpMMyBaya NiATBEPAUTH, LLLO MOr0 aprymMeHT € LINCHUM
IMEHEM KOpWUCTYyBauya.
SEND I'quMHa_e noLIToBy TpaHsaKu,irp, LLL0 AOCTaB/SAE faHi Ha 0fMH abo Ki/lb-
Ka TepMmiHaniB (a He Y NOLUTOBI ALLUKN).
SOML MounHae Tr_)aH3aKL|,i+o _I\/IAI_L _6160 SEND,_ LLLO0 AOCTaBNATb AaHi Ha
OAMH abo KinbKa TepMiHaniB i y NOLITOBI ALLMKMN.
SAML MounHae TpaHsakuito MAIL i SEND, 1o 40CTaBNAt0Tb aHi Ha 0fuH
ab0 KinbKa TepMiHaniB i y NOLUTOBI ALLMKW.
KomaHga SMTP-oTpumyBayy NiaTBEpANUTI, UM AIACHO apryMeHT € aj-
EXPN PEeCco0 MOLUTOBOr0 PO3CUNaHHSA | AKLLO TaK, TO NOBEPHYTN afpecy
OTpUMYBaYy MoBiAOM/IEHHS.
HELP UKowlaHp,a SMTP-oTprmyBa4y NoBepHYTM NOBILOMIEHHSA-L0BIAKY NPO
Oro KomMaHAw.
KomaHga SMTP-oTpumyBady abo ckazati OK i 3miHUTK poni, To6To
TURN cratn SMTP-nepegasayem, abo BiANPaBUTH NOBILOM/IEHHSA-BIAMOBY i
3anmwatucs y poni SMTP-oTpumyBava.
211 Bignosiab Npo cTaH cuctemu abo fonomory.
214 [MoBigoMIeHHA-NiAKa3Ka (40NOMOra).
220 <iM’a_f0MeHy> cny>k6a rotosa 4o poboTw.
221 <iM’_foMeHy> cnyx6a 3aKpuBae KaHan 3B’A3KY.
250 ﬂ!iﬂ MOLUTOBOI TpaH3aKLii, 3annT Ha Ky 6y/10 BUKOHAHO, YCMILLHO 3a-
KiHYMnacs.
251 [aHnii agpecar Ha € MiCLIeBMM; NOBiAOMNEHHS by e nepeaaHo no mMap-
wpyTy <forward-path>.
354 MounHain NnepeaaBaHHA NOBIAOM/EHD.
421 <iM’A_[IoMeHy> c/ly>k6a HeAOoCTYMNHa; 3’€AHaHHS 3aKPUBAETHLCA.
450 KomaHgza I'IO‘LJIJTOBO'I' CNY)>XOM He BUKOHaHa, OCKifIbKM MOLUTOBUI AWK
HeLOCTYMHUNA.
451 Koma}H,u,a HE BMKOHaHa,; Bi0YyN1acb /I0KaslbHa NOMUJIKA NMPU onpato-
BaHHI NOBILOM/IEHHS.
452 KomaHa He BMKOHaHa; CUCTEMI He BUCTa4un/I0 pecypcis.
500 CUHTaKCMYHa NOMW/Ka B TEKCTI KOMaHAMW; KOMaHa He iAeHTU(iKoBaHa.
501 CUWHTaKCUYHa NoMuUsIKa B apryMeHTax abo napamerpax KOMaHau.
502 [aHa KomaHfa He peani3oBaHa.
503 HenpaswibHa NOCNILOBHICTL KOMaH,
504 Y [aHoi KOMaHAW He Mae OyTu aprymeHTiB.
550 KomaHfa He BUKOHaHa, OCKi/IbKV NOLITOBUI AWMK HEAOCTYMHWIA.
551 [aHwuii agpecaTt He € MicLeBM; cnpobyiTe nepefaTyi NOBILOMIEHHS MO
mapLupyTy <forward-path>.
552 KomaHpa TpaH3akLii nepepsaHa; nepernoBHEHO AWCKOBUIA NPOCTIp.
553 KomaH/a He BMKOHaHa; BKa3aHO HeJOCTYMNHe iM’S NOLUTOBOrO ALLMKA.
554 TpaH3akLis He BUKOHaHa.

220




Jnct 36epiraetbes y 6ydepi cepBepa, a NOTIM NEPEHOCUTLCA B IHAMBIAYa-
NbHUIA Bythep oTpumyBaya. Takunil 6ytep Ha3MBAETLCSA MOLLTOBUM ALWMKOM. Ta-
KUM YMHOM, MOLUTOBUIA CepBep Mae BMPILLYBaTK Pi3Hi 3adadi LWoAo opraHisauit
6aratoKopuCTyBaLbOoro AOCTyny, 30Kpema: KepyBaHHSA PO3MOAINIEHUMN pecyp-
camu i 3abe3neyeHHs 6e3nevyHOro 4ocTyny.

[ani y NeBHW MOMEHT OTpUMYBa4 3anyCckae CBOrO MOLUTOBOrO areHTa i
BUKOHYE KOMaHZy nepeBipKu nowTu. IMicns uboro 3anyckKaeTbCs NPOTOKON A0-
cTyny Ao nowrtosoro cepsepa (POP3 a6o IMAP) ons 0TpMMaHHA Bif HbOro Aa-
HUX, TOOTO Bif0yBa€ETLCA AOCTAB/SHHA OTPMMYBauy Oro IncTa.

MpoTtokonn POP3 (Post Office Protocol v.3) i IMAP (Internet Mail Access
Protocol) 3a6e3neyyoTb 4OCTYN KOPUCTyBayam [0 KOPeCrnoHAeHUii, wo 36epi-
raeTbCa Ha NowToBOMY cepBepi. Obuasa NPOTOKONM NIATPUMYIOTEL ayTeHTUI-
KaLlit0 KOPUCTYBauiB Ha OCHOBI ifeHTuUikaTopiB i naponein. OTpuMmyroUn goc-
Tyn 4o cepsepa 3a NpPoTokosiom POP3, NOWTOBKIA areHT 3aBaHTaXye afpecoBa-
Hi AIOMY NOBIJOM/IEHHSA B MaM’ATb CBOr0 KOMIM’HOTepa, Npu LibOMY Ha CepBepi He
3MLLAETLCA «CNigy» Bif NOLWTK, WO NPURHATA. AKLLO AOCTYN peani3oBaHO 3a
npoTokosom IMAP, TO y nam’ATb NOKa/IbHOr0 KOMM’t0Tepa nepeaaroTbea mLle
KoniT NoBiAOM/IEHD, L0 30epiraloTbCa Ha MOLTOBOMY CepBepi. TakoX MPOTOKO/
IMAP [03B0O/ISIE 3UMTYBa/IM NMLLIE 3ar0/10BOK MOBILOM/IEHHS, MiCNS YOro Kopuc-
TyBau Npuinmace piLleHHs Npo Te, YM NOTPI6GHO OTPUMYBATK CaM JINCT 3 cepeepa.

6.5 lNpotokonn FTP Ta TFTP

6.5.1 MNpotokon FTP (File Transfer Protocol). BukopuctoByeTbca Ans
nepefaBaHHA (hainie. MNepeaaBaHHA (aiiniB nonsirae y KonitoBaHHI Lioro a-
ny 3 OIHOro By3/Ma Mepexi Ha iHwWwuiA. o6 BukopucToByBat FTP notpi6Ho
mMaTu 006/iKOBMIA 3anuUC Ha cepeepi ab0 MOXXHa BUMKOPUCTATU aHOHIMHUIA FPT
(anonymous FTP).

AK i Telnet, npotokon FTP 6yB CTBOPeHWA Ans TOro, W06 MOXHa 6yno
npawtoBaT MiXK By3namu, SKi BUKOPUCTOBYHOTb Pi3Hi onepauiiHi cuctemu, pis-
HY CTPYKTYpY (hainniie. FTP 3rnamkye pisHULIO MiDK CUCTEMaMK 3a paxyHOK nif-
TPMMaHHA 06MeXXeHOI KiflbKoCTi pisHux Tunie arnis (ASCII, ABIKOBI Ta iH.) i
CTPYKTYpu hainnie. OgpiyinHy cneumdikauis FTP HaBegeHo y RFC 959,

FTP BigpIi3HAETLCA Bif IHWMX 3aCTOCYBaHb TUM, WO BiH BUKOPUCTOBYE [Ba
TCP-3’eaHaHHA A1 nepefaBaHHs gainny:

1. KepiBHe 3’€fHaHHSI BCTAHOB/IKOETLCA AK 3BUYaAHE 3’€fHAHHS KIIEHT-
cepsep. CepBep 34iCHIOE NacuBHe BIAKPUTTA 3a3ganerigs Bigomoro nopty FTP
(21) i ouikye 3anUT Ha 3’€lHaHHA Bif KnieHTa. KNieHT 34iMCHIOE aKTUBHE BifJK-
putta Ha TCP-nopt 21, wWo6 BCTAHOBUTW KepiBHe 3’eAHaHHA. KepiBHe
3’€[lHAHHA TPUBAE BeCb Yac, MOKWM KIIEHT CMINKYeETbCA 3 cepBepom. Lle
3’€[lHaHHA BUKOPUCTOBYETLCA 414 MepejaBaHHA KOMaH/ Bif KNieHTa [0 cepsepa
i 4na nepefaBaHHsA Bignosigen Big cepsepa. Tun IP-cepBicy Ans KepiBHOrO
3’€[JHAHHA BCTAHOBJIKOETLCA 411 OTPUMAHHSA «MIHIMa/IbHOI 3aTPUMKM», OCKiflb-
K1 KOMaHAW, 3a3BMYail, BBOAATLCA KOPUCTYBAYEM;
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2. 3’e¢QHaHHA [aHWX BIAKPMBAETHCA KOXHOrO pasy, KoM 3A4IACHHETLCA
nepefaBaHHA (hainly MidXX KnieHToM i cepBepoM. Tun cepsicy IP gns noeaHaHHA
[aHVX Mae Matu «MakCMMaslbHy MpPOMYyCKHY CMPOMOXHICTb», OCKIJIbKU Le
3’€[lHaHHA BUKOPUCTOBYETLCA AN NepeaaBaHHA haiinis.

Ha puc. 6.10 nokasaHo NigTpuUMaHHS Cecil MK K/IEHTOM i CepBepoM Mo
ABOX 3’€flHaHHSAX. |3 pUCYHKa BUAHO, LLO KMIEHT He 6a4nMTb KOMaHAW i BiAMOBI-
Ai, WO nepeaatoTbCa Yepes KepiBHE 3’e4HaHHSA. LI geTani peanisytoTb fBa iHTe-
pnpeTaTopu NPOTOKONY.
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PucyHok 6.10 — BctaHoBneHe FTP-3’eqHaHHA

AnroputM poboTtu NnpoTokony FTP nonsrae y HK4YeHaBeeHOMY.

1. Cepsep FTP BuMKOpUCTOBYE K KepiBHe 3’efHaHHA Ha TCP nopt 21,
KW 3aBXAM 3HaXOAMUTLCA B CTaHi OYiKyBaHHA 3’€4HaHHA 3 60KY KOpUCTyBaya
FTP.

2. [Micna Toro, ik BCTAHOB/OETLCSA KepiBHe 3’€fHaHHA mMoaynsa «lHTepn-
peTaTtop NPOTOKOJ/ly KOpUCTYBada» 3 MOAY/NeM cepBepa «IHTepnpeTaTop npo-
TOKO/y cepBepa», KOpuUcTyBay (KNEHT) MOXe BignpaBnsaTy Ha CepBep KOMaH-
an. FTP-komaHAM BW3Ha4atoTb MapaMeTpyu 3’€fHAHHA: POJi  YYaCHUKIB
3’eHaHHA (aKTMBHI YW MacuBHI), NOPT 3’€4HaHHA, TUN MepefaBaHHsA, TUM mMe-
pefaBaHNX AaHUX, CTPYKTYPY AaHWUX i KePIBHI AUPEKTUBU, WO MO3HaYaoTh Ail,
AKI KOpUCTYBa4y Xo4e 3pobuTtn (Hanpuknag, 36epertu, 3unTatu, gopatn abo
BUAANTN Ta iH.).

3. [icna Toro, AK y3rofkeHi BCi MapaMeTpu KaHasly nepefaBaHHs AaHUX,
O[MH i3 yYaCHUKIB 3’€[iHAHHS, AKWNA € NAaCUBHUM, MEPEXOANTL B PEXMM OYiKY-
BaHHA BIAKPUTTA 3’€4HaHHA Ha 3afaHuiA Ana nepefaBaHHA faHuX nopt. Tlicns
LIbOro aKTUBHUIA MOAY/b BiKPUBAE 3’ €AHAHHS | MOYMHAE NnepeaaBaHHsA AaHKX.

4. Tlicna 3aKiHYeHHA nepefaBaHHs faHUX 3’€4HAHHA MK «[l1porpamoro
nepefaBaHHsA faHux cepsepa» i «[1porpamoro nepefaBaHHA JaHUX KOPUCTYBa-
Ya» 3aKPMBAETLCA, ane KepiBHe 3’efHaHHA «lHTepnpeTaTopa MPOTOKONY cep-
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Bepa» I «lHTepnpeTaTopa MPOTOKOMY KOPUCTyBaya» 3a/IMLIAETLCA BIAKPUTUM.
KopuctyBau, He 3akpuBatoun cecii FTP, MoXe Le pa3 BIAKPUTU KaHan nepe-
[AaBaHHA JaHuX.

MoxnnBa cuTyauid, KOAM fdaHi MOXYTb rMepefaBaTucs Ha TPETIn
KOMN’toTep. Y UbOMY BUMAaAKy KOPUCTYBAY OPraHi3oBYE KaHas KepyBaHHSA 3
[BOMa cepBepaMu i NPAMUIA KaHan faHuX MK HMMKW. KomaHau KepyBaHHS
AOyTb Yepes KOpUCTYBaya, a faHi — Harnpamy Mix cepsepamu. KaHan KepyBaHHS
Mae 6yTu BIAKPUTUM NpuW nepefaBaHHi JaHWX MK cepBepamu. lHakwe, B pasi
AOro 3aKpUTTH, NepeaaBaHHA faHNUX NPUNUHAETHCS.

6.5.2 MogaHHA gaHux y FTP. MNpoTokon Hagae pisHi cnocobu KepyBaHHA
nepefaBaHHsAM Ta 36epiraHHAM (haiinis. MoTpi6HO 3po6UTK BMGIP 3a YOTUPMaA
MYyHKTaMW:

1. Twvn danny:

- ASCII-hainn (3a 3amMoBYYyBaHHAM). TekCTOBUIA (harin nepefaeTbCst AK NVT
ASCII. Mpwn uboMy NoTPiI6HO, 106 BiaNPaBHUK KOHBEPTYBAB /IOKa/IbHUIN TEKCTO-
Buii thaitn B NVT ASCII, a otpumyBay KoHBepTyBaB NVT ASCII B TEKCTOBWiA
(hain. KiHeup KOXXHOro psgka nepegaetocs y Burnagi NVT ASCII-cumsona no-
BEPHEHHSA KapeTKu, Nicns 4oro infe nepeknag psagka. Lle o3Havae, Wo otprmMysay
Ma€ MepernsaaT KoxeH 6aiT B nowykax napu cumeonis CR, LF;

- EBCDIC-thaitnn. AnbTepHaTUBHUIA CNoci6 nepefaBaHHs TEKCTOBMX (alinis,
KO/IM Ha 060X KiHusx cuctemun EBCDIC;

- ABIVIKOBI abo 6iHapHi (hainn. [daHi nepefaroTbCA SK HENEpPepBHUIA MOTIK
OITIB;

- NoKanbHUn TMn arnis. Cnoci6 nepefaBaHHA GiHapHUX (ainiB MiX XocTa-
MW, WO MalTb Pi3HMIA po3mip 6aiTa. KinbKicTb 6ITiB y 6aiTi BU3HAYAETHLCS
BiANpaBHMKOM. [1na cucTeM, L0 BUKOPUCTOBYHOTL 8-6iTOBI 6aliT, NOKa/IbHUIA
TUN (hainny 3 po3mipom 6aiTa, WO AOPIBHIOE 8, EKBIBANEHTHUI GiHAPHUM TU-

nam canny.
2. KepyBaHHA (hopmatom. 3actocoByeTbes Tifibkn ans ASCII- i EBCDIC-
(hamnis:
- Nonprint (3a 3aMoBYyBaHHAM). Paii/1 He MICTUTb IH(OpPMaLLit0 BEPTUKa/IbHO-
ro qpopmarty;

- Telnet format control. ®ain MICTUTb KePIBHI CMMBO/IM BEPTUKA/IbLHOIO (hop-
maty Telnet, WO IHTEPMPETYHOTLCA MPUHTEPOM;

- Fortran carriage control. Meplwmnin cCMMBON KOXHOro psiika — ue Fortran-
CUMBO/ KepyBaHHA (hOpMaTOM.

3. CtpykTypa:

- CTPYKTypa (paitny (3a 3amoBuyBaHHAM). Paitfi cnpuiMaeTbesa y BUrNA4i He-
NepepBHOro NOToKy 6aiTiB. ®aiin1 He Mae BHYTPILLHLOT CTPYKTYpU;

- T CTPYKTYypa 3anucy. Lia cTpyKTypa BUKOPUCTOBYETLCA TifIbKU A1 TEKCTOBUX
hainnie (ASCII abo EBCDIC);

- CTPYKTypa CTOPiHKN. KoXXHa CTOpiHKAa MnepeaaeTbcs 3i CBOIM HOMEPOM, LU0
[03BO/IAE OTPUMYBaYeBi 36epirati CTOPIHKK Y BUMagKoBOMY MOPSAKY.
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4. PexuMm nepefaBaHHa. Bkasye Ha Te, K (haili nepefdaeTbcs 4epes
3’eIHaHHA:

- PeXuUM NOTOKY (3a 3aMoBYyBaHHsIM). Paitn nepefaeTbCs K NOTIK GanTiB.
[ns thainnoBoi CTPYKTYpK KiHelb (baliny BKasye Ha Te, WO BifNnpaBHMK 3aKpMBaE
3’ejHaHHA gaHuX. [na CTPYKTypu 3anucy cnewiasibHa 2-6ainToBa Noc/ifoBHICTb
no3Hayae KiHewb 3anucy i KiHeup ainy;

- pexxum 6/10KiB. Paiin nepefacTbCs AK NOCNIJOBHICTb 610KIB, Nepes KOXHUM
3 HUX CTOITb OANH ab0 Kinbka 6ainTiB 3aro/oBKiB;

- CTUCHYTUIA pexxum. TpocTe KoayBaHHs 6aiTiB, WO HEOAHOPa30BO 3yCTpiva-
HOTbCA | MOBTOPIOKOTLCA. Y TEKCTOBUX (paiinax 3a3Buyaii CTUCKAKOTLCS MOPOXKHI
pPAAKK abo pAOKK 3 MPONYCKaMu, a B GiHAPHUX — PALAKK 3 HYNIbOBUX BaiTiB.

6.5.3 KomaHau Ta Bignosigi FTP. KomaHam Ta Bignosifdi nepenaroTbCs
yepes KepiBHe 3’elHaHHA MK K/lieHTOM Ta cepsepoM Yy dopmati NVT ASCIIL. Y
KiHUiI KOXXHOro psAgka KomaHau abo Bigryky npucytHsa napa CR, LF. KomaHau
cknagatoTbes 3 3 abo 4 6ainTis, a came: 3 ASCII-cmBONiB BEPXHLOIO PEricTpa,
AesiKi 3 HUX MatoTb He0O60B’A3KOBI aprymeHTW. KNieHT MOXXe BiAnpaBuUTU cepse-
py 6inbLue 30 pisHUX FTP-komaHA. Y Tabn. 6.8 HaBefeHO fAesKi HalbifbL BXK-
BaHi KomaHau. TyT <SP> — nponyck; BCi KOMaHAM 3aKiHYYHTbCA HAaTUCKaHHAM
KHOMKWN BBEAEHHS, B KBaApaTHUX OY>KKax BKa3aHO OMUiHI apryMeHTU, BUKO-
HaHHA O0yab-AKOT KOMaHAM MOXKHa repepsaTyt 3 A0NOMOrok0 KombiHauii KnasiL
Ctrl+C.

Tabnmug 6.8 — KomaHam FTP Ta X npu3HavyeHHS

KomaHaa Onwuc

ABOR MepepBaTy nonepefHto komaHay FTP i 6yab-
AKe nepefaBaHHA faHUX

LIST [<SP> <npoxizg>] Cnucok tharinis abo ANPeKTOopIi.

PASS <SP> <naponb> Maponb Ha cepBepi
IP-agpeca KnieHTa (n1.n2.n3.n4) i 16-6iTOBWIA

PORT <SP> nl1, n2, n3, n4, n5, n6 HOMep NopTy, L0 (hOPMYETLCA 3 ABOX LUPP i
BU3HAYa€ETbCA AK N5*256+Nn6

QUIT 3akpuTun cecito Ha cepsepi

RETR <SP> <im’a thainny> Otpumartu (get) dain

STOR <SP> <im’s thanny> 36eperTn (put) darin

SYST CepBep nosepTae TUMN CUCTEMM

TYPE<SP> <Tun> E(;(:g?(zm ™™mn gainy: A gns ASCIL, | gns ggin-

USER<SP> <im’a KopucTyBaya> Bkasatu iM’s1 KOpuCTyBaya Ha cepBepi

FTP-signosigi cknagatoTees 3 3-ungposux 3HadveHs y qpopmati ASCII i He-
060B’A3KOBMX MOBIAOMMEHD, LLIO MAYTb 3a cMMBONaMun. Lindposi Koan BuKopuc-
TOBYKOTb MpoOrpamu, a TEeKCTOBI MOSICHEHHS — KOPUCTyBadi. KoXHa 3 TpbOX
LMdp B KOAi BiAMNOBIAI Mae BNacHWIA 3MICT. Y Tab/. 6.9 HaBefeHO AesKi 3HayeH-
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HA MepLuoT Ta Apyrol umMgp B KoAi BIAryky. Tpeta uudgpa Aae 4oAaTKOBe Mosc-
HEHHS NOBILOM/IEHHAM NPO MOMUJIKY.

Tabnuus 6.9 — Koan FTP Bignosigent FTP Ta ix onuc

Bignosiab Onwuc

1yz I'I03V|TV|BH§1 ronepezHs Bi,ﬂ,ﬂOBi,_ﬂ,b. [is noyanacs, 0,£|,HaK_!10Tpi6Ho AoyeKaTu-
CA LLle OAHIET BiANOBIAI Nepes BignpaBneHHAM HaCTYMHOT KOMaHAW.

2yz Mo3nTnBHa Bi4NOBIAbL NP0 3aBepLUeHHs. Moxe 6yTK BiAnpas/ieHa HOBa KO-
MaHza.

3yz Mo3nTMBHa NpoMmiXKHa BiAnoBigb. KomaHaa NpuitHATa, 04HaK Heo6XiAHO Bij-
MpaBuTK e OLHY KOMaHLY.

ayz TumuacoBa HeraTvBHa Bi4NoBiAb Npo 3aBEPLLEHHA. MoTpibHa gis He B_i,q6y-
nacs, NpoTe NOMWUJIKA TMYacoBa, KOMaHAYy NOoTPiGHO NOBTOPUTK Mi3HiLUe.

5yz I'IOCTi_|7|Ha HeraTMBHa_!s_i,u,nosi,qb npo 3aBepLUeHHs. KomaHaa He 6yna cnpuii-
HATa | NOBTOPHOBATM Ti He BapTo.

x0z CurHTaKCcMYHa NoMunKa.

x1z IHopmaLis.

X22 3’efiHaHHA. Bignosifi CTOCYyOTLCA NpoLecy 3’ eiHaHHA ab0 KepyBaHHS.

37 AyTeHqu)iKau,iﬂ_. Bignosigb cTocyeTbes peecTpauii abo KomaHaw, Lo
MoB’A3aHa 3 06/1iKOBMM 3anuncom.

6.5.4 Pexkumun po6otn FTP-cepBepa:
1. AKTMBHUI pexxuM (MokasaHo Ha puc. 6.10, a):
- K/IIEHT BCTAHOB/IOE 3’€HaHHA Ha 21 nopT cepsepa 3 nopty N (N>1024);
- cepBsep Bianpasnse BiANoBiAL Ha NOPT N KNIEHTE;
- CepBep BCTAHOB/IOE 3’€AHAHHA ANA nepeaaBaHHs AdaHuX 3 nopTy 20 Ha nopT
KnieHTa N+1;

FTP-cepBep FTP-knieHT FTP-cepBep FTP-knieHT
Mopt Mopt Mopt MopT Mopt Mopt Mopt Mopt
20 21 1028 1029 20 21 1028 1029
Mopt
2026
L1 L1
1 1
ry ry
™~ ™~
2 2 p
1\ A ‘/‘
[~ L
3 3
\\ e g
a) 6)

PucyHok 6.10 — Pexxumu poboTa FTP-cepsepa:
a) aKTUBHUI peXxxnuM; 6) NaCUBHUIA PEXNM

225



2. TlacuBHWA pexkum (nokasaHo Ha puc. 6.10, 6):

- KNIEHT BCTAHOB/OE 3’€AHaHHA Ha 21 nopT cepsepa 3 nopty N (N>1024) i
NPOCUTL CEPBEP NEPENTIN B MACUBHUIA PEXXUM;

- CcepBep BiAnpasnse BIANOBIAb | MOBIAOM/ISE HOMEP NOPTY ANS KaHay AaHWUX
P (P>1024) Ha nopT N KnieHTa;

- K/TIEHT BCTAHOB/IOE 3’ €4HAHHSA NS NepefaBaHHs fgaHux 3 nopTty N+1 Ha nopT
cepsepa P.

Po6oTa FTP Ha KOp1CTyBaLbKOMY PiBHI MICTUTb KijlbKa eTanis.

1. lgeHTudikauis (BBefjeHHs iMeHI-ifeHTUdikaTopa i napons).

2. Bwnbip katanory.

3. Bu3HaueHHs pexxmmy 06MiHy (No6s10KoBo, noTokoBmin, ASCII abo Agiit-
KOBUIA).

4. BUWKOHaHHA KOoMaHA 006MiHY (get, mget, dir, mdel, mput a6o put).

5. 3aeepLueHHs npoueaypu (quit abo close).

Hes3Ba)xatoun Ha po3noBCHOAKEHICTb, Y FTP € 6arato HeoNiKiB:

- nporpamu-KnieHTn FTP He 3aBXXAn 3py4Hi | MPOCTI Y KOPUCTYBaHHI;

- KOPUCTYBaY He 3aBXAM MOXe 3p03yMiTu KW (paiin nepes HAM: TOW, WO He-
06XIiHO, YK Hi;

- He ICHYE NPOCTOro Ta YHiBepcasibHOro 3acoby N5 MOLUYKY Ha cepBepax
anonymous FTP;

- nporpamu FTP pgosoni ctapi, Aeski iXHI 0co6nMBOCTI, AKi 6y NOTPIOHI B
yacu TXHbOro CTBOPEHHS, He 30BCIM 3p0o3yMini i NOTpibHI 3apa3. Hanpwuknag,
ANs nepeaaBaHHs aliniB iCHYE [Ba PEXUMM — [ABIMKOBMIA Ta TEKCTOBWIA, | SIKLLO
KOpUCTyBay HenpaBWIbHO 06paB PeXxMM nepeaasaHHs, TO (hai, KU HeobXxia-
HO MepejaTtu, MoXe ByTV NOLLKOLXKEHUM.

- onuc (arinis Ha cepBepi BUAAETLCA Y (hopmaTi onepaLiiHol cCUCTeMI CepBepa;

- cepsepu FTP HeLeHTpani3oBaHi.

6.5.5 MNMpoTtokon TFTP (Trivial File Transfer Protocol). Lle npoctuin npo-
TOKON nepefaBaHHA (aiinis. BiH, SK NpaBuno, BUKOPUCTOBYETLCA MPU 3aBaHTa-
YKeHHi 6e34MCcKoBMX cucTeM. Ha BigMiHy Big npoTokosny FTP, Lo BUKOPUCTOBYE
AK TpaHcnopTHUn npoTokon TCP, TFTP sukopuctoye UDP. Lle 3po6neHo ans
TOro, Wo6 npotokon 6ye skomora npoctiwmnm. Onuc TFTP Bepcil 2 MOXHa
3HanT B RFC 1350.

OOMIH MK KNIEHTOM | CepBepOM MOYMHAETLCA 3 TOrO, WO KMIEHT BiAnpas-
NSE 3anUT Ha 3anuc abo YnTaHHA cepeepa. Y CTaHAAPTHOMY BapiaHTI 3aBaHTa-
YKeHHS 6e341CKOBOT CUCTEMM NEPLUNIA 3annT — Le 3annT Ha untaHHs (RRQ). Ha
puc. 6.11 nokasaHo (hopmart Kinbkox nosigomneHb TFTP (opcode — ko onepa-
LLiT, koawm onepauin 1 i 2 MaroTb 0AHaKOBWiIA hopmar).

Mepwi 2 6atn TFTP-NoOBIi4OMEHHA — Lie KOA onepauii. Y 3anuTi Ha yn-
TaHHs (RRQ) i B 3anuTi Ha 3anuc (WRQ) im’s tarny (filename) Bkasye taiin
Ha cepBepi, AKWUI KTIEHT Xo4e abo 3umMTatu, abo 3anmcatu. IM’s ainny 3akiHuy-
€TbCS HYNbOBMM GainTom. Pexxum (mode) — ue ASCII-pagok: netascii abo octet
(6yab-sika KOMGiHaLlis BEMKMX ab0 ManeHbKUX NiTep), AKWIN TaKoX 3aKiHUYETb-
cs 6aritom 0. netascii 03Hauae, Lo aaHi € psgkamm ASCII-TeKCTy, NpUyYoMy Ko-
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YXHUW PAAOK 3aKIHYYETHCA 2-CUMBOJIbHOK MOC/IAOBHICTIO NOBEPHEHHSA KapeT-
KW, 3a AKOH0 crigye nponyck psagka (nosHavaetbca CR/LF).

I IP-nakeT

I UDP-pararpamva

i nosigomneHHss TFTP

20 6aiiTis 8 baviTis 2 baiitn N 6aiiTiB 1 N 6aiiTiB 1
UDP- opcode
IP- = im' "n
3aro/0BoK 58T ONOBOK 1=PRQ iM'a cpanna |0 PEXUM 0
2=WRQ
2 6aintu 2 6aintm 0-512 6aiiT
opcode HoMmep .
3=paHi 610Ka Aanl
2 6aintm 2 6aintm
opcode HoMep
4=ACK 6n10Ka
2 baiiTn 2 Gaiitn N 6aiiTiB 1
opcode HoMep .
S=nommnka | nomunku | MOBIAOM/IEHHS PO NoMuUAKy 0

PucyHok 6.11 — dopmart nosigomneHs TFTP

| KnieHT, i cepeep MatOTb MaTW MOXX/IMBICTb 3A4INCHUTU NEPETBOPEHHS MiX
UMM (DOPMATOM | SIKUM-HebYpb IHLUMM, L0 BUKOPUCTOBYETLCA Ha IOKaSIbHOMY
xocTi. Nepenaya octet o3Havae, WO AaHi 6yayTb nepedasatuca y BUrnsagi 8-
6iTOBMX GaliTiB 63 iHTEeprpeTaLil.

KoxxeH nakeT gaHux MicTUTb HoMep 610Ka (block number), akuiA noTim Bu-
KOPWCTOBYETLCA B MaKeTi NiATBEPAKEHHI. Hanpuknas, Koim noTpibHo 34iACHN-
T YNTaHHA (hainny, KNiEHT nocunae 3annuT Ha yntaHHsA (RRQ), BKasyoun im’s
(hainnly i pexxmm. AKLLO0 (hainn Moxe 6YTU NPOYMTaHWUIA KNIEHTOM, CepBep Bifno-
Bifja€ MakeToOM [aHuX 3 HOMepoMm 6/10Ka, Lo AOpPiBHIOE 1. KnieHT nocunae nigr-
BepkeHHA (ACK) Ha Homep 6510ka 1. Cepsep Bi4NOBiAa€ HACTYMHNM NaKETOM
AaHNX 3 HOMepoM 6/10Ka, Lo A0PiBHIOE 2. KNieHT NiaTBepMKye HOMep 6/10Ka 2.
Lle npofoBXyeTbCA A0 TUX Mip, NOKK haiin He 6yae nepefaHuii. KoxkeH naket
AaHUX MIiCTUTb 512 6aiTiB AaHMX, 3a BUHSTKOM OCTaHHbOIO MakeTta, KU Mic-
T1Tb BiA 0 0o 511 6ainTiB AaHUX. KOMW KNiEHT OTPUMYE NakeT AaHuX, SKUA Mic-
TUTb MEHLLIE HIXX 512 6aiiTiB, BiH BBaXXaE, LLIO OTPMMAaB OCTaHHIN MaKeT.
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Y pasi 3anuty Ha 3anuc (WRQ) knieHT nocunae WRQ, BKasyun iM’s
(hainny i pexmm. AKLWO ¢ainn Moxe 6yTK 3anncaHnin KNieHToM, cepeep BifnoBi-
aae nigreeppkeHHam (ACK) 3 Homepom 6/10Ka, Wo gopisHioe 0. KnieHT nocu-
nae nepLi 512 6aiTis haitny 3 Homepom 6/10Ka, L0 A0PIBHIOE 1, cepBep BiAmMo-
Bigae ACK 3 HoMepom 6/10Ka, L0 JOPiBHIOE 1.

Takuii TN nepefaBaHHA faHWX HA3WBAETLCA MPOTOKO/IOM i3 3YNMUHKOKO Ta
OYiKyBaHHAM NiATBEpPMXKEeHH: (Stop-and-wait). BiH BUKOPUCTOBYETLCA TifIbKU B
TaKuX NPOCTUX NpoToKonax, AK TFTP.

OcTaHHi Tun TFTP-NoBigOM/EHb — Lie MOBIAOM/IEHHS NPO MOMWUNKK, KOZ
ornepauii (opcode) gopisHtoe 5. Lle fkpas Te, UMM cepBep Bi4MNOBiAaE B TOMY BU-
nafKy, AKLLO 3anUT Ha YNTaHHS abo 3annc He MoXe ByTu 06po6neHnin. Momun-
KW YATaHHA abo 3anucy nif vac nepefasaHHs (aiiny TakoX Npu3BoaaTb A0 TO-
ro, WO BiANPaBASETLCA MOBILOMIEHHSA NPO MOMWUJIKY, NMPW LbOMY MepeaBaHHA
NPUNUHAETLCA. HoMep nomunku (error number) MiCcTUTb LUGPOBUIA KoL NOMK-
NKK, 32 AKUM cnigye nosigoMneHHs npo nomunky B ASCII-hopmarTi, ke Moxke
MICTUTW L0AATKOBY iH(hopMaLlito, HaflaHy onepaLiiHOK CUCTEMOLO.

Ockinbkn TFTP BukopucToBYE HeHagiiHuin UDP, To came Big TFTP 3ane-
XWUTb, K 6yAyTb 06p061eHI BTpayeHi | Ay6/1b0BaHI NakeTn. Y pasi BTpaTy nakeTa
Bi4NPaBHVK BiAnpaLboBYye TalM-ayT i 3MiMCHIOE NOBTOPHE nepefaBaHHsA. Mox-
NBa nosisa npobsemu, Lo Ha3MBAETLCH «CUHAPOM HOBAUKa», IKa MOXE BUHUK-
HYTK, AKLO 3 060X CTOpiH Byae Bignpas/eHO TalM-ayT i 34iACHEHO MOBTOPHE
nepefasaHHsA. AK i B Oinbwocti UDP-nporpam, KoOHTponbHa cyma TFTP-
MOBIJOM/IEHHS He PO3PaxOBYETLCH, a Lie O3HauaeE, WO OyAb-AKe MOLIKOLXKEHHS
[aHVX MOXKe 6YTI BU3HAYEHO Ti/IbKM 3a OMOMOIOK KOHTPO/IbHOT cymn UDP.

TFTP-nakeTn He MICTATb HIAKMUX AaHMX NPO iM’S KOpUCcTyBaya abo napo/ib.
To6T0, AaHNn NPOTOKON He BUKOPUCTOBYE HISIKOrO 3aXucTy. BiH 6yB po3pobsie-
HUIA NS BUKOPUCTAHHSA B NPOLLECI 3aBaHTaXKEHHS.

[na nogatkoBoi 6e3nekn, Hanpukniag, Ha Unix-cuctemi TFTP-cepsep BCTa-
HOB/IKOE TaKi 3HayeHHs B igeHTUdikaTtop Kopuctyeaya (UID) 1 igeHTMiKaTop
rpynu (GID), ski He MOXYTb BYTIN MPU3HaAYeHi peasibHOMY KopucTyBadesi. Lle
[03BONSE AOCTYN TiNlbKW A0 (haifiB, WO AOCTYMHI A4/ YATAHHSA | 3anucy BCiM.

6.6 NMpoTtokon HTTP

HTTP (HyperText Transfer Protocol) — ue cMMBONbHO-OPIEHTOBAaHWIA KNi-
EHT-CEPBEPHUIA NMPOTOKON MPUKNAAHOIO PiBHSA 63 36epeXKeHHs CTaHy, Lo BU-
KopuctoByeTbca cepsicom WWW (World Wide Web). OcHoBHVMM 06°€KTOM
maHinynsauii 8 HTTP € pecypc, Ha sikuid Bkasye URI (Uniform Resource
Identifier — yHiKanbHUI ineHTUQIKATOP pecypcy) B 3anuTi KnieHTa. URI moxe
BKasyBaTuca AK MicuesHaxompkeHHa pecypcy (Universal Resource Locator,
URL) a6o yHiBepcanbHe iM’a (Universal Resource Name, URN). OCHOBHMMU
pecypcamu € tharinu, o 36epiratoTbCA Ha CepBepi, ane HUMU MOXYTb ByTU I
IHWI norivHi (KaTasor Ha cepsepi) abo abcTpakTHi 06’ekTn (ISBN). MpoTokon
HTTP po3Bonse Bkasatu crocib nogaHHs (KogyBaHHS) OAHOrO i TOro X pecyp-
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Cy 3a Pi3HUMM MapaMeTpaMmn: mime-Tuny, MOBY i T. A. 3aBAAKM Uil MOX/IMBOCTI
KNIEHT | web-cepBep MOXYTb 00MiHIOBATMCS ABIMKOBUMW AaHMMM, X04a AaHuit
MPOTOKO/1 € TEKCTOBUM.

CTpyKTypa NpOTOKO/Y BMU3HAYae, Lo KoxkHe HTTP-noBigoMIeHHs cKnaga-
€TbCA 3 TPbOX YaCTUH, LLIO NepefatoTbes Y TaKOMy MOPAAKY:

1. CraproBuit pagok (starting line) Bu3Ha4ae TN NOBIAOM/IEHHS;

2. 3aronoeku (headers) xapakTepusytoTb TisI0 MOBIAOM/EHHS, napameTpu
nepefaBaHHA Ta iHLWI BiOMOCTI;

3. Tino nosigoMneHHa (message body) — 6e3nocepeaHbO AaHi MOBIAOM-
neHHsA. OB0B’A3KOBO Ma€ BiAAINATUCA Bif 3ar010BKiB MOPOXHIM PAAKOM.

CTapToBUiA psAOK € 060B’A3KOBMM €/1EMEHTOM, OCKifIbK/M BKa3ye Ha T
3anuTy/BignoBifi, 3arofioBKM i TifI0 NOBIAOMMIEHHS MOXYTb 6yTK BiacyTHI. CTa-
PTOBUIA PALOK BiAPI3HSAETLCA AN15 3anNUTY i BignoBidi. PAAoK 3annTy Mae Takui
BUTNAL;

Metog URI HTTP/Bepcis npoToKony.

Mpuknag 3anuty

GET /web-programming/index.html HTTP/1.1

CrapToBuiA psafoK BIAMOBIAI cepBepa Mae Takuii hoopmart:

HTTP/Bepcia Kog CtaHy [[NoscHeHHS]

Hanpwvknag, Ha nonepeaHiin 3anuT KNiEHTOM AaHOT CTOPIHKW cepBep Bigno-
Bifjae TaKnM PALKOM:

HTTP/1.1 200 Ok

Metog HTTP — e nocnifoBHICTb i3 BYAb-AKNUX CUMBOJIIB, KPIM KEPIBHUX I
pO3A4iNt0BaYiB, L0 BKa3ye Ha OCHOBHY oOnepalito Hafl pecypcom. AK npasuso,
MeTOo[ ABNSE COOOK0 KOPOTKE aHrNiCbKe C/0BO, L0 3anuUCyETbCS BENMKUMU Ni-
Tepamn. OcHOBHI MeToan HTTP Ta TX NosicHeHHA HaBefeHO Yy Tabn. 6.10. Ha3ga
MeTOofy YyT/vBa A0 pericTpa.

Tabnnuga 6.10 — OcHoBHI MeToan HTTP
Hasga metogy Onuc metoay
OPTIONS BVIKOpI/!CTOByGTbCﬂ [/ BU3HAYEHHS MOXMBOCTel web-cepBepa abo na-
pameTpiB 3’€fHaHHA AN KOHKPETHOro pecypcy. MNependavaerses, WO 3a-
MUT KNIEHTA MOXE MICTUTW TisI0 NOBIAOMJIEHHSA /19 BU3HAYEHHS BifOMOC-
Tei, WO Moro uikanatb. ®opmart Tina i NopsgoK poboTu 3 HUM Yy AaHW
MOMEHT He BM3HayeHi. CepBep NMOKM Mae MOro irHopysatu. AHanoriyHa
cuTyauist i 3 Tinom y Bignosigi cepsepa. [ns Toro, Wwo6b AisHaT1Ca MOXIN-
BOCTI BCbOro cepBepa, K/ieHT Mae BkasaTh B URI 3ipouky «*». 3anutu
«OPTIONS * HTTP/1.1» MOXYTb TaK0XX 3aCTOCOBYBaTUCA 4151 NEPeBIPKU
npawue3aaTHOCTI cepBepa (aHa/OrivyHO «MiHFYBaHHIO») i TeCTyBaHHA MiAT-
puMKK cepeepoM npotokony HTTP Bepcii 1.1. Pe3ynbTaT BUKOHAHHSA LbO-
ro METOLY He KeLLYETbCA.
GET BuKoprCTOBYETLCA ANA 3anNUTY BMICTY 3a3Ha4YeHOro pecypcy. 3a fonomo-
roto metogy GET MOXHa TakoX po3noyaTvt 6yab-akuid npouec. Y Lbomy
BUMaAKy B TiNO BiANOBIAHOIO MOBILOMEHHSA CNif BHOCUTW iH(hopmaLlito
Mpo Xif BUKOHaHHA npouecy. KnieHT Moxe nepefasaTyi napaMeTpyu BUKO-
HaHHA 3annTy B URI Li1bOBOr0 pecypcy nicnisg CUMBOY «?»:
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GET / path / resource? Param1 = valuel m2 = value2 HTTP/1.1. Bignosi-
[HO o0 cTaHgapty HTTP, 3anutu Tuny GET BBaXKatOTbCA 14EMMOTEHTHN-
MU — 6araTopa3oBe MOBTOPEHHSA OLHOrO | TOro X 3anuty GET mae npuso-
ANTW [0 OO4HAKOBUX pe3ynbTartiB (3a YMOBMU, L0 caM Pecypc He 3MIHUBCS).
Lle fo3Bonse KewyBaTy Bignosigi Ha 3anuT GET. Kpim 3B14aiiHOro me-
Toay GET, po3pi3HstoTh we yMoBHUA GET i yacTkoBuii GET. YMOBHI
sanutn GET mictatb 3aronosku If-Modified-Since, If-Match, If-Range i
nofi6Hi. Yactkosi GET mictath y 3anuTi Range. MNopsgok BUKOHaHHS
nofi6HMX 3annTiB BU3HAYEHO CTaHAapTaMn OKPeMO.

HEAD

AHanoriyHunii metogy GET, 3a BMHATKOM TOro, WO Y BIiANOBiAi cepsepa
BiACYTHE Tino. 3anut HEAD 3BM4YallHO 3aCTOCOBYETbCS [A/1i BU/TYHYEHHS
MeTafaHuX, NepeBipKy HasBHOCTI pecypcy (Banigauisd URL) i Wwo6 aisHatu-
CA, YN He 3MIHMBCA BiH 3 MOMEHTY OCTaHHbLOIO 3BepTaHHSA. 3aro/ioBKu Bif-
noBifi MOXYTb KeluyBaTucs. Ipu po3diXKHOCTI MeTagaHuX pecypcy 3 Bij-
MOBIAHOK IH(hopMaLLIErD B KeLLi KOMis pecypcy No3HavyaeTbCA K 3acTapina.

POST

3acToCcoBYETLCA A/151 NMepefaBaHHA faHVX KOpUCTyBaya 3aaHoOMYy pecypcy.
Hanpuknag, sKwo Ha html-cTopiHyi peanizoBaHo 6/10K A5 BBEAEHHS KO-
MeHTapiB y BIAMNOBIAHY (hOpMYy, TO BBefeHi AaHi MepefatoTbCA cepsepy
metofom POST, i BiH NOMiLLae TX Ha CTOPIHKY. pu LboMy nepesaHi AaHi
(y npuKknagi e TeKCT KOMeHTaps) BHOCATLCA Y Tiflo 3anuTy. AHaNOrivyHO
3a gonomoroto mMetogy POST 3aBaHTaxyloTbCA (haitniv. Ha BigMiHY Bij
metogy GET, metog POST He BBaXaeTbCA iAeMNOTEHTHUM, TO6TO Hara-
TOpa30Be MOBTOPEHHSA OAHUX i TUX >Xe 3anuTiB POST Moe nosepTaTy
pi3Hi pesynbTath. Mpu pesynbTati BMKoHaHHA 200 (Ok) i 204 (No
Content) y Tino signosigi cnif NOMICTUTA NOBIAOM/IEHHSA NPO pe3y/bTar
BMKOHaHHSA 3anuTy. AKLWOo 6yB CTBOPEHWIN pecypc, TO cepBepy Cnij nose-
pHyTu Bignosigs 201 (Created) i3 3a3HayeHHAM URI HOBOro pecypcy B
3aronosBky Location. lNoBifomIeHHS BIAMNOBiAi cepBepa Ha BMKOHaHHSA
meTogy POST He KellyeTbCs.

PUT

3acTOCOBYETLCA /151 3aBaHTKEHHS BMICTY 3anuTy Ha BKasaHWI Yy 3anuTi
URI. Akuwo 3a 3agaHum URI He iCHyBasio pecypcy, TO CepBep CTBOPHOE
oro i noseptae ctatyc 201 (Created). AKLLO X 6yn0 3MiHEHO pecypc, TO
cepsep noseptae 200 (OK) a6o 204 (No Content). CepBep He Mae irHopy-
BaTW HEKOPEKTHI 3aronoBku Content-*, W0 nepesatoTbCs KNIEHTOM pPasom
3 NOBIAOMMIEHHAM. FAKLLO SKMIACb 3 LMX 3aro/fioBKiB He MOXe 6yTW po3ni-
3HaHWI abo HENPUNYCTUMWUIA NPU NOTOYHMX YMOBaX, TO HEOOXIAHO NoBe-
pHyTM Kof nomunky 501 (Not Implemented). ®yHaameHTalbHA BiAMiH-
HicTb metofiBs POST i PUT nonsrae B po3yMmiHHI npusHaveHb URI-
pecypcis. Metog POST npunyckae, wo 3a BkazaHum URI 6yge nposoau-
TUCA 06po6Ka NepesaHoro KAieHToMm BMICTY. Bukopuctosytoun PUT, Kni-
EHT MPUMNYCKaE, L0 3aBaHTaXKeHi AaHi BIANOBIfAOTb Pecypcey, WO 3HAxXo-
anTbea 3a gaHum URI. TMoBigomneHHs Bignosigein cepeepa Ha metod PUT
He KeLLyHoTcA.

PATCH

AHanoriyHo PUT, asnie 3aCTOCOBYETLCS Ti/IbKK [0 (PparmMeHTa pecypcy.

DELETE

3HuLLYE BKa3aHWi pecypc.

TRACE

MoBepTae OTPUMaHWIA 3anNnUT TakK, O KNIEHT MOXe No6ayunTu, Lo npomi-
XKHi cepBepa 40fat0Tb ab0 3MiHIOKTb Y 3arnuTi.

LINK

BCTaHOB/IOE 3B°S30K 3a3HAYEHOT0 PECYPCY 3 iHLIMMM.

UNLINK

3HKLLYE 3B’A30K 3a3HAYEHOr0 pecypcy 3 iHLWMMU.
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KoxeH cepsep 3000B’A3aHWIA NIATPUMYBATU, K MiHIMYM, meTtoan GET |
HEAD. AKWo cepBep He po3ri3HaB 3a3HayeHuid KNiEHTOM MeTOof, TO BiH Mae
nosepHyTK ctatyc 501 (Not Implemented). AKWO cepBepy MeTOA BiAOMUIA, ane
BIH He 3aCTOCOBYETHCA [0 KOHKPETHOro pecypcy, TO MOBepPTaETbCA MOBILOM-
neHHa 3 kogom 405 (Method Not Allowed). B 06ox Bunagkax cepsepy chif
BHECTM B MOBIJOMNEHHS Bignosiai 3aronosok Allow 3i cnuckom meToais, WO
NiATPUMYHOTbLCA.

Kop cTaHy iH(opMmye KieHTa MPO pe3y/ibTaTu BUKOHAHHA 3anuTy i BU3Ha-
yae Moro noganbLly nosefiHKy. Habip Kogis CTaHy € CTaH4APTHWUM, i BCi BOHU
onucaHi y BignosigHUX gokymeHTax RFC. KoxkeH Kof MoAaeTbCca UMM Tpu-
3Ha4YHMM yncniom. lNeplia undpa BKasye Ha Kiac CTaHy, HaCTYMHI — MOpPsAAKO-
BWIA HOMep CTaHy (puc. 6.12). 3a KoAoM BiAMOBIAl, 3a3BMYail, CNiaYE KOPOTKMIA
OMUC aHrNikcLKO MOBOK. Knacu Kogis CTaHy, L0 BMKOPUCTOBYHOTHCA CbOrO-
[Hi, Ta NpUKaau BiAnNoBiAel cepeepa HaBedeHO Yy Tabn. 6.11.

X XX

Kog knacy | Kog noBigomneHHs

4:03

PucyHok 6.12 — CTpykTypa Kogy ctaHy HTTP

Tabnmuyg 6.11 — Kogu craHy npotokony HTTP

Knac kogy Onwuc koay

Y el Knac BUAiINEHI Koaw, WO iHhOpPMYHTb NPO MPOLEC NepeaaBaHHS.
B HTTP/1.0 noBigoOMNeHHA 3 TakMMWU KOaMU MaroTb  IFTHOPYBATMCA.
B HTTP/1.1 KnieHT Mae 6yTW roToBWIA NPUAHATM LIEIA Knac NoBiAOMEHb SK
3BUYaliHy BiAMoBifb, aie HIYoro BiAnpasnsaTK cepBepy He MoTpibHo. Cawmi
NOBIAOM/IEHHS Bif CepBepa MICTATb TiflbKM CTapTOBUIA PAAOK BianoBidi i,
AKLLO NOTPIOHO, AeKinbKa crneuudivHnX Ans BignoBiAi NoniB 3aro/ioBKa.
MpyKnagw BignoBiael cepeepa:

100 Continue (NpogoBXyBaTn);

101 Switching Protocols (nepeMukaHHs NPOTOKONIBY);

102 Processing (ige onpawoBaHHs).

Ixx
Informational
(iH(hopmaviinHwmia)

[MoBIAOM/IEHHS [AAHOro Knacy iH(QOPMYHOTb MPO BUMaAKM YCMiLHOMo

2XX N : !
SUCCess NpuiMaHHA Ta 06poOKM 3anuTy KIieHTa. 3a/ieXXHO Bif CTaTycy cepsep
(yCniLHo) MOXKe LLie nepesaTty 3arofioBKu i Tiflo NOBILOM/EHHS.

Mpyknagu BignoBifaen cepeepa:

200 OK (ycniwHo);

201 Created (cTBOpPEHO);

202 Accepted (NpuiiHATO);

204 No Content (Hema BMICTY);

206 Partial Content (HENOBHWIA BMICT).
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[MpooBXeHHs Tab/. 6.11

3XX
Redirection (nepeHa-
MpaB/IEHHS)

MoBiAOMNATL KMNIEHTOBI, WO AN YCMILWHOro BUKOHAHHA orepauii
NOTPIOGHO 34IACHATN HaCTYNHWI 3anuT o iHworo URI. Y 6ifblocTi
BUNafKiB HOBa ajpeca BKa3yeTbCsA B Moni Location-3aronoska. Kri-
€HT Y LbOMY BUMAAKY Mae, K Npasusio, 3p00UTHN aBTOMATUYHWIA Me-
pexif («penipekT»). Mpwn 3BepHEHHI 40 HACTYMHOMO pecypcy MoXHa
OTpMMaTK BIAMOBIAb 3 LbOr0 X Knacy Kogis. Moxe BUATU HaBiTb
[IOBI NI NaHLIKOXXOK 3 nepeHarpasfeHb. TOMY pO3p0OOHMKM NPOTOKONMY
HTTP pekomeHAYtOTb Nicna Apyroi Takol Bignosifi 060B’A3K0OBO 3a-
NUTYBaTV NIATBEPIKEHHSA HA MepeHarnpaBieHHs y KopucTyBada (pa-
HilLe pekomeHAyBasnocs nicna 5-ro). KnieHT mae 3anobiratu notpar-
NAHHIO B KOMOBI MepeHanpas/ieHHs, OCKifIbKA NOTOYHMWIA cepBep MO-
Ke NnepeHanpasuTK KieHTa Ha Pecypc iHLLOro cepsepa..

MpvKnaam BignoBiael cepaepa:

300 Multiple Choices (MHOXWHHWIA BUOGIP);

301 Moved Permanently (nepemilleHa Ha3aBXan);

304 Not Modified (He 3miHtOBas10CA).

4xx
Client Error
(nomunka KnieHTa)

Mpu3HayeHi Ans BKasaHHSA Ha NMOMWIKKW 3 GOKY KiieHTa. Mpu BUKO-
puCTaHHI BCiX MeTopis, Kpim HEAD, cepBep Mae NOBEPHYTU Y Tini
MOBIZOM/EHHS TiNepTeKCTOBe MOSCHEHHS ANS KopucTysada. MMpuk-
najw Bignosigen cepeepa:

401 Unauthorized (HeaBTOp130BaHWiA);

402 Payment Required (noTpi6Ha onnata);

403 Forbidden (3a60poHeH0);

404 Not Found (He 3HainaeHO);

405 Method Not Allowed (MeTof He NiATPUMYETLCA);

406 Not Acceptable (He NPUIAHATHO);

407 Proxy Authentication Required (noTpibHa ayTeHTU®iKaLisi NPOKCI).

5xx
Server Error
(mnomunka cepsepa)

B1KOPUCTOBYIOTLCA Y BUMNaAKax, KON HEBAAO BUKOHaHa onepavii 3
BMHM cepBepa. [N BCiX cuTyauiil, KpiM BMKOPUCTaHHA MeToay
HEAD, cepBep Mae BHOCUTK Y Ti/I0 MOBIAOM/IEHHS MOACHEHHSA, AKe
KNI€HT Bif00OpasnTb KOPUCTYBAYEBI.

Mpvknagm BignNoBiael cepsepa:

500 Internal Server Error (BHYTpILLHSA NOMW/IKa cepBepa);

502 Bad Gateway (noraHuii Lwto3);

503 Service Unavailable (cepsic HegocTynHwuit);

504 Gateway Timeout (LLNtO3 He Bi4NOBIAaE).

3arosioBoK HTTP (HTTP Header) — ue psagok B HTTP-nosigomneHHi, Lo
MICTUTb PO34IJIEHY [BOKPAMkKoK Mnapy BUAY «napameTp-3HavyeHHs». dopmar
3aro/ioBKa BIAMOBIAaE 3arasibHOMY (DOPMATy 3arofIoBKiB TEKCTOBUX MEPEXHUX
nosigomneHb ARPA (RFC 822). Ak npaswuso, 6pay3ep i web-cepsep MICTATb Y
MOBIAOM/IEHHAX Oifiblle OAHOrO 3arosioBkKa. 3aro/fioBKM MaroTh BifnpaBnaTUcs
paHille Tina NoBiJOM/EHHS | BIJOKPEMOBATUCA Bif HOro xo4ya 6 ofHUM nyc-
UM psagkom (CRLF).

Ha3ga napameTpa mae CKiafaTucs MiHIMyM 3 OfHOr0O ApPYyKOBaHOro CMMBO/IA
(ASCII-koam Big 33 fo 126). INicna Ha3eum Bigpa3y Mae CnigyBaTi CMMBO/ [BOKpa-
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MKW. 3HaYeHHA MOXKe MICTUTK Byab-aKi cumonm ASCII, Kpim nepeBefeHHs psaaka
(CR, kopg 10) i noBepHeHHs KapeTkn (LF, kog 13). CumBonM NponyckiB Ha noyar-
Ky 1 HanpukiHui 3HadeHHA 06pi3atoTbea. oCnigoBHICTL AEKiIbKOX MPOMYCKiB
BCEPEAMHI 3HAYEeHHS1 MOXeE CNpUAMaTMCA K OAWMH Nponyck. Perictp cumBonis y
Ha3Bl He Ma€ 3Ha4YeHHA (SKLLIO iHLWe He nepeabaveHo hopmartom nons).

Yci HTTP-3aronoBky NOAINAKTLCA HA YOTUPM OCHOBHI Fpymnu.

1. General Headers (OCHOBHiI 3arofoBKM) MarOTb BHOCUTUCHA B Oy/[b-fKe
MOBIJIOM/IEHHS K/TIEHTA | cepBepa.

2. Request Headers (3aronoBku 3anvTty) BUKOPWUCTOBYHOTLCA TiSIbKU B 3a-
nuTax KieHTa.

3. Response Headers (3aronoBku BignoBigi) NPUCYTHI TifIbKW Y BIANOBIAAX
cepsepa.

4. Entity Headers (3aroiioBku CyTHOCTI) CynpOBOMIKYIOTb KOXHY CYTHICTb
MOBIOM/EHHS.

CyTHOCTI — Lie KOpuCHa iH(hopMaLis, Lo nepeaaeTbea y 3anuTi abo Bigno-
Bigi. CyTHICTb CKiafaeTbCA 3 MeTtaiH(opmauil (3aronosku) i 6esnocepeHbO
BMICTY (TiNno nosigomneHHs). CyTHOCTI BUAINEHO B OKPEMUIA Knac 3arosioBKiB,
o6 He nayTaTy iX i3 3aro/loBKamu 3annTy abo 3arosoBKaMu Bifgnosigi npu ne-
pefaBaHHI MHOXXMHHOrO BmicTy (multipart / *). 3aronoBku 3anuTy i BIiANOBIAl,
AK 1 OCHOBHI 3arofIoBKW, ONUCYHOTb BCE MOBILOM/IEHHSA B LLIIOMY | PO3MILLYHOTb-
CA TiNIbKN B NOYATKOBOMY 6/10L|i 3aro/oBKiB. Y TOW Yac SK 3aro/loBKN CYTHOCTI
XapaKTepu3ytTb BMICT KOXXHOT YaCTUHWN OKPEMO, pO3TalloBYHOUNCL Be3nocepe-
AHbO repes ii Tinom. Y Tabn. 6.12 HaBegeHo onuc aeskmux HT TP-3arosoBkis.

Tabnuus 6.12 — 3aronoBkn HTTP

3aronoBokK Mpyna Onwuc

CnMCOK MeTO/iB, LLLO 3aCTOCOBYHOTHCS /10 PECYPCY, [0 AKOr0

Allow Entity ine 3BepTaHHs.

Content- 3acToCoBYETLCA MPY HEOOXILHOCTI NepeKoyBaHHS BMICTY (Ha-

Encoding Entity npuknag, gzip/deflated).
Content- . L .
Language Entity | Jlokanisauis Bmicty (moBa (1)).

Content-Length | Entity | Po3mip Tina nosigomneHHs (B OKTeTax).

[ianasoH (BMKOPUCTOBYETLCS AN NIATPUMKIN 6araTtonoTokKo-

Content-Range | Entity
BOr0 3aBaHTaXXEHHA UM [03aBaHTaXKEHHS).

Bka3sye T1n BMicTy (mime-type, Hanpuknag text/html). Yacto

Content-Type Entity MiCTUTb BKa3aHHA Ha TabnML0 TIOKa/IbHUX CUMBOSIB (Charset).

[ata/yac, nicns AKol pecypc BBaXaeTbCA 3acTapinnm. Bukopu-

Expires Entity CTOBYETbCA MPOKCi-CepBEpaMU.

Last-Modified | Entity | [dara/yac ocTaHHbOI MOAMdiKaLiT CyTHOCTI.

Bu3Hauae AMPEKTUBM KepyBaHHS MeXaHi3Mamu KeLlyBaHHS.

Cache-Control | General . i
[ns npokci-cepsepis.

Connection General | 3agae napameTpu, HeOOXiAHI 419 KOHKPETHOr O 3’€jHaHHS.

Date General | [darta i yac popmyBaHHSA MOBILOM/IEHHS.
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[MpooBXeHHS Tab/. 6.12

BMKOPMCTOBYETLCS 414 CMeLia/ibHNX BKa3iBOK, L0 MOXYTb
(onuiinHO) 3acTocoByBaTUCA A0 OYAb-9KOro 0fepXXyBaya 3

Pragma General ot L )
YCbOr0 fTaHLIK0XKKa 3anuTiB/BiANOBiAei (Hanpuknag, pragma:
no-cache).
3afae TMN NepeTBOPEHHS, WO 3aCTOCOBYETLCS [0 Tifla No.i-

Transfer- General | AOMEHHS. Ha BigmiHy Big Content-Encoding Leli 3aronoBok

Encoding MOLUMPIOETLCA Ha BCI NOBILOM/EHHS, @ He Ti/IbKU Ha CyT-
HiCTb.

B1KOpPUCTOBYETLCA LW/IKO3aMK | NPOKCI ANs Bifo6paxKeHHSs

Via General | NPOMXHMX MPOTOKONIB i BY3/1iB MiX KNIEHTOM i web-
CepBepoMm.

Warning General JopaTkosa inpopM_au,iﬂ npo I.'IOTOLIHI/II\/'I cTaTyc, fKa He MOXe
OyTV nogaHa B NoOBiJOMJIEHHI.

Accept Request Bms_Ha_\qae 3aCTOCOBaHI TUMKY JaHMX, L0 OYiKyHOTbCA Y Bifl-
nosigi.

Accept-Charset Request BV|_3Haqae Ko,qyl_aaHHﬂ_CI_/lMBoniB (charset) gna gaHux, Wwo
OYiKYHOTbCA Y BifMNoBIfi.

Accept-Encoding | Request BusHavae (b(_)plvlam KOAyBaHHS/AeKoLyBaHHSA BMICTY (Ha-
npuKnag, gzip), Lo BUKOPUCTOBYHOTHCS.

Accept-Language | Request Bip,I'IO'Bip,Hi MOBW. BUKOPUCTOBYETLCA A1 Y3rOLKEeHHA ne-
pegaui.

Authorization Request | O6niKOBI AaHi KNieHTa, LLO 3annTye pecypc.

From Request | EnekTpoHHa agpeca BifnpaBHMKa.

Host Request IM’ﬂ/lU\/lepe»(Ha afipeca [i nopt] cepsepa. AKLLO NOPT He BKa-
3aHuK, BUKopucToByeThbCA 80.

BVKOPUCTOBYETLCA 151 BAKOHAHHA YMOBHUX METOZIB. AKLL0

If-Modified-Since | Request | 3anuTyBaHWiA pecypc 3MiHMBCS, TO BiH NepeaacTbCs 3 cepBe-
pa, iHaKLLe — 3 KeLly.

Max-Forwards Request Mopgae MexaHi3MV|_o6|\/|e>K§3HHﬂ Kian(_)CTi LL/HO3IB | MPOKCI
npu BukopuctaHHi Metofis TRACE i OPTIONS.

Proxy- Request BVKOPUCTOBYETLCA MpK 3anuTax, L0 NPOXOAATb Yepes npo-

Authorization KCi Ta BUMararoTb aBTopm3avii.

Afpeca, 3 AKOT BUKOHYETbLCS 3anuT. Lieii 3aro/ioBoK BifcyT-

Referer Request | Hii1, AKLLO Nepexif BUKOHYETLCS 3 aApecHOro psaka abo, Ha-
npuKnag, 3a NocUNaHHAM 3 jS-CKpUMTa.

User-Agent Request | IHhopmaLis Npo KopucTyBaya areHTa (K/ieHTa).

Location Response| Afpeca nepeHarpaBieHHs.

Proxy- Response| MoBigoMneHHs Npo cTatyc 3 kKogom 407

Authenticate '

IHopmaLis Npo nporpamHe 3abe3neyeHHs cepeepa, Wo Bij-

Server Response| nosigae Ha 3anuT (Le MoXe 6yTu K web-, Tak i NpoKci-

cepsep).

Tino HTTP-noBigomneHHs (message-body), fKLWO BOHO €, BUKOPUCTOBY-
€TbCA ANA nepefaBaHHA CYTHOCTI, WO MOB’A3aHa 3 3annToM abo BiAnoBiAAto.
Tino nosigomneHHa (message-body) BiApi3HAETLCA Bif Tina CyTHOCTI (entity-
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body) Tinbku B TOMY BUNAAKY, KON NPV nepefaBaHHi 3aCTOCOBYETLCA KOAY-
BaHHSA, BKa3aHe B 3aronosky Transfer-Encoding. B iHWKWX BMnagkax Tisio Nosi-
AOMJIEHHS IAEHTUYHO Tifly CYTHOCTI.

3aronosok Transfer-Encoding mae BignpaenatTuca Ans BKasaHHA Ha Oy[b-
fKe KOAyBaHHSA nepeaadi, LLO BUKOPUCTOBYETLCA 3 METOK rapaHTyBaHHA 6e3ne-
YHOro i MpaBWNbHOrO nNepefaBaHHA nosigomneHHs. Transfer-Encoding — ue
B/IACTMBICTb NMOBIAOM/IEHHS, & He CYTHOCTI, i BOHO MOXe 6yTun JodaHo abo Bu-
AaneHo 6yab-9KMM 3aCTOCYBaHHAM Y NaHLKOXKKY 3anuTiB/BignoBigen.

[MPUCYTHICTb TiNa NOBIAOM/IEHHS Y 3aMuWTi 3a3HAYa€ETbCA A0AaBaHHAM [0 3a-
roNoBKiB 3anuTy nons 3aronoska Content-Length abo Transfer-Encoding. Tino
nosifomseHHs (message-body) moxke 6yTn AOAaHO [0 3anuUTy NULLE TOAI, KON
MeTOoZ 3anuTy MoXke MICTUTK Tino 06’ekTa (entity-body). Bci Bignosigi MicTaTb
TiNO MOBIAOMNEHHS, MOX/IMBO HY/NbOBOI [JOBXMWHU, KPiM BignoBigei Ha 3anuT
metogom HEAD i Bignosigen 3 kogamu cratycy 1xx (iHgpopmauiiHi), 204 (He-
Mae BMicTy), i 304 (He MoAM(iKOBaHWA).

6.7 MNMpoTtokon SNMP

KepyBaHHsi TCP/IP-mepexxamMn 6yayeTbCA Ha B3aEMOAIT MK CTaHLIED Ke-
pyBaHHS Mepexketo (MeHemkep) | enemeHTamu Mepexi. EnemeHTammn mepexi
MOXYTb 6YTW OyAb-Ki 06°€KTW, L0 BUKOPUCTOBYHOTb CIMECTBO MPOTOKONIB
TCP/IP: x0oCTu, MapLUpyTL3aTopu, TEPMIHAIN, TEPMIHA/BbHI CepBepu, MPUHTEPU
I T. 4. Ha enemeHTax mepexi mae 6yTu 3anyLleHO nporpaMHe 3abesneyeHHs, Wwo
Ha31BaETLCSA areHToM.

OO6MiH AaHMMK, SIK NPaBW/IO, ABOCTOPOHHI: MeHe[Kep NPOCUTb areHTa rno-
BIJOMUTY NOMY MEBHE 3HAYeHHS, abo areHT NoBiJOM/ISE MEHeKepY NpPo Oy/ab-
AKY BaX/IMBY MOAII0. Y MeHemKepa Mae OyT! MOX/IMBICTb BCTAHOBUTU 3MiHHI B
areHTa i 3unTyBaTu ix. Ana kepyBaHHs mepexxamu TCP/IP noTpi6Hi 3 CKIafoBi:

1. IHdopmauiriHa 6a3a kepyBaHHs (MIB — Management Information Base),
LLLO BKA3YyE, AKI 3HAYEHHS e/leMEeHTIB MepeXi HeobxiaHo obcnyroBysaTu (iH(O-
pMauis, ka MoXxe OyTu 3anpoLleHa i BCTaHOB/IEHA MEHEIKEPOM);

2. Bu3HaueHHs 3arasibHOT CTPYKTYPU i1 CXeMU ieHTUiKail, Lo BUKOPKC-
TOBYETLCA ANA 3BepTaHHA 40 3MiHHMX Y MIB. Lle Ha3nBa€eTbCsA CTPYKTYPOIO iH-
(hopmauii kepyBaHHa (SMI — Structure of Management Information);

3. TpoToKon, WO (YHKLIOHYE MIDK MEHEPKEPOM | efieMeHTOM. BiH Hasu-
BAETbCA NPOCTUM NPOTOKO/IOM KepyBaHHA Mepexketo (SNMP — Simple Network
Management Protocol). RFC 1157 onucye ueil NPOTOKON. HAK TPaHCMOPTHUIA
MPOTOKON MOXYTb BYTW BMKOPUCTaHI pi3Hi NPOTOKONWX, 3a3Buyain 3 SNMP Bu-
kopucToByeTbca UDP.

SNMP Bu3Hayae fvwe N’ATb TWUMIB MNOBILOM/IEHb, SKMMW OOMIHIOHOTHCA
MeHe[Kep | KNIEHT:

e get-request (oTpuMaTK 3HaYEeHHSA OLHIET 260 KiNbKOX 3MIHHUX);

e get-next-request (OTpMMaTK HACTYMHY 3MiHHY Micnd AaHOi abo KifbKa

BKa3aHWUX 3MIHHUX);
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e set-request (BCTAHOBMTW 3HAYEHHA OAHIET @00 KifIbKOX 3MIHHMX);

e get-response (BUAaTV 3Ha4YeHHA OAHIeT abo KifIbKOX 3MiHHMX. Lle nosi-
[AOM/EHHS NOBEPTAETLCA areHTOM MeHe[pKepy Y BIAMOBIAb Ha Oreparo-
pu get-request, get-next-request i set-request);

e trap (MOBIZOMUTY MeHeKepa, AKLLO LLLOCb CTA/I0CA 3 areHTOM).

[Mepwi Tpn NOBIAOMMIEHHA BIAMPAaBNAKTLCA Bif MeHeKepa A0 areHTta, a
OCTaHHI [Ba Bif areHTa 40 MeHemkepa. Ha puc. 6.13 HaBefeHO onepaTopu
SNMP.

Ockinbku nosigomneHHss SNMP peanizytoTbCcs Yepes NoCAiAOBHICTb 3anuT-
BiAIrYK 3 BUKOPUCTaHHA npoTokony UDP, To MOXMBa CUTYaLlisd, KON 3annT He
HaaXoAuTb A0 areHTa abo BiAMOBiAb He NOBEPTAETLCA A0 MeHemKepa. Y LboMy
BUMNaAKy MeHe[pKep Bignpautoe TaiM-ayT i 34iNCHNTb NOBTOPHE NepefaBaHHs.

SNMP-meHexep SNMP-areHT

3anuT get
- - 1 UDP nopr 161
BIANOBIAL get

¢
3annT get-next

- - 1 UDP nopr 161
BiANoBiAb get

¢

3anuT set
- - | UDP noprt 161
BIANOBIAb get

UDP nopt 162 |- trap

PucyHok 6.13 —Onepatopu npoTtokony SNMP

Ha puc. 6.14 nokasaHo opmat SNMP MnoBiA0MIEHHS.

| IP-naker:

I UDP-partarpama

SNMP-nN0BigOMNEHHs

3araibHuii SNMP-3aronoBok | 3aro/IoBOK | 3MiHHI, SIKi MOXHa
I OTPUMATW/BCTAHOBUTY [ OTPUMATW/BCTAHOBUTY
IP- UDP- . ™mn ineHTY- cTatyc :
Bepcis naporb A Y iHaeKc .
3arono- | 3arono- ©) communit PDU thikatop | MOMUAKK S iM'a 3HaYeHHs
BOK BOK Y (0-3) | sanwty (0-5)
n enter- | agpeca Tn | cneuja-
- o yacoBa . 3HayeH
N traj '
PDU prise | areHTa P | notmn mapka | ™7 HA
4 (0-7)] «oa

| 3aro/I0BOK MacTku | NOTPi6Hi 3MiHHI |
I I I

PucyHok 6.14 — dopmart nosigomneHHsa npotokony SNMP

3HayeHHs nond version gopisHtoe 0. Lle 3HaYeHHA OOPIBHIOE HOMepY BepcCil
MPOTOKONY MIHYC 1.

Mone Tnn 6n0Kka faHux npotokony (Tun PDU) Bkasye Ha tun SNMP-
MoBigoMNeHHs (Tabn. 6.13).
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Tabnnua 6.13 — Tunn PDU nosigomneHs SNMP

Tun PDU SNMP-MoBifOM/IEHHS Tun PDU SNMP-noBifom/IeHHA
0 get-request 3 get-response
1 get-next-request 4 trap
2 set-request

Maponb (community) — Le pAL4OK CUMBOIB, Y SKOMY MICTUTLCA Naposib Y
BigKpUTOMY BUrNa4i. Maposib BUKOPUCTOBYETLCA NPU B3aEMOAIT MDK MeHeLke-
POM i KNieHTOM. HK npaBuo, Le 6-CMMBOMbHMIA pAaoK public.

B onepartopax get, get-next i set MeHekep BCTAHOB/IKOE iAeHTUMIKATOP 3a-
nuty (request ID), AKWIA NOBepTaETLCA areHTOM Yy MOBIAOM/IEHHI get-response.
Lle 103BONSE KNIEHTOBI (MeHeMKepy B faHOMY BUMafKy) 3iCTaBUTK BIATYKM Bif
cepsepa (areHT) 3 3anuTamu, WO 6ynu BignpasneHi KNiEHTOM (MeHEeKepoM).
Lle none TakoxXx [103BOMSE MEHeMKEPY BUAATK fAeKinbKa 3anuTiB OfHOMY abo
KiJIbKOM areHTam, a noTim BifCOPTYBaTN OTPMMaHI BiAryKW.

CtaTyc nomusiku (error status) — Le Lifie YACNO, L0 NOBEPTAETLCA areHTam i
BKa3ye Ha MOMWU/KY. Y Tabn. 6.14 HaBefjeHO 3HaYeHHs, iMeHa Ta Ornmc NOMU/IOK.

Tabnmug 6.14 — 3HayeHHs cTaTycy noMunku SNMP

Cratyc s
Y IMm’s Onuc
NOMUIIKN
0 noError Yce B NOPASKY.

1 KnieHT He MoXe nomicTUTK Bignosigs B ogHe SNMP-
MOBIOM/IEHHS.

2 noSuchName | OnepaTop BKa3ye Ha HEICHYHUY 3MiIHHY.

3 badValue B onepauii BCTaHOB/EHHSA BI/IKOpI/ICTaHO'He,El,iI\/'ICHe 3Ha4eH-

HA ab0 3p06/IEHO MOMWIIKY Y CUHTaKCUCI.

