BBenenne B KOMIBIOTEPHBIE CETH Moaens UnTepHeTa

Mogaeb 1 0cHOBHbIE IpUHIMIIBI MHTEpHETA

Kak MbI yxe BUAMM, B3aUMOAECWCTBHE BCEX HM3BECTHBIX MNpUIOKEHUH B IHTEepHETE
MOJKET OBITh CBEIEHO K BUY HAJEKHOTO JIBYHAIPaBJIEHHOTO MoToka OaiToB. MHuIMupoBanue
TAaKOr0 TOTOKa, €ro HaJeKHOe MOoAJepkaHue TpeOyeT, Kak Mbl YBHJIEIH, B3aHMMOJACHCTBHUE
OonbpmIOro  Yucia KOMIOHEHTOB. HecmoTpss Ha pasnuyue NpUIOKEHHH, CKOPOCTH
B3aUMOJICHCTBHSA, TEpelaBaeMbIX JAaHHBIX, €CThb OOIIME XapaKTEepHbIE MEXaHU3MBI,
oOecrneunBaroIIye Takoe B3auMoaeiicteue. Hanpumep, npuinoxeHus «He 3ayMbIBAIOTCA» O TOM,
10 KaKkOMy MapuipyTy INOHAyT AaHHble 4epe3 MHrepHer. IIpakTtudecku Bceraa NMpUIIOKEHUs
MOJIaratoTCsl Ha TO, YTO MOCTaHHbIE JaHHbIE OYAYT JOCTaBIEHBI KOPPEKTHO, T.€. TOMY, KOMY OHU
JIOJKHBI OBITH JIOCTABJICHBI U B TOM BHJIE, B KAKOM OBUTH OTIPABJICHBI.

Co3pgaTenu KOMIBIOTEPHBIX ceTed W MHTepHeTa C caMOro Hayajga I[OCTapaiuch
pa3paboTaTh TaKyr0 MOJEIb B3aUMOACHCTBUS, YTOOBI PHIIOKEHUS:

- HUKaK HE 3aBHUCEU OT TOT0, KaK peajM30BaHa nepeaadya ux JaHHBIX;

- MOTJIM MHOT'OKpPATHO MCIIOJIb30BaTh OJIHU M TE K€ CPEACTBA IE€pPENayuy, a HE CO3/1aBaTh
MX KOKIbIA pa3 3aHOBO.

OTH cBOICTBA OBUIM JOCTUTHYTHI OJIarofapsi MCHOJIb30BAHUIO HECKOJIIBKUX MPUHIUIIOB,
KOTOpbIE€ MBI paccMOTpUM. OJIMH U3 HUX — 3TO NMPHHIUI YPOBHEBOCTH, KOTOPBIA MBI ceidac
paccMoTpuM Ha mpumepe 4-x ypoBHeBoi Monenu WutepHera. (37ech HaZO OTMETHThH, YTO
INPUHUMUIT YPOBHEBOCTH, 3TO YACTHBIA CiIy4all NpPHUHIMIA CTPYKTYpHU3aLUH, KOTOPBIM JIIOIH
IPUHUMAIOT BCErJa, KOTJa CTAIKUBAIOTCS CO CIOXKHBIMHU MPOOJIEMaMH, TIOCTPOCHUEM CIIOKHBIX
COIIMANBHBIX, TEXHUYECKUX cHucTeM). Jlpyroil BaXHBIM NTPUHIUMI — OTO NPUHIMI
HHKANCyasauuu. Eie oaMH — 3TO NpUHIMI KOMMYTALMH NMAKeTOB. Bce 3TH NpUHIMIBI MbI
00s3aTeNIbHO PACCMOTPHM, a ceifuac cCOCpeOTOUNMCS Ha MPUHLUIIE YPOBHEBOCTH.

