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BBenenue

3HAYUTENbHBIE HEUCIIOIb3YEMBIE PE3EPBBI JIs1 pOCTa OOBEMOB U PACILIUPEHUS
chepbl YCIyr COXPAHSIOTCA CEroJHs B CTPOUTENbCTBE, HA TPAHCIOPTE, B
(uHAHCOBO-0aHKOBCKOM W MH(POPMAIMOHHO-KOMMYHHUKAIIMOHHON  cdepax,
MEIUIMHCKOM U KOMMYHaJIbHO-OBITOBOM OOCITY>KBaHUU HACEJIECHUS U OCOOCHHO B
cenbckoit MecTHOCTHU. [1o ypoBHIO pa3BuTHS ChEphl YCIyT, KOJIUYECTBY U KAUECTBY
IPEAOCTABISIEMBIX YCIYT MBI €1I€ CEPHE3HO OTCTAEM OT SKOHOMHYECKH PA3BUTHIX
ctpan[1].

B wmensx ¢opMmupoBaHUsS HAlMOHAIBHOM CHCTEMBbl HH(pOpMaTU3ALNH,
MacCOBOTO BHEJPEHHS W HCIOJIb30BaHUS BO BceX cepax dKOHOMHUKH U KU3ZHU
00I1eCTBa COBPEMEHHBIX MHPOPMALIMOHHBIX TEXHOJIOTHI, CPEJICTB KOMIIBIOTEPHOM
TEXHUKWA W TEJIEKOMMYHHKalUWA, HauOoyiee MOJHOTO YJIOBIETBOPEHHUS PACTYIIMX
MH(GOPMAIIMOHHBIX MOTPEOHOCTEH Tpa)kaaH, CO3JaHUsl OJAroNpHUSATHBIX YCIOBHM
JUISE BXOXKJEHUST B MHUPOBOE€ HHGOPMAIIMOHHOE COOOIIECTBO W PACHIMPEHHUS
J0CcTyna K MUPOBBIM UH(POPMAIIMOHHBIM pecypcam[2].

[[Iupoxkoe pacupoCcTpaHEeHne HNuTtepHerTa, MCIIOJIb30BAHUE IP-
OPUEHTHPOBAHHBIX NPHWJIOKEHUW M TEXHOJIOTMU IEpeJayd rojoca U BUIEO IO
CeTSIM JaHHBIX CHOCOOCTBOBAjIM MOIIHOMY Pa3BUTHUIO MYJIbTUCEPBUCHBIX
oneparopckux [P-ceren. [IpenocraBieHrne TOMBKO YCIYyTU KaHala CBSI3U IEPBOTO U
BTOPOro ypoBHE# (BbiAcneHHbie nuuHuu, frame relay, ATM (Asynchronous
Transfer Mode) u ap.) cyliecTBEeHHO OrpaHWYMBaeT HAOOp yCIyr MpoBaiiiepa B
YCJIOBHUSIX BBICOKOKOHKYPEHTHOTO pPBIHKa TelleKoMMyHUKaiui. CerogHs yciyru
paznuuHbiX [P-cepBUCOB SIBIAIOTCS CBOETO poOJa CTAHIApTOM, MPUYEM BEAYIIHE
orepaTtopsl Kpome Aoctyna B MHTepHeT yxe obecrnednBaroT (yHKIUU MAaKETHOM
TenepOHNH, TEeJICBEIIaHUSI U BUCO IO 3alPOCy, BUPTYaIbHBIX YACTHBIX CETEH.

Apxurektypa MPLS, naubonee >¢dextuBHas mans nepenaun [IP-tpaduka u
pabotel B cpene [P-opueHTHpOBAaHHBIX TPHIOKEHHH, pa3pabarbiBajgach u
MO3ULUOHUPYETCS ISl MOCTPOEHUSI BBICOKOCKOPOCTHBIX MarucCTpajbHBIX CETEH,

o0ecrieurBaeT IKOHOMUYHOCTh U 0e30macHOCTh opranusaiuu VPN coenuHeHuil.



['uOkue u BbICOKO MacmTadbupyembie cetd MPLS peanusytor mMouiHbsie GyHKIUU
ynpasienus [P-tpagukoM 1 mo3BoISIOT nepeaaBaTh €ro Ha BEICOKOW CKOPOCTHU U B
0ombIIEM O0BEME.

MPLS sBasercs MacmitaOupyeMbIM H HE3aBUCHUMbIM OT KaKUX-THMOO
MPOTOKOJIOB MEXAHM3MOM Iieperaun AaHHbIX. B cern, ocHoBanHouM Ha MPLS,
[IaKeTaM JaHHBIX I[PUCBAUBAIOTCI METKU. Pelienue o0 nanpHEHIIen nepenade
[IAKeTa JAHHBIX JPYrOMYy Y31y CETH OCYLIECTBIIIETCS TOJIBKO HAa OCHOBaHUU
3HAYCHUS] TPUCBOCHHON METKM 0€3 HEeOOXOAUMOCTH HM3YYEHHUS CaMOro IaKeTa
JAHHBIX. 3a CYET 3TOr0 BO3MOYKHO CO3JaHUE CKBO3HOTO BUPTYAJIbHOIO KaHaja,
HE3aBHCUMOTO OT CpPe/bl IEPEIauu U UCTIONB3YIOIIETO 000 MPOTOKO Nepeiayn
nanHbiX. MPLS mo3BosisieT J0CTaTOYHO JIETKO CO3/1aBaTh BUPTYaJbHBIC KaHAJIbI
MEXKIY y3J1aMHu CETH. TexHomorus MO3BOJISIET WHKATCYJIUPOBAThH
pa3InYHbIE TPOTOKOJIBI TIEpeaady TaHHBIX.

[lenbt0 gaHHOW BBIMYCKHYIO KBAIU(PUKAIMOHHYIO pabOThl  SBISETCS
co3nanue cetu MPLS, OCHOBHBIX MPUHIIUIIOB paboThl TexHonorun MPLS (Multi
Protocol Label Switching — OpicTpas KOMMyTallis TAKETOB B MHOTOIPOTOKOJIBHBIX
CETSX, OCHOBaHHAs HAa MCIOJIb30BAHUH METOK).

3amauedt NTaHHOW BBIMTYCKHYIO KBaJU(UKAIIMOHHYIO pPAaOOThl SIBIsiETCS,
coznanue cetu MPLS mnpu3BaHHOrO momMoub omepaTopy B aHajdu3e Hambojee
ONTUMAJILHON KOH(UTYpAIIMU CBOCH CETH, YIyUIICHUU €€ OTACIBbHBIX YYaCTKOB H
HEOOXOAUMOTO ISl TOCTPOCHUS CeTH Ha ocHoBe TexHojorunm MPLS. PaGota
npelHa3HauYeHa TakKe [JI OpraHu3allud Ipolecca OOY4YEHUs CIEIUaINCTOB
OCHOBaM cOOpa CTaTUCTHUYECKUX JaHHBIX Mpu pabore B cerasx MPLS ¢ ux

IMOCJICAYIOIIUM aHAaJIN30M.



1. OB30P IOCTABJIEHHOM 3AJIAYU U IIYTHU EE PEHIEHUS

1.1. CpaBHuTeIbHAS OLIEHKA BO3MOKHOCTeH TexHoaorun MPLS

XapakTepuCTUKU COBPEMEHHOI0 TPa(puKa MAruCTPAJIbHbIX CETEMH.

MHOronpoToKoabHAsS  KOMMYTallus  WH(OPMAIIMOHHBIX  TIOTOKOB B
cootBerctBUM ¢  MeTkamu  (Multiprotocol Label = Switching, MPLS)
paccMaTpuBaeTCsl KakK IMEpPCIEeKTUBHAS, XOTS U HE €MHCTBEHHAs OCHOBa IS
KOHBEPreHIIMM YCIYT W TOCTPOCHHSI MYJbTH CEPBUCHBIX CETEH CIEAYyIOIIETo
nokosieHUs: (NGN), B KOTOpBIX CTaHET BO3MOXKHa Iepefaya pa3sHOPOIHOTO
Tpaduka uepe3 WUHTCTPUPOBAHHYIO TEJIECKOMMYHUKAIIMOHHYIO HWH(DPACTPYKTYpy
BMECTO HECKOJIbKUX Pa3JIMUHbIX CETEH.

[Ipunatue MPLS B kauectBe  yHUUIMPYIOIICH, 3aMelIaroIiei
TEXHOJIOTUU JIOJDKHO TIPUBECTH K 3HAYUTEIBHOMY  YIIPOIICHHUIO CETEBBIX
uHdpacTpykTyp u ynpasieHus uMu. Bueapenwe MPLS mo3Bossier moBBICUTH
yYpOBEHb CepBHCA, IMPEAOCTaBIATh, BOCTpeOOBaHHBIE Yyciayru Ha 6aze [P (c
rapaHTUPOBAaHHBIM YPOBHEM KauecTBa) M YCIYIM KOHBEPIE€HTHBIX CETEeU ISl
KOPIOPAaTUBHBIX KIHMEHTOB, BKJIIOYas CO3/1aHHE BHUPTYaJbHBIX YaCTHBIX CeTel
(VPN) u nepenauy ronoca nosepx IP (VoIP).

Nudpactpykrypa MPLS VPN naer BO3MOXHOCTh COEOUHATH Y3Jbl IO
cxeme «1000oi c MoOBIM» HE3aBUCMMO OT TexHosioruu jpocrymna (Frame Relay,
BbiienieHHass suHUSA, DSL wmm  Ethernet), moBpllaeT MPOW3BOIUTEIBHOCTD,
MacmrabupyemMocTh [P u Hale)XHOCTh MapuIpyTH3alluk B TMpuiaokeHusx Triple
Play (ronoc, nannsie, BUIEO).

C MPLS xopomo coueraercs Ethernet — Omaromaps Takoli KoMOWMHAIIAN
OTKPBIBAETCA  BO3MOXXHOCTh ~ 3KOHOMHUYHOTO  MPEAOCTAaBICHUS  LIEJIOTrO
KOMILUIEKCA YCIYT W BHEJIPEHUS UIMPOKOMOJIOCHBIX MPUIIOXKEHUNH B TOPOJICKUX
ceTsaX U ceTax noctyna. Ha ocHOBe NpPOBEAEHHOTO CPABHUTEIBLHOIO aHalu3a

MPUBEACHBI JOCTOMHCTBA U HEJOCTATKH TEXHOJIOTUH TIepeiauu JaHHbIX [4].

JlocToHHCTBAa M HeAOCTATKHU TexHogoruid MPLS



JlocToMHCcTBA:

Otnenenue  BhIOpaHHOro  Mapuipyra ot  aHanuza |IP-aapeca (maer
BO3MOKHOCTh MPEIOCTABIATh IUPOKUM CHEKTP JOMOIHUTEIBHBIX CEPBUCOB MPU
COXpaHEHHH MaCIITaOUPYEMOCTH ):

v’ YckopeHHass KOMMyTanus (COKpamaer BpeMsi IIOMCKOB B TabJIMIax);

v’ I'ubkas noxnepskka Q0S  wuHTEerpupyembix cepucos VPN;

v’ D HEeKTHBHOE HUCTIONB30BAHKE SIBHOTO MapIIPYTa;

v’ Paznencare (yHKIMOHAIBHOCTH MEXIY SAPOM M IPAaHM4YHOM 06acTu
CeTH;

v' BBICOKYI0 3 (EKTHBHOCTD MCIIOIB30BAHUS TIOJIOCKH IPOIYCKAHMs (MaJIbli
pa3mep 3arojioBka MakeToB);

v D(pPEeKTUBHOCTH PU MEPErPY3KaX M OTKA30B DIIEMEHTOB.

Henocrarku:

v"B MPLS wHer mnonstus Oe3zomacHocTy B ommmunu ot ATM, rae
0€30MacHOCTb ONPEIETIAETCSl HA JOTHYECKOM YPOBHE;

v Ilpuoputerom MPLS mist siBisiercst ObICTpOTa MPOJIBHKEHHS ITTaKeTa, a
e QoS;

v' He Bceryia coBMecTuMa ¢ 000py10BaHHEM Pa3HOTO MPOU3BO/ICTBA.

CcpaBHUTEIBHBIM aHAIU3 TOKa3bIBaeT, 4To TexHosorus MPLS mo3Bosser
OJ/IJIEP)KUBATh KauecTBO obciyxuBanus (Q0S) u 6e3omacHOCTh Ha ypoBHEe ATM,
coxpassisi THOKOCTh U MacITabupyeMocTh npucyiue Texnosioruu IP. Tossiaenus
texHosiorun MPLS onpenenser HampaBieHue uHTerpamnuu IP mapmpyruzanum u
ATM KOMMYTaI1 B o6mryto IP / MPLS certs. Takum o0Opazom
texHosiorust MPLS cranoBuTCS €IMHOMN TEXHOJIOTHYECKOMN miaThopmoit
IUI CO3JaHUS U Pa3BUTHSI COBPEMEHHBIX HH(POKOMMYHHKAIIMOHHBIX ceTei[25].

PaGora mo co3ganuio cereii caeaywiero noxkojenuss (NGN) Ha ocHoBe
Texnojsorum MPLS. B Hacrosiiee BpeMsi OOJIBIIMHCTBO OIEPATOPOB CBSI3U
JIEJal0T CTaBKM Ha HCHoJb3oBaHue TtexHoiorun MPLS B kauectBe 0a3o0BoOit
TEXHOJIOTUHU TIepeadn Tpapuka B CBOUX CETAX HE TOJHKO IO BBIMICO3HAYCHHBIM

NpUu4rMHaM, HO TAaKXC M C TOYKH 3PCHHUA CO3JaHMA OCHOBBI IJIA IIOCTPOCHHUSA B



ommxkaiiimem OyaymieM ceteil  cieayromero mnokoieHus (Next Generation
Networks, NGN). CoBpemeHHbIE TpeOOBaHUSI K CETSIM CBSI3U CJIEAYIOIIETO
MOKOJICHUSI 3aKJIOYAIOTCS B BO3MOXKHOCTH ONTHUMAJILHOW TEpeayd roj0COBOIO
Tpaduka, Tpaduka HaHHBIX, CO3/JaHUS W TMPEIOCTABICHUS HOBBIX CEPBHUCOB,
CHUIKEHHUS PACX0JI0B Ha KalUTaJIbHOE CTPOUTEIHCTBO U OMEPAIIMOHHBIX U3JIEPIKEK
110 CPABHEHUIO C CYIIECTBYIOUIUMHU CETSIMU CBSI3H.

B nacrosiee Bpemsi pa3BepHYTO 3HAUUTEIHHOE KOJTMYECTBO TPATUIIMOHHBIX
ceTer CBsI3U, MOATOMY npu cTpoutenbcTBe cetd NGN 1enecooOpa3HO yUUTHIBATh
BO3MOKHOCTHU CYIIECTBYIOIIET0 000PYI0BAHUS JIJIsi OPTaHU3AIMK YBOIOIMOHHOTO
nepexo/ia K CeTsIM CBA3U CJICIYIOIIETO MOKOJIEHHUS.

B o6miem cnydae, ceTh CBSI3M COCTOUT U3 TPEX YPOBHEH:

v Vposenb npuinoxkenuit. OTBeyaeT 3a MPEAOCTABICHHE KOHEYHOMY
M0JIB30BaTEN0 MHPOPMAIITMOHHBIX YCIYT U OT TOTO, HACKOJBKO 3TH YCIYTH OYyIyT
€My  UWHTEpPECHBbI, 3aBUCUT  JajbHeilmiee  pa3Butue ceTu.  Cepsepsl,
oOecreynBarolye MpeoCcTaBIeHUe YCIyTr, MOTYT HaAXOAUThCS KaK BHYTPH, TaK U
3a MpejieiaMyu caMoi CeTH (pa3InyHbIe CEPBEPHI).

v VpoBeHb yrpasienus cepBucaMu. OTBEYaeT 3a MapIIPYTH3AIMIO BHI30BOB,
00paboTKy CUTHAJIM3AIIUU U HETIOCPEACTBEHHOE YIIPABIECHUE TOTOKAMH.

v’ TpancnopTHbIi ypoBeHb. OTBEYaET 3a nepeaady HHGOpMaIii KOHEYHOMY
MOJIb30BATEI0 M COCTOUT M3 BBICOKOCKOPOCTHOIO siipa NAaKETHOW CETH
(manpumep, cetu MPLS) u ypoBHS pocTyma, KOTOpBIA oOecrieunBaeT
HEMOCPEACTBEHHOE TOAKITFOUEHIE KOHEYHBIX MOJIb30BaTenei k cetu[15].

IHocTpoenue BupryajabHbix uYacTHbix cereit (VPN) Ha ocHoBe
TexHosorum MPLS. Ceroaus cetb HTepHET BBIpOCa 10 OTPOMHBIX Pa3MepoB,
MIPEBPATUBIINCH B PAKTUYECKH HEUCCIKAEMbI HCTOYHUK MHPOPMAIIUU TIOYTH 000
BCEX, a0COIFOTHO Pa3HbBIX, 00IacTIX Hamiel xu3Hu. Kpome Toro, 3T0 OBICTPHIA U
HaJIeKHBIN crioco0 oOmeHus. Ho, kK coxaneHuro, JOCTOMHCTBA ceTu WHTepHeT
SABJISIIOTCS. U €€ HeJOoCTaTKaMU. Tak, OTKPBITOCTb CETH MJi MOAKIIOYEHHUS] HOBBIX
KOMITBIOTEPOB M BO3MOXXHOCTh JIOCTyNa K WH(MOpMAINH, TIEpEe1aBacMOi B CETEBBIX

MaKeTax, JCJalT JaHHbIE MoJb3oBaresied WHTEepHET HEe3alUIEHHBIMUA. OTO



MOKET OBbITh HEMPHUATHO, JaXKe €CIU peyb uaeT 00 OOILIEHUHU C IPYyrom, HO, KOrjaa
CTOUT BONPOC O THepenadye KOHPUACHIMAIbHOM HMHPOpMALMH, TaKOE
«MPOCITYHIMBAHUE» MPOCTO HeAomycTUMOo. Oco0yI0 akTyalnbHOCTh 3TO MPUOOPENO
B TOCIIEJHEE BpeMsl BCJEACTBHE pa3BUTHS DJIEKTPOHHOW KOMMeEpLuH, OoJjee
YaCTOrO MCIIOJIb30BAHUS OIUIATBHI YCIYr 4Yepe3 ceTb VHTEpHET, MHTEHCHUBHOIO
OOIIEHUS] MY JIFOJBMH B PA3JIUYHBIX YacTsax ceTu[18].

Hosgeiimeit konuenuuei B 370l 00JaCTH ABISETCS KOHLETIHS BUPTYaIbHBIX
gacTHeIX cerer (VPN, puc.1). OcHOBHasi ujes €€ TaKoBa: CEThbI0 OOBSIBISETCS
HEKOTOPbII HAOOp KOMIIBIOTEPOB, KOTOpPbIE HE 00A3aTENbHO JOJIKHBI HAXOIUTHCS
B OJIHOM MECTE, a B KAueCTBE KAaHAJIOB NEPENAYM NAHHBIX HCHOJB3YKOTCH YXKE
CylLIecTBYIOLIME (OTCIO/Ia U CIIOBO «BUPTYyalibHbIEY») KaHalbl MHTepHet. [lpu sTom
uHbopMalus nepenaeTcs B 3aliMPpOBaHHOM BHJie (OTCIOAA CIOBO «YACTHBIEY).
CxemMaTH4YeCKH 3TO MOXKET OBITh peaju30BaHO CIEAYIONIMM 00pa3oM: Ha KaXJIOM
U3 KOMITBIOTEPOB OyAylIed CeTH yCTaHaBIMBAaeTCs NporpaMmma-kiueHT. Llenbro
IpOTrpaMM-KJIMEHTOB SIBJISIETCS] KaK MUHMMYM BBIIOJHEHHE (YHKUMH 3aIIUTHl U
mudpoanust uHGopmanuu. Kakoi-nmubo BBIJEIEHHBIM KOMIIBIOTEP CTAHOBHUTCS
CepBEpPOM, OTKY/la BO3MOXHO YIPaBJIEHUE CEThIO U HaOIIoeHNe 3a ee paboToii. B
3aBUCHUMOCTH OT CJIOKHOCTM IIPOrpaMM II0Jb30BATENISIM CETU CTAaHOBATCS
JOCTYNHbI ~ Pa3JInyHble HAOOpBl JIOMOJHUTEIBHBIX CEPBUCOB, TaKUX Kak
3allMILECHHAs I10YTa, 3allMIIECHHAs Iepefadya JIEKTPOHHBIX IMOIAINUCEH U MHOIOE
IpYroe.

