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1. O6wuMe cBepgeHund

Tectep-ananusatop bepkyT-ETX npennasHaueH 115 IpoBeLeHMs aHaau3a Y JUardo-
CTMYECKOTO TECTMPOBAHMS 060PYIOBaHMS B CETSIX, OCHOBAHHbBIX Ha TexHooruu Ethernet.
OH nopaepskMBaeT MOMIHbIN AMarasoH ckopocrteit ot 10 M6ut/c go 10 I'6ut/c.

=<1

USB_ DC N

@Q

J

Puc. 1.1. BrewHuti 6ud mecmepa-avanuzamopa bepkym-ETX

1.1. O6nacTb NpUMEHeHUs

— IMacnopTM3anys KAHAJIOB ¥ OVArHOCTMKA HEMCIIPAaBHOCTEN B CETSIX, MCIIONb3YIO-
mux TexHonoruio Ethernet co ckopoctsimu 10/100/1000 M6uT/c u 10 T'éut/c.

— TIpoBepKa COOTBETCTBUS KaUeCTBa MPEAOCTABIISIEMBIX YCIYT COTJIANIEHNIO 06 YpOBHE
obaryskuBanus SLA (miis cryk6 Voice over IP (VoIP), Video over IP).

1.2. OCHOBHbIE€ BO3MOXHOCTU

1. UnTepdeiichl:
— 10G Ethernet: SFP+;



1. O6wue cBeneHus

— 1G Ethernet: SFP (1000BaseX) / RJ-45 (10/100/1000BaseT);
— LAN 10/100 BASE-T;
— USB 1.1/2.0.

. TecTpoBaHMe B COOTBETCTBUY ¢ MeToayKoi RFC 2544 [3]:

— TIPOITYCKHAsI CIIOCOOHOCTb;

— 3a[epKKa;

YDPOBEHb IIOTEPD KA/POB;

— TIpefesibHAs Harpys3Ka.

. Usmepenne kosbduienta 6uToBsIx omn6ok (BERT) Ha pusmueckom, KaHaIb-

HOM, C€T€BOM U TPAHCIIOPTHOM YPOBHE C MCITI0/JIb30BaHMEM CTaHAAPTHLIX M 3a4a-
BaeMbIX M10JIb30BaTeIeM IOCIeN0BaTEeIbHOCTEN.

. Tloppepskka TexHonmornu Q-in-Q (VLAN Stacking): BctaBka 0 3-x VLAN MeTOK.

BosmoxxHocTh 3amanus npuoputera VLAN, VLAN ID.

. ITopmepkka MHOTOIIPOTOKOJIbHOV KOMMYTAaLMM 10 MeTKaM: BcTaBka 0 3-x MPLS

METOK.

. Opranmsanus uuieiida Ha GU3UUIECKOM, KAHATBHOM, CETEBOM M TPAHCIIOPTHOM

YDOBHSIX.

. PeXXVM MHTEIJIEKTYaIbHOTO TTOMCKA YCTPOICTB: 0OHApYKeHME APYTUX YCTPOICTB

bepkyT-ETX, bepkyT-ET mnnu BepkyT-ETL B ceTu ¢ nociaenymonmm BKIOUYEHUEM
Ha HuX pexkuma «Illneiid» KaHaTBbHOTO, CETEBOTO WJIM TPAHCIIOPTHOTO YPOBHSI MO~
cpenctBom nmportokosna OAM.

. TeHepauus v aHAJIM3 HECKOIBKUX ITOTOKOB JAHHBIX ISl TPOBEPKYM PaboTOCIIOCO0-

HOCTY U KauecTBa o6cayskuBanus (QoS) pasnuyHbIX YCIYT.

. YnpasneHue npubopom no npotokony TELNET.
10.
11.
12.

OTo6paskeHne pe3yibTaToB TecTupoBaHus yepes WWW-unTtepdeiic.
V3mepeHue MakeTHOTO AXKUTTEpa.

C60p 1 oTOOpaskeHMe CTaTUCTIUECKON MHGOPMALMY [T IPUHMMaeMOMY 1 Tiepe-
ITaBaeMoMmy TpaduKy Ha Gpy3MIeCcKOM, KAHAIbHOM U CETEBOM YPOBHSIX B COOTBET-
crBuu ¢ Mmetopukoii RFC 2819 [4].



2. KoMmnnekrauumq

Ta6nauya 2.1. Komnnekmauus (Komniekm)

HammeHoBanue Komnuectso
Tectep-ananusatop 10 Gigabit Ethernet Bepkyt-ETX 1
3apsifHOe YCTPOICTBO B KOMIUIEKTE CO LIHYPOM 1
Kabenb 15t TOOKIIOUEHNMST K KOMIIBIOTEPY 2
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3. YcnoBHble 0603Ha4YeHUS U COKpaLLEeHUs

B nanHOM PYKOBOACTBE UCITOTIb3YIOTCSL O6OSH8.‘I€HI/IH, IIpnUBEOEHHbIE B Ta6m/[ue HIXKeE.

Tab6nuua 3.1. YcnosHsle 0603HaueHus

O6o3HaueHue KommeHTapmit

Ipumeuanue: BaskHOe yka3aHue uin 3aMedaHue

Tekct O6o3HavyeHue MyHKTa MeHI0 mpubéopa
F1 O603HauYeHMe KIaBUII KJIaBUATyPbI

B TekcTe pykoBozcTBa 6e3 pacuinbpoBky OYLyT MPUMEHSIThCSI COKpallleHys], IpuBe-
IEHHBIE B TAO/MNUIIE HIDKE.

Ta6nuya 3.2. CokpaujeHus

CokpaieHme KommeHTapmit

DUT Device under test (TecTupyemoe ycTpoiicTBO)

NUT Network under test (Tectupyemas ceTb)

SLA Service Level Agreement (CorarieHue 06 ypoBHE 06CTy>KMBAHMST)
QoS Quality of Service (KauecTBo 06CTY>KMBaHMS)

IK IlepcoHanbHBI KOMIIBIOTED

1o IporpaMmmHOe obecreyeHne

11



12



4. Mepbl 6e30nacHOCTH

4.1.

4.2.

O6wMme ykasaHusa

Ilo Hauasia paboThI C TecTepoM-aHanusaTopoM bepkyT-ETX BHUMATENIbHO U3YUA-
Te HACTOsIIee PYKOBO/ACTBO I10 3KCILTyaTalyi, Ha3HaueHye KJIaBUII KJIaBUaTYPhI,
BHEITHUX Pa3bEMOB ¥ COCTAaBHBIX UacTel TecTepa.

[Tepen 1CITOMb30BaHEM HEOOXOMMO BbIIEPXKATh TECTEP B HOPMATbHbBIX YCJIOBU-
SIX He MeHee 2-X YacoB.

YcnoBus 3KCIUTyaTalu TOKHBI COOTBETCTBOBATD YCJIOBUSIM, ITpeACTaBIeHHbIM B
npuaoxkenuu D.3.

IIpu 3KCITyaTaluK TecTepa OOJDKHBI BBITOTHITHCS 06IIMe TpeGoBaHMS PaBUT
MO’KapHO¥ 6€30MacHOCT.

[MnTaroias ceTh He IOKHA UMETh Pe3KUX CKa4YKOB HaIIPS>KEeHNA.

PsapmoMm ¢ pabounm MeCTOM He IOKHO ObITh MCTOYHMKOB CUIbHBIX MarHUTHBIX U
37IeKTPUYECKUX TTOJEN.

HEO6XOIU/IMO 06eperaTb TeCTep u 6JIOK MTUTAaHUS OT yOapoB, IonagaHusa BJIarm n
IIbIJIN, OJIUTE@IBHOTO BO3/Ie/ICTBUS IIPSMBIX COJTHEUHBIX nyqeﬁ.

[Ipu OIMTENbHBIX TIepePhIBaX B pab0OTe PEKOMEHIYETCS OTKIIOUATh TeCTep U 6JI0K
MATaHUS OT CETMU.

prueuauue: BO BHEIIIHEM 6JIOKEe MUTaHUS TecTepa MMeEeTCs OIlaCHOe IJisd >KU3HU
HaIlIpsKeHue. BanpemaeTCﬂ SKCILTyaTauus 6J10Ka ITUTAHMS C TIOBPEXIOEHHbIM KOPITY-
COM.

JneKkTponutaHue

DJIeKTPONMUTAHME TeCTEPA OCYIECTB/ISIETCS OT BHEIIHETO MMITY/IbCHOTO 6JIOKA MHUTa-
HUs (aanTepa) Co CAeqyIIMMY HOMUHATbHBIMY XapakKTepUCTUKAMN: HampsskeHme 15 —
19 B, Tok 2,1 A.

ApanTep mogKIoYaeTcs K Ipubopy yepes crienyaabHO TpegHa3HauYeHHbIN JJ1s1 3TOTO
pa3bém (cM. puc. 5.4).

Tpumeuanue: [1jisi MATAHUS TECTEPA OT CETH IIEPEMEHHOT0 TOKA MUCITOIb3YIATE TOJIBKO
6JIOK MTMUTaHMsI, ITOCTABJISIEMBIi C TPMOOPOM.

13



14 4. Mepbl 6e30nacHoCTH

4.3. NNazep

[I1s1 BKITFOUEHMSI/BBIK/TFOUEHMSI JTa3epa MCII0Ib3YeTCs KJaBUIla @, OIMCaHHas B pas-
nene 5.1.

textitl'lpnmeqaﬂne: 3arpeniaeTcs TIOJK/TI0YeHMe/OTKII0YeHYe ONTUYECKOTO BOTOK-
Ha nmpu BKJIIOUEHHOM Jlasepe.

IIpumeuanue: 3amperaeTcss CMOTPETh B BIXOJHOe OTBEPCTHE IMepelaTuuKa U B
TOpeL, KOHHEKTOPa, YTOObI OIIPe/IeNNTh, B AKTVIBHOM JIM COCTOSIHUY HAXOIUTCSI BOJIOKHO.
[ins 9TUX Lenell CIYKUT CBeTORMOIHbI MHAMKATODP Laser, KOTOPbIii MpK BKIIOUEH-
HOM J1a3epe FOPUT KPacHbIM (CM. paszen 5.2).



5. OnucaHue npuéopa

CTpOKa CTtatyca
e & 06 o6 o o o o

____________________________ |
Test Laser /

<-40dBmm__ 18:06

BepkyTt-ETX ,D,VICI'IJ'Ieﬁ

Wameperua

RFC-2544

CAoXHBIA Tpaguk
BERT

MakeTHe gxUTTEP —

TecToBp1 MOTOK
Cratuctuka

CoxpaH. gaHHbe

Hactpoiikn  WhcTpymenta  Mameperia

cBeTognoaHble
MHONKATOPbI

KnaBuartypa

Metrotek

Puc. 5.1. /luyesas naxens
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16 5. Onucanune npubopa

5.1. Knasuartypa

Tabnuua 5.1. HazHaueHue Knasuui

KnaBuia HasHaueHue

Brarouumuy/8sika0uums 1151 BKIIIOU€HUS UV BBIKTIOYEHUS TTUTa-
HMsI TpU6GOpa HEOOXOAMMO HaKaTh U YAEPKUBATh KJIABUIILY B Te-
yeHue 2-3 c.

I'nasnoe menro KnaBuiiia Bo3BpaTa B IJIaBHOE MEHIO M3 JIIOGOTO
MTOIMEHIO.

®| ©

Bsod TIpu BeIGOpE MMyHKTA MEHIO HaxkaTye Ha KIaBuIlly obecrie-
YMBAET IEePeXof B COOTBETCTBYIOIIEee MeHI0. [Ipy BbIGOpE MyHK-
Ta MEHIO, TI03BOJISIOIEro BBOAMUTH 3HAUEHMSI [TapaMeTPOB, HaxKka-
THe Ha KIaBuIy 06ecriednBaeT mepexos B PeKUM 3aIaHust JaH-
HbIX. [IOBTOpHOE Ha)kaTue Ha KJIABUIIY MMOATBEPKIAET BBEIEH-
HbI€ JaHHbIE M CIYXKUT OJI1 BBIXOZA U3 pEeXMMa 3adaHNA JaHHbIX.

Ommena/Buixod HaskaTve Ha KiaBuuly obecriednBaeT repexos B
MpebIaylee MeHIO, @ B PeXXUMe 3aaHus JaHHBIX CIYKUT IJIs
OTMeHbI BBOZA JAHHBIX.

®| ®

Jlazep TIpy HaskaTUM Ha KJIaBUIIY Ha SKpaHe BO3HMKAeET CoobIe-
HMe C IpeJlJIoKeHMeM BKJIIOYUTD j1a3ep (B clydae, eciy jia3ep Bbl-
wmoueH). [Ipy HaxkaTum Ha kiaasuumy F3  («da») masep 6ymer

BKJ/IIOUEH U CBETOAMOIHBIN MHAMKATOD Laser (cM. pasgen 5.2) 3a-
TOPUTCS KPaCHBIM. BBIKITIOUEHMeE J1a3epa OCYIIeCTBISIeTCS ITyTEM

®

IIOBTOPHOI'O HAXXaTUsI Ha KJIaBUILYy @

F1 F2 F3 F4 DYHKYUOHAbHBIE KNABUUU

Knasuwu ynpasneHus Kypcopom

Knasuwu esoda yugp, 6yxe u cumeonos. Lndpsl, 6YKBbI 1 CUMBO-
JIbl, KOTOPbIE MOKHO BBECTH C IIOMOIIBIO LM POBOIT KITaBUaTYPBbI,
npefAcTaBaeHsbl B Tabmuie A.10.

®OO®
OOO®
®OO®
0l6/6]C,




5.2. CBeTOAMOAHbIE MHAMKATOPbI NLLEBOW NaHeNu 17

5.2. CeeToaMOAHbIE UHAUKATOPbDI JIMLLEBOI NaHeNu

Link Link
Tx Tx
| Rx | | Rx

e 6 6 6 o6 o o o
10G 1G Test Laser

Puc. 5.2. CeemoduodHsie uHOUKamopeo!

NupgukaTop IIBeT CocTosiHMEe OnmucaHue
Link 3eIEHbIN TOPUT ITOCTOSIHHO | COeIMHEHME C TeCTUPYEMbIM 060pyI0-
BaHMEM YCTAaHOBJIEHO
KpaCHbIit TOPUT MOCTOSTHHO | COEAVHEHUS HET
- He TOPUT uHTepdeiic HeaKTUBEH
TXx 3eIEHbIN MUTaeT WIX TOPUT | UIET Tlepefaya MakeToB
MOCTOSTHHO
- He TOPUT repefava MakeToB He OCYIEeCTBIISETCS
Rx 3eJIEHbIN MUTaeT WIU TOPUT | UIET IIPUEM MTaKeTOB
TOCTOSTHHO
- He TOpUT MPUEM NaKeTOB He OCYILeCTBIISIETCS
Test 3€JIEHBIN TOPUT MOCTOSTHHO | IPOBOAUTCS TECTUPOBAHME
3eJIEHBIN MuraeT BKJIIOUeH peskuM «Llneiid»
- He TOPUT peskum «I1lneiid» BBIK/IIOUEH, TECTUPO-
BaHMe He TTPOBOJUTCS
Laser - He TOPUT J1a3ep BBIK/IIOUEH
KpaCHbIit TOPUT MOCTOSIHHO | JIa3ep BK/IOUeH

CBeTOAMOOHbBIN MHAMKATOP, PACIIONOXXEHHBIV B HMKHE YacTy IepeaHeii maHeam Kop-
myca mpubopa, 3aropaeTtcs Mpy MOJK/IIOYEHUY BHEIITHETO ITUTAHMUSI:

— 3eJIEHBIII — aKKYMYJ/ISITOPHBIE 3/IEMEHTDI 3aPSKEHbI;

— 3e/€HblIl (MUTaHMe) — 3apsif, aKKyMY/ISITOPHBIX 971EMEHTOB;

— 3eNéHbIN (MepLaHue) — o6HOBIeHue Bepcuii I10 pubopa.
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5. Onucanune npubopa

5.3. Crpoka cratyca

Crpoka cTaTyca COmepsKMAT JaHHbIE O CJIEAYIOIMX TapamMmeTpax (CieBa HarpaBo):

— 3apsap 6aTapenu;

— CKOPOCTb COeIMHEHMUS («- - -» 03HAYAET, UYTO COEAVTHEHNE C TECTUPYEMBIM 0060pY-
IOBaHMEM He YCTaHOBJIEHO);

— peXum nepepauu JaHHbIX SFP+ momyns;

— TIPOBOOMMBII TECT («—» O3HAUAET, UTO TECTUPOBAHME B JAHHBI/I MOMEHT He OCY-

LeCTBJISIETCS);

— YPOBE€Hb MOILIHOCTY CUT'HaJIa Ha anéMe;

— TeKylllee BpeMsI CyTOK.

[IpoBOAVIMbBIE TECTBI 0603HAYAIOTCS B CTPOKE CTaTyca ab6peBMaTypamu:

THR (throughput) AHanu3 MpoycKHOM CIIOCOGHOCTH
LAT (latency) AHanMM3 3a0epP>KKU
FRL (frame loss) AHanus ypoBHS N10TePb KaJIpOB

BTB (back-to-back)

AHanu3s npenenbHOI HaTPy3KU

LB1 (loopback layer 1)

Lneiid Ha bu3nUeckoM (TIepBOM) YPOBHE

LB2 (loopback layer 2)

[lneiid Ha KaHATILHOM (BTOPOM) YPOBHE

LB3 (loopback layer 3)

IIneitd Ha ceTeBOM (TpeThEM) YPOBHE

LB4 (loopback layer 4)

[Inefi¢d HA TPAaHCIIOPTHOM (YETBEPTOM) YPOBHE

BER (bit error rate test)

OmnpepeneHne K03 duimeHTa 6UTOBIX OMINOOK

PJ (packet jitter)

Onpe;[eneHMe MMaKeTHOI'o I)KUTTEepa

GEN (generate)

I‘eHepauMﬂ TeCTOBOTI'O ITIOTOKa

J+G (jitter + generate)

OnpeneneHue TMMaKeTHOI'O IP)KUTTEpPa U reHepaumsa TeCTOBOIro
TpaCIJI/IKa 3allyll€Hbl Ha OOHOM IIOPTY

CTR (complex traffic)

Tenepatysi/pném CJI0sKHOTo Tpadmka
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5.4. BHelWwHUe pa3bEMbl

PacrnonoskeHne BHEITHMX Pa3bEMOB Ha BepXHe M 60KOBOI aHeIX KopIyca mpu6o-
pa 1oka3aHo Ha puUCyHKax 5.3 u 5.4.

Puc. 5.3. BepxHas naens mecmepa

Ommedd -

z%_

e — v ——

Puc. 5.4. Bokosas nauens mecmepa

MapxkupoBka HasxnaueHnue
10G Pasbém s nopkmouenus: SFP+ mopyns
16! Pa3pém RJ-45 pasi mOAKIIOUEHUS] K TECTUPYEMOMY YCTPOIMCTBY WM CeTU

Ethernet/Gigabit Ethernet (ckopocTb nepenaun ganHbix — 10/100/1000 M6uT/C)

Pasbém s nopxintouenus: SFP-monyieit

LAN Pa3bém 115 yoanéHHOro yrpasaeHus: TeCTEPOM
UsB Pa3bém i nopkmoyenus K [K mo uatepdeiicy USB.
DCIN PasbéM 15 TTOKITIOYeH st BHEIIHero G/I0Ka MMTaHus> (ajamnrepa)

LIndpoit 2 Ha pucyHKke 5.4 0603HaYeHa KHOIIKA arapaTHoro copoca.

1l'IopT comepxkut 2 pazbéma — RJ-45 u SFP. Bo BpeMst TeCTMPOBaHMS UCIIONb3YETCs TOJIbKO OMH U3 Pa3bEMOB.

2HomuHabHbIe XapaKTepyCTMKM 6JI0Ka TUTaHWs! IPUBeeHbl B Tabmuie D.3, crp. 145, 1 Ha 3THKeTKe ¢ 06pat-
HOJi CTOPOHBI ITpMGOpa.
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5.5. CrpyKTypa ynpasnawowero MeHio

ImaBHOe MeHIO npu6opa BepkyT-ETX cOCTOUT U3 TPEX MOAMEHIO (Hanee — MeHI0),
IepeKyoueHe MeXIy KOTOPbIMM OCYLIECTBJISIETCSI IIpY HakaTuy Ha kiaBumy  F1

(bepkyT-ETX Hacrtpoiiku), F2 (BepkyT-ETX WHcTpymeHTnI), F3 (BepkyT-ETX W3-
MepeHus).

1. BepkyT-ETX Hactpoiiku.

EEd — SR - {-40dBmm _18:04

Bepryt—-ETX
HacTponkn

MNapaMeTps UHTeppercoB
YcTraHoBKKM npubopa

Mpogpran
Ner

Hactpoiikn  MHcTpymerT  Mameperus

Puc. 5.5. Ment «bepkym-ETX Hacmpotiku»

2. BepkyT-ETX VHCTpyMeHTBHI.

5 106G ER - 0.5dBm__ 06:58

BepryT—ETX
HHCTPYMEHTH

MapupyT
DNS
ARP mMoHuTOpR
TCP kameHT
linengp

HacTpoiik  MHoTpyMeHTH  WamMepeHMa

Puc. 5.6. Meni «bepkxym-ETX HHcmpymeHmol»
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3. BepkyT-ETX V3mepeHus.

= —— — - 22:59

BepryTt-ETX
Hameperna

RF C—2544

CAoxHBA Tpapuyk

BapHauma safepkku
leHepaTop Tpapuka
CratMcTuKa
CoxpaH. paHHue

Hactpoiikn  MHoTpymenTa  Mameperus

Puc. 5.7. Mento «bepkym-ETX HU3zmepeHus»
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6. Metoaunka RFC 2544

MeTtonuka RFC 2544 onpefensieT Ha6Op TECTOB, KOTOPbIE MCIIONb3YIOTCS ITPU OLIEHKE
Ba)KHEMIIMX XapaKTePUCTUK CETEBBIX YCTPOICTB U MPOBEPKe COOTBETCTBUS MPEeIOCTaB-
JIIEMBIX YCITYT XapaKTePUCTMUKaM, KOTOpbIe OTOBapuBalOTCs B SLA Mexxay orepaTopaMmu
CBSI3U U KJIMEHTaMMU.

Brarogapst BO3MOKHOCTY IPOBEAEHMS aHAIN3a ITPOITYCKHOM CITOCOGHOCTH, 3a1€P3K-
KU, YPOBHSI ITOTEPb KaJIPOB U Mpeie/ibHOM Harpy3Ku, 3Ta MeTOAMKA B HACTOsIII[ee BpeMs
SIBJISIETCSI CTAHIAPTOM «Jie-(haKTo» /ISl OLeHKY Mpou3sBoauTeabHocTy Ethernet-cereii.

BepkyT-ETX 10o3BOISIET IPOBOANUTH YETHIPE CTAHAAPTHBIX TECTA COITIACHO PEKOMEH-
mauusam REC 2544.

6.1. AHanM3 NpPonycKHOM CNOCOGHOCTH

Vi
l-- -
TIPOM30LILNIA TIOTEePS
KaJ[poB
V2<Vl
2-- -

Ne nomeITKH

V1, V2 - ckopocTh nepeiauu JaHHBIX

Puc. 6.1. AHanu3 nponyckHoli cnocobHocmu

AHanus nporryckHoii cioco6HocTH (Throughput) mpoBoauTCs /151 onpeneeHns Mak-
CMMabHO BO3MOSKHO} CKOPOCTY KOMMYTAIIVIM JI/ISI CETEBBIX 3/IeMEeHTOB, KOTOPbIe pac-
TIOJIATAI0TCSl B TPAHCHOPTHBIX ceTsx Ethernet.

I[TporycKkHast CIOCOGHOCTh — MaKCHMasIbHasi CKOPOCTh Ilepeiauyl JaHHBIX, Ha KOTO-
poit KonuuecTBo Kafpos', npowmenmux yepes DUT, paBHO KONTMYECTBY KafpoB, OTIIPaB-
JIEHHBIX €My C TeCTUPYIOLIero 060pyIoBaHmsl.

ITpu aHa/nM3e MPOITYCKHOM CIIOCOOHOCTM HEKOTOPOe KOMMYECTBO MAKeTOB C MUHMU-
MaJIbHBIM MEKKaPOBBIM MHTEPBAJIOM IepenaéTcs Ha Bxon DUT? (puc. 6.1).

3aTeM NOJCUMUTBIBAETCS KOMMYECTBO NaKeTOB, IPUILe[ KX ¢ BbixogHoro nopra DUT.
Ecv oHO OKasbIBaeTCs MeHbllle KOIMYeCTBa [epeJaHHbIX IIaKeTOB, TO MEXKaAPOBbIii
MHTEPBaJ YBEIMUMBAETCS U TECT BBITIOTHSIETCS CHOBA.

' TepmuHBI Kadp ¥ nakem B OMMUCAHUSIX TECTOB SBJISIOTCS CMHOHMMAMIA.
2B 5TOM U TIOC/IEAYIOUIMK OIMCAHUAX TECTOB BCe PACCMOTPEHHbIE IefiCTBUS BBINOMHSIOTCS TECTEPOM aBTOMA-
TUYECKH.

23
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IIpu ompeneseHny MPOITYCKHOI CITIOCOGHOCTM MUCIIONb3YeTCSt METO, GMHAPHOTO T10-
UCKa.

6.2. AHanu3 3a8epKKU

Il — xanp c Metkoit

TIa4yKa KaIpoB
I

<>

] I

3azepxkka = Tb - Ta

Puc. 6.2. Ananus 3adepicKu

Ananu3s 3agepxxku (Latency) mpMMeHsieTcsl /sl OLeHKM BpeMeHM, KOTOpoe Heo6Xo-
VMO KaJpy JJ1s TIPOXOXKIEHUS OT UCTOYHMKA K ITOJTyYaTeITIo ¥ BO3BPATa K MCXOTHOMY
anemeHTy. EC/iv BeluumHa 3aIepskKKM M3MEHSIETCST, 9TO MOKET TMPUBECTH K Mpobie-
MaM B paboTe CepBUCOB PeasbHOTO BPEMEHM.

IIpu aHanMM3e 3aJepsKKM CHavaja OIpeessieTcs mporyckHas crioco6Hocth DUT. 3a-
TeM IJ151 KaKIoro, onpenenéHHoro metonykoii RFC 2544, pasmepa rmakera Ha COOTBET-
CTBYIOLIE} eMy MaKCMMalbHOM CKOPOCTM IMOCBIIAeTCs MOTOK KaJpoB, aipecoBaHHbIX
rosryyartenio. Yepes HEKOTOpOe BpeMsI B OFMH ITaKeT BCTAB/ISIETCSI MeTKa OTpele/IEHHO-
ro dopmara. Ha mepenaroieii cTopoHe 3amycbiBaeTcst 3HaueHue Ta (BpeMsi, K KOTOPOMY
MaKeT C METKOJ GBI TOTHOCTHIO TIepeiaH). Ha MpuéMHOIi CTOpOHe OTpeesseTcs: MeT-
Ka ¥ 3amuchiBaercs 3HaueHne Tb (Bpems rpuéma maketa ¢ METKO¥).
3anmepxkka (Latency) — ato pasuuia (Tb - Ta). [To pe3ynbTaTaM aHaIM3a BHIYUCISIETCS
CcpenHss 3a7epiKKa.



6.3. AHanu3 ypoBHS NOTepb KaLpoB 25

6.3. AHanus ypoBHS NnoTepb Kaapos

100%
11 <>

norepu — X%

90%
21 -
norepu — X,%

HOMEp MOMbITKH

X%, X,% — moTepu Npu COOTBETCTBYIOIIEH Harpyske

Puc. 6.3. AHanu3s yposHs nomeps Kaopos

Ananus ypoBHs rmoreps kKagpos (Frame Loss Rate) Heo6Xomum [17ist TPOBEPKY CIIOCO6-
HOCTY CETU MOAIEPKUBATH IIPUIOKEHMSsI, KOTOpble pabOTaIOT B peaIbHOM BpeMeHU
(6e3 BO3MOKHOCTY ITOBTOPHOJI ITepefiauM), TaK Kak GOMBIION IPOLEHT MOTeph Kaj-
POB IIPMBEAET K YXYALIEHUIO KauecTBa cepBuca.

AHanu3 ypoBHS MMOTEPb MO3BOJISIET PACCUMUTATD MPOLIEHT KAAPOB, KOTOPbIE He ObLTU
nepenaHbl CeTEeBBIM /IEMEHTOM ITPU MOCTOSIHHOI HAarpy3Ke M3-3a HeIOCTaTKa aliapaT-
HBIX PeCypCoB.

ITpu ananu3e ypoBHS noTepsb KagpoB Ha Bxoh DUT Ha onpenenéHHOl CKOPOCTH M0~
CblJIaeTCsl HEKOTOPOe KOIMYeCTBO KaApoB (input count) ¥ MOACYMTHIBAETCS KOTUIECTBO
MakeToB, MpullieAux ¢ BbixogHoro nopta DUT (output count).

VpoBeHb MOTePb KaJpoOB PaCcCUUTHIBAETCS MO hopmyIe:

100 x (input count — output count)

(input count)

[TepBas moMbITKA JOKHA OCYLIECTBIISITHCS HA CKOPOCTU, MAaKCUMMAaTbHOM IJ1s1 HAHHO-
ro coenviHeHus1. Creayionas IMOIbITKA AO/DKHA MTPOXOAUTb Ha CKOPOCTH, COCTAaBJISIIONIE
90 % oT MakCcMMabHOI, 3aTeM Ha CKOPOCTH, cocTaBstomeit 80 % OT MaKCMMaIbHOIA.
HUcribiTaHMs OBTOPSAIOT, YMEHBILASI CKOPOCTh TECTOBOI'O ITOTOKA Ha 10 % (BO3MOXXeH
JIPYTOJA I1ar), 10 TeX 0P, TOKa B ABYX MOIBITKAX OIS/ He OYIeT MOTePSTHO HY OHOTO
Kazgpa.
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6.4. AHanus npenenbHOM HarpysKku

@ nayka Kajpos
= N
5ol I
{0 1 Kaap norepsH
. KOJI-BO Ka/IPOB B [Ia4Ke
YMEHBIIACTCs
@% | | O]
® @ T
888 I
o QQ% HoTeps Het
T 4

Ne momnbITKH

Puc. 6.4. Ananu3s npedenvHoli Hazpy3ku

AnHanu3s npepenbHOi Harpy3ku (Back-to-back) mo3BosisieT olleHUTh BpeMsl, B TeUeHMe
KOTOPOTO YCTPOJCTBO CITPAB/ISETCSI C MAKCUMAaIbHOM HArPy3KOiA.

HpI/I dHa/I3€ HEPpaBHOMEPHOCTU I1epegaun JaHHbIX Ha BXO[ DUT orceuiaeTcst HeKO-
TOpOE€ KOJIMYeCTBO KaZapoB C MMUHUMaIbHOM Me)KKa,E[pOBOV[ saﬂepx(l(oﬁ " IMMOACUYNTBIBA-
eTcs KoyinuecTBO makeToB ¢ Bbixoga DUT. Eciu oHO oka3biBaeTcst PaBHBIM KOJIMYECTBY
OTIIPpAaBJIEHHBIX KaAPOB, TO TECT 3aKaHUYMBAETCH. Ecnu ske KOMnMueCcTBO MakeTOB Ha BbI-
xope DUT meHblile uncia OTIIpaBJIEHHBIX, TO BpeMS YMEHbUIAeTCs M TeCT IIOBTOPAETCS.



7. RFC 2544. NoaroToBKa K NpoBeAeHUI0 aHaM3a

7.1. CxeMbl NoAKAOYEeHUS Npubopa

[lnst mpoBemeHust aHanu3sa 1mo Metoayke RFC 2544 Heo6X0auMOo OIKITIOUNTD TPU6G0P
K TECTMPYEeMOMY YCTPOJCTBY/CETU B COOTBETCTBUM C OMHO 13 CXeM, TIPUBEIEHHBIX HI-
Ke.

MACd=MAC2IMACs=MAC1
NUT/DUT i~ e | i
. p i e
@ P ‘Hiwmtﬂpﬁhﬁil - <. 2-TO ypoBHs
MAC d =MAC 1[MAC s =MAC 2 MAC d=MAC I[MAC's = MAC 2

MACd — MACs

Puc. 7.1. Tunosas cxema nookaoueHus 1

IPs=IPI[IPd=1P2 IPs=IP1[IPd=1P2
MAC d = MAC 1| MAC s = MAC 1 MAC d=MAC 2|MAC s = MAC 1|

NUTDUT N sl |- | IS

: ¢
-~ <--- 3/4-To ypoBHS

Ps=1P2[IPd=1P 1 Ps=1P
[MAC d=MAC I[MACs = MACT |

MACd — MACs
IPd-—1IPs

Puc. 7.2. Tunosas cxema nookaoueHus 2

27
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7. RFC 2544. MNoprotoBka K NpoBeAeHWI0 aHanu3a

Ha cxemax nogkitoueHMs BBeJeHbl crengymuime 0003HAYEHMS:

MAC s MAC-agpec oTIipaBUTeNS

MACd MAC-agpec nonyJaTens

IPs IP-anmpec ormipaBuTens

IPd [P-angpec nomydaTesns

MAC r MAC-azpec mapimpyTusaTopa

MAC 1 MAC-aapec BepkyT-ETX

IP1 IP-anpec BepkyT-ETX

MAC 2 MAC-azpec ymanéHHOTO YCTPOICTBA, BBITTOMHSONIEro GYHKINIO TTe-
penarnpasieHus Tpaduka (nuieiid)

P2 [P-appec ynanéHHOrO yCTPOICTBA, BBIIOMHSIONIEro QYHKIINIO ITepe-
HanpasneHus Tpaduka (uwieiid)

switch CeTeBOJi KOMMYTaTop

router MapuIpyTM3aTop

B ciyyae TecTMpOBaHMS CeTeil, COmepsKaIIuX yCTPOICTBA, paboTaolle Ha KaHa/Ib-
HOM YpOBHE MOZeu osI!, BepkyT-ETX nopxio4yaoT B COOTBETCTBUM CO CXeMOM, IpU-
BeIEHHOI1 Ha puc. 7.1. B 3TOM c/lyyae reHepupyeMblit MPpUO60POM TPadhUK TOIKEH ObITh
repeHarnpas/ieH 06paTHO MOCPeNCTBOM OpraHu3anyy nvieiida. ITpyu 3TOM BO BXOASIINX
nakeTax MeHsIoTcss MectaMu MAC-afpeca OTIIpaBUTeNSI U MTOayvaTessi, u Tpadbuk BO3-
BpAIllaeTCs Ha MCXOLHBIN MOPT.

B ciyuae TecTMpoBaHMS ceTeit, cogepiKauMx yCTPOCTBa, paboTaloliye Ha CeTeBOM
ypoHe mopemu OSI?, BepkyT-ETX MOAKIIIOUAIOT B COOTBETCTBUM C AHAJIOTMUHOI CXe-
MOI1, IPpUBEAEHHOI Ha pucC. 7.2. B oTnMume OT mpeApIAyIIero ciyJyasi, BO BXOASUIMX Ma-
KeTax MeHSIoTcss MecTamu 1 MAC- u IP-anpeca OTIipaBUTeNs U oydaTesst, U Tpabmk
BO3BpaliaeTcs Ha MCXOAHBIN MOPT.

'Hanpumep, ceteBoii KoMMyTaTop (switch).
ZHanpyuvuep, MapLIpyTU3aTop (router).
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7.2. Tononorus

s — — - 11:04

Tononorna TecToB

fmer. IP 192.168.1.1
fleycToponmi

WEYCTOPOHHME  Mexogauui Brogauui

Puc. 7.3. Merto Tononozus

[Oucr. IP IP-afgpec oyCcTaHIMOHHOTO pKubopa (CM. pasmen 9)

Tect. noTok Hamnpasnenue TecTupoBaHus (CM. paszen 9):
— [IBYCTOPOHHMIT — TECTUPOBaHMEe 000X HAIIPABIEHNIA: OT IOKATBHOTO MP1U60-
Pa K IUCTaHLMOHHOMY U OT IMCTaHI[MOHHOTO K JIOKAJIbHOMY;

—  uUcXomsmuin — TeCTUPOBaHME HaIIpaBJIEHUA OT JIOKAJIbHOTO npmﬁopa K ou-
CTaHLIMOHHOMY,

— BXOASILMIA — TeCTUPOBaHVe HaIllpaBJ€HM OT OVICTAHLIMOHHOTO rIpM60pa K
JIOKaJIbHOMY.
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7.3. OCHOBHbIE NapaMeTpbl 3arosI0BKa

HacTtpoiika mapameTpoB 3arojioBKa OCyIIeCTBIISIETCS B MEHIO
«RFC 2544» = «HacTpoiku» = «3arooBoK».