OTOT NpUHLUI MPEAIoJaraeT, YTO BCE ONEpally 10 Mepeaade JaHHbIX PACIIPEAEIAIOTCs
MEXIY HECKOJIBKMMH HEMHOTOYMCICHHBIMUA YPOBHSAMU. KaXnplii ypOBEHb NPENOCTaBISAET
HEINOCPEACTBEHHO BBILIENIEKAILEMY U TOJIBKO €My JOCTYH K ONEpaLusM, WIN KaK €I1e TOBOPAT,
CepBUCaM, peaJu3yeMbIM Ha 3TOM YpPOBHE. DTOT JOCTYH OCYIIECTBISAETCS C IMOMOIIBIO CTPOTO
olpeneNieHHOro uHTepdeiica Mexay ypoBHAMH. MexIy Kaxaol mapoil ypoBHEH 3TOT
uHTepdelic cBoi. Brimenexamuii ypoBeHb HE JOKEH 3aBUCETh U 3HATh, KaK peajn30BaHa Ta
WIM MHAas Oollepanys Ha HUXKEJEXKAIlleM YPOBHE.

PaccmoTpum, 3a 9TO OTBEUaeT KaxIablid U3 4-X ypoBHeH »Toit Monenu MHTepHeTa (Be3e
nainee npocto Mognenu). BaxHo Bce BpeMsl NIOMHHUTb, YTO OCHOBHOE IIpPEIHAa3HAUEHUE BCEX
ypoBHell B 3ToM Monenn — oOecneuuTh MPUIOKEHUSIM HaIeKHBIMU CPEICTBAMH IMepenaun
JTAHHBIX.

Kaxnpiii ypoBeHb:
® HMEET CTPOTO OIPENEICHHOE IPEJHA3HAYCHHE
e oOecrieynBaeT ONpeIeICHHbII Ha0Op CEpPBUCOB IS BBILIENIEKAIIETO YPOBHS,
® MEXaHU3MBbI U CEPBUCHI BBIIIEIIEKAIETO YPOBHS HUKAK HE 3aBUCST OT TOI'O KaK pealn30BaHbl

CEPBUCHI HIDKEIIEKAIIETO YPOBHS;
e MEXIy YPOBHSAMH OIpenesieH MHTepdeiic, mpeacTaBisionmii coboil Habop omepauuii u
CTPYKTYp AaHHBIX.

Haunewm Hare paccMoTpeHHe ¢ caMoro HukHero yposHs — Kanansnoro (Link) ypoBHs.

WHTEepHET COCTOMT W3 XOCTOB, JIMHUN CBSI3WM/KAHAIOB W MapHIpyTHU3aTOpoB. JlaHHBIE
nepematorces ckaukamu (hops) mo muausM (M. prc. OpraHu3aius KOMIIBIOTEPHOM CETH)
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JlanHble mepenaioT kaapaMu. Kaxaplil kKaap cOCTOUT U3 Tema, TIe XpaHsITcs cOOCTBEHHO
nepegaBaeMble JIaHHbIE, M 3arojioBKa. B 3aronoBke ykazaHo, KyJa U KOMY KaJp JOJKEH OBbITh
JIOCTaBJIEH, OTKY/Ia KaJp ObUT OTIPABJIEH U T.J. (HA MPEAbIAYILEM PUCYHKE MOSICHUM CKa3aHHOE).
KananpHblli ypOBEHb OTBEYAET 3a HAACKHYIO Iepeady KaJapoB MO KaHajgaM. Bbl yxe Ha
npakTHKe cTaikuBaiuck ¢ Ethernet u Wi-Fi munusm.

Cnenyromuil Beienexanmid yposeHb — CeTeBOM - 3TOT ypOBEHb OTBEUYAET 3a JOCTaBKY
HaKeTa B Hy)KHOE MeCTO. 37ech (hparMeHTHI IepelaBacMbIX JaHHBIX HA3bIBAIOTCS MakeTsl. [laker
— 3TO CaMOJIOCTaTOYHasl CTPYKTYpa, COAeprKalias COOCTBEHHO TepeiaBacMbIe TaHHbBIE (TEJI0) U
UHPOPMALIMIO O TOM, OTKYyJa MakeT ObUT OTHpaBieH, Kyda (pucyem maket). CeTeBoil ypoBeHb
nepesaeT MakeT KaHaJbHOMY YPOBHIO, COOOIIasi MO KaKOMy KaHaly ero Hajo Iepenarth.
Hpyrumu cnoBamu, KaHanbHBIH ypoBeHb ImpenocTaBiseT cepBuc CeTeBOMy YPOBHIO IIO
nepegave MNakeToB MO KaHalaM.

