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1. OBIIIUE CBEAEHUHA

Tecrep-anaymzarop Ethernet/Gigabit Ethernet Bepkyr-ET (nanee —
upubop, TecTep) NpeIHa3HAYEH JIJIg IPOBEJICHUS aHAIN3A U JUATHOCTHIECKO-
ro TecTUpoBaHUs cereBoro obopynoBanus 1o meroguke RFC 2544 [5], s
OIEHKN COCTOSIHMST Kabesist, KOHTPOJIA CBIA3HOCTH KaHaJja. B mpubope peasn-
30BaHa BO3MOYKHOCTH OpraHn3anu mnuieiida, a TakKe Moy YeHns CTATUCTUKA
10 IPUHUMAEMOMY U IIepelaBaeMOMy TPaduKy.

[Tpubop BepkyT-ET obecrieunBaer BBIIOJIHEHNE CIELYIOMMUX (DYHKIUIL:

— renepanus/anasiu3 tpaduka Ha kaHaabHOM (MAC), ceresom (IP) u
TPAHCIOPTHOM yPOBHSIX;

— cbop m oToOparkeHue CTATHUCTUIECKON MH(MOPMAIMH 10 TPUHIMAEMO-
My U II€peaBaeMoMy TpaduKy Ha (PU3NIECKOM, KAHAJIHHOM U CETEBOM
YPOBHSIX;

— TECTHUPOBAHHE 110 METO/IUKE RFC—2544E|: Throughput (upomyckuag cro-
cobuocrs), Latency (3azepzkka pacupocrpanenus kajapos), Frame Loss
(yposenb norepb Kapos), Back-to-Back (upenesbnast Harpyska);

— JIMAarHOCTUKA HEUCIIPABHOCTEN Kabess;

— opranusaius muteiida (Loopback) Ha dbusndyeckoM, KaHAIBHOM, ceTe-
BOM M TPAHCIIOPTHOM yPOBHSIX;

— Brutouenne pexkuma «Illneii» Ha ymamérHoM mpubOpe MOCPeICTBOM
nporokosa OAM;

— oupegesierne Kodddunuenra 6urosbix omubok (BERT);

— U3MEpeHHe MAKEeTHOI'O JZKUTTEPA.

Tonpo6roe onmcanue KaxiIoro Tecra mpeIcTaBIeHo B paszede [12]
p p p
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2. KOMNJIEKTAIIUA

Tabmuma 2.1. Kommiekrarus mpudopa

Haumenosanue KoJa-Bo

IMpuGop «Tecrep-ananuzarop FEthernet/Gigabit Ethernet

Bepkyr-ET» 1

Bpormmopa  «Tecrep-ananuzarop Ethernet/Gigabit Ethernet
Bepkyr-ET». PykoBoCcTBO 1O 9KCILTyaTallud U TMACIIOPT

Buok nuranusg (12 B, 1,5 A)

Kabess (220 B, 3-mo/rocHBIi )

Kabens USB

—_= = =] =

Kabess Ethernet
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3. MEPHBHI BE3OIIACHOCTU

1. Tecrep Ethernet BepkyT-ET coorBercTByer 001ium TpeboBaHmsiM 6€30-
rmacaoctu 1o FOCT P 51350-99.

2. Ilo crocoby 3amuThl Ye/I0BEKa OT IOPAYKEHUs] JIEKTPUIECKUM TOKOM
Tectep coorBercTByeT Kiaaccy III, a 6mox mmrammsas — kiaaccy II mo
T'OCT P 51350-99.

3. Ucnprranusi, HaJaIKa, BBOJ, B SKCIUIYATAIIUIO W IKCILIyaTAIAsT TeCTEpa
JIOJIZKHBI IIPOU3BOIUTHCSI C YIeTOM TpeboBaHmii 6€301MacHOCTH, N3JI07KEeH-
weix B [OCT 12.3.019.

4. Tlpwm skcmmyaTanun TecTepa JOJKHBI BBITOJIHITHCS OOTIHe TPeOOBAHMST
MTOYKapHOi 6€30TIACHOCTH.

5. KagecrBo Bo3ayxa pabodeil 30HBI IIPU SKCILIYATAIIUN TECTEPa, JOJKHO
coorBercrBoBaTh TpeboBanusam ['OCT 12.1.005.

Hpu.M,euaHue: 60 BHEULHEM DAOKE NUMAHUA mecmepa umMeemcs
onacHoe OAfL HCU3HU HANPAHCEHUE. 3anpew,aem6ﬂ IKCNAYAMAYUA
640%Ka NUMAHUSA C n06p69deéHHbLM Kopnycom.

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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4. IIPABUJIA U YCJIOBUZ OKCIIVIVATAIINN

. o mauama paborsl ¢ Tecrepom BepkyT-ET BHUMAaTE/IbHO U3ydnTE HA-
CTOSITIIEE PYKOBOJCTBO IO IKCILIYATAINH, Ha3HAUYEHNE KHOIOK KJIaBHa-
TYpBI, BHEITHAX Pa3bEMOB U COCTABHBIX JacTeil TecTepa.

Heobxoaumo obeperatb Tecrep u 6JIOK MUTAHUSI OT YIaPOB, IOMAIAHUS
BJIATH U TIBLIN, JIIUTEIHLHOTO BO3JACHCTBUS MPAMBIX COJIHEUHBIX JIy €.
Ecau Tectep nosBeprasicss Bo3AefiCTBUIO HUBKUX TEMIIEPATYP, TO M€
BKJIIOYEHHEM HEOOXOINMO BBIAEPXKATH €r0 B HOPMAJILHBIX YCIOBUAX HE
MeHee JIByX TacOoB.

IIpu auTe bHBIX TEepephIiBax B paboTe TecTepa PEKOMEHIYEeTCs OTKIIIO-
JaTh IpudbOp U OJIOK MUTAHUS OT CETH.

TecTep MOXKET IKCILTyaATUPOBATHCS IIPU CJIEYIONINX PEXKUMAX IJIEKTPO-
TUTAHUS:

— or ceru 110-240 B, gwacroroit 50 I'ti, ¢ momombio 6JI0Ka TUTAHNS,
[IPU TOM IIPOUCXOUT OI3APSIIKA aKKYMYJISITOPHBIX 3JIEMEHTOB;

— or akKyMyJaaTopHbix sjemenToB (NiMh, ¢ moMuHabHBIM HAIDsI-
sxerneM 4,8 B u emroctsio 4300 MAw).

Sapsij| aKKYMYyJIATOPOB aBTOMATUYECKU BKJIFOYAETCSI IIPU [TOIKTFOYeHIH
OJT0Ka TTUTAHUSI.

Bpewmst niosiHOTO 3apsijia aKKYMYJISITOPHBIX 9JIEMEHTOB OT BHEITHErO OJI0-
Ka MUTAHUs [IPU HOPMAJIBHBIX KJIMMATHIECKUX YCJIOBUSIX — He GoJiee
12 gacos. Ilocsie mostHOrO 3apsijia aKKyMYJISITOPHBIX 3JIEMEHTOB 3apsiji-
HOE yCTPOWCTBO ABTOMATUIECKH OTKJIFOYAETCSI.

Cpok ci1y2KObl aKKyMYJISITOPHBIX 3JIEMEHTOB 3aBUCUT OT KOJIHIECTBA
[IUKJIOB «3apsij-pa3psiiy. st JAaHHOTO THIIA AKKYMYJIATOPHBIX SJIeMEH-
TOB cpefHuil CPoK cay2KO0bI — H00 MUKIIOB «3apsa-pa3psiay. Bpems pado-
ThI OT BHYTPEHHUX aKKyMYJISITOPHBIX 9JIEMEHTOB — He MeHee 6 yacos L.

ITpumenarue: 6 cayuae Ycmanosku NOAHOCTBLIO PA3DANCENHDIL
UAU HOBHLT AKKYMYAATNOPHDBIL IAEMEHMOE NEPED BKAIOUEHUEM Me-
cmepa Heobxodumo ux 3apadums (6pems 3apA0KU AKKYMYALMO-
P06 JOANCHO COCMABAAMD He meree 30 munym).

I dpk. ceerommomos — 40 %; IMomcserka — 50 %; JAucnseit aBTOBLIKI. — 5 MIH.
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IIPABUJIA U YCJIOBUS SKCIIYATAIIUU

4.1

ITpumewarue: daa numanus mecmepa om cemu 220 B, ¢ ua-
cmomot 50 'y, ucnoav3ytime moavko wmammsiii 640K NUMaHUA.
Hcenonvsosanue baoka numanus ¢ 6vlzodnsim mokom menee 1,5 A
UAU € 3A3EMAEHHDIM TNAIOCOM MOIICEM NOSPEIUMD NPUOOP.

HOpMaJIbHI)Ie yci0BUu4d IKCILJIyaTaliun

TeMIreparypa okpyzxatorriei cpeiapt 1525 °C;

OTHOCUTEIbHAA BJIAXKHOCTDL Bosmyxa 40-80 %, mpu temmeparype 25 °C;
armocdepnoe gasienune 84-104,7 kIla (630-800 mm pr. ct.);
Hanpsikenne cetn 110-240 B, ¢ wacroroit 50-60 'ty (npu nuranum Te-
crepa oT GJIOKA IIUTAHUS ).

donycTumbie ycJIOBUS 3KCILTyaTAIlUU

TeMIieparypa okpyzxaorreit cpeiast 540 °C;

OTHOCHTEIbHAS BaaxKHOCTH Bosayxa 90 %, npu Temmneparype 25 °C;
armocdepnoe gasiaenune 70-106,7 kIla (537-800 mm pr. cT.);
nanpsizkenne ceru 110-240 B, ¢ wacroroit 50-60 ' (ipu ucnosnb3oBanuu
BHEIIHEro OJI0Ka [IUTAHUS).

AnmapaTtHble XapaKTEepPUCTUKUI

rabapuTHbIE pa3Mephbl U3MEPUTEILHOTO 6J10Ka He 6ostee 200X 101 x 44 mm;
rabapuTHbie pa3zMepbl 6Ji0Kka nmuTanusa He 6osee 90x53x 35 MM;

Macca m3MmepureapHoro osoka me dostee 0,640 kr;

macca 6soka muranus He 6osee 0,02 Kr.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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5. TIOATOTOBKA K PABOTE

1. Tlocjie u3BIeYeHNs TeCTEPa U3 YIAKOBKU IIPOU3BEIUTE BHEIIIHUI OCMOTP
U IIpOBEpbTEe KOMILIEKTHOCTH TeCTepa B COOTBeTCTBUH ¢ Tabmuneii [2.1]

2. BbLaepKuTe TecTep B HOPMAJIbHBIX YCJIOBUAX HE MeHee 2 4acoB (B TOM
clydae, ecjii paHee TecTep HAXOIWJICsl B YCJIOBUSIX, OTJUYIHBIX OT HOP-
MAaJIbHbIX ).

3. IMopkirounte 610K HUTAHUSA TecTepa K ceTH (€C/IM JJisl IIMTaHus TecTepa
OyJeT UCIoJIb30BaThes cereBoe Harpsizkerne 110-240 B, ¢ wacroroit 50—
60 T'n).

4. Brjounre TeCTep C IMOMOIIBIO KHOIKHU BKJ/IIOYCHNs / BBIKIIOUCHUS [TUTA~
uus (M. pasged [6.1]).

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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6. OIIMCAHUE IIPUBOPA

6.1 JIunesasi maHeJb

Buz munesoit nanenu nupubopa Bepkyr-ET nupencrasien na pucyuke [6.11

Link Tx Rx Test Link Tx Rx Test

?r

| Metrotek Y |

Puc. 6.1. Jlunesas naness

1 — CBeTroanoaHbie NHANKATOPDI.

TpéxiBeTHble CBETONOIHBIE UHIUKATOPDBI CIYKAT JJI AHAJMA3a COCTOSI-
Hus nHTEepQEHcoB.

Bepkym-ET. Pyxosodcmeo no akcnayamauu
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Link — cocrosinue IOIKIIOYEH:

— 3eJIEHBII — COeMHEHNE C TECTUPYEMBIM 00ODY/IOBAHIEM yCTAHOBJIEHO;
— KPACHBIIl — CO€J/IMHEHUS] HET.

Tx — cocTostHUE TIepeIadn JTaHHBIX:

— 3es6HBI (MUraeT UM FOPUT HOCTOSIHHO) — WJIET Iepe/iada aKeTOB;
— He TOPUT — Iepeada MaKeTOB He OCYIeCTBIISIETCS.

Rz — cocrosinne npuéma HaHHBIX:

— 3esi€Hblii (MUraeT UM rOPUT HOCTOSHHO) — WAET UPUEM IIAKETOB;
— He TOPUT — [PUEM HAKETOB He OCYIIECTBIIAETCS.

Test — cocTostHUE TECTUPOBAHUS:

— 3eJI8HBII — IPOBOJUTCSI TECTUPOBAHUE;
— 3esiénblii (Muranne) — Bri046H pexkuM «IIlieiid».

CBeTOMUOHBII MHANKATOP B HUXKHEl 9YacTH [epejHeil IaHe/n KOpIyca
pubOpa 3aropaeTcs MPU BKJIIOYCHNN BHEITHETO THTAHUS:

— 3eJIEHBII — aKKyMYyJIATOPHBIC 3JIEMEHTBI 3aPA?KeHbI;
— 3es8HBI (MUTAHUE) — MTPOUCXOJNAT 3aPsf AKKYMYJISITOPHBIX 3JIEMEHTOB;
— 3esiénblii (Mepuanue) — npoucxoaur obHossenue Bepeuii 110 upubopa.

2 — CTpoka cratyca.

Ormnuncanme CTpOKHU CTaTyca IIPUBEIEHO B paszesie [[.3J)
3 — Hwucnueii.

IIBeTmoit rpadmwaeckuit quCILIEHt.

4 — Knasuarypa.

Q — Bkuntounts /Beikiounts (On/Off)
JLjist BKJIIOYeHMs / BBIK/IIOUCHU S TUTAHUS TECTEPA HEOOXOAUMO HAYKATD U yIEP-
JKUBATH KJIABUIIY B TedeHue 12 CeKyH]I.

— I'maBuoe meno (Main menu)

Kunasuma, CJIY2KUT JIJIsI BO3BpaTa B I'VIABHOE MEHIO.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy



6.1 JIumeBasi maHeJb 19

@ — BBog

— B peXHMe MEHIO B CJIydae, KOIJa BBICBEUYNBAETCs BLIODAHHBIN IIYHKT,
Ha)kaTue HA KJIABUIILY O0ECIIeYNBAET [IEPEXO/] B COOTBETCTBYIOINIEE MEHIO
1 0TOOpaXKeHne COOTBETCTBYIOIIEr0 IKPAHA;

— B pexXuMe 3a/laHUs JIAHHBIX HaXKaTue Ha KJIABUIILY IIPUBOJUAT K U3MEHe-
HUIO MapameTrpa Jinbo MMepeBOJUT B MEHIO BbIOOpa mapamerpos. B ciry-

Jae, KOTJa KJIaBUIIIA @ BBITIOTHSIET (DYHKIMIO BBOJA JAHHBIX, JIJIs

BO3BpaTa B IIPEAbLAYIIEEC MEHIO NCIIOJIb3YeTCd KJ/IaBUIITa ®

® — Ormena/Broixon
Hazkarue Ha KJaBuIy obecrieduBaer nepexo/l B IpeJIbILyTee MeHIO, a Tak-
JKe B peKMMe 3aJaHusl JAHHBIX CIIy?KUT JIJIsi OTMEHbI BBOJIA JAHHBIX.

— NndopmanumonHas maHe b

IIpn mazkaTuu Ha KJIABUIILY Ha 3KpaHe OTOOPAarXKAITCS IOJINCH K
CBETOINOIHBIM WHIMKATOPaM; IIBET (DOHA MOINCH COBIAIAET C IIBETOM COOT-
BETCTBYIOIIETO CBETOANOIHOTO NHINKATOPA.

F1 , F2 s F3 s F4 — q)yHKHHOHaHbeIe KJIQBUIIINA.

@, @, @, @ — KuaaBuinm ynpasJieHusi KypcopoM.
OICICICICICICICICIOIOIORS <L

mu BBoJia mudp, OYKB U 3HAKOB B COOTBETCTBYIOIIIUE IIOJISI.
Hucpbl, OyKBBI 1 CUMBOJIBI, KOTOPBIE MOXKHO BBECTH C ITOMOIIBIO UG PO-
BOI KJIABUATYPHI, IIPEJICTABJIEHBI B TAOJIHIIE

Tabauna 6.1. Iudpor, OyKBBI 1 CHMBOJIBI

KunasBurmna Hudpsl BykBbI CumMBOJIBI
(9 1 . @ / -
2 abc ---

3 def
4 ghi
() 5 ikl
6 mn o ---
7 pqrs ---
8 tuv ---
9 WXYZ ---
0 --- ,
@ o o *

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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6.2 Bxeurnue pazbEMbI

Pacrosiozkenue BHEIIHUX Pa3beMOB TecTepa Ha BepxHeil 1 60KoBoil naHe-
JISIX KOpILyca mpudopa IoKa3aHo Ha PUCYHKAX u 6.3

I = - 1

- T T

10wy S 1

Puc. 6.2. Bepxusa nanens tecrepa

V=4

S

] 12v= useB LN

T T T T

of ° =L

———

Puc. 6.3. BokoBas nanesn Tecrepa

Hasnauenue pazbéMoB U HOAKIIOYAEMbIE K HIM yCTPOICTBA IPUBEICHBI B
Tab/uIe

Tabsmna 6.2. Onucanue pazbéMoB mpubopa

MapxkupoBka Hasznauenue Iloakarouyaemoe
YCTPOMCTBO M

KabeJb

A'B Pasbémbr RJ-45 s Kabesns Ethernet

HOAKJIIOUEHUSA K TECTUPYEMOMY
YCTPOMUCTBY WUJIA CETHU
Ethernet/Gigabit Ethernet
(CKOpOCTB Ilepe/iadn JIAHHBIX —

10,/100,/1000 M6ur/c)

Pazbémbl 151 110K TIOIEHIST SFP-motysib
SEP-momyeit

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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Tabsmna 6.2. Onucanue pazbEMOB IPUOOPA: MIPOJIOJIZKEHIE

LAN! Pazném gia ymamnémmoro Kab6enn Ethernet
YIIpaBJIEHUS] TECTEPOM

USB Pazbém s moakioueHus: K Kabennr USB
[IK o uarepdeiicy USB

12V (12 B) Pazbém st mokroIeHIST Buiok nmuranust

BHEIITHETO OJI0OKa ITMTAHUS

IHamrame pasbéma 3aBHCHT OT BEPCHII IPHOOpa.

Bepxym-ET. Pyxosodcmeo no akcnaAyamauuy




22 OIIMCAHUE IIPUBOPA

6.3 Ctpoka craryca

Crpoka craryca COIEPKAT JaHHbIE O CJIEAYIOMUX HapaMerpax (cjeBa Ha-
paBo):

— 3apsia barapen;
— CKOPOCTB coeiHenust Jist mopra A (Hanpumep, «A:100» o3HAUaeT, YTO
CKOPOCTB coefuHenns jijist mopra A cocrasiger 100 Méur/c);

ITpumenarue: npu nodxaovenuu SFP-modyrs yeem nadnu-
CU UBMEHUMCA ¢ 661020 HaA HCEAMBIT.

— TecCT, 3allyIIeHHbI C UCIO0JIb30BaHNEeM TopTa A;
— CKOPOCTDb CO€JIMHEHUs s opra B;

ITpumewarnue: npu nodkaroveruy SFP-modyars ueem nadnu-
CU UBMEHUMCA € BEN020 Ha HCEAMDBI.

— TecT, 3aIyIIEHHBI ¢ UCIOIb30BaHIeM mopTa B;
— TeKylee BpeMd CyTOK.

Tecrbl, npoBoauMbIe ¢ ucnosb3oBanueM 1opra A (B), obosnavaiorcs B
CTPOKe cTaTyca abbpeBuaTypaMu:

THR (throughput) — anauus upomyckHoii criocobocTu.
LAT (latency) — anajuus 3aJepKKH.
BTB (back-to-back) — anasu3s npenenbHoil HArpY3KH.
FRL (frame loss) — anaju3 ypoBHS 1I0T€Pb KaJPOB.
LB1 (loopback layer 1) — nueiid Ha dbusndeckom (nepBom) ypoBHe.
LB2 (loopback layer 2) — muieiid Ha kanajbHOoM (BropoM) ypOBHE.
LB3 (loopback layer 3) — muieiid na cereBom (Tperbem) ypoBHe.
LB4 (loopback layer 4) — nureiid na TpancnopraoM (4eTBEPTOM) yPOBHE.
BER (bit error rate test) — oupeznenenue koadduipmenTa GUTOBLIX ONIN-
6OK.
PJ (packet jitter) — ompejesneHne IaKeTHOTO JKUTTEPA.
GEN (generate) — remepaius TeCTOBOIO IOTOKA.
J+G (jitter + generate) — oupejesieHue IAKETHOrO JPKUTTEPA U I'eHepa-
Ul TECTOBOrO TpapUKa 3aILyIeHbl Ha OJHOM HOPTY.
PTH (pass through) — pexum «Tpansurs.
CTR (complex traffic) — remepanus/npuém cjiokHOro Tpaduxa.
REM (remote) — nopT UCHOIB3yeTCs [l YIAJIEHHONO TECTHPOBAHUS.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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6.4 CrTpyKTypa ynpaBJsIONIero MeHIO

Inasuoe menio npubopa BepkyT-ET cocrour us Tpéx nogmenio (jiajuee —
MEHI0), MEPEKIOUeHNe MeXKY KOTOPBIMU OCYIIECTBIISIETCS TPU HAXKATHU Ha,

kinasumu  F1 (Bepkyr-ET Hacrpoiiku), F2 (Bepkyr-ET Uucrpymen-
T1), F3 (Bepkyr-ET Wamepenus).

?

CrpyKTypa MeHIO IpeJcTaBjeHa B npuiozkenun [Al
Jljist mepexoia B MOIMEHI0 HeOOXO MO BBIOPATH COOTBETCTBY FOIIUIL ITYHKT

IIpy IOMOIIIHN KJIaBUWIIT @ u @7 3aTeM HazKaTb Ha KJIaBUIILY @

1. BepkyT-ET Hacrtpoiikn.

M A:1000 - B:—— - 13 33

ETS-1000
HacTpoikm

[apaMeTpbl ceTH
NapameTpr WHTeppencos
YcTaHoBKRM npuGopa

Mpopunm
fMor

Hactpofikk  WHoTPYMeHTH  MamepeHua

Puc. 6.4. Menio «BepkyT-ET Hacrpoiikns

2. BepkyT-ET VucTpyMeHTHI.

MO A:i00 - B:——- - 05:34
BepryT-ET
WHCTpYMeHTH!
3xo—3anEoc
DNS

Nepexeat ARP
TCP knmeHT
TecT kabens

neng
TpaHzuT

HacTpoiikd  MHCTpyMeHTH  WsmMepeHHa

Puc. 6.5. Mento «BepkyT-ET NncrpymeHnThI»

Bepkym-ET. Pyxosodcmeo no akcnayamauu
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3. BepkyT-ET U3smepenus.

) A:100 - B:——— - 05 35

Bepryt-ET
Wameperusn

RFC—2544
| Croxuei Tpague
BERT

MNakeTHLIA ARUTTER
TecToBHA MNOTOK
CratncTHka
CoxpaH. paHHwe

Hactpoiikm  MHoTpumerty  Mamepetiia

Puc. 6.6. Menio «BepkyT-ET V3mepenus»

Bepxym-ET. Pyxosodcmeo no akcnayamauu



25

7. IIPOBEAEHUE AHAJIN3A. PEIIIEHUE
TUIIOBBIX 3A/IAY

7.1 TumnoBble 3aga4n

OcHoBHOI1 3aa4eil pu TectupoBanun Ethernet-cereii siBisiercst onpee-
JIEHHE COOTBETCTBUS IPEIOCTABJISIEMBIX YCJIYyT XapaKTePUCTUKAM, KOTOPBIE
oroBapuBaloTCd B coryiaienuu o6 yposHe obcsykuBanusd (SLA — Service
Level Agreement) Mex/y olneparopamu CBs3HM U KiaueHTamu. Ha mepsoM Me-
CTe CTOSIT BOIIPOCHI 00eCIIeYeHrs] TapaHTUPOBAHHOIO KAYECTBa, OOC/TY KUBAHUST
(QoS — Quality of Service), KoTopoe XapaKTepU3yeTcsl CJEYIONMME T1apa-
MeTpaMu: TPOIYCKHAs CIIOCOOHOCTH, YPOBEHb MOTEDPh KAJIPOB, 3aJeP:KKa U
npejiesibHasg HArpy3Ka. DTH IMapaMeTphl U HOABEPraioTCsl TECTUPOBAHUIO B CO-
orBercreun ¢ Merogukoit RFC 2544. /Tyist ipoBepKu TOCTHAKUMOCTH OTIPE/Ie-
JIEBHHOTO aJj[peca BHYTPH WIH 3a IpelejiaMi CeTH U MapIIPyTOB CJIeIOBAHUS
JIAHHBIX HCIIOJIB3YIOTCsl MHCTPYMeHTHl Ping (9xo-recr) u Traceroute (Mapmi-
pyr). Pexkum Loopback (Ilieiid) 1103B0JIsIeT 0CYIIECTBUTD [IEpEHAIIPABIICHIE
rpaduka Ha GU3TIECKOM, KAHAJIHHOM, CETEBOM U TPAHCIIOPTHOM YPOBHSIX.

7.2 Meroguka RFC 2544

Metromuka RFC 2544 omnpejesnsier HaOOp TECTOB, KOTOPBIE UCIOJIB3YIOT-
Cd NP AHAJU3E U OIEHKE BAXKHEHIUX XapPAKTEPUCTUK CETEBBIX yCTPOUCTB.
Coryracuo 1ol MerojuKe, npu tectupoBannu Ethernet-cereit pekomenryer-
Csl IPOBOJIUTH AHAJIM3, UCIOJb3Ys CJIEIYIONIIEe OCHOBHBIE pa3Mepbl Kajipa: 64,
128, 256, 512, 1024, 1280 u 1518 Gaiit. Biiarogapst npeycMOTpeHHBIM BO3-
MOKHOCTSIM aHAJIN3a IIPOILYCKHO CIIOCOOHOCTH, IIPEIEILHON HArPY3KH, YPOB-
Hel TIOTEPH KAJIPOB U 3aJIEPKKU, ITA METOINKA B HACTOAIIEE BPEMS sIBJISAETCS
CTAHIAPTOM «Jie-haKTO» I OTEHKHN Tpou3BoauTenbuoctn Ethernet-cereit.

B nputope BepkyT-ET BO3MOXKHO IIpOBejieHIE YETHIPEX CTAHIAPTHBIX
TecToB B cooTBeTcTBUM ¢ MeToaukoit RFC 2544.

1. Anaaus nponyckrot cnocobnocmu (Throughput). dmom mecm npogo-
dumcs das onpedeseHus MAKCUMAADHO B03MONACHOT CKOPOCTY KOMMY-
MAYUY OAA CEMEBVIT INCMEHMOB, KOMOPVIE PACTLOAAZANOMCA 6 MPAIHC-
nopmmuwix cemax Ethernet.

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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IIpomyckHasi crmocoOHOCTL — MaKCHMAaJIbHAsS CKOPOCTH MEepeIadn TaH-
HBIX, HA KOTOPO# KOJMIECTBO TECTUPYIOMNX KAIPOH], TPOIIEIIINX e~
pe3 DUT, paBHO KOJIMYECTBY KaJIPOB, OTIPABJICHHBIX €My C TECTUPYIO-
IEro 00OPY/IOBAHMS.

IIpu amam3e TPOIYCKHON CITOCOOHOCTH HEKOTOPOE KOJUIECTBO ITaKETOB
C MUHUMAJTLHBIM MEXKKaIPOBLIM HHTEPBAJIOM Itepemaérces Ha Bxom DU
(puc. IEUE) 3areM OACYUTHIBAETC KOJIMIECTBO IIAKETOB, IPULIEIIIINX C
BbixofHOTO TTIopTa DUT. Eciin oHO oKa3bIiBaeTcst MEHbIIE KOJTUIeCTBA I1e-
PEIAHHBIX TTAKETOB, TO MEXKKA/IPOBBIII MHTEPBAJI YBEJIMIUBACTCS U TECT
BBIIIOJIHSIETCSI CHOBA.

ITpumeuarue: 3a6UCUMOCTIG MENHCIY MEHCKADPOBHIM UHIMED-
BANOM U HAZPY3KOT ABAAENCHA 00pAMHOT, MOIMOMY 00N~
WUM BHAYEHUAM MEHCKAIPOBO20 UHMEPBAAL COOMBEMCMEY-
10M MEHDULUE 3HAYEHUA HADY3KU.

Vi

MPOU30ILIA TTOTEPS
KaJpoB

o | V2=t NUT/DUT <

Ne mombITKH

V1, V2 - ckopocTb Tepeayn JaHHbIX

Puc. 7.1. Ananu3 npomyckHoii criocobHOCTH

Ananus sadeporcku (Latency). Omom mecm npumensemes 0as aHaiu3a
B8pEMEHU, KOMOPOE HEOOXOOUMO KAOPY OAA MPOLOHCOEHUS OM UCTNOYHU-
KG K NOAYHUAMENIO U 00pamHo, K UCTo0nomy sremenmy. Fcau epemsa 3a-
DEPIICKU UBMENHACTNCA, IMO MONCEM NPUBECTNU K Npobaremam 6 pabome
CePBUCO8 PEANLHO20 BPEMEHAL.

Ilpr anasmze 3ajepKKu cHAYATA OIPEJIEIISETCS POIYCKHAS CIIOCO0-
nocts DUT nyia BolmenepevdnciieHHBIX pa3MepoB kKajpa. Jlns Kaxkmo-
ro pa3Mepa IaKeTa Ha COOTBETCTBYIOIIEH eMy MaKCHMAJIbHON CKOPOCTH
[OCHLJIAETCS TIOTOK KaJPOB 10 ONPEJIEIEHHOMY aJipecy. MuHuMabHast

1’I‘epMI/IHbI ’KI(L()[), 06127!L(L2[)(LMM& " naxem B OIIMCAHUAX TECTOB ABJIATCA CUHOHUMAaMU.
2I} 9TOM U IOCJEAYIOMNX OINHNCAHUAX TECTOB BCE PaCCMOTPEHHBIE ,ZLeﬁCTBHH BBITTOTHATOTCA

TeCTePOM aBTOMATUICCKU.

SHa PpUCYHKax IIpeacTaB/JIEH OJIUH U3 c1rrocoboB TMOOKJITIOYEeHU A an/I60pa K TeCTUpyeMoMy

yerpoiicTsy /cetn. JIpyrie BapuaHTbI HOJK/IFOUeHHsT — cM. passien [L3]

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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JUIUTEILHOCTD TeCTOBOro oToka — 120 ¢ (110s1b30BaTes b MOXKeT 3a/a-
BaTh JIpyroe 3HadeHue B upezenax or 1 g0 2886 c¢). Yepes mekoropoe
BpeMsl B OJIMH ITAKeT BCTaBJIsIETCsI MeTKa OmpejesiéHHoro gpopmara. Ha
IepeIaloNell CTOpOHe 3aIMChIBACTC 3Ha4UeHne Ta — BpeMeHu, K KOTO-
pOMy IAaKeT ¢ MeTKOU ObLI IMOJIHOCTRIO Hepenan. Ha npuémuoit cropomne
OIIPeIeJIsAeTCs METKA U 3alnchbiBaeTcsd 3uadenne Tb — Bpemenn npuéma
nakeTa ¢ MeTKOM.

Baznepxkka (Latency) — sro pasuuna (Tb — Ta). Dror Tect nosropsier-
ca e meree 20 pa3 (I0Jb30BATEIb MOKET 33JIaBaTh JAPYroe 3HAYCHHE B
upegenax or 1 go 30). Ilo pesyabraram aHau3a BHIYUCISIETCA CPEIHSIA
3a/1ePKKA.

Ta

B - KaJp C METKOH

Ta4ykKa KapoB

T

!
T

3anepikka =Tb - Ta

Tb

Puc. 7.2. Ananuz 3anepxRiu

3. Anaaus yposns nomepv xadpos (Frame Loss Rate). 9mom mecm neob-
T00UM 0N NPOBEPKU CNOCOOHOCTNU CEMU NOJIEPHCUBAML NPUAONHCEHUS,
KOmopoie pabomaiom 6 pPeasbHom 8PEMEN (63 603MONCHOCTNU NOBMOP-
Hotl nepedauu), mak Kax 60ABWOT NPOUEHN NOMEPL Kadpos Npucedém
K YTYOUeHuI0 Kavecmsa CEPEUca.

Anaymz ypoBHSI 1OTEPh KAJIPOB MO3BOJISIET PACCIUTATH IPOIEHT KaJl-
POB, KOTOPbIE He ObLIHN TepeJaHbl CETEBLIM 3JIEMEHTOM TIPU TTOCTOSTHHOMN
HArpysKe M3-3a HeJI0CTaTKa alllapaTHBIX PeCyPCoB.

IIpn amasmze ypoBHs morepb kKaJyipoB Ha Bxoj DUT Ha omnpejesén-
HOIi CKOPOCTH TOCBIJIAETCsI HEKOTOPOE KOJIMIECTBO Kaapos (input count)
U TIOJICYUTBIBACTCS KOJIMIECTBO MAKETOB, IIPUTIEJIINX ¢ BHIXOIHOTO TIOD-
ta DUT (output count).

VpoBenb oTephb KaJIpOB PACCUUTHIBAECTCH 10 (hOpPMyIIe:

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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100 x (input count — output count)

(input count)

IlepBast mONBITKA JIOJ2KHA OCYIIECTBJISITHCA HA CKOPOCTH, MAKCHMAJIhb-
HOIl jy1st aHHOro coenuuenusi. Ciielyromniasi MOMBITKA JIOJI?KHA [TPOXO-
IuTh Ha cKopocTH, cocrasisiioneit 90 % or MakcuMaJbHOl, 3aTeM Ha
ckopocrH, cocrapssiomeit 80 % or MmakcuMasbHON. Mcnbtanus moBTo-
PAIOT, YMEHbIIas CKOPOCThb TecToBOro noroka ua 10 % (Bo3amoxken MeHb-
mmii mar), g0 Tex mop, HOKa B JBYX MOIBITKAX IO HE OyAeT moTe-
PSIHO HU OJHOI'O KaJIpa.

100%
—_—

-
MIOTEepH - Xl%

90%
—_—

-
MOTEpH - X2%

Ne monbITKM

Xl%, Xz% — TIOTepH MPH COOTBETCTBYIOMIEH Harpy3Ke

Puc. 7.3. Anayuz ypoBHsi IOT€ph KaJIpOB

Ananaus npedeavhoti naepysku (Back-to-back). Tecm mossoasem oue-
HUMD BPEMSA, 8 MEYEHUE KOMOPO20 YCMPOTUCMBO CNPABAAECNCA C MAK-
CUMANDHOT, Ha2PY3KOT.