EEd 106G SR - —2.9dBm__ 23:16

3aronoBok

MAC OTnp., ©0:21:CE:08:00:01

MAC Monyu, ©0:21:CE:08:00:02
IF Ommp. 1982.168.1.1

IP NMomyu, 192,168.2.2

YLAN Ewrcn

HPLS
P T5CP 000111000
unp EOO00/50000

Puc. 7.4. MeHio «3a2071080K»

MAC OTtnp. MAC-azpec oTIipaBuTeNst
MAC Monyu. MAC-azpec nomyvaTesns
IP OTnp. IP-agpec oTnipaBuTesNIst

IP Nonyu. [P-agpec nomyuarens

ITpu 3agaumu MAC-agpecoB HeO6XOIMMO YUUTHIBATh CJIEAYIONIEe:

— B KauectBe MAC-agpeca otpaButens ykasbiBaeTcst MAC-anpec naTepdeiica mc-
TOYHMKA;

— eC/IM UCTOYHYIK U TTOJTy4YaTelb COeIMHEeHbI HAIPSIMYIO, 63 TPOMeKyTOUHbBIX MapIil-
pPYyTU3aTOPOB, B KauecTBe MAC-ampeca nomyuaresns ykasbiBaeTcss MAC-agpec MH-
Tepdeiica momyJyaTens;

— eI MEXAY MCTOYHMKOM M IOJTydaTeJieM CYIIECTBYET XOTS 6bl OOVMH MapIlpy-
THU3aTop, B KauecTBe MAC-azipeca monyuaTesis Heo6xoauMo ykaszatb MAC-agpec
GMKAIIero K MCTOYHMUKY MapIIpyTu3aTopa.

Cyl1iecTByeT BO3MOKHOCTb aBTOMaTHueCKoii mogcrtaHoBku MAC- u IP-agpecos:

— IpY HakaTum Ha KiaaBuiry F1 (ripu Bei6ope MAC Otnp. iy MAC lMonyy.) BMe-
cro Tekyiiero MAC-anpeca 6yget roacrasieH MAC-azpec opra A, 3alaHHBIN B
MeHIo «[TapameTpsl MHTEPQETICOBY;

— Tpu HaXKaTuu Ha Knasuiry F1 (mpu Bbibope IP Otnp. um IP Monyy.) BMecTo Te-
kymiero IP-agpeca 6ymet moacrasiieH IP-agpec mopra A, 3ajaHHbI B MeHI0 «Ila-
paMeTphl CeTu»;
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— IIpM HaXkKaTuu Ha Knaeuiry F3  (mpu Bei6ope MAC lMonyu.) 6ymet npoenéd ARP-
3ampoc. B pesynbTaTe 3amipoca BMecTo Tekyuiero MAC-ampeca moyJarens 6yaet
noacrasiieH MAC-anpec, cooTBeTCTBYIOLIMIT [P-agpecy momyyarerns.

Takke Ha 9KpaHe 0TOGpaskaloTCs 3HaUeHMs MapaMeTpOB, 3a[jJaBaeMble B MEHIO «3a-
TOJIOBOK (ZIOTL.)».

7.4. lonosHUTEJIbHbIE NapaMeTpbl 3aroJjioBKa

B 106G SR = —3.1dBm_ 23:15%

3aronosok {gon.)
Auto—ARP  Buikn

VLAN
MPLS

LIRS 'l PREC+TOS
o5

Precedence
ToS 0000
UDP src 60000
UDP dst 50000

PREC+T0S T5CP

Puc. 7.5. MeHio «3az01080K (0on.)»

Auto-ARP Ecu BeIOpaHo «BKJI», TO MpY 3aITyCKe TECTOB OyeT aBTOMa-
T4yecku nposenéH ARP-3amnpoc. B pe3ynbrare 3anmpoca Bme-
cto Tekymero MAC-agpeca nonyyaresisi GyieT MMOACTaBIeH
MAC-azpec, cooTBeTcTBYOmMIT IP-agpecy momyvarerns, 3a-
IAaHHOMY B MEHIO «3aroIoBOK»

VLAN ITepexon B MeHI0 «VLAN», 1o3BoJisiiolee 3a1aBaTh 10 TPEX
VLAN-MmeTOK

MPLS ITepexop, B MeHI0 «CTe€K METOK»

IP DiffServ [TosBonsieT BbIOpaTh nosst Precedence u ToS («<PREC+TOS»)

iy mione DSCP («DSCP») mjst 3amanust Kiacca 06CTyKMBa-
HusI TpaduKa OT PA3INYHbIX PUIOKeHUIA. OmyicaHne omneit
IIpe/iCTaBIeHO HIDKe

Precedence ITone, KOTOpOE yKa3bIBaeT IPUOPUTET Kazpa. BO3MOKHO BO-
ceMb 3HaueHMIt ImpuopureTa Kajgpa B cooTBeTcTBUM ¢ RFC
791 [1]. OTIIpaBUTENTb MOXET YCTAHOBUTD B ITOM I10JIe JII060€
3HaueHye 13 Tabmuipl A.3

ToS [Tone, KOTOpOE OIMpeAensieT TUII O0O6CTYKMBaHus IP-maketa
(Type of Service). OTnpaBuUTeNIb MOXET YCTAHOBUTH B 3TOM
1osie Jir060e 3HaueHue u3 Ta6auIbl A.4, pyKOBOJICTBYSICh Me-
Tonukoii RFC 1349 [2]. Takske BO3MOXXHO YCTaHOBUTb JIFOOYIO
JIPYTyI0 KOMOMHAIMIO U3 4-X GUT B COOTBETCTBUY C HACTPOIA-
KaMy MapuIpyTmusaTopa
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DSCP ITone DSCP cocTout u3 8 6GUT ¥ MO3BOMSET 33/1aBaTh 6OMb-
Iee YUCIO KIACCOB OOCHYKMBaHUMSI Tpaduka, 4eM MO
Precedence u ToS. Onucanue crapmmx 6 GUT NpenCcTaBIeHO
B Tab6m. A.5. Mnague 2 6MTa UCIOMB3YIOTCS MPOTOKOIOM
TCP p1s1 nepenauy MHGOpManMu O eperpy3Kax U OMMUCaHbI

B Tabn. A.6
UDP src Homep UDP-niopra otipaBuTessi
UDP dst Homep UDP-niopra nomyuaresst

ITpu HaskaTuu Ha KnaBuiry  F1 (mpu Bei6ope VLAN) B kKauectBe HacTpoeK VLAN 6y-
IyT aBTOMaTMU4YeCcKy [TO/ICTaBlIeHbl HAaCTPOIKHY, 3aJjaHHbIe B MeHI0 «[lapaMeTpbl MHTED-
teiicoB» = «VLAN» 1yt mopra A.

ITpu HaskaTuM Ha KnaBuiry  F1 (ripu Bei6ope MPLS) B kauecTBe HacTpoek MPLS 6y-
IyT aBTOMaTMU4YeCcKy [TO/ICTaBlIeHbl HAaCTPOIKHM, 3ajaHHbIe B MeHI0 «[lapaMeTpsl MHTED-
deiicoB» = «MPLS» st mopta A.

7.4.1. Hacrtporika VLAN

=8 — — = 01:28

VLAN
VLAN

ID 4095
Mpuoputer ©

ID 4094
Mpuoputer ©

ID 4093
Mpuopurer ©

Btikn 1 2 3

Puc. 7.6. MeHio «VLAN»

VLAN Bbi60p KomuecTBa MeTok (1 — 3, Bbikir)

ID 12-6utHblit unentudukarop VLAN, mpezncrasiser co60ii YMCIIO
ot 0 10 4095. OnHo3HauHo ompenensetr VLAN, KOTOPOI MpuHa -
nexut kagp. HyneBoe 3naueHne VLAN ID nokasbiBaeT, UTO JaH-
HbIiT Kafgp He HecéT nHbopMmanuy o VLAN, a comepskut undop-
MalMIo TONbKO o npuopurete. Ecny 3Hauenme VLAN ID ycTaHOB-
JIeHO paBHBIM 1, TO MpU Mpoxofe yepe3 MOPT CeTeBOro KOMMY-
Ttaropa 3HaueHue VLAN ID mjis 3Toro Kajapa 6ymeT yCTaHOBIEHO
paBubiM VLAN ID nopra

Mpuoputet ITone, KoTOpoe onpexnesnseT mpuoputet Tpaduka. Cymectsyer 8
3HaueHmi npuopureta ([9]), COOTBETCTBME MEXAY IPUOPUTETOM
¥ TUIIOM Tpaduka npencrasneHo B Tabnuue A.2




7.4. [lononHuTenbHble MapaMeTpbl 3arofoBKa

7.4.2. Hactpoika MPLS

= —— — - 01:31

CTeKk MeToK

MeTka
MPLS COS
TTL
MeTka
MPLS COS
TTL
MeTra
MPLS COS
TTL

[
+4)

oo ;3 f=Re R =R
=]

[
+4)

Btikn 1 2 3

Puc. 7.7. MeHio «Cmek mMemok»

Kon-Bo MeTok Boi6op konmuectBa MeTok (1 — 3, Bbiki)
MeTtka 3HaueHMe MeTKM
MPLS COS Krnacc o6cmyskuBaHus rakeTa

TTL Bpemsi >kx13HM akeTa ¢ METKOM
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7.5. Bbi6op pasMepa Kaapa

EEl —— SR - {-40dBmm 01:33
Kappw

64  Bkn
2 128 Bkn
3 296 Bkn
4 512 Bkn
5 1024 Bkn
6 1280 Bkn
7 1518 Bkn
g8 64 Beikn

Brn Bk Mo yranqaHmm

Puc. 7.8. MeHrio «Kadpsi»

Pasmepsl niepeiaBaeMbIX KaJpoB MOXHO 3a8aTh ABYMsI CIIOCO6AMI:

1. Bei6paTh CTaHOApTHBIE pa3sMepbl B COOTBETCTBUM ¢ MeToaukoi RFC 2544 (kia-

Buma F4 («Ilo ymomuanmio»)): 64, 128, 256, 512, 1024, 1280, 1518 6aitt. IIpu
9TOM MMeeTCsI BO3MOKHOCTb JOTMOMHMUTENbHO 38[]aTh OAYH KaAp MPOMU3BOIHHOTO
pasmepa.

2. BBecTu pasmepsl KaipOB BPyUYHYIO.

Ipumeuanue: pasmep Kafpa He JO/KEH ObITh MeHbIlle 64 6aifT u rpesbiniaTh 64000
Gaiir.
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7.6. HacTpoiika napaMeTpoB TeCTOB

3amaTh 3HAYEHUS TAPAMETPOB TECTUPOBAHMS /ISl IPOBEIEHMS aHATM3a MOKHO JIBY-
M criocobaMiu:

1. BbIOpaThb cTaHAAapTHBIE HACTPOIKYM B COOTBETCTBUM ¢ MeToauKoi RFC 2544: meHI0
«RFC-2544» = «Hactpoiiku», knapumia F4  («[lo yMomyaHUIO»).

2. TIpoBecTu HaCTPOIIKY BPYYHYIO B COOTBETCTBMM C YKa3aHMUSIMM pa3nenoB 7.6.1 —
7.6.5.

st onTMMM3aL MM CKOPOCTY ¥ MOBbILIeHNS 9(pPeKTMBHOCTM IPOBeieH NS aHaIu3a B
npubope BepkyT-ETX npenycMoTpeHa BO3MOXKHOCTb M3MeHeHMsI CTaHIapTHBIX (OIpe-
IenéHHbIX MeToayKoi RFC 2544) sHaueHuit mapaMeTpoB TECTOB.

B cootBetcTBMMU ¢ pekoMeHzalueit RFC 2544 pe3y/bTaThl TECTOB IIPELCTaBIISIOTCS B
TabIMYHOII U Tpaduueckoii popmax.

7.6.1. NapameTpbl Tecta «[MponyckHasa CNOCOGHOCTb»

MO0 — ER - —27.4dBm_ 0B 45
MponyckHaa cnocoBHOCTE
HacTporkn

fla
Harpyzka (L1) 100 %
MNpoGa.c 5

PazpeweHme. ¥ 0,01
Mopor notepk.% ©

Her la

Puc. 7.9. Hacmpoiixa napamempos mecma

BbinonHaTL BkiioueHne/0OTKII0OYEHME aHaIM3a TPOITYCKHO CIIOCOGHOCTH.

Harpyska (L1) 3uauenne dusmuyeckoii (L1) ckopoctu B npouentax (- F1 ), B k6ut/c

(" F2 )yymms Méut/c( F3 ).

Mpoba, ¢ Tepuon BpeMeHM, B TeUeHIe KOTOPOTO BBITTOHSETCS TPo6a [1s KaKIo-
ro 3aJaHHOTO B HAaCTpoiikax pazMmepa kazapa (1-3600 c).

PaspeweHve, % PaspeieHne, ¢ KOTOPbIM GymeT MPOM3BOAUTHCS MOMCK MPOITYCKHOM
crioco6HoCTH. Bosmoskubie 3uauenwus: 10, 1, 0,1, 0,01, 0,001, 0,0001.
HaumeHbllee 3HaUeHME pa3pelieHnst COOTBETCTBYET HaubOo bl Tou-
HOCTM M3MEPEHNsI IIPOITYCKHOM CIIOCOGHOCTY KaHaia M HaubobleMy
BpeMeHM TecTa.

Mopor notepb, % IMopor gonyctumseix norepsb (0-10 %). Eciv KommuecTBO NPUHSATHIX I1a-
KeTOB OKa3bIBaeTCsI MEHbIIIe KOIMYeCTBa IlepeJaHHbIX Ha BeINYMHY [0~
ITyCTMMOTO 110pOTa MOTePb, TeCT CYUTALTCS MPOJieHHbIM.
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7.6.2. MapameTpbl TecTa «3aaepxKKa»

O —— ER —  —27.4dBm__06:46

3apepxka
HacTporkn

fla
Kon-Bo npo6 10
MNpoba.c 9

Harpyakn (L1)

Het La

Puc. 7.10. Hacmpoiika napamempos mecma

BbinonHaThL BriroueHye/OTKIIOUeHNe aHa/IM3a 3a,eP>KKM Iepejaus JaHHbIX.
Kon-go npo6 KonyuecTBo NOBTOpeHMHt TecTa AJIst KaKAO0T0 3alaHHOT0 pa3Mepa Kaapa.
Mpoba, ¢ Ilepyion BpeMeHH, B TeUeHye KOTOPOTO BBIMOMHSETCS Po6a IJIst KaKA0TO
3a/IaHHOTO B HAaCTpoJikax pasmepa kagpa (1-3600 c).
Harpysku (L1) IMepexon B MmeH1o «Harpysku (L1)».
Il — FR = —27.4dBm__ 06:47
Harpyakn (L1}
Bpyurym
64 Gant 10 M6/ c
128 Gaar 10 M&/c
256 Gamr 10 M6/ c
212 GanAr 10 M&/c
1024 Gaatr 10 M6/ c
1280 Gaatr 10 M&/c
1518 Gaar 10 M6/ c
64 GanAt 100 “
Mpon, cnoc, Bpuuruw

Puc. 7.11. Menio «Hazpysxu (L1)»

MeTouHmnk ITpu BoiGope «Ilpom. croc.» (- F1 ) tect «3anmepskka» Gymer mpo-
XOOMTH MPY 3HAYEHUVM HArpy3KM, MOMy4eHHOM B pe3y/bTaTe TecTa
«IIpomyckHas croco6HOCTb». IIpu BbIGOpe «Bpyunyio» (- F2 ) mpu

HpOBeﬂeHMMTECTaGYHYTMCHOHBSOBaHbI3HaquMH,3&ﬂaHHbKEHOHb-
30BaTejIieM.
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7.6.3. MapameTpbl Tecta «[loTepu Kappos»

Eij p—

ER - —27.4dBm

08 48

BbiNcAHATE

Kon-Bo waroe

Hau.narp,{L1)
Kon . narp.{L1)

MoTepu kappoe
HacTporkn

a
MNpoGa.c 5

MWW

MG&/c
M6/c

Het

La

Puc. 7.12. Hacmpotika napamempos mecma

BbinonHaTL

BrimoueHye/oTKII04eHME aHAIM3a YPOBHA IIOTEPD Nepesadun.

Mpoba, ¢

HepMOJJ, BpeMEH!, B T€UE€HVE€ KOTOPOTO BbITTOTHAETCS npoﬁa JUTST KaXK-

IIOTO 33/IaHHOTO B HacTpoiikax pasmepa kazapa (1-3600 c).

Kon-Bo waros

KonmuecTBo 11aroB u3aMeHeHMst Harpysku.

[Tons HayanbHas Harpyska (L1) 1 koHeuHast Harpy3ka (L1) mo3BonsiioT 3a5aTh Aua-
Ma30H 3HAUYEHMIi Harpy3Ku, Ha KOTOPO# GymeT MPOBOAUTHCS aHAIMU3 YPOBHS IOTEPbD.

3HaueHus ¢pusnuueckoii (L1) ckopoctu 3amarTcs B mpoueHTax ( F1 ), B k6ut/c (| F2 )

may B M6ut/c ( F3 ).

7.6.4. NMapameTpbl TecTa «[lpeaenbHas Harpyska»

IEED J—

ER -  —27.4dBm

06 49

Kon

MNpeaensHan Harpyska
Hactporkn

BunonHate MIE]

10
20

—BO Npod
MNpo6Ga.c

Harpyzkm (L1}

Het

la

Puc. 7.13. Hacmpotixa napamempos mecma



38 7. RFC 2544. MNoprotoBka K NpoBeAeHWI0 aHanu3a

BbinonHsaTh BruiroueHne/OTKIIOYEHME aHAIM3a npe,uenbﬂoﬁ HarpysKku.

Kon-go npo6 KonyuecTBO TOBTOpeHMiI TecTa A KaKIOTO 3aJaHHOTO B Ha-
CTpOJiKax pa3mepa Kajpa.

Mpoba, ¢ Ilepuop BpeMeHU, B TeUeHMEe KOTOPOTO BBIMIONHSETCS Mpobda Iist
KaXXJIOTo 3a[JaHHOTO B HaCTpoJikax pasmepa Kazpa (2—-3600 c).

Harpy3sku (L1) Tepexon B meHto «Harpysku (L1)» (cm. puc. 7.11).

7.6.5. JlononHUTEeNbHbIE HACTPOMKHU

N —— ER - —27.4dBm__ 08 51

[ononHUTeNEHO

7000
06yueHme, mc 100

Puc. 7.14. MeHio «/[onosHUmMeNbHO»

WHTepBan, Mc Bpemst Meky OKOHUaHMEM OHO POOBI 1 OTIIPaBKOi 06yya-
JOLIEro Kagpas.

06yueHune, Mc Bpemsi, uepe3 KOTOpoe HAYHETCS TECTUPOBaHMe II0C/Ie OTIIpaB-
Ky 00yvalollero Kazpa.

CornacHo metonuke RFC 2544, untepsai coctasisier 7000 mc
(2000 Mc OTBOIMTCS HA TIOyYEHME OCTATOUHBIX KaipoB, 5000 MC — Ha pecTabuIn3aIuio
TeCTUPYEMOTrO YCTPOICTBA), a obyueHmne — 2000 mc.

IMonb30BaTeNb MOXKET 3a1aBaTh IIPOM3BOJIbHBIE 3HAUEHNSI MHTEpBaJa B IIpeaesiax OT

100 oo 10000 mc, BeinumHa 00yUEHUS He NOKHA ObITh MeHbIle 100 MC ¥ IIpeBbIIIATD
10000 mc.

5Onpepenenne TepMuHa «0GyYaIOMIMIL Kafp» IPUBELEHO B IIOCCAPUMA.
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s 3amycka TectoB 1Mo Metoauke RFC 2544 Heo6xomumo mepeiiTy B MeHI0 «RFC-

2544» v HaxkaTh Ha KnaBuiry F1 («Crapt»). IIpu aToM GymyT IpOBeeHbI BCe BhIGpaH-
HbI€ TeCTBHI.
J17151 BBIGOPOYHOT'O BBITIOTHEHMSI TECTOB HEOOXOAMMO IMepeiiTy B MeHI0 KOHKPETHOTO

TecTa ¥ HaxkaTh Ha Kiasuiry  F1 («Ctapt»).

8.1. MponyckHasa cnoco6HOCTb. Pe3ynbTaTbl aHanusa

EZd 106G SR - —2.0dBm__ 04:04

MponyckHana cnocoBHoCTE

Kanp Harp.%x MG6/c L2 TecT
76 100,00 7916.666 [oToBO
128 100,00 8648.648 [oToBo
256 100,00 9275.362 [oToBO
512 100,00 9624.061 [oToBo
1024 100,00 9808.429 [oToBO
1280 100,00 9846.154 [oToBO
1518 100,00 9869.961 T[loTosO

CrapT Fpaduk ME/c L3 Coxp,+3arp.

Puc. 8.1. Peaynemamst mecma: mabauya

PesynbTaThl TECTa OTOOPAXKAIOTCS B TAGIMYHOM BUJIe: pa3Mep Kaapa (B 6aiitax), 3Ha-
yeHMe Harpy3Ku (B %), 3HaueHue MPOIYyCKHO CITOCOOHOCTH, TTOTyYeHHOE B Pe3y/IbTaTe

a”anmu3a. [Ipu HaXkaTun Ha KaaBuury F3  mpoucxoguT mepecyéT mosie3HOM COCTaBIsI-
IOIIIEli MMPOITYCKHOV CITIOCOGHOCTY B COOTBETCTBUU C OTpeleIeHHbIM ypoBHEM (MOUT/C
L2, M6urt/c L3, M6urt/c L4):

— KaHaJIbHbI ypoBeHb (MOuT/c L2): yuuThIiBaeTcs: ToMbKO pasmep Ethernet-kagpa
(Brimtouas CRC);

— ceTeBOit ypoBeHb (M6uT/c L3): yuntbiBaetcst pasmep Ethernet-kagpa 6e3 CRC,
Ethernet-3aronoska, VLAN- n MPLS-MeTOK;

— TPAHCIOPTHBIA ypoBeHb (M6uT/c L4): yumTthiBaeTcss pasmep Ethernet-kamgpa
6e3 CRC, Ethernet- u IP-3aronoBka, VLAN- 1 MPLS-meTOK.

Inst mepexofa K rpaduueckoMy MPeACTaBAeHUIO Pe3ybTaTOB TeCTUPOBaHMS HE06-
XOAVMO HaXaTb Ha Knapuiry  F2  («['paduk»).

39
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Puc. 8.2. Pe3ynsmamst mecma: 2pagpux

[Ipu HaxkaTuM Ha KIaBuiry F3 («Bumi») MPOUCXOOUT MEPEKTIOUeHe MEXKIY IBYMS
BapyMaHTaM¥y rpadyruecKkoro MpefCcTaBIeHNUs Pe3yIbTaTOB TECTUPOBAHMS:

1. MakcuMasabHOe 3HaUeHMe 0 ocu Y COOTBETCTBYET MaKCUMAIbHOI CKOPOCTH CO-
enuHeHus. [TycThbie CTONOLIBI OTOOPAKAIOT MaKCHMaIbHOE TeOpeTHYeckoe 3Have-
HUe TIPOITYCKHOM CIIOCOGHOCTH.

2. MakcuMasbHOe 3HauU€eHMe 110 0cy Y COOTBETCTBYET MaKCUMaTbHOMY M3MEPEHHO-
My 3HAUEHMIO ITPOITYCKHO CITIOCOGHOCTM.

ITo ocu X B 060MX CTy4Yasix OTIOKEHBI 3HAUEHUSI, COOTBETCTBYIOIIME pPa3Mepy Kafgpa.

Ha 3amonHeHHbIX CTONOIIaX JyarpaMMbl 0TOOpakaeTcs OyUYeHHOe B pe3yiibTare Te-
CTMPOBaHMS 3HAUeHMe ITPOITYCKHO CITOCOGHOCTH B KaAp/C U B MIPOLIEHTAX OTHOCUTEIb-
HO 3aJJlaHHOJ Harpy3Ku.

8.2. 3apaepxKa pacnpocTpaHeHus. PesynbTaTbl aHanusa

EEd 106G SR - —2.0dBm__ 03:58

Sapepxka
Kagp Harp.¥ BpemMa mc TecT

76 100,00 0,001 TloToBO
128 100.00 0.001 ToToBO
256 100,00 0,001 TloToBO
512 100.00 0.001 ToToBO
1024 100,00 0,001 TloToBO
1280 100.00 0.001 ToToBO
1518 100,00 0,001 TloToBO

CrapT pagit Coxp./3arp.

Puc. 8.3. Peaynemamst mecma: mabnuya

Tabnuiia TOKa3bIBaEeT CpeiHee 3HAUeHNMe 3aIePsKKY (B MC) IJIST KasKIOTO 3aaHHOTO B
HaCTpoliKax pazMepa KaJipa LaHHBIX ¥ COOTBETCTBYIOIee eMy 3HaUeHMe IIPOIYCKHOIA
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CIIoco6HOCTH (B %), TOTyYeHHOE B pe3ynbTarte Tecta «[[pomycKHas CliocOGHOCTb.

EZd 106G SR - —2.0dBm__ 03 58

ALEPHKA , MC Janeprra
0. 0100,

L |

. N Y o A |

T 76 12 256 512 1024 1Z80 1518
pazmep Kagpa,b

Tafauya

Puc. 8.4. Pe3ynsmamst mecma: 2pagux

Ha nmuarpamme [ij1st Kaxkooro pasmepa Kajzpa 0To6paskaeTtcst CTosbell, BbICOTa KOTOPO-
rO COOTBETCTBYET CPEAHEMY 3HAUEHUIO 3aJEPKKHA (B MC).

8.3. YpoBeHb noTepb Kaapos. Pesynbratbl aHanusa

== 10G_ SR - —2.0cdBm__©04:00
NoTepn rkappos
Kapp Harp.X ToTepu X
76 100.00 0. 0000
128 100,00 0., 0000
256 100.00 0. 0000
512 100,00 0., 0000
1024 100.00 0. 0000
1280 100,00 0., 0000
1518 100.00 0. 0000
CrapT Fpaiuik MBsc L2 Coxp,/3arp.

Puc. 8.5. Pe3ynemamst mecma: mabauya

B Tabnuiie 1j1a Kakgoro pasmepa makera (B 6aiiTax) M COOTBETCTBYIOIIEH Harpy3ku

(B %) oTo6paskaeTcsl 3HaYEeHMEe YPOBHS MTOTePb. [Ipy HaxkaTuu Ha KiaBuiry  F3  mpo-
MCXOAUT TIePeCUET MOIe3HOI COCTaBIAIOIIel 3HaUeH ST TOTepb B COOTBETCTBUM C OIIpe-
JIenéHHbIM ypoBHeM (M6uT/c L2, M6uTt/c L3, M6uT/c L4):

— KaHaJIbHbIA ypoBeHb (M6uT/c L2): yuuThiBaeTcst ToNbKO pasmep Ethernet-kagpa
(Brmtouas CRC);

— ceTeBoJt ypoBeHb (M6uT/C L3): yunthiBaetcsi pasmep Ethernet-kampa 6e3 CRC,
Ethernet-3aronoska, VLAN- 1 MPLS-MeTOK;
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— TPaHCIIOPTHBIN YpPOBEHb (Méurt/c L4): YUUTBIBAETCS pasmep
Ethernet-kamgpa 6e3 CRC, Ethernet- u IP-3aronoBka, VLAN- 1 MPLS-MeTOK.

EZd 106G SR = —-2.0dBm__ 04:01
noTepw, & MNoTepk kanpos
LBttt et e

ail
Y S
L2 SO
&1
sofoo
dufo
2
Y SO
[T SRR

1o 20 30 40 B0 &0 70 80 @0 100
HarpysKa, &

Tafauya Nererga

Puc. 8.6. Pe3ynsmamst mecma: 2pagux

Ha rpaduke 1151 KaskAoro yka3aHHOTO B HACTpoiikax pasMepa KaJipa okasaHa 3aBU-
CUMOCTb YPOBHSI I0TEPb KaZIPOB (B %) OT HArpy3Kku (B %).

8.4. NpepenbHas HarpyskKa. PesynbraTbl aHanmMsa

[E=a 10G_ SR - —2.0dBm__04:01
MNpegensHan Harpyzka
Kagp Harp.® Bpema ¢ TecT

76 100,000 5.00 TloToBo
128 100,000 9.00 [loToBo
256 100,000 5.00 TloToBo
512 10Q,000 9.00 [loToBo
1024 100,000 5.00 TloToBo
1280 100,000 9.00 [loToBo
1518 100,000 5.00 TloToBo
CrapT Ipadiik Kanpe Coxp.#3arp.

Puc. 8.7. Pesynemames! mecma: mabnuya

B Tabnuiie AJ1s1 KaXKAOTO pa3Mepa maketa 0ToOpaskaeTcs 3aaHHast B HACTPOIKax Te-
CTa Harpyska ¥ BpeMsl, B TeueHMe KOTOPOTO YCTPOCTBO CIIPABIISeTCs C MaKCUMaIbHO
HarpysKkoit. Ectu Bpemsi, B Te4eHMe KOTOPOTrO TeCTUPYEMOE YCTPOICTBO BbIIEPKUBAET
MaKCMMalbHYIO Harpy3Ky, ONpelelIuTh He YIaa0Ch, B CTONOLE COCTOSIHMS TeCTa BBIBO-
mutest «OubKar, a B cronbiie «Bpems, c» — IpovYepKiu.

[Ipu HaxkaTuu Ha KnaBumry F3  («Kagpbi») BMeCTO cTonoia «Bpems, ¢» oTo6paska-
etcst crosber; «Kaapsi», B KOTOPOM TIPECTABIEHO KOJIMYECTBO KaIPOB, epeIaHHbIX 3a
BpEMSI TeCTUPOBAHMS.
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B 106G SR - —2.0dBm__ 04:02
EpeMaA, ¢ MpeqeneHan Hampyska
Bl e ]+ e e e+

4214?154 ganp
2282%378 ganp
11735997 ganp
5988%87 K%np

| 55045697 Raap
B[ 4810414 Raap
E[ 9055941 Faup

I
&
ol
@
&
o
3
3
I

pasMep Kagpa.b

Tafinuya

Puc. 8.8. Pe3ynsmamst mecma: 2pagux

Ha JuarpamMme 1jisi KaKaoro 3agaHHOTO pasMepa Kaapa OTO6pa)KaeTC${ CTO.TI6eLI, BbI-
COTa KOTOPOI'o COOTBETCTBYET BpEMEHU, B TEUE€HME KOTOPOTO yCTpOﬁCTBO CITPaBJISINIOCH

C IpefenbHOl Harpy3Koii.
Ha cron61iax ayarpamMMbl 0TOOpaskaeTcst KOJIMUECTBO ITAKEeTOB, TepeJaHHbIX 32 BpeMsI

TeCTUMPOBAHNA.

8.5. CoxpaHeHue pe3ynbTaToB U3SMEpPEHMU

B pexxume TecToB 110 MeTonuke RFC 2544 mpy HaskaTuy Ha kiaasuiy  F4 - («Coxp./3arp.»)
MIPOVCXOIUT IIepexo], B MeHI0, B KOTOPOM BO3MOsKEH BbIBOJ, MH(POPMAIMN O COXPaHEH-

HbIX 3MepeHusix (- F1 ), coxpaHeHMe pe3y/IbTaTOB U IapaMeTpoB TecToB (- F2 ), a Tak-
ke 3arpyska (- F3 ) mnm yganenue ( F4 ) coxpaHEHHBIX Pe3y/IbTaTOB Y TTapaMeTPOB 13-

MepeHUI.
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9. AcuMMeTpUUYHOe TecTupoBaHue

OYHKLMS aCMMMeTPUYHOTO TeCTUPOBaHMS ' MCIIOMb3yeTcs Iy IIPoBepKe pa6oTocIIo-
COOHOCTY KaHAJIOB CBSI3M, JI/Isl KOTOPBIX MTapaMeTphl IIpUEMa U Nepefaui JaHHBIX (TIPo-
ITyCKHAsI CIIOCOGHOCTD, 3aJiepKKa U T.[1.) PasIMIHbI, — aCMMETPUYHBIX KaHAJIOB (CM.
puc. 9.1).

aCI/IMMeTpI/I‘IHI)Iﬁ KaHall

Tx =500 Mbps Tx =500 Mbps
_— _—
- -
Rx =100 Mbps Rx =100 Mbps
nokaneHbli bepkyT-ETX JucTaHIMOHHbIH bepkyT-ETX

Puc. 9.1. IIpumep acummempuuHo20 KaHana

V3-3a 3TO 0COGEHHOCTY KAHAJIOB CBSI3Y M3MePEHMSI IOJKHBI ObITh BHITTOTHEHbI HE3a -
BUCHMO [IJISl K&SKAO0TO HarpaBieHust. [[03TOMy OT/IMYMUTETbHON YePTOIi TAaKOTO TUIIA Te-
CTUPOBAHMS SIBJISIETCS TO, YTO Mepefayva TeCTOBOTO TpaduKa MPOU3BOAUTCS B OJHOM,
BbIGPAHHOM I10JIb30BaTeIeM, HallpaBaeHU .

[Ipu TIpoBefeHMM aHaaM3a MUCIIONb3yeTcs 2 mpubopa BepkyT-ETX: JIoKalbHbIM, Ha
KOTOPOM BBITIONTHSETCSI HACTPOJiKa mapaMeTpOB aHa/IM3a, U AUCTAHIMOHHbIN, HAXOA -
IIMiicsS Ha APYroM KOHIIe aCMMMETPUYHOTO KaHasia. Pe3yabTaThl TECTUPOBAHUS OTOO-
PaKaloTCs Ha 9KpaHe JIOKaIbHOTO mpubopa.

Ipumeuanue: GyHKIMS aCMMMETPUYHOTO TECTUPOBAHUS JOCTYITHA AJ1sI TecToB BERT
1 RFC 2544 (mporrycKHast ClIOCOOHOCTbD, IIOTepY KaIpoB, MpeebHast HarpysKa).

1B 6a3oBy1o KoH(UTypaLMIo He BXOAMT. [I0CTYITHA PY JOMOIHUTETLHOM 3aKa3e OV
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9.1. NMpumep TecTUpOBaHUSA

Hike paccMoTpeH MpuMep UCITOIb30BaHMS QYHKUMY aCMMMETPUYHOTO TeCTUPOBA-
Hus a1 nmpoBenenus Tecta «<BERT» (miis Tecta «RFC 2544» MOpsioK AeiiCcTBUIT aHaIo-
VYeH).

Ha puc. 9.2 npefcraBiieHa TUIIOBast cxeMa MOIKIIOUeHMs IPUOOPOB K TECTUPYEMOit
ceTu.

ACHMMETPUYHBIA KaHaI

nopt 1G/10G nopt 1G/10G

fumos 1 =}
MACRI1

LumozNEI
[T o o e

MAC RN

nokasbHbli bepkyT-ETX JaucTaHinoHHBbI bepkyT-ETX
MAC 1 MAC 2
IP 1 P2

Puc. 9.2. Tunosas cxema nooKa0UeHUs

Ha cxeme BBeeHbI ciengymmme 0603HAYEH NS

MAC 1 — MAC-azpec nopra 1G/10G sokanbHOro npmubopa;

IP 1 — IP-ampec JIOKaabHOTO Mpu6opa;

MAC R1 — MAC-aapec 1uio3a, 61skaiiiinero K J0KaJabHOMY MPUGOPY;

MAC RN — MAC-aapec 1nutio3a, 6;mKaifiiero K JUCTaHIMOHHOMY ITpu6opy;
MAC 2 — MAC-agpec ropta 1G/10G AucTaHIIMOHHOTO Mpubopa;

IP 2 — IP-apec AUCTAaHIMOHHOTO Ipubopa.

st usMepeHMs MapaMeTpoB KaHajia CBSI3M B HAIIPaBJIeHUY OT JIOKAIbHOTO Mpubopa
K OVCTAaHLIMOHHOMY HEOGXOIMMO:

1. Y6emuTbcs, 4TO JTOKATbHBIN U IUCTAHIIMOHHBI ITPUOOPHI MOANEPKUBAIOT QYHK-
LIMIO aCMMMETPUYHOTO TeCcTupoBaHus: B MeHIo «bepkyT-ETX. Hactporikmn» = «Vcra-
HOBKM ITpnb0pa» = «Onuym» B CIMCKE OV JO/KHA TPUCYTCTBOBATD OMUmst XAT.

2. TTopkmOunNTh TOKAIbHBIN U AucTaHIMOHHBIN BepkyT-ETX mo cxeme, npencTas-
JIeHHOJ Ha puc. 9.2.

3. Ha loKaJpHOM M Ha IMCTAHIIMOHHOM ITPMOOpE MepeiT B MEHIO
«BepkyT-ETX. Hactpoiiku» = «[lapameTpbl ceTv». BoIOpaTh:

Mopt — TecT
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OnHUM 13 IPUBEIEHHBIX HIKE CITOCOO0B YCTAHOBUTD IP-apec JIOKaJIbHOTO MPH-
6opa (IP 1) u IP-agpec aucraHioHHoro npu6opa (IP 2):

— BBecTu IP-agpec BpyuHyiwo (1ipy 3ToM IyHKT MeH10 «DHCP» momkeH Haxo-
JIUTBCS B COCTOSTHUM «BBIKI»);

— nomyuntb [P-agpec o nporokoiry DHCP, Bei6paB myHKT MeHI0 «DHCP» 1 Ha-

’KaB Ha KinaBuiry  F2 («Bki»).