JlaHHBIE CeTM WMMEIT UEeJbl psag npeumyinecTB. Hampumep, Her
HEOOXOAMMOCTH TOCTPOEHHUSI KAKUX-TUOO HOBBIX CETed W MPOKIAIKU HOBBIX
KAHAJIOB CBSI3HU, YTO CYIIECTBEHHO JKOHOMHT CpEICTBA KOMIIAHUH, ITOCKOJIBKY
CYILECTBYIOLIME KaHAJIbI ceTH VIHTEpHET ABIAIOTCS BECbMa ACLIEBBIM CPEICTBOM

nepcaadn 1aHHbIX.
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Puc. 1. Tomonorus cetu MPLS VPN

OpHoit u3 Haubonee pPacHpPOCTPAHEHHBIX TEXHOJOTUHA TMOCTPOCHHS
BUPTYyaJbHBIX YaCTHBIX ceTed sBisgeTcss TexHosoruss MPLS. CymectBeHHbIMU
OTJINYUTEIbHBIMA CBOWCTBAMU BUPTYaJIbHONM YaCTHOW CETH, IMOCTPOEHHOM Ha
ocHOBe TexHosoruu MPLS, saBnstorcs:

v HeszaBHCHMBIH BEIOOp CETEBBIX TEXHOJIOIHMIA: BHIOOP OrPaHUYUBAETCS TOJIBKO
BO3MOXHOCTSIMU TIPOU3BOIUTENICH 000pyA0BaHUS.

v HesaBucuMmas cucTeMa ajapecalii. B YacTHBIX CeTsAX HET OrpaHHYeHHH Ha
BBIOOD a/IpeCOB: OHU MOTYT OBITH JIFOOBIMHU.

v’ Ilpexckasyemas pOM3BOIUTENLHOCTh. COOCTBEHHBIE KaHAIbl  CBSI3M
rapaHTUPYIOT 3apaHee H3BECTHYIO TMPOMYCKHYIO CIIOCOOHOCTh MEXIY Y3JIaMH
npeanpusatus (I rI00ajJbHBIX COCAMHEHHWM) WIH KOMMYHHKAIITMOHHBIMHU
yCTpOMCTBAMH (17151 TOKATbHBIX COCIMHEHU).

v' MakcuMaiabHO BO3MOXHas 0€30macHOCTh. OTCYTCTBHE CBA3EH C BHELIHUM
MHUpPOM OTPaXKJIAaeT OT aTaK HW3BHE M CYIIECTBEHHO CHIXXA€T BEPOSTHOCTH

"mpocaymuBaaus" TpaduKa Mo MyTH CIEJOBAHUS.



Ha cerognsimnuii 1eHb, HOMUMO BBIIIETIEPEUHCIEHHBIX CBOMCTB, 3aKa3UYMKHU
CETEBBIX pEIICHUN TpeOyIOT OT COBPEMEHHBIX OIEPaTOpPOB OOECIEeYEHUS
MYJIbTUCEPBUCHOCTH, TO €CTh IPEAOCTABICHUS HAMOOJBIIEr0 YUCIa YCIYT U3 BCeX
BO3MOJKHBIX B paMKax €uHOU ceTH[7].

MyJbTHCEPBHUCHBIT AOCTYII B ceTsix MPLS. Konnemnms
MYJIbTUCEPBUCHOCTH 3aKIIOYaeTcsi B crleayromieM (puc. 2): cokpamiaercs 10
MHUHHMYyMa KOJIMYECTBO YCTPOMCTB, OOECMEUYUBAIONIUX PA3HOTUIIHBIE YCIYTU
(Tenedonusi, BUACOKOH(GEPEHIINH, TeIeBellane, HH(POPMaIIMOHHOE 00eCIICUCHHE
u 1p.). JlaHHbIE YCTpOWCTBa TOMEIIAIOTCS B «UEPHBIA SIIIUKY», COACp KAIIUi
pPa3IMYHOTO BHUJAa KOMMYTATOpPbl U JPYTHE arfmapaTHbe CpeicTBa 00pabOTKU
Tpaduka (Hampumep, norpaHuuHble kommyTatopsl LER cetu MPLS, moxynu

VoIP u 1.1.).

Ceromu.mue cetTmn MyJTHcepBHCHAs ceTh Gyaylero

HanonHexune HanonHeHue

KoMMyTauuOHHbIE, TPAHCNOPTHbIe X U /

ceTH 1 ceTi gocTyna Kinents! 1 aboHEHTHI

Puc. 2. CpaBHeHHEe CerogHANTHUX CETEH U MYJIBTH CEPBHUCHBIX CETEH OymyIero

brmaromapss momnepxxke TexHomormii ATM, Frame Relay, MPLS,
Mapripytu3anuu [P, MyasTH cepBUCHBIC (PYHKIIMM COBPEMEHHBIX MaruCTPabHBIX

" MOIPpaHUYIHBIX KOMMYTATOPOB IMOMOTAalOT KOHCOJIMIUPOBATH CECTHU PA3HOI'O THUIIA



M COKpallaTh 3aTpaTbl HAa MPEIOCTABICHHE YCIYr IOCPEACTBOM JTOCTATOYHO
HeOOJbIIOr0 Habopa TENEKOMMYHUKAIMOHHBIX YCTpOMCTB. OJHONW M3 BaKHBIX
YepT MYJbTH CEPBUCHBIX ceTed [P HOBOro IIOKOJIECHMS SBIAECTCA MOANEPIKKA
kadectBa (Quality of Service, QoS), 6e3 uero HEBO3MOXXHO BHEJIPEHHUE YCIYT
«rosoc mo IP» m «BHIEO MO 3ampocy». AHAIUTHKUA OXUJAIOT YBEIHUYEHUS
pPacxoJ0B Ha TEXHOJOTUU HOBOT'O MOKOJEHUS, MO3BOJIAIOMINE O0ObEIUHATh MOTOKU
roJIoca U JAHHBIX B OJHOU CETH.

TpaguumoHHble oOnepaTopbl CBSI3UW BHUAST, YTO HHTEHCHUBHOE pPAa3BUTHE
NuTepHeT - TEXHOJOTHM MNPUBOJUT K PE3KOMY BO3PACTaHUIO OOBbEMa JaHHBIX,
nepeiaBaeMbIx 1Mo ceTsiM. [IonbITKU y0BIETBOPUTH PACTYIIUNA CIIPOC MPUBOJAT K
Nepexo/ly Ha MYJIbTU CEPBUCHBIE CETeBbI€ MIAT(HOPMBI U KOHBEPreHIMU Tpaduka
pa3HbIX THUNOB (JaHHBIX, To0JIoOCA M BHJIE0) B paMKax €JUHOM NaKeTHOU
uHppacTpyktypsl.  OOnagaromias — BbIIICTIEPEYUCICHHBIMH  BO3MOXKHOCTSMHU
TpaHCHOpPTHas ceTh Ha 0aze TexHosoruun MPLS, B moiHON Mepe COOTBETCTBYET
NPEIbSBIIEMbIM CETEBBIMU OIEpAaTOpaMH TPeOOBaHUAM MO OpPraHU3alMK Ha €€
OCHOBE LIMPOKOTO CHEKTpa HOBEHIIMX YCIYT, KaK IJi1 KOPHOpaluii, Tak U IS
YaCTHBIX JIMII, TPEAOCTaBIsIeT CPEACTBA YINpaBleHUs mepenadeil Tpaduka Wu
MHOT'O€ JIPYTO€.

Bonemmoi#t mporeHT pocta Tpaduka MaHHBIX B COYETAaHWU C TJIOOATBHOM
JEUEHTpaIn3aleil pplHKA CBSI3U BbI3BAJl K JKU3HU J1BA SIBJICHUS:

v’ Tlepen TpaIuIMOHHBIMU CEPBHC - IPOBaliiepaMy CTOUT 3a/1a4a BHEAPEHUS
UHQPACTPYKTYpHl TE€peaud JAaHHBIX MPH COXPAHEHHH OTPOMHBIX WHBECTHIIHH,
C/EJIaHHBIX paHee B TPAJULMOHHBIE TEXHOJIOIMH KOMMYTAIMU U NIEPEIady rojoca.
OTuM TmpoBaifiepaMM CTAHOBHUTCS BCE TpYyJIHEE IepefaBaTh BO3pacTarolIue
00BEMBI JaHHBIX MO MaJ0d()PEKTUBHBIM CETSIM C KOMMYyTaIel KaHaioB. UTOOBI
BBDKMTHh B KOHKYPEHTHON 0Opb0€, TpaULIMOHHBIM ONEPaTOpaM CBS3H MPUXOAUTCS
b0 cHmwKaTh Tapudbl, pa3pabaTbiBaTh TUIaHBI Tepexoja Ha TexHosoruio IP,
3aKyIaTh U pa3BopaunBaTh HOBbIe IP-ceTn, 1nbo OBICTPO cO3aBaTh U MpeaIarath
aboHeHTaM HOBbIE MU PEPEHITMPOBAHHBIE YCIYTH C TEM, YTOOBI KpeImde MpUBsI3aTh

3aKa3YMKOB K CTapblM TEXHOJOrUsM CBs3u. TexHosorus MPLS mno3Bossier



OpraHu30BaTh pabdOTy B MAarucTpajibHOW CETH C HCIOJb30BAHUEM 3JIEMEHTOB
IpYruX TPaHCHOPTHBIX TexHosoruil. IlocrenenHoe BHenpeHue pemaer npodiemy
OJIHOBPEMEHHOM 3aMEHbI JIOPOTOCTOSLIEr0 CETEBOI0 00OpPY/IOBaHUSA M, BMECTE C
TE€M, IPEJOCTABIISIET BO3MOKHOCTh CO3/1aHUA Ha OCHOBE ceteilt MPLS kauecTBeHHO
O KOHILIENTYyaJIbHO HOBBIX YCIIYT.

v HoBble KOHKYpPEHTHBIE CEPBHC - MPOBAaWIEpPhl HMEIOT YHUKAIBHYIO
BO3MOXHOCTh BBIMTHM Ha PBIHOK C HOBBIMU Ooisiee 3((PEKTUBHBIMU (M MEHee
JOpPOTHMHM) CETAMM, TaKUMHU Kak, Hanpumep MPLS ceru, mno3BosstomumMu
nepenaBath OOJbIIME 00BEMBI JaHHBIX MO Tapu@am, KOTOpPble HAMHOTO MEHbIIIE
TPaAULIMOHHBIX.

I[To wmepe Toro, kak [P-rexHosoruu mOJNYy4arOT  BO3MOXKHOCTH
OecnpensaTCTBEHHOU Mepeaadn rojioca, JaHHBIX U BUJICO, Pa3Indus MEXIY CeTIMU
TEPAIOT CBOE 3HAayeHHE. B KOHEYHOM HTOre CETh CTAHOBUTCA CTaHAAPTHBIM
npoaykToM. s KoHKypeHTocrmocoOHOM OopnObl B MHTepHET — 3KOHOMHKE
KpailHe BaXHO OyAeT mpeiaraTb HOBBIE YCIYTH, BBITOAHO OTJIMYAIOLIUE
KOMIIaHUIO OT KOHKYpeHTOB. Te, kTo OyaeT cienoBaTh 3a APYTMMHU, U IOBTOPSTH
qyHe TOJXO0Abl, & TAKXKE BJIa/IEIbIbl 0a30BbIX CETEH MECTHOW M JajbHEH CBSI3U U
ceTed  Iepejayd  JAaHHBIX  I[OTEpPAT  JOXOABI M CTaHyT  MEHEe

KOHKYPEHTOCITOCOOHBIMH[6].

1.2. IIpob.iembl kayecTBa 00cayxkuBaHus (QoS) Ha MarucTpajabHBIX

y4acTKax ceTeil, CTosIue Nnepe] COBPeMEHHBIMHU ONePaTOPAMU CBA3H

KauectBo oOchmyxuBanmst QoS cBsizZaHO ¢ HEOOXOJAMMOCTBIO  CETH
MPEIOCTAaBUTh KIMEHTY TpeOyeMblid €My YPOBEHb YCIyr B YCIOBHUSX PaOOTHI
MOBEPX CETEU C CaMBIMH Pa3HOOOPa3HBIMU TEXHOJOTHSAMH, BKIouas Frame Relay,
ATM, Ethernet, cetn 802.1 u mapmpyrusupyemsie [P- cetn. Bce nepeuncienubie
TEXHOJIOTUM B TOW WM HMHOM Mepe HCMOJIb3YIOT MEXaHU3Mbl KauecTBa
obcimyxuBanmsi, HO obecneueHne QoS He  ABIAETCS WX  OCHOBHOM

xapakTepuctukor. Ha omnpeneneHHOM 3Tane pa3BUTHUA  TEJIEKOMMYHHKALIUN



(HECKOJIBKO JIET Ha3ajl) onepaTopbl OOHAPYKUIM TEHICHIIUIO K YBEIMYCHHUIO YnCIia
KJIMEHTOB (B OCHOBHOM KPYHHBIX KOPIOPAaTUBHBIX), TPEOYIOMINX OT MpOBaie€pOB
KAUeCTBEHHO HOBBIM YPOBEHb OOCHYXMBAaHHS MpU IepeAadye pazHOPOIHOTO
Tpaguka. Pa3paboTuMKu CETeBbIX TEXHOJOTWA TMPUUUIM K BBIBOAY O
HEOOXOIUMOCTH CO3JaHUsl TEXHOJIOTMH, KOTOpas OOBEAUHUT B ce0€ MEXaHHU3MBI
KauecTBa  OOCHy)KMBaHMS,  3aJciCTBOBaHHbE B  padoTe  MpeAbIIyIIHUX
TPAHCIOPTHBIX TEXHOJOTUH, M JO0OABUT COOCTBEHHBIE MNPUHLMIIMAIBHO HOBBIE
pa3pabotkn B 9TOoM oOnactu. HMmenHo mosTtomy TexHonorus MPLS
(¢opMupoBanach IJIaBHBIM 00pa30oM Kak TEXHOJIOTHS, MpU3BaHHAs 00eCleunTb
rapaHTHpPOBaHHBIE MMapaMeTpbl KauecTBa oocimyxuBanus QoS.

KauectBo o6cnyxuBanust QoS npencrapisier co0ol coOpaHue TEXHOJIOTHH,
KOTOpBIE TMO3BOJISIOT NMPUJIOKEHUSM 3alpalivBaTh M IMOJIYy4YaTh MpPeIcKa3yeMblii
YPOBEHb YCIYT C TOUYKHU 3PEHUS MPOMYCKHOM CITOCOOHOCTH, BPEMEHHOTO pa3dpoca
3aJIepKKM OTBETA, a TakKe OOIIel 3aJep’KKH JOCTaBKM JIaHHBIX. B wacTHOCTH,
KayecTBO oOcmyxkuBaHuss QoS moapasyMeBaeT yIydllleHHE IapaMeTpoB WIH
JOCTHXKEHUE OOJBIIEH MpecKa3yeMOCTH MPEAOCTABISEMbIX YCIYT.

DTO NOCTUTAETCS CIETYIOIIMMHU METOJIAMU
B03MOXHOCTBIO KOHPUTYPUPOBaHUS CETEBOTO TpaduKa.
CoxkpareHueM BEpOSITHOCTH OTEPHU MAKETOB/KaAPOB.
[Tonnepkkoi onpeIeICHHON TOJIOCHI ITPOITY CKaHHUS.

HcknroueHneM i ynpasisieMOCTbIO CETEBBIX IIEPETPY30K.
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VY cTaHOBKOM KOJIMYECTBEHHBIX XapaKTEPUCTUK TpaduKa 1Mo MyTH Yepe3 CeTh.

Pemenue mpobrneM meperpy3ok B CETSIX — OJHA W3 OCHOBHBIX 3a7a4 BCEX
TEXHOJIOTUH C WCIIOJIb30BAaHMEM MEXaHW3MOB KauecTBa oOciykuBanusi QoS (mis
KpaTKOCTU OyJeM Ha3biBaTh MX (QOS-TEXHOIOTUSIMH). YTpaBiIeHUE TEPErpy3KOi
MOXET OCYUIECTBISATHCS MYTEM HM3MEHEHHUS MOPSIKa, B KOTOPOM TMOCHLIAIOTCS
MaKEThl COTJIACHO MPUITHCAHHOTO UM MpUOpUTETY. QO0S- yrpaBieHue neperpy3kon
UMEeT YeThIpe MOIU(PUKAIUUA MPOTOKOJIOB YIPABJICHUS OUYEPEISIMU, KaXKIbIA W3
KOTOPBIX MTO3BOJIIET OPraHU30BaTh PA3HOE YUCIIO OUepeaeH.

KauectBo o0cnyxuBanus QoS mpenamosaraeT ciaeayromee:



v VnpaBineHue BXOAHBIMHU OYepEsIMU: KOT/IA MAaKeT/Kaap MPHUXOIUT HA BXOJI
mopra, OH MOXET OBITh OTHECEH K OJHOH W3 HECKONBbKHX OuepeneH,
ACCOLIMUPOBAHHBIX C TOPTOM, MPEXJIE 4YeM OH OyJeT HampaBlieH Ha OIWH U3
BBIXOJHBIX MOPTOB. OOBIYHO, HECKOJBKO OYepesieil MCIONB3YIOTCA TOTJa, KOraa
pa3nuyHbie MHPOPMAIIMOHHBIE MOTOKUA TPEOYIOT Pa3lIMYHBIX YPOBHEH yCIyr Win
MUHHAMHM3AITIH 33]ICPIKKH.

v Knaccudukariys: mporecc KiacCu(puKaiiuyi BKII0YAET MTPOCMOTP Pa3THIHBIX
NoJieii B 3arojioBKe, 4YTOOBI OOECIEUUTHh OMNpEACICHHBIH YPOBEHb YCIYr MpH
KOMMYTAIIMH ITaKETOB.

v’ TlonWTHKa: OCYINECTBIECHHE TOJUTHKH SBJISETCS IPOIECCOM aHaJn3a
nakeTa/kaapa, 4ToObl OMpeNenTh, He OyAeT JU MPEBBIICH 3aJaHHBI yPOBEHD
Tpaduka 3a ONpENeICHHBI WHTEpBall BpeMEHH. Ecnu makeT/kaap co3aaer
CUTYaIll0O, TIPU KOTOPOW TpauK MPEBBICUT 3aJaHHBIA YpPOBEHb, OH OyjaeT
oropomen mnu 3HadeHue CoS (Class of Service, kiacc oOcmyKMBaHUS) MOXKET
OBITH TOHM>KEHO.

v' Tlepenucs: TIPOIIECC TIeperrcu IPeI0CTABISIET BO3MO>KHOCTh
nepeKroYaTeNto MoauGuIpoBaTh Kiacc odcmyxuBanusi CoS B 3arojioBKe WIIH

ToS (Type of Service, Bun oocayxuBanusi) B IPv4-3aromoske[14].