IIpu ananuse HepaBHOMEpPHOCTH Tiepeaaydn JaHHbIX Ha Bxod DUT orch-
JIAIOTCS KaJIphl ¢ MUHUMAJIBLHON MEXKKa,IPOBOI 3aIePKKOM 1 MOACUNTHI-
BaeTcs KoJndecTBo mmaketroB ¢ Boixoya DUT. Eciu koudecTBo oTmpas-
JIEHHBIX KaIPOB PABHO KOJINTIeCTBY KaapoB Ha Bbixogae DUT, To Bpems, B
TeYeHne KOTOPOTO OTIIPABJISIOTCSA KaIPbl, YBEININBACTCS U TECT TIOBTO-
pgercs (HOKa B JABYX HOIBITKAX HOAPSL HE OYyIeT IOTEPsHO HU OJHOIO
kazpa). Ecim ke kosmaectBo nakeros Ha Boixoge DUT menblne duciia
OTIIPABJIEHHBIX, TO BPEMsI YMEHBIIIAETCS U TECT IIOBTOPSIETCSI.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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Ta4yKa KaJpoB
I [
I | I
1 kazp norepsiH

KOJI-BO KaJIpOB B MavKe
YMEHBLIAeTCS

I
I

TOTEPh HET

Ne nombITKH

Puc. 7.4. Ananus npeieibHON HATPY3KH
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7.3 lloakaroveHue npubdbopa m HAYAJIO PabOTHI

7.3.1 Cxembl MOAKJJIIOYEHUsT TIPpUOOpa

MAC d=MAC2[MACs = MAC 1] [MAC d = MAC 2MAC s = MAC 1]
> nopr A(B)
g E y [MAC d=MAC IIMAC s = MAC 2|

MACd — MACs

lneiid
! 2-r0 ypOBHS

Puc. 7.5. Bapuanr noakiovenns 1

Ps=1P[IPd=IP2

[Ps=1PI[IPd=1P2]

< nopr A(B)|

IPs=1IP2[IPd=1P1

NUT/DUT

router =
|

MACR

noptr A(B) «——

TPs=1P2IPd=IP1

MACd — MACs
IPd — IPs

Puc. 7.6. BapuanT noakiouenns 2

[Ps=1PIPd=1P2

nopr A NUT/DUT
router = I
[ Tl ol ol

moprB <— MACR

[Ps=IPIIPd=1P2]
MAC d=MAC2MACs=MACR

Puc. 7.7. BapuanTt nojkmouenust 3
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MAC |
MAC2
PL.. 2

[Ps=TPIPd=1P2

nmoprA —>

noprB  <«—

IPs=TPIIPd=1P2]
MACd=MAC2MACs=MAC |

Puc. 7.8. BapuanT nojkiaodenust 4

Ha puc. [IOKA3aHO CXeMaTUIecKoe MOJKJIoUeHne npubopa (¢ uCrnobp3oBa-
HEEM OJ[HOI'O LOPTa) K CeTH, cojepzKalleil ycrpoiicTsa, paboraioniye Ha Ka-
HAJBHOM YDOBHE, Takue, Kak, HalpuMep, cereBoil kommyTarop (switch). B
9TOM CJIydae FeHepupyeMblil TpuOOpOM TpadUK J0JIKEH ObITh ITepEeHAIPaB-
JIeH 00PATHO IOCPEJICTBOM opranusanuu sHerHeil «iernn» (loopback). ITpu
3TOM BO BXOJSINNX Iakerax MeHsaorca mecramu MAC-aapeca orupasureis u
rosrydaresisi, 1 TpaduK BO3BPAIIAETCS HA UCXOAHBIN IOPT.
Ha cxemax 1oak/IIO9eHNnsl BBEIEHbBI CJIEAYIONUEe 0003HAUEHMS:

MAC s — MAC-aapec oTupaBuTe)is;
MAC d — MAC-ajpec nosygarests;
MAC R — MAC-ajpec mumosa;

IP s — IP-azpec ormpasurers;

IP d — IP-axpec nosygareds.

Ha puc. [TOKA3aHO O/IKJIIOYEHNE IIPHO0Pa K CETH, COIEePIKAINEN yCTPOii-
crBa, paboramolire HA KAHAJIHLHOM M CETEBOM YPOBHSIX, TaKue, KakK, HAIIPU-
Mep, cereBoii KommyTaTop (switch), mapmpyrusarop (router). B orimdune or
[IPEJIBIIYINEro CIydasi, BO BXOAMIINX makeTax MeHsitorcss Mmectamu u MAC- u
IP-agpeca ornpaBuresisi u moJjydaTesisi, 1 TpapuK BO3BPAIAETCsI HA UCXOJI-
HBII ITOPT.

B cityuae TectupoBanus yCTpORCTB/ ceTeil ¢ BO3MOXKHOCTHIO MaPIIPYy TH3a~
iy IP-rpaduka ncnosbsyrores gapa nopra (puc. [[7). B sToMm ciyuae nakeTst
[IEPEHAIIPABJISIIOTCS Ha JIPYTOil OPT MpubOopa MPU IIOMOIIKA MapIIpyTH3aTO-
pa. Takxke Bepkyr-ET moxkeT ObITh MOJAKIIOYEH K CETEBOMY KOMMYTATOPY,
TaKoe MOJKJII0YeHNe TIOKa3aHo Ha puc. [1.8]
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7.4 TectroBble KOHDUrypaImn

B mpubope BepkyT-ET nmeercs BO3MOXKHOCTD UCIIOIB30BAHNS IBYX Te-
CTOBBIX KOH(pUryparmii [1.

DTO 03HAYAET, YTO 00HOBPEMEHHO MOXKHO IPOBOIUTH JIBA HE3ABUCHMBIX
tecra RFC-2544 u BERT B ciemyomux KoMOMHAIUSIX:

— BERT u BERT;

— RFC-2544 u RFC-2544;
— BERT u RFC-2544;

— RFC-2544 u BERT.

Ha pucynke CXEeMATUYHO TIPEJCTABJIEH OJIMH U3 4 BO3MOYKHBIX Bapu-
AHTOB TecTupoBaHus: ¢ mopra A ma mopr B mposojurcs Tect RFC-2544, a ¢
mopra B na nopr A — BERT.

RFC-2544 (A—B)
———————— BERT (B—A)

Puc. 7.9. Cxema nogakmodenust

,H.HH MIEPEeKJIIOICHN A ME2K/Ty TEeCTOBBIMU KOHd)I/II‘ypaHI/IHIVH/I HCIIOJIB3YHOTCA

KJIQBUIITN @ u . Howmep BoIOpaHHOI B JaHHBI MOMEHT KOH(UIYPAIUH
oToOparkaeTcs B CTPOKE CTaTyca CIipaBa OT MHIMKATOPA 3apsiia OaTapen.

M @n:1000 - B:——— - 13 19
RFC-2544

3apepxka
MoTepn rapgpos
MpepensHas Harpyzka

HacTpoikm

Crapr Coxp./3arp.

Puc. 7.10. TecroBbie KoHDUrYpaImn

1B 6azosyio Kouduryparmus ze BXOAUT. JJ0CTYIHA IPU JOMOTHATEIHHOM 3aKa3€ OIIIHIL.
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7.5 TecroBble pe>KNMbI

B mputope Bepkyr-ET cyrmecTByeT nBa TECTOBBIX perKuMa

1. BERT/RFC-2544.

2. Cuoxubrit rpaduk/IlakeTHbiii JKuTTED.

B pexknme «BERT/RFC-2544» npu nonsitke 3amyctutb Tect «CII0KHBIN
Tpacdury man «IlakeTHsrit mKUTTEP», TPUOOP BHITAET COODINEHNE O HEOOXO-
JINMOCTH TIPOBEJICHUsT PEKOHMUTypanun Jjist nepexojia B pexknM «CIiosKHbIii
rpaduk/Tlakernsrit mxurTep» (cm. puc. [L11).

[Iporecc pexonduryparmu, Ipyu KOTOPOM IIPOUCXOJIUT CMEHA MUKPOKO/IA
FPGA, 3anumaer okosio 40 cekyna. Y npubopos annapartHoii Bepcuu 2.1 u
Boie (cepuiinbie HOMepa 9XXX) peKOHMUrypaIHsl 3aHUMAET OKOJIO 3 CEKYH/IL.

Pekoudurypanus meobxommmMa Takzke Ipu mepexojie u3 pexuma «Cox-
ublit rpaduk/Ilakerusiii mxxurrep» B peskum «BERT/RFC-25445».

W A:1000 - B:——— - 11 48

BHuManme |

HeobxopumMa pekoHpurypauma.llpesectn?

la Her

Puc. 7.11. Coobrenne 0 HeOOXOIUMOCTU PEKOH(MUTY pAITUT
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7.6 RFC 2544. O06inue HaACTpONKU

0 A:ico - B:——— - 04:39

HacTpoikm

Tononorus TectoB
3aronoBok
Kappw

Sapepxka
NoTepwn kappoB
MNpepensHan Harpyaka

[loneAHUTeNEHO

Mo YMomaHH

Puc. 7.12. RFC 2544. Hacrpoiiku

SaﬂaTb 3HaYCHUsA ITapaMeTpOB TeCTOB JJId IIPOBEACHUA aHaJIn3a MOZKHO
ﬂByNHICHOCO6aMHZ

1. Beibpars crangapTHble HACTPOHKHU B cooTBeTcTBUH ¢ MeToinkoil RFC 2544
(kmaBuma « F4 («ITo ymosuanuios)). Hacrpoiiku 6y1yT IpuMeHeHbl Jis
BCeX MOJMEHI0, MoKasaHHbIX Ha puc. [ 12 kpome «Torosorusi TecToB»

U «3aro0BOK».

2. IIposecru Hacrpoiiky Bpy4nyto (cM. pasmesst [LOIHCED [CTIHTTH).

7.6.1 HacTtpoiika 3arojioBka

1] Az100 - B:——— - 01 44

3aronoBok

MAC Otnp, 00:21:CE:08:08:32
MAC TMonyu, 00:21:CE:08:09:31
182.168.2.1
IP Monyu, 192,168.2.1

[loneAHUTeNEHO
WLAN Bririn
MPLS TH ©
MPLS RY -—-—-—-——-
IF ToS 0000b: precedence O
UIP BOO00A50000

A E

Puc. 7.13. Menio «3aroygoBox»

MAC Otmp. — MAC-anpec ornpasuress. B kauecree MAC-anpeca ot-
npasuressa ykaspiaercs MAC-aapec nnrepdeiica HCTOYHUKA.
MAC Iloay4u. — MAC-ajpec mosydaress:
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— €CJIM UCTOYHUK U TOJIyYaTe b COEIMHEHBl HAIIPSIMYIO, 6€3 ITPOMEZKy TOU-
HBIX MapHipyTu3atopos, B kadecrse MAC-ajapeca mojydaresiss yKasbl-
Baercst MAC-ajpec unrepdeiica mosrydaresis;

— eCJIM MeXKJIy UCTOYHUKOM U IOJIydaTejeM CYIIeCTBYET XOTd Obl OJUH
MapIIpyTu3aTop, Heobxoaumo ykaszatb MAC-aapec 6umkaiiniero K mc-
TOYHUKY MapIIPyTH3ATOPA.

IP Otmp. — IP-azgpec oTmpaBuTes.
IP Ilomy4. — IP-agpec nosyuaress.

CyimecrByerT BO3MOXKHOCTH aBToMaTudeckoit nogcranoBku MAC- u IP-
aJIpecoB:

— npu Haxkaruu Ha Kiasuiry ~F1 (0 F2 ) Bmecto Texkymero MAC-anpeca
Gyaer noxacrasienr MAC-anpec nopra A (B), ykazauubiit B Menio «1u-
dopmarusi»;

— [pu HaxkKaTUM Ha Kjasunry ~F1 (1 F2 ) Bmecro rekyiero IP-aapeca 6y-
zet nogcrasien [P-agpec mopra A (B), 3aganusiii B Menio «Ilapamerpsr
CeT!»

— npu HaxkaTuu Ha Kiaasuiry F3 (mpu Boibope «MAC Tlomyq.») Gyzer
nposenén ARP-3anpoc. B pesynbrare 3ampoca Bmecro tekymero MAC-
agpeca nosygarens Oyiaer nojcrasien MAC-aapec, cooTBeTcTByOmmit
IP-azgpecy momyaarens.

Takke Ha 9KpaHe 0TOOPAXKAIOTCS 3HATCHNA, 33/ IaBAEMbIe B MEHIO «3aro-
JIOBOK (Io11.)».

7.6.2 Hacrpoiika 3aroJjioBka (IOIIOJTHATEJIHHO)

[ Az100 - B:——— - 11 04

3aronosok {pgon.)

YLAN
MPLS

Precedence ©
ToS 0000

UDP src ©
UDP dst ©

Puc. 7.14. Menio «3arojioBox (Jor.)»

VLAN — nepexon B Menio « VLAN», mosposisioniee 3agaBarh 10 TPEX
VLAN-meroK.
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ITpumenanrue: npu naoicamuu na kiasuwy F1/ F2 («A»/«B»)
6 kawecmee nacmpoex VLAN 6ydym asmomamunecku nodcmas.ne-
HoL Hacmpotiu, 3adantvie 6 menio «Ilapamempu, unmepgeti-
coe» = «VLAN» dasn nopma A(B).

VLAN W]

Mpuoputer 2
I

Mpuoputer 4
I

Mpuoputer 7

VLAN

ID 1000

2000

4000

Brikn

1

2 3

Puc. 7.15. Memio «VLAN»

ID — 12-6urHbiit uaeatTudurarop VLAN, npesacrapisier coboil aucjio or
0 mo 4095. Opnoznauno ompesesnser VLAN, koropoil mpuHajieskuT Kajp.
Hynesoe snauenne VLAN ID mnokasbiBaer, 9TO IAHHBIA KaJp He HECET WH-
dopmarun o VLAN, a copepxut nadOPMAIIIO TOJBKO 0 mpuopurere. Kcim
guadenre VLAN ID ycranosieno paBabIM 1, TO IpH IIPOXO0JIe Y€pe3 MOPT ceTe-
Boro kommyTaropa 3uaderre VLAN ID mist aTor0o Kajpa Oyaer ycraHOBJIEHO

paBabiM VLAN ID nopra.

IIpuopurer — mose, Koropoe onpejensger npuopurer Tpaduka. Cyme-
crByer 8 3uadenuil upuopurera ([I]), coorBercrBre MexKy IpHOPUTETOM U
oM tpaduka npeacrasiaeHo B Tabdmumne [11

Tabmuma 7.1. Ilpuopurerst u Tunbsl Tpaduxa

3HadyeHHne

Omnucanue

1

Background

(Default)

Best Effort

Excellent Effort

Critical Applications

Video

Voice

Internetwork Control

0
2
3
4
5
6
7

Network Control
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Tunsr Tpadpura Network Control u Internetwork Control 3apesepsupoa-
HBI JJI COODIennii yrpassenus: cerbio. llpuopurerst 4 m 5 MOrYyT HCIIOJIb-
30BaTbCsl JIJIsi 0COO0 UyBCTBUTEJBHOIO K 3ajep:KKaM TpaduKa, TaKOro, Kak
BUe0 win pedb. llpuopurersr Tpaduka ¢ 3 mo 1 npegHa3HAYEHBI I Pa3-
JIMIHBIX 3387149 — OT MOTOKOBBLIX mpuyoxkennii 10 FTP-tpaduka, crrocobmoro
CIIPABUTHCA ¢ BO3MOXKHBIMI TIoTepsvu. Kitace 0 pesepBupyercs s «MakCu-
MaJILHO JIydIneil» JOCTABKU U MPUCBAUBAETCS B TeX CJIydasx, KOrJa He CIie-
nuUIMPOBaH HUKAKON JIPYroil KJracc.

MPLS — nepexon B merio «CTek METOK».

ITpumenarue: npu navsicamuu na kaasuwy F1 / F2 («A»/«B»)
6 kawecmaee nacmpoex MPLS 6ydym asmomamuuecku nodcmasae-
1oL Hacmpotiky, 3adannsie 6 meno «Ilapamempu, urnmepgeti-
coe» = «MPLS» dasn nopma A(B).

Precedence — noJie, KoTopoe yKasblBaeT MPUOPUTET Kapa. BO3MOXKHO
BOCeMb 3HaveHui npropurera kaapa B coorsercrsun ¢ RFC 791 [2]. Ormnpa-
BUTEb MOXKET YCTAHOBUTDH B 9TOM IT0JI€ JTI0O0E 3HAeHne n3 Tabuis [1.2

Tabsmma 7.2. 3uavenns noJs Precedence

3uavyenue | Onucanue IIpumeyanue

0 Routine OO6bIYHBII IpHOpPUTET

1 Priority IIpenmouarnTenbHbIil IpHOPUTET
2 Immediate Hewmenennnlit mpuopurer

3 Flash Cpounslit mpropuTeT

4 Flash Override DKCTPEHHBIIi IIPUOPUTET

5 CRITIC/ECP Kpunrnaeckuit mpropurer

6 Internetwork Control | MexcereBoe yupasienue

7 Network Control CereBoe yupasienne

ToS (Type of Service) — nose, KOTOPOE OLpeIEJIsIeT THII 00CILY KUBAHUS
IP-nakera. OTrpaBuTe b MOXKET YCTAHOBUTD B 9TOM TI0OJIE JTI000€ 3HAUEHUE U3
rabmunwt [[3] pykosogcTeysacs meromukoit RFC 1349 [4]. Takxke Bo3mMOKHO
YCTAHOBUTH JIFOOYIO JAPYIYI0 KOMOMHAIMIO U3 4-X OUT B COOTBETCTBUU C Ha-
CTPONKAME MapIIPYyTH3aTOPA.
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Tabmuma 7.3. 3uauenus noas ToS

3uadvenue | Onucanue IIpumegyanue

1000 Minimize delay MuHIMU3UPOBATh 3aI€PKKY.
Wcnonb3yercst, Korjia BpeMst
JIOCTaBKH IIAKeTa ¢ UCXOJHOTO
CeTeBOro yCTpoicTBa 10
azpecara (BpeMsl OKUJIAHNA)
HauboJIee BaXKHO M JOJIZKHO
OBITH MUHUMAJIbHBIM.

0100 Maximize throughput MaxkcumasibHast TPOITYyCKHAST
CIIOCOOHOCTH. YKAa3bIBaeT, ITO
MaKeT J0JIXKEH ObITh
[epEeHAIIPABJICH Yepe3 KaHAJ
C MaKCHIMAaJIbHOI TIPOITyCKHOI
CIOCOOHOCTBIO.

0010 Maximize reliability MaxkcumasibHast HaJI6KHOCTD.
Wcnonp3yercs, Korjga BazKHO
UMeTh YBEPEHHOCTH, YTO
JIQHHBIE JTOCTUTHYT aJIpecara
6e3 ITOBTOPHOIT IIepeati.

0001 Minimize monetary cost | Munnmusuposars
cronMocTs. Vcnomb3syercs,
KOI'/1a HeOOXOIUMO
MUHAMHU3UPOBATH CTOUMOCTH
mepeiavun TaHHbBIX.

0000 All normal O6bIYHOE 0OCTYKUBAHUE.
B sTom cityuae
MapIIPyTU3AIHS [TaKeTa
OT/Ia€TCs Ha YCMOTPEHUe
npoBaiiziepa.

UDP src — noJte nospoJisier Beectu HOMep UDP-miopra oTrpaBuTeis.
UDP dst — noJse no3zBossier BBectu HOMep UDP-1tiopra mosygarests.
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7.6.3 RFC 2544. Hacrpoiika MPLS

Crek MeToK s TectupoBanus o Meroauke RFC 2544 3anaéress B MeHIO
«Crek meTok»: Hamepenus = «RFC 2544» = «Hacrpoiikus» = «3arojioBoK»
= «Jlononuurenbao» = «MPLS».

0 n:ioo - By———— - 19 22

CTek MeToK

| Kon-po_meTok [
Metka 30000

MPLS COS5 ©
TTL 128
MeTka 20000
MPLS COS5 ©
TTL 128
Metka 10000
MPLS COS5 ©
TTL 128

Biwirin 1 2 3

Puc. 7.16. Menio «Crek MeTOK»

Kous-Bo MeTOK — BbIOOD KostmdecTBa MeToK (0T 1 10 3).
Metka — 3HaveHnE METKH.

MPLS COS — kJjiacc o0C/IyKUBaHUsI TTAKETA.

TTL — Bpemd KU3HU TAKETa C METKOI.

7.6.4 TomoJsorus Tecros

W A:100 - Bi——— - 22:14

Tonenorma TecToB

MNopT nepegayud sl

NopT npuéma B

flucT, IP 192.168.1.1

A B JHCTAHUMOHHER

Puc. 7.17. Menrwo «Tonosiorusa rectoB»

C TOMOIIBIO 3TOTO MEHIO 3aJa€TCs IOPT MPUEMa W TOPT MEPeJadn JIaH-
oeix. OZMH M TOT Ke HMOPT MOXKET CJIyKHTh M JJIs IIepeJadu U JIJisl [IpUé-
Ma JaHHBIX (Hampumep, upu ucnosb3osanuu dynkiuu Loopback). B ciyuae
HCIIONIb30BaHusA (DYHKIMHA aCUMMETPUIHOIO TECTUPOBAHHUA B KauecTBe IOPTa
nepenaqn,/ npuema Boibupaercs «Iucrannuonusiit> (cMm. pasmest [[L).
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7.6.5 Brnibop pazmepa Kaapa

O A:100 - B:i———— - 04:07
Kappw
IR 64 Bkn
2 128 Brn
3 256 Brn
4 512 Brn
5 1024 Bkn
8 1280 Bkn
7 1518 Bkn
8 64 Buikn
Brn Braren Mo YMomaHH

Puc. 7.18. Meno «Kaapor»

Pasmepsl KaJpoB Jjig POBEJIEHUsT TECTUPOBAHUS MOXKHO 3aJaTh JIBYMs
criocobamu:

1. Beibparb cranmapTHBIE pa3Mepbl [IepeIaBaeMbIX KaJIPOB B COOTBETCTBUN
¢ meroaukoit RFC 2544 (knasurma  F4 («Ilo ymomuanuio»)): 64, 128,
256, 512, 1024, 1280, 1518 Gaiir. [Ipu 3TOM MMeeTCsi BOSMOXKHOCTD J10-
HOJTHUTEJILHO 33JaTh OJIUH KaJIp IPOU3BOJILHOrO pasmepa (ot 64 1o 9600
Gaiir).

2. BBectn Bce pasmeps! KaJIpoB BpyYHYIO. Pasmepsl KaJIpOB HE OJI2KHBI
6b1TH MenbIie 64 6aiitT u npesbimars 9600 GaiiT.
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7.7 RFC 2544. Hacrpoiika napaMeTpoOB TE€CTOB

7.7.1 Ilapametpnl Tecta «IIponmyckHasi cmocoOHOCTH»

[ A:100 - B:—— - 23 27
MponyckHas cnocoBHoCTb
HacTpoikm

| Bunonnar IR
Harpyaka (L1} 100 %
MNpoGa.c B0

Pazpewerune,.¥ 0,01
Mopor notepk.% 9

Het La

Puc. 7.19. Hacrpoiika napamMerpoB Tecta

BbIIIOIHATD — BKJIOYEHUE/ OTKJIIOUCHIE AHAIU3A IIPOILYCKHOMN CII0COOHO-
CTH.

Harpyska (L1) — suauenue dusuveckoit (L1) ckopoctu B mporenrTax
("F1 ), B x6ur/c (' F2 ) wim B Mb6ur/c ( F3 ).

IIpoGa, ¢ — mepuos BpeMeHH, B T€UeHHEe KOTOPOrO BBIMIOJIHSAETCsT IPpoda
JUTsL KazKJI0r0 3aJIAaHHOIO B HACTPOiiKax pasmepa Kajpa (1-2886 c).

Paspemenue, % — paspemenne, ¢ KOTOPbIM Oy/eT MPOU3BOJANTHCS I10-

HCK IPOILYCKHOMN crocobHoCTH. Bo3mokuble 3nadenns: 10 ((F1 ), 1 ( F2 ),

0,1 ( F3 ), 0,01 ( F4 ). Haumenbiniee 3HavueHre pas3penieHusi COOTBETCTBYET
HauOOJIbINeH TOYHOCTH H3MEPEHHs MPOITYCKHON CIIOCOOHOCTH KaHaJIa.
ITopor norepb, % — nopor gomycrumbix norepsb (0-10 %). Eciu kosm-
YECTBO IPUHSATBIX IIAKETOB OKA3bIBACTCS MEHBIIE KOJINIECTBA IePEJaHHbIX Ha
BEJIMUMHY JOIyCTUMOTO II0OPOTa MOTEPh, TECT CUNTAETCS PO IeHHBIM.
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7.7.2 IlapameTpbl TecTta «3ajepKKa»

1] A:100 - B:—— - 03 42

Sapepxka
HacTpoikm

| Bunonnar IR
Kon—-Bo npo6 20

MNpoBa.c 120

Harpyakm (L1}

Het La

Puc. 7.20. Hacrpoiika napamerpos Tecta

BbINONHAT, — BKJIOYEHNE /OTK/IIOYCHIE aHAJIN3a 3aJePKKH [epeIadn
JIAHHBIX.

Kou-Bo 1pob — KOJIMYIecTBO MOBTOPEHUI TeCTa I KayKI0T0 38 [aHHOTO
pa3mepa Kajpa.

IIpob6a, ¢ — mepno BpeMeHu, B TeUeHne KOTOPOTO BBLITOJIHSIETCS Tpoba
JLJI KaKJIOr0 3aJJaHHOrO B HACTPOliKax paszmepa kajpa (1-2886 ¢).

Harpysku (L1) — nepexon B merto «Harpysku (L1)».

[ A:100 - B:——— - 22 23

Harpyskm (L1}

Ll L8 lMpon. cnoc.

84 Gant 100
128 Gamtr 100
256 Gant 100
212 Gant 100

1024 Gaat 100
1280 Ganat 100
1518 Gaatr 100
9100 Gant 100

HEMNHERENR

Mpon, cnoc, BpuqHL

Puc. 7.21. Menio «Harpysku (L1)»

Ucrounuk — upu Boibope «IIpor. croc.» (- F1 ) tecr «3anepxkka» Oyer
[IPOXOJIUTH IIPU 3HAYEHUU HATPY3KH, [IOJyYEeHHOM B pesysbrare Tecta «IIpo-
ycKHasg crocobnocTby. [Ipu BeiGope «Bpyunyio» (' F2 ) npu nposeuenuu re-
cra OYIyT MCIIOJIb30BAHBI 3HAUEHNS, 38/ [aHHbIE [I0JIb30BATEIEM.
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7.7.3 Ilapametpsl Tecta «IloTepu KagpoB»

[ 1] A:100 - By ——— - 21:32

MoTepn rapgpos
HacTpoikm

fla
MNpoGa.c 1
Kon-Bo waroe 10

Hau,Harp.{L1} 100 %
KoH,Harp.{L1} 10 4

Her la

Puc. 7.22. Hacrpoiika mapaMeTpoB TecTa

BbIIIoIHATS — BKJIIOYEHHE/OTKJIIOUCHUE AHAIM3a, YPOBHS [IOTEPh [epe-
JTadH.

IIpob6a, ¢ — mepmo BpeMeHu, B TeUeHne KOTOPOTO BBLITOTHSIIETCS Tpoba
JLUIS KaKJIOr0 3aJ]aHHOrO B HACTPOliKax pasmepa kajpa (1-2886 ¢).

KoJ1-BO 11aroB — KOJIMYECTBO MIArOB U3MEHEHUs] HArPY3KH.

ITons HavyanbHas Harpyska (L1) u koneunast Harpyska (L1) mosso-
JIAIOT 33/aTh IUANA30H 3HAYEHUN HAIPY3KH, HA KOTOPOil OyAeT IPOBOIUTHCH
aHaJmM3 ypoBHs 1oTepb. 3Hadenus dusndeckoil (L1) ckopocru 3amaiorcs B

nporenTax (- F1 ), B kK6ur/c (' F2 ) wuu 8 M6ur/c ( F3 ).

7.7.4 Ilapametpsl Tecta «IIpenerbHasi Harpy3ka»

1] A:100 - B:——— - 21 34

MNpepensHas Harpyzka
HacTpoikm

fla
Kon-Bo npo6 1
MNpoGa.c 2

Harpyakm (L1}

Het La

Puc. 7.23. Hacrpoiika napamMerpos Tecta

BbIIIOIHATD — BKJIIOYEHUE / OTKJIIOUEHNE AHAIM3A, [IPEIe/IbHON HAIDY3KH.
KoJi-Bo m1po6 — KoJIM9ecTBO MOBTOPEHUIT TeCTa, JIJIs KayKJI0r0 3aaHHOIO
B HaCTPO#Kax pa3Mmepa Kajipa.
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IIpob6a, ¢ — mepnos BpeMeHu, B TeUeHne KOTOPOTO BBLITOJTHSIETCS Tpobda
JLJIsL KazKJIOr0 3aJlaHHOIO B HACTPOiiKax pasmepa kajpa (2-2886 ¢).
Harpysku (L1) — unepexosn B merto «Harpyskn (L1)» (cm. puc. [L2T]).

7.7.5 JlonmosiHUTEJIbHbIE HACTPOWNKU

7 n:ico - By———— - 10 56

[loneAHUTeNEHO

2000
06yvenme, . mc 2000

Puc. 7.24. Menro «lonosHUTE/IHHO

WuTepBas, Mc — BpeMs MEXKIY OKOHIAHUEM OHOI ITPOOBI U OTIIPABKOT
obyaaromero xaapal.

OOy4ueHue, MC — BpeMsi, 4Yepe3 KOTOpOe HAYHETCS TECTUPOBAHUE ITOCIIe
OTIIPABKU 00YYAIOIIEro KaJipa.

Corstacao RFC 2544, unrepsan cocrasiser 7000 mc (2000 mc oTBoguTCs
Ha I[OJIydeHne OCTATOYHBIX KauapoB, 5000 Mc — Ha pecTabMIM3aIII0 TECTUPY-
eMoro ycrpoiicrsa), a o6yuerune — 2000 mc.

[Tosb30BaTes b MOXKET 3a/aBaTh IPOU3BOJIHHBIE 3HAYEHUs] MHTEPBAJIA B
npegenax or 100 go 10000 mc, Besimunna 00y UeHUsI HE JIOJKHA ObITH MEHbIIE
100 mc u npesbimaTs 10000 M.

SOnpesenenne TepMuna, «06yTAIOMIHiT Kap» TPHBEICHO B IJIOCCADUI.
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7.8 RFC 2544. IIpoBenenue anaausa

45

7.8 RFC 2544. IIpoBeaenne aHajimnsa

7.8.1 IIponmyckHasi cmocobHOCThb. Pe3ynbpTaThbl aHajmn3a

@ A:1000 - B:——-

Kagp

64
128
256
512
1024
1280
1518

MponyckHas cnocoBHoCTb

Harp % Kapp/c

100.00 1488095
100,00 8441594
100,00 452898
100,00 234962
100,00 119731
100,00 96153
100,00 81274

Tect

lNotoeo
lNoToBo
lNotoeo
lNoToBo
lNotoeo
lNoToBo
lNotoeo

CrapT

patiir Masc L2

Cowp., £ 3arp.

Puc. 7.25. PesymbpraTs Tecra: Tabdsmia

Pe3ynbTaThl TecTa 0TOOparXKaloTcs B TabJIMTHOM BH/Ie: pa3Mep Kapa (B Oaii-
Tax), 3HAYEHUE INPOIyCKHOI crocobuoctu (B %), mosydeHHoe B pedysbrare

aHAJIN3a 3HATEHNE MTPOITYCKHON CIIOCOGHOCTH (TP HA’KATHHU Ha KJIaBuiry — F3
IpOKCXOAUT BoIGOD euuui u3mepenus — M6ur/c L2, M6ur/c L3, M6ur/c L4

wm Kajap/c).

]

A:100 - Bi—

- 00:01

G

76,9

ST

384,90

192 4 oo

QB2 s

ES]
=
=
i
o
.
a
E
I
B
I
[
=]
~
]
I3

044594 Kaap/c, 100 ¥
452898 Kaap/c, 100 %

MNponyckHaa cnocofHOCTE

[N

g| 1488035 Kagp/c, 100

B
&
"
b}
E

1024 1280

1515 9100
pasmMep kagpa.b

Tabnua Biin

Puc. 7.26. Pesynbrarsl Tecra: rpaduk

ITpu naxkaruu Ha kiaasunty  F3 («Buiy ) npoucxoaur nepekiiodenne MezK-
JIy JIByMsl BapUaHTaMU rpauIecKoro mpejcTaBjeHus pe3yaIbTaToB TeCTUPO-

BaHUA:

1. MakcumaJibHOE 3HAYEHUE IO OCH Y COOTBETCTBYET MAKCUMAJIHLHON CKO-
poctu coesimuenusd. IlycTbie cTOMOIBI 0OTOOPAKAIOT MAKCUMAJIHLHOE TEO-
peruvecKoe 3HaUYeHNEe IPOITYCKHON CIIOCOOHOCTH.
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2. MakcumasibHOe 3Ha9eHre 0 Ocu Y COOTBETCTBYET MAKCUMAJIHLHOMY U3-
MEpPEHHOMY 3HAYEHUIO IIPOILYCKHOIN CIIOCOOHOCTH.

IIo ocu X B 060mX ciIydasix OTJIOXKEHBI 3HAUEHUSI, COOTBETCTBYIOIINE Pa3-
Mepy KaJpa.

Ha zamosrenabrx cTosibnax amarpaMMbl OTOOPazKaeTCs MOy IeHHOE B pe-
3yJIbTaTe TeCTUPOBAHMS 3HAYCHHE [IPOILYCKHON CIIOCOOHOCTH B KAaJp/C U B IIPO-
[EHTaX OTHOCUTEIHHO 33/[AHHON HATDY3KU.

7.8.2 3ageprKKa pacnpocTrpaHeHus. Pe3ynbraThl aHammnza

[ A:100 - B:——— - 21 46

Sapepxka
Kagp Harp.* Bpema mMc TecT
64 100,00 0.001 TloToBO
512 100,00 0,001 [oToBO
1280 100,00 0.001 TloToBo

CrapT patiir Coxp, /3arp.

Puc. 7.27. PesymbpraTs Tecra: Tabdsmia

Tabsuia OKa3bIBAET CpejiHee 3HAYECHHE 3aJePXKKU (B MC) I KazKJ0ro
3a/IAHHOTO B HACTPOHKaX pa3mepa KaJpa JAHHBIX U COOTBETCTBYIONIEE €My
3HAYEHUe TPOILYCKHOI criocobHocTn (B %), NMOJIyueHHOe B pe3ysbTaTe TecTa
«IIpomyckHas crioCOOGHOCTD».

Hl  A:1000 LAT B:1000 LAT  00:05

SANEPHEG, MO Zanepria
0,0100

IR L R O P P TS PSP PP SRR
By DB O] oo e
TS S P

64 126 256 Loz4 5% 1500
pasmep kagpa. B

Taénvya

Puc. 7.28. PesynbraTs Tecra: rpaduk

Ha puarpamme 715t Kaxk10ro pasmepa Kajipa 0ToOparkaeTcst CToJi0er], Bbl-
€OTa KOTOPOT'O COOTBETCTBYET CPEIHEMY 3HAUYCHUIO 3aJI€PKKU (B MC).
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7.8.3 VYposBeHb norepb Kagpos. Pe3ynbprarsl aHasim3a

A:1000 - B:—— - 15 53
NoTepwn kappoB
Kaap Harp.” MoTepn #
64 100,00 0.,0000
128 100,00 0.0000
256 100,00 0.,0000
D12 100,00 0.0000
1024 100,00 0.,0000
1280 100,00 0.0000
1518 100,00 0.,0000
CrapT patiir Masc L2 Cowp., £ 3arp.

Puc. 7.29. PesyibpraTs Tecra: Tabdsmia

B Tabsuue juis Kaxka0ro pasMepa makera (B GaifiTax) W COOTBETCTBYIO-
nieit 3arpysku kanaja (B %) orobpazkaercs 3nadenue yposHa norepb (B %,

M6wur/c L2, M6ur/c L3, Mour/c L4).

R A:1000 - B:1000 — 01:11

noTepH, £ MoTepH kagpos
101 . . . .

aof .. B
a0
1)
il
50)
1)
1)
21
10f -

Th 20 =0 41 50 &0 70 &0 a0 10
Harpyska. #

Ta6nvua flereHga

Puc. 7.30. Pesysnbrars Tecra: rpaduk

Ha rpadmuke 1 Kaxk0ro yKa3aHHOTO B HACTPOIKaxX pazMepa KaJpa I1o-
Ka3aHa 3aBUCAMOCTH YPOBHsI TIOTEPh KaapoB (B %) oT Harpysku (B %).
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7.8.4 IlpenenbHasa Harpyska. Pe3yjibTaThl aHaaimn3a

0 A:i000 - B:——— - 21:12

MNpepensHas Harpyzka

Kapgp Harp.# Konuuecteo TecT
1024 100,000 6,150e+05 NoToBO
128 100,000 4,290e+06 oToBO
256 100,000 2,315e+06 [oToBo
912 100,000 1.,207e+06 [oToBO
1024 100,000 6,158e+05 NoToBO
1280 100,000 4,944e+00 oToBO
1518 100,000 4,151e+05 MNoToBO

CrapT patiir Bpeta,c Coxp, /3arp.

Puc. 7.31. PesymbraTs Tecra: Tabsmia

B Tabsure s Kaxk0ro pasmepa makera 0ToOparKaeTcsl 3a/laHHasl B Ha-
CTPOiKax TecTa HArpy3Ka U BPEMsl, B T€YeHHE KOTOPOI'O yCTPOMCTBO CIIpaB-
JISIeTCsl ¢ MAKCHMaJIbHOW HArpy3koil. Kcim Bpemsi, B TedeHHe KOTOPOrO Te-
CTUPYEMOE YCTPOUCTBO BBIJIEPIKUBAET MAKCUMAJIBHYIO HATDY3KY, OMPEIEIUTh
He yIAJI0Ch, B CTOJIOIE COCTOsIHUs TecTa BhiBoauTcs «Omubkas, a B cTos011e
«Bpemsi, ¢» — IpoYepKu.