Ha npyrom konne kanana naxoautcsi Router (Mapmpyrtusarop). KananbHblii ypoBeHb
MapIIpyTHU3aToOpa MPUHUMAET KaJip, IPOBEPSIET MPABHIBHOCTh €r0 JOCTaBKHU, Mpeoldpa3yer Kaap
B MakeT u nepeaaet ero CeTeBOMy ypOBHIO MapIIPYTH3ATOPA.

CereBoil ypoBeHb MapHIpyTH3aTOpa OTBEYaeT 3a (OPMHUPOBAHHME MapIIPyTa, ONpEeAesis
HarpasJeHue cieayroniero ckadka (hop), risias Ha agpec HazHadyeHus. M tak hop-by-hop maker
JOJI’KEH OBITh JOCTABJICH K MECTY Ha3HAUEHHS.

MapiipytuzaTop omnpeaessier, KakoMy CIEIYyIOMEeMy MapIIpyTH3aTOpy MakeT TOJHKEH
OBITH Tepe/IaH.

Tem cambiM, ompezensisi MO KaKOMY KaHaJly HakeT JOJDKEH ObITh mepenaH. KaHanbHbIN
ypoBeHb (QopMHpyeT Kaap U mepeeneT ero. Takum oOpasom, CeTeBOMY YPOBHIO HE HaJo
«IyMaTh» Kak IepenaTh MakeT MO KaHally, 3a00THTbCA O KOPPEKTHOCTH Mepefadyd U T.1.
[Tepenaua manueix mo kanany Wi-Fi wau Ethernet mpoucxoaut mo-pasuomy, Ho aas CeTeBoro
YPOBHSI 3TH OCOOCHHOCTH HE BHUIHBI. Takum oOpa3zom, CeTeBoil ypoBeHb MOXKET paboTaTh, HE
oOpaiiass BHUMaHUSI Ha OCOOEHHOCTH, Pa3IMYMM KaHajOB. JTO JOCTUTAETCs 3a CYET CTPOTo
OIIpeJIeTICHHOr0 M 3aUKCHPOBAaHHOTO B craHmaprax uHTepdeiica (API) mexny CereBbiM U
KananbHbIM ypOBHSMU.

CeteBoif ypoBeHb — 3TO cep/ieBrHa VIHTepHeTa, ero OCHOBHBIM MPOTOKOJIOM SIBJISIETCS
Internet Protocol (IP), koTopslii ABISETCA «KIIeeM», COSTUHSIOMINM MEXKIY COO0i pasHbIC YacTH
Wntepnera. Koraa Mbl mockliaem naker B MIHTepHET, Mbl 00s3arenbHO ucnonb3yem IP. Tlozxe
MBI [TOIPOOHO PAcCCMOTPUM pabOTy 3TOTO MPOTOKOJIA. A MOKA Mbl PACCMOTPUM HEKOTOPBIE €ro
CBOMCTBA.

ITpexne Bcero, IP mocrasisier maker mo Bo3moskHoctu (best efforts), T.e. mocraBka He
rapaHTupoBaHa. [laker MoXeT OBITh HOTEPSH, pa3pylICH, HApyLIEH MOPAIOK, T.€. HUKTO B
WuTepHeTe HE TapaHTHUpPYeT, YTO paHee NOCIaHHBIA MakeT OyIeT MOJyueH paHee IO03Ke
MOCJIaHHOTO.