1.3. Obecneuenue copMecTumocT Texnoaoruu MPLS ¢ npyrumu

TEXHOJOIrNsAMH COBPEMECHHBIMHU Oll€paTOpaMHU CBA3H

VYV texnonorun MPLS ecTb 0HO Ba)kHO€ MPEUMYIIECTBO, KOTOPOE HE TaK
OeccriopHO, HO TOMUYEPKUBACTCS BCEMHU ONEPATOpPAMHM, CIETABIITUMHU CTaBKYy Ha
KOMMYTALIMIO IO METKaM, - 3TO HECPABHEHHAas IIPOCTOTA IPUBEACHUS K €AUHOMY
3HaMEHAaTeN0 A0COMIOTHO BCEX TEXHOJIOTHM, MCIOJIb3yeMbIX Ha YYacCTKE JOCTYTIA.

Kparkas xapakrepucTuka B3aumogeiicTBusi TtexHoaorui ATM wu
MPLS. Texunonorus MPLS mo3BoisieT COBMECTHTh MPEUMYIIECTBA IO
MPOU3BOUTEILHOCTH W YIPABJICHUIO TPAahUKOM KOMMYTHUPYIOIIMX YCTPOWUCTB

BTOpOro ypoBHsi mozaenn OMBOC ¢ mnpeumyniecTBamMu MaclITaOMPyeMOCTH U



TMOKOCTH MapHIpyTH3UPYIOLIUX YCTPOMCTB TpeThero ypoBHs moaenun OMBOC B
OIIHOM ycTpoiicTBe. BooOie roBopsi, TakoW MOAXOA NPUMEHHUM K CETSIM,
UCIIOIB3YIOMUM JIIOOYI0 TEXHOJIOTHIO BTOporo ypoBHs mojaenun OMBOC, HO
HanOOJIBUINI BBIUTPHIII MOYKHO MOJYYUTh, MpuMeHss TexHonoruto MPLS k ATM-
ceTaMm, coBMmeniasa mapuipyrusanuio [P-nmakeros ¢ kommyranueit ATM-sueek.
IIpuBnexarenbHOCTH TEXHOJIOTUU MPLS B OTHOLIECHUH
MPOU3BOUTEILHOCTH HACTOJBKO BEJIMKA, YTO BEIYIIME MPOU3BOAMTENN ObLIH
BBIHYXKJICHbl MPUHUIUIUAIBHO MOJEpPHU3UpOBaTh KoMMyTaTopbl ATM, uTOOBI
OTOJABUHYTh Ha HEKOTOPOE BpeMsl TEPEXOJ ONEPATOPOB, HCHOJb3YIOLIINUX
TexHOJIOTMI0 ATM Ha MarucTpajJbHBIX y4acTKaX CBOMX CETEW, HA TEXHOJIOTHIO
MPLS. B pe3ynbTaTeé Ha pPBIHKE MOSBHJIOCH HOBOE IOKOJEHHWE KOMMYTaTOPOB

ATM ¢ odeHb BBICOKOH OOIIIEH MPOU3BOAUTEIBHOCTRIO: TO 1,2 10 480 I'Ont/c[5].



2. OCHOBHBIE ITPUHIIUIIBI PABOTBI U TEXHOJIOT'US MPLS.

2.1. BeBeaenne B texnosoruo MPLS.

MPLS (multiprotocol label switching — mHOrompoTokoapHas KOMMyTaIUs
M0 METKaM) — MEXaHU3M B BBICOKOIPOU3BOAUTEIHLHON TEJICKOMMYHUKAIIMOHHON
CETH, OCYIIECTBISIONINI Tepeady JaHHBIX OT OJHOIO y3ja CeTH K JPYroMy C
MTOMOIIIBI0 METOK.

MPLS sBasercs MacmtaOupyeMbIM H HE3aBUCUMBIM OT KaKUX-JIHMOO
POTOKOJIOB MEXaHU3MOM INepejayu NaHHbIX. B cetu, ocHoBaHHOl Ha MPLS,
nakeTamM JaHHBIX MpPHCBaMBAlOTCs MeETKU. PelmieHue o panpHeimed mnepenaye
nakeTa JaHHBIX JAPYroMy Y3Jy CETH OCYIIECTBISETCS TOJbKO Ha OCHOBaHUH
3HAYCHUS] TIPUCBOCHHON METKM 0e3 HEeOOXOAUMOCTH HM3YYEHHUS CaMOro IaKeTa
JAHHBIX. 32 CYET 3TOr0 BO3MOXKHO CO37[aHHWE CKBO3HOTO BUPTYaJIBHOTO KaHaja,
HE3aBHCHMOTO OT CPEeJbl IEPEIauu U UCTIONB3YIOIIETO 000 MPOTOKOJI Mepeaun
JTaHHBIX.

Hcropusi. B 1996 r. rpymnna umxenepo u3 Ipsilon Networks paspaboTtana
«IIporokon ynpasienus norokom» (Flow Management Protocol).

OcHoBanHasi Ha 3ToM mpoTokoiyie TexHojorus «Kommyranuu IP-makeToB»
(IP Switching), pabortaromas TONbKO MMOBepX ympomeHHoH cetu ATM, He
Hoay4ymia Kommepueckoro ycmexa. Cisco  Systems paspaboTana  MOXO0XKYIO
TEXHOJOTHUI0O «KOMMYTaTIuu Ha ocHoBe TeroB» (Tag Switching), He
OTpaHUYEHHYIO Tiepenayveit mosepx cetu ATM.

JlaHHasi TEXHOJIOTHS, BIIOCIEICTBUM MIEPEUMMEHOBAHHAA B «KOMMYTAIUIO Ha
ocHoBe MeTok» (Label Switching), 6s11a 3akpsiTOil paspadotkoit Cisco. [lo3anee
oHa Oblna nepegana B CrienuaabHyI0 KOMHECCHIO HHTepHET-pa3paboTok(IETF) ms
OTKPBITOW CTaHIaPTU3AIINH.

IIpenmymiecTBa TEXHOJIOTUH

MPLS mno3BoJiI€T I0OCTAaTOYHO JIETKO CO3/1aBaTh BUPTYAJbHBIE KaHAJIBI

MEXIy  y3JlaMHu CETH. TexHomorusi  MO3BOJISIET  MHKAINCYJIUPOBATH

PAa3JIUYHBIC IIPOTOKOJIBLI IIEPCAAYN JaHHBIX.



OcHoBHbIM  npeumymiectBoM MPLS  sgBnserca  HE3aBUCMMOCTH  OT
O0COOEHHOCTEW  TEXHOJOIMH KaHaJbHOTO  YpoBHs, Takux kak ATM, Frame
Relay, SONET/SDH wnnu Ethernet, u oTcyTcTBUsS HEOOXOAMMOCTH IOACPKAHUS
HECKOJIBKUX CETEH BTOPOTO YpPOBHA, HEOOXOAMMBIX MJIA MEepefadd pa3inyHOro
pona tpaduxka. Ilo Buny kommyranuu MPLS oTHOCUTCS K ceTsM ¢ KOMMYyTaIruen
ITAKETOB.

Texnonoruss MPLS Opia paspaGotaHa ajis OpraHu3alMd  €IMHOTO
IPOTOKOJIA MEPEIAYN TAHHBIX KaK ISl IPUII0KEHUN C KOMMYTAIMEN KaHAJIOB, TaK
U TPUIOKEHUNW C KOMMYyTalued MakeToB (MOApPa3yMeBAIOTCA MPHIOKEHHUS C
naTarpaMMHOM mepenauded mnaketoB). MPLS wmoskerT ObITh HCNONB30BaH IS
neperayd pa3iuyHOro BuAa Tpaduka, BkIoyas [P-makersl, sueitku ATM,
¢perimer SONET/SDH u kaapsr Ethernet.

B uacrHoctn, MPLS o6xomurcs 6€3 KoMMyTalluu suyeeKk W Habopa
CUTHAJIHBIX MPOTOKOJOB, xapakTepHbix st ATM. Ilpu paspabotrke MPLS
IPUIUIO IIOHMMAaHUE TOIO, YTO Ha YPOBHE sApa COBPEMEHHOM CETH HET
HeoOxoauMocTH B sAuyeiikax ATM MalleHbKOro (UKCHPOBAHHOTO pa3Mepa,
IIOCKOJIbKY COBPEMEHHBIE ONITUYECKUE CETH 00JIaJat0T TaKOW OO0JIBIION CKOPOCTHIO
nepeadyy JaHHBIX, YTO JlaXke MakeT JaHHBIX MakcHUMajlbHOW niuHbl B 1500 Oaiit
UCTIBITHIBAET HE3HAUNTENIBHYIO 33/IEPKKY B ouepeasix 0ypepoB KOMMYTallMOHHOTO
o0opyoBaHus (HEOOXOIUMOCTh COKpPAILLEHHUS TaKUX 3aJE€pKEK, Hampumep, Ajs
obOecrieyeHUs] 3aJIaHHOTO KadecTBa TOJIOCOBOTO TpaduKa, TOBIMIA HAa BBIOOD
SIYEEK MaJIoro pasMepa, xapakTepHoix 1jist ATM).

Hecmotps Ha To, uro mepexon Ha MPLS naet mpeumyliecTBa yrpaBlieHHs
IIOTOKAMM JAHHBIX (YJIy4lIE€HHE HAJEKHOCTH U MOBBIIIEHHE TPOU3BOIUTEIBHOCTH
CEeTH), CYIIECTBYET MpoljeMa MOTepU KOHTPOJS MOTOKOB JAaHHBIX, MPOXOIAIIUX
gyepes cetb MPLS, co ctoponsl 00b14HbIX [P-ipunoxenuii[23].

2.2. Ilpunuunsl padorst MPLS

Texnomormss MPLS ocHoBana Ha o0Opabotke 3aromoBka MPLS,

100aBISIEMOr0 K KaXKIOMY MaKeTy JAaHHbIX. 3arojoBok MPLS moxert cocTosiTh U3



OJIHOW WJIM HECKOJIbKUX «MeTOK». Heckonbko 3amuceii (MeTok) B 3arosioBke MPLS
Ha3bIBAIOTCS CTEKOM MeToK. Kakmas 3amuch B CTEKE METOK COCTOUT U3

CJIEIYIOLINX YEThIPEX MOJIEH:
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sHaucHue Metku (Label); 3anumaet 20 Our;

o mone kracca mpaguka (Traffic Class), HeoOxogumoe miss peanu3anun
MEXaHM3MOB KadecTBa oOcmyxuBaHusi (QoS) W SBHOTO yBEAOMJICHUS O
neperpy3ke (Explicit Congestion Notification, ECN) (noRFC 5462 sto mosne
HaswpiBasioch EXp (Experimental Use)); 3anumaet 3 6ura;

o (nar ona cmexa (Bottom of stack); ecim ¢uar ycranosieH B 1, To 3TO
O3HAYaeT, YTO TEKYIas METKa IOCJICIHSS B CTEKE; 3aHUMAeT 1 OuT;

o none TTL (Time to live), HeoOxoaumo jyuis mpeaoTBpaiieHus nereiabr MPLS
KOMMYTAIIMH; 3aHUMAET § OUT.

B MPLS-mapuipytuzatope naker ¢ MPLS-meTtkoii komMMyTupyeTcs Ha
CIIEIYIONINI MOPT IMOCJE MOMCKAa METKUA B TaOJIUIlE KOMMYTAIlMd BMECTO IMOMCKa
B Tabnuiie mMapupytuzanuu. [lpu pazpadorke MPLS mouck MeToxk u KoMMyTaIus
110 METKaM BBHITIOJHSIUCH OBICTpEEe, YeM MOUCK B TaONUIlE MapHIpyTH3ALUUA WU
RIB (Routing Information Base — undopMaiimonnas 6a3a MapiipyTH3allin), TakK
KaK KOMMYTAIIsl MOKET ObITh BHITIOJHEHA HETIOCPEICTBEHHO Ha KOMMYTAIIHOHHON
¢dabpuke BMECTO IEHTPAIHLHOTO MPOIECCOopa.

MapuipyTuszaTopbl, paclojioKEHHbIE Ha BXoje win Bbixoge MPLS-cetun
HaspiBarorcsi LER (Label Edge Router— rpanmunblii MapumpyTu3atop METOK).
LER na Bxonme B MPLS-ceTs nobapmstor metky MPLS k makery ganubix, a LER
Ha Bbixoge u3 MPLS-cetm ypanser merky MPLS wu3 mnakera [gaHHBIX.
MapmipyTu3aTopbl,  BHIIOTHSIOMIAEC  MAapIIPYTHU3AIHMIO  [MAKETOB  JTaHHBIX,
OCHOBBIBaSICh TOJILKO Ha 3HadeHWHM MeTkH, HasbiBaroTcs LSR (Label Switching

Router — KOMMYTHpPYIOIIMHA METKH MapuipyTuzatop). B HEKOTOphIX ciyyasx



MaKeT JAaHHBIX, NOCTYNUBIINK Ha nopT LER, yke MOXeT conepkarb METKY, TOr1a
HOBBIM LER no6aBnsieT BTOpy10 METKY B MAKET JIAHHBIX.

Metku mexay LER u LSR pacnpenenstorcs ¢ momombo LDP (Label
Distribution Protocol — npoToko pactpeneacH st METOK).

Buptyaneubie kaHaibl (TyHHenu), HasbiBaembie LSP (Label Switch Path —
NyTH KOMMYTallMd METOK), YCTaHaBIMBAIOTCS IMpoBailiepaMu ISl pelIeHUs
pa3IUYHBIX 3a1a4, HarpuMep, g opranuzanuu VPN unu st nepenaun tpaduka
yepe3 MPLS-cetp 1o ykazaHHomy TyHHen0. Bo muorom LSP Huuem He
otnuuaetcst ot PVC B cersix ATM unu Frame Relay 3a uckitoduenuem Toro, 4Tto
LSP He 3aBucsAT oT 0COOCHHOCTEHN TEXHOIOTUN KAHAJILHOTO YPOBHS.

[Ipy onucaHuM BUPTYAJIbHBIX YACTHBIX CETEH, OCHOBAHHBIX Ha TEXHOJOTHHU
MPLS, pacnonoxeHHbie Ha BXoje Wiu Bbixoje cetd LER 00buHO Ha3bIBaIOTCS
PE-mampyTuzatopel (Provider Edge — wmapiipytusaTopsl Ha TpaHHIE CETH
npoBaiiiepa), a y3ibl, paboTallMe Kak TpPaH3UTHBIE MapIIPyTU3aTOPHI,
Ha3bIBAIOTCS P-Mapuipytusatopsl (Provider — MapLIpyTU3aTOPbI

npoBaiiiepa).[19]

2.3. IIpyHIUN KOMMYTAIUH

B ocHoBe Ttexnomornu MPLS nexur npunnun oOmeHa meTok. JIroOoit
nepeiaBaeMblii TAKEeT aCCOLMUPYETCS C TEM HIIM MHBIM KJIACCOM CETEBOI'O YPOBHS
(Forwarding Equivalence Class, FEC), xaxaplii U3 KOTOPBIX HACHTUDUIIUPYETCS
ONpENICICHHOW METKON. 3HaueHHWE METKM YHUKAJIbHO JIMIIb [JI1 Y4acTKa MYyTH
MEXay coceaHuMH y3iaamu cetu MPLS, KkoTopble Ha3bIBalOTCS  TaKke
MapuipyTu3aTopamu, kKommyTtupytomumu mno metrkam (Label Switching Router,
LSR). Metka nepenaercs B cocTaBe JitoOOro MakeTa, IpuyeM crocod ee MPUBI3KU
K MTAKeTy 3aBUCHUT OT MCIIOJIb3yeMOI TeXHOJIOTUN KaHAIBHOTO YpOBHSI. [4]

Mapuipytuzatop LSR monydaer TOmonoruyeckyro MHMOpMALMIO O CETH,
y4acTBysl B pabore anroputMa mapupytuszaiuu — OSPF (nmouck kpatyaiimiero

nyta), BGP (Border Gateway Protocol — npoTokon — TrpaHUYHBIX



MapuIpyTH3aTOPOB) U Ap. 3aTEM OH HAYMHAET B3aMMOJIEHCTBOBATH C COCEAHUMU
MaplIpyTHU3aTOpaMH, paclpenessis METKH, KOTOpble B JallbHEWIIEeM OyayT
NpUMEHATbCA A7 KomMmyTauud. OOMEH MEeTKaMH MOXET HNPOU3BOJUTHCA C
MOMOIIIBI0O KaK CHEIUaJbHOTO MpoToKoda pacnpenenenus wMetok (Label
Distribution Protocol, LDP), Tax u MoAM(pUUUPOBAHHBIX BEPCHIl ApPYrux
MIPOTOKOJIOB CUTHAJIM3alMK B CETH (HApUMEp, HE3HAUYUTEIbHO BHIOM3MEHEHHBIX
IIPOTOKOJIOB MapIIPyTH3ALMH, pe3epBrUpoBanus pecypcoB RSVP u np.)[4].

Pacnpenenenne metoxk Mexay Mapumpytusaropamu LSR  mpuBogur
yCTaHOBJIEHUIO BHYTpu noMeHa MPLS myreii ¢ kommytarueit mo metkam (Label
Switching Path, LSP). Kaxneiii mapmpytuzatop LSR copepxkut Ttabmuny,
KOTOpasi CTaBUT B COOTBETCTBUE Mape «BXOAHOW HHTEpdenc, BXOAHAS METKa»
TPOUKY «IpeuKC ajgpeca moiaydyaTelis, BBIXOJHON HHTep(deiic, BIXOIHAS METKA.

[Tonyuas maker, mapupytuzarop LSR no Homepy unTepdeiica, Ha KOTOPbIN
IPUIIEN MMAKET, ¥ MO0 3HAYCHHUIO NMPUBSA3aHHOW K MAKETy METKHU ONpEAENseT s
HEro BBIXOJHOW wuHTepdeic. (3HaueHue npePukca MNPUMEHSETCS JHIIb IS
NOCTPOCHMSI TaOJMUIBI M B CaMOM IIpollecce KOMMYTAllMd HE HCIOJIb3YeTCs.)
Crapoe 3HaueHHE METKHU 3aMEHSIETCSI HOBBIM, COJEPKABIIMMCS B IOJIE€ «BBIXOIHAS
METKa» TaOJUIbl, U TMAKET OTHPABIAETCS K CIEAYIOUIEMY YCTPOHCTBY Ha IyTH
mapipytuzatopa LSP[3].

Bes omeparus TpeOyeT nWIIb OTHOPA30BOM HMACHTH(UKAIMKM 3HAYCHHUI
noJiei B OJTHOM CTpOKe TaOJHIIBI. DTO 3aHUMAET ropas3/io MEHbIIE BPEMEHH, YeM
cpaBHenue [P-anpeca ornpaButens ¢ Hanboiee AIMHHBIM aAPECHBIM MPedUKCOM B
TabMuIle  MapUIpyTH3alUH, KOTOPOE  HCIHOJB3YeTCSl MHpU  TPaJAULIMOHHOU
MapUIPyTU3ALHH.

Cetrb MPLS nenutcst Ha nBe (QyHKIIMOHATBHO pa3WYHbIe 00JIACTH — SIAPO
¥ TPAaHUYHYIO 007acTh. SApo 06pa3yroT ycTpoiicTBa, MUHUMAJIbHBIM TPEOOBaHHEM
K KOTOpBIM siBIsieTcs mojiepkka TexHosoruu MPLS u ydactue B mporuecce
MapuipyTH3auuu Tpaduka Uil TOro IMPOTOKOJIA, KOTOPBIM KOMMYTHUPYETCS C

nomoIpio TexHojorun MPLS[2].



MapuipyTusaTopsl siipa 3aHUMAarOTCSl TOJIbKO KoMMmyTanuei. Bee ynkiuun
KJlaccu(UKanuu MakeToB Mo paznuyHbiM kinaccam FEC, a Takke peanu3aluio
TAaKUX JOMOJHUTENIbHBIX CEPBUCOB, KakK (UIbTpaLMs, SIBHAS MaplIpyTU3alus,
BbIPABHUBAaHUE HArpy3Kd U yIpaBieHHe TpadukoMm, OepyT Ha ceOs rpaHUYHbIE
MapuipytuazaTopsl LSR.