4. Ha noxkajabHOM IpuGope rnepeitTu B MeH1o «BERT» = «HacTpoiiku» = «Tomonorust
TeCTOB». BrIOpaTh:
Ounct. IP — IP 2
TecT. noTok — UNcxopawun
5. Ha noxanabHOM Mpubope mepeitTu B MeHio «bepkyT-ETX. Vismepenusi» = «BERT»
= «HacTpoiiku» = «3arosoBoK» (M. puc. 9.3). Boi6paTh:
MAC OTnp. — MAC 1
MAC Mony4. — MAC R1
IP OTnp. — IP 1
IP Nonyu. — IP 2

Hpumeuanue: nis nonyuyenvss MAC-ampeca 11103a HEO6XOIMMO BBITTOMTHUTH ARP-
3arpoc: rnepeitu K nyHKTy MeH0 «MAC ITonyd.» 1 HakaThb Ha Kjiapuiry ~ F3

] A:;1000 - B:——— - 06 55

3aronosok
Motok 1
00:21:CE:08:0E:CO
MAC Monyu., ©00:21:91:8D:10:70
IP Omp. 172,16.2,106
IP NMonyu, 172.16.3.143

NlonosmHmTensHo
WLAN Buikn
HPLS TH
HPLS R¥ —————-———-
P ToS 0000b: precedence O
unp BO000,/S0000

A B

Puc. 9.3. IxpaH «3a201080K»

6. Ha nokanbHOM MpubGOpe B COOTBETCTBMM C YKa3aHUSIMM pasjeia 15 BbITOTHUTD
HeoOxomuMble HacTpoiiku Tecta «BERT». 3aTeM mepeiiTit B MeHI0 «bepkyT-ETX.

U3mepennsi» = «BERT» u HaxXaTh Ha kiaBuiry  F1 («Ctapt»).
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IIpumeuanue: TIoC/Ie HaXXaTHs Ha KaaBuily «CTapT» Ha 3KpaHe JIOKaJbHOro mpubopa
MOTYT MTOSIBUTBCSI C/IEMYIOIIME COOOIIEHNS

«NpoéT noakwyeHne K AMCT. MNOPTY ...» — BO3HMKaeT cpas3yIociie 3aIlycKa Te-
CTa.

«lncTaHUMOHHBIM Mpubop HepocTyneH» — BO3HUMKAET B C/Iyuae, ecyiy He IoIyun-
JIOCh YCTAaHOBUTH COAVHEHME C MMCTAHI[MOHHBIM ITPUGOPOM.

«MoTepsiHo coeauHeHWe» — BO3HMKAET B CIy4yae, eC/IM IMCTaHLIMOHHBIN TpU6op
TOCJIe YCTaHOBJIEHNS COeAMHEHMSI TIepecTal OTBeYaTh Ha 3aIpOChI.

«[MNCTaHUMOHHbI NPMBOP 3aHAT» — BO3HMUKAET, KOIIa Ha OMCTAHI[MOHHOM IIpy-
6ope yke IIPOBOAUTCST KaKOii-11b0 TecT.

«Inct. BERT 1-ro ypoBHSi HeBO3MOXeH» — BO3HMKAET IIPY IIONBITKE IIPOBECTU
TecT «BERT» mepBoro ypoBHsI.

IIpumeuanue: Ha SKpaHe TMUCTAHIVOHHOTO PMBOPA BO BPEeMs TECTUPOBAHMsI OTOO-
pa)KaeTCﬂ COO6U.[€HV[€ «BbinonHseTcs ﬂ,VICTaHLI,VIOHHbIl;I TEeCT».

st M3MepeHus rmapaMeTpOB KaHala CBS3M B HAaIlPaBJIeHUM OT AMCTaHIVIOHHOTO IIPY-
60pa K JIOKaJIbHOMY HeO6XOIMMO

1.

V6enuThCsl, UTO JTOKAIbHBIN M AUCTAHLMOHHBIN MPUOOPHI MOAAEPKUBAIOT HYHK-
LIMIO aCMMMETPUYHOTO TeCcTupoBaHusi: B MeHIo «bepkyT-ETX. Hactpoiikmu» = «VcTa-
HOBKM IIpubopar» = «OMuumu» B CIIUCKE OMIMIL TODKHA IIPUCYTCTBOBATD OTIIINS
XAT.

IopxmtounTs JoKanbHbI BepkyT-ETX u nucranunonHslii BepkyT-ETX mo cxeme,
NpesiCTaBIe€HHO Ha puc. 9.2.

Ha jioKa/IbHOM ¥ Ha AMCTAaHLIMOHHOM Mpu6Ope MepeiiTyi B MeHI0

«BepkyT-ETX. Hactpoiiku» = «[lapameTpbl ceTu». BbIOpaTh:

Mopt — TecT

OmHUM 13 IPUBEEHHBIX HIKE CITOCO60B YCTAHOBUTD IP-aipec JIOKaJIbHOTO MPy-
6opa (IP 1) u IP-anpec gucrannyonHoro npuoéopa (IP 2):

— BBecTu IP-agpec BpyuHyio (nipu 3ToM IyHKT MeH10 «DHCP» momkeH Haxo-
JIUTBCS B COCTOSTHUM «BBIKI»);

— monyunTb IP-afmpec mmo mporokosy DHCP, BeiOpaB myHKT MeH10 «DHCP» 1 Ha-
>KaB Ha KnaBunry  F2 («Bki»).
Ha nokanbHoM nipubope nepeiitu B MeHio «BERT» = «HacTpoiiku» = «Tomonorus
TeCcTOB». BrIGpaTh:
Ounct. IP — IP 2

TecT. noTtok — Bxomsawwmin
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5. Ha nokanbHOM Mpubope nepeitTu B MeHio «BepkyT-ETX. V3mepenusi» = «BERT»
= «Hacrpoitkn» = «3aromoBok» (cM. puc. 9.3). Beiopats:

MAC Otnp. — MAC 2
MAC Mony4. — MAC RN
IP Ornp. — IP 2

IP NMonyu. — IP 1

6. Ha nokanbHOM Mpu6GOpe B COOTBETCTBUM C YKa3aHUSIMM pasjeia 15 BbITOTHUTD
HeoOxomuMble HacTpoiiku Tecta «BERT». 3aTeM mnepeiityt B MeH10 «bepkyT-ETX.

U3mepennsi» = «BERT» 1 HaxkaTb Ha kiaBuiry  F1 («Crapt»).

Hpmeuaﬂue: I10CJIe Ha)KaTHs Ha KJIaBUIITY <<CTapT>> Ha 3KpaHe JIOKAJIbHOI'O M AMCTaH-
LVOHHOTI'O an6opa TIOSIBSITCSL COO6IJ.I€HI/IH, aHaJIOTMYHbIE ITIepeuMCIeHHbIM Ha C. 48.
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10. ChoxHbIn TpaduK

DYHKIMS reHepaLuy CI0KHOTO TeCTOBOro TpadmKa' mosBonsieT co3gaTh 4o 10 moTo-
KOB JJAHHBIX C pa3IMYHbIMY NapamMmeTpamu. C e€ IOMOIIbIO MOXKHO ITPOBEPUTD, paboTa-
€T JIV B TECTUPYEMOM YCTPOJICTBE MPUOPUTE3AIMST, UMUTUPOBATH PA3IMUHbIE TPOGMIN
HarpysKu.

e —— ER -  —27.4dBm_ 06:33

CnoxHe Tpapuk

WamepeHnn

HacTporkn

Puc. 10.1. MeHio «CnoxcHolli mpagux»

N3mepeHus TTepexop, K 9KkpaHy «CIOXKHBI TpadyK: OTYET» (3aITyCcK TecTa, oToGpaske-
HJe pe3yIbTaTOB M3MepeHMi).
Hactpoiiku Iepexon B MeHI0 «HacTpoiikm».
WS — ER - —27.4dBm_ 06 35

CrAoXHWA TDaDMK: OTHYET
Frm Rate.X Loss.¥ BW.Mbps
937 43,00 89.75 424.85
1423 18,00 90,33 171.67
64 13,00 90,01 99,00
237 4.00 89.81 37.60
996 10,00 90,31 95,03
903 8.00 90,18 76.82
1221 3.00 90.%4 27,93
1136 1.00 89.28 10.54

SNOARWNPE

CrapT Ipafuk Coxp,/3arp.

Puc. 10.2. SxkpaH «CnoxcHolli mpagux: omuém»

JUist Havana TeCTMPOBaHYSI HEOOXOIMMO HaXaTh Ha KiaBuiy  Fi
(Crapr), npefBapMUTeIbHO HACTPOUB ITapaMeTphl TecTa B MeHI0 «HacTpoiikm».
[To OKOHYAaHMY TeCTUPOBAHMS Ha SKpaHe JIJIs1 KasKIOro IIOTOKA 0TOOpaskaeTcsi:

1B 6a3oBy1o KoH(UTypaLMIo He BXOAMT. [I0CTYITHA PY JOMOIHUTETLHOM 3aKa3e OV
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52 10. CnoxHbI Tpadmk

— 3aJaHHBI pa3mep Kagpa,
— 3agaHHas uHdopmaimonHas (L2) CKOpOCTb;
— II0TepU KaJpoB, ITIOJIy4eHHbIe B pe3y/bTaTe TeCTMPOBAaHUS;

— IIMPHUHA ITI0JIOCHI IIPOITYCKaHMS, paCCUMTaHHAs I10 pe3yJIbTaTaM TeCTUPOBaHMS.

ITpu HakaTMu Ha KnaBuiry  F2  (I'padmk) ocyinecTBsieTcsl mepexof K SKpaHy, comep-
skaieMy rpaduyeckoe IpefcTaBieHue Pe3ylbTaToB TecTa.

e —— FER -  —27.4dBm_ 06 36

noTepH, 2 CnokHeil Tpafus
1

s

6.

e

21

noToK

Tafinuya

Puc. 10.3. Ixkpan «CnoxcHolii mpaguk» (epagpux)

Ha auarpamMmme IJist Ka>XKao0ro IoToka OTO6pa)K8.6TC${ CTO.TI6€LI, BbBICOTA KOTOPOI'o COOT-
BETCTBYeT BeJIMUMHE ITOTEPb KaJAPOB.

ITpu HaxkaTuy Ha kiuasuury F4  («Coxp./3arp.») OCyleCTBIISIeTCS [Iepexof, B MeHI0
«PesynpTaTsl».

[pyu HaXKATUYM HA KIABUIIY @ OCYIIECTBJISIETCS Tepexo] K 9KpaHy «CI0KHbIN Tpa-
uk: 3amepirKar.
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m — ER - —27.4dBm_ 06:37
CnoxHpi TpabMk: 3anepkka
Cur.ms Min.ms Avg.ms Max.ms
0,169 0,169 0,219 0,262
0.199 0.160 0,209 0.262
0,208 0,129 0,176 0,278
0.256 0.133 0.186 0.265
0,192 0,126 0,174 0,252
0.251 0.128 0.207 0.258
0.223 0,155 0,206 0,262
0,235 0,133 0,193 0,253

WNDALWNE#®

CrapT Fpaiuik Coxp,+3arp.

Puc. 10.4. Sxpan «CnoxcHoili mpaguk: 3adepickar»

Cur Tekyuiasi 3afiep>kka repefauy JaHHBIX.
Min MuHMManbHas 3afiep>kka rnepefauy JaHHbIX.
Avg CpenHsisl 3a[iep>KKa niepefauyy JaHHbIX.
Max MaxkcuMasibHasi 3afiep>kKa rnepefauy JaHHbIX.

[Ip¥t TOBTOPHOM HaskaTUY Ha KJIABUIITY @ OCYIIeCTB/ISIETCS TIePEXOo K 9KpaHy « Coxk-
HbI TpabuK: Kapbl».

mm — ER —  -—27.4dBm__06 38
CrioxHpit TpadWK: Kanpsl

# Tx Rx

1 13500557 1383577
2 2182454 211070
3 27042842 2702852
4 2723224 277619
5 1722116 166942
6 1516445 148843
7 422064 40030
8 151357 16229

CrapT Ipafuk Coxp.#3arp.

Puc. 10.5. Sxpan «CnoxcHoili mpagux: kaopol»

Ha arpaHe 151 KakOro ITOTOKA OTOOPAKAETCSI KOMMIECTBO repefaHHbIX (TX) u mpu-
HATBHIX (RX) makeToB.
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e —— FER -  —27.4dBm_ 06 39

HacTporkn

[loTokos [

AmMTensHoCTE 14

3aronoeok
Kappw
Harpyzkm (L2}

Puc. 10.6. MeHio «Hacmpotiku»

MotokoB KonnuectBo noTokoB AaHHbIX (1-10).

[OnutenbHoCTb IIUTeNbHOCTh TeHepauuy 3alaHHOTO KOAMYeCTBa MOTOKOB (1-2886
o).

3aronoBok Ilepexon B MeHIO «3arol0BOK».

Kaapb! Ilepexon B MeHI0 «Kagpbi».

Harpy3sku (L2)

Ilepexon B meH1o «Harpysku (L2)».

G — ER -  —27.4dBm__ 06:41

3aronoBok
[loTok 1
00:21:CE:10:00:01
MAC Monyu, ©0:21:CE:08:1F:51
IP Omp. 172.16.3.126
IP NMomnyu, 172,16.3.129

[ononHUTenEHO
YLAN Brrcn
HPLS
P ToS 0000b: precedence O

UDFP E0000,/50000

NoKansHER

Puc. 10.7. MeH1o «3a2071060K»

HOMep HacCTpanBaeMOro ITOTOKa BbIﬁI/IpaeTCH IIpM Ha>XKaTUM Ha KJIaBUIIN @ n @
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EEED J—

ER -  —27.4dBm

06:42

Kappw

1 [

-

1423
64
237
996
903
1221
1136
764
634

OCWUNOARWN

[y

Puc. 10.8. Menio «Kadpoi»

Pa3mepsl KaApoB I7151 K&KOOr0 IOTOKA 3a7al0TCS BpYyYHYIO B Ipefenax oT 64 1o 9600

GaiirT.

N — [R - —27.4dBm _ 06:42
Harpyarn (L2)

43 "
2 18 4
3 13 “
4 4 4
5 10 “
6 8 4
2 3 “
8 1 4
9 1 “
10 1 4

i Ke/c Masc

Puc. 10.9. Menw «Hazpysku (L2)»

3HaueHune nudpopmaimonHoi (L2) ckopoctu 3agaércs B npouenrtax (- F1 ), B Kout/c

(' F2 ) uyu B MOuT/c ( F3 ).
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10.1. CroxHbIM Tpaduk. Hactpoiika MPLS

CTek MeTOK 7151 TECTUPOBaHM 3aJa€Tcs B MeHI0 «CTek MmeToK»: bepkym-ETX. U3ame-
peHust = «ClnoxkHbI Tpahuk» = «HacTpoiiKn»=> «3aroIoBOK» = «IOTTOIHUTEbHO» =
«MPLS».

5 106G SR - —2.6dBm__16:19

CTeKk mMeToK

Kon-Bo mMeTok |4

Metka ©

MPLS CO5 ©
TTL 128

MeTtka ©

MPLS COS5 ©
TTL 128

Metka ©

MPLS CO5 ©
TTL 128

Btikn 1 2 3

Puc. 10.10. Menio «Cmek memok»

Kon-Bo MeTok Bbi6op KonmyecTBa MeTOK (0T 1 10 3), KoTopoe GyzmeT qo6asie-
HO B IlepelaBaeMblif IIaKeT.

MeTka 3HaueHye MeTKU.

MPLS COS Kracc o6cmy>kuBaHust akeTa.

TTL BpeMst kK13HM ITakeTa C METKOI.




11. Wneid

st TectupoBaHus ceteit mo metonyuke RFC 2544, nsmepennst BER u pemienus psga
IPYruX 3aau ucronb3yercs yHkuys llneiid, mos3Bossionias nepeHamnpasisiTb 06paT-
HO MPUXOISIINI Ha TPMOOpP TpadMK Ha YeThIPEX YpoBHIX momenn OSI.

Ha ¢usuueckom yposHe (L1) Becb BXoasIuit TpaduK repeHarpas/sieTcss 00paTHO
6€e3 M3MeHeH WA, PY 3TOM BeIETCS CTATMUCTHUKA 110 IPUHUMAeMOMY TpaduKy.

Ha kanansHOM ypoBHe (L2) Bce BXo 1M e KaJpbl IEPEHATIPABIISIOTCS 00paTHO, TP
9TOM MOTYT MeHSITbcs MectaMy MAC-azapeca OTIIpaBUTeNs U IToayJaTensi. Begércs cta-
TUCTUKA 110 TPUHMMAEeMOMY U IepefaBaeMomMy Tpaduky.

Ha cereBom ypoBHe (L3) Bce BXOJsIIMe TTaKeThl IepEeHANpPaBIsSIOTCsS 06paTHO, TPU
3TOM MeHsI0TCcs1 MectamMyu MAC- u IP-afmpeca oTripaBuTens 1 nmonmyuatesns. Begércs cra-
THUCTMKA TI0 IPMHMMAeMOMY U IepeilaBaeMoMy Tpaduky.

Ha tpancnoprHOM ypoBHe (L4) BXopsumit Tpaduk nepeHanpasisieTcsi 06paTHO,
IIPY 3TOM, TIOMUMO TepecTaHOBKM MAC-aapecoB u IP-afipecoB, MeHSIFOTCSI MeCTaMy HO-
Mepa TCP/UDP nopToB OTIIpaBUTENS U IONy4daTesIs.

Ipumeuanue: nis mneiida xkaHanabHoro (L2), ceteBoro (L3) u TpaHcnopTHoro (L4)
YPOBHEl IOBpPEXAEHHbBIE TAKeThl HE MIepeHaIpaBIIsIIOTCS.

Ipumeuanue: nis mneiida xaHanbHoro (L2), ceteBoro (L3) u TpaHcnopTHoro (L4)
ypoBHeji makeThl ¢ omuHakoBbiMu MAC Dst u MAC Src, a Tak ke 6JI0KM JaHHbBIX IIPO-
Tokoia OAM (OAMPDU) u ARP-3ampocsl, comepskaluecss BO BXoasiieM Tpaduke, He
TepeHanpasJsioTCs.

Ipumeuanue: ecnv BXoasmuii maket copepxkut MPLS MmeTKy, OH OyAeT rnepeHarnpas-
JieH 6e3 M3MeHeHMsI e€ 3HaUeHMsI.

MO —— ER__LB1 _-27.2dBm_ 06 31

hineap

Trn el

ET—o6HapyxeHWe

NakeToe
MpyHaTo L]
OTnpaeneHo ]

Btikn 1 2 >3

Puc. 11.1. Menio «linetig»
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11. Wneiid

Tun

Bsi60p ypoBHs Mmozeny OSI, Ha KOTOPOM GyeT HPOMCXOAMUTD IIePeHanpaB-
JIeHMe TecTOBOro Tpaduka:

— BbIKI — OTKI/IIOUEHME BO3MOKHOCTY OpraHusanui nuvieida;
— 1 — dmsuueckuii ypoBeHb;

— 2 — KaHa/IbHbIN ypoBeHb (MAC);

— 3 — ceTeBoii ypoBeHb (IP);

— 4 — tpaHcnopTHbiii yposeHb (TCP/UDP).

ET-o6HapyxeHue

ITepexop, B MeHI0 <ET-06HapyskeHue».

0AM

Tlepexon B MmeH10 «OAM».




12. OAM

BaskHOI1 3a/1aueii MOCTaBIIVIKOB YCIYT CBSI3U SIBJIIETCS] 0OecreueHe BbICOKOTO YPOB-
HSI aIMVHUCTPUPOBAHMS U TEXHUUECKOTO0 o6cmyskuBauus Ethernet-cereii. [Ijist 9Tux 1ie-
nei 6611 paspabotaH crangapt IEEE 802.3ah [7] (m3BecTHbIi Takke Kak «Ethernet in the
First Mile (EFM) OAM» — «Ethernet OAM Ha «I1epBOii MUJIE»).

OAM (Operations, Administration, and Maintenance — skcruTyaTaumsi, agMUHUCTPU-
poBaHue 1 06CTY>KMBAHME) — IIPOTOKOJI MOHUTOPUHTA COCTOSIHMSI KaHaia, QYHKIVIOHK-
pyeT Ha KaHa/IbHOM yposHe mopenu OSI. [yt nepepaun mHpopmanum mexxay Ethernet-
YCTPOICTBAMM UCTIONB3YIOTCS 670K JAaHHBIX MTpoTokona — OAMPDU.

BaskrHoit byHKuMe mpotokona OAM sIB/isieTCst BO3MOKHOCTb BKIIoUeHMsI pexkxuma «Ilneiid»
Ha yIajléHHOM mpubope.

JI7s1 ycTaHOBJ/IeHMSI cOe I HeHMs Mesky Tpubopom BepkyT-ETX 1 yanéHHbIM yCTPOit-
cTBOM 110 TTpoToKoImy OAM u 11 BKIoueHust peskuma «lllneiid» Heobxommumo:

1. HenocpedcmeeHHO COeIVIHUTD JIOKaAbHbIit BepkyT-ETX 1 yianéHHoe ycTpoiicTBo!
B COOTBETCTBUM CO CXeMOI1, TPUBEIEHHONM HIXKE.

Jloxanenelii bepkyT-ETX VYnanénHoe ycTpoiicTBo

(usnueckoe coeMHEHIE

Puc. 12.1. Cxema mecmuposaHus

2. Ha ynanéHHoM mpubope paspeummTb paboTy mpoTokosa OAM B aKTMBHOM WU
[TIaCCMBHOM peXVMe.

Ha nokanpHOM ipubope:
3. Ilepeiitu B MeH10 «OAM» (cm. puc. 12.2).
4. B myHKTe MeHI0 «PeXnM» BbIOPATh aKTUBHBII PeXXMUM paboThI TpoToKona OAM.

5. CocTostHMe OGHAPY)XeHUS YIATEHHOTO YCTPOIICTBA B MyHKTE MeHI0 «O6HapyKe-
HMe» TOJDKHO MPUHSITh 3HaUeHue «Send any».

6. TlepeiiTn B MeHI0 «YoanéHHbIi mpubop». Ha skpaHe moMKHA OTOOPA3UTHCS VH-
dbopmaiys 06 ymasiéHHOM yCTPOIICTBE.

'Ha puc. 12.1 BepkyT-ETX npuBenéH B KauecTBe Ipy1Mepa yAATEHHOTO YCTPOICTBA.
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12. OAM

7. Haxkatp Ha kinaBumry F1 («LB up»). Ha ynaJiéHHOM yCcTpoiicTBe OyeT BKITIOUEH
peskum «Illneiih» kananbHOro (L2) ypoBHS (TpaduK OGygeT IepeHarnpaBIsTbhCs
6e3 3ameHsl MAC-adpecos).

s BeIKIIOUeHUsT peskuma «I1lneiidh» Heo6xomMMo HaxkaThb Ha KiaaBuiry F1 («LB

downy).

S —— ER - —27.2dBm_ 0B 35

0AmM

AKTHEHBIA
OGHapyxeHne Send local

Yaan&HHeA nNpusop

[ MaccHEHEE ARTHEHE

Puc. 12.2. Menio «OAM»

Pexum

Bo3MmoskHbie cocTostHust OAM:

AKTUBHBII — aKTUBHbI PEXXMM; B aKTUBHOM PEXMME MOPT MOXKET I0-
ChIIaTh KOMaH/Ibl Ha OOHAPYKEHME YCTPOMCTB U BKIOUEHME QYHKIUU
«neitd» Ha ymanéHHOM npubOpe, a TaKKe pearnpoBaTh Ha KOMAaHIbI
Ethernet OAM oOT yzanéHHOTO yCTPOMCTBA;

IMaccuBHBI — MTACCUBHBIN PEXUM; B TACCUBHOM PeXMME TOPT HE MO-
SKeT MHULMMPOBATh BKIoueHue GyHkumy «Ilneitd», a MOXKET TOIBKO
pearupoBath Ha komaH/b! Ethernet OAM OT yaaéHHOrO yCTPOCTBa;

Bpiki1 — OAM OTKITIOUEH.

O6HapyxeHwue

CocTosiHue 06HapY)KeHI/[H Y,ELaJIéHHOI‘O CeTeBoro yCTpOﬁCTBa. Bo3MmoskHbIE CO-
CTOSTHUS

Fault — HayaIbHOE COCTOSIHME, COeNVIHEHME C YIaTEHHbIM YCTPOICTBOM
He YCTaHOBJIEHO;

Send local — ornipaBka OAMPDU ¢ nHdopmaimeii o mogaepskuBaeMbIX
pexumax paboThl;

Passive wait — oxkxupanne OAMPDU c¢ nnbopMmaimeit o mopaepxkmuBae-
MBIX PeXMMax paboThl OT YAATEHHOTO YCTPOICTBA, CKOHGUTYPUPOBAH-
HOTO B aKTMBHOM DEXIME;

Send loc/rem — ornpaBka OAMPDU ¢ nHbopMaliueit o nopaepskuae-
MBIX PeKMMax paboThI TOKAIbHOTO U YIATEHHOTO PMUOOpa 1 C METKOA,
03HayYawIrei BO3MOKHOCTb YCTAHOBJIEHNSI COeIMHEH NS ;

Send loc/rem ok — monyuernne OAMPDU ¢ undopmaiineit o Tom, 4To pe-
SKMMBI PabOTHI JIOKATbHOTO U YAAJEHHOTO YCTPOIICTBA SIBJISTIOTCSI COBME-
CTVIMBIMU;

Send any — coenHeHYe YCTaHOBJIEHO.

YnanéxHblit npubop

Ilepexor, B MeHI0, comepkaliee MHGOpMaLyio 06 yIaaéHHOM yCTPOJCTBe.
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IpumeuaHue: ycrienHoe COeAMHEHE BO3MOXKXHO TOBKO B TOM CJTy4ae, eCu YOaTEH-
HbI/ TpU6OP noaaepkuBaeT GyHKIMIO «Remote loopback» (peXxum ymanéHHOTO 1Ieii-

¢a). B cimydae oTcyTCTBMSI JTaHHOM QYHKLMM COCTOSIHME OOHAPYKeHUS YIaa€HHOTO YCTPOii-

cTBa nmpuMert 3HaueHue «Send loc/rem ok».

B —— cR

- —27 . 2dBm

06 35

YpanéuHea npucop

MAC appec
Vendor OUIL
Pexmm
Unidirecticnal
Rem. loopback
Link events
¥ar. retrieval

00:21:CE:08:06:21

Ox00 Ox21 OxCE
AKT.

Mot supported
Supported

Not supported
Mot supported

LB status Down

LB up

Puc. 12.3. Mento «Yoanénuesiii npubop»

MAC agpec MAC-aapec ynanéHHOro yCTpoicTBa.

Vendor OUI VHMKaIBHBIN MIeHTUOUKATOP OpraHM3alyM, UCIIONb3yeMblil IJIs reHepalun
MAC-anpeca.

Pexum CocrostHue OAM ynanéHHOro KJIMeHTa.

Unidirectional Topnepskka OgHOHAIPABIEHHOTO COeIVIHeHMSI.

Rem. loopback TMonmepskka peskuma yaaneéHHoro iteiida.

Link events Tonepskka yBegoMIeHus 06 OMMGKaX COeAMHEHNS.

Var. retrieval l'[o,u,uep)KKa CUMTbIBAHUA MMEPEMEHHBIX, UCIOJIb3YEeMBbIX OJISI OLE€HKM KayeCTBa

KaHaJia CBSA3U.

LB status CocrosiHue pexkuma «llneiid» Ha ymanéHHOM ripubope.

Hpumeuanue: dpyukiymu «unidirectional», «link events» u «var. retrieval» mpu6opom
BepkyT-ETX He NOA e p>KMBAOTCS.
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13. ET-o6HapyXeHue

Oyukuus «<ET-o6HapyskeHe» TO3BOMSIET BKIIOUUTD peskuM «I1lneiid» kanampHoTO (L2),
ceteBoro (L3) win tpaHcnopTHoro (L4) ypoBHS Ha y#aJIéHHOM TecTepe-aHaau3aTope
BepkyT-ETX, BepkyT-ET mau ycTpoiicTBe o6pasoBanus mieiida bepryt-ETL.

Bepxyt-ETX/BbepkyT-ET/bepkyT-ETL

Puc. 13.1. Cxema mecmuposaHus

B COOTBETCTBIMY CO CX€MOJI TECTMPOBAHMSI MOKHO N0C/1008amMebHO BKITIOUATh PESKUM
«[neitd» Ha HeckoMbKUX ycTpoiicTBax bepkyT-ETX, BepkyT-ET 1 BepkyT-ETL, KOTOpbIE
MOT'YT HaXOOUTbHCS KaK B Pa3HbIX, TaK M B OAHOI ITOACETH.

S — ER - —27.72dBm_06:51

ET—o6HapyxeHne

172,16,2,125
linerp Boikn

DBHapY¥EHLE

Puc. 13.2. Mentw «ET-o6HapyxeHue»
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13. ET-obHapyxeHue

IP IP-azmpec ynanéHHOro yCTpoiiCcTBa.
LWnevid BbI60p ypoBHS nuteiida:
—  F1 _ ppixmouenne pesxuma «Illneiidy;
—  F2 _ pxmouenne muteiida KaHaIbHOTO YPOBHS;
—  F3  — prmouenne uuiejida ceTeBoro ypoBHs;
—  F4  — priouenne uuteiida TpaHCIIOPTHOTO YPOBHSL.

JL1st moTy4YeHusI JAaHHBIX 00 YIATEHHOM MPUO0Ope ¥ BO3MOKHOCTY BKITIOUEHUS PEKU-
Mma «IIlneiid» cemyer:

1.

6.

IMogxmounTsb pnbop bepkyT-ETX K ceTu B COOTBETCTBUM CO CXEMOIA, MPeACTaB-
JIeHHO1 Ha puc. 13.1.

[TepeitTy B MeHI0 «[TapamMeTpsbI ceTu», 3a1aTh IP-aapec mopTa uiamn yoeauThbCsl, YTo
Mpu6OP MOTYyUn BepHbIit IP-aapec mo nmpotokoay DHCP.

Tepeiitu B MeHI0 «ET-06HapykeHMe».

B none «IP-agpec» BBectu IP-agpec yman€éHHoro ycTpoiicTaa.

HaskaTb Ha knaBuiry F4 («O6GHapykeHMe»). B ciyyae yCIenrHoro BbIITOTHEHUS
dbyHKIMYM Ha sKpaH npubopa 6yayT BbiBemeHbl IP-ampec, ums u MAC-ampec yaa-

JIEHHOTO yCTpoiicTBa (M. puc. 13.3). IlyHKT MeH10 LUnerid cTaHeT JOCTYITHBIM /ISt
pPenakTUpOBaHMS.

C momorpio kaaBuir  F2 | F3 | F4 BpIGpaTh ypoBeHb lieiida.

IlIpumeuanue: nepefayva JaHHBIX OCyleCTBAsIeTCS o npoTokoay UDP. ITopt nmomyua-
Tenss — 32 792. Ilopt orupaBuTenst — 32 793.

O — ER —  —27.2dBm_ 0B:51

ET—oBHapyxeH1e

172,16.2.125

blinerp Beikn

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

Btikn 2 3 4

Puc. 13.3. Ipumep evinonHenus ET-o6HapyxceHus



14. Tectbl TCP/IP

TecTbl, OTIMICAaHHbBIE B JAHHOM pa3fesie, HeOOXOAMMbI IIPU TPOBeLEeHNN JUArHOCTUKU
B CeTSIX, CoZlepyKalllMX YCTPOICTBA, OCYIeCTBIS0NIIe KOMMYTALVI0 M MapIIPyTU3aL o
nepenaBaeMbIx JaHHbIX. C IOMOILbIO pean30BaHHbIX B Iprbope TCP/IP TeCcTOB MOKHO
O0GHAPYKUTH MPOGIEMBI, CBSI3aHHbIE ¢ KOHGUTYpalMeii ceTu, yoeIUThCS B CBSI3HOCTU
KaHaja MeXIy y3/laMy CeTy, OIIpeeIUTb MapLIPyThl C/IefJOBaHMS JaHHbBIX, IDOBEPUTD
paboTOCIIOCOGHOCTD M OLEHUTH 3arPY’)KEHHOCTb KaHAJIOB Ilepefauyl JaHHbIX.

14.1. 3xo-3anpoc (Ping)

HMHCTpYyMeHT «JX0-3aIIpoc»! mo3BossieT IpoBepuTh paboTOCIIOCOGHOCTD KAHATIOB T1e-
penavy JaHHbBIX U TPOMEKYTOUHBIX CETEBBIX YCTPOCTB.

B mipoiiecce TecTMpoOBaHMS 3aJaHHOMY Y3JTy CETM MOCHIIAIOTCS 3aIIPOChI U PUKCUPY-
IOTCSI TIOCTYTaoInue oTBeThl. [1o pesyapTaTaMm aHann3a GOPMUPYETCS CTATUCTUIECKUIA
OTYET.

HOns IpoBeaeHMs TeCTUPOBAHUS H906X0,HI/IMO:

1. TlogxmiounTh TPUGOP K TECTUPYEMOI CETH B COOTBETCTBUM CO CXEMOIA, TPUBEIEH-
HOI1 HIKe.

noptr 1G/10G

Puc. 14.1. Cxema nookaoueHus

2. HactpouTts ceteBoe noaxiwoueHne (cm. paszein 20).

3. IlepeiiTu B MeHIO «IX0-3aIpOC».

1B 6a3oBy1o KoH(UTypaLMIo He BXOAMT. [I0CTYTIeH Py JOMOTHUTETLHOM 3aKa3e O
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14. Tectol TCP/IP

= — SR - {-40dBmm__17:30

Ixo—zanpoc (192.168.1.1)

CrapT CTaTuCTUKE Hactpoiiky  Coxp,s3arp.,

Puc. 14.2. MeHio «3x0-3anpoc»

F1  («Crapr»)

3amyck Tecra.

F2  («Cratucruxa»)

Iepexon K skpany «CTaTUCTUKA».

F3  («Hacrpoiikn»)

ITepexon, B MeHI0 «HacTpoitku 5X0-3ampocar.

F4  («Coxp./3arp.»)

Hepexon B MEHIO COXpaHEeHM pe3y/IbTaTOB TeCTa.

4. Hactpouts napaMeTpsl TeCTUPOBaHMS B MeHI0 «HacTpoiiku 5xo-3arpoca».

E3 —— SR - {-40dBmm__ 17:34

HacTporkM sxo—zanpoca

192.168.1.1
Pazsmep naketa 56
KommuectBo ¢
Bpema oxuvpanma 1000
Nay=za 1000

Puc. 14.3. MeHio «Hacmpotiku 3x0-3anpoca»

IP appec

IP-aapec y3ia, JOCTMXMMOCTb KOTOPOrO HEOGXOAMMO [TPOBEPUTb.

Pasmep naketa

Pasmep ICMP-makera B 6ajiTax.

Konunuecrtso

KonunuectBo otmpasiseMbix makeTos (0T 0 1o 9999). Eciiu BbIGpaHO
Hy/IeBOe 3HaueHMe, akeTbl OYAYT OTIIPABISITHCS A0 TeX 0P, MOKa

He 6yzmer Haxxata KiaBuma F1 («Crom»).

Bpems oxuaaHus

Bpems oxxmuaHus OTBeTa Ha 5X0-3ampoc (B MC).

May3a

Bpemsi Mexny OTIpPaBKO} J[BYX IIOC/TIeNOBaTeIbHBIX 3alpoCoB
(B MC).




14.1. 3xo-3anpoc (Ping) 67

5. B MeHI0 «JX0-3ampoc» HaxkaTh Ha kiasuiy F1 («CrapT»). HauHETcs TecTupo-
BaHMe, B X0Zle KOTOPOTO Ha 9KpaH OyIyT BbIBeJEHBI CTPOKY, COepsKalye Clemy-
I01yI0 MHbOpMaIuIo (c7ieBa HallpaBo):

pasmep ICMP-nakera;

— IP-appec y3na ceTu, OTBETUBILIETO Ha 3X0-3aI1poc;

HOpH,HKOBbIV[ HOMED I1aKeTa,

— BpeMsl MeXAY OTIIPaBKOJi 3a1poca U IMoydYeHeM OTBeTa.

[TpuMmep pe3yabTaTOB TECTMPOBAHMS IPEACTAaBIEH Ha puc 14.4.

EE —— SR - <—40dBmm 17334
Oxo—zanpoc (85,142,45,242)

GE B from 86,142,45,242: n=1 time=hilh ms
GE B from 85,142,45,2421 n=2 tine=h25E ms
GE B from 85,142,45,2421 n=3 tine=hi70 ns
56 B from 85,142,45,242: n=4 tine=5301 ms
56 B from 85,142,45,242: n=5 tine=5415 ms
56 B from 85,142,45,242: n=h tine=5300 ms
56 B from 85,142,45,242: n=7 tine=5470 ns
56 B from 85,142,45,242: n=0 tine=05534 ms
56 B from 85,142,45,242: n=0 tine=5506 ms
56 B from 85,142,45,242; n=10 time=5612 ms

15 packets transmitted, 10 received., 5 packet loss
mind/awgsmax: 5315/5438/0612 ms

Crapr CTaTHCTHRE Hacrpoiiky  Cowp, Farp,

Puc. 14.4. Pesynemamsl mecma «3xo0-3anpoc»

ITo pe3ynbraTam TeCTMpPOBaHUS GOPMUPYETCS CTATUCTUUECKMI OTUET (CM. puc. 14.5).