Uto xe nenaTh NPUIIOKEHHUIO, €CIIM €My HYXEH HaJIeKHbIA CEPBHUC TapaHTUPYIOIIUH
JIOCTaBKY, TOPSIOK MakeToB B moToke? /[ 3TOro eMy HYKHO BOCIIOJIb30BaThCSl CEPBHUCOM
Tpaucmoptaoro yposus. Ha stom ypoBHe paboraer mportokoia TCP (Transport Control
Protocol). DToT mpoTOKON 00ECHeYuT JOCTaBKYy BCEX MAKETOB MOTOKa B HYXXHOE MECTO, B
ompeneaeHHOM Topsiake. Ecnam kakol-To WM Kakue-To makeThl OyayT motepsiael, To TCP
notpedyet ot IP moBTOpHUTH Nepenavy MOTepsHHBIX MAKETOB CTOJIBKO pa3, CKOJIBKO MOTpedyeTcs
YTOOBI MOTEPSIHHBIN MakeT ObUT MostydeH. Ecnu npu nepepaye, Nopsa0K NaKeTOB ObLI HAPYIIIEH,
to TCP BoccTanoBuT €ro.

[Ipunoxenuto He TpeOyercs co3aaBaTh y ce0sd Bce Te€ MEXaHU3MbI, KOTOpbIE
HE00X0UMBIE, YTOOBI 00ECNEUNTh rapaHTHPOBAHHYIO JOCTABKY MAKETOB B HY)KHOM MOpSJKE.
HerpynHo npencraButh, uto Takue npuioxenus kak WWW, e-mouta, BitTorrent myxmarorcst B
Takoi moanepxke. OnHaKo MOTYT OBITH W Apyrue ciydan. Hampumep, MblI mepegaeM BHIIEO
notok. [lycTh KakoW-TO MmakeT ¢ BUAEOKaIpoM OblT moTepsH. Eciu mbl Oynem xaath, Moka
Oyzner oOHapykeHa IMOTepsi, MOTEPSIHHBIN KaJap OyJeT BOCCTAHOBJICH M NEpeciiaH KapTUHKA Y
KIIMEHTa «3aMpeTy», noTpedyercs Oydepuzanus ocTaBmuxcst Kajapos U T.4. [Ipoiie cMuputhes ¢
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BPEMEHHBIM YXYAIICHHEM KapTUHKHU Ha 3KpaHe, U3-3a MOTEpH KaJipa U IPOo0JDKaTh nepegady. B
TaKMUX CIIy4asiX, KOr/a MPUJIOKEHUIO He HY)KHA FrapaHTUPOBaHHAsI IOCTaBKa BCEX KaJIpoB, JTy4Ille
ucnonb3oBath mpotokon UDP - User Datagram Protocol. UDP Geper maker y OJIHOTO
IPWIOKEHUST U CTapaeTcs ero JOCTaBUTh aJpecary — JPyroMmy MNpUIIOKEHUI0 0e3 rapaHTuu
JIOCTaBKH.

Takum 00pa3om, Ha TPAHCIIOPTHOM YPOBHE Yy MPHUIIOKEHHS €CTh BBIOOp: JUOO Ciyx0Oa
HAQJIKHON  JTOCTaBKM C COXpPAaHEHHEM YIOPAJOYCHHS MaKeTOoB B  IOTOKe, JIMOO
HerapaHTHpOBaHHAs JOCTaBKa OT/EIbHBIX MakeToB. B mepBoM ciyuyae, MCHOJIB3YIOT CEpPBUC
TCP, Bo BTOpOoM — cepBuc UDP.

Haxkomnen, HaBepxy 3Toil 4-X ypoBHEBON Mojenu Haxonutcs [IpuknaaHoil ypoBeHb, rae
<OKUBYT» TpUJIOKeHUs. Bce OHM MCIONB3YIOT OJUH U3 CEPBUCOB TpPaHCIIOPTHOIO YpOBHS Uepe3
cTporo onpeaeneHubd API.

