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1. O6wme ceepeHus

Puc. 1.1. Baemnwuit Bug Tectepa-ananmumzaropa bepkyr-ETX

Tecrep-ananuzarop Bepkyr-ETX (nanee — npubop, Tecrep) mnpeji-
Ha3HAYEH JIJIs IPOBEICHUS aHaIN3a U JUATHOCTHIECKOTO0 TECTUPOBAHUS
obopyrnoBanus B cersix ¢ Texuosiorueit 10 Gigabit Ethernet.

1.1 O6nactb npumeHeHus

— IMacnopruzanusi KaHAJIOB U JIMATHOCTUKA HEHCIPABHOCTEH B ce-
TsIX, MCIOJB3yIonux Texuosioruto 10 Gigabit Ethernet.

— IlpoBepka COOTBETCTBUSI KadeCTBa IPEIOCTABIAEMBIX YCJIYT CO-
riiaeHuo o6 yposHe obcsryzkuanus SLA (jst ciryk6 Voice over

IP (VoIP), Video over IP).
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8 O6mue ceejeHus

1.2 OcHOBHbIe BO3MOXXHOCTU

1. Unrepdeiicer:
— 1xXFP 10GBASE-SR, 10GBASE-LR, 10GBASE-ER,
10GBASE-SW, 10GBASE-LW, 10GBASE-EW;
— 1xLAN 10/100 BASE-T;
— 1xUSB 1.1/2.0.
2. Tecruposanue B coorsercTBrn ¢ Metoaukoit RFC 2544 [3]:
— TIPOIIYCKHAas CIIOCOOHOCTB;
— 3aJIePKKa;
— YPOBEHB IIOTEPH KA POB;
— IpejiesibHas HAIPY3KA.

3. Nsmepenue koaddunuenrta 6urosbix ommbok (BERT) na dusn-
YeCKOM, KAHAJIbHOM, CETEBOM U TPAHCIIOPTHOM YPOBHE C UCIIOJIb-
30BAHUEM CTAHJIAPTHBIX U 33/IaBAEMBIX I0JIB30BATE/IEM TOCJIE/I0-
BaTeJbHOCTEH.

4. Tlopyepxkka rexuonorun Q-in-Q (VLAN Stacking): Bcraska 10
3-x VLAN wmerok. BosmoxkuocTh 3amanust npuopurera VLAN,
VLAN ID.

5. Homuepkka MHOTOIPOTOKOJIBHON KOMMYTAIIUU 10 METKAM: BCTaB-
ka 10 3-x MPLS meroxk.

6. Opranusanus nuieiida Ha (HU3NIECKOM, KAHAJILHOM, CETEBOM U
TPAHCIOPTHOM yPOBHSIX.

7. Pexxum nHTEIEKTYaILHOTO ITIONCKA YCTPOMCTB: OOHApYKEHUE IPY-
rux ycrpoiictB Bepkyr-ETX, Bepkyr-ET mmu Bepkyr-ETL B
CeTH C TIOCJIEAYIONMMM BKJOUeHneM Ha Hux pexkuma «Illnefid»
KAHAJbHOT'O, CETEBOI'0 WJIM TPAHCIIOPTHOT'O yPOBHS IOCPEJICTBOM
rnporokosa OAM.

8. Teneparus u anajn3 HECKOJIBKUX IIOTOKOB JIAHHBIX JIJIS IPOBEPKU
paborocriocobHoCTH 1 KadecTBa obcryzkuBanust (QoS) pasjimaHbIx
YCIIYT.

9. Yupasienue rpubopom 1o mporokoasy TELNET.

10. Orobpazkenue pesyiabTaToB TectupoBanust depes WW W-nnrepdeiic.
11. V3mepeHne makeTHOro JXKHTTEPA.
12. C6op u oTobpakeHue CTaTuCTHIECKOM NH(MOPMAIUHU 110 TPUHIMA-
eMOMY U TiepejiaBaeMoMy Tpaduky Ha (PU3NIECKOM, KAaHAJIHHOM
U CETEBOM YPOBHsIX B coorBercTBuE ¢ MeToukoit RFC 2819 [4].
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2. KoMmnnekT nocrtaBkmn

Tabmmna 2.1. KommiekT nocraBku

HaunmenoBanmue Koma-Bo
IIpubop «Tecrep-ananuzarop 10 Gigabit Ethernet Bepkyr-ETX» 1
Bpomopa «Bepkyr-ETX. Tecrep-ananmusarop 10 Gigabit Ethernet. 1
PyKOBOZCTEO 1O SKCIUTyaTaIlil U MACIOPT>

Buok muranna mmmynsensiii (19 B, 2,1 A) 1
Kabess (220 B, 3-nosmocHsrit) 1
Kabens USB 1
Kabens Ethernet 1
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3. YcnoBHble 0003HAa4YeHNA N COKpALLEHUA

B maHHOM pyKOBOJICTBE UCIHOJIL3YIOTCA 0003HAYEHNUsI, IIPUBEICHHDIE
B TabJINIE HIXKE.

Tabsmma 3.1. YciaoBHBIE 0003HAYEHUST

OGo3HaueHue Kommenrtapwuit

ITpumeuvarue: Barknoe ykazaHue wim 3aMedaHnne

Teker Obo3HavyeHne IIyHKTa MEHIO IIprubopa
F1 O603Ha4YeHnE KIABUMI KIaBUATYPBI

B texkcre pykoBomcTBa 6e3 pacimudpoBKU OYIyT IPUMEHSITHCSA CO-
KpallleHUsl, TPUBEJIEHHBIC B TabJIAIE HUXKE.

Tabmuma 3.2. Cokparrenust

Cokpailenue KomMmmenTapwmit

DUT Device under test (Tectupyemoe ycTpoiicTBo)
NUT Network under test (Tectupyemast ceTn)

SLA Service Level Agreement (Corsamenune 06

yPOBHE 00CILYyKIBAHNS )

QoS Quality of Service (KauecrBo o6cityKuBanust)
IIK Ilepconanbublit KOMIBIOTED
110 IIporpammuoe obecnievenme
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4. Mepbl 6e3onacHocTu

4.1 OO6wwme ykazaHus

— o mauajia paboTsl ¢ TecTepoM-aHam3aTopoM bepkyT-ETX BHE-
MaTeJIbHO U3y YHUTe HACTOSIIEe PYKOBOJICTBO 10 SKCIIYATAIINY, Ha-
SHaYCHUE KJIaBUII KJIaBUATYPbl, BHEIITHUX paB'béMOB 1 COCTaBHBIX
gacTeil Tecrepa.

— Ilepen ucnosb3oBaHmEM HEOOXOIUMO BBIJIEPXKATH TECTEP B HOP-
MAaJIBHBIX YCJIOBUSAX HE MEHee 2-X JacoB.

— VcII0BUsT 3KCIUTyaTAIN JTOJIZKHBI COOTBETCTBOBATH YCJIOBUSIM, ITPE/I-
CTaBJICHHBIM B mpuioxkerun D.3.

— Ilpwu s3kciuryaTamun Tecrepa JOJIXKHBI BBITOJIHITHCSI 00IIue Tpebo-
BaHWs [TPABUJ MOKAPHOU OE30IIaCHOCTH.

— Iluraromas ceTb He JO/IKHA UMETh PE3KUX CKAYKOB HaIlPSI?KEHUSI.
Pstmom ¢ pabodnm MecToM He JT0JIXKHO OBITh NCTOTHUKOB CHIBHBIX
MAarHUTHBIX ¥ JIEKTPUIECKHUX ITOJIEH.

— Heobxomumo obeperarsh Tectep u OJIOK IUTAHUS OT YIAPOB, II0-
MaJaHusl BJIATW U BN, IJIATEIbHOIO BO3AEHCTBUS IPSIMBIX COJI-
HEYHDIX JIy4ei.

— Ilpu gnurenbHBIX THepepbiBax B pPaboTe PEKOMEHIIYeTCsS OTKJIIO-
JaTh TecTep U OJIOK MUTAHUS OT CETH.

Hpumenanue: 80 8HeuwHeM bAOKE NUMAHUSA mecmepa ume-
emecs onacHoe 0Asl HCU3HU HANPAIHCEHUE. 3anpeu1,aemcn IKC-
nayamauyus baoka numanus c nOGPEOdeeHH’bLM ropnycom.

4.2 DnekTponuTaHue

DJIEKTPOIMTAHNE TECTEPA OCYIIECTBIISIETCS] OT BHEITHET'O UMITYJIbC-
HOro 0JioKa TuTaHus (ajanrepa) co CJCAYIONMMUA HOMUHATHHBIME Xa-
pakTepucTukamu: HanpsikeHune 15—19 B, tok 2,1 A.

Aantep TOAKIIOUAETCST K TPUOOPY Uepe3 CIEUalbHO MpeTHA3HA-
YEHHBIN JJIsl 9TOr0 pasbéM (cM. puc. 5.3).

IIpumevarue: 0as nuMaHUS Mecmepa 0M CeMU NEPeMeH-

Bepkyr-ETX. PykoBojicTBO 110 3KCILIyaTanuu



14 Meps! Ge3omacHOCTH

HO20 MOKA UCNOAB3YTME MOALKO OAOK NUMAHUSL, TOCTNABAI-
emuili ¢ npubopom.

4.3 Jlazsep

J1st BKUTIOUeHM s / BBIKJTIOUEHNUST JIa3epa UCHOJIb3yeTCsl KJIABUINA @,
OINMCaHHAS B pasjese 5.2.

Hpu./vtenanue: aanpewaemecs nodnmoueuue/om%mmwuue on-
mu4eckoz2o 60410KHA NPuU 8KAIOUYEHHOM JAa3epe.

IIpumeuarue: 3anpewaemes cmMompems 6 6b.LodHOoe OIm-
sepcmue nepedamuura uAl 6 MOPEY, KOHHEKMOopa, 4mobol
onpedeaums, 8 AKMUSHOM AU COCTNOAHUU HALOOUMCA 60A0KHO.
Jlas amux uyeaeti cayostcum ceemoduoduuili undukamop Laser,
KOMOPHLT NPU BKANOUEHHOM AA3EPE 20PUM KPACHBIM (CM. Pa3-
den 5.3).
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5. OnucaHue npmnbopa

5.1 Jlvuesasa naHenb

cBeToanoaHbie
NHONKATOPbI

BepkyT-ETX

BepkyT-ETX
Uamepenus

CnoxHbLIM Tpaguk
BERT
NakeTHu AXUTTEP
TecToBb# MOTOK
Cratuctuka
CoxpaH, gaHHbe

HacTpoi __ WHCTpurenTs  Woneperin

Metrotek

CTpOKa cTtaTtyca

—

avcnnen

T

KnaBuartypa

/

Puc. 5.1. Jlunesas naneian
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Onwucanne npubopa

5.2 KnaBuaTtypa

O

BKJIIIOYATH / BBIKJIIOYUTH

st BKJTIOUEHHUsT WJIM BBIKJIIOYEHUs] TATAHUsI pubopa
HEeOOXOMMO HayKaTh W yAEPKUBATH KJABUIIY B Tede-
Hue 2-3 c.

I'maBHOEe MeHIO
Knasuma BosBpaTra B IjlaBHOE MEHIO U3 JIIOOOI0
TIO/IMEHIO.

BgBog,

IIpu BeIOGOpPE TTyHKTA MEHIO HaXKaTue Ha KJIABHIILY 00ec-
[IeYUBAET [I€PEX0][ B COOTBETCTBYIOIIEE MEHIO.

IIpu BBIGOpE TyHKTA MEHIO, MO3BOJISIIOIIErO0 BBOJIUTH
3HAYEHUS MTapaMeTpPOB, HaXKaTWe Ha KJIABUIIY obecte-
YMBaeT MEePeXoJ] B PEXKUM 3aJ[aHusl JAHHBIX. [IoBTOD-
HOe Ha)KaTuhe Ha KJIABUIILY IOITBEPXKJIAET BBEIEHHBIE
JAHHBIE W CIY’KAT I BBIXOJA W3 PEKUMa 3aaHUS
JIAHHDIX.

Ormena/Boixoz

Hazxarme Ha k1aBumnry obecreanBaeT MEPEXOJ, B IPEIbI-
JIyIliee MEHIO, & B PeKUMe 3a/[aHusl JIAHHBIX CJIYKUT J1JIs1
OTMEHBI BBOJIA JIAHHBIX.

JIazep

IIpu HakaTuy Ha KJIABHIILY HA SKpaHe BO3HUKAET COO0-
HIEHWE C MTPE/JIOXKEHNEM BKJIIOUHTD J1a3ep (B cydae, ec-
Jiu J1a3ep BbIKJIIOYeH). IIpn naskaTuu Ha Kiasunry — F3
(«Jda») mazep GyJer BKIIOYMEH U CBETOMOIHBIA WHA-
katop Laser (cMm. pasnern 5.3) 3aropurcs KpacHbIM. BbI-
KJIIOYEHHE JIa3epa OCYIIEeCTBIISeTC IyTEM TOBTOPHOTO

HazKaTud Ha KJIaBUILY

F1

(I)yHKI_II/IOHa.J'II)HbIe KJIaBUIIIN

Kuaasuinu ynpaBjieHusi Kypcopom

®OO®

Gl6/6JOk
Ol6/6IOk
Cl6/6]Ck:

Kaasuimnu BBosa 1iudp, 6yKB U CUMBOJIOB.
Hudper, 6yKBBI U CHUMBOJIBI, KOTOPbIE MOXXHO BBECTH
C TIOMOIIBIO TU(POBOI KIABUATYPHI, TPEICTABICHBI B
Tabsmne A.9.

Bepkyr-ETX. PykoBojicTBO 110 3KCIIyaTauu



5.3 CBeToanogHble MHANKATOPHI JIMIEBON IaHe/ I 17

5.3 CsetoavoaHble MHONKATOPbI INLEBOW NaHenun

Nunukarop | IIser CocTosinue Omnucanue
Link 3€JIEHBINl | TOPUT IIOCTOSIHHO | COEJIMHEHHE C TECTUPYEMBIM 00ODYIO-
BAHMEM YCTAHOBJIEHO
KPaCHBIN | TOPUT TMIOCTOSTHHO | COEIMHEHUST HET
Tx 3€JIEHBIN | MUTAeT WJIU TOPUT | HIET IIepejiada ITaKeTOB
ITOCTOSTHHO
— HE TOpUT repejiada MakeToB He OCYIECTBIISIETCST
Rx 3€JIEHBI | MUTAET WJIX FOPUT | UIET ITPUEM HAKETOB
IIOCTOSTHHO
— HE TOPUT IIPUEM ITAKETOB HE OCYIIECTBJISETCS
Test 3€JIEHBI | TOPUT MOCTOSIHHO | TPOBOJIUTCSI TECTUPOBAHUE
3€JIEHBIN | MUTAET BritoueH pexxnm «I1Lneiid»
— HE TOPUT pexum «Ilneitd» BBIKITIOUEH, TECTH-
poBaHUe He IIPOBOIUTCS
Laser — HE TOPHUT Jia3ep BBIKJIIOYEH
KPaCHBII | TOPUT MOCTOSIHHO | JIa3ep BKJIIOUEH

CBeToAMOMHBIN UHINKATOP, PACIOIOXKEHHDBI B HUXKHEH dacTH Iie-
penHeil maHe/m KOPILyca Ipudopa, 3aropaeTcs IIPH MOIKIIOIEHIY BHEI-
HETO TTUTAHUS:

— 3e/ICHBII — aKKyMYJ/JISATOPHBIE 3JIEMEHTHI 3aPIKCHbI;
— 3esIEHbIH (MUTaHUE) — 3apsiji AKKYMYJIATOPHBIX 3JIEMEHTOR;
— 3eséHblil (Meprnanune) — obuosiienune Bepeuii 110 mpubopa.

Bepkyr-ETX. PykoBojicTBO 110 3KCILIyaTanuu
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Onwucanne npubopa

5.4 Crpoka cTaTtyca

Crpoka craTyca COIEp:KUT JIAHHBIE O CJIEIYIOIIHNX MapaMerpax (cje-

Ba HAIIPABO):

— 3apsia barapen;

— CKOPOCTBH COCINHECHHNA <<<-—->> O3Ha4vaeT, 9TO CoearuHeHne C TeCTUu-

pyeMbIM 06OpY/IOBAaHUEM HE YCTAHOBJIEHO);
— pexuM Iepenadn JaHHbiX XFP-momysis;
— TPOBOJUMBI TecT («—» O3HAYAET, YTO TECTHUPOBAHUE B JAHHBII

MOMECHT He OCyH_IeCTBJIﬂeTCH) N

— YPOBEHb MOIIHOCTU CUTHAJIA Ha IIPUEME;
— TeKyllee BpeMs CyTOK.

[IpoBomuMbIe TECTBI 0003HATAIOTCS B CTPOKE CTATyCa abOpEeBUATYPAMMU:

THR (throughput)

AHayn3 IponyCKHON CIIOCOBHOCTH.

LAT (latency)

Ananus 3aepxKKU.

FRL (frame loss)

AHayn3 ypoBHs 1OTEPH KaPOB.

BTB (back-to-back)

AHayn3 1peiesIbHOM HArpy3KH.

LB1 (loopback layer 1)

IIneitd ma dusnaeckom (mepBoM) ypoBHE.

LB2 (loopback layer 2)

[Ilneiid Ha KaHAJILHOM (BTOPOM) YPOBHE.

LB3 (loopback layer 3)

Ineii HA ceTeBOM (TpeTbeM) ypOBHE.

LB4 (loopback layer 4)

Ineiid wa TpancmopTHOM (4eTBEPTOM) ypPOBHE.

BER (bit error rate test)

Omnpenenenne KO3MPUIUEHTA OUTOBBIX OIUOOK.

PJ (packet jitter)

OmpesiesieHne MAaKEeTHOTO JXKUTTEPA.

GEN (generate)

T'enepariusi TecTOBOrO MOTOKA.

J+G (jitter + generate)

Onpe/iesieHre TaKeTHOrO JKUTTEPA U TeHEPAIIN Te-
CTOBOTO TpaduKa 3aIyIIeHbl Ha OJHOM MIOPTY.

PTH (pass through)

Pexxum «Tpanzurs.

CTR (complex traffic)

Teneparus/mpuém CI02KHOTO TpaduKa.
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5.5 BHewHne pasbémbl

Pacriosioxkenne BHEITHUX Pa3bEéMOB HA BEPXHEH U OOKOBOM IMaHes X
KOpITyca Ipubopa MoKa3aHO Ha PUCYHKaX 5.2 u 5.3.

1

Puc. 5.2. BepxHusasa nanesns Tecrepa

| LAN DCIN |

| usB DCIN |
| = @) |
| T ‘\
2 3]
Puc. 5.3. BokoBas nanenb Tecrepa

MapkupoBka HazuaueHnue

10G XFP Pazbém s nogkmodenns XFP-momyost.

LAN Pazbém mrs yman€uuoro ynpasieHus TECTEPOM.

USB Pazbém s nogkimouenns k [TK no nnrepdeiicy USB.

CaeTonoHble UHINKATOPHI, 0003HAUEHHBIE HA PHUC. 5.2 mudpoii 1,
MOT'yT IPUHAMATH COCTOSHIS, aHAJIOTMIHbIE OIIICAHHBIM B pasfieie 5.3.
Uckmogenne cocrasiser nuaukarop Link: B ciydae orcyTerBust coeu-
HEHUsI MHIUKATOP HE TOPUT.
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Hudpoit 2 na pucynke 5.3 0603HaUEHa KHOIIKA AIlIapaTHOrO cOpoca.

Hudpoit 3 vHa pucynke 5.3 0603HAYEH PA3bEM IS MTOJIKIIOUCHUS
BHeIHero 6sioka nuranus (aganrepa). HoMuHaibHBIE XapaKTEPUCTHKH
6s10Ka nuTaHus npuBeneHsl B Tabsuie D.3, crp. 154, u Ha 3TUKETKE C
0bpaTHON CTOPOHBI IPUOOPA.

5.6 CTpykTypa ynpaBasilowero MeHio

I'naBuoe menio npubopa Bepkyr-ETX cocTtoutr m3 Tpéx moiMeHio
(Tamee — MEHIO), TEPEKJIOYCHNE MEXK/Iy KOTODPBIMU OCYIIECTBIISICT-
cst nmpu Haxkatuu Ha kiaasuimu  F1 (Bepkyr-ETX Hacrpoiiku),  F2

(Bepkyr-ETX Uncrpymentsr), 3 (Bepkyr-ETX Usmepenust).
1. Bepxyr-ETX Hacrpoiiku.

ER — S5SE - {—40dBmm _ 18:04

BbepryT-ETX
HacTporkn

MNapaMeTpw ceTH
NapaMeTpw UHTeppercos
YcTaHoBKM npuGopa

Mpogmnm
Nor

Hactpoiikki  MHoTpymeHT  MamepeHua

Puc. 5.4. Menio «Bepkyr-ETX Hacrpoiikus»

2. Bepkyr-ETX NaCTPYMEHTEHI.

@D 106 _ER - 0.5dBm__06:58

bepryt-ETX
HHCTpYyMeHTH

Mapupyr
DNS
ARP mMoHnTOp
TCP knmeHT
linerp

HacTpoliki  MHCTPUMEHTH  MamepeHHa

Puc. 5.5. Mento «bepkyr-ETX UuacrpymenTsis
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3. Bepkyr-ETX IN3mepenns.

ES — SE - {—40dBmm__18:06

BbepryT-ETX
WamepeHua

RFC—2544

CAoxHEA Tpapuk

MNakeTHLIA AXUTTEp
TecToBMA MOTOK
CTtatncTHka
CoxpaH. paHHwe

Hactpoiikki  MHoTpymeHT  MamepeHua

Puc. 5.6. Menio «Bepkyr-ETX Uzmepenunsi»
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6. Metoanka RFC 2544

Meronuka RFC 2544 onpejeinsier HabOp T€CTOB, KOTOPhIE UCIIOJIb-
3YIOTCS TPU OIEHKE BaKHEHINUX XapaKTEPUCTUK CETEBBIX yCTPOWCTB
U TIPOBEPKE COOTBETCTBUSI MIPEIOCTABIISIEMBIX YCIYT XapaKTepPUCTUKAM,
KOTOpBIe oropapuBaioTcs B SLA MekIy olreparopaMy CBSA3H U KJIMEH-
TaMH.

Baaromapst BO3MOKHOCTH ITPOBEICHUS aHAIN3a IPOILYCKHO CTI0Cc00-
HOCTH, 38JIEPKKU, YPOBHS ITOTEPH KAJJIPOB U IIPEJIE/IbHON HATPY3KU, Ta,
METOANKA B HACTOSIIEE BPEMsI SIBIISIETCSI CTAHIAPTOM «e-(haKkTo» IJIst
OIleHKHU Ipou3BouTesbuocTr Ethernet-cereii.

Bepkyr-ETX mo3BosisieT TpoBOAUTD Y€ThIPE CTAHIAPTHBIX TECTa, CO-
rnacuo pekomennamusasMm RFC 2544,

6.1 AHanu3 NPonyckHOW CnocobHOCTM

V1
11 -

TMPOU301IIA OTEPs
KaJIpoB

V2<Vl

20 -

Ne nonbITKH

V1, V2 - ckopocTh nepeiadu JaHHbIX

Puc. 6.1. Ananuz npomnyckuoii ciocobHOCTH

Anaaus nponycknot cnocobnocmu, (Throughput) nposodum-
Cs 0N onpedeserus MAKCUMAALHO B03MONCHOT CKOPOCTU
KOMMYMAUUY OASL CEMEBHLT INCMEHMOSE, KOMOPYIE PACTLONA-
earomes 6 mparcnopmuolx cemax Ethernet.

[IpomyckHas CIocOOGHOCTL — MaKCHMaJibHas CKOPOCTL Ieperadn

JAHHBIX, HA KOTOPOH KOJIMYECTBO Kajpos', mpomremmmx gepes DUT,

1Tle]Z)MI/IHI)I na(?p n naxem B OIIMCaAHUAX TECTOB ABJIAIOTCA CUMHOHUMAaMMU.
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PaBHO KOJIMYECTBY KaJIPOB, OTIIPABJIEHHBIX €My C TECTUPYIONEro 06o-
PY/IOBaHUS.

[Ipu anaauze TPOIMYCKHOMN CIIOCOOHOCTH HEKOTOPOE KOJUYIECTBO Ia-
KETOB C MUHUMAJIbHBIM MEXKKaIPOBLIM HHTEPBAJIOM IIepeaacTcsa Ha BXO,
DUT? (puc. 6.1).

3aTeM MOICYNTHIBAETCS KOJIMYIECTBO MTAKETOB, IPUIIEIINX C BBIXOI-
woro nopta DUT. Eciim oHO oKa3bIiBaeTCAd MEHbINE KOJUIECTBA Iepe-
JAHHBIX TAKeTOB, TO MEXKKAaIPOBLII MHTEPBAJ yBEJMINBACTCS U TECT
BBIIIOJIHSIETCST CHOBA.

[Ipu ompemeneHnn MPOIYCKHON CIHOCOOHOCTH HCIHOJIB3YETCS METOJ
OMHAPHOIO IIOKCKA.

6.2 AHanu3s 3aaep>xxku

Il — xa1p ¢ meTxoit

T1a4Ka KaapoB
LI /L]

-

] .

3anepxka =Tb - Ta

Puc. 6.2. Ananus 3amepKKu

Ananus 3adepoicku (Latency) npumensemea O0aa ouenku
spemert, Komopoe HeodxoduMo Kadpy Oaf NPOTOHCOEHU
OM UCTMOYHUKA K NOAYUAMENO U G036PAMA K UCTOOHOMY
anemenmy. Ecau eesuvuna 3a0epocku UsMEHACMCA, MO

2B 9TOM U IIOCJICAYIOINUX OIIMCAHUAX TECTOB BCE PAaCCMOTPEHHBIE I[eﬁCTBHH BBbI-
IIOJTHAIOTCA TE€CTEPOM aBTOMATHUYIECKH.
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MOHCEM NPUBECTNU K NPOOAEMAM 8 PAOOME CEPBUCOS PEAND-
1020 8PEMEHU.