ITpu naxkarun na kiasunty F3 («Kanpbi») Bmecro crosbua «Bpems, c»
oTobpazkaeTcs cTosoer] « KomaecTBo», B KOTOPOM MPEICTABICHO KOJIMIECTBO
KaJIPOB, MEPEJIAHHDBIX 38 BPEMsT TECTUPOBAHMUSI.

1 A:1000 - B:—— - 20:09

EPENA, MpeaensHan Harpyska

E15044 Kanp

100905 Faap
A7 Raap
1206657 Faap
415087 Kagp

5[ F15798 Famp
5[ 454362 Fane

515
pasMep Kaapa b

=
4
o
il
a
w
B

[T

Tatnuua

Puc. 7.32. PesynbraTs Tecra: rpaduk

Ha mumarpamme s KakJI0ro 3aJ@aHHOIO pasMepa Kajpa 0oToOparkaer-
Csl CTOJIOEIL, BBICOTa KOTOPOI'O COOTBETCTBYET BPEMEHU, B T€UEHUE KOTOPOIO

YCTPOMCTBO CIIPABJIAJIOCH C IIPEACJIbHON HAIrPy3KOI.
Ha cronbmax guarpaMMbl 0TOOparKaeTcst KOJTUIECTBO MAKETOB, MepeIaH-

HbIX 3a BpeMd TeCTUPOBaHUA.
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7.8.5 CoxpaHeHue pe3yJIbTATOB U3MEPEHUit

B pexkume Tectos o merogauke RFC 2544 nipu Haxkatuu Ha Kjapuiry —F4
(«Coxp./3arp.») IPOUCKOIUT HEPEXOJ B MEHIO, B KOTOPOM BO3MOKEH BbIBO/L
nHMGOPMAIN O COXPAHEHHBIX U3MepeHusx (- F1 ), coxpaHeHue pe3yJbTaToB U
napamerpos Tectos ( F2 ), a takxke 3arpyska ( F3 ) wim ynasenue ( F4 )
COXPAHEHHDBIX PE3YJILTATOB U IIAPAMETPOB U3MEPEHHIA.

[TogpobHoe onmcanue MPONECCOB COXPAHEHUS W 3arPYy3KH JIAHHBIX — CM.

paszaen [.211
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7.9 AcuMMeTpuYHOE TeCTUPOBaHUE

OYHKIMSA aCHMMETPUIHOIO TeCTI/IpOBaHI/IEE UCIIOJIB3YETCs TP IIPOBEPKE
paboTOCIOCOOHOCTH KAHAJIOB CBA3H, JIJIsi KOTOPBIX CKOPOCTH HPUEMA U I1epe-
JIa9¥ JTAHHBIX PA3JINYHBI.

ITpu npoBeseHnn TeCTUPOBaHUS UCIIONIB3YyeTCst 2 pubopa Bepkyr-ET: j1o-
KAJIbHBIH, Ha KOTOPOM IIPOU3BOUTCA HACTPOIKA [TapaMeTpoB aHajIn3a, u Jii-
CTAHITMOHHDIN, HAXOAAIMNICA HA JIPYTOM KOHIIE AaCHMMETPUYHOTO KaHAJIA.

Teneparust TecToBOrO Tpaduka MOKET TPOU3BOIUTHCS JIBYMsI CIIOCOOAMI:

1. C siokajbHOrO Npubopa Ha JAMCTAHIUOHHBINA. B 9TOM cilydyae Ha JIOKajIb-
HOM npubope B KadecTBe IIOpTa OTHpaBuTelis yKasbisaercs noprt A(B)
JIOKAJILHOI'O IIpubOpa, a B Ka4ecTBe MopTa rnojydaresis — «JlucraHim-
OHHBII» .

2. C aumcraHIMOHHOIrO Ipubopa Ha JOKAJbHBLIA. B 3TOM cilyuae Ha Jio-
KaJIbHOM IIpUOOpe B KayecTBE [IOPTa OTIIPABUTEsS HEOOXOAUMO yKa3aTh
«JducrannuoHHbIli» , a B KadecTBe mopra nojydarens — nopt A(B)
JIOKAJILHOT'O TIpubopa.

CxeMa MOJIKJIFOUeHUsI IpeJicTaBjieHa Ha puc. [(L.33]

nopt A(B) aCHUMMETPHYHBIN KaHaJ nopt A(B)

soxanbHbI bepkyT-ET nuctaHIMOHHBIN bepkyT-ET

Puc. 7.33. Cxema moaKIOUeHNs

Huke Iepevdurc/IeHbl TECThI, J1JIgd KOTOPBIX BO3MO2KHO UCIIOJIb3OBaHUE (byHK—
U1 aCUMMETPUIHOI'O TeCTUPOBaHUA:

1. RFC 2544: nporyckHasi ClIOCOGHOCTD, MOTEPH KAJIPOB, MpeJiesibHast Ha~

rpysKa.
2. BERT.
3. CroxHubiii Tpaduk.

ITpumenarue: nepedaua dannvz ocyuecmansemes no npomoxoay UDP.
Ilopm noaywamean — 9000.

B Gazosyio komduryparnus ue BxoauT. JJOCTYIIHA IPH JIOTOTHITETHHOM 3aKa3€ OTIIAH.
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7.10 Cuaoxublili TpaduK

OyHKIWS TeHepaIi CJI0KHOTO TECTOBOIO Tpad)HKaE II03BOJIET CO3/1aTh
710 10 OTOKOB JIAaHHBIX C pa3/jndHbIMU Hapamerpamu. C eé MOMOIIBI0 MOXKHO
MIPOBEPUTH, pabOTAET JIK B TECTUPYEMOM yCTPONCTBE IPUOPUTE3AIMST, UMUATHU-
pOBaTh pa3/IYHbIE MPOMUIA HATPY3KH.

R N:100 - By—— —  23:55

CnoxHein Tpapuk
WamepeHun

HacTpoikm

Puc. 7.34. Mento «CJroxkHblil Tpaduk»

WNsmepenusi — nepexol K skpany «Cioxublil Tpaduk: oTaérs (3amyck
Tecra, 0ToOparXkKeHue pe3ysibTaToB U3MepeHHuil).

- A:100 - B;——— - 21:58
CAORHEIA TPapMK: OTUET
# Frm Rate.’ Loss.¥ BH.Mbps
1 84 7.82 0,00 76.19
2 64 0,00 100,00 0,00
3 84 0,00 100,00 0,00
Crapr Tpadui Coxp./3arp.

Puc. 7.35. Dxpan «CioxHbIil Tpaduk: 0TIET

st Hauasa recTupoBaHus HeOOXOMMO HaXKaTh Ha Kiasuiny ~ F1 (Crapr),
[IPEIBAPUTEHLHO HACTPOUB TapaMeTpsl Tecta B MeHio «Hacrpoiikns.

ITo okOHYaHUK TECTUPOBAHMS Ha SKPAHE I KayKJI0ro IOTOKa 0TOOparka-
eTcs:

— 3aJaHHBII pasMep Kapa;
— sajannas uadopmarmonnas (L2) ckopocrs;

"B 6a30By10 KOHGMUIYpAIIIO He BXOAUT. JIOCTYIIHA DI JOIOIHITEEHOM 3aKA3€ O,
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— IIOTE€PHU KaJPOB, IIOJIyYCHHbIE B PE3yJIbTaTe TeCTUPOBAHNI;
— IIMPHUHA II0JIOCHI IIPOIIYCKaHNA, pacCUuTaHHaA 110 pe3y/ibTaTaM TeCTUPO-
BaHUA.

IMpu maxkarun Ha kjiaasuiry F2 (I'paduk) ocymecTsiiserca mepexoi K
9KpaHy, CoJIepKaIleMy rpaduaecKoe IPeJICTABICHUE PE3yJIbTaTOB TECTA.

W n:ico - By———— - 00 08
ROTEp, &
100

21

51

Aol

21

noToK

Tamua

Puc. 7.36. 9kpan «Cioxubrii rpaduks» (rpaduk)

Ha gmarpamme st KarKaI0ro MOTOKA 0TOOPArKAETCs CTOJIOEI], BHICOTA KO-
TOPOI'O COOTBETCTBYET BEJIMUMHE IIOTEPH KAJPOB.

ITpu nakaruu na xiaasunty F4 («Coxp./3arp.») ocyliecTBisiercs nepe-
xo/1 B Menio «Pesynbrarsiy (cm. pazes [C2]]).

[Tpu naxkaTun Ha KJIABUIILY OCYTIECTBIISETCS Tepexo/] K Ikpany «Cirox-
HBII TpaduK: 3aepKKa».

] A:100 - B:——— - 21:58
CAoxHeA TRadWK: 3anepxka

# Cur.ms Min.ms Avg.ms Max.ms

1 0,001 0,001 0,001 0,001

2 0,035 0,035 0,035 0.035

3 0,105 0,100 0,105 0,100

CrapT patiir Coxp, /3arp.

Puc. 7.37. 9xpan «Cioxkubiit Tpaduk: 3aepKKay

Cur — rekytas 3ajep:KKa Iepegadn JaHHbIX.

Min — MuHEMAIbHAS 3aepKKa Tepegadn JaHHbIX.
Avg — cpenssis 3aJepKKa Iepeiadn JaHHbIX.

Max — mMakcuMaJibHas 3aJeprKKa lepeaadn JaHHbIX.
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ITpu mOBTOPHOM HaXKaTUu Ha KJIABUIILY @ OCYIIECTBJIAETCS IIEPEXOJT K
skpany «CJI0KHBII TpaduK: KaJpbls».

- A:100 - B:;——— - 21 59
CAoxHeiA TpatMK: Kamps
# Tx RBx
1 780059 780059
2 1 o
3 1 [s]
Crapr Tpadui Coxp./3arp.

Puc. 7.38. Dkpan «CiioxHbIil TpaduK: KaJIpbi»

Ha skpane jyist KazK10ro moToKa 0To6pazkaeTcsa KOJIUIeCTBO [ePEIAHHbIX
(Tx) n upunsarsix (Rx) makeros.

Hactpoiiku — nepexojr B Menio «HacTpoiikmy.

— A:100 - B:——— - 00 01

HacTpoikm

NoTokoe [N

NmvTensHoCcTE 5

Tononorua TecToB
3aronoBok

Kappt!
Harpysku (L2}

Puc. 7.39. Memnio «Hactpoiikn»

TTOTOKOB — KOJIMYECTBO IIOTOKOB JaHHbIX (1-10).
JnTeIbHOCTh — JJINTEIBbHOCTD MeHepaIiy 33JaHHOIO KOJMIEeCTBa I10-

ToKOB (12880 c).

TormoJsiorusi TeCTOB‘A’HepeXOﬂISMBHK)«TbHOHOFHH’HﬂTOB»
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O A:100 - B:———— - 22:14

Tononorus TecToB

MopT nepegayun s

NopT npuéma B

Mmcr, IP 192,168.1.1

A B JHETSHUMOHHEIA

Puc. 7.40. Menrwo «TonoJsiorus rectoB»

C OMOIIBIO 3TOr0 MEHIO 3a4aETCsI IOPT MPUEMA U TOPT HEPEIATN JIAHHBIX.
O/ uH 7 TOT 2Ke MOPT MOKET CJIY?KUTh ¥ /IS IEPEJIATH U st TPUEMA, JTAHHBIX
(manpumep, npu ucnosb3oBannu Gyuknuu Loopback).

B ciydae ucnosbzopanus (pyHKIMA aCUMMETPUYHOTO TECTUPOBAHUS B Ka-
4YecTBe IopTa Iepeiadn/upueMa Bbibupaercs «/lucraHnmoHubiiiy (cM. pas-
qest [L9).

3aroJloBOK — Mepexoj] B MEHIO «3arojioBOK».

1] A:100 - B:——— - 03 16

3aronoBok
Motok 1
00:21:CE:08:00:01
MAC Monyu, ©00:21:CE:08:00:02
IP Omnp. 192.168.1.1
IP Monyu. 192.168.2.2

NlononH1TensHo
WLAN Brikn
HPLS TA
HPLS R —————-———-
1P ToS 0000b: precedence ©
UDP BO000./50000

A B

Puc. 7.41. Menio «3arojoBok»
Homep macTpamBaemMoro moroka BbIOMpaeTcs IPU HaXKaTHKM Ha KJIABHUIIN

OHO

HacTpoiikn aHaJIOrm9Hbl ONMCAHHLIM B pasaenax [.6.1 n [[.6.2)
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Kaapswr — nepexon B menio «Kamapors.

COONmU LW BJII
& Ll
L iy

[

Puc. 7.42. Meno «Kaapor»

PasMepbl KaJpoB I KasKJ0To MOTOKa 3aJal0TCA BPYYHYIO B IIPEIEIaX OT
64 no 9600 Gaiir.
Harpysku (L2) — nepexon B merto «Harpysku (L2)».

—3 A:100 - B:——— - 00 03

Harpysku (L2}

10 %

2 0 %

3 0 o

4 ¢ %

5 0 o

6 0 %

7 0 o

8 0 %

9 0 o

10 © %
A KEuric MEuT e

Puc. 7.43. Menio «Harpysku (L2)»

Buauenne undopmanmonnoii (L2) ckopocru 3amaéres B nponenrax (- F1 ),

B KOut/c (' F2 ) mum B Mb6ur/c (' F3 ).
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7.10.1 Cuaoxnsbiii Tpaduk. Hacrpoiika MPLS

Crek MeTOK Jijisi TeCTUPOBaHUs 3aaéTcst B MeHio «Crek MeTroky»: Hame-
perus = «Ciroxkubiii Tpacduky = «Hacrpoiikuy=- «3aromoBok» = «/lomos-
HUTEeNbHO> = «MPLS».

M n:io0 - Bi——— — 19:54

CTek MeToK

Kon-Bo meTok N

Metka 10000
MPLS COS5 ©
TTL 128
MeTka ©QQOQ00
MPLS COS5 ©
TTL 128
Metka 00000
MPLS COS5 ©
TTL 128

Biwirin 1 2 3

Puc. 7.44. Menio «Crek MeTOK»

Kou-Bo meTok — BbIGOD KOsmmyecTBa MeTOK (o1 1 110 3), KOoTOpOE Gyier
JIOOABJIEHO B IEPEIABAEMBIil TTAKET.

MeTka — 3HaUYCHHE METKH.

MPLS COS — kJjiacc o0C/IyKUBaHUsI TTAKETA.

TTL — Bpems »KU3HU TAaKeTa ¢ METKOA.
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7.11 Illneiid (Loopback)

Jna recrupoBanus cereii mo meroguke RFC 2544, a takxke jjist perire-
HUsI psijia APYTUX 3ajad HeoOXoiuMa (DyHKIUs OpraHu3allud ILieioB —
Loopback. @yukmust Loopback 11o3BoJisieT BbIOJIHSITS TECTUPOBaHME ceTu 6e3
n3MeHeHust eé HacTpoek. TecTupoBaHre MOYKET OBITh PEAJN30BAHO Ha PA3HBIX
ypoBusx momeau OSI.

Ha ¢dpusnueckom yposue (L1) Bech Bxojgmumii Tpaduk nepeHapaBiis-
ercs 0bpaTHO 0e3 M3MEHEHUi, TP 9TOM BEJIETCsI CTATUCTUKA 110 TPUHIMAE-
MOMY TpaduKy.

Ha kananbHoM ypoBHe (L2) Bce Bogsiiue Kajpbl IepeHAIPABIISIOT-
¢t OOpATHO, TIPU 9TOM MOTYT MeHsThcst Mectamu MAC-aipeca ornpasuresis
U IOJIydaTesis; CyIIECTBYeT BO3MOYKHOCTD IIOJCTAHOBKHU JIPYIuX (3aaHHBIX
nosb3osaresem) MAC-anpecos. Bepércs craTucTuka 1o IpuHIMAEMOMY U I1e-
pesaBaeMoMy TpaduKy.

ITpumeuarue: das wnetga xanarvrnozo (L2) u cemesozo (L3)
yposnet naxemuv ¢ odunarosvimu MAC Dst u MAC Sre, a max orce
onoxu darnoir npomokosa OAM (OAMPDU) uw ARP-3anpoco, co-
depotcawguecs 60 8LOdAWEM mpadukre, He NePeHanpPaeAAOMCH.

Ha cereBoMm yposHe (L3) Bce BXosiiye nakeThl lepeHAIPABIISIFOTCs 00-
PATHO, IIPU 9TOM MEHSIOTCs MecTamu [P-ajipeca oTmpaBuTeist U MOJIy 9aTeJs;
CYIIECTBYET BO3MOXKHOCTD HOJICTAHOBKU JAPYIHUX (3aAHHBIX II0JIb30BATEIEM )
IP-azmpecos. Benéres cratncTuka 1Mo MPUHAMAEMOMY U TEpeIaBaceMOMy Tpa-

buxy.

ITpumeuarue: ecau srodsuyuti naxem codepoicum MPLS memxy,
on 6ydem nepenanpasaer 6€3 USMEHEHUA €€ 3HAYEHUS.

Ha rpancnopraom yposue (L4) Bxousimuii Tpaduk mnepeHamnpaspiiser-
¢ 06paTHO (6€3 MOBPEXKIEHHBIX [IAKETOB), IPU ITOM, [IOMUMO II€PECTAHOBKU
MAC-azapecos u IP-aapecos, mensiiorcs mecramu nomepa TCP/UDP nopros
OTIPABUTEJIS U MTOJTY IATEIs.

ITpumewarue: ecau sxodswuti naxem codepocum MPLS memxky,
on 6ydem nepenanpasaer 6e3 U3MEHEHUA €€ 3HANEHUA.
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1] A:100 - B:——— - 03:24

linengp

L__________lopT

Tun  Beikn

MNapamMeTpw ypoBHA 2
NapameTpw ypoBHA 3
ET-o6HapyxeHWe
0AM

Puc. 7.45. Mento «I1lneiidp»

ITopT — BBIGOD HOpTa (A K B), HA KOTOPOM GyIeT OpranuzoBana QyHK-
nust Loopback.

Twum — BbIGOP YPOBHsI, HA KOTOPOM OyJIET IPOUCXO/IUTH IIepeHaIpaBJIeHIe
TECTOBOTO TpaduKa:

— BBIKI — OTKJIIOYNTH OpraHu3anuio miefida Ha BRIOpAHHOM TOPTY;
— 1 — dbusmgecknit;

— 2 — xanasbubil (MAC);

— 3 — ceresoii (IP);

— 4 — rpancnoprasiit (TCP/UDP).

ET-ob6uapy>xkenune — nepexos B Mmerio «ET-obHapyxenmes.
OAM — nepexozn B Merio «OAM>».

7.11.1 Hacrpoiika nuieiidpa BTOPpOro ypoBHs

0 A:i000 -  B:1000 -  20:03

HacTpoikn wnenpa
MNapameTpw ypoBHA 2

06meH MAC WG

3amena MAC Bwkn
Otnpaeutens  90:00:00:00:00:00
Nonyuatens 00:00:00:00:00:00

SameHa YLAN Bwkn
ID ¢
Mpuoputer ©

Brikn Brn

Puc. 7.46. Menro «Ilapamerpsr ypoBHs 25

O6men MAC — Bk/oveHue /BbIK/IIOUEHUE pexKuMa, npu KoTopom MAC-
aJipeca OTIPAaBUTEJIS U MOJIydaTe sl B IPUXOISIINAX [TAKeTaX MEHSFOTCS MeCTa-
M.
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3amena MAC — Boibop pexkuma 3amensl MAC-aapecos:

— Buika — 3amena MAC-aipecoB BBIKJIIOUEHA;

— OrmnpaBurens — 3amena 1noiist «Source MAC Address» («MAC-azapec
oTmpaBuTeNsy ), cm. puc. [LAJ

— IMouy4yaresnns — 3amena moust «Destination MAC Address» («MAC-

aJIpec 1moJrydaresisas ), cM. puc. [LA7%
— O6a — zamena noaeit «Source MAC Address» u «Destination MAC

Address», cm. puc. [0

OrmnpaBurennb — no3sossier 3ajarh MAC-aapec, KoTopbIil Oyaer moj-

crasien B noste «Source MAC Address» Ethernet-nakera.

ITostyugaresnb — nosBosser 3aatb MAC-ajapec, KOTOpBbIi OyIeT moIcTas-

jgen B noJie «Destination MAC Address» Ethernet-nakera.

3amena VLAN — Boi6op pexxuma 3amennl VLAN-meToK:

— Boika — 3amena VLAN-MeTOK BBIKIIOUEHA,

— ID — samena nosst «VLAN ID» («Muaentuduxkarop VLAN»);

— ITpuopurer — 3amena nosst «VLAN priority» («IIpuopurer rpadu-
Ka»);

— ID+IIp — 3amena noseii «VLAN ID» u «VLAN priority».

ID — mozBossieT 3amaTh 3HAUEHWE, KOTOPOE Oy/IeT TOJCTABJICHO B TIOJIE

«VLAN ID» Ethernet-nmakera.

IIpumopureT — MoO3BOJIAET 33/IaTH 3HAUCHHUE, KOTOPOE OYJ/IET TOJICTaBICHO

B nosie «VLAN priority» Ethernet-nakera.

puéM
[MACd=MAC1[ MACs=MAC2 |
nopt A(B)
{MACd=DstMAC| MACs=MAC1]
nepejgada

Dst MAC - MAC-anpec noiyJaresis, 3aJaHHbIi IOJIb30BaTeIIeM.

Puc. 7.47. Pexxum 3amens: «Ilomyw.»
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npuém — —
[MACd=MAC1 [MACs=MAC2 |

nopt A(B)

[[MAC d=MAC 2 [MAC s = Src MAC|!
,[mepenada

Src MAC - MAC-azipec oTnpaBHTEs, 331aHHbIH 1101530BaTENEM.

Puc. 7.48. Pexxum 3amennt «OTmp.»

[ MACd=MAC1[MACs=MAC2 |

npuém
-

Dst MAC - MAC-aapec nostyvaress, 3aJaHHbIi 110J1b30BaTEIEM.
Src MAC - MAC-aznpec oTIpaBHTeNs, 3aJaHHBIH IT0Ib30BATENICM.

Puc. 7.49. Pexum 3amennr «O6a»

7.11.2 Hactpoiika 1uieiipa TpeTbero ypoBHs

0  n:1000 -  B:1000 -  20:06

HacTpoiku wnenga
NapameTpw ypoBHa 3

0ca
OTnpaeutens 0,0,0,0
Monyuatens ©0,0,0.0

3amena Bwkn
ToS 0000
Precedence ©

Briren Ornpaeurens  MNongHatens Oda

Puc. 7.50. Menro «IlapameTrpst ypoBHs 3»

3amena IP — Boibop pexknma 3amenst [P-amgpecos:

— Bpika — 3amena [P-ajipecoB BbIK/IIOUEHA;
— OrnpaBuresnnb — 3amena 1ojg «Source IP address» («IP-auapec ormpa-
BuTesisi» ), cM. puc. [[O1L
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— IMonyuaresnns — 3amena nosis «Destination IP address» («IP-anpec no-
JygaTesns» ), ¢M. puc. [[.h2k

— O6a — zamena noJeit «Source IP address» u «Destination IP address»,
CM. pHuc.

OTmnpaBuTe b — MO3BOJLET 3a7aTh IP-aapec, KOTOpLIil OyaeT moacTaB-
Jten B noJie «Source IP address» Ethernet-makera.

Ilosyyarens — no3BosiseT 3a7aTh [P-aapec, KOTOpbIit Oy/IeT MoACTaB/IeH
B nojie «Destination IP address» Ethernet-makera.

3amena — BbIOOP pekuMa 3aMenbl moJieir ToS:

— Brika — 3amena noseit «Type of Services («Tum obciykusanusi») u
«Precedence» («IIpuopurers) BhIKIIOUECHA;

ToS — 3amena noJist «Type of Services;

— Prec — zamena noss «Precedences;

ToS+Prec — zamena nosieii «Type of Services u «Precedences.

ToS — mo3BoJsieT 3a4aTh 3HAYMEHNE, KOTOpoe Oy/IeT MOJACTABICHO B TOJIE
«Type of Service» Ethernet-nakera.

Precedence — no3poJisier 3a71aTh 3HaUYEHNE, KOTOPOE OYIET 10JICTaBIEHO
B noJie «Precedence» Ethernet-naxera.

[ ps=1P2 | 1Pd=IP1 |
neid : nopr A(B)
[_1ps=srctp | 1Pd=1P1 ]
nepegaya

Src IP - IP-ajipec oTrpaBuTels, 3a/JaHHBIH M0JIb30BATENIEM.

Puc. 7.51. Pexxum 3amennt «OTmp.»

puéM
[1Ps=1P2 [ 1Pd=1P1 |
nopt A(B)
[ 1Ps=1P2 | IPd=DstIP ]
,| mepenaua

Dst IP - IP-axpec nonyuares, 3a1aHHbIi I101530BaTEIEM.

Puc. 7.52. Pexxum 3amens! «Ilomyq.»
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npuém
-

[IPs=1P2 [ 1Pd=1IP1 ]
nopt A(B)

L IPs=SrcIP | IPd=DstIP |
nepeiaya

Src IP - IP-anpec oTnpaBuTes, 3a/JaHHBIH T0JIB30BATENIEM.
Dst IP - [P-anpec nomy4aTtess, 3a1aHHbIH OIb30BaTEIEM.

Puc. 7.53. Pezxkum 3amensr «Obay
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7.12 OAM

Baxxnoii 3a/1a1eil MOCTABIIKOB yCJIYyT CBA3U sABJIAETCHA 0OeCIedeHne BbICO-
KOI'O yPOBHSI 8 MUHUCTPUPOBAHNS U TEXHIUIECKOrO 0OC/IyKuBanns Ethernet-
cereii. st sTux neseit 6611 pazpaboran cranpapr IEEE 802.3ah[8] (u3Bect-
HbIil Takke kak «Ethernet in the First Mile (EFM) OAM» — «Ethernet OAM
HA «IEePBOI MuJIe» ).

OAM (Operations, Administration, and Maintenance — skcruryaranus,
AJMUHUCTPUPOBAHUE U 00CIIYKIUBAHUE) — IPOTOKOJ MOHUTOPHUHIA COCTOSHUSI
KaHaJa, (PYHKIMOHUPYeT Ha KaHaJlbHOM ypoBHe Mosenun OSI. s nepenaqan
nadopmarun Mexk ity FEthernet-ycrpoiictBamu ncosib3yrorcest 6JIOKU JAHHBIX
nporokojga — OAMPDU.

Bazkuoit dpynkmmeit mporokosaa OAM sBiisieTcst BOSMOXKHOCTD BKJIIOYSHIUST
pexmma «ILaeitd» Ha ymaaénmom mpudope.

Iist yeraHoBjIeHus coeuHenust Mexk iy npubopom BepkyT-ET u ynaiés-
HBIM ycTpoiicTBoM 110 ipoTokosy OAM u s Brinouenus pexkuma «I1Leiicp»
HEOOXOINMO:

1. Henocpedcmeenno coenuanthb JokajbHblili BepkyT-ET u ynanénnoe
yCTpoﬁCTBoﬁ B COOTBETCTBUU CO CXEMOIi, IPUBEIEHHON HIXKE.

Jloxansuelii bepkyT-ET Ynanéunoe ycTpolcTBO

d)I/ISI/ILICCKOC COCIMHECHUE

77
/I

o)
£,

@

Puc. 7.54. Cxema tectupoBanust

2. Ha ypanénnom npubope pasperurb pabory mporokoia OAM B akTus-
HOM WJIM [TACCUBHOM DEXKIME.
Ha mokansmom mpubope:

3. Ilepeiitn B mero «OAM> (cm. puc. [L5H).

4. B nyukre mento «ITopT» BEIOpaTh IOPT, K KOTOPOMY IIOJICOE/IMHEHO Y Ia-
JIEHHOE YCTPONCTBO.

5. B mynakre mento «Pexkum» BbIOpATh aKTUBHBIN peKUM PabOTHI IPOTO-
kosia OAM.

6. Cocrosinue obHAPYIKEHUsT YAAJEHHOTO YCTPOUCTBA B IyHKTE MeHIO «(00-
HapyzKeHue» JIOJKHO IPUHSITH 3HadeHne «Send any».

$Ha puc. [[54] BepkyT-ET npusesén B KadecTBe IpUMepa yIaIeHHOIO yCTPOACTBA.
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7. Tlepeiitn B Menio «Ymagéuuwrii mpuoops. Ha sxpame momkma oTobpa-
3UThCs mHpOpMaIusa 00 yIaaéHHOM yCTPOfCcTBe.

8. Haxarb na kmasunry ~F1 («LB up»). Ha ynanéuanom ycrpoiicrse 6y-
zer Bro4ueH pexxuM «Ilneiid» Broporo (L2) yposus (Tpaduk O6yaer
HepeHAIPABIATLCA 0e3 samerve MAC-adpecos).

Hna seikmiouenns pexkuma «IIlnefid» HeoOXoanMO HAXKATL HA KIABUIITY

F1 («LB down»).

WD A:ioo - Bi———— - 11:28

0AM

Mopr A
_EEL'.I AKTHEHLA

O6HapyxeHne Send local

YpangnHwia npubop

Brikn MNaccHEHRN AKTHEHEIA

Puc. 7.55. Menio «OAM>»

ITopT — BBIGOP TIOpTa U151 HacTpoiiku OAM.
PexxkumMm — Bosmozkuble cocrognng OAM:

— AKTUBHBIN — aKTUBHBII PEKUM; B aKTUBHOM PEXKUME IIOPT MOYKET
MOCHLIATH KOMAHIbI Ha OOHADYKEHUE YCTPOMCTB U BKJIIOUeHne (DYHKITUT
«IIneitd» mHa ymaaséHHoMm mpubope, a Tak:Ke PearnpoBaTh Ha KOMAaHIbI
Ethernet OAM ot yaasiéHHOTO yeTpoiicTBa;

— ITaccuBHBII — TACCUBHBINA PEKUM; B IACCUBHOM PEXKUME MOPT HE MO-
JKeT MHUNUupoBarh BrIodenue dyuknun «[Ilneiid», a Moxer ToIHKO
pearupoBaTh Ha KoMmaHabl Ethernet OAM ot ynasméHHOro yerpoiicTsa;

— Broika — OAM orkiiogén.

O6Hapy>keHne — COCTOsTHIE OOHAPY KEHUS YIAJTEHHOTO CETEBOTO YCTPOI-
cTBa. BodaMokHbIE COCTOSTHMS:

— Fault — wagajbHOE COCTOSIHUE, COCIUHEHNE C YIAJEHHBIM YCTPOHCTBOM
HE YCTaHOBJIEHO;

— Send local — ornipaska OAMPDU ¢ undopmarniueit 0 mo/ep:kuBaeMbIx
pexmMax paboThl;

— Passive wait — oxunanne OAMPDU ¢ undopmarueit o moaep:rxuBac-
MBIX PEKHMMaX pabOThI OT YAAJEHHOTO yCTPORCTBA, CKOH(MDUTY PUPOBAH-
HOT'O B AKTUBHOM PEXKUME;
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— Send loc/rem — orupaska OAMPDU c¢ undopmanueii o nojepusae-
MBIX PEKMMaxX pabOThI JIOKAJIBLHOTO U YAAJEHHOIO IPUOOPa U ¢ METKOH,
03HAYAIONIEH BO3MOXKHOCTH YCTAHOBJICHUS COEINHEHIUS;

— Send loc/rem ok — nonyuenne OAMPDU ¢ undopmanueii o Tom, 4To
PEKUMBI PABOTHI JIOKAJIBHOTO U YJAJEHHOIO YCTPORCTBA SABJIAIOTCA COB-
MECTHMBIMIE;

— Send any — coejunHenne yCTaHOBHEH(ﬂ.

VYaanéHHbIll Npubop — mepexor B MEHIO, cojiepsKaliee HHPOPMAIIIO 00
VAAJEHHOM YCTPOHCTBE.

R A:1000 - B:1000 — 09:03

YpangnHwia npubop

MAC appec 00:21:CE:08:06:21
Yendor OUI Ox0Q Ox21 OxCE
Pexuim AxkT.
Unidirectional Not supported
Eem. loopback Supported
Link events Not supported
Var. retriewval Not supported
LB status Douwn

LB up

Puc. 7.56. Mento «Ymanéuusiit ipubop»

MAC aapec — MAC-ajpec yIaJéHHOTO yCTpPOICTBA.

Vendor OUI — yHuka/bHbBII UAEHTU(PUKATOP OPraHU3aIi, UCIIO/Ib3Ye-
Mbiit s reaepanun MAC-aapeca.

Pexxum — cocrosinme OAM yai6HHOTO KJIMEHTA.

Unidirectional — moiep:xka 0IHOHATIPABIEHHOTO COETINHEHMSI.

Rem. loopback — momepxka pexxuma yaajéHHOrO muieiida.

Link events — mojjep:xkka yBeoMjeHns 00 OMIMOKAX COeMHEHUSI.

Var. retrieval — nojep:kka CAuThIBAHUS IEPEMEHHBIX, UCIIOJIb3YEMbIX
JIJIsL OLIEHKM Ka4yecTBa KaHaJla CBA3U.

LB status — cocrosinme pexxuma «Illreiicd» ma ymaménnom mpudope.

CIIEIIHOE COe/IHEHIE BO3MOKHO TOJIBKO B TOM CJIydae, eCJii yIaJeHHbIi IPHOOD 110/ 1ePKII-
IV ) , A o

Baer dynkmuio «Remote loopback» (pesknm yranénnoro mueiida). B ciayuae orcyTersus sannoii
dyHuKIME cocTosinme 06HAPYKEHNs YIAIEHHOrO yeTpoiicTBa npuMet 3nadenue «Send loc/rem ok».
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7.13 ET-obunapykenue

Oyuknusa «ET-obHapyxkenune» MO3BOJsIET BKIIOUNTL pesknm «IILmeitd»
kanaabHOro (L2), ceresoro (L3) uau rpancrnoprroro (L4) ypoBHst Ha yiaaéH-
HOM Tecrepe-aHaansarope bepkyr-ET win ycrpoiicree o6pasoBanust nurefida
Bepkyr-ETL.

bepxyr-ET/bepkyr-ETL

Puc. 7.57. Cxema TecTupoBaHuUst

B cooTBercTBUE CO CXEMOIT TECTUPOBAHUS MOYXKHO N0CAEI08AMENDHO BKITIO-
garp pexkuM «IIlieiid» na neckosbkux ycrpoiicrsax Bepkyr-ET u/unmu Bep-
kyT - ETL, KoTOpble MOTYT HAXOJUTHCS KaK B PA3HBIX, TAK U B OJIHOM TIOJICETH.

[ A:1000 - B:——— - 18:15

ET—o6HapyxeHne

ABTOMATIIECKN
IF 0.0.0.0
linernp Bukn

A B FEToMaTHUEckH DGHapYseHHE

Puc. 7.58. Menio «ET-o6napy:kenue»

Jlist oty deHust JaHHBIX 00 yJIAaJIEHHOM IIPpUOOpEe U BO3MOXKHOCTHU BKJIFOUE-
Hust pexkuma «Lneiid» ciaemyer:
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1. TomkmouanTh pubOpP K CETH.

2. Boibparh mopT, ¢ KOTOPOTO OYIET OCYIIECTBIAATHLCS Mepeaada JTaHHbIX
(A/B/Apromarnueckn). Ecim npubop MOJKIOUEH K CETH U yCTAHOBJIe-
HO 3HaUeHNE «ABTOMATUYECKN», BLIOOD OPTA IPOU3BO/IUTCS ABTOMATH-
YeCKH:

— ecsiu opr A u unopr B maxomsrca B omHoil cetu (T.e. cereBble
qactu [P-ajpecos, 3aianubix B MeHIO «Ilapamerpbl uaTepdeiicony,
COBIIQJIAIOT), TO JIAHHBIE OYyT OTIPABIATHCA ¢ OpTa Aj;

— ecau opt A u mopr B HaxojsiTcsi B pasHBIX CETSIX, TO JAHHBIE
OyIyT OTIIPABJISITHCSA C IIOPTA, KOTOPBII HAXOIUTCS B TOI JKe CEeTH,
4TO U TeCTUPYyeMOe yCTPOICTBO;

— ecsim opt A, mopT B 1 Tectupyemoe yCcTpoicTBO HAXOIATCS B pas3-
HBIX CETSIX, JIAHHBIE OY/IYT OTIPABJISITHCs C opTa A.