B pe3ynpraTe WHTEHCHUBHBIE BBIYUCIEHUS IPUXOIATCS HAa TPAHUYHYIO
005acTh, @ BBICOKOIPOU3BOAUTEIbHAS KOMMYTAIUS BBIMOJHIETCS B SApE, 4YTO
NO3BOJIIET  ONTUMM3UPOBaTh  KoH@urypamuio ycrpoiicte MPLS-cetu B
3aBUCHMOCTH OT UX MECTOIOJIOKEHHS.

Taxkum oOpaszom, rnaBHasi ocoOeHHOCTh TexHojorun MPLS — otrnenenue
porecca KOMMYyTalluM NakeTta OT aHanu3a IP-agpecoB B ero 3aroioBKe, 4TO
OTKPBIBAET PsAJ IPUBJIEKATEIBHBIX BO3MOXKHOCTEM. (OYEBUIHBIM CIEICTBUEM
OMMCAHHOTO TOJIX0/1a SABJSETCS TOT (PakT, yTo ouepenaHon cerMmeHT LSP moxer He
COBMAJaTh C OYEPEAHBIM CETMEHTOM MapuIpyTa, KOTOpbI ObUT1 Obl BRIOpaH MpHU

TPaIUIIMOHHON MapIipyTu3anuu[8].

2.4. JneMeHTbl APXUTEKTYPbI

MeTkH ¥ ¢10CO0BI MAPKHUPOBKH. MeTKa — 3TO KOPOTKUH WIAEHTU(PUKATOD
¢dukcupoBaHHOM uHHBI, KOoTOpbid omnpeaenser kiacc FEC. Tlo 3HaueHuio meTku
NaKeTa ONPEAEISIETCS. €ro NPUHAIJIEKHOCTh K OMPEAECICHHOMY KJIacCy Ha Ka)JI0M
U3 YYaCTKOB KOMMYTHPYEMOTO MapIIPYTA.

Kak yxxe oTmewanoch, MeTKa JOKHA ObITh YHUKAIBHOM JIMIIL B Mpenenax
COEIMHEHUS MEXKy KaKI0W Mapoil JOrMYeCcKU COCeNHUX MapuipytuzaTopoB LSR.
[ToaTOMy OZIHO M TO K€ €€ 3HAaYEHHUE MOXKET MCIOJIb30BaThCS MapIIPyTU3aTOPOM
LSR nnst cBsi3M C pa3nuyHBIMU COCEIHHUMH MapUIPyTHU3aTOPAMH, €CIU TOJIBKO
MMEETCA BO3MOXKHOCTB OIPENEIINTh, OT KAaKOT0 M3 HUX IPHUILIEIN MaKeT ¢ JaHHOU
METKOU. JlpyrumMu clO0BaMHM, B COEIUHEHHSX «TOYKA—TOYKa» JOMYCKAECTCSA
MPUMEHSITh OJWH HabOp METOK Ha WHTepdenc, a IS Cpel C MHOKECTBEHHBIM

JIOCTYTIOM HEOOXOJMM OAWMH HAaO0Op METOK Ha MOAYJb WM BC€ yCTpoicTBO. B



peanpHBIX  YCIOBHSAX Yrpo3a HCYEpHaHWs MPOCTPAHCTBA METOK  OYEHb
MmasioBepositHa[11].

[lepen BKJIIOYEHHMEM B COCTAaB IaKeTa METKA OIpPEACICHHBIM 00pazoM
konupyercs. B ciydae wucnonp3oBaHus Inporokosa [P oHa momemaercs B
CIIeLIMaJIbHBIA «TOHKUI» 3arojoBOK IakeTa, MHKancyaupyrouero IP. B npyrux
CUTyalMsIX METKA 3alMCBHIBAETCS B 3ar0JOBOK IPOTOKOJA KAHAJIIBHOTO YPOBHS WIH
Kogupyercss B Buae onpeneneHHoro 3HadeHus VPI/VCI (B cetu ATM). ns
nakeroB Mnpotokona [Pv6 MeTky MOXKHO pa3MecTUTh B MOJe HACHTHU(PHUKATOPA
noroka[16].

Crek MeTok. KognpoBanme creka merok. B pamkax apxurextypst MPLS
BMECTE C IAaKETOM pa3pellieHO IMEepeaBaTb HE OJHY METKY, a LEJbI MX CTEK.
Onepanuu  100aBICHUS/U3bIATHS METKUA OMNpENeNieHbl KaK OIlepaluyd Ha CTEKe
(push/pop). PesynapTaT KOMMyTaIlMu 3ajaeT JIUIIb BEPXHSS METKA CTEKa, HUXKHHE
K€ TMEPENATCs NPO3PAYHO OO ONEpallMyd HU3bATHUA BepxXxHEW. Takou MOIXO0M
NO3BOJISIET CO3JaBaTh HEpapxuio NOTOkoB B ceth MPLS u opraHu3oBbIBaTh
TyHHENbHbIE Mepenadyn. CTEeK COCTOMT M3 IMPOU3BOJIBHOTO YHCIA 3JIEMEHTOB,
KXl W3 KOTOPBIX MMeeT IIuHy 32 Outa: 20 OUT COCTaBISIIOT COOCTBEHHO
METKY, 8 OTBOASTCA MOJl CUETYMK BPEMEHM >KM3HHM MaKETa, OJUH YKAa3bIBAE€T Ha
HIKHHUM TIpelieN CTeKa, a TpU He UCHOJIB3YI0TCsS. MeTKa MOXKeT MpUHUMAaTh Jr000e
3HAa4YCHHE, KPOME HECKOJIBKUX 3ape3epBUPOBaHHBIX[21].

Crex MeTOK mpejacTaBisieT coOol TociieIoBaTeIbHOCTh 3anmucei. Kaxkmas
3alUCh B CTEK MMeeT JIHMHY 4 okTeTa. PopMaT TaKOW 3alKcH MOKa3aH Ha puc.3.
3anMch CTEKa METOK Pa3MEIAETCs MOCIIE 3aroJIOBKa KAaHAJIBHOTO YPOBHS, U IIEPEN
3aroJIOBKOM CETeBOTrO YypoBHsS (Hampumep, mexnay Ethernet u IP-3aromoBkamm).
Bepx cTeka 3amuchIBaeTCs NEPBBIM, a JHO - mociaeaHuM. CeTeBol 3arojoBOK
CJEyeT cpa3y BCIE 3a 3alMMChI0 CTEKa METOK ¢ OuToM S=1.

Kaxxas 3anmuch cTeka METOK COJIEPKUT B ce0e CIeAYIOIUE MOJIA:

v' Jlno creka (S). DTOT OWMT ycTaHAaBIMBAETCS DPaBHBIM | JUIs TOCIEAHEH

3alUCHU B CTEKE METOK (T.€., JJIsl IHA CTeKa), U HYJIIO JJI BCEX MPOUMX 3alUCEN.



v' Bpems xwusau (TTL). D10 8-0MTOBOE TOJIE CIYXKHUT IS MPEIACTaBICHUS
3HAYCHUsS BPEMEHU KU3HHU IMTaKeTa.

v DKCIepUMEHTaJBHOE IM0j€. DTO 3-OMTOBOE II0JE 3ape3epBHPOBAHO IS
AKCTIEpUMEHTATBHBIX 1eneit (QoS).

v 3pauenue Metku. D10 20-0MTOBOE IOJE HeceT B cebe kox MeTkh. Korma
MOJIYYCH MTOMEUYCHHBINA MAKeT, aHAIM3UPYETCs 3HAYCHUE METKH Ha BEpXy CcTeka. B
pe3yiabTaTe TOr0 aHallu3a ONpPeIeIIIeTC:

a) CIeIYIOUIUH II1ar, KyJaa J0JDKeH ObITh IepeajpecoBaH MakeT;

b) omepanus, koTropas J0/KHA OBITh BBIMOJHEHA CO CTEKOM METOK [0
nepeaapecalyy; 3Ta Onepamus MOXET ObITh 3aMEHOW METKHM Ha BEpIIWHE CTCKa,
WIH yJaJCHUE 3aluCH W3 CTEKa, WU 3aMEIICHHE BEPXHEH TMO3WIIMU B CTCKE W

3dHCCCHUC TyJa 3aTCM OJIHOﬁ WM 00JIe€ HOBBIX 3aITHCEN.

MAC - 3arosioBok IP — 3arosioBok JlaHHbIE

Ctexk metoxk MPLS
Metka QoS S TTL Crex

< 206ur —> < 36ur—> <16ur> < 8 Gur—>

Puc.3 ®opmar 3anmcu cTeka METOK

IMone Time To Live (TTL). Ilpu tpamuumonnoi IP-mepeampecamnuu,
KaK/IbIM IMaKeT MMECT B 3arojioBke 3HaueHnue oy "Time To Live" (TTL). Korna
OBI MaKkeT HU MPOXOWI Yepe3 MapmpyTtusarop, ero TTL ymensinaercs Ha 1. Ecnn
TTL pocturaer 0, mpexjae YeM MaKeT JOCTUTHET MeCTa Ha3HAuYeHHUs, OH
orOpackiBaeTcs[26].

O1o o0ecreynBaeT HEKOTOPHIH YPOBEHb 3alIUThl TMPOTHB TMETIEBBIX
MapHIpyTOB, KOTOPbIE MOTYT CYIIIECTBOBATh M3-3a OMMOOK B KOHPUTYpAINH, WA
[0 MPUYMHE OMIMOKUA WM MEJIEHHOW CXOAMMOCTH aJIFOpUTMa MaplipyTH3ALHH.

TTL unorna vicmoyib3yeTcs IJisg APYyrux (PyHKUUMA, TAKUX KaK ONpEJEICHUE 30HBI



NEUCTBHSI MYJIBTH KAaCTHHTA, M MOAAEPKKAa KOMaHIbI "traceroute". DTO O3Hayaer,
4TO uMMeercs 1Be mnpoOiemsbl, cBsizanHble ¢ TTL, kortopsie TexHomorus MPLS
JOJKHA PELINTH:

v" TTL xak cnoco0 mogaBiacHus 3alUKINBAHUSA;

v' TTL kak MeTOJx peaju3alu APYyrux (YHKIHMHA, TAKMX KaKk OTpaHHYEHHE
00J1acT pacrpoCTpaHEHUS MaKeTa.

Omnpenenenue nporokosaa cereporo ypoBHs. Korma nmocnennsss metka
ylalieHa U3 CTeKa (CTeK CTaHOBUTCS MYCTHIM), JalibHEWIIas oOpaboTKa makeTa
OCYLIECTBIISIETCS. HA OCHOBE €ro 3arojloBKa CETEBOro YpOBHA. MapupyTusaTop
LSR, xoTopsIil U3BIEKAET MOCIETHIOI METKY U3 CTeKa, JOJDKEH OBITh CIIOCOOCH
paboTaTh C MPOTOKOJOM CeTeBOro ypoBHs. OJIHAKO, CTEK METOK HE COJEPIKUT
noJisi, MASCHTU(PULUPYIOIIETO MPOTOKOJ CETEBOTO YpPOBHA. DTO O3HAYaeT, YTO
UJECHTUYHOCTh CETEBOr0 MPOTOKOJA AOJKHA ONPEAENIATHCSA IO 3HAYCHHIO KOJa
METKH, WU3BJICYEHHON CO JHA CTEKa, BO3MOXXHO, BMECTE C CAMHUM COAEPKHUMBIM
3aroJIOBKa CETEBOI'0 YPOBHSI.

CrnenoBarenbHO, KOrJa B CETEBOM IMAKET 3aHOCUTCS IepBas METKa, OHa
J0JIKHA OBITh YHUKAQJIBHOW JUIsI KOHKPETHOI'O CETEBOTO YPOBHSA WJIM i Habopa
ceTeBBIX MpOoTOKoJOB. KpoMe Toro, xorjga Obl B Mpolecce nepeiadyd METKa HH
OblJ1a 3aMEHEHa JIPYToii, HOBAasi METKA TAKXKeE JIOJDKHA OTBEYATh TEM )K€ KPUTEPHSIM.
Ecan »tm ycnoBus He BbINONHEHBI, MapuipyTuzatop LSR, koropslii ypanser
MOCJICTHIOI0 METKY M3 TIaKeTa, He CMOXKET UJECHTU(UIIUPOBATH CETEBOM MPOTOKOIL.

Ctporoe co0mrofeHIe 3TUX YCIOBUN HE 003aTENBHO MTPUBEIAET HEMEIICHHO
K TOMY, 9TO y3JIbl OYJyT pacro3HaBaTh CETEBOM MPOTOKOJ. B OOBIYHBIX yCIOBHUSAX,
TO HeoO0s3aTelnbHO, HO B CUTyallUAX OIIMOOK ATO OKa3bIBAE€TCsA KpailHe
xenatenbHbIM.  Hampumep, eciu npomexyTouHbli  MmapmpytuzaTtop LSR
OTIpEJICISIET, YTO TOMEUYEHHBI TAaKeT HE MOXKET OBITh JOCTABIICH, MOXET OBIThH
KENaTenbHO NI JaHHoro mapripytusaropa LSR chopmupoBats coolmieHue o0

OIHI/I6KG, KOTOPOC ABJISICTCA CHGHI/I(bI/I‘-IeCKI/IM AJIA IIAaKETOB CCTCBOI'O YPOBHA.



EnuHCcTBEeHHBIE  CpeACTBa, KOTOPBIMU  pPAcHojaraer IMpOMEKYTOUHBIN
MapupyTtuzatop LSR s maeHTHUKanMu ceTeBOro ypoBHS, SIBISETCS aHAJIN3
BepXa CTeKa M 3aroJioBKa ceTeBoro ypoBHs[29].

Ecnu maker He MOXeT ObITh IEpeajpecoBaH MO KAKON-TO MPUYHUHE, JTUOO
€CJIM €ro MPOTOKOJI CETEBOTO YPOBHS HE MOXET ObITh UICHTU(UIIMPOBAH, JTMOO HE
CYILIECTBYET MPOTOKOJBHO 3aBUCUMBIX MPABWII JJi1 00pabOTKH CilydaeB OLIMOOK,
TOT'J1a TIAKET JIOJDKEH ObITh 0€3 KOMMEHTapueB oTOpoIieH[27].

KomnonenTsl komMmyTHpyemoro mapmpyrta. Kommytupyemsii myTh
(LSP) opmHOro ypoBHSI COCTOMT U3 TIOCIEIOBATENIbHOIO Habopa Yy4acTKOB,
KOMMYTAaIlMsl Ha KOTOPBIX MPOMCXOAUT C TMOMOUIBI0O METKH JAHHOTO YpPOBHS
(puc. 4).

Hanpumep, nyts LSP HyneBoro ypoBHs nmpoxoaut uepe3 yctpoiictBa LER
0, LSR 0, LSR 2, LSR 3 u LER 1. IIpu stom LER 0 u LER 1 sBustorcs,
COOTBETCTBEHHO, BXOAHBIM (ingress) M BBIXOJHBIM (€gress) MapHipyTH3aTOpaMH
st mytd HysneBoro ypoBHa. LSR 0 u LSR 2 urparot Ty ke ponb miag nyta LSP
NIEPBOrO ypPOBHS; MEPBBIA W3 HUX MPOU3BOAUT OMNEparuio 100aBlIeHUS METKU B
CTeK, a BTOpoil — ee u3bsATusl. C Touku 3peHus Tpaduka HyJI€BOTO YPOBHS, MyTh
LSP nepBoro ypoBHs sIBIsIeTCSl MPO3payHbIM TyHHENEM. B 11060M cermeHTe myTH
LSP MOXHO  BBIOEIUTh BEPXHUM W HIKHUN Mapumpytu3atopel LSR 1o
oTHomeHuto kK Tpaduky. Hampumep, mis cermenta «LSR 3 — LER 1» tperuit

(LSR3) mapuipytuszarop 0yzaet BepxauM, a nepsbiii (LER1) — HmkauM[27].



IP naker Mertka 0 — ro ypoBHA MetKa 1 — ro ypoBHA

Puc. 4 KoMnoHEHTbI KOMMYTHUPYEMOTO COEIMHEHUS

2.5. Bei0op MmapumpyTa

Br16op MapiipyTta conpsiKeH ¢ METOJI0OM, UCTIOJB3yeMbIM MPU BBIOOpPE MyTHU
LSP nans onpenenennoro kinacca FEC. Ilpenmaraemas apxutektypa MPLS
NOJIIEP>)KUBAET JBE OMIIMU BBHIOOpA MapHIpyTa: MapUIpyTH3allMsl IIar-3a-maromM u
siBHast Mapipytusanus[10].

ITocTpoenue koMmmyTHpyemMoro mapmpyra. Paccmorpum, kak B MPLS-
CETU aBTOMAaTHYECKHU co3naetcs nyTb LSP B mpocreiiiem ciyyae — ¢ MOMOIIbIO
nporokona LDP. Apxutektypa MPLS He TpeOyer 00s3aTenbHOTO NMPUMEHEHUS
nporokona LDP, omHako, B OTIMYME OT JPYrdX BO3MOXKHBIX BapUaHTOB, OH
HanOosee OJIM30K K OKOHYATEIIbHOW CTaHIapTH3AIIUH.

CHauana TMOCPEICTBOM MHOTOQJAPECHONW pacchulku coobmennit UDP
KOMMYTHUPYIOIIAE MapIIpyTU3aTOPBI OMPEACIIIOT CBOE «coceacTBO» (adjacency) B
pamkax npotokosia LDP. Kpome 61m3ocTi Ha KaHaabHOM ypoBHE, mpoTokoia LDP
MOYKET yCTaHaBJINUBATh CBSI3b MEXITY «JIOTUYECKU COCETHUMI
Mapuipytuzatopamu  LSR, He mnpuHamiexamumMu K OJHOMY KaHaly. OTO
HEO0OXOIMMO IS peain3aluyd TyHHEJIbHOU nepemadn. [locme Toro kak coceacTBoO
YCTAHOBJIEHO, MNPOTOKOJA LDP OTKpbIBa€T TpPaHCHOPTHOE COEAMHEHUE MEXKIY

y4JaCTHHMKamMu ceaHca noBepx mnporokona TCP. Ilo »3tomy coeauHeHHIO



MEePealoTCs 3amMpOChl Ha YCTAHOBKY NMPUBS3KH M cama WH(pOpMalus O MPUBS3KE.
Kpome Toro, ydyacTHUKM ceaHca MEPUOIUYECKH MPOBEPSIOT PabOTOCIIOCOOHOCTH
APYT ApyTa, OTIpaBJsis TecToBble coodmenus (keepalive message)[17].