IIpu anannze 3aJIepKKM CHaYAsIa OIPEJIEJISETCS IIPOIyCKHAs CIIO-
coonocts DUT. 3arem myist KaxKaoro, onpeaenéaHoro merogukoir REFC
2544, pa3mepa TmakeTa Ha COOTBETCTBYIOIIEH eMy MaKCUMAaJIbHOU CKO-
POCTH TIOCBLJIAETCS IMOTOK KaJIPOB, aPECOBAHHBIX MOJIydaTes 0. depes
HEKOTOPOE BpeMsI B OJIMH TAKET BCTABJSICTCS METKA OMPEICTEHHOTO
dbopmara. Ha nepenatomeii cropone 3amucbiBaercst 3uadenne Ta (Bpe-
MsI, K KOTOPOMY IaKeT ¢ METKOW ObLI IIOJIHOCTBIO TepeaH). Ha npu-
EéMHOIl CTOpOHE OIIpeJIeIieTcss MeTKa U 3allMChiBaeTcs 3uadenne Tb
(BpeMmsi IpuéMa maKeTa ¢ METKOil).

Banepxkka (Latency) — aro pasuuna (Tb — Ta). [To pesyabraram ana-
JIN3a BBIMUCJISIETCS CPEJIHSIST 3aJIePXKKA.

6.3 AHanu3 ypoBHSI NoTepb KaapoB

100%
S
norepu — X%

90%
<>
notepu — X,%

HOMep MOIBITKH

X%, X,% — noTepH Npu COOTBETCTBYIOLIEH HArpy3Ke

Puc. 6.3. Ananus ypoBHS 10TEPh KAJIPOB

Ananus yposens nomepv xkadpos (Frame Loss Rate) meo6-
TOOUM OASL MPOGEPKU, CNOCOOHOCTU Cemu NOJIEPHCUBLMDL
NPUNOHCEHUA, KOMOPbIE PABOMAOM 6 PEAALHOM SPEMEHU
(6e3 603Mm02tCHOCTIU NOGMOPHOT Nepedanu), mak Kax 604b-
wot NPoOUEHM Nomeps Kadpos NPueedém K Yrydwerur Ka-
YECMEA CePEUCa.

AHajn3 ypoBHSI TIOTEPD IIO3BOJISIET PACCUUTATE IIPOLIEHT KAIPOB, KO-
TOpbIE HE OBLIN TepeJlaHbl CeTEBBIM 3JIEMEHTOM IIPU IOCTOSTHHON Ha-
rpy3Ke M3-3a HEJIOCTATKA alllapaTHBIX PECYPCOB.
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[Ipu ananuze yposus morepb Kajpos Ha Bxox DUT ma ompemenén-
HO¥ CKOPOCTH TIOCHLIAETCsI HEKOTOPOE KOJIMIECTBO KaIpoB (input count)
U TIOJCIUTBIBAETCS KOJUIECTBO IAKETOB, IPUIIEIITNX ¢ BBIXOIHOTO IIOP-
ta DUT (output count).

YpoBeHb MOTEPH KaJIPOB PACCUUTHIBACTCS 110 (DOpMyJIe:

100 x (input count — output count)

(input count)

IlepBast mombITKa JIOXKHA OCYIIECTBJISITHCA Ha CKOPOCTH, MAKCH-
MaJIbHOM JIJTst JaHHOTO coenHenust. CIIe Iy oIast IOMbITKA JOJIXKHA, IPO-
XOIMThL Ha CKOpOCTH, cocTapisiomein 90 % oT MaKcHMMAaJIbHOI, 3aTeM
Ha cKopocTH, cocrassromeil 80 % or makcuMmasbHO. VcnbiTanus 1mo-
BTOPSIIOT, YMEHbBINasi CKOPOCTh TecToBOro moroka Ha 10 % (Bo3MOKeH
JIpyToii Imar), j0 TeX Hop, MoKa B JBYX IMOINBITKAX MOJAPsJ He Oyier
MIOTEPSIHO HU OJHOTO KaJIpa.

6.4 AHanus npepenbHO Harpysku

1ayka KaJpoB
I [
I T
1 Kanp noTepsH

KOJI-BO Ka/IpOB B I1a4Ke
yMeHbLIaeTcs

i

TOTEph HET

Ne mombITKH

Puc. 6.4. Ananus npeneabHol HAMPY3KA

Anasus npedeavnoti naepysku (Back-to-back) noseoasem
OUEHUMD BDEMA, 6 MEYEHUE KOMOPO20 YCmpPoticmeo cnpas-
AACMCA € MAKCUMAAOHOT HA2DY3KOU.

IIpn anann3e HepaBHOMEPHOCTH Nepefiadnm AaHHBIX Ha Bxox DUT
OTCBLIAETCST HEKOTOPOE KOJUYIECTBO KAJJPOB C MUHUMAJIBLHON MEXKKaJI-
POBO# 3aJIEPKKO#l U TOJCYUTHIBAETCA KOJIMIECTBO ITAKETOB C BBIXOJA
DUT. Ecsiu oHo oKa3bIBaeTCs PABHBIM KOJUYECTBY OTIIPABICHHBIX KaJI-
POB, TO TECT 3aKAHYMBAETCs. FCin 2Ke KOJMYECTBO [TaKeTOB Ha BBIXO/JIE
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DUT wmenbInie 4uncjia OTIPABICHHBIX, TO BPEMs YMEHBIIACTCSI U TECT
MMOBTOPSAETCS.
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7. RFC 2544, lNMoarotoBka K npoBeaeHuto
aHanun3a

7.1 Cxembl nogkntoyeHns npubopa

st mpoBeenust anaan3a o meroguke RFC 2544 meobxoanmo mo-
KJIIOYUTH IPUOOD K TECTUPYEMOMY YCTPOHCTBY /CETH B COOTBETCTBUU C
OJTHOM M3 CXEM, ITPUBEIEHHBIX HUZKE.

MAC |

NUTDUT N\ [IIE G| i
= — el
-~ ‘Hiww}ghﬁil - ___2-r0 ypoBHs
[MAC d=MAC IIMAC s =MAC 2 MAC d=MAC I]MAC s = MAC 2
MACd -~ MAC's
Puc. 7.1. Tunosas cxema moaxjodeHus: 1
MAC 1
Pl
— —
IPs=1P1[IPd=1P2] IPs=1P1[IPd=1P2
MAC d=MAC 1] MAC s =MAC 1] [MAC d=MAC2[MAC s =MACT]
NUT/DUT wneiidy

i3/4-ro YPOBHS

router = I ~—
|

MACT,

Ps=1P2[IPd=1P1

[MAC d = MAC I[MAC s = MACr MAC d = MAC r[MAC's = MAC2]

MACd -— MACs
IPd-—1Ps

Puc. 7.2. Tunosasi cxema MOJIKJIIOYEHUsT 2
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Ha cxemax TNOAKJ/IIOYEHUA BBEACHDbI CJICAYIOIIEe 0003HAYECHMSI:

MAC s MAC-aznpec ornpasuTes.

MAC d MAC-aupec mosryuaressi.

IP s IP-agpec ornpasuress.

IPd IP-anpec mosyuaress.

MAC r MAC-anpec MmapiipyTusaTopa.

MAC 1 MAC-anpec Bepkyr-ETX.

IP1 IP-anpec Bepkyr-ETX.

MAC 2 MAC-azpec yaaJéHHOrO yCTPOCTBA, BBITIOJTHSIOIIIE-

ro dbyHKIMo nepeHanpasienns Tpaduka (meid).

IP 2 IP-ajpec yaai€HHOrO yCTPOMCTBA, BBITOJIHSIOIIETO
dyHuKIWMIO nepenanpasiennst Tpaduka (nueid).

switch CereBoit KOMMYTATOD.

router MappyTusarop.

B cinyuae TecTupoBanus cereil, comepKaIux yCTpoiicTBa, padboraio-
e Ha KanajgpHOM yposae Mogesnn OSI, Bepkyr-ETX noaxsmouaror B
COOTBETCTBHUM CO CXEMOW, puBeIEéHHOM Ha puc. 7.1. B arom ciyuae re-
HepupyeMbIil mpudopoM TpaduK J0JKEH ObITH IepeHAIIPABICH 0OPATHO
ocpesicTBOM opranuzanuu nuieitda. [Ipu 3roMm Bo Bxoasumx makeTax
Mensttorcst Mecramu MAC-ajpeca oTIpaBuTe st W HOJydaTesss, U Tpa-
UK BO3BpAIaeTCs HA UCXOIHBIN TOPT.

B ciiygae TecTtupoBanus ceTeli, cOJepKAIINX yCTPOICTBA, paboTa-
fomue Ha ceresoM yposre Mogean OSI?, Bepkyr-ETX moakmouaror
B COOTBETCTBUU C AHAJOTHMYHON Ccxemoil, mpuBeacHHONl Ha puc. 7.2. B
OTJIMYUE OT TPEIBIIYIIErO CIydasi, BO BXOJSAIINX ITAKeTaX MEHSIOTCS
mectamu 1 MAC- u [P-anpeca ornipaBuTesist u mojiydaresis, u Tpadpuk
BO3BPAIIAETCS HA UCXOIHBIN MTOPT.

'"Hampumep, ceresoit komMyTaTop (switch).
*Hanpumep, mapimpyTuszaTop (router).
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7.2 OcHoBHble NapamMeTpbl 3aroj10BKa

Hacrpoitka mapamMeTpoB 3arojioBKa OCYIIECTBIISIETCST B MEHIO
«RFC 2544 = «Hacrpoiiku» = «3arojoBOK».

EZd 106G SR - —2.9dBm__ 23:16

3aronoeck

MAC OTnp, ©00:21:CE:08:00:01
MAC Monyu, 00:21:CE:08:00:02
IP Ornp., 192,168.1.1
IP Monyu, 192.168.2.2

WLAN Brkn

MPLS

P DSCP 000111000
Uiy GOON0AAN000

Puc. 7.3. Menio «3aroyioBok»

MAC Ornp. MAC-azapec oTnpasuTes.
MAC Monyu. MAC-anpec nostydareisi.
IP OTnp. IP-agpec ornpasuTetsi.

IP Monywy. IP-anpec nosygarers.

[Ipu 3amaruun MAC-apecoB HEOOXOINMO YUUTHIBATH CJIEIYIOIIEE:

— B KauectBe MAC-anpeca orupasuress ykasbiBaercss MAC-aapec
nnTepdeiica NCTOYHUKA;

— eCJIM UCTOYHUK U MOJIydaTe/lb COeIMHEHbI HAIPSIMYTO, 0e3 mpoMe-
JKYTOUHBIX MapIpyTu3aTopos, B KadectBe MAC-anpeca mosyva-
tesist yKasbiBaercst MAC-anpec naTEpdeEiica Moy arTes;

— ec/IM MEXKJy MCTOYHMKOM U IMOJIYYATESEeM CYIIECTBYET XOTs Obl
OJIH MapuIpyTu3aTop, B Kadecrse MAC-ajpeca mosrydaresist He00-
xomuMo ykazarh MAC-anpec 6/IMKafIero K iCTOYHUKY MapIIpy-
TH3aTOPA.
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CymrecTByeT BO3MOXKHOCTb aBTOMAaTHYIeCKON nojcranoBku MAC- u
[P-apecos:

— mpu HaxkaTuu Ha Kjasuiry F1 (mpu Beibope MAC Otnp. nm
MAC Monyu.) Bmecto Tekymero MAC-ajpeca Gyjier mnojcras/ien
MAC-anpec nopra A, 3aganublii B Menio «Ilapamerpsr narepdeii-
COB»;

— upu Haxkaruu Ha kiasuiny F1 (upu BeiGope IP Otnp. wm IP
Monyuy.) BMecTo Tekymiero IP-anpeca 6yner nogacrasien IP-aapec
mopTa A, 3ajaHHBINH B MeHIO «IlapamMerps! ceTu;

— npu HaxkaThu Ha KJasuiry 3 (mpu Beibope MAC lMonyy.) Gyaer
nposesén ARP-3ampoc. B pesysibrare 3ampoca BMECTO TEKYIIETO
MAC-apeca mosygarens oyjaer mojcrasiedn MAC-anpec, coor-
BercTBytommuii IP-anpecy nmosygarens.

Takke Ha 9KpaHe 0TOOGPAXKAIOTCS 3HAYECHHSI IADAMETPOB, 3a/aBae-
MBbIe B MEHIO «3aroJI0BOK (JIOIL.)>».

7.3 ﬂ'OI'IOJ'IHVITeJ'IbeIe napamMeTpbl 3arojioBka

E=2 10G SR - —3.1dBm_ 23:15

3aronosok {gorn.)
Auto—ARP  Bmkn

YLAN
MPLS

LR Tl PREC+TOS
5

Precedence
ToS 0000
UDP src 60000
UDP dst 50000

PREC+TOS OSCP

Puc. 7.4. Menio «3arosnosox (morm.)»

Auto-ARP Ecaun Beibpano «Bkii», To npm 3amycke TecToB Oy-
ner apromarudecku mnpoeenéH ARP-zampoc. B pe-
3yapTare 3ampoca BMecto Tekymero MAC-aapeca
nosry4darensa 6yger nozacrasien MAC-ajapec, coor-
BercTByIomuii IP-anpecy nosydaress, 3ajagHOMy B
MEHIO «3aroJIoBOK».
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VLAN

Ilepexon B mento «VLAN>», nmossossiomiee 3a1aBaTh
no tpéx VLAN-meroK.

MPLS

Ilepexon B meno «CTeK METOK».

IP DiffServ

ITozBosisier BbIOpaTh mnoas  Precedence u  ToS
(«<PREC+TOS») mnn none DSCP («DSCP») must
3aJlaHus KJlacca OOC/Iy:KMBaHUS TpaduKa OT pas-
JmuHbIX npuitoykenuit. Onucanue IoJsiell mpeacTras-
JIEHO HUXKeE.

Precedence

IToste, KOTOpPOE yKa3bIBaET MPUOPUTET Kajapa. Bos-
MOXKHO BOCEMb 3HAYEHMIl IPUOpUTETa Kajpa B CO-
orsercrBur ¢ RFC 791 [1]. Ormpasurens Moxer
YCTAHOBUTb B 9TOM IIOJI€ JII0OOE 3HAYEHHME U3 Tab-
el A2,

ToS

IToste, koTOpOE Ompemensier Tum obcayxuBanust 1P-
nakera (Type of Service). OrmpasBuresns MoOXKeT
YCTAHOBHUTBH B 3TOM IT0JIe JII0O0€e 3HAYEHUE U3 TabJIH-
el A.3, pykosoacTBysick merogukoit RFC 1349 [2].
Tak>ke BOBMOXKHO YCTAHOBUTD JIOOYIO JIPYTYIO KOM-
OuHAIMIO U3 4-X GUT B COOTBETCTBUU C HACTPONKAMHU
MapIIpyTU3ATOPA.

DSCP

ITosre DSCP cocrout u3 8 6UT 1 MO3BOJISET 3a0aBATH
GoJIbIIlee THCJIO KJIACCOB OOCIIy»KMBaHUs TpaduKa,
qeM noss Precedence u ToS. Onucanue crapmux 6
6uTr upeacraBieHo B Taba. A.4. Muammue 2 6uta
ucnosb3yorcsa nporokosom TCP myis nepenadun wH-
dopmanuu o meperpyskax U OnucaHbl B Tabi. A.5.

UDP src

Homep UDP-nopra ormpaBuTesis.

UDP dst

Homep UDP-nopra nosygaress.

[Tpu naxkarnu Ha kiaasumty F1 (mpu Beibope VLAN) B KadecTBe Ha-
crpoek VLAN OyiyT aBTrOMaTH4YecK II0CTaB/IeHbl HACTPORKHM, 32 aH-
umele B Menio «Ilapamerpsr uarepdeiicop» = «VLAN» ms nopra A.

[Tpu naxkaruu Ha Kiaasunty F1 (opu BeiGope MPLS) B kauectse
nactpoek MPLS 6yayr aBroMaTHyecKu MOIACTABIEHBI HACTPOUKMU, 3a-
narHble B MeHio «[lapamerpsr uarepdeiicoB» = «MPLS» st mopra A.
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7.3.1 Hacrtpoiika VLAN

= — — - 01:28

VLAN

VLAN
ID 4095
MpuopureTr ©
ID

4094

MpuopureTr ©
ID 4093

MpuopureT ©

Brikn 1 2 3

Puc. 7.5. Menio «VLAN»

VLAN

Bri6op kosmmuecta MeToK (1—3, Beiki).

ID

12-6utnblii napentudpukarop VLAN, npencrasiasier co-
6oit uymcyio or 0 mo 4095. OgHO3HAYHO OIpPEEssIeT
VLAN, koropoit npunajyiexkut Kajap. Hysesoe 3nade-
uure VLAN ID nokasbiBaer, 94To JaHHBIH KaJap HE HECET
napopmanmn 0 VLAN, a comepkut nHdOPMAaIUIO TOIb-
ko o mpuopurere. Ecau 3nagenne VLAN ID ycranos-
JIEHO PaBHBIM 1, TO IPHU MPOXOZE Yepe3 MOPT CETEBOrO
komMmyTaTopa 3uadenne VLAN ID mjs sToro kampa 6y-
jer ycranossieno pasabiM VLAN ID nopra.

[Mpuoputer

TTone, xoropoe oupenensier npuopurer rpaduka. Cy-
mecrByer 8 3HadeHuil npuopurera ([9]), coorBercrBUe
MEXKIy TIPUOPUTETOM ¥ TUIIOM TpadUKa MpeICcTaBIeHO
B Tabymne A.1l.

Bepkyr-ETX. PykoBojicTBO 110 3KCIIyaTaimu



7.3 HonosiHUTE/IbHBIE TTAPAMETPHI 3ar0JI0BKA

35

7.3.2 HacTtpoiika MPLS

Egi p—

01:31

CTek MeTOK

Kon-Bo meToK

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

ha
o]

OO ;3 OO OO
e

b
o]

Brikn

1

2 3

Puc. 7.6. Menio «CTek MeTOK»

Kon-Bo meTok

Bei6op konmmvecrsa MeTok (1 —3, Beikur).

Metka

3HadYeHne METKH.

MPLS COS

Kiacc obcnmykuBanus mnakera.

TTL

Bpewms xkusuu nakera ¢ METKOIA.
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7.4 Bbibop pa3smepa kagpa

Egi p—

SR - {—40dBmm _01:33

Kapgpw!

L1 N

[y

128
256
512
1024
1280
1518
64

GNEARWN

Brn
Brn
Brn
Brn
Brn
Brn
Brn
Buikn

Brn

B

Mo ymonqaHKe

Puc. 7.7. Meno «Kanpsrs

Pasmeps! epegaBaeMbIx KaIpoB MOXKHO 33/1aTh ABYMs CIIOCOOAMMU:

1. Boibparb craHIapTHBIE PasMepbl B COOTBETCTBUH C METOJIUKOI
RFC 2544 (knasuma F4 («Ilo ymomaanuto»)): 64, 128, 256, 512,
1024, 1280, 1518 6aiit. IIpu 3TOM MMeeTCs BO3MOXKHOCTD JOTIOJI-

HUTE/JIbHO 33/aTh OAWH Ka/JAp IIPOU3BOJILHOTO pa3Mepa.

2. BBecTtu pasmepnl KaJpoB BPYyUIHYIO.

ITpumeuarue: pa3Mepnl KIPOB HE JOIKHBI OBITH MeHbIIe 64 0aiiT

u npeBbimaTrh 64000 GaiiT.
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7.5 HacTpoiika napameTpoB TecToB

BaﬂaTb(ﬂiaquHH IIapaMeTpOB TECTUPOBAHUA JJId IIPOBEJICHUA aHa-
JIN3a MO2KHO JIBYM<I criocobaMu:

1. BeibpaTh cTaHgapTHBIE HACTPOWKN B COOTBETCTBUU C METOIAKOM
RFC 2544: menio «RFC-2544» = «Hacrpoiiku», Knasuina —F4
(«ITo ymomaanuioy ).

2. IlpoBecTn HACTPONKY BpPYYHYIO B COOTBETCTBUHU C YKA3AHUSIMHU
pazznemnoB 7.5.1-7.5.5.

JLJ1st ONTUMUBAIIN CKOPOCTH U MTOBBIMIEHNS 3(hHEKTUBHOCTH IIPOBE-
nenuns anajn3a B npubope Bepkyr-ETX mpeaycmorpena BO3MOKHOCTH
M3MEeHeHHsI CTaHapTHHIX (onpeaenénusix Merogukoit RFC 2544) 3na-
YeHUI IapaMeTpPOB TECTOB.

B coorBercrBun ¢ pexkomenganueii RFC 2544 pesynbrarbl TecTOB
IIPEJICTABJISIIOTCST B TaDJIMIHON U rpaduvueckoit ¢popmax.

7.5.1 Mapametpbl Tecta «lMponyckHas cnocobHOCTbL>»

5 — ER -~  —27.4dBm_ 06 45
MponyckHaa cnocoBHOCTEL
Hactporkn

fla
Harpyaka (L1} 100 %
MNpota.c 5

Pazpewenme,. ¥ 0,01
Mopor noTtepk.% ©

Her la

Puc. 7.8. Hacrpoiika napamerpoB Tecta

BbinonxaTs Bxiriouenne /OTK/IIOYEHNE AHAIU3A POILYCKHOM CIIO-
coOHOCTH.
Harpyska (L1) 3uauenne dusnueckoit (L1) ckopoctun B mporeHTax

("F1), Bxbur/c ( F2 ) wim B M6ur/c ( F3 ).

Mpoba, c Ilepuon BpemeHu, B Te€deHNE KOTOPOTO BBIMOJIHSIETCS
poba JIsl KarXKI0ro 3aJaHHOI0 B HACTPOMKAX pa3Me-
pa kazpa (1-3600 c).
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Pazpewenue, % Pasperenne, ¢ KoTopbIM 6yIeT TPOU3BOAUTHCS IOUCK
IPOITyCKHOI criocobrocTr. Bosmoxkubie 3Havyenus: 10,
1, 0,1, 0,01, 0,001, 0,0001. Hanmensbiiee 3nayenue pas-
pellleHtsI COOTBETCTBYET HAUOOJIBIIEH TOYHOCTU U3Me-
pEeHUsT TMPOIYCKHOM CIIOCOOHOCTH KaHaJla, U HaubOJIb-
[eMy BPEMEHU TeCTa.

Mopor noteps, % Iopor momycrumMbix norepsb (0-10 %). Ecian xonude-
CTBO TIPUHATHIX IIAKETOB OKA3BIBAETCS MEHBIIE KOJIHU-
YecTBa MepelaHHbIX Ha BeJIMYUHY JIOMYCTUMOTO HOPO-
ra 1oTepb, TeCT CIUTAETCA MPOICHHDIM.

7.5.2 [lapameTpbl TecTta «3agep>xka»

5 — ER - —27.4dBm_ 06:46

3apepxka
Hactporkn

| BunonnaTs WK
Kon-Bo npo& 10
MNpota.c 5

Harpyzkm (L1}

Her a

Puc. 7.9. Hacrpoiika napameTrpoB TecTta

BbinonuaTs Bkiriouenne /OTKI/IIOYEHAE aHAJIN3A 3a€PXKKH [IePeIadn
JAHHBIX.
Kon-go npob KonuyecTBo moBTOpeHuii Tecta s KarXkI0ro 3a aHHO-

ro pa3mepa KaJpa.

Mpoba, c Ilepnos BpeMeHH, B Te4eHHE KOTOPOI'O BBIIOJIHSETCS
npoba I KarXKJ0ro 3aJJaHHOrO B HACTPOHKAX pa3Me-
pa kazapa (1-3600 c).

Harpyskn (L1) ITepexon B Mento «Harpysku (L1)».
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IR — FR - —27.4dBm__ 06:47
Harpyszkum {L1)
BpyHyio
64 Gant 10 ME6/c
128 Gant 10 HE/c
256 Gamt 10 ME6/c
512 Gant 10 HE/c
1024 Gant 10 ME6/c
1280 Gant 10 HE/c
1518 Gamt 10 ME6/c
64 Gamt 100 %
Mpon, cnoc, BpudHym

Puc. 7.10. Meno «Harpysku (L1)»

NcToynnk

IIpu BoiGope «IIpom. cmoc.» (- F1 ) Tect «3amepxk-
Ka» OyJeT MPOXOIUThL TIPY 3HAYCHUM HAIPY3KH, IO-
JIy9eHHOM B pesyiabTare Tecta «I[Ipomyckmas cro-
cobrOCTb». IIpm BBIGOpe «Bpyunywo» ( F2 ) mpm
IPOBEJIEHUU TecTa OyIyT MCIOJIb30BaHbl 3HAYEHHUS,
3a/JaHHBIE TTOJIL30BATEIIEM.

7.5.3 TlapameTtpbl Tecta «lloTepu kagpos»

S — ER - —27.4dBm_ 06 48

BonoaHate [MIE]

MpoGa.c 5
Kon-Bo waroe 2
Hau,Harp,.(L1) 3 Me/c
Kon.Harp.{L1} 2 M&/c

MoTepw kappoe
HacTponkn

Her

1z

Puc. 7.11. Hacrpoiika nmapaMeTpoB TecTa

BeinonuaTs

Bkirrouenne /OTKIIIOYEHNE aHAJIN3a YPOBHS HOTEPD
nepegadun.

Mpoba, c

[Tepuos BpemeHHu, B Te4eHUE KOTOPOTO BHITIOTHAETCS
npoba IS KayKJIoro 3a/JaHHOTO B HACTPOHKAaX pas-
mepa kagpa (1-3600 c).

Kon-Bo waros

KosmmuecTBo maros nsmeHeHust Harpy3kKu.
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ITosist HagasnbHas Harpy3ka (L1) u koHeunast Harpy3ka (L1) mos-
BOJISIIOT 3a/1aTh JUAIIA30H 3HAYCHUIT HArPY3KHU, Ha KOTOPOii OyeT mpo-
BOJIUTDLCH QHAJIN3 YPOBHSI IOTEPh. 3HadeHus (usudeckoii (L1) ckopoctn
3ajatorcs B mporenTax (F1 ), B kK6ur/c ( F2 ) mwau B M6ur/c (( F3 ).