B cratucTike oTo6paxkaeTcss MHGOpMaILVsS 0 MUHMMAIbHOM, CPeTHEM, MaKCUMaJIb-
HOM BpeMeHM MeXX/Iy OTIIPaBKO¥ 3arpoca 1 oaydeHeM OTBETa, a TAK)Ke 0 KOJIMUeCTBe
repefaHHbIX, IPUHSTHIX, IOTEPSTHHBIX 1 MIOBTOPHBIX (C OAMHAKOBBIM MTOPSIIKOBBIM HO-
MepoM) MaKeTOB. 3HAUEHMe B CTPOKe mailimMaym COOTBETCTBYET KOJIMYECTBY IAKETOB,
IS KOTOPBIX BPeMS OTBETA Ha 3X0-3a1poc 6bIIO MPEBBILIEHO.

EEd — SR - <—40dBmm__ 1.7:34
CTaTHMCTUKA 3X0—ZanpocoB
Bpema oTeBeTa
MHUHAMYM 9 mc
HMAaKCHUMyM 19 mc
cpegHee 10 mc
oTnpaeneHe 8§
nonyueHe 8
notepsaHo O {O¥)
NMoBTOpHHE ©
Tanmmayr 4
CrapT CTaTHcTHRS Hactpoiikm  Coxp,/3arp,

Puc. 14.5. Cmamucmuka mecma «39X0-3anpoc»
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14.2. MapuwpyrT (Traceroute)

MHCcTpyMeHT «MapupyT»? UCIOMb3YeTCs ISl OIIpe/eeHys MapLIpyTOB CefOBaHMs
JaHHbIX 1 T03BOJISIET IMAarHOCTUPOBATD TOCTYITHOCTh IPOMEKYTOUHBIX CETEBBIX YCTPOIICTB.

B miporiecce TeCTMpOBaHMS YKa3aHHOMY Y3JTY CETH OTITPABJISIETCS ITOCTe0BATENbHOCTD
KaJIpoB, TIPM 9TOM OTOGPAXKAIOTCS CBEIEHMSI O BCEX MPOMEKYTOUHBIX MapIIpyTH3aTO-
pax, yepe3 KOTOpbIe MPOLLIM JaHHbIe Ha IIYTY K KOHEYHOMY V3.

J7s1 MpoBeieHysI TeCTUPOBAHMS HEOOXOOUMO:
1. TToakIIOUNUTb MPUBOP K TECTUPYEMOI CETU B COOTBETCTBUM CO CXEMOIA, TPUBEEH-
HOI1 Ha puc. 14.1.
2. HactpouTb ceTeBoe moaxiwueHne (cm. pasaein 20).

3. IlepetiTu B MeHIO «MapumpyT» (cM. puc. 14.6).

Ed —— SR - <—40dBmm__17:34

Mapuwpyt ( 192.168.225.190 )

CrapT Hactpobku  Coxp,/3arp,

Puc. 14.6. Meniw «Mapwpym»

F1  («Crapr») 3amyck Tecra.
F3  («Hacrpoiiku») Tlepexon B MeHI0 «HacTpoiiky MapupyTa».
F4  («Coxp./3arp.») Tlepexon B MEHIO COXpaHEeHMsI Pe3yabTaTOB TeCTa.

4. HactpouTb mapaMeTpsl TECTMPOBaHMS B MeHIO «HacTpoiiku mapuipyTas.

2B 6a30By10 KOHGUTYPALMIO He BXOAUT. JOCTYIIeH Py IONONTHUTENLHOM 3aKa3e O,
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= — SR -  —29.6dBm_ 19:17

HacTporkn MapupyTta

192.168.1.1
Makc, yanoe 30
Pazmep nackera 40
Bpema oxmgaHmua 1000

Puc. 14.7. MeHio «Hacmpotiku mapupyma»

IP anpec IP-agpec KOHeYHOTO y371a.

Makc. y3nos MakcuManbHOe KOAM4YeCTBO MapIIpyTU3aTOPOB, KOTOPOe MOXKeT
OBITb MPOJI/IEHO MTaKeTaMu.

Pa3mep nakerta Pa3smep kazpa B GaiiTax.

Bpems oxuaaHus Bpems, 10 ucTeyeHUM KOTOPOro GyzieT OTHpaB/IeH CenyoLmii 3a-

pocC (B CJIy4yae, ecy He TIPUILEN OTBET Ha IPebIAYIINIA).

5. Haxatp Ha knaBumry = F1 («Crapr»). HauHETCST TeCTMpOBaHMeE, B XO[le KOTOPOTO
Ha 3KpaH OyAyT BbIBeJeHbI CTPOKM, COAepKallye ClIeAyoInyio MHbopManuio (cie-
Ba HaIlpaBo):

— HOMep IIPOMEXYTOYHOTI0 Y3/1a;
— IP-agpec mpomMeXXyTOYHOTO y371a;
— BpeMsl OXXUIaHUS OTBETA.

Ecnu BpeMst O5kuiaHMsI OTBETA OT ITPOMEKYTOUHOTO Y371a MIPEeBBICUIIO TaiiMayT, B
CTPOKe Pe3y/IbTaTOB OYyIeT BHIBEIEH 3HAUOK <.

IIpuMep pe3y/IbTATOB TECTUPOBAHMS IIPeJCTaB/leH Ha puc. 14.8

Ea — SR - <—40dBmm__ 17:34

Mapupyr ( 209.85.229,104 )
186,131,127.1 8 ms
21

195.131.241.4 18 mz
195,131,252, 4 20 ms
194.85,177.138 15 ms
216,233,432, 240 41 ms
209,85,260,189 08 me
B6,249,95,132 62 ms
203,80, 248,78 63 mz
*
12 209.85,252 83 B8 ms
13 209,85,243.81 72 ms
14 209,85,229,104 71 ms

CrapT Hactpoiikk  Coxp,/3arp,

D 000 T O e

e

Puc. 14.8. Pesynomams: mecma «Mapwpym»



70 14. Tectol TCP/IP

14.3. DNS (DNS lookup)

HucTpymeHT «DNS lookup»® (romck Ha cepBepe MMEH) TI03BOJISIET O6HAPYKUTD ONING-
K1 B paborte NS-cepBepoB.

DNS (Domain Name System — cucremMa JOMEHHbIX MMEH) — pacIipefeniéHHas 6a3a
JaHHbIX, CITOCOOHAS TI0 3aIIpOCy, CoAepsKalleMy JoOMeHHOe UMs y3/1a, COOOIUTD ero IP-
azpec.

J7s1 MpoBeieHysI TeCTUPOBAHMS HEOOXOOUMO:
1. TToakIIOUNUTb MPUBOP K TECTUPYEMOI CETU B COOTBETCTBUM CO CXEMOIA, TPUBEEH-
HOI1 Ha puc. 14.1.
2. HactpouTb ceTeBoe moaxiwueHne (cm. pasaein 20).

3. Iepeiitu B MeHIO «DNS» (cM. puc. 14.9).

= — SR - {-40dBmm__ 20:46
DNS

metrotek.spb.ru

IF 0.0.0.0

CrapT

Puc. 14.9. MeHio «DNS»

Yzen VM y3na, [P-agpec KOTOPOro HEOOGXOOVIMO OMPENeINTb.

IP IMomyuyeHHBI B pe3yinbTaTe NpoBefeHus Tecta IP-aapec y3ia, MMst KOTOPOTrO
3a/1aHo BBIIIE.

3. B mmyHKTe MeHI0 Y3en BBeCTu JOMeHHOe UMS y37a.

4. Haxatb Ha KnaBuiry = F1 («Crapr»). B myHkTe MeH10 IP oTo6pasuTcs IP-agpec y3-
na.

Ecnu IP-agpec onpenennThb He yaaaoCh, B MyHKTe MeHI0 |P oTo6pasuTcs HyIeBoit
[P-anpec (0.0.0.0).

5B 6a30By10 KOHGUTYPALMIO He BXOAUT. JOCTYIIeH Py IONOTHUTENLHOM 3aKa3e O,
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14.4. MoHutop ARP-3anpocoB

UHCTpyMeHT «ARP MoHMUTOpP»? MO3BONSIET OTC/exxuBaTh ARP-0TBeTHI, epenaromye-
CS1 B CETH, U «TIePEXBATHIBATDb» coepskamecs B Hux [P- 1y MAC-azipeca ceTeBbIX YCTPOCTB.
[lnst TpoBeieHsT TeCTUPOBAHMS HEOOXOMMO:
1. TlogxmIOunTH TPUGOP K TECTUPYEMOI CETI B COOTBETCTBUM CO CXEMOIA, TPUBEIEH-

HOJ1 Ha puc. 14.1.
2. HactpouTts ceTeBoe noaxiwoueHne (cm. pasgein 20).

3. IlepeiiTu B MeHIO «ARP MOHUTOD».

== — SR - —29.6dBm__ 22:24

ARFP monuTOp

FRP-Tafiniua nycra

Puc. 14.10. MeHto «ARP moHumop»

4. Yepe3s HeKOTOpOe BpeMs HAAMCch «ARP-Tabnuiia mycra» Mcye3HeT 1 Ha 9KpaH Oy-
IyT BeIBOAUTHCS [P- 1 MAC-ampeca ceTeBbIX YCTPOMCTB.

D 106G ER - 0.5dBm_ 06 59

ARP moHuTOR

192,168.222.18  O0:1A:4D:50:F4:8C
192,168,222, 4 00:G0:80:69:00110

Puc. 14.11. Pe3ynemamost mecmupoeaHus

Ecin Kakasi-To U3 3aImuceii He OOHOBUTCSI B TeUEHMe O,ZLHOIZ MMHYTBI, TO OHa 6y,[[8T

yaoajieHa 13 CIIMCKa.

B 6a30By10 KOHOUIYPALMIO He BXOTUT. JIOCTYIIEH NPH AONOTHUTEILHOM 3aKa3e O,
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14.5. TCP knueHt

UucrpymeHT «TCP KiMeHT» ° mo3BossieT yeraHoBUTb TCP-coeqyHeHMe ¢ yaTéHHBIM
Y3JIOM CEeTH, IPMHUMATDb OT Hero JaHHble U NlepefaBaTh JaHHbIe 3TOMY y3i1y. C momo-
IIbIO 3TOV QYHKIIVY TaKKe MOKHO YIIPABJISATD YAAJIEHHBIM Y3710M 10 MpoToKoay TELNET.

st yCTaHOBJIEHMS COeAVHEH VST HEOOXOAVMO:
1. IToaKIIOUNUTD IIPUOOP K CETU B COOTBETCTBIMM CO CXeMOJt, IPUBENEHHOI Ha puc. 14.1.

2. Hactpouts ceTeBoe nopkatoueHue (cM. pasgen 20).

3. IlepetiTu B MeH10 «TCP kameHT».

EEd — SR - —29.6dBm_ 23:07
TCP krmeHT

OTKPHTE Hactpofiky  Coxp./3arp.

Puc. 14.12. MeHio «TCP knueHm»

F1  («OTKkpbITH») OtkpbiTHe TCP-coenmHenus.
F3  («Hacrpoiikn») ITepexop, B MeH10 «TCP ximeHT. HacTpoiiku».
F4  («Coxp./3arp.») Ilepexorn B MeHIO COXpaHEHMS Pe3yabTaTOB TeCTa.

4. Tlepeiitu B MeH!0 «TCP knvenT. HacTpoiiku» 1 BBIITOJIHUTD HACTPOKY ITapaMeTPOB
coenViHeHUSI:

— BBeCTU JoMeHHoe ums wiu IP-agpec y3sna;

— BBeCTM HOMep IopTa (Haubosee YacTo UCIOMb3yeMble HOMepa ITOPTOB MPH-
BeleHbl B Tabuie A.7).

5B 6a30Byi0 KOH(UIYPALIMIO He BXOAUT. IOCTYIIHA IIPU ZOMOMHUTETLHOM 3aKa3e O
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= — SR - {-40dBmm __ 21:20

TCP knmeHT
Hactporkn
metrotek.spb.ru
TCP nopt 80

HTTP
Pann  /index.html

Puc. 14.13. Hacmpotixu mecma «TCP xnueHm»

Y3en IlomenHoe umst uinu IP-agpec y3na.
TCP nopt Homep nopra HasHayeHus.
®aitn VIms daiina, conepskumoe KOTOPOro GyeT OKa3aHo B OKHE Pe3y/IbTaTOB B CITy-

yae ycrienrtHoro HTTP GET-3anpoca.

5. Tepetitu B MeHI0 «TCP KiveHT» 1 OTKpbITh TCP-coennHeHNe, HAKAB Ha KJIaBUIIY
F1 («OTKpPBITHY).

B ciryuae ycremHoro coenyHeHus (CM. puc. 14.14) MOXHO BBOOUTH KOMaH/bl COOT-
BeTCTBYIOIIETO MTPOTOKOJIA, 3alIpallBaTh Y CepBepa Be6-CTPaHNUIIbL.

B ciryyae BO3HMKHOBEHMSI IPOO/IeM MPM YCTAHOBAEHUY COeIMHEHMST BBIBOGUTCS CO-
obiieHne 06 ommoke. HekoTopblie coobieHms 06 ommbkax IpuBeaeHbl B Tabmuiie A.8.

= — SR -  —29.6dBm__23:07
TCP kameHT

connecting to
wetrotek,spb,ru (192,168,222,104:80)
connected

SaKpHTE HTTPGET Hactpobku  Coxp,/3arp,

Puc. 14.14. TIpumep ycnewHoz0 coeOuHeHUs C Y3710M

st mepenauy Be6-CTpaHMLL MCHIONb3yeTcst mpoTokon HTTP. B aTom mpoTokose orpe-
nenén HTTP GET-3ampoc®. C ero oMonisio BO3MOXKHO IIPOBEPUTh, OTBEYAeT 1M cepBep
Ha HTTP-3anmpocs! 1 MOTy4nTh COgepKMMOe YKa3aHHOIO pecypca.

O YHKIMS [OCTYITHA TIPU JOMOMHUTETLHOM 3aKa3e OILM.
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[ist momyueHus copepskumoro ¢aiiia ¢ cepsepa He06X0IUMO:

1. B okHe HacTpoek TecTa B MyHKTe MeHI0 Daiin (cM. puc. 14.13) yka3aTb UM 3a1pa-
mBaemoro (aiina.

2. YCTaHOBUTb COeIMHEHME C Y3JIOM.

3. B okHe «TCP xnmeHT» HaxkaTh Ha knauiry F2 («<HTTPGET»). [Ipumep pe3ynb-
TaTOB TeCTMPOBaHMSI NIpefCcTaBIeH Ha puc. 14.15.

EE — SR = <—40dBmm__ 17:34
TCP knueHTt

Locationy httpid/twiki,ddg/bin/vieu/Bercut

Content-Length: 216

Content-Tupe: text/htnl; charset=iso-8853-1

¥-Pad: awoid browser bug

<IDOCTYPE HTHL PUBLIC "-//IETF//OTD HTHL 2,0//EN">
<html><head>

<titler302 Found</titler

</head><body>

<hL>Found</hl>

<p>The document haz moved <a href="http://tuiki,ddgs
bindview/Bercut " *hered/ax, /p>

<Fhody><Ahtnl >

SaKpHTE HTTPGET Hactpobku  Coxp,/3arp,

Puc. 14.15. Tlpumep omeema na HTTP GET-3anpoc



15. BERT

BERT (Bit Error Rate Test) — TecT, ITO3BOJISIONIMIT OIPEIEIUTh OCHOBHOI 6MTOBBII
roKa3aTesib KauecTBa KaHaia — «bit error rate» (ko3 @uiMeHT 6UTOBBIX OMIMOOK), T. €.
OTHOIIIEHME UMCIa OMMOOUHBIX OUT K 06IIEMY KOTMYECTBY MepelaHHbIX OUT. M3BecT-
Hasl Ha MPUEMHOM U TlepefalolieM KOHIle 6¥HapHast T0C/IeI0BaTeIbHOCTh TOMENAeTCs
B Ethernet-kafp, KOTOpbIii mepenaércs B pu3nMUeCKyr0 cpeay. Ha mpuéMHOM KOHIIE M0-
C/1e0BaTeIbHOCTh CPABHUBAETCS C MCXOIHOA, ¥ BhIUMCISIETCS KOG DUIIMEHT GUTOBBIX
omn6ox. [ nogkioueHus K TDM-ceTu UCITONb3yeTCst KOHBepTep MHTepdeiicoB, KO-
TOPBIN OCYIIEeCTBISIET Mpeo6pa3oBaHue Tpabuka makeTHoit cetu (Ethernet) B Tpaduk,
nepegasaembiii B TDM-ceTsx.

TecTupoBaHMe MOXKET GbITh peayn30BaHO Ha YETHIPEX ypoBHIX Mogenu OSI.

Ha ¢usuueckom ypoBHe JaHHbIE OTIIPABJISIOTCS YACTSIMU C OTIPefe&HHBIM MeK-
kaapoBbiM mMHTepBanoMm (IFG — Interframe Gap). B aTom cydae TecTMpoBaHMe Mpo-
BOIOUTCS TIPU 3aMbIKaHUM Tepefalolieil mapbl ONTOBOJOKHA Ha MPMHUMAIOUIYIO0 (CM.
puc. 15.8) uu ¢ ucnonb3oBanueM yukimm «Ineitd» (cm. puc. 15.9).

TecroBas Kowutp. TecroBas KowuTp.
MOCJIEIOBATEIILHOCTD |CyMMa ,IFG, MOCJIEIOBATEIILHOCTE | CyMMa

Puc. 15.1. Kadp ¢usuueckozo ypoeHs

Ha xaHaIbHOM YpOBHE K JaHHBIM T06aBsieTcst Ethernet-3aroioBok, UTo MO3BOSIET
mepenaTh TeCTOBbIE TIAKeThI Uepe3 CeTh, KOTOPAsk COMEPKUT YCTPOIICTBa, paboTalolie
Ha BTOpoM ypoBHe mopmenu OSI (Hampumep, ceTeBoit KommyTaTop (switch)). Crioco6sr
MTOJK/TIOUeHMs TPMOopa K TECTUPYEMOIt ceTu mokasaHsl Ha puc. 15.10, 15.11, 15.12.

MAC- TecroBas Konrp.
3arojIoBOK NOCJIEA0BATEIILHOCTD CyMMa

Puc. 15.2. Kadp KaHanbHo20 yposHs.

Ha ceTeBOM ypoBHe maHHbIe ToMelnawTcs B IP-makert, a 3arem — B Ethernet-kazap.
OTO MO3BOJNSIET MepefaTh TeCTOBbIe MAaKeThl Yepe3 CeTh, KOTOPasl CONEePsKUT YCTPOi-
CTBa, paboTaloliye Ha KaHAJIbHOM M CETEBOM YPOBHSX (HalIpyMep, CETEeBO KOMMYTa-
TOP, MapmpyTu3aTop (router)). Crioco6s! MOAKIIOUEHMUS TPUHOPA K TECTUPYEMOI CETU
rokasaHsl Ha puc. 15.10, 15.11, 15.12.

MAC- IP- TecroBas Kownrtp.
3aroJIOBOK | 3aTOJIOBOK | [10CI€10BaTeabHOCTh | CyMMa

Puc. 15.3. Kadp cemegozo yposHs

75
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Ha tpancoprHom ypoBHe dopmupyetcs Ethernet-kanp, cogepskauiuit IP- u UDP-
3aroJIoBOK, YTO ITO3BOJISIET IlepefaTh TeCTOBYIO IT0CJIeN0BATEIbHOCTD C MCIIONIb30BAHM -
€M TPaHCIOPTHBIX MPOTOKOIOB. CIIOCOGHI MOAK/IIOUEHNS TPUBOpa K TECTUPYEMOIt CeTH
ToKasaHsbl Ha puc. 15.10, 15.11, 15.12.

MAC- IP- UDP- Tecrosas KoHtp.
3arojIOBOK |3aroJIOBOK | 3aroJIOBOK ([10CJIEA0BATCIbHOCTL| CyMMa

Puc. 15.4. Kadp mpaHcnopmHo20 yposHs

Mo —— ER -  —27.2dBm__07 20
BERT

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

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

TX Err ———

LSS 0 #LSS 0,000

LOS o #LOS 0,000
CrapT Ber, Ow, Coxp,/3arp.

Puc. 15.5. dxpan «BERT»

ET Bpems, npouieniee ¢ Havyaia Tecra

RT Bpems, ocTaBlieecs: 40 OKOHYaHMS TecTa

BITs KonnuecTBo MPUHSATBIX GUT

EBITs KonnuecTBo OmnMb60UHbIX GUT

BER OTHOILIIeHMe KOJIMYECTBA OMMOOUHBIX OUT K O6IIEMY UMCITY IIPUHSITBHIX OUT

TX Err KonuuecTBo 106aBIEHHBIX BPYYHYIO OIIMGOK

LSS Bpems1, B TeueHMe KOTOPOrO HAGIIIOAIACh [TOTEPS] CMHXPOHMU3ALMY TeCTOBO
MOC/eI0BaTeNIbHOCTI

%LSS OTHOIIIeH)e BpeMeHM, B TeueHye KOTOPOTo HAGIofanach moTepsi CMHXPOHM-

3alMM TeCTOBOJ MOC/Ie0BaTeNIbHOCTY, KO BDeMeH!, Mpolle/ieMy ¢ Hadaua
TecTa (B IIPOLIeHTAaX)

LOS Bpems, B TeueHMe KOTOPOTO CUTHAI OTCYTCTBOBA

%LOS OTHoOLIeHNe BpeMeHM, B Te4eHye KOTOPOT0 CUTHAJI OTCYTCTBOBAJ, KO BpeMeHH,
MpOIIeIIeMY C HaYasa Tecta (B MPOIeHTax)

Hactpoiikn Ilepexon B meH1o «Hactpoiiku BERT»

ITpumeuanue: LSS 5T0 COCTOSIHME OTCYTCTBUS CMHXPOHMU3ALMY C IPMHUMAEMbIMU JaH-
HBIMM, IIPY KOTOPOM HET BO3MOKHOCTM OlieHMBaTh rapameTp BER. Bo3amoxkHbie pu-
YMHBI OTCYTCTBUS CMHXPOHU3ALUNA:
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— HeCOOTBETCTBUE TeCTOBbIX ITOC/Ie0BaTeNbHOCTE (HallpuMep, Ha MpuémMe HacTpo-
eHa ICII 2e15, a B kaHase repenaércs I1CIT 2e23);

— KaHaj, B KOTOPOM IepefaéTcs MOCIeA0BaTeTbHOCTh, MMEET CIMIITKOM BBICOKMIA
ypoBeHb BER (rmoporoBoe 3HaueHue coctasisiet 0,01).

ITpu HaXkaTuM Ha KHOMIKY = F2  mpouMcXomuT BCTaBKa OGHO GMTOBOI OMIMOKM B Te-
CTOBYIO TIOCIEJOBATEIbHOCTh. KOMMyecTBO creHepupoOBaHHBIX OMIMOG0K OTOOpaskaeTcst

B cTpoke TX Err.

[Tpu HaxkaTtuy Ha KnaBumry F4 («Coxp./3arp.») OCyILeCTBISIETCS ITIepexo] B MEeHIO, B

KOTOPOM BO3MO3KeH BbIBOZ, MH(pOpMaLMM O COXpaHEHHBIX n3MepeHusx (- F1 ), coxpa-

HEeHMe pe3y/bTaTOB U mapaMeTpoB TecToB ( F2 ), a Takke 3arpy3ka ( F3 ) u yganeHue

(' F4 ) coxpaHEHHBIX Pe3yJbTATOB U ITAPAMETPOB M3MEPEHMIA.

D 100

18:47

BERT
HacTporkn

[______Yposen. |

YpoBeHb
Tun nocn. 2e31-1

Momsz. AABBCCDD

Harpyzka (L2) 100 %
AanTencHocTE  01:00:00
Pazmep kagpa [MNocToAHHBA

Kapp 64

Tononorua TecToe
3arcnoBok

2 2

Puc. 15.6. Menw «Hacmpotiku BERT»

YpoBeHb Bb160p ypoBHst Mmozenu OSI, Ha KOTOPOM GyZIeT IPOBOAMUTHCS TECT:
— 1 — dusuveckuit ypoBeHb;
— 2 — kaHanbHbIN ypoBeHb (MAC);
— 3 — cereBoii ypoBeHb (IP);
— 4 — rtpaHcnopTHblii ypoBeHb (TCP/UDP).
Tun nocn. BbI6op cTaHIAPTHOM MM 3afaBaeMojii 0JIb30BaTesIeM TeCTOBOJ ITOC/IeN0-
BaTeJbHOCTHU.
Monb3. BBog, onb30BaTenbCcKoii OC/Ief0BaTeIbHOCTH.

Harpy3ska (L2)

3uauenne uadopmaimonHoii (L2) ckopoctu Bpouentax (- F1 ), Bx6ut/c

( F2 )y s Méut/c( F3 ).

OnutenbHoCTb

3amanue BpeMeHU U3MepEeHWs.
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15. BERT

Pa3smep kagpa

Ecu BbIGpaHO «CryyaiiHplil», TO pasmep Kajpa GymeT M3MEeHSIThCS IO
PaBHOMEPHOMY 3aKOHY B 3a[IlaHHbIX Ipefenax (ITyHKTbl MeHI0 MWH. kaap,
Makc. kaap).

Eciu BbI6paHo «ITOCTOSIHHBIf», TO /I/IS TECTMPOBAHMS GYIYT UCIIONb30BATh-
51 Kafipbl, pasMep KOTOPhIX 3aaéTcs B MyHKTe MeHio Kaap.

Kanp

BBop pa3mepa Kajpa JaHHbIX.

Tononorus TectoB

Iepexon B MeH10 «Toronorus» (cM. pasnen 7.2).

3aronoBoK

ITepexop B MeHIO «3arojioBok» (CM. paspen 7.3).

IMocnemoBaTebHOCTH, UCTIO/Ib3yeMble 151 TeCTUPOBAHMSI, COOTBETCTBYIOT peKOMEH-
nmatyu ITU-T 0.150 [6] v ipencTaBieHbl B Tabauie A.9.

15.1. BERT. HacTtpoiika MPLS

Crek MeTOK [jIs1 TeCTUpOBaHMs 3amaétcs B MeHI0 «MPLS»: M3amepenus = «BERT» =
«HacTpoiikn» = «3aronoBok» = «JlonomHUTenbHO» = «MPLS».

o — ER -  —07.2dBm_07:34

CTek MeTOoK

MeTka
MPLS COS
TTL
MeTka
MPLS COS
TTL
MeTka
MPLS COS
TTL

]
=]

HOOSOOI—‘OOH
=]

]
=]

[ 1 2 2

Puc. 15.7. MeHio «MPLS»

Kon-Bo MeToK

Boi60op KomyecTBa MeTOK (OT 1 0 3), KOTOpoe GymeT H06aBIeHO B repesa-
BaeMblii ITaKerT.

MeTka 3HaveHye MeTKN.
MPLS COS Kracc o6cmyskvMBaHMs akeTa.
TTL Bpemsi xkn3HM nIakeTa ¢ MeTKOIA.
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15.2. BapuaHTbl NOAKNOYEHUSA

¢usnueckas cpena (kabenb)

/

Puc. 15.8. TecmuposaHue Ha ¢usuteckom yposHe (sapuarm 1)

Puc. 15.9. TecmuposaHue Ha Qu3uieckom ypogHe (eapuanm 2)

naJka KaJjpoB

(..
L]

Ethernet-ceth

switch/
router =
ol e

KOHBEpTEp
nnTepdeiicon

% - TaKeT ¢ OMIMOKOM B TECTOBOM MOCIIEI0BATEIBHOCTH

Puc. 15.10. TecmuposaHue Ha KaHanbHOM/cemesom yposHe (sapuarm 1)
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T1a4Ka Kajpos

(1O / Ethemet-cers

switch/

l:l l:l @ l:l router —_

X - TaKeT ¢ OIIHOKOH B TECTOBOH MOC/IEN0BATENLHOCTH

Puc. 15.11. TecmuposaHue Ha KaAHANbHOM/cemesoMm yposHe (sapuarm 2)

IavKa KaapoB

I
LI ]

X - IaKeT ¢ OUIMOKOH B TECTOBOM I0C/IEI0BATEIILHOCTH

Puc. 15.12. TecmuposaHue Ha KaHAIbHOM/Cemesom yposHe (sapuarm 3)



16. Bapuauua 3agepxku

BaskHoit 3amaueit mpu ananm3se Ethernet-ceteit iBnsieTcs onpepeneHye MakeTHOTO IKAT-
Tepa 1 3a7iepskKku. B cooTBeTcTBUM ¢ MeTouKo# RFC 4689 [5], makeTHbI AKUTTEP — 3TO
abCoIOTHAS PA3HOCTH 3aIePyKeK PACIIPOCTPAHEHMS ABYX MOCTEA0BATEIbHO TPUHSTHIX
MaKeTOB, MPUHAJIeXaIINX OGHOMY IIOTOKY JaHHbIX. ITOT MapaMeTp UCTIOAb3yeTCs IS
OIIeHKM BO3MOYKHOCTM CETU TepefaBaTh YyBCTBUTEIbHBINA K 3aiepkkaM Tpaduk, Ta-
KO, KaK B0 Uau peub. DyHKUIMS aHA/IN3a MAKeTHOTO JIKUTTepa U pacrpeneneHus
3aeP>KKU SIBJISIETCS OTIMEIA.

D 106G SR - —2.6cdBm__16:14

Bapuaums 3agepxku
OTyeT nNo axMTTEPY
ET 00:00:31 RT 00:00:29

PKTs 4,699e+08
000Ps 0, 000e+00 #000Ps 0,000
INOPs 4,699e+08 AINOPs100, 000

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

Hacrponki

Crapt Jagepsra  Pacnpesenenve Coxp./3arp.

Puc. 16.1. Sxkpan «Bapuayus 3adepxcku. Omuém no oxcummepy»

ET Bpems, npouenuiee ¢ Havaua Tecra.

RT Bpems, ocraBuieecs: ;O OKOHYaHMS TeCTa.

PKTs OG11ee KOMNYECTBO IIPUHSITHIX ITAKETOB.

000Ps KomnnuecTBO MMakeToB, IPUHSTHIX HE B TOM ITOPSI/IKE, B KOTOPOM OHY GbUIY OTIIPABIIEHBI.

%000Ps KonynuecTBo makeToB, IPUHSTBIX HE B TOM MOPSIZIKE, B KOTOPOM OHM ObLIV TIepe/iaHbl, B
MIPOLIEHTAX OT OGIIEro KOMMYeCTBa IPUHSTBIX TAaKETOB.

INOPs KonyuuecTBO MMakeToB, MPUHSTHIX B TOM JKe MOPSIZIKE, B KOTOPOM OHY GbLIY OTIIPABIIEHbI.

%INOPs KomnuuecTBO IakeToB, IPMHSTBIX B TOM e IOPsIAKe, B KOTOPOM OHY GbUIY OTIIPABJIEHBI,

B IIPOLIEHTaxX OT oﬁmero KOJIM4YeCTBa MPUHATBIX ITaKETOB.

< ms %PKTs KonmyuecTBO MPUHSITHIX TAKETOB (MIPOLIEHT OT OGIETO YMCIIA), AKUTTEP/3a0ePiKKa KOTO-
PBIX MeHbllle 33JaHHOT'0 TI0pora.
Ipumeuanue: naHHas1 BelMUMHA He M3MepSIeTCs AJIST 3alepskKKy [IPU TIPOBefeHMsl Te-
CTMPOBaHMS TI0 CXeMe, TIPe/ICTaBIeHHO Ha puc. 17.3. B aToM cityuyae B cTpoke 0TO6pa-
SKaeTcs «n/a».

>=ms %PKTs KomuecTBO MPMHSTHIX TAKETOB (MIPOLIEHT OT OOIIEro YMCIa), AKUTTEP/3aIePKKa KOTO-
PbIX GObIle VIV PaBHbI 3aTAHHOMY MODPOTY.
Ipumeuanue: naHHas BeIMUMHA He U3MePSeTCs AJIS 3aJepKKU MIPU IPOBeJeHNs Te-
CTMPOBaHMSI IO CXeMe, IPe/ICTaBIeHHOIt Ha puc. 17.3. B aToM ciyuae B cTpoke 0To6pa-
JKaeTcs «n/ax.

Hactpoiiku Tlepexon B MeHI0 «Bapuauys 3agepsxku. HacTpoiikm».
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[Tpu HaxkxaTuy Ha kiaBulry  F1 - («CrapT») HAUMHAETCS ONpene/ieHK e IKUTTepa U 3a-
Jep>KKY pacIpOCTPaHeHs [TaKeTOB, [OCTYIIAIIMX Ha TeCTOBBI MOPT.
J11s1 IepeKIIIoueHuss MeXIy pe3ylbTaTaMy U3MepeHu (IKUTTep/3aiepKKa) ciaenyer

Ha)KMMaTh Ha KinaBuury  F2

IMpu HaXkaTuM Ha KIaBuiy F3  («PacrmpemeneHye») OCYyIeCTBIISIETCS TEPEXOJ K 9Kpa-
HY, cofiepsKalieMy MHGOPMAINIo O pacrpenee i IKUTTepa (3aepKKiA).

D 10G_SR - -2,6dBm__16:15
Bapmauyma zagepkkm
PacnpepeneHne axvTTepa

xmrrep.ms [lakeTw. %

4 0.000.,. 12,500} 100,000
( 12.500... 25,000) 0,000
{ 25.000,,., 37.500) 0,000
{ 37.500... 50.000) 0,000
{ 50,000,,, 62.500) 0,000
{ B62.500... 75.000) 0,000
{ 75.000,,., 87.500) 0,000
{ 87.500... 100.000) 0,000
{ 100,000, ., ) 0,000

CrapT Jagepara Tpadiis Cowp,+Jarp.,

Puc. 16.2. dxpan «Bapuayus 3adepycku. PacnpedeneHue Oxummepa»

Ha skpaHe oTo6paskaloTcs ABa CTOIOIA: B [IEPBOM IIPUBEIEHbI TPAHULIbI TTOIbIHTEP-
BaJIOB, BO BTOPOM — KOJIMYECTBO IMAKeTOB (B MPOLIEHTAX), IXKUTTEP/3aepsKKa KOTOPbIX
ToMnaau B onpeeNneHHbI NOIbIHTEPBAJI. BepxHsis TpaHulla MHTepBasa 3aJaeTcs B Me-
HIO «Bapuaiius sagepskku. HacTpoiiku» 1 0603HaueHa Kak «IIopor mkurtepa, Mc» («I1o-
por 3aziepXXku, Mc»). IHTepBal OT Hy/Is1 [0 3aJaHHOTO ITopora JeIuTCs Ha ONpelenéH-
HOEe YMCJIO MOABIHTEPBAIOB; 10 pe3y/bTaTaM TecTa JIJIsl KaskKA0ro MogbIHTepBasa B rpa-
BOM CTO/1611e 0TOOpakaeTCsl IPOLIEHT ITAKETOB, IKUTTEP/3a0ePSKKA KOTOPBIX HAXOOUTCS
B 3TUX IIpefienax.

[pu HaskaTuM Ha KaaBuiry  F3  («I'paduk») oCyliecTBIsSeTCs Iepexof, K IKpaHy, co-
IepskaiieMy rpadmyeckoe IpecTaBieHMe pacipeneaeHus IaKeTHOTO IKUTTepa.

MO 10G SR = —2,.6dBm_ 16:15

NareT. i MakeTHuH LEHTTER
1o

1|

&1

41

21|

Uy 12,5 25,0 3745 S0.0 B2,5 750 8745 100,0 int
LuuTTEp. ns
Janepwea Oraér Coxp,/3arp.

Puc. 16.3. Ixpan «IlakemHslii dxcummep» (epaguxk)
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[Tpy HaxkaTuu Ha knapuiry F4  («Coxp./3arp.») IpOUCXOOUT Iepexof, B MEHIO, B KO-
TOPOM BO3MOXEH BbIBOJ, MH(GOPMALIYM O COXpPaHEHHBIX M3MepeHUsx (- F1 ), coxpaHe-
HMe pe3y/lbTaTOB U MapameTpoB TecToB ( F2 ), a Taxke 3arpyska ( F3 ) u ymaneHue

(' F4 ) coxpaHEHHBIX Pe3yJbTATOB U ITApaMeTPOB M3MepeHuii (CM. pasaen 19).

[ 10G SR = —2,.6dBm__ 16:18

Bapuauma sageprku
HacTporkm

Brn
Mopor axmTTepa 100
Mopor zagepxkn 100

AanTensHocTE  00:01:00

leHepaTop Tpapuka

[ [

Puc. 16.4. Menrw «[lakemHulii Oxcummep. Hacmpotiku»

leHepaTop BriTioueHe/BbIKIIOUEHME TeHepaTopa TecToBoro Tpaduka. [Ipu Bbi6O-
pe «Bxki» reHepaTop GyzeT BKIIOUATHCS PK 3aIycke Tecta «Bapuarmst
3a7,ePXKKI».

Mopor pxutTepa, Mc IMoporoBoe 3HaueHue IKUTTEpPA.

Mopor 3apepxku, MC IMoporoBoe 3HaueHMe 3aA€PXKKU.