PaccmoTpum Ha mpumepe, Kak MPOWCXOAUT 3alOJHEHHE TaOIUI] METOK IO
nporokony LDP (puc. 5). Ilpenmnonoxum, 4yTo BHIOpAH YHOPSAIOUYEHHBIA PEXUM
pactupeznenenuss MeTok LSP co CHOHTaHHBIM paclpOCTpaHEHHEM CBEICHUH O
npussizke[15]

HcxomHpIMU  TaHHBIMA ISl BBIOOpa TMyTEeH SIBISIIOTCS, BO-TIEPBBIX,
XapaKTEePUCTUKH TIEPEIAIOIeH CeTH - TOTMOJOTHs, a TaKKe MPOU3BOAUTEIHLHOCTD
COCTaBJISIFOIIMX €€ MapIIPyTU3aTOPOB U KAHAIOB CBSI3H, & BO-BTOPBIX, CBEJICHUS O
Harpy3ke CeTH, T. €. O TIOTOKaxX Tpaduka, KOTOpbIe OHA JOJIKHA MEPeNaTh MEXITY
CBOMMH TIOTPAaHWYHBIMU MapiipyTtuszatopamu. Kaxaplii MOTOK XapaKTepusyercs
TOYKON BXOJla B CETh, TOYKOH BBIXOJAa M3 HEE M HEKOTOPHIMHU IapameTpaMu
Tpaduka. Tak Kak mpu BEIOOPE IMyTEH MBI CTPEMUMCSI 00ECIICYUTh PAaBHOMEPHYIO
3arpy3Ky MapuipyTH3aTOpPOB M KaHAJOB CBSI3U, TO JUId Ka)XJOro IMOTOKa, Kak
MUHUMYM, HY’)KHO YUUTBIBaTh €r0 CPEIHIOI0 MHTEHCUBHOCTh. [l Oosee TOHKOM
ONTUMU3ALUU TpaduKa B CETHM MOXHO IPUBJIEKATh U OoJee JeTalbHOE ONUCAaHHUE
Ka)X/0ro IOTOKA: HampuMep, BEJIMYMHY BO3MOYKHOM mynabcanuu Tpaduka WM
TpeOOBaHMS K KayecTBY OOCIY)KMBAaHHUS - YYBCTBUTEIBHOCTb K 3aJlepiKKaM,
BapUalliu 3aJ€pKEK M JIOMYCTUMBIH MPOLEHT noTepb mnakeToB. OJHAKO,
IOCKOJIbKY OLIEHUTh TaKOro poja mapaMerpbl Tpaguka Oojiee CIO0XKHO, 4YeM
CPEIHIOI0 MHTEHCUBHOCTb, @ UX BIMSIHME HAa (PYHKIMOHUPOBAHUE CETH MEHEE
3HAYUTEJIbHO, YTOObI HANTH ONTHUMANbHOE pacHpe/esIeHne MyTeld MPOXOKICHUS
NOTOKOB  4epe3 CeTh, YYMUTHIBAIOTCA TOJBKO MapaMeTpbl UX CpeaHen

uaTeHcuBHOCTHU[10].



Puc. 5 Iloctpoenne KOMMYyTHPYEMOTO IyTH 11O IpoToKoy LDP



2.6. YnpasJjenue TpagpukoM B TexHoinorun MPLS

OnHuM W3 MOIIHBIX, HO HE NpHUMEHsEeMbIX paHee B ceTsx [P meromom
BIUAHUSA Ha A()PEKTUBHOE HCIOJIB30BAHUE PECYPCOB CETHU SIBISACTCS TEXHOJIOTHS
Traffic Engineering (TE), wiu B nocnoBHOM mnepeBojie "MHXKUHUPUHT Tpaduka. B
y3KOM CMBICJIe, Hanbojiee COOTBETCTBYIOIIEM Ha3BaHUIO, 1moj TE moHumarorcs
METOJbl U MEXaHWU3Mbl JOCTHXEHHUS COaJaHCUPOBAHHOCTH 3arpy3Kd BceX
PECYPCOB CETH 3a CUET paIlMOHAJIBLHOTO BHIOOpA MyTed MPOXOXkAcHUs Tpaduka
4Yepe3 CETb.

3amaua TE cocTout B OmpejeieHur MapuipyTOB MOTOKOB Tpaduka depes
CeTh, T. €. Il KKJOro MoToKa TpeOyeTcsl yKa3aTh TOUHYIO MOCJIEA0BATEIbHOCTh
IPOMEXKYTOYHBIX MapIIPYTU3ATOPOB U UX MHTEP(EHCOB HA MTYTH MEXKAY BXOIHOM
U BBIXOJHOM TOYKOW TOTOKa. [Ipw 3TOM Bce pecypchl CETH JIOJDKHBI OBIThH
3arpyeHbl Kak MOXXHO OoJjiee cOaJlaHCHPOBAaHO. OTO YCIOBHE MOXKHO
dbopmanuzoBaTh pasHbIMU criocobamu. Hampumep, makcuManbHbIi kK03 dUIIMEHT
UCIIOJIb30BaHMUS pecypca IO BCEM pecypcaM CeTH [OJDKEH ObITh MUHUMAJEH,
yT0OBl Tpaduky OB HAHECEH KaK MOXHO MeHbIui ymiepd. MMeHHO Tak
bopmynupyetcst 3amaga TE B RFC 2702 “Requirements for Traffic Engineering
Over MPLS”(“Tpe6oBanus mis ynpasienus tpadukom B cetsix MPLS”)[13].

Texnonoruss MPLS mnoctynaer mHaue - oHa oOpabaThiBaeT aJisi BBIOOpa
nyTei TOTIOJIOTHYECKYFO uHpopMamuio, cobupaemMyro MIPOTOKOJIAMHU
mapripytuzaiuu creka TCP/IP, mpu 3ToM IyTH Beerzia ycTaHaBIMBAKOTCS 3apaHee,
1o nepenaun Tpaduka. Tak kak MapHipyTu3zatopsl [P SBistoTCS B TO Ke Bpems U
kommyTtaTopamu MPLS, T0o B pe3ynbrate wmeeTcss €IUHBIA OOIMIMI BapHaHT
TonoJioruu cetu s ypoBHsA IP u ypoBHs MPLS - a He aBa BapuaHTa, Kak Npu
WCTIOJIB30BAHUHA  CaAMOCTOATEIBHOTO  ciosi  kommyrtaropoB  ATM  mog

Mmapmpytusatopamu [P[16].
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MeToauku, HCIIOJb3yeMble 1/ yrpaBiaeHus Tpagpukom B cerax MPLS.
Meronuku, wucnonb3dyemble B cerix MPLS nns  ynpaBnenus Tpadukowm,
0a3upyroTcs Ha cieayromux pakropax:

v’ SIBHBIE MyTH C KOMMYTAIlM€dl METOK MOTYT OBITh JIETKO C(HOPMHPOBAHBI
CETEBBIM aIMUHUCTPATOPOM HJIU ITOCPEACTBOM CTAHIAPTHBIX MPOTOKOJIOB.

v' D¢dexTuBHas moguepxkka Mexanusma LSP. VYmpasienue Tpadukom
peanusyeTrcs 3a CYET MEXaHMW3Ma TaK Ha3bIBAEMBIX «SIBHO 3aJlaHHBIX MapIIPYTOB)»
(to ectb 3a cuer MexaHu3MoB LSP, mnpu3HaHHBIX NPUOPUTETHBIMU), MUHYS
IpOIECC AaBTOMATHUYECKOTo co3fganus. Mexanusm LSP ¢ sBHO 3amaHHBIM
MapIIpyTOM MO3BOJISIIOT M30erarh MeperpyKeHHbIX o0sacTeld mpu MPOXOXKIACHUH
Tpauka MO CETHU, COrjJacHO TpeOOoBaHHMSAM KauyecTBa oOchyxkuBaHus QoS, u3
COO0pakeHU 6€30MaCHOCTH UM B 3aBUCUMOCTH OT APYTHX KPUTEPHUEB.

v’ Kanainsl mepeiaun JaHHBIX MOT'YT OBITH CMOJEIMPOBAHBI U MOCTABJIEHBI B
cootBeTcTBUE MyTsAM LSP.

v' HaGop arpubyroB MOryT OBITH AacCOIMHUPOBAaH C KaHajJaMH Iepeiayuu
JAHHBIX, KOTOPBIE PETYIUPYIOT UX paboune XapaKTEPUCTUKHU.

v' HaGop arpubOyToB MOXET OBITH aCCOLMHPOBAH C PECYpcaMH, KOTOPHIE
OrpaHUYMBAIOT MOJ0KEeHHe myTeil LSP u kaHanoB nepegayun JaHHBIX.

v' Texuonorus MPLS 1o3BoNseT Kak arperanmio, TaKk U JUCAarperaiuro
Tpaguka, B TO BpeMs KaK KJaccuyeckas mepeaapecanus Ha ocHoBe [P-ampeca
MecCTa Ha3HAYECHHUs JOIyCKAET TOJIBKO arperaluio.

v' OTHOCUTENBHO JIETKO MHTErPUPOBATH "MapIIPYyTU3AlMI0 HA OCHOBE
orpannueHui" B pamkax MPLS-ceTeii.

v OrpaHdYeHds MEXaHU3MOB ympasieHus mportokona IGP, Tak kak oHW,
0a3upysach Ha aIrOpUTMax KpaTyalliero IyTH, BHOCST 3aMETHBI BKJIAJI B
npo0JieMbl IEpeTpy3KH B aBTOHOMHBIX CUCTEMaX CETeil.

Kpome Toro, depes mexaHu3sM KOMMYyTallMM METOK TexHoiorus MPLS
ITO3BOJIIET HAJIOKHUTh Ha COBPEMEHHYIO MOJENb MaplIpyTh3auuu cetu MurepHer

KBa3MKaHAIbHYIO KOMMYyTanuo[13]
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2.7. bynymee texnoaornu MPLS

B mHactosiiee Bpems CYyHIECTBYIOT JBa OCHOBHBIX CHOCO0a CO3JaHUs
MarucTpanbHbix [P- cereit: ¢ momompro IP-mMapuipyTu3aTopoB, COEAMHEHHBIX
KaHaJlaMU «TOYKa—TO4YKay, MO0 Ha 0aze cetu ATM, nmoBepx KOoTOpor paboTaroT
IP-mapuipytuszatopsl. [Ipumenenue texnosnorun MPLS oka3biBaeTcsi BBITOJAHBIM B
oboux cinyyasix. B cetu ATM oHO JaeT BO3MOXKHOCTh OJHOBPEMEHHO
OPEAOCTABIATh KIMEHTAM KakK cTaHaapTHble cepBHChl ATM, Tak M IIMPOKHIA
crnektp ycanyr IP-cereid BMecTe € JONMOJHUTENBHBIMU YCIayramu. Takod moaxon
CYIIECTBEHHO paclIMpseT MAaKeT YCIyr IMpoBaijepa, 3aMETHO IOBBIIIAs €ro
KOHKYpeHTOCIocoOHOCTh. Tanmem TtexHomoruit I[P u ATM, coeauHeHHBIX
nocpencTBoM  TexHojormn — MPLS, CIOCOOCTBYET  elie OoJbIIEMY
pacCIpOCTPAHEHUIO H3THUX TEXHOJOTMA M CO3JAET OCHOBY [Jis IOCTPOECHUS
KPYITHOMACIITAOHBIX CETEeH ¢ MHTEerpalueii cepBrucon[26]

AHanu3upys  BBIBOABL, CIEJAHHbIE B  pE3yJbTaT€ HCCIEIOBAHUM,
IPOU3BEICHHBIX, MOKHO YTBEP)K/IaTh, YTO 0OOCHOBAaHHBIE B MEPBOM TIJ1aBe 3a/1auH,
crosiiue mnepen omeparopaMmu MPLS cereil, akTyajdbHBl M MOWCK PEUICHUN B
NAHHOW cpele sBISAETCS BaXKHBIM HA CErOAHALIHUM JI€Hb BOIPOCOM. Takum
o0pa3oM, OMmupasch HA TEOPETUUYECKHE Pa3pabOTKH 3amaJHBIX M OTEYECTBEHHBIX
CHEIMAIKNCTOB B O0OJIACTU TPAHCHOPTHBIX CETEBBIX TEXHOJOTHH, OBLIO PEIIECHO
UCIIOJIb30BaTh MaTepUalbl MCCIENOBAaHUNA BTOPOM TaBbl Uil pa3pabOTKH
nporpaMMHOro  obecrmedueHus Juisi  cOopa  CTaTUCTHYECKUX  JAHHBIX O
KOH(UTypaluu 1 apameTpax paboThl MPOEKTUpyeMoro ydactka cetu MPLS.

besycnoBno, ceronns texnosnoruss MPLS nact ATM MHOro 04KkOB BIepen, a
CUTyalMs MPUHUUIHNAIBHO OTIWYAETCS OT TOM, KOTOpas CKIIAJAbIBAlIach B IEPUOJ
MPOBECHUS MPONIOrOHEN KOHPEepEeHINH.

Bo-niepBoix, Texnonorus MPLS npuoOpena, HakoHEl, yCTOMYUBOCTh U OoJiee

HIHPOKYIO MOAJAEPKKY MPOU3BOIUTEIEH.
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Bo-BTOpbIX, Bce Ooublliee 4YMUCIO OMNEPaTOPOB MOTOBAPUBAIOT O OyAylIeM
BHenpeHnnn MPLS.

B-TpeThux, Koraa crano siCHO, 4To 0a30il 1j1sl co3JaHusl OYqyIUX MPUII0KE-
HUM siBisieTca TexHonorus 1P, Bce yBuaenu, uto aydmue roasl ATM ocranuce B
nporutom[22].

Ecnu roBoputh 0 TOM, YTO elle MPEACTOUT clieNaTh, TO 0cO00€ BHUMAaHUE
ciaenyeT yaenuth B3aumopencTBuio cered ATM u MPLS. D10 HyXHO mis TOro,
YTOOBI OMEpPaTOPhl MOTJIU pa3BopaurBaTh apxutektypy MPLS B siape cetu, octas-
asis1 obopynoBanre ATM Ha ee okoHeuHbIX y31ax[19].

Pa6ouue rpynnsl ATM Forum u IETF yxe npennoxxunu psij peuieHud, mnos3-
Bosisitolinx ATM dynkimonunpoBats nosepx MPLS, 1 akTHBHO OTCTanBajiv CBOIO
no3unnio nepen opranamu craggaprusanuu [TU. Ha nocnegnem 3acenanum ITU,
npomreameM B SnoHuu, OBLIO NPUHATO KOMIIPOMUCCHOE peEIIeHHe, KOTOpPOe
npeaycMaTpUBaeT MPU3HAHKUE YEThIPEX BCTPOCHHBIX pexxuMoB ATM-MPLS-ATM.
Temnepb nporiecc MHTETPALUU TEXHOIOTUI MOXKET JBUTAThCs nanbiie[12].

BHne 3aBucMMOCTH OT TOr0, HACKOJIBKO XOpolIa 3Ta TexHojorus, MPLS He cy-
meeT oaojeTh ATM 3a oauH AeHb — XOTs OBl MOTOMY, YTO HJisi Mepexoja Ha
HOBYIO OCHOBY HY KHBI CITUIIKOM OOJIBIIINE KAMUTAIOBIOXKEHUS. MOXHO C yBepeH-
HOCTBIO YTBEpXIaTh, YTO IPOWUJET €le HEMaJlo BpeMeHH, mpexzae yem MPLS
OKOHYATEJIbHO BCTAHET Ha HOTH, OCOOCHHO B YCIIOBUSX HBIHEIIHETO HeOJIaromnpu-

STHOTO dKOHOMHYecKoro kiaumata[20].
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3. MPOEKTUPOBAHUE TEXHOJIOTUA MPLS HA BUPTYAJIBHOM
MAIIINHE

B 1ol rmaBe paccMaTpuBaroTCs NPOTOKOJI IMHAMHUYECKOW MapIIpyTU3ALUU
npotokoi1 MapumpyTtuzauu OSPF, KOTOpeIMU MONB3YIOTCS MapUIPyTH3ATOPHI JUIs

OOILIeHHS APYT C APYTOM.

Mapmipytuzanus - 3T0 oAHa U3 Haubonee BaxHbx ¢yHkiui IP.
JlaTarpamMMbl, KOTOpblE  JOJDKHBI  OBITh C  MaplHIpyTU3UPOBAHBI, MOTYT
TEHEPUPOBATHLCS KaK JIOKAJIBHBIM XOCTOM, TaK U KaKUM-JIUOO y/aJe€HHBIM XOCTOM.
B nmocnegnemM cnmydae Hamr  XOCT JIOJKEH OBITh CKOH(UIYPUPOBAH Kak
MapiIpyTHU3aTop, MHAYE JaTa TPaMMBbI, TIOJlydaeMbIe Yepe3 ceTeBble HHTEp(EICh n

HE TIpeHA3HAYCHHBIC HAIIEMY XOCTY, OYyT MOJT4a y/1ajieHBbI.
3.1. IlpyHIMIIBI MAPIIPYTU3 AU

[Ipexxne yem Hauath obcyxaeHue 1P mapuipytuzanuu, He0OXOAUMO MOHSTH,
YTO HMMEHHO SApo OOHOBiIsgeT B Tabnuie Mapuipytuzauud. HMubopmarus,
comepxkamasicss B Tabnuie MapmpyTtuszanuu, HeoOxomuma [P ypoBHIO 115t

IIPUHATHUS PELICHUS O MAPLIPYTU3ALIAU.

1. [Torck coBmaaaroiero ajapeca Xocra.
2. ITorck coBmagaroIero aapeca CeTH.
3. [Touck mynkra mo ymomdanuro. (I[IyHKT 1O ymom4aHHUIO OOBIYHO

yYKa3bIBae€TCS B TaONHIE MapIIPyTH3alUd KaK CETh C HIACHTU(HUKATOPOM CETU
paBHbIM Hymr0.). CoBHaBLIMKM aJpec XocTa MCHOJB3YETCA BCerja mepen

COBIIaBIIMM aJApCCOM CCTH.

Mapmpytuzanusi, ocymectisgemas [P - mpomecc momcka B Tabmwmie

MapHipyTH3allid, OmpeneieHue uHTepdeica, Kyaa OyaeT TMOCiIaH Taker,
4u



Ha3bIBACTCA MEXaHU3MOM  MapupyTtuzanuu. C  JIpyrod  CTOPOHBI, ITOJUTHKA
MapUIpyTH3allMA yCTAaHABIMBAECT IIpaBUia, II0 KOTOPBIM pEIIAeTcs, KaKoh
MapuipyT OyJeT BHECEH B TaOmuiy Mapuipytuszauuu. [P ocymiecTBisier MexaHu3M
MapuIpyTH3aluy, TOTJa KaK MapUIPyTU3UPYIOMIMN JAEMOH OOBIYHO OMNpEEseT

MTOJIMTUKY MAapLIPYTU3ALINH.

JAnHaMuyeckass MappyTU3aLus

JAnHaMuyeckass MapmpyTH3auMss — BUJ MapIIPYTU3ALNUUA, TPU KOTOPOM
TabnuIla MapUIpyTH3alUK peAakTupyeTcs mnporpammuHo. B cmyuae UNIX-
CUCTEM O0eMOHAMU Mapuipymuzayuu; B JPYTUX CHCTEMaxXx — CIYKeOHbIMU

mporpaMmMamMu, KOTOPbIC HA3BIBAOTCA MHAYC, HO (I)aKTI/ILICCKI/I HUI'paroT Ty K€ POJIib.

JleMoHBI MapuIpyTH3allMM OOMEHHBAIOTCS MEXay co0oi wuHopmalme,
KOTOpasi TO3BOJISIET MM 3alOJIHUTh TaONMIly MaplupyTu3aluu Haubosee
ONTUMAaJIbHBIMU MapuipyTaMu. IIpOTOKOJBI, ¢ TOMOIIBIO KOTOPBIX IPOU3BOIUTCS
oOMeH  uwHpopmalMell  MeXIy ~ JE€MOHAaMH,  Ha3bIBACTCS NPOMOKOIAMU

OUHAMUYECKOU MAPWUPYMU3AYUL.

JluHamuueckas MapuIpyTru3anus UCIIOIb3YETCS U1t oOIIeHUS
MapuipyTU3aTOpOB JPyr C JAPYroM. MapupyTu3atopel NEpPEAaroT IpPYyr IpYyry
MH(POPMAIIHIO O TOM, KAKHE CETU B HACTOAIIEE BPEMs MOAKIIOYCHBI K KOKIOMY U3
HUX. MapupyTu3atopsl OOIIAIOTCA, MCHOIB3YS MPOTOKOIBl MapuIpyTU3AIUH.
[Tonbp30BaTeNnbCKUl MPOLECC, MOCPEACTBOM KOTOPOTO MAapIIPyTU3aTOPbl MOTYT
oOmaThCs C COCETHUMU MapuIpyTU3aTOpaMH, Ha3bIBAETCS IEMOHOM

MapuipyTu3anuu (routing daemon).