7.5.4 Tlapametpbl Tecta «[llpegenbHas Harpy3ska»

EED p—

ER - —27.4dBm__ 06 49

Korr

Bunonnats [MIFE]

NpegensHana Harpyska
HacTporkn

—e0 nNpot 10
MNpoGa.c 20

Harpyaku (L1}

Her

la

Puc. 7.12.

Hacrpotiika mapamerpos Tecta

BbinonuaTte

BkurodyeHune /OTKIIIOYEHNE  aHAIN3a  IPEIEJIbHOI
HArpy3KH.

Kon-Bo npob

KomudecrBo moBTOpeHmit TecTa s KaKIOro 3a-
JAHHOTO B HACTPOHKax pa3Mepa KaJpa.

Mpoba, c

Ilepuon Bpemenu, B T€4€HUE KOTOPOT'O BBITIOJIHSIET-
cs mpoba, ISl KazKJIoro 3a/[aHHOr0 B HACTPOMKAX
pasmepa kazapa (2-3600 c).

Harpyskn (L1)

ITepexox B mento «Harpysku (L1)» (cm. puc. 7.10).
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7.5.5 [HononHuTtenbHble HAaCTPOWNKN

N —— ER - —27.4dBm__ 06 51

[lonoAHUTenNBLHO

7000

06yueHme .mc 100

Puc. 7.13. Menio «/lomomuureibHO»

NHTepBan, mc Bpemst mexk 1y OKOHYaHUEM OHOI TPOOBI U OT-
HpaBKO# 00ydalomero Kajapa’.

ObyueHne, mMc Bpewms, uepe3 koTopoe HAUHETCSI TECTUPOBAHNE
OCJIe OTIPABKYU 0OYJAIONIEro Kaapa.

Cornacuo meromuke RFC 2544, unrepsast cocrasisier 7000 mc
(2000 Mc oTBOUTCST HA MOJIyYeHHe OCTATOUHBIX Kajpos, 5000 mMc — Ha
pecTabuIn3anuio TeCTUPYEMOro yeTpoiicTsa), a obydenne — 2000 mc.

[Tonb3oBaTe b MOXKET 33/1aBaTh TPOU3BOIbLHBIE 3HAYEHNS NHTEPBA-
jga B upeaenax or 100 mo 10000 mc, BesmauHa oOyUeHUsT HE TOJIKHA
6b1Th Menbire 100 mc u npesbimars 10 000 mc.

SOHpe,ZLeJIeHI/Ie TepMUHa <<06y‘IaIOHLI/II>'I Ka/Jp» IIpUBEIEHO B IVIOCCapUH.
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8. RFC 2544. lNposepeHne aHanmnsa

st 3amycka TecroB 1o Meroauke RFC 2544 meobxoaumo mnepeiTu
B MeHIO «RFC-25445 u naxkars na kiasumry  F1 («Crapry ). [Tpu sTom
OyJlyT MPOBEIEHBI BCE BLIOPAHHBIE TECTHI.

st BBIOOPOYIHOTO BBITIOJHEHUST TECTOB HEOOXOIMMO HEPEUTH B Me-
HIO KOHKPETHOI'O TecTa U HaxkaTh Ha Kiasuiry F1 («Crapry).

8.1 [ponyckHas cnocobHocTb. Pe3ynbtaTthl aHanusa

E=3 10G SR - —2.0dBm__ 04:04

MponyckHaa cnocoBHOCTE

Kanp Harp.% Mé/c L2 Tect
76 100,00 7916,6668 [loToeo
128 100,00 8648,648 TloToso
256 100,00 9275.362 [oToEO
512 100,00 9624,061 TloTosBe
1024 100,00 9808,429 TloToeo
1280 100,00 9846,154 TloTose
1518 100,00 9869,961 TloToeo

Crapr ["padir He/c L3 Coxp./darp,

Puc. 8.1. Pesynbrars! Tecta: Tabnma

PesynpraTs TecTa 0TOOparKaroTCs B TAOJUIHOM BHJIE: Pa3Mep KaJipa
(B GaiiTax), 3HAUEHUE NPOIYCKHOI criocobHocTu (B %), moJydeHHOE B
pesyJsibTare aHAJIN3a 3HAYCHIE IIPOIIYCKHON CIIOCOOHOCTH (IIPH HAYKATUH
HA KJIABUILY F3  TPOUCXOAUT BBIOGOD euuuil u3mepenust — Mour/c L2,
M6wur/c L3, M6ut/c L4 nmm xazap/c).

s mepexoma K rpadUdIecKOMy INPEJICTABIEHUIO PE3YILTATOB Te-
cTUpOBaHUsT HEOOXOMMO HaKaTh Ha Kiasuily F2  («['paduk»).
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EER 106G SR = —2.1dBm__ 04:04

G NponyckHaa cnocofHocTE

EddEédE K%np/c,iloo é
4528585 K;np/c,:lﬂﬂ é
2349624 Kénp/c,‘lUU i
118??18 K%np/c,:loo %
9815%8 Ka%p/c, iOO 2?
812?43 Kagpﬂc, iOO 2.

[ 13020833 Kaap/o, 1002

515
pasMep Kadpa.b)

&
5
&
ol
bl
Ey
|
i
il
£

Tafinuua Bug,

Puc. 8.2. Pesynbrars! Tecra: rpadpuk

[Ipu waxkaTun Ha Kiasuiny F3 («Buiy) IPOMCXOIUT IIE€PEKIIIOUe-
HUE MEXKJTy JBYyMsi BapruaHTaMu IPadUIeCcKOro MPEJCTABICHUS PE3YJIb-
TATOB TECTUPOBAHUS:

1. MakcumasibHOE 3HAYMEHUE 1O OCH Y COOTBETCTBYET MAaKCHUMaJIb-
HOI ckopocTu coejuueHusi. [lycrbie cToOIBl OTOOPAKAIOT MaK-
CUMaJIbHOE T€OPETUYECKOe 3HAUYEHUE IIPOIIYCKHON CIIOCOOHOCTH.

2. MakcumaabHOe 3HAYeHNe IO OCH Y COOTBETCTBYET MaKCHMAJIbLHO-
MY U3MEPEHHOMY 3HAYCHUIO IIPOIYCKHON CIIOCOOHOCTH.

ITo ocu X B 060uX CiIyvasX OTJIOXKEHBI 3HAYUEHUS, COOTBETCTBYIOIINE
pasMepy KaJjipa.

Ha 3amosmeHHBIX CTOJOIAX AUATPAMMBI OTOOPAXKAETCS IIOJTYI€H-
HOe B pe3y/bTaTe TECTHUPOBAHUS 3HAYEHUE IPOIYCKHOW CIHOCOOHOCTH
B K&JIP/C U B IPOIEHTAX OTHOCUTEIBHO 33JIAHHON HAIDY3KH.

8.2 3apepxkka pacnpocTpaHeHusi. PesynbTaTbl aHannsa

E=3 10G SR - —2.0dBm_ 03:58

3apepxka
Kanp Harp.% Bpema mc TecT

76 100,00 0.001 ToToeo
1286 100,00 0.001 TloToBo
256 100,00 0.001 ToToeo
512 100,00 0.001 TloToBo
1024 100,00 0.001 ToToeo
1280 100,00 0.001 TloToBo
1518 100,00 0.001 ToToeo

Crapr Tpatir Coxp,/3arp,

Puc. 8.3. Pesynbrars! Tecta: Tabmma
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Tabsinna noKasbIBaeT cpejiHee 3HAYEeHNe 3a/1ePKKHU (B MC) JIJIst KazK-
JIOTO 3aJJaHHOTO B HACTPOIKax pa3Mepa KaJpa JaHHbIX U COOTBETCTBY-
olllee eMy 3HaueHue MPOIYCKHOl crocobrocT (B %), HOJIydeHHOE B
pesynabTaTe Tecta «IIpomycKkHas ciocOOHOCTD».

EZ2 10G SR - —2.0dBm__ 03 58

[FRNEPEHE - MC Jancpwra
o100

OB D] e oot e e

OB D] <o e e

T P P P

1 r1ririnri
0 e 128 256 El2 1024 1280 1518
pazMep kanpa.b

TaBnuua

Puc. 8.4. Pesynbrars! Tecra: rpaduk

Ha nmarpamme jijist Kazkioro pasmepa Kajpa 0TobpazKkaeTcst CTOJI-
6err, BBICOTA KOTOPOIO COOTBETCTBYET CPEJHEMY 3HAYCHUIO 3aJICPIKKH
(B mc).

8.3 VYposeHb notepb kagpos. Pe3ynbTaTbl aHanu3a

E=3 10G SR - —2.0dBm__ 04:00

MoTepu kagpeoe
Kagp Harp.¥ TMNotepn %

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

Crapr ["padir He/c L2 Coxp./darp,

Puc. 8.5. Pesynbrars! Tecta: Tabmma

B rabmne jy1s KazK10ro pasmepa maketa (B 6aiitax) u COOTBETCTBY-
folmedi 3arpy3ku Kanajia (B %) orobpazkaercss 3HAUEHUE YPOBHS MOTEPh
(npn HaKATHU Ha KJIABWILY F3  MPOMCXOJUT BHIOOD €JMHMUIL U3MEpEe-
Hust — M6ur/c L2, M6ur/c L3, Méur/c L4 wim %).
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EER 106G SR - —2.0dBm__ 04:01
poTepH, & MoTepH Kaipos
10 . . . . §

an -
a0 -
7o
&l
S0 -
40 -
)
20) e
10f

T 20 30 40 B0 &0 70 &0 ar 10
Harpysta, &)

Tabnua Nerenpa

Puc. 8.6. Pesynbrars! Tecra: rpadpuk

Ha rpadwuke 1151 KarXk10r0 yKa3aHHOTO B HACTPOMKAX pasMepa KaJl-
pa 1oka3aHa 3aBUCHUMOCTH YPOBHsI OTEPb KaJIpoB (B %) oT HArpysKu

(B %).

8.4 [lMpepenbHas Harpy3ska. Pe3ynbTaTbhbl aHanmsa

EZ2 10G SR - —2.0dBm__ 04:01

NpegensHana Harpyska
Kanp Harp.% Bpema ¢ Tect
7

6 100,000 5.00 ToToeo
128 100,000 5.00 TloToeo
256 100,000 5.00 TloToeo
512 100,000 5.00 TloToeo

1024 100,000 5.00 TloToeo
1280 100,000 5,00 TloTeeo
1518 100,000 5.00 TloToeo

Crapt [papir Kagpu Cowxp, /3arp,

Puc. 8.7. PesynbraTh! Tecta: Tabnma

B rabuiutie 718 KaxK0ro pasmepa makeTra 0TobparkaeTcs 3aaHHas
B HacTpoOMKax TecTa Harpys3ka U BpeMd, B TedeHue KOTOPOI'o yCTPOii-
CTBO CIIPABJISETCS C MAKCUMAJILHON HArpy3Koi. Keim Bpemsi, B Tedenue
KOTOPOI'0 TECTUPYEMOE yCTPOHCTBO BBIICPXKUBACT MAKCUMAJILHYIO Ha-
IPY3KY, OIIPEJIEJIUTH HE YJIAJI0Ch, B CTOJIOIE COCTOAHUS TECTA BHIBOJIUTCS
«Ommbkay, a B crosibie «Bpewmsi, ¢» — mpoUepKu.

[Tpn naxkarun Ha kiasumry F3 («Kaapsr» ) BMecto crosbia «Bpe-
Msi, C» oTobparkaeTcst crosber] «Kaipbi», B KOTOPOM MPEJICTABIEHO KO-
JINYECTBO Ka/J[POB, IIEPEJIAHHBIX 38 BPEMs TECTUPOBAHMUSI.
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EER 106G SR = —2.0dBm__ 04:02

EPEMA.C MpeneneHan HarpYsKa

Jo1471E4 Faap
T2E27376 Raap
11?3999? kanp ]
JE10413 Feap
055541 Feap

5[ 5968587 Faap

&
5
&
ol
bl
Ey
|
i
il
£
Il
)

pasMep Kadpa.b)

Tabnua

Puc. 8.8. Pesynbrars! Tecra: rpadpuk

Ha muarpamme Jiist KaxkKJioro 3aJaHHOTO pasmMepa Kajipa oTobpa-
JKAeTCsl CTOJIOEI, BHICOTa KOTOPOI'O COOTBETCTBYET BPEMEHHU, B T€UECHUE
KOTOPOT'O YCTPOHCTBO CIIPABJISLIOCH C PEIEeIbHON HATPY3KOM.

Ha cronbriax amarpaMMbl 0TOOparKaeTcst KOJUTIECTBO MAKETOB, IIe-

Pe€aaHHBIX 3a BpeMsl TECTUPOBaHUA.

8.5 CoxpaHeHue pe3ynbTaToOB U3MepeHuii

B pexume Tecrop nmo meroguke RFC 2544 npu HakaTun Ha Kia-
punty F4  («Coxp./3arp.») IPOUCXOAUT 1IEPEXO] B MEHIO, B KOTOPOM
BO3MOXKEH BbIBOJI HH(MDOPMAIIUN O COXPAHEHHBIX U3MepeHusix (- F1 ), co-
XpaHeHne pe3yJbTaToB 1 HapameTpoB TecToB ( F2 ), a TakxKe 3arpyska
('F3 ) wim ynasenue ( F4 ) COXpaHEHHBIX Pe3YJbTATOB U IAPAMETDPOB

U3MEPEHUN.
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9. CnoxHbin Tpaduk

DyHKIMS TeHePaIii CJI0KHOIO TeCTOBOro Tpaduka' mossosger co-
371aTh 10 10 MOTOKOB JAHHBIX C pa3jndHbiMu napamerpamu. C eé€ mo-
MOIILIO MOXKHO IIPOBEPUTDH, PAbOTAET JIX B TECTUPYEMOM YCTPOUCTBE
[IPUOPUTE3AINS, UMATHPOBATH Pa3IUIHbIe TPOMUIN HAMPY3KH.

IR — FR - —27.4dBm__ Q6:33

CnoxHeA Tpapuk

WamepeHnsa

HacTporkn

Puc. 9.1. Mento «Cioxxublit TpaduKs

N3mepeHus Ilepexox k sxpany «Ciioxubli Tpaduk: oTIET> (3a1ycK
Tecra, 0TOOparkeHHe Pe3y/IbTaTOB U3MepPeHuil).

HacTpoiikn Ilepexon B mento «Hacrpoiiku».

T —— ER - —27.4dBm_ 06 35
CAOKHHIA TDADWUK: OTUET
Frm Rate,.¥ Loss.¥ BW.Mbps
537 43,00 89.75 424.85
1423 18,00 90,33 171.67
64 13,00 90.01 99.00
237 4,00 89.381 37.60
996 10,00 90 .31 95.03
903 8,00 90,18 76.82
1221 3,00 90.54 27.93
1136 1,00 89.28 10.54

[ RNE o N PN N

Crapr ["padur Coxp./3arp.

Puc. 9.2. Dxpan «Cioxublit Tpaduk: oraérs

B 6azoByio xKoHburypanumio He BXOAUT. JLOCTYIIHA IPU JOIOJTHITEILHOM 3aKa3€
OIIIIVH.
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st Havasia TeCTUpOBaHUs HEOOXOAUMO HAXKAThL Ha KJaBuiry — Fi
(CTapT), IIpeJIBapUTEeIbHO HACTPOUB IMapaMeTphbl TecTta B MeHIO «Ha-
CTPOUKUIY.

[To okoHYaHNT TECTUPOBAHUS Ha SKPaHe I KayKI0r0 ITOTOKa 0TO0-
parkaercd:

— 3aJAHHBII pasMep Kajpa;

— sagannas nHdopmannonnas (L2) ckopocTs;

— IOTepU KaApOB, IOJIYYEHHLIE B PE3Y/ILTATE TECTUPOBAHMS;

— IIAPUHA OJIOCHI TPOITYCKAHUS, pACCINTAHHAS TI0 PE3YIbTAaTaM Te-
CTUPOBAHUSI.

[Tpu maxkatum Ha kiaasuiry F2 (I'paduk) ocymecrsisiercst mepe-
XOJT K 9KpaHy, cofepKarieMy rpaduieckoe npeicTaBIeHIEe PE3yIbTaTOB
TecTa.

IR — FR = —27.4dBm Q6 36

noTepH, & CnosHeE TRabWe
T e e e e

sol...

& ...

40l ...

20f...

noTor|

Tabnua

Puc. 9.3. Dxpan «Cnoxubiit Tpaduk» (rpaduk)

Ha muarpamme st KaxK10ro IOTOKa 0TOOPaXKaeTcs CTOJIOEIT, BbICO-
Ta KOTOPOI'O COOTBETCTBYET BEJIUYHMHE [OTEPh KaIPOB.

[Tpu maxkatun Ha Kiasuiny F4 («Coxp./3arp.») oCyIiecTBisieTcst
epexol B MeHIO «Pe3yIbTaThl».

[Ipu HaxkaTny Ha KIABUIITY @ OCYTIECTBIISIETCST TIEPEXO]T K IKPAHY
«CtoxkHBIN TpadUK: 3aIePKKa>.
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[ — ER -

—27.4dBm__ Q6:37

Cur.ms Min.ms
0,169 0,169
0.199 0.160
0,208 0,129
0.256 0.133
0,192 0,126
0.251 0.128
0,223 0,155
0.235 0.133

[e IR R AN N

CAoxHeA Tpaluk: 3anepEka
Avg.ms Max.ms

0,219
0.209
0.176
0.186
0,174
0,207
0,206
0.193

0,262
0,262
0,278
0.265
0,252
0.258
0,262
0.253

Crapr Tpafur

Coxp, /3arp,

Puc. 9.4. Dkpan «Cnoxubrit Tpaduk: 3agep:rKas

Cur Tekyras 3aepKKa Mepeiadn JaHHbIX.
Min MunanmasbHas 3aep2KKa epeadn TaHHbIX.
Avg Cpennsis 3a1epKKa nepeaadn JaHHBIX.
Max MakcnmasibHas 3a/epKKa 1nepejiad JaHHbIX.

[Ipu moBTOPHOM HakKaTUU HA KJIABUIITY @ OCYIIECTBJISAETCS IIepe-
X071 K 9Kpany «CJI0KHBII TpaduK: KaJIphl».

mm — ER - —27.4dBm_ 06 38
CNoxHeiA TpalMK: Kampb!

# Tx Rx

1 13500557 1383577
2 2182454 211070
3 27042842 2702852
4 2723224 277619
5 1722116 166942
5] 1516445 148843
7 422964 40030
8 151357 16229

Crapt Tpatir Coxp,/3arp,

Puc. 9.5. Dxpan «Cioxubliit Tpaduk: Kajapbi»

Ha skpane juisi KaxKJIoro moToka oToopakaercs KOJUYECTBO Iepe-

nausbix (Tx) u npussaTeix (Rx) makeros.
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Croxubrit Tpadpuk

Eiii J—

ER =

—27.4dBm__ Q6 39

HacTporkn

[loTokoe [

AmTensHoCTE 14

3aronoeok
Kanpw
Harpyzkm (L2}

Puc. 9.6. Menio «Hacrpoiiku»

MNoTokos KosmaecTBo noToKoB JaHHbIX (1-10).

OnutensHocTb JIInTeIbHOCTh TeHEpaluy 3aJaHHOTO KOJIMIECTBA
notokos (1-2886 c).

3aronoeok ITepexon B MeHIO «3aroioBoOK».

Kagpbl ITepexon B mento «Kampbrs.

Harpyskn (L2)

Iepexon B Menio «Harpyskn (L2)».

EEED J—

ER = —27.4dBm__ 06:41

3aronoeok
Motok 1

00:21:CEz10:00:01
MAC Monyu.

IP Omnp.

IP Nonyu.

00:21:CE:08:1F 51
172.16.3.126
172,16,.3.129

[lononHUTeNBLHO
WLAN Brarin
HPLS
1P ToS 0000b: precedence O
ump B0000/50000

NokansHHR

Puc. 9.7. Menio «3arosoBok»

Homep nacTpamBaeMoro motoka BbIOMPAETCs IIPU HAXKATUY Ha, KJ1a-

BUIIIN n
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5 — ER - —27.4dBm_ 06:42

Kanpw

1 ey
1423

64
237
296
903
1221
1136
764
634

CONN® AL WNE

=

Puc. 9.8. Menio «Kaapor»

Pazmepnl KaipoB 1T KaxKJI0T0 TMOTOKA 33 IaI0TCsT BPYIHYIO B IIpe-
nenax ot 64 mo 9600 6aiiT.

Il —— ER - —27.4dBm_ 06:42

Harpyaku (L2}

43
18

13
4
10

[
COUNGA MW
s [0 00
HEEHEREERER

i KG/'c M6/

Puc. 9.9. Menio «Harpysku (L2)»

Buauenne wundopmannonnoii (L2) ckopoctn 3amaéres B mpoIieH-
Tax ( F1 ), B k6ur/c ( F2 ) mwuu B Mour/c (' F3 ).

9.1 CnoxHbin Tpacduk. Hactpoiika MPLS

Crek METOK Jjisi TecTUpOBaHUs 3a7aéTcsi B MeHIO «CTeK MEeTOK»:
bepxym-ETX. Hamepenus = «Croxubiii Tpadpuky» = «Hacrpoiiku» =
«3aroyioBok» = «/lonosaurensno» = «MPLS».
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[ 160G SR - —2.6dBm__16:19
CTer meTOK

Kon—-Bo mMeTok V4

Metka ©

MPLS CO5 ©
TTL 128

MeTtka ©

MPLS CO5 ©
TTL 128

Metka ©

MPLS CO5 ©
TTL 128

Brrn 1 2 3

Puc. 9.10. Menwo «Crek MeTOK»

Kon-Bo metok Bri6op kosmuectsa MeTok (0T 1 10 3), KOoTOpOe
Oymer m06aBIEHO B IepeIaBaeMblil TTAKeT.

MeTka 3HaveHue MEeTKH.
MPLS COS Knacc obenykuBanus makera.
TTL Bpewms kuzHn makera ¢ METKOIA.
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10. LLineiid

s recrupoBanus cereii mo meronuke RFC 2544, uzmepenus BER
U pelleHus psajfa ApYyrux 3ajad ucrnosiblyercsa dpyuknus [lneiid, mos-
BOJISIIOIIAS] IEPEHAIIPABIIATH 0OPATHO MPUXOSINU Ha TPUOOP Tpaduk
Ha 9eTBIPEX ypoBHsIX Momgemn OSI.

Ha dusuyeckom yposae (L1) Bech Bxogsmuii Tpacduk nepena-
TIPABJIAETCST 0OpaTHO 6e3 U3MEHEHUH, TP ITOM BEIETCS CTATUCTUKA TIO
[IPUHUMAEMOMY TPapUKY.

Ha kanasbHOM ypoBHe (L2) Bce Bxomsiiye Kajpbl IepeHAIIPAB-
JISTIOTCST O6PATHO, TP 3TOM MOTYT MeHsIThcs Mectamu MAC-ajipeca o1-
IIpaBUTeE/Id U IIOJIyYdaTesid. BeﬂéTCﬂ CTaTUCTUKa II0 IMIPUHUMaEMOMY M
nepeaBaeMoMy TPapuKy.

Ha cereBom ypoue (L3) Bce BXosiiue nakeTsl epeHaIPaBIsi-
10TCst 06paTHo, pu 3ToM MeHsorcs mectamu MAC- u [P-agpeca ormipa-
BUTEJIA U IIOJIydaTeJidd. BeﬂéTCﬂ CTaTUCTHUKa 110 IDUHUMaEMOMY U IIepe-
JTaBaeMoMy Tpaduky.

Ha rpancnopraom yposae (L4) sxojsinuit Tpaduk nepeHanpas-
JisteTcst obpaTHo, Ipu 9ToM, momuMo nepecraHoBku MAC-anpecos u IP-
anpecon, Menstiorcss Mmectamu HoMmepa TCP /UDP nopros ornpasure)ist
U IOy 9aTessl.

ITpumevwarue: nns nuteiida xanampaoro (L2), ceresoro (L3) u
rpancrnoptHoro (L4) ypoBHeil moBpexKIEHHBIE MAKETHI HE IIE€PEHAIPAB-
JISTFOTCSI.

ITpumeuwarue: s nureiida xkanamsaoro (L2), ceresoro (L3) n
rpancrnoprioro (L4) yposueit nakerst ¢ ojuHakoBbiMu MAC Dst u
MAC Src, a Tak xe 6soku panabix nporokorsa OAM (OAMPDU) u
ARP-3ampocsl, cojepzkalnpecs: BO BXOISIIEM TpauKe, He IIepeHalpaB-
JISTIOTCSI.

IIpumenarue: ecau pxomsmnmuit maker conep:kut MPLS merky, o
Oyzer mepeHalpaBjieH 0e3 m3MeHeHNsT €€ 3HAYCHUSI.
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lneitd

Ei[j J—

ER LBl -27.2dBm 06 31

MpynaTo [s]
OTnpaeneHo [s]

linernp

Tun Il

ET—o6HapyxeHHe
0AM

NakeToE

Brrn

1 2 b2

Puc. 10.1. Menrwo «I1lneiid»

Twun Bri6op yposuast mogemn OSI, Ha koTopoM GymeT mpouc-
XOJIUTH TEPEHATIPABJIEHNE TECTOBOTO TpaduKa:

Boikim — OTKIIIOUEHHE BO3MOXKHOCTU OpPraHU3a-
muu nreida;

1 — dusngeckmit ypoBens;
2 — xanHaJsbHBIH ypoBenb (MAC);
3 — ceresoit yposensb (IP);

4 — rpancuopraslii yposeas (TCP/UDP).

ET-obHapyxeHune Ilepexon B mento «ET-obuapyxkeHnues.