MeHe[kep HaMarascs 3MiHUTU 3MiHHY, LLIO Ma€ NOMITKY

«/IALe A1 YATAHHA.

genErr HeBigoma nomusika.

tooBig

readOnly

AKLLO BUHMKMA NOMW/IKA, IHAEKC NOMUKK (error index) — e uife 3MillleH-
HA, LLIO BKA3ye Ha Te, B fAKii 3MiHHII Bigbynacs nomuka. Lie 3Ha4yeHHs BCTaHO-
B/IIOETLCA areHTOM TiJibKM Ans noMunok noSuchName (Hema Takoro imeHi),
badValue (HenpasuibHe 3HaYeHHS) i readOnly (TINIbKKN 418 YATAHHS).

CnucokK iMeH 3MIHHMX | 3HayeHb 3HaxXoAuTbCA B get-, get-next- i set-
3anuTax. Po3gin 3HayeHb ITHOPYETLCA B oreparopax get i get-next.

[nsa onepatopa trap (PDU type gopisHtoe 4) popmaT SNMP-noBigomneHHA
3MIHIOETBCH.

Ona EOM nig kepysaHHAM UNIX MOXHa BUKOpWUCTaTX mporpamy snmpi
(SNMP initiator a6o SNMPWALK, NETGUARD, SNMPMAN). BoHa f03B0-
NATb OTPMMATK 6arato KOPMCHOI iHhopMaLii Npo mepexxy. CUHTaKCUC 3BepTaH-
HA Ao snmpi: snmpi [-a agent] [-c community] [-f file] [-p portno] [-d] [-V] [-w].

Mporpama snmpi BKpail npocta. Onuis -a NPonoHye MOXMBICTb BBECTU
agpecy SNMP-06’ekTa: im’s EOM, IP-agpecy abo TpaHcnopTHY agpecy. Onuis
-p Ao3Bonse 3aaat Homep UDP-nopty. 3a 3aMoBYyBaHHAM Lie nopT 61.0nuis

237



-C [103BO/NIAE 3aaTu rpynoBui napons (community) ans SNMP-3anuty. 3a 3a-
MOBYyBaHHsM Le public, To6TO, BinbHWUIA gocTyn. Onuia -f go3sonse subpatu
(haiin, Wo MIiCTUTbL BigKOMMiNbOBaHMn onuc MIB-moaynis. 3a 3aMOBYYBaHHAM
Lie objects.defs. Onuisa -w aKTUBYE PEXUM CMOCTEPEXKEHHS, BULAKOUN HA TEPMI-
Has1 BCI Cy>X608Bi NOBIAOMNEHHSA. Buxig 3 nporpaMm BUKOHYETLCA 3a KOMaHAOH
quit (q). Akwo BM npautoeTe Ha EOM, Wwo nigknoyeHa 40 /TOKanbHOT Mepexi,
OTpUMaiiTe JOMYCK 40 O4HOrO 3 iHLWMX XOCTIB MepeXi i npucTynanre.

6.8 NMpoTokon NFS

NFS (Network File System) Hagae knieHTam npo3opuid 4ocTyn Ao dainis i
(hainnoBoi cuctemn cepsepa. Ha BigMmiHy Bia FTP, skuii 3a6e3nevye nepeaasaH-
HA haiiniB i TX NOBHE KOMitoBaHHS, AaHWn NPOTOKON 3AIACHIOE AOCTYN NnLLE A0
TUX YaCTUH (hainiBe, [0 AKMX 3BEpPTaeTbCsA npouec. OcHoBHa nepesara NFS B
TOMY, WO BiH pobuUTb LW AO0CTYyn Npo3opuM, TOOTO Oyab-sike 3aCTOCYBaHHS
KMi€eHTa, AKe MOXKe npautoBaTy 3 NIoKa/lbHUM (PaiioM, 3 TaK1M XKe YCriXom Mo-
e npautosaty i ¢ NFS-thairfiom 6e3 byab-gKux 3MiH 15 camoi nporpamu.

NFS — ue KnieHT-cepBepHe 3acToCyBaHHS, L0 nobygoBaHe 3 BUKOPUCTaH-
HAM Sun RPC (Remote Procedure Call — Buknuk sigganeHoi npoueaypu). NFS-
KNIEHT OTpuMye focTyn Ao ainnie Ha NFS-cepBepi LIAXOM BifnpaB/ieHHA
RPC-3anuTiB Ha cepep. 3BepTaHHA NFS-KnieHTa 3[iCHIOKTLCA onepaLiiHo
CUCTEMOLO K/iEHTA Bif, IMEHI KOPUCTYBALbKOr0 NPOLECY KMIEHTA. Y CBOKO Yepry
NFS-cepBep peanizoBaHO BCEPeAWMHi OnepauinHOT cUCTEMU ANA MiABULLEHHS
e)eKTUBHOCTI 110ro poboTu.

IcHye aBa Buan Sun RPC. OfHa Bepcis nobyaosaHa 3 BUKOpUCTaHHAM API-
cokeTa i npautoe 3 TCP i UDP. IHwa Ha3ueaeTbcs TI-RPC (Transport Inde-
pendent) i nobyaosaHa 3 BukopucTaHHAM TLI API, npaytoe 3 6yab-SKuMmn Tpa-
HCMOPTHUM piBHAMKU. PopMaT NOBIAOMMIEHHS BUKIUKY npoueaypy RPC 3 BUKO-
puctaHHaM UDP nokasaHo Ha puc. 6.15.

| aeHTMiKaTop TpaH3akuil (XID) BCTaHOBNHOETHCA KNIEHTOM i MOBEPTAETHLCH
cepBepoM. Konu KnieHT oTpuMye BiAryK, BiH nopisHioe XID cepBepa i BNacHWiA.
AKLLO0 BOHM He 36iratoTbCs, TO KMEHT BiAKUAAE MOBIAOMNEHHSA | YeKae Haaxo-
[PKEHHS1 HacTynHoro. KoXHoro pasy, Konu KnieHT Bugae Hosuii RPC, BiH 3Mi-
Hioe XID. Ane akwo KnieHT nepegae RPC noBTOPHO (SKWO BIiAryK He 6yro
OTpuMaHo), XID He 3MIHIOETLCS.

3miHHa call gopisHtoe 0 and 3anuTy i 1 gna signosigi. MNotouHa Bepcis RPC
(RPC-version) [0piBHIOE 2, TpX HACTYMHI 3MiHHI — Lie HOMep nporpamu (pro-
gram number), Homep Bepcii (version number) i Homep npoueaypn (procedure
number) — iAeHTUQIKYIOTb KOHKPETHY MPoLeaypy, Ska Mae 6yTu BUK/IMKaHA Ha
cepsepi.

MoBHOBaXxXeHHs (credentials) igeHTMOIKYOTb KnieHTa. lMepesipka (verifier)
BUKOPUCTOBYETLCA A4 3axuuieHoro RPC (Secure RPC), sike BMKOPWUCTOBYE
DES-wndpysBaHHA. He3Baxkatoum Ha Te, LLO MOMA NMOBHOBAXKEHHS | MepeBipKu
3MIHHOT JOBXWHMN, TX JOBXWHA NepefacTbCs K YacTUHA NoSS.
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3arasibHe ANs BCiX BUKINKIB

npoueayp Sun RCP

3a/1XUTb BifJ KOHKPETHOI
npoteaypw, Lo BUKINKaHa

IP-3aronoBok

UDP-3aronoBok

igeHTugikatop TpaHsakyii (XID)

BUKIUK (0)

Bepcisa RCP (2)

HOMep Nporpamm

HOMep Bepcii

HOMep npoueaypu

MOBHOBa>KEHHA

nepe.ipka

napameTpy NpoLeaypw

20 GawTiB

4
4
[0 400 6aiTiB

[0 400 6aiiTis

N

PucyHok 6.15 — NMoBigomneHHs BUKAUKY npouesypy RPC y opmari

UDP-gelitarpamu

Jani Moyt napameTpy npouesypu. Ix (opmar 3anexuTb Bif TOro, AK 3a-
CTOCYBaHHSI BM3Hayae BigganeHy npoueaypy. Ans UDP-gentarpammn [0BXWUHA
LIbOro Mnons po3paxoByeTbCA AK po3mip UDP-geiTarpaMm MiHYC JOBXMHA BCiX
nonis. Konn 3amicte UDP BukopuctoByeTbcA TCP, TO NOHATTA (PikCoBaHOI f0-
BXXUHN He ICHye. Y nogioHnx Bunagkax MK TCP-3aronoskom i XID
3’ABNAETLCS 4-6aliTOBE NO/e AOBXUHU, 3 AKOF0 OTPUMYBAY [i3HAETLCA [OBXMN-
Hy RCP-BMKNKKy y 6aiiTax.

Ha puc. 6.16 nokasaHo ¢opmar RCP-Biaryky. BiH BignpaBnsetbCcs Bif
server stub go client stub, konn BigganeHa npoueaypa 3akiH4ye CBOK Po6OoTY.

3araibHe AN BCiX Bigryky
npoueayp Sun RPC

3a/1XKUTb Bifj KOHKPETHOT
npoueaypu

IP-3aronoBokK

UDP-3aronoBokK

ifeHTUikaTop TpaH3akyii (XID)

BiAryk (1)

ctatyc (0O=npuiiHATO)

nepesipka

craryc npuiAHAaTTS (0=ycniwHo)

pe3ynbTaTh NpoLeaypu

20 6aiiTiB

8

4

4

4

0o 400 6aiiTis

4

N

PucyHok 6.16 — ®opmar Bigryky npoueaypy RPC y opmati UDP-geintarpamu
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XID Buknuky npocTto Konitoetbca 3 XID-Bigryky. ¥ none reply sctaHoB-
noeTbea 1. MNone ctatycy (status) MICTUTbL Hy/IbOBE 3HAYEHHS, SKLLO MOBIAOM-
NEHHA BIAryKy 6yno npuinHATo. MMOBIAOMMIEHHS MOXe O6YTU BiAKUHYTO, AKLLO
Homepwu Bepcii RPC pi3Hi abo cepBep He MOXe iAeHTUMIKyBaT KnieHTa. lNMone
nepesipku (verifier) BUKOPUCTOBYETLCA Y BUMaaKy 3axuuieHoro RPC, wo6 BKa-
3aTn cepsep. MMone cratyc NpUAHATTA (accept status) mae Hy/bOBe 3HAYEHHS,
AKLO BCe HOPMasbHO. HeHynbOoBe 3HaYeHHS MOXKe BKa3yBaTW, Hanpuknag, Ha
HenpaBW/IbHWIA HOMeP Bepcii abo HenpaBWIbHWIA HOMEP npoueasypu. AKWo 3a-
micTb UDP BukopuctoByeTbca TCP, To Mk TCP-3aronoskom i XID posTatuo-
BYETbCS 4-6ainTOBE MOse JOBXKMNHM,

Ha puc. 6.17 nokasaHo HanawTtysBaHHA NFS knieHTa Ta NFS cepsepa. lNicns
BIAKPMTTA haitnly sAp0 CMCTeMU nepefae BCi 3BEPHEHHSI ab0 [0 NOKa/bHUX
(haitnie, abo NFS-ainie. NFS Bianpaense Bci RPC 3anntu NFS-cepBepy yepes
moaynb TCP/IP. NFS 3a3Buyaii Bukopuctosye UDP npoTokon.

Mpouec
KopucTyBaya

"______/'/________\\_ _____ hl r----"--"-"-"""-""=""="-""="-""="="="="="="—"="—"=—=—-= hl
I I | I
| |

| Joctyn o : | Joctyn o :
| JIOKa/bHOr0 NFS-knieHT I | NFS-cepsep [« foKanbHOTO |
: aiiny : : aiiny :
: A : : UDP nopT A :
| I | 2049 |
| | | |
| TcPuop | L | TcPupe |
I IP I I IP I
I I | I
Lo Aapo ﬁﬂ_ie_HT_a___$ _____ L T | pocepsepa | _ |

Yy Y
JokanbHuiA JlokanbHwuiA
JINCK JINCK

PucyHok 6.17 — 3’egHaHHA NFS-knieHTa Ta NFS-cepBepa

NFS-cepBep oTpumye 3anuTi Big KnieHTa Ak UDP-geiTarpamm Ha nopt
2049. NFS moxe npautoBaTi 3 NepeTBoproBaveM MopTiB, L0 A03BO/SE CepBepy
BMKOPUCTOBYBATM AMHAMIYHE NPU3HAYeHHS NOPTIB.

Konn NFS-cepBep 0TpMMYyeE 3anuT Bif KNieHTa, BiH Nepeaae NoKasbHii nia-
nporpami 4ocTyn Ao ariny, i BoHa 3abe3neyye A0CTYN 40 /TOKa/bHOro ANCKa Ha
cepsepi.

CepBepy MOXe 6yTV NOTPIGEH AeskuiA vac, Wwob onpautoBaT 3anuT KieH-
Ta. [pOTArom LbOro vacy cepep He G/IOKYE 3anuTu Bif, iHWKUX KieHTIB. LLL06
BignpaytoBat faHy cutyauito, 6inblwicte NFS-cepBepiB 3anyckatoTb KiflbKa
pasis, TO6TO BcepeanHi agpa icHye Kinbka NFS-cepsepiB. KOHKpeTHI meToam
PO3B’A3aHHA 3a/1eXaTb Bif ornepauiiHol cuctemn. Y 6inbwocTi agep Unix-
CUCTEM He «wKuBe» Kinibka NFS-cepBepiB, 3amiCTb LIbOro 3anyCcKaeTbCs Kifibka
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MPOLIECIB KOPUCTYBaYa, L0 3A4IACHIOTbL OAMH CUCTEMHUA BUKINK | 3a/MLLIa-
IOTbCA BCEPEAUHI Afpa fK NpoLec fapa.

NFS-KnieHTy noTpibeH yac, wo6 onpawroBaTn 3anuT Bif KOPUCTYBa/IbHOr0
npouecy Ha XocTi KnieHTa. RPC BignpaBnseTbCa Ha XOCT CepBepa, Micig 4Yoro
OYiKY€eTbCA BIArYyK. [ns TOro, o6 npouecn KopucTysaya Ha XocCTi KnieHTa Mo-
rnn 'y 6yab-aknin yac BukopuctoByBaT NFS, icHye Kinbka NFS-KnieHTiB, L0
3anylLueHi BcepefunHi fapa. KOHKpeTHa peanisauis 3aneXuTb Bif orepayiinHoi
cuctemn. Y Unix-cuctemax, K npasuo, npoLec KopuctyBada 34iCHIOE OfMH
CUCTEMHUWI BUKNUK i 3aIMLLAETLCA BCEPeAMHI apa SiK NPpoLec sapa.

OpfHa 3 ocHoB NFS peaniszyeTbca onvcysadamu ainis. [ns 3BepTaHHA 40
(hainny abo AMpeKTopii Ha cepBepi BUKOPUCTOBYETLCA opaque. TepMmiH opaque
O3Hauae, WO CepBep CTBOPHOE OnucyBady (ainy, nepefae Moro Hasag KieHTy,
SKUA KNIEHT NOTIM BMKOPWUCTOBYE MpPW 3BEPTaHHI 40 hariny. BMICT onucysaya
(hainNly BUKOPUCTOBYETLCA /INLLIE CEPBEPOM.

NFS-KnieHT 0TpMMye onucyBad (aiiny KOXHOro pasy, Ko/u BifKPUBAETLCS
(hainn, akuin 3Haxogntbes Ha NFS-cepsepi. Konn Big0yBaeTbCA 34MTYBaHHSA-
3anunc y (hailn Ha cepsepi, onucyBad (haisly 3HOBY MepefaeTbca cepsepy. Lle
BKa3ye Ha Te, L0 BibyBCA AOCTYN A0 aiiny.

3a3BMyall 3aCTOCYBaHHA KOPUCTYBaya He MpaLtoroTb 3 OnucyBavamMu hai-
nis. O6MiH HUMWK 3aiicHIOOTL NFS-KnieHT | NFS-cepsep. Y NFS Bepcii 2 onu-
cyBau (hariny 3aiimae 32 6aiiTL, a'y Bepcii 3 — 64 6anTu.

Mepen TMM AK oTpumatn aoctyn Ao NFS-haiiniB, KNieHT BUKOPUCTOBYE
NFS-NpoTOKON MOHTYBaHHS, LO6 3MOHTYBaTK (hailfioBy CMCTEMY cepBepa. 3a-
3BMYail Le BiOYyBaETbCA NPU 3aBaHTaKEHHI KiieHTa. Y pe3ynbTaTi KIieHT
OTPVMYE onucyBau hainny haiinoBol CUCTeMU cepBepa.

NFS-cepBep Hagae 15 npoueayp, onnc KX HasefeHo y Tabn. 6.15. [leski 3
npoueayp MOXyTb (DyHKLIOHYyBaTK nnwe Ha Unix-cuctemax. Ans NFSv3 pos-
po6/1eHO LO4ATKOBI NPOLEAYpU.

NFS crnioyatky 6yno po3pobseHo, wob sukopuctoysatv UDP, i Le BUKO-
PUCTOBYIOTb Pi3HI BMPOOHMKW. Ane HOBIWI peanizayii TakoX MNiATPUMYHOTb
TCP. MigTpmka TCP BUKOPUCTOBYETLCA A/ POOOTH Y rNOGASIbHUX Mepexax.
Tomy BrKopucTaHHA NFS CborofiHi He 0OMeXYETbCA NTOKa/IbHUMU MepexXamu.

Tabnmuyg 6.15 — Onuc npoueayp NFS-cepsepa
HasBa npouenypu Onuc

MoBepTae aTpmbyTK (harinis: TMN (3BMYaNHKIA (aiin, nanka i
NFSPROC_GETATTR T. 4.), NpaBa AoCTyny, po3mip, BNaCHMKa, YaC OCTaHHbLOIO
3BepTaHHA i T. 4.

BcTaHoBntoe aTpnbyTu haitny. BCTaHOBNEHO MOXeE OyTH
NuLLe NeBHWIA Habip aTpubyTiB, 30Kpema: npasa 4OCTyny,
B/IAaCHMKa, rpyrnoBa BMacHIiCTb, PO3Mip, Yac OCTaHHbOIO 3Bep-
TaHHA Ta iH.

NFSPROC_SETATTR

MoBepTae cTaTyc (aiinoBoT CUCTEMM: PO3MIp BiflbHOO MpPOC-

NFSPROC_STATFS o - !
- TOpy, ONTUMa/IbHWIA PO3Mip ANs NepefaBaHHs Ta iH.
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NFSPROC_LOOKUP

BVKINKAETLCA KNIEHTOM KOXHOMO pasy, KoM MpoLec Kopuc-
TyBaua BiKpuBae aiin, AKnin 3HaxoamTb Ha NFS-cepsepi.
MoBepTae onucyBay (hainnly pa3om 3 aTpmbyTamu taiiny.

NFSPROC_READ

UwnTae 3 thaiiny. KnieHT BKasye onuncysay haiiny, no4aTKoBuiA
3CyB Yy 6aiiTax i MakCUMasibHYy KinbKiCTb 6ainTiB, AKi NOTPiOGHO
3umTatu (4o 8192 ans NFSv2).

NFSPROC_WRITE

3anucye y haiin. KnieHT BKasye onucyBay haiiny, no4yaTko-
BUIA 3CYB Yy 6aliTax, KiNibKiCTb 6aiTiB, SiKi NOTPIGHO 3anucatu,
I AaHi, SKi NoTpibHO 3anucatu.

NFSPROC_CREATE

CTBOptOE thawin.

NFSPROC_REMOVE

3HuLLye thaiin.

NFSPROC_RENAME

MepeiimeHOBYE haiin.

NFSPROC_LINK

Po6uTb NOCTINHWIA NiHK Ha (aiin. MocTiHUIA NiHK — Le KOH-
uenuis Unix, Lo BA3HAYaE TOUKY BXoAy A0 darny. KoHkpe-
THWIA halin Ha AUCKY MOXKe MaTy AO0BiNbHY KifbKiCTb TOYOK
BXof4y (iMeH, fKi TaKOX Ha31BatOTLCA MNOCTINHUMW NiHKaMK),
LLL0 BKa3YylOTb Ha Lieli thaiin.

NFSPROC_SYMLINK

CTBOPOE CUMBOJIYHWIA NiHK Ha thainl. CUMBONIYHWUIA NiHK —
Lie havin, Lo MICTUTb iM’S iHWoro tainy. binbLwicTb onepa-
LN, WO 34IACHI0ETLCA HAL CUMBONIYHUM NIHKOM (Hanpu-
Knaf, BiIKpUBaHHSA), Hacnpas/i NpaLotThb 3 TUM (aiifiom, Ha
SKWI BKa3ye CUMBOJTIYHUI NIHK.

NFSPROC_
READLINK

YnTaHHSA CMMBONIYHOIO fIIHKY NOBepTae iM’s (aiiny, Ha AKUI
BKa3ye CUMBONIYHWIA NiHK.

NFSPROC_MKDIR

CTBOpIOE Narnky.

NFSPROC_RMDIR

3HULLYE Nanky.

NFSPROC_READDIR

UunTae nanky.

6.9 lNuTaHHA 4NA camonepeBipKuU

1. Y yomy nondrae 0CHOBHe Npu3HayeHHA npotokony DHCP?
2. BwusHaute qpopmat DHCP-noBifoMIeHHA | NPU3HAYeHHSA OCHOBHMX MO-

niB.

3. Bwu3HauTe mexaHi3mu BUiNneHHA IP-agpec nNpv BMKOPWUCTaHHI NpPOTO-

kony DHCP.

4. TepepaxyinTe OCHOBHI KOHQpirypauinHi napameTpu, L0 BM3HAYalOTbLCS

npoTokosiom DHCP.,

5. Bwu3HauTe npouec B3aEMOZii KnieHTa i cepBepa Npw nepefaBaHHi Me-

PEXXHOT afpecwu.

6. SKWIA TPAHCNOPTHMWIA NPOTOKO/ BUKOPUCTOBYE NpoToKon DHCP?
7. TlepepaxyitTe ocHOBHI cTaHn DHCP-KnieHTa | cepsepa.
8. $lke 0CHOBHe nNpu3HayeHHs NpoTokony DNS? [dalite KOPOTKWIA aHani3.
9. Ha aKi 30H1 NoAiNeHO JOMEHN BEPXHLOIO PIBHA?
10. BwusHauTe i oxapakTepusyiite npocTip DNS-imeH.
11. Ywum Bigpi3HAETLCA OCHOBHWUIA cepBep DNS Big BTOPMHHOI0?
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12.
13.

nons.

14.
15.
16.
17.
18.

119 4Oro BUKOPUCTOBYETLCA KellyBaHHA npu poboTi DNS-cepsepa?
Aknin hopmat Mae DNS-nosigomneHHsi. OxapaKTepusyiTe OCHOBHI

Ak DNS-cepBep MoXKe onpatboByBaTh 3anuTm?

FAKe Npu3HayYeHHA MatoTb npanopui 3aronoska DNS-NoBigOMIEHHA?
AK 36epiraetbecd iM’s goMeHy y DNS-3anuTi?

BusHauTe 6a308Bi KOHUeNLiT npoTtokony Telnet.

Ha3BiTb Ta OXapakTepuayiTe cueHapii 06roBopeHHs onuin npu telnet-

3’€IHaHHI.

19.
20.
21.
22.
23.
24,
25.

HICTL?

26.
27.
28.
29.
30.
31.
32.
33.
34.

BkaxiTb OCHOBHI KOMaHAu Telnet-knieHTa.

fAka BigMIHHICTb npoTokony SSH Big Telnet?

AKi cnocobu ayTeHTUgiIKaLiT KnieHTa Hagae NPOTOKON SSH?

Bu3HauTe NPOTOKONN €NEKTPOHHOT MOLUTMW.

#Ke Npu3HayYeHHA Mae NPoTokKon SMTP?

BusHaute KomaHan npoTtokony SMTP.

OxapakTtepusyite npotokonm POP3 ta IMAP. Aka MiXXK HUMW BigMiH-

[ainTe 3aranbHWin aHania npotokonam FTP ta TFTP,

Bu3HauTe npoueaypy BCTaHOBNEHHA FTP-3’eHaHHS.

AK nogatoTbea gaHi y FTP?

BusHauTe KomaHAuM i Bignosigi npoTokony FTP.

Ha3BiTb Ta OXapaKTepuayinTe pexxumn pobotn FTP-cepsepa.

AKniA hopmaT Mae nosigomneHHss TFTP?

OxapakTepu3ayiite npotokon HTTP,

Bun3HauTe oCHOBHI meToam HTTP.

Ha ski ocHoBHI rpynu noginstoTe HTTP-3aronoBku. OxapakTepusyiTe

KOXXHY 3 HUX.

35.
36.
37.
38.

Bun3HauTe OCHOBHI KoAW cTaHy npotokony HTTP.

FAKMiIA NPOTOKO/ BUKOPUCTOBYETLCA A/19 KepyBaHHA Mmepexkxamn TCP/IP?
BusHauyHe i oxapakTepusyiTte TUMNY NoBigOMIeHb NPOToKony SNMP.
AKni popmat mMae nosifomeHHs npoTokony SNMP? BusHauTe npums-

HayeHHS OCHOBHWX MONIB.

39.

40.
cepBeepa.

41.

OxapakTtepu3yite npotokosn NFS.
BusHauTte nopsfoK BCTaHOBMEHHS 3’eAHaHHA NFS-knieHTa Ta NFS-

BusHauTe Ta oxapakTepuayiTe 0CHOBHI npoueaypn NFS-cepsepa.
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7/ CYYACHI HATMMPAMKW PO3BNTKY KOMITHOTEPHUX MEPEXX

7.1 IHTepHeT peyen

IHTepHeT pedyeint (Internet of Things, 10T) — e KoHUENLis 064MCNOBaSIbHOT
Mepexi, Wo 06’eaHye i3nyHi npegmeTun (pedi), Aki obnagHaHO BOYL0BaHUMM
TEXHO/OTIAIMUN /151 B3aEMOZIT OfiHe 3 OAHMM ab0 3 30BHILLUHIM cepefoBuLem. Lis
KOHLENLiA po3rnisfac opraHisauito Takmx Mepex K ABuLLe, Lo 34aTHe nepeby-
AyBaTW €KOHOMIYHI i CycrifibHI NPOLECH, YCYHYBLUWN 3 YaCTUHK A | onepawii
HeoOXIAHICTb Y4acTi NOAMHN. IHWKUMK CNnoBaMu — Lie KOHLEMNUis obumncnosa-
NbHOT MepeXi PI3MYHUX NpeaMeTiB, AKi OCHALLEHO MeBHUMU TeXHOMOriAMU 41
B3aEMO[ii MiXK CO60I0.

Y 2013 poui komnaHisi Cisco 3ano4vaTtKyBasia e OAWH TEPMIH, LLO OMUCYE
CyYaCHWIA CTaH PO3BUTKY MEPEXHWUX TEXHOMOTiA — BCEOCSHKHUA [HTepHeT
(Internet of Everything (loE)). BignoBigHO [0 BM3HayeHHA KomnaHii 10E
06’eaHye ntofen, npouecu, daHi Ta pedi (puc. 7.1), W06 3p06UTU MepeXHi
3’elHaHHA GifbLL 3HAYYLUMMW Ta LIHHUMK, HDX OYAb-KONW paHille; nepeTso-
prooYM TH(hopMaLito Ha Ail, AKi CTBOPHOKOTL 6e3npeLefeHTHI HOBI MOX/IMBOCTI
ANA NigNpPUEMCTB, OKPEMMX OCI6 | KpaiH.

BceocsykHum

IHTepHeT

PucyHoK 7.1 — CTpYyKTypa BCEOCAXHOr0 IHTEpHETY

7.1.1 Peui Ak enemeHT IOE

Ha mpaHuii MOMEHT 10 CKnafly «peyeit» BifIHOCSATb, FOIOBHUM YMHOM, Pi3HO-
MaHIiTHI  KOMM’tOTepU | KOMM’KOTEPHI  MPUCTPOI, 30KPemMa  HacCTi/bHI
KOMN’tOTepun, HOYTOYKW, CMApPT(OHW, MIAHLLETHI KOMM'OTEPW, YHIBEpPCa/lbHI
EOM, knactepy o64ncioBaibHNX MalvH Towo. OgHak IHTepHeT pedyent Mic-
TUTb N 06’€EKTU | NPUCTPOIT, AKI He 3aBXAW MiAKIYeHi. Taki 06’eKTU MICTATb
BOY/A0BaHi TEXHOMOTIT, LLLO 3a0e3MneYyroTb B3aEMO/II0 3 BHYTPILLHIMKU CepBepamu
abo KOHTpO/Mepamn Ta 30BHILLUHIM CepefoBuLIEM, HaNpuKag, CUCTEMU BifeoC-
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MOCTEePEXEHHS, MOXXEXHOT CUrHai3auil, KOHAWLIFOBAHHSA, KOMM’OTEPHA e/eKT-
POHiKa TOWO. LI 06’€KTU MaroTb MOXIMBICTb MIAK/IHOYEHHS 4O Mepexi i Mo-
XYTb 0OMiHIOBATUCS AaHMMMW B 3aXMULLUEHIN, HadiiHIA Ta AOCTYMHIA MepeXHii
nnatopmi. IHTepHeT Peyein — Le nepexig A0 €AMHOT TEXHOMOTIT, MOX/IMBICTb
MNIAKIOYNTN 06°€KTI, SKI paHille He 6ynn NigKNHYeHi, Wob BOHU MO/ 06Mi-
HIOBATUCL IH(hOPMALLIED B MEpPeXi.

OKpiM 3BUYaHNX ab0 NOPTATMBHUX KOMMN’tOTEPIB | CMApPT(OHIB KOPUCTY-
Bayi BCe YacTillle BUKOPWUCTOBYHOTb IHTE/NEKTYaslbHI MOOYTOBI MPUCTPOI, HaNpw-
Knag, IHTeNneKTyasnibHi TOANHHUKW, XONOAWNbHVKN, TeNeBI3iiHI CUCTEMK, CUCTE-
MW BOAOHarpiBaHHA Towlo. 10T € 0CHOBOK NO6YAOBM TaK 3BaHOI0 «PO3YMHOI0
LAOMY»,

Bci npucTpoi «po3yMHOro AoMy» MOXKHa NOAIIUTY Ha TPY KaTeropit:

e CeHcopwu abo fasadi,

e aKTyaTopw,

e KOHTPOJIEPW.

BryKopUCTaHHA CEHCOpIB — Lie OA4MH i3 CrocobiB 30MpaHHA faHuX 3 npu-
CTpOIB, AKIi He € Komn’toTepamn. BoHW nepeTBOpATL (IsUYHI BNACTMBOCTI Ha-
LLIOro CepeaoBuLllla B eNEKTPUYHI CUrHanM, SKi MOXYTb OyTM 06po6neHi
KOMM’toTepamn. AK NPUKIag MoXHa HaBeCTM CeHCOpW I'PYHTOBOI BOIOTK, TEM-
nepaTtypu NoBiTps, pagiauii i pyxy.

[MonynsapHUA TUN CEHCOPIB BUKOPWUCTOBYE padioyacToTHi MiTkn (Radio
Frequency IDentification, RFID-miTkn). RFID BMKOpPUCTOBYE pafiovacTOTHI
eN1eKTPOMarHiTHI Nona Ans nepefaBaHHA iHPOPMaLIT MK HEBEIMKUMW MITKaMK
3 Kogom (RFID-MITKM) i pagio4acTOTHUM 34MTyBavyeM. AK npasuo, pagioyvac-
TOTHI MITK/ BUKOPUCTOBYIOTLCA AN IAeHTU IKaLIT Ta BIACTEXXEHHA 06’€KTIB, B
AKi BOHW BOYA0BaHI, HANpUKag, ToBapy B CKNaACbKNX MPUMILLEHHAX. OCKifb-
KN LI MITKN 30BCIM HEBENUKI, TX MOXHA MPUKPINUTK NPAKTUYHO A0 OYAb-SKMX
npeameTiB. [eski pagioyacToTHI MITK/ He BMMaratoTb 6aTapeiok. XXMBeHHS,
HeoOXifHe Ana nepefaBaHHA iHQOpMaLii, MITKA OTPUMYIOTb Bif, efleKTpOMarHi-
THUX CUTHaNIB, AKiI BIAMpPaBse 3UATYBay pagiovacToTHMX MITOK. MiTKa oTpu-
MY€E Leil CUrHaM | BUKOPUCTOBYE YaCTUHY eHeprii CurHany Ans BiAnpaB/ieHHS
BiAMOBIAI.

AKTyaTop (actuator) — Le BMKOHaBYMN NPUCTPIiA abo AOro akTUBHWIA ene-
MEHT, LLIO NEepeTBOPIOE OANH BUL eHeprii (eNIeKTPUYHY, MarHiTHY, TenioBy, Xi-
MiYHY) B iHWWIA (HallyacTiwe — B MexaHi4Hy), WO NPMBOAMTL A0 BUKOHaHHS
NeBHOI AT, 3a4aH0T KepiBHUM curHanom. MNMpusHavaeTbCca 4ns Toro, wob Bnau-
BaTW Ha HABKOJIMLLIHE CepefoBuLLE, abo Ha MEBHUI 06’€KT B HbOMY, HaNpuKnag,
3aKpuTK abo BIAKPUTY BIKHO.

CeHcopy MOXKHa 3anporpaMmyBaTyi Ha BMKOHAHHSA BMMIPHOBaHb, MEepeTBo-
PEHHA JaHUX B CUTHaMV i BIAMPABMEHHSA UMX AaHWMX HA OCHOBHWW MPUCTPIN,
AKNIA Ha3MBaETbCS KOHTpoepoM. KoHTponep BiAnoBigae 3a 36ip gaHuX Bif, ce-
HCOpiB | 3a NigKMoYeHHs [0 IHTepHeTy. KOHTpo/nepy MOXyTb CamoCTIHO
MPUAMAaTX HeraviHi pilleHHs abo XX BIANPaBAATU AaHi A5 aHani3y BinbL noTy-
YXHUM KOMMN’tOTEPOM. Takuii 6inbLl MOTY)XXHUA KOMN'toTep abo 3HaxXo4MTbCA B
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TiN XXe NIOKaNbHIN MepeXi, Lo | KOHTponep, abo AOCTYMHUIA vepe3 IHTepHeT-
NiOKNHOYEHHS.

KoHTponepu — Le NpucTpOi, AKi BIANOBIAAIOTL 3a 36MpaHHA AaHUX Bif CeH-
copiB i 3a MigKNOYeHHs 40 IHTepHeTy. Ha HKX, 3a3BMyaid, NOKIadatTb NOTiKy
MOBEPXHEBOr0 aHanisy iHgopmauii, Wo HagxoanTb Bif MIAKIHOYEHUX A0 HUX
CEHCOPIB. Y MeBHUX CUTYyaLifX aHasli3 JaHMUX MOXe BMmarati masoi KiJibKOCTi
064YMCNIoBa/IbHUX PecypciB, Tak LLO KOHTPOMEPW LIIKOM 34aTHI npuiimatn ae-
AKi PiLLEHHA CamOCTInHO. B UbOMy BMNAZAKY BOHW BiANPaBasOTL MEBHI KOMaH-
AN KepyBaHHA Ha akTyaTopu. AKLLO0 X 06pobka iHpopmalii noTpebye BeMKMX
064YMCNOBa/IbHUX BMTPAT, abo LA IH(hopMaLisa Mae Aecb HaKoMMyyBaTUCh, KOH-
Tponepu Bi4NPaBASAKOTL 11 HA CepBEPY A8 NOAASbLIOT 06POOKN.

AKTYa/lbHUM MUTAHHAM € BMOIp TEXHONOTIT MigKMHOYEHHS MPUCTPOIB [0
Mepexi. 3aeXXHO Bif 06cAry faHux, BifCTaHi, Cnocoby >XMB/IEHHA NPUCTPOIO
3aCTOCOBYETLCA 0fHA ab0 KiflbKa 3 TEXHO/ON i1, HaBeeHUX Ha puC. 7.2.

A

1IIEHOKICTE
802.11c
802 11ad 56
. 802.11n
OineIme
100 I\’IGJIIIC ...................... - 4G .............................................
802.11a
802.11b
802.11g 36
: VSAT
IeCATKH ; 2G
Mé6/c i
BlueTooth
802.15.3
ZigBee
802.15.4
IecATKH WBAN
Ko6/c 802153
| WPAN 5
: ' LPWAMN LoRa
RFID /NFC | 802.15.3 !
o 10 M oo 1 kM Giteme 10 kM BincTans

PUCyHOK 7.2 — TexHoMoriT NigKA4YeHHS NpucTpoiB I0E 4o mepexi

7.1.2 OaHi K enemeHT IoE

[aHi — ue nogaHHA iH(opmauil y dhopmanizoBaHoOMY BUTNAAI, NPULATHOMY
ANa nepefaeaHHA, 36epiraHHs abo 06pobku. Bce, WO HAc OTOYYe, NMOPOLXKYE
AaHi. OgHak cami No cobi gaHi MOXKYTb 6yTK 6e3rny3gumun. [aHi cTatoTb Kopu-
CHUMW B Mipy TOro, fK 1X CriBBIAHOCATL ab0 MOpPiBHIOKOTL. KOpUCHI AaHi cTa-
I0Tb TH(hopMaLieto. Micna 3acTocoByBaHHA abo PO3yMIHHA IH(opMaLia nepeT-
BOPHOETHCA HA 3HAHHS.

[aHl noainaTbCA Ha CTPYKTYPOBaHi | HECTPYKTYypoBaHi. CTPyKTypoBaHi
AaHi BBOAATLCA | 36epiratoTbCs B (hiKCOBaHUX MONAX BCepeaunHi dainy abo 3a-
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nucy. Mpuknagom CTPYKTYPOBaHMX LaHUX € e/IEKTPOHHA aHKeTa, AKY 3arOBHIOE
KOpUcTyBay Mpu peecTpauii Ha neBHUX canTax. Komn’toTep Nerko BBOAUTD,
KNacumikye, LWyKae Ta aHaniaye CTPYKTYpOBaHi AaHi.
HecTpyKTypoBaHi AaHi He 06pobneHi. Y HUX Hemae TIEl CKNafoBol, L0
IAEHTUMIKYE 3HAUYEHHS AaHuX. [NS HECTPYKTYPOBaHWX AaHMX BifCYTHiil 0cob-
NMBWIA cnoci6 BBeAeHHA abo rpynyBaHHA AaHWUX AN TX NOAaNbLLIOro aHasisy.
[10 NpukKnagiB HECTPYKTYPOBaHNX AaHUX BIAHOCATL (hoTorpadii, ayaio- Ta Bige-
otharnn. JleBoBa YacTKa faHUX IHTePHeTY € HeCTPYKTypoBaHMMM abo Cnabko-
CTPYKTYPOBaHUMMN.
CTpyKTypOBaHi | HeCTPYKTypOBaHi JaHi — Lie akTuBW, AKI MakoTb LIHHICTb
A9 Nofein, opradisauin, ranysein 1a ypagis. AK i IHWI akTtueK, iHopmMauis,
3ibpaHa 3i CTPYKTYpPOBaHMX I HECTPYKTYPOBAHUX [aHUX, € BEJIMYMHOM, LLIO MO-
Xe 6yTn BUMIpAHA. LLIHHICTb TakMX AaHUX MOXe 306i/bLlyBaTUCA abo 3MeHLLY-
BaTUCA 3a/1eXXHO Bif CMOCOBY KepyBaHHA HUMW, MAMHY 4Yacy, NMOLIMPHOBAHOCTI
TOLLO.
3a (hopmoto 36epiraHHA BULINAKOTD:
e JIOKasIbHI fJaHi AOCTynHI 6e3nocepefHbo, 3 IOKaIbHUX NPUCTPOIB. [0
NOKa/IbHNX CXOBWLL, [aHMX HanexaTtb XOPCTKi anckun, USB-cxosuua,
CD- / DVD-aucku;
LeHTpanizoBaHi fgaHi 36epiratoTbCA 1 BUKOPUCTOBYHOTLCA 3 €4MHOIO
LieHTpanizoBaHoro cepsepa. Jloctyn A0 Takoi iH(opMaLii MOXHa oTpu-
MaTu BiAJaseHOo 3a LOMOMOIOK Pi3HUX MPUCTPOIB B SIOKA/IbHIN Mepexi
abo mepexi IHTepHeT. CepBep Ta MOro iHpacTpyKTypa B JaHOMY BuMa-
AKY € KPUTUUYHOK TOUKOK CUCTeMU 36epiraHHs;

e po3MoAisieHI gaHi Ay6ntoTheA | 36epiraloTbCs B KiflbKOX MiCUAX, WO
3abe3neyye npocte Ta ePeKTUBHE CMiflbHe BUKOPUCTaHHA AaHuX. Kpim
TOro B Uil CUCTEMI HEMAE EAMHOT TOYKY 36010, LLLO 36i/bLUYE PiBEHb [0-
CTYMHOCTI JaHuX.

ICTOPMYHO GiNbLIICTL JaHUX € CTaTUYHMMU, ab0 HEPYXOMUMU. AK NpaBu-
N0, BOHU 30MpatoTbCA MPOTArOM MEBHOr0 4acy i MalTb MEBHE 3HAYEHHA A1
opraHisauii. BukopucTaHHA BE/IMKOT KiJIbKOCTI PI3HOMaHITHMX [1aBayiB CTBOPHOE
HernepepBHUIA NOTIK AaHWX, AKi Mat0Tb LIHHICTb JOKW 3 HUMW B3aEMOZIHOTb KO-
pUCTyBaui, NicNa Yoro ixX WIHHICTb CTPIMKO BTpayaeTbCs. Taki faHi Ha3uBatOTb
ANHaMIYHUMK, abo pyxomumn. Came AMHAMIYHI AaHi € OCHOBOK IHTepHeTy
peyent.

Y 3B’A3KYy 3 OYpXMBUM 3pOCTaHHAM OOCATiB AaHUX Mepeq opraHisauisMmu
nocTae 3afada 06po6KM Ta KepyBaHHSA BeIMKUMW MacuBamun gaHnx. Benvki ma-
CUBW AaHMX pPO3rnafatoTbCa y TPbOX BUMIpax: 06CcAr, pi3HOMaHITTS | LUBUAKICTb
nepegasaHHs. Bennki macmeu gaHux (big data) — ue npouec 36upaHHA Ta
aHanisy BeNMKnxX o6ecAriB AaHux opradisauisamy gnsa Toro, Wob BM3Ha4aTn TeH-
AeHUIT, nepeabayvaT NOBeAIHKY | HagaBaT MakCUMasibHI MOXJ/MBOCTI TUM, XTO
NPUINMaE piLeHHS.

[opaTtku 4ns BeIMKMX MacuBIB AaHUX MatoTb BMITK 36Mpatu Wi faHi i CTpy-
KTypyBaTW iX TakKMM YMHOM, W06 opraHisauii OTpyMyBa/in Bif, LLbOr0 KOPUCTb.
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Hanpwvknag, 4oaaTtkun ons Be/MKUX MacuBiB JaHWX MakTb BPaxoByBaTW MiHNBI
[pKepena il TeHAeHUIT AaHnX, [0 AKX Ha/leXaTb:
e  MOOGI/IbHMI 3B’30K — MOGINbHI NPUCTPOT, NOAIT, NOLWMPEHHS iH(opMa-
LT Ta IHTerpawis CeHcopis;

e [0CTYN [0 AaHMWX I TX BUKOPUCTAHHA — IHTEpPHET, 3’€4HaHi MiXX CO60K0

cucTemu, couiasibHi Mepexxi I moZeni focTyny;

e  MOX/MBOCTI EKOCUCTEMU — FOSIOBHI 3MIHX B Mofeni 06pobku iHpopma-

LiiT Ta 4OCTYMHOCTI BIAKPUTOrO CepeoBuLLa.

Pe3ynbTaTtoMm € 306i/bLUEHHS BAPTOCTI | CKNaQHOCTI Mofenen AaHnX, 3MiHeH-
HA NPUHUMNIB 36epiraHHs Ta aHani3y Be/IMKUX MacuBIB AaHMX, a TaKoX 4OCTyny
[0 HUX. BHacnigok LbOro opraHisauii Bce YacTille BUKOPUCTOBYHOTb BipTyarii-
3auito | XMapHi 064McneHHs Ana NigTPUMKN NoTPed BENIMKNX MAaCUBIB AaHNX.

7.1.3 Jlrogm i npouecn Ak enemeHTn IoE

KiHLEeBOK MeTO opraHisauii gaHux, Wwo NopomXKyrTbCA, NepeaarnTbes Ta
06po6A0TLCA B MeXax BceocsykHOro IHTepHeTY, € gornomora Niaam npuima-
TWU 0OrpyHTOBaHI pilleHHA I BUKOHYBaTW MOTPIOHI Ail. Came ToMy noan €
LleHTpa/ibHUM efleMeHTOM IoE. Mpouecn cnpusoTb B3aEMOAIT MK NH0AbMU, pe-
yamu i AaHVMK, KOMOIHYOUYM NIAKIIOYEHHA «MallrHa-manHa» (M2M), «va-
lWnHa-noanHa» (M2P) i «itogmHa-nognHa» (P2P).

[MiAKMOYEHHS «MalMHa-MalunHa» (M2M) BigbyBatoTbCs, KOAU AaHi ne-
peaaroTbCs Mo Mepexi Bif OAHIET MalLMHKW abo «pedi» 40 IHLWOI 6e3 yyacTi nto-
AVHW. [JO MaluvH BIAHOCATb fAaBayi, po60TM, KOMMN'tOTepu Ta MOOISIbHI npu-
CTpoi. YacTo nigkntodeHHs M2M BnacHo i Ha3unBatoTb IHTepHeTOM Peyei.

MigKNOYeHHs «MalnHa-nognHa» (M2P) BigbysaroTbCs, KOAU iH(opma-
s nepefaeTbCAd MiXK MalUMHOK (Hanpuknag, cepBepoM abo web-kamepoto) i
NIOANHOK. AKLIO NHAUHA OTPUMYE THhopMaLito 3 6a3n gaHuX abo BigdaneHo
Kepye iHWWNM NPUCTPOEM, TO Ue nigknoyeHHs M2P. MigknoveHHa M2P cnpu-
A0Tb MepefaBaHHIO, KepyBaHHIO, 06po6Li AaHMX M OTPUMAHHIO 3BITHOCTI BIf
MaLUWH ANS NPUAHATTA IK0ABMIW 06rpPYHTOBaHMX pilleHb. i1, W0 BUKOHYHTLCA
NMOAbMU, BUXOAAYN 3 06IPYHTOBaHMX PillieHb, 3aBEPLUYHOTb MET/IH0 3BOPOTHOMO
3B’A3KYy BceocsykHOro IHTepHeTy.

[MigAKNOYeHHs «moanHa-noanHay» (P2P) BigbysatoTbCs, KOu iHopMaLis
nepefaeTbCs Bif OAHIET NOAMHN [0 iHLWOT. Lle TpaguuiiHi cepsicy eneKTPOHHOT
nowTn, nporpaMm 06MiHy MUTTEBUMW MOBILOMIEHHAMM. OCTaHHIM Yacom Bce
LUMPLLE 3aCTOCOBYHOTLCS IHTEPAKTMBHI KOMYHIKaLiiAHI cepBicK, L0 NPaLoOTh B
PeXUMI peasibHOro 4Yacy i A03BO/IAOTbL BCTAHOBNHOBATK Yepe3 IHTepHeT Bifeo-
Ta aypioceaHcw, Hanpuknag Ip-tenedoHia, cuctemu Tuny Skype, Viber,
Telegram Towo. [yXe akTMBHO P2P MiAKMOYeHHS po3BMBatOTL CEPBICK CoLjia-
NbHUX MEPeXx.

7.1.4 T'poTOKOMN IHTEPHETY peyen

M2M € 0CHOBOI IHTEpHETY peyeit i nepefbavac B3aEMOLit0 PiZHOMAHITHNX
[laBadiB, aKTyaTopiB, KOHTPO/EPIB Ta LW/HO3iB. TaKMM YNHOM BUHUKAE HeobXia-
HICTb B «0COBMMBUX» NPOTOKOMAX A/19 3abe3neyeHHs B3aEMOAIT LMX NPUCTPOIB
OfWH 3 OAHUM i BepxXHiMK piBHAMW. CTaHAaPTHI NPUKNagHI NPOTOKONN He Mifd-
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X04ATb Yepe3 IX HEeMPUCTOCOBaHICTb A0 YMOB Mepexki IHTepHeTY peyeid. [asau,
3a3BMYain MiHIaTHOPHWIA, 3 HEBE/IMKOK MaM’ATTHO, BUMIPIOE (Di3MYHI napameTpu
B PEXMMi peanbHOro vacy, Han4vacTile B YMOBaxX HU3bKOro eHepro3abesneyeH-
HA. Pe3ynbTati BUMiptoBaHb 06p06NAKTLCS CEHCOPHMM BY3/1IOM | MepeaaroTbCs
Ha cepBep. 3 iHWoro 60Ky, o6¢cAr iHpopmauii, Wo HopMY€ETbCA OAHUM CEHCOp-
HVUM BY3/10M, MOPIBHAHO HEBENMKWIA, NpoTe GiNblWiCTb cepBiciB IHTEpHeTY pe-
yeil Nobyf0BaHO Ha MPUHLMNI 06PO6KM IHOpMAL,iT Bif 3HAYHOIT KiSIbKOCTI BY3-
NiB, WO MPUHLMUNOBO BIAPI3HAETHCA Bif apXITEKTYPU KNIEHT-CepBEp.

[na Takoro piBHA 3afa4y Kpalle nigxoauTb WabnoH BUAABHUK-MIAMNCHUK
(publisher-subscriber). BuaasHuk € mpxepenomM iHopmauii, a nignucHuK — i
oflep>KyBayeM. TepMiH «nignMCcKa» MoB’s3aHWA 3 MEBHOK onepaLieto, Wo Bu-
KOHYETbCA YYaCHMKaMKN B3aEMOAIT 3 METOK OTPUMAHHSA iH(opMaLii NigNnUCHK-
KOM Bi[i KOHKPETHOro BuAaBHMKa. Tonosoria peanisauii M2M 3a cxeMoto BMAa-
BHUK-NIANWCHUK HaBefeHa Ha puc. 7.3.

bpokep

A
Y

Cepaep

PucyHok 7.3 — Tononorisa peanisauii M2M
38 CXeMOH0 BUABHUK-MIANUCHUK

CKnafoBmMy TOMNOJIOTIT €:

e CEHCOPHWI BY30/1, AKNIA 30Mpae, a B AeaKUX BUNagKax i 00°eHYE, iH-
(hopmaLito Bif KislbKOX CEHCOpIB Ta CrpsAMOBYE 11 Ha cepsep. OCKiNbKM
CeHcopu B BiNbLUOCTI BUNAAKIB € NPUMITUBHUMU NPUCTPOAMU, EANHOKO
3afjayet0 AKMX € NOCTiHE nepefaBaHHSA KOHTPO/bOBAHOI0O MapameTpa,
CEHCOPHI BY3/IM OCHALLYyIOTb MIKPOKOHTpOMepamu, AKi 6yayTb BiAMoBi-
[laT 3a 34MTyBaHHA BMMIPHOBaHMX AaHWUX | BIANPaBNATY X 3a 3a3gase-
riab BU3HAYEHUMU anropuTMammx fani Ha cepBsep;

e cepBep — Le Micle 36upaHHA Ta 06pO6KM IHPOPMaLLIT 3 CEHCOPHUX BY3-
NiB;

e 3aCTOCYBaHHSA — L crewianizoBaHe nporpamHe 3abe3neyeHHs, Lo Cy-
rye ana Bisyanisauii ofep>XyBaHOT 3 faBadiB abo BXe 00pob/ieHol cep-
BepOM iH(hopMaL,ii Ta KepyBaHHSA CUCTEMOIO;

e OpOKep — Le cepBep, AKNA Npuinmae iHopmMaLito Bif BUAABHUKIB (CeH-
COpHUX BY3/iB) 1 nepefae T BIANOBIAHMM NiANUCHUKaM (cepsepam).
Kpim TOro 6pokep MOXe [OJAaTKOBO BWKOHYBaTW Pi3HI onepaui,
NoB’sA3aHi 3 aHani3oM i 06pPOOGKOK OTPUMAHMX OaHWX, BCTAHOB/OBATU
NPIOPUTETU MOBILOMIEHHAM | (hOPMYBaTW Yepru N5 iX nepesaBaHHs.
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Takum YMHOM, AN19 B3aEMOAIT eNeMeHTIB NoAIOHOT cucTeMn HeobXifHi cre-
LiafibHI NpUKnagHi npoTtokonu. BignosigHO A0 CXeMy Ha puc. 7.3 NOAINMMO Ui
MPOTOKOMM Ha YOTMPW Tpynun, Wo 6yayTb BiANOBIAHO 3abe3nevyBaT B3aEMO-
Ait0: BYy30n — BY30/, By30n1 — Opokep, OpoKep — cepBep Ta cepBep -
3aCTOCYBaHHA.

[MpOTOKONN «BY30/1 — BY30/1» BUKOPUCTOBYHOTLCA A1 0OMIHY iH(hopMaLliEr0
MIDXXK CEHCOPHUMW BY3n1amun, Hanpukiag, po3noAin iHgpopmMauii Mk CEeHCOPHUMM
By3/aMu [711 TMMYacoBOro 36epiraHHa abo nepeHanpasfieHHs. [na 3abesne-
YEHHS 3B’A3KY MK CEHCOPHMMU By3namu (faBayamu) MOXKe 6yTU BUKOPUCTaHO
npotokon DDS (Data Distribution Service).

DDS 3abe3nevye 06MiH AaHUMW, pernameHTOBaHWMWA BMMOramu [0 AKOCTI
obcnyroyBaHHs (Qo0S). Bci npucTpoi, Wwo 6epyTb yyacTb y 06MiHI JaHUMK,
CTBOPIOKOTH Tak 3BaHWin DDS-fomeH (puc. 7.4). EneMeHTN AOMeHY B3aEMOAi-
I0Tb LWAAXOM ny6nikauii gaHux i NignucaHHA Ha Temu, BU3HAYeHi 3a Ha3BOK
Temun. [pyn CTBOPEHHI MIANUCKM MOXYTb 6YTW BKasaHi (hilbTpK Yacy Ta BMICTY,
TOOTO NIANMCKA Ha OTPMMaHHA YaCTUHW JaHuX, 0ny61iKoBaHUX 3a TEMOKO Y BU-
3Ha4YeHi MOMEHTU Yacy.

QoS 3untyBad
OaHnX

DDS gomeH

3untyBay
OaHUX

3unTyBad
LaHWX

PUcyHOK 7.4 — Cxema 3B’3KY MIX CEHCOPHUMU BY3/1amu
3 BUKOpUCTaHHAM npoTokony DDS

Mpotokon DDS po3noginge Aadi, peanisytounm NpsaMynA LUMHHWUA 3B’A30K
MK NpPUCTpOsiMK Ha 6a3i pensuinHoi mogeni gaHux. DDS peanisye 6aratoagpe-
CHY CMCTEeMY, BUKOPUCTOBYHKOUM Ha TPaHCMOPTHOMY piBHI npoTtokon UDP. [a-
HUA NPOTOKO/N OPIEHTOBAHWA Ha B3aeMOfil0 3a LWabnoHOM «BWAABHUK-
NiANUCHUK», NPW LbOMY MNepefaBaHHs NOBIJOM/EHb 34IACHIOETHCA LLUMHOK 3
BUKOPUCTaHHSIM METOAY «3anuT — BiAMnoBiab».

Ha ginsaHui «By30/n — 6pokep» peani3yeTbCa Kisibka 3afad, Hanpuknag, pe-
€CTpaLisi CEHCOPHOIro BY3/1a, KOHMIrypyBaHHS Ta HanallTyBaHHA BY3/iB, nepe-
[aBaHHA | po3nogin iHgopmauii Towo. Lii 3agadi MOXyTb O6yTW peani3oBaHi
npotokonamy XMPP T1a CoAP.

XMPP (Extensible Messaging and Presence Protocol) — po3wwimptoBaHuia
MPOTOKO/T 06MIHY NMOBILOM/IEHHAMM Ta IHPOPMaLED NPO NPUCYTHICTb. 3abes-
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reyye NPOCTUIA crocib agpecauil NPpUCTPoiB IHTepHETY peyent. Ans igeHTudika-
LiT BUKOPUCTOBYHOTBLCA iAeHTU(IKATOPK, L0 3a (DOPMATOM CXOXI Ha afgpecu
eM1eKTPOHHOI MOLUTK Hanpukiag, username@jabber.com. MNpotokon XMPP Bu-
KOPUCTOBYE TEKCTOBUIA hopmat XML, Ha TpaHCNOPTHOMY PiBHi 3aCTOCOBYETLCS
npotokon TCP. XMPP nigTpumye pi3Hi KOMyHiKaliiAiHi Mogeni: 3anuT — Bigno-
BiAb, Nybikauia — NiAnvMcKa, aCUHXPOHHI MOBIAOM/IEHHS TOLLIO.

Agppecanis XMPP 0co6/11MB0 3pyyHa y BMNagKax, Koau AaHi nepeaaroTbes
MK BifJaNieHUMK, HaNYacTille He3a/IleXKHUMN TOYKaMK, Hanpvknag B pasi B3a-
emMopii fBox aboHeHTIB. 3a gonomoroo XMPP, Hanpuknag, MoXvBe MigK/to-
YEHHS [oMaLLHbOro TepmocTara fo Web-cepBepy 4719 OTPMMaHHSA 40 HbOro Ao-
cTyny 3 TenedoHy. M0N0BHMMM NepeBaraMu LbOro NPOTOKO/Y € TaKOX be3rneka
1 MacLITaboBaHICTb.

CoAP (Constrained Application Protocol) — ue cneuianizoBaHuii NpoTo-
KON nepefasaHHs, po3pobneHnin poboyoto rpyrnoto IETF — CORE, cTBOpeHuit
ANA MepexX 1 npucTpoiB 3 obmexeHUmn pecypcamu, M2M-gogatkis ToLO.
CoAP MOxkHa po3rnagaty K fonosHeHHA o HTTP, ane, Ha BigmiHy Big HTTP,
COoAP HauineHnin Ha BUKOPUCTaHHS B MPUCTPOSX 3 MEBHUMU OOMEXEHHAMMW.
CoAP B/KOPWUCTOBYE TPaHCMOPTHUIA NpoTokon UDP.

MpoTtokon CoAP BMKOPUCTOBYE MOBILOM/IEHHS, BINbLLICTL AKUX aHANOTIYHI
BiAMOBIAHMM noBigomeHHAM npotokony HTTP, 3okpema: GET, PUT, HEAD,
POST, DELETE, CONNECT. KnieHTn (0oAaTKM KOPUCTYBaya) BMKOPUCTOBY-
I0Tb MOBIAOMNEHHS N5 KEPYBaHHSA i CNOCTEPEXEHHSA 3a PeCypCcoM. 3a 3annToMm
BCTaHOB/IHOETHLCSA MpanopeLb CNOCTEPEXEHHS, | CepBep NPOLOBXYE BiAMNOBIAATU
nicns Toro, K NepBUHHE NOBILOM/IEHHSA 6y10 NepedaHo. Lie 103B0/ISE cepBepam
OpraHi3oByBaTyV MNOTOKOBE NnepefaBaHHA 3MiH CTaHIB CEHCOpIB.

Bnbip KoHKpeTHOro npotokony (XMPP a6o CoAP) 3anexuTs Bif 0C06/u-
BOCTI peasiizoByBaHOT Mepexki. XMPP 3HaiLLIOB CBOE 3aCTOCYBaHHSA B CUCTEMaX
OCBIT/IEHHSA Ta KNimaTy, TaKoX BUKOPUCTOBYETLCA A5 aApecalii NpucTpoiB B
HeBeMKMX NepcoHasibHUX MepexaX. MNpotokon CoAP 34ebisbLie 3aCTOCOBY-
€TbCA B CMCTemMax [aBadiB Temneparypu Ta IHWNX 4aBayiB «PO3YMHOro» 0Oy-
ANHKY.

Buxogaum 3 npusHavyeHHs 6pokepa B Mepexki IHTEepHETY peyeir, MOXHa BU-
AiNMTU 3ajadi, WO MarTb BUPILLYBATUCA Ha AINFHLI «6pOKep — cepeep», a ca-
Me: 30MpaHHA Ta arperauis faHuX; opraHisauisa yepr noBigoOM/eHb; PO3MOAin |
36epiraHHs IHpopMaLiT «10 3anuTaHHsA». [N 3aBaHTaXKEHMX MEPEXX 3 BE/INMKOHO
KiNIbKICTHO MPUCTPOIB paLioHa/IbHiLLIE 3aCTOCOBYBATW MPOTOKO/, L0 3HUXKYE Ha-
BaHTa)KEHHA Ha KaHas1 3a paxXyHOK opraHisauii yepr, 3okpema npotokosn MQTT.

Mpotokon MQTT (Message Queue Telemetry Transport) npusHaueHW
A1 TenemMeTpii Ta AUCTaHLIMHOr0 MOHITOPUHTY. BUKOPUCTOBYETLCA 418 0OMIHY
MOBIAOMIEHHAMM MIXK MPUCTPOSAMM 3@ NPUHLUMMNOM «BUAABHUK — NIAMUCHUK», [a€
™M 3MOry Hafcwniatv i OTpUMYyBaTW AaHi NPU BUHMKHEHHI neBHOT nodii. MQTT €
GIHapPHUM NMPOTOKO/IOM, LLO MPaLtoe 3 BUKOPUCTaHHAM TpaHcnopty TCP.

CnpowyeHa cxema, WO int0CTpye 06MiH nosigomneHHsmu MQTT, HaBefeHa
Ha puc. 7.5. NMpOTOKO/ BUKOPUCTOBYE YOTMPHAALUATL MOBILOM/IEHb Y (hopmari
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3annT — Bignosigb, 30kpema: CONNECT, CONNACK, PUBLISH, PUBACK,
PUBREC, PUBREL, PUBCOMP, SUBSCRIBE, SUBACK, UNSUBSCRIBE,
UNSUBACK, PIN-GREQ, PINGRESP, DISCONNECT. BignosigHo fo cne-
undikayii 3a 4ONOMOror BKasaHuxX NoBiAOM/MEHb ICHYE MOX/IMBICTb peanisyBa-
TV MeXaHi3M npioputeTie. B gaHOMYy BUMafgKy KepysaTu BiAnpaB/ieHHAM MOBi-
[AOMJ/IEHb 32 [A0MOMOroK TPLOX Knacis QoS.

B3aemogisa MK cepBepoM i 3acTocyBaHHAMMW (AMB. puC. 7.3) HalyacTile
peani3yeTbCs 3a A0MNoMororo npotokony SOAP, OCKIfIbKM Y LIbOro NPOTOKO/Y €
BUAineHnn mexaHism goctyny RPC (Remote Procedure Call), sakunin Bignosigae
3a BigJaneHuin BUKNUK PYHKLIA,

yepra

MignucHmK

yepra

MignucHmK
K

n

PucyHok 7.5 — Cxema 06MiHY NoBiAOMIEHHAMM 3a NpoToKonoM MQTT

SOAP (Simple Object Access Protocol) — e npoToKon 06MiHY CTPYKTY-
POBaHUMW Ta AOBISIbHMMM MOBILOMIEHHAMK Y (hopmati XML B po3nogineHomy
obuncntoBasibHoMy  cepefosui. SOAP  BMKOpUCTOBYE 6a30BY MOAESb
3’€[lHaHHSA, L0 3abe3mneyye y3rogkeHe rnepegasaHHsa NMoBigOMIEHHS Bif Bignpa-
BHMKA [0 OAepXKyBauya, MOTEHLINHO [OMYyCKae HasBHICTb MOCEPEAHUKIB, SKI
MOXYTb 06p061ATM YaCTMHY MOBIAOM/IEHHS ab0 AofaBaTh 40 HbOro LOAATKOBI
e/IeMEHTN.

SOAP nigrpumye asa mexaHismu goctyny — SOAP RPC i SOAP Message.
SOAP RPC sBnsie co60t0 NpOCTUIA MPOTOKON «3anuT — BIAMNOBIAb» | BUKOPWUC-
TOBYETbCA A1 CUHXPOHHOIO BifAa/IEHOr0 BMKIUKY Npoueayp 3a AOMoMOror
XML. SOAP Message — Le npoToKon ansd BigcunaHHA T1a 06pobkn SOAP-
MOBIJOM/NEHb, SIKWUIA MOXe BUKOPUCTOBYBATUCS N5 aCUHXPOHHMUX KOMYHIKaLil i
nepefbavyae MOXIMBICTb K HeramHoi, Tak i BigKnageHol BiAMOBiAl Ha 3anuT.
3aBOAKM BCbOro Kinbkom nosigomneHHam (Get, SOAPAction, SOAPAction-
Response) NPOTOKO MOXe BUKOPUCTOBYBATUCSA 3 OY/b-AKMUM NMPOTOKO/I0M NpU-
KnagHoro pisHA: SMTP, FTP, HTTP, HTTPS.

252



7.2 OCHOBM XMapHUX TEXHOJIOT I

XMapHi o6umncneHHs (cloud computing) — Le TEXHOMOris PO3MNoAiNeHoT
06pOOKN faHMX B SAKIA KOMM’OTEPHI pecypcy Ta NOTY)XXKHOCTI HafatTbCA KOpK-
CTyBayeBl AK IHTepHeT-cepBiC. XMapHi 006YMCNEHHA MPUMYCKaKTb HasaBHICTb
BE/IMKOI KiNIbKOCTI MIAK/TOYEHNX Yepe3 Mepexxy KOMN’toTepiB, SKi (isUYHO Mo-
XYTb pO3MiLLlyBaTUCA B OYAb-AKiA Touui 3eMHOI Kyni. Lia TexHonoris gonoma-
rae CKOpoTUTYW orepauiiHi BUTPaTK 3a paxyHOK Oi/ibll e(DEKTUBHOIO BUKOPUC-
TaHH$ pecypcis.

XMapHi TeXHONOrii A03BOMAKTL BUPILLYBaTK PI3HI 3aBAaHHA KepyBaHHSA
AaHUMK, 3a6e3neyyroyn:

AOCTYN [0 AaHUX opraHisauii B 6yAb-AKui Yyac Ta 3 6yab-aKoro micus;
onTuMi3auito IT-iIHpacTPyKTypKn B OpraHisaLii 3a paxyHoK nigrnmcaHHs
TiNIbKN Ha HeOOXiAHI nocnyru;

CKOPOYEHHA ab0 YHUKHEHHSI BUTPAT Ha PO3ropTaHHA, MIATPUMKY Ta
OHOB/IEHHS 06/1aHAHHA 1 MPOrpPaMHOro 3abe3neyeHHs;

CKOPOYEHHS BUTPAT Ha e/IEKTPOEHEPTit0, 3MEHLLEHHS BUMOT O MaTepi-
a/IbHOT YacTMHKM Ta NOTPebKn B HaBYaHHI NepcoHany;

nosiBa MOX/IMBOCTI LUBMAKOro MacliTabyBaHHS 064MCNOBa/IbHUX Pecy-
pciB, afanTauii 40 HOBMX Bi3HEC-MOAeNen NignpruemcTaa.
3 iHWoro 6oKy, He cnif 3abysatu i NPO Taki 0COBNMBOCTI XMapHNX TeX-

HOJOrI;

HeoO6XiHICTb NOCTIHOMO Ta AKICHOro A0CTYNY [0 MepeXi IHTEpHET;
HasABHICTb 0OMeXXeHb Ha MporpamHe 3abesrneyeHHs, WO MOXHa po3rop-
HYTW B XMapi, B 6iNbLLIOCTI BUNAAKIB € 0OMEXeHHS LLOA0 HanarokKeHHs
0ro nif KOHKPETHI 3aadi Kop1cTyBauis;

npo6neMa KOH®MiAeHUINHOCTI — B OGiNbLIOCTI BMNaAKIiB MNpoBanigepu
XMapHMX CepBiCiB He Jat0Tb CTOBILCOTKOBOT rapaHTii KOH(IAEeHLiHOCTI
[AaHNX.

ICHye 6arato pi3HOBUAIB XMapHMX CepBiCiB, OPIEHTOBAHMX Ha Pi3HI BUMOTY
KNIEHTIB. TP OCHOBHUX TUMW MOCNYT XMapHNX CepBICiB, 3rigHO 3 BU3HAYEHHAM
HawioHanbHOro iHCTUTYTY 3i cTaHdapTM3auil Ta TexHonorin CLUA, Taki.

MNporpamHe 3a6e3neyeHHA AK nocnyra (Software as a Service —
Saa$S). NocTavasibHNK XMapHUX CepBiCIiB HaAae 4OCTYN A0 MOCNYr efek-
TPOHHOI NOLWTK, 0OMIHY JaHMMK, CTBOPEHHS Ta pefaryBaHHSA O(iCHUX
[OKYMeHTIB Towo. [Mpuknagamu Takmx cepsiciB € Google Docs Ta Office
365.

MNnatgopma Ak nocnyra (Platform as a Service — PaaS). Kopuctysa-
yeBi HafaeTbCA KOMMN’HOTepHa nnatg)opma 3i BCTAHOB/IEHOK onepawini-
HOK CUCTEMOIO | NMEBHUM MpPorpaMH1M 3abesrneyeHHAM. ocTavyasibHUK
XMapHMX CepBiciB BiANoBiJae 3a HajaHHA AOCTyny A0 3acob6iB po3poob-
KW, TECTYBaHHA Ta PO3ropTaHHA MPOrpamMHOro 3abe3neyeHHs.
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e |HdpacTpykTypa Ak nocnyra (Infrastructure as a Service — laaS).
[MocTavyanbHUK XMapHMX CepBiciB BIAMOBILAE 3a AOCTYM [0 MEPEXHOro
obnafHaHHSA, BIPTyani3oBaHUX MEPEXHWX CepBiciB Ta MiATPUMKY Mepe-
YKHOT IHPPaCTPYKTYypM.

ICHYIOTb pi3HI MOAeni XMapHMX cepB.iciB, 30KpemMa: ny6niyHi, npueatHi, ri-

OpUAHI Ta KONMEKTUBHI.

XMapHi nporpamun Ta cnyou, Wo HagakTbes B MyO6idHIN (3araibHom0-
CTYMHI) XMapi, JOCTYMHI MPaKTUYHO BCIM KopucTyBadam. CepBiCM MOXYTb
OyTn 6e3KOLLITOBHUMI abo NPONOHYBATUCS 3a MOAE//O «Onarta 3a JakTom Bu-
KOPUCTaHHA», AK Y BUNAAKY Kynisai Micud B XMapHOMY CXOBWLLi. 3araibHOA0-
CTYMHa Xmapa BUKOPUCTOBYE IHTEPHET ANS HagaHHA NOCAYT.

XMapHi nporpamu Ta Cny>o6wu, Lo HafarTbCa B MPUBATHIN XMapi, Npu3Ha-
YeHi AN4 NeBHOI opraHisauii abo pMANYHOT 0Co6W, HanNpuKnag, AN AepXXaBHoI
ycTaHoBM. NpuBaTHa Xmapa MoxXke 6yTu opraHi3oBaHa Ha 6a3i MpuBaTHOI Mepe-
I KoMnaHii. OfHaK CTBOPEHHS Ta 06C/MyroByBaHHA Takoi XMapy BUMarae 3Hau-
HUX BUTpaT. Came TOMY KepyBaHHS MPYBaTHOK XMaporo, K Mpasusio, Aopyya-
I0Tb IHLWIM opraHisauii, fska 3gaTHa 3abesneyunTy HeobXifHWIA piBeHb 6e3neKku
[O0CTYMYy A0 pecypciB KOMMaHil.

[Mi6puaHa Xmapa CKnagaeTbes 3 A4BOX abo Ginblue Xmap (Hanpvknag, npu-
BaTHOT 1 My6niyHOT), MPUYOMY KOXHA 3 YaCTUH 3a/INLIAETLCA OKPEMUM
06’€KTOM, a/le BOHU MOB’A3aHI Mi>K COO0K0 B paMKax €AMHOT apXiTeKTypu. Ko-
puCTyBadi, NigKNHOYeHI A0 riGPUAHOT XMapy, MOXYTb MaTu Pi3Hi piBHI JOCTYyNy
[10 CEpPBICIB 3a/1eXKHO Bif, CBOIX Mpas AOCTYMY.

KoNeKTMBHI XMapy CTBOPKOKOTLCA A1 BUHATKOBOrO BUKOPUCTaHHSA MeB-
HOK CMi/IbHOTOK. BIiAMIHHOCTI MK 3ara/ibHOLOCTYMHOK Ta KOJIEKTUBHOMO
XMapamMun nonsararTb Yy PYHKUIOHabHUX NoTpebax, HanaromkeHnX Ana nesHol
cninbHOTU. Hanpuknad, MeauyHi ycTaHOBM MatoTb AOTPUMYBATUCS MEBHOI Mo-
NITUKN 3aXMCTY MepCoHasIbHOT TH(hopMaLii nauieHTIB, WO Haknajae A04ATKOBI
BMMOTIM Ha NPoLecH aBTeHTUIKALIT i KOHMDIAEHUIAHOCTI.

7.3 LleHTpn 06pobKn faHnx

®i31YHOO OCHOBOK XMapHMX TEXHOJOTIN, SK MPaBu/o, € Aata LEeHTpuU
(data center) a60 X L Ha3BalOTb LeHTpamMu (36epiraHHs i) 06pobKK gaHuX
(Luo4/u3on). Uoa cneuianizoBaHe NpuUMILLEHHS, B AKOMY po3TalloBaHO cep-
BEpHE i MepexXHe 06n1aHaHHS, NigknoveHe Ao mepexi IHTepHet. LLOL, npusHa-
YeHO A1 3abe3neyeHHs e4MHOro LiNiCHOro iHpopmayiiHoro pecypcy nignpu-
EMCTBA 3 rapaHTOBaHWMW PIBHAMMW LOCTOBIPHOCTI, AOCTYMHOCTI Ta 6e3nekun Ja-
HuX. Agpom O/ € IT-iHppacTpyKTypa, WO CKIaAaETbCA 3 CepBEPIB, CUCTEM
36epiraHHsa AaHnx i JONOMDKHUX CUCTEM A5 KepyBaHHSA BHYTPILHIM nepeja-
BaHHAM JaHMX | 3aXMUCTY IH(opmaLliT.

[o cknagy LIJO/A, Ak npasusio, BXOAATb ABI Pi3HI Mepexi nepefaBaHHA fAa-
HUX: ppoHTanbHa (front-end) — mepexxHi cnyxéu i BHyTpiWwHSA (back-end),
abo onepauiiHi cnyxéu. MpucTpoi Ta cucTeMn (PPOHTANILHOIO PAAY BifNOBI-
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[atoTb 3a 6e3neyHunin goctyn no pecypcis LLOA i MicTATb Be6-cepBepu, bpaHa-
mayepw, npokci-cepeepun, VPN-KOHLEHTpaTOpK Towo. BHYTPIWHA Mepexa mic-
TUTb BNacHe cepBepun Ta 06nafHaHHA 419 KOMYHIKaLIT MK cepBepammn Ta macu-
BamMu JaHuX.

OCHOBHUM KPUTEPIEM OLIHIOBAHHA SKOCTI p060TH BYAb-AKOr0 faTa-LeHTpy
€ Yac gocTynHocTi cepsepis (uptime). CyyacHi LIO/], 3a6e3neyytoTb Yac JOCTY-
MHOCTI cepBepiB Ha piBHI 99.999% i BuLe. PiBeHb focTynHOCTI 99.999% (n’ATb
[eB’ATOK) BU3HAYaE MaKCUMasbHWUIA Yac HeoCTYMHOCTI cepeepa (downtime) 5
XBUMWH 1 15 cekyH[ Ha pikK.

XapakTepHoto pucoto LJOA € BenvKa LWiNbHICTb CEpBePIB, MEPEXHOr0 006-
nafiHaHHA Ta cucTeM 36epiraHHa gaHux. Came TOMY OCHOBHUMWM (DYHKLISMM
LOA e:

e  3aXWCT 06/1a4HaHHSA Bif BN/IMBY HABKO/IMLLIHLOIO CEPELOBULL3;

e 3a0e3neyeHHs 06/1afHAHHA AKICHUM | 6e3mnepebiiHUM eNleKTPOXMB/IEH-

HAM;

e Bi[lBe[leHHs Tenna, WO BULINAETLCA;

e  KepyBaHHSA (PIi3YHMM LOCTYMNOM [0 06/1afiHAHHS Ta NOro0 0XOPOHa.