[nutenbHocTb Bpems ripoBeneHust Tecta «Bapuanus 3ajepsKKm».

leHepaTop Tpaduka Iepexon B MeHI0 «['eHepaTop TpadmKar.
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17. TeHepaTop Tpaduka

qDyHKLU/IH reHepanmumn TpaCb]/IKa MMO3BOJISIET CO37]aBaTh T€CTOBBIN MTOTOK qupréx T™-

MOB:
— «IIOCTOSIHHBIN TpaduK» — reHeparys IakeToB ¢ HeM3MEeHHBIM 3aroJIOBKOM (CM.
pasgen 17.1);
— MAC flood — nociemume 3 6aiita MAC-agpeca MCTOUHMKA MEHSIIOTCS TI0 TICEBI0-
CIydalfHOMY 3aKOHY (CM. pasgen 17.2);
— IP flood — nocnemumit 6aiit IP-ampeca mosyyaTesisi MEHSIETCS 110 TICeBIOCTyYari-
HOMY 3aKOHY (CM. paspen 17.2);
— VLAN flood — 6utbt VLAN ID 1 VLAN Priority MeHSIIOTCS IO TICEBAOCTYIATHOMY
3aKoHy (cM. paszen 17.2).
B 10G_SR - —2.7dBm_16:17
IeHepaTop TpapWka
Buikn
Tun Tpapuka MAC pnyn
AamTencHocTe  10:01:00
Harpyaka (L2} 100 %
Paamep kappa [ocToAHHBA
Kapp 168
3aronoBok
ET ——i1—:— RT ——i——i——
Bikn Brn
Puc. 17.1. MeHio «[eHepamop mpaguka»
rEHEpaLIMﬂ BKJ'IIO‘{EHI/IE/B]:IK}'IIO'—IGHVIE re”Hepanuuy TeCTOBOIO IIOTOKA.

Tun Tpaduka

Br160p Tma Tpadmka ajist reHepaiyu: nocrosiHHbii, MAC flood, IP flood man
VLAN flood.

[OnutenbHoCTb

Bpewms1, B TeueHue KOTOPOTO OyeT IPOUCKXOANUTH TreHepaLyst Tpaduka.

Harpyska (L2)

3uauenne undopmaiyonHoii (L2) ckopoctu B nporenTax (- F1 ), B k6ut/c

( F2 yym s Mé6ut/c ( F3 ).

Pa3smep kagpa

Ecmn BbIGpaHo «CiyyaiiHplil», TO pasMep Kafpa OyoeT M3MEHSTHCS I10
paBHOMEPHOMY 3aKOHY B 3a[JaHHBIX Mpefesnax (ITYHKTBI MeHIO MuH.Kkaap,
Makc. kaap).

Ecu BbIGPaHO MOCTOSHHBIN, TO A/l TECTUPOBAHMS GYMYT MCMOIL30BAThCS
Kajipbl, pa3sMep KOTOPBIX 3a[aéTcsl B MyHKTe MeHIo Kazp.

Kapp

Pasmep kazpa (1060e 3HaUeHMe B rpegenax ot 64 no 9600 6aiir).

3aronoBok

Tepexop B MEHIO «3ar0Ji0BOK».
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86 17. TeHepaTop Tpaduka

ET Bpewms, mpolenuiee ¢ Hayaia reuepauny Tpaduka.

RT Bpewms1, ocTaBileecst 10 3aBeplieHyst reHepanyy Tpaduka.

17.1. NocTosiHHbIN TpadUK

@OyHKUMS reHepalyy IIOCTOSTHHOTO TECTOBOTO TpaduKa MokeT IPUMeHSThCS ITPY OIpe-
JleJleHUM JKUTTepa UK 3aJlePKKU.

Cy1ecTByeT BO3MOXXHOCTb TeHepalyuy TeCTOBOro II0TOKA M M3MepeHMsI TaKeTHOTro
IDKUTTepa/3amepskku Ha mopty 1G/10G mpubopa (cMm. puc. 17.2), a TakKe reHepaluu Te-
CTOBOTO MTOTOKA Ha MOPTY JIOKaJabHOTo mpubopa (bepkyt-ETX mnu bepkyt-ET) u nsme-
PEeHMS IKUTTEPA/3aePXKKY HA ITIOPTY, KOTOPBIN pacronaraeTcs Ha yoaleéHHOM Ipubope
(BepkyT-ETX mnu BepkyT-ET), cm. puc. 17.3.

réHepanusa TECTOBOIo IOTOKa

=

opr 1G/10G

OIIPEACIICHUE JUKUTTEPA

Puc. 17.2. I'enepayus nocmosHHozo mpaguxa. Cxema 1

nokanbHbii bepkyT-ETX/BepkyT-ET nuctannuonuslii bepkyT-ETX/bepkyT-ET

TCHEpanud TECTOBOTO MOTOKa

|
|
v
nopr 1G/10G
—_— _—
nopt 1G/10G

orpe/ieieHue JUKUTTEpa

Puc. 17.3. Il'enepayus nocmosHHozo mpaguxa. Cxema 2

Jlyis mpoBeieHNsT TeCTUPOBaHus pu nopgkaouenuy bepkyr-ETX Kk ceTu B cOOTBeT-
CTBUM CO CXeMOI1, TpeCcTaBAeHHOI Ha puc. 17.2, HEOOXOOMMO:

1. TlepeiiTu B MeHI0 «IlapameTpbl ceTu», 3agaTth [P-aapec mopra 1G/10G mnn y6e-
IUTBCST, YTO IpKU6OP monyumi BepHslit IP-anpec o mpotokony DHCP.
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2. TlepejiTu B MeH10 «Bapuauus 3agepxku. Hactpoiiku»:
— BKJIIOUUTB reHepaTop TeCTOBOro Tpaduka;
— 3a7aTbh TpebyeMyI0 BeIMUYNMHY II0POra;
— 3a7aTh JIUTEIbHOCTb M3MEPEHMIA.
3. IlepetiTu B MeH10 «I'eHepaTop Tpadmkar:
— BBINIOJIHUTD HACTPOJKY [TapaMeTpOB reHepaLuiy;

— BBIMIOJIHUTH HACTPOIKY ITapaMeTpPOB 3aroJIOBKa B COOTBETCTBUY C ONTMCAHM-
eM, IpeACTaBIeHHbIM B pasnenax 7.3 u 7.4);

— ecau B MeHI0 «Bapuanyg sagepskkut. HacTpoiiky» BBIK/I0UEH reHepaTop, BKIII0-
YAUTH FeHepanuio TeCTOBOro MOTOKa.

4. TlepeiiTu B MeHIO «Bapuanys 3agepskku. OT4€T», HakaTb Ha Knapuury - F1 («Crapt»).
[l mpoBeieHs TeCTMPOBaHMS IIPY IMOAK/IIOUEHNY JIOKAJIbHOIO U AVICTAaHLIIOHHOTO

rpubopa K CeTu B COOTBETCTBUM CO CXEMOIA, MpeCcTaBIeHHOIi Ha puc. 17.3, HeoOXomu-
MO:

—_

Ha jioka/JIbHOM ¥ Ha AMCTAHIIMOHHOM IIpMOOpe MepeitTu B MeHI0 «I[lapaMeTpbl ce-
Ti», 3aJaTh IP-ampec mopta A win y6eauThCst, YTO IPUGOP MOMYUMUI BepHbIit IP-
agpec o mporokosy DHCP.

2. Ha moxkanbHOM IpubOpe nepeiiTu B MeHI0 «TeHepaTop Tpadukar:
— BBIMIOJIHUTD HACTPOJIKYy ITapaMeTPOB reHepalnu;

— BBINOJIHUTDb HACTPOJIKY MapaMeTPOB 3arojoBKa B COOTBETCTBUM C OMMCAHU-
eM, [peACTaBJIeHHbIM B pasjenax 7.3 u 7.4.

3. Ha mucraHUMOHHOM NpubOpe nepeiiTi B MeHI0 «Bapuanus 3agepxku. HacTpoii-
KW»:

— BBIK/TIOYMATD T€HEPATOP TECTOBOrO Tpadmka;
— 3a7aTh TpeGyeMyIO BeIMUNHY TIOPOTa;
— 3a/1aTh BPeMsI U3MEPEHMSI.

4. Ha nokasbHOM npubope repeiiTt B MeHIio «[eHepaTop TpaduKka» 1 BKIIOUUTH re-
Hepaluio TeCToBOro Tpadmka.

5. Ha gucraHLMOHHOM Ipubope mepeiiT B MeHIo «Bapuauys 3amepskku. OTUéT»,
HaXaTb Ha KnaBuury  F1 («Ctapt»).
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17. TeHepaTop Tpaduka

17.2. MAC/IP n VLAN flood

Pesxumbl MAC, IP 1 VLAN flood! 1mo3BosIsIIoT IpoM3BecTy TeperonHe e afpecHoii
MaMST (Tabauibl KOMMYyTAIMM) KOMMYTAaTOpa ¥ OMPeenThb, CYLIeCTBYeT JIM B HEM
3alMTa OT TAKOTO BU/IA aTaK.

[jist TpOBEeIeHMsI TECTUPOBAHMSI CJIEIYET:

TMogkmounTs opt 1G/10G mpubopa K KOMMYTaTOpYy.

IMepeiity B MeHI0 «[TapameTpsl ceTu», 3agath IP-aapec mopra 1G/10G mnu y6e-
IUTBCS, YTO TPUGOP Momyumt BepHblii IP-agpec o mpotokony DHCP.

[epeiiTu B MeHI0 «I'eHepaTop Tpabukar:
— BBINOJHUTD HACTPOJIKY [TapaMeTPOB TeHepaLuy;

— BBIMIOJIHUTH HACTPOIKY NTapaMeTPOB 3aT0JIOBKA B COOTBETCTBUMU C OMIUCAHU-
eM, MpeACTaBAeHHbIM B pasgenax 7.3 u 7.4.

B meH10 «Bapuaums 3agepskku. HacTpoiikm» BKIIOUUTDL TeHEPATOP TECTOBOIO Tpa-
¢duka: Ha TeCcTUpyeMoe YCTPOCTBO 6YIYT MIPUXOAUTH ITaKeThl, ComepsKame pas-
nuunble MAC/IP-anpeca, a Takske VLAN ID u VLAN Priority.

B 6a30BYy10 KOHOUTYPAIMIO He BXOAAT. [IOCTYITHBI IPY IOMOTHUTETbHOM 3aKa3e OTLIMIA.



18. CraTucTtnka

ITpn60p BepkyT-ETX ocyiecTsisieT c60p ¥ OTOGpaskeHMe CTaTUCTUUECKO MHDOP-
Maluu 1o MPUHMMAaEMOMY U TlepefiaBaeMoMy TpaduKy Ha GU3UIECKOM, KAHAJIbBHOM U
CeTeBOM YPOBHSIX B COOTBeTCTBUM ¢ MeTongukoi RFC 2819.

CraTucTuueckme AaHHbIE MpeJCTaBlIeHbl HA HeCKOMbKUX dKpaHax. [jisl mepekioye-

HMA MEXAOY 3KpaHaMM MCIIOJIb3YIOTCS KIaBUIIN @

TUX Ha Kiasuury  Fi

(«C6poC») MPOUCXOOUT COPOC CTATUCTUKMA.

18.1. CBoaHaa cTaTUCTUKA

EEd 106G ER - ©.3dBm__ 13:06

CraTtncTHka

Rx kappw
Tx kagpw
Rx GadTh
Tx GanTh 388
Rx Kéut/c

oW

Chpoc <4 B>

Puc. 18.1. Skpau «Cmamucmuka»

win F2 / F3 | [Ipu Haxa-

Rx kappbl KonnuecTBO NpUHSTHIX KagpOB.

TX Kagpbl KonnuecTBo nepesaHHbIX KapOB.

Rx 6aiTbl YnCIo MPUHATHIX 6afTOB.

Tx 6aiTbl Yuicio nepeaHHbIX 6aiiTOB.

Rx Kéut/c VHdopmanys o TeKylieii Harpy3Kke Ha IPUEMHOI 4acTy TIOpTa.
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90 18. Cratuctuka

18.2. CraTMCTUMKa NO TUNaM Kaapos

EEd 106G ER - 0.3dBm_ 13 07
CTaTMCTUKa Mo TUNaM Kagpoe
Tvn Rx Tx
Broadcast ] 3
Multicast L] v
Unicast ] [s]
Chpoc <{ 2

Puc. 18.2. Ixpan «Cmamucmuka no munam kaopoe»

Broadcast Kagps! ¢ mmpoKkoBelaTenbHO afpecanyent.
Multicast Kagpsl ¢ rpyminoBoit agpecaumeii.

Unicast Kagpsl ¢ eqyHMYHOI afpecaueit.

Rx Uncno NpUHSTHIX KaJpOB.

Tx Uucno nepefaHHbIX KaJpOB.

18.3. CraTucTMKa No pasmMepam Kaapos

EZd 10G ER - ©.3dBm__ 13 08

Crar. no pasmepaMm kappoe
Pazmep Rx T:
< 64
64
65..127
128, ,.255
256..511
512,.1023
1024..1518
> 1518

CCooOO0O0o
CoCWOOOOXK

Chpoc <L >

Puc. 18.3. Ixpan «Cmamucmuxa no pazmepam Kaopos»

Pa3mep Pasmep kajapa (B Gaiitax).

Rx Yucno npUHATHIX KaJpoB.

Tx Unucno nepefaHHbIX KapOB.




18.5. CratucTuka: owmnbku Kanpos
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18.4. CraTUCTHUKaA NO YPOBHAM

E=d 106G ER - 0.3dBm__ 13:09
CTaTUMCTHKA Mo YpPOBHAM
YpoBeHb Rx
2 L]
3 L]
Chpoc <{ 2

Puc. 18.4. Dxpax «Cmamucmuka no ypogHsm»

YposeHb 2 KomnuectBo npuHATHIX (RX) KaApOB Ha KAHAJIbHOM yPOBHeE.

YpoBeHb 3 KonnuectBo npuHATHIX (RX) KaApOB Ha CETEBOM YPOBHe.

18.5. CraTucTHKAa: OLUMOKHU KaapoB

EEd 106G ER - 0.3dBm_ 13 10
CTaTUCcTHMKa: OWMGKHU KafpoB
Rx
CRC L]
Runt L]
Jabber ]
Chpoc <{ 2

Puc. 18.5. dxpan «Cmamucmuxa: owubKu Kaopoe»
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CRC KonnuecTBO MPUHSATHIX KaAPOB, MUMEIOLINX OLUIMOOUHYI0 KOHTPOIBHYIO CyM-
My.
Runt KonyuecTBo NPUHSTHIX TAKeTOB JAHHBIX IJIMHON MeHee 64 6aiiT ¢ TpaBUIb-

HOV KOHTPOJIbHO¥ CyMMOIA.

Jabber KonnuecTBO MPUHATHIX MTAKETOB JaHHBIX pa3mepom Gosee 1518 Gaitt, nme-
IOIIMX HEeMPaBWIbHYIO KOHTPOJIBHYIO CYMMY.




19. CoxpaHeHHue pe3ynbTaToOB TECTOB U CTAaTUCTUKMU

MeH10 «Pe3ybTaThl» CIYKUT JIJI TPOCMOTpa MHGOPMALIMY O COXPaHEHHBIX M3Mepe-
Huax (- F1 ), 0 coxpaHeHus pe3y/iabTaToB (B TOM YMC/Ie U CTaTUCTUKU) U [IapaMeTpOB

TecToB ( F2 ), a Tacke s 3arpy3ku ( F3 ) unm ypaneHus ( F4 ) coxpaHEHHBIX pe-
3y/ITaTOB M IIapaMeTPOB U3MepPEeHUI.

EZd 10G ER - ©.3dBm__ 13:11

Pezynstatw
HMa zanmck Bpema coxpaHeHWs
Bl testi 20-01-2011 13:11:06

[

LONDARWN

10

WHpoprayua CoxpaHuTE 3arpyzmTE Ypanute

Puc. 19.1. MeHio «Pe3ynomamui»

st IIpoCcMOTpa HO,E[pO6HOI71 I/IHd)OpMaL[I/II/I O 3alucu HEO6XO,E[I/IMO HaXaTb Ha KJIaBU-
my F1

EZd 10G ER - 0.2dBm__ 13 12

WHpopmalma o 3armcn
Mia sanucu:  testl ( 20-01-2011 13311206 )

F=o-zanpoc
Mapupyr
TCP kaueHT

Puc. 19.2. Mentw «HHpopmayus o 3anucu»

Il1st coxpaHeHusT JaHHbIX He06X0AMO:

— BbIOPATh HOMED, TIOZ KOTOPBIM OYIYT COXPaHEHbI U3MEPEHUSI;

— HaxaTb @;

— BBECTU M4 3allUCH;
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94 19. CoxpaHeHue pe3ynbTaToB TECTOB U CTaTUCTUKMU

— HaxaTb @;

— HaxaTb F2 («CoxpaHUTb»).

JI71s1 3aTpy3Ky COXpaHEHHBIX Pe3y/IbTATOB M3MepeHNit 1 TapaMeTPOB TeCTOB HE0OX0-
IVIMO:

— BbIOpaTh HOMEp 3aIuCH;

— HaxaTb F3 («3arpysurb»).

[t yoaneHusi COXpaHEHHBIX pe3yabTaTOB M3MepeHui HeoOX0IMMO:
— BbBIOPATh HOMED 3aIMMCH, KOTOPYIO HY>KHO YOATUTB;

— HaxaTb F4 («Ypgamutb»);

— HaxaTb F3  («Ja»).



20. NapamMeTpbl ceTU

—————— - 23 16

LAN

Macka nogcetn 255,2055,255.0

NapamMeTpw ceTh
DHCP  Bkn
IP appec 192.188,222,155

llnwz 192_.168.222_,100
DNS 192,168,222,101

MPLS Buikn

Tect

LAN

Puc. 20.1. Menio «[lapamempuol cemu»

NHTepdeiic Boi6op nuTepdesica (TecroBoro miau LAN) /11 HACTPOKM

DHCP ITpu BKIIOYeHMM 31oit GyHkuym IP-agpec mopra, Macka moxcetu, IP-
anpec uutio3a u IP-agpec y3na, KOTopsiit comgepskut 6asy DNS, 6ynyT
MpefocTaBieHbl TecTepy cepBepom DHCP aBTOMaTnyecku

IP-anpec IP-agpec nopra (TectoBoro uay LAN), mapameTpbl KOTOPOro HacTpa-

MBAIOTCSL.
VYeraHoBuUTb IP-apec MOKHO OfHMM U3 JBYX CIIOCOGOB:

— BBectu [P-aspec BpyuHyio (IIpU 3TOM MYHKT MeHI0 «DHCP»
TOJKEH HaXOAUTHCSI B COCTOSIHUM «BBIKI»);
— mnonyunts IP-agpec o nporokoay DHCP, BeIGpaB MyHKT Me-

H10 «DHCP» 1 HaXaB Ha Kinasuiry ~ F2  («BK1»): IIOMTydeHHbII

azfipec GyZieT KOPPEKTHBIM, eC/IV OTOOPA3UTCSI B TYHKTE MEHIO
«IP-agpec» no ucreyeHnu He Gonee uem 1-2 cekyHZ.

Macka nogcetu

OrmpepensieT, Kakasi yacth [P-ajpeca, yKa3aHHOTO B IPeIbIAYIIEM
ITYHKTE, OTHOCUTCSI K afipecy CeTy, a Kakasi — K afpecy y3/a B CeT!

LWnto3 [P-appec nuto3a
DNS IP-azpec y3/1a ceTy, KOTOPBIi COnepskKUT 6a3y JaHHbIX DNS
MPLS BxiioueHne/BbIKITIOUEH e BO3MOKHOCTY OTIIPAaBKY MTAKeTOB C MeTKa-

MM 7151 TecToBoro ropra u mopra LAN. ITpu Bei6ope 3HaueHusT «BbIki»
MyHKT MeHI0 MPLS (MeHIo «[TapameTpsl MHTEP(DECOB») CTAHOBUTCS
HeZIOCTYIIHBIM 151 PelaKTMPOBAHUS

Ipumeuanue: 1P-agpec nuto3a u IP-agpec y3ia ceTu, KOTOPbIil COOepKUT 6a3y JaH-
HbIX DNS, 3a7a10TCs1 He3aBUCUMO [IJIS1 K&XKI0TO MOopTa.
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21. NapameTpbl MHTEpdelicoB

o 100 — - 23100

MNapaMeTp HMHTeppercos

HHTeppernc Kt

Pexum fAeTocorn,{1G)
MAC agpec ©00:21:CE:10:03:31

ABTOCOr .
VLAN
MPLS
Tect LAH

Puc. 21.1. Menrw «[lapamempsl uHmepgeticos»

UHTtepdeiic Boi6op mHTepdesica st HaCTPONKM

Pexxum Boi6op peskuma pabotsl nHTepdeiica: 10G (mns mopra 10G ¢ momynem SFP+
ycraHaBiauBaetcsi ckopocts 10 T'6ut/c), 10G(WAN) (WAN-pexxum — Bapu-
anT 10G Ethernet, agantupoBaHHbIit 1yt paboThi B cetsix OC-192), ABTOCO-
1.(1G) (pexxum aBTOcomiacoBanust Ans nopra 1G), 1000/100/10 (yctaHOB-
ka ukcupoBanHoit ckopocty 1000 M6uT/c, 100 M6ut/c wian 10 M6ut/c mist
nopra 1G). [Tpu Bei6ope «ABTOCOI.(1G)» CTAHOBUTCS JOCTYITHBIM ITYHKT Me-
HIO «ABTOCOIL.»

MAC agpec MAC-aapec niopta (A min LAN), mapameTpbl KOTOPOTO HaCTpaVIBaIOTCHI
AsTocorn. Tlepexon B MEHIO «<ABTOCOITIACOBAHME»

VLAN Ilepexon B MeH10 «VLAN» (cM. puc. 7.6)

MPLS Iepexon B MeHI0 «MPLS. UuTepdeiic A»

Tpu nakatuu Ha xnasumry ~ F1 (TTo ymonuanmio) B kauectse Tekymero MAC-aapeca nofcrasnsiercst MAC-
afipec MopTa, yKasaHHbI B MeHI0 «IHGopMarms».
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21. NapameTpbl UHTepdecoB

B 100 —— - 11:28
ABTOCOI .
1000 W]
100 Bkn
10 Bkn
Brikn Brn

Puc. 21.2. MeHio «AgmocoznacosaHue»

HOns YCTaHOBKM COeAVHEHMS C TeCTUPYyeMbIM O60py,HOBaHI/IEM B peXXmme aBTOCOIIa-

COBaHMsI HEO6XOOMMO BbIOPATH MpEeANoUnTaeMble CKOPOCTU
knasym  F1 y F2

coeaMHeHMs C IIOMOUIbIO

CoenyHeHue 6y,ELET YCTaHOBJIEHO TOJIBKO B TOM C/Iy4yae, eC/IM Ha ITPOTUBOITIO/IO)KHOM
KOHIIE€ TAKXKe MCIIOJIb3YETCA aBTOCOITIaCOBaHME, M KaK MMHMMYM OOHAa IMpearnodymrae-

Masi CKopocTb coBnagaet. CoelMHeHMe yCTaHABIMBAETCS Ha
CTU, MAaKCUMAaJIbHO J7Is1 060MX YCTPOICTB.

= — FR - —27.4dBm__ 12:32

MPLS. HuTepgpenc A

Nepepaua

MNprém

Aapec LSR: 0,0,0,0
Mepegada He CHOHGUPYPHPOEAHA

MpuEn He cROHBUrYPHPOESH

Puc. 21.3. Mento «<MPLS. Unumepeetic A»

NpelrnouynTaeMoil CKopo-

MNepenava ITepexop B MeHI0 «[lepenauax.

MNpném Tlepexon B MeH10 «IIpaBuia mpuémar.

Takke Ha 3KpaHe oTo6paxkarTcs mapameTpbl MPLS, 3amanHbie B MeHI0 «[Ipuém» u

«[lepemaya».
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= — ER -

—27.4dBm__12:33

MNpaewno
IP nogcetH
Macka nogceTw

Nepepaqa

Appec LSE e«

Buikn
0,0,0,0
255.255.255.0

CTtek MeTOK

Puc. 21.4. Menro «Ilepedaua»

Anpec LSR IP-agpec nHTepdeiica MapmIpyTU3aTOPa, OCYIECTBIISIONIEr0 KOMMY-
TaLMIO [0 METKaM, K KOTOPOMY MO K/IIOUeH pu6op.

Mpasuno BrirroueHMe/BBIKIIIOUEHME TTPaBMiIa Ha OTIIPABKY [TAKeTOB B MOJICETh,
rapaMeTpsl KOTOPO#i 3aJaI0TCSI HIDKE.

IP noacetn IP-agpec noxceTu.

Macka noacetu

Macka mozceTu.

Crek MeToK

Tlepexon B MeHI0 «CTeK METOK».

EEs — ER - —27.4dBm__ 12:34

CTeKk MeTOoK
2
MeTtka ©
MPLS COS5 ©

TTL 128
Metka ©
MPLS CO5 ©

TTL 128
MeTtka ©
MPLS COS5 ©

TTL 128

BEtikn 1 2z 3

Puc. 21.5. Menio «Cmex memox»

Kon-Bo meTokK

Boi6op KommyecTBa MeToK (OT 1 7o 3), KoTopoe GyzmeTr no6aBieHO B
repeiaBaeMblii MakeT.

MeTka 3HaveHye MeTKN.
MPLS COS Kracc o6cmysknBaHmst akeTa.
TTL Bpems sku3HM rakeTa ¢ METKOI.
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== — ER - —27.4dBm__12:3%
Mpaeuna npuema
2
Metka 1 ©
MeTtka 2 ©
MeTtka 3 ©
Brikn 1 2 E

Puc. 21.6. MeHio «[Ipasuna npuéma»

Kon-Bo MeTok BbI60p Ko/IM4yecTBa METOK B IIPMHMMAaeMBbIX ITaKeTax.

Metka 1, MeTka 2, MeTka 3 3HaueHye MeTKU.




22. YcTaHOBKM nNpubopa

22.1. HacTtpotika gucnnes

E=d — ER - —27.4dBm_ 12 41

Avcnnen 1 np.

W 14
Aprocte [l 18 %
UeetHocTe [ 20 %
KontpactHocTe 28 %

3eyk knaeum Brn

LCD aBToBHKA Bhikn
ABTOBHKANYEHWE  Boikn

Puc. 22.1. Menw «Jucnneti u np.»

SIPKOCTb MHAMK.

Vi3smeHeHMe SIPKOCTY CBETOAMOAHBIX MHAMKATOPOB JIMLIEBOH TTaHeIn KOpITyca
npu6opa.

ﬂpKOCTb N3smeHeHne SIPKOCTY MOACBETKM 3KpaHa.
LiBeTHocTb VI3MeHeHMe 1IBETHOCTU I/l306pa)KeHI/[${.
KOHTpaCTHOCTb N3smeHneHnne KOHTPaCTHOCTU MSOGPB)KEHMF{.

3BYK KNaBuLw

BrmoueHue/BbIKIIIOUeHME 3BYKa Ha)KaTy KjIaBUII.

LCD aBTOBbBIKA.

B mosie MOXKHO 3a7aBaTh CJIeAYIONMe 3HAYEHNSI aBTOMATUUECKOTO BBIK/TIOUE-
Hus moacBeTKu: Boiki, 20 ¢, 40 ¢, 60 ¢; o151 yBenueHus BpeMeHM aBTOHOMHO
paboThl BhIGEPUTE MUHMMATBHOE 3HAUEHME.

ABTOBbIK/IKOYEHME

B nosie MOKHO 3aaBaTh CJIefyIolye 3HaUeHUs] aBTOMaTUYeCKOrO BBIK/IIOYUe-
Hus ipubopa: Beiki, 1, 5, 10 MUHYT.
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102 22. YctaHoBKM npubopa

22.2. OCHOBHbIE€ HaCTPOMKHU

E=d — ER - —27.4dBm__ 12:42

OCHOBHBE HACTPOMKM
A=k RUS

flata  20-01-2011
12:42:50

Puc. 22.2. Menio «OcHOBHble HACMPOUKU»

A3bIK CmeHa s13bika MHTepderica.
DaTta YcraHoOBKa JaThl.
Bpems YcTaHOBKA BpeMeHU.

22.3. Uudopmauusa

= — FR - —27.4dBm__ 12 43

WHipopmaums
MCU w.0.0.5-4
5YS FPGA v
EXP FPGA w
BOOT v,
FILES w.0.
HWREY b(2.2/2,1)
S/N 8004
MAC A 00:21:CE:10:00:21
MAC LAN 00:21:CE:10:00:22

{c) MeTpoTek

WHpoprayua Bpeta

Puc. 22.3. dxpan «HUHpopmayus»

MCU Bepcust nporpammbsr MCU.

SYS FPGA Bepcus mukpokopa system FPGA.
EXP FPGA Bepcus mukpokoza expansion FPGA.
BOOT Bepcus 3arpysumka.

FILES Bepcust ¢daitnoBoit cuCTeMBI.




22.4. Akkymynatop 103

HWREV Bepcust MaTepMHCKOI TJIAThI U TUIAThI PACIIMPEHMUS.
S/N CepuitHblit HOMep.

MAC A MAC agpec nopra A.

MAC LAN MAC appec nopra LAN.

[Tpy HaxkaTuy Ha KnaBuiLy F2  («Bpemsi») OCyILeCTBJISIETCS TTepeXor, K SKpaHy «Bpe-
M paboThI».

TeKyu.Lee BDEMH pa6OTbI Hpnﬁopa OT ITOCJIEAHETO BKIIIOUEHMS OO HACTOAIIEero Mo-
MeHTa.

Mpenbiayuiee Bpemst paboThl pr6Opa OT MPEIbIAYINEro BKIUEHNS A0 MPEAbIAYIIero
BBIK/IIOUEHNS.

22.4. AKKymynsitop

EZd —— ER -  —27.4dBm__ 12 50

AKKYMYNATOR

Temnepatypa 950 °C
Hanpazermne 10200 MB
Tok 1469 mA
EMkocTs 3800/3800 mMAY
Bpema zapspa 2211 c

Puc. 22.4. SxpaH «AKKymynsamop»

Ha skpaHe oTobpaskaeTrcsi nHGOpPMaLMsi O COCTOSIHMM aKKyMYJISITOpa: TeMIiepaTypa
(°C), HanpsrkeHMe (MB), TOK (MA), TeKyias/MakCMMaabHasi EMKOCTb (MAY), BpeMs 3a-
psifa — BpeMmsl, IpolleAliee OT Havyaia 3apsifia akkyMmyssitopa (C).
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22.5. Temnepartypa

= —— — - 23:18

Temnepatypa

OcHeBHana nnata 40 °C
nmc 48 °C

TpaHcueep 45 °C
WHTepgpencHan nnata 37 °C
AkkymynaTop 28 °C

Puc. 22.5. Menio «Temnepamypa»

Ha skpaHe 0To6paskaeTcs TeKyIas TeMIepaTypa pasjiMuHbIX KOMIIOHEHTOB ITpuéopa.

22.6. YnpaBneHue onuusamm

Omnuysamu ssBisiioTcst yHKuyy rnpubopa bepkyTt-ETX, qocTymHble Py AOTIOTHUTETb-
HOM 3aKase. [IJi akTMBalMy OTLMIA K04, CTeHEPMPOBAHHBIN [J151 YKa3aHHOTO Cepuii-
HOTO HOMepa Ipu6opa, Heo6X0AMMO BBECTH HEITOCPeICTBEHHO B Ipubope B MeHIo «Or1-
UUM» WK C UCTIOIb30BaHMEM KOMAaHIbI YAAJIEHHOTO YIIpaBJIeHusl ats (CM. IPUIOKe-
Hue B). CIIMCOK OMIuii MoCcTaBKy MpefcTaB/ieH B Tabnuiie D.4.



23. NMpodpunu

B npu6ope bepkyT-ETX MOKHO cO37aBaTh MpOQIIN HACTPOEK, UTO MO3BOJSIET GBICT-
PO BBITIOJTHSATh HACTPOIKY OCHOBHBIX TECTOB U CETEBBIX MHTEP(dEICOB IIPU IMPOBEAEHUA
TEeCTUPOBAHMSI.

EEd — ER - —27.4dBm__ 12:53

Mpopunm
Hma npopuns Bpema coxpaHeHns
N profilel 20-01-2011 12:52:5%

CORNT AL WM

[

CoxpaHuTe JarpyamTe Yaanute

Puc. 23.1. Mento «I[Ipogpunu»

Kaskpplit mpoduib HACTPOEK BKITIOYAET B CeOsI:

— HACTPOVKM TOIOJIOTMIA, 3aTOJIOBKOB ¥ Pa3mMepoB KajipoB ajist TecToB RFC 2544,
BERT, nmakeTHbIN AKUTTED, CAOXKHBIA TpaduK, TECTOBBII IMOTOK, a TAKKe MHAM-
BUAyaJIbHbIe HACTPOIKY [IJII K&XKXA0TO U3 3TUX TECTOB.

— HACTPOVKM ceTeBbIX MHTepP(deiicoB.

— HacTpoiku IP-ytunut: sxo-3anpoc, mapmpyT, TCP-kineHT.

st co3manust Mpoduiis HACTPOEK HEOOXOAVMO BBITIONHUTD SKeJlaeMble HACTPOKH,

repeiiTy B MeH10 «IIpodwmim», 3agaTh MM npoduis 1 HaskaTh Ha KinaBumry  F2  («Co-
XPaHUTD»).

JI7s1 3arpy3KM COXPaHEHHOTO MPOGWIIS UCTIONb3yeTCs Knapuina  F3  («3arpysmTby»).

Koman[p! ynanéHHOTro yrpasiaeHust Jjis paboTsl ¢ TpoGIISIMM HACTPOEK OIMMCAHBI B
NpuioxeHun B.
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24. MNpoToKonupoBaHue co6bITUM

CucTeMa IPOTOKOMMPOBAHMS COBBITUIT 06GECIIeYMBAET BbIBOJL COOBIIEHMIA O IIPOU30-
MIeANIX COOBITYSIX B MEHIO «JIoT», a Tak’ke B KOHCOJbHBIV TePMUHAI IIPU MTOJKITI0Ue-
HUU K Ipubopy uepe3 USB-uuTepdeiic u Ipu yIaJIEHHOM YIIPaBAEHUN 110 TPOTOKOITY
TELNET.

K mpoTokonmpyeMbIM COOBITUSIM OTHOCSITCS .

— 3aIyCK/IIpepbIBaHMe TeCTa;

— BKJIIOUYEHME/BbIKIIOUeHMe peskuma «Illneiid»;

— M3MeHeHMe COCTOSIHUS COeJMHEHNS ;

— JWCIOJIb30BaHMe Mpubopa 11 YAAJIEHHOTO TECTUPOBAHMS;
— BK/IIOUEHMe/BBIK/IIOUeHMe TPUbopa;

— HM3KUIL 3aps 6aTapen.

B ciiyyae BO3HMKHOBEHMSI OJHOTO M3 TIEPEUMCIIEHHBIX BbILIE COOBITHI B KOHCOMbHBbIN
TepMMHAJ/MeHI0 «JIoT» GyIeT BhIBEIEHO COOOIIeHe BUIA:

<paTa> <Bpemsa> <coobueHne>

Hanpumep, npu BrIoueHnn pexkxuma «llneiidg» 2-ro ypoBHSI B KOHCOJIbHbI TE€pPMU-
HaJI 6yIeT BhIBEIEHO COOOIIeHe:

[2009-10-05| 06:33:31] [Loopback layer 2 on

nara | BpeMA coobulenne

Puc. 24.1. CoobuieHue o exoueHuu pexcuma «lnetigh»

ITo ymonuaHMIo BbIBOZ, coobiieHmit uepe3 USB-unTepdeiic 1 no nmporokorny TELNET
OTKJTIOUEH. BBIBOZ COOBIIIEHNTT MOKHO BKITIOUNTh/OTKITIOYUTH C TOMOIIbI0 KOMaH/IbI yia-
JIEHHOTO yIpaBjeHus Log on/off.
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108 24. TlpoToKoNMpOBaHMe CObbITHUI

== — ER -  —27.4dBm_ 12:56

Nor
2011-00-20 12749:50 BERcut-ETX:; power on

OuUCTUTE PeayneTath

Puc. 24.2. MeHio «/Io2»

KnaBuma = F1 («QOUMCTUTD») CTYKUT [JIST OUMCTKY comepskumoro 6ydepa. [Tpu Haxka-

TUYM Ha KnaBuily  F4  («Pe3ynbTaThbl») OCYILECTBIISIETCS [TIepexo]l B MeHI0 «Pe3ybTaThl»
IUIS COXpaHeHMsI COOBIIeHI 0 Mpou3oIIenIInX cOObITHIX. COOBIIEeHMST TaKKe CoXpa-
HSIIOTCS TIPU COXpaHEeHUM Pe3y/abTaTOB M HaCTPOEK /1106020 TecTa.



25.

O6HoBneHue Bepcui MO npubopa

IMocnemune Bepcuu IO gy mpubopa BepkyT-ETX mocTymHbl B ceTu MHTepHET
(http://www.metrotek.spb.ru). Homepa Tekymux Bepcuii MpoOrpaMMHOro obec-
TeYeHusI TPeICTaBIeHbI B MeHI0 «IHbopMaIys» («YCTaHOBKY Mpubopar=-«HbopMaIims»).

Inst o6HoBAeHMs 1O mpubopa HeOGXOAMMO BBITTOIHUTH CIEAYIONIME NeCTBHS.

[ 92 BNV S N B NG R

. Ckauatp 1 coxpauuTb Ha I1K ¢aiin ¢ o6pa3om ¢baitoBoit cUCTEMBI.

. HNogkmiounTh MpMOOP K BHELTHEMY VICTOUHUKY MTUTAHMSI.

. YcraHoButb coenyHeHnue ¢ [1IK o USB (cm. pasgen 26.1).