OAM ITepexon B merio «OAM>».
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11. OAM

Baxkmoit 3aj1a1eil 1OCTaBIIUKOB yCJIYT CBA3U sABJISETCsH ODecredeHme
BBICOKOI'O YPOBHSI aJIMUHUCTPHPOBAHUSI U TEXHUIECKOT'O ODC/IYKUBa-
uust Ethernet-cereit. st sTux memeit 6611 paspaboran cranmapt IEEE
802.3ah [7] (u3BecTnBbIit Takxke Kak «Ethernet in the First Mile (EFM)
OAM» — «Ethernet OAM Ha «1epBoii Muse» ).

OAM (Operations, Administration, and Maintenance — skciryara-
s, aJMAHUCTPUPOBAHIE U OOC/IyKUBAHNME) — IIPOTOKOJ MOHUTOPHH-
ra COCTOSIHUS KaHaJa, (DYHKIIMOHUPYET Ha KAHAJBHOM yPOBHE MOJE/IH
OSI. /st nepemagaun ungopmamun Mexay Ethernet-ycrpoiicrBamu uc-
MOJIB3YIOTCs BJIOKM JauubIX poTorota — OAMPDU.

Baxknoit pyukumeit mporokosia OAM siBjisieTcst BOSMOXKHOCTE BKJTIO-
qenus pexxkuma «Illmeitd» Ha ymaméanom mpudope.

st ycranoBsienust coeuuenus Mexkay npudopom Bepkyr-ETX u
yAAJIEHHBIM yeTpoiicTBoM 1o mpoTokosy OAM u iyt BKITIOUEHUST pe-
xkuma «IILneitd» HEOOXOTUMO:

1. Henocpedecmeenno coenuauThb JoKaabHbIH Bepkyr-ETX u yma-
JIEHHOE YCTPOHCTBO! B COOTBETCTBHU CO CXEMOii, IPUBEIEHHOI HII-

2Ke.

Jloxaneneiii bepxyT-ETX Ynanénnoe ycTpoicTBO

Puc. 11.1. Cxema TecTupoBaHus

2. Ha ymanénnom npubope paspemmTh pabory mnporokosa OAM B
AKTUBHOM WJIM ITACCUBHOM PEXKIME.
Ha smokaabaOM mIprbOpe:

'Ha puc. 11.1 Bepkyr-ETX npuBenén B KadecTBe IpUMEpa YIAJSHHOTO YCTPOii-
cTBa.
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3. Ilepeiitu B Mmento «OAM>» (cm. puc. 11.2).

4. B nynkre meHio «Pexxums BbIOpATb aKTUBHBIN PEKUM PabOTHI
nporokosa OAM.

5. Cocrosinne 0OHAPYXKEHUS YIAJIEHHOTO YCTPOHCTBA B IIYHKTE MEHIO
«Obnapy:keHue» JI0JXKHO IPUHSTHL 3HaYeHne «Send anys.

6. Ilepeiitu B Menro «Ynanéuawiii mpubop». Ha skxpane momkHa
oTobOpa3uThest nHpopMaIus 06 yIaJJEHHOM yCTPOCTBE.

7. Haxarb Ha kiuasunty  Ft («LB up»). Ha ynanéanom yerpoiicrse
6yner BrimouéHn pexxkum «Illreiid» kamambaoro (L2) yposus
(rpacduk Gyjer nepenanpasisaTbes 6e3 damenv MAC-adpecos).

st Beikimovennst peskuma «I1Liefid» HeoOxouMo HazKaTh Ha KJla-
pumty F1 («LB down»).

[ — ER - —27.2dBm__0B 35
oAM

AKTHUEHLIA
06HapyxerHmne Send local

YpaneHHeA npubop

Brrn MACCHEHHIA AKTHEHHIA

Puc. 11.2. Menwo «OAM»

Pexxum Bosmoxknubre cocrostaus OAM:

— AKTUBHBIII — aKTHUBHBIA PEXWUM; B aKTUBHOM pe-
JKHMe IOPT MOXKeT HOChLIATh KOMaHJbl Ha OOHADY-
2KeHme ycTpoiicTs u Britodenune gpyuknun «ILmeitd»
Ha yJAJEHHOM IpUbope, a TaK»Ke pearupoBaTh HA KO-
manabl Ethernet OAM ot yma/iéHHOrO yCcTpoicTBa;

— IlaccuBHBINT — ITaCCUBHBIA PEXKUM; B IMACCUBHOM
peXuMe [OpT He MOXKET WHUIMHUPOBATH BKJIIOUEHUE
byukmun «Ilaeiid», a MOXKET TOJBKO pearupoBaTh
na koMaspl Ethernet OAM ot ymanénuoro ycrpoii-
CTBa;

— Bpika — OAM OTKIIIOYEH.
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O6Hapy»xeHune Cocrosinne oGHAPYKEHUs YJIAJEHHOIO CETEBOIO YCTPOii-
cTBa. BO3MOXKHbBIE COCTOSTHUSI:

Fault — HagabHOE COCTOSIHYIE, COEIMHEHIE C YIATEH-
HBIM yCTPOMCTBOM HE yCTaHOBJIEHO;

Send local — ornpaska OAMPDU ¢ undopmanueii o
[IO/IJIEP2KUBAEMBIX PEXKUMAaX PabOThI;

Passive wait — oxunanne OAMPDU ¢ undopmanu-
eil 0 Mo/IIEPKUBAEMBIX PeKUMaX paboThl OT y/IAJIEH-
HOrO yCTpO¥icTBa, CKOH(MUIYPUPOBAHHOIO B AKTHB-
HOM DEXKUME;

Send loc/rem — ornpaska OAMPDU ¢ uadopmanu-
el 0 OJIIEPXKUBAEMBIX PEXKUMaX PabOTHI JIOKAJIHHO-
ro M yJaJéHHoro npubopa M ¢ METKON, O3HAYAIONIEH
BO3MOXKHOCTD YCTAHOBJIEHUsI COEIMHEHHST;

Send loc/rem ok — momy4uerne OAMPDU c¢ undop-
Margei 0 TOM, 9TO PexKUMbI PabOThI JIOKAJIBHOIO U
VAAJEHHOTIO YCTPOUCTBA SABJISIOTCS COBMECTUMBIMU;

Send any — coenuHeHne yCTaHOBJIEHO.

Vaanéuuwili npubop  Ilepexon B MeHIo, comepxKalnee MHMOPMAIUIO 06 yIaJTEHHOM
YCTPOHICTBE.

ITpumevarue: ycuemrHoe cCoeJUHEHHE BO3MOXKHO TOJBKO B TOM
caydae, ecin yIaJCHHBIH mpubop momjiepKuBaeT GyHKIHIO «Remote
loopbacks» (pexum ymanénnoro nureiida). B ciydae orcyrcrBust nan-
HOIl (DYHKITMH COCTOSTHUE OOHAPYXKEHUs YIAJEHHOTO YCTPOMCTBA MPU-
Mer 3Hadenne «Send loc/rem oks.

— ER - —27.2dBm__ 06 35

Var.

Yendor OUI Ox00 0x21 OxCE

Unidirectional Mot supported
Rem. loopback Supported
Link ewvents MNot supported

YpanénHwin npuGop
MAC appec 00:21:CE:08:06:21

Pexum AT,

retrieval Mot supported
LB status Down

LB up

Puc. 11.3. Meno «Ynaaéuublii npubop»
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MAC agpec MAC-anpec ynajgéHHOrO yCTpOiCTBa.

Vendor OUI VHUKAIBHBIN WAEHTU(MUKATOD OpPTraHW3allud, HUCIOIb3ye-
Melii g reaepanyu MAC-anpeca.

Pexxum Cocrostane OAM ynajaéHHOTO KJIMEHTA.

Unidirectional Tlopmeprxka OJHOHAIIPABJIEHHOIO COCIMHEHUSI.

Rem. loopback Tlopnepzxkka pexkuma yaajaéHHOrO Meida.

Link events Tlopepxkka yBemomenust 06 OMMOKAX COEIMHEHMSI.

Var. retrieval Tlogmepkka cINTHIBAHNS TEPEMEHHBIX, UCIIOIB3YEMbBIX JIJTsT

OIICHKHN Ka4veCTBa KaHaJla CBA3U.

LB status Cocrosinne pexxuma «I1Lneiid» Ha ymaméaaom mpubdope.

ITpumevarue: dpyakiun «unidirectional», «link events» m «var.
retrievaly npubopom Bepkyr-ETX He mommepkuBatoTcs.
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12. ET-obHapy>xeHune

Oyukius «ET-obHapykeHmres 1103B0JIsIeT BKIOUNTE pexkuM «Lreiidy
kanasbHoro (L2), ceresoro (L3) wmim rpancrnopraoro (L4) yposus
Ha yAaJiéeHHOM TecTepe-ananuzaTope DBepkyT-ETX, Bepkyr-ET wnan
ycTpoiicTBe obpazoBanus muieiida Bepkyr-ETL.

Bepxyt-ETX/Bepkyt-ET/bepxyt-ETL

b

4

Puc. 12.1. Cxema tecTupoBaHus

B cooTBercTBUE CO CXEMOI TECTUPOBAHUST MOYXKHO T0CAEJO6AMENLHO
BrJouaTh pexxuM «[lnefid» Ha Heckobkux yerpoiictBax Bepkyr-ETX,
Bepkyr-ET u BepkyT-ETL, KoTOphIe MOT'yT HAXOIUTHCS KaK B Pa3HBIX,
TaK U B OJHOU MOJICETH.
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ET-obnapy:xenue

3 — ER - —27.2dBm_06:51

ET—o6HapyxeHWe

I 172.16.2.125

linerp Bweikn

OGHapY*EHHE

Puc. 12.2. Menw «ET-ob6napyxenues

IP IP-aipec ymanéunoro ycrpoiicrsa.
LLineiicp Bribop yposust mutetida:
— F1 — ppikgodenne pexxuma, «Illneiid»;
— F2 — pryniodenne nureiicha KaHAJIBHOIO YPOBHS;
— B3 — pkurouenwme muteiida CeTEBOTO YPOBHST;
— F4 — prunouenue nureiicha TpaHCIIOPTHOIO YPOBHSI.

Jlist mosiydeHus: HaHHBIX 00 yIaJIEHHOM HIPUOOpe U BO3MOXKHOCTH
BrIouenus pexkuma «Illaeiid» caemyer:

1.

e~

6.

[Moakounts mpudtop bepkyT-ETX k ceTu B cOOTBETCTBHUU CO CXe-
MO, TIpeJicTaB/IeHHO# Ha puc. 12.1.

[Tepeiitu B menio «Ilapamerpsl cetus, 3agars [P-agpec mopra nin
yOeIuThCsA, I9TO Tpubop moJryani Bepublil [P-amgpec mo mpoTokoy
DHCP.

[Tepeititu B menio «ET-obnapykenues.

B nmoste «IP-ampec» BBecTtu IP-ampec ynanénmoro ycrpoiicTsa.
Haxkarb Ha kiasunty F4 («O6uapykenue» ). B ciaydae ycnerHo-
'O BBINIOJIHEHUS (DYHKITUH Ha 9KpaH npubopa OyayT BeiBeeHb [P-
azapec, umsi u MAC-apec ynanéaaoro ycrpoiicrsa (eM. puc. 12.3).
[TyukrT Mento LLnelid crameT moCTyMHBIM JIJTsT peIAKTUPOBAHUSI.
C momorpio KaaBuin F2 | F3 | F4 BpIOpaTh YPOBEHB ILIelda.

IIpumenwarue: tepenada JaHHBIX OCYIIECTBIISETCS 110 ITPOTOKOJIY
UDP. Tlopt nony4aarens — 32 792. Ilopt orupasurens — 32 793.
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ET—o6HapyxeHWe

I 172.16.2.125

linerp Bweikn

192.168.222_173

Q]
HX-100
MAC
00:18:63:00:04:1B
Brrn 2 3 4

Puc. 12.3. IIpumep Bomosaenusi ET-o6HapyKeHmst
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13. Tecter TCP/IP

TecTbl, onucaHHbIe B JAHHOM pa3jiesie, HeOOXOMUMBI IIPU IIPOBE/Ie-
HUU JIMATHOCTUKU B CETSAX, COJEPKAIIMNX YCTPONRCTBA, OCYIIECTBIISIIONTNE
KOMMYTAIIAIO0 U MAPIIPYTU3AIMIO [TEPEJAaBaeMbIX MaHHBIX. C IOMOIIBIO
peanmzoBanubix B nputope TCP/IP TecroB MokHO 00HADYKUTH IPO-
Gj1eMbl, CBsi3aHHBIE ¢ KOH(DUTYpalueil ceTu, yOeInThCs B CBA3HOCTU Ka-
HaJja MEXIy y3JaMH CeTU, OIPEIEJUTb MAPUIPYThI CJACIOBAHUS TaH-
HBIX, ITPOBEPUTH PabOTOCIIOCODHOCTD M OIEHUTH 3arPY?KEHHOCTb KaHa-
JIOB TI€pEeIadu TaHHbBIX.

13.1 3xo-3anpoc (Ping)

NucrpymenT «Dxo0-3a1mpocs ! 103BoJIseT IPOBEPUTH PAGOTOCIIOCO6-

HOCTb KAQHAJIOB MepeJIadu JAHHBIX U TPOMEXKYTOYHBIX CETEBBIX YCTPONCTB.

B nporecce TecTupoBanus 3aJaHHOMY y3Jy CETH MOCBLIAIOTCI 3a-
IPOCHI 1 (PUKCUPYIOTCS MOCTYIAONINE OTBETHI. 110 pe3ynbraraM aHam-
3a HOPMUPYETCS CTATUCTUICCKUN OTYET.

Jutst mpoBeieHnsT TeCTUPOBAHNSA HEOOXOINMO:

1. TloaksounTsh TPUOOP K TECTUPYEMOI CETH B COOTBETCTBUU CO CX€-
MOI1, TPUBEJIEHHON HUKE.

Puc. 13.1. Cxema HOIKIIOYEHUS

2. Hacrpours cereBoe mnojkiiodenue (M. pasje 18).
3. Ilepeiiti B MEHIO «DX0-3aIIPOC».

!B 6azoByio koHMUIypaImio He BXOMUT. JLOCTYIIEH [P [OIOTHUTEILHOM 3aKA3€E
OIIIUU.
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E3 — SR - <—40cdBmm__17:30

Ixo—zanpoc (192.168.1.1)

Crapr CratucTura Hacrpoitkw  Coxp,/3arp,

Puc. 13.2. MeHo «9Dxo-3ampoc»

F1  («Crapr») Bamyck Tecra.

F2  («Crarucruxay) Ilepexon k skpamy «CraTucTukas.

F3 («Hacrpoiikn») Tlepexon B Menio «HacTpoiiku sxo-3ampocas.

F4  («Coxp./3arp.») Tlepexos, B MEHIO COXPAHEHWsS] PE3YJIbTATOB
Tecra.

4. Hactpouth mapameTpbl TecTupoBanus B MeHio «HacTpoiiku 3xo-
3aIpocasy.

EE — SR - {-40dBmm__17:34

HacTpoHkn sxo—sanpeca

192.168.1.1
Paamep naketa 56
Konuuecteo 0O
BpemAa oxmpaHna 1000
Mayza 1000

Puc. 13.3. Menio «Hacrpoiiku sxo-3ampocay

IP agpec IP-ajipec y37a, JOCTHKHUMOCTH KOTOPOTO HEOOXO-
JIIMO TIPOBEPUTb.

Pasmep naketa Pasmep ICMP-nakera B GaiiTax.
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Konunyectso

Konuuecrso OTIIPaBJISIEMBIX HAKETOB
(or 0 mo 9999). Ecim BeIGpaHO HyJeBOe 3Ha-
YeHUE, AKeTHl OyoyT OTIPABIATHCA A0 TEX IOP,

noka He Oymer HaxkaTa Kiasuma F1 («Crom»).

Bpemsi oxuganuns

BpeMH O2KHUJJaHUA OTBETa Ha 3X0-3alIPpOC (B MC)A

Mayza

Bpewmst Mex/y OTHPaBKO# ABYX HOC/IENOBATE/Ib
HBIX 3aIPOCOB (B MC).

5. B meHio «39xo-3ampoc» Haxkarbh Ha kjasuimy F1 («Crapr»).
Haunérca TecrupoBanme, B X0/ KOTOPOTO Ha 3KpaH OyJyT Bbl-
BEJIEHBI CTPOKU, COJEPKAIIME CJIe/lyolnyo uHdopmanuio (ciesa

HAIIPABO):

— pasmep ICMP-naxkera;
— IP-azgpec y3ia ceTu, OTBETUBIIErO HA 9X0-3AIPOC;

— IIOPSJIKOBBIIl HOMED I1aKeTa;

BpeMsd MeXKJTy OTHpaBKOfI 3allpocCa U IIOJIYyIeHHueM OTBETa.

[Tpumep pe3y/IbTATOB TECTUPOBAHUS MPeACcTaBeH Ha puc 13.4.

SR - <-40dBmm__17:34

3xo—sanpoc (85.142,45,242)

L

BE B from 85.142.45.242: n=l tine=5315 ms
BE B from 85.142.45.242: n=2 tine=5336 ms
BE B from 85.142.45.242: n=3 tine=9370 ms
BE B from 85.142.45.242: n=4 tine=5351 ms
BE B from 85.142.45.242: n=5 tine=5415 ms
b6 B from 85,142,45,2427 n=6 time=5388 ms
B6 B from 85,142,45,2427 n=7 time=5470 ms
B6 B from 85,142,45,2427 n=8 tine=5534 ms
b6 B from 85,142,45,2427 n=9 time=5506 ms
G6 B from 85,142,45,2427 n=10 tine=5612 ms
15 packets transmitted, 10 received, 5 packet loss
mindavg/maxy 5315/5438/5612 ms

CrapT

CTaTuCTUKE Hactpoiku  Coxp,/3arp.

Puc. 13.4. PesynbraThl TECTA «DX0-3aIIPOCH

[To pesysnbraTtam TecTupoBaHUsS (POPMHUPYETCS CTATUCTHIECKUN OT-

4ér (cM. puc. 13.5).

B crarucruke orobparkaercss nHMOPMAIS 0 MUHIMAJILHOM, CPeJI-
HEeM, MaKCUMaJIbHOM BPEMEHU MEXKJIy OTIPABKOM 3aIpoca U I0JIydeHu-

€M OTBETa, & TaK2Ke O KOJIMYECTBE IIePeJaHHbIX, IIPUHATBIX, IIOTEPAHHBIX

" ITIOBTOPHDBIX (C OJIMHAKOBBIM IIOPAJTKOBBIM HON[epOM) [IAKETOB. JHaJe-
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HIe B CTPOKe Maltmaym COOTBETCTBYET KOJIUYIECTBY ITaKeTOB, JJIsI KO-
TOPBIX BPEMsI OTBETa Ha 3X0-3aIIPOC OBLIO MPEBBIIIEHO.

B3 —— SR - <—40dBmm__ 17:34

CratncTmka IXOo—3anpocos

Bpema oTtBeTa

HMHHAMYM 9 mMc
MaKCHMYM 19 mMc
cpepHee 10 mMc
oTnpaeneHo B
nonyueHo 8
notepaHo O (0%)
MOBTOPHBE O
Tanmayt 4

CrapT CTaTucTHEa HacTpoliki Coxp,F3arp,

Puc. 13.5. Crarucruka Tecta «DX0-3aIpoc»

13.2 MapuwpyT (Traceroute)

NuctpyMenT «MapmipyTs»? HCHOIB3yeTCs Il OPEIeeHs MapIil-
PYTOB CJIeIOBAHUS JAHHBIX U TIO3BOJISIET TUATHOCTUPOBATH JOCTYITHOCTD
[IPOMEXKYTOUHBIX CETEBLIX YCTPOUCTB.

B nporiecce TectTupoBanus yKa3aHHOMY Y3J/Iy CETH OTIIPABJISIETCS T10-
CJIe/I0BATE/ILHOCTD KAJIPOB, IIPU 9TOM OTOOPAXKAIOTCH CBEJIEHUsI O BCEX
IIPOMEXKYTOYHBIX MapIIPYyTU3aTOPaX, YepPe3 KOTOPhIE MPOILINA JIaHHBIE
Ha IIyTU K KOHEYHOMY Y3JIy.

st mpoBeJieHns TECTUPOBAHUST HEOOXOIUMO:

1. IopxirouuTs npubOp K TECTUPYEMOU CETH B COOTBETCTBUH CO CXe-
MOii, puBeEHHON Ha puc. 13.1.

2. Hacrpours cereBoe nojxiiouenue (M. pasjes 18).

3. Ilepeiitu B Mmento «Mapmpyr» (cMm. puc. 13.6).

2B 6a30By10 KOH(PUIYPAIHIO HE BXOTUT. JLOCTYIIEH IPH JOIOTHUTEILHOM 3aKA3€
OIIINH.
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ES — 5R - {—40dBmm _17:34

Mapupyr { 192.168.225.190 )

CrapT Hacrpolikw  Coxp, < 3arp.,

Puc. 13.6. Meno «MapmipyT»

F1  («Crapr») 3amyck Tecra.
F3  («Hacrpoiikn» ) ITepexon B mento «HacTpoiiku mapuipyras.
F4  («Coxp./3arp.») [Tepexo B MEHIO COXPaHEHUS PE3YJILTATOB TECTA.

4. Hacrpoursh napamerpsl TeCTUpOoBanus B MeHIo « HacTpoitku mapiii-
pyTas.

E3 — SR - —29.6dBm__ 19:17

HacTpoiku mapupyra

192.168.1.1
Makc. ysnoe 30
Pazmep nakera 40
Bpema oxupanma 1000

Puc. 13.7. Menwo «Hacrpoiiku mapripyTas

IP agpec IP-anpec KoneuHoro yaia.

Makc. ysnos MaxkcumasibHOE  KOJIMYIECTBO MAapIIPyTH3aTOPOB,

KOTOPOE MOKeT ObITH IPOMIEHO IaKeTaMU.

Pasmep naketa Pasmep kagpa B GaiiTax.
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Bpemsi oxuganus Bpewms, o ucredenun Koroporo OygeT OTIpaBJieH
cnepyromuii 3anpoc (B ciydae, eciy He IIPHUIIEN
OTBET Ha TPEBIAYIINIA).

5. Haxarp ma kmasumry F1 («Crapry). Haunéres TecrupoBanme, B
XO0JIe KOTOPOrO Ha 3KpaH Oy/IyT BLIBEJEHBLI CTPOKH, COJIEPIKAIINE
caestytonyo nadopmanuio (CIeBa HAIPaBo):

— HOMED IIPOMEXKYTOYHOIO y3J1a,;
— IP-agpec mpoMexKyTOTHOrO y3JIa;

— BpeMd OKHJaHNgA OTBETa.

Ecnu Bpemst oxKumaHust OTBETA OT IIPOMEXKYTOIHOTO Y3/1a TPEBbI-
CIJIO TafiMayT, B CTPOKE PE3YJIbTATOB OYIET BhIBEIEH 3HATOK «*».
[Tpumep pe3y/IbTaTOB TECTHPOBAHUS IIPEICTABIeH Ha puc. 13.8

=3 — SR

<—40dBmm 17:34

Mapupyr
2 195,131,127,1
3 10,46,72,1
4 195,131,241.4
5 195.131.252.4
B 194,85,177,138
7 216,239,43,240
g 209,85,250,183
9 EE,249,95,132
10 209,05,248,70
11 *

12 209,85,252.83
13 203,85,243.81
14 209,85,229,104

( 209.85.229.104 )

2 ms
21 me
18 m=
20 me
15 ms
41 ms

Crapr

Hacrpoitkn  Coxp,/3arp.

Puc. 13.8. PesynpraTtser Tecta «MaprpyT»
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13.3 DNS (DNS lookup)

Uncrpyment «DNS lookup»? (momck ma cepsepe MMEH) T03BOIAET
00HApPYKUTH omubKKM B pabore NS-cepBepoB.

DNS (Domain Name System — cucrema JOMEHHBIX UMEH) — pac-
npejieiéHHast 6a3a JaHHBIX, CIIOCOOHASI 110 3AIPOCY, COJEPIKAIIEMY J10-
MEHHOe UMs y3Jja, cooomuTh ero IP-ampec.

st mpoBeJieHns TECTUPOBAHUS HEOOXOIUMO:

1. IopxirouuTs npubOp K TECTUPYEMOU CETH B COOTBETCTBUH CO CXe-
MOii, puBeAEHHON Ha puc. 13.1.

2. Hacrpours cereBoe mnojxiiodenue (M. pasje 18).

3. Ilepeittu B Menio «DNS» (cm. puc. 13.9).

E3 — SR - <—40cdBmm__ 20:46
DNS

metrotek.spb.ru

IF 0.0.0.0

Crapr

Puc. 13.9. Meno «<DNS»

V3en Nwmsa yzma, [P-azipec KoToporo HEOOXOUMO OITPEIE/UTD.

IP Ilosyuennslit B pe3ynbraTe mpoBedeHUs TecTa IP-ampec
y3J1a, MMsI KOTOPOI'O 33J/IaHO BBIIIIE.

3. B nynkre MeHIo Y3en BBeCTH JOMEHHOE UMs Y3JIA.

4. Haxarb Ha knasunty F1 («Crapr»). B nynkre mento IP oro6pa-
surca [P-amgpec ysna.
Ecnu IP-anpec onpegesmTs He yiajioch, B IyHKTe MeHIo [P 0106-
pasurcs mysesoit IP-aapec (0.0.0.0).

3B 6a30Byi0 KOHMUIYpAIHIO He BXOAUT. JJOCTYIEH IPH JOIOIHATEIHHOM 3aKa3€
OIIITHH.
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13.4 MoHutop ARP-3anpocos

Nucrpyment «ARP monutop»* nossosnser orciexxusars ARP-oTseTsr,
mepeaioIinecs B CeTH, U «IIepPexBaThIBAThy cojepzkaruecss B Hux [P-
n MAC-azapeca ceTeBBIX yCTPONCTB.

st poBejieHns TECTUPOBAHUST HEOOXOIUMO:

1. IoaxmouuTs IpubOP K TECTUPYEMOII CETH B COOTBETCTBHHU CO CXe-
MOii, ITpuBeIEHHON Ha puc. 13.1.

2. Hacrpouts cereBoe mojkiodenue (M. pasjen 18).

3. Ilepeittu B mento «ARP mouuTOpD>.

E3 — SR - —29.6dBm__22:24

ARP mMoHuTOp

FRP-Tafnuua nycTa

Puc. 13.10. Menio «ARP monutop»

4. Yepes mekoropoe Bpemst Haamuch «ARP-tabmuia mycray mucues-
HeT W Ha 3KpaH OyayT BeiBomuThest IP- m MAC-anpeca cereBbIx

YCTPOMCTB.