MoxkHa BuginuTu aga pisHosugm LIOA:

e L0/l KOMepuiiiHOrO TUMY — Ue Wil KOMMAeKcK, AKi CropymKytoTb
ANA NOAAbLIOT OPeHAM 06YMCIOBA/IbHUX MOTYXKHOCTeW. BOHWM Bigpis-
HAKOTHCSA BUCOKOK MPOAYKTUBHICTIO | MaKCMMa/lbHOK LUBUAKICTIO 06-
MiHY gaHuMKn. KopucTysay, CKOPUCTABLUMCL TAKOK MOC/Yror, OTPUMYE
BipTyanbHUA LLJO/, KM (haKTUYHO MOXKe nepebyBaTu B iHLLIOMY MICTI
ab0 HaBiTb KparHi.

e BHyTpiwHi (KopnopatmsHi) LIOJ — LeHTpwW, AKI BCTAHOB/OKOTLCS B
MeXKaxX KOHKPeTHOro nignpuemcraa. BoHU npu3HayeHi TiNbKN NS BHYT-
PILLUHBOr0 KOPMOpaTMBHOIO KOPUCTYBaHHA. HesBaxaroum Ha BUTPaATH,
MoB’A3aHi 31 CTBOPEHHAM | BBEAEHHAM B eKCr/yartauito Takoro LeHTpy,
ro/loBHa MOro nepesara nonsrac B MpsiMOMY KepyBaHHI BCIEK CUCTe-
Moro. KoMnaHis He 3a/1eXXnTb Biff CTOPOHHBLOIO BflaCHUKA 06/1aHAHHA
(nocTtavanbHMKa Nnocayr) i 3Moxke Binbll ed)eKTMBHO 3abe3neyunTn 6es-
MeKy faHuX i 36epexXxeHHsT KOMepLinHOT TaEMHWLL.

[0 cTpykTypy 6yab-akoro IO, BXxoaaTb Taki 6/10Ku:

e |T-iH(pacTpyKTypa;

e IHXeHepHi CUCTeMM PI3HOro PiBHA CKMagHOCTI;

e  KOMIM/IEKCHa CMCTeMa 3aXuCTy | 6e3neku;

e cuUCTema ynpasfiHHA Ta MOHITOPUHTY.

IT-iHpacTpyKTypa SBMsSE COO0K KOMMIEKC BUCOKOTEXHOMONYHOIO 006-
NaflHaHHA, KU 06’e¢aHaHWIA B 3aranbHy cuctemy. Lle cBoepigHe sapo 6yab-
fKOro cy4vacHoro LJO/la, ke CKagaeTbcs 3 cepBepHOro obnafHaHHA Ta CUCTEM
nepeaaBaHHs, 06POOKN Ta 36epiraHHs AaHuX.

LLLo6 3a6e3neunTn 6e3nepebiitHy poboTy MOTY>KHOI0 BUCOKOTEXHO/ONYHO-
ro o61agHaHHA, NOTPIGHO CTBOPUTY ePEKTUBHY IHXXEHEPHY cncTeMy. OCHOBHI
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iHXXeHepHi cuctemmn LIOM BIgHOCATb [0 ABOX KaTeropii: enekTpornocradaHHs Ta
OXO/O[PKEHHS,

CneuianbHe obnagHaHHA Mae 3abe3rnedyBaTh He TiflbKn 6e3nepebiliHe no-
[aHHA eNleKTPUKN [0 0bnafHaHHA, a i1 y pasi aBapin Ha JIE nepeinTn Ha aBTo-
HOMHe »XMBJeHHA. 14 34iMCHEHHA LbOro BUKOPUCTOBYIOTb Pi3HI [Kepena 6es-
nepebiiHOro XKMBMIEHHA | 4OAATKOBI FreHepaTopu.

[MoTy>XHi cepsepu Nif Yac poboTH BUAINAOTL BENNYE3HY KIfIbKICTb Tensa,
fKe Bi[IBOANTLCA 3a AOMOMOroH creuianbHUX BOyA0BaHUX pagiaTopis. Lle He
BUpILLY€E NPO6G/IEMY MOBHICTHO, OCKI/IbKM CEPBEPHI CTaHL,iT 3HAXOAATLCA B OKpe-
MUX 3aKPUTUX NPUMILLEHHAX. LLL06 3a6e3neunTn HafiliHe 0XO0/I04XEHHS, BUKO-
PUCTOBYIOTb CrieLiasibHi CUCTEMM KOHAMLIOHYBaHHSA Ta BEHTUNALLIT.

OfiHa 3 HaNBaX/MBILLMX CKNaAoBMX Mpale3faTtHocTi 6yab-akoro LJOA — 1
Lie NpaBu/bHO po3pobieHa cuctema 6e3nexkn. [ns Toro o6 3abesneunTn 36e-
piraHHA JaHuX 1 3anobirtu JOCTyny A0 HWUX CTOPOHHIX OCi6 yepe3 IHTepHeT,
KOMMaHii BUKOPUCTOBYHOTb HOBITHE aHTMBIPYCHe M3 Ta iHLWI nporpamu 3axumcTy
AaHux. o6 3anobirt NPOHMKHEHHIO CTOPOHHIX OCi6, po3po6/ISETLCA | BMpPO-
Ba[KYETbCA CUCTeMa A0MYCKY NeBHOT KaTeropii npawiBHMKIB, METOAM NPOTUAIT
310MY | (DI3NYHOMY NPOHUKHEHHIO A0 06/1aHaHHS, Bile0CMOCTEPEXEHHS, MpPO-
TUNOXeXHa cuctema. KomnnekcHUin nigxin Ao 6e3neku 3abesneuvye 36epexxeH-
HA BaXXMBOT IH(opmaLliT.

KomnnekcHuin migxif 40 KepyBaHHA | MOHITOPUHIY € BaXK/IMBOK CK/1ago0-
BOK Oyab-AKoro cyyacHoro LIOJa. Taki cucteMn B aBTOMATUYHOMY PEXMMI
KOHTPONIOKOTL Mpaue3faTHICTb BCbOro 06n1afjHaHHSA i napameTpu HaBKOMMLL-
HbOro cepefoBuLla (Temnepartypa, BO/OrICTb, Hanpyra i yactora cTpymy). He-
Bif'€MHOK YaCTUHOK MOHITOPUHTY € CUCTEMM NPOrHO3yBaHHSA MMOBIPHOI Bif-
MOBW 06/1afiHaHHA Ta PaHHLOr0 OMOBILLEHHS.

Okpeme MicLe 3aiimae amcnetyepumsalis — Lie BaXX/IMBa CKIafoBa pobo4oro
rnpoLecy, fKa 403BONAE OpraHi3yBaTh iH(OPMYBaHHS MepcoHay Npo rnosaiuTa-
THY CUTYaLit0 3a JOMOMOrOK Cy4aCHUX TEXHOMOTIN 3B’A3Ky (BiANpaBneHHs fa-
HUX Ha efIeKTPOHHY afpecy, MOX/IUBICTb aBTOMATUYHOIO [O3BOHY abOHeHTaMm
neBHOT rpynu abo kopotki CMC-noBifomeHHs). KOMMNIeKCHWIA MigXif CyTTEBO
3HUXKYE PU3MK BUMHUKHEHHA aBapiHWX CUTyauid, a B pasi HacTaHHs (opc-
Ma>Kopy 3abe3nevye MakCcMMasibHO e(PEKTMBHY MeTOAMKY 60poTbOM Ta BigHOB-
NEeHHSA NOLIKOLXKEHUX LINAHOK CUCTEMM.

AnzainH I T-iHhpacTpyKTypu GiNbLUOCTI LEHTPIB 06P0OKM AaHMX 6a3yeThbCs
Ha nepesipeHOMy GaraTopiBHeBOMY niaxodi (puc. 7.6), KU [03BONSE MOKpa-
WMTN MaclLTaboBaHIiCTb, MPOAYKTMBHICTb, THYYKICTb, CTIMKICTb Ta CNPOCTUTK
06CNyroByBaHHS.

IT-iHppacTpykTypa LUJO/L cknagaeTbca 3 MaricTpasibHOro piBHsA (core), piB-
HiB arperauil (Aggregation) Ta pgoctyny (Access). [o piBHA maricTpani
nig’e4HYOTLCA BIAMNOBIAHI MaricTpani mepexi IHTepHEeT Ta KaMMyCHUX Mepex
(Ha pYCYHKY He rnokasaHi).

MaricTtpanb 3abe3rneyye WBMAKICHY KOMYTaLlito NakeTiB A4/ BCiX NOTOKIB,
WO Haaxoaats i Buxopats 3 LWOA. MigknioyeHHA 40 AeKiIbKOX MOAYNIB arpe-
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rauii 3abesneyvye HafiiHWiA 3B°A30K 3 piBHEM arperayii, yHUKatouu €4UHOT TOY-
KW BiAMOBW. TakoX Ha LibOMY PiBHi 34iNCHIOETLCS BanaHcyBaHHA Tpagiky MiX
KaMmnyCHOI MepeXxero | piBHeM arperauii.

PiBeHb arperauii 3abesneyye iHTerpauito CEPBICHMX MOAYNIB, 0O6MeXye
KOPAOHM LLUMPOKOMOBHOIO foMeHyY, hopmye STP-fepeBo Ta 3abe3neyvye Hagmi-
PHICTb ANS LWNHO3Y 3a 3aMOBYYBaHHAM. Ha LbOMY PiBHI MOXYTb BUKOHYBATUCh
cepsicy bpaHamayepa Ta 6asiaHCyBaHHA HaBaHTaXXEHHSA CepBepiB, L0 [03BOSE
NiABULLNTM 3aXMLLEHICTb i1 ePEKTUBHICTL BUKOPUCTaHHS Pecypcis cepsepis.

PiBeHb f0CTyny 3abe3neyye (isnyHe NigKIoYeHHSA 40 Mepexi cepBepiB pi-
3HOrO TUMY: O4HOKHITOBUX CepBepiB, Oneig-cepBepiB, CEPBEPHUX KacTepiB i
MeliH(periMiB. MepexkHa iH(DpacTPyKTypa PiBHA LOCTYMY CKIaAaETbCs 3 Pi3HO-
MaHITHUX KOMYTaTOpIB.

MaricTpanbHuii
piseHb (Core)

PiBeHb arperauii
(Aggregation)

PiBeHb goctyny
(Access)

PucyHokK 7.6 — baratopiBHeBuWiA nigxig peanisauii mepexi LLOJ,

[Mpn cTBOpeHHI cyyacHux LIOJ, BMKOPWUCTOBYETLCH, AK MpaBwu/io, ofHa 3
ABOX Mofeneit: baratowaposa (multi-tier) Ta knactepHa (claster) mogeni.

Barartolwuapoa mMogenb (puc. 7.7) € 6ibL NOLWMPEHOKO AK B KOPNopaTuBe-
Hux LLOA, Tak i KomepuiiHux. BoHa nepegbayae BUKOPUCTaHHS YOTUPLOX He-
3a1eXKHUX LUapiB:

e pecypcHi cepBepu, abo cepsepun iHpoOpPMaLiiHUX pecypciB, BiANoBiaa-
I0Tb 3a 36epiraHHA 1 HagaHHA JaHuX cepBepam A0AATKiB, Hanpwukiag,
(hainn-cepBepy abo cepBepu 6a3 faHKX;

e CepBepu JofaTKiB BUKOHYKTb 06pOOKY AaHMX BiAnoBigHO A0 6i3HecC-
NOTIKN CUCTEMU; Hanpuknag, cepeepy 06pOOKN BMCOKOSAKICHMX 306pa-
YKeHb ab0 Bifie0 B PeXMMi pealbHOro Yvacy;
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e CepBepu NMogaHHSA iHopMaLil HafaKTb IHTePENC MiX KOpUCTyBaya-
MW | cepBepamMu A0AaTKIB; Hanpuknag, web-cepeepu;

e C/Ny>XK060BI cepBepu (Ha PUCYHKY He nokasaHi) 3abesneyvyroTb poboTy
IHWKX nigcuctem LIOJ; Hanpuknag, cepeepu KepyBaHHS CUCTEMOIO pe-
3ePBHOr0 KOMitoBaHHS.

PucyHok 7.7 — Peanisauii mepexi LIO/] 3a 6aratoLuapoBot MOAENIO

BaraTowapoBa Mofenb 3abe3neyye BUCOKUIA PiBeHb MHYYKOCTI, MacluTabo-
BAHOCTI, HafiHOCTI, 3aXMULLEHOCTI Ta eNaCTUYHOCTI. MTHYUKICTb peasni3yeTbCa
32 paxyHOK BWMKOPWCTaHHA MPOrpaMHOro 3abesneyeHHs, L0 3aryCKaeTbCs Y
BUrNAAI  OKPeMMX TMpPOLEeCiB, AKI B3aEMOAIOTb MK CO60H0 Ha OfHOMY
KOMM’HOTepi 4yepe3 MexaHi3Mm MiXnpouecopHoi B3aemopgil (IPC), abo uepes
MepeXxy Ha Pi3HMX MawmHax. MacwTaboBaHIiCTb MOXe OyTu peanizoBaHa
LUNAXOM [0faBaHHA HOBWX CepBepiB A0 BignoBigHOro Lwapy. HaginHICTb
3a6e3MeyyeTbCs 3a paxyHOK BUKOPUCTAHHSA KiJIbKOX CEPBEPIB B MeXXax KOXXHOro
wapy, wo 3abesneyye npaesgaTtHICTb CUCTEMU NPU BUXOAI 3 flagy O4HOrO 3
HUX. BMCOKWIA piBeHb 6e3neKn peani3yeTbCs 3aBAAKUN 130M14LiT OKPeMUX LapiB
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MK co60l0 3a [J0oMnomMorow 6paHamayepis. Hanpuknag, 3M10BMUCHUK MOXe
CKOMMNpOMeTyBaTn Beb-cepeep, He OTPMMAaBLUX AOCTYMY A0 CepBepiB AOAATKIB
abo cepsepiB 6a3 AaHNX. ENacTUYHICTb A0CAracTbCA 3a paXyHOK 6anaHCyBaHHS
HaBaHTAXXEHHS, L0 BPIBHOBAXKYE MePEXHMI Tpadik MK Apycamu.

Y cyyacHOMy cepefioBuLLi LEeHTPY 06p0bKM faHMX KnacTepu cepBepiB BU-
KOPUCTOBYIOTLCSA A5 6araTbOoX Liifei, 30KpeMa Ans 3abe3neyveHHs BUCOKOIO
PIBHSA AOCTYMHOCTI, 6a1aHCYBaHHA HaBaHTaXXeHHA Ta 36i/bLUeHHs 064KncroBa-
NbHOT MOTYXHOCTI. YCi Knactepyn MaroTb 3arasibHy MeTy — 06’eaHaTV AeKiNbKa
npouecopis, Wo6 nogaTn ix AK €4nHY BUCOKOE(EKTUBHY CUCTEMY, BUKOPUCTO-
BYIOUM CrieyiasibHe nporpamHe 3abesnevyeHHs Ta BMCOKOLUBUAKICHI MepexHi
3’eqHaHHA. CepBepHi Knactepun iCTOPUYHO acoLitoBa/INCA 3 YHIBEPCUTETCbKMMM
AOCNILKEHHAMM, HAyKOBMMU N1abopaTopisMy Ta BiICbKOBUMW LOC/IIPKEHHAMM
ANA TaKMX YHIKa/IbHNX 3aCTOCYBaHb, K MeTeoposioria (MofentoBaHHSA Noroan),
ceiicMosiorist (CeMcMiYHMIA aHani3), BICbKOBI AOCNIKEHHS.

CbOrofHi cepBepHi KnacTepy 3aCTOCOBYHOTLCA 10 Oi/fibLU LLMPOKOr0 CrekTpa
3aCTOCYyBaHb: aHai3 (PIHAHCOBUIA TEHAEHLIN — aHasli3 LWiH Ha obnirauii B peasb-
HOMY 4aci Ta 3 ypaxyBaHHAM ICTOPUYHOrO TPeHAY; aHiMauis qinbmiB — peHAe-
PUHI My/bTUrirabaitoBnx arnis; BUPOGHULITBO — MO/E/NOBaHHSA aBTOMOOI/b-
HOro AM3aiiHy Ta aepoAMHaMiKK; MOLUYKOBI CUCTEMU — LUBUAKWIA NapanenbHNiA
MOLUYK.

KnacTepHa mogenb iHhopmMauinHoi cuctemun LIO HaBeaeHa Ha puc.7.8.

My6niuHniA

(30BHiLLHI)

iHTepdeiic T ONoBHMiA
BY30N

O6uncNoBaIbHI |
BY3/1 |

PucyHok 7.8 — Peanizauii mepexi LLO/J] 3a KnacTepHOK MOAE//H0

onoBHUiA
BY30N

MpuBaTHWiA
(BHYTpILLHiIl)
iHTepdeiic

CninbHUIA ANCKOBWIA
npocTip

30BHiLWHI iHTepdenic (front end) — Ue iHTepdeic, AKNA BUKOPUCTOBYETb-
CA ANA 30BHILUHLOrO LOCTYMY [0 KnacTepa, 40 AKOro MOXYTb 3BepTaTuca cep-
Bepu AoAaTkiB abo KOpuCTyBadi, AKi BIANPaBnstoTh 3aBAaHHSA ab0 OTPUMYHOTb
pe3ynbTat poboTK 3 Knactepa. 3assuyaid, Le Ethernet IP iHTepdelic, nigknto-
YEHWNIA A0 PiIBHA AOCTYNY iIHPPACTPYKTYPW CepBEPHOT hepMMu.
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OCHOBHMIN abo ronoBHWN By30s1 (master node) BiAgnoBifae 3a KepyBaHHS
06uncoBa/IbHMMM BY3/1aMK B K/lacTepi Ta ONTUMI3aL,ito 3arasibHOi 064McnroBa-
NbHOT EMHOCTI. 3a3BMyaii rofIOBHUIA BY30/1 — €AVHWUIA BY30/, AKWNIA CMINKYETLCS 3
30BHILWHIM cBiTOM. Knactepusauisi MpoOMiDKHOIMO nporpaMHoOro 3abesneyveHHs,
L0 NpaLtoe Ha rOJIOBHUX BY3/ax, Hafae IHCTPYMEHTU [ANS KepyBaHHS pecypca-
MW, NiiaHyBaHHA 3aBaHb Ta MOHITOPUHIY CTaHy 064MCN0Ba/IbHUX BY3MiB Kac-
Tepa. OCHOBHI BY3/1, SiK NPaBW/0, PO3ropTatdTbCsA HAAIMLLKOBMM Crocobom (Y
KiNIbKOCTI fBa abo 6ifblue) i, AK npaBusio, € 6ifibll NOTY>XXHUMW MOPIBHAHO 3
064YMCNIOBASILHUMU BY3N1aMW.

BHyTpiLWHIN iHTepdeiic ocHoBHOro By3na (back end) yepe3 BMCOKOLLIBU-
AKICHY KOMYHiKaLiiiHy habpuKy 3’€4HaHNiA 3 06UUCNIOBa/IbHUMW By3namn. Tu-
MoBi BUMOrM 0 (pabpuKK: HU3bKA 3aTPUMKa Ta BUCOKA MPOryCKHa CMPOMOXX-
HicTb. HalluacTiwe peani3yeTbcsa KomyTaTopamy 3 noptamu Gigabit 1a 10
Gigabit Ethernet. AnbTepHaTBHOK A0 TexHonorii Ethernet € BiAHOCHO HOBa
TexHosoriga Infiniband.

Ha o6umncnioBanibHNX By3/ax BCTAHOB/IEHO OMTMMI30BaHe abo MOBHE A4po
orepauiiHOT CUCTEMMU, | BOHM, SK NPaBW/0, BUKOHYOTb orepavii, Wwo notpebdy-
I0Tb IHTEHCUMBHUX 0BYUMC/IEHb, 30KPeMa 06pOOKa BENIMKMX MAcUBIB YNCEN, PEH-
AepiHr, komninsayis abo iHWi MaHinynauit gannamu.

IHTepdeiic Ao cucTeMmn 36epiraHHs MOXe BMKOPUCTOBYBATWU iHTepMericu
Ethernet a6o Fiber Channel. IHTepdelicn Fiber Channel cknagatotbes 3 iHTep-
(peincis 1G/2G/4G i 3a3Buyail nigknoyaoTbes Ao komytatopa SAN.

Knactep cepBepiB BUKOPUCTOBYE CMifIbHY napanesibHy (aisioBy CUCTEMY,
fKa Hafae WBMAKICHWMIA OQHOYaCHWIA IOCTYN A0 (hailioBUX pecypciB BCiM 064n-
C/IHOBa/IbHUM BY3/1aM. Tunu (hainioBoi CUCTEMI 3anexaTb Bif onepawiiHoT cuc-
Temun (Hanpuknag, PVFS a6o Luster).

Ba3oBOO TEXHO/OTIEKD OpraHi3zauii 4OCTyny A0 CNifibHOT (hainIoBOi CUCTEMU
LIO4, € TexHonoria SAN (Storage Area Network). Acouialis npomMmncnoBsux
Mepex 36epiraHHa gaHux (SNIA) Bu3Havae mepexxy cxosuly, SAN fK Mepexy,
OCHOBHOI METOH AKOI € NnepefaBaHHA faHUX MK KOMM'HOTEPHUMU CUCTEMaMU
Ta enemMeHTamu 36epiraHHs. SAN CKIafaeTbCa 3 KOMYHiKaUiiHOT iH(pacTpyK-
TYpWn, siKa 3abesnevye isnyHe 3’elHaHHA Ta PiBEHb KEPYBaHHS, AKMI1 OpraHi3o-
BY€E 3’€[jHAHHA e/fleMeHTIB 36epiraHHA 3 KOMM’HOTEPHMMM CUCTeMaMK Ta 3a6es-
neyye 6e3neyHe i HafinHe nepefaBaHHA JaHUX.

dakTnyHo SAN — Ue crieuiani3oBaHa LWBMAKICHA Mepexa, sika 3’eHYE cep-
Bepu Ta NpUCTPOT 36epiraHHA AaHux. TpaguuiiHO cepBep Mae 06MeXeHy Kiflb-
KICTb NPUCTPOIB 36epiraHHs gaHnx. Hatomictb SAN Hagae MOXMBICTb MifK-
NHYUNTUN Of4MH abo KisibKa reTeporeHHMX cepBepiB 4O CMiJIbHOrO CXOBMLLA fAa-
HUX. Mepexka MoXXe MICTUTK 6arato NpPUCTPOIB 36epiraHHs, 30Kpema AMCKOBI,
CTPIYKOBI Ta OMTMYHI Hakonu4yysadi. KpiM TOro Li NpUCTPOi MOXYTb pO3TaLlo-
BYBaTWCA BiffasIeHO Bif CepBepiB, L0 1X BUKOPUCTOBYHOTL. CTpykTypy SAN
MepexXi HaBefleHO Ha puc. 7.9.
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Microsoft

Windows IBM System z UNIX VMS

Cepsepu

Storage Area
Network

Hakonuuysaui

SSD HDD Ctpimepu OnTUYHI gncku
PucyHok 7.9 — CtpykTypa SAN-mepexi

OcHoBHUMY enemeHTaMu SAN-Mepexi €:

e KOMYHiKaliiiHa CTPYKTYypa, Ky peanizoBaHO Ha 6a3i npotokony Fibre
Channel;

e MNpuUCTpoOI 36epiraHHA (MarHiTHI AUCKKM, NAiBKa, ONTUYHI HOCIT);

e cepsepu (Microsoft Windows, UNIX, IBM VMware vSphere, VMS Ta
IHLLIT).

SAN-Mmepexi 6yaytoTbCa Ha OCHOBI TaKMX TOMOJOTIN:

e Touka— TTOo4Ka (Point-to-point);

e [letna 3 ap6iTpaxem (Arbitrated loop);

e KomyTtoBaHa (habpuka (Switched fabric).

3'eHaHHSA «TOYKa — TOYKa» — Lie HainpocTiwa Tonosoris. BoHa BUKopK-
CTOBYETLCSA TOAI, KON € BCbOrO [iBa BY3/M | MaibyTHE PO3LLUMPEHHSA HE NMPOrHO-
3yeTbes. CepefloBULLE BUKOPUCTOBYETLCS MPUCTPOAMU MOHOIMO/IbHO 3 3a/lyyeH-
HAM BCIET CMYTY MPOMYCKaHHS.

MeTna 3 apbiTpakem nepeabdayvae yTBOPEHHSA (I3UYHOT neTsi Ao 126 By3-
NiB 1 Mpayroe K 3arajibHa WnHa. Tpadik nepefaeTbCq B OAHOMY Hanpsmky.
ApOGiTp fonycKae BCTaHOBMNEHHS TiNlbKWU OAHOr0 3’€HaHHA B KOXHWIA MOMEHT
yacy, B MeXax iKoro Bifi6yBa€TbCA 0OMiH AaHUMWU MIX BiANPaBHNUKOM Ta Ofep-
XKyBayeM. [icna 3aBepLUeHHS 3’€4HaHHS apbiTp 403BONSE BCTAHOB/IEHHS HACTY-
MHOro. BHacNifoK HM3bKOI NPOMYCKHOI CNPOMOXHOCTI CbOrofHI MaiiXe He BU-
KOPUCTOBYETHLCA.

KomyToBaHa thabpuka — Lie HarinonynspHilia Tononoris, ska nepefdavae
BUKOpUCTaHHA SAN-KOMyTaTopiB, AKi, aHasioriyHo Ethernet-komyTaTtopam, fo-
3BONAIOTL OAHOYACHe nepefaBaHHA Tpagiky MK okpemummn noptamu. Lle gae
MOX/IMBICTb JOCATTM MaKCMMaslbHOT NPOMYCKHOT CPOMOXHOCTI.
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7.4 TexHonorii BipTyasnisauii

O[HIE 3 HaMBINbLL ICTOTHUX TEXHOMOTIYHUX HOBaLil, L0 /1eXKaTb B OCHOBI
XMapHUX 064YMCNeHb, € TEXHOMOTIT BipTyanisauii. BipTyanizauia — Ue HafaHHS
Habopy 064MCNOBa/IbHNX pecypciB abo ixX NoriYHoro o6’efHaHHsA, abcTparosa-
HO Bif, anapaTHOT peanisauii, 1 3a6e3rneyeHHs Npu LbOMY IOTIYHOT i3015UiT 06-
YMCNHOBAIbHNX NPOLECIB, LLIO BUKOHYKOTLCA Ha O4HOMY (DI3UYHOMY pecypci.

OCHOBHI NOHAT TS TexHoNorii BipTyanisauii

BipTyasibHa MallMHa — i30/1b0BaHWUIA MPOrpaMHNIA KOHTENHEpP, SIKWIA npa-
Ltoe 3 BnacHoro OC i gogatkamu nofibHo isnyHOMY KoMn’toTepy. BipTyanbHa
MallnHa fi€e Tak camo, AK (Di3NYHUIA KOMMN'HOTEP | MICTUTb BfacHi BipTyasibHI
O3Y, XOPCTKUIA ANCK | MEPEXHWIA aganTep.

OCHOBHVMUK 0CO6/IMBOCTAMW BIpTYa/lbHUX MaLUMH €: CYMICHICTb (BipTya/ib-
Hi MaLllMHW CYMICHI 3 yciMa CTaHAAPTHMMK KOMM’toTepamu, BipTyasibHa Mallu-
Ha Mnpautoe Nif KepyBaHHSIM BM1aCHOI FOCTbOBUIA OrepaTMBHOI CUCTEMU | BUKO-
Hy€ BNacHI 3aCTOCYBaHHS); 130/1b0BaHICTb (BIPTyaslbHI MalUMHW MOBHICTHO i30-
NbOBaHi 0AHa Big 04HOT, HIbKM Le pi3HI (i3nYHI NPUCTPOT); IHKancynayis (BipTy-
a/IbHi MaLLMHK MOBHICTHO IHKAMCY/HOKTh 06UMCNIOBaA/IbHE CepeioBULLE).

XocToBa onepauinHa cuctema — Le onepawiviHa CUCTeMa, Ky BCTaHOB/Ie-
HO Ha peasibHe 06/afHaHHs. B paMkax Li€i onepauiiHOT CUCTEMI BCTAHOB/ILO-
€TbCA NPOrpamHe 3abe3neyveHHs BipTyanisawil SK 3BMYaiiHa nporpama.

EMynsaTop BipTyasibHOT MalUMHM — Lie NporpamHe 3abesrneyeHHs, sike
BCTaHOB/HOETLCS Ha XOCTOBY OnepauiHy CUCTeMY | CKNafaETbCsi 3 MOHITOpa
BIPTYa/IbHUX MaLLVH i rpagiyHOi 0600HKM.

MoHiTop BipTyanbHux mawumnH (Virtual Machine Monitor, VMM) a6o
rinepB.i3op € Nporpamoto, Lo 3abe3neyye BCi B3aEMOZiT MiXK BIpTya/lbHUM i pe-
a/lbHUM 06/1aIHAHHAM, NIATPUMYE PO6OTY OAHIET ab0 AeKiNIbKOX CTBOPEHUX Bi-
PTYa/lbHUX MalUWH | BCTAHOB/IEHNX FOCTbOBMUX OnepauinHmnx cuctem. IpadivyHa
000/10HKa 3abe3rnevye B3aEMO/I0 KOPMUCTyBaya 3 3aCTOCYBaHHAM BipTyasibHOT
MaLUWHW, [O3BOJIAKOUN HAMAro[pKyeatu BIpTyaslbHI MaluvMHKW Mig CBOT NOTpebu
Ta KepyBaTu ixX poboToto.

[focTbOBa oOnepauiiHa cuctema — Le onepauiiHa cuctema, ska BCTaHOB-
NOETLCA HA CTBOPEHY BIpTyaslbHY MallMHYy. AK rocTboBa OnepauiiHa cuctema
moxxe 6yt Microsoft Windows, UNIX, Linux Towo.

[Mpn BUKOPUCTaHHI TEXHOMOTIT BIpTYyasni3auil OTPUMYIOTb IEpapXiyHy CTPYK-
TYpy B3aemogii BipTyanbHUX EOM i peanbHoi anapatypu. Ha HWXKHbOMY Lwapi
L€l iepapXil 3HAXOAUTLCA peasibHe 06/1aAHAHHA, KepyBaHHA AKUM PO3MNo4ins-
ETbCA MK XOCTOBOK OMepauinHO CUCTEMOK Ta eMYNSATOPOM BIpTYa/lbHUX
MaLLWH.

XocToBa onepaujiiHa cucTema Ta emynsaTop PO3noAifsftoTe MiXK coboto pe-
cypcu peanibHoT EOM i cknafatoTb Apyruii piBeHb iepapxii. XocToBa onepawin-
Ha c1CTeMa Kepye nporpamMamu, Lo Ha Hiil 3anyLeHi, i po3nogisiom MiXK HAMK
pecypcis peasibHOi EOM.
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Emynatop BipTyasibHUX MalUNH KePYE BIpTYa/lbHUMM MallMHaMK 31 BCTaHO-
BIEHUMW HAa HUX rOCTLOBUMMW OrnepauiiHUMN cucTeMaMK i po3noAainge Mixk Hu-
MK pecypcu peanibHOT EOM.

[COCTLOBI OMepaLiiHi CUCTEMU KepytoTb POOOTOKD CBOIX 3aCTOCYBaHb B pa-
MKax BUAINEHNX eMyNSTOPOM Pecypcis.

OCHOBHI pi3HOBMAWN BipTyani3auil:

e BipTyanisauia cepsepis (MoBHa BipTYyanisayis i napasipTyanisayis);

e BipTYyasi3auis Ha piBHI onepayiiHUX CUCTEM;

e BipTyanisauia mMepexi;

e BipTyanisauis 3aCTOCyBaHb;

e BipTYyasi3ayis pobounx micub;

e BipTyasni3ayis anapaTHMX 3acooiB.

ApXITEKTYpa CyyacHUX cepsepiB X86 nepenbdayac BUKOHaHHSA TifIbKW OAHIET
OC Ha cepsepi. MNogonaTtn Taki CTPYKTYPHI 06MEXEHHA MOXXHa 3a 40MOMOroH0
BipTyanizauii cepsepiB x86. Lis TexHonorisa abctparye onepawiiHy cuctemy i
3aCTOCYyBaHHSA Bif PiBHS (hi3NYHOro 06/1aaHaHHA, WO PobUTL CepeaoBuLLEe cep-
BEpPIB MeHLU CKMagHUM. 3aBAsdKW BipTyanisauii Ha ogHoOMYy (his4yHOMY cepBepi
MOXHa BMKOHYBATW KiflbKa onepauinHuX CUCTEM Yy BUrNAAI BipTyaslbHUX Ma-
LLVH, Y KOXHI 3 KMX € AOCTYN A0 064MCNOBa/IbHUX PeCYpCiB cepBepa.

TexHosoria BipTyani3auii cepsepiB 403BO/AE 3aMycKaT Ha O4HOMY cepBepi
AeKiNbKa NOrYHUX O4MHULUL — BIPTYa/lbHUX MaLUWH, AKi MOBHICTIO Bi4TBOPHO-
I0Tb POBOTY He3aeXHUX (i3nYHUX cepsepiB. Lle gae 3mory posmillyBaty Ha
OfHIN oanHMLI obnafHaHHA KiNbKa AeCATKIB He3aNeXHUX onepauiiHuX CUCTEM
I KOpropatMBHMX  3aCTOCyBaHb, e(EKTUBHIilIE BUKOpUCTOBYHOUM  IT-
IHpPacTpyKTypy.

B OCHOBI piLleHHs BipTyanisayii Ha piBHI MaLLVHW NIEXUTb MOHITOP BipTya-
NbHUX MawmH VMM. VMM Bignosigae 3a CTBOPEHHSA Ta 130141110 BIpTya/IbHOI
MalLMHKM | 36epeXxeHHs 1T CTaHy, a TaKoX 3a opraHisauito AOCTyny A0 CUCTEM-
HUX pecypcis. MNpu peanizayii VMM ans cTBOPeHHS iHTepdency MiX BipTyasb-
HAMW MallnHamu i BIpTyanizoBaHMMM CUCTEMHUMK pecypcamMy BUKOPUCTOBY-
IOTbCA TPU MOX/IMBMX METOAW: NOBHA BipTYyasisauis, BnacHa BipTyasnisauia i na-
paBipTyanizayis.

Mpn BMKOpPUCTaHHI NOBHOI BipTyanizauii (puc. 7.10) MoHiTopom VMM
(ana abcTparyBaHHA BipTyaslbHOI MalUVMHW Bif peasibHOro 06/1aaHaHHA) CTBO-
PHOETHCA | NIATPUMYETLCA MOBHA BipTyanbHa cuctema. Ller nigxig [o3Bonse
Andikauil. Lle fae 3mory fierko nepeHocuTy BipTyasibHI MalUMHU MIXK CepBepa-
MW 3 PI3HUMM DI3UYHMMU KOHITYpaLigMu. Taka rHyUKICTb JOCATaETbCA LiHO
BTPaT! MPOAYKTMBHOCTI Yepe3 HaknafHi BMTPaTU Ha 0OCNYyroByBaHHSA CTaHIB
BIPTYa/lbHNX MaLLUWH i 3aTPUMOK NpW ABIAKOBIM TpaHCAAL .
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3acTtocyBaHHA | 3acTocyBaHHSA

lNoctboBa OC1 | MNocTboBa OC2 KepysanHs

MoHiTop BipTyanbHMX MawuH (VMM)

O6nagHaHHA

PucyHok 7.10 — Mogenb NoBHOT BipTyanizawii

BnacHa BipTyanisauis 3a1exuTb Bif apXiTEKTYpu npouecopa, Ha AKoMmy
3AINCHIOETLCS BipTyanizauid. Hanpuknag, B cepigsx AMD-V i Intel VT npoue-
COpY MaroTb B CBOI anapaTHiil YaCTUHI HOBI PEXMMU BUKOHaHHS, IHCTPYKLIT Ta
CTPYKTYpPU [aHuX, fKi Npu3HayeHi Ana 3meHLeHHs cknagHocti VMM. [Mpu
BfacHin siptyanisayii VMM He noTtpibHO NiATPUMYBATU B MPOrpamHoOMy 3a-
Ge3neyeHHI XapakTepuCTUKN PecypciB BIpTyasibHOT MallnHK Ta Ti cTaH. [Nepe.a-
ramu BnacHOT BipTyanisauil € crnpoLleHHs apxiTektypu VMM 11 icTOTHe nigsu-
LLEeHHA MPOAYKTUBHOCTI.

MNapaBipTyanizauis Mae AesKy CXO0XICTb 3 MOBHOK BipTyani3sauieto. Llen
meTog Bukopuctosye VMM ana noginy AocTyny A0 OCHOBHUX anapaTHUX 3a-
Co6iB, anie fofaEe Koj, L0 CTOCYETbCA BipTyasnisauii, 6e3nocepefHsL0 B onepa-
WiiHy cuctemy. Lleit nigxig ycysae notpeby B 6yab-aKiin nepekomninsayii abo
nepexontoBaHHI KOMaHf, WO He MOXYTb OyTu BipTyanizosaHi. OfHakK napasip-
Tyani3auis BumMarae 3miHeHHsi roctboBol OC ang pob6otn 3 VMM, WO € OCHOB-
HAM Hepfonikom Metofy. HatomicTb, nmapasipTyanisauis 3abesnevye BUCOKY
NPOAYKTUBHICTb, MalXe fK Y peasibHOl CUCTEMMU.

BipTyanisauia Ha piBHi onepauiiHoi cuctemn (puc. 7.11) BipTyanisye
cepsepun 6e3nocepeaHbO Haf orepawinHol cuctemoto. Llein meTton nigTpumye
€MHY OnepawiHy cucTemy i, B Hain3araibHiLLOMY BMNAAKY, NMPOCTO i30/1H0€ He-
3aNeXHi BipTyasibHi cepBepun (KOHTEHEPW) OAWNH BiA ogHOro. [ns noginy pecy-
PCiB OQHOrO cepBepa MK KOHTelHepaMn HeOOXiAHMM € BHECEHHS 3MiH B A4p0
onepawjinHoi cuctemn (Hanpuknag, sk y sunaaky 3 OpenVZ), BogHo4vac 3a6es-
NeYyeTbCs «pPifHa» NPOAYKTMBHICTb 663 «HaKMafHUX BUTPAT» Ha BipTyanisalito
npucTpoiBs. MNprUpoaHO, WO Taknil pPi3HOBWA BipTyanisauii YHEeMOX/IMBNIOE 3a-
MYCK Pi3HNX roCTbOBMX OrepawiiHUX CUCTEM.

BipTyanizauisa mepexi — Lie NoBHe BIATBOPEHHS (Pi3MUHOI MepeXi nporpa-
MHUM MeTOZOM. BipTyanizoBaHi Mepexxi aHanorivHi gisyHUM Mepexxam 3 Tou-
KW 30py HafdiHOCTI i MoXKnmMBocTeld. OfHaK BOHM MatoTb 6e3/iy Takmx gopar-
KOBUX €eKchyaTauiiHuX nepeBar, K He3aNeXHICTb Bif 06nagHaHHSA, LBMAKA
IHiLiani3auis, MOX/IMBICTb PO3ropTaHHA 6e3 nepepuBaHHA poboTW CUCTEM, aB-
TOomMaTn3oBaHe 06CNYroByBaHHA Ta MIATPUMKA SIK Cy4YaCHWX, Tak i 3acTapiimx
3acTocyBaHb. BipTyanizoBaHi mepexxi 3abe3neyytoTb MiAKIOYEHHST POBOUNX
HaBaHTaXXeHb [0 TaKMX JIOTIYHUX MEPEXHUX NMPUCTPOIB i CYXK6, AK NOriYHI no-
PTW, KOMYTaTopu, MapLipyTmusaTopu, bpaHamayepu, 3acoou b6anaHCyBaHHS Ha-
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BaHTaXeHHs, mepexi VPN Toulo. 3acTocyBaHHS Y BipTyanizoBaHUX Mepexxax
npawtorTb Tak camo, AK i B QI3NUYHNX.

3acTocyBaHHA | 3acTocyBaHHS 3acTocyBaHH#A
BipTyansHuii | BipTyanbHuii BipTyaibHuiA
cepsep 1 cepsep 2 cepsep n

OnepauiiHa cuctema

Ob6nagHaHHs

PucyHok 7.11 — Mogenb BipTyanisauii Ha piBHI onepauiiHoT cucTeMu

BipTyanizauisa 3acTocyBaHb — Lie TEXHO/OrIS, fKa CnpsAMOBaHa Ha po3fi-
NeHHA Ta i30/14Uit0 3aCTOoCyBaHb Ha 60U KMIEHTa, L0 Mpautoe 3 NOKaSIbHOK
ornepauiiHol c1cTeMoro. 3acToCyBaHHS i30/1H0K0TLCA B BipTya/lbHOMY Cepefo-
BULLI, LLO 3HAXOAUTLCSA MIX OnepawiintHOK CUCTEMOK | CTEKOM 3aCTOCYBaHb.
BipTyasnbHe cepefioBuLLE 3aBaHTaXXYETbCA [0 3aCTOCYBaHHS, i30/10€ MOro Bif
IHLUMX 3aCTOCyBaHb i OMepawuinHOT CUCTEMK, a TaKoXX 3anobirae mogudgikauii
3aCTOCYBaHHAM /TIOKa/lbHUX PecypciB (TakuX, K (ainn i HanaromkyBaHHS pe-
€CTpa). 3aCTOCYBaHHA MOXYTb YMTATU IH(OPMALitO 3 NIOKa/IbHOTO CUCTEMHOIO
peecTpa i (hainnis, ane nNpuaaTHi 4ns 3anucy Bepcil unx pecypciB MNigTpUMYOTb-
Cs BCepeAuHi BipTyanbHOro cepeaoBsuila. [laHa TeXHOMOrIS [103BO/ISE BUKOPUC-
TOBYBAaTW Ha OAHOMY KOMM’KOTEpPI, a TOYHiLLe B OAHIN i TiiA camiil onepawiinHiii
CUCTEMI KislbKa HECYMICHUX Mi>X COOOH0 3aCTOCYBaHb OfHOYACHO. BipTyanizauis
3aCTOCyBaHb [103BOJIIE KOPUCTYBavaM 3anyckaTu 3asfanerifb CKOHQIrypoBaHe
3aCTOCYBaHHA abo rpyny 3acTocyBaHb 3 CepBepa.

BipTyanizauisa pobounx Micub rnepeabdavae emynsuito iHTepdercy Kopuc-
TyBaya, TO6TO KOpUCTyBay 6a4MTb 3aCTOCYBaHHA i Mpauloe 3 HAUM Ha CBOEMY
TepmiHani.

3acTocyBaHHA L€l TeXHOOTIT LO3BOMAE BILOKPEMUTU NpPU3HaYeHe AN KO-
pucTtyBaya 3 Big anapaTtHOI YaCTUHMK, a TaKOX 3a6e3rneyunTy 4OCTYN A0 KMIEHT-
CbKMX 3aCTOCYBaHb Yepe3 TepMiHa/IbHI NPUCTPOI.

Hain6inbLw nonynsapHMM pi3HOBMAOM BipTyaslbHUX pO60UMX MicLb € BipTya-
nisayis poboumx CToMiB, WO peani3yeTbCAa 3a [LOMOMOrOK iH(PacTpyKTypu
Virtual Desktop Infrastructure (VDI). BipTyani3sauito pob6o4ymx CToniB Moxe 0y-
TW peani3oBaHO y CTaTMYHOMY abo AvHamiYHOMY BUTIAAI. B nepliomy BapiaHTi
(I3VYHWNIA HACTINbHUIA KOMMN’OTEP 3aMiHIOETLCA BIpTyaslbHUM, Y APYromy — Ki-
HLeBI KOpPUCTYBadl AMHAMIYHO MIAKIKOYAKOTLCA 40 OAHOr0 3 BIpTya/lbHUX Po-
6oumx cTonis 3 nyny. BipTyanbHi pobo4i CTONM PO3TALLIOBYHOTLCA Ha HafiiHNX
BIZAMOBOCTINKMX cepBepax B LJO/, 3aBAAKM HOMY KOPUCTYBaY 3aBX/AMN Ma€E MoB.-
HWIA KOHTPO/b Hag, ycima CBOTMW pecypcami.
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HaincknagHilwmM pisHOBMAOM BipTyanisauii € BipTyanisauis, abo TOYHiLue
eMyngauia anapaTHMX 3acobiB. Y LbOMY METO/AI Ha XOCT-CUCTEMI CTBOPHETLCH
BipTya/ibHa MalUMHa, B MeXaxX K0T eMY/IHETbCA Te UM iHWe obnagHaHHs. Llei
nigxig peanizoaHo B nakeTi GNS (General Network Simulation), skuin go3Bo-
Ne 30IACHIOBATM CUMYALLIKO KOMM’IOTEPHUX MepeX, NobyaoBaHUX Ha peasib-
HoMy o6nafHaHHI. KoprcTyBadi npautoroTh 3 peasibHUMK 06pasamu onepaiii-
HUX CUCTEM MEPEXHUX MPUCTPOIB. [epeBaroto € MOX/IMBICTL OTPUMATK LOCBIA
pPO60OTN 3 MPUCTPOEM 3a MOro (I3MYHOI BiACYTHOCTI. [T0N0BHOK MPo61eEMOLO
emynAauil anapaTtHux 3acobiB € CyTTEBE YMOBISIbBHEHHS BUKOHAHHS MporpaM B
Takomy cepeposuLi (aekonu B 100 pasis), OCKI/IbKM KOXKHA KOMaH4a Mae Mofe-
NOBATUCA HA OCHOBHMX anapaTHnx 3acobax.

7.5 MNporpamMHo KepoBaHi Mepexi

Y cTaHAapTHIM apXiTEKTYpPi CydaCHUX MePEXHMX MPUCTPOIB BUAINAIOTb TPU
OCHOBHWUX piBHI (puc. 7.12):

e piBeHb KepyBaHHA NpucTpoem (management plane) — HeyHidikoBa-
HWUW Ta He3aIeXXHWUIA Bif BUPOOHMKA PiBeHb A4J19 KEPYBAHHSA MPUCTPOEM.
Lle Moxke 6yTn iHTepdeiic komaHaHoro psaaka (CLI), BbyaoBaHuii Beb-
cepsep abo API Ta NpOTOKO/N KePyBaHHS;

e piBeHb KepyBaHHA Tpadikom (control plane) — Habip npoueayp Ta an-
ropuTMIB, WO peani3ytoTb 6a30Bi IHTENEKTYyaslbHI (OYHKLUIT MPUCTPOLO,
Hanpuknag, nobyaoBy Tabnuub MapLIpyTM3aLil B MapLIpyTU3aTopi;

e iH(DpacTpyKTypHWIA piBeHb (data plane) — piBeHb NepefaBaHHs AaHUX,
Ha AIKOMY 3[iACHIOETbCA 6e3nocepefHbO MepefaBaHHs Tpadiky 4epes
NpUCTpIi.

PiBeHb KepyBaHHS
MPUCTPOEM

PiBeHb KepyBaHHS
Tpagikom

PiBeHb KepyBaHHS
MPUCTPOEM

IHpacTpyKTypHMiA
piBEHb

PiBeHb KepyBaHHS
Tpadikom

PiBeHb KepyBaHHS
MPUCTPOEM

MpucTpin 1

IHpacTpyKTypHWUiA
piBeHb

PiBeHb KepyBaHHS
Tpadikom

MpucTpiin 2

IHpacTpyKTypHUIA
piBeHb

MpucTpii 3

PucyHok 7.12 — Mogenb CTaH4apTHOT apXiTeKTypu

CY4YaCHUX MepPeXXHUX NPUCTPOIB

Ocob6nmMBICTIO CTAHAAPTHOMO MiAX0AY € Te, L0 BCi PiBHI peasi3oBaHO aBTo-
HOMHO B KO>XXHOMY OKpPemMOMY NpUCTPOI. Lie cTBOPIOE HWU3KY 0BMEXEHb Mpu Mno-
Oy[0BI CyyaCHMX MepeX Ha OCHOBI TakuX MPWUCTPOIB, 30Kpema CTaTUYHICTb
CTPYKTYPU Mepexi, CKNaHICTb PO3MNOAINEHOr0 aAMiHICTPYBaHHSA BEIMKOT Kiflb-
KOCTI OKPeMMX NPUCTPOIB, CKNaLHICTb MacLUTabyBaHHS Mepexi ToLO.
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OcHoBHa ifea nporpamHo kKepoBaHMx Mepexk SDN (software-defined
networking) nonarae B ToMy, LL06:

BIAAIIMTN KepyBaHHA MePeXXHUM 06/1afHaHHAM Bif KepyBaHHA nepeja-
BaHHAM [aHMX 33 paxXyHOK PO3pPO6/IEHHA CnewiasbHOro MnporpamMHoro
3abe3neyeHHs, AKe MOXXe npauroBaT Ha OKpeMoMy 06/1agHaHHI Mif Ko-
HTposieM aAMiHICTpaTOpa Mepexi;

MepenTn Bif KepyBaHHSA OKPEMMMM EK3eMMspaMn MepeXxHoro obnaa-
HaHHS [0 KepyBaHHS MEPEeXeto B Lii/IOMY;

CTBOPUTM IHTENEKTYa/IbHNIN NPOrpaMHO-KepoBaHWUIA IHTEPgIEC MK Me-
PEXHWM 3aCTOCYBaHHAM Ta TPAHCMOPTHUM CEPefOBULLEM MEPEXI.

ApXITEKTypa NporpamMHo KeposaHux mepeXx (puc. 7.13) nepepbavae peani-
3auito Mepexi nepefaBaHHA JaHMX TakKMM YMHOM, LLO PiBHI KepyBaHHA Bigja-
NAKTLCA Bif PIBHA NnepefaBaHHs AaHWX | peani3yroTbCsA MPOrpamMHo y BUMNA4I
CrnewuiasibHOro KOHTpO/iepa KepyBaHHA Mepexxer. Ll KoHuenuis € ofHIe 3
(hopM BipTyanizawii 064MCNOBaIbHUX PECYPCIB.

PiBeHb KepyBaHHS SDN
Mepeskelo 3aCTOCYyBaHHA

PiBeHb KepyBaHHS SDN
Tpadikom KOHTpPO/ep

IHpaCTPYKTYpHUIA IH(hpaCTPYKTYpHUIA IH(hpaCTPYKTYpHUIA
PIBEHb piBEHb piBEHb
MpucTpin 1 MpucTpiin 2 MpucTpin 3

PucyHok 7.13 — ApXIiTeKTypa NporpamMmHoO KePOBaHUX Mepex

3acToCcyBaHHS TaKOro MifXoay Mae HU3KY Nepesar, 30Kpema:;

LieHTpasli30BaHe ynpasniHHA Mepexxeto Yepe3 SDN-KOHTponep;
CMPOLLEHHSA NPOLIECY HalarofpKyBaHHs Ta KepyBaHHS 3a paxyHOK nepe-
XOA4y Bif, KEpYBaHHA MEPEXHUMU MPUCTPOSMM [0 KepyBaHHA LMK
MepeXkamu;

MOXX/IMBOCTI nporpamyBaHHA aK o6nagHaHHA (OpenFlow), Tak i 3acTo-
cysaHb (APl — KoHTponep SDN);

LUBMAKA peaKLuis Ha 3MiHW B Mepexi;

MoKpaLLleHa MOX/IMBICTb ONTMMI3aLIT MapLLPYTy nepefaBaHHA Tpagiky,
MOBHWIA KOHTPO/b Haf, TpaghikoM, Lo nepeaacTbes;

ICTOTHE CKOPOYEHHS Yacy pO3ropTaHHs 3aCTOCYBaHb;
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e MOX/MBICTb LIEHTPaNi30BaHOro 3aCTOCyBaHHA MOMITUK, 30i/bLUEHHS
NPOAYKTUBHOCTI, 3MEHLLUEHHS 3aTPUMOK [403BONAE MIABULLMTN eDEKTUB-
HICTb B3aEMO/IT KOPUCTYyBayiB i 3aCTOCyBaHb K B KOPMOPaTMBHUX Me-
pexax, Tak i B mepexax LLO/.

AK BUAHO 3 apxiTekTypn SDN, L0 HaBefeHa Ha puc. 7.13, KpimM KnacuyHoro
KepyBaHHSA MepeXxer yepe3 KOMaHAM CUCTEMHOro afMiHICTpaTopa [0 KOHTPO-
nepa, OCTaHHIN NiATPUMYE 3anyck cneuiaibHUX SDN-3acToCyBaHb KepyBaHHS
mepexeto. KoxxHe SDN-3acTocyBaHHSi HacnpaBgi € iHTepdencom onTumisawii
MepeXxi MiJ KOHKpeTHe 6Gi3HEec-3acTOCYyBaHHS | 1I0r0 OCHOBHa Pofib — MoAundiKa-
LIS Mepexi B peasibHOMY Yaci Mig NoToYHi NoTpebu 06CyrosyBaHOT NPorpamMu.
Lle moxe 6yTu, Hanpuknagd, 3miHa Q0S Mepexi MK fBoma Tesie)OHHMMKN abo-
HeHTaMu, W06 CTBOPUTU HaNeXHI YMOBM A1 BUCOKOAKICHOMO Bifeo3BiHKa B
peasibHOMY yaci abo cTBopeHHst VPN-TYHe o Mi>K ABOMa aboOHEHTaMM.

AHani3 iHpopmauiiHuX noTokiB B apxiTekTypi SDN (puc. 7.14) [03BONSE
BUAINNTY ABA OCHOBHMX HanpsiMKu 06MiHY iHopmauieto: nepwnii — Midk SDN-
3aCTOCYBaHHAMM i APYrUid Ana KepyBaHHA (Di3MYHUMWN MePEeXXHUMU NPUCTPOS-
MW. Tepnii NOTiK OTPMMaB Ha3BY «MiBHIYHWIA MICT», a APYTMin — «NiBAEHHWIA
MICT». B poni «mniBHIYHOrO MOCTY» BWCTYNae MPOTOKON Ha OcHoBi REST
(Representational State Transfer) API, a «niBAeHHWUI MICT» peani3yeTbca Npo-
ToKo/10M OpenFlow.

XMapHa SDN SDN
OpKecTpaLis 3aCTOCYBaHHS 3aCTOCYBaHHS
REST API 1 MiBHIYHWIA MicT
\
SDN
KoHTponnep
A
Openflow MiBAEHHWIA MicT
MepexxkHuii MepexxkHuii MepexxHuii
npucTpii npuUCTpiii npucTpiii

PucyHoK 7.14 — IH(hopmauiiHi NOToKu B Mepexi SDN

Openflow — ue cTaHAapPTHWIA NPOTOKO/, WO € OCHOBHUM €/1EMEHTOM KOH-
uenuil SDN i 3a6e3neyye B3aeMO/iI0 KOHTPO/SIEPA 3 MEPEXHMMU MPUCTPOSAMMN.
KOHTpOnep BUKOPUCTOBYETLCA ANA KepyBaHHS TabnmusAMU MOTOKIB KOMYTaTo-
piB, Ha NIACTaBI KMX MPUAMAETLCA PiLLEHHSA NPO NepeaaBaHHA NMPUAHATONO na-
KeTa Ha KOHKPETHWIA NopT KoMmyTaTopa. TaknuM YMHOM, B Mepexi (hopmyroTbCS
NPsAMI MepeXXHi 3’€JHaHHA 3 MiIHIMa/IbHMM 3aTPMMKaMK nepefaBaHHsA faHuX |
HeoOXiAHVMMN NapameTpamu.

KomyTatop OpenFlow (puc. 7.15) 3a3Buyaii MiCTUTb OfHY abo 6ifbLue Tab-
NNUB NOTOKIB, @ TaKOX OAHY rpynoBy TabnuUto i, BUKOPUCTOBYHOUM T, KOHTPO-
Nep MOXe MaHinysnoBaT TabnmuaMm NoTOKIB, BCTAHOB/HOBATM 0OMEXEHHS Ha
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MaKCUMaJ/lbHY Ki/IbKiCTb MOTOKIB TOLLO. KoXKHa Tabnnusa noToKiB CKNaJaeTbes 3
Habopy MOTOKIB, & KOXeH MOTIK MICTUTb MpaBuna, NiYnIbHUKK Ta Habip IHCTpY-
Kuin. CTPYKTYPHi enemeHTM 3anuciB y Tabnuui MOTOKIB 306paXkKeHO Ha
puc.7.16.

SDN
KOHTponep Tt~
\\
y  Openflow
yepe3z TLS
\ AN
A |
T
I
Tabnuus Tabnuus | 1| BesneyHwuit
NiYNUNbHUKIB rpyn : KaHan
L — — ]
Tabnnus _ | Tabnuus _| Tabnuus
noToKiB “| notokis MoTOKiB

N N
3 8
L' < >

KiHueBi npucTpoi

PucyHok 7.15 — CtpykTypa komytatopa OpenFlow

His CramicTuka

! (@ I: | (action) (statistics)

'» TalimMepy Ta NIYWIBHHKH IAKETIB

Ilepenami Ha nopt

[epenary koHTpOIEPY

BinkuHyTH nakeT

¥ ¥ Vv Vv

ITepenami Ha cTaHaapTHY 00pOOKY

[ MAC(d) [Ethern

cttype| VIANID| 1P) | IP(@) [IPport(s)| IP port(d) |

PucyHok 7.16 — EnemeHTn Tabnuui notokie Komytatopa OpenFlow

Y TOMy pasi, Ko/ Ha iHTepec KoMyTaTopa HaAXoAnTb HOBUIA MaKeT, KO-
MYyTaTop BiJOKPEM/IOE AOr0 3aro/ioBOK, KW YTBOPEHWIA NPOTOKO/aMK KaHa-
NbHOT0, MEPEXXHOro Ta TPAHCMOPTHOrO PiBHIB. Iicna LbOro KoMyTaTop nopis-
HIOE LI 3aro/IoBKM 3 ycimMa MOTOKamu, Lo 3anucaHi B Tabnuui NoToKiB. AKLLO
BiZANOBIAHWIA MOTIK 3HAAEHO, TO KOMYTaTOp BUMKOHYE IHCTPYKLUIT, NPU3HAYeHi
A/15 UbOro MOTOKY Ta OHOBJIOE NiYNIbHUKMA CTaTUCTUKK. [0 IHCTPYKUiA Hane-
XaTb: nepefaBaHHA MakeTa,y Ha BUXIAHWIA iHTepdeiic, Moamgikalia nonis 3a-
ro/10BKa, BifKMAAHHSA, LULMPOKOMOBHE PO3CWU/IaHHS, BifNpaBieHHsA Ha KOHTPOsIEp.
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Bci noToku B Tabnuui NOTOKIB XapaKTepu3yoTbCA MPIopUTeTOM. AKLLO A/
OAHOro 1 TOro caMoro nakerta 3HaifeHo [Ba NpasBwua, TO KOMyTaTop BUOMpaE
npaBuI0 3 BULMM MPIOPUTETOM, | [0 MakeTa 3aCTOCOBYHOTbLCHA BIANOBIAHI iH-

CTPYKLT.

[ [Taker | | Taker |
—  Bxigaui Buximanii
mopT Komyrarop OpenFlow nopT

Merazaui - Bukonaru i
Tabmms | r—— TaOmuis 2 = TaOauus N m i !

Crncoxk miii={ | Crumcok aiii={} Cnucox aiii={}

PucyHok 7.17 — Mopgenb rHy4koi 06pobKu nakeTiB Ha OCHOBI
KackagyBaHHA Tab/mLb NOTOKIB

IHCTPYKLIT KackagHOT 06po6KM 3a6e3MneyytoTb KOMYTaTopy MOX/IMBICTb re-
pecunaty NakeTn B HaCTYNHI TabnuLi NOTOKIB A4 NofanbLLol 06pobkn. Pazom
3 MaKeToM MiXK TabnmuaMn MOXe nepefasaTnca cnyxoosa iHpopmauii y qop-
Mati MeTagaHuX. KackagHa 06pobKa 3yrnuHAETLCS TOAi, KON Habip iHCTPYKLi,
NnoB’si3aHMX 3 BIAMOBIAHWM MOTOKOM, He BKa3ye Ha HacTynHy Tabnuuto. Lle
O3Hauyae, L0 3 NaKeTOM BUKOHAHO BCI HEOOXiAHI IHCTPYKUIT, | BiH MepesaeTbes
Ha BUXIiAHWIA iHTepdeinc. AK npaBnio, HAM € (isMYHWUIA NOPT, ane BiH TaKoX
MOXKe 6yTuM BipTya/lbHAM MOPTOM, BU3HA4YeHMM KOMYyTaTOpoM abo 3ape3epBoBa-
HUM BIpTYya/IbHMM NOPTOM, BU3HAYEHUM CrieundikaLieto.

3ape3epBoBaHi BipTyaslbHi MOPTU MOXYTb BMKOPWUCTOBYBATUCA AN Bignpa-
B/IEHHSI Ha KOHTPO/IEP, Ha BCI NOPTK abo X 414 BiANpPaB/eHHA 3 BUKOPUCTaHHAM
TpaguLinHUX MeToAiB 06po6Ku. TopTy, BU3HAYEeHI KOMYTaTOPOM SIK BIpTyaslb-
Hi, MOXYTb CTBOPHOBATU rpynu arperawii kaHanie. MOTOKN MOXYTb TaKOX BKa-
3yBaTW Ha rpynoBy Tab/muto, LLIO 03HaYa€E [0AaTKOBY 06POOKY.

BianosigHO [0 NPUHUMMY KackKafyBaHHA KOMYTaTop NOYMHAE BMKOHYBATU
MOLIYK MakeTa B MepLiin Tabnuui noTtokis. Mons, Wo BUKOPUCTOBYHOTLCA ANS
3iCTaB/IEHHS, 3an1exarb Big TNy nakeTa. MNMakeT Bignosigae 3anucy Tabnuui no-
TOKIB, IKLO 3HA4YeHHA MOoJiB y MNakeTi 36iraeTbCA 3 BIAMOBIAHMMM MOMSMMU B
npasuni NOTOKY. AKLLO Nose B npaBuai MicTUTb 3HadYeHHA ANY («*»), Toai Bij-
MoBiJHe NoJsie B 3aro/IoBKY NakeTa MOXe MICTUTY [OBi/IbHE 3HAYEHHS,

Taka mofenb 06pobKM MakeTa BifKpMBaE YHiKaibHI MOXIMBOCTI. KoMyTa-
TOP MOXXE BMKOPWUCTOBYBATUCA K B PO/ KOMYyTaTopa, Tak i MapLupyTtusatopa
4 MEPEeXHOro ekpaHa. Bca (hyHKUiIOHa/IbHICTL 3aKnafieHa B Tabnimui NOTOKIB,
NpuKnag aKol 3 npasuiammn gna peanizayii pisHUX posiein PyHKLIOHYBaHHSA KO-
MyTaTopa HaBefieHo B Tabn.7.1.
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Tabnuus 7.1 — MNpuknagn peanisayii pi3HOMaHITHUX creLiani3oBaHMX

(hYHKLi KOMyTaTOpa 3a A0rnomMOororo Tabnuui NoTokKiB

Moprt | Eth | Eth | Eth | VLAN IP IP | TCP | TCP Ais
src | dst | type ID src dst | src dst

Ethrnet * 00: | * * * * * * * Mopt
KoMyTaTop 1F Ne 6
MepexxHuii * * | * * * * * * 22 |BigKuHy-
ekpaH (TCP) ™
IP * * * * * * 1.0. * * Mopt
MapLUpyTm3aTop 0.1 Ne 1
OpenFlow #3 | 00: | 00: | 0800 1 1.0. | 1.0 27 80 MopT
KoMyTaTop 20 | 1F 02 | 01 Ne 4

Tabnmug rpyn MiCTUTb 3anuncK rpyn, a KOXKeH 3anmc MiCTUTb TaKOoX CMMCOK
IHCTPYKLiI 3i creyndiyHO CEMaHTUKOLO, L0 3a/1eXuTb Bifd Tuny rpynu. Bka-
3aHi B 3anuci Aii 3aCTOCOBYHOTLCA A1 BCIX MAaKETIB, L0 Hanexartb 40 NEeBHOT
rpynu. Mogenb KomyTauil 3 BUKOPUCTaHHAM rpynoBol Tabnuui HaBedeHO Ha

puc. 7.18.
| Tab
SDN Kanan : abnmus rpyn
KOHTpO/EP OpenFlow | | Mpyna 1 15%
1 |Tpyna2 25%
pyna3 20%
Cnvcok aiii = {3 Veragan T * ---------- |
Tabnya 1 p—{ Tabnmus 2 i BukoHatum gii

1

BxigHuin nopt

Cnucok gini = {}

1

MakeT

BuxigHuii nopt

v

IMakeT

PucyHok 7.18 — Mogenb KomyTauii 3 BAKOPUCTaHHAM rpynoBoi Tabmui
MOTOKIB Ta peanisayis 6asaHCyBaHHA HaBaHTaXKEHHS

36ip CTAaTUCTUKK peani3yeTbCs 3a AOMOMOIOH NiUUIbHUKIB. JTIYMNbHUKK
MOXYTb OYTW NpU3HaYeHi A1 KOXKHOT Tabnumui, NOTOKy, NopTy, Yyepru abo rpy-
nu. Tabnvusa 7.2 MICTUTb Habopu NIYWNBHUKIB, BM3HAYeHi crewianizayieto
OpenFlow. OpenFlow-cymicHI NiYMNbHUKK MOXYTb BYTKN peanizoBaHi nporpa-
MHO | BioOpaxaTuMyTb IH(OpMaLit0 Ha OCHOBI ONUTYBaHHS anapaTHUX Niyu-

NbHUKIB, AKI Mat0Tb 6i/ibLL 0OMEXEHWA fjiana3oH 3HaYeHb.
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KoyeH MOTOKOBWIA 3amnC MICTUTb Habip IHCTPYKLiN, AKI BUKOHYHOTHCA B
TOMY pasi, KON nakeT Bignosigae npasuny. Bei iHCTPYKLUiIT MOXHA pO34innTK
Ha TaKi TUnu:

e [/191 HEranHOro BUKOHAHHS,

e [1N151 OUULLEHHS CMINCKY IHCTPYKLINA,

e [1119 AOAABaHHSA HOBOT IHCTPYKLUT,

e [1N18 3aMnncy MeTafaHmx,

e [1119 Nepexoqy A0 HaCTynHOT Tabnuu.

IHCTPYKUIT ANs HeramHOro BUKOHAHHA Aat0Tb BKa3iBKY 3aCTOCYBaTW MeBHI
AiT HerainHo, 6e3 Oyb-AKMX 3MiH Y Habopi Aiil. Taka IHCTPYKL IS MOXe 6yTu BU-
KopucTaHa Ansa moauikauil naketa npy nepegasaHHi Moro Ao iHWOT Tabnumui.
IHCTPYKUIT AN OUMLLIEHHA BMAANAKOTL BCi IHCTPYKLIT 3 HAG0PY IHCTPYKLIA Ans
OKPeMoro noToky. IHCTPyKUiT And AofaBaHHA HOBOI IHCTPYKLUIT LOMOBHIOKOTH
HasBHWIA Habip IHCTPYKLiA ANA OKPEMOro npasuia HOBUMW IHCTPYKUiAMM. TH-
CTPYKLiA nepexody A0 HACTYMHOI Tabnuui MICTUTb HOMep Tabnuui, B AKY NakeT
Oyfie nepefaHuii nicns 06pobKn B NOTOYHIM Tabnuui. HoMep HacTynHoT Tabnu-
L1 060B’A3KOBO Mae 6yTu BiNbLUIMM Bif HOMepa NMOTOYHOT TabNuLi.

[Na KOXHOro notoky BW3HAYeHO CMMWCOK IHCTPYKLIN, KU € 3a 3aMOBYY-
BaHHAM MOPOXHIM. Hagani CnucokK iHCTPYKUiA ANs OKPEMOrO MOTOKY MOXKe
3MiHIOBaTUCA. CNNCOK THCTPYKLIA MICTUTb MakCUMyM OAHY IHCTPYKLIHO KOX-
HOro Tuny. IHCTPYKLUIT B CNNCKY 3aCTOCOBYHOTLCS B MOPSAAKY, BKa3aHOMY HUX-
ye, He3a/leXHO Big NOPSAAKY, B AKOMY BOHW O6ynu fofdaHi Ao cnucky. KomyTtatop
MOXe MiATPUMYBaTK AOBINbHUIA NOPANOK BUKOHAHHS THCTPYKLINA, SKUIA BU3Ha-
YaeTbCA peanisaLieto PYHKLIN 3aCTOCYBaHHS IHCTPYKLIN.

Tabnmugs 7.2 — CnvcoK NiYnIbHUKIB

[MigpaxyHoK NiunnbHuK [MigpaxyHoK NiunnbHUK
[MigpaxyHOK 3arosioBKiB OTprMaHMX NakeTiB
Mo Tabnuuax | MNMakeTiB-3annTiB [MepenaHnx nakeTiB
MakeTiB-BiAMNOBiAEN OTpumaHux 6anT
OTprMaHMX NakeTiB MepefaHnx 6anT
OTpumaHux 6anT OTpMMaHMX YacTUH
Mo noToKax
: [MepefaHnX 4acTuUH
TpuBanictb
OTpuMaHnx NOMUIOK
MepenaHnx NakeTiB Mo nopTax | MepegaHnx noMunok
o OTpUMaHHA UMKNIYHUX
MepepaHnx 6anT P .
MOMWJIOK
OTpuMaHHA NOMUMIOK
Mo veprax
Mepena MO MeperoBHEHHS
HUX MOMWJIOK
Pea OTtpumaHHa CRC no-
nepeBaHTaXXeHHS
MW/OK

KinbKocTi Konisin
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CTaH4apTHWI NOPAJOK IHCTPYKLIA € TAKUM:
KOMitoBaHHA 30BHILWHbLOrO TTL,

BUAAIEHHSA MITKM,

N01aBaHHS MITKN,

KOMitoBaHHA BHYTPILWHLOro TTL,

3HMWKeHHA TTL,

3aCTOCYBaHHSA BCiX AiiA,

3aCTOCYBaHHS BCiX MaHinynsuii 3 QoS,
3aCTOCYBaHHS BCIX rpynoBux fii,
nepecunaHHA nakeTa y BKazaHOMy Harpsmky.

O©CoOoO~NO OIS~ WDN -

7.6 TuTaHHSA oNna camonepeBipKuy

1. Ha3BiTb OCHOBHI CKNafoBi IHTEPHETY peyei.

2. Ha sKi Kateropii noginstoTe NPUCTPOT IHTEPHeTY peyein Ta fKe npus-
HaYyeHHA KOXKHOT 3 HUX?

3. AKi pi3HOBMAM faHUX acoLitoTbCA 3 IHTEPHETOM peyein?

4. HasBiTb OCHOBHI NPOTOKO/N, L0 peanisytoTb NigKAYeHHS M2M.

5. TloACHITL NpK3HAYeHHA OCHOBHWX KOMMOHEHTIB Tononorii M2M, aky
peanizoBaHO 3a CXEMOH «BMAABHUK-MIAMUCHUK.

6. OnuuwiTb cxemy 3B’A3KYy MK CEHCOPHUMW BYy3/1aMn 3 BUKOPUCTaHUM
npotokony DDS.

7.  SAKWIA NPOTOKON IHTEPHETY peyein 03BONSE 3HU3NTU HaBaHTaKEHHS Ha
KaHaJ/1, 30Kpema LUISXOM opraHisauii yepr?

8. HasBiTb OCHOBHI rnepeBarn, a TakoXX PU3MKWM 3aCTOCYBAHHA XMapHMUX
TEXHONOTIN.

9.  4KI OCHOBHI TUNW XMapPHMX NOCAYT BU3HAYeHO Cy4acHMMMU CTaHAapTa-
MW?

10. B 4yomy nonsratoTb 0COGAMBOCTI MEPEeX, WO peasi3oBaHi B LEHTpax
00pO6KN faHNX?

11. Aki MmepexHi npucTpoi 3actocosytoTses B LIOA?

12. Ha3BiTb OCHOBHI 3afaui, fKi MatoTb 6yTK peanizosaHi B LLO/.

13.  4AKi hyHKUiOHa/IbHI 610K MICTUTL 6yAb-AkuiA LLIOA?

14. B 4yomy nonarae 6aratopiBHeBa apxiTeKTypa MepexxHOoi iH(pacTpyK-
Typw cyyacHoro Uoa?

15. B 4omy nonsratoTb OCHOBHI BiAMIHHOCTI 6araToLlapoBoi Ta Knactep-
HOT mogenen LIOA?

16. Has3BiTb xapaktepHi pucu TexHonorii SAN.

17. [aitTe 03HaYEHHSN TepMiHa «BipTyasibHa MalUWHa», AKi CNiflbHI pyUcK Ta
BiZAMIHHOCTI MXX BipTya/IbHOIO Ta peasibHOK 064MCNIOBA/IbHUMKN MallMHaMmn?

18. Lo Take «MOHITOP BIpTyaslbHNUX MaLLMH», AKI OCHOBHI (PYHKLIT LbOro
MporpamHoro 3acoby?

19. Ha3BiTb OCHOBHI pi3HOBMAW BipTyanizauii Ta MOACHITb 0CO6/IMBOCTI
KOXXHOI0 3 HUX.
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20. OxapakTepusyiiTe OCHOBHI Pi3HOBMAW BipTyanisauii cepsepis Ta nopi-
BHANTE TX MDX COO0H0 3a KpUTEpisMM NPOCTOTU peanisalil, epeKTUBHOCTI BUKO-
pUCTaHHSA 06YMCNIOBA/IbHUX PecypcCiB, NIATPUMKM Pi3HUX onepawuitHUX cUCTeM
TOLLO.

21. $Ki OCHOBHI nepesaru BipTyanisauil mepex?

22. TlopiBHANTE MiXK COG0HO CTaHOAPTHY apXiTeKTypy peanisauii Mepex-
HMX NPUCTPOIB Ta MPOrpaMHO KepoBaHy.

23. B 4omy nonsraroTb OCHOBHI MepeBarn 3aCTOCYBaHHS NMPOrpamHoO Ke-
POBAHOro MigxoAy NOPIBHAHO 3i CTaHAAPTHUM?

24. AKi (yHKUIT BUKOHYE npoTokon OpenFlow B apxiTeKTypi nNporpamHo
KepoBaHUX Mepex?

25. AKi Tabnnui BUKOPUCTOBYHOTLCA NPK KepyBaHHI SDN-KomyTaTopom?

26. Ha3BiTb OCHOBHI NONs Tabnmui NOTOKIB, WO BUKOPUCTOBYETLCA SDN
KOMYTaTopoM.

27. B 4omy nonsrae kackafyBaHHs Tabnuub noTokie SDN-komyTaTopa?

28.  SAKi NiynnbHUKN BUKOpUCTOBYE NpoTokoa OpenFlow B cBOilA poboTi?

29. HasBiTb OCHOBHI TUMKW IHCTPYKLiN, WO BMKOPUCTOBYHOTHCA B MOTOKO-
BOoMYy 3anuci SDN-komyTaTopa.
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8 CYYACHI UNdPOBI MEPEXI

8.1 lepapxia unppoBMx KaHaniB

lepapXieto UMPPOBUX KaHasiB Ha3MBarOTb NOC/IAOBHICTb FPYNOYTBOPEHHS,
BMOPSAKOBaHY Tak/M YMHOM, W06 3abe3neunTyi MOXIMBICTb 06°€4HYBaTN Ha
OfHOMY pPIBHI iepapXii MNeBHY KiNbKICTb LM(PPOBMX MOTOKIB H/XKHLOIO PIBHS B
OAMH NOTIK, AKAIA pa3oM 3 IHLIMMW LUGPPOBMMM MOTOKaMM TaKOi X LUBUAKOCTI
Mir 6yTW MyNbTUMNEKCOBAHWI Y NOTIK BiflbLU BUCOKOIO PiBHS.
LIMchpoBi BUAINEHI KaHa/IM YTBOPIOKOTLCA LLUSXOM MOCTIAHOT KOMyTauii B
MEePBUHHNX Mepexax, L0 BUKOPUCTOBYIOTb anapaTtypy KomyTauil, Aka npawtoe
Ha OCHOBI 4acoBOro YLibHEHHS TDM, po3rnsaHyToro B nigposgini 2.6. IcHy-
0Tb A1Ba MOKOJIIHHA TEXHONOTIM UN(POBUX NEPBUHHUX MEPEX:
e TexHosOorif nnesioxXpoHHoi umdgposol iepapxii PDH (Plesiochronous
Digital Hierarchy);

e CUHXpOHHa umdposa iepapxis SDH (Synchronous Digital Hierarchy),
AKii B Amepuui Bignosigae ctaHgapT SONET (Synchronous Optical
Network).