3. B mose «IP-anpec» BBectu IP-anpec yranénnoro ycrpoiicrsa.
4. Haxkarb Ha kjiasuity F4 («OOuapyzkenues ).

B ciyaae yemenmnoro BoimosHeHust (OYyHKIINNA HA 9KpaH MpuOopa OyIyT BbI-
Begennl [IP-aapec, ums u MAC-aapec ypanénnoro ycerpoiicrsa (eu. puc. [L59).
Ilynkr mento «IIlneiid» craneT JOCTYIHBIM sl peAAKTUPOBAHUSI.

0 A:ico - B:——— - 08:18

ET—o6HapyxeHne

MopT A
IP 192,168.222,173
YT S

192,168,222,173
Wms
MX-100
MAC
00:18:63:00:04:1B

Brikn 2 3 4

Puc. 7.59. [Ipumep Boimonnenust ET-o0HapyKeHMst

VYposenb nueiia BHIONPAETCS KHOTKAME:

F1  — pruiouenue/ Boikiodenne pexkuma «IIlieiidy;
F2 — pgurodenue muiefidpa KaHaaIbHOTO YPOBHT;

F3 — BKJIIOYEHUE TLIeiida ceTeBOro ypoBHs;

F4 — BrJrtodeHue Iurelida TPaHCIIOPTHOIO YPOBHSI.

ITpumewarnue: nepedava darnoix ocyuecmseasemcs no npomoxosy UDP.
Ilopm noayuwamensn — 32 792. Ilopm omnpasumens — 32 793.
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7.14 Tecret TCP/IP

Tectpl, onmcanubie B JAHHOM pasjiesie, HEOOXOIUMBI IPU [TPOBEJICHUHN Te-
CTUPOBAHUS B CETAX, COJIEPKAIIMX YCTPOUCTBA, OCYIIECTBIIAIONINE KOMMYTa~
M0 U MapIIPyTU3AMUI epegaBaeMbIX JTaHHbIX. C IOMOIIBI0 peain30BaH-
upix B npubope TCP/IP TecToB MOXKHO OOHADYZKUTH MPOOJIEMbI, CBA3AHHDIE
¢ kouduryparueii cetu, yoeIuThbCs B CBI3HOCTU KaHAJIA MEXK/Ly Y3JaMHU CETH,
OIIPEEJINTH MAPIIPYTHI CJIAEI0BAHNSA JTAHHBIX, IPOBEPUTH PAOOTOCIIOCOOHOCTD
U OIEHUTH 3arPy2KEHHOCTH KAHAJIOB II€PEIadn JAHHDBIX.

7.14.1 Dxo-zanpoc (Ping)

WHCTpyMEHT «DX0-3aIIPOC» UCIIOJIb3YEeTCs [IJIsl IPOBEPKU CBI3HOCTH KaHAa~
JIa MEXKJIy Y3JIaMU CETH.

B mporiecce TectupoBanus 33 IAHHOMY Y3JIy CETH MOCHLIAIOTCS 3AIIPOCHI U
(UKCUPYIOTCsI TOCTYTIAOIIIE OTBETHI. DTa MPOIeypa OCHOBbIBaeTcs Ha [P- u
ICMP-1ipoTokoiax mepechuiku JefitarpaMM U [MO3BOJISIET IIPOBEPUTH paboTo-
CIIOCOOHOCTD KAHAJIOB IIepeadn JIAHHBIX U IIPOMEXKYTOUYHBIX YCTPONCTE.

st mpoBeieHnsT TeCTUPOBAHUS HEOOXOINMO:

1. HoakmounTs TpubOP K TECTHUPYEMOU CETH C HCIOJIHL30BAHUEM OJIHOTO
IIOpTa B COOTBETCTBUU CO CXEMOIl, IPUBEJIEHHON HIXKE:

Cetp

Puc. 7.60. BapuanT nogkiirouenust 1

ITpumeuwarue: npubop maxotce moxcem 6vimsv NOOKAOUEH K
cemu ¢ ucnoavaosaruem 06yr nopmos (cm. puc. [7.01]). Ha-
CcMpotKy npubopa 0as 0aGHH020 CAYHAA AHANOZULHDL ONUCAH-
HOLM HACTPOTKAM OAA 00HO020 TMOPMA.
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<o

Puc. 7.61. Bapuanr noakmodenns 2

2. Ilepeiitu B MeHI0 «x0-3ampoc» (eMm. puc. [[L62). Haxkarh na kjiaBuiry
F3 («Hacrpoiiku ).

[ ] A:100 - Bi——— - 07:58

3xo—zanpoc (192,168,225,190)

Crapt CTaTHCTURS Hacrpoiku  Coxp.#3arp.

Puc. 7.62. Menio «9xo-3ampoc»

q)yHKL[I/IOHaIIbeIe KJIaBUIIN:

F1 («Crapr») — 3amyck recra.
F2 («Crarucrukas) — mnepexoJ K skpany «Crarucrukas.
F3 («Hacrpoiikuy» ) — nepexoj B Meno «Hacrpoiikus.

F4 («Coxp./3arp.») — nepexos B MeHi0 «Pe3ysbrarThl».

3. Hacrpours mapamerpsl TecrupoBamus B MeHIO « HacTpoiiku axo-3ampocas.
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0 A:i000 -  B:1000 - 20 14

HacTpoiki sxo—s3anpoca

[ Mopr WY
IP appec 192,168.,2.2
Pazamep naketa 56
Konmuecteo 20
Bpema oxupaHua 1000
Mayza 1000

A E AETOMATHHECKH

Puc. 7.63. Mento «Hacrpoiiku sxo-3ampocas

ITopT — BBIOOP TOpPTa, C KOTOPOTO OYIET OCYIIECTBIATLCS IEpeaata
nauabix (A/B/Asromaruyeckn).

Ecim npubop moJIKII096H K CeTH U yCTAHOBJIEHO 3HaUeHUe «ABTOMATH-
YeCKU», BBIOOD IIOPTa IIPOM3BOUTCS aBTOMATHIECKH:

— ecsim opr A u mopr B maxomgarca B ofuoii ceru (T.e. ceTeBble
qactu [P-agpecos, 3aganabrx B Memio «Ilapamerpsr nnrepdeitcosy,
COBIIAJIAIOT), TO IXO-3AIIPOC OyJIeT OTHPABIIEH C HopTa A;

— ecsm opT A u opr B HaxosTCs B pa3sHBIX CETSAX, TO 9XO0-3aIPOC
OyIeT OTIIPABJIEH C IOPTa, KOTOPBII HAXOIUTCS B TOI YKe CeTH, IYTO
U TECTUPYEMOe YCTPOICTBO;

— ecsi opt A, mopt B u Tectupyemoe yeTpoicTBO HAXOIATCSA B pas3-
HBIX CETsIX, 9X0-3aIpoc OyJIeT OTIpaBjeH ¢ mopra A.

IP anpec — IP-ajpec y37a, 10CTUKUMOCTH KOTOPOTO HEOOXOIUMO TTPO-
BEPUTh.

Pasmep nmakera — pasmep ICMP-nakera B Oaiitax.

KoaundecTBo — KosmdaecTBo oripasiisgeMbix makeros (ot 0 go 9999).
Ecau BeiOpano mysieBoe 3nadenne, TakeThl OyIyT OTIPABIATLCS 10 TeX
op, 1oka He 6yzer Haxkara Kiaasuma «F1 («Crony).

Bpewmsi oxkuzanuss — BpeMst OXKUJIAHUsS OTBETa HA 9X0-3a1IPOC (B MC).
ITay3a — Bpemst MexK/Iy OTIPABKOI JIBYX IIOCJIEI0BATEIbHBIX 3AIIPOCOB
(B MC).

Haxkars na xiasuiry ~ F1 («Craprs). Haunérea recruposanue, B Xo/e
KOTOPOTO Ha 9KPaH OY/IyT BBIBEJIEHBI CTPOKH, COEPIKAIINE CJIE LY IOy IO
urdopManmio (CIeBa HAIPABO):

— pasmep [CMP-nakera;

— IP-azpec y3ia ceTn, OTBETHBIIETO HA 9XO-3aIIPOC;

— TOPSAJIKOBBINA HOMEp IaKeTa;

— BpeMsl MeXKJIy OTIPABKOM 3aIpoca 1 MOy IeHUeM OTBETA.
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[Ipumep pe3ysIbTaTOB TECTHPOBAHUSA IPEICTaBIeH Ha puc [L.64]

- 19:44

Ixo—zanpoc

(85,142,45,242)

from 85,142, 45,2421
from 5,142, 45,242¢
from 5,142, 45,242¢
from 5,142, 45,242¢
95,142,45,242¢
from 5,142, 45,242¢
from 5,142, 45,242¢
from 5,142, 45,242¢
from 5,142, 45,242¢
from 85,142,45,242;

]
@

b b o b b o o b bt
-
=
=1
=

n=1 time=hilh
time=5256
time=5370
time=h301
time=h41h
time=5308
time=5470
time=5634
time=5E0E

n=10 time=5612 ns
15 packets transmitted, 10 received. 5 packet loss
mindavgsimax; 5315/5438/0612 ms

53
53
53
53
53
53
53
53
=

=

Crapt CTaTHETHRE

HacTpaoiiku

Cowxp, /3arp,

Puc. 7.64. Pe3ynpraTsl TecTa «DX0-3a11pOC»

ITo pesysbraram recrupoBanus (opmupyercs craructuka (cM. puc. [[65).
B craructuke orobpazkaercs mmadOpManmag O MUHUMAJILHOM, CPEIHEM,
MaKCHMAJIbHOM BPEMEHH MEXKJIy OTIPABKOI 3alpoca U IMOJIy9YeHneM OTBera,
a TaKyKe O KOJIMYECTBE MEPEJAHHBIX, IPUHATHIX, MOTEPIHHBIX U ITIOBTOPHBIX
(¢ OIMHAKOBBIM TIOPAIKOBBIM HOMEPOM) HAKETOB. 3HAYCHUE B CTPOKE mMali-
MAYm COOTBETCTBYET KOJIMYECTBY I[AKETOB, JIjI KOTOPBIX BPEMsi OTBETa Ha

9X0-3AITPOC OBIJIO TTPEBBINIEHO.

W A:i00 - Bi—— - 10 10
CTaTnMcTHka 3xX0o—3anpocoe
Bpema oTBeTa
MMHMMYM 9 mc
MAaKCHMyM 19 mc
cpefHee 10 mc
oTnpaeneHo 8
nonyydeHo 8
notepsiio O (0%)
NoBTOpPHBEe ©Q
Tammayt 4
Crapt CTaTHCTURS Hacrpoiku  Coxp.#3arp.

Puc. 7.65. CraTuctuka Tecta «JX0-3a1Ipocs
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7.14.2 Mapupyt (Traceroute)

WNucrpyment «MapmpyT» L HCIOIB3yeTCs I ONpeIeIeHIs MapIIPyTOB
cnenoBanus nanubix B cerax Ha ocaose TCP/IP. B nponecce Tectuposamust
YKa3aHHOMY y3JIy CETH OTIPABJISAETCS [TOC/IEI0BATEILHOCTD JIefTarpaMM, IPu
9TOM OTOOPAXKAIOTCHA CBEIEHUS O BCEX MPOMEXKYTOUYHBIX MapIIPYyTU3ATOPAX,
gepe3 KOTOPBIE IIPOILIHN JAHHbIE HA IIyTH K KOHETHOMY y3J1y. Takum o0pasom,
UHCTPYMEHT «MapmpyT» I03BOJISIET JUATHOCTUPOBATH JOCTYIHOCTH ITPOMeE-
JKYTOYHBIX IIYHKTOB HA IIYTHU IEPEJAIN MOTOKA JAHHBIX B CETHU.

st mpoBeieHUsT TECTUPOBAHUS HEOOXOIUMO:

1. Tlogk/rounTh NpUbOP K TECTUPYEMON CeTH B COOTBETCTBUU CO CXEMOI,
npuBeIeHHOI Ha puc. [.00)
2. Ilepeiitu B mento «MapipyT» (cMm. puc. [L.60).

[ A:100 - Bi——— - 07 99

Mapupyr { 192,168.225,190 )

CrapT Hacrpoiiki  Coxp,+3arp.,

Puc. 7.66. Menro «MapmipyTt»

3. Hacrpours mapamerps! TecrupoBamnus B MeHIO «Hacrpoiiku mapripyTas.

W A:100 - B:;———— - 22 21

HacTporkm MapupyTta

ABTOMaTHUUECKH
IP appec 192.168.1.1
Makc, yanos 30
Pazamep naketa 40
Bpema oxupaHma 1000

A B AETOMATHHECHH

Puc. 7.67. Menio «Hacrtpoiiku mapripyTas

0B 6azosyio xonduryparmmo me Bxoaut. JloCTyTeH TIPH JOMOTHITEIHHOM 3aKA3¢ O,
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ITopT — BBIOOP TOpPTa, C KOTOPOTO OYIET OCYIIECTBIATHLCS IEpeaata
nauabix (A/B/Asromaruyeckn).

Ecin npubop moJKI0u6H K CeTH U YCTAHOBJIEHO 3HaUeHHE «ABTOMATH-
YeCKU», BBIOOD IOPTa IIPOM3BOUTCS aBTOMATHICCKH:

— ecsiu opr A u nopr B maxomsrca B omHoil ceru (T.e. cereBble
qactu [P-agpecos, 3agananrx B Mmemio «Ilapamerpsr nnrepdeitcosy,
COBIIQJIAIOT), TO JIAHHBIE OYyT OTHPABIATHCA ¢ HOpTa Aj;

— ecqu opt A m mopr B HaxojsiTCsi B pasHBIX CETSIX, TO JAHHBIE
OYIyT OTIPABJISITHCS C IIOPTa, KOTOPBI HAXOIUTCS B TO YKe CeTH,
9TO U TECTUPYEMOE yCTPOHCTBO;

— ecsm opt A, mopt B 1 Tectupyemoe yeTpoicTBO HAXOIATCS B pas3-
HBIX CETSIX, JIAHHBIE OYIYT OTIPABJISITHCS C opTa A.

IP aapec — IP-ajpec y3ia.

Maxkc. y3/70B — MaKCUMaJIbHOE KOJUIECTBO MapPIIPYTU3aTOPOB, KOTO-

poe MOXKeT ObITH TPOHIEHO MAKETAMU.

Pasmep makeTa — pasmep Kajpa B OaiiTax.

Bpewmst oxkuianust — BpeMsi, 110 UCTEYEHUN KOTOPOTro OyJIeT OTIIPABJIEH

cJre Iy oIy 3anpoc (B ciydae, eCiy He IPUIIET OTBET Ha IPe bl Y IIHii).
4. Haxarp na kiasumty ~ F1 («Crapr»). Haunéres recruposanue, B xoje

KOTOPOI'O Ha 9KPpaH OYIyT BbIBEIEHBI CTPOKHU, COJIEPKAIIIE CJIEIYOILY IO

urdopManmo (CIeBa HAIPABO):

— HOMEp MMPOMEXKYTOUIHOTO y3JIa;
— IP-agpec mpoMeKyTOIHOTO y3J1a;
— BpeMsl OXKUJIAHUS OTBETA.

Ecan Bpems oxupanus orBeTa OT TPOMEKYTOUHOIO Y3JIa IMPEBBICHIIO
TafiMayT, B CTPOKE Pe3yJIbTATOB OYIeT BBIBEJIEH 3HAUOK «*».
IIpumep pe3yabTaTOB TECTUPOBAHUS PEACTABICH Ha puC. [[.6J

1 ;1000 - B:;——— - 19 28

MapuwpyTt { 209.85.229,104 )

2 195,131,127.1 8 ms
3 10.45.72.1 21 ms
4 195.131.241.4 18 ms
5 195,131,252.4 20 ms
E 194,85,177,138 15 ms
7 216,239,43.240 41 ms
g 209.85,250,189 58 ms
9 B6.243.95.132 B2 ms
10 203.85,248.78 B3 ms
*

12 203,85,252,83 B8 ms
13 209,96,243,81 72 ms
14 203.85,229.104 71 ms

CrapT Hacrpoiiki  Coxp,+3arp.,

Puc. 7.68. PesynpraTs! Tecra «MapmpyTs»
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7.14.3 DNS (DNS lookup)

DNS (Domain Name System — cucrema JJOMEHHBIX UMEH) — PACHPEIEIEH-
Has 6a3a JAHHBIX, CIIOCOOHAS IO 3AIIPOCY, COJIEPKAINEMY JIOMEHHOE UMSI Y3J1a
coobmure ero IP-agpec. @yukiusa DNS lookup (mouck na cepsepe I/IMéH
moMoraer oOHapyKuUTh omubku B pabore NS-cepBepos.

st mpoBeieHnsT TECTUPOBAHUS HEOOXOINMO:

1.

G N

TloakmounTs TpUbOP K TECTUPYEMON CETH B COOTBETCTBUU CO CXEMOIA,
NPHUBEACHHON Ha pUC.

Iepeiitu B menio «DNS» (cMm. puc. [[.69).

B nyukre Mmento «Ilopr» yka3zaTs mopT Jj1s IpHEMa U ITePeJIavn JaHHBIX.
B nynKTe MeHIO «¥Y3em» BBECTH JOMEHHOE MMs y3JIa.

Hazkars na kinasunry < F1 («Crapr»). B mynkre menio «IP» oroGpasut-
cs IP-aznpec y3ma.

Ecmau IP-azgpec onpenennTs He ymaaoch, B myHkTe menio «IP» orobpa-
surcs mysaesoit IP-anpec (0.0.0.0).

IIpumep pe3ynbTaTOB TECTUPOBAHUS IPEJACTaBICH Ha puC. [[.6J

3 A:100 - B:———— - 22 30

DNS
A

Yaen metrotek,.spb.ru

IF 0.0.0.0

Puc. 7.69. Menio «<DNS»

ITopt — BBIOOP MOpPTA JIJIsi IPUEMA U [T€PEJIAdN JAHHBIX.

V3ea — umsd y3naa, [P-ajpec Koroporo HeoOX0IMMO OIPEJIC/IUTD.

IP — monywennnrit B pe3yabrare mposejienns Tecta IP-aapec y3aa, mMst
KOTOPOI'O 3aJIaHO BBIIIIE.

1B 6azosyio xonduryparmo #e Bxoaut. JlocTymHa IPH OTOIHATETLHOM 3aKa3¢ OTITIHH.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy



7.14 Tecrer TCP/IP 75

7.14.4 TIlepexBar ARP

Oyukius «Ilepexsar ARP» mozsossier orciexxkusars ARP-oTBeThI, miepe-
JAIOIINECsT B CETH, W <«IepexXBaTbhIBaThy cojep:kamuecss B Hux IP- u MAC-
ajpeca ceTeBbIX ycTpoitcTB. Ha ocHoBaHNM MOy I€HHDBIX JAHHBIX (DOPMUPYET-

¢ crmcok (em. puc. [7])).
st mpoBeieHnsT TeCTUPOBAHUS HEOOXOINMO:

1. TomkmounTh Npubop K TECTUPYEMOl CeTH B COOTBETCTBHHU CO CXEMOIA,
npusenénnoit na puc. [L.60 nau na puc. [LG11
2. Ilepeiitu B menio «Ilepexsar ARP» (cm. puc. [L70).

LI A:100 - B:——— - 08:0%
Nepexeat ARP {B)

FRP-Tafnmua nycta

Cron A

Puc. 7.70. Menio «Ilepexsar ARP»

DOYHKIUOHAIBHBIE KJIABUIIU:
F1 («Crom») — 3aBepIleHie TeCTHPOBAHUS.
F4 («B»/«A») — nepexon k Tabmuue IP- u MAC-aznpecos mig nopra
B(A).
Hazkars na kiasunty  F4 g Beibopa mopra (A wiu B).
4. Yepes neroropoe Bpems Haamuch «ARP-tabsmna mycras ncdesner u
Ha skpad OyayT BeiBoguThes IP- 1 MAC-agpeca cereBbIX yCTpOICTB.
IIpumep pe3ysbTaTOB TECTUPOBAHUS MpeJCTaBIeH Ha puc. [.(1]

@
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O A:ico - Bi———— - 00:09

Nepexsat ARP {A)

192,168,222,100  O0:17+9A106:1C:FS
192,168,222,156  00:23154147101:CD
192,168,222.8 O030E:AB A2 BB 4F
192,168,222,7 00313: 04390398 5F

Cron E

Puc. 7.71. Dxpan «Ilepexsatr ARP»

Ecin xakas-To u3 3amnuceit He OOHOBUTCSI B T€UEHUE OJIHON MUHYTBI, TO
oHa OyJeT yjaJieHa u3 CIICKA.

5. s 3aBepiienns TeCTUPOBAHMUSA HEOOXOMMMO HAXKATH Ha KyaBumry — F1
(«Cromy).

7.14.5 TCP-kaueHr

OyuKIms «TCP-xment>[d nossosster ycranouth TCP-coenunenue c
YJIAJIEHHBIM Y3JI0OM CETH, IPUHUMATH OT HEro JaHHbIe U HEePEaBaTh JaHHbIE
sTtoMy y3iay. C moMOIIBIO 9TOH (DYHKIMKN TaK:Ke MOYKHO YIPABJATH Y/IAJEH-
HBIM y3s10M 110 poTokory TELNET.

s ycTaHOBIEHNST COEIMHEHIST HEOOXOIIMO:

1. TlogkirounTsh TPpUOOP K CETU B COOTBETCTBHUM CO CXEMOM, IIPUBEIEHHOI
Ha puc. [(.60
2. Hacrpours napamerpsl coegunenus (Menio «TCP-kimuents =
«Hactpoiiku» (' F4 )):
— BBIOpATH MOPT JJIsl IPUEMA U [T€PeJIavun JAHHBIX;
— BBecTH JoMennoe nMms uwian IP-amgpec y3ia;

— BBECTH HOMep nopra (HauboJIee YACTO UCTIOJIL3YEMble HOMEPA, T10P-
TOB TIpUBeeHb! B Tadune [L.4)).

2B 6azosyio xonduryparmmo me sxoaut. JlocTymHA IPH TOMOMHATETLHOM 3aKa3¢ OTITIHH.
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1] A:100 - B:—— -

L lopr J

TCP nopt &0

TCP krnmeHT
HacTpohkm

Yaen metrotek,.spb.ru

HTTP

Papn  Sindex,.html

Puc. 7.72. Hacrpoiiku tecra «TCP-kaunenT»

ITopT — BBHIOOP TTOpTA A1 TPUEMA U TIEPEIATN TAHHBIX.

V3ea — gomennoe nms win [P-anpec y3ia.

ITopt — HOMEp moOpTa Ha3HAYUEHUS.

®Daitan — umMs daiijia, CoIEePKUMOe KOTOPOTO OyJIeT MOKa3aHO B OKHE
pesyibraroB B ciyuae ycremHoro HTTP GET-zamnpoca.

3. Orkpeits TCP-coeunenne, HaKaB Ha KJIABUIILY

F1 («OTKpBITH» ).

B cayugae yenemnoro coeunenust (cM. puc. [[773) MOXKHO BBOAUTH KOMAHIbI
COOTBETCTBYIONIEro IPOTOKOJIA, 3AIPAINBATE Y CepBEPa BEO-CTPAHUIIHI.

B cirydae BosHMKHOBEHHs ITPOOGJIEM P YCTAHOBJICHUH COCIUHEHHUS BBIBO-
auTcest coobienue 06 ommbke. HekoTopble coobiiennst 06 ommubKax MpUBeIeHbI

B TabJmIe

Tabsuua 7.4. Homepa nopros nuporokosa TCP/IP

Howmep nopra (11poTokoJ)

Onucanue

21 (FTP)

IPOTOKOJI TTepeadn (aition

22 (SSH)

6e3011aCHBI TPOTOKOJ JIJIsI YIAJIEHHOTO YIIPAB-
JIeHUus U riepejgaan haitiion

23 (TELNET)

IIPOTOKOJ JJIfl JOCTYHa K YHAJEHHOMY CETeBO-
MYy YCTPOHCTBY

25 (SMTP)

ITPOTOKOJI IIEpeIadn SJICKTPOHHOU MOYTHI

80 (HTTP(WWW))

IIPOTOKOJI, MCIOJIb3yeMbIit BeO-Opay3epaMu u
Beb-cepBepaMu T mepeaadn (paition

161 (SNMP)

IIPOTOKOJI JIJIfd yIIPpaBJICHUA CETEBbIMU yCTpOﬁ-
CTBaMM
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-

B

TCP knueHT

connecting to

connected

metrotek,spb.ru (192,168,222,104:80)

3aKpHTE

HTTPGET

Hacrpoiin  Coxp,#3arp.

Puc. 7.73. Ilpumep

YCIIENIHOI'O COeIMHEHUA C y3JI0M

Tabsmmna 7.5. Omubky coemHeHUST

Coobiienue

Onucanue

protocol not supported

IIPOTOKOJI He TOJIJIePKUBALTCS

can’t assign requested address

HEBO3MOZKHO HaSHAYUTDb SaHpOLHeHHbeI aJipec

network is down

CeThb HEJOCTYIITHA

network is unreachable

ceTh He paboTaer

network dropped connection
on reset

YTEPsiHO COEUHEHNE C CETHIO

software caused connection

abort

IIporpamMMHOe 0DeclieueHre BBbI3BAJIO pa3pbIB
COETUHECHIST

connection reset by peer

y3eJI Pa30pBaJl COeTUHEHNE

connection timed out

UCTEKJIO BpeMsd OZKHTaHUA COCIUHCHU A

connection refused

OTKa3 B COCJJUMHCHUN

host is down

y3eJsq He oTBe4daceT

no route to host

OTCYTCTBYET MapIIPYyT JIO y3JIa

st mepenadn BeO-CTpaHUIL

TokoJie onpenenca HTTP GET-

ucriosibzyerca nporokoss HTTP. B srom nipo-
3anpoi. C ero moMmoIbo BO3MOXKHO IIPOBe-

puth, orBeuaeT jin cepep Ha HTTP-3anmpockr u momyanTs cojiep:KuMoe yKa-

3aHHOI'O pecypca.

st mosyuennst coiep:KuMoro aiiia ¢ cepepa HeOOXOIIMO:

1. B okue nacrpoek Tecra B nosie «®Daitny (cm. puc. [[T2) ykazarb ums

3amparrmBaeMoro (aiia.

LhDyHKHHH JOCTYIIHa IIPpU JOIOJHUTE/IbHOM 3aKa3€ OIIUn
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2. YCTaHOBUTH COEJMHEHUE C Y3JIOM.
3. B okne «TCP kjment» naxkars na kiaasuity F2 («<HTTPGET»). Ilpu-
Mep pe3yJIbTaTOB TECTUPOBAHUS IIpejIcTaBeH Ha puc. [[.74]

[ oY — - B:i——— - 16:40
TCP knmeHT

Location: http://twiki,ddg/bindview/Bercut

Content-Length; 216

Content-Tupe; text/html: charset=izo—-8853-1

¥-Padi avoid browser bug

<IDOCTYPE HTHL PUBLIC "-//IETF//DTD HTHL 2,0//EN">
<htmlr<head>

<titler302 Found</title

</head><body>

<hl>Found</hl>

<p>The document has moved <a href="httpi/ twiki,ddg’
bindview/Bercut " shered/ar, </p>

</hody><htnl>

3arpHTE HTTPCGET Hacrpoiikd  Coxp./3arp.

Puc. 7.74. Ilpumep orsera na HTTP GET-3ampoc
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7.15 Tpausur

B pexmme «Tpansur» mpubop BKIIOIAECTCS B PA3PBIB COCTUHEHNUST MEKTY
JByMsl ceTeBbIMH ycrpoiicrBamu. Tpaduk, npuxogamuii na mopr A(B) or-
upasJisiercsd Ha nopT B(A), npumep moakmodenus nokasad Ha puc. [[.75

Puc. 7.75. Ilpumep nonkrovuenus: B pexkume «Tpan3uTs

IIpu mepegate MaHHBIX ¢ TOPTA Ha MTOPT OCYIIECTBIACTCS COOP CTATUCTHIE-
CKUX JIAaHHBIX O MPOXo/siiieM Tpaduke. PesyabraTsl qocTynHbl B MeHIO «CTa-
TuUCTHKA. [Ipu mojcaére CTATUCTUKY IO YPOBHSIM ITOBPEXKJIEHHDBIE TTAKETHI HE
YUYUTBIBAIOTCA.

Eciin ckopocTn nepegadu JaHHbIX 15 mopTa A u 1j1st mopra B pasiumdHbl,
BO3MOKHBI TIOTEPU TPHU IPOBEICHUN TeCTUpOoBanHudA. llorepu mpom3oiayT B
TOM CJIydae, ecjii Iepejiada BeJIETcs ¢ IopTa ¢ OOJIbIIell CKOPOCTHIO Ha MTOPT
C MEHBIIIEN.

HE A:100 PTH B:1000 PTH 00 26

TpaHauT

IECE I Brn

Brikn Brn

Puc. 7.76. Menro «Tpanzur»
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7.16 JImarHoctuka MeIHOIO KabeJjis

IIpucop BepkyT-ET mo3BosisieT mpoBecTn TUATHOCTUKY MEITHOTO Kabesrs
THUIIA «BUTasl [apay, U3MEPUB OCHOBHBIE XapPAKTEPUCTUKHU U OIPEIEeINB €ro
COCTOSIHUE U THII.

JlJ1st IpOBeIeHUsT TECTUPOBAHUS HEOOXOIUMO:

1.
2.

Iepeiitu B menio «Tecr kabesst» (cm. pucllTT).

ToakiounTs K 1pubOpy TecTupyeMblil Kabesb/Kabeau depe3 pasdb-
€M/ pazbEMbl RJ-494,

Hazkars na knapunry ~ F1 («Crapr» ), Ipu 9TOM, B CJIydae HOJAKIIOYCHUs
JBYX Kabesreit, OyIyT OMHOBPEMEHHO IMPOTECTUPOBAHBI 00a nHTEpdeiica.
C nomomtp kaasuit  F2 («A») u  F3 («B») BBIOpaTh MOPT JJIsl IPO-
CMOTPa PE3YIbTATOB TECTUPOBAHNUSI.

st onpeieniennst TUa Kabesst HeoOXOIMO:

1.

Ilepeittu B Merto «TecT Kabess ».
O/ KOHeI TecTupyeMoro Kabeig noakiouuTsb K nopry A(B) nputopa,

npyroit — k nopry B(A).

Haxarp Ha knasunry  F1 («Crapry).

CpaBHUTB pe3ysbTaThl TeCTHPOBaHUs, 0TOOpayKéHHbIe B cTpoke «Ile-
pekp.» mus nopra A u mopra B, u snauenus, upeacrasieHube B Tabim-
e

M A:100 - B:——— - 15 30

Tect kaGena (A}
Mapa 1-2 3-6 4-5 -8
CocTosiHMe HOpPM, HOPM, K.3, K.3,

3aryx.pp ——— ——— -1.9 2.7
fuecT. M —— ——— 17 16
NonApH.

Neperp. MDI mI ——— ————

Crapr A B Coxp./3arp.

Puc. 7.77. 9xpan «Tecr kabess»

HTIposesenne TecTa BO3MOKHO TOMBLKO TIPH MOIKJIIONEHHH K AHATM3HPYEMOMY Kabesio ¢ Hc-
nosp30BaHneM paszbéMa RJ-45. SFP-momynmu muis TectupoBamHus He TPUMEHSIOTC.
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CocrostHue — cocrogHue KadeJis:

— TecT — WAET TeCTupoBaHue Kabesis Ha HAJUYINE HEUCIIPABHOCTEI;

— HOPM. — HOPMAaJIbHOE COCTOsTHIE Kabe/Ist;

— 00OpBIB — OTCYTCTBHUE COEJIMHEHNsI KOHTAKTOB BUTOM IaphI;

— K.3. — JBa win 60jiee IPOBOIHUKOB BUTOI IIApbl KOPOTKO3AMKHY ThI;
— ¢0O0it — HEBO3MOYKHO IIPOBECTU TECTUPOBAHUE.

3aryx. b — 3navenne 3aTyxaHns CUTHAJIA.
uct. M — paccrogrue 10 00HAPYKEHHOTO JedeKTa.
IlonsipH. — HOJIIPHOCTD BUTBIX IIAP:

— <+> — HOJIOKATEIbHAS IOJSPHOCT (HOPMAJIBHOE COCTOSHUE);
— <—> — orpuI@aTeJbHasl TOJSPHOCTD (COeJMHEHNE JIBYX HPOBOJHUKOB
BUTOf IApbl HA OJIHOM KOHIIE OOPATHO MX COEJMHEHUIO Ha JIPYIOM).

ITepekp. — pexuM BkioueHns surbix map (MDI/MDI-X); suauenwust,
BBIBOJIUMBIE B CTPOKe «Ilepekp.» MO3BOJIAIOT ONpPeIeIUTh THIT KabeJIs.

Tabauna 7.6. Oupenesenne Tuna Kadess

CKOpOCTb Ilapa |3nauenue B|3uadyenme B|Tun kabesis

crpoke «lIle-|crpoke «Ile-
PeKp.»  OJd|pekp.» s
nopra A nopra B

1-2 MDI MDI IepPeKPECTHBII

3-6 MDI MDI

4-5 — —

7-8 — —

1-2 MDI-X MDI-X IepPeKPECTHBII

3-6 MDI-X MDI-X

4-5 — —

7-8 — —

10/100 1-2 MDI-X MDI IPAMOIA

3-6 MDI-X MDI

4-5 — —

7-8 — —

1-2 MDI MDI-X IPSAMOTT

3-6 MDI MDI-X

4-5 — —

7-8 — —

15CkopocTs mepegatn JaHubX 4s mopra A 1 mopra B (B M6ut/c) 3amaéres B menio «Ilapa-
MeTPBI HHTEPdEIICoB».
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Tabsuna 7.6. Oupejesenne tuna kabess (TPOIOJKEHNE)

1-2 MDI MDI TePEeKPECTHDIH
3-6 MDI MDI
4-5 MDI MDI
7-8 MDI MDI
1-2 MDI-X MDI-X IepPeKPECTHBII
3-6 MDI-X MDI-X
4-5 MDI-X MDI-X
7-8 MDI-X MDI-X
1000 1-2 MDI-X MDI MIPSIMO
3-6 MDI-X MDI
4-5 MDI-X MDI
7-8 MDI-X MDI
1-2 MDI MDI-X MIPSIMO
3-6 MDI MDI-X
4-5 MDI MDI-X
7-8 MDI MDI-X
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7.17 BERT

BERT (Bit Error Rate Test) — Tecr, 03BOJISIONIHI ONPE/IEIUTH OCHOB-
HOI GUTOBBIN IMOKA3aTe b KadecTBa KaHaja — «bit error rate» (Koa(b(bI/ILLI/IeHT
GUTOBBIX OIMIMOOK), T.€. OTHOIIEHHE YHCJa OIMUOOYHBIX OUT K OBIIeMy Ko-
JINYECTBY TepefaHHbX O6uT. VI3BecTHast Ha NMPUEMHOM U IIePEeJIaroIeM KOHIIE
OmHapHas MMOCIeI0BATEILHOCTE MToMernaeTcss B Ethernet-kaap, KoTtopbrit me-
penaérca B dusnydeckyio cpepy. Ha mpuéMHOM KOHIE OCIEI0BATEIHHOCTD
CPaBHUBAETCS C MCXOIHOMN, W BBITUCIACTCS KOIDPUITUEHT OUTOBBIX OIHOOK.
st mopkrouernss K TDM-ceru ucrosib3yercsi KOHBEpTEp HHTEPGEiCcoB, KO-
TOPBII OCYIIIECTBIIsIeT TpeobpasoBaHue TpaduKa MaKeTHOM ceTu (Ethernet) B
Tpaduk, nmepemasaembrit B TDM-ceTax.

TectupoBanme MOKeT OBITH PEAJUIOBAHO HA YETHIPEX YPOBHAX MOJIE-
g OSI.

Ha ¢pusudeckom ypoBHE [HaHHBIE OTIPABJISIIOTCS 9aCTIMU C OIIPEIEEH-
HBbIM MeKKaipobiM uHTepBasioM (IFG — Interframe Gap). B stom ciayuae
recruposanue posojutcs ¢ nopra A (B) wa mopr B (A) (em. puc. [[88) win
ucnosbsyerca Gyuknus «lneiid» (em. puc. [8J).