[ 190G ER - 0.5dBm__ 06 59

ARP MoHuTOp

192,168,222,18  00:1A:40:50:F4:60
192,168,222,4  00:50:B0:69:C0110

Puc. 13.11. PesynpraTh! TecTUpOBaHUA

4B GazoByio kOHMUrYpaLHIO He BXOAUT. JlOCTYIIEH DY JOMNOTHATEIHHOM 3aKa3€

OITIUH.
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Ecin kakas-To u3 3aruceil He OOHOBUTCS B T€YEHHE OJTHON MUHYTHI,
TO OHA OyJIeT yJlaJIleHa U3 CIHCKA.

13.5 TCP knuenT

% nosposster ycranosuTh TCP-coeu-

Nucrpyment «TCP kianenTs
HEHUE C YIAJEHHBIM y3JIOM CEeTH, IPUHUMATh OT HEro JaHHbIE U Iepe-
JlaBaTh JaHHBIE 9TOMY y31y. C HOMOIIBIO 3TON (DYHKIINE TAKXKE MOXKHO

YIPaBIATh YAAJICHHBIM y3j0M 110 mpoTokoy TELNET.

st ycTaHOBJIEHUS COeIUHEHUsT HEOOX0IUMO:

1. TloakaounTs TpubOp K CETH B COOTBETCTBUM CO CXEMOH, IpuBe-
néuHoit Ha puc. 13.1.

2. Hacrpoursb cereBoe mnojkodenne (cM. pasjen 18).

3. Ilepeititu B Mmerio «TCP kimenT».

E=2 —— SR - —29.6dBm_ 23:07
TCP wmmeHT

OTHPETE Hactpoiiku  Coxp./3arp,

Puc. 13.12. Menio «TCP kimenT»

F1 («OTKpbITH») Orkperrue TCP-coennnenus.
F3  («Hacrpoiikn») ITepexon B mento «TCP kiment. HacTpoiikus .
F4  («Coxp./3arp.») Ilepexom B MeHIO COXpaHEHHsI Pe3yJIbTATOB TECTA.

4. Ilepeiitu B mento «TCP kyment. HacTpoiiku» u BBIIOJHUTH Ha-
CTPOKY IapaMeTPOB COCTUHEHUS:

B 6a30By10 KOHPUIYpAILHIO He BXOAUT. JIOCTYIIHA IIPU JOIOIHATEILHOM 3aKA3€E
OIIIUN.
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— BBecTH JomeHHOe uMs win [P-anpec y3ia;
— BBeCTH HOMep opTa (HanboJiee 9acTo UCHOIb3yeMble HOMepa,
HOPTOB IpHBeeHbI B Tabiuie A.6).

E3 — SR - {—40dBmm _21:20

TCP wmmeHT
Hactponkn

metrotek.spb.ru
TCP nopt 80

HTTP
Pann  /index.html

Puc. 13.13. Hacrpoiiku tecta «TCP kamenT»

Vsen Homennoe nms uiu [P-anpec ysna.
TCP noprt Howmep nmopra nazuauenwus.
®Paiin Nwms daiina, comep:kuMoe KOTOPOro OyIeT TOKA3aHO B OKHE

pesynbraTroB B ciaydae ycnemuaoro HTTP GET-zanpoca.

5. Ilepeiitu B menio «TCP kmmenTs n orkpeith TCP-coenunenne,
HaxkaB Ha kyasuiry F1 («OTKpBITE ).

B cayuae ycnermmoro coemuaenust (cMm. puc. 13.14) MOXKHO BBOAUTD
KOMAHbI COOTBETCTBYIOIIETO IIPOTOKOJIA, 3AIIPAIINBATL y cepBepa Bed-
CTPAHUIIBL.

B ciiygae BoZHUKHOBEHHSI IIPOOJIEM IIPHU YCTAHOBJIECHUN COEIMHEHUST
BBIBOJIUTCSI coobIteHne o6 omubke. HekoTopbie coobimennst 06 omudKax
[puBeaeHbl B Tabuie A.7.
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E3 — SR = —29.6dBm__ 23:07
TCP kaveHT

connecting to
metrotek,spb,ru (192,168,222,104:800
connected

SaKpHTE HTTPGET Hacrpolikw  Coxp, < 3arp.,

Puc. 13.14. Ilpumep ycnenHoro coeuHEHUs C Y3JI0M

Jutst mepeaan Beb-cTpanui uctosbdyercs mporokoa HTTP. B satom
potokoiie onpeenén HTTP GET-3ampoc’. C ero moMornso BO3MOKHO
IIPOBePUTh, oTBevaeT Jiu cepBep na HTTP-3anpockr u nmomyauts comep-
JKAMOE YKA3aHHOI'O PECYPCA.

1t oy deHust comepKuMoro gaiiia ¢ cepBepa HeOOXOINMO:

1. B okHe macrpoek Tecra B myHkTe Menio Paiin (cm. puc. 13.13)
yKaz3aTh UM 3ampaiimBaemMoro daiia.

2. YCTaHOBHUTDL COeUHEHUE C Y3JIOM.

3. B okne «TCP kiment» nHaxkars Ha Kiaasuiry F2 («<HTTPGET»).
IIpuMep pe3ysIbTaTOB TECTHPOBAHUS MIPeCTaBIeH Ha puc. 13.15.

EEd —— SR = <—40dBmm__ 17:34
TCP knmeHT

Location: httpid/twiki,ddg/binview Bercut

Content-Length: 216

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

#-Pady awoid browser bug

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

<title»302 Found</title>

</head><body’

<h1>Found<shl>

<p>The document has mowved <a href="httpi  twiki,ddgs
binAview/Bercut">hered ax 4>

</body></html>

3aKpHTE HTTPGET Hactpoiiku  Coxp.#3arp.

Puc. 13.15. Ilpumep orBera na HTTP GET-3anpoc

6CI)yHKLII/ISI JAOCTYIIHa IIPpU JOIIOJTHUTEJIbHOM 3aKa3€ OIIINU.
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14. BERT

BERT (Bit Error Rate Test) — Tect, nosposistioriuii onpeiesnTsb
OCHOBHO# OMTOBBII IOKa3aTeb KadecTBa KaHaJa — <«bit error rates
(ko3bdurenT GUTOBBIX ONIMOOK), T. €. OTHOIIEHNE YHUCJIA ONTMOOYHBIX
O6uT K 00IIEMY KOJIMYIECTBY IepedaHHbIX OuT. 3BecTHas Ha TPUEMHOM
U TIepealonieM KOHIle OMHapHas IOC/IeI0BATEILHOCTDL TOMEIIACTCS B
Ethernet-kaap, Koropslit nepegaéresa B pusndeckyio cpexy. Ha mpuém-
HOM KOHIIE IOCJIEJIOBATE/IbHOCTh CPABHUBAECTCS C UCXOIHOM, U BBIYUC-
JsteTcst Ko3ddumumenT 6uToBeIX ommubok. s mogkmaodenunss kK TDM-
CeTU UCIIOJIb3YeTCsT KOHBepTep MHTEPGEHCOB, KOTOPbI OCYIIECTBIISIET
upeobpaszosanue Tpaduka nakernoil ceru (Ethernet) B rpaduk, nepe-
napaeMmblii B TDM-ceTax.

TecrupoBanue MOKeT OBITH PEAJTN30BAHO HA YETHIPEX YPOBHIX MO-
nenn OSI.

Ha dpuzuvieckom ypoBHE JaHHbBIE OTIIPABJIAIOTCS TACTAME C OIpPe-
JIeJIEHHBIM MeKKaIpoBbiM uHTepBasioM (IFG — Interframe Gap). B
9TOM CJIydae TECTUPOBAHUE IPOBOJIUTCS IPHU 3aMBbIKAHUN TIePEIAOIIeit
napbl OIMTOBOJIOKHA Ha MIPUHAMAIONTYIO (cM. puc. 14.8) mim ¢ ucrnosb3o-
BanueM byukiuu «Ilneiid» (cm. puc. 14.9).

TecToBast Koutp. TecToBas KoHTp.
MOCJIEIOBATENLHOCTE |CyMMa ,IFGl MOCJIEIOBATEIBHOCTE | CyMMa

Puc. 14.1. Kazp dusudeckoro ypoBHs

Ha xanasbHOM ypoBHE K nanubiM gobasisgerca Ethernet-zaroiosoxk,
YTO [O3BOJISIET TIEPEJIATH TECTOBBIE TAKETHI Y€PE3 CETh, KOTOPAsi COJIEP-
JKUT yCTpoiicTBa, paboTatomue Ha BropoM yposte moeaun OS] (Hanpu-
Mep, cereBoii KomMmyTarop (switch)). Crocobbl mojKIIIOUeH s TPHOOpa
K TeCcTUpyeMoil ceTn noka3aHbl Ha puc. 14.10, 14.11, 14.12.

MAC- TecroBas Kowtp.
3aroJIOBOK TI0CJIEJIOBATEIILHOCTh cymma

Puc. 14.2. Kajp KaHaJIbHOTO ypPOBHSA

Ha ceTreBoM ypoBHe manubie momeraiorcs B [P-maker, a 3arem

Bepkyr-ETX. PykoBojicTBO 110 3KCILIyaTanuu



78 BERT

— B Ethernet-kap. D10 mosposisieT nepeaaTh TECTOBLIE HAKETHI 4ePes
ceTb, KOTOpasi COJEPKUT YCTPOiCTBa, paboTarolue HA KaHAJHHOM U
CEeTEBOM YPOBHSIX (HAIPUMEp, CETeBOH KOMMYTATOD, MAapIIPyTH3aTOP
(router)). Crocobb! TOIKIIIOYEHIsT TPHOOPa K TECTHPYEMOii CeTH MOKa-
3aHbl Ha puc. 14.10, 14.11, 14.12.

MAC- IP- Tecrosast Konrp.
3aTOJIOBOK | 3aTOJIOBOK | [IOC/ICIOBATEILHOCTh | CyMMa

Puc. 14.3. Kajap cereBoro ypoBHst

Ha TpancnopTHoM ypoBHe dopmupyercst Ethernet-xaap, comep-
xkamuit [P- m UDP-3arosoBok, 9TO mO3BOJIAET IepelaTh TECTOBYIO
[IOCJIEJIOBATEILHOCTD € HCIIOJIb30BAHUEM TPAHCIOPTHBIX TPOTOKOJIOB.

Crocobbl moJIKJIOUeHnsT TPUOOPa K TECTHUPYEMOIl CeTH TOKA3aHbl HA
puc. 14.10, 14.11, 14.12.

MAC- 1P- UDP- TecroBast Kontp.
3ar0JI0BOK | 3ar0JI0BOK | 3aroJIOBOK |[I0CIE€N0BATENILHOCTL| cyMMa

Puc. 14.4. Kaap TpaHCIOPTHOTO yPOBHS

M — ER - —27.2dBm_ 07 20

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

BITs 2.587e+05
EEITs ©.000e+00 BER 0.,000e+00

Lss © #LSS 0,000
Los o %05 0,000

Crapr Coxp,/3arp,

Puc. 14.5. Dkpan «BERT»

ET Bpewms#, npomenmiee ¢ Hagasia TecTa.

RT Bpewmst, ocrasieecss 10 OKOHYAHUST TECTA.
BITs KonundecTBo npuHSITHIX OUT.

EBITs Kommaectso omuboyHbIX OUT.
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BER OTHOIIeHrE KOJINYECTBA OIMMUOOYHBIX OUT K OOIIEMY YUCILY
[IPUHSATHIX OUT.

LSS Bpewms, B Tedenne koTroporo HabIr0IaIaCh MOTEPS CHHXPO-
HU3AIMNA TECTOBOMN IIOCJIEI0BATENLHOCTH.

%LSS OTHollleHNe BpEMEHU, B TeJYeHHe KOTOPOTO HabJII01aIach
oTepsi CAHXPOHU3AIUY TECTOBOMN MOCIIEI0BATEILHOCTH, KO
BpEMEHH, NPOIMIENIEMy ¢ HauaJa TecTa (B IPOIEHTAX).

LOS Bpewmsi, B Tedenme KOTOpOro CUrHAJ OTCYTCTBOBAJ.

%LOS OTHOIIEHrE BPEMEHHU, B T€YEHUE KOTOPOI'O CUTHAJ OTCYT-
CTBOBAJI, KO BpEMEHH, IIPOIIe/IIIeMy ¢ Hadasa Tecta (B 1Ipo-
[[EHTaX).

HacTpoiiku Ilepexon B menio «Hactpoitku BERT ».

ITpumenarue: LSS 5170 cocTostHEE OTCYTCTBUSI CHHXPOHHU3AIUU C
MIPUHUMAEMBIMH JIAHHBIMH, IIPU KOTOPOM HET BO3MOXKHOCTHU OIEHUBATD
mapamerp BER. BoaMmoxkHbIe TPUIUHBI OTCYTCTBUSI CHHXPOHU3AIINN:

— HECOOTBETCTBUE TECTOBBIX IMOCJIEOBATEIbHOCTEl (HApUMED, Ha
upuéme nacrpoena [ICII 2el5, a B kanaste nepemaéres [ICII 2e23);

— KaHaJl, B KOTOPOM IIePeJIaéTCs TOCJIE/I0BATELHOCTD, UMEET CJIHII-
KOM BbICOKHI yposenb BER (moporosoe smadenme cocrasiisier
0,01).

[Tpn waxkatun Ha kiaapuiry F4 («Coxp./3arp.») ocymiecTBisiercst
nepexos; B MEHIO, B KOTOPOM BO3MOYKEH BBIBOJI HH(MOPMAIUU O COXPa-
HEHHBIX u3Mepenusx (- F1 ), cOXpaHeHUe Pe3yJIbTaTOB U apaMeTPOB Te-
croB (' F2 ), a Take 3arpy3ka ( F3 ) u yuasnenue ( F4 ) COXpAHEHHBIX
PE3YJILTATOB U IIAPAMETPOB U3MEPEHUIA.
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BERT
3 — ER - —27.2dBm__07 30
BERT
Hactporkn

Tun nocn, 2e31-1
MNonez. AABBCCDD
Harpyaka (L2) 100 %
AmTensHocTe  01:00:12
Pazmep kagpa [locTOAHHBIA
Kagp 64

3aronoeok

1 2 3 4

Puc. 14.6. Meno «Hacrpoitku BERT»

VposeHb

Bui6op yposust mogenu OSI, Ha kKoTopoMm OyzaeT TpOBO-
JIUTHCST TECT:

— 1 — dusuyeckuii ypoBeHb;
— 2 — xanasnbsbli yposeab (MAC);
— 3 — ceresoit yposens (IP);

— 4 — rpancnoprHslit yposers (TCP/UDP).

Twn nocn.

Bribop crammaprHOil min 3a1aBaeMoil OJIB30BaTEIEM
TECTOBO ITOCJIE€IOBATEIHLHOCTH.

Monws.

Bgos mosib3oBaTeibeKoit ocsie10BaTe IbHOCTH.

Harpyska (L2)

Buauenue nudopmarmonsoit (L2) ckopocTu B IpoueHTax
("F1 ), B x6ur/c ( F2 ) wum B M6ur/c ( F3 ).

OnutensbHocTb

BaﬂaHI/Ie BpEMEHU U3MepeHUusd.

Pazmep kagpa

Ecmn Beibpano «Caydaiinbtits, To pa3mep Kajapa Oyzmer
U3MEHSTHCS 110 PABHOMEPHOMY 3aKOHY B 3aJ[aHHBIX IIpe-
Jesiax (myHKTBI MeHIO MuH. kagp, Makc. kagp).

Ecmn Beibpano «Ilocrosmubiity, TO 1jisi TeCTUPOBaHUS
OyAyT HCIIOJIB30BAThCS KaJPbl, Pa3Mep KOTOPBIX 3aa-
érca B mynkTe MeHio Kagp.

Kagp

Bgox paszmepa kagpa JaHHBIX.

3arosioBokK

Hepexoa B MEHIO «3arojioBOK».

IIOCHGAOB&TGHBHOCTH,HCHOHbByeMBKEﬂHH TeCTUPOBaHUA, COOTBET-
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creytor pekomenganuu ITU-T 0.150 [6] u upencrasiensr B Tabim-
me A.8.

14.1 BERT. Hactpoiika MPLS

Crek MeTOK JIjIsT TeCTHpOBaHus 3amaérca B Mento «MPLS»: Hame-
perus = «BERT» = «Hacrpoiiku» = «3arosioBok» = «/lomosiau-
TeIbHO» = «MPLS».

3 — ER - —27.2dBm_07:34

Ctek mMeToK

Kon—Bo mMeTok [

Metka ©

MPLS CO5 ©
TTL 128

MeTtka ©

MPLS CO5 ©
TTL 128

Metka ©

MPLS CO5 ©
TTL 128

Brrn 1 2 3

Puc. 14.7. Meuno «MPLS»

Kon-so metok Boi6op kosnmvecrBa Merok (or 1 1o 3), koropoe Gyzmer
JOGABJIEHO B TIEPEIABAEMBIN AKET.

MeTka SHavueHne METKU.
MPLS COS Kanacc obenyxkuBanus makera.
TTL Bpewms xu3Hm nakera ¢ METKOII.
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14.2 BapwuaHTbl nogknoyeHus

N dusuueckas cpena (kabesb)

EyTx /

».

rnayka KajpoB

(.-
O]

Ethernet-cets

KOHBEpTEp
unrepdeiicon

switch/ =
router =
[ e e ol

X - naker ¢ omnGKoii B TECTOBO} MOCIEI0BATENBHOCTH

Puc. 14.10. TectupoBaHue Ha KaHAJIBHOM/CETEBOM ypoBHe (BapuaHT 1)
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Ethernet-cets

X - HaKeT ¢ OIIHOKOH B TECTOBOM MOCIIEN0BATEILHOCTH

Puc. 14.11. TectupoBanue Ha KaHAJILHOM/CETEBOM yPOBHE (BapuaHT 2)

Tayka KaJpoB

0]
LI

KOHBEPTEP ) EH_[J'ICI‘;ICI)
unTepdeiicon <

% - MakKeT ¢ OIKOKON B TECTOBOM MOCIEI0BATEIBHOCTH

Puc. 14.12. TectupoBaHue Ha KaHAJIBHOM/CETEBOM ypOBHE (BapHaHT 3)
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15. MNakeTHbI pXxUTTEP

Baxknoit 3amateit npu anannse Ethernet-cereit siBisteTcst onpeee-
HII€ TTAKETHOTO JKUTTepa. B coorsercrsun ¢ meroaukoit RFC 4689 [5],
[MAKEeTHBIA JKUTTEp — 5TO abCOJIIOTHAST PA3HOCTh 3aJIEPYKEK PaCIIPO-
CTpaHeHUsI IBYX IIOCJIEI0BATEILHO NMPUHSATHIX [TAKETOB, IMPUHAIJIEXKAa-
MUX OJTHOMY TIOTOKY JAHHBIX. DTOT IMapaMeTp UCIOJIB3YeTC s JJisi OIleH-
KI BOBMOXKHOCTH CETH IepeIaBaTh UyBCTBUTEIbHBIN K 3aJIepsKKaM TPa-
UK, Takoii, Kak BUIe0 Win peub. OyHKIMS aHaII3a IaKeTHOIO JIXKIT-
Tepa ABJIACTCA OUIACH.

O 10G SR - —Z.6dBm 16314

MakeTHRA gxUTTEp
OTudT
ET 00:00:31 RT 00:00:29

PKTs 4.699e+08
000Ps ©.000e+00 A000Ps  Q.000
INOPs 4.699e+08 AINOPs100,000

< 100 ms APKTs 100000
>= 100 ms #PKTs 0,000

Crapr ["padir Pacnpegenenue Cosp,/arp,

Puc. 15.1. Dxpan «Ilakernsrii mxurrep. OTuérs

ET Bpewmsi, mpormesiiiee ¢ Hagasa TecTa.

RT Bpewms, ocraBieecst 10 OKOHYAHUS TECTA.

PKTs ObI1ee KOJIMYeCTBO NPUHATHIX TAKETOB.

OOOPs KosmmaecTBO akeTOB, MPUHATHIX HE B TOM MOPSIJIKE, B KOTOPOM

OHU 6bUHlOTHpaBﬂeHbL

%000Ps Konu4ecTBOo MakeToB, MPUHATBHIX HE B TOM IOPSJIKE, B KOTO-
POM oHU GBbLIU Tepesatbl, B IPOIEHTaX OT 0DLIEero KOJIMYecTBa
NPUHATHIX TTAKETOB.

INOPs Komu1aecTBo makeToB, IPUHATHIX B TOM K€ HOPSAIKE, B KOTOPOM
OHM ObLIN OTIIPABJICHBIL.
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%INOPs KosnaecTBO MakeToB, IPUHATHIX B TOM K€ HOPSIIKE, B KOTOPOM
OHU OBLIM OTIIPABJIEHBI, B MPOIEHTAX OT ODBIIEr0 KOJIUYIECTBA
[IPUHSITHIX [TAKETOB.

< ms %PKTs KommuecTBo makeToB (HPOLEHT OT OOIIErO YHC/IA IPUHATHIX
[IAKETOB), JPKUTTEP KOTOPBHIX ObLI MEHBIIIE 33JJAHHOIO IIOPOra.

>= ms %PKTs KosmmaecTBo nakeTos (IPOIEHT OT OBIMIETrO YHMCIa TPUHATDHIX M-
KETOB), JIZKUTTEP KOTOPBIX ObLI GOJIbIIE MM PABEH 33 JAHHOMY
mopory.

HacTpoiikn Ilepexon B mento «ITakernsrit mxxurrep. Hacrpoiikus.

IIpn maxkarnu na kiasuiry  F1 («Crapr») HaunHaeTcs ompejesie-
HHE JKUTTEPa MAKETOB, MOCTYIAIOIUX Ha OpT A.

[Tpu maxkatuu Ha Kiasuiry F2  («['paduk») ocymecrsisiercs 1e-
pexoJl K dKpamy, cojiepKaiiemMy rpaduaeckoe MpeICTaBIeHne pacipe-
JIeJIEHHsI TAKETHOT'O JIZKUTTEPA.

[T 190G SR - —2.6dBm__16:15

MakeTw, & MaKeTHER a%UTTEP
101, B PP

0.0 12,5 5.0 7.5 50,0 62.5 75.0 7.5 100,01 inf
NwurTEp. ng
Pacnpesenenue Oryer Coxp./3arp.

Puc. 15.2. Dxpan «I[lakerusiit mxurrep» (rpadux)
[Tpn naxkarun Ha Kiaasumry F3  («Pacmpeesennes) ocyimecTsiis-

eTCsl IEPEXO0JT, K SKPaHy, cojiepKaiieMy HH(MOPMAIIIO O PACIPEIeTICHIT
JKATTEPA.
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[T 160G SR - —2.6dBm__16:15

MNakeTHRA AXMTTER
MxntTep.ms [akeTw,. %

[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
{ 62.500,., 75.000) 0,000
{ 75.000... 87.500) 0.000
( 87.500,., 100,000) 0,000
{100,000, .. b 0.000

Crapr Orusr Fpafuk Coxp, /3arp,

Puc. 15.3. Dkpan «Ilakerusbrit ;xxurTep. Pacnpenenennes

Ha skpane oToOpakaroTcst JiBa CTOJIONA: B IEPBOM IIPUBEIEHBI I'pa-
HUIBI [OJBIHTEPBAIOB, BO BTOPOM — KOJIMYECTBO HAKETOB (B IIPOIEH-
Tax), JPKUTTEP KOTOPBIX HOMAJ B ONPEJIEJEHHBIN TI0bIHTEPBaL. Bepx-
Hssl TPAHWUIA MHTEpBaJIa 3a1aéTca B MeHio «Ilakernbiii joxknrrep. Ha-
cTpoiikny» 1 obozHaueHa Kak «Ilopor, Mc». VIHTepBas oT HyJist 10 3a1aH-
HOT'O MOPOTa JIEJTUTCS Ha ONPEJIEJIEHHOE TUCJIO MOJIBIHTEPBAJIOB; 10 Pe-
3yJIbTaTaM TeCTa JIJIsi KayKJI0ro MOJbIHTEPBa/Ia B IIPABOM CTOJIOIE 0TO0-
paskaeTcst IPOLEHT AKETOB, IXKUTTEP KOTOPBIX HAXOIUTCS B 9TUX IIpe-
JlesIax.

[Tpu Haxxkarun Ha kiaasuiy F4  («Coxp./3arp.») npoucxomutr ie-
PexoJl B MEHIO, B KOTOPOM BO3MOZKEH BBIBOJI MH(MOPMAIUU O COXPAHEH-
HBIX U3MepeHusix ( F1 ), coxpaHeHue Pe3yJIbTaTOB U IIAPAMETPOB TECTOB
('F2 ), a Takke 3arpys3ka ( F3 ) u ynasenue ( F4 ) COXpaHEHHBIX pe-
3yJITATOB ¥ IIAPAMETPOB u3Mepenuii (cM. passesn 17).