8.2 lMnesioxpoHHa TexHonoria PDH

Lis TexHonoris 6yna po3pobneHa komnaHieto AT&T HanpuKiHLi 60-X pokiB
MWHYNOFO CTOMITTA ANA 3B’SA3KY BE/MKMX KOMYTATOPIiB TeNe()OHHUX Mepex.
KaHain 3 4acTOTHUM yuifbHeHHAM FDM, sKki BUKOPUCTOBYBaINCb 4O LIbOrO
yacy, BXe He Mornu 3abe3neyunTy BUCOKOLLBMAKICHe GaraTokaHasibHe nepepa-
BaHHSA O4HUM (Pi3VYHNM Kabenem.

B TexHonorii  nnesioXpoHHOT iepapxii PO3pi3HAOTL TPU  CUCTEMM
CTaHJapTm3auii:

e amepuKaHcCbKa (KaHanm tuny T);

e €BPONENCbKa, Ka € Mi>kHapoaHo (KaHanu Tuny E);

e AMNOHCbKa (KaHanu tuny J).

LI Knacudikayii BigPI3HAOTLCA TIIbKA KPATHICTIO YLWi/IbHEHHS (MYNbTUM-
NeKCyBaHHA) KaHasliB MonepefHLOro PiBHA Ha BIiAMOBIAHOMY PiBHI iepapxXil.
AMepriKaHCbKa Bepcif PO3MOBCHOMKEHA HA aMePUKAHCbKOMY KOHTUHEHTI, a B
€BpOoni BUKOPUCTOBYETLCSH MiXKHAPOAHWI CTaHAapT. 3arasibHa CTPYKTypa yTBO-
PEHHSA KaHaniB L€l iepapxii HaBedeHa Ha puc. 8.1.

He3Baxxatouu Ha  PO36IXXHOCTI aMepUKaHCbLKOT, €BPOMENCHLKOT
(MiXkHapoaHoI) Ta AMOHCLKOI Bepci TexHonorii PDH, kaHanu BignoBigHOro
PiBHSA iepapXii LWBMAKOCTEN MatOTb Yy3ara/ibHeHe BM3HavyeHHsi DS-n (Digital
Signal level n).

Cnouatky opraHizauieto ANSI 6ynnm po3pobrieHi Ta CTaHAapTU30BaHi
MPUHLMN (hOPMYBaHHS Ta anapartypa 419 KaHanis ameprkaHcbKol Bepcii T1, ski
3abe3neyvyBasin nepefasBaHHA JaHUX Bifg 24 aboHeHTiB. [ 06CnyrosyBaHHS
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KOXXHOFo aboHeHTa BUAINAETbCA 6a30BMi kaHan DS-0 3  NponyckHOR
CNPOMOXKHICTIO 64 K6iT/c. YacTtoTa cTpobyBaHHs KaHanis fdopiBHioe 8 Ky
(TpuBanictb UMKy — 125 MKc), ToMy KaHan T1 3a6e3nedyye nepegaBaHHA Kagpy,
SAKAA MICTUTb MY/bTUMNEKCOBaHI AaHi Bif 24 aboHeHTIB (6a30BMX KaHaniB).
Mpn dopmyBaHHi Kagpy DS-1 BUMKOHYEeTbCA npouefypa 6anT-iHTepniBiHIY
(byte-interleaving), T0670 Ha Buxig TDM-KoMyTaTopa nocnifoBHO KOMYTYETLCA
Mo ofHOMY 6GaiTy Bifi NOTOKY AaHMX KOXHOr0 abOHEHTCbLKOro KaHany. Ons 3a-
be3neyeHHA CUHXPOHI3auii fO4aETbCA Lie oAMH OIT F, ToMy Kagp KaHany T1
mMicTuTb 193 6iTW, WO BeAe A0 3arasibHOT MPOMYCKHOT CMPOMOXHOCTI 1,544
MoiT/c (193%8000).

fAnoHis Avepuka €Bpona AnoHis AMepriKa €spona
J5 E5
397,200 564,992 622,080 622,080 622,080
X4 X4
J4 T4 E4
97.728 274176 139,264 155,520 155,520 155,520
X3 X6 X4
J3 T3 E3
32,064 44,736 34,368 51,840 51,840
X5 X7 X4
J2 T2 E2
6,312 6,312 8,448 6,312
X4 X4 X4
J1 Tl El
1,544 1,544 2 048 1,544 1,544 1,544
x24 x24 %30
Ba3oBuin KaHan Ba3oBuin KaHan
64 K6iT/C 64 K6iT/C

MnesioxpoHHa undpoBa iepapxis
(PDH), M6iTt/c

CUYHXpOHHa uudgpoBa iepapxis
(SDH), M6iT/c

PucyHok 8.1 — lepapxis ungpoBmX KaHanis

[na  nepefaBaHHA  CMy)XKO0BOT  iH(OpMaLii  BUKOPUCTOBYHOTBCA  Pi3Hi
nigxoam, AKi 3anexarb Bif TUMy nepefaBaHMX faHWX | MOKOMIHHA anapaTypu.
Mpn  nepefaBaHHi  ro/fi0COBOrO  MOTOKY AN KepiBHOI  iHopmauii
BUKOPUCTOBYETLCA HaMEHLL 3Ha4yLLMIA BOCbMUIA BIT 3amipy rosocy, Tomy pe-
aflbHa LUBMAKICTb NepefaBaHHA AaHUX KOpPWUCTyBaya CTaHOBMTL 56 KOIT/C.
[Mi3HiWwe Ans cnyX60BUX LiNfein cTam BUKOPUCTOBYBATM TiflbKN KOXHWUIA LLIOC-
TWIA Kagp, TOBTO B N’ATbOX Kagpax AaHi KOpUCTyBaya BUKOPUCTOBYIOTb BiCiM
6iTiB, a B WOCTOMY — CiM. Taka npouefypa BUKOPUCTaHHA BOCbMOro 6iTa
Ha3mnBaeTbCA «KpaaikKoto 6iTa» (bit robbing).
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[Mpn nepegaBaHHI KOMMN’HOTEPHMX AaHMX B KaHani T1 Ansg gaHWX KOPUCTY-
Baya BUKOPUCTOBYETLCS 23 6a30BUX KaHaW, a 24-i BigBOAUTLCA AN CNY>K60-
BUX LLiNEN.

[Na CTBOPEHHA KaHasly HacTYMHOro piBHA iepapXii T2 HeOO6XiAHO MyNbTUIM-
nekcysatn (06’eaHat) 4 kaHanu T1, a Ans CTBOPEHHSA KaHany T3 — 7 KaHaniB
nonepeaHbLoro pisHA T2. MNpu UbOMy B KaHasli T2, B AKOMY MnepefacTbCca Kaap
Tmny DS-2 i AkuiA cknafgaeTbes 3 4-X NOCNiA0BHUX KaapiB DS-1, MiXK kagpamu
DS-1 36epiraetbcs 6IT CMHXPOHI3auii F, a cami kagpu DS-2 posginstoteed 12
Cny>K6oBMMK GiTaMu, SKI NMPU3HaYeHi 9K 419 PO3MeXyBaHHS Kaapis, Tak I 4ns
TX CMHXpOHI3auii. BignosigHo, kagpn DS-3 cknagarotbea 3 cemu Kagpis DS-2,
PO34i/IEHNX CMTY>KO0BMMM PO3psLaMN.

Ha puc. 8.1 HaBegeHO NpuvHUMN PopMyBaHHA iepapXii LMMPPOBUX KaHasiB.,
Npyv UbOMY B MPSAMOKYTHMKAX HaBefeHO MO3Ha4eHHA (Tun) KaHany Ta Moro
MPOMyCKHa CMPOMOXHICTb B MOGIT/C, a MDK HUMK — KPaTHICTb MY/IbTUM/EKCY-
BaHHA (KiNIbKICTb) KaHas1iB MonepeaHbLoro PiBHS.

Po3pobieHa ameprKaHCbKa iepapXia UMgpoBnx KaHanis 6yna ctaHAapTnso-
BaHa (3 JedAkumK 3miHamun) Mi>kKHapogHoro opradisauieto CCITT i onucaHa B
cTaHgaptax G.700-G.706. AHanorom KaHanis T; € KaHanM Tuny E; 3 IHWMMK
CTPYKTYPOIO Ta LWBWAKOCTAMKU MepefaBaHHs. KaHanm E1 mictaTh 32 6aitu
(TaimpomeHn), 3 akux 30 BUKOPUCTOBYHOTLCA A4 NepefaBaHHsA LaHWX KOpu-
CTyBaua, a 2 — A/ nepefaBaHHA CNy>XKO0BOT IHpopMaLiT Ta AaHUX CUrHani3auil
MiDK KOMMOHeHTaMn Mepexi. MixkHapogHa cuctema BUKOPUCTOBYE MOCTIiMHE 4-
KpaTHe YLLI/IbHEHHA KaHasliB MonepeiHboro PiBHA A48 OTPUMaHHA KaHasly Ha-
CTYMHOrO piBHA iepapxii (4mBs. puc. 8.1).

dopmaty Kagpis T1 Ta E1 HaBeaeHO Ha puc. 8.2.

1 kagp = 193 6iTn

- >
Tainm-gomeH 1 B| Taiim-gpomeH2 B Tanm-pomeH 24 D
F|123|4 5|6|7|8 1|2 3|456|7|8 | ...... | 1|2 3|456|7|8

a)

1 kagp = 256 6iTiB
¢ -
Talim-gomeH 0 Tavim-gomeH 1 Talim-gomeH 31
1|2|3|4|5|6|7|8 1|2|3|4|5|6|7|8 | ...... | 1|2|3|4|5|6|7|8
6)

PucyHok 8.2 — CtpykTypa Kagpis T1 ta E1 BignoBiAHO 451 aMepyKaHCbKOro (a)
Ta eBponencobkoro (6) ctaHaapTiB
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Y Tabnuui 8.1 HaBeAeHa XapaKTepUCTMKa KaHasliB BCIX CTaHAapTU30BaHUX
PiBHIB LUBNAKOCTEN aMepMKaHCbKOro Ta EBPOMENCbKOro CTaHAapTiB TEXHO/OT T,

Ha isnyHomy piBHi TexHonorii PDH, SKWiA BU3HA4aeTbCA CTaHAAPTOM
G.703, BUKOPUCTOBYIOTLCA Pi3HI TUMK KabeniB: CKpyyeHa napa, KoakcianbHuI
Ta OMTOBOMOKOHHWI Kabeni. pu nepefaBaHHA CUrHaniB y KaHanax T1
BUKOPUCTOBYETLCA GINONAPHUIA MOTeHUinHWIA Kof B8ZS, a y kaHanax E1 —
HDB3, npyHuMnu opMyBaHHA AKUX onucaHi B NyHKTI 2.4.3. [na NigCuneHHs
curHany B kaHanax T1/E1 yepe3 KOXKHiI 1,8 KM BCTaHOB/IOKOTLCA PEreHepaTopu.

Cnig 3a3HauMTW, WO 3 HaBedeHOT iepapXil KaHanie TexHosorii PDH
HalbinbLLe BUKOPUCTaHHS 3HaiWwan KaHanu T1/E1 Tta T3/E3. KaHanu gpyroro
piBHA T2/E2 3a CyKYNHWMW 3aTpaTtamu Ha CTBOPEHHS Ta 00C/yroByBaHHSA He
Ay>XXe CYTTEBO BIiApI3HAOTLCA Bif KaHanis T3/E3, fKi MalTb 3HA4YHO OifbLuy
LUBMAKICTb MepefaBaHHs.

Tabnnug 8.1 — lepapxis undposmx KaHanis TexHonorii PDH

. AMEDUKAHCHKUI CTaHanT €BponencbKnii (Mi>KHapoLHWiA)
T cTaHfapT
T >
@5 L KinbKicTb . KinbkKicTb
m T | KinbKicTb : : KinbkicTb . :
I KaHasiB LLBunakict KaHanis no- | LLBuakictb
&% X | ronocoBmx . ron10CoBUX .
o i nonepegHb- | b, M6IT/C : nepeaHLOro , M6iT/c
C KaHasiB ) KaHasiB !

0ro piBHs piBHA
DS-0 1 1 64 Koit/c 1 1 64 K6it/c
DS-1 24 24 1,544 30 30 2,048
DS-2 96 4 6,312 120 4 8,488
DS-3 672 7 44,736 480 4 34,368
DS-4 4032 6 274,176 1920 4 139,264
DS-5 — — — 7680 4 564,992

Bci Bepcii TexHonorii PDH matoTb CyTTEBI HELONIKMN.

Mo-nepLue, 04HMM 3 OCHOBHUX HEAONIKIB € CKNaAHICTb NpoLueayp MynbTumM-
NeKCyBaHHA Ta LeMy/IbTUM/EKCYBaHHA [aHMX KOPWUCTyBaya, Lo HeobXigHo Bu-
KOHYBaTW Ay>e YacTo. Lle BUNimBae 3 camol «nne3ioXpPoHHOCTI» (TOOTO Maiike
CUHXPOHHOCTI)  UI€T TexXHONorii, fka nepegdavyae BIACYTHICTb  NOBHOI
CUHXPOHHOCTI NOTOKIB AaHWX Npy 06’eAHaHHI HM3bKOLIBUAKICHMX KaHasiB Y Ka-
Ha/ 3 BiNbLLOKO NPOMYCKHOK CNPOMOXHICTIO. B pe3ynbTaTi AN ofepX<aHHs aa-
HMX KOPWCTyBaya 3 yLifibHeHoro (06’e4HaHOro) KaHaay HeobXigHO MoCTyrnoBo,
KPOK 3a KPOKOM, MOBHICTIO AeMy/bTUMIEKCYBaTK Kafpuy Lboro KaHany. Hanpuvk-
naf, Ana Toro, wob6 BMAINUTK AaHi abOHEeHTCbKOro KaHany 64 K6iT/c 3 kagpis
yLifibHeHOro KaHany E3, HeobXxigHO cnoyvaTky AemMybTUMNNEKCYBaTh iX [0 PiBHA
Kagpis E2, notiMm — go piBHA EL, i nuwe notim, AemMynbTUMNIEKCYBaBLLUW Kaapu
El, oTpumaTn faHi KopucTyBaya. licnd Uboro Ans MOX/MBOCTI MepefaBaHHA
BCIX AaHMX IHLIMX KOpWUCTyBa4yiB HEOOXiAHO BWKOHATW 3BOPOTHI Mpoueaypu,
TOOGTO NOCTYMOBO MYy/IbTUMN/IEKCYBATM NOTOKM A0 piBHA E3. Lie npn3BoanTb SK A0
4acoBMX 3aTPMMOK, HEOOXIAHUX AN BMKOHAaHHA LMX MNEpeTBOPEHb, TakK 1 [0
CYTTEBOrO 306i/IbLLIEHHSA arnapaTHuX 3aTtpar. ToMy Ans NnogonaHHA Lboro HefoniKy
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B Mepexkax PDH peani3ytoTb AesKi AOAATKOBI MPUIAOMKM, AKI BeAyTb A0 3MeH-
LLUEHHS KiNbKOCTI onepauiii AeMynbTUMNIEKCYBaHHA NPy BUYYeHHI JaHUX KOpK-
CTyBaya 3 BMCOKOLLBUAKICHMUX KaHanis. OAHUM 3 TakuX MPUIAOMIB € «3BOPOTHA
poctaBka» (back hauling), sika nepegbayae peanisauito 0COBAMBUX MeXaHi3MIB
B3aEMOZIT CYCIAHIX MYy/bTUMIEKCOPIB, WO NPU3BOAUTL A0 3HAYHOMO YCKNa4HEeH-
HA poboTM BCIEI Mepexi | BMMarae CKMagHOr0 KOHQIrypyBaHHA i
KOMYHIKaliiHUX MOAyNiB, L0, B CBOK 4epry, nNpu3BOoAMTb [0 MNOMWIOK
BHaCNiJOK 3HAYHOro 06CAry py4HOT pob0Ty aAMIHICTPaTOPIB MEPEeXi.

Mo-gpyre, B TexHonorii PDH npakTM4YHO BIACYTHI PO3BMHEHI BOYAOBaHI
MpoLeaypy KePyBaHHA MEPeXXer Ta KOHTPOJ/IKO nepefaBaHHs MOTOKIB. ICHyroui
CNy>K60Bi 6ITW He HecyTb AOCTaTHLO IH(OPMaLiT NPO CTaH KaHasny, He [03BO-
NAKTb NOro KOHMIrypyeatun Towlo. Kpim Toro, B TeEXHONOTIT BiACYTHI npoueay-
pY NIATPUMKN BiAMOBOCTIMAKOCTI, WO € NPUHUMUNOBO HEOOXIAHUM AN Cy4acHNX
MEPBUHHUX MEPEX.

[Mo-TpeTe, B TexHosnorii PDH cTtaHfapT“3oBaHO LUBMAKOCTI MepefaBaHHs,
AKi € 3aHafATO HM3bKUMW [N BMMOI CyyaCHUX 3acTocyBaHb. Kpim TOro,
OMTOBO/IOKOHHI KaHa/fM [03BO/MIAKOTL MepefaBaTv fdaHi 3i LWBUAKOCTAMW B
AeKifnbKa rirabiTiB 3a CeKyHAy, B TOW Yac Konu iepapxis wemakoctein PDH Teo-
PETUYHO 3aBepPLUYETLCA piBHEM 564 MG6iT/c, a npakTM4yHO He nepesuye 100
MG6iT/c.

BpaxoBytoumn BCi LI Hefonikn 6yna po3pobnieHa HOBa TEXHOONIA NEepPBUH-
HUX UMGPOBUX Mepex — CUHXPOHHA uudgposa iepapxis SDH.

8.3 CuHXxpoHHa TexHosoria SDH

TexHonoris CUHXPOHHOT UMQPOBOT iepapxii 6yna po3pobieHa KOMMaHIEK
Bellcore (Bell Communication Research, Ha cborogHi Bigoma sk Telcordia
Technologies) nig Ha3Bo «CUHXPOHHI onTUYHI Mepexi» SONET (Synchro-
nous Optical NETS) Ha noyaTky 1980-x pokiB. Y 1986 p. y CCITT (3apas ITU)
po3noyanacb poboTa 3i CTBOPEHHA HOBOro cTaHAapTy Ha ocHoBi SONET, fka y
1988 p. npvBena [0 3aTBEP)KEHHA HOBUX PekomeHpauin 3 CUHXPOHHOT
undposol iepapxii SDH (G.707, G.708, G.709), aki ni3Hiwe 6ynn 06’efHaHi B
ofHY PekomeHgauito G.707. OCHOBHOIO METOK MIXXHApOAHOro cTaHAapTy 6yno
CTBOPEHHSI TaKOi TEXHOMOrii, fka 0 [03BOAMNMa MepedaBaT Tpagikm BCIX
ICHYHOUMX LM(POBMX KaHaNiB (AK aMepuKaHCbKOro, TaK | €BPOMeNCbKOro
CTaHZapTIB), BUKOPUCTOBYHOUYM BUCOKOLUBUAKICHI MarictpasibHi KaHanu Ha ori-
TOBO/IOKOHHUX Kabensx, i 3abesreunna 6 iepapxit0 LUBUAKOCTENR, WO
NPOAOBXYE iepapXito TexHonorii PDH, [0 WBMAKOCTEN B AeKiNbKa rirabiTis B
CeKyHAy.

TexHonorii SDH i SONET cymicHi 3a anapaTypolo Ta CTeKamy NpPOTOKONIB
I MOXYTb MYNbTUMN/IEKCYBATW BXifHI NOTOKN NPaKTUYHO O6Yyab-AKOro CTaHdapTy
PDH, yacto BBaXkaroTbCA €AuHOK0 TexHosoriero SDH/SONET, npoTte maroTb
Aeski BigMiHHOCTI. TexHonorig SDH, nopiBHAHO 3 SONET, mMae Taki xapakTte-
PUCTUKN:
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e LUBMAKICTb MepefaBaHHs MepLUoro iepapxiyHoro pisHa SDH [OpiBHIOE
155,520 Méit/c (Toai ak ana mepexk SONET BTpuYi MeHLa, a came:
51,840 MG6IT/c), WO [03BONSE 3aBaHTaXKyBaTW NOTOKU E4 TexHonorii
PDH (139,263 M6iT/c);

e Ha (pi3nyHOMY piBHI Ans cTtaHAapTy SDH BM3HAYeHO TpW Pi3HI TUNK ce-
PefoBULL MepefaBaHHS: OMTOBOJIOKOHHWIA | KoakcialbHWUIA Kabeni Ta
pagiopeneiHi cuctemu, Togi AK ana SONET — ONTOBOJIOKOHHUNA |
Koakcia/lbHWiA kabeni.

Y ctaHgapti SDH BCi piBHi LWBMAKOCTEN | TUNW KaapiB AN X piBHIB Ma-
I0Tb 3arajsibHy Hasy: STM-n (Synchronous Transport Module level n). B
TexHonorii SONET BMKOPUCTOBYETLCA [Ba MO3HAYEHHSA ANA PIBHIB LUBUAKO-
cter i TmniB kaHanie: STS-n (Synchronous Transport Signal level n), sika
BXXMBAETLCA NPW NepeAaBaHHA AaHNX eNleKTpUYHUM curHanom, i OC-n (Optical
Carrier level n), sKa BUKOPUCTOBYETLCA NPY MNepeaaBaHHA AaHNX ONTOBO/IOKOH-
HUM Kabenem. ®opmaty KagpiB STS | OC igeHTUYHI. Tpeba 3a3HaunTK, WO
Kagpu gaHnx texHonorin SONET 1a SDH Ha3uBatoTb LMK/IaMK, i, NOYnNHaun
3 3arajlbHOro Ana TexHonorii piBHs STS-3/STM-1, iX opmaT MOBHICTHO
36iraroTbes.

lepapXis LWBWAKOCTEN NPy 06MIHI JaHUMK MiDK MOZYNSIMIU Ta TUNW Kaapis.,
AKi BUKOPUCTOBYIOTLCA B TexHosorii SDH/SONET, HaBefeHi B Tabn. 8.2. Tpeba
3a3HaunTK, WO Xo4ya TexHonoria SDH i NoYnHaeTbea 3 kaHany STM-1 3 npony-
CKHOI CNpOMOXHicTo 155,520 M6iT/c, ogHaK AN nonerweHHs i BUKOPUCTaH-
HA PekomeHpgauieto G.708 6yno NPUAHATO HYNMbOBWIA PiBEHb CUHXPOHHOT
TexHonorii STM-0, AKMin NOBHICTHO 36iracTbCA 3a CTPYKTYPOLO i NapameTpamu 3
Kagpamun STS-1 i mae BTpUYi MeHLLY NPOMYCKHY CNPOMOXHICTb.

Tabnuua 8.2 — KaHanu texHonorii SDH/SONET

KopucHa 3arasibHa
Kagpu TexHoorIi
Kagpwu TexHo- Kagpu nMponycKHa nponyckKHa
SONET . .
(OMTVYHIIA HOCIl) norit SONET | TexHosorit SDH CI'IpOMO_)KHICTb CI'IpOMO_)KHICTb
(M6iT/c) (M6iT/c)
OC-1 STS-1 (STM-0) 48,960 51,840
OC-3 STS-3 STM-1 150,336 155,520
0C-12 STS-12 STM-4 601,344 622,080
0C-24 STS-24 STM-8 1202,688 1244,160
0C-48 STS-48 STM-16 2405,376 2488,320
0C-96 STS-96 STM-32 4810,752 4976,640
0C-192 STS-192 STM-64 9621,504 9953,280
OC-768 STS-768 STM-256 38486,016 39813,120
0OC-1536 STS-1536 STM-512 76972,032 79626,120
0C-3072 STS-3072 STM-1024 153944,064 159252,240
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Ona nobynosn Mepexk SDH/SONET BMKOPUCTOBYHKOTLCA MOAYNI, AKi
BIAPI3HAIOTLCS 32 MPU3HAYEHHAM Ta YHKLISMKU, WO X BOHU BUKOHYHOTL (Ha
npakTuui 1HOAI CKMaAHO MNPOBECTM YITKY MeXy MK UMMW MPUCTPOSMA,
OCKI/IbKN BUKOPUCTOBYHOTbCA 6arato)yHKLiOHa/IbHI NPUCTPOI):

TepMmiHanbHI npuctpoi T (Terminal) abo cepsicHi agantepy SA
(Service Adapter), dki npuAMalOTb  AaHi  KOpuUCTyBaya  BIj
HN3bKOLUBNAKICHNX KaHanis TexHonorii PDH (tuny T1/E1 a6o T3/E3) i
NepeTBOPIOKOTL X Y Kaapn STS-n (a6o STM-n);

mynbtunnekcopn MUX (Multiplexers), ski npuimMaroTb faHi Bif
TepPMIiHa/IbHMX MPUCTPOIB | MY/NbTUMN/IEKCYHOTb NOTOKW KaApiB LUBUAKO-
cTert STS-n y Kagpm GinbLL BUCOKOT iepapxii STS-m (m > n);
MYNbTUMIEKCOPU «BBeAeHHA-BUBeLeHHSA» Add-Drop MUX (Add-
Drop Multiplexers) — 0CHOBHI MPUCTPOT Mepexi, SKi MOXYTb NPUAMATH i
rnepefasaty TPaAH3UTOM MOTOKM MEBHOI LWIBMAKOCTI STS-n, BCTaBNSAOUM
abo BUAANAUN «Ha X0fy», 6e3 MOBHOro AeMy/nbTUMNEKCYBaHHA, AaHi
KOPUCTYBaYa, WO NPUAHATI 3 HA3bKOLLBMAKICHWUX KaHasliB;

umndposi Kpocc-koHekTopn DCC (Digital Cross-Connect), fki Ha3u-
BalOTb TaKOX anaparyporo OnepaTtuUBHOrO nepeksntoyeHHs (AOIMT) i1 €
PI3HOBUAOM MY/IbTUM/IEKCOPA; MPU3HAYEH] 41 MYNbTUMIEKCYBaHHSA Ta
MOCTINHOT KOMYTaUil BUCOKOLUBUAKICHUX MOTOKIB STS-n pi3HOro piBHA
Mi>K CO6010 | YTBOPIOHOTL MaricTpasb Mepexxi SDH/SONET;
pereHepatopu curHanis Reg (Regenerator), fKi BUKOPWUCTOBYHOTLCA
ONA BIAHOBNEHHA (hopMM S MOTY)XXHOCTI CUrHasiB, AKi NnepefaroTbCA B
Kabersi.

Y3ara/ibHeHa CTPYKTypa Mepexki HaBefleHa Ha puc. 8.3.

T1 E3 E1l

T T T

\ M /
T1 STS-1 Tl
« T > > T [
T3 STS-1 T3
<« T > STS-n » T [«—>

MUX » Reg (—{ Reg [«»{ Add/Drop [«» Reg [«—> MUX
El STS-1 MUX El
<« T > » T j—
E3 STS-1 E3
<« T > > T [«
Cekuis Cekuis Cekuisa | Cekuis Cekuis Cekuis Cekuis
NiHis R NiHis R

PucyHok 8.3 — Y3aranbHeHa cTpyktypa mepexxi SDH/SONET
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Ctek npotokonis Mepexi SDH/SONET mae 4 piBHi. B pisHUX mopynsx
MepeXxi peani3yeTbCsa CBiil CTEK NPOTOKOIB (puc. 8.4).

-U-%Hi JaHi
HaHi ¢
TpaxkT (Path) < > Tpakt
o . Bnoku STS-n o
NiHis (Line) <€ > NiHis < > NiHis
. . Kagpn . . .
Cekuin (Section) |« > Cekuis < > Cekuis < > Cekuis
®i3nyHuii piBeHb | CaiTno ®isnunnin - | | ®iznunnin | o Lo
. » . < g . < »| Di3nyHUI piBeHb
(Photonic) piBeHb piBeHb
Tepminan (T) MynbTunnekcop PereHepatop Tepminan (T)

PucyHok 8.4 — CTeK NpoTOKONIB

®i3nyHMin piBeHb (260 hOTOHHMIN) 3a6e3neyye KoLyBaHHSA iHpopMaLii 3a
A0MOMOroro Moaynauii ceitna. [na KogyBaHHA BUKOPUCTOBYETLCA MeTog NRZ,
Hef0NiKMN SIKOTO HiBEMOKTLCA 3aBAAKM HAassBHOCTI 30BHIiLLIHLOT TaKTOBOT YacTo-
™.

PiBeHb CeKUiT MigTpuMye (isnyHy LiNICHICTb MepeXi | 3abe3neyye nepeaa-
BaHHA KagpiB, BUKOPUCTOBYHOUM C/Y)XKOOBY IH(DOPMALLit0, IKa BUKOHYETLCA A1
TECTYBaHHA CeKLii Ta KepyBaHHA Mepexxer. 3arofioBOK Cekuil 3aBxau
MOYMHaETbCA 3 ABOX GaiTie: 11110110.00101000, AKi € CMHXPOCUrHaaMuK MNo-
yaTKy Kafpy, a HaCTynHWin 6ainT BM3Ha4ae piBeHb Kaapy: STS-1, STS-2 Touwlo.
Cekuieto B TexHonorii SDH/SONET Ha3uBaloTb HemnepepBHUIA Bifpi3oK Kabe-
N0, KNI 3’eHYE BYb-AKi MPUCTPOT MepeXi.

PiBeHb nNiHIi 3abe3neyye nepefaBaHHA AaHUX MDK ABOMa OYyAb-AKUMW
My/nbTUMIEKCOPaM Mepexi. JTiHIE Ha3uBaloTb NOTIK KadpiB O4HOrO PiBHA
MK ABOMa My/NbTUMNIEKCOpaMM MepeXi. pPOTOKON LbOro PiBHA He TiNbKK
3a6e3neuye 06pOo6KY KaapiB Pi3HUX PiBHIB STS-n A1 BUKOHaHHA onepaLiil
MY/IbTUMNNEKCYBAHHA | AeMYNbTUMNIEKCYPOBaHHSA, BCTaBMAHHA Ta BW/yYEHHS
[AaHNX KOPMCTyBaya, a TaKOX BMKOHYE PEKOHMIrypauito fiHii y BuUNagky
BIAMOBW 6Y/b-IKOr O Ti e/leMeHTa.

PiBeHb TpaKTy BIAMNOBiJaE 3a AOCTaBKY AaHUX MIX KiHLEBUMU KOPUCTYBa-
yamMu Mepexxi. TpaKTOM Ha3nBalOTb CKMageHe BipTyasibHe 3’€fHaHHA MK KO-
pucTyBadamu. TpOTOKON LbOro piBHA 3abesnedvye npuiiom gaHuMX B opmari
TexHonorii PDH i Tx nepetBopeHHs y Kagpu STS-n/STM-m.

Basosuii hopmaT Kagpy STM-1 (puc. 8.5) cknagaeTbea 3 2430 6aiTis (a5
STS-1 — 3 810 6aiTiB), PO3MiLLEHNX Ha IHTepBasli MiXK [BOMa CUHXPOCUMBONA-
MW, YacToTa AKmxX ctaHoBuTb 8 KIy (TpmBanicTb uukny — 125 MKc). KoxHMI
6aiT Kagpy Ha BM3Ha4eHiin No3nuiil B MeXax LMKy MOXe nepeaasaty faHi of-
HOro Tene)OHHOro KaHany abo, Lo eKBiBa/IeHTHO, O4HOIM0 LM()POBOro KaHasy 3
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MPOMNYCKHO CMPOMOXHICTO 64 K6iT/c. [Ansi 3py4HOCTI LMKIM CUrHaniB noga-
I0Tb Y BUMNA4I NPAMOKYTHOT MaTpuLi. YMcno paakis MaTpuL 3aBXAW LOPIBHIOE
9, a KI/IbKICTb CTOBIMLIB 3a/1€XXUTb Bif, iepapXiyHoro pieHA STM i cknagae 270 x
N (ge N — Homep piBHSA).

270 6anTiB
< L
9 GaniTiB
1 6ainT
A m‘ 3aronoBokK
cekuii
. y
£ A Moka3unk PTR KopucHe HaBaHTaXeHHS
s
o 3aronoBokK
© PR 1
NiHii o
I
[
/ \J o

I
3aronoBokK WAsxy 9%1 6aiTis

PucyHok 8.5 — CTpykTypa Kagpy STM-1

KoxxeH kagp mae 3aronosok OH (Overhead), Sknii cKnagaeTbes 3 CeKUitHO-
ro 3aronoska SOH (Section Overhead) i NOKaXKUnKIB agMiHICTPaTUBHUX G/10KIB
PTR (Pointer), Ta iHpopmaLiliHe Nnose KOPUCHOro HaBaHTaXKeHHS. CeKuinHuI
3arofioBOK, B CBOK 4epry, MICTUTb 3arofioBOK cekuil pereHepauii RSOH
(Regenerator Section Overhead), iH(hopmaLis SKOro 06pobISETLCA pereHeparTo-
paMu i BUKOPUCTOBYETLCA A1 KOHTPOO Ta PEKOHirypauii cekuii, Ta 3aroso-
BOK NiHIT abo cekuil mynbTunaekcysaHHa MSOH (Multiplex Section
Overhead), cny»6oBa iH(opMaLis SKOro BUKOPUCTOBYETLCA B MOAY/AX, SAKi
(hopMyHOTb | PO3(hOPMOBYHOTb CUHXPOHHI TPAHCMOPTHI MOAY/i, TOBGTO BUKOPUC-
TOBYHOTbCA A1 KOHTPOIO, KepyBaHHA NiHIe0 Ta An4 i pekoHirypauyii. Io-
KaXunkn PTR igeHTUQiKYOTb NepLunin 6ainT BipTyanbHOro KOHTelHepa, TO6TO,
[ie B MO/ KOPUCHOIO HaBaHTAKEHHS peaslbHO MOYMHAETLCA KOPUCHE HaBaHTa-
YKeHHS. BCbOro BUKOPUCTOBYETLCS TPW NMOKaXKYMKA MO TPY 6aTIN KOXHWIA.

Ak 6yno BKasaHO paHiwe, Kagp STM-1 mictuTtb 2430 6ainTiB, 3 AKUX 414
KOPUCHOIO HaBaHTaXXEHHA BMKOPUCTOBYETLCA 2349 (261 X 9). Takum YMHOM,
KOPUCHA MPornycKHa CMPOMOXXHICTb LMKy cTaHOBUTL 150,336 M6iT/C. 3aranb-
Ha | KOp1CHa nponyckKHi CNPoOMOXHOCTI KaapiB STM-n HaBefeHi B Tabn. 8.2.

BainTh matpuui nepeaaroTbCA psgkamMu, 3/1iBa Harpaso, Y KOXHOMY OGaiTi
MepLIMM nepefaeTbCs HarbinbL 3HauvyLwmin 6iT (puc. 8.6). LIMKAM CUHXPOHHMX
TPaHCNOPTHUX MOAYNIB BULLMX PiBHIB (POPMYHOTLCA 3 BUKOPUCTAHHAM 6aiT-
CUHXPOHHOI0 MY/NbTUMNIEKCYBAHHA UMKNIB STM HKUMX piBHIB (puc. 8.7).
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[MoTPibHO 3a3HaYNTK, WO B MO KOPUCHOIO HaBaHTaXKeHHS UuKniB STM

MOXXYTb 3aBaHTaXXyBaTUCb He TifIbKn Kagpu PDH, ane i komipkn ATM, kagpwu
Ethernet, nakeTtu IP Toulo.

125 mkc
| pAgokK Il pagok VIII psgok IX pagok
SOH KopucHe SOH KopucHe SOH KopucHe SOH KopucHe
HaBaHTaXXeHHA HaBaHTa>XKeHHA HaBaHTaXXeHHA HaBaHTaXXeHHA
9 261 9 261 9 261 9 261
“ '\ J “ '\ _J
Y Y Y Y
270 6aiiTiB 270 6aiiTiB 270 6aiiTiB 270 6aiiTiB
2430 6GaviTis

PucyHok 8.6 — Lintposuin noTik kagpy STM-1
(CTPYKTYypa LMKy Yy pO3ropHyTOMY BUINALI)

STM-1 Ne 1 STM-1 Ne 2 STM-1 Ne N
RSOH
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PucyHok 8.7 — MpuHuun hopmyBaHHA Kagpy STM-n

BiamoBocTivKicTb Mepexk SDH/SONET B6yaoBaHa B 1T OCHOBHI MPOTOKO-
nn. IcHyroTb 2 cnocobu Ti peanisauil: cxemn 1:1 Ta 1:n. MMepwmnin BapiaHT
nepefbavae, WO AN oOfgHOro poboyoro KaHany (i MOpTy, SKWA  AOro
06CNYyroBye) NpU3HAYaeTbCs A0AATKOBUM pe3epBHWUIA KaHas. [aHi OfHOYacHO
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nepefaloTbCs [ABOMAa KaHajiaMu, a y pasi BUSABMEHHSA MOMWIOK BU3HAYaETbCH,
KU KaHan mae 6yTn pobounm. Peanisauisi BigAMOBOCTINKOCTI Mepexi 3a cxe-
MO 1:n nepegbavae, WO AN 3aXUCTY N po60UYMX KaHaniB BBOAUTLCA TiSIbKU
OAWH Pe3epBHUIA, KU NPU BUABNEHHI NOMUNOK B POBGOTI OCHOBHOIO KaHany
3aMiHI0€ 1Ooro.

KepyBaHHSA, KOH(irypyBsaHHsa Ta agMiHicTpyBaHHA mepexX SDH/SONET
TakoX BOYyL0BaHO B NMPOTOKONAW. Cny>k60Ba iHOpMaLlis NPOTOKONY A03BOSISE
LIeHTPani3oBaHo i AUCTAHLINHO KOH(IrypyBaTV LWASXU MK KiHUEBUMW KOPU-
CTyBa4yaMu Mepexxi, 3MiHIOBaTV PeXXum KoMyTauii MOTOKiB, a TakoX 36upatu
CTaTUCTMKY NPO Po6OTY Mepexi.

8.4 Mepexi ISDN

Mepexi ISDN (Integrated Services Digital Network) — ue undposi mepexi,
L0 HaJaTb KOMMIEKCHI MOCNYrn Npv nepefaBaHHi rofiocoBMX MOBIAOM/EHD,
Bifeo, faHuX Ta iHWOI iH(opmauil B ogHOMY KaHani. [MepLi ctaHaapTn Ta pe-
KomeHgauii cepii I.x gna mepexx ISDN 3’asunnch B 1984 poui, ane TiNbKK B ce-
peanHi 1990-X pokiB Ui MepeXi CTasv BUKOPUCTOBYBATUCH Ha MPaKTuLi, OCKi-
NbKW came B Leil nepiof 3 SBUANCL KOMYHiKaLiHi NpUCTpoi 3 NiATPUMKOO
cepsicis ISDN.

ApxiTektypa mepexi ISDN 3abe3neuye peanizauito AeKifIbKOX CEPBICHUX
Cny»xo6:

e BUAINEHI LMPPOBI KaHaNM (HEKOMYTOBaHI KaHanw);

KOMYTOBaHa Te/ieDOHHa MepeXka 3ara/ibHOro BUKOPUCTaHHS;
KOMyTaLisi KaHaniB,;

KOMYyTaL,isi NakeTiB;

peTpaHcnauia kagpis (Frame Relay);

KOHTPO/Ib | KepyBaHHA PO60TOH Mepexi.

[Mpn LbOMY OCHOBHMM CNocobom komyTauii B mepexkax ISDN € komyTauis
KaHaniB, a JaHi 06po6nATLCA B LMGPOoBIA (opMmi. Ha npakTuui, ofHaK, He
000B’A3KOBO BCi Mepexi MiATPUMYIOTb BCI CTaHAApTHI cny»o6u. Hanpuknag,
peTpaHcnayia Kagpis, xova i 6yna pospobneHa gnsa mepex ISDN, Ha cborogHi
peani3yeTbCs AK HesasieXXHa Mepexxa Ha OCHOBI CYKYMHOCTI KOMYTaTOpIB.

BasoBa wBMakKicTb mepexi ISDN — ue wBnakicTb KaHany DS-0 3 nponyck-
HO CMPOMOXHICTIO 64 KG6IT/C, ane BUKOPUCTaHHA AM(epeHLialbHOro Koay-
BaHHSA [03BO/ISE NepeaaBaT rofiocoBi NOTOKM 3 TIEK XK AKICTIO 3i LUBUAKICTIO
32 Koit/c Ta 16 K6iT/C.

LIMthpoBuMiA 3B°A30K MiXK LIEHTPa/IbHUM KOMYTaTOpPOM i Kopuctysadem ISDN
NiATPMMYE OfHOYaCHe nepefaBaHHA AeKi/IbKOX KaHaniB 3 4aCoBMM PO3MOAISIOM.
B ctaHgaptax ISDN Bu3HauatoTb 6a30Bi TUMW KaHasiB, 3 AKUX (POPMYIOTb Pi3Hi
iHTepdelicn KopucTyBaya. TUNU KaHanie, SIKi CTaHAapTM30BaHO BiAMOBIAHUMM
peKoMeHAaLlis MK, HaBeaeHo B Tabs. 8.3.
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Tabnmugs 8.3 — Tunn KaHanie TexHonorii ISDN

Tun [MponyckHa
. [Mpr3HayYeHHs
KaHany | CrpPOMOXHICTb
A AHasoroa TefiethoHHa niHia 4 Ky,
LinthpoBunii KaHan 3 KOAOBO-iMMY/IbCHO MOAYNALIEKD ANS
B 64 Koit/c nepeAaBaHHsA ronocy Ta MacuBIB JaHWX, IHTEPaKTUBHNI
06MiH laHUMW, Bifle0 3 HA3bKOK PO3LiNIbHOID 3AaTHICTIO.
C 8 Koi/c a6o 16 MNepenaBaHHA faHWX
K6iT/c '
D 16 K6iT/c a60 64 | KaHan no3akaHa/bHOT CUrHani3alii, KepyBaHHS iHLLIMMMU
K6iT/c KaHanamu.
E 64 K6iT/c BHyTpiwHaA curHanisauisa ISDN.
HO 384 K6iT/c MepefaBaHHA LMKPOBMX AaHUX, BUCOKOSKICHE ayAio.
H10 1472 Koit/c MepefaBaHHA LMPOBMX AaHUX, BUCOKOSKICHE ayAio.
H1l 1536 KbiT/c MepefaBaHHA LMMOPOBUX AaHUX, Tefe- Ta BieOKOH(epPeHL.
H12 1920 Ko6it/c MepefaBaHHA LMMPOBUX AaHUX, Tefle- Ta BiEOKOH(EpPeHLl.
H4 [0 150 M6it/c | IHTepaKTV1BHe Bifeo.

Ha npakTuui HaiyacTile BUKOPUCTOBYHOTLCS KaHanu Tuny B n D.

Kanann Tuny B (Bearer — HOCil1) 3a6e3neyytoTb nepegaBaHHA AaHUX KOpu-
CTyBaya O6yAb-AKOro TUny: KOMM’FTepHUX AaHuX, r0/10COBOr0 MOTOKY TOLLLO.

KaHanu tny D (Device — npucTpiil) BUKOPUCTOBYHOTLCS, NO-neplue, Ans
nepefaBaHHA afpecHOT iHJopmauii, Ha OCHOBI AKOI BMKOHYETbCA KOMYyTaLis
KaHanis tuny B, i no-gpyre, B pasi i BiACYTHOCTI — A/1A nepefiaBaHHA AaHKX
KOpPUCTYBaYa B PeXXMMi KOMYyTaLiT MaKeTiB.

Kananu tuny H (Higher rate channel — kaHan nigBuLeHOT WBWAKOCTI) BU-
KOPUCTOBYIOTBCH, AKLLO pecypciB B-kaHany He BMUCTayae 415 KOPEKTHOI po6oTK
[AHOro 3aCcTOCyBaHHA KopucTyBaya. KaHaim Tuny H  yTBOPHOKOTLCA
00’elHaHHAM He0bOXIAHOI KiNbKOCTI KaHasiB i 3abe3neyytoTb LWBUAKICTL nepe-
[laBaHH#, fKa HeobXigHa Ans AaHOro NPUKNagHoro cepsicy. Hanpuknag, KaHa
HO 3 3arasbHOK MPOMYCKHOK CNPOMOXHICTIO 384 KO6IiT/c  yTBOpEHO
06’eHaHHAM LLeCTV KaHanis Tnny B, a kaHan H11 nponyckKHOI CPOMOXKHOCTI
1,536 MG6it/c — 06’egHaHHAM YOTUPLOX KaHanis HO.

PospisHatoTe 2 Tunm mepexk ISDN: By3sbkocmyrosi mepexi N-ISDN
(Narrowband ISDN), fKi BUMKOPUCTOBYIOTb KaHanM 3 6a30BOK0 NPOMYCKHOH
CnpomoXHicTio 64 K6it/c, T06T0 B, D Ta H, i wmnpokocmyrosi mepexxi B-ISDN
(Broadband [ISDN), fki nigTpUMYOTb LUBMAKICTL NepefaBaHHA MOPSAAKY
622 M6IT/c, WO He MoXxe OyTM 3abe3neyeHa KaHasamu JOTiYHOI rpynu H.
Cnyx6u B-ISDN po3nogineHo B ABi rpynu: cnabo3s’si3Hi KOMYHIKaLiiHI CyX-
6u (communications services), SKi aHanoriyHi TpaguuinHUM TenetoHHUM
Aianorosum cnyxxbam, i cny>kéu cninkysaHHsA (conversational services), siki 3a-
6e3neyytoTb [ABOCTOPOHHE MepedaBaHHA iH(opmauil (BifeoKoH(epeHLii) abo
BMCOKOLUBMAKICHE nepefaBaHHsA AaHWX. 3acobu B-ISDN BMKOPUCTOBYHOTb
TEXHO/IOTIH0 KOMYyTaLii KOMIPOK, SIKY Ha3uBaloTb PEXMMOM aCUHXPOHHOro ne-
pepasaHHs ATM (Asynchronous Transfer Mode), fkuiA 6yae po3rnsHyTO
Mi3HiLLe.
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IHTepdoericn focTyny 3abe3nedyoTb MiAKIYEHHS KOPUCTYBadiB Mepexi
ISDN g0 camoi mepexi I CKnagaroTbCs 3 NI0riYHO 3rpynoBaHNX KaHasiB, AKi Ha-
AA0TbCA KOPUCTYBauy Mepexxer abo noctavasibHUKOM nocnyr. Lli iHTepdeicn
BM3Ha4atoTb AOMNYCTUMI LUBMAKOCTI MepefaBaHHs 1 Bifpi3HAKOTLCA KiNbKICTIO
KaHanie B, D Ta H B gaHomy iHTepdelici. CTaHAapTU BU3Ha4al0Tb ABa TUMK
iHTepdeicis gocTyny:

e BRI (Basic Rate Interface) — iHTepdeiic 6a30B0ro piBHsi abo iHTepdeinc

nepefaBaHHs [aHNX 3 HOMiHa/IbHOO LUBMAKICTIO;

e PRI (Primary Rate Interface) — iHTepelic OCHOBHOro piBHA abo

IHTepdeinc nepefaBaHHA AaHUX 3 OCHOBHOHO LUBUAKICTHO.

IHTepdeic nepefaBaHHA faHMX 3 HOMIHa/NIbHOK LWBMAKICTIO BRI
(pekomeHpauis 1.430) Hagae KopucTyBayy ABa KaHasiv Tuny B ans nepefaBaHHS
[aHVX Ta OAUH KaHas Tuny D 3 nponyCcKHOK CNPOMOXHICTHO 16 K6iT/c ang ne-
pefiaBaHHA KepiBHOT iH(popMaLlil, 3aBAAKN LibOMY Lieil iHTepdeinc BU3HAYA0Th K
2B+D. Bci kaHanm — gynnekcHi. Takum ynHOM BRI 3abesneuyye 3aranbHy
LWBMAKICTb nepefaBaHHA 144 KOIT/C B KOXXHOMY HanpsMKY, a 3 ypaxyBaHHAM
A0[aTKOBMX BITiB, AKI HE HecyTb iH(opmaLito, (idnyHa WBUAKICTb CTaHOBUTb
192 Kbit/c. Cihepoto BUKOpUCTaHHS iHTepdelicy BRI € HeBenmki KOMNaHii i
nepcoHa/bHI (goMalLHi) mepexi. Tpeba 3a3HaunT, WO iHTepdeiic BRI, 3anex-
HO Bif NOTPe6 i BUMOI KOpPUCTYBaYa, MOXe NiATPUMYBaTU He TifIbKN 3a3HayveHy
cxemy, a i B+D Ta npocto D.

IHTepeiic nepefaBaHHA fJaHUX 3  OCHOBHOK LWBUAKICTIO PRI
(pekomeHgadia 1.431) nigtpumye cxemmn 30B+D abo 23B+D (BignosigHo ans
€BPONENCLKOT Ta aMepPUMKaHCbKOT BEPCild), Mpu LbOMY KaHan D Mae LWBWUAKICTb
nepefaBaHHA 64 K6iT/c. 3aranbHOro BapiaHTa iHTepdeiicy PRI He icHye,
OCKi/IbK/ LLUBMAKOCTI Ha/bifbLL MOLMPEHMX KaHanis, 3 04HOro 60Ky, B €Bporni
(E1), a 3 iHworo, B Amepuui (T1) Ta AnoHii (J1), He 36iratoTbCs. 3aseXHO Bif
BUMOI KOPUCTYBaYiB iCHYHOTb i iHLLII cxemun iHTepdelicy PRI, ski BUKOPUCTO-
BYIOTb MEHLLY KifIbKiCTb KaHanis B, Hanpuknag, 20B+D a6o 18B+D. AKL0 Ko-
pUCTYyBay BMKOPUCTOBYE feKifbKa iHTepdieicis PRI, TO BCi BOHU MOXYTb MaTtu
TiNIbKN 0AMH KaHan D, a KinbKiCTb KaHaniB faHuX B BignoBigHO 36i/bLUYETLCS.

IHTepdeitic PRI moxe 6yTn peanizoBaHO i Ha KaHanax Tuny H, ogHak npu
LIbOMY 3arasibHa NpomnyckKHa CPOMOXHICTb He Mae nepesuLLyBaTn 2,048 M6iT/c
abo 1,544 M6it/c gnsa BignoBigHMX Bepciil. TakMM YMHOM, MOXX/IMBI, HaNPUK-
nap, cxemu iHTepgeiicis PRI 3HO+D ans amepukaHcbKoi Bepcil Ta 5SHO+D gns
€BPONENCHKOT.

Kagpw iHTepdeiici PRI matoTb CTpYKTYpY Kagpie DS-1 ans kaHanis T1 a6o
E1 (3an1€XXHO Bif Chepy BUKOPUCTaHHSA).

IHTeppericn BRI Ta PRI oTpumye KopucTyBad, a cami Marictpani ISDN
peani3ytoTbCa i MIATPUMYHOTLCA nocTadvasibHUKOM nocnyr. CtaHgaptn ISDN
BM3HaYatoThb iHTepdeic «KOpUCTyBay — Mepexxa» (abo «aboHEHT — Mepexa») AK
CYKYMHICTb MPUCTPOIB PI3HUX PYHKLIIOHA/IBHUX TPYN i ONMOPHUX TOYOK, fAKI
€ NOTTYHUMW TOYKAMW B3AEMOZIT MIXK LMW (PDYHKLLIOHA/IbHUMU Tpymnamu.
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Migknioyatuca o mepexi ISDN MOXyTb 6yab-AKi MPUCTPOI: AK (PI3UYHI
moayni ISDN, Tak i BipTyanbHi. BCi NpuCcTpol 3a/1eXHO Bif YHKLUIN, AKi BOHK
peani3ytoTb, BIAHOCATb [0 OAHIET 3 HXKUYeHaBeAeHUX (YHKLIOHaIbHNX rpyn.

1. KiHueBa ctaHuig tmny 1 NT1 (Network Termination type 1) — ue di3su-
YHWI NPUCTPIN iHTepdeiicy KopucTyBada ISDN, AKWA BUKOHYE (DYHKLIT
nepwioro pisHA Mogeni OSI: gisnyHe 3’eAHaHHA MK NPUCTPOAMN KOpK-
CTyBaya i Mepexxero, 06C/1lyroByBaHHs i MOHITOPUHT NiHiT. NT1 nigrpu-
MYye feKifbKa KaHaniB B iHTepeiicax BRI Ta PRI i BUKOHYE TX My/bTK-
M/IeKCYyBaHHSA B pexxumi TDM.

2. KiHuesa ctaHuiga Tuny 2 NT2 (Network Termination type 2) peanisye
(OYHKUIT nepumx Tpbox piBHIB mogeni OSI. CtaHuii NT2 — e KOMyHi-
KaLiHi NpUCTPOT (LUTHO3M NOKa/bHNX MEPEX, KOMyTaTopy TOLO).

3. TepwmiHanbHe obnagHaHHa Tuny 1 TEL (Terminal Equipment type 1) sB-
nsie coboto Byb-SKMIn MOAYNb KIHLIEBOrO KOPUCTYBaYa, SIKUii NiATpUMye
npoToKonu i cepsicy mepexxi ISDN.

4. TepmiHanbHe o06nagHaHHs Tuny 2 TE2 (Terminal Equipment type 2) —
Lie MPUCTPOT KiHLEBOro KOpUCTyBaya, HecymicHi 3 mepexxeto ISDN.,

5. TepmiHanbHuiA agantep TA (Terminal Adapter) go3Bonse nigkno4vaTua
MPUCTPOI, WO He MiATPUMYHOTL NPoToKoNN ISDN, a0 mepexi.

MigkntoyeHHs obnafHaHHSA KopucTyBada A0 Mepexi ISDN peanisyetbes
BIAMOBIAHO [0 CTaHAAPTHOI CXeMu, fKa 3anporoHoBaHa MiXKHApPOAHOK
opraHisauieto CCITT (puc. 8.8). Bci npucTpoi, BpaxoByoUun (yHKLIT, WO iX
BOHM BUKOHYIOTb, BIJHOCATb [0 KOHKPETHOI (PYHKLIOHa/IbHOT FpYynn, KOXHa 3
TakuX rpyn NigKNr4aeTbCA 3a JONOMOIOK CBOTX iHTepeiciB, AKi Ha3nBarTbLCA
onopHumM Toukamn (reference points). KoxHui iHTepdeiic 3’€qHaHHA
peani3yeTbCA KOHKPETHUMM MPOTOKOMAMMU.

| | |
TEl —&— NT2 ——=&— NT1 ——

| | | Lincpose aboHeHTCbKe
| ) | | 3aKiHueHHs (DSL),
| 4-npoBoAoBMiA | | 2-npoBogoswit iHTepdeiic, 4o

| | iHTepdeic | | 5,5 KM

100 - 1000 m
TE2 |4 TA —? : :

|

| | | |

R S T U

PucyHok 8.8 — lNigkntoueHHa obnagHaHHA KopuctyBada ISDN

CTaHOapTy BU3Ha4atoTb 4 HalbiIbL BaXXNMBI OMOPHI TOUKKM ISDN:
e R Bu3Hauae IHTepdenc MK KiHUeBMMM npucTtposmMum TE2, aki He
nigrpumytotb ISDN, i TepmiHanbHUMK aganTepamn TA;

288



S BM3Havae iHTEpPenC «KOPUCTYBay — Mepexxa» MiX TepMiHa/IbHUM 006-
nagHaHHAM TE1 abo TepmiHasbHMM agantepom TA 1 6OyAb-SKUM
KiHueBuM npuctpoeM NT1 a6o NT2;

T onwucye iHTepMenc MidXX NoKalbHUM NPUCTPOEM NT2 i KiHUEBMM MO-
aynem aboHeHTCbKOT NiHIT NTL,;

U BM3HAyae CTaH4apT KOMYyHiKauin MK o6nagHaHHAM NT1 Ta
MiCLLEBOIO TeNle()OHHOKO Mepexxero (3a3BM4yail B LbOMY iHTEPeNCi
BMKOPUCTOBYETLCA Kopg 2B1Q).

[na peanizauii MDKMePeXXHOT B3aEMOAIT, a TakoX NigkoveHHA o ISDN-
MepeX 3 IHWKMM MPUHUMNOM (YHKLIOHYBaHHA B CTaHZapTaxX OMUCYHOTLCA
[0LAaTKOBI OMOPHI TOYKM | BIAMOBIAHI TM MPOTOKO/N:

K Bu3Hauae iHTepdeic Mepexi ISDN 3 6yab-aKO Mepexero, ska
(PYHKLIOHYE Ha OCHOBI IHLWINX NPUHLMMIB Ta MPOTOKO/IB, MI>XKMEPeXxXHe
3’eHaHHA NMpu LbOMY peanisyeTbes mepexeto ISDN;

L aHanoriyHa onopHin Touui K, ane MiXkmepexxHe 3’€4HaHHSA BUKOHYE
He ISDN, a iHLIa Mepexa;

M onucye iHTepdeic 3i cneuianizoBaHMMKU (YHKLiaMU  aganTauii
Mepexi, Lo Biapi3HsaeTbCA Big ISDN, AKi peanizoBaHo B Uil Mepexi;

N — e iHTepdelic Mk ABoma mepexkamu ISDN, npu ubOMy NPOTOKON
BM3HAYaKOTb CYMICHICTb C/TY>K6 B3aEMOAINHUX MEPeX;

P Bu3Hauvae cneujianizoBaHe 3’eHaHHA B ISDN, sike 3abe3rneyye 4OCTYyn
[0 OKPEMMNX KOMMOHEHTIB.

[na nepenasaHHA B Mepexxi ISDN BMKOPUCTOBYHOTLCS TPY TUMW CEPBICIB:

KOoMyTauisi kaHanis y B-kaHari;
KOMyTaLisi nakeTiB y B-KaHai;
KOMyTauisi KaHanis y D-kaHarni.

Kanann Tuny B, AKi BUKOPUCTOBYHOTLCA A8 NepefaBaHHsA LaHWX, MOXKHA
BUKOPWUCTOBYBaTM [N KOMYyTaLili KaHa/iB, KOMyTauil nakeTiB, a TaKoX
opraHisayii HaniBnocTinHUX KaHaniB. D-KaHan BMKOPUCTOBYETLCA AN1S OOMIHY
MOBIJOM/IEHHAMM MK KOPUCTYBayYeM i MepeXkero Npu BCTAHOBMIEHHI 3’€HAaHHS,
KepyBaHHI nepeaaBaHHAM Ta MPU MOHITOPUHIY pecypciB Mepexi.

Y mepexi ISDN Bu3HauatoTb [Ba CTEKM NPOTOKO/IB: ANA KaHanis Tunis B
Ta D (puc. 8.9).

KaHan D KaHan B
Q.931
Q.921

1.430/431 1.430/431

PucyHok 8.9 — Ctekun npoTokonis KaHanis Mepexi ISDN
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KaHanm tuny B, ona SKnx BU3HAYEHO TifIbKW MPOTOKON (PI3MYHOIO PiBHS,
CTBOPHOKOTb MEPeXy 3 KOMyTaL et LUndpoBux KaHasie. KomyTauis (CTBOPeHHS
CKNAleHOro KaHany MK B3aEMOAINHUMKN abOHEHTaMM) BUKOHYETLCS Ha OCHOBI
BKas3iBOK, AKi OTpUMaHo 3 KaHanis D.

[ns kaHanis TMny D BM3HAYEHO TPW HWXKHIX PiBHI NPOTOKONIB. Di3nyHWMiA
piBeHb onuncaHo B cTaHgapTax 1.430/431 (3aneXHo Big TUNy iHTepdeinci 4oCTy-
Mny), Ha KaHa/JlbHOMY PiBHI BMKOPUCTOBYETbCA MNPOTOKON LAP-D, sikuia
BM3Ha4YaeTbCA CTaHgapToM Q.921, a Ha MepeXHOMy piBHI  3a3BMyal
BUKOPUCTOBYETLCA NPOTOKON Q.931, AKMIA CTaHAAPTM3YE MapLUpyTM3aLito BUK-
NMKy aboHeHTa. [llpotokon LAP-D € wmopgudikayieto npotokony HDLC,
BpaxoBYye 0C06MBOCTI BUKOpUCTaHHA D-kaHaniB i 3a6e3nevye nepefaBaHHs Sk 3
BCTAHOB/IEHHAM 3’€fJHAaHHA MK aboHeHTamu, Tak i 6e3 Hboro. BiAMiHHICTb
CTpykTypu Kagpy LAP-D Big kagpy HDLC nonsrae B Tomy, L0 Nose agpecu
MIiCTUTb 2 6ainTK, NEpPLUMIA 3 IKUX BU3HAYaE KOA CNYXXOU, ANs AKOI NepeaatoTbes
[aHi NakeTa, a Apyruin BUKOPUCTOBYETLCA A/15 aapecalil TepMiHaia KopucTyBaya.

CykynHicTb KaHanie Tuny D pfo3sonse opradidysatm B Mepexi ISDN
LleHTpanisoBaHy cuctemy curHanisauii SS7 (Signal System Number 7). Lia
cuctema 6yna po3pobneHa Ans BHYTPILWHLOTO MOHITOPUHIY PecypciB Mepexi,
KepyBaHHA KOMyTaTopaMu Mepexi 3araibHoro npu3HayeHHsd, a TakKoX [ns
NIATPUMKA KaHaly MiDK abOHEHTCbKMMM CTaHuisgMK. | xoua cnyxxba SS7 Hane-
XWUTb [0 MPUKNALHOTO PIBHA, KiHLEBOMY KOPUCTYBaYy il MOCAYry HeQOCTYNHI,
a NnosifomeHHA SS7 nNepefaroTbCs TINIbKN MIDK KOMyTaTtopaMu Mepexi.

Tpeba 3a3Ha4MTK, LWO Ha CbOrOAHI ICHYE fAeKinbKa pPi3HOBUAIB NPOTOKONIB
ISDN, Hanpwuknag, National ISDN-1 (CLUA), AT&T Custom; Euro-ISDN
(Net3) Ta iHLwi.

3rigHo 3 o3HayeHHsAM CCITT apxiTektypa mepexi ISDN MictuTb 4 nno-
WMHW:
nnowmHa kepysaHHsa C (Control, C-plane);
nnowmHa kopuctysayva U (User, U-plane);

TpaHcropTHa naowwmHa T (Transport, T- plane);
nnowmHa agmiHictpysaHHa M (Management, M- plane).

Mpotokonn C-NoWMHN  peani3yloTb BCTAHOB/IEHHA Ta  3aBepLUeHHS
3’e[lHaHHS, KepyBaHHA 3anutaMn Ha iHopmauiiH1iA KaHan. MpoTokonm nso-
WmHM U BM3HaAYaloTb nepefaBaHHs iHQopMaLii MK NpUKNagHUMmn cepeicamm
(3acTocyBaHHAMK) KopucTyBaya. MpoTokonu T-NAOLWMHU KEePYIOTb PI3MYHUMM
3’€lHAHHAMW, a MPOTOKONM MOWMHM afAMIHICTpYBaHHA M KOHTPOJIOKTh
B3aEMO/Iit0 SIK B Camiil MNIOWMHK, TaK i 3i 3’€HAHHSAMM,

Taknm 4MHOM, OCHOBHUMMW nepeBaramuy mepexx ISDN e:

e MOXMMBICTb MepefaBaHHS  OAHMMW  KaHallaMuM  §K  r0/I0COBMX

MOBIZOM/IEHb, TaK | KOMM’ HOTEPHUX AAHNX B LM(POBOMY (popmari;

e BMWCOKa LUBMAKICTb NepefaBaHHSA iHPoOpMaLiT Ta HagiiHICTb 3B SI3KY;

e BICOKa AKICTb MepefaBaHHsA ro/10COBMUX MOBIAOMEHD;
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e CKOPOYEHHSI 4yacy BCTAHOB/IEHHA 3’€[HaHHSA 3aBASAKM BUKOPUCTaHHIO
BUAIJIEHOTO KaHany curHanisauii Ta nepefaBaHHsA B HbOMY CUTHaNIB Ke-
PYBaHHSA, MOHITOPUHTY Ta B3aEMOZIT CTaHLiN;

e MOX/MBICTb NPOBEAEHHSA ayAio- Ta BiJeOKOH(epeHLin MK aboHEHTaMK
Mepexi, AKi TepuTopianibHO BigAaNeHi;

e HafaHHA [0AATKOBWUX MNOCNYr, Hanpuknag, ifgeHTudikauis aboHeHTIB,
nepefaBaHHA Ta nepeafpecauis BUKIMKIB, O/I0KYBaHHA  BXIAHMX
BUK/IMKIB TOLLO.

8.5 Mepexi Frame Relay

Cnouatky mepexxa Frame Relay (FR a6o FRN — Frame Relay Network)
PO3p06siNach K OKPEMUIA CepBIC ANs BUKOPUCTaHHSA B Mepexxax ISDN i € me-
PeXero 3 KoOMyTaLieto Kaapis (Mepexxero 3 peTpaHCcALIer0 KagpiB), AKa OpIeEHTO-
BaHa Ha BMKOPWUCTaHHA LUMMPOBUX KaHaniB AOCTAaTHbO BUCOKOI AKOCTI. MepLlia
pekoMeHaauia 6yna npeactasneHa y 1984 poui MiXHapoAHUM  COHO30M
TenekomyHikauivi 1TU, a 3 1990 poky noyana akTMBHO PO3BMBaTMCS 3aBOAKMU
CTBOpPeHHIO KomnaHigmu Cisco Systems, StrataCom, Northern Telecom Ta
Digital Equipment Corporation KOHCOpLiyMy, OCHOBHOK METOK HAKOro €
KOHLIEHTpaLIA 3yCunb 3 PO3BMTKY [AaHOT TexHonorii. Ha cborofHi po3pobKkotro
CTaHAapTIB Ta AOCNILKeHHAM TexHooriT FR 3aiimatoTbesa 3 opraHisauii:

e Frame Relay Forum (FRF) — Mi>XHapOAHWIA KOHCOPLLIYM, IKWUIA OXOMJ0E
6inbwe 300 opraHizayin, cepep skmx Cisco, 3Com, Digital, Zilog,
Newbridge Networks Ta iHLWi;

e aMepUKaHCbKWIA HauioHaNbHWUIA IHCTUTYT cTaHaapTiB American National
Standards Institute (ANSI);

e MiXKHaApPOAHWIA COHO3 TeneKoMyHiKauil International Telecommunication
Union (ITU).

OcHoBHa BigMiHHICTb Mepexi Frame Relay Bif 3BM4aiiHOT KOMM’HOTEPHOT
Mepexi nonsarae B Crocobi Kopekuii MoMuioK. B KOMM’HOTEpHIn Mepexi
KOMYHIKaLiiHWIA BY30/1 060B’3K0OBO MepeBipse, UM OyB MOLUKOMKEHMIA Kaap B
npoeci nepefasaHHA. 3a pe3y/bTataMu L€l NepeBipKy (POPMYETHCS NMO3UTUBHE
abo HeraTuBHe NIATBEPKEHHA NPO MPUIAOM Kagpy, ke MNepefaeTbcs TOMY
KOMYHIKaUiiHOMY BY3/y, WO MOro Hagicnas. B pa3i HasiBHOCTI MOMW/IOK B
Kafpi, SKi He MOXYTb 6yTV BUNpaBeHi 3 BUKOPUCTaHHAM KOAY KOPeKLUii, horo
HeobXIiAHO MOBTOPHO nepeaaTy. Taka npoueaypa nepefaBaHHs CYyTTEBO 3HMXKYE
3arajibHy npomnyCcKHY CNPOMOXHICTb Mepexi.

Y mepexax Frame Relay BBaXKaeTbCs, L0 BUKOPUCTOBYETHCA CepefoBULLE
nepefaBaHHs 3 HU3bKUM PiBHEM NMOMWU/IOK, TOOTO HafiHi KaHanM 3B8’A3Ky. ToMy
npn nepefaBaHHi KaapiB NiATBEPAPKEHHA MPO TX MPUIAOM He MepeaatoTbes, a
MOLLKOMKEHNIA Kaap NPOCTO NiKBIAYETbCA. BUSABNEHHS MOMUAOK i, B pasi
HeobOXiAHOCTI, NOBTOPHE NepeAaBaHHsA NMOBILOM/IEHHSA 3a6e3MneyyeTbCa NpuKag-
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HAM NporpaMHUM 3abe3neyvyeHHAM KOpMCTyBaya, TOOTO MPOTOKO/IAMU BULLMX
piBHIB. B pe3ynbtaTi B Mepexxax FR ana nepefaBaHHS BMKOPUCTOBYETLCA [0
90% cMyrv NponycKaHHS, B TOW Yac K, Hanpukniag, B Mepexxax X.25 — 1o 40%.
Ha cborofHi MakcMmManbHa LWBUAKICTL NepefaBaHHsA B MepeXax FR cTaHo-
BUTb 34,368 MO0iT/c Ta 44,736 M6IiT/C BiANOBIAHO AN KaHanis E3 1 T3.

®i3nyHo Mepexa Frame Relay cknafaeTbCsi 3 CYKYNHOCTI KOMYHiKaLiiHNX
BY3/1iB, 3B’A3aHUX (Di3YHMMM KaHasiaMu, Ta NpucTpois goctyny (puc. 8.10). B
Mepexi FR po3pi3HAKOTL ABa TUMNW NPUCTPOIB:

e TepmiHanbHi npuctpoi DTE (Data Terminal Equipment) — 30BHILUHI
MoAyni AN AOCTyny [0 Mepexi, Hanpuknad, pobodi cTaHuil, TepMiHau,
MY/IbTUMIEKCOPY, MapLLPYyTU3aTOPW, MOCTU TOLLO;

e MepexHi npuctpoi DCE (Data Circuit-terminating Equipment) —
KOMYHIiKaL|iHi BY3nK1 Yy CKnafdi Mepexi, Npu3HayeHi Ans CUHXPOHi3aLlil
Ta (DOPMyBaHHSA KaHany MiXK KiHLEBMMU B3aEMOAINHUMMK MPUCTPOAMM;
3a3BMYai, Lie KoMyTaTopu Kagapis.

Mepexa
Frame Relay

DTE

DTE

PucyHok 8.10 — Y3aranbHeHa CTpyKTypa Mepexi Frame Relay

[na nepefaBaHHA faHWX Bif BignpaBHMKa A0 OTpUMyBaya B Mepexi Frame
Relay ctBoptototbes BipTyasnbHi kKaHaim VC (Virtual Circuit), aki MOXYTb 6yTH
NBOX TUMIB:

e MOCTiHMI BipTyanbHMin KaHan PVC (Permanent Virtual Circuit), akuii

CTBOPHOETLCA MiXK B3aEMOAINHMMM CTaHUiSMM | iICHYE AOCTaTHLO [O0BIO
HaBITb NPV BIACYTHOCTI NepefaBaHHA faHNX;

e KOMyTOBaHWI BipTyanbHuii kaHan SVC (Switched Virtual Circuit), skuii
CTBOPHOETLCA MiXK B3aEMOJINHNMIK CTaHLismMK 6e3rnocepefHbO nepeq ne-
pefaBaHHAM [aHUX | aHYMHETLCA Ofpasy Micns 3aKiHYeHHs CceaHCy
3B’A3KY.
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CTBOpEeHOMY BIpTya/lbHOMY KaHaly HafaeTbCs Bi4NOBIAHWIA i4eHTUMDIKATOP
3’efHaHHA KaHany gaHmx DLCI (Data Link Connection Identifier). KomyTtaTopu
BUKOHYIOTb MY/IbTUMNEKCYBaHHA BipTya/lbHUX KaHasiB, AKi PO3ni3HalOTbCA 3a
YHiKalbHUMK1 Homepamu DLCI, y hi3nyHmnin KaHan.

Ctek npoTtokoniB FR (puc. 8.11) peanizye fABa HWXHI PiBHI: PI3UYHNIA —
019 MepefaBaHHA  [aHuX MK MpUCTPOAMU  LOCTYNY, KaHalbHUA — 414
CUrHanisauii T1a KepyBaHHS,, [4N19 nepefjaBaHHA IH(opmauii npo cTaH
BipTYa/lbHNX KaHaniB TOLWO. Ha KaHa/ibHOMY PiBHI, KU peani3yeTbCst NPOTO-
Koniom LAP-F core i € cnpoweHoto Bepcieto npoTtokony LAP-D, nepenaerbes
MOTIK KaapiB 3MIHHOI JOBXWHW, afie nose AaHnx He Moxke rnepesuLysatn 4096
6auTis. NpoTokon LAP-F core thyHKUiOHYE B Byab-kux kaHasnax ISDN i KaHa-
nax tuny T1/E1. Mpy BMKOPUCTaHHI NOCTIMHUX BIpTyaslbHUX KaHanis PVC
HeoOXifHO MigTpMMyBaTK Tifibku NpoTtokon LAP-F core. MNpu nepegasaHHi fa-
HUX KOMYTOBaHUMW BipTya/lbHUMKU KaHasnamn SVC Heo6XigHO BMKOPUCTOBYBA-
™™ npotokon LAP-F control, aknMil BMKOHYE (YHKLIT KOHTPOJIKO [OCTaBKM
KafpiB I KepyBaHHSA MOTOKOM.

KepyBaHHs (D) [aHi [aHi KepyBaHHs (D)
(signaling) (D, B, H) (D, B, H) (signaling)
MNpoTokonu
Q.931/933 BAWMX piBHiB [ Q.931/933
(1P, NetBEUI, | LAP-F control
SNA) | Q.922
LQAgZ? LAP-F core LAP-F core I‘QA;)Z?
' Q.922 Q.922 '
®i3nyHunin piseHb 1.430/431 ®i3nyHunin piseHb 1.430/431
TepmiHan Mepexa

PucyHok 8.11 — Ctek npoTokonis mepexi Frame Relay

KaHan tuny D iHTepelicy KopucTyBaya BUKOPUCTOBYETLCS A/ CTBOPEHHSA
KOMYTOBaHUX BIPTya/lbHUX KaHa/iB. Y CTeKy MPOTOKO/MIB LbOro KaHany
(OyHKLIOHYe npoTokon LAP-D, Hag akum (PyHKUIOHYe npoTokon Q.931 a6o
Q.933, Ha OCHOBI AIKOro BCTaHOB/IOETLCA BipPTya/lbHE 3’€4HAHHA, BUKOPUCTO-
BYIOUM afpecn KiHLUeBUX abOHEHTIB, a TaKOX iAeHTU(iKaTopy BipTya/lbHOro
3’eqHaHHa DLCI.

BpaxoBytoumn ckasaHe BuLLEe MOXHa BUAINNTI NepeBarun mepex FR:

e He3HayHa 3aTpyMKa AOCTaBKM MOBiJOM/EHb B MEpPeXi;

e MOX/MBICTb BCTAHOB/IEHHA MPIOPUTETIB ANS PISHUX TUNIB TPapiKy;

e [VHaMiYHe PO3NOAi/IeHHA NPOMYCKHOT CMPOMOXKHOCTI KaHasy 3B’A3KY;

e MOX/MBICTb HaflaHHA Heo6XiAHOT NPOMYCKHOI CNPOMOXXHOCTI KaHany 3a

BMMOTIOKO KIHLEBOrO NPUK/IAAHOIOo MpoLecy.
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Heponikamu mepex FR €:

e OpieHTauif Ha AKICHI KaHa/n 3B°A3KY, BapPTICTb AKMUX AOCTATHLO BUCOKA;

e BIACYTHICTb rapaHTOBaHOI LOCTaBKM KajpiB i MOBILOM/IEHHS NpPO AocC-
TaBKY B KiHLEBUIA TepMiHar.