TecroBas KoHTp. TecToBas KoHTp.
TMOCJIEI0BATEILHOCTD | CyMMa ,IFGl MOCJIeIOBATEILHOCTD | CyMMa

Puc. 7.78. Kagp dusuveckoro yposus

Ha kanajsbHOM ypoBHE K JaHHbIM jobasisiercs Ethernet-zaronosox,
YTO MO3BOJISIET II€pPe/IaTh TECTOBBIE MAKEThl Y€pe3 CeTh, KOTOPAs COIEPIKUT
ycrpoiictsa, paboraoriue Ha BropoM yposue mogesu OSI (nanpumep, cereBoit
kommyTaTop (switch)). Crocober nonkoYenus npubopa K TeCTUPYeMoii ceTu

nokazansl Ha puc. [£.90] [[.97] [[.92

MAC- TecroBast Konrp.
3aroJIOBOK TIOCJIETOBATEIILHOCTE CyMMa

Puc. 7.79. Kaap kanaabHOro ypoBHs

Ha cereBom ypoBHE jannble nomemalorcsa B IP-naker, a zarem — B
Ethernet-xap. 910 m03BO/IsIET IEpeIaTh TECTOBBIE AKETHI Y€Pe3 CEeTh, KOTO-
pas COIEP:KUT yCTPOCcTBa, paboTalone Ha KAHAJLHOM M CETEBOM YPOBHAX
(manpumep, cereBoil KOMMyTaTOp, MapipyTusarop (router)). Crocobbl moj-
KJIIOYEHNA IPHOOpa K TECTUPYEMOIt ceTn moKa3aubl Ha puc. [L90] [[.IT]
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MAC- IP- Tecrosas KomTp.
3aroJIOBOK | 3ar0JIOBOK | 110CJI€I0BATEIbHOCTH Cymma

Puc. 7.80. Kagp cereBoro yposu:

Ha TpancnmopTHOM ypoBHe dopmvupyercsa Ethernet-kamap, comepzxarmii
IP- u UDP-3arosoBoK, 4T0O MO3BOJISET IEPEIATh TECTOBYIO ITOCJIEI0BATE b
HOCTb C UCIIOJIb30BAHUEM TPAHCIIOPTHBIX IIPOTOKOJIOB. CIIOCOOBI IO IKIIFOYEHUST
npubopa K TecTupyemoii cern nokazanbl Ha puc. [.90] [7.971]

MAC- IP- UDP- Tecrosas Kowtp.

3aroJIOBOK |3ar0JI0OBOK | 3aroJIOBOK | IIOCJICIOBATECIBHOCTE | CymMMa

Puc. 7.81. Kagp TpancnopTHOro ypoBHs

B A:1000 - B:1000 - 11 45

BERT
ET 00:00:04 RT 00:59:56

BITs 2.587e+05
EBITs 0.000e+00 BER 0,000e+00

LSS © #LSS 0,000
Los o ¥LOS 0,000

Crapt Cowxp,/3arp,

Puc. 7.82. Dxpan «BERT»

ET — Bpewms, mporre/iiee ¢ Havasaa TeCTA.

RT — Bpewmsi, ocraBiieecst 10 OKOHYAHKS TECTA.

BITs — komm4ecTBO NPUHATHIX OUT.

EBITs — kou4ecTBO OMUOOTHBIX OUT.

BER — orHomenne KoamdecTBa OMMMOOTHBIX OUT K OOIIEMY THUCTY MpPH-
HATHIX OUT.

LSS — Bpewms, B TedeHne KOTOPOTO HADIIOAAIACH TTOTEPsST CHHXPOHU3AIIAN
TECTOBOI OCJI0BATEIbHOCTH.

%LSS — orHOmeEHne BpeMeHH, B TeIeHre KOTOPOro HaOI01a1ach OTepst
CUHXPOHU3AIMI TECTOBOU IIOCJIEI0BATEILHOCTH, K BPEMEHH, POIIE/IeMy C
Hadasa TecTa (B [IPOIeHTax).

LOS — Bpewms, B Tedenne KOTOPOTO CUTHAJ OTCYTCTBOBAJI.

%LOS — orHOImIEeHne BpeMeHH, B TeUeHne KOTOPOTO CUIHAJ OTCY TCTBOBAL,
KO BPEMEHH, POIIEIEeMy ¢ Hadaaa Tecta (B IPOIEHTAX ).

Hactpoiiku — nepexoyn B menio «Hacrpoiiku BERTs.
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ITpumewarue: LSS smo cocmostue omeymemeus CuUHTPOHUSA-
UUU € NPUHUMAEMBMU OGHHOLMU, NPU KOMODOM HEM, 803MONHCHO-
cmu ouenusams napamemp BER. Boamooicrvie npurumns, omcym-
CMBUA CUHTPOHUSAUUU:

— HECOOMBEMCMEUE MECTNOGHLL Nocaedosamenvrocmeds (Hanpu-
mep, na npuéme nacmpoena IICII 2e15, a 6 xanane nepeda-
émes IICIT 2e23);

— KaHaA, 68 KOMOPom Nepedaémcs nocaedosamesbHocms, UMe-
em cauwkom evicokull yposenv BER (nopozosoe snawerue
cocmasasem 0,01).

ITpu maxkaruu na kiasuirly F4 («Coxp./3arp.») ocylecrBiisercs nepe-
XOJl B MEHIO, B KOTOPOM BO3MOKEH BBIBOJ, HH(MDOPMAIUE O COXPAHEHHBIX W3-

Mepernnax (- F1 ), coxpaHeHue pe3yslbTaTOB U IapaMerpoB Tectos ( F2 ), a
rakxke 3arpy3ka ( F3 ) u yuasenue (| F4 ) COXpaHEHHBIX PE3yJIbTATOB W Iia-
paMeTpoB M3MEpeHuil.

[ToapoGHoe onmcanne npoIECCOB COXPAHEHHST M 3arPY3KH JAHHBIX [IPUBE-
nmeno B pasnpene [.21]

@ N:1000 - B:——— - 11:49

BERT
Hactpoikm
[________Spopen: Ji
Tun nocn. [onks3.
MNonea, AABBCCDD
Harpyaka (L2} 100 %
AmTencHoCTL  91:00:00
Pazmep kapgpa MNocTosAHHBA
Kapgp 64

Tononorua TecToB
3aronoBok

1 2 3 4

Puc. 7.83. Menio «Hacrpoiiku BERT»

¥YpoBenb — BoibOp ypoBHs Mojesun OSI, HA KOTOpOM OyIeT MpoBOIUTCS
TeCT:

— 1 — dusuvecknit ypoBeHb;

— 2 — KaHAJILHBIN YPOBEHb;

— 3 — ceTeBOil yPOBEHD;

— 4 — TPaHCIOPTHBII YPOBEHD.

Twun mocj. — BBIOOP CTAHIAPTHON MJIM 3aJaBAEMO IOJIHL30BATEIEM Te-
CTOBOM ITOCJIEJOBATEIbHOCTH.
ITonbp3. — BBOJ MOJIB30BATEILCKOM IOCIEI0BATEILHOCTH.
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Harpyska (L2) — snauenue undopmarmonnoii (L2) ckopocru B npories-
rax (F1 ), B k6ur/c ( F2 ) mwiu B M6utr/c (' F3 ).
JJMTeIbHOCTD — 3aJIaHie BPEMEHH M3MEPCHHS.

Paszmep kajspa:

— ecs BbIOpaHo «CirydaiiHblity, TO pa3Mep Kajpa OyJleT M3MeHSAThCs 110
PaBHOMEDHOMY 3aKOHY B 3a/IaHHBIX IIpejieiax (IyHKThI MeHI0 « MuH. Kaap»,
«Maxke. Kajp»);

— ecym BeIOpano «IlocTogHHBINY, TO I TeCTUPOBAHUS OYIyT HUCIOIb30-
BaThCsI KAJIPbI, pa3Mep KOTOPBIX 3aa8TCsl B IyHKTe MeHI «Kamap».

Kanp — BBoj pasmepa Kajapa JaHHBIX.
TomoJiorust TeCTOB — I1epexo)i B MEHIO « TOImo/Iorus TeCToB.

O A:100 - B:———— - 22:14

Tononorus TecToB

MopT nepegayun s

NopT npuéma B

Mmcr, IP 192,168.1.1

A B JHETSHUMOHHEIA

Puc. 7.84. Menio «Tonosiorus recros»

C OMOIIBIO 3TOr0 MEHIO 3a4aETCsI HOPT IMPUEMa U MOPT IepeIadn JaHHbIX.
O H 1 TOT 7Ke MOPT MOKET CJIY?KUTh ¥ /IS IePeJady U JJisd TPUEMa, JaHHbIX
(manpumep, npu ucnosb3oBannu Gyuknuu Loopback).

B caygae ncnonbzopanns GyHKIUA ACAMMETPUIHOIO TECTUPOBAHMSA B Ka-
YecTBe TOPTa TMepeiadn/IprueMa BuioupaeTcst «J/lmeraHnmonnbiit» (cMm. pas-
seat [19).

3aroj0BoOK — Hepexo B MEHIO «3arojioBok» (cM. pasues [LG.T]).

ITocne0BaTEILHOCTH, HCIIOIb3YEMbIE JIIS TECTUPOBAHHSA, COOTBETCTBYIOT
pexkomenanuu ITU-T O.150 [7].
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Tabsmra 7.7. TecToBble TOCIEI0BATEILHOCTH

Tun ImocJjie10BaTeJIbHOCTHA

IIpumenenue (pexkoMeHS.)

2e9-1

st onpeesienus omuboK (1pu mepe-
Jlave JIAHHBIX 110 KAHAJY CBA3HU CO CKO-
pocrbio e Gosee 14,4 k6ur/c).

2ell-1

it onpenesieHust OMUO0K U JZKUTTE-
pa (mpu Iepejade JAHHBIX 110 KaHa-
JIy CB3U CO CKOpocTbio 64 xbur/c u
64 xN x6utr/c, rae N — mesoe 9ncio).

2el5-1

Iljist ompejie/ieHus OMUOOK U JIZKUTTE-
pa (upu nepejade NAHHBIX 10 JIMHUU
CBSI3W CO CcKOopocThio 1544, 2048, 6312,
8448, 32064 u 44 736 x6ur/c).

2e20-1

s onpeesienus omuboK (1pu mnepe-
Jlade M0 KAHAJY CBSI3U CO CKOPOCTDHIO
He Gosee 71 K6uT/C).

2e23-1

st onpejiesiennst ommOOK U JKUTTE-
pa (upu nepejade NAHHBIX 10 JIMHUU
CBsI3U co cKopocThio 34 368 m 139 264
Kbur/c).

2e29-1

2e31-1

Jluist onipeienieHnst omuboK (Ipu

nepejiave JIAHHBIX HA BBICOKHX CKOPO-
crsix (Gosee 139264 x6ut/c)).
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7.17.1 BERT. Hactpoiika MPLS

Crek MeTOK Ha Ilepelady U IpaBuja npuéma 3ajaorcs B Mero « MPLS»:
Hsmepenus = «BERT» = «Hactpoiikuy» = «3arojioBok» = «lomojHuTe /b
Ho» = «MPLS».

[ n:ico - By———— - 19:17
MPLS
Mpreém

Puc. 7.85. Menio «MPLS»

Ilepenaua — nepexon B meHo «CTeK METOK».
IIpuém — nepexon B Menio «IIpaBuma mpuémas.
Takeke Ha 3KpaHe oTOOparKarorcs Tekyiue HacTpoiiku MPLS.

0 A:ico - B:——— - 19:18

Ctek meTOK

|__Kon-Bo_meTox K
MeTka ©QQOQ00
MPLS COS5 ©
TTL 128
Metka 00000
MPLS COS5 ©
TTL 128
MeTka ©QQOQ00
MPLS COS5 ©
TTL 128

Brikn 1 2 3

Puc. 7.86. Menio «CTek MeTOK»

Kou-Bo MmeToK — BBIGOD KosmmdecTBa MeToK (or 1 110 3), KoTopoe Oyzer
JIO0ABJIEHO B TIEPEIABACMBIIN ITAKET.

Metka — 3HavYeHHE METKH.

MPLS COS — kiracc 00CIyKUBaHNs TAKETA.

TTL — Bpemd KU3HU TAKETa C METKOII.
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0 A:ico - B:——— - 19:18

MNpaBuna npuema

1
Metka 1 QQQO0
Metka 2 00000
MeTka 3 QQOO0

Brikn 1 2 3

Puc. 7.87. Menio «IIpasuia npuémas

Kos-Bo MeTOK — BBIOOP KOJIMYECTBA METOK B IIPUHUMAEMBbIX [TaKeTax.
Metka 1, Merka2, Merka 3 — 3HaueHIne METKH.

7.17.2 BapuaHTbl HOAKJIIOYEHUS

(usnueckas cpena (kabesnp)

Puc. 7.89. Tecruposanue na pusznaeckoM yposHe (Bapuant 2)
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X - MaKeT ¢ ONIMOKOM B TECTOBOM MOCIIEA0BATEILHOCTH

Puc. 7.90. TecrupoBanue Ha KaHaJILHOM/CeTeBOM ypoBHe (BapuaHt 1)

nayKa Kaapos

IO

nopt A(B) >

LI

Ethernet-cetpb

switch/
router
e ol o o

& - MaKeT ¢ OUIMOKOW B TECTOBOIT MTOCIIEI0BATEIBHOCTH

Puc. 7.91. TectupoBaHue Ha KaAHAJIBHOM /CETEBOM ypOBHE (BapuaHt 2)

TagKa KaJApoB

COICIL]

—_—
nopt A(B) <—— | unTepdeiico

IO

— <. neiid

X - MaKeT C OMMOKOH B TECTOBOM MOCIIEIOBATENLHOCTH

Puc. 7.92. TecrupoBanue Ha KaHAJILHOM/CETEBOM YpOBHE (Bapuant 3)
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7.18 IlakeTHbIil J>KUTTEP

Baxkmoit 3amaqeit mpu Tectupoanuu Ethernet-cereit siBisieTcs onpemerte-
HEE TIaKeTHOro JpKkuTTepa. B coorBercrBun ¢ meromukoit REC 4689 [6], na-
KETHBIN JIZKATTEDP — 9TO abCOJIIOTHASI PA3HOCTD 3aJePKEK PACIPOCTPAHEHUsT
JIBYX [IOCJIe/IOBATE/IbHO IIPUHSTHIX [TAKETOB, IIPUHAJIEYKAIUX OIHOMY ITOTOKY
JAHHBIX. DTOT IapPaMeTP MCIIOIb3yeTCs [JIsi OIEHKH BO3MOYKHOCTH CETH IIEpe-
JaBaTh YyBCTBUTEJBbHBIA K 3a1ep:KKaM TpaduK, TaKoil, KaK BUIEO WA Pedb.
OyHKIMS aHAJIN38 TAKETHOIO JIXKUTTepa sABJISeTCs OIuei .

Ej A:1000 — B:1000 GEN 12:09
MakeTHRA gRUTTEp
OTuéT
ET 00:00:06 RT 00:00:54

PKTs 9.438e+06
000Ps 7.725e+04 XO00OPs 0.818
INOPs 9.36le+08 XINOPs 99,182

< 1ms #PKTs 100,000
>=  1ms ¥PKTs 0,000

CrapT Tpadur Pacnpeaenstue Coxp, /arp,

Puc. 7.93. Okpan «Ilakerusiii mxxurrep. OTIéT>

ET — Bpewms, nporme/inee ¢ Hadaa TeCTa.

RT — Bpewmsi, ocraBiieecst 10 OKOHYAHKS TECTA.

PKTs — obimiee KOIM4ecTBO MPUHSITHIX TAKETOB.

OOOPs — K0IU9IeCTBO MAKETOB, MPUHITHIX HE B TOM MOPSIJIKE, B KOTOPOM
OHU OBLTM OTIIPABJIEHBI.

%000Ps — KoJIMYeCTBO MAKETOB, IPUHATLIX HE B TOM HOPSJIKEe, B KO-
TOPOM OHU OBILJIU TIepeJIaHbl, B IMPOIEHTaX OT OOIIEro KOJUYIECTBa MPUHSITHIX
[TAKETOB.

INOPs — KommIecTBO MaKeTOB, MIPUHATHIX B TOM K€ TOPSJIKE, B KOTO-
pom onm 661 ornpasieHsl. %0 INOPS — KoJm4ecTBO NTAKETOB, IPUHSITHIX B
TOM K€ IIOPSIKE, B KOTOPOM OHU OBLJIN OTIIPABJIEHBI, B IIPOIEHTAX OT ODIIETro
KOJIMYECTBA IIPUHSITHIX [TAKETOB.

< ms %PKTs — KoIM4ecTBO MAKeTOB (IPOLEHT OT OOIIEro Yucjia Mpu-
HATBIX [IAKETOB), JZKUTTEP KOTOPBIX ObLII MEHbBIIE 3a/IaHHOIO IIOPOra.

>=ms %PKTs — kosuuecTBo 1akeToB (IIPOIEHT OT OOIIEro YucIa Ipu-
HATBIX [IAKETOB), [PKUTTED KOTOPLIX ObLI GOJIbIIE MM DABEH 3aJaHHOMY I10-
pory.

Hacrpoiiku — nepexos B Mento «Ilakernsriit jekurrep. Hacrpoitkms.

6B 6azosyio xonduryparmo me Bxoaut. JlocTymHa IPH OTOIHATETLHOM 3aKa3¢ OTITIHH.
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IMpu maxkarunu wa kaasunry F1 («Crapr») HauuHAETCS OUpEIEICHUE
JIZKHTTEpa TaKeTOB, IIOCTYIIAIOIUX Ha MOPT, BLIOPAHHDIA B MeHIO «IIakeTHbIit
mxurTep. Hacrpoiikns. [Tocse 3amycka n3ameperunit HACTPORKM JTAHHOTO MEHIO
CTAHOBATCA HEJOCTYIHBIME JIJIS PEAAKTHPOBAHES.

B ciyuae noakimodenus npubopa B COOTBETCTBAU CO CXEMaMHM, IIPEJCTAB-
JennbiMA Ha puc. [.97u puc. [[.98] onHOBpEeMEeHHO ¢ OIpe/ie/IeHneM ITaKeTHOIO
JIZKUTTEpa HAYHETCS MeHepalus TeCTOBOro noToka (eM. pasmes [L19).

ITpu naxkaruu wa Kiuasumy F2  («I'paduk») ocymiecrsisgercs nepexom K
9KpaHy, CoAeprKaIeMy IpadUIecKoe IIPeICTABICHAE PACIPEICICHUS TaKeT-
HOT'O JIZKUTTEpA.

O A:100 - B:—- - 03:41

NareTw, 2 MakeTHuA AXMTTER
101, . . .

0.0 12,5 EE.8 FT.E B0 BE.E TE.0 5.5 100.0  inf
LwmTTEp. M3
PacnpeaencHue OruéT Cowp., £ 3arp.

Puc. 7.94. Dkpan «Ilakerubiit jprurreps> (rpaduk)

ITpu naxkaruu wa kiaasunty F3  («Pacupeje/ienues ) OCyIeCTBIISIETC Te-
pPexo K 9KpamHy, cojepzkaiieMy nHdOPMAIUIO O PACIPEIEIEHAN YKUTTEPA.

B A:1000 — B:1000 GEN 14 41
MakeTHHA axUTTEp
PacnpepneneHne
[xuTTep -MS NakeTw, %
[4 0,000, .. 0.125) 100,000
4 0.125,.,. 0,250) 0,000
4 0.250,.. 0.375) 0,000
( 0.370... 0.500) 0.000
4 0.500,,., 0,625) 0,000
4 0.625,.. 0.,750) 0,000
( 0.790... 0.875) 0.000
4 0.875... 1.000) 0,000
4 1,000, .. ) 0,000
CrapT Orugr pauk Coxp, /3arp,

Puc. 7.95. Dkpan «Ilakernsrit jukurrep. Pacupeneiennes

Ha skpane orobpazkaiorcs gBa CcTOJIONA: B MEPBOM IPUBEICHBI IPAHUIIBI
UHTEPBAJIOB, BO BTOPOM — KOJIMYECTBO HAKETOB (B IIPOLEHTAX ), JZKUTTEP KO-
TOPBIX IIOTAJI B OIPEe/IEHHbIN nHTepBajl. BepxHsis IpaHUIla UHTEPBAJIA, 3a-
naérest B Mernro «Ilakernsbrit mxurrep. Hactpoiikuy u obo3Havuena kak «Ilo-
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por, Mc». IHTepBaI OT HyJis JI0 33JJaHHOTO MOPOTa JCJUTCH Ha OIPEIEICHHOE
YUCI0 TOABIHTEPBAJIOB; MO PEe3yJIbTaTaM TECTa I KaskKIOTO MOJBIHTEpBAIA
B IIPABOM CTOJIOIE 0TOGpasKaeTcst MPOIEHT MaKeTOB, JXKUTTEP KOTOPLIX HAXO-
JINTCSL B 9TUX TPEJeJIax.

ITpu naxkaruu na kiasunty F4  («Coxp./3arp.») NpOUCXOAUT LEPEXO/l B
MEHIO, B KOTOPOM BO3MOYKEH BBIBOJI MH(POPMAIIMU O COXPAHEHHBIX M3MEpPEHH-

ax (- F1 ), coxpaHeHue pe3yJbTaToB U napamerpos tectoB ( F2 ), a rakke

zarpyska ( F3 ) u ynasenue (- F4 ) COXpaHEHHBIX PE3YJILTATOB U APAMETPOB
u3MepeHuil.
IToapobHOEe OnmcaHue MPOIECCOB COXPAHEHUA W 3aIPY3KU JTAHHBIX — CM.

paszesn [L211

WD A:ico - Bi———— - 11:30

NakeTHoin gruTTEPR
HacTpohkm
A
Mopor.mc 100
NmrensHocTs  00:01:00

TecToBHA MNOTOK

Puc. 7.96. Memnrto «Ilakerunrit mxxurTep. Hacrpoiikms

ITopT mpuéma — BBIOOD MOPTA, HA KOTOPOM OYJIET IIPOUCXOIATH U3MEPe-
HUE JRKUTTEPA.

Ilopor, Mmc — moporopoe 3Ha4eHUE JKUTTEPA.

JATEeNbHOCTh — BpeMs U3MEPEHUs JZKUTTEPA.

TecToBBIlI TTOTOK — IEPEXO/T B MEHIO « 1eCTOBDIN TTOTOK».

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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7.19 TecToBbIl ITOTOK

DyHKIMA FeHepali TECTOBOIO IIOTOKa MPUMEHACTCS TPH U3MEPCHUH T1a-
KeTHOTO JKuTTepa. CymecTByer BO3MOXKHOCTD I'€Hepalii TeCTOBOIO IOTOKA,
U U3MEPEeHHUs IAKeTHOrO JIZKUTTepa Ha oiHOM noptTy (cMm. puc. [[OT), a takke
reHepalyy TeCTOBOrO IIOTOKA Ha OJIHOM IIOPTY U M3MEPEeHHN MaKeTHOTO JZKIT-
repa Ha apyrom (cMm. puc. [[98), upudém Hopr npuéMa MOXKET PACIIOJIAraThCs
Ha yIAJEHHOM IIPUOOpPE, CM. PHC.

ITocyte BKIIOYEHUS T€HEPAIUE TECTOBOTO MOTOKA HACTPONKH MEHIO CTaHO-
BATCS HEJOCTYIIHBIMHA JIJIsI PEJIAKTHPOBAHMS.

Cxema 1

Puc. 7.98. Usmepenue jxurrepa. Cxema 2

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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TreHepanus T€CTOBOro noToka

nopt A(B) nopt A(B)

OIIPEACIICHUC [DKUTTCPA

Puc. 7.99. Usmepenue jxurrepa. Cxema 3

[ A:1000 — Bi——— - 02:02

TecToBHA MOTOK

Butkn
MopT nepepaun A
AanTensHocTe  00:01:00

Harpyzka (L2) 100 %
Pazmep kagpa [MocToAHHWA
Kapp €4
3aronoBok
ET —3i;—:— RT i i

Btikn Brn

Puc. 7.100. Menio «TecTroBblil TIOTOK»

OTnpaBka — BKJIOYEHUE/ BBIK/IIOYEHIE MEHEPAILIUNA TECTOBOIO IIOTOKA.

ITopT mepepgaum — BBIGOP TOPTA, C KOTOPOrO OYyJIET TPOUCXO/IUTH I'eHE-
parust Tpaduka.

JJuTesIbHOCTb — BpeMsl, B T€UEHNE KOTOPOTO OyJIeT MPOUCXOIUTH TeHe-
parns Tpaduka.

Harpyska (L2) — 3nauenune undopmarmonnoii (L2) ckopocru B nporieH-
rax (' F1 ), B k6ur/c ( F2 ) wum B Mb6ur/c (' F3 ).

Paszmep kajpa:

— ecs BbIOpaHo «CirydaiiHbiity, TO pa3Mep Kajpa OyJleT M3MeHSThCs 110

PaBHOMEPDHOMY 3aKOHY B 3a/IaHHBIX IIPpEIejIaX (HyHKTbI MeHIo « MuH. KaJIp»,

«Maxke. Kajp»);
— ecym BIOpano «IlocTogHHBINY, TO I TeCTHPOBAHUS OYIyT HUCIOIb30-
BaTHCsI KAJIPBI, pazMep KOTOPBIX 3a/1a6Tcsl B IyHKTe MeHio «Kaip».

Kanp — pasmep kajpa (jo6oe 3nadenue B upemesax or 64 10 9600 Gaiir).
3aroJIoBOK — Iepexoj] B MEHIO «3arojioBOK».

ET — Bpewms, npormieiiee ¢ HaYaIa reHepaiun rpaduka.

RT — Bpewmsi, ocraBieecst j10 3aBepllieHus TeHepalun Tpaduka.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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7.19.1 Tecrossrit motok. Hactpoiika MPLS

Crek MeTOK JijIsi TecTUpOBaHUs 3aiaércs B MeHIO «(CrTek MeTok»: M3-
Mmepenus, = «TecToBblil TOTOK» = «3arojoBok» = «JlomosHnresnbHO» =

«MPLS».

M n:io0 - Bi——— — 19:54

CTek MeToK

Kon-Bo meTok N

Metka 10000
MPLS COS5 ©
TTL 128
MeTka ©QQOQ00
MPLS COS5 ©
TTL 128
Metka 00000
MPLS COS5 ©
TTL 128

Biwirin 1 2 3

Puc. 7.101. Mento «Crexk MeTOK»

Kou-Bo meTok — BbIGOD KOsmmyecTBa MeTOK (o1 1 110 3), KOoTOpOE Gyier
JIOOABJIEHO B IEPEIABAEMBIil TTAKET.

MeTka — 3HaUYCHHE METKH.

MPLS COS — kJjiacc o0C/IyKUBaHUsI TTAKETA.

TTL — Bpems »KU3HU TAaKeTa ¢ METKOA.

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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7.20 Crarucruka

JIis mepeKJIoueHrsT MEXKLYy SKPaAHAME UCHOIL3YHTE KJIABUIIN @/@
uim F2 / F3
ITpu naxkaruu wa kiaasuity ~F1 («C6poc») npoucxomur c6poc CTaTucTu-

KH.
Bo Bcex IKpaHaX, KpOMe 3KpaHa <<(jTaTI/ICTI/IKa>>7 IIpU HazKaTUU Ha KJIaBH-

nry < F4  npoussogurca Beibop nopra (A, B).

7.20.1 CsBoaHas cTaTHUCTUKA IO ABYM IOpTaM

1] A:100 - B:—— - 03 02
Cratnctuka

MopT A MopT B
Rx kappwh 20 28541892
Tx kappw 29968424 22
Rx GairTe 2592 1826681766
Tx GanT 1917980744 1408
Rx Kéur/c ] L]

Chpoc < >

Puc. 7.102. Dkpan «Crarucruka»

Rx ka/pbr — KOJIMYECTBO MIPUHSITHIX KaIPOB.
Tx KaApPbI — KOJUYIECTBO IIEPEIaAHHBIX KaPOB.

Rx 6aifiThbl — 9Ync/0 MpUHATHIX OAUTOB.

Tx 6alfiTbl — INCJIO TIEepeTaHHBIX OANTOB.

Rx K6ur/c — undopmanus o Tekyineil HArpy3ke Ha HPUEMHOI dacTu

nopTa.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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7.20.2 CrarucTuKa mo TUIIaM KaJpOB

WD A:ioo - Bi———— - 11 32
CratmcTmka no Tunam kagpos (A)
™M RBx T
Broadcast 288 18
Multicast O Q
Unicast 2578 1417864479
Pause o Q
Copoc < B ]

Puc. 7.103. Dxpan «Crarucruka 1mo TUIamMm KaJpoB»

Broadcast — kajpbl ¢ IIIPOKOBEIATEILHON aapecalieii.
Multicast — kajpsI ¢ rpynmnosoii ajgpecarueii.

Unicast — xaipbl ¢ eJUHIYIHON aipecariieii.

Pause — kajipbr mays3br.

Rx — umcimo npuHATHIX KaIpOB.

Tx — 49KCJIO mepeJaHHbIX KaIpoB.

7.20.3 Craructuka 1o pa3mepam KaJapoB

W n:ico - By———— - 11 33
CtaT. no paaMepaMm kagpoe (A)
pasmep Rx Tx
< 64 o Q
64 1377 1307113894
65,.127 12%
128, .255 38 78080423
256,,511 27 22254063
512..1023 3 7231975
1024,.1518 o 3051007
> 1518 o] 133226
Copoc < i B

Puc. 7.104. 9kpan «CraTuctuka 1o pasMepaMm KaJIpoBs

pa3mep — pasmep Kajpa (B GaiiTax).
RX — umcs10 NpUHATBHIX KAIPOB.
Tx — 49ucJio nepeJaHHbIX KaJpOB.

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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7.20.4 CrarucTuKa Mo ypOBHSIM

_m

Az100

3

ypoe.
2

CratncTuka

RBx
3028
1493

no yposHsm (A}
Tx

1417864721

1417864337

Copoc < ¥ B

Puc. 7.105. 9kpan «CraTucTUKa 10 yPOBHSIM»

ypPOB. 2 — kojmyectBo npuuarbix (Rx) m nepenanubix (Tx) kaapos Ha
KaHaJbHOM yPOBHE.

ypoB. 3 — kosmdectBo npunarbix (Rx) u nepenanubix (Tx) xajapos na
CETEBOM yPOBHE.

7.20.5 CrarucTuka: onmbKMN KaJapoB

WO A:ioo 11:34

CratucTuka: owmGkm kagpos {(A)
Rx

CRC

Runt

L]
L]
Jabber L]

Copoc < ¥ B

Puc. 7.106. 9kpan «CraTucTuka: OMUOKKN KaIpOB»

CRC — KOJIM4IeCTBO NPUHSTHIX KAJIPOB, MMEIOIINX OIMMUO0IHYI0 KOHTPOJIb-
HYIO CYMMY.

Runt — xosm4ecTBO NPUHATHIX MAKETOB JAHHBIX [INHOIM MeHee 64 GaiiT
C IIPABUJIbHON KOHTPOJIBHOU CyMMOIA.

Jabber — kosm4ecTBO IPUHATHIX AKETOB JAHHBIX padMepom Oosiee 1518
GaiiT, UMEINX HEeIPABUIBHYIO KOHTPOJIBHYIO CYyMMY.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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7.21 CoxpaHEHHBIE JaHHbIE

Memnro «Pe3yabTaTbly CIyKAT JJIsT TPOCMOTPa NHMOPMAINN O COXPAHEH-
HbIX u3Mepenusx (- F1 ), /s coxpaHeHus pe3yJbTaToB (B TOM YUCJIE U CTa-
TUCTHKH) U HapaMeTpoB TectoB (- F2 ), a Takxke i 3arpysku (- F3 ) wmwim

yaasenusi (- F4 ) COXpaHEHHBIX PE3YJIbTATOB U APAMETPOB U3MEPEHUIl.

ITpumevanue: naszsanue mecma 0mobPAANCAEMCA 6 3420A08KE
mento «Pesyavmamors. Hanpumep, npu coxpanenuu,/3a2pyske/yoarenuu
DPE3YALINAMOE MECTNA «DTO-3ANPOC» 6 3420408KE MEHIO 0MOOPa-
orcaemes nadnuco «Pesyavmamol (Dxo-sanpoc)s.

[ A:100 - B:—— - 13 35
Peaynetate (3xo-zanpoc)
WMa 3anmcu Bpema coxpaHeHWs
[l ip ——i——i———— ——i——1——
2 trace 16—-10-2009 14:00:25
3 -1 ——i——i——
4 cable et et et St
5 rfc 16—-10-2009 14:00:49
6 ms 16—-10-2009 14:00:51
7 test 16—-10-2009 15:25:54
8 pd 16—-10-2009 14:00:55
9
19
WMHoprawma CopaHUTE BarpysHTE Ypanre

Puc. 7.107. Mento «PegynbraTnr»

st mpocmoTpa moapobHOit nHMOPMAIUK O 3allUCh HAXKMUTE Ha, KJIaBU-
nry F1

W A:100 - B:——— - 15:26

Whgopmaumsa o sarmck

Ve sammout  test
Bpema coxpaenuat  16-10-2003 15325154

Haqano Kaorew
RFC-2544  16-10-2003 14:03:35 16-10-2003 14:13:25
i

BERT 16-10-2003 14314124 16-10-2003 14115;
P1 16-10-2003 14:16:06 16-10-2003 14:17:10
CTR 16-10-2009 14317137 16-10-2003 14317150

TecT kafenalB-10-2009 14301323 16-10-2003 14301133

Puc. 7.108. Mento «Uudopmarins o 3amucus

J st coxpaHeHus! JJaHHBIX:

- BbI6€pI/ITe HOMED, IO KOTOPBIM XOTUTE COXPAaHUTb U3MEPEHU I,

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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— HazKMHUTe @,

— BBEIUTE UM 3alIUCH;

HazKMuUTe @,

— naxmure F2 («CoxpaHuTh»).

,H.HH 3arpy3kKun COXpaHéHHbIX pe3yIbTaTOB I/I3M€peHI/II7I u ITapaMeTpoB Te-
CTOB:

— BBIOEpHUTE HOMED 3aIUCH;

— Haxkmure F3  («3arpysnTb»).
JlJist yjasieHust COXpaHEHHBIX Pe3yJIbTATOB U3MEpPEeHHUIt:

— BBIGEpUTE HOMED 3AIIMCH, KOTOPYI XOTUTE YIAJUTh;
— mHaxxmure  F4  («Yganurs»).

— naxxmure F3 («a»).

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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7.22 TIlapamerpsl ceTu

3 A:100 - B:———— - 02 40

NapameTpe ceTn

A
DHCFP  Bkn
IP appec 192.168.222.179
Macka nogcetTH 255,255,.2055.0
linwz  192.168.222,.100
DNS 192,168,222,100

MPLS Bkn

A E LAN

Puc. 7.109. Mento «ITapamerpn ceTm»

ITopt — BoIGOP MOpTa (A, B mumm LAN) s macTpoiiku.

DHCP — upu Britouenun sroit pyukmun [P-ajipec mopra, macka mozce-
i, [P-agpec numoza u IP-ajnpec y3ma, koropstit cogepxkut 6azy DNS, 6ymyT
npejocraiensl Tecrepy cepsepom DHCP aBromarmaeckn.

IP-aapec — IP-ajpec nopra.

Macka moaceTru — omnpejenser, Kakas JacTb [P-ajsipeca, ykazannoro B
[PEJIbIIYINEM [IyHKTe, OTHOCUTCS K aJIpecy CeTH, a Kakasi — K aJlpecy y3Jja B
CeTH.

IIaro3 — IP-azgpec mumosa.

DNS — IP-ajzpec y3ia ceru, KOTOPbIit cojepkutT 6a3y jganabix DNS.

MPLS — Br/noueHnE/BBIKIIOYEHIE BO3MOYKHOCTU OTIIPABKH HAKETOB C
merkamu jiig moptoB A u B (mig nopra LAN MPLS ne nojep:kusaercs).
IIpu BbiGope 3uavenus «Boikiay» nyskr menio «MPLS» (menio «Ilapamerpsr
uHTepdENRCOB» ) CTAHOBUTCS HEJIOCTYIHBIM JJIsl PeJIAKTUPOBAHHUSI.

ITpumewarue: IP-adpec wnrosa u IP-adpec ysara cemu, komo-
puitd codeporcum 6a3y dannvir DNS, zadaromes nezasucumo 0as
Kaocdo2o nopma.

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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7.23 Ilapamerpsl nuHTEepdeiicoB

M A:100 - Bi——— - 23 50

MNapamMeTp WMHTeppeRcos

L llopT W

CoctosiHme Bkn

CrkopocTe ABTOMaTHUYECKM
Aetocora, Bkn
MAC agpec 00:21:CE:08:06:0A

YLAN
MPLS

A B LAN

Puc. 7.110. Mento «ITapamerpsr uarepdeiicoBs»

ITopT — BBIGOD HIOpTA JJIsT HACTPOWKN.