O 106 SR - —2.6dBm__16:16

NakeTHEIA AXUTTEP
HacTporkn

Buiksn
Mopor.mc 100
LmTensHocTe  O0:01:00

leHepaTop Tpapuka

Brikn Brn

Puc. 15.4. Menio «Ilakerusrit jpxurrep. Hacrpoiiku»
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[eHepaTop Bkirouenune / BBIKJIIOUEHUE TEHEPATOPA TECTOBOTO TPa-
duka. Ilpu Boibope «Bkir» remeparop OyieTr BKJIIO-
YaThCsl IPH 3alycKe Tecta «IlakeTHBI JKUTTED>.
Mopor, mc IloporoBoe 3nadeHue JKUTTEPA.
OnvutensHocTb Bpewmst uamepenuns mruTTEpa.

leHnepatop Tpadhuka

Ilepexon B menio «I'eneparop Tpaduras.
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15.1 TleHepaTop Tpacuka

OyHKIMA TeHepalyi TeCTOBOro TpaduKa IPUMEHAETCA MPH H3Me-
PeHnn IaKEeTHOT'O J2KUTTEepa. CyLLLeCTByeT BOBMOXKHOCTB I'eHepaliuu Te-
CTOBOrO IOTOKA M M3MEPEHUsl IMAKeTHOro JKUTTepa Ha HopTy A mpn-
6opa (cMm. puc. 15.5), a TakyKe reHepaIun TECTOBOIO IIOTOKA HA IIOPTY
sokasbroro npubopa (Bepkyr-ETX win Bepkyr-ET) un usmepenns ma-
KETHOT'O JIZKUTTEpa Ha IIOPTY, KOTOPbIl paclojaraeTcs Ha yIaJeHHOM
upubope (Bepkyr-ETX uau Bepkyr-ET), cum. puc. 15.6.

ITocie BKIIIOYEHUs TeHEPAllid TECTOBOIO MOTOKA HACTPOWKH MEHIO

CTAHOBATCA HEJIOCTYIIHBIMU IJIsA PeTaKTUPOBaHUA.

reHepanus TeECTOBOTO MMOTOKa

nopt A

ornpeneseHue [PKUTTepa

Puc. 15.5. Usmepenue qxurrepa. Cxema 1

nokansHeli bepkyT-ETX/BepkyT-ET nmuctanuonHbli bepkyT-ETX/Bepkyt-ET

TeHepanuns TECTOBOIO ITOTOKa
r

nopt A

@

e /
@ /3

%3

a

%

)
VOO
510000

:
g
-

Puc. 15.6. Uzmepenne mpxurrepa. Cxema 2

Bepkyr-ETX. PykoBojicTBO 110 3KCILIyaTanuu



90 [TaxkerHbI# MKUTTED

[ 160G SR - —2.7dBm__16:17

leHepaTop Tpagpuka
Betksn

AmTensHocTe  00:01:00

Harpyaka (L2) 100 %
Pazmep kagpa [locToAHHBIA
Kagp 64
3aronoeok
ET —:—:— RT —i—i——

Brrn Brn

Puc. 15.7. Menio «TecToBbIif TOTOK»

FeHepau,vm BKJ’IIO“IGHI/IG/BI:IKII}O‘{GHI/IQ remepanun TeCToBOI'o IoTokKa.

OnntensHocTb Bpewmsi, B Tedenne KoToporo 0y1eT MPOUCXOIUTEH TeHEPa-
nus Tpaduka.

Harpyska (L2) Buavenne nndopmaronnoii (L2) ckopoctu B nporeHTax
("F1 ), B x6ur/c ( F2 ) wuu B M6ur/c ( F3 ).

Pasmep kagpa Ecin Boibpano «Coyuaiinelits, T0 pasmep Kajpa Oymer
U3MEHSATHCS 110 PABHOMEPHOMY 3aKOHY B 38JIAHHBIX IIPe-
nenax (myHKTBHI MeHIO MuH. kagp, Makc. kagp).

Ecnu BeiGpano [ocTosiHHbIA, TO [JisT TecTUpoBaHUs Oy-
JIyT UCIOJB30BATHCS KAJIPHI, pa3Mep KOTOPBIX 3aJaéTcs
B nyHkTe MeHo Kagp.

Kagp Pasmep xagpa (mobGoe 3navenuwe B mpegenax or 64 no
9600 Gaiir).

3aronosok Ilepexom B MeHIO «3arojioBOK».

ET Bpewmst, nporeiee ¢ nadaJia remepanuu Tpadpuka.

RT Bpewmsi, ocraieecst 10 3aBepiieHust reHepanu Tpadpuka.

st mpoBesienust TecTupoBaHus npu nojksrodeHun bepkyr-ETX K
CeTH B COOTBETCTBUU CO CXEMOi, IpeicTaBIeHHON Ha puc. 15.5, Heobxo-
JTIMO:

1. ITlepeititu B Mmento «Ilapamerpsr cetus, 3amars [P-agpec mopra A
mwm yoeanThest, 9To Ipubop mosryuami BepHbil [P-agpec mo mpo-
tokosxry DHCP.

2. Ilepeiitu B Mmento «Ilakernsrit mxurTep. HacTpoitkms :
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15.1 I'enepaTop Tpaduka 91

— BKJIIOYUTH T'€HEPATOP TECTOBOI'O TpaduKa;
— 3aJ1aTh TPEOYEMYIO BEJIMIUHY [IOPOra;
— 3a/1aTh BPEeMs U3MEPEHUs KUTTEPA.
3. Ilepeittu B Mmento «['eneparop Tpadukas:
— BBIIOJHUTH HACTPOHKY MapaMeTpPOB I'eHepaIluu;
— BBLINIOJIHUTL HACTPOIKY MMapaMeTpOB 3aroJioBKa B COOTBET-
CTBUH C ONUCAHUEM, IIPEJCTABICHHBIM B pa3jeaax 7.2 u 7.3);
— ecyiu B MeHio «[lakeTHbiit mxurrep. HacTpoiikuy BBIKIIOUCH
reHepaTop, BKIIOUUTDH T€HEPAITMIO TECTOBOI'O IMOTOKA.
4. Tlepeiitu B mento «Ilakerssrit mxkuTTep. OTU6T>, HAXKATH HA KJIa-
Bumy F1 («Crapt»).

st IpoBeJieHnsT TECTUPOBAHUS NPU MOJAKJIIOUYEHUU JIOKAJIBLHOIO U
JIUCTAHIIMOHHOI'O IPUOOpa K CETH B COOTBETCTBHUH CO CXEMOI, IIPeJICTaB-
JIEHHOU Ha puc. 15.6, HeobxommMo:

1. Ha joka/ilbHOM ¥ Ha JUCTAHIIMOHHOM IpUOOpE IEepeilTH B MEHIO
«ITapamerpsl cetn», 3amarb [P-amgpec mopra A mim ybennThbest,
aro npubop nosryumi Bepubiii IP-anpec mo nporokosny DHCP.

2. Ha noxanpuoMm mpubope mepeiitu B MmeHio «l'eneparop Tpadukas:

— BBINOJIHUTH HACTPORKY IMapaMeTPOB MeHEPAIINN;
— BBINIOJIHATH HACTPOIKY MMapaMeTpPOB 3arojiOBKa B COOTBET-
CTBUU C OIUCAHUEM, TIPEJICTABJICHHBIM B paseiax 7.2 u 7.3.

3. Ha mucranmmonrom nmpubope nepeiitn B MeHIO «IlakeTHBIN 1KuT-
Tep. HacTpoiikus:

— BBIKJIIOYUTH M€HEPATOP TECTOBOIO TpaduKa,;
— 3aJ1aTh TPEOYEMYIO BEJIUUUHY [IOPOTa;
— 3aJ1aTh BpEMs U3MePEHUs JRKUTTEPA.

4. Ha mokaabHOM TIpubope mepeiitu B MeHio «l'eHepaTop Tpadukas
U BKJIIOYHUTDH T€HEPAIUIO0 TeCTOBOrO TpadukKa.

5. Ha mucranrmumonnom mpubope rnepeiitu B Menio «IlakeTHbrit 1xuT-
rep. OTuéry, HAXKaTh Ha Kiaasumry F1 («Crapry).
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16. CrtaTtucruka

[Tpubop Bepkyr-ETX ocymmecTBaser coop n orobpakeHne CTATH-
CTHYECKON MH(MOPMAIMHA 10 IPUHAMAEMOMY U IepeaBaeMoMy Tpadu-
Ky Ha (DUBHIECKOM, KAHAJLHOM U CETEBOM YPOBHSIX B COOTBETCTBHUH C
meronukoit RFC 2819.

CTaTI/ICTI/ILIeCKI/Ie JaHHbIE IIPpEeCTaBJICHbI Ha HECKOJIBKHNX 3KpaHaX.
J1J1st IepeKTIOYeHIsT MeXK Ty SKPaHAMU UCIOJIL3YIOTCs KJIABUIIN @ / @

nan F2 / F3 . Ilpm maskarum Ha Kiasumnry F1 («COpoc» ) mpoucxoaut
cOpOC CTATUCTUKM.

16.1 CsoagHasi cTtaTuUcTuKa

EER 10G ER = 0.3dBm__ 13:06

CraTHcThKa

Bx kagpn
Tx kagph
Rx GakTh
Tx GalTh 88
Rx Kéut/c

COCWo

Chpoc <4 bl

Puc. 16.1. Dxpan «Crarucrukas

Rx kagpbl Kosmm1uecTBo NpUHATHIX KaJIpPOB.

Tx kagpsl KonmnaecTBo meperaHHbIX KaIpOB.

Rx 6aiiTbl Yucao npuHATHIX 6AHTOB.

Tx BaitTbl YHucsio nepejiaHHbIX OANTOB.

Rx Kéut/c Nudopmarus o Tekytieit Harpy3ke Ha TPUEMHON YacTH MOPTA.
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16.2 CraTuctuka no Tunam Kagpos

EZd 10G ER - Q.3dBm__ 13 ¢
CTaTHUCTHMKa Mo TUNaM Kapgpoe
Tun REx Tx
Broadcast o 3
Multicast [s] L]
Unicast o] o
Copoc [<4 bl

Puc. 16.2. Dkpan «CrarucTuka 10 TUIIAM KaJIpOB»

Broadcast Kazapsl ¢ mupokosemaTe/ibHON ajipecalieii.
Multicast Kajpsl ¢ rpymnmoBoit ajipecarueii.

Unicast Kanpsl ¢ equnnanoit agpecarueit.

Rx YHucsio NpUHATBIX KaJIpOB.

Tx Hucno nepeJaHHBIX KaJIPOB.

16.3 CraTtucrtmnka no pasmepam Kagpos

EZd 10G ER - 0.3dBm__ 13 08

CraT. no pazMepaM Kagpoe
Pazmep R

< 64

64
65..127
128..255
256, .511
512..1023
1024,.1518
> 1518

-

COoOoCOO0O0O0OXK
SOCWOOOOK

CEpoc € 3

Puc. 16.3. Dxpan «Crarucruka 1o pasmMepaMm KaJIpOB»

Pasmep Pasmep kazpa (B Gaiitax).
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Rx YHucsio TpUHATBIX KaJIpOB.

Tx YHucno nepeJaHHBIX KaJIPOB.

16.4 CraTnctuka no ypoBHSM

EZ# 10G ER - 0.3dBm__ 13:09
CTAaTUCTHUKA Mo YPOoBHAM

YpoeeHb Rx

2 o]

3 [

CEpoc € 3

Puc. 16.4. Dxpan «CrarucTuka 1o ypoBHSIM»

VYposeHb 2 Kosmaectso npunaTerx (Rx) kaapos Ha KaHAJIBHOM ypOBHE.

VposeHb 3 KousmuectBo npunsarsix (Rx) xkaapos Ha ceTeBoM ypoBHE.

16.5 CraTtncruka: owmnbkn Kagpos

=2 10G_ER - 0.3dBm__13 10
CTaTMcTMKa: ouMBkM Kappoe
Rx
CRC [+
Runt o
Jabber [s]

Chpoc <4 b2

Puc. 16.5. Dkpan «Craructuka: omubKA KaIpOB»
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CRC KosnniecTBo npUHATHIX KagpOB, UMEIOMIUX OMIUOOYIHYIO
KOHTPOJIBHYIO CyMMY.

Runt KonmnyecTBO NIPUHATHIX MAKETOB JAHHBIX JJIUHON MeHee
64 6aiiT ¢ TPaBUIBHON KOHTPOJIHHONW CYyMMOII.

Jabber KosmmaecTBo pUHSTHIX MAKETOB JAHHBIX Pa3sMepoM 6o-

see 1518 GaifT, UMEOMNUX HETPABUIBHYIO KOHTPOJIBHYIO
CyMMY.
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17. CoxpaHeHue pe3ynbTaToOB TECTOB U
CTaTUCTUKN

Memnio «PesynbraTbly CIyKUT It IPOCMOTPa MHMOPMAIUN O CO-
XPaHEHHBIX u3MepeHusix ( F1 ), JJIs COXpaHEHUsl Pe3y/abTaToB (B TOM
qKCIe M CTATUCTUKU) U IapaMeTpoB TecToB ( F2 ), a TakxkKe Jyisl 3a-
rpy3ku (F3 ) win yypasenust ( F4 ) COXpAHEHHBIX PE3YJILTATOB U Iapa-
METPOB U3MEPEHUMN.

EZ2 10G ER - 0.3dBm_ 13:11
PezynstaTh
WMA zanmcu BpemAa coxpaHeHWA
testl 20-01-2011 13:11:086
2
3
4
5
6
7
8
9
10
WHpopHaumua CoxparuTe JarpysuTe Yganure

Puc. 17.1. Mento «Pesynbrarbi»

st mpocMoTpa nopobHoit nHMOPMAITUT O 3aIUCH HEOOXOIMMO Ha-
KaThb Ha Kjapuury = F1

EER 10G ER = 0.2dBm 13 12

HHgpopMauma o 3anvcK
Mia sammeu;  testl ( 20-01-2011 13311306 )

Hauano KoHey,

Puc. 17.2. Meno «Mudopmanus o 3amucus»

Jutst coxpaHeHUsT JaHHBIX HEOOXOIMMO:

— BBIOpPATb HOMEP, IO, KOTOPBIM OVIyT COXPAHEHBI M3MEPEHUS;

Bepkyr-ETX. PykoBojicTBO 110 3KCILIyaTanuu
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— HaxXKaTb @;

— BBECTH UM 3allMCH;

— HaxXKaTb @;

— naxarb F2 («CoxpaHuTb» ).

JLyist 3arpy3Ku COXPaHEHHDBIX PE3Y/ILTATOB U3MEPEHUN U TapaMeTPOB
TECTOB HEOOXOIUMO:

— BBIOpAThL HOMED 3alNCH,;
— maxkatb F3  («3arpysurb»).

s yiaseHust COXpaHEHHBIX Pe3yJIbTaTOB U3MEPEeHM HeoOX0IUMO:

— BBIOpATL HOMED 3AIUCH, KOTOPYIO Hy?KHO Y/IAJIUTh;
— maxkatb F4 («Vgaamrb»);

— naxarb F3 («[a»).

Bepkyr-ETX. PykoBojicTBO 110 3KCIIyaTanmu
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18. NapameTpbl ceTn

E=S — ER = —27.4dBm 12 27

NapamMeTps ceTH

MopT LAN
Brn
IP agpec 192.168.222.155
Macka nogcetn 255,255,255.0
Wz 192,168,222,100
DNS 192.168.222.101

MPLS Beikn

Brrn Brn

Puc. 18.1. Menmwo «Ilapamerpsr ceTus

MopTt Bri6op nopra (A wim LAN) g HacTpoitku.

DHCP IIpu BrirOYeHnn sroit dynkumm IP-anpec mopra,
macka mozceru, [P-anpec nutroza n IP-anpec ysna,
KOTOpBIii comepxkut 6a3y DNS, 6yayT npegocrasiie-
bl TecTepy cepepom DHCP aBromarmueckn.

IP-agpec IP-axpec nopra (A nimn LAN), mapameTpbl KOTOPOro
HACTPaUBAIOTCS.
YcTaHOBUTH IP-anpec MOYKHO OJTHUAM u3
JBYX CIIOCODOB:

— BBectu IP-azpec BpyuHyio (Ipu 9TOM IIyHKT
meno «DHCP» moszken HaXoIUThCs B COCTO-
sann «Boikirs );

— mousyunth [P-agpec mo mporokomy DHCP,
BoiOpaB nyHkT MeHio «DHCP» u maxkas na

kiapumy  F2 («Bku»): mosydeHHBIR aj-
pec Oy/eT KOPPEeKTHBIM, €CJIM OTOOPa3UTCA B
nyakre MeHio «IP-agpec» mo ucredenun ne
6ostee 1em 1-2 cexkyHI.

Macka nogcetn Omnpejiensier, Kakas dactb 1P-anpeca, ykazanHoro B
OpeaplIyIieM IIyHKTe, OTHOCUTCA K aJipecy CeTH, a
KakKas — K aJipecy y3Jla B CeTH.
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LLinto3 IP-anpec nutroza.

DNS IP-agpec ysna ceru, KOTOpBIil COEP:KUT Ha3y IdaH-
werx DNS.

MPLS Bkirouenne /BBIKIIOUEHAE BO3MOYKHOCTU OTIIPABKH

nakeToB ¢ Merkamu jist mopra A u nopra LAN. TIpu
BbIGope 3HaueHus: «Beikiy myHKT Menio MPLS (me-
uio «ITapamerpsl nHTEPdENRCOB» ) CTAHOBATCS HEO-
CTYIHBIM Il PeIaKTUPOBAHHS.

ITpumevarue: IP-anpec mumosa u IP-agpec ysma cern, KoTopbrit
cozep:kuT 6a3y nanabix DNS, 3a1a10Tcst He3aBUCUMO JIJIsI KayKJI0ro [IOpTa.

Bepkyr-ETX. PykoBojicTBO 110 3KCIIyaTanuu
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19. NapameTpbl uHTepdeiicos

E2 —— ER - —27.4dBm__ 12:30

NapaMeTpe! MHTeppercoB

A
Pexum  LAN

MAC agpec 00:21:CE:10:2F:61

VLAN
MPLS

A LAM

Puc. 19.1. Menro «ITapamerpsr uarepdeirco»

Mopt Bri6op nopra (A nim LAN) s HacTpoiikm.

Pexxum Bri6op pexkuma (LAN mwin WAN).

MAC agpec MAC-azapec nopra (A nmm LAN), napamerpbl KOTOPOro
HaCTpaMBaoTCs .

VLAN Iepexon B Menio « VLAN» (cMm. puc. 7.5).

MPLS Ilepexon B menio «MPLS. Unrepdeiic As.

ES —— ER - —27.4dBm__ 12:32

MPLS, WHTepgeinc A

Mprem

Anpec LSR: 0,0,0,0
MNepeasqa He cHOHMMYPHPOEEHE

MpLEM He CHOHBUMYPLUPOBAH

Puc. 19.2. Menio «MPLS. HUnrepdeiic A»

Mpu naxarun na kaasumy ~F1 (TTo ymosraanmio) B kauectse Texymero MAC-
anpeca nozacrasisiercsas MAC-azapec nopra, ykasaHHbII B MeHIO «VIHpOpManmss.
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[Mepenayva Ilepexon B menio «Ilepematas.

Mpuém Ilepexon B Menro «IIpaBuna npuémas.

Taxeke Ha skpane orobparkatorcst mapamerpbel MPLS, 3ajgannbie B
merto «IIpuéms» n «Ilepemagas.

ES —— ER - —27.4dBm__ 12:33

MNepepava
Agpec LSE O

MNpaewno  Bwkn
IP nogcetn ©.0.0.0
Macka nogcetn 255,255,255.0
CTeKk mMeToK

Puc. 19.3. Menwo «Ilepenagas

Agpec LSR IP-agpec nuTepdeiica MapuipyTu3aTopa, OCyIecTB-
JISIIOIIEr0 KOMMY TAIMIO IO METKaM, K KOTOPOMY I10/I-
KJIIOY€H IIpHOOop.

[Mpasuno Bxiitouenune /BbIKIIOUEHAE TPABUJIA HA OTIPABKY
[IAKETOB B IIOJICETDH, IIapaMeTPbl KOTOPO 3a/1al0TCsI
HIXKe.

IP noagcetn IP-anpec mojcern.

Macka noacetu Macka mojcern.

Crek meToK ITepexon B meno «CTeK METOK».
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Eggi J—

ER =

—27.4dBm

12:34

Ctek mMeToK

Kon—Bo MeTOK

MeTka

MPLS COS

TTL
MeTka

MPLS CO5

TTL
MeTka

MPLS COS

TTL

2
O
]
128
]
O
128
O
]
128

Brrn

1

2

H

Puc. 19.4. Menwo «Crex mMeToK»

Kon-Bo meTok Bri6op kosnmdectsa MeTok (oT 1 70 3), KoTOpOE GY-
neT 700aBJIEHO B MTEPEIaBAEMBIil MaKeT.

MeTka 3HadYeHnEe METKHU.
MPLS COS Knacc obcnyKuBaHusI MaKeTa.
TTL Bpewmst xxuznm nakera ¢ METKOIA.

BE=@ —— ER - 27 .4dBm 12335

Mpaeuna npuema

Metka 1
MeTka 2
Metka 3

Kon-Bo meTok B4

O
0
O

Brarin

1

2

3

Puc. 19.5. Menw «IIpaBuia npuémas

Kon-Bo meTok

BbI60p KOJIMYECTBa METOK B IIPDUHUMAECMBbIX ITaKeTaX.

MeTtka 1, Metka 2, Metka 3 3HadeHUe MeTKH.
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20. YcTaHoBKkN npnbopa

20.1 HacTpownka gucnnes

E3 —— ER -  —27.4dBm 12 41

lucnnen v np.

| ApkocT mhank. I IR

Aprocte [l 18
leetHocTe [ 20
KontpactHocTe 28

»

MER

3eyK KnaBuu Brn

LCD aBToBMKA Bmkna
ABTOBHKAWYeHMe Buikn

Puc. 20.1. Menwo «/lucneit u up.»

SApKocTb NHAWK.

Hzmenenne sspkoCTH CBETOANOMHBIX WHAUKATOPOB JIUIIEBOM
IMaHeJ M KOpILyca Ipubopa.

SApkocTb Hzmenenne sipKoCTH MOJCBETKU SKpaHa.
LiseTHoCTb H3menenne 1iBeTHOCTH M300paXKEHUSI.
KoHTpacTHocTb V3menenne KOHTPACTHOCTH U300PAXKEHUSI.

3BYK KnaBuLL

BKIHO“IGHI/IG/BI)IKHIOLIGHI/IG 3BYKa HazKaTud KJIaBUII.

LCD aBTOBbIKA.

B moste MoxkHO 33/1aBaTh ClIeAyONNE SHAYEHNSI AaBTOMAaTH-
9eCcKOro BBIK/IIOUYeHUsT moacBeTku: Boiki, 20 ¢, 40 c, 60 c;
JJIsl yBEJIMYEHUsI BPDEMEHM aBTOHOMHOM paboThl BhIGEpUTE
MUHUMAJIbHOE 3HAYEHUE.

ABTOBBIKIOYEHNE

B moste moxkHO 3amaBaTh ciieayonne 3HAYEHUST AaBTOMATH-
9eCKOro BBIKJIIOUeHus npubdbopa: Beiki, 1, 5, 10 MuHyT.
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20.2 OcHoBHble HAaCTpOWKN

ES —— ER - —27.4dBm__ 12:42

OCHOBHHE HaCTPOWKMH
Aswk  RUS

flata 20-01-2011

12:42:50

Puc. 20.2. Mento «OcHOBHBIE HACTPONKU»

Asbik CwMmeHa si3bIka nHTEpPdEiica.
HaTa YcraHOBKA JIATHI.
Bpems YcraHOBKA BPEMEHU.

20.3 Wudopmauyus

=2 ——— ER - —27.4dBm 12 43
HHgpopmauma
MCU v.0.0.4-4
SYS FPGA v.,0,1.11
EXP FPGA v.0.4.9
BOOT v,0,0,.11/fd90d6
FILES w+.0.0.4-4
MB_REV v.2.0
EXP_REV v.2.0
S/N 1324
MAC A 00:21:CE:10:2F:61
MAC LAN 00:21:CE:10:2F:62
{c) Merportek
WHpopmawHa Bpema

Puc. 20.3. Dkpan «Mudopmarus»

MCU Bepcusa nporpammer MCU.
SYS FPGA Bepcusa mukpokona system FPGA.
EXP FPGA Bepcus mukpokoma expansion FPGA.
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BOOT Bepcusa zarpysunka.

FILES Bepcus daitoBoit cucreMsl.

MB_REV Bepcust marepuHCKOit mIaTH.
EXP_REV Bepcust maTsl paciimpenus.

S/N CepuiiHblii HOMED.

MAC A MAC agupec nopra A.

MAC LAN MAC anpec mopra LAN.

[Tpu maxkarum na kiaasunty F2 («Bpewsi») ocymecTsisiercs mepe-
X0/l K 9Kpany «Bpems paboThI».

Tekyuee Bpewms paborsr mpubopa OT moceHero BKIIOYEHUS 10
HACTOSIIErO0 MOMEHTA.

Mpeabiayiiee Bpewmst paboTsl nmpubopa OT IpeIbIAyIero BKIIIOIEHUs
J0 NPeIbIAyIero BbIKIIOYeHNI .

20.4 Wudopmaumnsa oo XFP

ES — FR - —27.4dBm 12 45

Whpopmauma o6 XFP

MNpowzasogutens FINISAR CORP.
Mogens FTLX1611M3
Pewume 10GBASE_EW

10GBASE_ER

Puc. 20.4. Oxpan «Uudopmanus 06 XFP-momymes

Ha skpane orobpazkaercs nHPOPMAIKA O IPOU3BOINTENE, MOICIU
7 TIO/AEPKUBAEMBIX PEKUMaxX mepeaadn JaHubix XFP-momyss.
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20.5 Akkymynartop

ES —— ER - —27.4dBm__ 12 S50

AKKYMYNaTop

Temnepartypa 50 °C
Hanpsxenme 10200 mB
Tok 1469 mA
EmMkocTe 3800/3800 mAu
Bpema sapapa 2211 c

Puc. 20.5. Dxpan «AKKyMyJsiTop»

Ha skpane orobpaxkaercst nHMOPMAITHS O COCTOTHUH aKKYMYJISITO-
pa: Temneparypa (°C), nanpsizkerne (MB), Tok (MA), Tekymiast/Makcu-
MaJibHast éMKOCTh (MA4Y), BpeMsl 3apsijia — BPeMsi, IPOIIe/ee OT Ha-
Jajia 3apsijia akKyMyJsitopa (c).