8.6 Mepexi ATM

TexHonoria acuMHXpoHHoro nepegasaHHs ATM (Asynchronous Trasnfer
Mode) 6yna po3pobneHa we y 1970-x pokax y ®paHuii Ta CLUA He3anexHo y
France Telecom 1a Bell Labs BignosigHo. TexHonorigs ATM saBnse coboto ean-
HWUIA TPAHCMOPTHUI MeXaHi3M ANd MepeXx 3 iHTerpauieto nocnyr Ta [J03BOJISE
nepegasaty B Mepexi pisHi TNy Tpadiky (KOMM’tOTEpPHI AaHi, ayfio- Ta Bijeo-
MOTOKM) 3a6e3mneyyroum npu LUboMy A5 KOXKHOrO Tuny Tpadiky AOCTaTHIO Mnpo-
MYCKHY CMPOMOXKHICTb Ta AKICTb 06C/YroByBaHHS | rapaHTyruM BYaCHy focTa-
BKY YYT/IMBOT A0 3aTPUMOK iH(opmauii. TobTto, TexHonoria ATM 3abe3neuye
06cnyroByBaHHA BCiX TUMIB Tpaiky BIAMOBIAHO A0 iX BUMOI TakKMM UMHOM,
|06 3aTPMMKW | NnepepuBaHHA B NOTOLI AaHWX 6YNN HENOMITHI KOpUCTyBauy.
[ns uboro B Mepexkxax ATM peani3oBaHi pi3Hi Cnocobu nepefaBaHHs faHMX: K
OPIEHTOBaHMX Ha 3’€fHaHHA, Tak | 6e3 BCTAHOB/IEHHS 3’€[HAHHA. TexHOsoris
ATM — Le TeXHONOris KOMyTauil KOMIPOK (hiKCOBaHOT AOBXMHM 3 BUKOPUCTaH-
HAM METOAY ACUHXPOHHOrO MYy/NbTUMIEKCYBaHHA 3 YacCOBMM YLUiSIbBHEHHAM
ATDM (Asynchronous Time Division Multiplexing).

Mpn BBegeHi JaHUX B mepexxy ATM nakeT po3bMBaETbCA Ha KOMIpPKM
(hIKCOBAHOT JOBXMHU, KOXKHA 3 AKUX MapKYyeTbCs ifeHTUdikaTopom (puc. 8.12).
KomyTauis KOMIpoK, AKi MOXYTb MICTUTU OYAb-AKY IH(POPMAL,it0, BUKOHYETHCA
anaparHo.

MakeT
eca eca L - KOHTpO/IbHI
Adlp . Ap [JaHi (iHdopmaLiliHe HaNmOBHEHHS) P
oTpumMyBaya BlANpaBHUKa po3paan
T T T T
| | | | |
[ [ | [ [
| | |
VPI/ IHhopmaLliiiHe | | |
VCI | HanoBHeHHs KOMipKM | : :
VPI/ IH(hopmaLyiiiHe | |
VCI HaroBHEHHS KOMipKM : :
VPI/ IHchopmaLiiite :
VCI | HanoBHEHHA KOMIpKM |
VPI/ IHchopmaLilite
VCI | HamnoBHEHHS KOMipKM
VPI/ IHthopmaLliiiHe
VCI | HamnoBHEHHS KOMipKM

Komipku

PucyHok 8.12 — Po3nogin naketa Ha KOMipKu
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Mogene ATM. Mogens ATM nofibHa fo Mogeni B3aeMOAIT BIAKPUTUX CUC-
Tem OSI, ane NoBHOI BIANOBIAHOCTI MiXX pIBHAMM Hemae. MpoTokonm ATM oxo-
MAKKTL TiMIbKU HWKHI piBHI (pyc. 8.13), a nporpamMHe 3abe3neyeHHs KOpUCTYBa-
4a BUKOHYE BCI (PYHKLIT BULLMX PIBHIB, SKI NOB’A3aHI SK 3 pO60TOK Mepexi, Tak i
3 HaCKPI3HMM KOHTPO/IeM KOPEeKTHOCTI MepefaBaHHs Ta KepyBaHHSA MOTOKOM. IH-
Tepdhelic NporpamMHOro 3abesneyeHHs Kopuctysada 3i ciyxb6amv ATM BUKOHY-
eTbCA Ha nigpiBHi MAC KaHanbHOro pisHa OSI, i TOMy 6ifbLIICTb PYHKLIN, L0
MoB’A3aHi 3 MepeXXHUM piBHeM Mogeni OSI (MapLipyTur3alis, peTpaHcaALia To-
LLJ0), BUKOHYETBLCA Ha piBHI ATM, LU0 BiAMNoBifae KaHa/IbHOMY PIBHHO.

Mogenb OSI

MpyKnagHwii piBeHb

MpescTaBHULbLKNI
piBeHb

CeaHcoBWi1 piBEHb

TpaHCMOpPTHWIA piBeHb

Mogesnb
MepexHuii piBeHb NOKanbHOT Mepexi
MigpiBeHb KepyBaHHA
NOTIYHUM KaHanom
LLC Mogens ATM
KaHanbHwuii _
piBeHb PiBeHb afanTaLji
_— (AAL)
MigpiseHs MAC
PiseHb ATM
@i314HWI piBEHb Di3nYHMI piBEHb ®i3nYHWIA piBeHb

PucyHok 8.13 — Mogens ATM Ta 1i BignosigHicte Mmogeni OSI

Y wmogeni ATM BuAINAKTE 4OTUPWM nnatopmu: ANd nepefaBaHHA
IHpopMmaLiT KopucTyBaya, A1 06po6KM KOHTPO/LHOT iHopMaLil, 4nsd 3abesne-
YEHHSA OCHOBHMX MePEeXHUX (YHKLII, A1 KepyBaHHS LMK Miatgopmamm.

Bci nnatopmy € CyKYNHICTIO YOTMPLOX PIBHIB (puc. 8.14), 3 AKX Tpw
HVDKHIX piBHI, BIAMOBIAHO A0 BM3HayeHHs opraHizauii ANSI, ATM Forum Ta
ITU, BigHOCATb 6e3nocepeHbo A0 mogeni ATM:

e piBeHb Kopuctysada (User Layer), Ha SKOMYy peasi3oBaHi BiAMOBIAHI

MPOTOKO/M BEPXHIX PIBHIB A4/19 NPUKNaAHUX 3a[auy;

e piBeHb agantauii ATM (ATM Adaptation Layer — AAL) pgns

3’€[lHaHHA KIHLEBUX NPUCTPOIB 3 Mepexeto ATM,;

e piBeHb ATM (ATM Layer) — gna KomyTauii Ta My/fbTUNIEKCYBaHHSA

MOTOKIB Ta TX KEPYBaHHS;
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e (DisnyHuin (Physical Layer) — ansa nepegaBaHHs (DisMHUMW KaHaaMu.
PiBeHb aganTauii AAL 3abe3neyye AOCTYN 3acTOCyBaHb KOPUCTyBaya [0
KomyTaTopiB mepexi ATM, ocKinbku 6arato NpuKnagHUX CepBiCiB He MaroTb
npsamoro goctyny Ao cepsicieB ATM. PiBeHb aganTauii ABnse co60K Habip
npotokonis AAL1-AALDS, fKi, 3a/1eXXHO Bif TUMy Tpagiky i napameTpiB 1oro
nepefasaHHsA, POPMYIOTb 3 MaKeTiB KOPMCTyBaya 6/10K1 CTaH4APTHOrO Po3Mipy.
KoxxHui 3 npoTokonis AAL 06pobnse Tpadik BignoBigHOMO Knacy:
e AAL1 - rapaHToBaHa  [0CTaBKa, nocTiHa LUBMAKICTD,
BUKOPUCTOBYETLCA A1 Knacy A,
e AAL2 - rapaHToBaHa [0CTaBKa, 3MiHHa LUBUAKICTb, BUKOPUCTOBYETLCH
Ansa Knacy B;
e AAL3/4 - rapaHTOBaHa I HerapaHToBaHa A0CTaBKW, 3MIHHa LUBUAKICTb,
KepyBaHHS NOTOKOM;
e AALS5 — HerapaHTOBaHa [10CTaBKa, KepyBaHHS NMOTOKOM, nigTpumka IP
3Bepxy ATM.

[MpOTOKO/IN BEPXHIX PIBHIB

- .. | CnifbHa YacTUHa NigpPiBHA KOHBEPreHLiT
MigpiBeHb KOHBEPreHwy,ii

PiBeHb aganTaLlii (C3)

ATM
(AAL1-5)

CneuudiyHa yacTuHa ans cepsicy

[MigpiBeHb cermeHTauii i peacembnoBaHHs (SAR)

PiBeHb ATM
(MapLupyTU3aLis, MybTUNIEKCYBaHHSA, KepyBaHHSA NOTOKOM, 06p06Ka NpiopuTeTiB)

MigpiBeHb Y3rofykeHHs nepefaBaHHs

®i3nYHMI piBEHb
MiapiBeHb, KNI 3aNeXNTb Big Pi3NYHOro cepeaosmLLa

PucyHok 8.14 — CTtek npoTokonis mepexi ATM

MpoTtokonn AAL npu nepegaBaHHI MOTOKIB KOpUCTyBaya (PYHKLIOHYHOTb
TINIbKM Ha KIHLEBMX CTaHLiAX MepeXi | TOMY aHa/iorivyHi TpaHCNOPTHUM NPOTO-
Koniam OGiNbLLIOCTI MepeXxHux TexHonorin (puc. 8.15). Tpeba 3ayBaxuTu, WO
YKOAHWI 3 NpoToKo/iB AAL He BUKOHYE npoLeiypun BigHOBNEHHS BTPaYeHNX Ta
MOLUKOPKEHUX AaHuX, asie, 3a3BM1yaii, NoBiJOM/ISE KIHLEBMIA BY30/1 NPO BUHUK-
HeHHA Takoi cuTyauii. KopeKuis NOLWKOMKEHNX AaHUX BMKOHYETLCA MPOTOKO-
namu BULLMX PIBHIB, AKI He BXOAATb B CTEK NPOTOKO/IB TexHonorit ATM.

Lleir piBeHb Mae [fBa nMiApiBHi: KOHBepreHuii abo nepeTBopeHHsi CS
(Convergence Sublayer) Ta cermeHTauii i peacembsntoBaHHA SAR (Segmentation
And Reassembly). MigpiseHb CS 3anexuTb Bif Knacy Tpaiky nepefasaHHs |
3abe3neyvye CUMHXPOHI3auUit0 B3aEMOMIMHMX CTaHLiA, KOHTPONHOE KOPEKTHICTb
nepefaBaHHs MOTOKY KOpUCTyBada i, MO MOX/IMBOCTI, BWMNPAB/SE MOMWUJIKN.
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MigpiseHb SAR He 3aneXuTb Bif npoTtokosnie AAL, To6To Big Tuny Tpadiky
nepeaaBaHHs, a (POPMYe KOMIPKM 3 MaKeTiB | BUKOHYE 06epHEHI NEPeTBOPEHHS.

KiHueBa cTaHLuis KiHueBa cTaHuis

MporpamHe MporpamHe
3a0e3neyeHHs 3a6e3neyeHHs
KOpuCTyBaya KopuCTyBaya
ATM ATM

Mepexa ATM

PiBeHb aganTauii KomyTatop KomyTatop PiBeHb aganTauii

E ATM (AAL) ATM ATM ATM (AAL)

=

s <

% i= PiseHb ATM PiBeHb ATM PiseHb ATM PiseHb ATM

= O

83

C % DiznyHUi Di3nyHMi Di3nYHUIN diznuHNMin
'_

PucyHok 8.15 — Po3nogifieHHA NPOTOKO/IB NO BY3n1ax i Komytatopax ATM

ATM nepefbavae 4oTMPKU Kacu ciyx6 (06¢nyroByBaHHS), AKi PO3Pi3HA-
IOTbCA 332 TPbOMA XapaKTepUCTUKaMMK: CUHXPOHI3aLisi NPUCTPOIB MiXK KiHLEBUMM
TOYKaMM MnepefaBaHHs, WBNAKICTb nepefaBaHHA NMOTOKY 6iTiB Ta HEOOXIAHICTb
BCTAHOB/IEHHS 3’€IHAHHS (Tabn. 8.4). IM’ATUI Knac BU3HAYaETbCA KOPUCTYBaYa-
MU abo BMPOOHMKaMun 06nagHaHHA ATM.

Tabnnuga 8.4 — XapaktepucTunka Knacis cnyk6 ATM

KnacA | KnacB | KnacC | KmacD | X
CUHXpPOHi3auis MoTpibHa He noTpi6bHa
LLBuakicts | MocTiliHa | 3MiHHa
BcTaHoBNEHHSA , ,
, BcTaHOBNEHHS 3’€IHAHHA bes 3’elHaHHA
3’€[IHAHHA

XapakTepucTuKa Knacis, WO HaBefeHa B Tabnuui 8.4, 103BONSE BUSHAYMUTU
cthepy ix 3acTocyBaHHA. Cnyx6a Knacy A BUKOPUCTOBYETLCA A/1A NepefaBaHHA
aynio- Ta BiIeONOTOKIB 3aMiCTb 3BMYaHOrO KOMYHIiKaUiiHOrO 3’€fHaHHS B
pexxumi komyTauii KaHanie. Cnyx6a knacy B npusHayeHa gna nepefaBaHHA
YW iNIbHEHMX ayfio- Ta BifeoiH(opmaLii Ta BMKOPUCTOBYETLCS, 3a3BUYaid, B
TeneKoHMepeHuiax, npu opraHisauil AKWMX He3HayHi 3aTPUMKKM |1 3MiHHA
LUBMAKICTb NepefaBaHHs € gonyctummumn. Knac C 3abe3neyye 0O6MiH gaHUMM
aHaIoriyHO MepefiaBaHHIO B PeXWUMI BIPTya/lbHUX KaHaniB B 3BMYaHUX
KOMN’t0TepHNX Mepexxax (npotokonu LLC2, Frame Relay, TCP, X.25). Cny>x6a
Knacy D, 3a3BuYaid, BAKOPUCTOBYETLCS B 3aCTOCYBaHHAX, AKi He BUMMaratoTb
BCTAHOBMIEHHS 3’€IHAHHA MK B3aEMOAINHMMMK CTaHLUiSMW, Hanpuknam, npoTo-
kKonn IP, DNS, SNMP, Ethernet.
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PiBeHb ATM BignoBigae 3a CTBOPEHHA KOMIPOK CTaHAAPTHOro ghopmarty,
A9 4oro npuinvace 3 piBHA aganTauii 48-6aMToBi 6/10KM | gofae 5-6ainToBuin 3a-
ronosok. MNMpotokon ATM BUKOHYE nepefaBaHHA KOMIPOK Yepe3 KOMyTaTOpK Ha
OCHOBI rOTOBMX Tabnvub KOMyTauil nopTiB | KOMyTauii 3a HOMepOM
BIPTYa/IbHOTO  3’€[iHaHHA, AKWA CKMAfaETbCA 3  [ABOX YaCTWH: HOMepa
BIpTya/IbHOro MapLipyTy i HOMepa BipTya/lbHOro KaHany. Kpim Li€i OCHOBHOI
(QOYHKUIT npoTokon ATM BUKOHYE TaKOX KepyBaHHSA MOTOKOM KOMipoK (npw
BMKOHaHHI YMOB [JOMOB/IEHOCTI MXK KIHLIEBUMW CTaHLisIMW).

[Ona 3abe3neyvyeHHs Ta MIATPUMKKU HeobXigHOT AKOCTI 06CNyroByBaHHSA
PI3HUX BIPTYa/ibHUX 3’€HaHb | ePEKTUBHOIO BUKOPUCTAHHS PecypciB Mepexi B
npotokoni ATM peanizoBaHO fAeKifibKa Cny»Xo, AKi HagalTb NOCAYrn Pi3HUX
KaTeropin o6cnyroByBaHHsa Tpaiky KopucTyBaya. Lii cny>k6u npusHaveHi ans
NiATPUMKKN  Tpadiky pPi3HUMX KnaciB B TaHAemi 3 npotokonamm AAL i €
BHYTPILIHIMK cny)k6amn mepexki ATM, Aki po3nogifieHi MiXK BCiMa KOMyTaTo-
pamMu Mepexi. llocnyrym umx cnyk6 pasom 3 napameTpamm Tpaiky Ta
HeobXigHUM piBHEM AKOCTI 06¢cnyroByBaHHs QoS (Quality of Service) 3agatoThb-
Csl KIHLEBOK CTaHLIiEl0 MPW BCTAHOB/EHHI 3’€lHAHHA | PO3/iNeHi Ha KaTeropii,
AKi BI4NOBIJal0Tb Knacam Tpagiky.

BusHaueHO Taki KaTeropii 06cnyroByBaHHS, fKi BUKOPUCTOBYHOTHCA /1A
3abe3neyveHHs pi3HMX PIBHIB AKOCTI cepBicy QO0S Ana Tpaiky pi3HOro Tumny:

e [OCTiiHa WBKAKICTb NepeaaBaHHs CBR (Constant Bit Rate) — nocnyra

ANs Tpaiky 3 NOCTIHOK GITOBOK LUBUAKICTHO;

e 3MiHHa WeuaKicTb nepefasaHHA VBR (Variable Bit Rate) — nocnyra gns
Tpadiky 3 cepeHbO0 6ITOBOKO LUBUAKICTHO;

e HeBM3HayeHa LBMAKICTL nepegaBaHHA UBR (Unspecified Bit Rate) —
nocnyra gna Tpadiky, LWo He BUCYBaE BUMOT [0 LIBUAKOCTI nepeaaBaH-
HA AaHWX | CMHXPOHI3aLii B3aEMOAIAHUX CTaHLil;

e [OCTYNHa WBKnaKicTb nepeaaBaHHs ABR (Available Bit Rate) — nocnyra
AnA  Tpaiky 31 3MIHHOIHO OITOBONW LUBMAKICTIO, SKWIA BMMAarae
BCTaHOB/NEHOI MiHiManbHOT 6iTOBOI LUBMAKOCTI, ane He BuUMarae
CUHXPOHI3aLiT B3aEMOAINHMX CTaHLLii.

Mocnyru kateropii CBR npu3HayeHo Ana NigTpUMKA Tpagiky CUHXPOHHUX
3aCTOCyBaHb: r0M0COBOr0, UU(POBUX BUAINEHNUX KaHaNiB TOLLO. Y BUNAAKY,
KON NPUKIaAHWIA cepBiC BCTAHOB/MIOE 3’€fJHAHHA LIET KaTeropii, >XOPCTKO 3a-
[Al0TbCA MakKCMMasibHa LUBUAKICTb, SKY MOXe MigTpumyBaTu 3’e¢fHaHHSA 6e3
BTpaTX KOMIPOK, I napameTpy AKOCTi 06CnyropyBaHHA QO0S: MakcuMMmasibHa 3a-
TPMMKa KOMIPOK, iHTepBa/IM 3HAYEHHS 3aTPUMKMU Ta MakCMMasibHa KifbKIiCTb
BTpayeHMX KOMIpOK.

B kaTeropii 3MiHHOT LWUBMAKOCTI nepedasaHHA VBR BUAiNAKOTL ABa TUMK:

e rt-VBR (Real-time VBR) - nocnyru pgna Ttpadiky 3i 3MiHHOWO

LUBUAKICTIO B peas/lbHOMY 4aci, AKuUiA BMMarae 3abesneyvyeHHs cepeaHbol
LUBMAKOCTI NepefaBaHHs AaHUX | CUHXPOHi3aLiT B3aEMOAIAHMX CTaHUiN;
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e nrt-VBR (Non-real-time VBR) — nocnyrn gna tpagiky 3i 3MiHHOK
LUBMAKICTIO, AKNIA BUMarae 3abesneyeHHs cepefHbOl LUBUAKOCTI nepeaa-
BaHHS AaHuX, afe He BUMarae CUHXPOHi3aL il B3aEMOAINHUX CTaHLLii.

[MopiBHAHO 3 Kateropieto CBR nepefasaHHA 31 3MIHHOK LIBMAKICTHO
BUMarae Oifbll CKMagHOI npouedypu 3anuTy 3°€fHaHHA MK NPUKIaGHUM
cepsicoM i mepexeto. | aKwo kateropia rt-VBR BUCYBa€ »XOPCTKi BUMOTU [0
3aTPUMKW, ane BiJHOCHO HM3bKi BUMOIM 4O BTPATW KOMIPOK, TO A/1A KaTeropii
Nrt-VBR 3Ha4YeHHs 3aTPMMKK He € OCHOBHMM, a/ie BTpaTa KOMIpOK Mae 6yTu
He3Ha4Holo.

Ha BigmiHy Bif Kateropii CBR T1a cnyx6 VBR, kateropis UBR He
NiATPUMYE HI napameTpy Tpadiky, Hi napameTpu AKOCTI 06C/YroByBaHHS.
Kateropis UBR 3a6e3neyye [0CTaBKY AaHUX «MO MOX/IMBOCTI» 6e3 Byab-AKnX
rapaHTiin. Jna nepefaBaHHA fAaHMX HagarTbCA HalKpaLli Nocnyrn 3 4OCTYMHUX
B Mepexi Ha uel 4ac. 0NOBHMM HeAoNiKoM Ui€El KaTeropii € BifCYTHICTb
MOX/IMBOCTI KepyBaTW MOTOKOM AaHWX | HECMPOMOXHICTb BpaxoByBaTW IHLLI
TNy Tpadiky. MNpu nepesaHTaXXeHHI MepeXxi 3’efgHaHHA UBR npososxye nepe-
[asaTu [aHi, i, OCKIfIbKM B TaKkOMy PexxuMMi He BPaxOBYHTHCA MapameTpy Hi
Tpaiky, Hi QO0S, TO came TaKi KOMipKM BiAKMAAKOTLCS B NEPLLY Yepry.

Karteropis AOCTynHOT WBMAKOCTI nepefaBaHHAs ABR BMKOPUCTOBYE Kepy-
BaHHS NMOTOKOM, 3aBAAKN YOMY MPU MepeBaHTaXXeHHI Mepexi 3ab6e3nevyoTbcs
rapaHTii 36epeXkeHHs KOMIPOK, a He iX BiAkugaHHA. Tpagik 3’€fQHaHHA 3a
KaTeropicto ABR o0TpuMMye rapaHTOBaHy $AKICTb MOCAYr 3a napameTpamu
MPOMNYCKHOI CMPOMOXHOCTI Ta MOX/IMBOI YaCTKM BTpayeHUX KOMipoK. [Mpwu
LUbOMY 3aTPUMKWN MepefaBaHHA KOMIPOK Mepexka HamaraetbCqd 3BecTu [0
MiHIMyMY, OfiHaK rapaHTii Uboro He gae. Lle npu3BoAnTb 4O TOro, WO cnyx6a
ABR He M0Xe 6yTV BUKOpUCTaHa A15 CEPBICIB | 3aCTOCYBaHb PeasibHOro Yacy.

3ayBakMMo, WO Npu nepefaBaHHi Tpaiky kateropii CBR, VBR i UBR
BIZICYTHI MOX/MBOCTI KepyBaHHS NepeBaHTaXKEHHAMU B Mepexi, a BUKOPUCTO-
BYIOTbCS Ti/IbKM MPoLeaypuv BiAKMAAHHA KOMIPOK. Lle npn3sogmTh 40 TOro, Lo
CTaHLUIT, fKi BUKOpUCTOBYHOTL nocnyrn CBR 1 VBR, HamararotbC He nopyLuy-
BaTV YMOBM 3’€[HaHHSA | TOMY He BUKOPUCTOBYIOTb [OLATKOBY MPOMYCKHY
CMPOMOXKHICTb HaBiTb M3a T HAABHOCTI B MepeXi.

Cnyxba > ABR [03BONSE BMKOPUCTOBYBATM Pe3epB  MPOMYCKHOT
CMPOMOXHOCTI MepeXi, OCKi/lbKM NOBIAOM/SE KiHUEBIN CTaHUiT NPO HasBHICTb
Ha JaHWin Yac MPonycKHOI CIPOMOXKHOCTI, fika HEe BUKOPUCTOBYETHCA THLLVMMMU
CTaHuiaMK, 3a [OMOMOroH 3BOPOTHOrO 3B’A3KY. Lleil MexaHi3M [03BOSISE
cnyk6i ABR KiHLEBOT CTaHUil 3HM3UTU LIBUAKICTb NepefaBaHHs faHWX (4o
MiHIMa/IbHO BCTAHOB/IEHOIO 3HAYeHHSA) B MePeXy, AKLI0 BOHA NepeBaHTaXeHa.
Mpn ubOMYy BY30/1, WO BMKOPUCTOBYE nocnyrn ABR, Mae nepiogvyHO
BIAMPaBNATM B MepeXxy KpiM KOMIpOK [aHWX Le i cneuianbHi CnyXo60Bi
KOMIpKM KepyBaHHs pecypcamn RM (Resource Management). Komipku RM, siKi
BY30/1 BIANPaB/ISE B TOMY XX HaMNpsAMKY, WO i MNOTIK AaHMX, HA3MBAKTb NMPAMUMMU
Komipkamn FRM (Forward Recource Management), a KOMipKU, SKi nepefaroTb-
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CA B 3BOPOTHOMY HanpsaMKy (BIAHOCHO MOTOKY [AaHUX), — 3BOPOTHUMMU
Komipkamn BRM (Backward Recource Management). [NepefaBaHHAM MiXK
KIHUEBUMM CTaHLIAMM NPAMUX | 3BOPOTHUX KOMIPOK Y3rofpKyeTbCA AOCTYMHa
Ha faHWin MOMEHT LUBUAKICTb NepefaBaHHA KOMIPOK B MepeXxy.

TakuM unHOM, Kateropis ABR He TifibKy 3a6e3rnedye NigTpUMKY BUMOT A0
06CNyroByBaHHSI KOHKPETHOrO BipTya/lbHOrO 3’€flHaHHS, ane il 403BONSE BiNbLL
palioHa/IbHO PO3MNOAINATY Pecypcn mepexxi MK i aboHeHTamu, Lo, B CBOHO
yepry, Bese A0 NiABULLEHHSA SKOCTI 06CNyroByBaHHA BCiX aOOHEHTIB Mepexi.

[MpiopuTeTHe 06CNyroByBaHHA TpaiKy 0a3yeTbCA Ha KaTeropisx nocnyr
KOXXHOI0 BIpPTya/lbHOro 3’efHaHHA. Cnoyatky 6inblicTb KomyTtatopis ATM
BUKOPUCTOBYBa/I0 OAHOPIBHEBY CXEMY 0OC/YroBYBaHHS, 3rifIHO 3 SKOK KOX-
HOMy Tpadiky HagaBaBcs cBiil npiopuTeT: CBR — nepwuii npioputeT, VBR —
apyruin, a UBR — TpeTiid. Takuid nigxig He 3abesnevye HeoOXigHY MiHIMa/IbHY
LWBMAKICTb MepefaBaHHA KOMIpPOK Tpadiky ABR, OCKiflbkM 419 UbOro
HeoOXiAHO BUAINNTY AeAKY rapaHToBaHy CMYry MponyCKaHHS.

[na rapaHToBaHOI MIATPUMKK cnyx6u ABR Ha cbOrofHi peasi3oBaHa
[BOpPiBHEBa Cxema 06C/MYroByBaHHS, 3riflHO 3 SKOK KOXHOMY Knacy Cry»6
HaJaeTbCsA BIAMOBIAHA 4YacTMHA MPOMYCKHOT CMPOMOXHOCTI: Tpagiky CBR
HafaeTbCA YacTMHA NPOMYCKHOI CNPOMOXHOCTI, fika HeobxifHa Ana MigTPUMKN
MaKcuMasibHOT (MiKOBOI) LWBMAKOCTI, Tpaiky VBR — yacTuHa nNponycKHoi
CMPOMOXHOCTI, L0 HeobXigHa Ana NiATPUMKM CepefHbOi LWBUAKOCTI, a Tpapiky
ABR - yacTuHa nponyckHOi CMPOMOXKHOCTI, ika HeobxigHa Ana NiATPUMKM
MiHIManbHOT LUBMAKOCTI MepefjaBaHHA KOMIpOK. Takuid nigxif rapaHTye, Lo
KOXKHe 3’efiHaHHA Byae (yHKUiOHYBaTK 6e3 BTpaT KOMIPOK I He byae nepeaasa-
™ KoMipkn ABR 3a paxyHok Tpagiky CBR abo VBR. Ha pgpyromy piBHi
Tpaikn CBR T1a VBR MOXYTb (AKLIO Lie HeOOXiHO) BMKOPWUCTOBYBATU BCHO
MPOMNYCKHY CNPOMOXHICTb MepeXxi, AKa 3aMwmnaach nicna 1oro, SK 3’€4HaHHA
ABR BXe 0TpyManu rapaHToBaHy iM MPonyckKHY CPOMOXHICTb.

Y 6epe3Hi 1999 p. ATM-thopym po3pobus cneuudiikauito 4.1 KepyBaHHA
TpaikoM, B AKiil BM3HA4eHa Le oAHa Cny>xboBa KaTeropis — rapaHToBaHa
lWBWAKICTL NepefaBaHHs (peimie GFR (Guaranteed Frame Rate). Ls
KaTeropisi BUKOPUCTOBYETLCA Ti/IbKM B BIPTYa/lbHOMY KaHa/lbHOMY 3’€[HaHHI
VCC and nigTpMMKM HEMOTOKOBMX 3aCTOCyBaHb. [(0/IOBHOKO METOK AaHoi
KaTeropii € 3abe3neyeHHs NPUKIaLHUX 3aCTOCYyBaHb MiHIMa/IbHOK rapaHTOBa-
HOI LUBWUAKICTIO nepefaBaHHsA faHuX. [pu BMKOPUCTaHHI AaHol KaTeropii
MOXHa AWHaMIYHO 36i/bLUyBaTM MPOMYCKHY CMPOMOXHICTb, A8 4Oro Bif
KiHUEBOT CTaHLil HeoOXigHO 3a4aTy 3HaYeHHS MaKCMMalbHOI Ta MiHIMabHOI
LLUBMAKOCTEN nepefaBaHHs Ta MaKCUManibHOro po3mipy peinmy (kagpy). 3acTo-
CyBaHHA LIET KaTeropii Bumarae 06’c¢4HaHHA KOMIPOK AaHWX KOpucTyBaya Yy
(hperiMmn, po3Mipun AKUX BCTAHOBHOKOTLCA Ha piBHI ATM. Taka opraHisauis ne-
pefaBaHHsA Oinbll e(eKTMBHA 3a PaxyHOK MeHLIOT 36MTKOBOCTI, ane npu
BUHWKHEHHI NepeBaHTaXKeHHA B Mepexi ATM 6yge BiKMHyTa He OfHa
KOMIpKa, a Linuin peinm.
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®i3MYHMIN piBEHb BMKOHYE KOAYBaHHA KOMIPOK i 1X nepefaBaHHs yepes
cepefoBuLle nepefaBaHHA. BiH CknagaeTbCA 3 ABOX MIAPIBHIB: KOHBepreHuit
nepegasaHHa TC (Transmission Convergence) Ta agantauii A0 (Pi3VYHOro ce-
peposuwa PMD (Physical Media Dependent).

MigpiseHb TC peanisye pi3Hi NPOTOKONN NnepefaBaHHA Yepes (isnyHI KaHa-
nn, Hanpuknag, SDH/SONET, T1/E1, T3/E3 Tow0, | BAKOHYE TaKi PYHKLUIT:

e reHepauito KOHTPO/IbHMX BITIB KOMIpKM NMpw 1T NepefaBaHHI B Mepexy Ta

rnepeBipKa KOMIPK/ Ha HasiBHICTb MOMWIOK NpK T NPUIAOMI 3 Mepexi;

e BUAINEHHA MeX KOMIpOK B HemnepepBHOMY notoui 6iTiB npu 1ioro
NpuiioMmi 3 Mepexi;

e (DOpMYyBaHHA Ta nepefaBaHHA B KaHa/l CTPYKTYPOBaHUX Kafpis, fKi
CKNafarTbCa 3 BUXIAHUX KOMIPOK, L0 HeobXiAHO ANs KOPEKTHOT po6o-
TN [esKNUX iHTepdeiCHUX MPOTOKO/IB, Ta peanisallis 3BOPOTHUX MpoLe-
AYyp.

MigpiseHb PMD npuitmae noTik gaHuX Big niapiHs TC i nepeaae noro sk
eIEKTPUYHMIA ab0 ONTUYHWUIA CUTHAN Y (Di3UYHY NiHit0. [py Npuinomi 0TpUMyeE
(i3nyHMIA curHan i goopMye NoTiK 6ITIB, AKWN | Nepeaae Ha nigpiseHb TC. MNpu
LIbOMY BUKOHYHOTLCA (DYHKLT:

e KOAyBaHHs 6IiTOBOrO MNOTOKY BigMNOBIAHO A0 cnocoby, SKWK
BUKOPUCTOBYETLCA B JaHOMY (Di3UYHOMY iHTepdelici, HanpukKnag, Koau
4B/5B, NRZ, RZ Ta iHwi;

e CUHXPOHI3aLlia Ta YacoBe Y3ro[pkeHHs nepefaBaHHA GITiB,;

e repefaBaHHA Ta MNPUIAOM eNeKTPUYHOro abo OMTUYHOrO0 CUrHany B
(hi3MYHMIA KaHan Ta NPUIAOM 3 HbOr 0.

CTpyKTypa KOMIpKWN. PO3MIp KOMIPKK, WO repedacTbest B Mepexi ATM,
CTaHOBUTb 53 6ainTn, 3 HUX 5 6aiNTiB BUAINAETLCS A/19 3aro/oBKa, a 48 — Ans iH-
(hopMaLlinHOro HarnoBHeHHA KOMIpKW. Tpn BCTaHOB/MEHHI PO3MipYy KOMIpKM
BPaxoBYyBa/IMCb OCOG/MMBOCTI BUKOPUCTAHHA PI3HUX, BXXE ICHYHUMX KaHasliB
3B’A3KY.

MepeXi eBPONencLKOro KOHTUHEHTY 3a3BMYail He Ay)Ke BeNuKi, WO He BU-
marae BMKOPUCTaHHA TEXHOJOriT KomneHcauii BiglyHHA, MNig AKOK PO3yMitoTb
NpoLec YCyHeHHs (abo 3Ha4YHOro nocnabneHHs) BiA/lyHHS 3 FO/I0COBOr0 CUMHa-
ny AN MOKPaLWeHHA AKOCTI MepefaBaHHA rO/0COBOr0 CUrHasly B KaHanax
3B’A3KY. | OCKiNlbKW rONIOBHMM MapamMeTpom 6yna 3aTpyMKa, TO 3arnpornoHOBaHO
BMKOPUCTOBYBATM KOMIPKK, AKi 6 Cknagannch 3 4 6anTiB 3arosioBka i 32 6ainTis
nons gaHux (iHopMaLiiHOro HanoBHEHHS).

Y Mepexkax aMepuKaHCbKOro KOHTMHEHTY 4acTO BMKOPUCTOBYHOTHLCA KaHa-
NN, AKI MatoTb 3HAYHY [OBXWUHY, TOMY TEXHO/IOTIA KOMMNeHcau i Big/lyHHS B HUX
3aCTOCOBYETLCA AOCUTbL AaBHO. |, W06 He BTpayaTy eDeKTUBHICTb NepeaaBaHHS
Mpn [OCTaTHLO BE/IMKOMY 3arofioBKy B KaHaui, 6y/n0 3anponoHOBaHO BMKOPW-
CTOBYBaTW 64 6ainT ANa Nons gaHuX i 5 6anTiB AN15 3arofIoBKa KOMipKU.

BpaxoBytoumn Taki fABa nigxoam MibkHapogHa opraHisauia ITU-T BcTaHOBK-
na ICHyHUy CTPYKTYpY KOMIpKU ATM (iKCOBaHOI JOBXUHN. PO3PI3HAKOTHL Taki
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(hopmaT KOMIPOK Ans iHTepdieiiciB ABOX TUNIB: KopucTyBad — mepexxa UNI
(User-Network Interface) Ta mepexa — Mepexxa NNI (Network-Network
Interface).

Ha puc. 8.16 nokasaHa CTpyKTypa Komipkn ATM ans iHTepeiiciB pisHNX
TUNIB. Y3aranbHeHe KepyBaHHS notokom GFC (Generic Flow Control) Bukopu-
CTOBYETLCA Ti/IbKM 419 KOMIPOK iHTepdency kopuctysay — mepexxa (UNI). Cta-
HOapT ATM BM3Ha4yae MOKM OAMH HEKEPOBaHWU PeXuM, A1 SKOro BCi 6iTu
LIbOro MoNs AOPIBHIOKTL HYJIHO.

3aronoBok IHhopMmaLLiiiHe HAaMOBHEHHS
(5 6aiTiB) (48 6ainTiB)
=~ ~
| T~
~ -~ -
| 7 6 5 4 3 2 -~

|LeHTuikaTop BIpTYasIbHOro
wnsxy (VPI)

|aeHTUdikaTop BipTyasbHOro | ieHTUdiKaTop BipTyasIbHOrO
wnaxy (VPI) kaHany (VCI)

KepysaHHs notokom (GFC)

3aronosok UNI

lneHTMpikaTop BipTyanbHoro kaHany (VCI)

| neHTuikaTop BIPTYasIbHOro lneHTUpikaTop TUNY CLP
kaHany (VCI) HaBaHTaeHHsA (PTI)
KoHTposnbHa cyma 3aronoska (HEC)
7 6 5 4 3 2 1 0

lneHTUpikaTop BipTyansHoro wnsxy (VPI)

| feHTnhikaTop BIpPTYasIbHOro |LeHTuikaTop BIPTYasIbHOro
wnaxy (VPI) kaHany (VCI)

|neHTndikaTop BipTyasnbHoro kaHany (VCI) 3aronosok NNI

| aeHTUdiKaTop BipTyasIbHOro |aeHTndikatop Tuny

kaHany (VCI) HaBaHTaXeHHs (PTI) CLP

KoHTposnbHa cyma 3aronoska (HEC)

PucyHok 8.16 — CTpykTypa Komipkn ATM

loeHTUiKaTOp BipTyasibHoro wnaxy (mapwpyty) VPI (Virtual Path
Identifier) BUKOPUCTOBYETLCA AN1A 06’€HAHHSA BIPTYa/lbHUX KaHanis npu map-

LLPYTKM3aLil.
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lgeHTudikatop BiptyansHoro kaHany VCI (Virtual Channel Identifier) Bu-
3Ha4ya€ KOHKPETHWIA BIPTyaslbHWUI KaHasl B BIPTYa/lbHOMY LUIAXY.

loeHTUikaTop TNy HaBaHTaxeHHA PTI (Payload Type Identifier) igeHTn-
(hIKy€e TUN JaHUX, AKI MICTATLCA B NOAI IHHOPMALInHOrO HaNmOBHEHHSA KOMIPKW.

MpiopuTeT BTpatn KoMmipkn CLP (Cell Loss Priority) no3sonsie o6nagHaH-
HIO ATM BM3HAUNTU, SIKi KOMIPKU HEOOXiAHO 06po6/ATK B nepLly Yepry npu
BUHWKHEHHI nepeBaHTaXXeHHS. OAMHUYHE 3HAYeHHS 03HA4ae BUCOKMIA Npiopu-
TeT BTpaTK KOMIPOK, TO6TO, MpW MepeBaHTaXXEHHI Mepexi TakKi KOMipKX BifKN-
[aloTbCs B Meplly 4epry. HynboBe 3HAaYeHHSi O3Ha4Ya€ HWU3bKWIA MpiopuTeT
BTpaT.

KoHTposnbHa cyma 3aronioska HEC (Header Error Check) KoHTpontoe Kope-
KTHICTb MepefaBaHHA Ti/IbKW 3arofioBka. Peani3oBaHo [Ba peXXnmn: BUAB/IEHHSA
MOMWJIOK 32 AOMOMOIOK LMKNIYHOIO KOAY Ta KOPeKLis O4HOKPATHUX MOMMIIOK.
B nepliomy BUnNagKy BUSBIEHHSA NOMW/KW B 3arofioBKY npueee A0 BiAKNLAHHA
KOMIPKW, a B APYroMy — KOPeryrTbCA OAHOKPATHI NOMWUIKM (NPOTe AKLLO BU-
HMKfa GaratokpatHa MOMW/IKA, TO BOHA TaKOX TPaKTYETbCA K OAHOKpaTHa |
HenpaBWibHO BunpasnseToea). one HEC BMpaxoBYETbCA B KOXKHOMY
3’eQlHaHHI, OCKINIbKN NPV MPOXOMXKEHHI Yepe3 Mepexxy MOCTINHO 3MIHHETLCA
3HayeHHsA VPI/VCI.

BipTyasibHi KaHanu, sKi CTBOPHOKOTLCA B Mepexi ATM, MOXyTb 6yTu
TPbOX TUMIB:

e MOCTiVHI BipTYyanbHi kaHaim PVC (Permanent Virtual Circuit), ski
OpraHi3oBYHOTbCA MPU KOHQIrypyBaHHi Mepexi Ta ABMAKTb CO60H
MOCTIlMHI 3’€AHAHHA MDXK BOMaA KiHLEBUMU CTaHLisSIMW;

e KOMyTOBaHi BipTyanbHi KaHann SVC (Switched Virtual Circuit), fki
BCTAHOB/IOKOTLCS AMHAMIYHO KOXHWIA pa3, Konu OyAb-sKiin cTaHuil
HeobXigHO nepedaTn fAaHi IHWIR CcTaHUil, nNpuM LbOMY CTaHLis-
BiAMPaBHWK Mepefae 3anuT Ha BCTAHOB/IEHHA 3’€fHaHHA, a Mepexa
ATM po3noBCIOAKYE afpecHi Tabnuui i nepefae Uil CTaHUil 3HaYEHHS
VPI 1a VCI, aKi 3an1cyroTbCa B 3arofioBOK KOMIpKK; Nic/sa nepefaBaHHS
[AHUX MDK CTaHLIAMW BCTaHOB/IEHE 3’€HaHHA aHY/IOETHCS;

e iHTeneKTyanbHi NOCTIVHI BipTyanbHi 3’€4HaHHS, AKi HalarofKyrTbCH
aBToMatnyHo, SPVC (Smart abo Soft Permanent Virtual Circuits) Ha-
cnpasgi € KaHanamy PVC, aki iHiLiani3ytoTbCA 3a BUMOramu B KOMyTa-
Topax ATM, nNpu UbOMY 334at0TbCA Ti/IbKM KIHLEBI CTaHLii, a 415 KOX-
HOro nepefaBaHHA, 3a/IEXXHO BifJ 3aBaHTAXEHOCTI KaHasliB, Mepexa
BM3HAYaE, Yepes ki KomyTaTopy 6yayTh nepefaBaTtnucs KOMipKu.

Pi3HMUA MIXX BIpTYa/lbHMM KaHa/1aMy | BIPTYa/IbHUMW LUMISIXaMy MoKasaHa
Ha puc. 8.17.
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KaHasnbHe ((hisnuHe) 3’eaHaHHA ATM <

(Hanpuknag, E3, STM-4, STM-8) <

BipTyanbHi KaHanu

I_Lﬁ

BipTyanbHuit
MapLupyT

BipTyanbHuii
MapLupyT

.
=

—

PucyHok 8.17 — BipTyasibHi KaHa/IM Ta LUNAXM

BipTyanbHuiA winax (MapwpyTt) — Ue CYKYMNHICTb BIPTYya/lbHUX KaHasliB.
KOXXHWIA BIPTYaNibHUIA WINSX, 3arasibHa KiflbKiCTb IKUX, 3a/1eXHO Bif iHTepdeit-
Cy, AOpPIBHIOE BiAMOBIAHO 256 abo 4096, mMicTUTb 256 BIpTyaSlbHUX KaHanis,
KOXXHWUIA 3 SKUX Mae CBI YHiKanbHWUIA igeHTudikatop VCI. KombiHauis umx
[BOX I1eHTU(IKATOPIB € 14eHTU(IKATOPOM AAHOr0 3’€fHaHHSA. BipTyasibHe Ka-
HaibHe 3’e¢gHaHHA VCC (Virtual Circuit Connection) MICTUTb CYKYMHICTb
BIpTya/ibHUX MapLupyTis VP.

Y3ara/lbHeHa xapakTepucTuka Knacie i Tunis Tpadiky, X napameTpis Ta
0Cc06NMBOCTEN BUKOPUCTaHHA HaBeaeHa B Tabn. 8.5.

Tabnmug 8.5 — OCHOBHI XapakKTepuCTUKKM KnaciB Tpaiky ATM

Knac QoS 1 2 3 4 5
Knac o06¢cnyroByBaHHS A B C D X
Tun Tpadiky CBR VBR VBR ABR UBR
Tun piBHs AAL1 AAL2 AAL3/4 | AAL3/4
CuHXpoHi3ayis MoTpibHa He notpibHa
Lsnpkicts nepesa- MocTiiiHa 3MiHHa
BaHHS

Pe)xnm BCTaHOB/IEHHSA

3 BCTAHOB/IEHHAM 3’€[JHAHHA

Be3 BCTaHOBNEHHS

3’e[JHaHHA 3’e[JHaHHA
Tpagik CTUCHYTI i
Mpuknaan T1/E1, rono- | Bigeo Ta ro- I;(razrgeffgg, IP, Ethernet, Bl;lsﬂz,qaa_
BMKOPUCTaHHA COBMIA Tpadik,|nocoBuiA Tpa-| 'IlCP "| DNS, SNMP mep'
TV-Tpagik ik
ICHyIOTb [Ba OCHOBHUX (I3NYHMX I[HTEpPdeincn, 0cobMBOCTI SAKKX

BijOOpaxatoTbCA Yy popmarax KOMIPOK, L0 MepefarTbCa MK MPUCTPOAMM
MepeXxi 3a 0NOMOorow PyHKuUi ATM:
e iHTepdeic «kopuctysay — mepexka» UNI (User-Network Interface);
e iHTeperc «mepexa — mepexxa» NNI (Network-Network Interface);
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e iHTeperic B-ISDN mix mepexkamn orepatopis 38’a3ky B-ICI (B-ISDN
Inter-Carrier Interface);

e MiKmepexxHui iHTepdeiic ATM AINI (ATM Internetwork Interface).

IHTepdenc «kopucTyBayd — mepexka» UNI — ue iHTepdeinc MixK KiHLEBOHO
TOuko Mepexi ATM i komyTatopom ATM, AKUA € MPOMIXKHOK CUCTEMOHO.
PO3pi3HAOTL cycnifibHi Ta npueaTHi iHTepericu UNI, aKi, ogHaK, BUKOPUCTO-
BYIOTb OAMH popmat KoMipok. CycnisibHuiA iHTepgeric UNI BM3Havae opma-
T KOMIPOK, AKI nepefaroTbCAa MK KoMmyTaTtopoM ATM (MepeXxHum BY3n0M)
nocTada/lbHMKa KOMYHiKaLiiHMX nocnyr i npuctpoem ATM B NpuBaTHii
Mepexi. KpiMm Toro cycninbHuin iHTepgelic BUKOPUCTOBYETLCA MiXK CYCMifIbHUM
KomyTatopoM ATM | npuCTpoeM KiHLEBOI TOYKM ATM, a TakoX MiX
cycninbHUM KomyTtatopoM ATM mepeXxi 3araibHOro KOPUCTYBaHHA | npuBar-
HUM KomyTaTtopoMm ATM B opraHisauii Kopuctysaya. [NpuBaTHUIA iHTEpdeiic
UNI Bu3Hayae hopmaTi KOMIPOK, AKI NepefaroTbCa MK NPUBaTHUM KOMYTaTO-
pom ATM i NpUCTpoeM KiHLEBOT TOUKM ATM (KIHLEBO CTaHLIED).

IHTepdenc «mepexka — mepexka» NNI — Ue iHTepdeinc MK Oyab-aKUMK
KomyTaTopamn ATM. AK i y Bunagky iHtepgeincy UNI, po3pisHsOTb CyCinbHi
Ta npuBatHi iHTepdeiic NNI, AKi TaKoXX BUKOPUCTOBYHOTb OAHAKOBUIA thopMmar.
CycninbHuin iHTepderic NNI BM3Havae hopmaT KOMIPOK, SKi nepefaroTbes
MiDX ABOMa KomyTtatopamm ATM 3arafibHOro KopucTyBaHHS. Lleli iHTepdelic
MOXe 6yTW peanizoBaHO fK MK ABoMa komyTtatopamu ATM B OgHii mMepexi
KOJIEKTUBHOITO KOPWUCTYBaHHA, TaK 1 MK KomyTtatopamu ATM B pisHUX
cycninbHUX Mepexax. LLLo cTocyeTbeca npuBaTHOro iHTepdeiicy NNI, 10 BiH
MOXXe ICHYBaTW Ti/lbKA MK ABOMa MpuBaTHUMKU KomyTtatopamu ATM, aKi Mo-
XYTb Ha/leXaTtu K Mepexxi OfHiel opraHisauil, Tak i Mepexxam pisHUX KOMMaHil.

IHTepdenc B-ICI B13Havae B3aEMO3B 130K AEKiNIbKOX NpPoBaniepiB Cy>6
ATM 1 gyxe cxoxuin Ha iHTepdeiic NNI. PisHuUA nondrae B TOmy, WO
iHTepderic NNI peanizye (hyHKUIT (i3n4HOro piBHA Ta piBHA ATM, To4i AK
cneundikania B-ICl mictutb | BCi BMWi piBHI, a came: piBeHb AAL Ta
crneyiasibHi  PIBHI  MDKOMepaTtopHuX cnyxo. Mpy uboMy MigTPMMKA iHWNX
MI>KOMepaTopHMX Cny>X6 € 000B’A3KOBOK AN iHTepeicis B-1CI, OCKinbKu
[03B0NS€ TexHonoriit ATM nigknovaTnca 4o iHWuX cnyxo, Hanpuknag, Frame
Relay, cny6 nepefasaHHs rosiocy ToLo.

MixxmepexkHi iHTepeicu AINI 3abe3neyytoTb 06MIH MK Mepexamu, B
OfHIN 3 AKMX BUKOPUCTOBYETLCA NpuBaTHUIA NpoTokoa NNI, a B iHWi — NpoTo-
kon B-ISUP (Broadband ISDN User Part) WpoKocMyroBoi Mepexi Kopu-
ctyBaya ISDN, abo Mi>X ABOMa MepexxaMu, B AKNX BUKOPUCTOBYETLCA MPUBAT-
Hu1A npoTtokon NNI. Oco6nmBOCTI opraHi3auil BCiX Umx iHTepdenciB nokasaHo
Ha (pparmeHTi Mepexi (puc. 8.18).
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Mepexa ATM Ha TepuTopii
KOpuUCTyBaya

Mepexxa ATM nocrayanbHuKa
KOMYHiKaLiliHUX nocnyr
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Touka ATM

CycnlfibHi
KoMyTaTopu

—

CycninbHuii

I

I

I

: MpuBaTHi
| KomyTaTop
I

—_A————— ] =

W iHTepteiic - —— ATM y
MpwBaTHWiA MpwBaTHWiA UNI \  CycninbHwii -~ o
. o . o N o/ IHTepdelic
iHTepdelic iHTepdelic . iHTepceiic 1 Bial
UNI NNI _|_ InTepdeiic NNI ;

AINI

Mepexxa ATM Ha Teputopii

KopucTyBaya

KiHueBa
Touka ATM

CycninbHi
KOMyTaTopun
ATM

HaujioHanbHa
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KOMyTaTopu
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| |
| |
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| MpuBaTHi |
| |
| |
| |

MpuBaTHuiA MpuBaTHuiA
iHTepdelic UNI iHTepdelic NNI

PucyHok 8.18 — MepexHi iHTepgericn ATM

MepexxHi KoMmnoHeHT ATM. Ak nokasaHo Ha puc. 8.18, mepexxa ATM
CKMafa€eTbCA 3 KOMMOHEHTIB TPbOX OCHOBHUX TUMiB: KOMyTaTtopn ATM; KiHLeBI
TOUKM ATM; MapLLpyTy nepecunaHHs.

KomyTtatopy ATM BUKOHYIOTb (PYHKLIT, LLIO NOB’A3aHI 3 MapLLpyTU3aL i€l
iHhopmauii Big cTaHUii-BignpaBHUKa A0 CTaHUii-oTpumyBaya. IHOA4I Takuii Ko-
MyTaTOp Ha3MBatOTb MPOMIXKHOK CUCTEMOKD abo MNPOMDKHMM By3/om IS
(Intermediate System). Bci KOMyTaTtopy MOXYTb 6YTW AK CYCNiSIbBHUMU, TaK |
npusatHUMK. CycninbHi KomyTatopn ATM aBNAKOTL COO0K0 YaCTUHY CyCifib-
HOT MepeXxi nocTava/ibHMKa KOMYHiKauiiHMX nocnyr i 3a ctaHgaptamm ATM
HasnBatoTbCA MepexkHUM By3niom NN (Network Node). MpuBaTHi KomyTatopu
HanexaTb i 06CNYroByHOTLCS KOMMaHIeH KOPUCTYyBaya, i, 3rigHo 3i CTaHgapTa-
M ATM, HasnBatoTbCA BY3/N10M Ha Teputopil kopuctyBada CPN (Customer
Premises Node). ICHYIOTb TaKOXX KOMyTatopu, fKi MOXYTb BWKOHYyBaTW B
Mepexi (PYHKUIT AK CyCnifibHUX, TaK | NPYBaTHUX KOMYTATOPIB.

KiHueBi Toukn ATM — uLe npucTpoi, AKI BUCTYMalOTb Y Posi CTaHuii-
BiAnpaBHMKa abo CTaHLii-0TpMMYyBaya faHNX KOPUCTYBaya, 4aCcTo Ha3nBatoThLCH
KiHueBumn cuctemamn ES (End System). AK KiHLeBa TO4YKa, 3a3BUYail, BUKO-
PUCTOBYIOTHCA KOMM’KOTEPY 3 Bi4MNOBIAHUM NPOrpamMmHyM i anapaTHUM 3abesne-
YEHHSAM, KPIM TOro Lie MOXe 6yTu crieyia/ibHUA MepPeXHUA NPUCTPIi, 40 AKOro
MiAKH0Ya0TECA KOMM’ KOTEPHI CUCTEMMU.

KiHUeBI TOYKM MOXYTb MigKAKYATUCA A0 CycninbHOro komytatopa ATM
Mepexi KOMyHiKauiiH1UX nocnyr abo Ao npmeaTHOro Komytatopa ATM Mepexi
KOpUCTyBauya.
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Mapwpytn nepecunaHHa TP (Transmission Path) 3a6e3neuytoTb
B3aEMO/i0 KIHLEBMX TOYOK i KomyTaTopiB ATM 3a A0NOMOroK Pi3HUX TUMIB
(I3NYHNX KOMYHIKaLiNnHNX KaHasiB.

OcobmBocTi (hyHKLUIOHYBaHHA Mepexki ATM. TexHonoris ATM, AKy iHoO-
Al Ha3MBarOTb TexHonorieto petpaHcnauii komipok (Cell Relay), € TexHonorieto
nepefaBaHHs faHWX 3 KOMyTaui€eto NakeTiB, B AKilA BUKOPUCTOBYHOTLCA G/1I0KM
(hiKCOBAHOro Po3Mipy — KOMIpKM LOBXUHOKW 53 6aiTu. Lli Mepexi opieHTOBaHi
Ha BUKOPUCTaHHSA HafinHOro (hisMYHOro Hocis Ana nepefaBaHHs faHuUX. KomyTa-
Topy ATM He BUKOHYIOTb NMPOLEAYPY BUSB/IEHHA MOMWOK | He BiAnNpaBnstoTh
MigTBEPLKEHHS MPY NepefaBaHHI KOMIPOK Yepe3 Mepexy. Bce ue Befe J0 MiHi-
Ma/ilbHUX BTPAT npu 06pobui KOMIPKM B KOMYTAaTOpI, a NepeflaBaHHs JaHWX HeBe-
NMKUMW NOpLiSMM KOMIPOK [03BO/ISE AOCTaTHLO eDEKTMBHO MepefaBaTu [daHi 3
MOCTIHOK WBMAKICTIO. Kpim Toro, TexHonoris ATM Hafae KopucTyBavam ne-
peBarn KomyTauii KaHasiB, L0 rapaHTye HafaHHs MPOMYCKHOI CNPOMOXHOCTI
AN NepefaBaHHs AaHuX i BiANOBIAHWIA piBeHb 06CnyroByBaHHA. LLIBUAKICTbL Me-
pefaBaHHs B Mepexki ATM CyTTEBO 3a/1eXKUTb Bif, TUMY KaHay 3B’A3KY, i Ha CbO-
rofHI cepefHs LWBMAKICTb NepefaBaHHA AaHMX CTaHOBUTL 622 M6iT/c, a Makcu-
MasibHa — 5 6iT/c (Npv BUKOPUCTaHHI ONTOBOJIOKOHHOIO Kaberto).

OcHoBHI nepeBaru TexHonoriit ATM nonaratoTb Y HUXYEeHaBEAEHOMY .

1. TexHonorigs ATM edeKTMBHO BMKOPWUCTOBYE CMYry MPOMYCKaHHS Me-
pexi, fiKka HafaeTbCA Ti/IbKM 3@ BUMOIOH KOPUCTYBaYa, a NPUHLUMM CTaTUYHOIO
MY/IbTUMN/IEKCYBAHHA [Aa€ MOX/IMBICTb KONEKTUBHO BUKOPUCTOBYBATM CMYry
MPOMYCKaHHA KaHay.

2. ATM nigTpumye 6araToPyHKUiOHaNbHI NOCAYrn Ans nepefaBaHHs iH-
(hopmauit pizHMX TUNIB B BYb-AKiil hopmi.

3. Bucoka egeKTUBHICTb NepefaBaHHs, fKa XapaKTepu3yeTbCs 3MEHLLEH-
HAM 3aTPUMKW MepefaBaHHs, He0OXiJHOK AKICTHO 06C/YroByBaHHA Ta MOX/N-
BICTIO AMHAMIYHOro Mepepos3nogifly CMyru rnponyckaHHsA MK KiHLEeBUMWU cuc-
TemMamu.

4. Mepexi ATM XxapakTepu3syroTbCs HEBE/TMKOK 3aTPUMKOKD MepeaaBaH-
HA, WO NOSACHIOETLCA TUM, L0 KOHTPO/b MOMUIOK Ta X KOPEKLis BUKOHYHOTb
MPOTOKONN BiNbLL BUCOKUX PiBHIB. MOCTIMHMIA PO3MIpP KOMIPKX NPMBOAUTL [0
TOro, WO KOMyTauid i mMapLpyTmnsauis peani3ytoTbCA amnapaTHo, WO, B CBOHO
yepry, BU3Hayae KOHKPETHY, nepeabayeHy 3aTpUMKY nepeaaBaHHA LaHUX B Me-
pexi.

5. Bucoka HafiiHICTb MepeXxi, fKa MOSCHIOETbCA TUM, WO Mepexi ATM
LUBMAKO pearytoTb Ha NOXWOKW nepefaBaHHs, 3MIHIOKUM MPY LLbOMY BUAINEHHSA
CMYTY NPOMYCKaHHA 6e3 3ynnUHKKN | NMpu NepeBaHTaXXEHHI KaHay rnepefaBaHHs,
BUKOHYIOUM NnepeHanpas/ieHHA Tpadiky Ha iHLe 3’€4HaHHS.

6. TexHonoriga ATM xapakTepu3yeTbCA BUCOKOK THYYKICTIO. BipTyasibHi
3’e|HaHHA [al0Tb MOX/IMBICTb KOPUCTYBavy OTPUMATUN rapaHTOBaHMIn MiHIMyM
CMYTX MPONYCKaHHA A1 KOXHOro 3’efiHaHHSA i 3a6e3ne4nTn ioro HeoobXxigHo
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AKICTIO 006CNYroByBaHHA 3 Pi3HMMM BMMOramm [0 3aTPUMKKU MepefaBaHHSA Ta
BTpaTV KOMIPOK /11 KOXXHOIO Knacy.

7. 3abesneyeHHs €AMHOIN0 MEPEXHOro TpaHcnopTty. TexHonoria ATM nig-
TPUMYE EAMHWIA CNOCIO nepeaaBaHHA faHNX, AKWIA JO3BOSISE 3’€AHYBATU MepeXi
Oy/ib-IKUX PO3MIpPIB i TEXHONOTIIA. MpKn LbOMY HeMae HeOBXiAHOCTi BUKOHYBATU
[A0[AaTKOBY TPaHCNALIKO | 3aCTOCOBYBATH LLUMKO30BI CUCTEMM MK Mepexxamu pis-
HUX TUNIB.

8.7 TexHonoria xDSL

TexHonorig XDSL (Digital Subscribers Line) 6yna po3pobneHa KomnaHi-
eto Bell Operating Company y 1987 poui | SBnsie CO60t0 BUCOKOLLBUAKICHY Te-
XHONOrit0, fIKa A03BOJIAE MaKCUMa/lbHO BMKOPUCTOBYBATU HasBHI abOHEHTCHKI
NiHii. XDSL — ue CyKynHICTb TEXHO/ONIN, AKi [03BONATL CYTTEBO PO3LUMPUTK
MPOMYCKHY CNPOMOXHICTb a60HEHTCLKOI NiHIT 33 paxyHOK BUKOPUCTaHHSA edek-
TUBHUX NIHINHUX KOAIB i afanTMBHUX MeTO/IB KOpeKU il COTBOPEHb CUTHAY.
LLIBnaKicTb nepefaBaHHA gaHmx B XDSL ctaHoBUTb Bif 64 K6iT/c go 52 M6iT/c,
O [03BOMSE KOPWUCTYBayy BMOpaTW, 3aeXHO Bifg MNOTpeb, HeobXigHY
MoAudiKaLito.

TexHonoris xDSL 3a6e3neyye nepefgaBaHHs rosiocy, BUCOKOLLBMAKICHE Me-
peaaBaHHs AaHUX | Bifle0, a TaKOX OfHOYaCHe nepefaBaHHA AaHWMX | ronocy no
OAHIN MigHIA napi. IcHyto4i TMNK TexHonorii XDSL po3pi3HATbLCS, B OCHOB-
HOMY, TUMOM MOAYNALIT Ta 3HAYEHHAM LUBUAKOCTI | Aa/lbHOCTI NepefaBaHHS.

IcCHye aBa TMnNK TexHonorii XDSL: CUMeTPUYHI Ta aCMMeTPUYHI, napameTpu
AKUX HaBefleHo B Tab/. 8.6.

Tabnumus 8.6 — 3arasibHa XapakTepucTuka TexHonorii xDSL

. - K-Tb
TexHonoria) MakcumanbHa | MakcumanbHa | JliHIMHE Tened OcHoBHe
xDSL WBMAKICTb | BifCTaHb, KM | KOLYBaHHS nap ' BUKOPUCTaHHSA
. 2B1Q abo O6’eHaHHA Mepex,
HDSL | 2,048 M6it/c 6,5 CAP 2 nocnyru E1
. 2B1Q a6o O6’eHaHHSA MepeXx,
SDSL | 2,048 M6iT/c 3,0 CAP 1 nocnyru E1
SHDSL . i O6’eHaHHSA MepeXx,
‘£ | (G.shdsl) 4,6 Méit/c 7 TC-PAM 2 nepefaBaHHs faHNX
I
§_ MDSL 2,3 MbiT/c 2B1Q 1 MepenaBaHHA faHKX
2 [ocTyn fo Internet,
S b
S i 06’eaHaHHA LAN, goc-
MSDSL | 2,064 M6it/c 8,8 BIACAPB |1 1"1yn 10 Mepex SDH,
po CAP128 )
06’eaHaHHA ronocy Ta
[aHNX
VDSL2 | 100 M6it/c 0,15 1 | MepepaBaHHsA AaHKX
IDSL 144 K6iT/c 10,8 2B1Q 1 | MepeaaBaHHs faHUX
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8nMS:7|T(;(|\:/|_ CAP Ta JocTyn fo Internet,
ADSL | , 5 R/|6iT/C B 55 DTM 1 |BigganeHuii goctyn fo
’ (OFDM) LAN, ronoc, Bigeo
nepesaBaHHA
1’?\/;617:;:; B CAP Ta Joctyn go Internet,
ADSL.Lite 512pK6iT/c B 55 DTM 1 |BigpaneHuii gocTyn Ao
(OFDM) LAN, ronoc, Bifeo
= nepesaBaHHA
s 52 Moi/c - O6’eHaHHA Mepex
o ~ y
~ npuinom QAM abo y
2 VDSL 16 M6it/c — 1,2 DTM 1 Tene§aqu.|.4ﬂ BICOKOI
S PO3L4iNbHOT 30aTHOCTI
2 nepefaBaHHs
T :
YHMS%(I\:A_ CAP Ta Hoctyn go Internet
RADSL 1 I\a6iT/c— 59 DTM 1 rgnof:l' Bifleo |
(OFDM)  BIA
nepefaBaHHs
1’5r||v11|617|g|</(|: ) CAP Ta Joctyn go Internet
UADSL 384pK6iT/C - 3,5 DTM 1 rgnof:l' Bifeo |
(OFDM)  BIA
nepesaBaHHA

CumeTpuyHi TexHonorii XxDSL 3abe3neyvytoTb 04HAKOBY LUBUAKICTbL Mepe-
[jaBaHHS B HaMpsIMKY MepeXa — KopucTyBay (HMU3XiAHWIA NOTIK) i B HanpsamKy
KOpUCTyBay — Mepexa (BUCXigHWIA NOTIK). ACUMETPUYHI TexHonorii XxDSL 3a-
6e3neyytoTb LIBUAKICTL MepefaBaHHA HU3XIAHOrO Tpagiky 3HAUYHO BULLY, HIXK
BUCXiAHOro. CMMeTpUYHi MoandiKalii 3a3BMyali BUKOPUCTOBYHOTLCS B KOPMO-
paTUBHMX Mepexkax, aCUMeTPUYHI — ANna 3abesneyeHHA LOCTYNy abOHEHTIB [0
MYy/NbTUMELIAHOT Mepexi. Ha cborofHi Hanbifnblle BUKOPUCTaHHSA 3HAXOAATb
aCUMETPUYHI Moaudikauii, 3 AK1X, B CBOK Yepry, — TEXHO/OriA ADSL.

[MOACHIOETLCS Le TUM, WO ANa 6iNbLIOCTI KOPUCTYBadiB HU3XIAHWIA MOTIK
(BXigHWI Tpaik) 3HAYHO BINbLL BAXK/INBUIA, HDXX BUCXIGHWIA (BUXIAHWIA TpagikK).
Tomy ana HM3XiAHOro TpaMiky HalaeTbCs KaHas 3 Oi/bLUOK CMYrO Mnponyc-
KaHHS, WO? 3a Teopemor [. Halikeicta? Befe A0 O6inbLUIOT NPOMNYCKHOT
CMPOMOXXHOCTI.

OpraHisauis 06MiHY 3 BMKOPUCTaHHAM TexHosorii XDSL peani3yeTbca 3a
pgonomMoroo DSL-mofemMa, SIKWMIA NiAKNHYaETLCA 40 MOAYNIB KOpUCTyBaya, Ta
MynbTunnekcopa goctyny DSLAM (DSL Access Multiplexer), skuid 3Haxo-
AnTbCA y nposaigepa. Mogemn DSL Bigpi3HAKOTLCS Bif, 3BMYaHMX TeneqoH-
HUX MOZEMIB 3HA4YHO BiNbLIMM Aiana3oHoM YacToT (Bif Aekinbkox KIy fo ogu-
HUUb MITL), Wwo i npuBeno Ao BU3HayYeHHA XDSL AK TeXHOMOrii LWMPOKOCMY-
roBOro JOCTyny. 3BMyariHa TefledhoHHa NiHis, AK 6yn0 po3rfgHyTO B po3gini 2,
AN NepefaBaHHA ro/iocy BUKOPUCTOBYE CMYrY 4acToT B iHTepsani 0,3-3,4 KI'U.
A, Hanpuknag, B ADSL fianasoH 4acToT 3HaxoAuTbCs B iHTepBani Bifg 26 Ky,
a0 1,1 MMy, npryomy UA CMyra 4acTOT PO3AINAETbCA Ha [ABa NigKaHanu: O/
BUCXiHOI0 NOTOKY BMAINAKOTL YacToTK B iHTepBani 26 KNy — 138 KI'y, a ans
HM3XiAHOro — iHTepsan Big 138 KI'y, o 1,1 MIu.
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OCHOBHiI po36iXKHOCTI TexHonorin XDSL 3a napameTpamu MNpPOMYCKHOT
CNPOMOXKHOCTI Ta MaKCUMaslbHOT BiACTaHI NOMAraroTb Yy cnocobax mMoaynsauii,
AKI  BUKOPUCTOBYIOTBCA [N KOAYBaHHA AaHMX. 3aleXHO Bif  UbOro
PO3PI3HAOTD:

e cuctemm DSL 3 nocnigoBHMM NepefaBaHHAM CUTHanNiB, TOGTO «CUCTEMM
MoAaynauii ogHiei Hecy4yor» SCM (Single Carrier Modulation), fki BUKo-
PUCTOBYIOTb CNOCOOM KoAyBaHHA 2B1Q, CAP ToLLo;

e CUCTeMU 3 Napasie/ibHUM NepeaBaHHAM CUrHaIB Ha AeKiNIbKOX HEeCy4mnx
yactotax abo «cuctemyn 3 6GaratbMa Hecyunmm» DTM (Discrete
Multitone), AKi BAKOPUCTOBYIOTb B acUMeTpuyHux DSL.

[1aMO CKOpOUeHy XapaKTePUCTUKY HaBeaeHNX B Tab. 8.6 TEXHO/OTIN.

ADSL (Asymmetric Digital Subscriber Line) — acumetpuyHa DSL, sika Ha
CbOrOAHI BMKOPUCTOBYETLCS HalyacTille, — BUKOPUCTOBYE [iBa TUMU MiHINHOIO
KofyBaHHS: CAP i DTM i 403B0/ISE€ BUKOPUCTOBYBATW OAHY napy NpoBoAiB AN1s
nepefaBaHHA AaHUX 1 MIAKIKOYEHHS TefethOHHOro amaparta Ao Micbkoi ATC.
O6nagHaHHA ADSL MOXHa KOH(pirypysatn Ans [OCATHEHHS MaKCUMalbHOT
LUBUAKOCTI 3 MiHIMa/IbHUM PiBHEM MOMW/IOK.

ADSL .Lite (Bigoma Takox nig Hasgowo G.Lite) nogi6bHa go ADSL i
3abe3rneyye MeHLWi LWBWAKOCTI, ane XapaKTepu3yeTbCs NPOCTOTOR IHCTaNALIT Ta
HN3bKOK BapPTICTIO CTBOPEHHS | MIATPUMKN B pO60YOMY CTaHi.

VDSL (Very High Bit-Rate Digital Subscriber Line) — nepcnektuBHa
BMCOKOLLBMAKICHA TEXHO/OriA, fka 3abesnevye pob0OTy BUAINEHMX KaHaiB
HeBenMKoi foBXuHU (300-1200 M) B CMHXPOHHOMY pexumi, npuyomy npwu
36i/bLUEHHI BiACTaHI 3MeHLWYETbCA LWBMAKICTb. B TepmiHonorii 1TU-T uen
CTaHfapT Ha3unBaeTbcA G.vdsl.

RADSL (Rate Adaptive ADSL) — BapiaHT TexHosorii ADSL 3 aBTOMatuny-
HUM HanaropkyBaHHSM LUBWAKOCTI MepefaBaHHs 3a/1e)KHO Bif, cTaHy NiHil. Ha
CbOrofHI NPaKTUYHO He BMKOPUCTOBYETLCA, OCKiNIbKM BCI CTaHAapPTHI BapiaHTK
ADSL 3abe3rneyvyroTb HalarofkyBaHHs LWBMUAKOCTI NepeaaBaHHS.

UADSL (Universal ADSL a6o DSL Lite), NOpPIBHSHO 3 TEXHO/OrIE
ADSL, 3a6e3neyvye MeHLUi LWBWAKOCTI NepefaBaHHs, ane XapakTepusyeTbes He-
3HAYHOO BAPTICTHO | NPOCTOTOK Haslaro4pKyBaHHS.

HDSL (High Bit-Rate DSL) — BMCOKOLIBUAKICHE CYMETPUYHE AYN/IEKCHE
nepefaBaHHA AaHWX, AKa BUKOPUCTOBYE YOTUPUMPOBOAOBI NiHIT, 3 MOX/IMBICTIO
Ha/larogkyBaHHSA LUBUAKOCTI 0OMiHY. BWKOpUCTOBYETLCA A4 [OCTyny A0
TpakTiB SDH a6o PDH, a Takox niagTprmMye poboTy MepexHuxX CepsiciB B pe-
aflbHOMY y4aci.

SDSL (Single Digital Subscriber Line) aHanoriuHa HDSL, ane, 3aBOsku Bu-
KOPUCTaHHIO 1BONPOBOAOBOT aBOHEHTCLKOI NiHIT, 6i/bLU EKOHOMIYHA.

SHSDL (Symmetric High Bit-Rate DSL) — cTaHapT BMCOKOLUBUAKICHOIO
CUMETPUYHOro nepefasaHHA paHux (B TepmiHonorii ITU-T HasnBaeTbes
G.shdsl), fkui1 € egUHMM cTaHAapTM30BaHMM BapiaHTOM XDSL.

310



MDSL (Multi-Rate DSL) 3a6e3ne4vye HeBeNMKY Aa/ibHICTb MepefaBaHHS |,
3aBAAKN BUKOPUCTaHHIO Moaynauii 2B1Q, 3abe3neyye aKicHe 3’efHaHHA B Ka-
Hasiax 3 BUCOKUM PIBHEM LUYMIB.

MSDSL (Multi-Rate Single-Pair DSL) 3abe3rneuye aBTOMaTU4He pery’sto-
BaHHA LUBWAKOCTI nepefaBaHHA 3a/IeXKHO Bif CTaHy JiHIi Ta AKOCTI CUrHany.
BVMKOPUCTOBYETLCA A1 BUCOKOLLBUAKICHOrO AOCTYNy O Mepex Internet Ta
SDH, 06’ejHaHHA NOKa/IbHNX MepeXx TOoLLO.

IDSL (ISDN DSL) — TexHonoris, fka ()yHKUIOHYE Ha OCHOBI TEXHONOTIT
ISDN i xapakTepn3yeTbCs HEBE/IMKMMU LLUBUAKOCTAMM Ta BapTICTIO. Ha BiAMiHY
Big Mepexk ISDN 3abesnedvye 3B’A30K 3 abOHEHTaMW 4yepe3 3’€fHaHHA Tuny
«TOYKA-TOUKa.

Tpeba 3ayBaXKMTK, LLO CYTTEBOO MNepeBarotd TexHonorii XxDSL € 3abe3ne-
YeHHS BMCOKOLLBMAKICHOITO JOCTYNY [0 CepBiCiB Ta NOCNYr Mepexi 3 BUKOpU-
CTaHHAM ICHYHOYOI KabenbHOT IH(PaCTPYKTYpKN MiCLLEBMX TENIENOHHUX MEPEeX.

8.8 TexHonoria MPLS

TexHonoris  6araTonpoTOKO/MbHOT ~ KOoMyTauii  3a  MiTkKamym  MPLS
(MultiProtocol Label Switching) 3’aBunack HanpukiHui 90-x pokis XX CT.,
00’eIHYE MOXNMBOCTI KOMYTaLiT NakeTiB | KepyBaHHA TpaikoMm, AKi peasnisy-
IOTbCA pecypcamy KaHa/lbHOro PiBHSA Ta MapLupyTu3auil, WO BUKOHYETLCA Ha
MepeXXHoMY piBHI. baratonpoTokonbHicTe MPLS nonsrae B Tomy, WO BOHa
MOXKe (DYHKLIOHYBaTK 3 BYy/b-AKMM MPOTOKO/IOM BULMX PiBHIB. Npn LUbOMY ca-
Ma TexHonoria MPLS € He3ane)XHO0 Bif MPOTOKONIB KaHa/IbHOTO Ta MEPEeXHO-
ro pisHis mepex IP, ATM Ta iHwnx, T06T0 MPLS — L|e CBOEPIAHNIA TPAHCMNOPT-
HUIA pecypc, AKWin nepefae iHpopmauito 6aratb0X MPOTOKONIB BULLMX PIBHIB.
"onoBHa ocobnmeicTb TexHosorii MPLS nonarae y BigAifeHHI npouecy
KOMyTaLiT nakeTiB Bij aHanisy igeHTudikatopis (Hanpuknag, IP-agpec), ski ne-
pefatoTbCA B MOro 3aroioBKy, WO A03BOMSE BMKOHYBATU KOMYTaLit0 MakeTiB
3HaYHO CKopiLLe.