CocrosiHre — BBIKJIIOUEHHE / BKIOUEHNE 0PTa (BbIKIIOUEeHNEe HEHCIIOb-
3yeMOro IopTa I03BOJIsIeT SKOHOMUTH 3apsiji barapen ).

CKOpOCTh — BBIOOP CKOPOCTH TI€peJIavnl JAHHBIX. KCIn BHIOpAHO 3HATE-
Hue « ABTOMATUYECKU», TO IPOUCXOIUT ABTOMATHIECKOE OIIPEJICJICHIE CKO-
poctn nepegadu (Oyaer BeiOpano o6oe u3 3uadennit 10/100/1000 M6ut/c).
IIpu sToM 3HAYEHME MyHKTa «ABTOCOINI.» aBTOMATHYECKU U3MEHSIETCHA Ha
«Bku1» 1 cTaHOBHUTCS HEJIOCTYIHBIM ISl PEJAKTUPOBAHUSI.

ABTOCOIJI. — BKJIIOUEHHE pexkuMa <«auto-negotiation» (aBrocorsiacoBa-
HUE), IPU KOTOPOM IIPOUCXOJUT ABTOMATUYECKOE OLPEJeJeHIe CKOPOCTH U
peXKUMa COoeJIMHeHUsl. B 9TOM cjiydae Hy»KHO BBIOPATH YKEJAEMYyI0 CKOPOCTDH
coenuneHus (UK BRIOPATh « ABTOMATUYECKU» , €CJIM BO3ZMOKHA JII06ast CKO-
pocts 10/100/1000 M6ur/c) u ycTaHOBUTH 3HAYEHUE IIyHKTA MEHIO « ABTO-
corui.» B cocrostarne «BKJI».

Coeunenue 6y1eT yCTAHOBJIECHO TOJBKO B TOM CJIy9ae, €CJIU Ha TPOTUBO-
[TOJIOZKHOM KOHIIE COEJIMHEHUsI TAKZKe MCIIOJIb3YEeTCsl AaBTOCOTJIACOBAHUE, U KAK
MUHUMYM OJIUH TPEIIOIUTAEMBII PEYKUM COBIIAIALT.

MAC aapec — MAC-azpec nopra (A, B wiu LAN), napamerpbsl KoTo-

pOro HaCTPAUBAIOTCS .

VLAN — nepexoz B merio «VLAN» (cm. puc. [[T5).
MPLS — unepexon B menio «MPLS. Uurepdeiic A» («MPLS. Wurep-
deiic By).

ITpumenarue: 6 cayvae ucnoavdosanus SFP-modyseti ckopocmob
nepedauu dannor 6ceeda yemanasausaemcs pachot 1 I'6/c.

UTpu naskatnn na knasumy — F1 (3asojckoii) B kadecrse MAC-ajipeca MOJCTABIACTCH 3a-
Bozickoit MAC-azpec npubopa, ykasaHublii B MeHo «HpopMarms».

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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MPLS. WHTepgpenc A

Nprém

Agpec LSR: 100,100,100,100

Metka COS S TIL
Crex Ha nepedaqys 40000 O 1 128
NogceTe: 20,20,20,20/255, 255, 255,0

MeTku Ha npuem; | 20000
MpuHumaTe HULL: Beka

Puc. 7.111. Mento «MPLS. Nurepdeiic A»

Ilepemaua — mepexon B menio «Ilepematas.
IIpuém — nepexon B Menio «IIpaBuma mpuémas.

Taxoke na skpane orobparkaiorcs napamerpsl MPLS, 3anamnmbie B Menio
«IIpuémy» u «Ilepemagas.

0 A:ico - B:——— - 2355

Nepepava
[TToli= 192.168.1.1

MNpaBuno Bkn
IP negcetw 192,168,1.0
Macka nogcetwn 255,255,.255.0
CTek MeToK

Puc. 7.112. Mewnio «Ilepenauas

Anpec LSR — IP-ajapec unTepdeiica MapiipyTu3aTopa, OCyIleCTBIIsIIO-
IEro KOMMYTAIIUIO 110 MeTKaM, K KOTOPOMY IOJIKJ/IIOYEH TPUOODP.

ITpaBusio — BKJIOYeHVE/BBIKJIIOUEHNE [IPABUIIA HA OTHPABKY [IAKETOB B
[IOJICETH, ITapaMeTPhl KOTOPOI 33/ 1aI0TCs HIKE.

IP moaceru — IP-ajpec nojcern.

Macka noaceTn — Macka IOJCETH.

Crek MeTOK — 1epexoj B MeHI0 «CTeK MEeTOK».

Bepkym-ET. Pyxosodcmeo no akcnayamauu
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R  A:100 - B:—— - 23:57

Ctek meTOK

3
MeTka 10000
MPLS COS5 ©
TTL 128
MeTtka 20000
MPLS COS5 ©
TTL 128
MeTka 30000
MPLS COS5 ©
TTL 128

Brikn 1 2 3

Puc. 7.113. Mento «Crek MeTOK»

Kou-Bo meTok — BbIGOD KOsmmyecTBa MeToK (or 1 110 3), KoTopoe Gyzer
JIO0ABJIEHO B TIEPEJIABACMBIN ITAKET.

Metka — 3HaveHnE METKH.

MPLS COS — kJjiacc o0C/IyKUBaHUsI TIAKETA.

TTL — Bpemd KU3HU TAKETa C METKOI.

N A:100 - By——— - 12 19

MNpaBuna npuema

Kon-Bo metok WSS
L]

MeTka 1
Metka 2 0O
Metka 3 ©

Brikn 1 2 3

Puc. 7.114. Mento «IIpasuna npuémas

KoJi1-BO METOK — BBIOOD KOJIUYECTBA METOK B IMPUHUMAEMBIX ITAKETAX.
Metka 1, Merka 2, MeTrka 3 — 3HaueHHEe METKIU.
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7.24 Hacrpoiiku npubdopa

7.24.1 Hactpoiika aucnies

HE  A:1000 LAT B:1000 LAT  00:01

lucnnea m np.

=

Aprocte wHauk, Wl 14

Nopceetka [l 18
eeTHOCTEL

o 20
28

3eyk knaBmuw Bukn

HMHEN

LCD aBToBwKn Bokn
ABTOBRKAWYeHMe Bukn

Puc. 7.115. Mento «/ucmeit u mp.»

S pKOCTh MHUK. — U3MEHEHUE SIPKOCTU CBETOJINOJIOB.

S pKOoCTh — U3MEHEHNEe SPKOCTHU TOJICBETKH dKPaHA.

IIBeTHOCTH — M3MEHEHNUE BETHOCTH M300PAXKEHUSI.

KonTpacTHOCTh — n3MeHeHne KOHTPACTHOCTH M300PaKeHN.

3ByK KJIABUIII — BKJIIOYCHUE /BLIK/IIOUCHUE 3BYKA HAYKATHsI KJIABHUIIL.

LCD aBTOBBIKJI. — B I10JIe MOYKHO 33/[aBaTh CJIELYIONNEe 3HAUEHNS aBTO-
MAaTHUYIECKOTO BBIKJTIIOUeHus rmofcBeTku: Boiki, 20 ¢, 40 ¢, 60 c; i yBemdeHust
BPEMEHH aBTOHOMHON pabOTh BbIOEpUTE MUHAMAJIBLHOE 3HAYUEHUE.

ABTOBBIKJIIOUEHHNE — B I0JI€ MOXKHO 3a/IaBaTh CJIEIYIONNEe 3HAYCHUS
ABTOMATUYIECKOI'O BBIK/IIOYeHns npudbopa: Beiki, 1, 5, 10 mumHyT.

7.24.2 OcHOBHbBIE HACTPOIKM

M A:100 - B:i———— - 09:22

OcHOBHHE HacTpoMKuW

RUS

flata 03-11-2009
Bpema ©9:22:41

Noer  Bkn

ENG RUS

Puc. 7.116. Mento «OcHOBHBIE HACTPOWKM>

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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S3BIK — cMeHa s3bIKa uHTepdeiica.

Jata — BBO mn BBIOOP TEKYIIEH TaTHI.

Bpewms — BBOj miin BBIGOP TEKYIIETO BPEMEHH.

Jlor — BKJIIOYEHHE/OTKJIIOUEHUE CUCTEMbI IIPOTOKOJIUPOBAHU COOBITHUI

(em. pasgen [126).

7.24.3 Wnadopmaiiusa

)

A:100 -

HHpopmMaumn

MCU

SYS FPGA
EXP FPGA
BOOT
FILES

v.,0,.2,.48-5
1,11
6.11-7

L2/ Fd90dE

HHW

S5/N

MAC A 00:21:CE:08:09:31

HMAC B 00:21:Cl 8:09:32

MAC LAN ©00:21:CE:08:09:33
" MeTtpoTtek

Wrdopmawma Bpema

Puc. 7.117. Dkpan «Nudopmanus»

MCU — Bepcus nporpammvbr MCU.

SYS FPGA — Bepcust Mukpokoja system FPGA.
EXP FPGA — Bepcus mukpokojia expansion FPGA.
BOOT — Bepcus 3arpysqnka.

FILES — Bepcus ¢ait/ioBoit cCCTEMBI.

HW — anmaparnas Bepcus.

S/N — cepuiinbiii HOMEp.

MAC A — MAC ajpec nopra A.

MAC B — MAC ajpec nopra B.

MAC LAN — MAC ajpec nmopra LAN.

IMpu maxkaruu Ha kjaasuiry F2 («Bpems») oCyIIecTB/sgeTcs IEpPexol] K
sKkpaHy «Bpemsi paboThI».

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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WD A:ico - Bi———— - 11 59

Bpemna paGoTh

Teryyee 01:34:33
MNpeppayyee 03:07:35

WMHoprawma Bpeta

Puc. 7.118. 9kpan «Bpemsi paborsi»

Tekyriiee — BpeMs pabOThl TPUOOPA OT MOCETHETO BKIIIOUEHUS 10 Ha-
CTOSIIEr0 MOMEHTA.

Ilpeapiaymniee — BpeMsa pabOTHI TPUOOPA OT MPEIBIAYINEr0 BKIIOUCHUS
JIO TIPEJIBIIYIIEr0 BhIKTFOUEHS.

7.24.4 Wudopmanus o SFP

0 n:100 - B:——— —  14:40

Whgopmauun o SFP-mogyne (A)

MNponaeegutens FINISAR CORP,
Mogens FCLF-8521-3
Pexnm  1000BASE-T

A B

Puc. 7.119. Okpan «Uudopmanust o SEFP-moytes

Ha skpane orobpazkaercst nHGOPMAITHST O TPOM3BOSUTEE, MOJIETH U MO/~
JIEPXKUBAEMOM peyKUMe Tepegadn Janabix SEP-momysist. Beibop opra mpons-

BOJIUTCsI TIDM HAsKaTUM Ha Kiaasuimm  F1 (mopr A) u  F2 (nopr B).

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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7.24.5 AXKKyMyJadaTop

-

Az1000 —

B:1000

03:01

AKKYMYnATop

Temnepatypa 60 °C
HanpaAxeHue
Tok 63 mA

EMKOCTE
Bpema =zapapa

24590 mB

2205/220% mAu
9216 c

Puc. 7.120. 9kpan «AKKyMy/IsiTOp>

Ha skpane oroGpazkaercst ”HGOPMAIHsL O COCTOSHIN aKKYMYJISTODA: TeM-
neparypa (°C), manpsikenue (MB), Tok (MA), Tekyias/MakcuMasbHAs M-
KOCTh (MAY), Bpems 3apsi/ia — BPEMsl, IPOIIEIIee OT HAYANA 3apAIa aKKy-

MyssiTopa (c).

7.24.6 VYmupaBJjieHUE ONMIUIMU

Onnusivu siByisirorest pyamnuu rnpubopa BepkyT-ET, nocrynsbie ipu j10-
MMOJIHUTEJILHOM 3akase. [y akTuBanuu omiuii K04, CreHepUPOBAHHBIN JIJIst
YKa3aHHOIO CEPUITHOr0 HOMEepa Ipudopa, He0OXOINMO BBECTU HEIIOCPEICTBEH-
HO B ipubope B MeHio «ONIuny Uik ¢ NCHOJb30BAHUEM KOMAHJIBI YIAJTEHHOIO
ynpasjenus ats (cum. npuioxkenue [C)).

Tabauna 7.8. Onmun

Ormus Omnucanue
Huarnocruka cereii TCP/IP (Mapripyrusanus, J0CTyIIHOCT
ETIP
y3708B, DNS)
ETWEB Tecruposanue HTTP-coeaunenuii (Tpebyer onmuu ETIP)
ETJT zmepenne makeTHOrO JXKUTTEPA
ETRC VYnanéunoe yupasienne npudopom 1o nporokosy TELNET u
qepes WWW-unrepdeiic
ETMM T'eneparus ciaoxxaOrO Tpadnka
ETMPLS Homumepxka MPLS
ETAT AcuMMerpudHOe TECTUPOBAHUE
ET2P Ilognep:xka IByX mepesaTInKkoB

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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7.25 IIpoduan

B mputope BepkyT-ET MoxkHO co3maBaTh mpodum HACTPOEK.

M A:1000 - B:——— - 13:50

Mpogum
WMa npogpunna  BpeMa coxpaHeHus
profile-1 13-04-2010 12:01:16

-
CURNROLW hdll

CopaHUTE BarpysHTE Ypanre

Puc. 7.121. Memnio «IIpoduan»

IIpocduib HACTPOEK BKIOYAET B CEO:

— HACTPOWKM TOIOJIOTHI, 3arOJIOBKOB M DPa3MEPOB KaJIPOB [IJisi TECTOB
RFC 2544, BERT, nmakeTHbIil J2KUTTEp, CIOXKHBIIA TpadUK, T€CTOBBII
[IOTOK, & TAKXKe UHJUBUJIYAJbHbIE HACTPONKY JJIsi KAXKJIOI'0 U3 ITUX Te-
CTOB.

— HACTPOMKHU CETEBBIX MHTEPQEICOB.

— macrtpoiiku [P-yrumur: sxo-3amnpoc, mapmipyt, TCP-kimenTt.

s cozmamms mpoduis HACTPOEK HEOOXOIMMO BBITIOJTHATD YKeJTaeMble Ha-
crpoiiku, nepeiitu B Menio «IIpodunmu» u nazkars na knasunry F2 («Coxpa-
HUTDH» ).

Komanmer yaaaéumnoro ymnpasjieHus it pabOThl ¢ TPOMUIAMA HACTPOEK
OTMCAHBI B IPUIOKEHUT

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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7.26 IIporokosmmpoBaHHE COOBITUIM

CucreMa TPOTOKOJMPOBAHUST CODBITHIT 0O6ECTIEYnBaET BBIBOJL, COODIIEHUIT O
npousoIie X coobTuax B Meaio « bepkyr-ET. Hacrpoiikuy» = «Jlor»,
a TaK»Ke B KOHCOJIbHBIN TepMUHAJI IIPH MTOJIKJIF0YeHnn K ipubopy depe3 USB-
uHTepdeiic u upu yaaaéaHoM yupasjenun 1o nporokosy TELNET.

K mporoxkomupyeMbiM COOBITUAM OTHOCATCST:

— BAILyCK/IPEPbIBAHUE TECTA;

— BRJnouYenue,/ Boikjodenue pexkuma «IIlieiidy;

— U3MEHEHHEe COCTOSIHUS COEJIMHEHST;

— HCIIOJIB30BaHMe pUbOpa JIJIsl yIAJEHHOTO TECTHPOBAHMUS;
— BKJIIOYEHUE/ BBIK/IIOUeHue 11pubopa;

— HU3KUil 3apsiy 6aTapen.

B ciaydae BOBHUKHOBEHHS OJHOIO W3 IIEPEYUC/IEHHBIX BBIIIE COOBITUI B
KOHCOJIbHBII TepMuHa//MeHIo «JIors Oyler BhIBEJIEHO COODIIEHNE BUIA:

<maTa> <BpeM${> <O'I‘HpaBI/I'I‘eJII:> <coobumenue>

Hanpumep, npu Briaouenun pexxkuma «I1leii» 2-ro yposHst Ha nopry B
B KOHCOJIbHBII T€PMUHAJ OYIEeT BBIBEIEHO COOOIIEHIE:

loopback layer 2 on

[2009-10-05) 06:33:31|[Port B

| OaTa BpeMAa OTHOPABHTENE COOGH.[EHHE

Puc. 7.122. Coobienue o Briodenun pexxkuma «I1lmeiid»

[To ymosraanuio BbIBOJ coobienuit yepe3 USB-unrepdeiic u o mpoToko-
sy TELNET orkimouén. BeiBos coobmenuii MOXKHO BKJIIOYUTD / OTKJIIOUUTD €
[TOMOIIIBIO KOMAH/IbI YIAJIEHHOTO yIIpaBieHus: 1log on/off.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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1] A:100 - B:——— - 11:24

flor

2009-11-29 1102112 BERcut-ET: power on
2009-11-29 11302133 Port A link up
2003-11-29 11311138 Port At link down
2003-11-29 1123147 Port A: lirk up

OUMCTHTE PezyneTaTh

Puc. 7.123. Menrwo «Jlor»

Kanasuma = F1 («OuucruTby ) CiyzKuUT JJIsd OUUCTKU COIePKUMOro 6yde-

pa. Ilpu maxkaruu na kiasunty F4  («Pesysbrarsi») ocyniecTBisercs Ie-
pexos B MeHI0 «Pe3ysbrarsly [1J1si COXpaHeHus COODIIEeHnit O MPOU3OIIE IIINX
cobbITusix. CoOOIeHNsT TaKYKe COXPAHSIIOTCsI IIPU COXPAHEHUHN Pe3yJIbTaATOB U
HACTPOEK 4100020 TECTA.

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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8. VYIAJEHHOE YIIPABJIEHUE

ITpubop Bepkyt-ET mpemocrapisier BOSMOXKHOCTH CBSI3U C MEPCOHAIb-
ubiM komibiorepoM (IIK) wepes unrepdeiic USB 1.1/2.0 uiau nopr LAN.

Hna nopximouennsi npubopa k [TK depes USB-unrepdeiic Heobx0muMo
[peBapUTENbHO YCTaHOBUTD Apaitep Virtual COM Port.

Brumanue! Yemanoexa dpatieepa neobroduma das Kop-
pexmnot uHuYuasudauuy npubopa 8 Bawet cucmeme.

Daitsiel IpaitBepoB i PA3JINIHBIX OMEPAIMOHHBIX CHCTEM W YKA3AHUS 110
X yCTaHOBKe pejicTasyennl Ha caiite kommanun «FTDI Chips»:
(http://www.ftdichip.com/Drivers/VCP.htm).

8.1 VYmnpaBjieHWe B pexXnMe TEPpMHUHAJIA

BzammogeiictBue ¢ mpubopom MOKET 00ECIIeTNBATHCT KaK CTAHIAPTHHIMA
cpencrsamu OC Windows 95/98 /XP /2000,/2003 — nporpammoit HyperTerminal,
TaK U TEPMUHAJIBHBIMU IIPOTPAMMAMI CTOPOHHUX TPOU3BOIUTEIEH.

st 0GHOBJIEHHST MEKPOKO/Ia TepMUHAJIbHAST IPOIPaMMa J0JIKHa, obectie-
quBaTh GyHKIMUN nepegadu GaitsioB mo npoTokoay X-modem.

8.1.1 HacTpoiika nmapaMeTpoB NOAKJIIOYEHUS

1. ¥Y6emurecn, gro nuranue npubOpa BKIIOYEHO.

2. Hopxnrounre ananuzarop BepkyT-ET k USB-nopry kommbooTepa c
[TOMOIIBIO KabeJIst, BXOJISIIETO B KOMILJIEKT IIOCTABKU.

3. B caydae mcnosb3oBanus nporpammbl HyperTerminal, Bxomdamieil B
crangaprayio nocrasky OC Windows, BbITOJIHUTE CJIe/IyTOIIee.

— Cospaiire HoBOE MOAKIIOUYeHKE (MeHIO «Daiiny = «Hosoe moaxIo-
YeHue» ).
— BajaiiTe UM HOJKIIIOUCHUS.

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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OnMcaHHe NoaKAKME HHA

% Hosoe noak nioyeHme

BEaauTe HaseaHue NOAKMONEHUA W BBISEOMTE 1717 HEMD SHAU0K;

Hazeanue:
[BERCutET |

ER
>

SHauok:

&le

Puc. 8.1. Beibop numenu coepuHeHUst

— Omupegenure, kakum COM-mopTOM B cUCTEME SIBJISIETCS TIOJIKJIIO-
vennplit BepkyT-ET, 00paTuBmmch K CTaHIAPTHOMY MTPUIOKE-
uuio «/lucnerdep yerpoiicrss («Moit komubiorep» = «CpoiicTBay
= «O6opymnoBanue» = «Jlucruerdep ycrpoiicTs ).

% [IHcneTue p YCTPOHCTE
KoHcone  JeficTere  BMaA  Cnpaeka

m g 2 A

< ASUS Cther Devices
+ . D¥D m CO-ROM arckoscael
IDE ATAJATAPT KOHTpOANEPEI
% EnagnaaanTepsl
S Anckosoa rrbiix anckos
Z JIMCKOBEIE YCTPOACTES
= @ Apyrue yoTpoficTea
&3 PCI Device
@, SevroBtis, BHASD H HTPOSEIS YCTRORCTES
2 Knaenatypol
4 Konnetatep
% HKoHTpOANEpES rHEIH: SHCKOE

¥
e
+
¥

KOHTpONNEpE! ¥HMEEPCANEHOI NOCNEADBATENEHOA WHE! USE
R MoHHTOPB!
1) MbIM H HHBIE YKE3LBEHWAHE YETROACTES
=& MopTei (COM MLPT)
¥ USE Serial Pork (COM4)
MocneaoBaTensHelR nopT {COM1)
+ ﬂ Mpoueccopel
+ E8 CeTesbie Nnatel
+- I CucTenHee yoTpoiicTea
+-{8g ¥cTpoficTea HID (Human Interface Devices)
+|-8 ¥OCT-KOHTPONNEps! WhHel IEEE 1394

[ [ [ [

Puc. 8.2. Okno «/lucmeruep ycrpoiicTsy»

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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— Boibepure nocsie1oBaTebHBII TOPT, K KOTOPOMY TOJIKJIIOYEH TPH-
o0p.

Moaxawue Hye

% BERcutET

Beeqime cEEAEHUA O TENEPOHHOM HOMEDE!

LTpaHa HiW paruoH:

o ]
Hormep 1enedona; | |

Puc. 8.3. Beibop nomepa COM-nopra

— YcraHoBUTE cjleiyromue mapaMeTpbl IOC/JIe10BaTeJIbHOI'O IIOpTa.

CeoHcrea: COM4

MNapateTpel nopTa ‘

Cropocte [Gurdc): | 57600 ~
EMTHI AaHHBI @
Cronoske GUTe !Zl
Unpaenerwe noroxors | L

BocoTaHosHTs YMonsaHia

[ ok ][ omeda ][ Npaserms |

Puc. 8.4. Ilapamerpsl mopra

— Ilociie naxkarus knonku «OK» HyperTerminal nousitaercs ycra-
HOBUTDH coeannenne ¢ npubopom BepkyT-ET. /g nposepkn co-
euHenns BeeauTe Komauay «AT», npubop goken orBerutsb «OK».

Bepxym-ET. Pyxosodcmeo no akcnAyamauuy
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Bpera roarso-erms: 0:00:07 Asrossop | 57600 8-N-1 M

Puc. 8.5. Coeunenne ycraHOBJIEHO

ITocyie yCHENIHOro yCTAHOBJIGHUS COEJIUHEHHs C TeCTEPOM II0JIb30BATEIb
MOZKeT YIPAaBJIATL IPUOOPOM, UCIOIL3YS] KOMAH/IBI, OMMCAHHbLIC B IPUIOZKe-
HUAHT

8.1.2 OonosJenue Bepcuii 110 nmpubopa

Brumanue! Hexoppexmmuvie delicmeus 60 8pems onepa-
yuld no obrosaeHur npozpammmozo obecnewenus (110)
MO2Yym npusecmu NPubop K COCMOAHUIO YACMUYHOU, HePa-
60mocnocobHocmu, 80CCMAHOBAECHUE MOHCHO Bydem npo-
uU38eCMU MOABKO 8 CEPBUCHOM UEHMPE.

[Mocnemuue Bepcun 1O g upubopa Bepkyr-ET jocrymmbr B cetn
Uurepuer (http://www.metrotek.spb.ru). Homepa Tekymnux Bepcuii mpo-
rpaMMHOro obecredenus npecrasienbl B Menio «udopmarus» («Ycranos-
ku BepryT-ET»=«udopmarusi» ). O6HOBIsSIT Mukpokojsl FPGA u npo-
rpammy MCU M0OKHO B JIFOOOH TIOC/IE0BATEIBHOCTH UJIU BBIIOJIHSITH TOJBKO
OJIHY U3 9TUX OIepaInii, ecjiu OOHOBJIEHUE JIPYTOil YacTh HE TPeOyeTCs.

8.1.2.1 O6uosienune mukpokoga FPGA (system FPGA)

1. Veranourb coeaunenue ¢ KomnborepoM o USB (em. pasmes BIT).
IIposepurs coemunenne komauaoit AT. ITpubop moszken orserutsb OK.
2. BBectn komany ATR.
Briopars «system FPGA».
B mento mporpammer HyperTerminal «Transfers» = «Send File» B okme
«Filename» ykazarb nyrb K aitiny mukpokona FPGA (umsa daiina:

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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b3et-sys_nomep eepcuu.rpd)u BokHe «Protocoly BeiGpars «Xmodems.
Hazkars knonky «Send». Bpems nepesanucu — 1 munyra. Eciu n306-
pazKeHue Ha SKPaHe BOCCTAHOBUJIOCH — IIPOIECC IEPE3AIUCH ITPOIIET
YCIIEIITHO.

8.1.2.2 OGHuosJsienne mukpokoga FPGA (expansion FPGA)

1. Yeranosurs coegunenue ¢ kKommbiorepom mo USB (em. pasmen BIT).
IIpoBeputs coeuuenne komauoit AT. [Ipubop mosrken orseruTh OK.
2. BBectn komany ATR.
Bribpars «expansion FPGA».
B mento mporpammer HyperTerminal «Transfers» = «Send File» B okme
«Filename» ykazarb 1myTb K aitiny mukpokoga FPGA (umsa daii-
Ja: b3et-exp-gbe_xomep eepcuu.rpd) u B okue «Protocol» BeiGparhb
«Xmodem». Haxkatp knonky «Sends. Bpewmst nepesamnucu — 4 MUHYTBI.
Ecin mzobpakenne Ha 9KpaHe BOCCTAHOBUJIOCH — IPOIECC HEPE3AINCH
ITPOTIIEST YCIIETTHO.

8.1.2.3 O6nosJsenue nporpammbl MCU

1. Veranosurs coequnenue ¢ Kommbiorepom 1o USB (em. pasmen BILT]).
IIpoeeputh coeaunenue komanoit AT. [Ipubop mosken oreeruts OK.

2. BBectn komany ATR.
Brioparns «MCU>».
B mento mporpammer HyperTerminal «Transfers» = «Send File» B okme
«Filename» yxazarb nyrb kK daitiay uporpamvel MCU (ums daiina:
b3et-mcu_xomep eepcuu.bin)u B okue «Protocol» BeiGpars «Xmodems.
Bpewms nepezanucu — 1 munyta. Eciin nzobpazkenne Ha 3KpaHe BOCCTa-
HOBUJIOCH — IPOIIECC TIEPE3AUCH TTPOIIEJT YCIIEITHO.

ITpumevanusn: Ecau eepcus npoepammv, MCU necosmecmuma
¢ sepcuamu mukporodos system FPGA wu expansion FPGA, no-
cae 3a6EPUWEHUS 00HOBAEHUA NPUOOD 6vidacm npedynpestcierue u
021CUAEMYIO BEPCUIO NPOPAMMHO20 obecnevwerus. B amom cayuae
caedyem UIMEHUMsG MEKYULYIO BEPCUI0 NPOZDAMMbL HA 02HcUIae-
MYI0.

Ilocae obnosaenus murpoxodos FPGA uau npoepamm MCU pe-
KOMEHOYEMCA MOHKUM MYNDBLM CEPHCHEM HANCAMD KHONKY N~
napammozo copoca wepes omeepcmue Ha 060k080U naresu npPubopa,
padom ¢ passémom numanus 12 B.

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy



120 VY OAJTEHHOE YIIPABJIEHUE

8.1.2.4 Oo6HoBJienue $aitjIoBoOii CUCTEMBI

1. VYeranosurs coeunenue ¢ kommbiorepom 1o USB (em. pasmen BILT]).
IIposepurs coepmuenne komauaoit AT. IIpubop joiken orseruth 0K

2. BBectn xkomamnmy ATR.
Briopars «FS image».
B mento mporpammer HyperTerminal «Transfers» = «Send File» B okme
«Filename» ykazarb myTh K daiiiny ¢ obHosenuamu (nma daiira: b3et-
fs_nomep eepcuu.bin)u B okue «Protocol» BeiGpars «Xmodem». Bpe-
Ml TIEPE3AIUCH COCTABJIAET OKOJIO b cekyHi. Eciam mzobparkenume Ha
9KpaHe BOCCTAHOBIJIOCH — IPOIIECC IIEPE3AINCH IIPOIIEST YCITEIITHO.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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8.2 VYpanénHoe ynpasJjenue no nporokosy TELNET

TELNET (Telecommunication Network) — nporoxou st ocryna K yia-
JIBHHOMY CE€TE€BOMY YCTPOICTBY. DTOT IIPOTOKOJI IO3BOJIsIET 1ToJIb3oBaTe 0 1TK
B3aMMOJEHCTBOBATH C IIPUOOPOM, HAXOMSAIIMMCS Ha JPYTOM KOHIIE COEJIUHe-
Hus. C HOMOIIBIO KOMaH,I, IpeJICTaBIeHHbIX B puiozkennn [C] BozmMoKHO ocy-
MIECTBJIATH HACTPOHKY HapaMeTPOB TECTOB, MIPOCMATPUBATL CYIIECTBYIOIINE
HACTPOMKM U BBLIMOJHATH TECTUPOBAHUE.

Vnanéunoe yupasienne 1o nporokosy TELNET asaserca onunefﬂ st
yupassieaust BepkyT-ET 1o nporokoiny TELNET Heo6X0MiMO HOAKIIOIUTHCS K
upubopy vepes nopt A(B) niam nopr LAN, B KOHCOJIBHOM T€pPMHUHAJIE BBECTU
komamay «telnet IP-ampec  mopras.

VMg nosib3oBaresis u naposib (1o ymosrdanuio) — admin.

1B 6azoByo konburypammo He BXOAUT. Jl0CTYIHO IpH JTOMOIHATEIHHOM 3aKA3¢ OIIIIHIL.

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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8.3 VYpanénnoe ynpanJsenue yepes W W W-unrepdeiic

Vnanéumoe ynpaBneHHdg TO3BOJISIET MMPOCMATPUBATEL U cOXpanaTh Ha [TK
pe3y/IbTaThl 1 HACTPONKN OCHOBHBIX TECTOB C UCIIOJIb30BaHuEM BeO-Opaysepa.
1t mpocMOTpa pe3ysIbTaToOB U HACTPOEK TECTOB HEOOXOIMMO:

1. HoupkmounTeest K npubopy vepes nopt A(B) mwau LAN nopr.
2. B agpecnyro cTtpoky Beb-Opaysepa BBectu [P-anpec cooTBeTCTBYIONErO
opra.

Juist coxpaHeHus: Pe3yIbTaTOB TECTUPOBAHUS HEOOXOIIMO:

1. Buibpare Tun pasupesnuresns (cMm. puc. [B0):

— sansrast (comma);
— TO04YKa ¢ 3audToit (semicolon).

2. Haxarp Ha cepuiky «Download report». Jlanubie Oy/iyT coxpaHeHbl B
daila ¢ pacimpeHneM .Csv.

REC2544 BERT Jitter Screenshot Complex Tiaffic Saved Results

RFC2544 test report o
Download report(separated by Isemlmmnﬂ)

Tester

Started
Stopped

Configuratioen

MAC

IP address

VLAN
P

upP
Frames

Throughput

Latency

Frame loss

Back- to-

Results

Frame
84
128
256
512
1024
1280
1518
64

back

%

100.00
100.00

100.00

: BERcut-ET

1 29-12-2009 10:25:55
1 29-12-2009 10:28:53

: 00:21:CE:08:0E:Bl -> 00:21:CE:08:0E:B2
: 0.0.0.0 -> 0.0.0.0

: ToS 000b; precedence @

1 0/0

: 64 128 256 512 1024 1280 1518 64

: 10s; rate 100 %

: 2 trials; 10s each; rate_source: Throughput
: disabled

: disabled

Throughput
Mb/s Frm/s  Status
761.905 1488095 Passed
864.865 844594 Passed
ceee ceee Pending
sees sees Pending
080.843 119731 Passed
Pending
Pending
Pending

Puc. 8.6. Pesynbrarer recroB o meronuke RFC 2544

2B 6&30By}0 KOHd)I/II‘ypaLII/IIO HE BXOIUT. ,B;OCTyHHO OpHA JTOIOJTHUTEJIHbHOM 3aKa3€ OIIIUH.
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8.3.1 TIlosmydyeHme MOMEHTAJbLHBIX CHUMKOB 3KpaHa

JlJist moJTy9eHuns CHUMKa KpaHa Ipudbopa HeoOX0IUMO:

1. MopkmounThes K nputopy depes nopr A(B) wim LAN nopt.
2. B ajgpecHyio cTpoky BeO-Opay3epa BBECTH:
http://IP-anpec_nopra_A(B)/sshot.

- S ot (PNG Image, - lcewease
File Edit WView History Bookmarks Tools Help

@ v~ & @ [E[ntpsie2.168.222 179/sshot | [ErTcosge

[&|Latest Headlines™ |k | Lingvo Online — onn... [@|Bugzilla Main Page [@| metrotek.spb.ru »

NapameTps ceTu

f
DHCP Bkn
IF appec 192.168.222.179
Macka nogcetn 255,255,255,.0
Wz 192,168,222 100
DNS 192,168,222,100

MPLS Bkn

Done

Puc. 8.7. Ilosyuenne cunmka sKpana

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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A. CTPYKTYPA MEHIO

BepkyT-ET HacTpoinku

JNor

Lucnnen u np.

‘ OCHOBHbIE HACTpPONKKN ‘ WHchopmanmna AkKyMynaTop ‘

’ WHdopmauma o SFP ‘

Puc. A.1. Crpykrypa mento «Bepkyr-ET Hacrpoitku»

MapwpyT

Axo-3anpoc

YaanéuHemm npubop

Puc. A.2. Crpykrypa menio «Bepkyr-ET UncTpymenTs»

BepkyT-ET NsmepeHns

MNakeTHeIN
BRUTTEP

TecToBbIN
noTok

CroXHBIN

CraTucruka
Tpadmnk

1 CoxpaH. paHHEle

Puc. A.3. Crpykrypa menio «bBepkyr-ET Usmepenus»

Bepkym-ET. Pyxosodcmeo no akcnayamauu
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BepkyT-ET UsmepeHus

MponyckHas
cnoco6HocTb

3apepxka

Tononorus
TecToB

MoTepwn kaapos

3aronosok

JononHuTtensHo

MpeaencHas -
HacTponc
MponyckHas

crnoco6HocTh

3apepxka

| MoTepu kazpor

JononHuTtensHo

MNpeaensHas
Harpyska

Puc. A.4. Crpykrypa menio «RFC-2544» («Bepkyr-ET Usmepenus» =
«RFC-2544»)

BepkyT-ET W3mepeHusn

CNoXHbIW Tpacgpmk

‘ N3mepeHnsa ‘ \ HacTpoiku

e N

‘ Tononormnsa TecToe

Kagpb! Harpyskun

‘ 3aronoBok

HononHuTensHo

Puc. A.5. Crpykrypa menio «Cioxubiit rpaduk» («Bepkyr-ET Usmepe-
uusi> = «Citoxkublii Tpaduk»)

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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BepkyT-ET WUamepeHus

HacTpoukmn

‘ Tononoruna TecToB

‘ 3aro/ioBok

DononHWTensHoO

| Mepepaya

’ Mpném

Puc. A.6. Crpykrypa wmenio <«BERT» («Bepkyr-ET Usmepenusi»

«BERT»)

BepkyT-ET NamepeHuns

‘ MakeTHbIN BXUTTEP

HacTponkn
TecToBbIA NOTOK

=

Puc. A.7. Crpykrypa mento «Ilakerupiii mxurrep» («Bepkyr-ET Usmepe-

Hus» = «IlakeTHbI JEKUTTED> )

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy



128 CTPYKTYPA MEHIO

Puc. A.8. Crpykrypa menio «Tecrosoiii norok» («Bepkyr-ET Wsmepe-
uusi» = «TecToBblii OTOK> )

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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B. CTPYKTYPA ETHERNET-KAIPA

Destination MAC Address

Source MAC Address

Length/Type

Frame Check Sequence

Puc. B.1. Crpykrypa Ethernet-kaspa

Destination MAC Address — MAC-ajipec nonyqaaress. [lose mimmHoi
6 GaiiT, COIEPIKUT aJIpec y3Jjia CeTH, KOTOPOMY IIPEIHAZHAYECH Kap.