JluHamudeckass MapuipyTU3amusi He MEHSET CIOCOOBI, ¢ TIOMOIIBIO KOTOPBIX
AApO  OCYWIECTBIsET Mapupyru3auuto Ha [P ypoBHe. Mbl  HazBam
ATO MEXaHW3MOM MapiipyTusanuu (routing mechanism). Sapo TouHo Tak xe
MPOCMATPUBAET CBOIO TAOJIUILy MapIIPYTHU3AIIUH, OTHICKABAsI MAPIIPYTHI K XOCTaM,

MapuIpyTbl K CETSIM M MapuipyThl MO YMOJYaHUIO. MeHseTcsl TOIbKO Crocod
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nomenieHust tHGopMaluu B TaOIUIly MapUIPYTU3ALIMU - BMECTO 3allyCKa KOMAaH bl
route WM HCMOJIb30BAaHUSA 3arpy304YHBIX (PaiIOB MapIIPyThl JOOABIAIOTCS H
YAQISIIOTCST  AUHAMUAYECKH JEMOHOM  MaplIpyTU3alluu, KOTOPBIA paboTaeT
MOCTOSIHHO.

Kak Obu10 OTMEUEHO paHee, IEMOH MaplIpyTHU3alliid OTBEYAET 3a MOJIUTUKY
MapuipyTuzanuu (routing policy) , BbIOupas, Kakue MapHIpyTbl HEOOXOIUMO
MOMECTUTh B Tabauuy Mapupyrtusanuu. Eciu neMoH oOHapy»Kuia HECKOJbKO
MapHIpyTOB K MYyHKTY Ha3Ha4yeHUs, OH BBIOMpaeT (KaKuM-aubo oOpa3om), Kakou
MapHIpyT Jydille, ©* UMEHHO 3TOT MapiipyT (€IUHCTBEHHBIN) 700aBISIET B TAOIUIY
Mmapuipytuzanuu. Eciau gemMoH ompenenwsi, 4Tto KaHal ucue3 (BO3MOXKHO IO
NPUYMHE BBIXOJA U3 CTPOSI MapUIpyTU3aTOpa WK Tele(OHHOU JTUHUHN), OH MOXKET
yIQJIUTh COOTBETCTBYIOIIME MAapHIpyThl WM J00AaBUTh  ajlbTePHATUBHBIC
MapHIpyThl, YTOOBI OOONTH BO3ZHUKIIIYIO HEUCIIPABHOCTb.

B Internet, Ha cerogHSIIHUN JE€Hb, MCIOJIB3YETCSI MHOMKECTBO Pa3IUYHBIX
IPOTOKOJIOB MapIIpyTH3AIUH. Internet OpraHu30BaH Kak
cOOO0IIEeCTBO aBTOHOMHBIX cucteM (AS - autonomous systems), Kaxmaas u3
KOTOPBIX OOBIYHO AJMUHUCTPUPYETCS HE3aBHCHUMO OT OCTalbHBIX. Hampumep,
CETh, MMOCTPOEHHAsI B YHUBEPCUTETCKOM T'OPOJIKE, OOBIYHO CUUTAETCS AaBTOHOMHOM
cuctemoir. Maructpans (backbone)NSFNET c¢ Touku 3penust Internet 3To
aBTOHOMHAsl CHCTE€Ma, IOTOMY 4YTO BCE MAapIIPyTH3aTOPbl Ha MAarucTpaiu
HAXOMSATCS MOl €IUHBIM aJIMUHUCTPATUBHBIM KOHTPOJIEM.

JIns KaKmoil aBTOHOMHOM CHCTEMBbI BBIOMpAETCS COOCTBEHHBIM IMPOTOKOJ
MapuIpyTHU3alyy, ¢ TOMOIIbIO KOTOPOTO OCYIIECTBISAECTCS B3aUMOAEHCTBUE MEKIY
MAapUIPpyTU3aTOPaMHU B 3TOW aBTOHOMHOW cuCTeMe. TakoW MPOTOKOJ Ha3bIBACTCS
MPOTOKOJIOM BHYTpeHHUX MapmpytuszaropoB (IGP - interior gateway protocol)
WIM TIPOTOKOJIOM BHYTPH JOMEHHOM MapmpyTtu3anuu (intradomain routing
protocol). Hanbonee monynspusiii IGP - 310 mpoTokon oOmMeHa wHpOpManuen o

mapmpyTtu3anun (RIP - Routing Information Protocol). bonee noBeriit IGP 370
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npotokoa Open Shortest Path First (OSPF). On 6bu1 pa3paboTan Kak 3aMeHa JJis
RIP.

HoBele TpeGoBanust k Mmapmipytuszatopam Router Requirements RFC
ONPEJENSIIOT, YTO MapUIPYTU3aTOP, KOTOPBIA peann3yeT Jro0ble JTUHAMUYECKHE
IIPOTOKOJIBI MapuIpyTh3anuu, nomkeH noaxaepxkuBate OSPF u RIP, a Takxke
MOKET noajepxxuBath apyrue IGP.

CymiecTBylOT  NPOTOKOJBl ~ MaplIpyTH3alMH, KOTOPbIE  HA3bIBAIOTCS
NpoTOKOJIaMK BHelIHuX MapiupyTtuzatopoB (EGP - exterior gateway protocols)
WIM TPOTOKOJIAMH MeEX JIOMEHHOW MapupyTtuzanuu (interdomain routing
protocols). OHu mnpegHa3HauyeHbl MAJig OOLIEHUS MEXIy MaplIpyTU3aTOpaMHu,
HaXOASIIMMUCS B pa3HbIX aBTOHOMHBIX cucTteMax. Mcrtopuuecku (M K OOJbIIOMY
CO’KaJICHUIO) TpeanecTBeHHUKOM Bcex EGP Obl1 mpoTokosl ¢ TeM ke caMbIM
umeHeM: EGP. bonee HoBbiii EGP - mpoTOKOJI MOTpaHUYHBIX MaplipyTU3aTOPOB
(BGP - Border Gateway Protocol) B HacTosiiee BpeMs HCIOJIb3YETCS MEKIY
maructpasiblo NSFNET © HEKOTOPHIMH pPErHOHAJIBbHBIMH CETSIMH, KOTOpBIE

NOAKIIOYeHBI K MarucTpanu. [Inanupyercs, utro BGP 3amenut cob6oit EGP.

3.2. O630p OSPF

» Co3/1aeT OTHOIICHHS COCENICTBA 3a cUeT 0OMEHA IMaKeTaMU MPUBETCTBUS

= PacripocTpansieT 0ObsABICHUS COCTOSHUS KaHaa, a HE OOHOBIICHHS TaOJIUIIBI
MapIIpyTU3aIUU

—Kanan: uatepdeiic mapuipytuzatopa

—CocrosiHe: omnucaHue WHTepdeiica W ero OTHOIICHWH C COCETHUMU
MapuIpyTH3aTOPaMU

= PacchuiaeT 0ObsSIBJICHUS COCTOSHMS KaHana BceM mapuipytuzatopam OSPF B
00J1aCTH, HE TOJIBKO MAapIIPYTU3ATOPaM C TIPSIMBIM MOAKITIOYCHUEM

« CBOOUT BMeCT€ Bce OOBSBICHHS COCTOSHHSI KaHayla, CO3JaHHBIC

mapmpyTtuzatopamu OSPF, aTo6w1 co3nate 6a3y maHHbIX cocTostHuM kKanama OSPF
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= Ucnonszyer anroputM SPF s BeIUMCIEHMS KpaT4allero IyTH K
KaKJIOMY MECTY Ha3HAYEHUS U MTOMEIIAET 3TOT MyTh B TAOJIUIy MapLIPyTU3ALUU

OSPF ocHOBaH Ha anropuTMe COCTOSIHUSA KaHaia. KaHan MOKHO NIPeICTaBUTh
Kak uHTepdelic wmapupytuzatopa. CoCTOsHHME KaHajla — 3TO OINHUCaHUE
uHTEpdeiica U ero OTHOLIEHHWH C COCEOHUMHU MaplupyTuzaTtopaMu. OnucaHue
uHtepdeiica TOHKHO coaep)kaTh, Takue MapaMeTphl, kak [P aapecarus, macky,
TUI CETH, K KOTOPOI MOJKIIIOUEH MHTepdenc, MapIIpyTU3aTOPhI, MOAKIIOYEHHbIE
K 3TOi cetu U T. . HaGop Bcex cocrosiHuii kaHayioB (opMupyeT 0a3y JaHHBIX
COCTOSIHUI KaHAaJOB.

Maprpyrtuzatop CiSCO oTIpaBiisieT MaKeThl OOBSBICHUS COCTOSHHS KaHaa
(LSA), yToObl O0BSBUTH O CBOEM COCTOSTHUM, Yepe3 peryisipHbie uHTepBayibl (30
MUHYT) WIM HEMEIJEHHO IpPU HM3MEHEHHWU COCTOSIHUSA MapuipyTusaropa. B
oObsiBrieHUsAX coctosiHusi kaHaiga OSPF copmepxarcsi naHHbIE O TMOJKIIIOYEHHBIX
uHTepdeiicax, UCIOIB3yEeMbIX METPUKAX U APYTruX mapamerpax. Hakonus gaHHbIe
0 COCTOsSIHMM KaHasioB, Mapiipytusatopbl OSPF Cisco ucnonb3ytot anroputm SPF
JUISL pacyeTa KpaTdyalliero myTH K KaxaoMy U3 Y3JIOB.

Tomnonoruveckas 6a3a naHHbIX (0a3a JaHHBIX COCTOSTHUSI KAHAJTIOB) COACPKUT
oOmiee  MpEeACTaBICHME CeTe C  TOYKM  3pEHUs  MaplIpyTHU3aTOPOB.
Tomonorudeckas 6a3a JaHHBIX COJASPKUT HAOOP OOBSIBICHUN COCTOSHUS KaHala,
MOJIYYEHHBIX OT BCEX MApUIPYTU3aTOPOB B 00sacTu. [IocKoIbKy MapiipyTu3aTopsl
B OJHOW 00JAaCTH HMCHOJB3YIOT OJMHAKOBBIC JTaHHBIE, UX TOIMOJOTHYECKHE 0a3bl

JaHHBIX UWICHTHUYHBI.

[Tpumeuanne [Ipotoxon OSPF moxet paborars B uepapxun. Camasi KpymHas
CYIIHOCTh HMEPApXWM — aBTOHOMHas cucTeMa (Habop cereld moj oOIuM
yIOpaBJICHUEM M C OOIed cTpaTeruei MapuipyTu3aiuu). ABTOHOMHYIO CHCTEMY
MOXXHO pa3JeIUTh Ha HECKOJIBKO 00JacTel, KOTOpPhIE MPEACTABISIOT COOO0M

I'pYyIIIbI CMCKHBIX ceTeu u IMOAK/IIOYCHHBIX K HUM Y3JIOB.
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OnopHas obdaacTb

BHewHuii
AOMEH
MapLpyTM3aumm

06nagrb 1 O6aactb 3

Obaacthb 2

ABTOHOMHAsI CHCTEMA

Puc. 6 Ilpumep uepapxuu OSPF Cisco

= YMEHbIIIAeT 3aNUCH TaOIUI MapIIPYyTU3AIIUH

» M3onupyeTt BnusiHUEe U3MEHEHUN TOTIOJIOTUH BHYTPH OJJHOM o0actu

OSPF ucnonp3yeTr ABYXypOBHEBYIO HEpPApXHUI0 CETH. DJTa HepapXus
COJIEPKUT JIBA OCHOBHBIX JJIEMEHTA.

» O6nacte. O6MaCTh — 3TO TpyNIa CMEXKHBIX ceTeil. O0nacTu npeacTaBiIsioT
co00li TOTUYECKHUe pa3/iesibl aBTOHOMHOM CUCTEMBI.

= ABTOHOMHAsI cucTeéMa. ABTOHOMHAsl CUCTEMA — 3TO COBOKYIHOCTb CETEH C
o0lMM yrpaBjeHHEM M C OOIIel CTpaTeruedl MapuipyTu3anui. ABTOHOMHBIC
CUCTEMBI, TAaKK€ HW3BECTHBIE KaK JIOMEHbI, MOXHO JIOTMUYECKH pa3JeNTh Ha
HECKOJIBKO 00JIacTeil.

B xaxmoli aBTOHOMHOM cHCTeME HEOOXOAUMO 3aJaTh HEMPEPHIBHYIO
maructpansuyto  (Backbone) o6macte. Bce HemaructpampHbie  00JacTH
COCIMHSAIOTCS Yepe3 MarucTpalibHyto 00actb. MaructpanbHasi 00J1acTh SBISETCS
TPAH3UTHOM, MOCKOJIBKY BCE OCTaJbHBIE 00JIACTH B3aMMOJICHCTBYIOT Yepe3 Hee. B
cetu OSPF HemaructpambHble 00J1acTH MOTYT OBITh HAaCTPOCHBI B KaueCTBE

TYMUKOBBIX (Stub), TOTHOCTHIO TYynmuKOBHIX (totally stubby) mnm He Tak yx
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TynukoBbIX (notsostubby NSSA), 4ToObl yMEHBIIUTH pa3Mepbl 0a3 JaHHBIX
COCTOSIHUSA KaHaJla U TaOJHI] MapLIpyTU3ALIIH.

MapuipyTtuzaTopbl, padoTalpliie B JIBYXYPOBHEBOM CETEBOW HUEpapXuw,
MOTYT BBINOJHATH pa3Hbie ponu U ¢yHkuuu B cpeae OSPF. Huxe npuBonsrcs

MPUMEPBI ITUX POJIEH (CM. pUCYHOK).

« Mapmipytuzatop B sBIsieTcsi  MarucTpajbHBIM — MapHIPyTH3aTOPOM.
MarucTpanbHblil MapLIpyTU3aTOP 00ECIIEYUBAET COEIMHEHUE 00IacTei.

» Mapmipytuzatopsl C, D u E — norpanuuHbie MapHipyTHU3aTOpPbl 00JacTu
(Area Border Router ABR). ABR noakito4aroTcsi K HECKOJIBKUM 0071acTsM, BEIyT
OTJEIbHYI0 0a3y JaHHBIX COCTOSIHMM KaHaja i Kaxa0i 001acTu, K KOTOPOil OHM
MOJIKIIOYEHBI, U MapIIPYTU3UPYIOT TpadUK, HAPABICHHBINA B IPyTHe 00JaCTH WU
PUOBIBAIONIUMA U3 HUX.

« Mapmipytuzatoper F, G uw H — HemaructpajibHbie, BHYTPEHHUE
MapiipytuzaTopbl. HemarucrpaibHbie BHYTPEHHHE MapUIPYTU3ATOPHl HMEIOT
JAaHHBIE O TOTIOJOTUHU 00JacTei, B KOTOPHIX OHM HAXOJSATCS, U BEYyT OJAMHAKOBBIC
0a3bl TaHHBIX COCTOSIHUS KaHAJIOB JJIsi TUX 00JIacTel.

B 3aBucumoctH OT KOHuUrypauum HemaructpaibHor ob6mactu OSPF
(TynmukoBoW  00JacTH, TOJHOCTBIO  TYNMHKOBOM  oOjactu wiu  NSSA)
mapupytuzatop ABR 00BsiBIsieT MapmipyT 10O yMOJYaHUIO BHYTPEHHEMY
HEMarucTpajibHOMY MapIIpyTU3aTOPy. BuyTrpennunit HEMarucTpajibHbIN
MapuIpyTU3aTOp HUCHOJB3YET MapuIpyT IO YMOJYAHUIO [JIsi MEPECBUIKU BCETO
MEeXO00JACTHOTO WJIK MEXK JOMEHHOTO Tpaduka Kk mapupytuzatopy ABR.

« Mapmipytuzatop A gBAsieTCs  NOTPAHUYHBIM  MaplIpyTU3aTOPOM
aBTOHOMHOM cucTteMbl (Autonomous System Border Router ASBR) u cinyxut mist
COEIMHEHUS C BHEITHUM JJOMEHOM MapIIPyTU3aLUU UM aBTOHOMHOM CUCTEMOA.

= Mapmipytuzatop | npuHamyiexxutr Apyromy IOMEHY MapHIpyTHU3alUHU WU

aBTOHOMHOMU CUCTEME.
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Puc. 7 Cocenckue oTHomeHus: maket npuBeTcTBus Hello

Cocennue mapmpytuzatopsl OSPF nomkHBI OMO3HaTH ApPYr Apyra B CETH
nepea TeM, Kak CMOTYT OOMEHHBAThCs MHGOpPMAIHMEH, TaK KaK MapiipyTHU3aIus
OSPF 3aBUCHUT OT COCTOAHMSI KaHajla MEXAY ABYMS MapUIpyTU3aTOpPaMHU. DTOT
mpoliecc peanusyercsi ¢ momoinbio npoTtokona npusercTBus (Hello). IIpotokon
MPUBETCTBUSA CO3MA€T W TMOAJEPKUBAET COCEICKHE OTHOIICHHS, ObOecreunBast
JIBYHAIIPABIICHHOE COCIMHEHUE MEXKJIy KOMMYyTaTopaMu. J[ByHampaBJeHHOE
COCIMHEHHE WMEET MECTO, KOIjJa MaplIpyTH3aTOp HaxoauT ce0s B TakeTe

IIPUBCTCTBUA, ITIOJTYUYCHHOM OT COCCOHCIO Y3JIa.

Kaxnprit uatepdeiic B cpene OSPF mepuommyeckn oTmpaBisieT MaKeThI
MIPUBETCTBUSA O ajipecy MHoroaapecHon paccouiku 224.0.0.5. [Taker npuBeTCTBUSA

COJICPKUT CIEAYIOUIME CBEICHUSI.
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e nentuduxarop mapupytuzatopa (Router ID).
eurtepBansl npuBercTBus U npoctos (Hello and dead intervals).

eCocequ (Neighbors). B mone cocenmeit  mepeuuclsiOTCS  COCEIHHE

MapIIpyTH3aTOPbI, C KOTOPHIMU YCTAHOBJIEHO JBYCTOPOHHE COEMHEHUE.

elnentuduxatop odnactu (Area ID). [Ing ycnemHoro B3auMOJEHCTBUS
MapuIpyTH3aTOPbl JOHKHBI HAXOJIUTHCA B OJHOM CErMEHTE M UX HHTepQenchl

JOJDKHBI TIpUHAIeXKaTh K oHo# obnactu OSPF B aToM cermenTe.
e[Ipuopurer mapupyruzatopa (Router priority).

e[Pagpeca DR u BDR. [Pagpeca mapumpyruzatopoB DR u BDR B cetu (eciu

OHH U3BECTHBI).
e[lapons ayrenTudukaiuu (Authentication password).

e dyar TynukoBoi obsactu (Stub area flag). TynukoBas o6macth — ocoOas
obmacte cpeasl OSPF. JlBa wmapmpyTu3aTopa JOJDKHBI corjiacoBaTh (iar
TYNUKOBOM 00JIaCTH B TaKeTaxX MPUBETCTBUS. HasHaueHWe TYNMUKOBOH 00JacTH
MIO3BOJISIET YMEHBIIUTh YWCIO OOHOBJICHHWI MapIIpyTH3aIlMH, 3aMEHHB HX Ha

MapuIpyT 110 YMOJIYAHUIO.

Kaxxnprii mapuipytuzaTop uMeeT cOOCTBEHHOE IMPEACTABICHUE O TOTOJIOTHUH,
HO TIPH 3TOM BCE MAapUIPYTHU3ATOPHl UCHOJIB3YIOT OJHY 0a3y NaHHBIX COCTOSHHMA

KaHaJIa ISl BBIYUCIICHUS IEPEBA KPATUAUIINX My TEH.

Croumocts (MeTpuka) uHTepdeiica 0003HaUaeT N3IEPKKN OTIPABKU IMAKETOB
yepe3  ompeneneHHbid  mHTepderic.  CroumMocTth  uHTepdeiica  oOpaTHO
MPOTIOPIIMOHANIFHA TIOJIOCE TPOMYyCKaHUsi WHTepdeiica, T. €. YeM BHIIIEC IMOJIOca
MpOIyCKaHWUs, TEeM HIDKE CTOMMOCTh. [lpm  mepegadye  AaHHBIX 10
nocJieoBaTeIbHOMY KaHamy T1 m3aepKKu (CTOMMOCTB) U BPEMEHHBIC 3aJICPKKU

BBIIIIE, YeM TIpH mepeaun uyepe3 kanan Ethernet 10 Mowut/c.
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@opmyna pacuera croumoctd OSPF: ctomMmocTs = 3TalioHHas moJioca

MPOITyCKaHUs/TIoJloca MponycKaHus uurepderica (B 6ut/c).