TakuM 4ymHoMm, TexHonoria MPLS € TexHosorieto KomyTauii NOTOKIB Ha
OCHOBI MITOK. [ns 3abe3neyeHHs UIET MOX/IMBOCTI AN KOXXHOTO MOTOKY
MakeTiB Bi4NOBI4HOI0 NPOTOKONY, Hanpuknag, IP, CTBOPIOETLCA CBOSA MITKa, fika
3aMnCyYETbCA MiX 3aro/fioBKaMy KaHasibHOro Ta MepeXkHoro pisHiB (puc. 8.19), i
noganblla 06pobKa BUKOHYETbCH Ha OCHOBI He CK/agHOI MapLupyTm3auii, a
LUBMAKOI KOMYyTauii, TOBTO HacTynHMiA MOAyNnb B MapLUpyTi MepefaBaHHS
BU3HAYaETLCA 6e3 NpoLeaypy MOLLYKY MOro agpecu.

3arofioBOK NpoToKoNy 3arofioBOK NpoToKoNy . .
. 3aronosok . JaHi BepxHix
KaHanbHoro pisHA (Ethernet, MPLS MepexxHoro pisHs (IPv4, IPv6, iBHiB
PPP, FDDI ToLy0) AppleTalk Towo) P

PucyHok 8.19 — PoamileHHs 3aronoska MPLS B Kagpi
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MiTKa Npr3Ha4YaETbCA MapLLPYTU3aTOPOM B KOXKHI TOYLi BXO4Y MOTOKY B
marictpane MPLS, 1 i 3HauYeHHA nepefacTbCA CyCigHIM MapLUpyTmM3aTopam.
Byab-AKMiA NOTIK NaKeTIB aCOLIFOETLCA 3 KOHKPETHUM KNacoM eKBiBa/IEHTHOCTI
nepecunaHHa FEC (Forwarding Equivalence Class). Knac eksiBasieHTHOCTI
BU3HAYae rpyny nakeTis, AKi NepeafpecoByOTbCA OAHAKOBMM YMHOM | Nepepa-
I0TbCA OAHMM MapLLPYTOM 3 TakKo XX npoueayporo 06pobkn. Knac FEC moxe
BIAMOBIAATM He TifIbKN afpeci Mepexi npusHayveHHs, a U byab-aKoMy Knacy
Tpaiky, To6TO A0 OAHOro Knacy BiAHOCATb MakeTW BCIX MOTOKIB, MapLUpyTu
nepefaBaHHA SKMX 4yepe3 mepexxy MPLS 1 npouesypn 06pobkm 36iratoTbes,
TOOTO Mpw BMOOPI HACTYMHOrO MapLUpyTmM3aTopa MakeTu UmMxX NOTOKIB HEMOX-
NINBO PO3PISHUTN.

KOXHWI 3 KnaciB iAeHTUDIKYETbCA KOHKPETHOK MITKO, 3HAUYEHHS AKOI €
YHIK/IbHUM A1 KOHKPETHOrO (hparMeHTa LWAaxy MiXK Asoma CycigHiMu By3na-
Mn mepexi MPLS — maplupyTtusatopamu, SKi KOMYTYHOTb 3a MiTKamn LSR
(Label Switching Router).

CTpyKTypa MIiTKW, fKa Mae (hikcoBaHy [OBXWHY, WO JOPiBHIOE 4 GalTam,
HaBefleHa Ha puc. 8.20, ae:

MiTKa — 3Ha4YeHHs MITKM, 32 SIKOKO BUKOHYETLCSA KOMYTaLis; ue 20-6iTose
yncno B fianasoHi 0-22°", 3a BUHATKOM 3ape3epBOBaHNX 3Ha4eHb Bifg 0 4o 15
(signosigHo go RFC-3032);

CoS (Class of Service) — knac 06¢cnyropyBaHHs 6/10Ka aHuX;

S — 6IT, KU BU3HAYaeE, Y/ € AaHa MITKa OCTaHHbOK B CTEKY MITOK, ANA
OCTaHHbLOT MITKW B CTeKy 6IT S AopiBHIOE 1, A4 BCIX iHWNX — O;

TTL (Time to Live) — yac >uTTta (noBHMin aHanor nonsa TTL B IP-
aentarpami).

MiTKa CoS S TTL
. I\ v N ),
20 3 1 8

PucyHok 8.20 — ®opmat 3aronoska MPLS

[Mpn nepefaBaHHI NOTOKIB AaHUX 4vepe3 marictpani MPLS BuginatoTeb ABi
Pi3HI AQINAHKK: Mepexy KopucTyBadva | mepexy MPLS abo MPLS-gomeH, wo
CKNAJaETbCA 3 CYKYMHOCTI MapLUpyTn3aTopiB, AKi NIATPUMYIOTb KOMYyTaLit0 3a
MITKAMKM | 3Haxo4AaTbCA Nif €AUHUM aaMIHICTPaTMBHUM KepyBaHHAM (puc.
8.21).
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3aronoBoK
KaHasibHOro
piBHA

3aronoBoK
KaHasibHOro
piBHA

3aronioBoK
KaHasibHOro
piBHA

3arosioBoK MakeT
MPLS (neliTarpama)

Maket
(peliTarpama)

Maket
(peliTarpama)

Mepexa

KOpUCTyBaya

Mepexa
KOpuUCTyBaua

Mepexa
KopucTyBaya

PucyHok 8.21 — dparmeHT mepexi MPLS

Mepexka MPLS cKnagaeTbest 3 KOMYHiKaliinHUX BY3/1iB ABOX TUMIB:

e MexeBux komytatopie LER (Label Edge Router), fki 06’eqHy0Tb [0-
MeH MPLS 3 KOMYyHiKauiiHUMK By3/namu, L0 3HaXOA4ATbCA Mo3a LM
AOMeHOM (B AaHin cTpykTypi R1, R2 i R3);

e BHYTPIWHIX (TPaH3UTHUX) MapLUPYyTU3aTOPIB KOMyTaLii 3a MiTKamu
LSR (Label Switch Router).

Mpoueaypa nepefaBaHHA MakeTa MK KIHLEBUMMW KOpUCTyBavyaMun 4epes
maricTpanib MPLS peani3yeTbCs TakuM YMHOM. Byab-aKWUiA NakeT nepeaacTbes B
mepexxy MPLS 3 mapLupyTtusatopa CyMKHOT mepexi R1, Aka Moxe 6yTu §K
MEPEXEK KOpUCTyBauya, Tak i iHWOW MPLS-Mepexeto. epwnii MeXeBuil
mapwpyTtmnsatop LER Ha BXo4i B Mepexy aHanisye agpecy oTpumyBaya |
HeoOXiAHY AKicTb 06cnyrosysaHHA QoS (Quality of Service), WO 3HAX0AATLCSA B
3aro/fioBKy naketa. Ha OCHOBI Ui€i iHpopMaLii BU3HAYAETLCA 3HAYEHHSA MITKW,
fKa NpWCcBOEHa BignosigHoMy Knacy FEC, i BuXigHuin iHTepdelic ansa nepega-
BaHHA HACTYMHOMY, TPaH3UTHOMY MapLupyTtusatopy LSR. Lis MiTKa, 3HaYeHHs
AKOI € YHIKa/lbHUM [N KaHany MK CyCigHIMKM  MapLupyTtusartopamu, |
HeobXifHa AKICTb (Knac) 06C/yroByBaHHA 3anmCcytOTbCA MiXK 3aro/loBKaMu Ka-
Ha/IbHOrO I MepeXXHOro piBHIB. lMakeT NPoXoAuTb [eKi/lbKa MapLupyTU3aTopis
LSR mepexi MPLS noku He nepefaeTbCa Ha KiHLUEBUIA MEXEBUIA MapLLpyTU3a-
Top LER, Akuii Buaansie 3 HbOro MITKy i nepefae agpecary, sSiKUA 3HaXo4MTbCA
He B gomeHi MPLS. lMocnigoBHicTb mapwpyTtmnsatopie LER, LSR, LSR, ...
LSR, LER, yepe3 fki nepefaeTbCca nakeT, WO HaneXxuTb ogHomMy knacy FEC,
CTBOPIOE BIPTYa/lbHNA, KOMYTOBaHMI 3a MiTKaMu, OAHOHarpaB/fIEHWI TpakT
LSP (Label Switch Path).
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KoXHUin TpaH3UTHMIA MaplupyTusaTop LSR mictute Tabnmuto LIB (Label
Information Base), B Hiin 36epiraetbca iHhopmaLisi, Ha OCHOBI SIKOT BUKOHYETLCS
KOMYyTaLia Ta 3aMiHa BXiAHOI MiTKM Ha BuXigHy. CTpyKTypa Tabnuui HaBeaeHa Ha
puc. 8.22, B SKii1 KOXHI napi «BXiAHWIA iHTepdelic, BXifHa MiTKa» CTaBUTLCA Y
BIANOBIAHICTb Mapa IHLWWX 3Ha4yeHb, a came: «BUXIAHWIA iHTepdeiic, BuXigHa
MiTKa». pn LUbOMY 3Ha4YeHHs npedikca BUKOPUCTOBYETLCA TifIbKM NPy nobyaosi
Ta 3amnoBHeHHI TabnuLi, a B caMoMy MnpoLeci komyTauii He 6epe y4yacTi. 19 KOX-
HOM0 OTPUMAHOro MakeTa MaplipyTm3atop LSR 3a 3HaueHHsM «BXigHWI
iHTepdeiic, BXigHa MiTKa» BU3HaYaE BUXIAHWIA iHTepdeiic, 3aMiHIOKYMN MPY LibOMY
BXIZHY MITKY B MakKeTi Ha HOBY, BUXI[HY, fIKa 30epiracTbCs y BiAMnoBigHOMY Mo
Tabnmui, i nepecnsiae NakeT HaCTYNMHOMY MapLupyTusaTopy LSR.

.BXI,CI,HI/IKI Bx_l,qHa Mpedike _BI/IXI,EI,HVIUI/I BI/I?(I,qHa
iHTepdeic MiTKa iHTepdeiic MiTKa
1 25 197.35.78.0 3 21
1 12 205.14.91.0 3 16
2 17 147.56.101.0 4 28

PucyHok 8.22 — CtpykTtypa Tabnuui LI1B

3ayBakumo, Wo Ana BXIAHOMO Ta BUXILHOMO MEXEeBWX MapLLpyTM3aTopiB
LER B Tabnuui BiaCYTHI Napy 3HayeHb «BXiAHWIA iHTEpMdelic, BXiaHa MiTKa» Ta
«BUXIOHWIA iHTepdeiic, BUXigHa MiTKa» BignoBigHo. Tpeba 3a3HaunTK, WO na-
KeT, AKUiA nepefaetbcsi B Mepexxi MPLS, 3a3Buyail Mae He OfHY, a [eKifbKa
MITOK, AKi YTBOPHOKOTb CTeK (puc. 8.23), WO [Jae MOXIMBICTb CTBOPHOBATU
IEpapxit0 MITOK 1 [J03BOMAE CYTTEBO PO3LLMPUTM (PYHKLIIOHAIbHI MOXX/IMBOCTI
TEXHOMOrIT 3a paxyHOK opraHisauii TyHenis. Oco6nMBOCTI KoMmyTauii 3ajae
TINIbKN BEPXHA MiTKa cTeka (Ha puc. 8.23 ue MPLS 3), a iHWi (HYKHI) MITKK
nepefaroTb NpPo3opo, 6e3 06pobku, A0 BUAANEHHS MITKM 3i cTeka. MiTka 3aro-
noBka MPLS 1 € ocTaHHbOMO, TOMY S = 1, i X04a i 3anmcaHa B CTeK MepLLOto,
06po6naTHCA 6yae OCTaHHLOHO.

3aronoBok npoTtokony | 3aronosok | 3aronosok | 3aronoBok | 3aronoBok npoTtokony | J[aHi BEpXHiX
KaHa/IbHOro PiBHA MPLS 3 MPLS 2 MPLS 1 MEPEXXHOr 0 PiBHS piBHiB

PucyHok 8.23 — CTeK MITOK

3i CTEKOM MITOK MOXXHa BMKOHYBATW Taki onepauii: 3anucyBaTy MITKYy B
CTEK, BUAANATN MITKY 3i CTeKa i 3[i/iCHIOBaTK 3amiHy MiTKK. OnepaLis 3anucy
MITKM B CTeK [0Aa€ HOBY MITKY NMOBEPX BXe ICHYHUOro cCTeka MiTOK, a onepadis
BUAANEHHSA MITKW 31 CTEKa BUAANAE BEPXHIO MITKY cTeka. Lli onepauii fo3BoNs-
0Tb BUKOHYBATU AIK 06’ €HaHHSA (3IMTTA) NOTOKIB, TaK i IX PO3rajly>KeHHS.
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®yHKUIOHaNbHI  MOX/IMBOCTI  cTeka MPLS f[o3BonstoTb  06°e4HyBaTH
AeKinbKa BipTyanbHUX WNaxie LSP, fKi MaloTb CrifibHY YaCTUHY MapLupyTy, B
OAWH. ONA UbOro A0 CTeKa MITOK KOXHOro 3 06’e¢gHyBaHuX LSP popaetbes
ChifNbHa MiTKa, B pe3y/bTaTi 4YOro YTBOPHOETLCA E€4MHWUIA arperoBaHWin TpakT
MPLS. B Touui 3aKiHYeHHA UbOro TPakKTy BIiH pPO3rany)XXyeTbCqd Ha
IHAMBIAYasbHI TpakTn LSP.

OcCHOBHI nepeBaru TexHonorii MPLS nosisiratoTb Y HUXKYEBUKIALEHOMY.

1.

He3zanexHicTb Bif 0COBMMBOCTEN TaKUX PI3HUX TEXHOMOTI KaHa/IbHOro
piBHSA, AK Ethernet, Frame Relay, SDH Ta iHWwMX, W0 [03BONIAE BUKOPU-
cToByBatu marictpani MPLS ans nepefasaHHA pisHOro Tuny Tpagiky:
KaapiB Ethernet, IP-geinTarpam, kKomipok ATM Touo.

Bunbip mapLupyTy nepefaBaHHs BUKOHYETbLCA HE Ha OCHOBI aHanisy IP-
afpecu, a MiTKW, WO [03BOJISE CKOPOTUTU Yac MOLUYKY MapLupyTy B
Tab/mui, a 3a paxyHOK LbOro KoMyTaL,ifl MakeTiB peani3yeTbCA CKOpiLLe i
3abe3neyyeTbCs OiNblL BUCOKA LUBUAKICTb NnepefaBaHHs Tpadiky B Me-
pexi.

[MpocTa npoueaypa CTBOPEHHS BIPTYya/lbHUX MPMBATHUX MepexX VPN
(Virtual Private Network), aka 103B0oNs€ peanisyBatv LUBUAKICHI Ta Ha-
AiAHI 3’€HAHHA 3 BUCOKMM PiBHEM 3aXUCTYy iH(opmaLii KopuCTyBayiB
3a paXyHOK CTBOPeHHS Ans KOXKHOT VPN He3aneXXHUX TyHenis.
3abe3neveHHss HeOOXiAHOro PiBHA SKOCTI 06C/MYroByBaHHS 3a paxyHOK
TOro, WO KOXXHOMY iH(opMaLiitHOMY MOTOKY MPU3HaYaeTbCA HeobXia-
HUIA Knac 06¢cnyroByBaHHA CoS, SKuMA 06po6ngeTbCA OKpemo. Kpim Toro
npoueaypv Ta MexaHi3aMmu onTuMi3aLil, KepyBaHHA TpadikoM | MEPeXxXeto
BiZJOKPEM/IEHO Bij nepefaBaHHs iH(OPMALinHOro NOTOKY, L0 NpUBO-
ANTb A0 GiNbLUIOT ePEKTUBHOCTI BUKOPUCTAHHSA TaKUX airOPUTMIB B Be-
NINKUX Mepexkax nepefaBaHHs faHUX.

Po3nogineHHa gyHKLIOHaNbHOCTI MiDK a4pom Mepexi (aomeHom MPLS)
Ta MepeXeto KopucTyBaya.

MigTpMMKa KaHaniB 3 BUCOKOH MPOMYCKHOK CMPOMOXHICTHO, AKi (hyHK-
LIOHYIOTb Ha WBuaKocTax B 2,488 6iT/c (kaHanm STM-16 abo OC-48) i
GifibLUe, WO He MOXKYTb 3a0e3Me4nTI IHLLIT MepPeXXHi TeXHO/OTII.

Ha cborofHi BuainATh 3 0OCHOBHI Cepn 3aCTOCyBaHHS TexHonorii MPLS:

KepyBaHHS NOTOKOM;
NiATPMMKa KnaciB Ta SKoCTi 06CyroByBaHHS;
CTBOPEHHSA BIPTYa/IbHUX NPUBATHUX MEPEX.

KepyBaHH$ iHopmauiiHUM noTokoM B Mepexki MPLS f03Bosisie nepepa-
BaTW MOTOKW AaHUX Yepe3 HaliMeHLU 3aBaHTaXXeHi KaHa/n 3B’A3KY i MapLupyTu3a-
TOpW, & He HANKOPOTLMM MapLUpyTOM, SAKWA BU3HAYaETLCA 3a [OMOMOrOH
BIAMOBIAHOrO NPOTOKONY MapipyTu3auil. B pesynbTati Mepexa nepefaBaHHS
AaHVX (DYHKLIOHYE Bifbll CTabifIbHO Ta e(DeKTUBHO, a agMiHICTpaTopy Mepexi
MOXYTb 3a/iaBaTi MapLUpyTH, LLIO BIAMOBIAAOTb CrieuudgiyHM ymoBaM 06po6Ku,
| OTPMMYBATU CTATUCTUYHY IH(POPMALLit0 MPO KOXKEH BIpPTYyaslbHWi1 MapLupyT LSP.
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MigTpMKa HeobXiAHOI AKOCTI 06C/TyroByBaHHS 3abe3neyvyeTbcs 3aBAAKu
BUAIIEHHIO PECYPCIB B KOXXKHOMY MapLUpyTMU3aTOPi Ha MapLUpyTi nepeaaBaHHs |
rapaHTil TOro, Wo JaHWi Tpaik MaTuMe pecypcu Ans OTPUMaHHA HeobXiaHOT
AKOCTi 06CNyroByBaHHA JaHOro NoToky. OCKIifIbKM KOXHWIA NOTIK 06p06/1SETHCA
CamocCTIiHO, TexHonoris MPLS Hagae KOHKPETHOMY MOTOKY KOpUCTyBaya
andepeHuinosaHi nocnyru DiffServ (Differential Services) npu ioro nepepa-
BaHHI Ta 06po6ui.

[Mpn CTBOPEHHI BIPTYyasIbHUX MPUBATHUX MEPEeXX BUKOHYETHLCA TYHeso-
BaHHA AN KOXXHOT VPN. | ocKinbky mapupyTtusauia B MPLS peanisyeTbcs Ha
OCHOBI MITOK, a He afpec, [OCTaTHbO /IerKO KOXHii CTBOPEHIN BIipTyaslbHil
Mepexi Hagathn HeobxigHi T4 nocnyrn. Onga VPN ocobnmso BaXkMBo 3abesne-
YUMTU 3aXUCT JaHUX KOPMOPaTMBHUX KOPUCTYBadiB Mpu iX nepefaBaHHi yepes
Mepexy.

Ha cborogHi icHytoTb Mogu@ikauii TexHonorii MPLS, aKi opieHTOBaHi Ha
BUKOPUCTAHHS B KOHKPETHUX 3acTOCyBaHHSAX. Jl0 TakuMx Mogudgikauii
BigHocATb: T-MPLS (Transport Multiprotocol Label Switching), MPLS-TP
(MPLS Transport Profile), G-MPLS (Generalized MPLS), Multiprotocol
Lambda Switching.

TexHonoria TpaHCMOPTHOI 6araTonpoToKo/ibHOI KomyTauil T-MPLS
po3pobnanack opradisayieto ITU-T B 2006-2008 pokax s BUKOPUCTaHHA B
TPaAHCMOPTHMX MakKeTHUX Mepexxax onepartopiB 3B’A3KY | nepeabdayvae CrnpoLyeH-
HA Aeskux (DYyHKUiIA 6a30BOi TexHOsOrii. OCHOBHI BIAMIHHOCTI Bifl TEXHONOTIT
MPLS nonsratoTb Y BUKOPUCTaHHI [BOHAMNpaB/ieHnX BipTyalbHUX MapLipyTiB
LSP, a TakoX MOX/IMBOCTI 06’€iHAHHSA BIpTYa/lbHUX MapLupyTis LSP, konn ans
BCbOro Tpagiky, AKUIA NepefaeTbca 3 JaHOro MapLipytusaTopa B O4HOMY Ha-
NPSAMKY, BUKOPUCTOBYETLCA OfiHA MITKa.

CraHgapt MPLS-TP po3po6nseTtbes opraHizayigamu ITU-T ta IETF, noyu-
Hatoun 3 2008 poky. Ha cborofHi 3HaxoamMTbCA Ha CTafii PO3POOKM |
nepeabavaeTbca BigMoOBa Bif 3p06/EHMX PaHille CrpoLweHb B TexHonoril T-
MPLS.

TexHonoria G-MPLS Tako)XX 3HaxoanTbCa Ha cTagii po3pobku i nependayvae
pO3WNPEHHA cdepn aii TexHonorii MPLS gna 6yab-AKUMX TPaHCMOPTHMX
TEXHO/OriiA Ta nepefbdayae i NepeHeCeHHs Bif MapLLPYyTU3aTOPiB HA ONTUYHWIA
PiBEHb, HA AKOMY BMOIpP MapLUpyTy NOAa/bLLIOr0 nepeaaBaHHA BUKOHYETLCA Ha
OCHOBI 4acoBMX IHTepBasiiB, OOBXWHW XBWAI Ta (I3VMYHUX NOPTIB, AKi B
TEPMIHONOrIT AaHOT TEXHO/ONiT Ha3BatOTb HEABHUMW MITKamW.

OcHosHa igesa TexHonorii Multiprotocol Lambda Switching nonsrae B
TOMY, LLIO NPV nepefaBaHHi CBIT/IOBOrO MOTOKY MO OMTOBO/IOKOHHOMY Kabento
(OYHKLIT MITOK BUKOHYHOTb Pi3HI JOBXWHM ONTUYHUX XBWUSb. Lle A03BONISE A0-
[iaBaTu CepBiCU BIPTYa/ilbHUX MPUBATHUX MePeX Ta MigBuLLYyBaTU AKICTb 06C/Y-
roByBaHHS (DAKTMYHO Ha (Di3MYHOMY PiBHIi, HA AKOMY 06p0OOKa BUKOHYETLCH 3
OMTUYHOIO LUBUAKICTIO.
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8.9 lNMuTaHHAa gna camonepesipKn

1. CdopmyntoinTe OCHOBHI XapaKTepHi 03HaKW Me3i0XPOHHOT LM(pPoBOi
Iepapxii.

2. OxapaKTepu3yinTe OCHOBHI NPUHLMNK, AKi NOK/a[eHO B OCHOBY iepap-
XiT UM(POBMX KaHaIB.

3. OxapakTepu3yinte OCHOBHI MPUHUMUNK, SKi BMKOPUCTOBYHOTHCA MNPU
YTBOPEHHI KaHasliB Nne3ioXpoHHOT LU(MPOBOT iepapxil.

4. TI0ACHITb TEPMIH «KpadiKKa 6iTa» Ta 0COGNMBOCTI BUKOPUCTAHHS Lii€l
npougnypu.

5. TMosicHicTb ocobnmBoCTi CTPYKTypy Kagpis T1 1a E1. Akum ymHOM B
HUX NepeaaeTbca CnyxXoosa iHhopmauia?

6. CKiNbKN ronocoBmx KaHaniB nepefaeTbca kaHasiom DS-5 eBponeiich-
KOi, aMepUKaHCLKOI Ta AMNOHCLKOI CUCTEM CTaHAAPTU3aLiT?

7. OxapaKTepu3yiTe Ta npoaHani3ynhTe OCHOBHI nepeBarv Ta HeAONiKu
N/1e310XPOHHOI LIM(POBOI iEpapXil.

8. OxapaKTepu3yiTe OCHOBHI BifIMIHHOCTI i nepeBarn CUHXPOHHOI Ta
MN/1e310XPOHHOT IEpapXil LMMPPOBUX KaHaNIB.

9. TlMpoaHanisyiiTe CTPYKTYpY Kaapie STS-1 Ta STM-1, X OCHOBHi CTPYK-
TYPHI KOMMOHEHTW Ta CTPYKTYPY Kaapis B PO3rOPHYTOMY BUTNIAAI.

10. TIOACHITb, AKUM YMHOM (DOPMYHOTLCSH CMHXPOHHI TPaHCMNOPTHI MoAyi
BULLNX PIBHIB.

11. Bwu3HauTe, CKiflbkn KaHanis Tuny E3 moxe nepegasatut Kagp STM-3.

12. Bwu3HauTe, AKY KifIbKICTb KaHaniB Tuny T1 MOXe nepefasatn Kagp
STS-12.

13. Bwu3HauTe, AKy KifIbKICTb KaHaniB Tuny E1 MoXe nepefasatn Kagp
STM-16, AKLL0 B HbOMY BXXe MiNbTUMNIEKCOBAHO 5 Kaapis T1.

14. TIoACHITb BIAMIHHOCTI HOMiHa/IbHOI Ta KOPWUCHOI MPOMYCKHUX CMpo-
MOXHOCTEW KafpiB CUHXPOHHOI LUMPOBOT iepapXii KaHaniB. BusHauTe KOPUCHY
MPOMNYCKHY CNPOMOXXHICTb Kagpy STM-12.

15. OxapakTtepuayiTe TN MoayniB, AKi BUKOPUCTOBYHOTLCS 415 NO6ya0-
B mMepexk SDH/SONET. MMoACHITb X PYHKUIOHaNbHI Ta NpoLeaypHI XapakTe-
PUCTUKN.

16. CdopmyntoiiTe XapakTepHi 0COG/MBOCTI MepeX 3 iHTerpoBaHuMM [aoc-
Tynom ISDN.

17.  OxapakTtepusyinTe 0C06MBOCTI PYHKLIOHAIbHUX TPYN MPUCTPOIB Me-
pexxi ISDN. MMoACHITb 0cOBNNBOCTI BIPTYaNlbHUX | PI3UYHMUX MOAY/IB.

18. Twunwu iHTepdeicis goctyny mepexi ISDN, iX CTpyKTypa Ta Xapakre-
pUCTHUKa.

19. HasepgiTb TMNK KaHaniB TexHonorii ISDN, iX XapakTepucTuky Ta 0cob-
NNBOCTI (PYHKLLIOHYBaHHS.

20.  LLlo Take onopHi TOYKM? TMNK ONOPHUX TOYOK | 0COBANBOCTI TX BUKO-
PUCTaHHS.

21. [poaHanisyiTe OCHOBHI nepesary Mepex TexHonorii ISDN.
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22. OxapakTtepusyinTe OCHOBHI (DYHKLIOHa/IbHI Ta NpoLuefypHi 0C06/1MBOC-
Ti Mmepexx Frame Relay.

23. OxapakTtepusyiiTe CTeK NPOTOKO/IB Mepexi Frame Relay.

24. TpoaHanisyiTe nepesaru i HegoNiku mepex Frame Relay.

25. OxapakTtepusyiTe nepesarn TexHonoriit ATM.

26. [MpoaHanisyiTe 0co6MBOCTI CTEKA NPOTOKO/IB TeXHONOriT ATM.

27. [poaHanizynTe napameTpu KaTteropiii 06CNyroByBaHHA TeXHO/OrIT
ATM.

28.  Akwuii 3 npoTokoniB AAL Halibifbll epeKTUBHO BUKOPUCTOBYE Mpony-
CKHY CMPOMOXHICTb KaHasny?

29. OxapakTtepusyiTe Tunu iHTepdericie TexHonorii ATM. LLLo cninbHoro,
B YOMY Pi3HULS UMX iHTepdeliciB?

30. OxapaktepusyinTe npu3HaveHHs Ta (YHKLIiOHaNbHI 0CO6MMBOCTI Me-
PEXHUX KOMMOHeHTIB ATM.

31. OxapakTtepusyiTe Npu3HavyeHHs Ta 0cobAMBOCTI TexHoNorii XxDSL.

32. TI0ACHITb OCO6/IMBOCTI CUMETPUYHUX | HECUMETPUYHUX TEXHOJOTIN
xDSL.

33. CdopmyntoiiTe 0COGNMBOCTI NMOCNILOBHOIO Ta MapanefibHoro nepeja-
BaHHSA curHanis B cuctemax xDSL?

34. HAKi TMNM NIHIRKHOrO KOAyBaHHSA BUKOPUCTOBYKOTLCA B TEXHOSOTIT
xDSL?

35. T10ACHITb OCHOBHI NPMHLMMNKM OpraHi3auil Ta nepefaBaHHA NMOTOKIB Aa-
HUX B Mepexax MPLS.

36. CdopmyntoinTe OCHOBHI (PYHKLiOHaNbHI Ta npouefypHi 0CO6/MBOCTI
MapLUpYyTN3aTOPIB, SKi BUKOPUCTOBYHOTLCA B TeXHoMoriit MPLS.

37. OxapaktepusyiTe CTPYKTypy MiTkKM MPLS Ta npuHUMnu i npusHa-
YEHHS.

38. TMOACHITb, WO TakKe CTEK MITOK i MPUHLUMMIN AOr0 BUKOPUCTAHHSA Ta 06-
POOKM.

39. Oxapaktepusyinte CTpyKTypy Tabnuui LIB, i npu3HayeHHs Ta 0cobnu-
BOCTI BUKOPUCTaHHS.

40. OxapaKTepusynTe OCHOBHI XapaKTepUCTUKN MOAUMIKaLIA TeXHOMOTIT
MPLS.
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9 BE3NPOBOAOBI KOMITHKOTEPHI MEPEXI

OcTaHHIM YacoM 6e3npoBOAOBI KOMM’KOTEPHI Mepexxi Ta TexXHO/Oril Bigaa-
NEeHOro [OCTyny 3a3HalTb OYPX/IMBOro PO3BUTKY. Lle MOB’A3aHO 3 LUMPOKUM
BUKOPUCTaHHAM Pi3HUX MOOIMIbHUX NPUCTPOIB, AKI (PYHKLIOHYIOTb 3a MPUHLK-
nomMm «anytime, anywhere», T06T0 OTPMMYBATU MOC/YrX HE3a1eXXHO Bif Micus
3HAXO[)KEHHS Ta 4acoBOro iHTepsasy.

Ha cborogHi 6e3npoBofoBi TeXHOONIT LO3BO/IAOTL CTBOPHOBATU HE Ti/IbKK
NOKanbHIi mMepexi, ane i perioHanbHi Ta rnobasnbHi, 3a6e3nevyoum NPonycKHy
CNPOMOXKHICTb A0 20 6iT/c. Kpim TOro 6e3npoBoioBi Mepexi MpocTi B po3rop-
TaHHI Ta 3a6e3neyyoTb 4OCTYN B BAXXKOAOCTYMHMX MiCLAX.

9.1 ToKoNiHHA 6e3MPoOBOAOBOI0 3B’A3KY

Be3npoBofoBi KOMM’HOTEpHI MepeXi HeMOXIMBO po3rnafati 6e3 aHanisy
TUNiB 6e3NPOBOAOBOr0 3B’SA3KY Ta MOro XapakTepucTUK. TexHonorii MobinbHO-
ro (6e3npoBoaoBOro) 3B8’A3Ky 3a3BUyalt Po3AiNa0Tb Ha AeKifnbKa eTanis abo no-
KOJiHb. OCHOBHUM BM3Ha4a/IbHUM (aKTOPOM, SIKMIA MOKNAAEHO B Li Knacudika-
Liit0, € WBNAKICTb NepeaaBaHHA AaHNX. PO3PI3HAOTL Taki MOKONIHHA MOGi/IbHO-
ro 38’sa3ky: 1G (Generation) — aHanorosi cuctemu, 2G — undposi cuctemu, 3G
— YHiBepca/bHi cUcTeMMU MOGINbHOro 383Ky, 4G — MOGINbHWIA 3B’S30K 3 Mif-
BULLEHNMIW BMMOTaMW.

[0 nokoniHHA 1G BIAHOCAT:

AMPS (Advanced Mobile Phone Service),

NMT (Nordic Mobile Telephone),

TACS (Total Access Communication System),

C-450 RTMS (Radio Telephone Mobile System) ToLL0, fKi Ha CbOroaHi

€ 3acTapinmmu.

MokoniHHA 2G npeAcTaBNsAOTb CTaHAAPTH:

e GSM (Global System for Mobile communication), Sikuin npautoe B fAia-
nasoHi 900, 1800, 1900 MI'y i € oAHMM 3 HaWbifbLL PO3MOBCIOLKEHUX
CBITOBUX CTaHAAPTIB;

e GPRS (General Packet Radio Service), SK1ih € PO3BUTKOM TEXHOMOTIT
GSM i 3abe3neyye nepefasaHHa Makcumym o 171,2 Kéit/c (B cepea-
HboMy 40-50 K6iT/C);

e EDGE (Enhanced Data Rates for Global (GSM) Evolution) TakoX € po-
3BUTKOM TexHosorii GSM i 3abe3nevye nepefaBaHHs JaHUX MaKCUMYM
473,6 KoiT/c;

e CDMA (Code Division Multiple Access) — cTaHAapT MHOXWHHOIO A0C-
Tyny 3 KOJOBMM PO3[i/IeHHAM, OCHOBHI TEXHIYHI XapaKTepUCTUKN SKOTro
BU3HayeHi B HM3LI cTaHgapTis: 1S-95 (Interim Standard), 1S-96, 1S-97,
I1S-98 1a 1S-99; mae moamdikauii CDMAOne ta CDMA2000 1X, wo
3abe3neyvye Taki LUBUAKOCTI NepefaBaHHA AaHUX:
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- [ns abOHEHTIB 3 BUCOKOKO MOOGINLHICTIO (80 120 KM/T) — He MeHLue
144 KeiT/c;

- N9 abOHEHTIB 3 HU3bKOK MOGINBHICTIO (80 3 KM/T) — 384 K6IT/C;

- 419 HEPYXOMUKX 06’€KTIB Ha KOPOTKMX BiACTaHAX — 2,048 MGiIT/c.

[0 3G NMoKoNiHHA BIAHOCATb YHIBEpPCa/IbHI CUCTEMU MOOBINBHOIO 3B’SA3KY,
AKi 3a6e3neyyroTb LWBMAKICTL NepefasaHHs Big 2 M6it/c go 100 M6iTt/c, i pa-
30M 3 KOMYTaLieto KaHaniB 3abe3neyytoTb NakeTHe nepeaaBaHHs AaHMX. B faHe
MOKONIHHA BXOANUTbL 5 CTaHAapTIB, cepef, AKMX HainbinbLL NONynsSpHUMK Ha CbOo-
rofHi € CTaHZ4apTL:

UMTS (Universal Mobile Telecommunication System), sikuii BigoMuiA
we nig Hassoto WCDMA (Wideband Code Division Multiple Access) 3
noganslivmMmn nokpatieHnmm mogudikauiamm HSDPA/HSUPA (High
Speed Down-link Packet Access/High-Speed Uplink Packet Access) Ta
HSPA+ (High Speed Packet Access), sKi 3a6e3nevytoTb TeOpPeTUYHO
MaKCUMa/lbHYy MOXXMBY LUBWAKICTb MepefaBaHHA faHUX B HU3XigHOMY
KaHani, To6TO Bif 6a30BOT CTaHLii 40 aboHeHTIB Mepexi 14,4 M6iT/c, a B
BUCXig4HOMY KaHasi (Bif aboHeHTa Ao 6a3oBoi cTaHuii) go 5,8 M6IT/c;
e CcTaHAapT € nofasbluMM PO3BMTKOM EBPOMENCHKUX CTaHAapTiB
GSM/GPRS/EDGE;

CDMA EV-DO (CDMA Evolution-Data Only), skui1 € po3BUTKOM CTa-
HaapTiB CDMAOnNe ta CDMA2000 1X; WwBMAKICTb NepefaBaHHA AaHMX
ctaHgapty CDMA EVDO 3anexuTs Bif, penisis (MOKONiHb) CTaHAapTy |
cknagae (B HM3Xi4HOMY KaHani/BUCXiAHOMY KaHasli BIANOBIAHO):

— CDMAZ2000 1x EV-DO Release 0 (rel.0) — 2,4/0,153 M6it/c (ae 1x
XapakTtepusye (hasy pPo3BUTKY CTaHAapTy MOOGINbHOMO  3B’A3KY
CDMAZ2000 1X, wo Hanexutb o 2G);

— CDMAZ2000 1x EV-DO Revision A (rev.A) — 3,1/1,8 M6iT/c;

— CDMAZ2000 1x EV-DO Revision B (rev.B) — 73,5/27 Mo6iT/c (Ha
npakTuyi nokun 7/5 M6iTt/c);

— CDMA EV-DO Revision C (Rev.C) — 280/75 M6iT/c;

— CDMA EV-DO Revision D (Rev.D) — 500/120 M6iT/c (ocTaHHI fBa
Peni3n € NepPCrnekTMBHUMM i MOTEHLIAHO MOXYTb BYTW BigHECEHI A0 Ha-
CTYMHOrO NOKONIHHA 4G);

LTE (Long Term Evolution) nepwi Bepcii cTaHAapTy, SKi NPaKTUYHO
3a6e3rMeyvyoTb LWBUAKICTb NepefaBaHHA aaHuX 11,8/4,8 M6iT/c (Teope-
TWUYHO 60/20 M6iT/C);

WIMAX (Worldwide Interoperability for Microwave Access), Kpim
OCTaHHIX BepCili.

MokoniHHA 4G npeAcTaBnAalOTb Mepexi, AKi 3a6e3nevytoTb LBUAKICTL Me-
pefaBaHHsA AaHux 6inbwe 100 M6IT/c and MoGinbHUX cTaHuin i 1I6it/c ans
CTaliOHapHMX, CYTTEBOK OCOB/MMBICTIO TaKMX MEPEX € Te, LLIO NnepejaBaHHA [a-
HUX peani3yeTbCs 3a NPOToKo/oM IPv6. [10 Takux mMepeX Ha CbOrogHi BifHO-
catb Mepexxi WIMAX ctaHgapty IEEE 802.16m, siki 3a6e3nevyoTb BU3HaYeHi
LBMAKOCTI, Ta Mepexi LTE-Advanced, aAns AKnux TeOpeTMYHO BU3HAYeHI LUBK-
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AKocTi 326,4/172,8 M6iT/c BIANOBIAHO AN HU3XIAHOrO Ta BUCXIAHOr0O KaHanis.
MoTeHuiiHO mepexi Wi-Fi (Wireless Fidelity) crtaHgaptis IEEE 802.11n,
802.11ac Ta 802.11ad TakoX MOXYTb OYTW BifHECEHI 4O MepPeX LbOro roko-
NiHHA. BasoBMMK NpUHUMNAMM MOBINBHOIO 3B°A3KY 4G € BUKOPUCTAHHSA TEXHO-
NOTIA MYNbTUNNEKCYBAHHA 3 OPTOrOHa/IbHUM YaCTOTHUM PO3AINIEHHAM CUTHAsTY
OFDM (Orthogonal Frequency Division Multiplexing) Ta ogHo4acHoro nepeaa-
BaHHA AaHMX 3a fonomMoroto N aHTeH i IX ofHo4YacHoro npuiniomy M aHTeHamMu
(TexHonorigs MIMO — Multiple Input/ Multiple Output).

MokoniHHA 5G — Le HOBWIA eTan y PO3BUTKY TEXHOJOTiA 6e3npoBOLOBNX
MepeX, KU Mae po3LLUMPUTI MOXX/IMBOCTI JOCTYNY B Mepexy IHTepHeT uepes
Mepexi pagiogocTyny. Mpu po3pobui cTaHAapTy N’ATOro rnoKoiHHA BpaxoBy-
IOTbCA BAOCKOH&/IEHI MOX/IMBOCTI BXe ICHYKUYMX CTaHZapTiB. 3ajadvamu, sKi
MOTPIGHO BMPILLMTY 3a gornomoroto TexHosorii 5G a6o NR (New Radio), € no-
CTiliHE 3pOCTaHHS MEPEXHOro Tpadgiky, 36iMbeHHs KiflbKOCTI MOGINbHUX MpK-
CTpOIB, AKI NIAKNYAOTLCA [0 MepeXi, POo3LMPEeHHA YaCTOTHOrO Aiamna3oHy.
MMPUAHATO BUAINATA TPXU OCHOBHI NOCNYTU, AN AKX HeOOXi[He CTBOPEHHS Me-
PeX HOBOI0 MOKO/NIHHA MOGINIbHOI0 3B’A3KY 5G:

e HaALWIMPOKOCMYroBuin Mo6inbHMIA 38’30k eMBB (enhanced Mobile

BroadBand);

e BUWCOKOHafiiiHe 3’€iHaHHA 3 [y>Ke HU3bKOK 3aTPMMKOK MnepefaBaHHS

aaHnx URLLC (Ultra-Reliable and Low-Latency Communication);

e MOX/MBICTb MIAKNHOYEHHS AY>KE BEIMKOT KiNbKOCTI (PYHKLOHa/IbHO Pi-

3HMX nNpucTpoiB MMTC (massive Machine-Type Communication).
Mepexi 5G (a6o mepexi IMT-2020 B TepMiHax Mi>KHapo4HOro COKo3y Tese-
KOMYHiKaLiin (enekTpo3s a3Ky) ITU) aBnstoTb CO60K0 CYKYMHICTb HOBUX i iCHYIO-
Ymx pafioiHTepdeiiciB i CTBOPIOOTL €AUHY 6e3MPOBOAOBY IHPPACTPYKTYPY, WO
Hafae LIMPOKMIA CNeKTp nocnyr. Ha CboroAHiLlLHIA AeHb, 3rigHo 3 BUMOramu CTa-
HAapTy IMT-2020 TexHonoris Mo6ifIbHOr0 3B’A3KY Mae Taki XapakTepuCcTUKN:
e TEOPETUYHWNIA MaKCMMYM MPOMYCKHOT CMPOMOXKHOCTI cKnagae 20 6iT/c
Yy HU3XigHOMY KaHani (Bif 6a30B0T CTaHLiT 40 MOBINLHOrO aboHeHTa) Ta
10 I"6iT/c — y BUCXiZAHOMY KaHani (B NPOTUIEXXHOMY HaMpsAMKY);

e peasibHa CTabifibHa LWIBWUAKICTb MepefasaHHA B ymoBax MicT 100 i 50
M®6iT/c BIigNOBILHO 3 3aTPUMKOLO He BifibLue 4 MC;

e 30i/bLLEHHSA CMEKTPa/IbHOI e()eKTUBHOCTI B Mepexax 5G B 2-5 pasis: B
HM3XigHomy KaHani — 30 6iT/c/l'y, y BucxigHomy — 15 6it/c/Tu;

e 30i/IbLLUEHHS LWBWUAKOCTI NepemMieHHs aboHeHTiB 4o 500 Kwm/y;

e 30iNbLUEHHA 3arasibHOT KiJIbKOCTI  MIAKAKYEHUX MpUcTpoiB Ao 1
MAH/KM?;

e CKOPOYEHHS 4acoBOi 3aTPUMKW Ha pagioiHTepdeiici go 0,5 mc (ans cep-
BiciB URLLC i go 4 mc (ans cepsicis eMBB);

e TiJBULLEHHSA eHeproeeKTUBHOCTI NPUCTPOIB Ha 2 MOPAAKMN.

MNokKoniHHA 6G. AKLLO 3MiHa NokKoniHb 3G—-4G-5G 6yna 06yMoB/eHa, B OC-
HOBHOMY, HEOOXIAHICTIO 36i/bLUEHHS LUBMAKOCTI Ta 3MEHLLEHHS 3aTPMMOK rnepe-
[aBaHHA AaHuX, TO nosisa Mepexx 6G npveese 40 3MiH caMoro nigxogy A0 CTBO-
PEHHSA MePEeXHOT IHPPaCTPYKTYpW. PO3POOHUKIN BBAXKAKOTb, L0 LUBUAKICTL Mepe-
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[aBaHHA JaHuX B Mepexax 6G cknagatume Big 100 M6it/c go 1 T6iT/c, a ans Ke-
PYBaHHA HUMMW OYAYTb BUKOPUCTOBYBATUCH CUCTEMM LUTYYHOrO iHTeNeKTy. Oa-
HI€K0 3 OCHOBHUX 3afa4y MepeX 6G 6yae BMpiLLeHHS NpobieMu naBUuHOMOAIGHOMO
Tpadiky, AKUA NepefaeTbCs B CBITOBUX Mepexax MoOBifIbHOro 38’A3Ky. [1o 3adau,
AKi 6yayTb BMPIiLLYBaTV MepeXi Lib0ro NoKOMiHHS, 3a3B1Yaii BigHOCATD:
e BipTYyasi3auisi NPoLeciB, IHPPACTPYKTYpU MEPEX TOLLO;
e [105Ba HOBMX MiCLb PO3MiLLIEHHS1 6a30BUX CTaHLiA 6e3npoBOJOBUX Me-
pex (Hanpuknag, Ha ApoHax, aepocTarax, aBTOMOBINAX TOLLO);
e 3a0e3neyeHHs GiflbLL XXOPCTKNUX HOPM Ha 6e3neKy rnepefaBaHHsA AaHNX;
e HaJaHHA MPUHLMMNOBO HOBMX BWAIB MOCAYr: HANPUKIa4, nepeiaBaHHs B
eIEKTPOHHOMY BUTNA4I 3anaxiB TOLWO;
e HeoOXigHICTb 3abe3neyeHHs poboTU CYNYyTHMKOBOrO 3B’A3KY A1 Maco-
BMX CMOXXMBaYiB Ta IHLLUI;
e HeOoOXiAHICTb 06CMYroByBaHHA TaKUX r106a/IbHUX CUCTEM CYCMi/bCTBA,
AK: KOMEKTMBHOI Ta IHAMBIAyanbHOT 6e3nekn (SafeNet); megnuHi
(HealthNet); 6e3ninotHoro TpaHcnopty (TransferNet); gpoHis (AeroNet);
(piHaHcoBi (FinNet); wty4yHoro iHTenekty (NeuroNet) Ta iHLIKX.
Y3arajibHeHa MOopiBHAMbHA XapaKTepUCTMKa NOKO/iHb MOOINIbHOro 3B’A3KY
HaBegeHa B Tabnuui 9.1.

Tabnmug 9.1 — MokoiHHA MOBINBHOTO 3B’A3KY

MoKoNiHHS 1G 2G 3G 4G 5G
) _ | Hapwwpokocmyrose
AHanoro- Ll,mc_japosa Tene LLinpokocmy- LLInpokocmyro nepefaBaHHA faHWUX.
MpyiHUMN (hoHIA Ta nepega- Be NnepefasaHHA [ <
Ba Tene- . rose nepega- .~ | HoBwiA pagioiHTepdeiic.
po6oTK . BaHHA MOBIAOM- faHux. MoBHic- | . T
(hoHis. BaHHA JaHUX. BipTyanisauis mepex-
NeHb/aaHmnX. Tio IP-Mmepexa. .
HUX e/IEMEHTIB.
KOHKypyBasibHi TEXHO-
Tun EDMA/ norii: OFDMA, Heop-
MHOXWHHOro | FDMA TDMA CDMA OFDMA TOroHa/bHa cxema goc-
pocTyny Tyny (NOMA), FBMC,
UFMC, GFDM T8 iHLwi.
GSM, WCDMA, .
AMPS, D-AMPS, CDMA200, 3'9G'LV_\F/IIEMAX’
CraHpapTn TACS, JDC, UMTS, 4G LT,E- 5G
NMT 2.5G: GPRS, |3.5G: HSPA, Ad\'/anced
EDGE HSPA+
1.4/3/5/10/15/20
(LTE). . .
[0 100 (LTE-A) Big lool\ﬂlq AEKINbKOX
T2 GinbLLe B coTeHb MI'y, (B cmysi
LvpnHa  (0.03 (AMPS), LTE-A Pro. ge |9 20 I'ru);
4acTOTHOro |0.025 (NMT, 0.25 5 o o Q_ 500-1000 My
KaHany, My | TACS) MME ‘-IaCTOTFI)-II/IX (B pianasoHi 20— 40 I'T'w);
KAHANIB He Ne- 6inbLe 1000 My,
pesuLLye 20 (6inbLue 40 ITw).
Ml .
MakcumasbHa . . A
WIBVIKICTb, He06(')’(‘);we 5'(”Eb5”gE0)'4 336 (HSPA) 10?3%2’;3”‘* 20000
Me6it/c '
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9.2 Knacudikauis 6e3rnpoBogoBMX KOMIT OTEPHUX Mepex

Be3npoBoaoBi Mepexi MPUINHATO KnacudgikyBaTh 3a AeKislbkoma 03HaKaMu:
3a XapakTepoM 3’€flHaHHSA, TUMOM CepefoBMLLA MepeaBaHHs, XapakTepoM Bu-
KOPUCTaHHS, TUMOM MOAY AT TOLO, afie HainbinbLL NOLIMPEHOL € Knacudika-
Liis 3a TepuTOpiasibHOK 03HaKok (puc. 9.1).

BesnpoBogoBi mepexi

WPAN WLAN WMAN WRAN

IEEE 802.15.1
(Bluetooth)

IEEE 802.15.3

Wi-Fi

IEEE 802.11

IEEE 802.16

IEEE 802.11a

IEEE 802.16a

IEEE 802.22

IEEE 802.11b

IEEE 802.16b

WIMAX

IEEE 802.11ad

IEEE 802.16m

| | IEEE 802.15.4
(ZigBee)

IEEE 802.20

Hiper Lan 1, 2

|EEE 802.15.4a
(UWB)

Hiper Lan 3
(Hiper Access)

Hiper Lan 3
(Hiperlink)

PucyHok 9.1 — Knacudikavis 6e3npoBoAoB/X KOMM' KOTEPHUX MEPEX

Cepef1 6e3npOBOAOBMX MEPEX 3a3BMYai PO3PI3HAOTL TaKi TUNK:
rno6anbHi WWAN (Wireless Wide Area Network);
perioHansHI WRAN (Wireless Regional Area Network);
micbki WMAN (Wireless Metropolitan Area Network);
nokanbHi WLAN (Wireless Local Area Network);
nepcoHanbHi WPAN (Wireless Personal Area Network).

Be3npoBogosi rnobansHi (BcecsiTHI) Mepexxi WWAN He MaroTb Teputopia-
NbHUX 06MEXXeHb | LUIMPOKO BUKOPUCTOBYHOTb CYMYTHUKOBI KaHaM 3B’ A3KY.

BesnpoBogosa perioHasibHa Mepexxa WRAN — TeputopiasibHO-po3nogineHa
Mepexxa, ka MOXe MOKpMBaTU 3HaYHI TepUTOPIT.

Mepexi meranonicis WMAN — BMCOKOLLBUAKICHI MepeXi, Ki OXOMoKTb
TepuTopito AiameTpom (3a3smnyail) 5070 Km.

BesnpoBogoBa nokasbHa mepexxa WLAN — mMepexa ans o6cnyrosyBaHHS
HeBeIMKNX TepuTopin, 3a3snyaii 1o 500 m.

Be3npoBoaosa nepcoHasibHa Mepexxa WPAN (abo fomallHA Mepexa) BUKO-
PUCTOBYETLCS A4/19 OpraHisauii ocobucToro npocropy (3a3suyait pagiycom 10—
15 m). CyTTeBOIO BIAMIHHICTIO TaKMX MepeX € BUKOPUCTaHHA MPUCTPOIB 3 Ma-
NINM eHeprocroXXmnBaHHAM, AKI MOXXYTb MnepeaaBaT AaHi Bif HOYTOYKiB, MOOI-
NbHUX TeneMOoHIB, BigeoKamep, pi3HNX NOBYTOBMX NPUCTPOIB TOLLO.
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9.3 OCHOBHI NpUHUMNM nepefaBaHHA B 0e3MpoBOAOBMX KaHanax
3B’A3KY

B 6e3npoBOf0OBMX MepeXkax BUKOPWUCTOBYETHCA TEXHOJONIA PO3LLMPEHHS
cnekTpa SS (Spread Spectrum), sika nepeabavae, WO BY3bKOCMYrOBUIA iHJOP-
MaLinHUIA CUrHa MNOLAETLCA TAKUM YMHOM, LLIO AOr0 CNeKTP CTae 3HAYHO GifbLu
LUMPOKMM, H>K NoYaTKoBUI curHan. OQHOYaCHO 3 LM BUKOHYETLCS Nepepos-
NOAINEHHSA IH(OPMALIAHOIO CUrHasy Mo LUMPOKIA CMy3i pagiogianasoHy, Lo
[,03BO/ISE B Pe3y/ibTaTi YCKNaLHUTU MEPEXOnIeHHs CUTHay.

TexHika pO3LUMPEHHSA crekTpa 6e3rnpoBOLOBUX MepPeX BUKOPUCTOBYE ABa
PI3HMX CNOCOOW NnepefaBaHHsA CUTHaY:

e MeTOog CTpubkonogioHoi 3MiHM yactotm FHSS (Frequency Hopping

Spread Spectrum);
e MeTOA NPAMOro MocnifoBHOrNo poswwmpeHHs cnektpa DSSS (Direct
Sequence Spread Spectrum).

KOXHWIA 3 Ha3BaHWX METO[iB BUKOPUCTOBYETLCA B PI3HUX CTaHAapTax 6es-
MPOBOAOBMX MepPeX, ase BifbLL Cy4acHo € TexHonorisa DSSS.

[Mpn BUKOpPUCTaHHI MeTogy CTpMOKOoNoLioHOT 3MiHK YacToTy FHSS nepe-
[aBaHHs Bif6YBAETLCA NPW NOCTINHIMA 3MiHI HECYYOi B LUMPOKOMY Aiana3oHi Ya-
CTOT. B pe3ynbTaTi NOTY)XXHICTb CUrHa/y PO3NOAINAETLCA NO BCbOMY [iana3oHy
4acToT, | MPOCNYXOBYBaHHA OYy/[b-AKOT MEBHOT YaCTOTK TifIbKM BU3HAYaE HeBe-
NAKUA WyM. MocnifoBHICTb 3MIHU Hecy4mx € nceBLoBMMNAaAKOBO, SiKa Bifoma
TiNIbKN MOAY/O-Nepefasady Ta Mogynto-npuiimMady (puc. 9.2).

Yactota ,

F11 F11
F10 F10
F9 F9 F9
F8 F3
F7 F7
F6 F6
F5 F5
F4 F4
F3 F2
F2 F8
F1 F1

»
»

Yac

PUCYHOK 9.2 — PO3LUIMPEHHS cneKTpa CTPMOKOMNOAIGHOT 3MiHM YacToTy

[MpoTarom (hikCcoBaHOro iHTepBay MepeAaBaHHA BifOYBaeTbCA Ha HE3MiH-
Hill Hecyuil 4acToTi, NPy UbOMY AN nepefaBaHHs AUCKPETHOI iH(opMmaLlil BU-
KOPUCTOBYIOTLCA CTaHAAPTHI METOAM MOAYnAuii, Hanpukniag, asosoi abo yac-
TOTHOI. 1Ns CMHXPOHI3auii Npuiimaya Ta nepefaBada A/ BU3HAYEHHS NOYaTKy
KOXXHOr0 nepiogy nepefasaHHsA MPOTArOM [AeSKOro yacy nepefaroTbCs CUHXPO-
BiTK, AKI NPU3BOAATL 40 3MEHLLUEHHSA KOPUCHOT MPONYCKHOT CNPOMOXHOCTI. 1515
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npuknagy, HaeegeHOro Ha puc. 9.2 NOCAIAOBHICTb 3MIHM 4acTOT Taka:
FO-F5-F7/-F11-F1-F4-F10-F2-F3-F8-F6-F9.

Hecyya yactoTta 3MIHIOETLCS BIAMOBIAHO 4O HOMEPIB YaCTOTHMX MifKaHanis,
AKi (hOPMYIOTLCS a/ITOPUTMOM MCEBAOBMMNAAKOBUX yuncen. Mepedasay i npuimad
CUHXPOHHO MePeKNoYatoTLCA 3 OAHIEI YAaCTOTW Ha THLUY, NP LbOMYy 3MiHa (CTpU-
60K) Mae byTK He MeHLa 6 MIL,. 3MiHa YacTOT MOXe 6yTI NoBINLHO (Slow hop-
ping), Npu fAKiin YacToTa HeCy4oi € MOCTIMHOK NPOTATOM NepefaBaHHA AeKifbKOX
iH(hopMaLinHMX po3psaais, Ta waungkoto (fast hopping), konm 3miHa Hecy4oi BifOY-
Ba€ETbCA AEKi/bKa pa3iB MPOTAroM nepefaBaHHA 04HOro 6ita gaHuX.

MeTo/, LWBWAKOIO PO3LLMPEHHS CNeKTpa 6inbLl CTINKWIA 40 MOXMOOK, OCKifb-
KN BY3bKOCMYroBa MoxXuokKa, fika NMOLIKOMKYE CUrHan B AedKOMY nifkaHani, He
Npu3BoAUTL A0 BTpaTy 6iTa. Kpim Toro, npu peanisauii LbOro MeToAy BiACYTHSA
MDDKCMMBO/IbHA IHTepdepeHLis. OaHakK MeTo NOBIJIbHOIO PO3LUMPEHHS CMEKTpa
3HaYHO BifibLL MPOCTWIA B peasnizaLii i Mae 3Ha4YHO MeHLLI HaKMNaaHi BUTPaTW.

Metogn FHSS BukopucToBytoThca B TexHonoriax IEEE 802.11 Ta
Bluetooth.

B meToAi mMpsAMOro nocnifoBHOro Po3LUMpeHHA cnekTpa DSSS Takox
BUKOPUCTOBYETHCA BECb YaCTOTHWIA fAiana3oH, AKWn BUAINEHWUIA Ansa JaHoro 6es-
NPOBOAOBOro KaHany. Ane, Ha BigMiHy Bif metody FHSS, Becb 4acTOTHWIA fia-
Ma30H BMKOPUCTOBYETLCA HE 3a paXyHOK MOCTIHMX Mepek/toYeHb 3 OAHIET Yac-
TOTM Ha iHLWY, a 3a paxyHOK TOro, LWO KOXHWIA 6IT iH(opMmauil nogaetbest N 6i-
TaMW TaKUM YMHOM, LUO TaKTOBa LUBMAKICTb nepefaBaHHs 36inblIyeTbCA B N
pasis. Npu TakoMy nigxoai 4OCTaTHLO BUGPaTK BiAMNOBIAHUM YAHOM LUBUAKICTb
nepefaBaHHs JaHUX i 3Ha4YeHHs N, 106 CNeKTP CUrHany 3aiHsB BECb fiana3oH.

Koa, Ha sKuiA 3aMiHIOETLCA B6IT NOYaTKOBOI iH(hopMaLil, Ha3uBarOTb MOC/Ii-
OOBHICTHO PO3LUMPEHHSA, a KOXHUIA 6IT Takoi NOCNifgoBHOCTI — umnom. Bigno-
BIHO A0 UbOro LWBWAKICTb NepefaBaHHs MifCYMKOBOI0 KOy HasuBalTb Uu-
NOBOK WWBUAKICTIO. Moayni nepefasaya Ta npuiiMada MatoTb 3HaTK NOCifo-
BHICTb PO3LUMPEHHA AN KOPeKTHOT B3aemogil. KinbKicTb 6ITIB B Ui NOCif0B-
HOCTI BM3Ha4Ya€e KOeMiLiEHT PO3LLUNPEHHS KOAY, AKWNIA, 3a3B1Yail, Ma€ 3HAUYEHHS
Bif 3 go 100. And kofyBaHHA GiTiB OTPUMAHOro MigCyMKOBOIO KOAY BUKOpPUC-
TOBYETbCA OYyAb-AKUIA MeTOo4 MoaynsAuii, Hanpuknag, BPSK. MNpu 36inbLUeHHi
KoewiLlieHTa PO3LUMPEHHSA 30iNbLLIYETLCS | CMEKTP MiACYMKOBOIo CUrHany, i Bi-
AMNOBIAHO 3MEHLLYETLCSA MMOBIPHICTb MOr0 NOLLKOXKEHHS.

B 6e3npoBoA0BMX MepeXax 3a3Buyail 3HaUeHHSI KOXHOIro 6iTa KofyeTbCs 3a
[OMOMOro Haa/IMWKOBOI £-6iTOBOI MOCNILOBHOCTI Bapkepa, AOBXMHA SAKOI
NeXUTb B iHTepBani 3—13. TakuM YMHOM GITOBWIA iHTepBan ¢ PO36NBAETLCS Ha k
4MniB, KOXKHUIA TpmBanicTio T = ¢ / k. Take nofdaHHs iHQopmauiiHOro curHany
[03BOJISE CPOPMYBATM LUMPOKOCMYTOBUA CUTHA TPUBATICTIO T Ta CMYIOH
nponyckaHHa F = k / t, wo B k pa3 nepesuiLye cMyry nponyckaHHs no4aTkoBo-
ro iHhopMaLiiHoOro curHany.

B mepexxax ctaHgapTy IEEE 802.11 BUKOPUCTOBYETLCA MOCMAIAOBHICTb, AKa
MicTUTb 11 enemeHTiB, i Mae Burnsg 11100010010 (abo, K anbTepHATUBA,
101101110000). IcHytoTb NpsiMa NOCNIAOBHICTL Bapkepa, B AKiiA OAMHUYHWIA
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IHopMaLinHNIA BIT NepeaacTbCa MPAMUM KOLOM, @ HY/IbOBUA — IHBEPCHMM, Ta
iHBEpPCHa MOCNiAOBHICTb, 3a A0MOMOroH K0T OAMHUYHMIA GIT NepefaeTbes iH-
BEPCHMM KOJOM, & HY/IbOBUIA — NPSAMUM.

OTprMaHa MoCnifOBHICTL YMMIB MOAYMHOETLCA BIANOBIAHO A0 Crnocooby,
AKUIA BUKOPUCTOBYETLCA B laHOMY KaHasi, Hanpuknag, BFSK a6o BPSK.

Hanpuknag, AKLWO HeobXigHO nepefaTtn B kaHan TeTpagy 1011, a po3wm-
PrOBa/IbHOKO MOCNILOBHICTIO Bapkepa € nocnigosHicTe 11100010010, To nepe-
faBad (PoOpMYe i nepeaae B KaHas TaKy MocnifoBHICTb BITiB:

11100010010 00011101101 11100010010 11100010010.

MocnigoBHicTb bapkepa 403BOMSE NpUiAMaYy LUBUAKO CUHXPOHI3yBaTuCA 3
nepegaBayemM, TOOTO HafiliHO BUSBAST MOYaTOK MOCNIAOBHOCTI, LIO nepeaa-
€TbCSA B KaHani. [na UbOro npuiimMay nopiBHKE NPUIAHATY NOCNIAOBHICTb 31 3pa-
3KOM MOC/IA0BHOCTI, i HaBiTb NPW MOLUKOMKEHHI [AEKiNbKOX OITIB 3 BE/NKOHO
MMOBIPHICTIO NpuiiMay Npasu/ibHO BU3HAYMTb MOYATOK MOC/IAOBHOCTI | TOMY
KOPEKTHO MOXe iHTeprpeTyBaTyi OTPpUMaHy MocnigoBHICTb.

Metog DSSS 3abe3neyye MeHLUY 3aXWULLEHICTb Bif NMOXMOOK, HDXK MeTof
FHSS, ockinbku By3bKOCMYroBa Moxubka BrnMBaEe Ha 4YaCTUHY CMeKTpa, a 3Ha-
YMTb | HAa pe3y/bTaT Po3mni3HaBaHHA OANUHUYHMX | HY/IbOBUX BITIB.

Be3npoBofoBi Mepexi, B AKX BUKOPUCTOBYETLCA MeTog DSSS, Bukopuc-
TOBYHOTb KaHanv WnpuHow 22 MIu, 3aBasku YoMy 6arato WLAN MOXYTb
(hYHKLIIOHYBaTK B OAHIA 30HI NOKPUTTSA. B MMiBHIYHIN AMepuui Ta GinbLUili Yac-
TUHI €Bponu B fiana3oHi 2,4-2,483 ', kaHanu wupnHoto 22 MIuy (3a cMyroro
po3iNibTpyBaHHA 3 MITL, MiDK HUMK) 40O3BO/IAOTL CTBOPUTY TPY KaHan nepe-
[iaBaHHSA, SKi He MepeKprBatoThLCS.

B 6e3npoBOA0BMX Mepexax LLUMPOKO BUKOPUCTOBYETLCA OPTOrOHa/IbHe Yac-
TOTHe mynbTUnnekcysaHHs OFDM (Orthogonal Frequency Division Multiplex-
ing), sike nepeabavac, L0 BECb YACTOTHUIA fiana3oH Po3bMBaETLCA Ha AesKy A0-
CTaTHbO BeNNKY KiNbKiCTb nigkaHanis (subcarrier), WO Ha3nBalOTb «KWULLIEHS-
Mu». OfHOMY KaHany (i nepegasady, i Npuiimavy) BUAINAOTb 3 LLIET CYKYNMHOCTI
N Takmx nigkaHanie. Mpun nepegasaHHi BUXigHWIA NOTIK po36mBaeTbea Ha N -
ANOTOKIB, | NepefaBaHHs Bif0yBaeTbCA Mapasie/ibHO MO BCiX MifkaHanax, npu-
4YOMY PO3MOAINIEHHS NigKaHanis B npoueci (PyHKUIOHYBaHHA MOXe AUHaMIYHO
3MiHOBaTuCb. TO6TO, Npy BUKopucTaHHi OFDM BUCOKOLLBUAKICHWIA NOTIK Aa-
HUX KOHBEPTYETLCA B AeKifibKa napasiesibHuX 6iTOBUX MOTOKIB MEHLUOI LWBUA-
KOCTI, KOXXHWIN 3 AIKUX MOAY/MHOETLCA CBOEKD OKPEMOK HeCy4oro. Bca us cykyn-
HICTb HeCy4Mx nepeaaeTbCst 0AHOYACHO. Takuii Niaxia A03BOMSE 3HUIUTM MiXK-
CUMBO/IbHY [HTEPIepeHLito, AKa CTae NPO6/EMOIO NPU BUCOKUX LLUBUAKOCTSX
nepeaaBaHHA faHux. FonoBHa nepesara TexHonorii OFDM nonsirae B TOMy, WO
TPMBaNiCTb CMMBO/MA B AOMOMIDKHIN Hecy4ild 3Ha4HO Ginblua MOPIBHAHO 3 3a-
TPYMKOKO PO3MOBCIOMKEHHS, HXX Y TPaAULIRHUX CXemax MOAYNALLT.

[Mepesaru TexHonorii OFDM:

e afanTUBHICTb, TOGTO MOX/IMBICTb BUKOPUCTAHHA PI3HUX CXeM Ta aro-

PUTMIB MOAYNALIT ANa Pi3HMX NifKaHaie, WO A03BO/ISE aAanTyBaTUCh
He TilbKW O YMOB PO3MOBCIOKEHHS CUrHa/ly B KaHasli, a il O Pi3HUX
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BUMOT [0 AKOCTI MepefaBaHHA CUrHasty (HaldvacTiwe npyu Mogynsauii cu-
rHaniB pPI3HUX nigkaHanis B TexHonorii OFDM BMKOPUCTOBYHOTLCS Me-
Toan ha3oBoi PSK i kBagpaTypHo-amnaitygHoi QAM moaynsuii);
A0CTaTHLO MPOCTa peanisauis MeTogamm LMgpoBoT 06po6KHM;
MOX/IMBICTb 3HMXEHHSA MDKCMMBO/IbHOI iIHTEpdepeHuil (MDK nigkaHana-
MU), L0 0CO6/IMBO BaXK/IMBO Mpy 6araTonpoMeHeBOMY PO3MOBCHOLKEHHI;
BMCOKA CMeKTpasibHa e(EKTUBHICTb, AKa XapaKTepPU3yeTbCA TUM, LLO MpK
36iNbLUEHHI KinbKoCTi nigkaHanis OFDM cucTemy 3a6e3nedyroTb Mai-
e BABIYI Kpally cnekTpasibHy e(heKTUBHICTb NOPIBHSAHO 3 TpaAuLiiHN-
MU CUCTEMAMU 3 YACTOTHUM MY/IbTUMJIEKCYBaHHSAM.

Henonikn OFDM:

HeobOXifHa [y>Ke TOYHA CMHXPOHI3aLis 3a YaCoM Ta YacToTOHo;

OFDM curHan Mae BiJHOCHO BMCOKe 3Ha4eHHs Mik-(haktopa, Lo npus-
BOAUTb [0 3aHAATO BUCOKMX EHEPreTUUYHUX BUTPAT;

BUKOPUCTAHHS 3aXUCHUX IHTepBasliB 3HWXKYE CMEKTpasibHy eqeKTuBs-
HICTb METOAY;

Ha MeTof OPTOrOHa/IbHOr0 YacTOTHOIO MY/NbTUM/EKCYBaHHSA CYTTEBO
BNMBae egekt [onnepa, WO Npv3BOANTL L0 AOAATKOBMX YCKIAAHEHb
MpU A0ro BUKOPUCTaHHI B MOBISIbHNX Mepexax.

Mogynsuis OFDM BWKOPUCTOBYETbCA B CUCTEMax COTOBOrO 3B’A3KY
WIMAX, MobileWiMAX, cuctemax umgppoBoro TenebaveHHs, MBWA, cucTte-
Max TUMY «PO3yMHUIA [iM» Ta «PO3yMHE MICTO» Ta 6araTboX iHLIMX cUCTEMaX.
Llei npyHUMn Mogynsuii WMPOKO BUKOPUCTOBYETLCA B 6€3MpPOBOLOBUX Mepe-
Xax ctaHgapTis IEEE 802.11a,e,9,n; 802.16a,d,e; 802.20.

IcHytO0Tb Taki mogmdikayii TexHonoriit OFDM, fKi BUKOPUCTOBYKOTLCA Pi3-
HUMMW KOMMaHIiSMK B Pi3HMX 3aCTOCYBaHHSX:

COFDM (Coded OFDM). Oanwuin Bug OFDM Bigpi3HAETLCS NLLE TUM,
WO AaHi norepeaHb0o KOAYHOTLCA 3a [OMOMOrOK KOAIB KopekLuil. Buko-
PUCTOBYIOTLCA B CUCTEMAX LMPPoBOro TenebayeHHs DVB-T;

Flash OFDM (Fast low-latency access with seamless handoff OFDM).
Lla moamdikauis po3pobneHa komnaHieto Flarion Technologies gna mo-
6iNbHMX npucTpois. OcobMBOCTI MoAMMIKaL T NonsAratoTb B anropuT-
Max pob0oTu B peXnMi 3 KOMyTaLiet0 NakeTiB AaHUX;

OFDMA - 6araTokopucTyBaLbKkuii BapiaiT OFDM TexHONOriT;
VOFDM (Vector OFDM). [aHa moamdikauis po3pobrieHa KOMMaHier
Cisco Systems. B 0CHOBI niexuTb KoHuenuis TexHonorii MIMO. IcHye
TakoX BapiaHT MIMO-OFDM,;

WOFDM (Wideband OFDM). LLInpokocmyrosa mogudikauis OFDM,
AKka po3pobneHa Wi-LAN Inc. JaHa moaudikauis 3abesnedvye nifsu-
LLileHHA NPOMYCKHOT CNPOMOXXHOCTI Ta 3aBagocTiikocTi. OCHOBHa Bif-
MiHHICTb Nnonarae B GiNbLUIN YaCTOTHIN BiACTaHI MK HECYUYUMMU,

Cnig Big3Ha4MTK, WO cepef PO3rNaHYTUX MOAMMIKaLiin HainbinbLe po3rno-
BCIOKEHHSA oTpumasnn KnacuyHa cxema OFDM i mogndikauis COFDM.
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9.4 JlokanbHi mepexxi WLAN

Besnposogosi nokanbHi Mmepexxi WLAN (Wireless LAN) Ha CbOrogHi Haby-
BatOTb BCE Oi/IbLLOr0 BUKOPUCTaHHSA, OCKi/IbKM MOXYTb YHKLIIOHYBaTK Napase-
NbHO 3 NPOBOLOBUMU Mepexxamu, a IHOAI € EAMHO MOX/IMBMM PILLEHHAM OpraHi-
3auii 3’egHaHHA MoayniB Kopuctysadie. Mepexxi WLAN 4acTo HasueakTb Me-
pexxamu Wi-Fi (Wireless Fidelity — BMCOKa TOUHICTb BIATBOPEHHS 3 BUKOPUCTaH-
HAM 6e3npoBOAOBOI TEXHO/OrIT). B 6e3npoBOA0BMX Mepexxax iHhopmMaLis nepe-
[AETbCA 3a AONOMOroH eleKTPOMArHiTHUX XBW/Ib BUCOKOI YacToTh. A Lie npus-
BOAMTL A0 HECTIKOT Ta Hemnepef6ayyBaHOT po60TY MepeXki, OCKIfIbKX 3aBafu Bif,
PI3HMX TeNeKOMYHIKaLinHUX CUCTEM Ta MOAY/IB, BILOWUTTA CUTrHasiB, aTMOCHEPHI
3aBaiv MPU3BOAATb [0 HEHafiHOro npuinomy iHgopmauii. B 38’43Ky 3 UMM B
mepexxax WLAN BMKOPUCTOBYHOTLCS CKNaAHI MeTOAM KOAYyBaHHS iHhopMauil Ta
CUTrHaNiB, AKi 3MEHLUYIOTb BM/IMB 3aBaf, Ha KOPUCHWIA CUTHaJT.

Be3npoBooBi NOKabHI MepeXki 3a3BMyail CTBOPHOKOTLCA Ha OCHOBI CyKYM-
HocTi ctaHaapTie IEEE 802.11, nepunia 3 gsknx 6yB NpuinHATMA B 1997 poui, a
TakoX NpuinHATKiA ETSI nig Hassoto ETS 300 328. Y cTaHAapTi BU3HAYeHOo na-
pameTpu pPi3HUX BapiaHTIB peanizauii (i3MYHOro piBHA NMPOTOKOMY, a TaKoX Mi-
APIBHIB JOCTYNy A0 KaHany, AKi He3alexXHi Bif 6e3npoBOLOBOro cepefoBuLLA
nepefaBaHHs. MOTOYHMIA Nepenik cTaHAapTiB cimericTBa 802.11 Ta X 3arasibHy
XapaKTepUCTUKY HaBefeHO B Aogatky A.9.1, a napameTpn NOKa/IbHUX Mepex
cTaHgapty IEEE 802.11 HaBefeHi B Tabnuui 9.2.

Tabnnua 9.2 — MapameTpun mepexx ctaHaapTy 802.11

802.11a | 802.11b | 802.11g 802.11n 802.11y | 802.11ac | 802.11ad
PiK
o 1999 1999 2003 2009 2012 2014
NPUAHATTA
YacToTa, 'y, 5 2,4 2,4 2,4-5 3,65-3,7 5 2,4-5
MponyckHa
CMPOMOXHICTb ] . .
(peansHa), 54 (25) | 11(5) | 54 (25) |74-248 (100)| 54 (25) [1,3T6it/c|po 7 I'6iT/c
MG6it/c
QPSK, QPSK,
: BPSK, | QPSK- | BPSK,
Mogynsauis oAM16,| DSSS | oAMis, OFDM QAM256
QAM64 QAM64
tnpuna 20 25 20 20, 40 60
KaHany, MI'y
5Km (y
L 5 BiKPUTO-
Papiyc aii, M 50 100 100 70-150 My cepe-
[0BULL)
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Mepexi ctaHgapTy |EEE 802.11 nigTpymMytoTh Taki TOMOOTIT:
e He3aleXHi 6a3oBi 30HWM o06cnyrosysBaHHA IBSSs (Independent Basic
Service Sets);

e 0a3oBi 30HM 06cnyroeyBaHHsA BSSs (Basic Service Sets);

e po3LWMpeHi 30HK 06cnyroByBaHHA ESSs (Extended Service Sets).