Source MAC Address — MAC-agpec ornpasuresns. Ilose amuHoit
6 GaiiT, COEPKUT aIpec OTIIPABUTES KaIpa.

Length/Type — duuna/Tumn. Ilose comepkur 16-6urosoe 1es0e 4uciio
U NIPUHUMAET OJHO U3 JIBYX 3HAUCHWH:

— eCJIM 9HCJI0, 3allMCAHHOE B 3TOM II0JIe, MeHbIe mwim paBHO 1500, TO 1m0-
Je upuauMmaer 3uadenne Length (JummHa) u onpejessier muHy 10
JTAHHBIX;

— ecjiu 3HaYeHUe, 3allHCAHHOE B 9TOM I10Jjie, 6oJibiine uian paBHo 1536, To
noste npuanmaer 3uaderne Type (Twum) u ykaselBaeT THII HCHOJIb3Ye-
MOTI'O IIPOTOKOJIA.

Data — noJsie JaHHBIX, MOXKET cojiepKaTh oT 46 um 42 (B ciaydae, Korga
kazap cogepxkur VLAN-merky) mo 1500 Gaiir.

Pad — Padding (nose 3anosuenus). Eciau nojie JaHHBIX uMeer JJIMHY
menee 46 6aiiT, TO KaJp [ONOJHAETCS IIOJIEM 3aIOJHEHUsS JI0 MUHUMAJIbLHO
BO3MOKHOT0 3HaUYeHUs — 64 OaifT.

Frame Check Sequence — Konrposbnas cymma. Ilose cocrour us
4 GaiiT, cojlepKaIUuX KOHTPOJIBHYIO CYyMMY.

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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Destination MAC Address

Source MAC Address

Tag Protocol Identifier

Tag Control Information —>| Priority | CFI | VLAN ID|

Length/Type

Frame Check Sequence

Puc. B.2. Crpykrypa Ethernet-kajpa, comepxkaiero VLAN-meTky

Tag Protocol Identifier — merka «nentudukarop mporokostas. 16 6ur,
KOTOPBIE OIPEJIEJISIOT IIPHHAJIIEXKHOCTh Kapa K crangapry 802.1Q [II.

Tag Control Information — Mudopmarus st yupaBjieHus: METKOA.
TCI comepKuT Tpu MOJIsI.

— Priority — User (VLAN) Priority. Tpu 6ura, KOTOpbIE COAEPKAT UH-
dopmarmio o npuopuTere Kajpa (BO3MOXKHO BoceMb 3Hauenuit nppopurera([I])).

— CFI — Canonical Format Indicator (ungukarop kanonudeckoro ¢op-
mara). OnHobuToBblii dJiar, KOTOPBIl Beerja paBeH HYJIIO JJid KaJpoB
Ethernet.

— VLAN ID — VLAN Identifier (VID). 12-6urHbiil unentudukarop
VLAN, kotopsrit onpezesnén B cragnapre 802.1Q [I]. OxrozHawHO o1pe-
gensier VLAN, koTopoit mpuHa JIe’kKuT Kaip.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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C. KOMAH;I;I:)I YZ[AJIEHHOI‘O YVIIPABJIEHU A

Ta6muna C.1. Koman/ sl yanéHHOro yrupasieHns: (KOHCOJbHBIH TePMUHA)

Komaupga Onucaunwne

AT IycTasl KOMAH/Ia, HCIOIb3YETCsI AJIsl HIPOBEPKH COCIHECHMUS

ATR epe3arpyska Ipuoopa

ATM BBIBO/] TEKYIIUX PE3YJIBTATOB U3MePEHUit

ATMN BBIBOJI, PE3Y/IBTATOB H3MEPEHHI, COXPAHEHHBIX [O/] HOPSIIKOBBIM HOMEPOM «N»
(N=1.10)

ATMA BBIBO/J] BCEX COXPAHEHHBIX PE3YJIBTATOB N3MEPEHUIT

ATMI BBLIBOJL HHQOPMAIINN O COXPAHCHHBIX PE3YJILTATAX MU3MECPEHIIT

ATI BBLIBOJL HHQOpMAINN O Ipubdope

ATH BBIBO/] CIIDABKHU 110 KOMaHaM

ATS BBOJI KJIIOUa (YUCJIO B JIECATHIHOM BHJE) JUls aKTHBAIME OIIUiL, K09 BBO-
T cpady nocie ats (6e3 npobesa)

ATC [Iepexo7l B PEKUM, B KOTOPOM BO3MOYKHA HACTPOIKa U 3aIlyCK TeCTOB (O~
OHAJIBHO)

Ta6muna C.2. Komane! yiaanéusoro yupasieanst (TELNET)
Komauna | Nudopmanus, BbIBoguMAasi B KOHCOJIb

RFC 2544

show rfc2544 header

src udp nomep UDP-mopra ornpasuress

show rfc2544 header

Src mac MAC-aapec oTnpasuTes

show rfc2544 header

src ip IP-axpec ormpasuress

show rfc2544 header

dst udp womep UDP-nopra nosy4aresis

show rfc2544 header dst mac MAC-azpec nosryuaress
show rfc2544 header dst ip IP-anpec mosyuaress

show rfc2544 header precedence 3Ha4YCHNEe IIPHOPHUTETA KaJpa
show rfc2544 header tos THIT 00C/IY?KIBAHMUST ITAKCTA

show rfc2544 topology port tx

IIOPT IlepeIavn JAHHBIX

show rfc2544 topology port rx

OPT IpHUEMa JIAHHBIX

show rfc2544 throughput duration

JINTEILHOCTD IPOOBI JIJIs aHAJIM3a IIPOILYCKHOI CIIOCOOHO-
cTh, ¢

show rfc2544 throughput enabled

Oy/IeT JIM BBIMOIHATHCS TECT OIPEICICHUS IPOILYCKHOI
CIIOCOOHOCTH

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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KoMAHOBI Y,ZLAJIEHHOI‘O YIIPABJIEHU A

Tabmuua C.2. Komanpr ynanénuoro ynpasierns (TELNET) (npodoasicenue)

show rfc2544 throughput maxrate

BeJIMYrnHa Harpy3Kd [JId aHaJInu3a HpOHyCKHOﬁ CII0COOHO-
CTH

show rfc2544 throughput threshold

BEJINYMHA TIOPOra MOTePh JIJIsl AHAJIN3a [TPOIIYCKHOI CIIo-
cobHOCTH

show rfc2544 frames 1

show rfc2544 frames 2

show rfc2544 frames 3

show rfc2544 frames 4

pasMep KaJpa, 3aJIaHHbIl moIb30BaTe eM (M CTaHapT-

show rfc2544 frames 5

HOe 3HaueHue B cooTBeTcTBUE ¢ MeToaukoil RFC 2544)

show rfc2544 frames 6

show rfc2544 frames 7

show rfc2544 frames 8

show rfc2544 latency enabled

Oy/IeT JIN BLINOJIHSTHCS AHAIN3 3aCPIKKI PACIIPOCTPAHC-
HHsA KaJpOB

show rfc2544 latency count

KOJIM1IECTBO Hp06 JJId aHaJIn3a 3aJ1epPzKKN

show rfc2544 latency duration

JUTATEJILHOCTD TPOOLI JIjId  aHaji3a 3aJepKKI  pacipo-
CTpaHEeHHsI Ka/IpOB, ¢

show rfc2544 frameloss enabled

6y;(eT JIX BBITIOJTHATHCA aHAJNA3 YPOBHS IIOTEPh Ka/[POB

show rfc2544 frameloss duration

JINTEJILHOCTD TPOOBI JIJIsl aHAJIM3a YPOBHSI IIOTEPh Ka/l-
poB, ¢

show rfc2544 back2back enabled

6y;[eT JIA BBITOJTHATHCA aHaJIN3 Hpe,ZLeJIbHOﬁ HarpyskKun

show rfc2544 back2back count

KOJIM1IECTBO Hp06 JJId aHaJInu3a Hpe,ILeJILHOﬁ Harpysku

show rfc2544 back2back duration

JUINTEJIBLHOCTD IIPOOBI JIsl aHAJIN3a IPEIC/IbLHON HArpy3-
KH, C

rfc2544 start

3amyck TectoB mo meroguke RFC 2544

rfc2544 stop

0OCTaHOBKa, Bcex TecToB 1o Meroguke RFC 2544

rfc2544 results

pesyabrarsl TecToB mo Metoguke RFC 2544

Cito2kHbBIN Tpaduk

show ctraf nstreams

KOJIMYIECTBO ITOTOKOB JaHHBIX

show ctraf stream

HOMEP HACTPanBacMOr0 MOTOKa

show ctraf topology port tx

IIOPT IIepeavn JAHHBIX

show ctraf topology port rx

OPT IpHUEMa JIAHHBIX

show ctraf duration

JJIUTEJILHOCTD I'eHepalli 3a/aHHOT'0 KOJInYIeCTBa IIOTOKOB

show ctraf header src mac

MAC-azapec ornpasuresis

show ctraf header src ip

IP-ajpec ornpasuresist

show ctraf header src udp

womep UDP-niopra ormpasureis

show ctraf header dst mac

MAC-azpec nosydaresist

show ctraf header dst ip

IP-axpec nomywaress

show ctraf header dst udp

nomep UDP-mopra nosywaresist

show ctraf header precedence

3HaYeHUE NPpUOpUTETa KaJlpa

show ctraf header tos

TUTL O6CIIy}KI/IBaHI/IH makKeTa

show ctraf rate

3HavYeHne NHGMOPMAIMOHHON CKOPOCTH

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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Tabmuua C.2. Komanpr ynanénuoro ynpasierns (TELNET) (npodoasicenue)

show ctraf frame

pasmep Kajpa

ctraf start

3aIlyCK reHepaliuu KOMIIJICKCHOT'O Tpacbm(a

ctraf stop

OCTaHOBKa I'eHepaliu KOMILJICKCHOI'O Tpa(bm(a

ctraf results

Pe3yabpTaThl reHepanu KOMIIJICKCHOTO Tp‘dd)I/IKa

BERT

show bert header src mac

MAC-aapec orpasuTes

show bert header src ip

IP-ajpec ornpasuresist

show bert header src udp

womep UDP-niopra ormpasuresis

show bert header dst mac

MAC-azpec nosryuaress

show bert header dst ip

IP-azpec nmosryaaresist

show bert header dst udp

nomep UDP-mopra nosywaresist

show bert header precedence

3HaAYCHUE IIPpUOpUTETa KaJpa

show bert header tos

THIL O6(’JIy)KI/IBE],HI/I9[ ImakeTa

show bert topology port tx

IIOPT Iepeaa’dn JaHHbIX

show bert topology port rx

TOPT HPHUEMA JTAHHBIX

show bert level

yposenb Mozean OS], na KoTopom GyeT MIPOBOAUTHCS TECT

show bert pattern

CTaH/JapPpTHas TeCTOBasd IIOC/ICI0BATCIBHOCTD

show bert user-pattern

TeCTOBas IOCJIeI0BATEJIBHOCTD, 3a/laHHagd I10JIb30BaTe/IeM

show bert frame

pa3Mep KaJpa, 3aJaHHbIIl 110J1b30BaTesIeM

show bert rate

3a/laHHasd HarpysKa, k5 /c

show bert duration

JJIUTEJILHOCTD I/ISMepeHI/Iﬁ

bert start

3amyck Tecta BERT

bert stop

ocranoB Tecta BERT

bert results

pesysbrarel Tecta BERT

ITakeTHbIil H2KUTTED

show jitter port

[OPT, Ha KOTOPOM OyJIeT HMPOUCXOJNTH U3MEDPEHUe JIZKHUT-
Tepa

show jitter threshold

TIOPOT, MC

show jitter duration

JJIUTEJIHLHOCTD I/ISMepeHI/Iﬁ

jitter start

3allyCK TecTa «ITakeTHbrit JZKUTTEP»

jitter stop

ocraHoBKa Tecta «IlakeTHBI JKUTTEDS

jitter results

pesysbraThl TecTa «lIakeTHBIN JZKUTTED>

TecToBbI MOTOK

show txgen header src mac

MAC-aapec orpasuTes

show txgen header src ip

IP-axpec ormpasuress

show txgen header src udp

womep UDP-niopra ormpasuresis

show txgen header dst mac

MAC-azpec mosryuaress

show txgen header dst ip

IP-anpec nomygaress

show txgen header dst udp

nomep UDP-mopra nosywaresist

show txgen header precedence

3HaAYCeHUE NIpUOpUTeTa KaJpa

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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KoMAHOBI Y,ZLAJIEHHOI‘O YIIPABJIEHU A

Tabmuua C.2. Komanpr ynanénuoro ynpasierns (TELNET) (npodoasicenue)

show txgen header tos

TUTL O6CIIy}KI/IBaHI/IH makKeTa

show txgen port

[OPT, ¢ KOTOPOro Oy/eT IeHepHpOBATBhCs TECTOBBI Tpa-
duk

show txgen frame

pasmMep KaJpa, 33JIaHHBII IT0Ib30BaTEIeM

show txgen duration

JJIUTEJIHLHOCTD I/ISMepeHI/Iﬁ

show txgen rate

3ajlaHHasd Harpyska, k5 /c wi %

txgen start

3allyCK reHeparimn TeCTOBOI'O IIOTOKa

txgen stop

OCTaHOBKa I'eHepaIluu TeCTOBOI'O ITOTOKa

txgen results

Pe3yabpTaThl reHepanu TeCTOBOI'O ITOTOKa

ITapameTps! ceTu

show network a dhcp

srrodena jm oyukius DHCP s nopra A

show network a ip

IP-axpec mopra A

show network a subnet

MacCKa IIOJICEeTH I TopTa A

show network b dhep

srurouena jin dyukipsa DHCP g nopra B

show network b ip

IP-aspec nopra B

show network b subnet

MacKa [oJIceTH Jisi opra B

show network gateway

IP-axpec mumioza

show network dns

IP-agpec y3ma ceTm, KOTODLI COREP:KHUT 0a3y JAHHBIX
DNS

ITapamerpsr uarepdeiicoB

show gbe a speed

CKOPOCTD IIepeJiavn JaHHBIX JIJIsd IOpTa A

show gbe a state

cocrosuue mopTa A (BK/IIOYEH /BHIKITIOUEH)

show gbe b speed

CKOPOCTh TepeJiadn JAHHBIX JJIst TopTa B

show gbe b state

cocrosiane opTa B (BKIIIOYEH /BBIKIIIOYEH)

Tecrsr TCP/IP

ping

| 3allyCK TeCcTa <<9XO—3‘<LHpOC>>

CoxpaHeHue /3arpy3ka pe3yibTaToB

results save N

COXpaHEHHE Pe3yJIbTaTOB H3MEPEHHUIT I10/] HOPSIIKOBBIM HO-
mepom «N» (N =1 .. 10)

results load N

3arpyska pe3yIbTaToB H3MEePEeHUi, COXPAHEHHBIX I10J] 0~
PSIIKOBBIM HOMepOM «IN»

results show

0TOOPaXKCHUE TEKYIUX PE3yJIbTATOB M3MEPEHHI

results show N

BBIBO/] PE3YJIBTATOB U3MEPEHUIT, COXPAHEHHBIX HOJ TTOPsI-
KOBBIM HOMepOM «N»

results show all

BBIBO/I BCEX COXpaHéHHI:IX PE3YIBTATOB I/ISMepeHI/Iﬁ

results info

BBIBO/T HH(MOPMAIUH O COXPAHEHHBIX Pe3yJIbTaTaX n3Mepe-
HUH

Jlor

log < off | on >

BBIKJIIOY€HNE /BKJIIOYeHHEe  CHUCTEMbI  IIPOTOKOJIMPOBAHMSI
coOBITHiT

log show

BBIBOJI, COODIEHIIT O MPOM3OIIE/IIINX COOBITHIX

O6me KoMaH bl
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Tabmuua C.2. Komanpr ynanénuoro ynpasierns (TELNET) (npodoasicenue)

show version HOMepa Bepcuii IporpaMMHOrO 06ecIedeHnst
exit BBIXOJ] 13 KOMAH/[HOT'O PesKnMa

reboot epesarpyska mpubopa

help CIINCOK JOCTYIHBIX KOMAH,T

configure [epexoz] B PeKNM KOHMUryparmun

username U3MEHEHNe NMEHU [O0JIb30BaTesd

password U3MEHEHNe apoJIst

show options MIPOCMOTP OTKPBITBIX OIIAIT

show time [IPOCMOTP TEKYIIEro BpeMeH!

show date IIPOCMOTP TEKyIIeil 1aTs
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Tabmma C.3. Komanasr yaanénnoro ynpasieans (TELNET). Pexum kouduryparmn

Komanna

| HeiicrBue

RFC 2544

rfc2544 header src udp <int>

ycranoBka HoMmepa UDP-nopra ormpa-
BUTeJIsT

rfc2544 header src mac < XX:XX:XX:XX:XX: XX >

ycranoBka MAC-axpeca ormpaBuTesist

rfc2544 header src ip <i.ii.i>

ycTanoBKa IP—a,:[peca OTIIpaBUTEJIA

rfc2544 header dst udp <int>

ycranoBka noMepa UDP-mopra mosy-
qareJist

rfc2544 header dst mac <XX:XX:XX:XX:XX: XX >

ycranoka MAC-a/ipeca nosydaresist

rfc2544 header dst ip <i.ii.i>

ycTanoBKa IP—a,:[peca oJrydgaTesid

rfc2544 header vlan count < off [ 12| 3 >

BBIOODP KosmdecTBa VLAN MeTok

rfc2544 header vlan < 1|2 |3 > id <int>

YCTaHOBKa 3HAUCHUS HJICHTU(PUKATOPA
VLAN

rfc2544 header vlan < 1| 2 | 3> priority <int>

YCTaHOBKA 3HAYEHUsI IPUOPUTETA TPa-
duka

rfc2544 header mpls tx count < off | 1 |2]3 >

BbI60p KoJIn4decTBa METOK Ha Iepeiady

rfc2544 header mpls tx [1-3] label <int>

ycTanoBKa 3HAY€HUsI METKN

rfc2544 header mpls tx [1-3] cos <int>

YCTAHOBKa KJacca OOCIIy?KUBAHUS IIa-
Kera

rfc2544 header mpls tx [1-3] tt] <int>

YCTaHOBKA BPEMEHM XKHU3HU IIaKeTa C
MeTKOI

rfc2544 header precedence <int>

ycTanoBKa 3Ha4Y€HUA IIpUopUuTeTa Kal-
pa

rfc2544 header tos text

ycTanoBKa THUIIAQ O6Cﬂy)KI/IBE],HI/I9[ ITaKe-
Ta

rfc2544 topology tx < a | b | remote >

ycTaHnoBKa IIOpTa Iepeadnl JaHHbIX

rfc2544 topology rx < a | b | remote>

ycTanoBKa Iopra HpI/IéMa JIaHHbIX

rfc2544 topology ip <ii.ii>

ycranoska [P-ajpeca JIuCTaHIIMOHHOTO
npubopa

rfc2544 throughput duration <int>

YCTAHOBKA JIJTUTEJIBHOCTH TIPOOBI ISt
aHaJIM3a IIPOILYCKHON CIIOCOOHOCTH

rfc2544 throughput enabled < no | yes >

3a1peT/ paspelieHne BbIIOJTHEHNS aHa-
JIN3a IPOIIYCKHOM CIIOCOOHOCTH

rfc2544 throughput maxrate

yCTaHOBKa BEJWYIUHBI HArPy3KW JIJId
aHaJm3a HpOHyCKHOﬁ CIIOCOOHOCTH

rfc2544 throughput threshold <int>

YCTaHOBKa BEJHYUHBI IIOpOra II0TE€Phb
JIJIsT AHAJIA3A [IPOILYCKHOMN CIIOCOOHOCTH

rfc2544 throughput resolution < 10 | 1| 0.1 | 0.01 >

YCTAHOBKA BEJIMIUHBI PA3PEIICHUST JIJIsT
AQHAJII3a IIPOILYCKHOI CIIOCOOHOCTH

rfc2544 frames [1-8| enable <on|off>

3aIpeT/pa3peIieHue  UCIOIbL30BAHIS
P aHaJu3e  COOTBETCTBYIONIETO
pa3Mepa Kajpa

rfc2544 frames [1-8] size < XXXX >

33JlaHne pa3Mepa KaJjpa
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Tabmuna C.3. Komanapr ynanénuoro ynpasierns (TELNET) (npodoasicenue)

rfc2544 latency enabled < no | yes >

3a1peT/ paspelieHne BbIIOJTHEHNs aHa-
JIN3a 33/IeP?KKN PACIPOCTPAHCHMUS

rfc2544 latency count <int>

yCTaHOBKa KOJIMICCTBa Hp06 JJId aHa-
JIN3a 3aJI€P2KKU PacIIpOCTPpaHEeHUA

rfc2544 latency duration <int>

YCTaHOBKa JJINTEJILHOCTH IIPOOLI JJIs
aHAJIN3a 3aJIePKKN PACIIPOCTPAHEHHS

rfc2544 latency rates src <throughput | manually>

3a[aHNe NCTOTHUKA 3HAYCHII HATDY3-
ki (throughput — npomyckuas croco6-
HOCTh, manually — Bpy4HyIO)

rfc2544 latency rates [1-8] < XXXX > <%|kbps/mbps>

BBOJI 3HAYEHUIT HAIPY3KH JIJIsT KazKJI0TO
pasMepa Kajpa

rfc2544 frameloss enabled < no | yes >

3aIpeT/ pa3peIieHne BHIIOTHEHNST aHa-
JIM3a yPOBHA IIOTEPb KaJIpPOB

rfc2544 frameloss duration <int>

YCTaHOBKa JJINTEJILHOCTH IIPOOLI JIs
aHaJIN3a YPOBHH IIOTEPb KaJpOB

rfc2544 frameloss steps < XX >

ycTaHnOBKa KOJIMICCTBa MIaroB JjIsd aHa-
Jin3a ypOBHS IIOTEPHh Ka/I[POB

rfc2544 frameloss rates start < XX > <%|kbps/mbps>

YCTaHOBKa HAYaJIbHON HArpPy3KH I
aHaJIN3a YPOBHH IIOTEPb KaJPOB

rfc2544 frameloss rates stop < XX > <%|kbps|mbps>

YCTAHOBKa KOHEYHOH HArpy3KH I
aHaJIu3a yPOBHA II0TE€Pb KaJIpOB

rfc2544 back2back enabled < no | yes >

3anpeT/pa3pemeHI/Ie BBIITOJTHEHUA aHa-
JI3a Hpe,[(eJ'IbHOﬁ HarpyskKunu

rfc2544 back2back count <int>

YCTaHOBKa KOJIHYECTBA IIPO0 JJId aHa-
JIN3a IPEJICJIbHON HArPYy3KN

rfc2544 back2back duration <int>

YCTAHOBKA JIJTUTEJIBHOCTH TIPOOBI ISt
aHaJIu3a IpelebHOIl Harpy3KHu

rfc2544 back2back rates src <throughput | manually>

3alaHie NCTOYHNKA 3HAYEHHI HATPY3-
ku (throughput — npomyckuas croco6-
HOCTh, manually — Bpy4HyIO)

rfc2544 back2back rates [1-8] < XXXX > <%|kbps

mbps>

BBO/I 3HAUEHHI HAIPY3KH JJIs KaXKJI0T0
pasMepa Kajpa

rfc2544 advanced wait <int>

YCTaHOBKa 3HAYEHUs IIapaMeTpa <«WH-
TEpPBAJI»

rfc2544 advanced learn <int>

YCTAHOBKa 3HAMCHUS [IapaMeTpa «00y-
UCHUE»

Cito2kHbBIN Tpaduk

ctraf header mpls tx count < off | 1| 2] 3 >

BbI60p KoJIn4ecTBa METOK Ha Iepeady

ctraf header mpls tx [1-3] label <int>

yCTaHOBKa 3HAYCHUSA METKN

ctraf header mpls tx [1-3] cos <int>

YCTAHOBKa KJacca OOCIIy?KUBAHUS IIa-
KeTa

ctraf header mpls tx [1-3] ttl <int>

YCTaHOBKa BPEMEHM XKM3HU IIaKeTa C
MEeTKOM

ctraf nstreams <int>

BBO/I KOJIMYECTBA ITIOTOKOB JITAHHBIX

ctraf stream <int>

BBO/I HOMEpa HaCTPanBaCeMOI'0 IIOTOKa
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Tabmuna C.3. Komanapr ynanénuoro ynpasierns (TELNET) (npodoasicenue)

ctraf topology tx < a | b | remote >

ycTaHnoBKa IIOpTa IepeJadn JaHHbIX

ctraf topology rx < a | b | remote >

YCTaHOBKA HOPTa IPUEMA JTAHHBIX

ctraf topology ip <i.ii.i>

yeranoBka [P-ajipeca jucrasHiimorHOrO
npubopa

ctraf duration <int>

ycranoBKa JAJIUTEJIbHOCTU TeHepalnunu
3a/ITaHHOT'O KOJIn4YeCcTBa IIOTOKOB

ctraf header src mac <XX:XX:XX:XX:XX: XX >

ycranoska MAC-aapeca ormpasuTelist

ctraf header src ip <ii.ii>

ycranoBka IP-azpeca ornpasuress

ctraf header src udp <int>

ycranoBka HoMmepa UDP-nopra ormpa-
BUTeJIs

ctraf header dst mac <XX:XX:XX:XX:XX:XX>

ycranoBka MAC-apeca mosydaresist

ctraf header dst ip <iiii>

ycTanoBKa IP—a,:[peca oJrygaTesid

ctraf header dst udp <int>

ycraxoBka Homep UDP-mopra momywa-
TeJs

ctraf header precedence <int>

yCcTaHOBKa 3HAYCHUA IIPUOPUTETA Ka/l-
pa

ctraf header tos text

ycTanoBKa THUIIa O6CIIy}KI/IBaHI/IH maKe-
Ta

ctraf rate <int>

BBO/I 3HAMCHUSI HHQPOPMAINOHHOI CKO-
pocTH (IO yMOJIYAHHIO — B IIPOIEHTAX )

ctraf rate <int> <unit>

BBOJI 3HaYeHNs] HHPOPMAIIHOHHOII CKO-
POCTH € YKA3AHUEM €/[MHUI H3MEPEHHS
(K6utr/c, M6/c unu %)

ctraf frame <int>

BBOJI padMepa KaJpa

BERT

bert header mpls tx count < off [ 1|2 |3 >

BbI60p KoJIn4iecTBa METOK Ha Iepeady

bert header mpls tx [1-3] label <int>

ycTanoBKa 3HAY€HUsI METKN

bert header mpls tx [1-3] cos <int>

ycTaHoBKa KJ/acca O6CJ’[y)KI/IBaHI/IH ITa-
Kera

bert header mpls tx [1-3] tt] <int>

YCTaHOBKA BPEMEHM XKHU3HU IIaKeTa C
MeTKOI

bert header mpls rx count < off | 1|2 |3 >

BbI60p KoJ/IM1IeCcTBa METOK Ha IIpUeM

bert header mpls rx [1-3] label <int>

ycTanoBKa 3HA1€HUsI METKN

bert header src mac <XX:XX:XX:XX:XX:XX>

ycranoska MAC-apeca ormpasuTelist

bert header src ip <i.ii.i>

ycranoBka IP-azpeca ornpasuress

bert header src udp <int>

ycranoBka HoMmepa UDP-nopra ormpa-
BUTeJIs

bert header dst mac <XX:XX:XX:XX:XX:XX>

ycranoBka MAC-aapeca mosydaresist

bert header dst ip <i.ii.i>

ycTanoBKa IP—a,:[peca oJrydgaTesid

bert header dst udp <int>

ycranoBka noMepa UDP-mopra mosy-
qaTesist

bert header precedence <int>

ycTanoBKa 3Ha4Y€HUA IIpUoOpUuTeTa Kal-
pa
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Tabmuna C.3. Komanapr ynanénuoro ynpasierns (TELNET) (npodoasicenue)

bert header tos text

ycTanoBKa THUIIa O6CIIy}KI/IBaHI/IH maKe-
Ta

bert topology tx < a | b | remote >

YCTaHOBKa IIOPTa IepeIadn JaHHBIX

bert topology rx < a | b | remote >

YCTaHOBKA HOPTa IPUEMA JTAHHBIX

bert topology ip <i.ii.i>

ycranoska [P-ajpeca JIuCTaHIMOHHOTO
npubopa

bert level < 1|2 |34 >

BoIOOp yposHst Mozean OSI, ma xoro-
poM OyieT IIPOBOJIUTHCS TeCT

bert pattern < user | crtp | 2e11-1 | 2e15-1 | 2¢20-1 | 2¢23-1
| 2629-1 | 2e31-1 >

BBIOOD CTAHJAPTHON WM 3aaBacMOIt
IIOJIb30BAaTE/IeM TECTOBOI Ioc/en0Ba-
TeJIbHOCTHU

bert user-pattern hex

BBOJI II0JIB30BATEJILCKON  IIOCJIC 0Ba-
TEJILHOCTH

bert frame <int>

BBOJI pazMepa KaJpa

bert rate

BBOJI TpeOyeMoil Harpy3Ku

bert duration <hh.mm.ss>

3aJlaHne JJIUTEeJIbHOCTU U3MEPEeHUA

ITakeTHbIil H2KUTTED

jitter port < a|b >

BBIOOP TOpTa, Ha KOTOPOM OyIeT Ipo-
UCXOJUTH U3MEPEHHe JRKUTTEpa

jitter threshold <int>

3aJlaHne [TOPOTOBOI'O 3HAYEHUS JIZKHUT-
Tepa

jitter duration <hh.mm.ss>

3a/laHue BpeMEHHN U3MEPEHUd JZKUTTe-
pa

TecToBbI MOTOK

txgen header mpls tx count < off [ 1 ]2 |3 >

BBIOOD KOJIMYIECTBA METOK Ha IEPEIaTy

txgen header mpls tx [1-3] label <int>

ycTanoBKa 3HAY€HUsI METKN

txgen header mpls tx [1-3] cos <int>

ycTaHoBKa KJ/acca O6CJ’[y)KI/IBaHI/IH ITa-
Kera

txgen header mpls tx [1-3] ttl <int>

YCTaHOBKA BPEMEHM XKHU3HU IIaKeTa C
MeTKOI

txgen header src mac <XX:XX:XX:XX:XX:XX>

ycranoBka MAC-anpeca orpaBuresist

txgen header src ip <i.i.ii>

ycTanoBKa IP—a,:[peca OTIIpaBUTEJIA

txgen header src udp <int>

ycranoBka HoMepa UDP-nopra ornpa-
BUTEJIsT

txgen header dst mac <XX:XX:XX:XX:XX:XX>

ycranoka MAC-aipeca mnosydaresist

txgen header dst ip <ii.ii>

ycranoBka IP-agpeca momywaress

txgen header dst udp <int>

ycranoBka HoMepa UDP-mopra mosry-
qaTelIst

txgen header precedence <int>

ycTanoBKa 3Ha4Y€HUA IIpUoOpUTeTa Kal-
pa

txgen header tos text

ycTanoOBKa THUIIAQ O6Cﬂy)KI/IBE],HI/I9[ ITaKe-
Ta

txgen port < a | b >

BBIOOD IOpPTa, C KOTOPOrO Oy/IeT Hpo-
HCXOIUTH IeHepanus Tpaduka
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KoMAHOBI y,Z[AJIEHHOI‘O YIIPABJIEHU A

Tabmuna C.3. Komanapr ynanénuoro ynpasierns (TELNET) (npodoasicenue)

txgen frame <int>

BBOJI padMepa KaJpa

txgen duration <hh.mm.ss>

3aJlaHne JJIUTEeJIbHOCTU U3MCPEeHUA

txgen rate

BBOJL TpeOyeMOil HArPy3KH

IIneiid!

loopback <

a|b>layer <off [1]2]|3]4 >

BBIOOD YPOBHSI, Ha KOTOPOM OyJeT IIpo-
HCXOINTH HepeHalPaBJIeHue TECTOBOIO
Tpaduka

loopback <

a | b > mac swap < off | on >

BBIKJ/IIOYEHE / BKIIIOUEHHe pexnma,
npu koropom MAC-aipeca orTmnpasu-
TEAS W TOJYYATeTs B IPUXOSIIIX
MAKeTaxX MEHSIOTCS MECTAMU

loopback <
| sre4-dst >

a | b > mac replace < off | source | destination

BbIOOp pezkuMa 3amennl MAC-aapecos
(BbIKJI | oTmpaBuTesns | mosydareis |
06a)

loopback <

a| b > mac src <XX:XX:XX:XX:XX:XX>

ycranoska MAC-azpeca, koropsiii Gy-
Jer nojcTasieH B nose «Source MAC
Address» Ethernet-maxera

loopback <

a| b > mac dst <XX:XX:XX:XX:XX:XX>

ycranoska MAC-azpeca, koropsiii Gy-
ner mojcTapiaeH B moje «Destination
MAC Address» Ethernet-nmakera

loopback <

>

a | b > vlan replace < off | id | priority | id+pr

BbIOOp pezkmmva 3amensl VLAN-merox
(Bbikat | id | mpuopurer | id+mp)

loopback <

a|b > vlan id <int>

YCTAHOBKA 3HAYEHUs UIEHTH(DUKATOPA
VLAN

loopback <

a | b > vlan priority <int>

ycTanoBKa 3Ha4Y€HUdAd IIPUOPUTETA Tpa-

bura

loopback
src+-dst

=

a | b > ip replace < off

source | destination

BbIOOp pexnma 3amenol [P-axpecos
(BbIKJI | oTmpaBuTesns | mosydareis |
06a)

loopback <

a|b > ip src <iiii>

KOTODBIiT Oy~
«Source IP

ycranoBka [P-ajsipeca,
JIeT IOACTaBJICH B IOJIE
Address» Ethernet-maxera

loopback <

a|b > ipdst <iiii>

ycranoBka [P-agpeca, Koropslit Oymer
nojicrasied B noJsie «Destination IP
Address» Ethernet-nakera

loopback <
tos+prec >

a | b > tos replace < off | tos | precedence |

BBIOOp pexkuMa 3aMeHb! mojeit ToS

loopback <

a | b > tos flags <bin>

YCTaHOBKA 3HAYEHUs, KOTOpoe Oyier
nozcrasieno B noste «Type of Services
Ethernet-nmaxera

loopback <

a | b > tos precedence <int>

YCTAHOBKA 3HAYEHUsI, KOTOpoe Oyjer
nojicraBiieno B 1ojie  «Precedence»
Ethernet-nakera

'Komanmsr u3 paszgenos «Ilneiid» u «Tpansurs BCTYHAIOT B CHJIYy TOJIBKO IOCJIE KOMAH/IbI
settings apply wim nepesarpysku npubopa KoMaH10ii reboot.
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Tabmuna C.3. Komanapr ynanénuoro ynpasierns (TELNET) (npodoasicenue)

=

network a dhep < off | on

Tpausurt
BBIKJIIOUCHUE / BKIIIOTCHUE peXKuMa
assthrough < off | on > /
P & | TPAH3UT
Tlapamerps! ceru’
BKJ/IIOUCHNE /BBIK/IIOUCHHE  (DYHKIHN