Dranonnas nonoca nponyckanus — 108 umu 100 000 000, 4TO SKBUBAJIEHTHO
nosioce npomyckanuss Fast Ethernet. Ilo3ToMy cTOMMOCTH MO YMOJIYAHHUIO
xanana unrepdeiica Ethernet 10 M6ut/c 6yner 10%/ 10”= 10, crommocTs KaHana
T1 6yner 108/ 1 544 000 = 64.

UToOBl OTpEryaupoBaTh 3TAJOHHYIO MOJOCY MPOIYCKAHUS AJIA KaHAJIOB C
NoJIocO mpomyckaHus Beime, uyeMm Yy cetd Fast Ethernet, wucnons3yiite

rxomany 0Spf autocost referencebandwidth stanonnas _mosoca_mnpomyckaHusl.

3.3. Hactpoiika texnosiorum OSPF Ha BUpTyasibHO# MalluHe

JI;1s HayaJio HACTPOMKHK HAJO0 MOCTPOUT rpaduuecKkuil cTpykTypa cetu. s

3TOTO MBI HCIOb3yeM mporpammy Cisco Packet Tracer.

CocraB cetu BxoauT 4 mapmpytuzatopa: Cisco 2811, 4 Switch: 2960-24TT
M KOHEYHBIE YCTPOUCTBA(IIEPCOHATBHBIN KOMITBIOTEPBI, HOYTOYKH U MIPUHTEPHI), a

TaK)Ke CepBEp MpoBanaepa.

MapuipyTusaTopsl COeIUHEHBI co SWitch ¢ momormipio kabGeaem BuTas
napa(dkpanupoBaHHas BuTas napa STP). Ona o0o3HaueHa YEpHOW JIMHUEH U C
JABYMS 3€JIEHBIMHA TOYKAMH.

[ rem—— - BUTas napa(3KpaHupOBaHHAs BHUTas mapa STP).

Take Switch u koHeuHBIe yCTpOWCTBA(IIEPCOHAIBHBIH KOMIIBIOTEPHI,

HOYTOYKH M TIPHHTEPHI) COSASHUHBI MEXK Ty coO0l KabeneM BUTas mapa.
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Puc. 8 [IpuHununuanbHas cxeMa NpoeKTUPYEMOTr0 CETH
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Hacmpoiika OSPF

Ha cxeme npenctasneHbl 4 poytepa. TATU u Router B asnswoTcs
norpaHndHbiMM ELSR - Edge Label Switch Router (uHorga wux ewe
HasbiBaloT PE — Provider Edge Router). OHM 3aHuMMmaloTCsi, ¢ OAHOWM
CTOPOHbI, ANA «HaBewwuBaHusi» (pushing) mMeTok npu Bxoge NakeTa B
aomeH MPLS wn, ¢ gpyron CTOpOHbI, ANnga «CHATUSA» (popping) METOK npwu
Boixoge n3 gomeHa MPLS. Poytepbl Router B n Router D asnsatoTcs
BHYTPeHHUMKU poyTepamun gomeHa MPLS u HasbiBatoTca LSR - Label
Switch Router (BTopoe HasBaHue P — Provider Router). OHu 3aHumatoTca
TONbKO nepepadven naketoB oT opHoro MPLS poytepa pgpyromy.
Ntak, npuctynum. [Ons opraHudaumm ceteBon poctynHoctu (IP) 6yaem
MCMNonb3oBaTb MNPOTOKON AMHammdeckon mMapuwpytudaumm OSPF. XocTbl
ANS NPOBEPKN PacnorioXeHbl B pa3HbIX CETAX.

HayHeM C HacTpoWku cTaHOapTHOW ceTeBOM OOCTYMHOCTWU. 3axogum

Ha poyTtep TATU:

Rl>en

Rl#conf t
R1 (config) #hostname TATU
Rl (config) #int loopback 0 — coszmaeM loopback nHTepbernic;
TATU (config-if) #ip address 192.168.4.1 255.255.255.0
TATU (config-if) #exit

TATU (config) #int fa 0/0
TATU (config-if) #ip address 192.168.5.4 255.255.255.0
TATU (config-if) #no sh

TATU (config) #int fa 1/0
TATU (config-if) #ip address 192.168.6.4 255.255.255.0
TATU (config-if) #no sh

TATU (config-if) #fexit

(
(
(
(
(
TATU (config-if) #exit
(
(
(
(
TATU (config) #int fa 2/0
(

TATU (config-if) #ip address 192.168.7.4 255.255.255.0
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TATU (config-if) #no sh
TATU (config-if) #exit

TATU (config) #router ospf 1 - HacTpauBaeM MOPOTOKOJI IMHAMUYUECKON MapUpyTU3allun
OSPF';

TATU (config-router) #fpassive-interface default - BubepeM, Ha Kakue MHTepderCH
OTIPaBJIATH OeXypPHEE nakKeTEL OSPF';
TATU (config-router) #no passive-interface fastEthernet 1/0
TATU (config-router) #no passive-interface fastEthernet 2/0
TATU (config-router) #network 192.168.1.0 255.255.255.0 area 1 -onpeznensaeM
ceTn nJis OBBABIIEHUS ;
TATU (config-router) #network 192.168.1.0 255.255.255.0 area 0
TATU (config-router) #network 192.168.3.0 255.255.255.0 area 0
TATU (config-router) #network 192.168.2.0 255.255.255.0 area 0
TATU (config-router) #fexit

TATU (config) #exit

TATU#wr

TATU#

Poytep Router B:
R2>en

R2#conf t
R2 (config) #hostname Router B
Router B(config) #int loopback 0
Router B(config-if) #ip address 192.168.1.1 255.255.255.0
Router B(config-if) #exit
Router B(config) #int fa 0/0
Router B(config-if) #ip address 192.168.5.1 255.255.255.0
Router B(config-if) #no sh
Router B(config-if) #exit
Router B(config) #int fa 1/0
Router B(config-if) #ip address 192.168.6.1 255.255.255.0
Router B(config-if) #no sh
Router B(config) #int fa 1/1
Router B(config-if) #ip address 192.168.7.1 255.255.255.0
Router B(config-if) #no sh
Router B(config-if) #exit
Router B(config) #router ospf 1
Router B (config-router) #network 192.168.2.0 255.255.255.0 area 0
Router B (config-router) #network 192.168.3.0 255.255.255.0 area 0
Router B (config-router) #network 192.168.4.0 255.255.255.0 area 0
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Router B(config-router) #exit
Router B(config) #exit
Router B#wr
Router B#

Poytep Router D:
R3>en

R3#conf t
R3 (config) #hostname Router D
Router D(config) #int loopback 0
Router D(config-if) #ip address 192.168.3.1 255.255.255.0
Router D(config-if) #fexit
Router D (config) #int fa 0/0
Router D(config-if) #ip address 192.168.5.3 255.255.255.0
Router D(config-if) #no sh
Router D(config-if) #fexit
Router D(config) #int fa 1/0
Router D(config-if) #ip address 192.168.6.3 255.255.255.0
Router D(config-if) #no sh

Router D(config) #int fa 1/1
Router D(config-if) #ip address 192.168.7.3 255.255.255.0
Router D(config-if) #no sh
Router D(config-if) #fexit
Router D(config) #router ospf 1
Router D (config-router) #network 192.168.1.0 255.255.255.0 area 0
Router D (config-router) #network 192.168.2.0 255.255.255.0 area 0
Router D (config-router) #network 192.168.4.0 255.255.255.0 area 0
Router D (config-router) #exit
Router D(config) #exit
Router D#wr
Router D#

n poyTep Router A:
R4>en

R4#conf t
R4 (config) #hostname Router A
Router A(config) #int loopback 0
Router A(config-if) #ip address 192.168.2.1 255.255.255.0
Router A(config-if) #exit
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Router A(config) #int fa 0/0

Router A(config-if) #ip address 192.168.5.2 255.255.255.0
Router A(config-if) #no sh
Router A(config-if) #exit
Router A(config) #int fa 1/0
Router A(config-if) #ip address 192.168.6.2 255.255.255.0
Router A(config-if) #no sh
Router A(config-if) #fexit
Router A (config) #int fa 0/1
Router A(config-if) #ip address 192.168.7.2 255.255.255.0
Router A(config-if) #no sh
Router A(config-if) #fexit
Router A (config) #router ospf 1
Router A (config-router) #fpassive-interface default
Router A (config-router) #no passive-interface fastEthernet 0/0

Router A (config-router)#no passive-interface fastEthernet 1/0

Router A (config-router) #no passive-interface fastEthernet 0/1
Router A (config-router) #network 192.168.1.0 255.255.255.0 area 2
Router A (config-router) #network 192.168.3.0 255.255.255.0 area 0
Router A (config-router) #network 192.168.4.0 255.255.255.0 area 0
Router A(config-router) #fexit
Router A(config) #exit
Router A#wr
Router A#

CtoumocTtb OSPF

CroumocTts (MeTpuka) nutepderica 0003HaYaeT U3ACPIKKH OTIPABKH TAKETOB
yepe3  ompeneleHHbId — mHTepdeiic.  CromMmocTh  mHTepdeiica  0OpaTHO
MPONOPIIMOHATIbHA €r0  ToJioce MpOoITycKaHus. boyiee BBICOKas  Tojoca
POy CKaHWSI HoJIpa3yMeBaeT Ooee HU3KYIO CTOUMOCT. Ilo
YMOJYaHUIO0 MapmIpyTu3aTopbl CiSCO pacCUYMTHIBAIOT CTOMMOCTH MHTep(deiica Ha
OCHOBE TOJIOCHI mporryckanus. OJHAKO BBl MOXKETE MPUHYIUTEIBHO HAa3HAYUTH
CTOMMOCTh UHTep(deiica ¢ momomsio komauabl ip 0Spf cost {3Hauenue} B pexnme

KoH(purypanuu uarepderica.
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Ecnmu kK mecTy HasHauyeHUs JOCTYIIHO HECKOJIBKO IYyTEHM C OJUHAKOBOU
CTOUMOCTBIO, Bepcus mnpoTokoiaa OSPF  Cisco moxer orcnexuBath 10 16
NOCJICIYIOMUX MEePexXoA0B B Tabnume MapmpyTtu3anud (3T0 Has3bIBaeTCs
pacmpenenenueM  Harpysku). [lo  ymomuanuro  mapupytuzaropel  CisCO
noanepxuBator 10 4 nyreit OSPF x wMecry HazHaueHuss. C  1OMOUIBIO
KOMaH bl Maximum paths B pexxuMe KOH(GUTYpalMH Mpolecca MapiipyTH3aTopa
OSPF M0XHO 3a7aTh YMCIO MYyTE€H C OJUHAKOBOW CTOMMOCTBIO KOTOPBIE MOKHO

100aBUThH B TaOJIUILy MapLIPYTU3ALINH,

JIns moucka MapIIpyTOB C OJMHAKOBOW CTOMMOCTBIO HCIIOJB3YeTCS
xKomanaa Show ip route. Huxe npuBoauTcs mpumep BbIBOJa KoMmadibel Show ip
route must mojceTH, AN KOTOPOW JOCTYHMHO HECKOJIBKO MapIIpyTOB B TaOHIle
Mapuipytu3auuu. B npumepe BwiBoauTcss Tpu mytd K cetd 194.168.20.0 c

OJIMHAKOBOM CTOMMOCTBIO.

O6paTuTe BHUMaHHUE, 4YTO BBIBOJ COJEPXKHUT TpH OJOKa JECKPUIITOPOB
Mapipytuzanuu. Kaxapiii 6710k mpeacTaBiseT OJuH W3 JOCTYMHBIX MapIIpyTOB.
Kpowme Toro, ogun u3 6;10k0B 0003Ha4eH 3Be3704KOM (*). 3Be310UKa yKa3bIBaeT Ha
aKTUBHBIA MapUIPYT, HCIOJB3YEMBbI aJii HOBOro Tpaduka. TepMuH «HOBBIM
Tpaguk» 0003HAYAET OJAMHOYHBIM MAKET WIM MOTOK JAHHBIX, HApPaBICHHBIN K
MECTy Ha3HAau€HHUs, B 3aBHUCHUMOCTH OT TOTO, B KaKOM PEKHUME pacIpeaesieHus
Harpy3KH paboTaeT MaplIpyTU3aTop — paclpeesieHue M0 MeCTy Ha3HAYCHUS WU

pacinpcCaciiCHuC IIOIMMaKCTHOC.
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4. BEBOITACHOCTD KU3HEAEATEJIBHOCTHU

4.1. MukpoxiauMaT Ha padodemM MecTe

[TokazarensimMu, XapakTepU3YIOIUMH MUKPOKIIUMAT, SIBJISTFOTCS :

—TeMIlepaTypa BO3/1yXxa;

—OTHOCHUTEJIbHAS BIIAYKHOCTh BO3/yXa;

— CKOPOCTh JIBUXKEHUS BO3yXa

— UHTEHCUBHOCTH TEIJIOBOTO MU3JIYYEHUS.

OnTuMalibHBIE TIOKa3aTeld MUKPOKIMMATa PacIpOCTPAHSIOTCS Ha BCHO
pabouyto 30HY, JOMYCTUMBIE MMOKa3aTeld yCTaHABIUBAIOTCs nuddepeHnpoBaHHO
JUTSI TIOCTOSTHHBIX W HETIOCTOSIHHBIX pabodyux mMecT. OnTUMaibHbIe U JTOMYyCTHMbBIC
MOKa3aTeIM TEeMIEPaTyphbl, OTHOCUTEIBLHON BIAXKHOCTH M CKOPOCTH JIBUKCHUS
BO3/lyxa B pabouyedl 30HE MPOU3BOJCTBEHHBIX  TOMEIICHUH  JIOJIKHBI
COOTBETCTBOBAThH 3HAUYECHMUSIM.

OntuMalibHbIE H  JIONMYCTUMBIE HOPMBI  TeMIIEpaTypbl, OTHOCHTEIIHHOM
BJIQXKHOCTH M CKOPOCTH JBIDKCHHS BO37yXa B pabodeil 30HE MPOW3BOJACTBEHHBIX
MMOMEIIICHUM.

JlomycTrMble BETWYWHBI TOKa3aTelied MUKpPOKIMMAaTa yCTaHABIMBAIOTCS B
CIy4asx, Korja TI0 TEXHOJIOTHMYECKUM TpeOOBaHUSAM, TEXHHUYCCKUM H
SKOHOMUYECKUM MPUINHAM HE 00€CTICUNBAIOTCS ONTUMATBHBIC HOPMBI.

B kabuHax, Ha myiabTax M TOCTaxX YIPABICHUS TEXHOJOTHYECKUMHU IIPU
BBITIOJTHCHUN pabOT ONEpPaTOPCKOTO THIIA, CBI3aHHBIX ¢ HEPBHO-3MOIIMOHAIbLHBIM
HaIpsDKCHUEM, JTOJDKHBI COOMIONATHCS ONTHMAaIbHBIE BEIIMYMHBI TEMIIEPaTyphl
Bo3ayxa 22-24°C, ero oTHocuTeNbHOM BiaxHOCTH 60-40% M CKOPOCTH ABUKECHUS
(ae 6omee 0,1 m/c). Ilepedenp npyrux Mporu3BOACTBEHHBIX TOMEIIECHUN, B KOTOPBIX
JOJDKHBI  COONIONATBCS  ONTHMAabHBIE HOPMBI MHUKPOKIHMMATA, OMPEICIIICTCS
OTpaclieBBIMH JOKYMEHTAMH, COTJIACOBAaHHBIMH C OpraHaMU CaHUTapHOTO HaJ30pa

B YCTAHOBJICHHOM IIOPAIKE.
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[Ipu oOecneyeHnr ONTUMAJIBHBIX MMOKA3aTEIeH MUKpPOKIMMAaTa TEMIepaTypa
BHYTPEHHHMX IOBEPXHOCTEH KOHCTPYKLHUH, OrpaKJarolux pabouyro 30HY (CTEH,
1oJia, MOTOJIKA U Ap.), WIM YCTPOMCTB (IKpPAHOB M T.N.), a TaKXKe TeMIeparypa
HapY>KHBIX MOBEPXHOCTEH TEXHOJOTMYECKOro 00OPYAOBaHUS WM OrPaXAArOIINX
€ro YCTpPOWCTB HE JOJKHBI BBIXOAUTH Oosiee uyeM Ha 2 °C 3a mpenelbl
ONTUMAJIBHBIX BEJIMYMH TEMIIEPATYPhl BO3AyXa.

IIpn Temieparype NOBEPXHOCTEM OIPAXKAAIOIIMX KOHCTPYKLUMM HUKE WU
BBIIIE ONTHUMAIbHBIX BEJIMYMH TEMIIEpAaTypbl BO3JlyXa pabouue MecTa JOJKHbI
ObITH yJaJieHbl OT HUX Ha paccTossHMe He MeHee 1 M. Temmeparypa Bo3ayxa B
paboueil 30He, W3MEpEHHas Ha pa3HOM BBHICOTE W B PA3IMYHBIX YYacTKax
NOMEILIEHNU, HE JI0OJKHA BBIXOJUTh B TEUEHHE CMEHBI 3a Mpeesbl ONTUMAaIbHBIX
BEJIMYUH.

[Ipu obecrieueHnr NONMYyCTHUMBIX IMOKa3aTesied MUKpPOKIMMAaTa TeMIlepaTypa
BHYTPEHHUX IMOBEPXHOCTEH KOHCTPYKIMH, OrpakAarouiux padouyro 30HY (CTEH,
1oJia, MOTOJKA U JApP.), WIN YCTPOUCTB (3KPAHOB U T.I.) HE JOJKHA BBIXOJIUTH 32
Ipeiebl TOMYCTUMBIX BEJIMYMH TEMIIEPATYPhl BO31yXa.

[lepenan TemmepaTypsl BO3[ayXa IO BbICOT€ paboyeil 30HBI TMPHU BCEX
Kareropusx pabot gomyckaercs o 3°C.

Konebanus temmnepaTypsl BO3yXa 10 TOPU30HTANIN B paboyeil 30He, a TaKKe
B TE€YEHHE CMeHbI gomyckaroTcs no 4°C - mpu nerkux paborax, go 5°C - mpu
cpenHelt TspkecTH pabotax w gm0 6°C - mpu TsOKeNbIX paboTax, MpU ATOM
a0COIOTHBIC 3HAYCHUS TEMIIEPATYPhl BO3/1yXa, H3MEPEHHOUW HAa pa3HON BHICOTE U B
pa3IMYHBIX ydacTKaxX IMOMELIEHUN B TEUEHUE CMEHBI, HE JOJDKHBI BBIXOIWUTH 32
IIPEIEIIbl TOIyCTUMBIX BEJIHYHH.