30HOK0 06CcnyroByBaHHA (Service Set) Ha3MBaKTb CYKYMHICTb NMPUCTPOIB,
AKI 3HaxoaaTbCca B pagiyci Aii (30HI NOKpMTTA) 6e3npoBOAO0BOI Mepexi. 30Ha
MOKPUTTS 3HAYHOK MIPOHD 3a/1eXMUTb Bif MOTY)XHOCTI CTaHuii-nepejasaya, Has-
BHOCTI Ta TUNY MepeLLKOo MK CTaHLIAMU, pexkxuMy poboTu (Tonosorii) 6e3npo-
BOJ0BOI Mepexi Towo. TexHonoris WLAN 3abe3neyye O0CTyn A0 Mepexi 3a
paxyHOK repefaBaHHs LUMPOKOMOBHUX CUrHaNiB vepes eip Ha HeCyuiil 4acToTi
B Aianas3oHi pagioyacTtoT. CTaHUif-04ep)KyBay MOXe OTPMMYBaTU CUTHaIN B
Aiana3oHi poboTy AeKiNbKOX CTaHLi-nepeaaBadYis.

HeszanexHi 6a30Bi 30HM 06cnyropyBaHHsA IBSSs ABNAOTL CO60K0 CYKyr-
HICTb CTaHLii, AKi (DYHKUIOHYHOTb BignoBigHO Ao cTtaHaapTy IEEE 802.11 i
3’€IHYHOTLCA MK c060t0 6e3nocepeHbo (puc. 9.3). OcKiNbKK Taki Mepexi Ha-
cnpasfdi € npoctuMmu ogHopaHrosumn WLAN, X TakoX Ha3uBaloTb Creliasib-
HVUMK, HennaHoBMK Ad-Hoc mepexxamun. Taka He3anexxHa 6a3a 06cnyropyBaH-
HA CTBOPHOETLCS, KOMM OKPEMI KNIEHTCbKI MPUCTPOT (DOPMYIOTb Mepexy 6e3 Bu-
KOPUCTaHHA TOYKM JOCTYyny, TO6TO 6Ge3nocepefHbO BCTaHOB/OKOTL 3’€HAHHA
MK CO00K0 Ta 06MIHIOTLCA AaHMMU. O6MeXeHb Ha KiNbKICTb K/MIEHTCbKMX
CTaHLiin B TaKiil Mepexi CTaHAapTOM He BM3HAYaETLCH, asie OCKIfIbKA PO3Mofi-
NEHHS JOCTYNY MK CTaHLiIMU BUKOHYETLCS AeLleHTPai30BaHo, TX KifIbKICTb He
MOXKe 6YyTK Be/IMKOK. [111 TaKoro pexkxmmMmy HeobxifHo, LWo6 KoXHa CTaHLia Ma-
na 6e3npoBoaosuii agantep. Hegonikamu pexumy Ad-Hoc € 0bMexXeHuin giana-
30H i1 Takoi Mepexi Ta HEMOXKMBICTb NIAKNHOYEHHSA [0 30BHILLHBLOT Mepexi,
Hanpuknag, 4o mepexi Internet.

BasoBa 30Ha o6cnyrosyBaHHA BSS nepefbayae HasiBHICTb TOUKWU JOCTY-
ny AP (Access Point), sika € LeHTpa/lbHUM MoAyneM [N 3B’°A3KY BCiX CTaHLii
CTBOPEHOT 30HM. KiEHTCbKI CTaHLii He MOXYTb OOMIHIOBATUCL iH(OpMaLiEto
6e3nocepeHLO MiXK COO0I0, Lie peasni3yeTbCsa TiNIbKM Yepe3 TOUKM AOCTyny, fAKi,
3a3BMYali, MatoTb NOPT BUCXiAHOTO KaHany (uplink port), 3a 4ONOMOrot0 IKOro
3abe3neyyeTbCs NMiAKNHYEHHS 40 NMPOBOAOBOI MepeXi. 3aBAAKN LibOMY TaKy TO-
MOJIOTit0 Ha3MBaloTh IHPacTPyKTyporo BSS.
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58
ISR

PucyHok 9.3 — HesanexxHa Ad-Hoc mepexa (IBSS)

[Jekinbka 6a3oBuMx 30H 06cnyrosyBaHHA BSS 3a fonomororo mopris Bu-
CXILHOr0 KaHany MOXYTb MiAKMYaTUCA A0 PO3MNOAINbHOI CUCTEMW (30BHILL-
HbOI Mepexxi), CTBOPKOOUYM MPU LbOMY PO3LLUMPEHY 30HY 06C/yroByBaHHSA
ESS. Ha puc. 9.4 aBi 6a30Bi 30HM BSS 06’eiHaHI B €MHY PO3LLMPEHY 30HY
ESS. Mix coboto ToUKM JOCTyny 3’€AHYHOTHCA 3a LOMOMOrow NPOBOLOBUX Ce-
IMEHTIB 30BHILUHLOT MepeXi abo pafioMOCTIB.

30BHiLWLHA Mepexa

PucyHok 9.4 — Po3wmpeHa 30Ha 06¢nyrosyBaHHa ESS
6e3npoBOA0BOT MepeXxi

CraHgapt IEEE 802.11 Bignosifgae 3arasbHiil CTPYKTYpi CTaHAAPTIB KOMi-
TeTy 802 i BU3Ha4yae 0CO6/MBOCTI peanisauii ABOX HVDKHIX PIBHIB: (PI3NYHOrO i
KaHasibHoro 3 nigpisHamy LLC 1a MAC (puc. 9.5). Mpu ybomy nigpiseHs LLC
BUKOHYE CTaHAapTHI, 3arasibHi Ans BCix TexHonoriin LAN gyHKLUT.
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MpuknagHun piBeHb

lMpeacTaBHULBKMIA PiBEHb

CeaHcoBun piBeHb / MigpieeHb LLC
/
/
TpaHcnopTHUI piBEHb ,/ MigpieHs MAC
// ,
MepexHuii piBeHb S
7/
/ -
KaHanbHWin piBeHb //:/// MigpiBeHb PLCP
Di3nyHMI piBEHDb MigpiseHs PMD

PucyHok 9.5 — INMigpisHi isnyHoro pisHs IEEE 802.11

KoXHWIA hisnyHuiA piBeHb ctaHaapTy IEEE 802.11, AK i KaHanbHWIA, Mae
ABa NigpiBHI:

e MigpiBeHb BM3HAYeHHA CTaHy (isnyHoro pisHa PLCP (Physical Layer

Convergence Procedure);
e nigpiBeHb (Di3NYHOIO PIBHA, AKWIA 3a1eXUTb Bif CepeaoBuLLa nepeaa-
BaHHA PMD (Physical Medium Dependent).

MigpiseHb PLCP € piBHeMm, SiKuiA 3a6e3neyye nepefaBaHHsi GM10KIB faHNX
npotokony MAC mibk MAC-cTaHUIaMKX 3 BUKOPUCTaHHAM nigpiBHa PMD, Ha
AKOMY peasi30BaHO METOZ NnepefasBaHHs Ta NPUOMY AaHuX Yepe3 6e3npoBoLo-
Be cepeposuwe. MigpisHi PLCP ta PMD BIfpi3HAKOTLCA 419 pPi3HUX BapiaHTIB
ctaHpapTy IEEE 802.11.

Ha hisnyHoMy piBHI iCHYE [eKifbka creuppikalii, AKi Bigpi3HAKTLCA YacTo-
THVUM fiana3oHoM, METOAO0M KOAYBaHHSA Ta LUBUAKICTIO nepeaasaHHs (puc. 9.6).

LLC
A O6cnyrosyBaHHSA A
vy 0€3 KOHKypeHuji O6cnyroByBaHHSA
s 3 KOHKYpeHUjeto
PCF
MAC < v
DCF
?—
802.11 802.11a | 802.11b | 802.11g | 802.11n
Qtanaii )| 24Ty | 24Ty mbpasep | 5Ty | 24Ty | 24Ty Z’F‘r‘ 5
piseHb FHSS | DSSS | "5 OFDM | DSSS | OFDM .
! : HM OFDM
1 M6it/c | 1 M6it/c | 1 M6iT/c no 54 no 11 no 54 o 248
2M6it/c | 2M6itlc | 2 M/ | M6iTic | M6itic | Meitic | A\

PucyHok 9.6 — Ctek npotokonis IEEE 802.11
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Ha nigpisHi MAC B 6e3npoBofoBux Mepexax ctaHgapty IEEE 802.11 pea-
Ni30BaHO [1Ba PeXWMKN AOCTYNY A0 CepefoBuLLa, L0 PO3MNOAINAETLCA MIXK BCiMa
KOpUcTyBavamu:

e po3nogineHnini pexum poctyny DCF (Distributed Coordination

Function);
e LeHTpanizoBaHuin pexum poctyny PCF (Point Coordination
Function).

PosnogineHuii pexxum DCF nepefbavae BUKOPUCTAHHA a/irOPUTMYy MHO-
YXMHHOTO A0CTYNY 3 YHUKHeHHAM Konisin CSMAJ/CA, skuii gna 6e3npoBofo-
BUX MepeXx € 3Ha4yHO 6i/ibl edheKTUBHUM, HXK anroputm CSMA/CD, fKuii pos-
Mi3Hae KoNisii, a He nonepemkye iX. [na Uuboro craHuisa 6e3npoBoA0BOT Mepexi
HaMaraeTbCa nepeaaTyi KOKHWA Kagp TakuM YMHOM, W06 3HU3UTU MMOBIPHICTb
MOro 3iTKHEHHSA 3 IHWKM KagpoM. Kpim Toro, KOXHWIA nepeaHuii Kagp Heob-
XiIHO NiATBEPIKYBATM KaAPOM KBUTAHLLT, SKUIA POPMYETLCS | BiANPaBNsETLCA
CTaHLiE-04epKyBaYeM. AKLLO MiCNA 3aBepLUEHHs TaiM-ayTy Kagp KBUTaHUii
He OTPUMaHO, CTaHUiA-BigNpaBHUK BBaXKAE, L0 BUHMKNA KONi3id, i byge Hama-
raTucs Bi4NpaBnTK Kaap NOBTOPHO. ANrOpUTM MnepefaBaHHs JaHuX B KaHas Mno-
NArae B HMXXYEBMKNALEHOMY.

CTtaHuis, SKild NoTPi6HO nepedaTn Kagp, crovaTtky 060B’S3KOBO NPOC/YXO-
BYE CepefoBULLEe MepedaBaHHA. [nd BUABMEHHA HECy4ol B KaHani (HasBHOCTI
nepefaBaHHA AaHuX IHLWWX CTaHLil) peani3oBaHO ABa MexXaHi3Mu: (i3uYHUin Ta
BipTYya/bHWIA. [epLunii PyHKLIOHYE Ha (PI3NYHOMY PIBHI | BU3HAYaE PiBEHb CUT-
Hany B aHTEHI NMOPIBHSHO 3 OO0 BCTAaHOB/IEHUM NMOPOrOBMM 3HaUYeHHAM. BipTy-
a/lbHWIN MexaHi3M BUSIBNIEHHS HeCcy4oT nepefbayae, Lo BCi Kaapu (K AaHNX, Tak
| KepiBHI) MICTATb iHpopMaLito Npo Yac nepedasaHHs Kagpy (abo CyKymnHOCTI
KapiB) Ta OTPUMaHHSA NiATBEPMKEHHS MPO MOro npuiiom. To6TO, BCi CTaHUil
MepeXxi MatoTb IH(opMaLito NPo MOTOYHe MepedaBaHHA | MOXYTb BU3HAUYUTU
KON KaHan 6yfae 3BifIbHEHO, | AK TiNbKKM Lie Big0yBaeTbCA, CTaHLiA BifpaxoBye
4acoBWIA iHTepBan, KU AOPIBHIOE BCTAHOBEHOMY 3HAYEHHIO MiXKKaapoBOro
iHTepBany IFS (InterFrame Space). AKLIO Nicna 3aBepLUEHHS LUbOro iHTepBany
cepefoBuLLE LUe BiflbHE, MOYNHAETLCA BiA/IIK YAaCOBUX CMOTIB (DIKCOBAHOMO 3Ha-
yeHHA (puc. 9.7). KoxkHa CTaHLisa MOXe po3noyaTy nepefaBaHHA Kagpy TiflbKu
Ha noyaTtky 0yab-AKOro CnoTy, AKLO0 CepefoBuLLE NepefaBaHHA BisibHe. Homep
C/IOTY BMOMPAETLCA BUMALKOBO 3 MHOXXMHW 3HAYEHb, L0 BU3HAYaE PO3MIP KOH-
KypeHTHoro BikHa CW (Contention Window).

Po3mip cnoty BMOMPAETLCA TaKMM YMHOM, W06 BiH MepeBuLLlyBaB Yac pPos-
MOBCIOPKEHHS CUTHaly MK ABOMa Oy[b-AKMMW CTaHLiAMW pa3oM 3 4acoMm,
AKUA BUTPAYaETbCA Ha PO3MNi3HaBaHHA 3allHATOCTI cepefosua. Po3mip cnoty
3a/1eXXNTb Bif CNOCO6Y KoAyBaHHS | CTaHOBUTL Ana metody FHSS 28 mkc, a ans
metogy DSSS — 1 MmKc. Npy BUKOHaHHI Takoi YMOBW KOXKHa CTaHLis, MpOCiyXo-
BYHOUM C/IOTK, 3MOXKEe KOPEKTHO PO3Mi3HaTU Mo4YaToK nepefaBaHHs Kagpy iH-
LLIOK CTaHLIEH, KU peani3yeTbCs paHille TOro 4acoBy CNOTY, SAKWUA CTaHUis
obpana An1s CBOro nepegasaHHsA. TakMM YAHOM, B JaHOMY BUMafKy KONi3isi MO-
e BVMHWKHYTW TiflbKW B TOMY BMMNafKy, SKWO [eKi/ibka CTaHuiin 06mpatoThb
OAVH i TOW e CNoT 4115 NepejaBaHHs.
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Tanmep BigTEpPMiHYBaHHS

Cepeposue

nepenaHHsi 4 3 2 1 0

Kaap Kapp
A A A
J| Cnot
Y »i »
Mixkagposun
iHTepBan
CraHuia A

Mepes.ipka: Mepes.ipka: Mepes.ipka:

3alHATO BifTbHO BiNTbHO

3anyck Tanvepy
BigTEPMiHYBaHHSA

PucyHok 9.7 — Pexxum posnogineHoro goctyny DCF

[na npuknagy, HaBefeHoro Ha puc. 9.7, ctaHuis, Wo Mae AaHi ansa nepeaa-
BaHHSA, MPOCNYXOBYE KaHan i Nicna BUABMEHHSA BIIbHOTO CTaHy BMOMpae Ha oc-
HOBI BIAMOBIAHOI0 a/IFOPUTMY 3HAYEHHS CNOTY, Hanpuknag, 4, ke i NPUCBOIO-
€TbCA TaillMepy BiATEPMiHYBaHHA. Ha noyaTtky KOXHOro CnoTy CTaH CepefoBu-
La nepefaBaHHA 3HOBY MepeBIpAETLCA, a Bif MOTOYHOr0 3HaYeHHs Talmepa Bi-
ATePMiHYBaHHS BifHIMAETbCA 1. AK TifIbKN 3HaYeHHA TailMepa AopiBHIOBATUME
HY/0, PO3MOYMHAETLCA NepefaBaHHA Kagpy. AKLWO X Ha no4vaTKy 6yab-fKoro
C/IOTY KaHan BUSBMBCA 3aHATUM, 3HAYEHHS TaillMepa «3amMOpPOXYETbCA» (6e3
3MEHLLIEHHS MOTOYHOI0 3HAYEHHS COTY Ha 1), i MOYMHAETLCA HOBUIA LMK [0C-
Tyny A0 KaHany. [pu ubOMy BMKOHYETHCA KOHTPO/b 33 CTAHOM CepefioBULLa, |
Mpu Oro 3BiNlbHEHHI BCTAHOBMHOETLCS May3a, L0 [0PiBHIOE MIXKKaapOBOMY iH-
TepBasly, a NMOTIM AOBi/IbHO BCTAHOB/IHOETLCA HOBE 3HAYEHHS C/OTY. AKLIO X
KaHa/ 3a/IMLLNBCS BiNIbHUM, TO CTaHLis BUKOPUCTOBYE 3HAYEHHS «3aMOPOXKEHO-
ro» Tarimepa i BUKOHYE MepeBipKy CTaHy CepefoBuMLLA Ha MOYaTKy KOXHOMO
CNnoTy. Hanpuknag, fKWwo B nepLioMy LMK/I NepeBipkn TariMep 6yn1o 3amopo-
YKEHO Ha 3HayeHHi 1, TO 3 UbOro 3Ha4eHHs NOYNHAETLCA HOBUIA LMK/ MEPEBIPKW.

[MOTPIGHO 3ayBaXXWTK, L0 Ha NOYaTKy CNOTY CTaHLif He noynHae Gesrnoce-
pefHE nepefaBaHHA Kafpy fAaHWX. 3amiCTb LbOrO CMoYaTKy CTaHuif nepefae
KOPOTKMIA CNy>X60BUIA Kagp 3anuTy Ha rnepegaBaHHAa RTS (Request To Send). Y
BIAMOBIAb Ha LeW 3anuT CTaHuis Npu3HadeHHA Qopmye | nepefae Cny>K60Bui
Kagp rotoBHocTi o nepegasaHHA CTS (Clear To Send), I TinbKy nicns ysoro
CTaHUia Moxke nepefatn Kagp gaHux. Kagp CTS, Kpim NiATBEPAXKEHHA TOTOB-
HOCTI, Ma€ i iHLe NPU3HaYeHHs, a came: BiH Ma€ MOMepeanTn Nnpo 3axonsieHHs
cepefoBMLLA CTaHUIT, AKI He 3HAXOAATLCA B 30HI CUTHay CTaHUii-BiANpaBHUKa,
afie € B 30Hi CUrHany cTaHuii-o4ep>KyBaya, TO6TO € MPUXOBaHMMM By3/laMun AN
CTaHLii-BIgNpaBHNKA.

LleHTpanizoBaHuii pexxum goctyny PCF Bifgpi3HAETbCA Bif po3nofineHo-
ro TVM, LLIO TOYKa JOCTYMYy Mepexi BUKOHYE LUe i (hyHKLIT apbiTpa Ta nocnigos-
HO Hafae NpaBo AOCTYMY TUM CTaHLiaM, AKUM HeobXiAHO NepedaTn Kaapu. Pea-
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NI3YETbCA TaKOXX MPIOPUTETHE 0OCNYroByBaHHA MEPEXHOro Tpadiky, Hanpu-
Knag, 3a HeoOXigHOCTI MepefaBaHHA 3 MIHIMa/bHMMK 3aTpumMKamu. Ane ans
3arnobiraHHsA MOBHOMO 3axOMJ/IeHHs KaHa/ly TakKUM MOTOKOM OOMEXYETbCA Tpu-
Ba/IICTb LibOr0 pexunmy.

MouyaTkoBuin ctaHaapT IEEE 802.11 Bu3Hayae Taki MeToau nepefaBaHHs
Ha (PI3NYHOMY PiBHI:

e [epeAaBaHHA B fianasoHi iHpayepBOHUX XBU/b;

e TEXHOJIOrif PO3LUMPEHHS CMEeKTPa LUIAXOM CTPUOKONOAIOHOT 3MiHM Yac-

ToTn FHSS B fgianasoHi 2,4 'y,
e TEXHOJIOris LUMPOKOCMYroBOi MOAYNALIT 3 PO3LUMPEHHAM CMEKTPa MeTo-
AOM npsamoi nocnigoBHocTi DSSS B gianasoHi 2,4 Ty,

e TEXHO/OriA OPTOrOHa/IbHOr0 YaCTOTHOIO MyNbTUMIEKCYBaHHA OFDM.

Mpu nepefaBaHHi B AianasoHi IHPPaYepPBOHUX XBU/1b BUKOPUCTOBYHOTHCH
XBUni gianazoHy 850 HM, AKi reHepytoTbCA abo HaniBnNpPoBIAHVKOBMM /1a3epoM,
abo ceiTrnogiogom. B upomy Bunagky AinsaHka nokputts LAN obMexxeHa 30HOH
NPSAMOT BUANMMOCTI, OCKi/IbKW IHpaYepBOHi XBU/I HE MPOHUKaOThL Yepes CTIHW.
CraHgapT nepenbayae Tpy BapiaHTX PO3MNOBCIOMKEHHS BUMPOMIHIOBAHHSA: He-
Harnpas/fieHy aHTeHy, BIiAOUTTA Bif4 CTeNi Ta (POKYCHE Hanpas/ieHe BUMPOMIHIO-
BaHHSA, fIKe Mpu3HayeHe AN14 opradisauil 3’efHaHHA TUMy «point-to-point», Ha-
npuknag, MiX AsomMa 6yaosamu.

Be3npoBofoBi NOKanbHI Mepexi 3 BUKopuctaHHAM TexHostoril FHSS nigr-
PUMYIOTb LUBMAKOCTI nepefasaHHA 1 M6iT/c Ta 2 M6iT/c. MpucTtpoi FHSS pos-
AINATb NPU3HaYeHy Ansa ix poboTn cMmyry yactoT Big 2,402 'y o 2,48 'y
Ha 79 KaHaniB, AKIi He MepeKpPMBarOTLCS, WO cripaBea/MBo Ans MNMiBHIYHOT AMe-
PUKN Ta BGiNbLIOT YacTMHM €Bponn. LLnprHa KOXHOro 3 79 kaHanis CTaHOBUTH
1 MU, Tomy Taki Mepexi 3abe3rneyyoTb [0CTaTHbO BMCOKY LLUBUAKICTb Mepe-
[aBaHHS CUMBOJTIB Ta HEBE/IMKY LUBUAKICTb 3MIHW KaHani..

TexHonoria LWUPOKOCMYTroBOi MOAYALIT 3 PO3LLMPEHHAM CheKTpa Me-
ToAoM npAmMoT nocnigoBHocTi DSSS Ginbw edekTMBHA, HiXX FHSS, ane |
GinbL CKMagHa B peanisauii. Mpwn peanisayii LbOro metody nigBULLYETLCS Tak-
TOBa YacToTa MOAyNAuiT I KOXXHOMY CMMBO/TY MOBIJOM/IEHHS, LLIO NepeiacTbCs B
KaHas1, CTaBUTbLCA Y BIAMNOBIAHICTL [esKa [0CTaTHbO [OBra rncesLoBUMaLKOBa
MoCNiJOBHICTb. Taki 6e3MpoBOA0BI MepeXXi BUKOPUCTOBYHOTb KaHa/Iv LLUMPUHOKO
22 MI'u, 3aBaakun Yomy aekinbka WLAN MOXYTb (DYHKLIOHYBATW B OAHIl 30Hi
nokpuTTAa. B TMiBHIYHIA AMepuui Ta 6ifbLWilA YacTUHI €Bponu Taki KaHann fo-
3BONAKOTL CTBOPUTKM B Aianas3oHi Big 2,4 'y go 2,483 'y, Tpu KaHanu nepega-
BaHHSA, WO He nepekpuBatoTbCA. MNpy wemakocti 1 M6IT/C BUKOPUCTOBYETLCA
ABiiKoBa BigHocHa (hasoBa mogynauis DBPSK (Differential Binary Phase Shift
Keying), npn LboMy OAMHUYHMIA BIT NoAaeTbecs 11-eneMeHTHUM Kogom bapkepa
11100010010, a HyNbOBWIA — iHBEPCHMM KodoM bapkepa. Cumsonun kogy bap-
Kepa He nepeHocATb IH(opMmalito, 6iTM nepefatoTbCA oApasy BCiM kogoM bap-
Kepa: NpsAMUM Ta IHBEPCHUM, L0 LO3BOJISIE Ha4ATWU CUMHay BNAcTUBOCTI LLYMY,
Lo 3abe3neyye 3aBafoCTiKiCTb. [ns WwBMAKOCTI 2 M6IT/C BUKOPUCTOBYETLCA
KBagpartypHa BigHocHa asosa mopynauis DQPSK (Quadrature Phase Shift
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Keying), sika nepenbayae nepefaBaHHA YOTUPLOX PI3HMX CTaHiB CUTHasy, L0
[03BOSIAE 32 OAVH UMK CUHXPOHI3auil nepegasaty ogpasy 2 6iTu.

TexHonoris opToroHasIbHOro YactoTHOro My/sibTunaekcysaHHA OFDM
(Orthogonal Frequency Division Multiplexing) nepeabayae napanenibHe nepe-
[iaBaHHA KOPUCHOr0 CUrHajsly O4HOYACHO MO AeKi/IbKOX YaCTOTHMX [iana3oHax
(Ha BigmiHy Big TexHonorin FHSS T1a DSSS, B AKUX CUrHaM nepeaaroTbes noc-
Ni0BHO), LLO 403BOAE MIABULLMTIA HE TiJIbKX NPOMYCKHY CMPOMOXHICTb KaHa-
ny, ane u AKicTb curHany. B gaHiii TeXHONOTIT KOXXHWIA BUCOKOLIBUAKICHWUIA Ka-
Han Mae wupuHy 20 MIMy, i cknagaetbest 3 52 nigkaHanis wupuHoto 300 KIy,
3a3Buyali fjlaHa TEXHO/Orisi BUKOPUCTOBYETLCS B fianasoHi 5 'L, B skomy y-
HKUioHYye cTaHgapT IEEE 802.11a, ge nepeabayeHa LWBUAKICTb MepefaBaHHS
AaHuX 0o 54 M6iTt/c (cTaHAAPTOM BM3HaYeHi Tpy 060B’A3KO0BI LUBMAKOCTI: 6, 12
Ta 24 M6iT/c, Ta N’ATb HeobB’A3KoBMX: 9, 18, 36, 48 Ta 54 MO6IT/C). [MponyckHa
CMPOMOXHICTb 3a/1eXXWTb Bif CNocoby moaynauil, SKWMin BUKOPUCTOBYETLCS B
AaHOMy BMNafKY.

[na cTBOpeHHA 6e3MpoBOA0BOI /IOKa/IbHOT MepeXi HeobXifHe cneujiasibHe
0bnagHaHHSA, [0 AKOro BiAHOCATb afanTepu, TOUKU LOCTYNY, MapLUpyTU3aTopu
Ta aHTeHn Wi-Fi. CyyacHi KOMN’toTepu, HOYTOYKM, MNaHLWeTh TOLWO MatoTb
BOY/A0BaHi 6e3nNpoBO0BI afanTepu, a B pa3i iX BiACYTHOCTI aganTep MifgKitoya-
eTbCA 4epe3 USB-po3’em. HasBHICTb 6e3npoBOAOBMX afanTepiB 3abesneuye
B3aEMO/i0 TiJIbKM B pamKax fIoKasibHOI Mepexi. B pa3i noTpedu nigKntoUeHHs
[0 NPOBOAOBOI MepexXi HeobXigHO BMKOPUCTOBYBATU TOUKY AOCTYMY, a B [e-
AKMX BUMNaAKax HeobXifHe BUKOPUCTAHHSA 30BHILHbLOT aHTeHn Wi-Fi. besnpo-
BO/10BI aHTEHM MOXYTb OYTW Pi3HUX KOHMIrypaui Ta HanpaeneHocTi. Hanpa.-
NleHa aHTeHa BWKOPWUCTOBYETHCA [ANS OpraHisauii 3B’A3Ky TuMy MOCTOBOMO
3’€[lHAHHA B KOH®Irypauii «point-to-point». Kpyroea aHTeHa (OYHKLiOHYe B
KOHirypauii «point-to-multipoint», mMae KpyroBy 30HY MOKPUTTA | 3a3BU4ail
BMKOPUCTOBYETLCA B MapLLpyTU3aTOpPax Ta ToYKax 4OCTyny.

[na opranizauii mepex ctaHgapty IEEE 802.11n BUKOPUCTOBYHOTLCA [0C-
TaTHbO HOBI Migxoan: 6araToaHTEHHI CUCTEMW MHOXWHHOIO BBEAEHHS-
BusegeHHa MIMO (Multiple Input Multiple Output), ski nepegbayatoTb BMKO-
PUCTaHHA MIHIMYM [BOX CWUCTeM, LU0 MepefaroTb iHpOpMaLito, | ABOX CUCTEM,
Lo 11 npuinmaroTh (B faHOMY BUMaAKy 2x2). MNpu nepefasaHHi BUXigHWI MOTIK
PO3AINAETLCA Ha AeKiNbKa NOTOKIB, KiNIbKICTb AKMX 3a/1eXNTb Bif KiNIbKOCTI aH-
TeH (puc. 9.8). Jani KoXeH 3 OTpMMaHWX MOTOKIB Oyfe nepefasatucs 4epes
CBOIO aHTeHy, MPUYOMYy, 3a3BMYaid, CUrHaI 3 KOXKHOI aHTEHU NepefaeTbes 3 pis-
HOIO MoNApu3aLieto, Lo [03BONSE AOCTATHLO NIErKO iAeHTU(IKYBaTK MOro npu
npuinomi.

PO3pi3HAITL CUMETPUYHI cuctemmn MIMO 3 04HaKOBOO KiNIbKICTIO nepeaa-
Ba/IbHUX | NPUAMa/IbHUX aHTeH (Hanpuknag, 2X2, 4x4, 8x8) Ta HECUMETPUYHI 3
PI3HOIO KiNbKICTIO TaKWUX aHTeH (2x4, 4x2, 2x8, 4X8 TOLL0).

MakcumasibHa NPonyckHa CNPOMOXHICTb npu BuKopucTaHHi MIMO 3ane-
XWUTb K Bif, KiNIbKOCTI HE3a1eXXHUX KaHasliB, TaK i MOro WMpWMHM Ta SKOCTI na-
pamMeTpiB NnepeaaBaHHs, 1 MOXe OyTK po3paxoBaHa 3a hopMy/oH
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C =M B logy(1 + S/N),

ae C — nponyckHa CNPOMOXHICTb KaHasy;

M — KifIbKICTb He3aeXHNX MOTOKIB AaHuX;

B — WwnpnHa KaHany,

S/N — cniBBigHOLIEHHSA cUrHaN/LWymM.

Mpuknagom 6e3npoBOA0BMX MepeX, AKI LUMPOKO BUKOPUCTOBYHOTL MIMO,
€ TexHonoria AirMAX. CyTb T nofdrae B TOMy, WO AK nepefaBaHHs, Tak i npu-
AOM CUrHasny [AeKiNbKoMa aHTeHaMn B OHOMY KaHasli CTPYKTYPYETbLCA Ta BrO-
pagkoByeTbcd TDMA 3 anapaTHUM MPUCKOPEHHAM: MakeTu AaHUX PO3HeceHo
M0 OKPeMMX YacoBMX CMNOTax, a Yepru nepefasaHb KOOPAMHOBAHO. Lle f103BOSISE
YHUKHYTW KONi3iil B KaHasi, 3aBAsK/ YOMY 30iMbLUYHOTbCA SK NPOMYCKHa Cnpo-
MOXXHICTb KaHauy, Tak i Ki/lbKiCTb aBOHEHTCbKMX cuctem Ao 120 (3amicTb 20-25
Npwn CTaH4apPTHOMY MIAKNKOYeHHI 40 Touku goctyny Wi-Fi).

((92) - > ((9)
(O ~=X@)
OemynbTunnekcop MynbTunnekcop
MNoTik gaHnx ans OTpumanui
nepegaBaHHs NoTiK AaHuX

PucyHok 9.8 — MpuHumn poboTtun TexHonorii MIMO 2x2

OcTaHHIM YacoM HabyBarOTb PO3MOBCHOKEHHS OE3MPOBOAOBI LLUMPOKOCMY-
roesi Mesh-mepexi craHgapty IEEE 802.11s WMN (Wireless Mesh Network),
AKi 4acTo e Ha3MBalTb KOMIpYacTUMW, LLIO BUKOPUCTOBYHOTLCA ANA Mnepena-
BaHHSA MY/IbTUMEAINHOT iHopMaLil. Taki Mepexi HasvBarTb TakoXX MBSS
(Mesh BSS, Mesh Basis Service Set). LLi mepexi 3HaxoAdTb LUMPOKE 3aCTOCY-
BaHHSA MPW CTBOPEHHI /TIOKaSIbHUX | PO3NOAINEHNX MICbKMX 6e3MpoBOOBUX Me-
pexk. Of4HMM 3 roI0BHUX NpUHUMNIB nNobynosn Mesh-mepex € MpruHUMN camoo-
praHisauii apxiTekTypu, Lo 3abe3neyye Taki MOX/IMBOCTI, K peanisalis Tono-
NOTiT MepeXxi «KOXXHWUIA 3 KOXHUM», XXMUBYYICTb Mepexi npu BiAMOBI OKPeMUX
MOAYNIB, AMHAMIYHY MapLUpyTU3aLito Tpaiky, KOHTPO/Ib CTaHy MepeXi, npoc-
TY MaclUTaboBaHICTb MepeXi, BHACMiJOK 4YOro 36i/bLLYETLCA 30Ha MOKPUTTS B
peXumi camoopraHisauii Ta iHWI MOXnMBOCTI. B 3aranbHomy Bunagky Mesh-
MepeXi MOXYTb 6YTM K CTaliOHapHMMW, Tak i MOBGINILHUMU, B KX OKPEMI
CTaHL,iT abo 1 BCI MOXYTb 3MIHIOBATU CBOE PO3TallyBaHHSA B npoueci pobotn. B
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LbOMY BUMaAKY AK TepMiHabHI cTaHuiT (TC) MOXYTb BUKOPUCTOBYBATUCH Pis-
HOMAaHITHI NPUCTPOI: NMaHLWETN, MOBINIbHI TeNeOHM TOLLO.

B KnacMyHUX CTaTUYHMX KOHMIrypauisx 6e3npoBOLOBMX MEPEX CTaH4apTy
IEEE 802.11 TepmiHanbHI CTaHUiT NigKIH4YaroTbes A0 ToHoK goctyny AP (Access
Point) 1 MOXYTb B3aEMOZLISATU TiNIbKN 3 HAMKW, 06MIH JaHumu MK TC 1 goctyn o
30BHILLUHbOI MePeXi MOX/NBUIA TiNIbKK Yepe3 ToUKK goctyny (puc. 9.9).

30BHILLHA Mepexa

Touka Touka
aoctyny aoctyny

TC TC TC TC

PucyHok 9.9 — CtaHaapTHa apxiTekTypa mepexi ctaHgapty IEEE 802.11

Y Mesh-mepexi, KpiM TepMiHa/IbHUX ab0HEeHTCbKUX cTaHuin (TC),
000B’A3KOBO MPUCYTHI crieyianbHi NpucTpoi — Mesh-noptann, AKi 3’€4HYH0Tb
Mesh-mepexxy 3 30BHiLWHIMK Mepexxamun. WMN 3a3Bmyail MIiCTATb OKPeMy Orno-
pHY Mepexy (backbone) 3 mapLupyTtusartopis (Mesh-poyTepis).

Mesh-nopTann 3a6e3neyyoTb AOCTYMN 40 MepeX Pi3HUX TUMIB | (DYHKLIOHa-
NbHO NOAI6HI J0 Wo3iB. Lli cuctemm 06po6ns0Th BENMKI iHopMaLiiHi noTo-
KW Bif] BCIX KNIEHTCbKMX CTaHLin Mesh-mepexi.

BcTaHoBneHHs 3’efHaHHA IEEE 802.11s peasni3yeTbCs 3a paxyHOK nepioau-
YHOro BIAMpaB/ieHHA CTaHA4APTHOrO MOBILOMEHHS «BigKpUTW 3’€QHaHHA», Y
BIAMOBIAb Ha SIKe MOXYTb OYyTW OTpMMaHi MOBIAOMMEHHS «[1iaTBEPAXKEHHS
3’€flHaHHA» ab0 «3akpUTTS 3’€fHaHHs». 3’€HaHHA MiXX [ABOMa CyCiHIMU
Mesh-nopTanaMmn BBaXKAETbCA BCTAHOBMIEHUM TiflbKM TOAI, KONN B3aEMOiiHI
nopTanu BignNpaBuaAX OAUH OAHOMY KOMaHAM «BiaKpuTun 3’€QHaHHS» Ta Bifno-
BifM MiATBEPMKEHHAM 3’€fiHAHHSA B OyAb-AKiA NOCNILOBHOCTI. [N KOXHOro
BCTAHOB/IEHOIO 3’€fiHAHHS NPU3HAYAETLCS Yac XUTTH, NPOTATOM SAKOro BOHO €
AINCHMM | Mae 6TV BUKOPUCTaHE.

Bci By3nM Mepex Takoro tuny € 6araToyHKLUiOHaNIbHUMU NPUCTPOSMMU,
AKI MOXYTb B3aEMOLIATA SIK OAUH 3 OAHUM, TaK i 3 TepMiHA/IbBHUMW CTaHLiSIMK,
BUKOHYOUYM MNpU LbOMY HeobxigHi Mesh-(hyHKUiT. Y3arasbHeHa CTpyKTypa
Mesh-mepexi ctaHgapty IEEE 802.11s HaBegeHa Ha pucyHKy 9.10, 3 sKoro
BUAHO, LLO TepMiHa/bHI CTaHLIT MOXYTb B3aEMOIATN 6e3rnocepeHb0 MiX CO-
6010 Ta KOMYHiKaLiiHMMK By3namn, Ki 06’ €aHYOTb PYHKLIT TOYOK AOCTYNY i
Mesh-cnyx6.
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ABOHEHTCLKI CUCTeMU, LLLO MIAKIKYAOTLCA 40 Mesh-mepex, MOXYTb 6yTK
ABOX TUMIB: TePMiHA/IbBHUMW KNIEHTCbKUMW CTaHLiAMU Mepexi cTaHgapTy |EEE
802.11 6ypfb-aKol rpynu, AKi PYHKLIOHYHOTb B PeXUMi IHPPacTpyKTypu, Ta
Mesh-cTaHUisaMK, WO BUKOHYIOTb (PYHKLIT TpaHCAALIT Ta MapLupyTunsauii B cy-
CifHI BY3/I1 Mepexi.

Mesh-Toukn focTyny, KpiM CTaHAapTHUX (PYHKLIA TOYKM JOCTYNY iHgpa-
CTPYKTYPHOIO peXxumy Ans nigKnoveHUX TepMiHa/IbHUX KNIEHTCbKUX CTaHLIM,
BUKOHYIOTb LLie | (DYHKLIT MapLupyT1sauii 3 By3faMmm Mepexi MapLupyT13aTopis
(Mesh-poyTepn).

Mesh-poyTepu, 3a3BMyail, MatOTb AeKifibKa iIHTepdeiciB i BUKOHYHOTb (hyH-
KUiT MapLupyTunsauii.

30BHILLHA Mepexa

T
Wi-Fi B pexxuMi iHbpacTpyKTypn | Wi-Fi B pexxuMi iHbpacTpyKTypn

Mesh-noptan

Mesh-Touka
Mesh-Touka Mesh- --71 poctyny ~
AocTyny _-~| poytep [ N

Mesh- TC
poytep [~~_ | Mesh- | -
poyTep

Mesh BSS

PucyHok 9.10 — Y3aranbHeHa apXxiTekTypa Mesh-mepexi
ctaHgapty IEEE 802.11s

[MopiBHAHO 3 MOGINLHUMN Mepexxamn Ad Hoc Mesh-mepexki matoTb rnepesa-
rvm, SKi nonararTb B GiNbLWIA HadIMHOCTI, MPOMYCKHIA CIPOMOXHOCTI TOLLO.
BesnepeyHoto nepesarotd Mesh-mMepexx € MiHiManbHWIA Yac i NpocToTa po3rop-
TaHHA, WO NOACHIOETLCA i caMoopraHisai€to, camoaganauieto Ta caMoBiAHOB-
NEeHHAM B 00Xif NOLUKOMKEHOro KaHany (abo uinoi AingHkM), 3abesneyeHHs
3B’SI3KY Ha TepuUTOPIT, Ae TpaauLiiiHi Mepexi He MOXYTb Lie peanisyBaTtu.

HeobxigHo BIAMITUTY, WO 3MiHW B cTaHgapTi IEEE 802.11s He TopkatoTbCA
(hi3MYHOrO piBHA — BCI HOBOBBELEHHA cTOCYtOThCA nwie MAC-piBHA. CTpyKTypa
Kagpie MAC-piBHA BIAPI3HAETLCA Bif CTaHAAPTHOrO opmaTy Kaapy Mepex CTa-
HAapTy 802.11 TuM, LLIO B HbOMY, A0AATKOBO A0 BCiX CTaHAAPTHMX OMUii, nNpucy-
THiin mesh-3aronoBok. Kpim Up0ro, B 3arofioBKy NPUCYTHE Moje «Yac XXUTTA»,
SIKe BMKOPUCTOBYETLCA NMpW 6araToKPOKOBOMY NepefaBaHHi Ans KOXHOro BCTa-
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HOB/EHOro 3’efHaHHA Ta 3anobirae 3aunknoBaHH0. 15 60poTbOM 3 MOX/INBK-
MW ay6ikataMmun nakeTiB nepefbdbayveHo nose Hymepawii nakeTis.

Kpim Toro, B ctaHgapTi IEEE 802.11s po3rnsHyTi NUTaHHA MapLupyTu3auit
nakeTiB B pamkax Mesh-mepexi (TO6TO MepexXHWI | TpaHCMNOPTHUIA PIBHI eTa-
NnoHHOT mogeni OSI).

HeponikoM gaHoi TeXHOMOTIT € Te, WO Mepexxa ctaHaapTy IEEE 802.11s Bu-
3HayeHa NS HeBeIMKMX KOMIpYacTMX PO3MIpIB 3 MaKCMMAa/IbHOK KIifIbKICTHO
BY3/1iB [0 64.

Po3rnisHemMo 0COGMBOCTI Ta OCHOBHI XapakTepucTuku TexHosnorii WiGig,
AKa onucyetbca ctaHgapTamy 802.11ad 1 802.1lay, Ta i BIAMIHHOCTI Bij
Wi-Fi 6. Ha BigMiHY Bif CTaH4APTHUX MepeX 6yab-AKoro Tuny ctaHgapty Wi-Fi,
TexHosorisg WiGig € 6inbLU YHIBepca/ibHO, Sika [03BO/ISE 00°€AHYBATU B EAUHY
MepeXXy Pi3Hi 3a CBOIM Mpu3HayYeHHAM Mogyni (KOMM’toTepy, BifeoKamepw, Co-
TOBI Te/Ie()OHM TOLLO) Ta Mepeaasati BevKi 06CAru faHnxX 3 BEIMKOK LUBUKIC-
Ti0. lMoTouHa Bepcig WiGig 3abesneyvye LIBUAKICTb MepefaBaHHA B peaslbHUX
ymoBax 5 [M6iT/c, a B gesknx ymosax 7 '6iT/c (nokpalleHa Bepcisi — o 10 [6it/c),
Ha BiAMiHY Big Wi-Fi 6, AKuniA 03BO/ISE NepeaaBat faHi 3 peasibHO LUBUAKICTHO
2 [6iT/C (3 MOXXNMBICTHO NOAANLLIONO 36i/IbLUEHHS).

B texHonorii WiGig ansd nepegasaHHS BUKOPUCTOBYETbCA YacToTa 60 ML,
L0 € MeHLLI HaBaHTaXeHa, Ha BiagMiHY Big Wi-Fi 6 Ta iHWMX cTaHAAPTHUX Bep-
ciin Wi-Fi, aKi BUKOPUCTOBYHOTb YacToth 2,4 'y i 5 'y, wo i 3abe3neyvye mo-
XXNMBICTb NepefasaTt 3Ha4HO GifbLUi 06CArN AaHKX.

OfiHaK BUKOPUCTaHHS GiflbLl KOPOTKUX LOBXWH XBWU/Ib MPU3BOAUTL A0 CYT-
TEBUX 0OMEXeHb LIOoAO0 AanbHOCTI MepeAaBaHHs, fKa Ha CbOrofAHI [OPIBHIOE
10 M, I 1O NPOXOMKEHHA nepeLlKko (CTiHW, CTeni Tow), Wo B NPUHUMNI, € ne-
peBaroto npu nobynosi CUCTEM «PO3YMHOI0 AOMY».

9.5 Mepexi WIMAX

TexHonoria WIMAX (Worldwide Interoperability for Microwave Access)
3abe3neyvye B3aEMOJI0 CTaHLii, AKi 3HaX04ATbCA Ha 3HAYHO GiNbLUIN BiACTaHi,
Hi>K 3a6e3neyvye ctaHaapT IEEE 802.11, i € 6e3npoBO4OBOIO TEXHO/OTIED, L0
3abe3nevye LWNPOKOCMYIOBUIA JOCTYM 3 BUCOKOH MPOMYCKHOK CMPOMOXXHICTIO.
TexHonoris WIMAX 3abe3redye CTBOPEHHSA perioHa/lbHUX MepeXx i onucaHa B
ctaHgapTax IEEE 802.16, ana po3pobkn akux B 2001 poui 6yB chopMoBaHWM
WIMAX-thopym, Lo 06’efHYe Ha CbOrofHi Ginblue 230 KOMNaHiin. BcecBiTHIN
camiT 3 iHgopmauiiHoro cycninsctea WSIS (World Summit on Information
Society) BM3HauuMB, WO OCHOBHE 3aBAaHHA TexHonorii WIMAX nonsrae B 3a-
6e3neyveHHI yHiBepcanbHOro 6e3npoBoAoBOro AOCTYMNY ANS MPUCTPOIB PI3HMX
TUNIB Ta KnaciB (po6ounx cTaHuUin, MObIIbHMX TeNnedoHiB, MOOYTOBUX MPUCTPO-
1B «pO3YMHOro fOMy» TOLLO), @ TaKOX A/1A NIoKa/IbHUX MepeX (NPOBOAOBUX i
6e3npoBOL0BMX).
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Ona ctBopeHHsA mepexk WIMAX HeobxifHa HasiBHICTb KOMIMOHEHTIB [BOX
Tmnis (puc. 9.11):
e 06a3oBoi cTaHuiit WIMAX, ska Mae 3HaxXoAUTUCb Ha BYy/b-9KOMY BUCO-
THOMY 06 €eKTi (BMLILI abo 6yaisni);
e cTaHuia npuiimada WIMAX: aHTEHM 3 MNpPUAMaIbHUM NPUCTPOEM

WIMAX.
OdpicHi mepexi
BinpaneHi panonn
2-111TTuy
2-111TTuy
PaioHHi mepexi
10-661TTwy
BipganeHi | ]
2-11TTy 23 i H

BbasoBa craHuiqa
WIMAX
BasoBa cTaHuia BasoBa cTaHuiqa
WIMAX WIMAX

PucyHok 9.11 — Apxitektypa WIMAX

3’efiHaHHA 6a30BOi CTaHLii 3 K/TIEHTCbKAM NMPUCTPOEM peani3yeTbCs B Haf-
BMCOKOMY YaCTOTHOMY fiana3oHi 2-11 'y, sKuid f403BONSE NiATPUMYBATU Ka-
Ha/M 3 LWWMPUHOK CMYrK nponyckaHHa Big 1,5 go 20 MIy, (B Aeskunx Bepciax
cTaHAapTy Ao 50 MITy). Pi3Hi CMyru 4acTOT BUKOPUCTOBYKOTLCA B PI3HUX TUMax
[OCTYNY ANA HagaHHA pisHUX nocayr. Mpun ubomy 6a30Ba CTaHLiA Ta KNIEHTChKI
MoAyni He 060B’3KOBO Mat0Tb 3HAXOAUTUCH B 30HI NPSAMOT BUAUMOCTI,

Ha cborogHi gna mepexk WIMAX BUKOPUCTOBYETLCA TPM OCHOBHUX Aiana-
30HM YacToT: 2,5-2,7; 3,4-3,6 Ta 5-6 'L, KOXHWI 3 IKNX MaE K 0OMEXEHHS,
Tak i cpepn BUKOPUCTaHHA 3 peanizaui€eto BiANOBIAHOMO TUMY AOCTYNY A0 pecy-
pciB Mepexi.

Mix cycigHiMmy 6a30BMMM CTaHLisSIMU BCTAHOB/IHOETLCA NOCTiliHe 3’€4HaHHS
NpsAMOT BUAMMOCTI B Aiana3oHi 10-66 MU, 1o [03BONS€E 3a6e3neyunTn nepeaa-
BaHHA JaHuX (3a igeaibHUX yMOB) 31 WBMAKICTIO f0 134 MOiT/c. 3 CyKynHOCTI
6a30BMX CTaHLi/ Xo4a 6 ofiHa NOCTIHO 3’€flHaHa 3 MepPeXeto NpoBaiigepa LLBK-
OKICHMM KaHanoM, Hanpuknag, T3/E3. 3a3Buuyail ogHa 6a30Ba CTaHLis MOXe
0fiHo4yacHo obcnyrosysatu 6inbLue 60 KOPNopaTUBHUX KOPUCTYBaYiB Ha LUBUA-
KOCTAX, aHa/oriyHmx KaHanam T1/E1, abo 6inbue 100 fomallHiX KOpUCTYBadiB.
CytTteBoto nepesaroto Mepexxk WIMAX € 3abesneyeHHs CcTabinbHOro nepega-
BaHHA MpW BIACYTHOCTI NPAMOT BUAMMOCTI 6a30BOT CTaHUi1, WO A03BO/SE MIAT-
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puMyBaTK CTabifibHe LWBWAKICHE NnepefaBaHHA B MICbKMX YMOBaX LUiSIbHOT 3a-
Oyn0BMW.
Mepexi WIMAX BUKOPUCTOBYHOTb HXKYEBKa3aHi TUNU AOCTYNy:

fixed access — pikcoBaHWin 4OCTYN;

nomadic access — ceaHCOBWIA AOCTYN (AOCTYN 3 Pi3HMX MiCUb);

portable access — 4OCTynN B peXXuMi NepemMilLeHHS;

mobile access — MOGINbHWIA AOCTYN, AKNIA MOXXe BiTK ABOX TUMIB:

- simple mobile access — cnpoweHniA Mo6iNbHWIA AOCTYN;

- full mobile access — NOBHOLIHHWIA MOBINLHWIA fOCTY.
dikcoBaHMIN JOCTYN BMKOPUCTOBYE fAiana3oH yacToTt 10-66 Ty i Tomy
nepefbavae, Lo cTaHuis (abo IHLLIMIA NPUCTPIN) KOpUCTyBaya MOCTIHO 3HAXo-
ANTLCA B OAHOMY MiCLi MPOTArOM BCbOro 4acy Ail KOHTPaKTy 3 OnepaTopom,
AKWIN Hagae nocnyru. Mpu LboMy abOHEHTCbKa CTaHLis MOXe NiAKIYaTuca 4o
Mepexki abo BigKNHYaTUCA Bif HEl, BUOMparoumn 0yab-aKy 6a30BYy CTaHLil0 4N
BXOZY B Mepexy. 3a3Bmyaii CTaHLis peani3ye 3B°S30K 3 OfHUM CEKTOPOM 6a30-
BOI CTaHLUii, a B pa3i 1oro BigMOBM Mepexxa 3abesneyvye nifgKaoUHeHHs 40 iHLWOoro
cekTopa. Takui meTof [AOCTYMNy € anbTepHaTMBOK TaKUM LUMPOKOCMYTOBUM
NMPOBOAOBMM TexHonoriam, Ak XxDSL, T1/E1 Towo, i [03BONSE 3abe3neynTu
MPOMYCKHY CNPOMOXHiCTb 134 M6iT/c.

CeaHcoBuii gocTyn nomadic access nepegbadyae, WO CTaHLUis 3HaX0ANTbCA
B O4HOMY MiCLi MPOTArOM BCbOr0 CeaHcy 3B’A3KY. MK ceciaimmn KNieHTCbKa
CTaHLisl MOXe BifIbHO NepeMiLLyBaTMCb B 30HI AiT LiET XX 6e3npoBOA0BOT MepPeXi,
a 3’eflHaHHA 3 Mepexxeto bye BCTaHOBNHOBATMCL 3a [0MOMOrOH0 IHLIMX 6a30BUX
ctaHuin WIMAX. Lleii pexum BUKOPUCTOBYETLCA, 3a3BMYaid, MOPTATUBHUMU
MPUCTPOAMM, HANPUKIag, HoyToyKamu.

JocTtyn B pexxnmi nepemilLieHHs portable access [103BONMSETLCA NepeMiLLeH-
HA KOpuUcTyBada mepexi (3i wBuakicTio o 40 km/rof) 3abesnedyroun npu usomy
aBTOMaTUYHe MepekntoYeHHs KNIEHTCbKOro MoAyNns Bif OAHIET 6a30BOI CTaHLIT 40
IHLLIOT 6e3 BTpaTy 3B’A3KY CTaHLiT 3 Mepexeto. OfiHaK Takuil pexxuMm He 3abe3neyye
BCi MOX/IMBOCTI KepyBaHHSA Npw MepeMilLieHHI CTaHLiT 3 OAHOro cektopa 6a30BOi
CTaHLiT O IHLLOro cekTopa iHLWOT 6a30B0T CTaHUT.

BuKopucTaHHs pexxmumy Mo6iNIbHOro foCTyny [403BOSISE 30iNbLWLNMTIA LIBNA-
KICTb MepeMmillleHHA KIEHTCbKOT cTaHuii Ao 6inbwe 120 km/rog i 3abesnevye
CTiliKe 3’€[JHaHHA NPW Pi3Kil 3MiHI HanpsMY NepeMmilleHHA cTaHuil. Mpy ubomy
CNpPOLLEeHMA MobinbHMI gocTyn simple mobile access 3abesneuvye Henepe-
PBHWIA CeaHC 3B’A3KY A1 3aCTOCYBaHb, SiKi He BUMaratoTb peanisauii pexxumy
peasibHOro 4acy, npv nepeMillleHHi CTaHUi B 30HI NOKPUTTA AaHOi 6e3npoBo-
[0BOI Mepexi. Peanisauis noBHouUiHHOro mobinbHoro goctyny full mobile
access 3abesreyvye HenepepBHUIA CeaHC 3B’A3KY A/19 BCiX 3aCTOCyBaHb Mpu re-
PEMILLEHHI CTaHLiT 3 BUCOKOI LUBMAKICTIO B 30HI MOKPUTTA AaHOI 6e3npoBojo-
BOI Mepexi, Npu LbOMY rapaHTyeTbCS NnepefaBaHHs KepyBaHHA SK MiXK CEKTO-
pamu, Tak i Mi>XK 6a30BMMM CTaHLIAMN.

MapameTpn YNHHUX CTaHaapTiB TexHonorii WIMAX HaeefieHO B Tabnmui 9.3.
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CraHgap™v WIMAX TakoX BUKOPUCTOBYHOTb TexHosorito MIMO. Hanpu-
Knag, B mepexax craHgapty IEEE 802.16e texHosnoria MIMO po3rnagaerbcs
K He0O0B’A3K0OBA Ot B HAMNPOCTILWIin KOHMIrypauii: 2x2 (aHTeHW Nepefasa-
ya X aHTeHu npuiimaya). B ctaHpapTi IEEE 802.16m TtexHonoria MIMO ¢
000B’A3KOBOKO 3 MOXX/IMBOK KOHQirypauieto 4x4 (B HU3XIAHOMY KaHasi Jonyc-
TUMI KOHGpirypauii: 2x2, 4x2, 4x4, 8x2, 8x4, 8x8), Wo [03BONSE 30INbLLNTU
LUBMAKICTb NepefasaHHA fo 1 [6it/c.

B pisHux ctaHgapTax WIMAX BUKOPUCTOBYETLCS i1 pi3Ha TEXHIKA MY/NbTU-
M/IEKCYBaHHSA: OPTOroHaslbHe 4YacToTHe My/nbTUNekcyBaHHAS OFDM (abo mynb-
TUMNIEKCYBAHHA 3 PO3MOAINOM MO OPTOrOHa/IbHUX 4acToTaxX) Ta MHOXWUHHWIA
AOCTYM 3 PO3Mo4isnoM No opToroHanbHMX Yactotax OFDMA (a6o maclitabosa-
HUA OFDMA — SOFDMA, Scalable OFDMA).

[ronoBHUi npuHumMn OFDM nonsirae B TOMy, WO OCHOBHWIA NOTIK po3Ains-
€TbCA Ha AeAKY KifIbKICTb napasieNbHUX MignoToKiB 3 HU3bKOK LUBUAKICTHO Me-
peflaBaHHs, a BECb YaCTOTHMWIA fiana3oH KaHaly po3buBaETbCA Ha AesKy AocTar-
HbO BE/IMKY KI/IbKICTb MigHECYYMX, A1 KOXHOT 3 AKUX B 3araJibHOMY BUMaKy
MO>XXe 3aCTOCOBYBATMCh CBiil METOZ, MOAYNALLIT.

Mpwn BuKopucTaHHi MeTogy OFDMA CyKYMHICTb MigHEeCy4nx po3bmnBaeThbCs
Ha N rpyn, KoxHa 3 aKux Mae M nigHecyumnx, 3 akmux popmyeTbca M nigkaHa-
niB: MO OAHIN NigHecyYi 3 rpynn. BMKOpUCTaHHA MacluTaboBaHOCTI MPUBO-
ANTb [0 3MIHHOT CTPYKTYpU NigkaHanis, TO6TO A0 3MIHHOI KifIbKOCTI MigHecy-
4mx, SKi 00’€JHYIOTbCA B KaHaJl.

MeTog OFDMA, nopisHsHO 3 OFDM, f03B0nsie 3a6e3neunTn Gifblly rHy-
YKICTb MPW KepyBaHHI MOAYNAMW KOPUCTyBaya 3 Pi3HUMW TUMaMu aHTeH, a Ta-
KOXX Oi/ibLL epeKTUBHE BUKOPUCTaHHA pPecypcis.

TakMM YnHOM, Mepexki TexHosorii 802.16 [03BONAOTL BiNbll eNEKTUBHO
(MOPIBHAHO 3 NPOBIAHMMM TEXHO/OMIAMW) He Ti/IbKX HagasBaTu AOCTYN B Mepe-
XKy HOBUM KJ/liEHTaM, asie 1 po3LIMPOBATU CMEKTP MOCAyr i OXOM/HBaTU HOBI
BaXXKOJOCTYMNHI TepuTopii. Kpim Toro, 6e3npoBoAoBi TEXHONOr T 3HAYHO BifibLu
MPOCTi Y BUKOPUCTAHHI, HDXK TpaguuiinHi npoBogosi kaHamn. Mepexxa WIMAX,
AK 1 Mepexi Wi-Fi, focTaTHbO NPOCTi B PO3ropTaHHi | B pa3i HeobXigHOCTI ner-
KO MacLuTabyroTbCs.

9.6 TexHonoria LTE

TexHonoria LTE (Long Term Evolution) € TexHonorieto nobyaosu 6es-
NPOBOJOBUX MepeX Ha 6a3i IP-TexXHONOorii, WO CTBOPEHA MiXKHapOAHOH opra-
Hizauieto 3GPP (Third Generation Partnership Project), Aka po3pobsnse nepc-
NMeKTUBHI cTaHZapTu Mob6isibHOro 3B°A3KY. [laHa TexHosoria 6yna 3aTBepaKeHa
AK cTaHaapT B 2008 poui i XxapaKTepu3yeTbCA BUCOKUMMW LUBUAKOCTAMU Nepe-
[aBaHHS faHWX: HOMiHaNbHa LWBUAKICTb nepefjaBaHHA B HU3XIAHOMY KaHai
(Bif 6a30BOi cTaHLii 4O KopucTyBada) — 326,4 M6iT/c, a y BUCXi4HOMY KaHarli
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(Big KopucTyBaya A0 6a30B0i cTaHUiT) — 172,8 M6iTt/c. MepeXi Ha OCHOBI CTa-
HAapTy LTE MOXYTb (DYHKLIOHYBATW MO BCiil LUMPWHI crieKTpa YacToT: Big 700
Mlu po2,71Tu.

LTE 6a3yeTbCA Ha TPbOX OCHOBHUX TEXHO/OTISAX:

e OPTOroHa/IbHE YacTOTHE MynbTUNNeKkcyBaHHA OFDM;

e OaratoaHTeHHi cuctemun MIMO;

e EeBOJIIOLIHA CUCTEMHA apXiTeKTypa Mepexi.

OcHoBHOO nepesaroto Mepexk LTE € 3Ha4YHO MeHLWi 3aTPMMKKU Npu nepesa-
BaHHI fK JaHMX KOPWUCTYyBauiB, TaK I KepiBHOI iH(pOpMaLil, OCKIIbK1N MapLipyT
nepefaBaHHA NPOJiArae Yepes MeHLLY KifIbKICTb MPOMIKHMX BY3/IiB.

Y3ara/ibHeHa CTpyKTypa mepexi LTE HaBefeHa Ha puc. 9.12.
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PucyHok 9.12 — ApxiTekTypa mepexi LTE
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Mepexa LTE cknagaetbcs 3 4BOX BaXX/IMBUX KOMMOHEHTIB: Mepexi pagio-
AocTyny Ta 6a30B801 Mepexi. O6MIH AaHUMU B da3o0e6iti mepesici BAKOHYETLCA 3a
MPOTOKOMOM IP 3 KOMYyTaU i€t MakKeTiB, L0 CYTTEBO BIAPI3HAETLCA Bif Mepex
ronepesHiX MOKONiHb, B AKUX BUKOPUCTOBYETHCA KOMYyTaLifl KaHa/liB MiX
OKpeMumu moaynsamu. B 6a30By Mepexxy BXOAATb 6/I0KW, AKI BUKOHYHOTb Kepy-
BaHHA, MapLUpyTM3aLito, KOMyTaLito Ta 36epiraHHs AaHuX Pi3HUX TUMIB.

Mepexka pagiofocTyny 3abesneyye 38°430K TepMiHaniB KOPUCTyBaYiB 3 6a-
30BOH0 MEpEXero | CKNafaeTbCa 3 CYKYMHOCTI 6a30BMX CTaHLii, SiKi, Ha BiAMIiHY
Bif} BCIX IHLLMX NMOKONiHb 6e3NPOBOAOBMX MEPEX, MOXKYTb 0OMiIHKOBATUCh IH(O-
pMaLi€to 3 BUKOPUCTAHHAM iHTepdelicy X2 Ta BUKOHYBATU (YHKLIT KepyBaHHS.
To670, 6a30Ba cTaHLia Mepexi LTE BUKOHYe yHKLIT K Nepeaasaya iHopMma-
LiT, TaK | KOHTpoNepa. B mepexi nepefactbCcA Asa BMAN Tpadiky: AgaHi KOPUCTY-
Baya, nepefaBaHHA SKMX HaBefeHO Ha puc. 9.12 HenepepBHOO MiHIED, Ta CUT-
Ha/lbHa iH(hopMaLis, Lo BiA06paXkeHa MYHKTUPHOLO HIEH.

BasoBi cTaHuUil B Mepexi LTE BWKOHYIOTb PO3MOAINEHHA pajioKaHanis,
AVNHaMiYHe PO3MOAINIEHHS PecypcCiB y BUCXIAHOMY Ta HU3XIAHOMY KaHanax, ma-
pLIpyTM3aLito MOTOKY AaHMX KOpUCTyBada Ana nepefaBaHHs Ha 0b6CnyroBysa-
NbHUIA LWMH3, WW(PYBaHHS JaHUX TOLO.

OCHOBHMM KepiBHUM MoAynem B Mepexi LTE € By30/s1 KepyBaHHSA MOO6I-
NbHICTHO, KU BUKOHYE TiNbKW WYHKLIT KepyBaHHS | He 06po6Nse AaHi kKopuc-
TyBaua, asie 3a [JONOMOror MPOTOKONY CUrHani3auii Mae 6e3nocepefHiii 38’430K
3 TepMiHaiaMn KOpUCTyBaya i BUKOHYE ayTeHTU(IKALLIKO KMIEHTIB, KepyBaHHS
KaHa/flaMu, POYMIHT, CUrHasi3auUito MiXXK 6a30BOK0 MepeXeto i TepMiHanammn Ko-
PUCTYBaYiB TOLLLO.

O6cnyroByBasibHWUIA LLIMIO3 BUKOHYE 0O6PO6KY Ta MapLUpyTU3aLito AaHuX,
AKi nepegarotbes 3 (abo B) 6a30B0T CTaHLiT, 6ydepm3aLlito NakeTiB B HU3XIAHO-
MYy HarnpsMKy, Kepye MOOIMbHICTIO MibK Mepexketo LTE Ta mepexxamu iHWKX Te-
xHonorin 3GPP.

[MakeTHWIA LWNKO3 peanisye 3’€AHaHHA TepMiHa/TiB KOPUCTYBaYiB 3 30BHILL-
HIMW MepeXxamn | 3abe3nedye QinbTpauito NakeTiB KOPUCTyBaya, PO3MNoAiNeHHs
IP-agpec ansa TepmiHanis KopucTyBaya, BUKOHYE MapKyBaHHS NaKeTiB TPaHCMo-
PTHOIO PiBHA B HU3XIAHOMY HamnpsMKY.

By30/11 KOHTPO/IKO Ta MOHITOPUHIY BUKOHYE ABI OCHOBHI (DYHKLIT: KOHT-
POO LLNKO3Y | KOHTPO/IHO 3a AKICTHO, peani3ytoun Ans LbOoro nocTiHUIA MOHI-
TOPUHT CTaHy Mepexi Ta MiATPUMKY 3a[aHOro piBHA AKOCTI 06CNyroByBaHHS
QoS fna BCiX TUNIB 3’€HaHb.

CepBep abOHEHTCbKUX [JaHMX NPU3HaA4YeHO Ans 36epiraHHA JaHuX Mpo
abOHEHTIB MepeXi: iAeHTM(IKaTOPIB KOPUCTYBaya, MiCLS MOro 3HaXOMKEHHS Ha
MEPEXHOMY PiBHI Ha BMNAAOK, AKLLO KOPUCTYBaY, BUMLLOBLUN 3 AaHOT Mepexi,
Oyfe 3Haxo4MTWUCb B iHLWIW, @ MOMY MPUIALLIO MOBIAOMMEHHS, AaHi Ge3neku
aboHeHTIB ToLo. B mepexi LTE Moxe OyTn feKinbka Takmx cepBepiB, X Kiflb-
KICTb 3a/1eXXWTb Bifl CTPYKTYPW MepeXi Ta Ki/lbKOCTi abOHEHTIB.
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MoTpibHO BIgMITMTK, WO apxiTekTypa LTE, fka Takox Ha3mBaeTbCs SAE
(System Architecture Evolution), 3a6e3neyye rHy4KiCTb MePeXXHOT KOHirypauii
Ta BUCOKWIA piBeHb JOCTYNHOCTI cepsiciB. Mepexa LTE MoXe A0CTaTHbO Nnpoc-
TO B3aEMOZIATM 3 TaKUMWM MepeXxamun nonepeaHix nokosiHb, Ak GSM, CDMA,
WCDMA, WIIMAX Ta iHWwuMK. B noganbliomy niaHyeTbCA peanizyBaTun Tex-
Honorito LTE He TiNibK1 B MOGINIbHUX TeneoHax, ane i y HOYyTOyKax Ta iHLIMX
NMOPTaTUBHUX MOAYNAX.

B T1abnuui 9.4 HaBeAeHO XapaKTepUCTUKM TexHonorii LTE noOpiBHAHO 3
aHanoriyHmmmn napametpamm mepexxk WIMAX (3ayBaXkMmo, LLIO BKasaHi B CTa-
HOApTax TeOPeTUYHO MOXK/IMBI XapaKTepUCTUKM Ha NPakTuui MOXYTb OyTu
MEHLLNMN).

Tabnnua 9.4 — MNopisHANbHA XapakTepuctuka LTE ta WIMAX

MapameTp LTE/3GPP Rel.8 WIMAX/IEEE 802.16e
LLIBnaKicTb nepefiaBaHHA faHNX, 326 y HU3XigHOMY KaHai,
M6iT/c 172 y BUCXigHOMY KaHali A0 75
MigTpMMKa Mo6iNbHOCTI, KM/Troj [0 500
OFDMA y HusxigHoMmy

TexHonoris MynbTUNIEKCYBaHHA Karanl, - OFDMA

SL-FDMA y BucxigHomy

KaHani

CnekTtp, MI'y, 1,25; 2,5; 5; 10; 15 12 20
PagiyC gii, kKM 5-100 3 HeBeNNKUM 10 50

nocnabneHHsm nicng 30 Kv

3aronosku/cnyx6oBa iHhopmau,is

[MopiBHAHO HEBE/UKI

[,0CcTaTHBO BE/UKI

KaHani

3aronoBKu 3arofioBKu
Cxema MIMO, KoayBaHHs MIMO 3,| 3BOPOTHUM MIMO 6e§ 3BOPOTHOrO
3B’A3KOM 3B’A3KY
Cxema MIMO y BucxigHomy %2 %2

Cxema MIMO y Hu3XigHOMY
KaHai

PO3HEeCeHMin npuinom

PO3HeceHuiA Npuinom

BucoTa aHTeHM 6a30BOT CTaHLiT, M

25

25

Cepsic

NepenaBaHHA faHUX

NepenaBaHHA faHUX

HactynHum etanom po3suTKy mepex 4G LTE e ctaHpgapt LTE-A (LTE-

Advanced), K14 4aCTO NOMMUIKOBO HasnBatoTb 4G+. Came LA TEXHONOTIA € Te-
XHO/OTIEH YETBEPTOro MOKOMIHHA. [T0/10BHOK 11 0COGMMBICTIO € BUKOPUCTaHHS
MIMO i MOXnMBICTb arperauii 4aCTOTHMUX [fiana3oHiB KaHasiB nepefaBaHHS
[aHVX, WO [03BOJISE CYTTEBO MIABULNTY LUBMAKICTL MepefaBaHHA, AKa 3ase-
YXWUTb Bif, KiINIbKOCTI 06’ €4HaHNX KaHaiB.

MopiBHAMbHA XapaKTepucTuka pagioiHTepdelicis Mepexx LTE Ta LTE-
Advanced HaBegeHa B Tabnmui 9.5.
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Tabnmus 9.5 — MNopiBHANbHA XapaKTepucTuKa TexHonorin LTE ta LTE-A

MapameTp LTE LTE-A
Y HU3XIAHOMY KaHani Mpu 8x8 MIMO,
326 M6iT/c (4x4 MIMO), 2%123 o
[MikoBa WBMAKICTb NepefaBaHHa | 173 M6iT/c (2x2 MIMO). SV
. - HunsxigH1n KaHan:
HaHunx Y BUCXIGHOMY KaHasl 1.2 I6it/c
(20 MrI'u): 86 M6iTt/c Bmcx'i,qHMVl Ka.Han'
(1x2 MIMO). 568 M6iT/c.
MigTpMMKa MO6IILHOCTI, KM/Toj, Ao 250-300 Ao 500
TexHonoris MynbTUNIEKCYBaHHA OFDMA y HusxiHoMy KaHan,
y y SL-FDMA 'y BUCXIAHOMY KaHaJli
Mopaynauis QPSK, 16QAM, 64QAM, 256QAM

[0 4 4acToT CMyT Pi3HOI
MacLuTaboBaHOT LUMPUHN B
Pi3HMX CMyrax
(HU3XigHWIA, BUCXiAHWIA)
(peni3 Rel 13). Po3pobka
arperauii 5 Ta 8 cmyr
(B nepcnekTuBi —

[0 32 cMyr).

Arperauis cnekrpa

LLiInpunHa kaHany 3miHHa (8o 20 MI'w) 3miHHa (0o 100 MIu)

9.7 CrtaHgaptu mepexx WPAN, WMAN ta WRAN

Be3npoBogosi nepcoHasibHI (gomatuHi) mepexxi WPAN Ha cbOrogHi cTBo-
PIOKOTLCA Ha OCHOBI TexHosorii Bluetooth, fika 6yna po3pobneHa KomMaHieto
Ericsson. MeToto ctaHaapTy IEEE 802.15, B AKOMY OMUCYETLCA JaHa TeXHO/O0-
rig, € 3abesnevyeHHAs MOXXIMBOCTI OOMIHY AaHUMW PI3HUM eNeKTPOHHUM Mpu-
CTPOAM, SiKi 3HaX0AATbCA Ha BiAcTaHi fo 100 meTpis. CTaHAAPT BUKOPUCTOBYE
pagioyactoTn 2400-2483,5 MU, WO Hanexatb 40 Aiana3oHy, KWl Mae Ha3By
ISM (Industrial, Scientific, Medicine) Ta BUKOPUCTOBYETLCA B 6araTbOx KpaiHax
Ana 6e3niyeHsinHoro goctyny. Becb AianasoH B TEXHOMOrT po3fineHo Ha 78
KaHaniB WmnpuHoo 1 MITL KOXXHWIA. 3abe3neyyeTbecs nepeaaBaHHsA SK CUHXPOH-
HUX, TaK | aCUHXPOHHMX AaHUX.

[na opraHisauii gyniekCcHOro 38°s3Ky BUKOPUCTOBYETLCS METO[ 4acOBOIro
MY/IbTUMN/IEKCYBAHHSA, TOOTO B OAHOMY 4YacOBOMY C/IOTI MepefaeTbCA OAWH MO-
Aynb, a B iHWOMY — iHLIWA Moaynb. Mpn CUMETPUYHIN opraHisalii 06MiHy acu-
HXPOHHUMW [JaHMMM LWIBWUAKICTb nepefdaBaHHA cknagae 433,9 K6IT/C B KOXHY
CTOPOHY. MakcumarnbHa LWBUAKICTb AOCAraETbCA MPU aCUMETPUYHOMY OOMiHiI i
cknagae 723,2 K6iT/c B ogHy CTOpPOHY i 57,5 K6IT/C — B iHLLY.

CraHgapt IEEE 802.15.3 € po3BUTKOM MornepeaHbLOro ctaHaapTy i 3abesne-
yye LWBUAKICTb NepefaBaHHA daHuX fo 55 K6it/c Ha BiacTaHb Ao 100 M. Taki xa-
PaKTEPUCTUKM MOXXHA peanidyBaTh A/ KifIbKOCTI MOAY/IB B Mepexi fo 245.
Kpim BKa3aHOI LWBWAKOCTI NepeaaBaHHsA 3abe3neyyeTbea MigTpUMKa WBULKOCTEN
11, 22, 33 1a 44 K6iT/c. [na 3aXUCTY [aHNUX BUKOPUCTOBYETLCH LLINPPYBaHHS.
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Mepexi ZigBee ctaHgapTy IEEE 802.15.4 opieHTOBaHO Ha BUKOPUCTaHHS B
TOMY BUNAAKY, KOMM HEOOXIAHO OpraHi3yBaTty 3B°A30K 3 PI3HUMM NPUCTPOAMM:
faTynkKamu, ceHcopamun, MOLYNSAMW CUCTEM aBToMartu3auii BUpoOHMUTBa, CUC-
Tem 6e3nekn Towo. CrtaHAapT 3abe3neyye MPOMYCKHY CMPOMOXHICTL Ao 250
K6iT1/c Ha BigcTaHb 40 10 M B gianasoHi 2,4 Ty,

CraHpapt IEEE 802.15.4a BM3Ha4ae TeXHO/Orit0 LLUMPOKOCMYroBOro pa-
aioss’sa3ky UWB (Ultra Wide Band), ska po3po6seHa kopnopauieto Intel ans
nepegaBaHHA Ha wwBmAakKocTi Ao 500 M6iT/c Ha BiagcTaHb Ao 5 (iHoai o 10) m.
[nsa nepefasaHHA BUKOPUCTOBYIOTb HAAKOPOTKI pagioiMmnyibcy (MeHLue 1 HC) B
LLUMPOKOMY AianasoHi yactorT: Big 3,1 go 10,6 'y,

CraHpgapt IEEE 802.20 onucye cuctemy mo6inbHOro 6e3npoBoAoBOro LLm-
pokocmyrosoro goctyny MBWA (Mobile Broadband Wireless Access) ans po-
3p06KM MicbKuX i perioHasibHuX Mepexx (WMAN 1ta WRAN), sKi (yHKLiOHY-
0Tb B fliarnasoHax 4acTtoT He Buule 3,5 I'TU. B gaHOMy cTaHOapTi BU3HAYaETLCA
MepeXxa NepcoHa/IbHOro aCMMETPUYHOTO LLUMPOKOCMYTOBOro JOCTYMY 3 KOMYyTa-
LliEt0 NakeTiB, AKa 3abe3neyvye nepefaBaHHSA AaHWX Ha OCHOBI NpoTokony IP B
HM3XigHOMY KaHani 16-20 M6iT/c, a y BucxigHomy — 1-3,2 M6it/c. M0/10BHOIO
0COBNMBICTIO TaKMX MEPEX € Te, L0 BOHW FrapaHTyOTb CTabi/lbHWIA 3B’A30K A1
MOGINbHNX KOPWUCTYBaYiB, SIKIi MOXYTb MepemillyBaTUCb 3i LUBMAKICTIO [0
250 km/rog, 30Kpema i He B 30HI NpsAMOT BMAMMOCTI 6a30B0T cTaHuii. Pagiyc aii
— po 15 kM. Ha cborogHi TexHonoris MBWA BMKOpUCTOBYETLCA GinbLu AK B 30
KpaiHax nig Ha3soo HC-SDMA (High Capacity Spatial Division Multiple Ac-
Cess), a/ie 4acTo BMKOPUCTOBYETLCA | Ha3Ba iBurst, K B AMNOHil.