[Tpunoxenus A B3aUMOJEHCTBHA MEXAY €000 HCHONB3YIOT CBOM MPOTOKON, C
MOMOUIbI0 KOTOPOTO OHHU ONPENENAIOT CHUHTAKCUC W CEMaHTUKY I[pPElIaBaeMbIX JIaHHBIX.
Hampumep, xak ™Mbl yxe Buaenn WWW-knuenrt, B3aumopeiicteyer ¢ WWW-cepsepom ¢
MOMOIIIBI0 CUCTEMBI KOMaHJI, TIepelaBaeMbIX BMeCTe C ornepaHaamMu 3Tux komanyg kak ASCII
ctpoku. WWW- kimenta 3a6otut To, kak 3t ASCIl crpoku monmagyr k WWW-cepBepy, He
OBLIM MIPH 3TOM MOBTOPHBIE MEPEAaY MAaKeTOB, KaKUX U cKoybko pa3. TCP oOecneunBaer 3TOT
CEpPBHC, UCTIOJB3YS cepBUC CETEBOrO ypOBHSI.

Cnenyer nog4epKHYTh, YTO MPHU B3aUMOJICHCTBUM KaXKIbI YPOBEHb B3aUMOJICHCTBYET C
OJHOMMEHHBIM YPOBHEM Ha IPOTUBOIIOJIOKHOW CTOpOHE: IIpuKIIagHOM C IPUKIAIHBIM,
TPAHCHOPTHBIN C TPAHCIIOPTHBIM, CETEBOM C CETEBBIM H T.1I.

Korna npunoxenuto tpedyercs nepeaars naHHble yepe3 MHTepHeT, To OHO oOparaercs
K TpancnopTHOMYy ypoBHIO. TpaHCHOPTHBIM YpOBEHb, UCHOJIB3Yysl cepBUC CETeBOro YpOBHS,
nepegaeT ux TpaHCIIOPTHOMY YPOBHIO Ha Jpyroi cropoHe. CeTeBoll ypOBEHb Hape3aeT JaHHbIE
Ha TAKTHI, yKa3blBas ajpec COoceaHero mapipyrusatopa. Tak, hop-by-hop, makersr mayt ot
MapuIpyTHU3aTopa K MapLIpyTU3aTopy, Moka He JOCTUTHYT MecTa Ha3HaueHus1. CeTeBoil ypoBeHb
ucnonp3yeT ceppuc KaHalbHOTO ypOBHS, KOTOPBIH yMeEeT IepelnaBaTh KaJapbl 4Yepe3 JIMHUU
Ethernet, Wi-Fi, GSM, DSL u MHOTHE Ipyrue CUCTEMBI Tiepeiadn qaHHbIX [CMensHckuit T.1].

B 80-e ronbr MexxayHapoIHBIM MHCTUTYTOM cTanmaptu3anuu SO Oblna paspabortana 7-
MU ypOBHEBas MOJEJIb B3aUMOJICHCTBUSL B CeTsIX. OJTa MOJENb HMeeT OoJblie
METOJI0JIOTUYECKU YPOBEHb, UeM IpakTudyeckuil. B Hem KananbHblll ypoBeHBb 4-X YPOBHEBOM
mojenu mnpencrasieH 2-s: KananeHeiM 1 @usmdeckuM. CeTeBOM ypoBEHb B 00EHUX MOJENSX
Oojilee WM MEHEEe OJMHAKOB, TpaHCHOPTHBIN mpenctaBieH TpancmopTHeiM u Ceccuu, a
IIpuxiannon mpexacrasineH ypoBHeM IlpencraBnenus u IlpuxnamssiM. Hymepanus yacto
UCIIONB3YIOTCS 7-MH ypoBHEBOH. [loaTromy uwacto o KanampHOM ypoBHE roopsar kak o L2, o
CereBom — L3, TpancnioptHeIil — L4, X0Ts B Hameld Moienu 310 1, 2 U 3 ypoBHU COOTBETCTBEHHO
[Cm. CmensHckui 1.2, 1.1, T.1 r1.1 1 r1.2].