20.6 TemnepaTypa

ES —— ER - —27.4dBm__ 12 51

TeMnepaTypa

OcHoBHan nnata 49 °C
nmc 51 °C

TpaHcueep 50 °C
WHTepgpencHan nnarta 46 °C

Puc. 20.6. Meno «Temneparypa»

Ha skpane orobpazkaeTcs TeKyIasi TEMIIEPATYPa PA3JIMIHBIX KOM-
IIOHEHTOB ITpPUbOpPA.
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20.7 VYnpasneHue onuusimun

Onnusimu siBiisitorest pynkiun npudopa bepkyr-ETX, nocryimbie
IIpU JOMOJHATETLHOM 3aKaze. Iyt akTUBaIu OMIuil K0, CreHepH-
POBaHHBIN JJIsi YKA3aHHOTO CEPHUITHOrO HOMepa 1pubdbopa, HeoOXOIUMO
BBECTU HEMOCPEJICTBEHHO B Ipubope B MeHio «Oumuumy W ¢ MCIOJIb-
30BaHMEM KOMAaH/Ibl YIAJEHHOTO yrpasiaeHus ats (cM. npuaoxenue B).
Crmcok omruit TocTaBKU IpejcTaBieH B Tadsure D.4.
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21. Npodunn

B npubope Bepkyr-ETX MoxKHO co3aBaTh poduiin HACTPOEK, ITO
MTO3BOJISIET OBICTPO BBIMTOJIHATH HACTPONKY OCHOBHBIX TECTOB U CETEBBIX
uHTepdEICOB PN IPOBEJIEHUN TECTUPOBAHUSI.

ES — FR - —27.4dBm_ 12:53

Mpogunm
HWMA npoguna  BpeMmAa coxpaHeHuA
W profilel 20-01-2011 12:52:55

CWHNOALWNE

-

CoxpaHuTE FarpysuTE Ypanure

Puc. 21.1. Menw «IIpodunns

Kaxkaprit mpoduab HaCTpoeK BKJIIOYAET B cels:

— HACTPOMKM! TOIOJIOTMI, 3ar0JIOBKOB U Pa3MEpPOB KaJApPOB JJdA Te-
croB RFC 2544, BERT, makerHbIil JpKUTTED, CJIOXKHBINA TpadUK,
TECTOBBI ITOTOK, & TAKXKE UHINBUYAJIbHBIE HACTPONKHN JIJIsT KaXK-
JIOTO U3 9TUX TECTOB.

— HACTPOMKU CETEBBIX UHTEPQEICOB.

— wnacrpoiiku [P-yrunur: sxo-3anpoc, mapuipyt, TCP-kiunent.

st cosmanust poduiist HACTPOEK HEOOXOIUMO BBITIOJHUTE XKeJIae-
Mble HacTpoiiku, mepeiitu B MeHio «IIpoduans, 3amars mMst Tpoduist
u HaxkaTh Ha Kjasuiry F2  («CoxpaHuTb» ).

JLj1s1 3arpy3Ku COXpaHEHHOIO MPOQUIs UCIOJIL3yeTCsI KIaBuIa — F3
(«Barpysurb» ).

Komamapr yaaiéHHOrO yIpaBiieHns Jjist PabOThI ¢ MPOMUIIMA Ha-
CTPOEK OIHCAHBbI B MPUJIOXKEeHUU B.
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112

Bepkyr-ETX. PykoBojicTBO 110 3KCIIyaTanuu



113

22. NpoTokonupoBaHue cobbITUiA

CucreMa MIPOTOKOJIMPOBAHUS COOBITHII 0OecednBaeT BBIBO, COO0-
MIEHUi O MTPOU3OIIEIINX COOBITUAX B MEHIO «JIor», a TaK»kKe B KOHCOJIb-
HBII TepMHUHAJ TIPU HOIKJIIOUeHnN K npubopy depe3 USB-unrepdeiic n
IpU yJaJIEHHOM ylipasijeHuu 1o nporokosy TELNET.

K mporokosmpyeMbIiM COOBITHSIM OTHOCSITCSI:

— 3allyCcK/IIpepbIBaHUe TECTa,;

— BKJIIOUEHHE /BhIK/IIOUeHne pexknuma «I1lneiid»;

— W3MEHEHUE COCTOSIHUSI COCJIUHEHUST;

— HCIIoJIb30BaHue Ipubopa s yIaaeéHHOIO TeCTUPOBAHUSI;
— BRJIIOYEHNE / BBIKJIIOUEHNEe Tpubopa;

— HU3KUU 3apsam daTapen.

B ciiygae BOSHMKHOBEHHUsT OJHOTO U3 MEPEYHUCEHHBIX BBIIIE COODLI-
Tuil B KOHCOJIbHBIH TepMuHasi/MeHto «JIors OyieT BhIBEIeHO COOBIIeHne
BUIA!

<paTa> <BpeMa> <coobmeHne>

Hanpumep, npu Briouenuu pexkuma «Illneitcd» 2-ro ypoBHs B KOH-
COJIbHBIN TepMuHAaJ OyIeT BBIBEJICHO COOOIEHNE:

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

| ATa | BpEMA coobumerne

Puc. 22.1. Coobuenne o Briouennu pexkuma «I1lreitd»

ITo ymosraanuio BeIBOJ coobiienuii wepes USB-unTepdeiic um 1o
nporokoiy TELNET orkiouén. BeiBog coobineHnit MOXKHO BKJIIO-
YUTH/OTKJIIOYUTH C TOMOIIBI0 KOMAH/IBI YIAJEHHOTO YIIPABJICHUS 10g
on/off.
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E=S — ER - —27.4dBm__ 12:56

Nor
[2011-00-20 12743755 BERcut-ETX: power on

OuMCTHTE PeayneTaty

Puc. 22.2. Menio «Jlor»

Knasuma F1 («O9uCTUTE» ) CIYKUT JJIT OYUCTKU COJEPIKUMOTO
6ydepa. [Ipu naxkatnn na kiaasuiry F4  («Pesyabrarsi» ) ocyecTs-
JIsTeTCs TIepexo/l B MeHI0 «Pe3ysibrarsry Jjist cOXpaHeHUs COODIEeHmit O
npouzorieamux coObiTusx. CoOOIIEHNsT TAKKe COXPAHSIIOTCS TPH CO-
XpPAHEHUU PE3YJIbTATOB U HACTPOEK 4100020 TECTA.
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115

23. YpanéHHoe ynpaBrieHune

[Tpubop Bepxyr-ETX mpemocraBiasgeT BO3MOXKHOCTE CBI3U C IEPCO-
HAJBHBIM KoMITbIoTepoM depe3 uarepdeiic USB 1.1/2.0 nim nopr LAN.
DTO MO3BOJISIET OCYIIECTBJISTH yIpaBjeHne IPUOOPOM B PEXKUME Tep-
MuHaJa, 1Mo nporokoiay TELNET, wepes WW W-unrepdeiic, a Takxke
IIPOBOJIUTH TECTUPOBAHUE, OCYIIECTBIISIThL HACTPONKY MapaMeTpOB aHa-
JIn3a, TMOJy4YaTh Pe3yJIbTaThl U3MEPEHUH U BBIIIOIHATH OOHOBJIEHUE BEP-
cUil IPOrpaMMHOTO 00ECIIEUIeHNSI.

23.1 Oo6HoBneHue Bepcuii MO npubopa

ITpumenarue: HEKOPPEKTHBIE JIEHCTBUST BO BPEMsI OIIEPAIINii TI0 00-
HoBJieHUIO 110 MoryT mpusecTn mpubOp K COCTOSTHUIO YACTUIHON Hepa-
6OTOCIIOCOOHOCTH, BOCCTAHOBJIEHUE MOXKHO OyJIeT IIPOU3BECTH TOJIBKO B
CEPBUCHOM IIEHTPE.

[Tocnennne Bepcuu 110 st mpubopa bepkyr-ETX moctymnHb B ce-
tu Unrepner (http://www.metrotek.spb.ru). Homepa Tekymux Bep-
cuii mporpaMMHOro obecrievuenust mpejcTaBienbl B MeHIO «ndopma-
s> («Ycranosku npubopas = «udopmariusi» ).

s obuossienus 110 npubopa HEOOXOAMMO BBIIIOJIHUTH CJIETYIONINAE
JIECTBUS.

1. Ckauatb u coxpannuts Ha [1K aiin ¢ 06pasom haitioBoil CuCTeMBL.

2. TlogkiounTh TpubOpP K BHEIIHEMY MCTOYHUKY IUTAHUS.

3. ¥Ycranosuts coenunenue ¢ ITK mo USB (em. paszgen 23.2).

4. Jlnst mpoepku coeaunenns Beectu KoMamry AT. [Ipubop mosken
orBeTuTh OK.

5. Boittu B Mento 3arpy3duka. s sroro, yaep:kuBast KHOIKY BKJTIO-
LIeHI/IEI/B])IK.)'IIO“IQHI/IH NMUTaHNAd, HazKaTb Ha KHOIIKY allllapaTHOI'O
cOpoca, pacIooKeHHYI0 Ha OOKOBOI IaHeJ M KOpIlyca Ipubopa.

6. B okHO mporpaMMbl OyIeT BBIBEIEHO COOOIEHNE BUIA:

Bercut+ bootloader 0.0.11
Update via XMODEM:
CCcCC. ..
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7. Yepes 1 cekynay HaduHETCsT mpoliecc obHoBjieHusi Bepcuii 110.
[Ipu sToM yike HET HEOOXOIMMOCTH Y/IEPKUBATH KHOTKY BKJIIO-
LIeHI/IEI/BI)IK.)'IIOLIQHI/IH IIUTaHUA.

8. Ecin nzobpakenue zHa skpane npubopa BOCCTAHOBUJIOCH, ITPOTIECC
OOHOBJICHUS TIPOIIEJT yCIIEIITHO.

23.2 Toakntoyerune k MK no nurepdeinicy USB

st mopkmodenust npudopa kK 11K gepes USB-unrepdeiic Heobxo-
JIIMO TIPeBAPUTEIBLHO yecTaHnoBuTh sipaiisep Virtual COM Port. ®aiiibt
JIpaiiBEpOB JJIsT PA3IUIHBIX OMEPAIMOHHBIX CHCTEM U YKA3aHUS 110 UX
YCTAHOBKE IIpeicTaBeHbl Ha caiite kommannu FTDI Chip:
http://www.ftdichip.com/Drivers/VCP.htm.

BzaumogeiicTBre ¢ mpubopoM MOXKET 0DecrednBaThCad KaK C IOMO-
mbIo nporpaMMbl HyperTerminal, Bxo/dinieil B cTaHJapTHYIO IIOCTABKY
OC Windows, Tak u TepMUHAJIBHBIMU IIPOrPAMMAME CTOPOHHUX IPO-
N3BOAUTEJIEN.

st obnossiernst Bepcnit 110 TepMuHaabHast IporpamMma, J0JXKHA
obecrieanBaTh QYHKIINK Iepegadn GpailjioB 1Mo mpoToKoy X-modem.

B ciyuae ucnosibzosanust nporpaMmbl HyperTerminal Jijisi TOJKITIO-
veHus K pubopy 1o unrepdeiicy USB HE0OXOMUMO BBITIOJIHUTD CJIE/LY-
IoIue JIeiicTBUS.

1. Brmounts npubop Bepkyr-ETX.

2. Hopxnrouuts mpubop k USB-nopry IIK ¢ momormnibio kabesisi, BXO-
JISITIET0 B KOMILIEKT MTOCTABKH.

3. Bamycrurh nporpammy HyperTerminal (ITyck = IIporpammbr =
Crangaprabie = Cpsasp = HyperTerminal).

4. 3amaThb UMsl TOJIKJIIOYUEHUS.

5. Beibpars nocienosarenbubiii mopr (COM-mopr), Kk KoTopomy
MOJIKJTIOYEH TPUOOP, OOPATUBIIICH K CTAHIAPTHOMY TPUIOKEHHIO
Hucneryep yerpoiicrs (Moii kommbrorep = Cpoiicrea = O6opy-
noBanne = Jlucnerdep ycTpoiicTs).

6. YCTAHOBUTH CJIEJIYIONINE TapaMeTPhl IMOC/IeI0BaTe/IbHOrO opTa:

— Ckopocts (6ur/c): 57600
— bBursr mansbIx: 8
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— Yérnoctn: Het
— CrormoBbie 6uThr: 1
— VYupasyeHune OTOKoM: HeT
7. Ilocie naxkatusi na kHonky 0K mporpamma HyperTerminal rmo-
[IBITAETCS YCTAHOBUTH coeJuHeHue ¢ mpubopom. [ljsg mpoBepkm
coeJinHeHUs BBeuTe KoMauy AT, mpubop jomken orBetuThb OK.

23.3 VYpanéHHoe ynpasneHue no npotokony TELNET

TELNET (Telecommunication Network) — mporokos st jocryna
K YIAJEHHOMY CETEBOMY YCTPOMCTBY. DTOT IIPOTOKOJ ITO3BOJISIET OJIh-
zoBaresio [IK B3anmosieitcTBOBaTh ¢ TPUOOPOM, HAXOSAIIUMCS HA JIPY-
TOM KOHIIE COEIMHEHUsI: OCYIIECTBISITh HACTPONUKY IIapaMeTPOB TECTOB,
[IPOCMATPHUBATD CYIIECTBYIOIINE HACTPOUKHM U BBIINOJIHATDL TECTUPOBA-
HUE.

Vnanéunoe yrnpasienne no nporokoay TELNET ssnsercs ommueit! .

BzaumogeiicTBre ¢ mpubOpOM MOXKET OCYIIECTBIISTHCH KaK C TTOMO-
mpIo nporpaMMbel HyperTerminal, BXodiieil B cCTaHJapTHYIO IIOCTABKY
OC Windows, Tak u TepMUHAJIBHBIMU TPOrPAMMAME CTOPOHHUX IPO-
u3BOjIUTE e, obecrieanBaOIUMU (DYHKIME Tepegatdn (haijioB 1Mo Ipo-
Tokonry TELNET.

Hns yupasienus bepkyr-ETX no mporokony TELNET neobxoiu-
MO BBITIOJIHATD CJIEIYIONINE TeHCTBUA.

1. Toakaounts mpubop kK 1K vepes mopr A mau mopr LAN.
2. Hacrpours cereBoe nojkiodenue (cM. pasjen 18).
3. B repMuHAIBHOI IIpOrpaMMe BBECTH KOMAHITY

telnet IP-agmpec_mopTa

mst mosb3oBaTesst U mapostsb (1o ymosrdanmio) — admin.
4. BzammopeiictBue ¢ mpubOpPOM OCYIIECTBJISETCA C ITOMOIIBIO KO-
MaH/I, IPeJICTaBJICHHbIX B IIpujoxkeHnn B.

!B 6azoByio xordurypamio se BXoAuT. JJOCTYIIHO IpH JOMOTHATEILHOM 3aKA3€
OIIITHH.
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23.4 VYpanénvoe ynpasnevue depes WWW-untepdeiic

2

Vnaiénaoe ynpaBjeHHe” TO3BOJISIET MPOCMATPUBATh U COXPAHITH
ua [IK pe3ynbTarhl 1 HACTPONKN OCHOBHBIX TECTOB C UCIIOJIH30BAHUEM

BebO-Opay3epa.

s mpocMoTpa pe3ysibTaToB U HACTPOEK TECTOB HEOOXO/INMMO:

1.
2.
3.

onxmrounts npudop K 11K gepes mopr A mim nopr LAN.
Hactpouts cereBoe mnojkodenue (cm. paszen 18).

B agpecnyio ctpoky Beb-6paysepa BBectu [P-ampec coorBeTcTBy-
IOIEro MOPTA.

,HJIH COXpaHE€HHA PE3YyJ/IbTAaTOB TECTUPOBAaHUA HeO6XO,ZLI/IMOI

1.
2.
3.

Honknrounts npubop k 1K gepes mopt A mim mopt LAN.
Hacrpours cereBoe nojkiouenne (cM. paszern 18).

B azpecnuyio ctpoky Beb-6paysepa BBectu [P-ampec coorBeTcTBYy-
TOITETO TOPTA.

. Buibparb Tun pazaesuresis:

— 3sansTas (comma);

— TOuKa ¢ 3andaToi (semicolon).
Haxkars na cebuiky «Download report». Jannbie GyayT coxpame-
HBI B (pailjl ¢ paclImpeHneM .Csv.

23.5 [MonyyeHmne momeHTaNbHbIX CHUMKOB 3KpaHa

L1t oty deHns CHUMKA 9KpaHa Mpudopa HeoOXOINMO:

1.
. Hacrpours ceresoe nozkirouenue (cum. paszen 18).
. B axgpecnyio crpoky BebO-Opay3epa BBeCTH:

Honknrouuts npudop K 11K wepes mopr A mim nmopt LAN.

http://IP-ampec_nopra/sshot.

. Uepes HECKOJIBLKO CEKYH/T CHUMOK 9KpaHa 0TOOpa3uTCs B OKHE BED-

6payszepa [1K.

2B 6a30By10 KOH(MUIYpAIMIO HE BXOAUT. JIOCTYIIHO MPH JOIOTHATEIHHOM 3aKa3€
OIIIIHH.
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A. CnpaBo4Hble Tabnnybl

Tabsmma A.1. Ilpuopurersl u Tunbl Tpaduka

3Hua4deHune Onucanue

1 Background

0 (Default) Best Effort

2 Excellent Effort

3 Critical Applications
4 Video

5 Voice

6 Internetwork Control
7 Network Control

Tuner rpadura Network Control u Internetwork Control zapeszep-
BUPOBaHBI [IJIsT COOOINEHNI yIpapjerus ceTbio. [lpuopurerst 4 u 5 Mo-
YT KCHOJIB30BATHCS JIJIsE 0CODO UYBCTBUTEJIBHOI'O K 3aJIEPYKKAM Tpa-
duka, Takoro, Kak BHUEO WIKU pedb. lIpmopurersr Tpaduxa ¢ 3 mo 1
[IpE/IHA3HAYCHBI JIJIsi PA3JIMIHBIX 33/1a9 — OT IMOTOKOBBIX HTPUJIOYKEHUI
10 FTP-tpaduka, crmocobHOTO CIPABUTHCSI ¢ BO3MOXKHBIMU TTOTEPSIMU.
Kiacc 0 pesepBupyercst ijist « MAKCUMAJIBHO JIY4IIeil» JIOCTABKH U IIPU-
CBaMBAETCs B TeX CIydasiX, KOTJIa He CHeupUuInpoBaH HUKAKOH qpyroit
KJIacc.
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Tabmma A.2. 3nagenns monsa Precedence
3uauenune OnucaHue IIpumeuanue
0 Routine OOBIYHBIN TTPUOPUTET
1 Priority IIpennournTrenpHbBIN IPUOPUTET
2 Immediate Hewmemennntit mpuopurer
3 Flash CpouHblii npuopurer
4 Flash Override OKCTPEHHBIN TPUOPUTET
5 CRITIC/ECP Kpurnaeckuit npuopurer
6 Internetwork Control MezkcereBoe ynpasiieHue
7 Network Control CereBoe yIpaBJieHIE
Tabimma A.3. 3navenus noss ToS
3Hauyenue Onucanue IIpumeuanue
MunumusuposaTh 3a1epKKy. Mcnonb3yer-
Cs, KOTJIa BPEMsl JIOCTABKH MAKETA C HC-
1000 Minimize delay XOJTHOTO CETEBOI'0 yCTPOMCTBA JI0 ajipeca-
Ta (Bpemsi OXKUMJIaHWsI) Hanbosiee BAXKHO U
JIOJPKHO OBITH MUHUMAJIHHBIM.
MakcumasibHast IPOIYCKHAsT CIIOCOOGHOCTb.
.. VYKa3bIBaeT, YTO IMaKeT JOJKEH ObITh Iepe-
0100 Maximize throughput ’ e
HAIIPABJIEH Yepe3 KaHaJ ¢ MaKCHUMAJbHOM
[IPOILYCKHO CIIOCOGHOCTHIO.
Maxkcumasbaas HaJ1éKkHOCTE. Vcnoab3yer-
. C Csl, KOTJ]a BaXKHO UMETHh YBEPEHHOCTh, YTO
0010 Maximize reliability ’ A yBep ’
JIaHHbIE JOCTUTHYT aJipecara 6e3 IOBTOp-
HOI Iepesiadn.
MunnMmuzupoBaTh cTouMOCTb. Mcmosb3y-
0001 Minimize monetary cost ercs, Korga HeOOX0IMMO MUHUMU3SUPOBATH

CTOMMOCTD IIepeJavdu JaHHbIX.
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Tabmmma A.3. 3magenus nous ToS npodoasicerue

O6brunoe obciyxuBanue. B stom  ciry-
0000 All normal Jae MapUIPpYTH3AILUs [TaKeTa OTHAETCS Ha
YCMOTpEHUE IIpOBaiiziepa.

Tabmuma A.4. Knace obenyxuanust Tpacduka u 3Hadenue mosst DSCP

Kuacc Tpaduka 3uauvenune nossa DSCP
Default 000000
AF11 001010
AF12 001100
AF13 001110
AF21 010010
AF22 010100
AF23 010110
AF31 011010
AF32 011100
AF33 011110
AF41 100010
AF42 100 100
AF43 100110
EF 101110

Kaxxnmomy kitaccy obciaykuBanus Tpaduka CTaBUTCSI B COOTBET-
cTBUe onpejenénHoe 3Hadenue 1oyt DSCP. B rabimne npusenens: pe-
KOMeH/[yeMble 3Ha4YeHusl B cooTBercTBun ¢ MeToaukamu RFC 2597 [10]
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n RFC 2598 [11].

Default — «HerapanTuposannas nepeaaday. Tpaduky JaHHOrO Kaac-
ca 00CTy>KUBAHUST BBIJIEIAIOTCS CETEBBIE PECYPChI, OCTABIINECS CBOOO/I-
HBIMH TIPH IIepejade TpaduKa JIPYyTUX KJIacCOB.

AF (Assured Forwarding) — «rapanrtupoBaHHas mepejpadas. Vc-
MOJIb3yeTCs Ui AoCTaBKH Tpaduka OosbimuHcTBa 1T CP-ipmmoxkenmit
¢ IpUMEHEeHUEeM YeThIpéx HezasucuMbix AF-kiraccos. Bayrpu kaxkaoro
Kaacca IP-mmakeraMm MoykeT OBITH HAa3HAYMEHA OIHA M3 TPEX MUCIIUILINH
orbpachiBanus nakera JaHHbIX (cM. Meroxuky RFC 2597 [10]).

EF (Expedited Forwarding) — «nemejiennast nepejadas. [Ipume-
HsleTcd IS 00CIy2KUBaHus TpadUKa, IyBCTBUTEILHOIO K 3a,1€PXKKAM
1 TpeOyIOMero MUHIMAJILHOTO JXKATTEPA, TAKOro, KaK BUIEO WU PEYb

(Voice over IP — VoIP).

Tabymna A.5. 3nagenne nona ECN

3HaueHue Onucanue

Not-ECT (Not-ECN-Capable Transport) — morok, ne

00 nopaepxkuBaronmit ECN.

ECT (1) (ECN-Capable Transport) — morok, momiep-

01 xkusatonmuit ECN.

ECT (0) (ECN-Capable Transport) — morok, mof-
10 nepxusarormuit ECN. Tpakryercs MmapripyTu3aTopaMu
Tak ke, kak 1 ECT (1).

CE (Congestion Experienced) — nojarsepxaéHHast e-
perpyska.

11

ECN (Explicit Congestion Notification) — «sBHOe yBemomienue o
HeperpyzKeHHOCTH». YCTaHOBKA OUT JAHHOI'O HOJISI JIA€T BO3MOXKHOCTH
MapHIpyTu3daTopaM y3HaThb O BOSHUKHOBEHUHN IIEPETPYZKEHHOCTU Ha IIy-
TH CJIeJIOBAHNS JIAHHBIX K 3a[aHHOMY y3Jy ceTn 6e3 oTOpachiBaHus Ia-
KeTa.

ITosre ECN ommcano B meroguke RFC 3168 [12].
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Tabmuma A.6. Homepa mopros nporokosna TCP /IP

Howmep nopra (mmporokos)

Onucanue

21 (FTP)

IIPOTOKOJI Ilepesiadn (aitjion

22 (SSH)

6e30macHBIi IPOTOKOJI JIsI YAAJIEHHOIO yIIPaB-
JIeHUsI U niepegadn paition

23 (TELNET)

MIPOTOKOJI JJIA JOCTyNa K yJaJ€HHOMY CeTeBOMY
YCTPOUCTBY

25 (SMTP)

IIPOTOKOJI TIEPEJAIN SJIEKTPOHHON MOYUTHI

80 (HTTP(WWW))

MPOTOKOJI, HCIOJb3yeMblil BebO-OpaysepamMu u
Beb-cepBepaMu JJIs repefadn dailios

161 (SNMP)

IPOTOKOJI JJIsi yIPaBJIEHUSA CETEeBBIMU yCTPOI-
CTBaM#

Tabmmma A.7. Ommbku coequHeHnsT

Coobienne

Onucanue

protocol not supported

ITPOTOKOJI HE TTOJJIEPYKIUBAETCST

can’t assign requested address

HEBO3MOXKHO HA3HAYNATDH 3aIPOIIEHHBIN
azpec

network is down

CeTb HEeOOCTYIIHa

network is unreachable

ceThb He paboraer

network dropped connection on reset yTepsiHO coeauHEHUE C CETHIO

software caused connection abort

IIporpaMMHOe obecrieyeHne BBI3BAJIO pa3-
PbIB COCJIMHEHUA

connection reset by peer

y3eJ pa3opBaJl COeITUHEHUEe

connection timed out

UCTEKJIO BpeM O2KHJIaHUA COCIUHEHUA

connection refused

OTKa3 B COCAUMHECHUN
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CupaBo4HbIe TaOJIUIIBI

Tabmuma A.7. Ommbku coenmuuenus: (npodossicerue)

host is down

y3eJ HEe OTBeYaeT

no route to host

OTCYyTCTBYET MapIIPyT 10 y3J1a

Tabmuma A.8. TecToBbIE TIOCTEIOBATETBHOCTH

Tun IIocJjie10BaTeJIbHOCTHU

IIpumenenune (peKOMeHI. )

2e9-1

st onpeiesierns omuboK (Ipu nepeaade
JIAHHBIX 110 KAHAJLY CBSI3U CO CKOPOCTBIO HE
Gostee 14,4 k6ur/c).