Haunbonee 3HaunTenbHBIM (PAaKTOPOM, KOTOPBIN Yallle BCErO PeajbHO BIUSET
Ha IIPOU3BOJUTEIBLHOCTh U 0€30MMACHOCTh TPY/A, ABISETCS MUKPOKIMMAT pabodyero
MeCTa, KOTOPBIM XapaKTEpU3yeTCsl YPOBHEM TEMIIEpaTyphl U BIAXXHOCTH BO3/1yXa,
CKOPOCTBIO €ro JBUKCHUS. OTH mapaMmeTpbl JOJDKHBI COOTBETCTBOBATH

TpeOOBaHUsM, MPUBEJCHHBIM B TabmuIe 4. 1.
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Tadmmna 4.1  TpeOoBamusa K  mapaMerpaM  MHKPOKJIMMAara B

NMPOU3BOACTBEHHOM IMOMEIIICHUHA

ITapameTtpsl
3HayeHus nmapamMeTpoB
Mukpokjaumara
Jletom 3umoin
Temnepartypa, 23-25 22-24
Cxopoctb Bo3aymHbIX Mace, m/c | 0.1-0.2 0.1
OTtHOCHUTENBHAS BIAXKHOCTD, % 40-60 40-60

BeruncnurenbHas ~— TeXHUMKA  SIBISIETCSI  MCTOYHUKOM  CYIIECTBEHHBIX
TEIUIOBBIJICJICHUM, YTO MOXET TPUBECTH K TIOBBIICHUIO TEMIEpPaTypbl H
CHIDKCHUIO OTHOCHUTEJIBHOW BIAXXHOCTHM B MOMENIEHUM. B mMOMenieHusx, rie
YCTaHOBJICHBI KOMITBIOTEPHI, JOJDKHBI COOJIIOMATHCS OIpPECICHHBIE TMapaMeTphl
MUKpOKJINMaTa. B caHuTapHBIX NpaBuiax yCTAaHOBJIEHBI BEJIIMYMHBI MapaMETPOB
MUKpPOKJIMMAaTa, CO3Jaioliue KoMQpOopTHhIE ycioBua. B wyacTHocTH 00beM
IIPOU3BOJICTBEHHBIX MTOMEIICHUI Ha OJHOTO paOOTAIOIIETO HE JIOJDKEH MPEBHIIATh
15 mM® Ha ogHOrO 4YesnoBeKa IMpPH BBHINOJHEHUU JIETKON (u3udyeckoil paboThl C
Kareropueit aHeprorpar la - 16,

Bricokass TemmepaTypa BO3AyXa, OCOOCHHO B COYETAHMU C BBICOKOH
BJIQXKHOCTBIO, PE3KO CHUKAET paboToCcriocoOHOCTh omneparopa. [Ipu s3ToM denoBek
OBICTPO yTOMJISIETCSI, Yy HEro MOHWKAeTCS BHUMAHWE, YMEHBIIAETCS CKOPOCTh
CEHCOMOTOPHBIX PEAKLHM, HAPYIIAECTCS KOOPAUHALMS JIBUKCHHUM, YBEIIMYUBACTCS
KOJIMYECTBO OIIHUOOK.

[TomemeHye omeparopa MMeeT ILIomans mnoma 15 M% Ha OJHOIO
paboTaroIero NPUXOAUTCS 7,5 M2, 4TO COOTBETCTBYET TPEOOBAHUSIM.

Cpennsisi Temneparypa BO3AyXa B MOMEIIEHHH, 00OPY/IOBAHHBIM CHUCTEMOM

KOHJIMIIMOHMPOBaHUs, coctaBisger +23 °C, oTHocuTenabHas BiIaXHOCTH — 50%,
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atMocepHoe nasieHue - 750 MM.pT.CT., cojep:kaHue mbiu - He Oosee 10 mr/m
BO3/IyXa pabo4yero Mecra, MaKCHMAJIBHBIE pa3Mephl YACTHIT - 2 MKM.
Tak kak WuCHONB3yeTCs CHUCTeMa KOHIWIIMOHUPOBAHHS, TO TApPaMETPhI

TCMIICPATYPHI 1 BJIA)KHOCTHU HC MMOABCPrarOTCA CYyIICCTBCHHBIM M3MCHCHMU.

4.2. OcBenleHHOCTH paboyero Mecra

YpoBeHb OCBEIICHHOCTH OKa3bIBaeT JCWCTBHE HA COCTOSTHHE TCHUXUYECKUX
(GyHKIUN U GU3HOJIOTUYECKUE MTPOLIECCH B OPraHU3Me.

[IpaBUIBbHO  OpPraHW30BAaHHOE  OCBEIICHHE CTHUMYJIHPYET  aKTUBHOCTH
AESITEIFHOCTH YEJIOBEKa; YIydIllaeT MPOTEKaHHEe OCHOBHBIX HEPBHBIX MPOIIECCOB.
Takoe ocBemeHHE MPENyNpexKaaeT pa3sBUTHE YTOMIICHHUS, CIIOCOOCTBYET
MOBBIIIICHUIO TIPOU3BOJIUTEILHOCTH TPy/Aa W SBISCTCS BaXKHEHIINM (PaKTOpPOM B
CHW)KCHHUH MPOU3BOJICTBEHHOT'O TPaBMaTHU3Ma.

EctecTBeHHOE M~ HUCKYCCTBEHHOE  OCBEIIEHHE B  TOMEIIEHUSIX
pEerjiaMeHTUPYETCs HOpMaMH B 3aBUCHMOCTH OT XapakTepa 3pUTENIbHON paloThl,
CUCTEMBl W BHJA OCBelleHus, (oHa, KOHTpacTa o0ObekTa ¢ (oHOM.
XapakTepucTHUKa 3pUTEIBHOM paboThl OIpeAeNseTcs HaWUMEHBIIUM pa3MepoM
0o0beKTa pa3nuueHus (Hampumep, Mpu padore ¢ nmpudopamMu — TOJIIUHOW JTUHUU
IPaJyUPOBKH IIKaJIbl, MPH YEPTEKHBIX pPabOTax — TONIIMHOW CcaMON TOHKOMU
nuHuM). B 3aBHCHUMOCTH OT pa3mepa OOBEKTa pa3IHuYeHUs BCE BUABI PadoT,
CBSI3aHHBIC CO 3PUTETHHBIM HAIPSHKECHUEM, JEISTCS HAa BOCEMb Pa3psoB, KOTOPHIE
B CBOIO OuY€pe/b B 3aBUCHUMOCTH OT (hOHA M KOHTpAcTa 00beKTa ¢ (HOHOM JIETATCS
Ha YeThIPEe Moapa3psiaa.

HckyccTBeHHOE OCBEIIEHUE HOPMHUPYETCS] KOTMYECTBEHHBIMH (MUHUMAIIHLHOM
OCBEHIEHHOCTHhIO Emin) W KauyecTBEHHBIMU TMOKa3aTeasiMU (ITOKAa3aTeIsMU
OCIIETJIICHHOCTH U AucKoMpopTa, KoddduimenTom mynscanuu ocsemeHHocTr kE).

[IpunsiTO pasgenbHOe HOPMUPOBAHUE WMCKYCCTBEHHOTO OCBEIICHUS B

3aBUCHUMOCTH OT IIPUMCHSACMBIX HCTOYHHMKOB CBCTa H CHCTCMbl OCBCIICHMA.
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HopMaTtuBHOE 3Hau€HHE OCBEHICHHOCTH MJIA Ta30pa3psIHbIX JIAMII IPU OPOUYUX
PaBHBIX YCJOBHUSAX H3-3a HUX OOJIbIIEH CBETOOTJAYW BBIIIE, YE€M ISl JIAMII
HakanuBaHus. [Ipy KOMOMHUPOBAHHOM OCBEIIEHUU [0S OOIIEro OCBEIICHUS
noikHa ObITh He MeHee 10 % HOpMHpPyeMO#l OCBELIEHHOCTH. JTa BEIUYMHA
JoJbKHA OBITh He MeHee 150 5k 1 razopaspsasbix jgamn u 50 JOk s J1amn
HaKaJMBaHUA.

JI71s1 OrpaHUYEHUS CIETSIIEro TeUCTBUSI CBETUIILHUKOB OOIIEr0 OCBEIICHUS B
MPOU3BOJCTBEHHBIX TOMENICHUSIX T[OKAa3aTelb OCJEIUIEHHOCTH HE JIOJKEH
npesbiiath 20...80 eauHUI] B 3aBUCUMOCTH OT MPOJOKUTEIBHOCTH U paspsiia
3putenbHOM  paboTel. [lpu  OCBelleHMHM MPOU3BOJACTBEHHBIX IMOMEIICHUHN
razopasps/IHbIMU JIaMIaMH, MUTA€MbIMH TIEPEMEHHBIM TOKOM MPOMBIIIJIEHHON
gactotel 50 I'm, riyOmHa mnynbcaruu He aopkHa mnpesbimath 10..20 % B
3aBUCHUMOCTHU OT XapaKTepa BHITIOTHAEMON PabOTHI.

[Ipu ompeneneHurn HOPMBI OCBEIIEHHOCTH CJEAYET YUMTBHIBATH TAKXKE P
yCIIOBUM, BBI3BIBAIOIIMX HEOOXOJUMOCTh TOBBIIIEHUS YPOBHS OCBEIIEHHOCTH,
BBIODAHHOTO  TI0  XapaKTEpPUCTHKE  3pUTENbHOM  paboThl.  YBeIUYeHHE
OCBEUICHHOCTU CJEAYeT MpeaycMaTpuBaTh, HAIpUMEpP, IPU TOBBIILICHHOM
OMAacHOCTH TpaBMaTU3Ma WJIM [PH BBINOJIHEHUU HAIPSIKEHHOW 3PUTEIBHOMN
pa6otsl 1...IV pa3psanoB B TeueHune Bcero padodero IHA. B HEKOTOpBIX ciydasix
CleAyeT CHU)KATh HOPMY OCBEIICHHOCTH, HampuMep, HpH KPaTKOBPEMEHHOM
npeObIBAaHUY JTIO/ICH B TIOMEIIICHUH.

EcrecTBeHHOE OCBELIEHHWE XapaKTepu3yeTcs TEeM, 4YTO co3JaBaemasi
OCBCIICHHOCTh M3MEHSIETCS B 3aBUCMMOCTM OT BpPEMEHH CYTOK, TIoOja,
METEOPOJOTUYECKUX ycioBUU. [loaTOMy B KadecTBe KpUTEpPUS OLECHKH
€CTECTBEHHOTO OCBEIICHUS TMPUHSATA OTHOCUTEIbHAS BETUYMHA - KOI(PPHUIIMEHT
ectectBeHHON ocBemieHHocTH KEO, He 3aBucsmuii OT BbIlIEYKa3aHHbBIX
rnapaMeTpoB.

I[Ipy HegoCcTaTOYHOM OCBEIIEHHOCTH COKpPAIAeTCsd BpEMs, B TEUYCHHE

KOTOPOTI'O IJjia3 4YCJI0BCKa COXPAHACT CcocoOHOCTh pa3indyaTrb paCCManHBaeMBIﬁ
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00BEKT - BpeMs sICHOrO BuAeHUs. Ha yCcTOMYMBOCTB SICHOTO BHJIEHHS OKa3bIBAIOT
BIUSHUE HANPSXKEHHOCTh 3pPUTENbHOW  PabOThl, YpPOBEHb OCBEIIEHHOCTH,
IyJIbCallMsl CBETOBOIO MOTOKAa. Takke dacTele Iepexoabl OT OJHUX YPOBHEHN
APKOCTH K JIPYTMM IPUBOAAT K PA3BUTHUIO 3PUTEIBHOTO YTOMIIEHHUS BCIIE/ICTBUE

nepcajganrtanuy riasa.

OcHoBHBIE TpeOOBaHUS K MPOU3BOJCTBEHHOMY OCBEILIEHHUIO 3aKIIFOYAIOTCS B
oOecrieyeHUU:  JOCTAaTOYHOM  OCBEUIEHHOCTH  pabouyux  MOBEPXHOCTEH,
PaBHOMEPHOCTHU paclpeeieHus] IPKOCTH, OTCYTCTBUS TJIYOOKUX U PE3KUX TEHEH,
MOCTOSIHCTBA  OCBEILIEHHOCTH BO BpeMeHH. [Ipu mNjIaHUpPOBaHUM CUCTEMBI
OCBEILICHMSI, YUUThIBaeTCA crnenuduka paboThl, AJIsi KOTOPOH CO3JAETCsl CHCTEMa
OCBEIIIEHHSI, CKOPOCTh M TOYHOCTh BBIMOJIHEHHUS pab0overo 3aJaHusl, JIUTEIbHOCTD

€I'0 BBIIIOJIHCHMU .

[Tomemnienust nna skcrutyataiun OBM  ODKHBI MMETh €CTECTBEHHOE H
MCKYCCTBEHHOE OCBEILIEHUE

PacuyeT ecTecTBeHHOM OCBelIeHHOCTH. Pacyer miiomaam CBETOBBIX MPOEMOB
IPOU3BOIUTCS IO PopMYyIIE:

e, K, 77, Ky - S

S, = n 4.2
741, -100
rae S, - paccuMThiBaeMas IUIOINAJb CBETOBBIX IPOEMOB IIpU OOKOBOM
OCBEIICHUY,

e, =0,9 - HopmupoBannoe 3Hauenue KEO;

K,=1,2 - koadurmenT 3anaca;

n, =17 - cBeTOBast XapaKTEPUCTHUKA OKHA;

K =1,4 - Koo HUIUEHT 3aTEMHEHNUS TPOTHBOCTOAIIMMH 31aHUAMU;
S, =15 M?- oAb 10Ma;

7,=0,66- o0mmit K03 PUITMEHT MPOTyCKAHHS;
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n=1,78 - xkoadduument, yuuteiBatouii mnosbiieHne KEO Onaromaps
OTPaXEHHOMY CBETY.

Koadpduuuenrtsl e,, K,, r,, r, ONpeaeneHbl N0 TaOIULIAM.

Jlist onpenenenus: TabMMUHBIX KO3()PHUIIMEHTOB UCIIOIB30BAIUCH CIETYIOLIUE
JaHHBIE:

e3/]aHMEe, B KOTOPOM  pacrojaraercss IOMEIIEHHWEe, HaXOAUTCi B
aIMAHUCTPATUBHOM paiiOHE MEPBOU IPYyMITbl C HOPMAJILHBIMU YCIOBUSIMH CPE/IbI;

e pa3psijl 3puTesibHON paboThl oneparopa IV;

® JICTIOJIb3YETCS] COBMEIIEHHOE OCBEIIEHUE;

e [IOMEIIEHUE KIIacCupUIMpyeTcsl, Kakx;

® yroJ1 HAKJIOHA CBETOIPOITYCKAIOIIETr0 Marepuaia K TOpU30HTy He MeHee 76°%;

® OTHOIIIEHUE BBICOTHI TMPOTHUBOCTOSIIETO 37aHUS K PACCTOSHUIO MEXKITY
3JIaHUSIMU PaBHO 1;

® OTHOIIIGHUE JIJTMHBI TTIOMEIICHUs (C OKHaMM) K €r0 IMUPUHE MPUHSTO 1;

® OTHOLIECHUE IIUPUHBI TOMEMIEHUSI K BO3BBILICHUIO BEPXHETO Kpas OKHA Haj
TOPU3OHTAIBHOM paboueii MI0CKOCThIO paBHO 1,33;

e 00muii k03 PUIMEHT NPONyCKaHWs BBIOUpAJNCA ISl  JIBYXKAaMEPHOTO
CTEKJIONIAKETA;

PacueTHoe 3HaueHNE MUHUMAaILHOM TIJIOIIA/Ib CBETOBBIX MPOEMOB So=3,28 M2,
ITnomans CBETOBOIO IIPOEMa B IIOMEIIEHHH 4 M2, 4TO JOCTaTO4YHO Ui pabOThI IIpHU
€CTECTBEHHOM OCBEILICHHHU.

Pacyer HCKYCCTBEHHO# OCBelIeHHOCTH padodero mMecra. VcKycCTBEHHOE
OCBEIIEHHE B TMOMELIEHUSIX HKciuryarauu I[I9BM 10mKHO OCyIIeCTBISATHCS
CUCTEMOM 00IIIEeT0 pAaBHOMEPHOTO MJIM KOMOMHUPOBAHHOTO OCBEIICHHS COTIIACHO.

HCKyCcCTBEHHOE OCBEIICHHE B JAHHOM IIOMEUIEHUH OCYILECTBISIETCS C
nomMomipro 4 samn JIb 58 wmomuoctero 40 BT Kaxkpas, pacronoKEHHBIX

PAaBHOMEPHO B BEpXHEW 30HE OMEIICHUSI.
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Hcxonsa u3 TpebyeMoro 3HaueHus1 UCKycCTBEHHOU ocBemeHHocTu Exn = 3001k
(mpu cucteme 0OIIETr0 OCBENICHUs), OyIeM MPOBOIUTH PACUYET HCKYCCTBEHHOTO
OCBEIIEHUSI METOJOM CBETOBOTO MOTOKA. UHCIO CBETHIHHUKOB OMPEAETSATCS IO

dbopmyne:

nobdoe 2K, (4.2)
D -u

rae n = 4 mT. — YUCI0 CBCTHUJIBHHUKOB,

@, = 4800 1M— CBETOBOM MOTOK UCTOUHUKA CBETA (CBETUIILHUKA);

A= 15 M*~ ocBemaemas IIOIIAEb;

Z = 1,1- ko3 punrieHT HepaBHOMEPHOCTH pacipeiesICHUs] OCBEIIEHHOCTH;
K, = 1,4 — xoadunueHT 3amnaca;

u = 0,5 — xo3pdunreHT UCTIOIBL30BaHUS CBETOBOTO MOTOKA.

W3 sToii dopmynbl ompenensieM 3HAYEHHE CYIIECTBYIOIIEH HCKYCCTBEHHOM

OCBEIICHHOCTH:
@ -u-n
=1 416k
AO.C : Z : K3
PaccuntanHoe 3Hauenne E, = 416nk npu Haauuuu 4 CBETUIILHUKOB.

[lonyyenHoe 3HaueHue E, JIOMYCTUMO, OHO TMPEBBINIAET TpPeOyeMyrO

NCKYCCTBCHHYIO OCBCIICHHOCTDL ITIOMCIICHU .
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3akJIouyeHue

B BeimyckHOM kBanupuKanMoHHOM paboTe Oblla paccMOTpeHa o0030p
MOCTaBJICHHOW 3a/laud W TYyTH €€ pEUICHMs], OCHOBHBIC MPUHIMIBLI PadOTHl U
texHoioruss MPLS, mnpoextipoBano texnonorn MPLS Ha BupTyanbHOW MalllvHe,
co3gano cetb MPLS, a Ttaxke BbIsIBJIEHAa JOCTOWHCTBA U HENOCTATKHU TEXHOJOTHUH
MPLS.

JI71s1 JOCTHKEHUS 1IeTTU PEIICHBI CIISYIONINUE 3a]auu:

- HAWiTH JOCTOMHCTBA U HeaocTaTKu TexHonoruii MPLS;

- MIOCTPOEHUE BUPTYaJIbHBIX YacTHBIX ceTel (VPN) Ha ocHOBE TEXHOJIOTUH
MPLS;

- CpaBHEHUE CETOHSAIIHUX CETeH U MYJIBTUCEPBUCHBIX CETEH OYyIyIIEro;

- oOHapyXeHHe Po0IeM KayecTBa 00CITy)KUBAHUS;

- BBISIBUT MpeuMylIiecTBa Texnonoruu MPLS;

- U3YUYECHUS IJICMEHTBI aPXUTEKTYPHI.

B BeImyckHO# KBanuduKalMOHHONW paboTe ObLIO pa3padorana cetb OSPF
Ha OCHOBE JMHAMUYECKOW MapIIpyTHU3alliy, TaK KaK Ha BUPTYaJIHOW MalllbIHE HET
BO3MOKHOCTU OTOOPa3UTh TAHHYIO TEXHOJIOTHIO.

beuta ngaHa cpaBHUTENIbHAs OLIEHKA BO3MOXHOCTEW TexHojoruu MPLS,
npoOsieMbl KadecTBa oOciyxuBaHus (Q0S) Ha MarucTpalbHBIX Y4YacTKax CeTei,
CTOSAIIME  Tepell  COBPEMEHHBIMH  ONEparopaMu  CBs3u,  oOecleueHue
COBMECTHUMOCTH TexXHOoJoruu MPLS ¢ npyrumMu TEXHOJIOTHUSIMH COBPEMEHHBIMU
orepaTopaMu CBsA3W, NpuHIUI padotsl MPLS u koMmmyrtanuu, 371€MEHTHI

apXUTEKTYPHI, BELIOOP MapuipyTa, ynpasienue TpadpukoM B TexHosorun MPLS.
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