. JI1sl MpOBepPKY CoeNVHEHMS BBECTU KOMaHIy AT. [Ipu6op AO/IKEH OTBETUTD OK.

. BoiiTu B MeH10 3arpy3unka. s 3TOro, yaep>kuBasi KHOIKY BKIIOUEHMSI/BbIK/ITIOUEHUS

MIUTAHMS, HAXKATh Ha KHOIIKY alllapaTHOro c6poca, pacroiokeHHYI0 Ha 60KOBOI
TaHeJx Kopmyca npubopa.

. B oKHO nporpaMmbI GyZieT BbIBEIEHO COOOIEHEe BUIA:

Bercut+ bootloader 0.0.11
Update via XMODEM:
CCCC. ..

. IlepeiiTu B meHto [lepemaua=-OTmnpaBuTh Gaiiyl ¥ B OTKPHIBIIEMCSI OKHE B ITOJIe

VM daiina ykasaTh ITyTh K CKAUaHHOMY paHee daitry ¢ o6pasom daitioBoii cu-
CTEMBI.

8. B morne ITpoTokosn BeiopaTh Xmodem. HaskaTh Ha KHOTMKY OTIIpaBUTh.

9. Uepe3s 1 cekyHTy HAUHETCS TIpoiiecc 06HOBIeHUs Bepcuii I10. TIpu aTOM yske HET

10.

HEO6XO,UJ/IMOCTI/I YAEPKUBATb KHOIIKY BKJ/IIOUEHMSI/BbIK/IIOUEHUST TUTAHUSI.

Ecnm n3o6paxkeHne Ha 9KpaHe MpuGopa BOCCTAHOBUIIOCH, IIPOLIECC OOHOBIIEHNS
MIPOIIEN ycrenrHo. Eciy 13-3a BOSHMKHOBEHMS KaKOTro-160 ¢60s1 06HOBUTH 10
nmpu6opa He yanoch, CiefyeT BBIIOMHUTD IPOLeNypy elé pas.
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26. YpanéHHoe ynpaBieHue

ITpn60p bepkyT-ETX mpemocTaB/sieT BO3MOXKHOCTD CBSI3Y C IIePCOHATbHBIM KOMITbIO-
TepoM yepe3 uHTepdeiic USB 1.1/2.0 win mopt LAN. 3TO 03BOISIET OCYLIECTBIISITD YITPaB-
JieHue Ipu60pPOM B pekuMe TepMuHaa, mo nporokony TELNET, uepes WWW-uHTepdeiic,
a Takke MPOBOAUTbH TECTUPOBAHME, OCYLIECTBJSTh HACTPOMKY MapaMeTpOB aHaam3a,
MOYYaTh Pe3y/lIbTaThl MU3MEPEHU U BBIITOMHSATh OOHOBIEHME BepCUil MPOrPaMMHOTO
obecrieueHus.

26.1. NoaknioveHue K MK no uHtepodeicy USB

Ins nopkiarouenust mpubopa K IK yepes USB-unHTepdeiic Heo6X0AMMO IIpeaBapy-
TeJbHO YCTaHOBUTB ApaiiBep Virtual COM Port. ®aisibl 1paiiBepoB AJist pa3andIHbIX OIle-
PaLVOHHBIX CUCTEM UM yKa3aHMs II0 VX yCTAaHOBKe IIPe/ICTaB/IeHbl HA CaliTe KOMIIaHUMA
FTDI Chip:
http://www.ftdichip.com/Drivers/VCP.htm.

B3aumopeiicTBue ¢ MpMOGOPOM MOKET 06eCIIeuMBaThCS KaK € TOMOIIBI0 IIPOrPaMMBI
HyperTerminal, Bxonsieii B crangapTHyIo nocraBky OC Windows, Tak 1 TepMUHaIIb-
HBIMM [IPOTPaMMaMy CTOPOHHMX IIPOM3BOANTEIE.

[nst o6HOBeHMst Bepcuii [10 TepMuHaNbHAs IPOrpaMMa AOJDKHA 06ecreunBaTh QyHK-
uuu nepegayy HaityioB Mo MPOTOKOITY X-modem.

B ciyuae ucronb3oBanus mporpaMmmsl HyperTerminal ajist MOAK/IIOUEHNS K TTPU60-
py 1o uHTepdeiicy USB Heo6X0AMO BhITIOTHUTH CIEAYIOLIe OeiiCTBUSI.
1. BxmrounTs npu6op bepkyt-ETX.

2. Mopxmountb mpubop K USB-mopty I1K ¢ momolbio Kabess, BXOISIIET0 B KOM-
IIJIEKT ITIOCTaBKM.

3. 3amyctutp nporpammy HyperTerminal (Ilyck = IIporpammel = CTaHAapTHbIE
= CBsa3b = HyperTerminal).

4. 3amaThb UM IOAK/IIOUEHMSI.

5. BoibpaTh mocinemoBatenbHbiil moptT (COM-OPT), K KOTOPOMY MOJIK/IIOUEH MPpu-
60p, 06PATUBIINCH K CTAHAAPTHOMY ITPWIOKeHUI0 [[ucreTuep ycTpoiicTB (Mot
KoMIbioTep = CBojicTBa = O60opymoBaHue = JIMCIIeTYEP YCTPOIICTB).

6. YCTaHOBUTH CJIEAYIOINIME TIapaMeTPhl ITOCTeJOBATENLHOTO MOPTA:

CkopocTb (6UT/C): 57600

— buTbl gjaHHBIX: 8

YETHOCTB: HeT

— CromnoBble 6UTHI: 1
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112 26. YpanéHHoe ynpasneHue

— VnpaBneHue IMIOTOKOM: HeT

7. Tlocie HaXkaTMs Ha KHONIKY OK nporpamMmma HyperTerminal momnsiTaeTcs yCTaHO-
BUTB COeMHEeHYe C TPpMOopoM. [IJIs TpOBepKYM COeIMHEHMS BBeJuTe KOMaHLy AT,
puob0P AOIKEH OTBETUTD OK.

26.2. YpanéHHoe ynpasneHue no npotokony TELNET

TELNET (Telecommunication Network) — mpoTokos i1t AOCTYTIA K yAaJéHHOMY ce-
TE€BOMY YCTPOMCTBY. DTOT IMPOTOKOJI ITO3BOJIsSeT Nonab3oBarento [1K B3aumozneincTBoBaTh
¢ Ipu6OPOM, HAXOASIIIVIMCSI Ha IPYTOM KOHIIe COeIMHEHNSI: OCYIeCTBISITh HACTPOKY
rapaMeTpoB TeCTOB, IPOCMATPMBATh CYILeCTBYIOLIVe HACTPOVIKM U BBIIIOJIIHATD TECTU-
poBaHue.

VnanéHHoe yrpasneHue 1o mpotokony TELNET sinstetcst onmmeit!.

B3aumopeiicTBue ¢ IprGOPOM MOKET OCYLIECTBIISTHCS KakK € TIOMOIIBI0 IIPOrPaMMBI
HyperTerminal, Bxonsiieii B crangapTHyI0 nocraBky OC Windows, Tak ¥ TepMUHaIIb-
HBIMM ITPOTpaMMaMy CTOPOHHUX IIPOU3BOAMTENel, obecieunBaomMMu GYHKIMY T1e-
penaun aitnos o nmpotokony TELNET.

Inst ynpasnenust BepkyT-ETX no nporokoiny TELNET He06X04iMO BBIITOMHUTD Clle-
Oyrolue geicTBus.

1. ITomkmrounTh mpubop K IIK uepes TecToBbIi OPT My mopT LAN.
2. Hactpouts ceTeBoe nopkatoueHue (cM. pasgen 20).

3. B TepMUHa/IBbHOI ITpOrpaMmMe BBECTU KOMaHIy
telnet IP-apgpec_nopTa

VM 1o/Ib30BaTeNIs ¥ NapoJb (10 yMoa4aHuio) — admin.

4. B3aumopeiicTBue ¢ IpMOOPOM OCYIECTBJISIETCS C ITOMOIIBI0 KOMaHI, ITPeICcTaB-
JIEHHBIX B TIPWJIOXKeHUU B.

!B 6a30By10 KOHUTYPALVIO He BXOAMT. [IOCTYITHO NPY IOTOTHUTEILHOM 3aKa3e OMIMNA.



26.3. YnanéHHoe ynpasneHue yepes WWW-uHtepdeiic 113

26.3. YpanéHHoe ynpaBneHue yepes WWW-uHtepdeiic
VnanéHHOe yITpaBieHye’ T03BoMseT IPOCMATPUBATh U COXPAHSTh Ha ITK pe3ybTaTsl
¥ HAaCTPOIKM OCHOBHBIX TECTOB C UCIIOIb30BaHMEM Beb-6pay3epa.
JI71st IPOCMOTPA Pe3ylnbTaTOB U HACTPOEK TeCTOB He06XOoMMO:
1. TlogxmrounTs pu60p K ITIK yepe3 TecToBbIit mopT miam mopt LAN.
2. HactpouTtb ceTeBoe noakiawueHne (cm. pasmein 20).
3. B ampecHyio CTpOKy Be6G-6paysepa BBecTu IP-aipec COOTBETCTBYIOIIETO ITOPTa.

HOns COXpaHeHM pe3y/IbTaTOB TECTUPOBAHUA H€06XO,E[I/IMOI

1. TMomkmrounTb mpubop K I1K uepes TecToBbIit MOPT M mopt LAN.
2. HactpouTb ceTeBoe moakiawueHne (cm. pasmein 20).
3. B anapecHylo CTpOKy Be6-6paysepa BBecTH IP-aipec COOTBETCTBYIOIIETO TIOPTAa.
4. BbIOpaTh TUII pa3aeanuTeIs:
— 3anaras (comma);
— TOUKa C 3amsiToit (semicolon).

5. HaskaTb Ha ccbuiky «Download report». [laHHbIe 6yayT coxpaHeHb! B daiii ¢ pac-
HIVPEHMEM .CSV.

26.4. NMony4yeHne MOMEHTa/IbHbIX CHUMKOB 3KpaHa

JL71st IosTyyeHMsl CHUMKa 3KpaHa pmubopa HeobXoaumMo:

1. TTomkmrounTb mpubop K I1K yepes TecToBbIif MOPT M mopT LAN.
2. HactpouTtb ceTeBoe moaxiawueHne (cm. pasaein 20).

3. B aapecHYyI0o CTPOKY Be6-6paysepa BBECTH:
http://IP-agpec_nopta/sshot.

4. Yepe3 HECKOJIBKO CEKYH], CHMMOK 3KpaHa 0TOOpa3suTcs B OKHe Be6-6paysepa I1K.

2B 6a30By10 KOHGUTYPALNIO He BXOAUT. JOCTYITHO TIPM JOTOJHUTETLHOM 3aKa3e OMIMNA.
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27. MeToauKa NnoBepKU

Hacrosmmii paszmen ycTaHaBIMBaeT MeTOAbI M CPeLCTBA NIEPBUUYHON U IepuopuJe-
CKOJ1 TOBepKM TecTepa-aHanusatopa cereit Ethernet BepkyT-ETX.

27.1. Onepauuu NoBepKU

[pu ipoBeieHNY TOBEPKM TOJIKHBI GbITh BIMOJHEHbI ONlepaly, yKa3aHHbIe B Ta0-
nuue 27.1.

Ta6nuya 27.1. Onepayuu nogepku

HaumeHnoBaHue orepanmumn HOMep ITYHKTa BoinonHeHne IIpu nep- BrinmonueHne opnu 1me-

MeTOIUKU BUYHOI1 IOBEpKe PUOAMYECKOI ToBepKe
BHemHMi1 ocMOTp 27.7.1 Ia Ha
Omnpenenenue YaCTOThI 27.7.2 Ha Ha

TECTOBOTO CUTHA/IA UHTEP-
dervica 1G Ethernet

27.2. CpeactBa NOBEpPKU
HpI/I MMpOBeOAEHMMN ITOBEPKU IMPUMEHSETCA OHO 3 CIeAYIOIINX CPEeNCTB MSMQPEHV[VII

— uudposoii ocimsuiorpad ¢ quddepeHLIaTbHBIM BXOA0M C BO3MOKHOCTBIO M3Me-
peHus yactothbl Tektronix TDS 2022;

— yvacroromep Pendulum CNT-69.

IomyckaeTcs 3aMeHa CPeJiCTB M3MePEeHMIT APYTUMU, 06eCIIeunBarOIMMKU Heo6Xomm-
MYIO TOYHOCTb I/ISMepeHI/IVL
27.3. Tpe6oBaHus K KBanudukaumm noseputenen

Knposenenuio ucipiTaHU AOTYCKAeTCS IEPCOHAI, 03HAaKOMJIEHHBI C pYKOBOACTBOM
0 3KCIUTyaTanuu npuéopa bepkyT-ETX, npomennmmit MHCTpyKTax o IITh u I[MB331],
MMEIOIINI TPYIITY 3JIEKTPOOE30ITaCHOCTY He HIKE TPEThel.
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116 27. MeToaMKa noBepku

27.4. Tpe6oBaHMUA K 6e30NacHOCTH

IIpu npoBegeHUM UCIBITAHMIT HEOOXOOMMO COGIOAATh TPeOOBaHMST 6E30MMaCHOCTH
o T'OCT 12.3.019, a Takke 061IMe Mepbl 6€30M1aCHOCTH, NIPUBEIEHHBIE B paszerne 4.1
HaCTOSIIEr0 PyKOBOACTBA 110 3KCIUTyaTallMMN.

27.5. YcnoBus nosepku

WcnibiTanys 1 IoBepKy aHanmsaTopa bepkyT-ETX npoBOAST B HOPMaJIbHBIX KJIMMa-
TUYECKMX YCIIOBUSAX M IPY HOMMHAJIBHOM HalIPSDKEHVY MUTAHMS

— TeMmIlepaTypa oKpyxkamwiiero Bo3gyxa 0-35 °C;

— OTHOCHUTEJIbHAs BIasKHOCTb Bo3ayxa 40-90 %, 6e3 KOHeHCaTa;

— HaIIpsSDKeHMe BHeIIHero MCTOYHMKa utanus — 19 B.

27.6. MNoaroTtoBKa K nosepke

Hepe,u IIpoBeaeHMeM IIOBEPKU CieayeT IIPOBEPUTDb Ha/IMunue 3KC1'[J'[yaTaL[MOHHO]71 no-
KyMeHTaln u CPoOK TeVICTBUSI CBUJIETENbCTB O ITOBEepKe Ha CpeAcCTBa ITIOBEPKN.

Bxiounts CpeacCTBa ITIOBEPKU U IMPOTPETh UX B T€UE€HME BpEMEHU, YKa3aHHOI'O B MH-
CTPYKUMMU IO SKCIUTyaTaluu.

27.7. MposeaeHue NOBEPKU

27.7.1. BHewwHuUM1 oCcMOTp

Bu3syasbHBIM OCMOTPOM MTPOBEPSIIOT COOTBETCTBIME aHa/M3aTopa bepkyT-ETX TexHu-
YeCKOoi JOKyMeHTalUM B YaCTU KOMIIEKTHOCTM, MapKMPOBKY U YI1akKoBKU. [IpoBepsioT
TaKXe OTCYTCTBUE BUAMMBIX TOBPEXIEHNI, IIEIOCTHOCTb COEIVTHUTEbHbIX Kabeseil u
pPa3bEMOB.
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27.7.2. OnpepeneHue 4acToTbl TECTOBOrO CMrHana

ITpoBepKy YaCTOThI TECTOBOTO curHana uHrepdeiica 1G Ethernet mpoBoasaT B coOT-
BETCTBUM CO CX€MOJi, TpeCTaBlIeHHO Ha puc. 27.1.

! OILHMOHAJIBHAS CXeMa
' U3MEPEHHUS

4acTOTOMEp |

TX+

1 poBoit ocriorpad
untepdeiic 1G (RJ-45) 1000 ¢ muddepeHIHaTEHBIM
npudopa bepxyr-ETX M BXOJIOM C BO3MOXKHOCTBIO

TX- HU3MEPCHHUA 1aCTOThI

1

Puc. 27.1. Cxema nooknwueHus

JI151 IpOBepKyM YacTOThI TECTOBOTO cuUrHaia aHanusaropa bepkyr-ETX aienyert:
1. BRIIOYUTH aHAIU3ATOP.

2. HaxkaTh KOMOMHAIMIO KIaBUII «*+F2». Ha skpaHe aHa/iM3aTopa 0TO6pasmTCs Co-
ob1ieHMe «BKIIOUEH TeCTOBbIN peskuM 2. [IJ1S BbIX0[a HAKMUTE KIaBUIIY BbIxom».

3. [MoaxkawUNTb aHAIU3ATOP IO CXeMe, MpeaCcTaBIeHHO Ha puc. 27.1.
4. BBIMIOJIHUTh U3MEPEHMS, UCITONb3Ys MG POBOI ocHyIorpad My 4aCTOTOMEp.
Insa ananusatopa BepkyT-ETX cornacHo [EEE 802.3 n.40.6.1.1.1 npu BK/IIOUeHUU B

TpaHCUBEpe TeCTOBOTO peXkuma («TeCTOBbI peskuM 2») Ha mapax Kabess TOo/DKeH Ha-
6JII0AThCS MIePUOAMUECKII CUTHAI € YacToTOo 62,5 MIi4-6250 I'ty (=100 ppm).

27.8. OdopmneHue pe3ynbLTaToB NOBEPKU

B ciryuae cOOTBETCTBMS aHA/IM3aTOpa TPeGOBAHMSIM, YKa3aHHBIM B TEXHINYECKO 10-
KyMEHTAI[M}, Pe3y/IbTaThl IIOBepKM 0HOPMIISIOT IIyTeM 3aIMCy B paboueM KypHae u
BbIJJaUM CBUIETEIbCTBA YCTAHOBJIEHHOM (OpMbL. B C/Iydae OTpuIlaTeIbHbIX Pe3y/IbTa-
TOB IMOBEPKM Ha aHAIM3aTOP BbIIAIOT M3BeEleHe O HeITPUTOTHOCTHM C YKa3aHMeM Ipu-
YMH OpaKOBaHMUS.
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A. CnpaBo4Hble Tabauubl

Ta6nuua A.1. IIpuopumemst u munst mpaguka

3HaueHMe Omnmcanue

1 Background

0 (Default) Best Effort

2 Excellent Effort

3 Critical Applications

4 Video

5 Voice

6 Internetwork Control

7 Network Control
Ta6nuya A.2. [Ipuopumemst u munst mpaguxa

3HaueHMe Omnucanne

1 Background

0 (Default) Best Effort

2 Excellent Effort

3 Critical Applications

4 Video

5 Voice

6 Internetwork Control

7 Network Control

Tunsl Tpaduka Network Control 1 Internetwork Control 3apesepBupoBaHbI 1151 CO06-
IIeHW yIIpaBaeHus CeThbio. IIpMOPUTETHI 4 U 5 MOTYT MUCIIOMb30BATLCS 1711 0COO0 UyB-
CTBUTENBHOTO K 33/iepskKaM TpaduKa, TaKOTO, Kak BUIE0 MK peub. [IpmopuTeTsl Tpa-
¢duka c 3o 1 mpegHa3HAYEHbI [J1s Pa3/IMYHBIX 38[1a4 — OT IIOTOKOBBIX MPUIIOKEHMI 1O
FTP-Tpaduka, CHOCOGHOTO CIIPaBUTHCS C BO3MOKHBIMM MToTepsimu. Kitacc 0 pesepBupy-
eTcs I «MaKCUMaJIbHO Jyullieii» JOCTaBKY U IIPMCBAMBAETCS B TeX CAydasX, KOrga He
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A. CnpaBou4Hble Tabnuubl

cnenudULIMPOBaH HUMKAKOI IPYroit Kiaacc.

Tabnuya A.3. 3uauenus noss Precedence

3HaueHMe Onncanue IIpumeuanue
0 Routine OOGbIUHbIIi IPUOPUTET
1 Priority IpennoYTUTENbHBINA NPUOPUTET
2 Immediate HemepJieHHBI IPUOPUTET
3 Flash CpOYHBIi TPUOPUTET
4 Flash Override DKCTPEHHBIN IPUOPUTET
5 CRITIC/ECP Kputnueckuii mpuopureT
6 Internetwork Control MeskceTeBoe yIipaBieHye
7 Network Control CeTeBoe yrpaBieHe
Tab6nuya A.4. 3nauenus noas ToS
3HaueHMe Onmcanue IIpumeuanmue
MMHUMM3MPOBATH 3afepsKKy. Mcronb3yeTcsi, KOrga Bpe-
R Msl [OCTaBKM IaKeTa C MCXOZHOTO CETEeBOrO YCTPOii-
1000 Minimize delay & A YCTp
CTBa 0 ajgpecaTa (BpeMs OKuIaHMsT) Hanbosee BakKHO U
JIOJDKHO OBITh MMHMMAJIbHBIM.
MakcyuManbHasi TPONYCKHAsE CHOCOGHOCTDb. YKasbIBaer,
0100 Maximize throughput YTO MAaKeT JO/DKeH GbITh MepeHanpaB/ieH yepes KaHas ¢
MaKCMMAaJIbHO TIPOIMYCKHOM CITOCOGHOCTbIO.
MakcyManbHast HaI&KHOCTb. VICIonb3yeTcsl, KOrAa Baxk-
0010 Maximize reliability HO MMeTb YBePEeHHOCTb, UTO JTaHHbIe JOCTUTHYT aJpecaTa
6e3 MMOBTOPHOI1 mepemaun.
MMHUMM3MPOBATh CTOMMOCTb. VCIonb3yercs, Korma
0001 Minimize monetary cost HeOo6XOIMMO MWHMMM3UPOBATh CTOMMOCTb Mepemauu
JaHHBIX.
OGbIYHOE 06GCTyKMBaHMe. B 9TOM cTyvyae MapuipyTusa-
0000 All normal K Iy PHIpyT

Lysl TaKeTa OTAAETCS] Ha YCMOTpPEeHMe TpoBaiigepa.

Tabnuua A.5. Knacc o6cnymcusanus mpaguka u 3naverue nonst DSCP

Kiacc Tpaduka

3Hauenue nosust DSCP

Default 000000
AF11 001010
AF12 001 100
AF13 001110
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Ta6nuya A.5. Knacc o6cnymcusanus mpaguxa u 3nauerue nons DSCP (npodosieHue)

AF21 010010
AF22 010100
AF23 010110
AF31 011010
AF32 011100
AF33 011110
AF41 100010
AF42 100100
AF43 100110
EF 101110

Kaskmomy kimaccy obcmyskuBaHus Tpaduka CTaBUTCSI B COOTBETCTBME ONpPeNe/IéHHOe
3HaueHue nosst DSCP. B Tabnuile mpuBeIeHbl peKOMEHAyeMble 3HAUEHUSI B COOTBET-
crBuM ¢ metopmukamu RFC 2597 [10] u RFC 2598 [11].

Default — «HerapaHTupoBaHHas mepenava». TpadMKy JaHHOTO Kjaacca OOCTYKMBA-
HSI BBIIEJISIIOTCST CeTeBbIe Pecypchl, OCTaBIIIMeCs CBOGOIHBIMY MIPU Mepenaue Tpabuka
IPYTUX KJIacCOB.

AF (Assured Forwarding) — «rapaHTMpoBaHHas nepemaydar». Mcronb3yercs st 10-
cTaBKku Tpaduka 6ompmnHCTBA TCP-NIPUMIOKEHUT C TPUMEHEeHMEM YeThIPEX He3aBU-
cuMbIxX AF-KaccoB. BHYTpU Kaskmoro Kiaacca [P-rmaketam MOKeT 6bITh Ha3HaU€HA OTHA
"3 TPEX OUCHUIUIVH OTOPAChIBaHMUS NTaKeTa JaHHbIX (CM. MeToauky RFC 2597 [10]).

EF (Expedited Forwarding) — «HeMeqjieHHasl mepemava». [IpumeHsieTcs: 1yt 06Cy-
skMBaHMsI TpadyKa, IyBCTBUTENBHOTO K 3a1ePXKKaM U TPeOYIOIero MMHUMAaIbHOTO JKUT-
Tepa, TaKoro, Kak Buzaeo wiu peub (Voice over IP — VoIP).

Tabnuuya A.6. 3nauerue nons ECN

3HavyeHue Onmcanme

00 Not-ECT (Not-ECN-Capable Transport) — HOTOK, He TOAePKMUBAIOIII
ECN.

01 ECT (1) (ECN-Capable Transport) — moTtok, nogaepskusatomiyit ECN.

10 ECT (0) (ECN-Capable Transport) — morok, nopepsxkusatomuit ECN. Tpak-

TyeTCsl MapLIpyTU3aTopaMu Tak xe, kak u ECT (1).

11 CE (Congestion Experienced) — nmoaTBepkoéHHAs TieperpysKa.

ECN (Explicit Congestion Notification) — «siBHOe yBesoMIeHVIE O TTeperpy>KeHHOCTI».
YcraHoBKa OUT JAHHOTO ITOJIS TaeT BO3MOKHOCTh MapHIPyTH3aTOPaM y3HATh O BO3HUK-
HOBEHMY TIePETrPy>KeHHOCTY Ha MyTH CJIEAOBAHNS TaHHbBIX K 3aIaHHOMY Y311y ceTu 6e3
oTOpachIBaHMSI ITAKeTa.
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A. CnpaBou4Hble Tabnuubl

ITone ECN onucaHo B MeTopyuke RFC 3168 [12].

Ta6nuua A.7. Homepa nopmos npomokona TCP/IP

Homep nopra (IIpoTOKOI)

Omicanue

21 (FTP) MPOTOKO Mepenaun $aiios

6e301acHbIi TPOTOKOJ AJIS1 YAATEHHOTO YIIPaBJIeHNs 1 ITepeaun
22 (SSH) L

(aitnos
23 (TELNET) TIPOTOKOJI JJ1s1 OCTYIA K YAAJIEHHOMY CeTeBOMY YCTPOJCTBY
25 (SMTP) TIPOTOKOJI Tepefauy 3/1eKTPOHHON MOYThI
80 (HTTP(WWW)) ;{Ei?el;(zza?];nd?;;;zimmm BeG-6paysepaMu 1 BebG-cepBepamu
161 (SNMP) TIPOTOKOJI JJ1s1 yIIpaBJIeHus CeTeBbIMMU YCTPOJCTBAMM

Ta6nuya A.8. OwubKu coeOuHeHUs

Coo61eHnne Onucanme

protocol not supported

IIPOTOKOJI HE IToAAeP>XXUBaeTCs

can’t assign requested address

HEBO3MOXHO Ha3HAYUTb BaHDOLUBHHbIIZ aapec

network is down

CeTb HEAOCTYITHA

network is unreachable

ceTh He paboTaer

network dropped connection on reset

YTEPSIHO COeaVHeHNe C CeThIO

software caused connection abort

nporpaMMHOe obecrieueHe BbI3BAIO paspsbiB coeaHe-
HUA

connection reset by peer

y3eJ1 pa3zopBall CoefHEeHEe

connection timed out

VICTEKJIO BpeMsI OJKMOaHMsI COeaVHEeHM S

connection refused

OTKa3 B COeJVVHEHUN

host is down

y3eJ He OTBe4YaeT

no route to host

OTCYTCTBYET MapIIpyT A0 y3/1a

Tabnuuya A.9. Tecmossie nociedosamenbHocmu

Twun nociaenoBaTeIbHOCTHA

IIpumeHeHue (peKOMEH].)

2€9-1

Jins onpeneneHust oMOOK (Ipy Mepegave AAaHHBIX IO
KaHaJIy CBSI31 CO CKOPOCTbhIO He 6onee 14,4 KOUT/C).

2ell-1

Ins onpepeseHus omWuO0K U IxKuTTEpa (Mpy nepena-
Ye JJaHHbBIX 10 KaHaJIy CBSI3Y CO CKOPOCTBIO 64 KOUT/C U
64 x N k6uT/C, TIe N — 11e710€ 41cIIo).
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Tabnuya A.9. Tecmossie nocnedosamensHocmu (NPooosyHeHuUe)

2el5-1 Ilns ompezneneHnst OmMOOK U IKUTTepa (IIpU mepesa-
ye [aHHBIX TI0 JIMHUM CBSI3U CO CKOPOCThIo 1544, 2048,
6312, 8448, 32 064 1 44 736 KOUT/C).

2e20-1 Iins onpeneneHust omM6OOK (MIpy mepegave Mo KaHamy
CBSI3M CO CKOPOCTBIO He Goree 71 K6GUT/C).

2e23-1 Ilnst onpenenieHyst OMMGOK U IKUTTepa (IIpy Iepesade

JIAHHBIX 10 JIMHUY CBSI3U CO CKOPOCTbIO 34 368 1 139 264
K6UT/C).

2e29-1, 2e31-1

Jins ompeneneHus olmM6oK (Mpy Iepefave JAHHBIX Ha
BBICOKMX CKOPOCTSIX (6omee 139 264 k6uT/C)).

Tabnuuya A.10. Lugpsl, 6yKes! u cumM8obl

KnaBuma LUndpst BykBbI CUMBOJIBI
D) 1 - L@ /-
2 abc -

3 def -

4 ghi —
@ 5 ikl -

6 mno -

7 pqrs -

8 tuv -

9 WXYZ —

0 - EE
@ _ _
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B. KomaHAabl yaanéHHOro ynpasneHms

Tab6nuya B.1. KomaHosl yoanénHoz0 ynpasieHus: (KOHCONbHbIL MepMUHAT)

Komanga Ommcanme

AT IIyCcTasi KOMaHa, VCIIO/Ib3YyeTC s IJIs1 IPOBEPKY COeIHeHUSI

ATR nepesarpyska npuéopa

ATM BBIBOJ, TEKYIIMX PE3yIbTaTOB M3MePeHMit

ATMN BbIliOﬂ Pesy/IbTaTOB M3MepeHMit, COXPaHEHHBIX IO, ITOPSIAKOBBIM HOMEPOM «N»
(N=1..10)

ATMA BBIBOJ, BCEX COXPAaHEHHBIX Pe3y/IbTAaTOB M3MepeHuii

ATMI BBIBOJ, MHGOPMAaLIMM O COXPaHEHHBIX Pe3y/IbTaTax M3MepeHmit

ATI BbIBOJ, MHGOpMaLuu o npubope

ATH BBIBOJ, CIIPAaBKY 110 KOMaHZaM

ATS BBOJI, K/TIoYa (YMC/I0 B IeCSITMYHOM BUAE) A/ aKTUBALMM OILIMIA, KITIOU BBOOMUTCS
cpasy mocie ats (6e3 npo6esna)

ATC riepexof, B peskyM, B KOTOPOM BO3MO3KHA HAaCTPOJiKa 1 3aITyCK TeCTOB (OIIVIOHAb-
HO)

Ta6nuya B.2. Komandst ydanénHozo ynpasnenusi (TELNET)
Komanpa VHbopmarys, BbIBOAMMAsI B KOHCOTb

RFC 2544

show rfc2544 header src udp

HoMep UDP-nopTa oTripaBuTenst

show rfc2544 header src mac

MAC-appec oTipaBuTesi

show rfc2544 header src ip

IP-appec oTipaBuTeNst

show rfc2544 header dst udp

Homep UDP-niopTa nonyvaTens

show rfc2544 header dst mac

MAC-aapec nonyvaTtenst

show rfc2544 header dst ip

[P-anpec nonyvarenst

show rfc2544 header vlan count

konmnuecTBo VLAN meToK

show rfc2544 header vlan [1-3]id

3HaveHye ugeHtTudnkaropa VLAN

show rfc2544 header vlan [1-3] priority

3HaveHye npyopuTera Tpaduxa

show rfc2544 header mpls count

BbIﬁOp KOJIM4yecCTBa METOK

show rfc2544 header mpls [1-3] label

3HaUYeHVE MEeTKN

show rfc2544 header mpls [1-3] cos

Kiacc 06CJ'Iy)K]ABaHI/I$l rnakeTa ¢ MeTKO

show rfc2544 header mpls [1-3] ttl

BpeMms JKM3HU ITakeTa C MEeTKO

125



126

B. KomaHzbl yoanéHHoro ynpasneHus

Ta6nuya B.2. Komanost yoanénnozo ynpasnerus (TELNET) (npodonceHue)

show rfc2544 header autoarp

BK/IIOYEHA /I (QYHKIMS aBTOMATUYECKOTO ITPOBeeHNsI
ARP-3ampoca

show rfc2544 header diffserv

BbI6pans monst IP Precedence u Type of Service mau mo-
e DSCP

show rfc2544 header dscp 3HaveHue 1osst DSCP
show rfc2544 header precedence 3HaueHye IPUOpUTETa Kaapa
show rfc2544 header tos TUI OOCTY)KMBAHMS ITAKeTa

show rfc2544 throughput duration

JUTATENbHOCTD MPOGBI /ISl aHaIM3a MPOITYCKHOI CIIO-
CO6HOCTH, C

show rfc2544 throughput enabled

6yIeT JM BBIMIOHATHCS TECT ONPENENEHNUS IPOITYCKHO
CII0COGHOCTH

show rfc2544 throughput maxrate

BeJIMYMHA HAarpyskKu OJjisd aHaan3a HpOHyCKHOﬁ Croco6-
HOCTU

show rfc2544 throughput resolution

BeJIMUMHA paspelleHust sl aHasmM3a MMPOITyCKHOIA CII0-
COOGHOCTU

show rfc2544 throughput threshold

BelMUMHA TI0pOra IMoTeph A/l aHaIM3a MPOIYCKHOM
CIOCOGHOCTH

show rfc2544 frames [1-9] size

pasMep Kazapa, 3afaHHbI MOIb30BaTeneM (MU CTaH-
[ApTHOe 3HauyeHMe B COOTBETCTBUMU C MeTonukoi RFC
2544)

show rfc2544 frames [1-9] enable

6y)1eT JII UCTIOJIb30BAaThCA pasMep Kagpa jisd nmpoBene-
HUA TeCTUPOBAHUS

show rfc2544 latency enabled

6YJIQT JIVI BBITTOJIHATBHCA aHa/IM3 3aJepP>KKU pacrpocTpa-
HEeHMs KagpoB

show rfc2544 latency count

KOJIM4YeCTBO r[p06 ISl aHai3a 3aJePXKKN

show rfc2544 latency duration

AJINTENbHOCTDh l'lp06]:1 AJIA aHa/M3a 3aJepPXXKU pacrpo-
CTpaHeHMs KaapoBs, C

show rfc2544 latency rates src

VICTOYHVMK 3Ha4eHUI1 Harpyskm [Jjist aHajim3a 3aJep>KKu

show rfc2544 latency rates [1-9]

SHaUYeHMs Harpy3kKu Ojis aHainsa 3aJep>KKu

show rfc2544 frameloss enabled

6YI[€T JIV BBITIOJTHATBHCS aHA/IN3 YPOBHS IIOTEPh KaIpOB

show rfc2544 frameloss duration

IUTUTEIbHOCTD ITPOGBI /ISt aHa/IM3a YPOBHSI ITOTEPh Kaji-
POB, ¢

show rfc2544 frameloss steps

KOJIMYECTBO IIaroB M3MeHeHVs HarpysKu JIsl aHamm3sa
YPOBHSI [IOTEPb KaJPOB

show rfc2544 frameloss rates start

BeJIMYMHA HAYAJIbHOVM HArpy3ku IJis aHaau3a ypOBHS
TI0Tepb KaApoB B %

show rfc2544 frameloss rates stop

BeJIMYMHA KOHEYHOM HArPy3Ky IJIs aHaIM3a YPOBHS I10-
Tepb KaApoB B %

show rfc2544 back2back enabled

6Y,E[eT JIVI BBITIOJTHATBCS aHaIN3 Hpeneanoﬁ Harpyskmu

show rfc2544 back2back count

KOJIM4YeCTBO l'[p06 U1l aHa/in3a npeuenbﬂoﬁ Harpysku

show rfc2544 back2back duration

JUTATETbHOCTD POGBI [1sT aHAIM3a IIPe/Ie/IbHOI Harpys-
KM, €
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Ta6nuya B.2. Komanost yoanénnozo ynpasnerus (TELNET) (npodonceHue)

show rfc2544 back2back rates src

MCTOYHMK 3HAUEHMI HArpysKy ISl aHanM3a Ipefesib-
HOW Harpysku

show rfc2544 back2back rates [1-9]