DHCP s mopra A

network a ip <iii.i>

ycranoBka [P-azpeca jist mopra A

network a subnet <i.ii.i>

ycTanoBKa MaCKH IIOJICETH JiJId II0pTa

A

network a gateway <i.ii.i>

ycranoBka [P-agpeca mumosa s mop-
Ta A

network a dns <i.iii>

ycranoska I[P-ajpeca ceru, KOTOpBIit
conepxkut 6a3y DNS, mist mopra A

network b dhep < off | on >

BKJ/IIOUCHNE /BBIK/IIOUCHHE  (DYHKIHN

DHCP s nopra B

network b ip <i.i.ii>

yeranoska IP-anpeca miis nopra B

network b subnet <i.ii.i>

ycTanoBKa MaCKH IIOJICETH JiJId II0pTa
B

network b gateway <i.i.i.i>

ycranoBka [P-agpeca mumosa s mop-
Ta B

network b dns <i.ii.i>

ycranoBka [P-ajpeca cerm, KOTOpBIit
coznepxkut 6a3y DNS, s mopra B

lan dhep < off | on >

BKJIIO‘IeHI/Ie//BI:IKI[IO‘IQHI/IG

DHCP pust mopra LAN

byHKIIIT

lan ip <ii.i.i>

ycranoBka IP-aapeca mrs mopra LAN

lan subnet <iiii>

ycTanOBKa MAaCKH IIOJICETH JIJIg II0PTa

LAN

lan gateway <i.ii.i>

ycranoBka IP-anpeca mumosa gjs nop-
ta LAN

network mpls < off | on >

BBIKIIIO‘IQHI/IQ/BK.}'[IO‘-IeHI/Ie BO3MOZKHO-
CTHU OTHIPaBKM ITaKETOB C METKaMI

ITapamerpsr uarepde

iicoB

gbe a speed < automatic | 10 | 100 | 1000 >

BBIOOD CKOPOCTH HEPEIavd  JAHHBIX
Just mopTa A

gbe a state <offjon>

BBIKJIIOYCHIC / BKIIIOUCHHE TTOpTa, A

gbe a mac <XX:XX:XX:XX:XX:XX>

saganne MAC-aapeca st mopra A

gbe b speed < automatic | 10 | 100 | 1000 >

BBIOOD CKOPOCTH TIepejladn JIAHHBIX
11 opra B

gbe b state <offjon>

BbIKIIIO‘IeHI/Ie//BKI[IO‘IQHI/IG nopTa B

gbe b mac <XX:XX:XX:XX:XX:XX>

sagaane MAC-azapeca mis nopra B

lan mac <XX:XX: XX XX XX XX >

sagaane MAC-aapeca g nopra LAN

2Komanpr u3 pazzenos «Ilapanmerpsr cetns 1 «Ilapamerpsr marepdeiicoBs BCTYIAIOT B CHITY
TOJILKO IIOCJIe KOMAH[BI settings apply i mepesarpyskn npubdopa KoManoil reboot.
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KoMAHOBI Y,ZLAJIEHHOI‘O YIIPABJIEHU A

Tabmuna C.3. Komanapr ynanénuoro ynpasierns (TELNET) (npodoasicenue)

lan vlan count < off [ 123 >

BBOJI Koammuectsa VLAN mMeTok

lan vlan < 1|23 >id < int >

YCTaHOBKA 3HavYeHus! 12-0MTHOIO WJIeH-

tucukaropa VLAN

lan vlan < 1| 2| 3 > priority < int >

YCTAHOBKA 3HAYEHUsI IPUOPUTETA TPa-
duka

ghe <a|b

> vlan count < off [ 1|23 >

BBOJI Koammuectsa VLAN mMeTok

gbe

<a|b>vlan<1|2]3>id <int >

YCTaHOBKA 3HavYeHusi 12-0MTHOIO WJIeH-

tucukaropa VLAN

yCcTaHOBKa 3HAYCHUA IIPUOPUTETA TPa-

be <a|b>vlan <1|2]3 > priority < int >
g | [ 2 ]3> priority uxa
ycranoBka  [P-ajpeca  unTepdeiica
gbe <a | b > mpls tx lsr <i.iii> MapIIPYTU3ATOPA, OCYIIECTBJISIONIETO
KOMMYTAIIMIO 10 METKaM
N . BBIKJIIOYeHNE /BKIIIOYEHHE [IPABUIa Ha
gbe <a | b > mpls tx rule < off | on > !
OTIPABKY IAKCTOB B HOJCCTDH
gbe <a | b > mpls tx subnet <iii.i> IP-aspec nojcern
gbe <a | b > mpls tx mask <i.iii> MacKa II0JICETH
gbe <a | b > mpls tx stack count < off | 1|2 |3 > BBIGOP KOJIMIECTBA METOK
gbe <a | b > mpls tx stack [1-3] label <int> YCTaHOBKa 3HAYCHUA METKU
. CTAHOBKa KJacca OOCIIy’KUBAHHS I1a-
gbe <a | b > mpls tx stack [1-3] cos <int> Y Y
KeTa
. CTAHOBKA BPEMCHHU YKH3HH IIAKETa C
ghe <a | b > mpls tx stack [1-3] tt] <int> Y )BRA BP e
METKOii
BBIOOP KOJIMYECTBA METOK B IIPHHUMA-
gbe <a | b > mpls rx count < off | 1|23 > P p
eMBIX HaKeTax
gbe <a | b > mpls rx [1-3] label <int> YCTAQHOBKa 3HAUECHHs METKH

ITIpodunu

profile rename [n| [name|

3aJaHIe UMCHH IPOQUIIsT

profile save |n|

COXpaHeHue
A9eiiky n

TEKyIIUX HACTPOEK B

profile lock [n]

YCTaHOBKa 3allUThI
SYeHKT N

OT 3alliucu JijIsd

profile unlock [n]

OTMEHa 3aIllUThI OT 3allUCH JIJId STYeiKn
n

profile load [n]

3arpyska npoduiis HaCTPOeK U3 sdeil-
K0 1

profile delete [n]

yJasieHue npoduiist HaCTPOeK n3 sg4aeii-
KO 1

profile list

0TOOpaskKeHne  CIIMCKA COXPAHEHHBIX
npocduieit B dpopmare «index, name,
data, status», rye index — Homep stueii-
KN, B KOTODPOil coXpaHeH pPOMUIIb,
name — uMs npodus, data — garTa co-
XpaHenust, status — cocroguue (3aru-
IIEH OT 3allCH WJIH HeT)
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Tabmuna C.3. Komanapr ynanénuoro ynpasierns (TELNET) (npodoasicenue)

profile show [n]

BBIBOJIUT COIEPZKUMOE HpO(i)I/II[H n

OO61e KoMaH/1bl

exit

BBIXOJI U3 PeKNUMa KOH(DUTYparun

help

BBIBO/] CITUCKa JOCTYIHBIX KOMaH/{

time HH:MM:SS

HACTPOIKa TEKyIero BpeMeHn

date DD-MM-YYYY

HACTPOIKa TEKYyIIEeil JaTbl
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D. CHEHU®UKAIIUU U TEXHUUYECKUE
BO3MO>XHOCTHU IIPUBOPA

Tabmuma D.1. Cuennduxanun BepkyT-ET

Jucnei IBernoit rpacduaeckuii jguciieii, 320X 240 Touek
Kuaasuarypa [Inénounas (25 Kaasum)
WNurepdeiic niis nmogkiarodeHuss K
pd A . USB-kjmmenT
KOMIIBIOTEPY
Hanpsi>keHne BHEIIIHErO UCTOYHU- 12B

Ka IMMATaHUuA

ITorpebiisiembrii TOK

He 6osee 1,5 A

AKKyMyJISITOPDHBIE 3JIEMEHTBI

NiMH ¢ nomunanbubiM Hanpszkenuem 4,8 B u éMKOCTBIO
4300 MAg

DJieMeHTbI 3alllUThbI II0 3JIEKTPO-
IIUTAaHUIO

Bamura OT nepeHanpsazKeHi

Buyrpennnii npegoxpanurens 5 A

WNurepdeiicer Gigabit Ethernet

2x10/100/1000Base-T u SFP

WNurepdeiicel ynpasiaeHus

USB, LAN 10/100 Ethernet

TabapurHble pa3Mepbl
TeJbHOro OJioKa

u3Mepu-

200x101x44 mm

Macca nzmepuresbHoro 6JioKka

0,640 xr

Tabmuma D.2. Texanueckue Bo3moxkuoctu Bepkyr-ET

TecTupoBanme B COOTBETCTBUA
c meroaukoiit RFC 2544

Ioctynubie rectsr: Throughput (mponycknas cioco6HOCTS )
Frame Loss (yposenb noreps xapos), Back-to-Back (mpe-
JleabHag Harpyska), Latency (3ajepkka).

Pazmepsr kagpos: 64, 128, 256, 512, 1024, 1280 u 1518
OaiiT, 3a/1aBaeMblil ITOJIHb30BATEIEM.

IP-TecTnI

Ping (9xo-recr), Traceroute (Mapmpyr), DNS lookup
(momnck Ha cepsepe nMméH), TCP-kimeHT.

Opranusanus nueiiga (loopback)

[neitd na dusnaeckom (PHY), kanamsaom (MAC) u ce-
resoM (IP) yposusax ¢ nomuep:kkoit VLAN ¢ Bo3MOKHO-
CTBIO 3aMEHBI HOJIE.

Tect kabesst

Tect mennoro Kadessi Ha OOPBIB, KOPOTKOE 3aMbIKaHUE,
OIIpe/IeJIeHNe PACCTOSTHUS JI0 TOYKH OOPbIBA.
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Tabiuua D.2. Texanueckue Bozmokuoctn Bepkyr-ET (npodoaoicenue)

BERT

Tect MO3BOJISET OUPEEIUTH OCHOBHOI OMTOBBIN MOKa3a-
TesIb KadecTBa Kanaaa — «bit error rate» (kosddunment
GUTOBBIX OIMIUOOK).

ITakeTHbIll KATTED

V3Mepenne makeTHOro JRKATTEPA, OTOOPaXKEHUE Pe3YIbTa-
TOB B Bujie Tabsmil u rpacdukos. Mcnosb3yercst st oreH-
KI BO3MOYKHOCTHU CETHU [EpeIaBaTh TyBCTBUTEILHBIA K 3a-
JIePKKaM TpaduK.

I‘eHepaunﬂ TEeCTOBOI'O IIOTOKa

BosmozxkHOCTB 33/1aBaTh pazmMep KaJipa, JUINTEJTbHOCTD e~
HepAIlN! 1 BeJIMINHY HAIPY3KH.

VYaanéaHoe ynpaBJieHUe

Vupasiienne npubOpoM B peKHUMe TepMUHAJA, 110 TTPOTO-
kosty TELNET, uepes WWW-nunrepdeiic. Boinonnenne
TECTOB, HACTPOWKA [apaMeTpPOB, IMOJIydYeHHe Pe3yJIbTaToB
U3MEPEeHUIt.

Crarucruka 1o IIpUHUMaeMOMY U IlepegaBaeMOMYy Tpa(i)n-

Crarucruka
Ky Ha (DU3MIECKOM, KAHAJBHOM U CETEBOM YPOBHSIX.
BriitoueHre B paspbiB  COEJIMHEHUs] MEXKJY CETEBbIME
Tpansur ycrpoiicrBamu, ¢60p CTATHCTUYICCKUX JAHHBIX O TPOXOJIs-

meM Tpaduxe.
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E. YCTPAHEHUE HEUCIIPABHOCTEU

Tabsmna E.1. BoamoxKibie HencripaBHOCTH

XapaKTepHbIe
OpU3HAKA
HENCIIPaBHOCTH

Bo3morkHast npuanHa

Mertopn ycrpanenust

HexoppekTHoe cucremuoe
BpeMd

Brina markata kHOMKA arr-
mapaTHoro copoca

YcTaHOBUTH CHCTEMHOE Bpemsl

[Ipu6op me BRIIOUIAETCS

Paszpsxena
TOpHasl barapest

AKKYyMYJI-

BkiounTh  BHEITHUIT MCTOMHUK
[IATAHUA, 3aPAIUTH OaTapero

C6oii mporpammbl

TOHKI/H\'I TYIBIM CTE€PZKHEM HazKaTb
KHOIIKY aIlltapaTHoro cbpoca te-
pe3 oTBepcTHe Ha GOKOBOI TaHE
prbopa psIoM ¢ Pa3bEMOM ITUTa~
"ust 12 B

He npowucxoaur 3apsi 6a-
Tapen OT BHEITHero 0JI0Ka
A TAHST

Hewucnpasen 6Ji0k nmTa-
HUs, OOPBIB B IIITEKEpe,
oBpeK ieHa barapest

IIpoBepuTh U IpU HEOOXOIUMOCTH
3aMEHUTH OJIOK IUTAHUsI, HaTapero
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F. TJioccArPumn

10Base-T
Cranzapr nepezadn JaHHbIX €O ckopocTbio 10 M6ur/c no ceru Ethernet
€ WCIOJIb30BAHUEM KabeJisl THUITAa «BUTAs Tapasy.

100Base-T (100Base-TX)
Cranzapr nepenadn JaHHbIX co ckopocrbio 100 M6ur/c no ceru Ethernet
€ WCIOJIb30BAHUEM KabeJisl THUITAa «BUTAs Tapasy.

1000Base-T
Cranapr nepejadn JaHHBIX co ckopocThio 1000 Mour/c (1 I'6ur/c) no
ceru Ethernet ¢ ncrnonbp3oBanmem Kabers TUIIA «BUTas mapas.

Back-to-back
IIpenenbuas narpyska. Tect, onpene/sionuit BpeMsi, B T€I€HNE KOTOPOTO
YCTPOMCTBO CIIPABJIACTCH ¢ MAKCUMAJbHONI HAIPY3KOIL.

ARP
Address Resolution Protocol (mporokos paspemenus agpecos). CereBoii
IPOTOKOJI, IPEIHAZHAYEHHBI J1j1s1 1peobpazosanus [P-anpecos (agpecos

cereBoro yposusg) B MAC-anpeca (ajpeca KaHAJIbHOIO YPOBH:) B CETSIX
TCP/IP. On onpenenén 8 RFC 826 [3].

Auto-negotiation
Asrocornacosanue. [Iporeypa, obecrieanBaromniasi aBTOMATHIECKOE OITpe-
JeJICHNE CKOPOCTU U PeZKUMa COCJIMHCHM.

CSMA /CD
Carrier Sense Multiple Access with Collision Detection (MHOKecTBEHHBIIT
JIOCTYI ¢ KOHTPOJIEM Hecylleil u obHapyKenueM kosuiusuii). Texuosorus
MHOKECTBEHHOTO JIOCTYTIa K 0DIIeil mepegaloreit cpee B JJOKaIbHOM ceTn
¢ KOHTPOJIEM KOJLIM3WIA, UCIOJIb3yeTcst B ceTsix Ethernet.

DHCP
Dynamic Host Configuration Protocol (uporokos punamudeckoit kordu-
rypanuu ysJja ceru). [IpoToKOJI, MCHONIb3yeMblil y3/7I0M CeTH i aBTO-
MaTUIeCKOro mnojrydenus [P-ajgpeca u qpyrux nmapaMerposB, HEOOXOIUMbBIX
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Jutst paborsl B cersx TCP/IP.
DNS

Domain Name System (cucrema moMenubix umén). Pacnpenenéunas cu-
crema (6a3a TAHHBIX ), KOTOPAas HCHOJIB3YETCH i IPe00pPa30BaHIA IMEHH
cereBoro ycrpoiicrsa B IP-agpec. DNS paboraer B cersix TCP /IP.

DUT
Device Under Test. Tectupyemoe ycTpoiicTBO.

EIR

Excess Information Rate. ®opcupoBannasi CKOPOCTh IePeIadn JAHHBIX.

Ethernet
Texrosioruss OCTPOEHUs JIOKAIBHBIX ceTeil. ONUChIBAETCS CTAaHIaPTAMEI

IEEE rpynmsr 802.3.

Frame loss rate
YpoBeHb HOTEPH KA IPOB. TecT, olpeIesIsitoIuil MPOIeHT KaJIpOB, KOTOPbIe
He ObLIHN TIepeTaHbl CETEBBIM JIEMEHTOM MPU MTOCTOSHHON HATPY3Ke M3-3a
HEJ0CTaTKa allllapaTHBIX PECYPCOB.

FTP
File Transfer Protocol (uporokou nepenaqu daiinos). [Iporokos, npenna-
3HAYEHHBIN JTsl Iepeadn GailyioB B KOMIIBIOTEPHBIX CETsIX.

Full-duplex
JynieKCHbI pexkuM. Pexkum, npu KOTOPOM Iepejada JaHHBIX MOXKeT
[IPOM3BO/IUTHCS OJHOBPEMEHHO C IIPUEMOM.

Gateway
[MTr03. CereBoe ycTpoiCTBO, MTO3BOJISIONIEE COSIUHUTD MEXK Ty COOOIl JiBe
i OoJiee Pa3HOTUIIHBIE CETEBBIE CUCTEMBI U IIpeobpasyioliee HHMOpMa-
[IUOHHbBIE TIOTOKU, TIePEIAIOIIIecs] MeXK 1y HUMU.

Half-duplex
[Tonyaymmexcuniit peskum. Pexkum, mpu KOTOPOM mepegatia BeIETcs B 000-
UX HAIIPABJIEHUSIX, HO C PA3JIeJIEHUEM 10 BDEMEHHU, TO €CTh B KayK bl MO-
MEHT BPeMeHHU Iepejlada BeJIETCsl TOJIBKO B OJHOM HAIIPABJICHUN.

ICMP
Internet Control Message Protocol (IpoToKoJ MeXKCeTeBbIX yIIPaBJIIO-
mux coobmenuii). CeTeBoil NPOTOKOJI, BXOAMAIIUE B CTEK MPOTOKOJIOB
TCP/IP. B 0CHOBHOM HUCIIOJIB3YeTCA I epefadn coobuennii 06 omub-
Kax W JIPYTUX MCKIIOUUTENbHBIX CUTYAIUIX, BOBHUKIIUX IIPH IE€peiade
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JaHHBIX.

IEEE 802.1Q
Crangapr, KOTOPBIil Ope/iesisieT n3MeHeHus B CTPYKType Kayipa Ethernet,
o3BoJIsroNe nepeasars urdopmanmio o VLAN mo cern.

1P
Internet Protocol (mporokos Internet). OjH U3 OCHOBHBIX HPOTOKOJIOB
cemeiicra TCP/IP, ofecreunBaer HerapaHTHPOBAHHYIO JIOCTABKY IAKe-
TOB, HE TPEOYIONIYIO YCTAHOBKU COEMHEHNUSI C IIOJIY IATEIEM.

IP address
Internet Protocol address. Yuukasbubiii ugenrudurarop (agpec) ycrpoii-
CTBa, MOJK/IIOUEHHOIO K 00bEIUMHEHHON CeTH HA OCHOBE CeMeNcTBa IIPOTO-
kosio TCP/IP. Ilpencrasisier coboii 32-6uToBoe JBOMYHOE YUCIIO.

Jabber-dpeiim
[Taker maHHBIX pasmepom Gostee 1518 GaiiT, uMeroMii HEITPABUIBHY IO KOH-
TPOJIBHYIO CYMMY.

Jumbo-dpeiim
[Taker namabix pazmepom 6osiee 1518 aitr. Popmar TAKOTO KaIpa aHAJIO-
ruded pOpMaTy CTAaHIAPTHOI'O KaJpa, HO COAEpP:KUT DoJiee JJIMHHOE 110J1e
JIAHHBIX, 9TO OOECIIEYMBAET JIydIlee COOTHOIIEHUE MEXKIY YHCJIOM CJIy-
2KEeOHBIX OafiTOB M yncaoM 6afiTOB JaHHBIX M, COOTBETCTBEHHO, Oosiee ad-
derTuBHYO 1Iepenady HHPOPMAIHH.

LAN
Local Area Network (sokanbnasi cets). Cerh, KOTOpasi HOKPBIBAET OTHO-
cHUTeJIbHO HeOOJIbIIY0 TeppuToprio (Hampumep, cerb Ethernet). Xapak-
TepU3yeTCsl BBICOKON CKOPOCThIO Iepenadn gaHHbX (or 10 M6ut/c g0
HecKoJIbKUX ['6uT/c) u HeboubuM KoabGUIuenToM ommboK.

LD
Latency Deviation. /leBuanus 3a/iepKKH.

LoT

Latency over Time. Pacmnpeesienne 3a1epKKn BO BpDEMEHH.

MAC address
Media Access Control address. YHUKaJIbHBINA HACHTUMUKATOD, KOTOPBIA
UCIIONIb3YETCS JIJIst aJIPEeCAIlu yCTPOUCTB ceTn Ha (DU3UIECKOM YPOBHE.
B cern Ethernet ucnosnbsyercs 48-6urosniit MAC-azapec.
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MDI
Medium Dependent Interface (umrepdeiic, 3aBucamuii ot nepegaomei
cpe/:u)I). ITopr Ethernet-ycrpoiictBa, narorimit BOSMOKHOCTb CETEBBIM KOH-
IIEHTPATOPAM M KOMMYTATOPaM MOJKIIOUATHCS K JIPYTUM KOHIIEHTPATO-
paM 6e3 UCIOIb30BaHNA KPOCCOBEPHOTO KabeIs.

MDI-X
Medium Dependent Interface with Crossover (unrepdeiic, 3apucampuii ot
HepeIaloIeli Cpeibl ¢ IIepeKpécTHbIM coequnenneM). Ethernet-unrepdeiic
RJ-45, ncronb3yemblii B ceTEBBIX KOMMYTATOPAX U KOHIIEHTPATOPAX.

MPLS
Multi-Protocol Label Switching (MyabTHIPOTOKOJIbHAS KOMMYTAIH 110
merkam). Texuosiorus nepecbuiku [P-jefitarpaMm, KoTopast UCHOJIb3yeT-
Csl B BBICOKOCKOPOCTHBIX KOMMYTHPYIOIIUX YCTPOACTBAX.

NUT
Network Under Test. Tectupyemasi cers.

OAM
Operations, Administration, and Maintenance (3kciuryaraius, ajiMuHu-
crpupoBanue u 00cayKuBanue). IIpOTOKOJ MOHUTOPHHIA COCTOSIHUS Ka-
HAJIA.

OSI
Open Systems Interconnection Reference Model (srasionnas Mozen B3au-
MoOzIeicTBUSI OTKPBITBIX cucreM). Paspaborannas MexiyHapoaHoit opra-
nuzanueil no crangaprusamuu (ISO) cemuypoBHeBas uepapxudeckas MO-
JIeJIb JIJIsl CETE€BBIX KOMMYHMKAIMI 1 CBA3U CETEBBIX IIPOTOKOJIOB. Y POBHHI
MOJIEJTH PACIIOJIOYKEHBI BEPTUKAJILHO JPYT HAJ JIPYTOM, KayKJIblii yPOBEHD
B3aMMOJIEHCTBYET ¢ COCEIHUMU W BBIIOJIHSIET OIPEIeICHHbIE (DyHKIUHA.

RJ
Registered Jack. CrammaprusupoBanubiii dpusudeckuii naTepdeiic, uc-
[I0JIb3YEMBIH JIJIsl COEIMHEHNS TEJIEKOMMYHUKAIIMOHHOTO 000Dy I0BAHUS.

RJ-45
Ojmu u3 pazbémoB crapjapra Registered Jack, mcnonbsyercs B cersix
Ethernet mjst coeuuenust BUTHIX map.

Runt-dpeiim
[Taker mammbix jgumnoit menee 64 6aiiT ¢ NMPaBWIBHONW KOHTPOJIBHOM ITO-
CJIeJ0BATEIbHOCTBIO.
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SFP
Small Form-factor Pluggable. KommakTabliii npuémonepesaTduk, IpuMe-
HsIEMBII JIIsT TIepeadu JTaHHBIX B TeJeKOMMYHUKanusx. Vcnosb3yercs
JUIsT TIPUCOE/IMHEHUsI IIJIAThI CETEBOr0 YCTPOCTBA K ONTOBOJIOKHY WJIM
HEIKPAHUPOBAHHOW BUTOI TIApe, BBICTYIAIONINX B POJIK CETEBOTO KabeJs.

SLA
Service Level Agreement. OCHOBHO# JOKYMEHT, perjiaMeHTUPYONuil B3a-
MMOOTHOIIECHUS MEXK/Iy IMOCTABIUKOM YCIYTH U KJIACHTOM.

TCP
Transmission Control Protocol (porokos ynpasienust nepeaqeit). Cran-
JIAPTHBI TIPOTOKOJI TPAHCIIOPTHOTO YPOBHsI, BXOJSIININI B CeMeficTBO Ipo-
rokosioB TCP /IP u obecrieunBaromniuii HaIE2KHY IO Y IIIEKCHY IO IIOTOKOBYIO
nepeiady JIAHHbBIX.

TDM
Time Division Multiplexing (MysbTUILIEKCHDOBAHUE C Pa3JEJIEHUEM 110
Bpemenn). TexHosorus nepejadn JaHHBIX, HUCIIOJIL3YIONAs BPEMEHHOE
VILUIOTHEHUE KAHAJIOB; MIPEJLyCMATPUBAET TIepelady KayK0ro MOTOKA JTaH-
HBIX 110 KaHAJIy CBsI3U B TedeHne (PUKCUPOBAHHOIO IPOMEXKYTKA BPEMEHH.

Throughput
IIpomycknast cmocobrocTh. Tect, ompemenaOmuii MAKCHMAJILHYIO CKO-
POCTh, Ha KOTOPOil KOJIMIECTBO TECTUPYIOMINX KAJIPOB, IPOIIE/IIIIX Yepe3
DUT, paBHO KOJUYECTBY KaJIPOB, OTIPABJIEHHBIX €My C TECTHPYIOIIEro
00bopyIoBaHUs.

ToS
Type of Service (tun o6ciyzkusanus). Habop u3z uerbipéxburHbix daros
B 3arojioBke [P-nmakera. OHu J1af0T BO3MOXKHOCTH IIPUKJIATHON IIPOrPaMMe,
[epeIaonieil JJAHHbIe, COOOIIUTE CETU THII TPEOYEMOT'0 CETEBOTO 00CIIY KH-
BaHUSI.

Traceroute
[Iporpamma, npejHa3HAYeHHAs JJjIs OLPEJEIeHNs MapIIpPyTOB CJjel0Ba-
nus ganabix B cerax TCP/IP, ocnosana na nporokose ICMP.

UDP
User Datagram Protocol (IpoTokoJ1 o1630BaTe/IbCKUX JefTarpamm). 1o
TPAHCIIOPTHBII IPOTOKOJI JIJIsl [IepeJIavn JaHHbBIX B ceTsiX [P, obecieunBaer
HEHA/IEXKHYIO JOCTABKY COOOIIEHN 63 YyCTAHOBKHU COCIMHEHUS C ITOJIyda-
TeJIeM.
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VLAN
Virtual Local Area Network (BupryasibHas JiokajabHasi cetb). IIpejcras-
Jisier cOOOM TPYIITy CEeTEBBIX YCTPONCTB, KOTOPBIE (DYHKIMOHUDYIOT TaK,
KaK 6y/JITO OHU TIOJIK/IIOUEHBI K OJJHOMY CEIMEHTY CETH.

VLAN ID
VLAN Identifier (VID). 12-6urubiii upenrudurarop VLAN, korTopbiii
onpesiesién B crangapre 802.1Q [I]. Oxnosunauno onpenensier VLAN, ko-
TOPOIT TPUHAJICIKUT KaJp.

VLAN Priority
Tpu 6ura, KoTOpPBIE COMEPKAT MHMOPMAIIUIO O TPUOPHUTETE Kagapa. Bos-
MOXKHO BoceMb 3Havenuii npuopurera ([I]).

I'pynnoBas anpecanus
B pexwume rpynioBoil ajpecanun HaKeTbl IEPEJAIOTCs OIpeesIEHHON
IrpyIIe IIoJryvareseii.

Enununyanas agpecamus
B pexmume emmnuaHoll agpecanun JaHHbIE MIEPEIAIOTCS €TUHCTBEHHOMY
ITOJIYYaTeJ0, 8 Ipec KOTOPOro YKa3bIBAETCs SBHO.

KananbHbIl ypoBeHb
Data Link layer. Ilpemnasnaten mis obecredeHnsi B3anMOJIEHCTBUAS Ce-
Teil Ha PU3NIECKOM YPOBHE M KOHTPOJIS 3a OIIMOKAMU, KOTOPbIE MOLYT
BO3HUKHYTH. KaHaJbHBINA yPOBEHb MOXKET B3aUMOJEHCTBOBATH C OJHUM
WA HECKOJbKUMY (DU3MIECKUMU YPOBHSIMHU, KOHTPOJIUPYsl UX U yIIPaB-
JISIST 9TUM B3aUMOJIEHCTBHIEM.

Ob6yuaromiuii Kajap
Kamp, koropsrit umeer ompunakosbie MAC-ajipeca OTIpaBuTesi U HOJIY-
qaresisi. Korjga KoMMyTaTop moJjiydaer Takoil KaJp, OH OT(PUIBTPOBBIBAET
€ero, T.K. BBIXOJ[HOI nHTep(eiic coBmagaer co BXOAHbIM. [Ipu 3TOM KOMMY-
tatop cunteiBaeT MAC-aapec orpasuTe/ist U 3aroMuHaeT uarepdeiic, ¢
KOTOPOTO OH OBLIT MTOJTyIeH.

CeTteBoii KOMMYTaATOPD
VerpoitcTBO, HCIOIb3yeMOoe JIJIsl COEMHEHUS HECKOJILKUX y3JI0B KOMIIHIO-
TepHoit ceTn. [lepemaéT maHmbe HETOCPEACTBEHHO TOTydaTe io. Paboraer
Ha KaHaJbHOM yposHe Mojesn OSI.

CeTeBoii KOHIIEHTPATOP
VerpoiicTBo, HCHoNIb3yeMoe st 00beIMHEHNs] HECKOJILKUX Y3JI0B KOM-
nbloTepHoit cern. Bee yerpoiicTBa, MOJKIIIOIEHHBIE K TIOPTAM KOHIIEHTPA~
TOpA, MOJIYYAIOT OJIHY U Ty Ke HH(MOPMAIIUIO.
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CereBoii ypoBeHb

Network layer. [Ipennasuaden st onpe/ie/IeHusI Iy TU [IePeIadn JTaHHbIX.
OrBedaer 3a TPAHCIANUIO JIOTHIECKUX &JIPECOB U UMEH B (DU3NIECKUE,
olpejiesieHre KpaTdaimx MapliipyToB, KOMMY TAIIUIO U MapIIPyTU3aIINIO,
OTCJIe’KUBaHNUE HEN0JIa/I0K B CETH.

TpaHCHIOpPTHBIT YPOBEHDb

Transport layer. OGecrnieanBaer HaJIE)KHYIO TPAHCIOPTUPOBKY IMTAKETOB
MeK/ly JBYyMs KOHEYHBIMU TOYKaMu cetu. HecMoTps Ha TO, 9TO MPOTO-
KOJIbl HU2KHEr'O YPOBHS IIPOBEPSIOT IPABUJIBHOCTD BBIIIOJHEHUS KaXK 0
olepalnyu IIpu Iepejiade JIAHHBIX, Ha3HAYEHHE ITOI0 yPOBHS COCTOUT B
JIOTIOJTHUTEJIBHON ITPOBEPKE ITPABUJIBHOCTH II€PEIABAEMBIX JIAHHBIX.

dusudyeckuii ypoBeHb

Physical layer. [lpenna3ssader HENOCPEJICTBEHHO /sl IIePEIavl MOTOKA
nmanHbiX. OCyIecTBisieT nepegady JeKTPUIeCKUX WU OIMTUIECKUX CUT-
HaJI0B B Kabe/b U WX MPUEM U MPeoOpa3oBaHre B OUTHI JAHHBIX B COOT-
BETCTBUU C METOJIAMU KOJAMPOBaHUsI MTU(POBBIX CUTHAJIOB.

IlITupokoBeniaTeJabHasi aJgpecarus

CDopMa nepeaadn JaHHBbIX, IIPpU KOTOpOfI ITaKeTbl TaHHbIX IIepeJaroTCd
BCEM CTaHIUAM, KOTOPbIE HAXOJAATCA B JIOKAJIbHOI CeTH.
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Ha ypOBHE 3BeHA JaHHbIX. Texuamiaeckne TpeOOBAHUSI».

1.2. IlpeanpusgTre-u3roToBUTEIb:

HTII-Metporek

105082 1. MockBa

ya. B. Iloarosas, gom 26 B, cTp. 2, mom. 139
Teo.: (495) 961-0071, (812) 560-2919
www.metrotek.ru

www.metrotek.spb.ru



2. CBUAETEJIBCTBO O IIPUEMKE

2.1. Tecrep-anamuzarop Ethernet/Gigabit Ethernet BepkyT-ET, cepuii-
HbIIT HOMED U3rOTOBJIEH U
MIPUHSAT B COOTBETCTBUU € OOSI3ATEHHBIMA TPEOOBAHUSIMU TOCYIaPCTBEHHBIX
CTaH/IAPTOB, JCHCTBYIONIECH TeXHUYECKO JJOKYMEHTAIMe U IPU3HAH [OJ/IHBIM
JJTIST KCILTyaTaIlim.

Hauvagpuuk OTK

M. II. ®poctr M.A.

JIMYIHadAd IMOAINCH pacmncprBKa IO CH

YHCJIO, MECHAIL, 'O



3. TAPAHTUIMHBIE OBSIBATEJIBCTBA

3.1. llpenpusgaTie-u3roToBUTE/b TAPAHTUPYET COOTBETCTBUE KATECTBA Te-
crepa TpebDOBaHUSIM TEXHUYECKHUX YCJIOBUI NPU COOJIIOJEHUH MOTPeduTe/1IeM
YCJIOBUI U TPaBUJI TPAHCIOPTUPOBAHUSA, XPAHEHNS U IKCILTyaTallln, yKa3aH-
HBIX IKCIUIyaTAIIMOHHOI JIOKYMEHTAIIUEH.

3.2. TapanTuifuplii CpoOK IKCILIyaTanuu — 12 MecdaleB ¢ MOMEHTa BBOJIA
TecTepa B IKCILIYATAIMIO, HO He Gosiee 18 MecsIieB ¢ MOMEHTa, OTIPY3KH IO~
TPeOUTEIIO.

lapanTuitabeiii cpok xpanenns — 6 MeCSIEB CO JHS U3TOTOBJIEHUs TECTEPA.

3.3. [Ipeanpusitue-u3roroBuTE/Ib 00SI3aHO B TEUEHUE CPOKA TAPAHTHUH IIPO-
U3BO/INTH OE3BO3ME3/IHO 3aMEHY WJIM PEMOHT TecTepa, B TOM YHCJIE €CJId B
TeYeHNEe ITOTO CPOKa MOTpedUTEIeM OyIeT 0OHAPYKEHO HECOOTBETCTBUAE TpPE-
OOBaHMAM TEXHUICCKUX YCJIOBUI.

Brumanue! Be3d npedsasaeHus nacnopma npemeH3ul K Kaue-

cmey pabomuvr mecmepa He NPUHUMAIOMCS U 2GPAHMUTHBIT pe-
MOHM HE NPOU3BOIUMCSL.

ﬂaTa peajm3anuun Tecrepa

ITocraBmuk

TIOIITNCH



4. CBEAEHUN A O PEKJIAMAIINAX

4.1. B ciy4dae oTkaza TecTepa B pabOTe UM HEUCIPABHOCTH €0 B IIEPUOT,
rapaHTURHBIX 00sI3aTEIbCTB, & TaKyKe ODHAPYKEeHHs HEKOMILIEKTHOCTH IIPU
[IEPBUYHON MPUEMKE TeCTepa HOTpeduTeseM IOJKEH OBITH COCTABJIEH aKT O
HEeOOXOIMMOCTH PEMOHTA U OTIPABKHU U3/IEIUS U3TOTOBUTEIIIO.

B akre JOJIZKHDBI ObITh YKa3aHbI CJeJYyIoNne JaHHbIC:

— obo3HadeHue TecTepa, 3aBOJCKON HOMeD, JaTa BBILYCKa U JaTa BBOJA B
SKCILTyaTaIUIO;

— HaJIM4YHUe 3aBOJCKUX ILJIOMO;

— xapakrep jgedexra (UM HEKOMILIEKTHOCTH ).

AKT BBICBLIAETCH 110 aJipecy, ykazaHHoMy B myHkTe 1.2 ITacmopra.

4.2. Pexyamanuio ma TecTep He MPEeIbaBSIOT:

— II0 UCTE€YCHUM I'apaHTUIHOI'O CPOKA;
— I[IpU HAPYIIEHUU MOTPEOUTEIEM MPABUII IKCIUIYATAIINN, TPAHCIOPTUPO-
BaHUS U XPAHEHUs, IPEJLYCMOTPEHHBIX PYKOBOJICTBOM I10 SKCILTyaTaIN.
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