[na cTBOpeHHs 6e3npoBoaoBMX perioHaibHNX Mepexxk WRAN po3pobneHo
ctaHaapT IEEE 802.22, akuii 3a6e3nevye 6e3npoBoA0Be LUMPOKOCMYTOBe Mnepe-
AaBaHHA Ha BifgcTaHb A0 100 KM i OpieHTOBaHWIA Ha 4YaCcTOTHWIA fianasoH Bif
30 go 3000 MTIu, siKi cTany BiNbHUMW MICNS LLUMPOKOro BUKOPUCTaHHA Uudgpo-
BOro TenebayveHHs. 3abesrneyye cTabiflbHWI 3B S30K NPU NEPeMIiLLLEHHI KOPUCTY-
Baya 3i LWBMAKICTIO A0 114 KM/rog i NponyCcKHY CIPOMOXHICTb 40 22 M6IT/c.

Ocob6nusicTio ctaHgapTy IEEE 802.22 WRAN € Te, WO BiH BUKOPUCTOBYE
TEXHO/IOT 10 KOTHITUBHOIO pajionepefaBaHHs, L0 3abe3neyye HaarogyKyBaHHs
napameTpiB MOAYNIB MepexXi TaKuM YMHOM, LL06 nepeaaBaHHA faHUX BifbyBa-
nacb Ti/IbKW B NiLeH30BaHOMY fiana3oHi 4YacTorT.

OCHOBHI XapakTepucTukn mepexx ctaHgapty IEEE 802.22 HaBefeHi B Tab-
nnui 9.5.

Tabnmuyg 9.5 — XapakrepucTuka mepex ctaHgapty IEEE 802.22

MapameTp 3Ha4veHHA
[MponycKHa CNPOMOXHICTb [0 22 M6iT/c
WvpnHa KaHany 6 MI'y,
TexHOo/orisi My/IbTUMNJIEKCYBaHHS OFDM, OFDMA y BuCXiHOMY KaHani
Mogaynauis QPSK, QAM16, QAM64

1,5 M6iT/c y HM3XigHOMY KaHani,
384 K6iT/C y BUCXifHOMY KaHani
MigTprMKa MO6INIbHOCTI no 114 km/rog,
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9.8 CynyTHMKOBI CUCTEMM Ta Mepexi

3a ouiHkamn International Telecommunications Union, 6i/bLL HiXXK NON0BK-
Ha HaceneHHs 3eMni He Mae JOCTyny A0 MepeXi, i Tibkn 10% noBepxHi niaHe-
TK 3a6e3neyeHo 6e3npoBogoBnM (MOBIIBHUM) 3B’A3KOM. TOMY BUKOPUCTAHHS
CYNYTHUKOBOIO 3B’SA3KY, AKWUIA OXOMNJIKOE (3a/1eXKHO Bif, TOr0, Ha AKii BUCOTI 3Ha-
XOAUTBLCS CYNYTHUK) 3HAYHY TEPUTOPItO NNaHETN, MAa€E CYTTEBE 3HAYEHHS | PO3-
BMBAETLCA OCTaHHI POKU LUBUAKMMMW TEMMaMU,

[0 cknagy 6yab-KOT CYnyTHMKOBOT CUCTEMMU, y3ara/ibHeEHa CTPYKTYpa SIKOI
HaBefleHa Ha puc. 9.13, BXOAATb TaKi KOMMOHEHTH:

KOCMIYHWNIA CErmMeHT, AKWW CKNafdaeTbCsl 3 [AEKiIbKOX CYMyTHUKIB-
PETPaHCNATOPIB;

Ha3eMHWIA CErMeHT, AKUIA MICTUTb LLeHTP YNpaB/iiHHA CUCTEMOLO, LIEHTP
ynpas/iHHA 3B’A3KOM, LU/KO30BI Ta KOMaHAHO-BMMIPKOBa/IbHI CTaHLT;
KOpUCTYyBaLbKUI (a60HEHTCbKWNIA) CerMeHT, KW peanisye 3B’A30K 3a
[LONOMOrOH NepcoHasIbHMUX CYNYTHUKOBUX TePMiHaNIB,;

Ha3eMHi Mepexi 3B’S3Ky, 3 SAKAMU 4epe3 iHTep(einc 3B’A3KY
3’€[HYHOTbLCA LUIHO30BI CUCTEMU KOCMIYHOIO 3B A3KY.

KomaHaHo-
BMMIpIOBarbHi
cTaHuii

LLnto3oBi
cTaHuii

PucyHoOK 9.13 - Y3arasibHeHa CTPYKTypa CynyTHUKOBOI CUCTEMN
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[Ons cynyTHUKOBUX CUCTEM BWUAINEHI CMYTrM 4YacToT, AKi HaBefeHO B Tab-
nuui 9.6.

Tabnmug 9.6 — 3HaYeHHS 4acToT A/19 CYMYyTHUKOBUX CUCTEM

[ianasoH Cwmyra yactor, 'y,
L 1, 452-1,500; 1,61-1,71
S 1,93-2,7
C 3,4-5,25; 5,725-7,075
Ku 10,70-12,75; 12,75-14,80
Ka 14,40-26,50; 27,00-50,20
Kc 84,00-86,00

KOoCMiUHMIA CEermMeHT CKNagaeTbCsl 3  AeAKOi  KiNbKOCTi  CYMNyTHUKIB-
peTpaHcnsaTopiB, AKi 06’eaHaHi B rpynn. OpbiTK CynyTHUKIB KNacuiKyoTbCA
3a (hOPMOI0, HAXMIOM [0 3eMHOT MOBEPXHI Ta MNePioOANYHICTIO NOro NMPOXOMKEH-
HA Haf TOYKaMW 3eMHOI MOBEPXHi. 3a (hOPMOIO ANs CUCTEM 3B’SI3KY PO3PIi3HS-
I0Tb 0pO6ITK, POpPMa AKMX HAGNIMXKEHA A0 KPYroBOi, a BUCOTK anores Ta rnepures
BIAPI3HAOTLCA Ha AeKifbKa LeCATKIB KiJIOMETpIB, Ta eNinTuyHi opoiTu.

3a Knacugikali€eto 3a BEIMUNHOKO BEIMKOT MIBOCI, @ TOYHILUe, BUCOTOK Haj
MoBepxHeto 3emJii, PO3Pi3HAOTb TaKi TUMK CYMYTHUKIB:

e Hu3bKoopbiTanbHi LEO (Low Earth Orbit), AKi 3HaX04ATbCA Ha BUCOTI
Big 160 fo 2000 KM i ToMy Nijfat0TbCA MakCMMasibHOMY BM/INBY rpasi-
TauinHoro nonsa 3emni Ta ii aTMocqepu;

e cepefHboop6iTanbHi MEO (Medium Earth Orbit) cynyTHUKK, SiKi 3a3BK-
Yali, 3HaxoasaTbes Ha BMCOTi Bia 2000 go 35786 KM, TOOTO 3aliMatoThb BU-
COTM MK HMU3bKOOPOITa/IbHUMK Ta reocTalioHapHUMK opbiTamu;

e reocrauioHapHi abo reocMHxpoHHi GSO (Geosynchronous Orbit), wo
3HaxoAATbCA Ha BUCOTI 35786 KM, i nepiog iX 06epHeHHS 30iraeTbcs 3
nepiogom 06epHeHHs 3emsli HaBKOJI0 CBOET OCI;

e BucokoopbiTanbHi HEO (High Earth Orbit) cynyTHuKM 3HaxoadTbes Ha
BUCOTI GifibLe 35786 K.

Ha3eMHWIn CErMeHT — KOMMJIEKC 06/1afHaHHS Ta CUCTEM, MPU3HAYEHUX A1
KOPeKTHOro oyHKLiOHYBaHHSA BCI€i CYNyTHMKOBOI CUCTeMU 3B’A3KY. LIeHTp Ke-
PYBaHHSI CUCTEMOK BUKOHYE CTEXEHHS 3a CYMYTHUKOM, pPO3paxyHOK MOro Ko-
OpAMHaT, KOpPeKLito yacy (3a HeoOXIAHOCTI), AlarHOCTUKY npale3aaTHoCTi 6op-
TOBOI anapatypwu, (popmyBaHHA i NepefaBaHHA KOMaHAHOT (C/y»60B0i) iHdop-
MauiT Towo. Bei ui yHKLIT BUKOHYHOTLCS Ha OCHOBI TeNIeMeTPUYHOT IHJopMma-
LT, WO HagXoamMTb Bif, KOXHOMO CynyTHMKa Op6iTasibHOT rpynn. LIeHTp Kepy-
BaHHA 3B’A3KOM 3a0e3rneyye KOHTPO/Ib 38 CTaHOM KOXHOIO CYMYTHWKA, KOHT-
PO/ib | KepyBaHHS OpO6ITOKD OKPEMUX CYMYTHUKIB, KOHTPO/b | KepyBaHHSA Cyny-
THUKaMW B HelUTaTHMX CUTyauisx Towo. Mpu ubomy nepegaBaHHsA CnyX60BOT
IH(opMaLliT BUKOHYETLCA 3a [0MOMOIOK PO3HECEHUX TEPUTOPIa/lbHO KOMaH[-
HO-BUMIPIOBa/IbHUX CUCTEM (OCHOBHMX 1 pe3epBHUX). LIeHTP KepyBaHHA
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3B’13KOM, KPIM KOHTPO/HO BMKOPUCTAHHSA PECYPCIB CYMYyTHMKA, BUKOHYE LUe 1
aHasni3 Ta KOHTPO/b 3B’A3KY, peani3yroun Lie Yepes LI30Bi CTaHLil.

LLInto30Ba CTaHLiA MICTUTb AeKiflbKa NpuiiMasibHO-nepeaaBaibHNX KOMIJle-
KCiB, KOXXHWI 3 AKUX Ma€e CBOH aHTeHY. BMKOPUCTaHHA [eKilbKOX TakMX KOM-
MNeKCiB A03BO/IAE MPAKTUYHO 63 NOPYLUEeHHS 3B’A3KY MepexoauTy NocnifoBHO
Bif, O4HOr0 CYNyTHUKA A0 iHLIOrO.

LLINt030BI CTaHLiT 3a3BMYail 06p06NAOTL BEIMKI MOTOKM iH(hopMaLil, 3aa/s
4yoro Ao X CKnagy BXOAATb BUCOKOLUBUAKICHI KOMM’HOTEpU, AKI MICTATb BaHK
[AaHNX MepcoHaibHUX TepMiHaniB. Kpim TOro, LWAK30BI CTaHUiT MICTATb KOMY-
TaljiiHe 06nafHaHHA ANa 3’€HaHHSA 3 Pi3HUMK HA3eMHUMW CUCTEMAaMI 3B’ A3KY.
OCHOBHMMM  3afla4amMW  LLMIKO30BOT  CTaHUIT € opraHisauia 4ynsieKcHOro
3’e[lHaHHA, nepeaaBaHHA NOBILOM/IEHb | MOTOKIB AaHMX BE/IMKOrO PO3MIpy.

KopucTyBaubKuUiA CErMeHT CKNafaeTbCcs 3 Pi3HMX 3a CBOTMWU (DYHKLIIOHASb-
HAMM Ta TEXHIYHUMWN XapaKTepucTUKamm cucteM (CynyTHUKOBI TepMiHa/M Ta
TenethoHn, MOBINbHI TepMiHaM ANa aBTOTPAHCMNOPTHUX, aBialinHUX i MOPCb-
KX CUCTEM TOLLO). B LpoMy 3a6e3mneyyeTbest He TifIbKM 3B°A30K MiXK abOHeHTa-
MU, AKi MatOTb NepPCOHasIbHI CYNYTHUKOBI TePMiHa/IM, & i1 X 3B’A30K 3 abOHEH-
TaMK HLWKX MepeX (CoToBa, Te/lethOHHA TOLLLO), BU3HAYAETLCSA MICLLENO/OXKEHHS
abOHeHTIB.

OCHOBHI nepeBaru CynyTHUKOBUX CUCTEM MONATa0Th Y:

e Be/NKI NPOMYCKHIN CIPOMOXHOCTI, Sika 06yMOB/IeHa POOOTO CynyT-
HWUKIB B LUMPOKOMY fiana3oHi rirarepueBmx 4acToT, L0 A03BONSE MiAT-
pUMyBaTy AeKiflbKa TUCAY KaHasliB 3B’A3KY 0HOYACHO;

e 3abe3rneyeHHi 3B’A3KYy MiX CTaHLiSIMU, AKI 3HAXOAATLCA Ha AYXXEe Benn-
KMX BIACTaHAX, i MOXXIMBOCTI 06CNYroByBaHHSI abOHEHTIB Y BaXXKOMO-
CTYMHUX TOYKaX;

e obygoBi Mepexi 6e3 KOMyTaLiiHUX MPUCTPOIB, Lie 06YMOB/IEHO TUM,
LLLO CYNYTHUKOBMIA 3B’A30K peastizyeTbCA LUMPOKOMOBHO;

e He3a/IeXXHOCTI BapTOCTI nepeaasBaHHA iHpopMauii Big BiACTaHI MixX B3a-
EMOAINHMMM abOHEeHTaMK; BapTICTb 3a/1eXUTb Bif 06csAry Tpadiky, Lo
nepefaeTbCo, Ta iHTEpBa/Y NepeaaBaHHS.

Heponikamun cynyTHUKOBUX CUCTEM 3B’A3KY €:

e HeoOXiAHICTb A0AAaTKOBMX 3ac00iB Ta yacy Ans 3abe3neyeHHs KOHQiae-
HUIMHOCTI nepefaBaHHA AaHWX, MOMNEepPe;pKEHHS MOX/IMBOCTI Mepexort-
NEeHHSA AaHUX IHWUMW CYNYTHUKaMU;

e 3aTpPUMKa NPUIOMY pagiocMrHany Ha3eMHOK CTaHLIE, Ka CYTTEBO 3a-
NeXWTb Bif, BIACTaHI MK CYMyTHUKOM i CTaHUi€0, L0 NPU3BOAUTL [0
CKNaAHOCTI peanisalii KaHa/lbHUX MPOTOKONIB | HEOO6XIAHOCTI KOHTPO/IHO
yacy BiAnoBiAi Ha 3anuT;

e B3aEMHE CMOTBOPEHHS pagiocMrHaniB Bifl HA3eMHUX CTaHUii, SKi npa-
LIFOKOTb Ha CYMDKHMX YacToTax;

e BB PI3HNUX aTMOC(EPHUX ABULL, Ha NepefaBaHHA CUTHaNIB MiXK Hase-
MHUMW CTaHUISIMKM | CYyNyTHUKaMW;
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e BUJI/NIEHHS YacTOT ANS KOPEKTHOIO (DYHKLIOHYBaHHS CYMYTHUKOBUX CU-
CTEM i PO3MILLEHHSA CYNYTHUKIB Ha Opb6iTax BMMarae KoopanHauii giv ta
CNiBPOGITHNLTBA 6araTb0X KpaiH, AKi BUKOPUCTOBYHOTb CUCTEMU CYNyT-
HWKOBOIO 3B’A3KY.

KinbKIiCTb CYNYTHWKIB, fKI Ha CbOrOAHI 3HAXOAATbLCA Ha Pi3HMX opbiTax,
KO/IMBAETLCA B [OCTATHLO LUMPOKMX IHTepBasiax, OgHaK BOHW Mpu3HayeHi Ans
BUPILLEHHA PI3HMX KnaciB 3agad. [ns 3abesneveHHs rnobanbHoOro IHTepHeT-
MOKPUTTS CTBOPKOETLCA HOBA CMUCTEMA 3B A3KY, fKa 3MOXKe HajasaTu LOCTyn [0
LLIMPOKOCMYroBOro (BUCOKOLUBMAKICHOIO) IHTEPHETY Yy BiAAa/IEHMX Bif KOMYHI-
Kauin micusax. Ansa yboro B 2019 poui 6yno BuBefeHo Ha opbity marxke 200 cy-
MYyTHWUKIB, B A0 cepeamHm 2020-X pokiB naaHyeTbea 3anyck e 30000 cynyTHK-
KiB. Takuii nigxipg 3a6e3neynTb BUPILLEHHS 6araTbOX couiaslbHUX, EKOHOMIYHUX
| OCBITHIX 3a1a4 Maixe B YCix ToUKax 3eMiii.

9.9 lNMuTaHHA gna camonepesBipKn

1. MpoaHanisyiTe MOX/INBOCTI Ta XapaKTEPUCTUKN NOKOJIiHb 6e3npoBOLOBO-
ro 3B’A3KY.

2. T0ACHITb OCHOBHI XapaKTepuUCTUKN CUCTEM MOOISIbHOIO 3B’A3KY MOKO/iH-
HA 3G.

3. OxapakTepu3syiite 0cobAMBOCTI 6e3NPOBOAOBUX MepeX Ta TX Knacudika-
Lito.

4. OxapaKTepu3syiTe 0COBNMBOCTI CUCTEM MOKOMIHHA 4G.

5. MNpoaHanisyite 0co6ANBOCTI CUCTEM MOKOMIHHA 5G.

6. MOACHITL 0CO6MMBOCTI 3aCTOCYBaHHSA TEXHO/OrIT PO3LLMPEHOro CrnekTpa
curHany Ta ii Tunu.

7. TosACHITb 0COBNMBOCTI BUKOPUCTaHHS MeToAy CTPibKoMoAi6bHOT 3MiHM Yac-
TOTW.

8. MosACHITb 0CO6MBOCTI NPAMOro NOCNiIA0BHOIO PO3LLMPEHHS CMEKTpa.

9. OxapakTepusyite NMOHATTA PO3LLMPIOBA/IbHOI NOCNILOBHOCTI, KoediLieHTa
PO3LUMPEHHS, YMMa Ta YMMOBOT LUBMAKOCTI.

10. MopgaitTe NigcymKoBy MOCNIAOBHICTb Npu nepefaBaHHi gaHux 01101 Ta
BUKOPWCTaHHI IHBEPCHOT NOCNIA0BHOCTI Koy bapkepa.

11. MopgaitTe NigcymKoBy MOCNIJOBHICTb MpU nepefaBaHHi gaHux 10001 Ta
BUKOPWCTaHHI NpAMOT NOCNigoBHOCTI Koy bapkepa.

12. TOACHITb NPUHLUMN (DYHKLIOHYBaHHA OPTOrOHa/IbHOIO YaCTOTHOrO My/lb-
TUMN/IEKCYBaHHS.

13. OxapakTepun3yinTe 0CO6/MBOCTI Ta CTEK NPOTOKO/IB 6e3MpoBOAOBUX Me-
pex ctaHaapTy IEEE 802.11.

14. MNMpoaHani3yinTe OCHOBHI TOMOMOril 6e3npPOBOAOBUX JOKA/IbHUX MEPEX
ctaHgapty IEEE 802.11.

15. MNpoaHanizyinTe pexxmumun AOCTyny A0 CepefoBuLia rnepeaaBaHHA gaHUX B
6e3MpoBOA0BUX NIOKIbHUX MepeXxax.

16. lMoACHITL Npoueaypy nepefasaHHA AaHMX B Mepexxax IEEE 802.11 3 Bu-
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KOPUCTaHHAM PO3MOAINEHOIO PeXXUmy A0CTyny.

17. MoACHITbL 0c06NMBOCTI peanizauii Po3LLMPEHHS CrieKTpa MeTO40M CTpi6-
KOMOAI6HOT 3MiHM YacTOTK B Mepexxax cTaHgapTy IEEE 802.11.

18. MMosACHITL 0CO6MMBOCTI peanisauii MeTogy NPAMOro MocnifoBHOMO Po3-
LUMPEHHS cnekTpa B Mepexxax ctaHaapTy IEEE 802.11.

19. TosACHITL 0C06MBOCTI BUKOPUCTAHHA OPTOrOH&/IbHOr0 YaCTOTHOro My-
NbTUNNEKCYBaHHSA B Mepexkax ctaHapTy IEEE 802.11.

20. OxapaKTepuayinte NpUHUMN (YHKLIOHYBaHHS Ta OCOGMBOCTI BUKOPWUC-
TaHHA TexHosorii MIMO B 6e3npoBOA0BUX NIOKA/IBHUX MEpeXax.

21. OxapaKTepuayinTe 0co6IMBOCTI CTPYKTYPHOT opraHisauii Mesh-mepex.
22. ToACHICTb XapaKTepucTUKn Ta 0cob6mBocTi Mesh-mepex.

23. OxapaKTtepuayiTe 0co6MBOCTI Ta chepn BUKOpPUCTaHHA Mepexx WiGig.
24. OxapaKkTtepuayinTe KOMNOHeHTH Mepexk WIMAX, iX Npu3HayeHHs Ta 0Co-
6NMBOCTI (PYHKLIIOHYBaHHS.

25. OxapaKTtepuayinTe 0co6AMBOCTI TUNIB AOCTYNY, peani3oBaHnX B Mepexax
WIIMAX.

26. MoAcHITb cninbHi puck Ta BigMiHHOCTI MmeToais OFDM 1a OFDMA.

27. Axi mogudikauii metogy OFDM Bawm Bifiomi i B YoMy X 0C06/MBOCTI?
28. NpoaHani3ynTe xapakTepucTukn ctaHaapTie IEEE 802.16.

29. HaBefliTb OCHOBHI XapaKTepuCTUKN Ta 0COB/IMBOCTI (PYHKLIOHYBaHHS Me-
pex LTE.

[0BUX MOAYNIB.

31. MopiBHaTe XapakTepnuctnkn mepexk WiMAX Ta LTE.

32. MNoACHITb OCHOBHI BigMIHHOCTI Mepex LTE-A.

33. OxapaKTtepuayiTe 0co6IMBOCTI Ta MOXIMBOCTI CTaHAapTiB 6€3npoBO/0-
BUX NEPCOHA/IbHUX MEPEX.

34. OxapaKTtepusyiTe npu3HaveHHs, 0COBAMBOCTI Ta MOX/IUBOCTI CTaHAapTy
IEEE 802.20.

35. OxapaKTepuayinTe Npu3Ha4YeHHs, 0cobANBOCTI Ta MOX/IMBOCTI CTaHAAPTYy
IEEE 802.22.

36. MoACHITb 0CO6MBOCTI CYNMYTHUKOBUX CUCTEM Ta MEPEXK.

37. OxapaKTepuayinTe CTPYKTYPY CYNyTHUKOBOT CUCTEMMU.

38. AKi TMnNK cynyTHUKOBUX cucTem Bam Bigomi?

39. lNoACHITL NepeBaru cynyTHUKOBUX CUCTEM.

40. MpoaHanisyiTe HefOMiKN CYNYyTHUKOBUX CUCTEM.
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JopaTtok A
CraHgapTumsauis mepex

Ha cborogHi icHye Ljina HM3Ka MiXKHapo4HUX | HauioHaIbHUX opraHisauin,
AKi 3aliMaloTbCA PO3POOKOK CTaHAApTIB, PeKoMeHAauid Ta apXiTekTyp Ans
KOMMN’IOTEPHUX MEPEX i CUCTEM KOMYHiKaLiil. 3aneXHo Bif cTaTycy opraHisa-
Wi pO3Pi3HAIOTL TaKi BUAM CTaHAAPTIB:
e CTaHAapPTV OKpeMmx KOMMaHii Ta ipm (Hanpuknag, CTeK NPOTOKONYy
DECnet, goipmu Digital EQuipment Towo);
e (CTaHAapTV crieyia/lbHUX KOMITETIB, 06’€¢AHaHb Ta (DOPYMIB, AKIi CTBO-
PIOKOTLCA [AeKiflbKoMa (ipMamu, Hanpuknag, CTaHZapTh TexXHOOriT
ATM, po3pobneHi cneujiasibHO CTBOpeHUM 06’eaHaHHAM ATM ®opym,
CTaHZapTu coto3y Fast Ethernet Ta iHwwi;
e HauioHanbHI cTaHAapTh, Hanpuknagd, mepexa FDDI, ska po3pobneHa
AMEPVKaHCbKMM HauiOHa/IbHUM IHCTUTYTOM cTaHgapTm3auii ANSI;
e MDKHApPOAHI CTaHAapTW, Hanpuknag, MofeNb i CTeK KOMYHiKauiiHMX
npotokonis MikHapofHOT opraHizauii craHgaptusauii 1SO, yYncneHHi
CTaHZapTy MixHapoAHOro coto3y enektpo3s’asky MCE, 30kpema cTaH-
0apTU Ha Mepexki 3 KomyTauieto nakeTiB X.25, mepexi Frame Relay,
ISDN, mogemu i 6ararto iHLInX.
[eaki cTaH4apTH, PO3BMBAKOUYNCH, MOXYTb MEepexoauTU 3 OAHIET KaTeropii B
THLLY.

Po3rnsgHeMo HainbinbLL BaXKIMBI MDKHAPOAHI Ta HalioOHa/IbHI opraHisauii.

MixKHapogHa opraHisauia 3i ctaHgapTmsauii ISO (International Organiza-
tion for Standardization), sika Ha cbOrogHi 06 egHye 163 gep>kaBu, CTBOPeHa B
1946 poui. Cdepa gisnbHocTi 1ISO cTOCY€ETbCA CTaHAAPTM3aAUIT B YCIX ranyssx,
KPIM e/IeKTPOTEXHIKM Ta eNIeKTPOHIKK, AKI BiAHOCATb A0 KoMmreTeHuii MiXHa-
poaHOT enekTpoTexHiyHoi komicii (IEC - International Electrotechnical
Commission). Kpim cTaHAapTu3auii us opraHisauis 3aimaeTbcsi Npobnemamu
cepTuikauii. 1ISO € foMiHYHOYOKO OpraHisauieto 3i cTaHAapTu3aLii B ranysi iH-
(hopmauiiHMX TEXHONOri | po3pobuna Ta 3aTBepanna 6e3niy ctaHAapTiB, 30K-
pemMa Ans MepeXxHuUX TeXHOMOrin. [JoKYMeHTU, AKi NpuinHATo 1SO, MatoTh CTa-
TYC MiIXKHapOAHOro CcTaHAapTy | MO3HayaroTbCA HOMepoMm, Hanpuknag, 1SO
10026. Lli opraHizauii HaneXxuTb po3pobKa eTasloHHOT MOAesi B3aEMOAIT BifK-
putux cuctem OSI (Open System Interconnection) — abCTPaKTHOT MEPEXHOT
MOAeNi AN KOMYHiKaLii i po3p0o0KN MepeXKHUX NPOTOKOIB, fKa MoJaE Mepexy
SK CYKYMHICTb PiBHIB, KOXHWA 3 SIKMX BM3HAYa€ i 06CNYroBye CBOK YacTUHY
B3aEMOAIT KIHLIEBMX CTaHL|iil Ta NepeaBaHHs [JaHNX Yepe3 Mepexy.

Mi>XXHapo4HWUIA COtO3 TesleKOMYHiKauii (enekTpo3s a3ky) ITU (International
Telecommunication Union) — npoBsigHa opraHisawis 3 po3po6ku cTaHAapTiB Ta
pPeKOMeHAaLin aAnsa TeneoHHUX i TeNeKOMYHIiKaLiHUX CNy)X6, sika TakoX pe-
rYKE NUTAHHA MIDKHApPOAHOI0 BUKOPUCTaHHSA pafiovactoT (Po3nojineHHs pa-
Ai04acTOoT 3a MPU3HAYEHHAM | 4ns OKpemux fdepxkas). B ITU, akuii € opraHom
OOH, Ha cborofHi BxoauTb mabke 200 fepxkas i 6inbwe 700 npeACTaBHUKIB
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Pi3HMX acoujiauin Ta 6i3Hec-CTpyKTyp. [0 rpygHs 1992 poky maB Hassy Mix-
HapOAHOro KOHCY/bTaTUBHOIO KOMITETY 3 TenehoHii Ta Ttenerpagii (MKKTT,
CCITT - Consultative Committee for International Telephone and Telegraph).
CraHpgapTu (3rigHo 3 TepmiHosiorieto ITU — pekomeHgauii) He € 060B’A3KOBMMM,
afie LWMPOKO NIATPUMYHOTHCA, OCKISIbKN MOJMErLLYOTh B3aEMOAI0 MK Mepexa-
MU 3B’A3KY i O3BO/IAKOTL NPOBaiepam HafasaTu Nocayru B yCbOMYy CBITi.

ITU mae 3 KomiTeTn (CeKTOpW), SIKI BUKOHYHOTb OCHOBHY pP060TY AaHOro
Ccolo3y:

e Telecommunication Standardization Sector (ITU-T) — cekTOp CTaH-
[lapTr3auiil TenleKoMyHiKauii (eNleKTPO3B’A3KY) — CKagaeTbea 3 14 goc-
NiAHUUBKMX TPy 3a OKPEMUMUK HanpsiMamu poboTu 1 BUBYaE Ta AoCi-
[PKYE TeXHIYHI Ta poboyi MUTaHHA, BMKOHYE PO3pPO6KY Ta ajanTawito
OiNbL eheKTMBHMX METOLIB pob0TK | B3aEMOLII KOPUCTYBaYiB TeNeKo-
MYHiKaLiHNX MepeX;

e Radiocommunication Sector (ITU-R) — cekTop pasio3s’a3Ky — 3aliMa-
ETbCA PO3MOAIIEHHAM YaCTOTHOrO CrnekTpa Ta OpbIT CYMyTHWKOBOIO
3B’A3KY;

e Telecommunication Development Sector (ITU-D) — cekTop po3BUTKY
eNeKTPO3B’A3KY — CTBOPEHMIA ANsi 3a6e3neYeHHs 4OCTYny A0 HanbinbLu
BaroMux po3po6oK B rasysi TefleKOMyHiKauin Ta iHhopmayiinHoT iHgpa-
CTPYKTYpMW.

KOXHi 4 poKu po3pobnsoTbCsa Ta NPUAMaOTLCA HOBI CTaHAapPTW, OHOB/ILO-
HOTbCA CTapi peKomeHaLii, CTBOPIOOTLCA HOBI Ta NiKBIAYHOTLCA CTapi 4ochij-
HULbKI rpynun. Hainbinblw BigOMWM CTaHAAPTOM, SIKWI PO3P06/IEHO KOMITETOM
CCITT, e cTtaHzapT mepexi X.25.

€Bponeicbka acouiauis BupobHuKiB komn’toTepieB ECMA (European Com-
puter Manufacturers Association) — HeKomepLiiiHa opraHisauisi, sika 6yna cTBo-
PEeHa rpynoto eBpONeNCbKNX KOMMaHii, ane nisHille, 3aBAsKM BXOMXKEHHIO [0 Ti
CKnagy npeacTtaBHMKIB TakMX KomnaHii, sk IBM, Digital, AT&T, British Tele-
com i Toshiba, cTana mi>xHapogHow opraHisauieto. | xoua ECMA po3pobnse
cTaHAapTW iHopMaLiNHNX TEXHONOTI Ans €BPONK, BOHW YacTO NepeaatoThbes
B 1ISO ansa 3aTBepAKeHHS TX SK MiXKHapOAHUX.

€BPONEeNnCbKNA IHCTUTYT 3i CTaHAapTU3aLil y cepi TenekomyHikauii ETSI
(European Telecommunications Standards Institute) — He3aneXHa HeKoMepLiii-
Ha opraHisauis, ska peanisye cTaHfapTu3aLil0 B TeNIeKOMYHiKaliliHIin npomuc-
NnoBoCTi B €Bponi. Llieto opraHisavieto 6ynm ctaHAapTM30BaHi: CMCTeMa COTOBO-
ro 38’A3ky GSM Ta cmucTema npodeciiHoro Mo6inbHOro pagioss’ssky TETRA.
Kpim Toro € ogH1MM 3 po3pobHukiB cuctemu 3GPP.

IHCTUTYT HXeHepiB 3 eNeKTpoTexHikM Ta enekTpoHiku IEEE (Institute of
Electrical and Electronics Engineers) — MiXkHapogHa HekomepLiliHa acouiallis
npoecioHanis, YieHamMmn SKOT € OKPeMi IHXeHepwy Ta crewianicti, a He Komna-
Hii. CTBOpeHa y 1884 poui i Ha cborogHi 06’efHye marixe 400 T1CAY iHAMBIAY-
a/IbHUX YneHiB B6inbLu HixX 31 170 kpaiH. IEEE Bupaae 6inblie 100 HayKOBUX XKY-
pHani., 40 »KypHaniB gna cneuianictie. FonosHa mMeTta IEEE — po3BUTOK HayKo-
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BOI AisiIbHOCTI B KOMM’HOTEPHI TexHiui, iHopmaTuLi, TeNeKOMyHiKauil, enek-
TPOHILi Ta eneKTpoTexHiui, iHpopmauiiHa nigTpuMKa creyianicTiB 3 UMX Ha-
npsamkie. KomiteT IEEE 802 (Computer Society Local Network Committee,
Project 802) cneuiani3yeTbCA Ha MUTAHHAX, MOB’A3aHNX 3 JIOKA/IbHUMWU Mepe-
Xamu, po3pobus | BUNYycTuB Liny HU3KY cTaHgapTis (IEEE 802.x), aki B noga-
nblioMy 6ynu npuitHATI | ony6nikoBaHi I1SO sk miXkHapogHi ctaHgaptn (1SO
8802.x). Ha cborogHi B rpyny ctaHgapTis IEEE 802.x BXOAATb He Ti/lbKK CTaH-
OapTU A0S NOKaNbHUX MEpPeX, a i Ti, WO NPUCBAYEHI IHLLIMM NUTaHHAM, Hanpu-
Knag, 6esneui, kabenbHUM MoAeMam TOLLO.

AMepPUKaHCbKMIA HalioHalbHWUIA IHCTUTYT cTaHgapTiB ANSI (American Na-
tional Standards Institute) — HekomepLiHa HeypsiAoBa opraHi3aLis, sKa po3po6-
nse Ta Nyo6ikye cTaHAapTX ANg NPOMUCNI0BOCTI KpaiHW. IHpopmauiiHumMn Tex-
HO/OTiSIMM 3aiMat0TbCA KOMITETU:

e JTC1l TAG - TexHiyHa KoHcynbTatmHa rpyna (Technical Advisory

Group), saKka npeacTasnse nosumyito CLUA woao craHaaprTis B 1SO;

e ASC X.3, skuii po3pobnsie 90% ctaHgapTis CLUA y cepi iHhopMmaLiin-
HUX TEXHOMOrIN; nigkomiTeT X.3 BiAMNOBIAaE 3a CTaHAAPTM3aLit0 TEXHO-
norii FDDI (Fiber Distributed Digital Interface);

e ASC T.1 - no6poBiNbHWIA OpraH cTaHgapTu3aLii Ans TeNeKoOMyHiKaLlii-
HoT ranysi CLUA, ki po3po6nsie HalioHabHI TeneKOMYHiKaLiinHi cTa-
HAAPTW;

e ASC X.12 - rpyna Bignosifae 3a CTaHAapTW, SAKi BIAHOCATL A0 €NeKT-
poOHHOro obmiHy gaHumu (EDI — Electronic Data Interchange) Ha Tepu-
Topii CLLUA.

HauioHanbHiI opraHizaii ctTaHgapTn3auii iHLWNX KpaiH:

dpaHuia — dpaHuy3bka acouiauia 3i ctaHgapTmsanii AFNOR (Association
Francaise Normalisation);

BennkobpuTaHis — bputaHCbKUin iIHCTUTYT cTaHdapTis BSI (Britain Stand-
ard Institute);

HimeuunHa — Himeubkuin iHcTUTYT cTaHaapTie DIN (Deutsches Institut fur
Normung e.V.);

KaHaga — KaHagcbka acouiauia ctaHaaptumsauil CSA (Canadian Standards
Association);

ANOHIA — ANOHCLKUIA KOMITET NpoMmMcioBux (ranysesmnx) ctaHgapTis JISC
(Japanese Industrial Standards Committee).

Haibinblw BigOMUM CTaHAAPTOM 3 MEPEXHMX KOMYHiKalili € TEXHO/Oris
FDDI.

Acouiauia enektpoHHoi npomucnosocTi  EIA  (Electronic Industries
Alliance) — HauioHasbHa KomepuiHa acouiauia CLUA, sika npefcTaBnse ame-
PVKaHCbKUX BUPOOHWKIB €1eKTPOHHOro ob6nafHaHHA B Pi3HOMaHITHUX OpraHi-
3auiax 3i ctaHgapTmsauii. EIA po3pobneHo Ta ony61iKoBaHO Uiy HU3KY CTaH-
[apTiB, L0 CTOCYHTLCA (Di3NUYHMX KOMYHIKaLiNHUX iHTepgeiciB, eneKTpUYHnX
CUrHaniB, KabenbHOI CUCTEMU, a TaKOXX OMUCYKOTb Pi3HI CNOCO6M 3’€4HAHHA
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KOMN’tOTepiB 3 IHWMMUW €NeKTPOHHMMK MPUCTPOSMU, Hampuknag, CTaH4apTu
RS-232 (Recommended Standard 232), RS-422, RS-449.

CnisToBapuctso Internet ISOC (Internet Society) — Mi>kHapoAHa Npogeciii-
Ha OCBITHS OpraHisaLlis, OCHOBHOK MeTOH AKOI € 3abe3mneyveHHs BiIKpUTOro po-
3BUTKY, €BOJIIOLIT Ta BUKOPUCTaHHA Internet K rno6asibHOT KOMYHiKaLUiAHOI iH-
(hpacTpyKTypu B ycboMy CBITI. ig kepyBaHHAM ISOC npautoe opraHisadis 1AB
(Internet Activities Board, a 3 1992 poky — Internet Architecture Board ), fika
3aliMaeTbCs PO3POOKOLD Ta PO3rNsSAOM CTaHAAPTIB | HANPSMKIB PO3BUTKY Mepe-
Xi Internet, a TakoX i agMiHicTpyBaHHAM. |AB Mae fBa MifKOMITETU, Y KOXHO-
ro 3 AKX € CBIiiA BUKOHABYNIA KOMITET:

e HaykoBo-gocnigHuubkuii — IRTF (Internet Research Task Force);

e iHXeHepHUIA (3akoHogasumnin) — IETF (Internet Engineering Task Force).

IRTF — po6ounii NigKOMITET, AKWUIA 3aiMaEeTbCA LOCTPOKOBUMM AOC/IAHW-
LUbKMMK MpoeKTamn, TOOTO BUPILLEHHAM HAYKOBO-AOCNIAHULBKUX MNPO6GIeM.
BukoHaBunin komiteT IRSG (Internet Research Steering Group) 3aiimMa€eTbcs
BMBYEHHAM npobiem Internet HayKoBO-A0CIAHULBKOTO XapakTepy.

IETF - ocHOBHa po6oya CTpyKTypa Internet, ika BiAMNoBigae 3a BUPILLEHHS
IHXXeHepHMX 3aad i 3a po3pobKyY CTaHAAPTIB AN1S MepeXi Ta NpUiimae LOKYMeH-
™ RFC (Request for Comments). BukoHaBumnin komiteT IESG Internet En-
gineering Steering Group Npu3HayYeHU O/ BUBYEHHS IHXEHEPHUX MPo6/em
Internet.

KOXHWI 3 NigKOMITETIB Ma€ NeBHY KiflbKiCTb poboumx rpyn, saKi € Mobib-
HAMK CTPYKTYpamu i CTBOPHOKOTLCS A/19 BUPILLEHHSA KOHKPETHOT IHXeHEpPHOT
3agadi. B IETF icHye neBHa npakTuKa NpUHATTA NpoekTy RFC, wo 6a3yeTbes
Ha HeoOXiAHOCTI PO3rnsaay AeKiNbKOX He3aNeXHUX peanisalii 3anpornoHoBaHo-
ro CTaHzapTy.

Bci npuitHati IETF ctaHgapT RFC (a TakoXX iHLWI mMaTtepianu, Wwo 3acnyro-
BYIOTb yBaru) A0CTYMHi ycepeaunHi Internet yepes eNeKTpoHHY nowTy, (haiinosi
cepBepy Towo. [eski 3 gokymeHTiB RFC, 3anpornoHoBaHi IAB, NpuiiHATI SiK
ctaHgapTu Internet. o HUX HaneXarb AOKYMEHTU, B AKUX ONuUcaHi NPOTOKO/N
TCP/IP, SNMP ToLL0.

AgmiHictpatmieHa rpyna mepexi Internet IANA (Internet Assigned Num-
bers Authority) 3aiiMaeTbCsi PO3MOAINEHHAM afpec Mepex, atpubyTiB TOLLOo, a
TaKOX BUKOHYE KOHTPO/Ib 32 YHIKa/IbHICTIO afpec Ta iAeHTUDIKaTopIB.

B Internet Takox iCHye opraHisadis, ska BiAN0Bi4aE 3a NMOLUNPEHHA TEXHIY-
HOT iHopMmaLii Npo cny>xbu mMepexi, peecTpavito Ta NiAKIYEHHA KOpUCTYBa-
4iB [0 Mepexi, npu3HayeHHs IP-agpec i JOMEeHHMX IMeH, a TakoX MiATPUMKY
6a3n gaHnx RFC. Lia opraHisauisi HasnBaeTbCA LIeHTpoOM MepeXkHOT iHhopmaLlii
NIC (Network Information Center). CrnioyaTky Le 6yB €ANHUIA LIEHTP, Ha CbOro-
[HI iCHYe 6arato Takux LeHTPIB Ha PiBHI NOKa/bHUX, PerioHa/lbHUX | HauioHa-
NbHUX MEpeXx.

ATM Forum — KOHCOpLiiyM KOMMaHiin-BMPOOHMKIB KOMYHiKaLiiiHOro o6-
nafHaHHA ang mepexxk ATM. dopmasibHO He € opraHisaui€eto 3i ctaHaapTu3auii.
CTBOpEHO creliasibHO 45151 po3pobKK Ta cTaHdapTM3auil o6nagHaHHSA 1 po3po6-
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KW NpoTOKO/iB And mepexk ATM. JOKYMeHTH, L0 BMMYCKAKOTLCA LiiEH0 OpraHi-
3aui€ro, Ha3MBaKTbLCA Yyrogamm 3 peanisauii.

Frame Relay Forum — opraHizayis, fka 06’¢gHy€e BUPOOHUKIB KOMYHIKa-
LiiHOro obnagHaHHs ana mepex Frame Relay.

MPLS Forum — KoHcopLiyM, K11 06°elHYe opraHisauii, Lo 3aiMatoTbCs
PO3PO6KOKD MPMHLMNIB NO6GYA0BM Ta NPOTOKONIB Mepexk MPLS, opraHisauii
BIpTYa/lbHNUX Mepexx Ha ocHoBi MPLS.

Y kBiTHI 2005 poky Tpu opraHisauii — ATM Forum, Frame Relay Forum Ta
MPLS Forum — 06’egHasmce B oavH MFA Forum (MPLS-Frame Relay-ATM
Forum), skuii 3 2007 poky HasmBaeTbcs IP/MPLS Forum. Y KBiTHI 2009 poky
IP/MPLS Forum BBiilOB A0 KoHcopuiymy Broadband Forum (BBF), sikuii
ICHYe 3 1994 p.
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Tabnmua b.1 — CtaHAapTU30BaHI TUNY MOAYNSALIT

Jopatok b

AbpeBiaTtypa

Type of signal modulation

Tun mogynauii

/4 QPSK Quaternary Phase Shift Keying nt/4 4eTBIPKOBO-(hazoBa MaHiNynALiA
ADM Adaptive Delta Modulation aflanTuBHa fenbTa-Moaynayis
AFM Amplitude-Frequency Modulation amniTyaHO-4aCcTOTHa MOAY AL IS
APM Amplitude Phase Modulation amniTyaHo-hasosa MoAyNAL s
BFSK Binary Frequency Shift Keying ABiKOBa YaCTOTHa MaHinynsyis
BPSK Binary Phase Shift Keying BiZIHOCHa (ha3oBa MaHinynayis
CAP Carrierless AM-PM amnniTyaHo-gasosa IYIOAyI'IFILI,iFI 6e3

HECYYOi
CDM Companded Delta Modulation KOMIM/IeMeHTHa AeNbTa-MoAYyNALis
DFSK Double Frequency Shift Keying [BIKOBa 4acTOTHa MaHinynsyis
DM Delta Modulation fienbTa- Moy nsayis
DPM Differential Phase Modulation AndepeHuianbHa (hasoBa MoaynALis
FM Frequency Modulation YyacToTHa MoAyNnALis
FM-PM Frequenck//lg/(ljz(lj;tli%trilon-Phase 4acTOTHO-(ha3oBa Moy NALiIsA
FSK Frequency Shift Keying 4acTOTHa MaHinynauis
MFSK Multiple or Multlevel Fsk | C2reToKPaTHa a0 Gararopieiess
| P Anpliue Modon, | TG S vonyn,
Pulse-Amplitude Modulation AIM
PM Phase Modulation (hasoBa MoaynsLis
PSK Phase Shift Keying (hazoBa MaHinynAuisa
QAM N
N=4 (16, 32, Quadrature Amplitude Modulation  |KBagpaTU4HO-aMnAITy4HA MOAYNALISA

64, 128)

QPSK Quadrature Phase Shift Keying KBaZpaTuyHo-(hazoBa MaHinynaAyis
QPSK Quaternary Phase Shift Keying YeTBipKOBO-(ha3oBa MaHinynaLisa
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Tabnmua b.2 — CTaH4apTHI NPOTOKONM MOAEMIB

PekomeHgaul| LLBMAKICTb ne- Pexxum ,U,YI'IJ'IGKC/ Ha- Moynsitjis TUn ninii
A pefaBaHHsA GiT/C| nepefaBaHHA | NiBAYMIEKC
V.17(fax) 14400,9600, CUHXPOHHWIA Lynnekc CKK128. 64,32, KOMYyTOBaHa
' 7200, 1200 16
V.21 300 CVIHXpOHHVIVIZ ayrneKc EM KOMYTOBaHa,
ACUHXPOHHWM BUAineHa
V.22 1200,6 | CAHXPOHHMIL | e rvninec | QPSK, BPSK | <OMYTOBaHa,
ACUHXPOHHWM BUAineHa
. CUHXPOHHWIA/ QAM I 6,
V.22bis 2400,12 ACHHXDOHHYIA Aynnekc QAM 4 KOMYyTOBaHa
V.23 1200,6 CMHXpOHHMM{ Aynnekc Uum KOMYyTOBaHa
ACUHXPOHHWM
V.26 2400 CUHXPOHHWIA fynnekc QPSK BUAineHa
V.26bis 2400,12 CUHXPOHHWNIA Aynnekc QPSK, BPSK | komyToBaHa
V.26ter 2400,12 CMHXpOHHMM{ fynnekc QPSK, BPSK | KomyTOBaHa
ACUHXPOHHWM
V.27(fax) 4800 CUHXPOHHWUIA |  OYAb-AKWUiA BUL.
V.27bis(fax) | 4800, 2400 | CMHXPOHHMI | 6yab-skmin | BPSK, QPSK BUL.
V.27ter(fax) | 4800,2400 | CUHXPOHHWIA Aynnekc O®dM8, QPSK | komyTOBaHa
V.29(fax) 96025’356200’ CUHXPOHHWUIA | 6yab-aknii  |QAM | 6, QAM 4| BufineHa.
V.32 9600, 4800, | CUHXPOHHWIA/ S CKK32. 16. KOMVTOBAHA
' 2400 acuHxporrmii | Y QAM 4, BPSK | KOMYT
14400, 12000,
V.32bis 9600. 7200, | CMHXPOHHWIA Aynnekc CKK128, 64.32. KOMYyTOBaHa
4800 16
V.32ter 19200, 16800 | CMHXPOHHWIA Aynnekc CKK 256, 512 | komyTOBaHa
V.33 14400, 12000 | CMHXPOHHWI Aynnekc CKK128, 64 BUAiNEHa
28800, 26400,
24000,21600,
V.34 19200, 16800. CUHXDOHHMIA S 6araToBUMIpHI |KOMYTOBaHa,
' 14400, 12000. P Ay CKK BUiNEHa
9600, 7200.
4800, 2400
V.34bis o 6araToBMMIpHI |KOMYTOBaHa,
(V.344) 33600 CUHXPOHHUI Aynnekc CKK BUineHa
56000
V.90 (Np.Hanp), | aCUHXPOHHWI Lynnekc
33600 (38.Hanp.)
56000
V.92 (Np.Hanp), | aCUHXPOHHWI Lynnekc
48600 (3B.Hanp.)
Belll03j 300 CMHXpOHHMM{ Aynnekc FM KOMYTOBaHa
ACYHXPOHHUI
Be11202 1200 CAHXDORHWAS | oo FM KOMYTOBaHa
CUHXPOHHWNIA BUAineHa
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Bel1208 4800 Aynnekc KOMyTOBaHa
Bell212a 1200 Aynnekc KOMYTOBaHa
300, 450/4800, acCMMeTPUYHNI
HST 7200, 9600, CUHXPOHHWIA KOMyTOBaHa
12000, 14400, P yr
16800 Aynnekc
7200, 9600,
ZyX 12000, 14400, | CUHXPOHHWIA. Aynnekc CKK,256 KOMYTOBaHa
16800, 19200
PEP 19600 CUHXPOHHWIA Aynnekc 511xCKK 64 | KomyTOBaHa

CKK - curHanbHO-Ko40Ba KOHCTPYKLIS;
FM — yactoTHa moaynsuis;
BPSK - BigHoCHa (ha3osa mogynsauyis;

QPSK - KBagpatuyHo-thazosa MOLYNALISA;
QAM - KBafpaTMyHO-aMMAiTyAHa MOAYNALIS;
bis Ta ter o3Ha4at0Tb, BiANOBIAHO, APYTY Ta TPeTH0 Moaudikauii npoTo-

KO/IB.
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Hdonatok B

Tabnmusa B.1 — Mepenik pobounx rpyn IEEE 802.x

Ha3Ba

Onwuc

IEEE 802.1

OG6’ejHaHHs MepeX, KepyBaHHS MEPEXXHUMU NMPUCTPOSIMM Ta iX B3aEMOSs.

IEEE 802.2

KepyBaHHs noriyHumM nepepasaHHam faHux (Logical Link Control, LLC).

IEEE 802.3

TexHonoris Ethernet 3 metogom goctyny CSMA/CD.

IEEE 802.4

JlokanbHa Mepexka 3 METOAOM AOCTYNny «MapKepHa wnHa» (Token Bus).

IEEE 802.5

JNokasibHa Mepexa 3 MEeTOZA0M JOCTYny «MapKepHe KisbLe» (Token Ring).

IEEE 802.6

Mepexi meranonicis (MAN).

IEEE 802.7

TexHiyHa KOHCY/bTaTMBHA rpymna WpoKOCMYroBOro nepeAaBaHHs
Mo KOaKCialbHOMY Kabernto.

IEEE 802.8

TexHiYyHa KOHCYNbTaTMBHa rpyrna 3 0ONTOBO/IOKOHHUX MEPEX.

IEEE 802.9

IHTerpoBaHi Mepexi nepefasaHHA rofiocy i AaHuX.

IEEE 802.10

MepexHa 6e3neka.

IEEE 802.11

Be3npoBoAoBi NI0Ka/IbHI MepeXxi.

IEEE 802.12

JNokanbHi Mepexi 3 4OCTYNOM Ha BUMOTY 3 piopuTeTamMm.

IEEE 802.13

OiuiiHO He BUKOPUCTOBYETbLCA.

IEEE 802.14

KabenbHi mogemu.

IEEE 802.15

Besnposoposi nepcoHanbHi mepexxi (Wireless Area Personal Network,
WPAN):

o IEEE 802.15.1 — mepexi Bluetooth;

o B3aemofisa ctaHgapTis IEEE 802.15 1 IEEE 802.11;

o IEEE 802.15.3 — mepexi High-Rate WPAN;

. IEEE 802.15.4 — mepexi ZigBee (Low Rate Wireless Personal Area
Network);

o IEEE 802.15.5 — texHonorisa Mesh networking gns WPAN.

IEEE 802.16

Besnposogosa Micbka Mepexxa WIMAX.

IEEE 802.17

EnacTnyHe KinbLie nakerTis..

IEEE 802.18

TexHIYHa KOHCYNbTaTUBHA rpyna 3 pafdioperyntoBaHHS.

IEEE 802.19

TexHIYHa KOHCYNbTaTUBHA rpyna 3 B3aEMOZIT MepeXx.

IEEE 802.20

MOoG6iNbHWIA LUMPOKOCMYTOBUIA 6e3MPOBOAOBUIA JOCTY.

IEEE 802.21

TexHonorig Media Independent Handoff.

IEEE 802.22

PerioHanbHi 6e3nposogosi mepexi (Wireless Regional Area Network).

IEEE 802.23

Po6oua rpyna Haa3Bu4aiHMX CepBiciB.

IEEE 802.24

Smart Grid TAG. IHTenekTyanbHii Mepexi.

IEEE 802.25

Omni-Range Area Network. IHTepdelic MOBINIbHOTO 3B’A3KY

366



http://ru.wikipedia.org/wiki/Logical_link_control
http://ru.wikipedia.org/wiki/Ethernet
http://ru.wikipedia.org/w/index.php?title=Token_bus&action=edit&redlink=1
http://ru.wikipedia.org/wiki/Metropolitan_Area_Network
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B0%D0%BA%D1%81%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BA%D0%B0%D0%B1%D0%B5%D0%BB%D1%8C
http://ru.wikipedia.org/w/index.php?title=HR-WPAN&action=edit&redlink=1
http://ru.wikipedia.org/wiki/WiMAX

Tabnmua B.2 — ToToyHmin cnncok ctaHgapTis IEEE 802.1

HasBa Onwuc
IEEE 802.1b | KepyBaHHsA nokanbHUmu/perioHansH1uMu mepexxamm (LAN/MAN).
|EEE 802.1D O6’eiHaHHA NOKanbHUX Mepex 3a gonoMoroto MAC MocTiB (MiCTUTb CTa-
' HOapTw 802.1p, 802.12¢, 802.1j, 802.6k, 802.1t i 802.1w).
|EEE 80216 CraHfapT Ha NPOTOKOM CUCTEMHOIO HaBaHTaXKeHHs (System Load Proto-
' col) 4na noKanbHUX N perioHaIbHUX Mepex.
IEEE 802.1f | IH(hopMmaLis Mpo 3arasibHi BU3HAUYeHHA Ta npoLeaypy kepysaHHs IEEE 802.
IEEE 802.1G |BigganeHi MAC-mocTw.
IEEE 802.1H |lNpaBuna opraHisauii MAC-mocTiB B Mepexax Ethernet.
[onoBHeHHsA o norikn MAC-mocTiB LAN Ta MAN 15 3a6e3neyeHHs
IEEE 802.1p . : o L
npiopuTesauii Tpagiky Ta AnHamivyHoT 6aratoafpecHoi (inbTpaLil.
IEEE 802.1Q |BipTtyanbHi mepexi (VLAN).
|EEE 802.1r MepefaBaHHA HeCTaH4APTHUX aTpUBYTIB 3a gonomoroto GARP-
NpOTOKONY.
|EEE 802.15 Multiple Spanning Trees. 3actocyBaHHs anroputmy Spanning Trees (STP)
' ansa VLAN (BHeceHo B 802.1Q).
IEEE 802.1v | Knacuoikauis VLAN 3a npoTtokosnamu i noptamu (BHeceHo B 802.1Q).
IEEE 802.1w Mpotokon RSTP (Rapid Spanning Tree Protocol) Ha 3amiHy STP (BHeceHO
B 802.1Q).
|EEE 802.1X KoHTponb AocTyny Ta ayTeHTU(MKaLLT Ha OCHOBI NOPTY, L0 06MEXYe
' npaBa HeaBTOPM30BaHUX CTaHLii, MiAKHOYEHNX 4O KOMyTaTopa.
|EEE 802.1AB MpoTtokon LLDP — HE3aNeXHNM NPOTOKON A/1S I,D,UEHTVI(i)IKaLLII Ta nepepa-
BaHHA NPUCTPOSAMM X NapaMeTpiB i MOX/IMBOCTEN.
IEEE 802.1ad |BukopuctaHHsa VLAN noHag icHytouoi VLAN (gonosHeHHs o 802.1Q).
Besneka MAC (MACSec) MACsec f03BOSISE IAEHTUDIKYBATW HEABTOPW-
IEEE 802.1AE A . - S .
30BaHi nigknoyeHHa 1o LAN i Bunyyatu iX 3 KOMyHiKaLii B Mepexi.
IEEE 802.1af |Media Access Control (MAC) Key Security.
KepyBaHHs nomunkamu 3’egHaHHs (Connectivity Fault Management). Llei
IEEE 802.1ag |cTaHAapT NoserwmTb BUSBNEHHS | MepeBipKY MapLUpYTiB Yepe3 MOCTU Ta
LAN 802.1.
IEEE 802.1ah M(_)CTVI ornopHuX nposaingepcbknx mepexx (PBB — Provider Backbone
Bridge).
IEEE 802.14j ,ﬂ,BOFIOpTOBI npuctpoi (TPMR — Two Port MAC Relay), ski € 6inbLu npoc-
TUMK, HDX VLAN-MocCTH.
IEEE 802.1ak Mpotokon Multiple Registration Protocol (MRP), po3paxoBaHuiA Ha BENNKI

mepexi A5 36iNbLUIeHHS TX LWBWMAKOCTI Ta NPOMYCKHOT CNPOMOXHOCTI.
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IEEE 802.1ap

BusHaueHHs Management Information Base (MIB) gng VLAN-MOCTIB.

IEEE 802.1aq

CTaHAapT BM3HAYa€e airopuTMy 064MCNIEHHS HAMKOPOTLLIONO MapLUpyTY i
nigtpumky VLAN 3a gonomoroto igeHtudgikartopis VLAN (VID), ski
npue’a3aHi fo Tonosorii mepexi (SPB — Shortest Path Bridging — ans He-
Benimknx VLAN i SPBB — Shortest Path Backbone Bridging — ans BenMknx
PBB).

IEEE 802.1AR

Secure Device ldentity (DevID) — Bu3Haya€e yHiKa/ibHI iAeHTUQIKaTOPU
MOAYNA, @ TAKOX KepyBaHHS | KpunTorpagiyHi NpyB’s3km cTaHuii go 1i
IeHTUDiIKaTopIB.

IEEE 802.1AS

BusHauae npouesypm i NPOTOKON CUHXPOHI3aLii 4ns ayaio- Ta Bifeo3acTo-
CyBaHb | peKOHMIrypyBaHHs Mepexi npu BigMoBi 1T efemeHTiB (Timing and
Synchronization for Time-Sensitive Applications in Bridged Local Area
Networks).

IEEE 802.1Qat

Po3wmpeHHs npoTtokony Ethernet ons pesepByBaHHA CMYT MPOMYCKaHHS
(SRP — Stream Reservation Protocol).

IEEE 802.1Qau

Congestion Management.

IEEE 802.1Qav

Forwarding and Queuing Enhancements for Time-sensitive Streams.

IEEE 802.1Qaw

MpOTOKON KepyBaHHA BTpaTaMu 415 NiATBEPAKEHHS NepefaBaHHs Ta i30-
nAaui’ MapLupyTy, Ae BuHUKAM BTpatn (Management of Data-Driven and
Data-Dependent Connectivity Faults).

IEEE 802.1Qay

Provider Backbone Bridge Traffic Engineering (PBB-TE).

IEEE 802.1Qaz

Po3LWIMpeHHs MexaHi3My BMOOpY MapLUpyTy nepefaBaHHsA 415 MigTpyMKu
BUAINEHHA CMYTY NPONYCKaHHSA AN KOHKPETHUX Kacis Tpaqiky
(Enhanced Transmission Selection).

IEEE 802.1BA

BusHauae npodini, Lo BMOMpPatoTb KOHQIrypawito, NPOTOKOAM MOCTIB,
CTaHLi | Mepex AN nepefaBaHHs ayfio- Ta BigeoTpadiky.
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Tabnmusa B.3 — MoToyHui cnncok ctaHgapTis IEEE 802.3

HasBa Onwuc
IEEE 802.3 | 10BASE5 10 M6iT/c 3 BUKOPUCTAHHAM TOBCTOFO KOAKCia/lbHOIO Kabento.
IEEE 802.3a | 10BASE2 10 M6iT/c 3 BUKOPUCTAHHSIM TOHKOFO KOaKCia/lbHOro Kabento.
IEEE 802.3b | 10BROAD36.
IEEE 802.3c | 10 M6iT/c, cneyudikauii noBToptoBaya.
FOIRL (Fiber-Optic Inter-Repeater Link, onTOBONMOKOHHI NiHiT MiX Mo-
|EEE 802.3d BTOpLOBaYamu).
IEEE 802.3e | 1BASES a6o StarLAN.
IEEE 802.3i | 10BASE-T 10 M6iT/c 3 BUKOPUCTaHHAM CKpy4eHOi napm (kateropis 3).
IEEE 802.3] | 10BASE-F 10 M6iT/c 3 BAKOPUCTaHHSM OMTOBO/IOKHA.
IEEE 802.34 100BASE-TX, 100BASE-T4, 100BASE-FX Fast Ethernet, 100 M6iT/c,
' aBTOY3rOpKeHHS LWBMAKOCTEN (CyMmicHicTb 3 IEEE 802.3i).
IEEE 802.3x | MigTprmKa AynnekcHoro 38’a3Ky; CYMiCHICTb 3i cTaHaapTom DIX.
|EEE 802.3y :I(;gMBASE-TZ 100 MGiT/c 3 BUKOPUCTaHHAM HN3bKOSAKICHOT CKPYYeHOI
1000BASE-X GigabitEthernet 3 BUKOpMCTaHHAM OMTOBO/IOKOHHOIO Ka-
IEEE 802.3z 6ento; 1 I6iT/cC.
IEEE 802.3- | Bepcis, 1o MicTuTb B CO6i BCi nonepeaHi CTaHAapTU 3 BUNPABIEHUMM
1998 NOMUIKamMW.
IEEE 802.3ab 1000_BASE-T GigabitEthernet 3 BUKOpUCTaHHAM CKpPYYeHOI napu;
1 Io6it/c.
36i/1bLLIEHHA MaKCUMa/IbHOr0 Po3Mipy Kaapy 4o 1522 6aiTis (g1 nigT-
IEEE 802.3ac | pumku iHthopmauii npo VLAN ctaHaapTy IEEE 802.1Q i npioputeTy
craHgapty IEEE 802.1p).
IEEE 802.3ad | Arperauis kaHanis
IEEE 802.3- | Bepcis, 1o MicTuTb B cO6i BCi nonepeaHi CTaHAapTU 3 BUNPABIEHUMM
2002 NomMuIKamm.
10 I'bit/c Ethernet 3 BUKOPUCTaHHAM OMTOBOJIOKOHHOIO Kabesto:
IEEE 802.3ae | 10GBASE-SR, 10GBASE-LR, 10GBASE-ER, 10GBASE-SW,
10GBASE-LW, 10GBASE-EW.
IEEE 802.3af | PoE — enektpoxusneHHs yepes Ethernet (Power over Ethernet).
IEEE 802.3ah | Ethernet in the First Mile («epLia Mus»).
IEEE 802.3ak | 10GBASE-CX4 10 Ghit/s.
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IEEE 802.3-

Bepcis, Wwo micTuTb B cO6I BCi NonepeaHi cTaHAapTy 3 BUNPaBIeHUMU

2005 MOMUJIKaMU.
IEEE 802.3an igsol?ﬁ:pEM'l(' Ul(T)P();.bit/S Ethernet 3 BUKOpUCTaHHAM HeeKpaHOBaHOI CKpPY-
IEEE 802.3ap | Ethernet (1 and 10 Gbit/s).
IEEE 802.3aq in?/ﬁgﬁﬁ;lasol\folgnfggi O(ifaS.O Mbaiit/c) Ethernet 3 BUKOpUCTaHHAM
IEEE 802.3ar | Congestion management
IEEE 802.3as | Po3lumpeHHs Kagpy.
IEEE 802.3at | MokpalleHHs XMBMeHHs Yepes Ethernet.
IEEE 802.3au | Bumorwu izonsuii ans xueneHHs uepes Ethernet (802.3-2005/Cor 1).
IEEE 802.3av | 10 Gbit/s EPON.
IEEE 802.3ax | Link aggregation 3 802.3 B IEEE 802.1
IEEE 802.3ay | OHoBneHHs 6a3080ro CTaHAapTy.
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Tabnuus B.4 — MoTouHwuid nepenik ctaHgapTis IEEE 802.11

Hassa E)'K Onwuc
NPUAHATTSA

|EEE 802 11 1997 FloanKmeVl CTaHAapT Nepe/jaBaHHs 3i WemnakicTio 1M6iT/c
Ta 2MGiT/C B YaCTOTHOMY Aiana3oHi 2,4 I'Tu.

|EEE 802.11a 1999 CT@H,U_,apT nepefaBaHHA 3i WBMAKICTIO 54 MOIT/c, YacToT-
HUW alanasoH S M.

|EEE 802.11b 1999 Mo,qmdaik_au,iﬂ 802.11 ana nigTPUMKKM WBMAKOCTI 5,5 M6iT/c
Ta 11 M6iT/c.

|EEE 802.11c 2001 [Mpouenypy MepexxHuUX MocCTiB (BHeceHO B cTaHaapT IEEE
802.1D).
Po3wupeHHs 802.11 ans peryntoBaHHA po60TN B HOBUX iH-

IEEE 802.11d 2001 (hopmavinHMX ranyssax (kpaiHax), To6To, iHTepHaLioHaNbHI
POYMIHIOBI PO3LLUMPEHHS.

IEEE 802 116 2005 I'Ii,u,TpMMKa} (hyHKLiR _3a6e3nequHﬂ AKOCTI 06CNyroByBaHHS
QoS (Quiality of Service).
PekomMeHzaLif NPOTOKO/Y B3aEMOAIT Mi>K TOUKaMK JOCTYNy

IEEE 802.11F 2003 Inter-Access Point Protocol (BigknukaHo 2006 p.).
Po3wupeHHs ctaHgapty IEEE 802.11b, nepefaBaHHs 3i

IEEE 802.11¢g 2003 lBMAKICTIO 54 M6iT/c Ha BigcTaHb 40 50 M, YaCTOTHWIA dia-
nasoH 2,4 'y,

|EEE 802.11h 2004 3|v|i|j|v| HacTOTHOTO p,ij;masoHy 5Ty craHgapty 802.11a ans
CYMICHOCTI 3 €BPOMNENCbLKMMN BUMOTramMMm.
Po3wmpeHHi yHKui 6e3nekn (WPA2). Po3BUTOK CTaHaap-
Ty IEEE 802.11a. ba3yeTbCs Ha KOHUenLii 3aXuLLeHol me-

IEEE 802.11i 2004 peXi, KOMNOHeHTaMu K0T € ayTeHTUiKauisa (3a Lonomo-
roto craHgapty IEEE 802.1X pa3om 3 cepeepom RADIUS)
Ta TexHonoria wugpysaHHs TKIP.

IEEE 802.11] 2004 Mogamndikauii BignoBigHO [0 BUMOT AMOHiT.
Po3wmupeHHs 802.11 ana nigBULLEHHA NPOAYKTUBHOCTI

IEEE 802.11k LAN 3a paxyHOK BBeieHHS NpoLeyp KepyBaHHSA pagiope-
cypcamu.

IEEE 802.111 3ape3epBoBaHo.

|EEE 802.11m Eji}fl,v'll'pl/lMKa ctaHgapTty 802.11, o He BBiliWa B iHLLI pO3-
BucokowwBuakicHi nokansHi mepexi Wi-Fi 4. MpunycKaeTb-
A NiJBMWLLEHHSA HOMIHA/IbHOT LWBNAKOCTI NepeaasBaHHA 40

|EEE 802.11n 2009 600 M6iT/c Ha BigcTaHb 40 100 M 3a paxyHoK 6inbLU pavio-
Ha/IbHOr0 BUKOPUCTaHHS 4YaCTOTHOrO AianasoHy (2,4-2,5
ML, a6o 5 'y), TexHonorii MIMO, a TakoX Y40CKOHasle-
HUX MeXaHi3MiB KepyBaHHSA Ha (PI3UYHOMY PIBHI.

IEEE 802.110 3ape3epBoBaHo.
WAVE (Wireless Access for the Vehicular Environment) —

IEEE 802.11p CTaHAapT MO6INLHOrO AOCTYNY A0 MEPEXi 3 TPAHCMNOPTHUX
3acobiB.

IEEE 802.11q 3apesepBoBaHoO (He nyTartu 3i ctaHgapToMm IEEE 802.11Q).
CTaHfapT LWBMAKOro POYMiHrY, AKuii 3abe3neyye npucko-

IEEE 802.11r PEHHSA NpoLeaypu nepeaaBaHHA KNieHTIB MiXK 30HaMu 06-

CNyroByBaHHs (pagioKoMipKamn).
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IEEE 802.11s

Po3LwrpeHa 30Ha 06C/yroByBaHHSA [/1 MEPeX 3 TOMOJIOTiet0
mesh (Extended Service Set Mesh Network) — 6arato3s’s3Hi
Mesh-mepexi, B IKUX peanizoBaHWin NPUHLMIM caMOOopraHi-
3auii.

IEEE 802.11T

PekomeHgauia WPP (Wireless Performance Prediction), me-
TOAM TeCTiB 3a BUMIpiB 6e3npoBOA0BOro 061ajHaHHS.

IEEE 802.11u

B3aemogis 3 mepexxamu iHWNX ctaHgapTis (He 802.11), Ha-
npuKnag, CoToBUMMN.

IEEE 802.11v

KepyBaHHsi 6e3npoBOAOBIMI MEPEXamMU.

IEEE 802.11x

3ape3epBOBaHo i He 6yae BUKOPUCTOBYBATUCH (He NayTaTu
3i ctaHgapTom IEEE 802.11X).

IEEE 802.11X

CTaHfapT 3axucTy 6e3npoBOA0BUX MePEX, SKi CyMiCHI 3i
ctaHgapTom IEEE 802.11, MiCTUTb NPOTOKO/T PO3LLIMPEHOT
ayTeHTU®iIKauiT EAP, NpoTOKON 3aXUCTY TPAHCMNOPTHOrO pi-
BHA TLS (Transport Level Security), cepsep RADIUS.

IEEE 802.11y

[loaaTKoBWiA cTaHAAPT 3B’A3KY A/1 YaCTOTHOIO AianasoHy
3,65-3,7 'Y 3i WBNAKICTIO NepefasaHHA gaHux 54 M6iT/c
Ha BifiCTaHb [0 5 KM ( B BIAKpUTOMY cepeaoBuLyi, 6e3 re-
PeLUKog).

IEEE 802.11w

CTaHAapT 3axmcTy 6e3npoBog0BMX MePeX Ha PiBHI Kepy-
BaHHs JOCTYNOM A0 CepefoBuLLa.

IEEE 802.11ac

2014

Wi-Fi 5. CtaHapT nepegasaHHsA 3i LWBUAKICTIO 40 6,77
"6iT/c onsa NpUCTPOIB 3 8 aHTEHaMU 31 3HUXKEHUM EHepro-
CMOXMBAHHSM.

IEEE 802.11ad

2014

Mogaungikauis ctaHgapTy IEEE 802.11ac, nepefaBaHHs 3i
LWUBMAKICTIO J0 7 [6iT/C, PYHKLiIOHYE B 4YaCTOTHOMY fiana-
30Hi 60 I'TU, AKa He BMMarae niueH3yBaHHA. CTaH4apT onu-
cye TexHonorito WiGig.

IEEE 802.11ah

2017

Mae Takox Ha3By Wi-Fi HaLow i npautoe B HeniueH3oBa-
HOMY 4acTOTHOMY fiana3oHi 900 MIL, Wo A03BONSE nepe-
[laBaTu faHi, He BpaxoBYHUM MepeLlKkoan, 3i LWBUAKICTHO Bif,
100 K6iTt/c go 340 M6iT/c (3 BUKOPUCTaHHSAM 4 NOTOKIB).

IEEE 802.11ay

2019

Po3wmupeHHs ctaHgapTy IEEE 802.11ad 3i 36i/bLUEHHAM Ya-
CTOTHOrO fiana3oHy B 4 pa3n Ta BukopuctaHHam MIMO 3 4
noTokamu. pyruii CTaHAapT, SKWI pernaMeHTye TeXHO/O-
ritvo WiGig.

IEEE 802.11ax

2019

Wi-Fi 6. HoBWi1 cTaHAapT, SKWiI1 BU3HAYaE LUBUAKICTb Nepe-
AasaHHA o 10,7 6it/c.

IEEE 802.11az

2021

MepcrneKTUBHUIA CTaHAAPT, KW 3HaX0ANTLCA Ha cTadil po-
3p06KM.
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MPEAMETHUIN BKA3IBHUK, NTATUHCbKUIA ANDABIT

A

access point, 15, 88, 329
actuator, 245
ADSL, 308

ALG, 168

ALOHA, 10, 93
AMI, 55
anycast-agpeca, 158
ARP, 18

ASK, 47

ATM, 294
ARPANET, 9

B

B8ZS, 47, 55

bandwidth, 30, 134

BSS, 329

BGP, 137

big data, 247

bit staffing, 77

BOOTP, 202
broadcast-agpeca, 18, 100

C

CDM, 59

CDP, 56

CLI, 147

cloud computing, 253
CoAP, 251

control plane, 266
CRC, 83

CSMA, 94
CSMAI/CA, 94, 332
CSMA/CD, 94
CTS, 333

D

data center, 254
data plane, 266
DCCP, 199
DCE, 31, 292
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DCF, 332

DDS, 250

DHCP, 160, 202

DNS, 18, 208

Domain Name System, 208
DSL, 307

DSSS, 324

DTE, 31, 292

E

El, 275

EGP, 136
EIGRP, 138,
eMBB, 321
Ethernet, 97
EUI-64, 16, 160
ESS, 329
Extranet, 14

F

Fast Ethernet, 101, 103
FDDI, 111

FDM, 58

FHSS, 324

Frame Relay, 291
FSK, 48

FTP, 221

G

Gigabit Ethernet, 101, 104
Global unicast, 159

GSM, 319

H

HDB3, 55
HDLC, 71
HTTP, 228
hub, 13, 100

1
laaS, 254



IBSS, 329

ICMP, 162
ICMPV6, 162
IEEE 802.1, 87,
IEEE 802.11, 330
IEEE 802.2, 87
IEEE 802.3, 101,
IGP, 136

Internet of Things, 244
Intranet, 14

IoE, 244

10S, 147

0T, 244

IP, 130

IPv4, 130

IPv6, 152
IP-agpeca, 120
ISDN, 285

IS-1S, 138

1SO, 25

L

LAN, 9,11

Link-local address, 159
LLC, 26, 85

Loopback address, 121, 159
LTE, 320, 343

M

M2M, 248

M2P, 248
MAC-agpeca, 16, 161
MAC, 85

MAN, 9

management plane, 266
MBWA, 348

MIMO, 335

MLT-3, 56

MMF, 43

mMTC, 321

MPLS, 310

MPTCP, 195

MQTT, 251

MTU, 65
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multicast-agpeca, 18, 100, 158

N

NetBIOS, 15
NFS, 238
NRZ, 53
NRZI, 53
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