3HAUYEHM HarpysKM jist aHaamsa npe,ueanoﬁ Harpyskmn

show rfc2544 advanced wait

3HauyeHMe rnmapaMeTpa «<MHTepBaI»

show rfc2544 advanced learn

3HauyeHye rnapamMerpa «06Y'~IEHI/IE>>

rfc2544 start

3aIyCTUTD TECThbI 0 MeToguKe RFC 2544

rfc2544 stop

OCTAaHOBUTD TECTHI 110 MeToauke RFC 2544

rfc2544 results

pe3ynbTaThl TecToB 10 Metonyke RFC 2544

CnoxHbI Tpaduk

show ctraf nstreams

KOJIMYEeCTBO ITOTOKOB JaHHBIX

show ctraf stream

HOMep HaCTPauBaeMoro MoToKa

show ctraf duration

AJIMTENbHOCTDb reHepauumn 3aJaHHOr'0 KoJim4yecTBa IoTo-
KOB

show ctraf header src mac

MAC-aapec oTIpaBUTeNS

show ctraf header src ip

IP-anpec OTIIpaBUTENS

show ctraf header src udp

Homep UDP-niopTa oTnpaBuTens

show ctraf header dst mac

MAC-aapec nonyvaTtenst

show ctraf header dst ip

IP-anpec nomyvarens

show ctraf header dst udp

HoMep UDP-nopTa nomydarernst

show ctraf header vlan count

konnuyectBo VLAN meToK

show ctraf header vlan [1-3] id

3HaueHue uaeHtuoukaropa VLAN

show ctraf header vlan [1-3] priority

3HaveHye npyopurera Tpaduxa

show ctraf header mpls count

BbI60p Ko/Im4yecTBa METOK

show ctraf header mpls [1-3] label

3HauyeHMe MeTKU

show ctraf header mpls [1-3] cos

Kjacc O6CIIY)KV[B8.HI/I$( rnaxkeTa ¢ MeTKO¥

show ctraf header mpls [1-3] ttl

BpeMs KM3HM [TaKeTa C MeTKOM

show ctraf header autoarp

BK/TIOUEHA /1 (QYHKIMS aBTOMATUIECKOTO MTPOBeIeHNsI
ARP-3ampoca

show ctraf header diffserv

BbIGpansl nons IP Precedence u Type of Service man mo-
e DSCP

show ctraf header dscp

3HaueHue nosnst DSCP

show ctraf header precedence

3HauyeHye IIpuopuTeTa Kagpa

show ctraf header tos

TUIT 06CJ'IY)KI/IB3HM5[ nakeTa

show ctraf rate

3HaueHye MHGOPMAaIVOHHOM CKOPOCTH

show ctraf frame

pasmep Kazipa

ctraf start 3aMyCTUTh FeHepannio KOMIUIEKCHOTO Tpaduka
ctraf stop OCTaHOBUTb FeHepaLyIo KOMIUIEKCHOTO Tpaduka
ctraf results Ppesy/IbTaThl FeHepalyy KOMIIEKCHOTO Tpaduka
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Ta6nuya B.2. Komanost yoanénnozo ynpasnerus (TELNET) (npodonceHue)

BERT

show bert header src mac

MAC-appec oTipaBuTesns

show bert header src ip

IP-appec oTpaBuTeNst

show bert header src udp

Homep UDP-niopTa oTnipaBuTens

show bert header dst mac

MAC-azpec nonyvaTtenst

show bert header dst ip

IP-appec nonyvatens

show bert header dst udp

HoMep UDP-niopTa nomydarernst

show bert header vlan count

konmuectBo VLAN meToK

show bert header vlan [1-3] id

3HaueHue uaeHtuoukaropa VLAN

show bert header vlan [1-3] priority

3HaveHye npyuopurera rpaduxa

show bert header mpls tx count

BbI60p KOo/M4yecCcTBa METOK Ha Ilepenavy

show bert header mpls tx [1-3] label

3HaueHMe MeTKU

show bert header mpls tx [1-3] cos

Kiacc O6CIIY)KV[BHHI/IF[ rnaxkeTa ¢ MeTKOM

show bert header mpls tx [1-3] ttl

BpeMms JKM3HU TaKeTa C MEeTKO

show bert header autoarp

BK/TIOUeHA /1 (QYHKIMS aBTOMATUIeCKOTO MTPOBeIeHNsI
ARP-3amnpoca

show bert header diffserv

BbIGpanbI nosist IP Precedence u Type of Service miu mo-
sie DSCP

show bert header dscp

3HavyeHue nosnst DSCP

show bert header precedence

3HaueHye MPUOPUTETA Kazipa

show bert header tos

TUIL OﬁC}'Iy)KI/IBaHI/ISI naxkeTta

show bert frame random min

MUHMMAJIbHOE 3HAYeHMe PasMepa Kajipa B ¢Jiyuae paB-
HOMEPHOT'0 3aKOHA pacrpeneneHnst

show bert frame random max

MaKCMaJIbHO€ 3HaU€HVe pa3Mepa Kagpa B crydyae paB-
HOMEPHOTO0 3aKOHa pacIripeaejieHns

show bert frame constant

pa3Mepbl KagpoB 471 TeCTUPOBaHMS

show bert frame type

3aJlaH CJTyYaitHblil UM IOCTOSIHHBIN pasMep Kaapa

show bert level

ypoBeHb mozenu OSI, Ha KOTOPOM GYZeT MPOBOAMUTHCS
TecT

show bert pattern

CTaHOapTHasA TeCTOBas MOCIe0BaTeIbHOCTh

show bert user-pattern

TeCTOBas IOCJIeA0BaTeJIbHOCTD, 3aJaHHAas I10JIb30BaTe-
JiemMm

show bert rate

3alaHHas HarpysKa, kb/c

show bert duration

AJINTENbHOCTb MSMepeHI/IIZ

bert start

3anmycTUThb TecT «BERT»

bert stop

ocTaHOBUTD TecT «BERT»

bert results

pesynbTaThl Tecta «BERT»

ITakeTHBIV JKUTTEP

show jitter txgen

BKJTIOUEH WJIY BBIK/TIOUEH FreHepaTop TECTOBOTO TpadmKa
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Ta6nuya B.2. Komanost yoanénnozo ynpasnerus (TELNET) (npodonceHue)

show jitter threshold

IIOpOroBoe 3HaYeHue IKUTTepa, Mc

show jitter duration

BpeMs U3MepPeHU IKUTTEPa

jitter start

3aIyCTUTD TecT «[lakeTHBIi IKUTTEP»

jitter stop

OCTaHOBUTb TECT «[TaKeTHDI KUTTED»

jitter results

pesynbTaThl TecTa «[lakeTHbIN IKUTTEpP»

TecTOBBIN TOTOK

show txgen header src mac

MAC-azpec oTipaBuTeNs:

show txgen header src ip

IP-appec oTripaBuTesst

show txgen header src udp

HoMep UDP-niopTta oTripaBuTens

show txgen header dst mac

MAC-aapec nonyJaresst

show txgen header dst ip

IP-appec nomyvaTenst

show txgen header dst udp

HoMep UDP-niopTa nomy4daresst

show txgen header vlan count

KomuecTBo VLAN meToK

show txgen header vlan [1-3] id

3HaueHue uaeHtubukaropa VLAN

show txgen header vlan [1-3] priority

3HaveHye npyopurera Tpaduxa

show txgen header mpls count

BbI60p KoJIm4yeCcTBa METOK

show txgen header mpls [1-3] label

3HauyeHMe MeTKU

show txgen header mpls [1-3] cos

Kitacc 06C}'Iy)KMBaHI/I$I rnaxkeTa ¢ MeTKO

show txgen header mpls [1-3 ttl

BpeMs JKM3HU TTaKeTa C MEeTKO

show txgen header autoarp

BK/TIOUEHA /I (QYHKIMS aBTOMATUYECKOTO ITPOBeZIeHNsI
ARP-3ampoca

show txgen header diffserv

BbI6pansl monst IP Precedence u Type of Service mmu mo-
e DSCP

show txgen header dscp

3HaveHue rosnst DSCP

show txgen header precedence

3HayeHMe IIpMopuTeTa Kagpa

show txgen header tos

TUI OOCTY)KMBAHMS TTAKeTa

show txgen port

MOPT, C KOTOPOTO GyZeT reHepypOBaThCS TECTOBbIN Tpa-

duk

show txgen frame random min

MUHMMAJIbHOE 3HaYeHMe pasMepa Kajipa B ¢Jiyuae paB-
HOMEPHOT'0 3aKOHA pacrpeeneHns

show txgen frame random max

MakCUMMaJlbHOe 3HaueHue pasMepa Kajpa B crydae pas-
HOMEPHOTO 3aKOHA PacTipeeeHus

show txgen frame constant

pasMepbl KagpoB 471 TeCTUPOBaAHMS

show txgen frame type

3aJlaH CJTyYaitHblil UM IOCTOSIHHBIN pasMep Kaapa

show txgen duration

AJINTENbHOCTD reHepauymn TeCTOBOTro TDadJV[Ka

show txgen rate

3aJlaHHast Harpyska, kb/c unm %

txgen start

3aIllyCTUTh reHepanyio TeCTOBOI'O ITOTOKa

txgen stop

OCTaHOBUTH reHepauuio TECTOBOrO MMOTOKa

txgen results

pe3ynpTaThl reHepanym TeCTOBOro InoTokKa
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Ta6nuya B.2. Komanost yoanénnozo ynpasnerus (TELNET) (npodonceHue)

Ieiid

show loopback layer

ypoBenb Illneiida

IMapameTpsb! ceTu

show network dhcp

BruToueHa v pyHkuus DHCP mjist mopra A

show network ip

IP-anpec mopra A

show network subnet

MacKa nmogceTy ajid ropra A

show network gateway

[P-angpec uutto3a fjist mopta A

show network dns

IP-anpec y3/1a ceTy, KOTODbIN COmepskUT 6a3y JaHHBIX
DNS nnst nmopra A

show lan dhcp

BrutoueHa i GyHkuyst DHCP miist mopra LAN

show lan ip

IP-appec mopra LAN

show lan subnet

Macka rnogcetu ast mopra LAN

show lan gateway

IP-appec nuto3a ajist nopra LAN

IMapameTtps nuTepdeiicos. ITopt A

show link

COCTOsIHME COeIVUHEeHUS

show ifce mac

MAC-aapec nmopta A

show ifce vlan count

xonnuectBo VLAN meToK

show ifce vlan [1-3] id

3HaueHue uaeHtubukatopa VLAN

show ifce vlan [1-3] priority

3HayeHue NpuopuTeTa Tpapuka

show ifce mpls tx Isr

IP-agpec uHTepdeiica MapIIpyTM3aTopa, OCyIIeCTBIsI-
IOLIer0 KOMMYTALMIO II0O MeTKaM

show ifce mpls tx rule

BK/TIOYE€HO MJIM BBIK/JTFOUEHO ITPaBMJIO HAa OTIIPABKY ITaKke-
TOB B IIOACETH

show ifce mpls tx subnet

IP-anpec noxcetn

show ifce mpls tx mask

MackKa rnmogcetm

show ifce mpls tx stack count

KO/JIMYeCTBO METOK, KOTOpOe GY,HET ,Z[O6aBJ'leHO B I1epe-
JlaBaeMblii aKkeT

show ifce mpls tx stack [1-3] label

3HaueHMe MeTKU

show ifce mpls tx stack [1-3] cos

Kiacc O6CJ'IY)KI/IB8.HI/I5[ rnaxkeTa ¢ MeTKO¥

show ifce mpls tx stack [1-3] ttl

BpeMs KM3HM [TaKeTa C MeTKOM

show ifce mpls rx count

KOJIMYEeCTBO METOK B IIPMHMMAaeMBIX ITaKeTax

show ifce mpls rx [1-3] label

3HaueHMe MeTKU

IMapameTtps! uuTepdeiicos. llopt LAN

show lan mac

MAC-aapec nopta LAN

show lan vlan count

KomuecTBOo VLAN meToK

show lan vlan [1-3] id

3HaueHue uaeHtubukaropa VLAN

show lan vlan [1-3] priority

3HaveHye npyopurera Tpaduxa

Tectsr TCP/IP
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ping 3aITyCTUTD TECT «IX0-3aMpoc»

CoxpaHeHMe/3arpysKa pe3yJbTaToB

results save N COXpaHeHMe Pe3yabTaTOB U3MEPEHMI 0[], TIOPSIAKOBBIM
Homepom «N» (N =1 .. 10)

results load N 3arpyska pe3y/lbTaToOB M3MepPeHMit, COXPaHEHHBIX MOL,
TOPSIIKOBBIM HOMEPOM «N»

results show oToGpaskeHye TeKYIVX Pe3y/lIbTaTOB U3MePeHMit

results show N BBIBOJ|, PE3Y/IbTaTOB M3MEPEHMA, COXPAaHEHHBIX ITOJ 110-
PSIIKOBBIM HOMEPOM «N»

results show all BBIBOJ, BCEX COXPAHEHHBIX PE3Y/IbTATOB M3MePeHMit

results info BbIBOJ, MHGOPMALM O COXPAHEHHBIX Pe3y/bTaTax M3-
MepeHuit

Jlor

log < off | on > BBIK/IIOUEH€/BK/IIOUEHME CUCTEMbI IIPOTOKOIUPOBAHS
COOBITHIA

log show BBIBOJ, COOBIIEHMI O TIPOM3OLIEAIINX COOBITUSIX

CraTucTuKa
statistics BBIBOJ, CTATUCTUUYECKUX JAHHBIX
O61e KOMaHAbI

show version HoMepa Bepcuii I10

exit BBIXOI M3 KOMAHAHOTO PEeXUMa

reboot repesarpyska npuéopa

help CIMCOK AOCTYITHBIX KOMaH/,

configure repexop, B peskuM KOHuUrypaumm

username M3MeHeHMe UMEeHM T10Ib30BaTesst

password M3MeHeHMe Mapost

show options TPOCMOTP OTKPBITHIX OTILIMI

show time TPOCMOTP TEKYIIero BpeMeHu

show date TPOCMOTD TeKYIIeii 1aThl
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B. KomaHzbl yoanéHHoro ynpasneHus

Ta6nuya B.3. Komandst yoanénrozo ynpasnenus (TELNET). Pexcum KoHpueypayuu

Komanga

IleiicTBUE

rfc2544 header src udp <int>

ycraHoBUTb HOMep UDP-nopTa oTnpa-
BUTEIS

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

ycTaHoBUTb MAC-azipec OTIpaBUTENst

rfc2544 header src ip <i.i.i.i>

ycTaHOBUTD IP-afpec ornpaBuTesnis

rfc2544 header dst udp <int>

ycraHoBUTbh HoMep UDP-mopra momy-
yaresst

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

ycraHoBUTb MAC-afpec rosyuaTerst

rfc2544 header dst ip <i.i.i.i>

ycTaHOBUTB IP-agpec nomyyaresnst

rfc2544 header vlan count < off [ 123 >

BbIGpaTh KomuecTBo VLAN MeToK

rfc2544 header vlan [1-3] id <int>

YCTaHOBUTD 3HaUYeHMe UOeHTU(PUKATO-
pa VLAN

rfc2544 header vlan [1-3] priority <int>

YCTAaHOBUTb 3HA4YeHMe IpHOpuUTeTa
Tpaduka

rfc2544 header mpls count < off | 123 >

BbIGpaTb KOJIM4YeCTBO METOK

rfc2544 header mpls [1-3] label <long>

YCTAaHOBUTDb 3HAYE€HME METKN

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

YCTAaHOBUTD Kjtacca 06CJIY}KI/IB3HVIH na-
KeTa

rfc2544 header mpls [1-3] ttl <int>

YCTAHOBUTb BpPeMSI XKU3HM IaKeTa C
MEeTKO

rfc2544 header autoarp < off | on >

BBIKITIOUUTh/BKIIIOUNTD
byHK1IMIO aBTOMATHUECKOTO po-
BepeHus ARP-3anpoca

rfc2544 header diffserv < prec+tos | dscp >

BbIOpaTh Oyl BCTaBku monst [P
Precedence u Type of Service wm
nose DSCP

rfc2544 header dscp text

3aaTh 3HaueHue mnonst DSCP, 8 6ut

rfc2544 header precedence <int>

YCTAHOBUTb 3HAYeHMue TMPUOPUTETA
Kazgpa

rfc2544 header tos text

YCTAaHOBUTDb TUIT 06CJ’Iy)K]/[BaHI/I5[ maKeTa

rfc2544 throughput duration <int>

YCTAaHOBUTDb OJINTEJIBHOCTh Hp06bl pIoje g
aHa/msa HpOHyCKHOﬁ CIIOCOBHOCTH

rfc2544 throughput enabled < no | yes >

3al'[pETI/ITb/p33peHJI/lT]> BBITIOJTHEHME
aHanmmsa HpOHYCKHOVI CIIOCOGHOCTH

rfc2544 throughput maxrate

YCTAaHOBUTHL BEJIMYMHY HArpyskm st
aHa/M3a MPOITYCKHO CIIOCOGHOCTH

rfc2544 throughput threshold <int>

YCTAaHOBUTDL BEJIMUMHY ITOpOTa IOTEPb
A1 aHa/In3a HpOHYCKHOﬁ CIOCOGHO-
CcTn

rfc2544 throughput resolution < 10| 10.1|0.01 | 0.001 | 0.0001 >

YCTAaHOBUTL BEJINYMHY pa3peleHnss
A1 aHa/n3a HpOHyCKHOﬁ CIIOCOGHO-
CcTn
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Ta6nuya B.3. Komanost ydanénnozo ynpasnerus (TELNET) (npodonceHue)

rfc2544 frames [1-9] enable < off | on >

3aIPeTUTh/PaspelinuTb  MCIIONb30Ba-
HUe TpU aHalu3e COOTBETCTBYIOLIETO
pasmepa Kazpa

rfc2544 frames [1-9] size <int>

3aaTh pasmep Kagpa

rfc2544 latency enabled < no | yes >

3aIPeTUTh/Pa3pelinuTh  BBIIOTHEHNE
aHa/nM3a 3a/IeP>KKM PacrpoCTpaHeHUs

rfc2544 latency count <int>

YCTAaHOBUTDb KOJIMYECTBO r[poﬁ AJI9 aHa-
Ji3a 3aJepP>KKU pacnpoCTpaHeHU

rfc2544 latency duration <int>

YCTAaHOBUTDb OJINTEJIBHOCTh Hp06bl ATt
aHa/mM3a 3aJep>KK1 pacrpoCTpaHeHus

rfc2544 latency rates src <throughput | manually>

3aaTh UCTOUHMK 3HAYEHMIT HArpys-
ku (throughput — npomyckHas croco6-
HOCTb, manually — BpyuHyio)

rfc2544 latency rates [1-9]

BBECTM 3HAUeHWs Harpysku OJIs Kax-
[oro pa3mepa Kaapa B %

rfc2544 frameloss enabled < no | yes >

3aIpeTUTh/Pa3pelliNTh  BBIIOTHEHNE
aHa/lM3a YPOBHS IOTePb KaipoB

rfc2544 frameloss duration <int>

YCTAaHOBUTH AJIUTENBHOCTD MTPOOBI [JIst
aHa/I13a YPOBHS ITOTEPh KaZpoB

rfc2544 frameloss steps <int>

YCTAHOBUTh KOJIMYECTBO IIArOB [JIsk
aHa/lM3a YPOBHS MOTEPb KaZPOB

rfc2544 frameloss rates start

YCTAaHOBUTb HAuyaJbHYI0 HAarpy3Ky IJIst
aHa/lM3a YPOBHS MOTePb KaipoB B %

rfc2544 frameloss rates stop

YCTAaHOBUTb KOHEYHYIO HArpysKy [JIs
aHanM3a ypoBHS IOTepb KaApoB B %

rfc2544 back2back enabled < no | yes >

3aIPeTUTh/PaspellnTb  BbINOTHEHME
aHa/IM3a Npefie/ibHO Harpy3Ku

rfc2544 back2back count <int>

YCTAaHOBUTD KOJIMYECTBO MPOG JiIsl aHa-
JI13a TIpefieIbHO Harpy3Ku

rfc2544 back2back duration <int>

YCTAaHOBUTDb OJINTEJIBHOCTh Hp06bl AJist
aHanmmsa HDEHeHbHOVI Harpyskmu

rfc2544 back2back rates src < throughput | manually >

3alaTh MCTOYHMK 3HAYEHMIT HArpys3-
ku (throughput — nmpomyckHast croco6-
HoCTb, manually — Bpy4HyI0)

rfc2544 back2back rates [1-9]

BBECTM 3HAYEHMI HarpysKu IJIs Kax-
[IOro pa3Mepa Kagpa

rfc2544 advanced wait <int>

YCTaHOBUTD 3HaUY€HMe TapamMeTpa «MH-
TepBan»

rfc2544 advanced learn <int>

YCTAHOBUTh ~ 3HAUEHMe Iapamerpa
«00yueHme»

Ci1o>kHbIi TpaduK

ctraf header mpls count < off | 1|23 >

BBIGpATD KOMMYECTBA METOK

ctraf header mpls [1-3] label <long>

YCTAaHOBUTDb 3HAYE€HME METKN
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Ta6nuya B.3. Komanost yoanénnozo ynpasnerus (TELNET) (npodonceHue)

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

YCTAaHOBUTDL Kitacc O6CJ'IY)KI/IB8.HI/I$I na-
KeTa

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

YCTAaHOBUTH BPeMs SKM3HM IaKkeTa C
MEeTKO

ctraf header autoarp < off | on >

BBIK/IIOUUTD/BK/IIOUNUTD dbyuxumio
aBTOMAaTUUYeCKOro IposefeHus: ARP-
3ampoca

ctraf header diffserv < prec+tos | dscp >

BbIOpaTh Ot BCTaBku monst [P
Precedence u Type of Service wmmn
nosie DSCP

ctraf header dscp text

3aath 3Havenue mojst DSCP, 8 6ut

ctraf nstreams <int>

BBECTY KOJIMYECTBO ITOTOKOB JAaHHBIX

ctraf stream <int>

BBeCTM HOMEP HacCTpanBaemMoro I10TO-
Ka

ctraf duration <int>

YCTAaHOBUTDb MJIMTEIBHOCTb r'eHepauun
3aJaHHOTI'0 KOJIM4yeCTBa ITIOTOKOB

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

ycraHoBUTb MAC-azipec OoTIipaBuTeNs

ctraf header src ip <i.i.i.i>

YCTAaHOBUTH IP-B,HDEC OTIIpaBUTEIS

ctraf header src udp <int>

ycraHoBUTb HOMep UDP-nopra oTmpa-
BUTEJS

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

ycraHoBUTb MAC-azpec nosmyvaTens

ctraf header dst ip <i.i.i.i>

ycTaHOBUTB IP-afgpec nomyuarenst

ctraf header dst udp <int>

ycraHoBUTh Homep UDP-mopra momy-
yaresst

ctraf header vlan count < off [ 1|23 >

BbIGpaTh KosmuecTBo VLAN MeTOK

ctraf header vlan [1-3] id <int>

YCTaHOBUTD 3HaUYeHMe UIeHTU(GUKATO-
pa VLAN

ctarf header vlan [1-3] priority <int>

YCTAHOBUTb 3HAYeHMe IpHOpuUTeTa
Tpaduka

ctraf header precedence <int>

YCTAaHOBUTH 3HAuU€HUe MpPUOpUTETA
Kazpa

ctraf header tos text

YCTAaHOBUTD TUIT O6C]IY)KI/IB&HI/IH nakeTa

ctraf rate <int>

BBECTM 3HaueHyue MHGOPMALMOHHOM
CKOPOCTH (110 YMOTYAHMIO — B IIPOLIeH-
Tax)

ctraf rate <int> <unit>

BBECTM 3HAueHue MHQPOPMAIMOHHOI
CKOPOCTHM C YKa3aHMeM eAMHUILL U3Me-
penust (K6ut/c, M6/c nimu %)

ctraf frame <int>

BBECTM pa3mepa Kajgpa

BERT

bert header mpls tx count < off | 123 >

BbI6paTb KOo/mm4yecTBa METOK Ha Iiepe-
nauy

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

YCTAaHOBUTDb 3HAYE€HME METKN
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bert header mpls tx [1-3] cos <int>

YCTAaHOBUTDL Kiacc OGCJ’IY)KMBB.HI/I?I na-
KeTa

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

YCTAaHOBUTH BPeMs KM3HM I1aKkeTa C
MEeTKO

bert header autoarp < off | on >

BBIK/IIOUUTD/BK/IIOUNUTD dbyuxumio
aBTOMAaTUUYeCKOro IposefeHus: ARP-
3amnpoca

bert header diffserv < prec+tos | dscp >

BbIOpaTh At BCTaBku monst [P
Precedence u Type of Service wmmn
nosie DSCP

bert header dscp text

3a/1aTh 3Havenue mojst DSCP, 8 6ut

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

ycraHoBUTb MAC-azipec OoTIipaBUTeNs

bert header src ip <i.i.i.i>

yCTaHOBUTS IP-afpec OTIpaBuTes

bert header src udp <int>

ycraHoBUTb HOMep UDP-nopra oTnpa-
BUTEJIS

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

ycraHoBUTb MAC-azpec ronyvaTesns

bert header dst ip <i.i.i.i>

ycTaHOBUTSH IP-anpec nomyvaTesns

bert header dst udp <int>

ycraHoBUTb HOMep UDP-nopra momy-
yaresnst

bert header vlan count < off | 123>

konmuuectBo VLAN meToK

bert header vlan [1-3] id <int>

YCTaHOBUTH 3HAUEHME UIeHTU(HUKATO-
pa VLAN

bert header vlan [1-3] priority <int>

YCTAHOBUTh 3HAYeHMe IPUOPUTETA
Tpaduka

bert header precedence <int>

YCTaHOBUTb 3HAYEHME IPUOPUTETA
Kazpa

bert header tos text

YCTAaHOBUTDb TUIT 06C}'Iy)KI/[BaHI/I9[ TrakeTa

bert frame random min <int>

YCTAaHOBUTb MVHMMA/lbHOE 3HaueHue
pasmepa Kajpa B CTyyae paBHOMEPHO-
0 3aKOHA pacrpeeneHms

bert frame random max <int>

YCTAHOBUTb MaKCMMaJbHOe 3HaueHue
pasmepa Kajgpa B CIyyae paBHOMEPHO-
0 3aKOHA pacpeeneHus

bert frame constant <int>

3aaTh pa3Mepbl KaZpoB [isl TECTHUPO-
BaHUsI

bert frame type < constant | random >

BbIGPATh 3aKOH M3MEHEeHMs pasMmepa
Kajpa

bertlevel<1[2]3|4>

BbIGPaTh ypoBHS Mofenu OS], Ha KoTO-
poMm GyzeT IPOBOANUTHCS TECT

bert pattern < user | crtp | 2e11-12e15-1 | 2e20-1 | 2e23-1| 2e29-1 |

2e31-1>

BbleaTb CTaHOAPTHYIO WIM 3aJaBae-
MYIO I10JIb30BaTe/JIeM TeCTOBYIO ITOCIe-
A 0BaTEJIbHOCTb

bert user-pattern hex

BBECTY I10/Ib30BaTE/JIbCKYIO MTOC/Ie1I0Ba-
TEJIbHOCTDb
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B. KomaHzbl yoanéHHoro ynpasneHus

Ta6nuya B.3. Komanost yoanénnozo ynpasnerus (TELNET) (npodonceHue)

bert rate

BBECTM TPeGyeMyI0 Harpys3Kky

bert duration <hh.mm.ss>

3a4aTb OJINTEJIbHOCTb M3MEepeHNA

ITakeTHBIN IKUTTEP

jitter txgen < off | on >

BBIK/IIOUUTD/BK/IIOUUTb T€HEPaTop Te-
croBoro Tpaduka

jitter threshold <int>

3a4aTb IIOPOroBOe 3HaAYEeHME IPKUTTEPa

jitter duration <hh.mm.ss>

3a[aTh BpeMsl U3MepeHMs [DKUTTepa

TecTOBBIV MOTOK

txgen header mpls count < off [ 123>

BbIGpaTb KOJIM4YeCTBO METOK

txgen header mpls [1-3] label <long>

YCTAaHOBUTDb 3HAYE€HME METKN

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

YCTAaHOBUTH KitaccC 06CIIY)KVIB&HI/IH na-
Kera

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

YCTAQaHOBUTb BpeMsl XXU3HM IakeTa C
MEeTKO

txgen header autoarp < off | on >

BBIK/IIOUUTh/BKIIOYNUTD dyHKUMIO
aBTOMATUUYECKOro TIpoBeneHus: ARP-
3ampoca

txgen header diffserv < prec+tos | dscp >

BbIOpaTh Ol BCTaBku monst [P
Precedence m Type of Service wmiu
nione DSCP

txgen header dscp text

3az1aTh 3Hauenme mojst DSCP, 8 6ut

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

ycraHoBUTb MAC-azspec oTpaBuTeNs

txgen header src ip <i.i.i.i>

ycTaHOBUTS [P-anpec oTrpaBuTens

txgen header src udp <int>

ycraHoBUTb HOMep UDP-nopra oTmpa-
BUTEJIS

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

ycraHoBUTb MAC-azpec nosryvaTens

txgen header dst ip <i.i.i.i>

ycTraHOBUTB IP-afgpec nomyuaresnst

txgen header dst udp <int>

ycraHOBUTb HOMep UDP-mopra mony-
varesnst

txgen header vlan count < off | 123 >

3agaTh KonmmaectBo VLAN MeToK

txgen header vlan [1-3] id <int>

YCTaHOBUTH 3HAUEHME UAEHTU(DUKATO-
pa VLAN

txgen header vlan [1-3] priority <int>

YCTAHOBUTb 3HAYeHMe IpHopurera
Tpaduka

txgen header precedence <int>

YCTAaHOBUTH 3HAuU€HMUe MpUopuUTeTa
Kazpa

txgen header tos text

YCTAaHOBUTD TUIT 06CHY)[(]/IB&HI/I$I nakeTa

txgen port<a|b>

BBIGPATH MOPT, C KOTOPOTO GYAET Mpo-
MCXOOUTH TeHepauus Tpaduka
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Ta6nuya B.3. Komanost ydanénnozo ynpasnerus (TELNET) (npodonceHue)

txgen frame random min <int>

YCTAHOBUTh MVHMMA/bHOE 3HaueHue
pasmepa Kajgpa B CIydae paBHOMEPHO-
O 3aKOHA pacipeneneHus

txgen frame random max <int>

YCTAaHOBUTh MaKCMMajbHOe 3HaueHue
pasmepa Kajgpa B CTyyae paBHOMEPHO-
O 3aKOHA pacipeeneHus

txgen frame constant <int>

3a4aThb pa3Mepbl KagpOB OJIsI TeCTUPO-
BaHUA

txgen frame type < constant | random >

BbIOpPAaTh 3aKOH M3MEHEHMs pasmepa
Kazpa

txgen duration <hh.mm.ss>

3a4aTb OJINTEIbHOCTD I/I3Mep€HI/H‘/1

txgen rate

BBECTM TPeGyeMyI0 Harpy3ku

Inesicd’

loopback layer < off | 1234 >

BBIOpPAaTh YpOBEHb, Ha KOTOPOM Oy-
IeT TIPOMCXOAUTDH IepeHarpaBieHmne
TeCTOBOro Tpadmka

MapaMeTpbI ceTi?

network dhcp < off | on >

BBIKJTIOUUTD/BKITIOUUTD byHKIMIO

DHCP pns nopta A

network ip <i.i.i.i>

ycraHoBUTh IP-agpec mopta A

network subnet <i.i.i.i>

YCTAaHOBUTb MacCKy IOACETU OJIF ITOpTa
A

network gateway <i.i.i.i>

ycTaHoBuUTH [P-afpec nuto3a ajst mop-
Ta A

network dns <i.i.i.i>

ycraHOBUTB IP-azipec y3ia ceTu, KOTO-
palit copepskut 6a3y DNS, mist mopra A

lan dhcp < off | on >

BKJTIOUUTh/BBIKTIOUNTD
DHCP pns nopta LAN

byHKLMIO

lan ip <i.i.i.i>

ycraHoBuUTb IP-agpec mopta LAN

lan subnet <i.i.i.i>

YCTAaHOBUTDb MacCKy IMoOACeTU OJIF ITopTa
LAN

lan gateway <i.i.i.i>

ycTaHoBUTH [P-afpec nuto3a ajist mop-
Ta LAN

ITapameTps! uaTepdeiicos. Ilopt A

ifce vlan count < off | 1|23 >

YCTaHOBUTB KonmnuecTBO VLAN mMeTOK

ifce vlan [1-3] id <int>

3aaTb 3HauyeHue I/IIleHTI/I(bI/IKaTOpB
VLAN

ifce vlan [1-3] priority <int>

3aaTh 3HaYEeHMe npuopurera Tpabu-
Ka

'Komanps! u3 pasgena «lllnefid» BCTYNaloT B CHIly TOMBKO MOC/Te KOMaHAbI settings apply uau nepesarpysku

npubopa KoMaHo¥ reboot.

2Komaupipl u3 pasgenos «[lapamerpsl cetn» u «[TapameTpsl MHTepdeiicoB» BCTYMAIOT B CHITY TOJLKO HOC/IE KO-
MaH/bI settings apply uim nepesarpysku npu6opa KoMaHz#oit reboot.
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Ta6nuya B.3. Komanost yoanénnozo ynpasnerus (TELNET) (npodonceHue)

ifce mpls tx Isr <i.i.i.i>

3agatk [P-agpec nurepdeiica Mmapuipy-
TU3ATOPa, OCYLECTBIISIONIET0 KOMMY-
TaIMIO IO MeTKaM

ifce mpls tx rule < off | on >

BBIKJIIOUUTD/BK/IIOUNUTD IIpaBMJIO Ha OT-
IIpaBKy ITaKeTOB B ITOACETH

ifce mpls tx subnet <i.i.i.i>

3agath IP-agpec nopceru

ifce mpls tx mask <i.i.i.i>

3a4aTb MacCKy IOJCeTn

ifce mpls tx stack count < off [ 123>

3a/]aTh KOJIMYECTBO METOK, KOTOPOE G-
et n,o06aB/IeHo B IepeiaBaeMblii [TaKkeT

ifce mpls tx stack [1-3] label <long>

YCTAaHOBUTDb 3HAYEHME METKN

ifce mpls tx stack [1-3] cos <int>

YCTaHOBUTH K/IacC OGCTYyKMBaHMS Tia-
KeTa C MeTKO

ifce mpls tx stack [1-3] ttl <int>

BpeMs JXKM3HU ITaKeTa C MEeTKO

ifce mpls rx count < off [ 1|23 >

3a4aThb KOIMYECTBO METOK B IIPMHMMA-
€MBIX ITaKeTax

ifce mpls rx [1-3] label <long>

YCTAaHOBUTDb 3HAYE€HME METKN

IMapameTps! uHTEpdeiicos. llopt LAN

lan mac <XX:XX:XX:XX:XX:XX>

ycraHoBuUTb MAC-azpec nopta LAN

lan vlan count < off | 1|23 >

BBecTM KonmyectBa VLAN meTOK

lan vlan [1-3]id < int >

YCTAaHOBUTH 3HaueHue 12-6UTHOrO
nnenTudnraropa VLAN

lan vlan [1-3] priority < int >

YCTAHOBUTh 3HAYeHMe IpHOpuUTeTa
Tpaduka

profile rename [n] [name]

3a7aTh UM IpobuIs

profile save [n]

COXpaHMUTb TeKyllMe HaCTPOWKM B
SYeNKy N

profile lock [n]

YCTAaHOBUTH 3aLUTy OT 3aIUCU IS
STYeIKU N

profile unlock [n]

OTMEHMTDh 3aIUTy OT 3alnucu IJis
STYeNKM N

profile load [n]

3arpysuTh MPOGMIb HACTPOEK U3 STUETi-
KM n

profile delete [n]

yAamUTh TPodMIIb HACTPOEK U3 STUEITKI
n

profile list

0TOOPasUTh CIOMCOK  COXPAHEHHbBIX
npoduneit B popmare «index, name,
data, status», rme index — HOMeD sTueii-
KM, B KOTOPOi1 coxpaHeH mpodmib,
name - ums npobwisa, data — mga-
Ta COXpaHeHMs, status - cocTosiHMe
(3alUMILEeH OT 3aIuCy WIN HeT)

profile show [n]

BBIBECTH COIEPKMMOe IIpoduiis n




139

Ta6nuya B.3. Komanost ydanénnozo ynpasnerus (TELNET) (npodonceHue)

O61¥e KOMaHabI
exit BBIATU U3 pexuMa KOHGUrypamm
help BBIBECTY CITMCOK AOCTYITHBIX KOMaHT,
time HH:MM:SS BBECTU BpeMs

date DD-MM-YYYY

BBeCTU Jarty
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C. CrpykTtypa Ethernet-kagpa

Destination MAC Address

Source MAC Address

Length/Type

Frame Check Sequence

Puc. C.1. Cmpykmypa Ethernet-kadpa

Destination MAC Address — MAC-aapec noiyuaTesis. ITose oyinHOI 6 6aiiT, comep-
SKUT afipec y3/ia ceTu, KOTOPOMY ITpeIHasHaueH Kajp.

Source MAC Address — MAC-anpec otrrpaBuTesi. IToe IjiMHO 6 6aiiT, COmepPsKUT
ajipec OTIIPaBUTeJIs Kazapa.

Length/Type — Inuxa/Tum. [Tone conepskuT 16-6MTOBOE Lies0e YMCI0 U IPUHUMAET
OAHO U3 IBYX 3HAUEHMI:

— eC/IM YMCII0, 3aIMCAaHHOE B 3TOM I1071e, MeHbIIe Wiy paBHO 1500, TO mose NpuHu-
maet 3HaueHue Length (JjauHa) u onpesesnseT IyIHY 0/ JaHHBIX;

— eQIu 3HaUeHMe, 3aMCaHHOoe B 3TOM IT0J1e, 60JIbIlle WIM paBHO 1536, To moste mpu-
Humaet 3HayeHue Type (TUIr) 1 yKasbIBaeT TUIT UCIIOIb3YEMOrO ITPOTOKOJIA.

Data — nose JaHHBIX, MOXKET COAEPXKATh OT 46 Uy 42 (B caydae, KOrga Kagp copep-
skuUT VLAN-MeTKy) mo 1500 6aiir.

Pad — Padding (mosnie 3anonuenus). Eciv noje faHHBIX MMeET IJIMHY MeHee 46 6aiiT,
TO KaJp JOIOTHSIETCS MoJIeM 3aTlOTHeHUS 0 MYUHMMAaTbHO BO3MOKHOTO 3HAUEHUST —
64 GaitT.

Frame Check Sequence — KoHTposnbHas cymMa. ITose cocTouT U3 4 6aiiT, comepska-
HIMX KOHTPOJIbHYIO CYMMY.
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142 C. Grpykrypa Ethernet-kagpa

Destination MAC Address

Source MAC Address

Tag Protocol Identifier

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

Length/Type

Frame Check Sequence

Puc. C.2. Cmpykmypa Ethernet-kadpa, codepxcawezo VLAN-memky

Tag Protocol Identifier — meTka «/peHTHbMUKATOP IIPOTOKOMA». 16 OGUT, KOTOPBIE
OIpeessiioT MPUHAIEeKHOCTD Kaapa K ctrangapty 802.1Q [9].

Tag Control Information — Mudopmanus st ynpasnenust metkoit. TCI comepxut
TpU TOJISL.

— Priority — User (VLAN) Priority. Tpu 6uTa, KOTOpble cofepskaT MHMOpMAIHIO O
npuopuTeTe Kagpa (BO3MOXXHO BOCeMb 3HaueHuii nmpuopureTta([9])).

— CFI — Canonical Format Indicator (uHIMKaTOp KaHOHMYeckoro ¢dopmata). OgHO-
6UTOBBIN (rar, KOTOPBIN Bcerma paBeH HyJIO 11t Kaapos Ethernet.

— VLAN ID — VLAN Identifier (VID). 12-6uTHblit unenTudmrarop VLAN, KOTOpBIii
omnpenenéH B ctangapre 8§02.1Q [9]. Onno3zHauHo onpexensier VLAN, koTopoii mpu-
HaJJIeXXUT Kajp.



D. Cneundpukauum

D.1. UHTepdeichl

Ta6nuua D. 1. Humepdeticet

10G SFP+ 10GBASE-SR/SW, 10GBASE-LR/LW, 10GBASE-ER/EW
1G SFP 1000BASE-SX, 1000BASE-LX, 1000BASE-EX, 1000 BASE-T
RJ-45 10/100/1000 BASE-T

USB tun B, LAN 10/100 Ethernet

VHTepdeiichl yrpaBieHus

D.2. TectupoBaHue

Ta6nuya D.2. TecmuposaHue

CKOpOCTb Iepefaun

10/100/1000 M6uT/c, 10 I'6ut/c

[MogpmepskuBaembie HopMaThl KaJpoB

Ethernet II, IPv4, UDP, TCP

Hacrpoiika mapaMeTpoB KapoB

MAC-agpec ucrounuka/monyuarensi, VLAN ID, npuo-
putetr VLAN, IP-agpec MCTOYHMKA/TIOMyYaTeNs, Ioje
EtherType, mone ToS, mone Precedence, mone DSCP,
UDP nopT oTnpaBuUTeIs/moydaTesnsi, pasMepbl KaApoB
64 — 64000 6aitT

MPLS Ilo 3 MPLS meTOK Ha IpuéM 1 niepenavy

VLAN Ilo 3 VLAN meToK

RFC 2544 [pormyckHast ClIOCOGHOCTD, 33/IeP3KKa, TOTEPU KaAPOB,
rpefiesibHasl Harpyska

BERT ®usnyueckuii, KaHalIbHBI, CETeBO}, TPaHCIIOPTHBIN

YPOBHM TecTupoBaHus. [Jo6aBaeHe 6UTOBBIX OIIMOGOK
B TECTOBYIO ITOC/IeIOBATEIbLHOCTD BPYyUHYIO. Pe3ymbpra-
Tl aHanu3a: BITs, EBITs, BER, LSS, %LSS, LOS, %LOS.
Pexxum (J1y4aifiHOTO M TIOCTOSIHHOTO pasmMepa Kajpa.
TecroBble mociaenoBaTenbHocT: CRTP, 2e11-1, 2e15-1,
2e20-1, 2e23-1, 2e29-1, 2e31-1, 3amaBaemasi M0Ib30Ba-
TesieM (4 6aiiTa)

Bapuarus 3aiepskku

PesynbraTsl ananusa: PKTs, OOOPs, INOPs, %00O0Ps,
%INOPs, KOMM4eCTBO NaKeTOB, IKUTTEP/3afepkKKa KO-
TOPbIX ObUIM MeHbIIIe (6OJIbIIIE) 3aIaHHOTO Mopora. Pe-
SKMM CJTy4aifHOTO M TIOCTOSIHHOTO pa3Mepa Kajipa
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D. Cneundukaumum

Tab6nuya D.2. Tecmuposarue (npodosixceHue)

CnosxHblit Tpaduk

Ilo 10 MOTOKOB [aHHBIX C MHAMBUAYAIbHOI Harpys-
KOJ 1 3aro/IOBKOM Kajpa. [ToTepu KaipoB IJis1 K&K 0-
'O [TOTOKA; IV PYHA TIOIOCHI TPOITYCKAaHUSI, PACCINTAH-
Hasl TI0 pe3yJabTaTaM TecTUpOBaHMs. Texyiias, MUHU-
MaJIbHasl, CPEIHSISI ¥ MaKCMMaJIbHAsl 3a7iepskKa mepe-
naun naHHbIX. KommyecTBo mepesaHHbIX U MPUHSITHIX
MaKeTOB J1JIsl KAXKIOTO MOTOKa

CraTtuctuka (RFC 2819)

ITo TMmamM KaApoB, IO pa3Mepam KaApoB, IO YPOB-
HSIM, 0 OIIMGOYHBIM Kagpam. KomuecTBo MPUHSITHIX
U TIepefaHHbIX MMaKeTOB, OTOOpaXkeHue Harpysku Ha
MOPTY B peayibHOM BpeMeHu. Turbl Kagpos: broadcast,
multicast, unicast. [TakeTsl cBepxmMasoii (runt), cBepx-
6onbuioii (jabber) mmuHbl. KomdecTBo Kagpos, mepe-
JIaHHBIX Ha KAaHAJILHOM U CETeBOM YpPOBHSIX. [IpoBepka
o CRC, runt, jabber

DNS

Omnpepnenenue IP-afpeca ceTeBOro yCTpoiicTBa Mo U3-
BECTHOMY JJOMEHHOMY MMeHU

Mapuipyt

OrnpepesieHrie MapuIpyTOB CleIOBaHMs ITaHHBIX B ce-
TX Ha ocHOoBe TCP/IP

9X0-3ampoc

MuHUMaNbHOE, CpefHee, MakCMMalbHOe BpeMsi MeX-
Iy OTIIPaBKOJ 3aMpoca U noiny4yeHuem otrseta. Konnue-
CTBO MepelaHHbIX, IPUHSITHIX, TOTEPSHHBIX U IOBTOP-
HbIX ITakeToB. KomnuecTBo 1akeToB, [71s1 KOTOPBIX Bpe-
MsI OTBeTa ObIJIO MPEBBILIEHO

Monutop ARP-3amnpocos

Bo3smoxkHoCTh OTCiexkuBaTb ARP-OTBeThI, Iepenaro-
1Iecsl B CETU U «IIepexXBaThIBaTh» COZepsKamuecs: B
Hux IP- 1 MAC-azgpeca ceTeBbIX YCTPOICTB

TCP-knueHT

VcranoBka TCP-coenuHeHMsI ¢ yIaJ€éHHBIM CETeBBIM
ycTpoiicTBOM, yrpasieHue 1o mnporokomy TELNET,
BO3MOXXHOCTB otripaBku HTTP GET-3amnpoca

Ineiid (Loopback)

VpoBHM: GU3MUYECKUI, KaHAJIbHbBIN C IOOAEPKKOI
VLAN, ceTeBOJt, TPaHCIIOPTHBI

ET-o6HapykeHme

Britouenne pexxuma «lllneitd» Ha ymaaéHHOM TecTepe-
a"anmm3aTtope bepkyT-ETX, BepkyT-ET niam yctpoiictse
ob6pasoBanus uuieiida BepkyT-ETL

OAM

Bxiiouenne pexxuma «Illneiid» KaHaIBHOTO YPOBHS Ha
yIaJIEHHOM YCTPOiCcTBe o TpoTokory OAM B COOTBeT-
ctBuu co crangaptom IEEE 802.3ah

VnanéHHoe yrpasjieHue

ViipaBiieHye npu60poM B peskuMe TepMUHAIA, Mo Ipo-
tokoiny TELNET, uepes WWW-unrepdeiic. Boimonne-
HMe TeCTOB, HACTPOIiKa MapaMeTpoB, MMOMyYeHue pe-
3y/lbTaTOB U3MepeHM
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D.3. O6wMe xapaKTepUCTUKH

Ta6nuya D.3. O6wue xapakmepucmuxu

dusmueckme napamMeTpbl

TabapuTHBIE pa3Mepbl M3MepuTeIbHOro 6;0ka (BxIIxT)

200x 101 %59 mm

Macca 13MepuTeabHOro 61oka

0,940 xr

Ycnosus IKCITyaTauumn

Jnamna3oH pabounx TemMIepaTyp

0-35°C

Ivianason TEeMIIEPATYP TPAHCIOPTUPOBKU U XPAHEHUS

-10...+45°C

OTHOCHUTebHAS BIAKHOCTD BO3ayxa

40-90 %, 6e3 KoHeHcaTa

DneKTponuTaHue

BHemrHuit 610K MUTaHUS

VmnynbcHblii (19B, 2,1 A)

Hanpﬂ)KeI—me BHEIITHEro MCTOUYHMKA IMUTAHUA

19B

IToTpeb6isieMblii TOK

~15A

ARKyMynSITOpHas 6aTapest

4300 MA X 4.

7 NiMH s1eMeHTOB, COeIMHEHHBIX M10-
ciefoBarenbHo. HoMuHanbHOe Hamps-
sxenme 6artapen — 8,4B, émkocTh —

DeMeHTbI 3aLUThI 10 SJIEKTPONMUTAHUIO

SKeHU

TupucTOpHasl 3alUTa OT MepeHarpsi-

BHyTpeHHMI1 TpefoxpaHuTens 7 A

Bpemst aBTOHOMHOI# paboTh!I (TIPY 06LIYHOM ITOIb30BAHNMN)

PpaboThi)

1-2 yaca (B 3aBMCMMOCTM OT TUIIA UC-
nosibzyemoro SFP+ monyns u pexxuma

Bpemst 3apsiiKy akKKyMyJISITOPOB

10 yacoB

CpOK CITyKObI aKKYMYJISITOPOB

500 OMKIOB «3apsif-paspsig»

Dipyroe

OrmopHast 4YacToTa TeCTOBOrO CMTHaja uHTepdesica
1G Ethernet

62,5 MI'i+6250 I'g (+£100 ppm)

. BeTHOI  rpaduyeckuit UCIien
Hucnnein I pad A
320x% 240 Touyek
Knasuatypa 25 KIaBuIIn
SI3bIKM Pycckuit, aHIIMiCKMit
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D. Cneundukaumum

D.4. Onunu NoCcTaBKMU

Ta6nuya D.4. Onyuu nocmasku

XJT N3mepenus naketHoro mxurrepa 10GE.
PesynbraThl usmepenus: PKTs, OOOPs, INOPs, %000Ps, %INOPS, KOIM4YecTBO IAKeTOB,
JDKUTTED KOTOPBIX MeHblie (6onblie) 3aaHHOro nopora. Pexxum cnyvaitHoro (ot 64 1o 9600
6aiiT) ¥ MOCTOSTHHOTO pa3Mepa KaipoB.

XMM MHoronoTroyHoe TectupoBanue (Mynbtuctpum) 10GE.
Pesxnm «CroskHbIi Tpadmk»: o 10 IOTOKOB JaHHBIX C MHAVBUIYAIbHOJ HAarpy3Koi u 3aro-
JIOBKOM KaJpa. [ToTepu KaipoB Jist KKIOTO [TOTOKA; IIMPUHA MOJIOCHI TPOITYCKaHUSI, PACCUM-
TaHHAas 10 pe3y/bTaTaM TecTupoBaHus. Tekyiasi, MUHMMAaIbHAsL, CPEAHSSI ¥ MaKCUMabHas
3aJepKKa repemaun NaHHBIX. KonnuectBo TrepegaHHbIX U IMPUHATHIX MAKETOB OJIS Ka’KO0oro
TIOTOKa.

XMPLS Iunaraoctuka MPLS 10GE.
Ilo 3 MPLS meToK Ha NIpUEM U nepenavy.

XAT AcummeTtpuuHoe TectupoBaHue 10 GE.
II1arHoCTyKa KaHAIOB, XapaKTePUCTUKM KOTOPBIX PasIMYHbI /IS IepeIaloIero 1 MpueMHOro
HarpaBJIeHUIA.

XFL JlyarHOCTMKa YCTOMYMBOCTY KOMMYTaTOPOB.
Teneparust Tpabuka co crydaiinbiMu MAC-ampecamyu uctounuka wiv VLAN-meTkamu
(MAC/VLAN flood).

XVLIP JlyarHOCTMKa YCTOMYMBOCTY MapUIPyTMU3aTOPOB.
Tenepauyst Tpaduka co cryvaitabivu IP-agpecamy nonyuaresns (IP flood).

XIP Iunarnoctuka cereit TCP/IP: DNS lookup, ARP, TCP client, traceroute, http-get.
CereBbie uHcTpymMeHTbI: DNS lookup, ARP, TCP client, traceroute, http-get: nuarHoctuka 1o-
CTYITHOCTY OCHOBHBIX ITIPOTOKOJIOB U CITYXKO.

XLATD Pacnipenenenue 3anepxkku (Latency distribution).
PacumipeHHasi A¥arHOCTMKA 3a/IepsKKY PacIIPOCTPaHeHNsI [TaKeTOB IS OLeHKM [TapaMeTpoB
KaHasla, KpUTUYHBIX [JIS1 CepBUCOB peanbHOro Bpemenu (VoIP, IPTV).

XBERT Pacumpennsiit BERT (advanced BERT test).
TeHepaliys MOTOKA CO CIyYaiiHbIM pa3mMepoM Kazpa (0T 64 1o 9600 6aiiT), BcTaBKa OMIMOOK.

XRC VnanenHoe ympasieHne (Remote Control).

JIMCcTaHLIMOHHOE YIIpaBJieHue pubopoM IOCPeiCTBOM Www-JHTepdelica Wiy Mo IpoToKoIy
telnet.




E. YcTpaHeHue HeucnpaBHOCTEMN

Tabnuya E.1. Bo3moxcHble HeucnpasHocmu

XapakTepHble IPU3HAKU
HeUCIIPaBHOCTU

Bo3MoKHass MpUYMHa

Mertopn ycTpaHeHust

HekoppeKTHOe CHCTEMHOE BpeMst

Bbula HaxaTa KHOIKA armapar-
HOTO cOpoca

YCTaHOBUTH CUCTEMHOE BpeM4a

[Ipu6op He BKIIOYAETCS

PaspspkeHa akKyMyJISITOpHasi 6a-
Tapes

BKIIIOUNTD BHELIHWIT MICTOYHYK IUTAHWS, 38-
pSIAUTD GaTapero

C60ii mporpaMmbl

TOHKMM TYIbIM CTEPKHEM HaXaTh KHOIKY
anmnapaTHoro cé6poca yepes oTBepcTme Ha 60-
KOBOIJ TTaHEeMM KopIryca mpubopa

He npoucxonut 3apsin 6aTapey ot
BHEIIHero 6/10Ka MUTaHUs

HewncripaBeH 670K muTaHusi, 06-
DBIB B IITEKepe, MOBpexkIeHa 6a-
Tapest

IlpoBepuTh ¥ TpM HEOBXOAMMOCTM 3aMe-
HUTH GJIOK MUTaHUSsI, GaTapero

B cnyuae, ecin He yoaéTcss CaMOCTOSITEIbHO YCTPAHUTh OOHAPY)KEHHYI0 HeMCIIpaB-
HOCTb TeCTepa, CIeyeT 0OPaTUTHCS B CTYXKOY TEXHNUECKO MOAIePSKKM TTI0 aipecy:

000 «HTI-MeTpoTek»
127322, Mocksa,

yi1. SI6;10uKoBa, 1. 21, Kopr. 3
Ten.: (495) 961-0071, (812) 340-0118

www.metrotek.ru
www.metrotek.spb.ru

I[Ipu o6parueHny Heo6XOOMMO yKasaTh CIEAYIOUIYI0 MH(MOPMALMIO: HaMEHOBaHMe
pubopa, 3aBO/ICKOIi HOMEp ¥ OIMMCAHME ITPOOIEMBI.
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F. TexHU4yeckoe ob6cnyxmBaHue Tecrepa

TexHMvyeckoe 06CTyKMBaHMe TecTepa-aHanu3aTopa bepkyT-ETX cBoguTCs K mepuo-
IUYecKOMY BHEIIHEMY OCMOTpY TecTepa, 6;10Ka MUTaHus U Kabesieii C [eblo comepska-
HMS B MICTIPABHOM Y UMCTOM COCTOSIHMM, a TaKKe MepuoguIecKoMy 3apsiny aKKyMyJIsi-
TOpHOI 6aTapeu (cM. pasgen F.1).

F.1. Mpoueaypa 3apsaa akKyMynsiTopHoi 6atapeu
[t 3apsima akKyMy/ISITOPHOI 6aTapeyt He06XOIMMO BBITIONTHUTD C/IeAYIONINE eV iCTBUS.

1. TTogK/IIOYNTH BHELIHNI GJIOK ITMTAHUS.

2. V6emuThCs, YTO 3apsii Hayayicss — CBeTOAMOIHBIN MHAMKATOP, PACIIOI0KeHHbI B
HIVDKHEN 4acTy IepeHell maHeIu Kopiyca npubopa, MUTaeT 3eJIeHbIM.

3. EcM MHOMKATOP MOCTOSTHHO TOPUT 3€JIEHBIM — 3apsii OKOHUEH WM TeMITepaTypa
aKKyMyJISITOpa mpeBbIimaet 65°C, 1 3apsii TPUOCTAHOBIIEH IO OXJIAKIEHMS aKKy-
my/siTopa. [Tocie oxmaskaeHns akKyMy/IsIToOpa Mpy MTOMOIIY BEHTUJISITOPA 3apsi
aBTOMAaTUYECKM BO30OHOBUTCS.

4. Tyt KOHTPOJS CTENEHN 3apsifa aKKyMY/sITOpa HeOOXOAMMO BKIIIOUUTD TPpUbOp,
OTK/TIOUUTH OJIOK MIUTAHMUS U Yepe3 2 MUHYTHI ITPOBEPUTH 3HAUEHME HaTllpsiKe-
HUS aKKyMYJISITOpa B MEHIO «YCTaHOBKU Mpubopar=-«AKKyMmyssitop». Ecmu Ha-
TpsKeHMe TpeBbimiaeT 9,8 B — akKyMynsiTop 3apsKeH, ey HalpsikKeHye MeHb-
re 9,8 B — 3apsiz 6L MPUOCTAHOBJIEH 10 OXJIAXKIEHUST aKKYMYJISITOpAa.

Bpems, TpebyemMoe 151 3apsiia aKKyMY/ISITOPHOI 6aTapen, COCTaBIIsSIeT OKOJIO 5 YacoB.
PekomeHpayemas TemIiepaTypa B ITIOMellleHH B IIpoliecce 3apsiga ot 15°C go 25°C. Ilpu
6osblilelt TeMIIepaType MOKET IMOTPe6oBaThCs OOJblilee BpeMs IS 3apsAaa aKKyMyisi-
TOPHOI GaTapen.

B nmasnbHelieM Heo6X0OMMO 3apsKaTh aKKyMYJISITOPHYIO OaTapero:
— TIpU YaCTMYHOM paspsifie B Ipollecce SKCILTyaTalMi aHaIM3aTopa;
— TIpU TIOJTHOM paspsize;
— eCIu TecTep He MUCIIO0Mb30Bacs 6onblie 1 Mecsiia.
IIpumeuanue: neped nepesvim 8KIIOUeHUEM NPUGOPA AKKYyMYASIMOpHYlo Gamapero
Heo6X00UMO NOJIHOCMbIO 3apsadums, NOOKIIOULUE 6HEWHULI 6J10K NUMAHUA.

IpumeuaHue: 3ameHa akKymyasmopHoii 6amapeu npouseooumcs mojibKo Ha npeo-
npusmuu-u3zomosuinese, ykasaHHom 6 pasdeue «Ilacnopm» Hacmosuje2o pyKkoeoo-
cmea no 3xkcniyamayuu.
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G. Moccapui

IlopT
dusuyeckuit nHTEPQEIIC C TECTUPYEMOII CPEOiA.

10BASE-T
CraHgapT nepefaum JaHHbBIX CO CKOPOCThIo 10 M6uT/c o cetu Ethernet ¢ ucmosnb-
30BaHMEM KabeJIsl TUIIA «BUTAsI Iapar.

100BASE-T (100BASE-TX)
CraHJapT nepefayuu JaHHBIX cO ckopocThbio 100 M6uT/c o cetu Ethernet ¢ ucromnb-
30BaHMeM Kabesis TUITa «BUTAsI IIapar.

10GBASE-T
CraHJapT nepefnaum JaHHBIX co ckopocThio 10 T6ut/c mo cetu Gigabit Ethernet ¢
UCIIOb30BaHVeM KabeJsIst TUIIA «BUTas Tlapar.

Back-to-back
[IpenenbHast Harpyska. TecT, onpenensoIIii BpeMs, B TE4eHMe KOTOPOTo YCTPOii-
CTBO CIIPaB/ISI€TCS C MAKCHMMabHOI Harpy3Koit.

AF Assured Forwarding (rapaHTupoBaHHas Iepefayva). Vcronb3yeTcs OJis JOCTaBKU
Tpaduka 60mpiHCTBA TCP-NpUIOKEHMI C TPUMEHEHVEM YeThIPEX HE3aBUCUMBbIX
AF-knaccoB. BHYyTpu Kakgoro kiacca IP-makeTy MOXKeT GbITh Ha3HAUeH OIMH U3
TPEX MPUOPUTETOB OTGPACHIBAHMS MTaKeTa JaHHBIX (cM. MeToauKy RFC 2597 [10]).

ARP
Address Resolution Protocol (rpoToko:n paspelieHus agpecoB). CeTeBoii MPOTOKOI,
MpeIHa3HauYeHHbIi /15 Tpeo6pa3oBaHust IP-ampecoB (apecoB ceTeBOTO YPOBHS) B
MAC-appeca (appeca kaHanbHOTro ypoBHsI) B ceTsix TCP/IP, onipenenén B RFC 826 [8].

DHCP
Dynamic Host Configuration Protocol (mpoTokosn nuHammyeckoi KOHGUTypaluun
y3J1a cety). [IpOTOKOI, MCIIONBb3yeMbIil Y3JI0M CeTH IJI1 aBTOMAaTU4YeCKOro IoayJe-
Husg [P-anpeca v Ipyrux napameTpoB, HEOOXOAMMBIX AJisk paboTsl B ceTsix TCP/IP.

DNS
Domain Name System (cucTemMa JOMeHHbIX UMEH). PacnipenenénHas cucrema (6a-
3a JaHHbIX), KOTOPast UCIIOIb3YeTCs 1Sl Ipeobpa3oBaHysI MMEeHM CETEBOTO YCTPOit-
ctBa B IP-ampec. DNS pa6oraert B ceTssx TCP/IP.
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DSCP
Differentiated Services Code Point. ITosie B 3arososke IP-makeTta, cocrosiiee u3 8
6ut. [To3BongeT kinaccuduiMposath 60/bliIe BUI0B Tpaduka, yeM moJist Precedence
u ToS.

DUT
Device Under Test. TecTupyeMoe yCTpOCTBO.

ECN
Explicit Congestion Notification (1BHOe yBemomIIeHME O TTeperpyskeHHoCTH). YeTa-
HOBKa OMT JAaHHOTO T0JIS1 JaeT BO3MOXKHOCTb MapuIPyTM3aTOpaM y3HaTb O BO3SHUK-
HOBEHMM NIePerpy>keHHOCTH Ha ITyTY CJIeloBaHMsI JaHHBIX K 3aJaHHOMY Y3JIy CeT!
6e3 or6packiBaHus maketa. [Tone ECN ommcaHo B Metonuke RFC 3168 [12].

EF Expedited Forwarding (HemenieHHas repesnaya). [IpyumeHsieTcs1 AJis1 06CTy>KMBaHMSI
TpaduKa, IyBCTBUTEIBHOIO K 3a7iepKKaM U TpeOyolero MMHMMAaIbHOTO IKUTTe-
pa, Takoro, kKak Bugeo uiau peusb (Voice over I[P — VoIP).

Ethernet
TexHoMOrMs MOCTPOEHMSI TOKaAbHBIX ceTelt. OnucbiBaeTcs crangapramu [EEE rpyt-
el 802.3.

Frame loss rate
VpoBeHb noTepb KaApoB. TecT, onpeaessouii MPOIEHT KaJpoB, KOTOPbIE He 6bI-
JIV TIepelaHbl CETeBbIM 3JIEMEHTOM IPU MOCTOSIHHOM Harpyske M3-3a HefoCTaTKa
anmapaTHbIX PeCcypCcoB.

FTP
File Transfer Protocol (rpotokon nepegaun daitnos). [IpoTokos, mpegHa3HAUeH-
HbIi )15 Tlepenauy GaitjioB B KOMIIbIOTEPHBIX CETSIX.

Gateway
Ill7103. CeTeBOE YCTPOICTBO, MO3BOJSIONIEE COENMHATD MeXKIY C000it ABe min 60-
Jiee pa3HOTUITHBIE CETEBbIE CUCTEMBI U IIpeoOpasyoilee MHGOPMAIMOHHbBIE MTOTO-
KU, IepeJaoumecs Mexny HUMN.

ICMP
Internet Control Message Protocol (IpOTOKOJ MEeXKCETEBBIX YIPABJSIOIINX CO06-
ureHuit). CeTeBoit MPOTOKOJ, BXOASIIMIL B cTeK MpoToKonoB TCP/IP. B ocHOBHOM
MCITONIb3YEeTCs IS TIepeauy Coo0I1eHnit 06 ommbKax M APYruX UCKIIOUNTETbHBIX
CUTYyalusIX, BOSHUKIIMX [IPU Tlepefade JaHHbBIX.



153

IEEE 802.1Q
CraHpgapT, KOTOPBIi ompemensieT M3MEHEHUST B CTPYKType Kaapa Ethernet, mosso-
JstonMe nepefaBath MHGopmanuo o VLAN mo ceTn.

IP Internet Protocol (mpoTokoi Internet). OnuH 13 OCHOBHBIX ITPOTOKOJIOB CEMENCTBA
TCP/IP, o6ecrieunBaeT HerapaHTMPOBAHHYIO JOCTABKY IIaKETOB, He TPeOYIOIIYIo yCTa-
HOBKM COeIIHEH NS C IToTy4yaTesieM.

IP address
Internet Protocol address. YHMKaIbHBIN MOeHTUGUKATOP (aapec) yCTPOiiCTBa, MO -
KJIIOUEHHOTO K 06beIMHEHHOI CEeTV Ha OCHOBE ceMelicTBa mpoTokojios TCP/IP. IIpes-
cTaBjsgeT coboit 32-6MTOBOE IBOMYHOE UMCIIO.

Jabber-dpeiitm
[TakeT maHHBIX pazMepoM Gosee 1518 GaiiT, MMeIOIIVIT HEMPaBUIbHYIO KOHTPOJIb-
HYIO CYMMY.

LAN
Local Area Network (iokasnbHast ceTb). CeTb, KOTOpasi IOKPhIBAET OTHOCUTEIbHO
He6OJBIIYIO TEPPUTOPUIO (Hampumep, ceTh Ethernet). XapakrepusyeTcs: BbICOKOI
CKOPOCTBIO Nepegaunt JaHHbIX (0T 10 M61T/C 10 HECKOTBKUX ['61T/C) U HEGOMbIINM
K03pPUILIMEeHTOM OLIIMOOK.

MAC address
Media Access Control address. YHUKa/IbHbIN UAEHTU(GUKATOP, KOTOPBII UCIIONb3Y-
eTCs IS aipecanyy yCTPoCTB ceTu Ha dusnueckom yposHe. B cetu Ethernet mc-
nonb3yetcs 48-6uToBblit MAC-anpec.

MPLS
Multi-Protocol Label Switching (MyapTUIIPOTOKONIBHAS KOMMYTALMS 10 METKAM).
TexHonmorus nepecvliky IP-feiiTarpaMm, KOTOpast UCIIO/Ib3YETCSI B BLICOKOCKOPOCT-
HBIX KOMMYTUPYIOIIMX YCTPOICTBAX.

NUT
Network Under Test. Tectupyemasi ceTb.

OAM
Operations, Administration, and Maintenance (3kcIutyaTanysi, asMMHUCTPUPOBA-
HUe ¥ 06cykuBaHue). [[pOTOKO MOHUTOPMHTA COCTOSIHMS KaHaIa.
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0OSI
Open Systems Interconnection Reference Model (sTajloHHast MOze/b B3aMMOZEli-
CTBUSI OTKPBITHIX cMcTeM). PaspaboTanHas MeskayHapomHO opraHu3aliieii mo cTaH-
maptusauuu (ISO) cemmuypoBHeBas Mepapxmueckast MOAEeb [Jis CETEBbIX KOMMYHM-
Kalluit ¥ CBSI3Y CETEBBIX MPOTOKOJIOB. YPOBHM MO PACIIONOKEHbBI BEPTUKATHHO
IPYT Haf, JPYrOM, Kask[blii yPOBEHb B3aMMO/ENCTBYET C COCEIHUMM U BBITOTHIET
ompezenéHHbie QYHKIUN.

R] Registered Jack. CranmaptusupoBaHHbIi Gusmdyeckuii uHTepdeiic, UCIIOMb3yeMblii
IIJIS1 COEIVIHEHMS TEJIEKOMMYHUKAIIMOHHOTO 060PYIOBaHMS.

RJ-45
Opnuu 13 pa3bEeMoB cTaHmapTa Registered Jack, ucrmonb3ayeTcs B ceTsix Ethernet mst
COeqVMHEHMS BUTHIX Tap.

Runt-dpeiim
IMakeT JaHHBIX JIMHOM MeHee 64 6GaiiT ¢ MPaBMIbHOM KOHTPOIBHOM MOC/IeI0Ba-
TeJIbHOCTBIO.

SLA
Service Level Agreement. OCHOBHO1 JOKyMeHT, perJlaMeHTUPYIOLit B3aMOOTHO-
IIeHNUS] MeKIY ITOCTaBIIMKOM YCITYTY U KIMEHTOM.

TCP
Transmission Control Protocol (mporokosn yripaBinenust nepenaueitr). CTaHgapTHBIN
IIPOTOKOJI TPAHCIIOPTHOT'O YPOBHS, BXOASIIMIT B cemelicTBO 1poTokonoB TCP/IP u
o6ecreunBaIMii HAMEKHYIO TYTJIEKCHYIO TOTOKOBYIO Iepefavy JaHHbIX.

Throughput
[TpomycKHast ClIoCOOHOCTD. TecT, onpenesouii MaKCMMaIbHYI0 CKOPOCTb, Ha KO-
TOPOJi KOIMYECTBO TECTUPYIOUIUX KaApoB, npoiieninx uepe3 DUT, paBHO Konuye-
CTBY KaJIpOB, OTIIPABJIEHHBIX MY C TECTUPYIOIETO 060PYAOBAHMSI.

ToS
Type of Service (Tun o6cayxkuBanust). Ha6op 13 4eThIpEXOGUTHBIX (IaroB B 3aro-
soBke [P-ntaketa. OHY Jal0T BO3MOXKHOCTD IIPUKIAAHON IIpOrpaMMe, fepenaroniet
JAHHBIE, COOOLIUTD CETY TUIT TPe6YeMOro CeTeBOro O6CTyKMBaHMS.

Traceroute
IIporpamMma, npegHa3HaueHHasl AJIs1 ONpenesieHUs] MapuIpyTOB CJieOBaHUS TaH-
HbIX B ceTsx TCP/IP, ocHoBaHa Ha mpoTokone ICMP.
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UDP
User Datagram Protocol (IIpoTOKOJ MMO/Ib30BaTENbCKUX JeiiTarpaMm). DTO TpaHC-
TTOPTHBIN MTPOTOKOJI /IS TTepefayn JaHHbIX B ceTsix IP, obecrieunBaeT HeHAAEXKHYIO
JIOCTaBKy COO0IIeHNI 6€3 YCTAHOBKYM COEAVHEHMS C TTOJTydaTeIeM.

VLAN
Virtual Local Area Network (BUpTya/ibHast JIOKaJbHas CeTh). [IpemcTaBisieT co60it
IPYIIIY CETEBBIX YCTPOICTB, KOTOpble QYHKIMOHUPYIOT TaK, KaK OyATO OHU MO -
KJIFOUEHBI K OHHOMY CEeTMEHTY CEeTH.

VLAN ID
VLAN Identifier (VID). 12-6utHbiit ugentTudbmkaTop VLAN, KOTOpBIi Onpenenéq
B cranpapte 802.1Q [9]. OnHosHauHO omnpepesnseT VLAN, KOTOPOii IpUHAIIEXUT
Kazp.

VLAN Priority
Tpu 6uTa, KOTOpBIE COmeP>KaT MHGOPMALNIO O IPUOPUTETE KaLpa. Bo3MOKHO BO-
ceMb 3HAUeHUit IpuopuTeTa.

KaHa/bHbIi yPOBEHb
Data Link layer. I[IpeqHasHaueH ajis o6ecriedeHust B3aMMOAENCTBUS ceTelt Ha Qu-
31YECKOM YPOBHE ¥ KOHTPOJISI 38 OLIMOKaMM, KOTOpbIe MOT'YT BOSHMKHYTh. KaHaslb-
HBI/ YPOBEHb MOKET B3aMIMOJ€/iCTBOBATH C OGHUM MM HECKOMbKUMU HU3UIECKU-
MM YPOBHSIMM, KOHTPOJIMPYS MX M YIIPABJISISI STUM B3aMMOECTBIEM.

OOGyuaroumit Kaap
Kanp, koTopslit umeeT ogmHakoBbie MAC-anpeca otrpasuTens u nomaydatesns. Ko-
rga KOMMYTaTOp IMOJyYaeT TaKoil Kafap, OH OT(MUIbTPOBBIBAET €ro, T.K. BHIXOIHOI
uHTepdeiic coBnasaeT co BXOAHbIM. [Ipy 3ToM koMmMyTaTop cunThiBaeT MAC-agpec
OTIIPaBUTEJISI U 3aTIOMMHAET MHTePdETiC, C KOTOPOTO OH GBI ITOTYYEH.

CeTeBOJi KOMMYTaTOP
YCTPOIICTBO, UCTIONB3YyEMOE 1151 COeAMHEHMS] HECKOMbKMX Y3/10B KOMITbIOTEPHOV Ce-
n. IlepeqaéT naHHbIe HEITOCPEICTBEHHO ITOTyYaTe 0. PaboTaeT Ha KaHAJIbHOM YPOBHE
mopenu OSI.

CeTeBOJi KOHIIEHTPATOP
VCTpOiCTBO, UCTONb3yeMoe JIJIsT 06beqMHEHMST HECKOMbKUX Y3JI0B KOMITbIOTEPHOI
ceTu. Bce ycTpoiicTBa, MOOKIIOUEHHBIE K IOPTaM KOHLIEHTPATOPa, MOMIYYaoT OLHY
U Ty ke MHGOPpMaLNIO.
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CeTeBoJi ypOBeHb
Network layer. IIpegHa3HaueH s OTIpeneeHus MyTy epeaaun JaHHbIX. OTBeua-
eT 3a TPaHC/ISILMIO JIOTUUECKUX afpecoB U MUMEH B (hM3nUecKye, orpeneaeHne KpaT-
YaiIx MapiIpyToB, KOMMYTAaIMIO ¥ MapIIPyTU3aLMI0, OTC/IEKMBaHMe HEeTI0IaJ0K
B CeTH.

TpaHCHOPTHBIN YPOBEHb
Transport layer. O6ecrieurBaeT HaIEKHYIO TPAHCIIOPTUPOBKY MTAKETOB MEKAY JBY-
MsI KOHEUHBIMM TOYKamMu ceTy. HecMOoTpst Ha TO, UTO IIPOTOKOJIbI HYSKHETO YPOBHS
MIPOBEPSIIOT MPAaBWJIBHOCTD BBITIOJTHEHMS KasK/,0¥1 OIlepaliuyl Ipy riepeayve JaHHbIX,
Ha3HAUYeHMe 3TOr0 YPOBHSI COCTOUT B AOTIOTHUTEIBHON MPOBEpPKe MPaBUIbHOCTU
nepefaBaeMbIX JaHHBIX.

dusuueckuii ypoBeHb
Physical layer. IIpegHa3HaueH HemoCpeaCTBEHHO JIJIsl TTepefadyy MOTOKA JaHHBIX.
Ocyl1ecTBsIET Iepefavy 3JeKTPUUECKUX UM ONITUYECKUX CUTHAJIOB B Kabeslb U UX
MpuEM 1 peobpa3oBaHye B OUTHI JAHHBIX B COOTBETCTBUM C METOAAMU KOIUPOBA-
HMS I POBBIX CUTHATIOB.
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