2ell-1

st onpesiesiennsi ommubOK U JPKUATTEPA
(npu nepejjade JAHHBIX 110 KAHAJLy CBSI3H
co ckopoctbio 64 k6ur/c u 64xN x6ur/c,
rae N — nenoe 4ncio).

2el5-1

st ompenesieEnst OMUOOK W JPKUTTEPA
(pu nepeade JAHHBIX MO JIMHUY CBSA3H CO
ckopocThio 1544, 2048, 6312, 8448, 32064
u 44736 kbur/c).

2e20-1

st onpeiesierns ommboK (npu repegade
10 KaHAJy CBSI3U CO CKOPOCTBIO He OoJiee
71 x6ur/c).

2e23-1

st onpenenienusi ommubOK U JPKATTEPA
(npu nepeziade JAAHHBIX 110 JMHHUU CBSI3U
co ckopocTbio 34 368 u 139 264 x6ut/c).

2e29-1, 2e31-1

st oupenesienns omubok (mpu mnepea-
Ye JAHHBIX Ha BBICOKUX CKOPOCTsX (Gosiee

139 264 x6ur/c)).
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Tabmuma A.9. Iludpel, GyKBbI U CUMBOJIBI

Kotapnma Iucpper Byksbi Cumpobr

) 1 - _a ) -
2 abec —
3 def ~
4 ghi —
) 5 ikl —
6 mn o -
7 pqrs —
8 tuv ~
9 WXy z —
©)
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B. KomaHabl yaanéHHoro ynpasneHuns

Tabmmmna B.1. Komanap! ynanéaaoro ynpasienusi (KOHCOMBHBIA TEPMUHAI)

Komanga Onucanue

AT mnmycrasi KOMaH/1a, UCIIOJIb3YEeTCs JJIsl IPOBEPKU COEJMHEHUsT

ATR repe3arpyska mnpubopa

ATM BBIBOJ| TEKYIIUX PE3yJIbTATOB U3MEPEHUIT

ATMN BBIBOJ| PE3YJIBTATOB M3MEPEHUIl, COXPAHEHHBIX I10J1 ITOPSIKO-
BbIM HOMepoM «N» (N =1 .. 10)

ATMA BBIBOJI, BCEX COXPAHEHHBIX PE3YJIbTATOB U3MEPEHUN

ATMI BBIBO/T TH(OPMAIIUN O COXPAHEHHBIX Pe3yJIbTaTaxX U3MEpPEHU

ATI BBIBOJI nHMOpMAIAK O TprdOpe

ATH BBIBOJ], CIIPABKY 10 KOMAaHIaM

ATS BBOJL KJII04Ya (YUCJIO B JAECSATUYHOM BUZE) [l AaKTUBAIH OIl-
Wi, KJIF0Y BBOJUTCS cpady nocse ats (6e3 mpobeiia)

ATC [I€PEXO/T B PEKUM, B KOTOPOM BO3MOXKHA HACTPONKA U 3AIIyCK
TECTOB (ONIOHAJIBLHO)
Tabmuna B.2. Komaunst yranéuanoro yupasaenus (TELNET)

Komanma Mudopmanusi, BBIBOAUMAasT B KOHCOJIb

RFC 2544

show rfc2544 header src udp nomep UDP-topra oTnipaBuTess

show rfc2544 header src mac MAC-anpec oripaBuTeis

show rfc2544 header src ip IP-agpec ornpaBuTess
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Komannpr ynaméHHOTO yrpaBIeHUsT

Tabmuna B.2. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

show rfc2544 header dst udp

womep UDP-nopra mosmyuaresns

show rfc2544 header dst mac

MAC-azpec nosy4aress

show rfc2544 header dst ip

IP-anpec nosygaress

show rfc2544 header vlan count

konmaectso VLAN meTok

show rfc2544 header vlan [1-3] id

3Hayenne uiaeHTudgukaropa VLAN

show rfc2544 header vlan [1-3] priority

3HAYEHNE TPUOPUTETa TpaduKa

show rfc2544 header mpls count

BBIOOpP KOJIMYECTBA METOK

show rfc2544 header mpls [1-3] label

SHa4YeHHue METKH

show rfc2544 header mpls [1-3] cos

KJIacC 0OCJIy?KUBAHUS ITaKeTa C METKOM

show rfc2544 header mpls [1-3] ttl

BpeMs 2KU3HU ITaKeTa C METKOM

show rfc2544 header autoarp

BKJIIOUEHA U (PYHKIUS aBTOMATAIECKOTO
nposejennst ARP-3anpoca

show rfc2544 header diffserv

BeiOpanbl osist I[P Precedence u Type of
Service nau mosre DSCP

show rfc2544 header dscp

3nadenue noas DSCP

show rfc2544 header precedence

3Ha4YCHNE IPpUOPpUTETA Kalpa

show rfc2544 header tos

THUII O6CJIy}KI/IBaHI/IH ITaKkeTa

show rfc2544 throughput duration

JUINTEIBHOCTh NPOOBI JJIs aHAJIN3a [IPO-
IIyCKHOM CIOCOOHOCTH, €

show rfc2544 throughput enabled

Oy/IeT JIM BBIIOJIHATHCS TECT OIPEIeJIEHUS
IIPOITYCKHOM CIIOCOOHOCTHU

show rfc2544 throughput maxrate

BeJIMYMHA HATPY3KU I aHAJIM3a [PO-
IIYCKHOM CITOCOOHOCTHU

show rfc2544 throughput resolution

BEJINYMHA Pa3PelIeHus JJIs aHAJIU3a IPOo-
IIyCKHOM CITOCOOHOCTH

show rfc2544 throughput threshold

BEJIUYMHA [0OPOra IOTEPh ISl aHAJIN3a
MIPOITYCKHOM CIIOCOGHOCTH
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Tabmuna B.2. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

show rfc2544 frames [1-9] size pasmep KaJpa, 3a/IaHHbIA MOJIb30BATEIEM
(wm craHmapTHOE 3HAYEHHE B COOTBET-
crBuu ¢ Meromukoii RFC 2544)

show rfc2544 frames [1-9] enable OyIeT JIn UCIOJB30BATHCS Pa3Mep Kaapa
JIJIsl TIPOBEJIEHUST TECTUPOBAHUS

show rfc2544 latency enabled OyeT JIM BBIIOJIHATLCS aHAJIN3 33/1€PIKKHI
pacrpocTpaHeHus KaJpoB

show rfc2544 latency count KOJIMYECTBO P00 JIJIsI aHAJIN3a, 33 IEPKKU

show rfc2544 latency duration JJIATEJIBHOCTD IPOOBLI JIjIsl aHAIu3a 3a-
JIEPXKKU PACIIPOCTPAHEHUS KaJPOB, C

show rfc2544 latency rates src HNCTOYHMK 3HAYECHUI HATPY3KH JIJIsl aHAJIN-
3a 3aEPHKKH

show rfc2544 latency rates [1-9] 3HAYEHUsI ~ HAUDY3KM  JUIs  aHaJIu3a
3a/1ePIKKHI

show rfc2544 frameloss enabled Oy[eT /i BBIIOJHSATLCS AHAJIN3 YPOBHS
[oTephb KaJIpoB

show rfc2544 frameloss duration JJTUTEIBHOCTD TIPOOBI M1 aHAJIN3a YPOB-
Hsl TIOTE€Pb KaJPOB, C

show rfc2544 frameloss steps KOJIMYECTBO IIarOB U3MEHEHUsl HArPy3KU
JUIsl QHAJIN3a YPOBHS IIOTEPh KaJIpOB

show rfc2544 frameloss rates start BEJIMYMHA HAYAJIBLHOW HATPY3KU JIjIs aHa-
JIU3a yPOBHsI MOTephb KaJIpos B %

show rfc2544 frameloss rates stop BEJIMYMHA KOHEYHOM HAPY3KH JIJIs AHAJIH-
3a ypOBHS IIOTEPb KaJpoB B %

show rfc2544 back2back enabled OyIeT JIU BBITOJHSTBCST aHAJIN3 [PEIe/b-
HOII HArPpY3KU

show rfc2544 back2back count KOJIMYECTBO IMPOO0 I aHaJNA3a IPEIesIb-
HOW HarpysKu

show rfc2544 back2back duration JJIATEJILHOCTD ITPOOBI JIJIsT aHAJIU3a IIpe-

JIeJIBHOM HArpy3KH, C
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Komannpr ynaméHHOTO yrpaBIeHUsT

Tabmuna B.2. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

show rfc2544 back2back rates src

HCTOYHUK 3HAYCHUN HArPY3KHU JJId aHAJIN-
3a IIpeJIeJIbHOIT Harpy3Ku

show rfc2544 back2back rates [1-9]

3HAYEHUs] HArpy3Kd [JId aHaJu3a IIpe-
JEeJIbHOW Harpy3Ku

show rfc2544 advanced wait

3HaYE€HHUEe I1apaMeTpa «UHTepBaJI»

show rfc2544 advanced learn

3HaYEHUE ITapaMeTpa «00ydeHue»

rfc2544 start

3arycTuTh TecThl 0 Meronnke RFC 2544

rfc2544 stop

OCTaHOBUTDL TeCThI o MeToauke RFC 2544

rfc2544 results

Pe3yJIbTaThl TEeCTOB 10 METOIUKE

RFC 2544

CiioxHblii Tpaduk

show ctraf nstreams

KOJIMIECTBO ITOTOKOB JaHHBIX

show ctraf stream

HOMED HaCTpauBaeMOI'O IIOTOKa

show ctraf duration

JJINTEJIBHOCTHL T'€HEpalluu 3aJaHHOI'O KO-
JN49eCTBa ITIOTOKOB

show ctraf header src mac

MAC-anpec ornipaBuTesist

show ctraf header src ip

IP-agpec ornpaBuresst

show ctraf header src udp

nomep UDP-topra oTnipaBuTess

show ctraf header dst mac

MAC-anpec nostyuaaresist

show ctraf header dst ip

IP-aapec monyuaremns

show ctraf header dst udp

nomep UDP-nopra nmosyuaresis

show ctraf header vlan count

ronmaectso VLAN MeTok

show ctraf header vlan [1-3] id

3Hagenune uaeHtudgukaropa VLAN

show ctraf header vlan [1-3] priority

3HaYEHUE IpUOpUTeTa TpaduKa

show ctraf header mpls count

BBIOOD KOJIMYECTBA METOK
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Tabmuna B.2. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

show

ctraf header mpls [1-3] label

3HaYCHHUE METKHU

show

ctraf header mpls [1-3] cos

KJIacc OOCJIy?KUBAHUSA [TAKEeTa C METKOMN

show

ctraf header mpls [1-3] ttl

BpeMsd 2KU3HU ITaKeTa C METKOM

show

ctraf header autoarp

BKJIIOY€HA JIX (DYHKIIAS ABTOMATUIECKOTO
nposesiennss ARP-3anpoca

show

ctraf header diffserv

BeiOpanbl mosist [P Precedence u Type of
Service i nmosre DSCP

show ctraf header dscp 3snagenue nojst DSCP

show ctraf header precedence 3HAYEHNE IIPUOPUTETA KaIpa

show ctraf header tos THUIT OOCJTY>KUBAHUSI TIAKETA

show ctraf rate 3HadeHne NH(POPMAIIMOHHON CKOPOCTH
show ctraf frame pasMep Kaapa

ctraf start

3allyCTUTh  T'€HEPAIMI0  KOMILIEKCHOI'O
Tpaduka

ctraf stop

OCTAHOBHUTH TI'€HEPAINIO  KOMILIEKCHOI'O
rpaduka

ctraf results

pe3yJIbTAThl TE€HEPAINU  KOMILJIEKCHOTO
Tpaduka

BERT
show bert header src mac MAC-azpec oTnpaBuTess
show bert header src ip IP-anpec ornpaBuresns
show bert header src udp womep UDP-nopra ornpaBuresst
show bert header dst mac MAC-azpec nosy4daress
show bert header dst ip IP-anpec nosyuaress
show bert header dst udp womep UDP-nopra nomyuaresns
show bert header vlan count kosimgectBo VLAN merok
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Komannpr ynaméHHOTO yrpaBIeHUsT

Tabmuna B.2. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

show bert header vlan [1-3] id

snavenue unenrudukaropa VLAN

show bert header vlan [1-3] priority

3HaYEHHE IPUOpUTETa TpaduKa

show bert header mpls tx count

BBIOOP KOJTMYECTBA METOK Ha MEpeady

show bert header mpls tx [1-3] label

3HAaYEeHHNE METKH

show bert header mpls tx [1-3] cos

KJiacc O6CJIy}KI/IBa.HI/ISI HaKeTa C METKOU

show bert header mpls tx [1-3] ttl

BpeMd KU3HU ITaKeTa C METKOM

show bert header autoarp

BKJIIOUEHA Jin PYHKIMS ABTOMATHIECKOTO
nposenennst ARP-3anpoca

show bert header diffserv

BeiOpanbl oyt [P Precedence u Type of
Service nim nosie DSCP

show bert header dscp

sgaudenne nojasa DSCP

show bert header precedence

3HaYEeHHe MPUOPUTETA KaIpa

show bert header tos

THUIT O6CJIy)KI/IBaHI/IH ITaKkeTa

show bert frame random min

MHUHUMAJIbHOE 3HAUYEHUE pa3Mepa Kajpa B
cilydae PaBHOMEDPHOI'O 3aKOHA paclpeme-
JIeHUs

show bert frame random max

MaKCHUMAJIbHOE 3HAYEHUE pa3Mepa Kaapa
B CJIy4Yae DPABHOMEDHOI'O 3aKOHA pacIipe-
JIeJIeHU ST

show bert frame constant

pa3Mepsl KaJIpOB JIsi TECTUPOBAHUSA

show bert frame type

3a/laH CJIyJaiHBbI MJIM IOCTOSHHBIN pa3-
Mep KaJipa

show bert level

yposenb mozesin OSI, Ha koropom Gyger
[IPOBOJIUTHCS TECT

show bert pattern

CTaHOapTHasdA TECTOBad II0CJAEeI0BaTE/Ib-
HOCTBH

show bert user-pattern

TeCTOBasd IIOC/IEA0OBATEJIBHOCTDL, 3a/JlaHHaA
II0JIb30BaTeJIEM
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Tabmuna B.2. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

show bert rate 3azaHHas HArpyska, kb /c
show bert duration JIATEJIbHOCTD M3MEPEHU
bert start 3amycTuTh TecT «BERT»
bert stop octanoBuThb Tect «BERT»
bert results pe3yabrarsl Tecta «BERT»

ITakeTHbIN mKUTTEP

show jitter txgen BKJIIOYEH WJIM BBIKJ/IIOYEH TE€HEPATOD Te-
croBoro Tpaduka

show jitter threshold [IOPOroBOE 3HAYECHUE PKUTTEPA, MC

show jitter duration BpeMs U3MepPEHUs JIZKUTTEPA

jitter start 3aIycTuTh TecT «IlakeTHBIN mKUTTED>
jitter stop ocTaHOBUTH TecT «IlakeTHBIN JKUTTED»
jitter results pe3yJsibTaThl TecTa «llakeTHBbIN TKUTTED>

TecToBbIll ITIOTOK

show txgen header src mac MAC-anpec ornipaBuTest

show txgen header src ip IP-anpec orupasuress

show txgen header src udp nomep UDP-nopra ornpaBuresns
show txgen header dst mac MAC-anpec nosmyuaress

show txgen header dst ip IP-agpec momygaremns

show txgen header dst udp womep UDP-nopra nosmyuaresns
show txgen header vlan count kosimaecTtBO VLAN meTok

show txgen header vlan [1-3] id 3HadeHne uneHTudrkaropa VLAN

show txgen header vlan [1-3] priority 3nHauenue npuopurera Tpaduka

show txgen header mpls count BBIOOD KOJTMYIECTBA METOK
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Komannpr ynaméHHOTO yrpaBIeHUsT

Tabmuna B.2. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

show txgen header mpls [1-3] label

3HAYCHHUE METKHU

show txgen header mpls [1-3] cos

KJIacC OOC/Iy?KUBAHUSA [TAKETa C METKOMN

show txgen header mpls [1-3 ttl

BpeMsd 2KU3HU ITaKeTa C METKOM

show txgen header autoarp

BKJIIOY€EHA JIX (DYHKIIAST ABTOMATUIECKOTO
nposesiennss ARP-3anpoca

show txgen header diffserv

BeiOpanbl mosist [P Precedence u Type of
Service i nmosre DSCP

show txgen header dscp

3nagenue nojisg DSCP

show txgen header precedence

3HaYeHNe MPUOPUTETA KaJpa

show txgen header tos

THUII O6CJIy)KI/IBaHI/IH ITaKkeTa

show txgen port

IIOPT, C KOTOPOI'O OymeT IeHepHpOBATHCS
TECTOBBII TpaduK

show txgen frame random min

MUHUMAJIbHOE 3HAYEHNE pasMepa Kajpa B
clydae PaABHOMEPHOIO 3aKOHA pPacipejie-
JIEeHU A

show txgen frame random max

MaKCHMaJIbHOE 3HAUYeHHEe pa3Mepa KaJipa
B CJIydae PABHOMEPHOI'O 3aKOHA pacIpe-
JIeJIEHUS

show txgen frame constant

pa3Mephl KaJpOB JJIsI TECTUPOBAHUS

show txgen frame type

3a/1aH CIIyYaiHbIA MM IOCTOSHHBIA pas-
Mep Ka/Jipa

show txgen duration

JTATE/IbHOCTh T€HEPAIUN TECTOBOTO Tpa-
duka

show txgen rate

3aJlaHHas Harpyska, kb/c wiu %

txgen start

3allyCTUTH I'€HepaInuio TeCTOBOT'O IIOTOKa

txgen stop

OCTaHOBUTDH I'eHEpaIUuIo TECTOBOI'O ITIOTOKa

txgen results

pe3yabTaThbl reHepaluu TeCTOBOro IOTOKa
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Tabmuna B.2. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

lneiid
show loopback layer yposensb [lLneitda
ITapameTpsl ceTn
show network dhcp Bryatouena s Gyukmuas DHCP s
mopra A
show network ip IP-agpec mopra A
show network subnet MacKa IOJICeTH JIst mopra A
show network gateway IP-agpec nutosa ajist mopra A
show network dns IP-anpec y3na ceruw, KOTOPBI COAEPIKUAT
6a3y manabix DNS s mopra A
show lan dhcp Bryouena Jim  dyskmua DHCP s
nopra LAN
show lan ip IP-anpec mopra LAN
show lan subnet Macka noacern s mopra LAN
show lan gateway IP-aapec nutto3za gyst mopra LAN
ITapamerpbl nuarepdeiicos. Ilopt A
show link COCTOSTHUE CO€IUHEHUS
show ifce mac MAC-anpec mopra A
show ifce vlan count kosimuectBO VLAN merok
show ifce vlan [1-3] id 3nadenue njaeHrnduraropa VLAN
show ifce vlan [1-3] priority 3HavYeHUe npuopurera rpaduka
show ifce mpls tx lIsr IP-agpec wunTEpdeiica MapIIpyTH3aTO-
pa,  OCYIIECTBIISIONETO  KOMMYTAIHIO
10 METKaM
show ifce mpls tx rule BKJIIOYEHO WJIM BBIKJIOYEHO IPABUJIO Ha

OTIIPpAaBKY ITaKeTOB B IIOJACETH
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Komannpr ynaméHHOTO yrpaBIeHUsT

Tabmuna B.2. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

show ifce mpls tx subnet

IP-anpec momacern

show ifce mpls tx mask

MacKa 0JICETH

show ifce mpls tx stack count

KOJIMYECTBO METOK, KOTOpOe OyaeT q00aB-
JICHO B IIepeJaBacMblil ITaKeT

show ifce mpls tx stack [1-3] label

3HaYCeHHNEe METKH

show ifce mpls tx stack [1-3] cos

KJIacC OOCIIy?>KMBAHMs ITaKeTa C METKOM

show ifce mpls tx stack [1-3] ttl

BpeMd KHU3HU ITaKeTa C METKOMN

show ifce mpls rx count

KOJINIECTBO METOK B IIPUHUMaEMBbIX
IIaKeTax

show ifce mpls rx [1-3] label

3Ha4YeHHUEe METKH

ITapamerps! nuarepdeiicos. ITopr LAN

show lan mac

MAC-azpec nopra LAN

show lan vlan count

konmaectBo VLAN MerTok

show lan vlan [1-3] id

snavenue unenruduxkaropa VLAN

show lan vlan [1-3] priority

3HaYEHHE IPpUOpUTETa TpaduKa

Tecrs: TCP/IP

ping

3aIlyCTUTD TECT «DXO-3aIPOCH

CoxpaneHnue/3arpy3Ka pe3ybTaTOB

results save N

COXpaHEHHE PE3YIbTATOB U3MEPEHUH 1101
nopsiaKoBbiM HOMepoM «N» (N =1 .. 10)

results load N

3arpys3Ka pe3yJIbTaTOB U3MEPEHU, coXpa-
HEHHBIX TIOJT TOPSITKOBBIM HOMepOM «N»

results show

oTOOparkeHrne TEKYIINX Pe3yJbTaTOB M3-
MepeHni

results show N

BBIBOJ], Pe3yJIbTAaTOB HM3MepeHHuil, coxpa-
HEHHBIX II0J] IOPSIKOBBIM HOMepOM «N»
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Tabmuna B.2. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

results show all BBIBOJI BCEX COXPAHEHHBIX PE3Y/IbTaTOB
U3MepeHuit
results info BBIBOJ, MHMOPMAIUU O COXPAHEHHBIX pe-

3yJbTaTax M3MEpPEeHni

Jlor

log < off | on > BBIKJIIOYEHNE / BKJIFOUEHNE CUCTEMBI IIPO-
TOKOJIMPOBAHUS COOBITUM

log show BBIBOJI COODIIEHUI O MPOU3OIIEININX CO-
OBITUSIX
CraTtuctuka
statistics BBIBOJI, CTATUCTUIECKUX JTAHHBIX

O011e KoMaH bl

show version HoMepa Bepcwuii [10

exit BBIXO/T M3 KOMAHIHOTO PEXKIMAa
reboot rnepe3arpyska npubopa

help CIIMCOK JIOCTYIHBIX KOMAH]T
configure IEPEXOJ B PEKUM KOH(MUTY DAL
username “3MEHEeHNe UMEHHU II0JIb30BaTeNs
password U3MEHEHUe MapoJIst

show options IPOCMOTP OTKPBITHIX OIIIUIA
show time IIPOCMOTP TEKYIIETO BPEMEHU
show date IIPOCMOTP TEKYIIEN TAThI
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Komannpr ynaméHHOTO yrpaBIeHUsT

Tabmmna B.3. Komanger ynanéanoro ynpasiaennsa (TELNET). Pexxum kondwurypa-

binzese

Komanma

HeiicTBue

RFC 2544

rfc2544 header src udp <int>

ycranoBuTs HOMep UDP-
[IOPTa OTIIPABUTEJIS

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

ycranosutb MAC-aapec or-
ITPaBUTEJIs

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

ycranoBuTh IP-anpec ormpa-
BHUTEJIA

rfc2544 header dst udp <int>

ycranoButh HOMep UDP-
[IOpTa, ITOJIY 9aTeJIst

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

ycranoButh MAC-anpec 1o-
JlydaTess

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

ycranoBuTh I[P-agpec mosry-
qaTesst

rfc2544 header vlan count < off | 1|2 3 >

BeIOpaTh KosimdecTBO VLAN
METOK

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

YCTaHOBUTH 3Ha4Y€HUE HUJIECH-

tuduraropa VLAN

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

YCTAHOBUTH 3HAYEHUE IIPHUO-
pureta Tpaduxa

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

BbI6paTb KOJINIECTBO METOK

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

YCTaHOBUTH 3HAYCHNE METKHU

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

YCTAHOBUTHL KJjacca 0bOCIIy-
KUBAHUSI ITAKETA

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

YCTaHOBUTH BpeMd KU3HHU
makKeTa ¢ MeTKOM

rfc2544 header autoarp < off | on >

BBIKJIIOYATD / BKJIIOYATD
BDYHKIUIO aBTOMATUIECKOTO
nposenennss ARP-3zanpoca
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Tabmuna B.3. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

rfc2544 header diffserv < prec+tos | dscp >

BHIOpATh I BCTABKHU IIO-
as IP Precedence u Type of
Service niau mone DSCP

rfc2544 header dscp text

3aJaThb 3HaYCHHE I10JIA

DSCP, 8 6ur

rfc2544 header precedence <int>

YCTAHOBUTH 3HAYEHHE IIPHUO-
puTeTa KaJapa

rfc2544 header tos text

YCTaHOBUTDH THUIL O6CHy)KI/IBa-
HUA ITaKeTa

rfc2544 throughput duration <int>

YCTaHOBUTH JJINTEJIBHOCTDH
npoObl ISl aHAJAU3a [PO-
MIYCKHOM CITOCOOHOCTH

rfc2544 throughput enabled < no | yes >

3aPETUTD / PA3PEIIUTD
BBIIIOJTHEHUE aHaJIu3a IIPOo-
MIYCKHOM CITOCOOHOCTH

rfc2544 throughput maxrate

YCTAHOBUTH BEJIMYUHY Ha-
IPY3KH JJIsl aHaJu3a Ipo-
IIYCKHOM CITOCOOHOCTH

rfc2544 throughput threshold <int>

YCTaHOBHUTH BEJUYHMHY IIOPO-
ra IOTePh JJIs AHAJIN3a IPO-
IIYCKHOM CITOCOOHOCTH

rfc2544 throughput resolution < 10| 1] 0.1 | 0.01

| 0.001 | 0.0001 >

YCTAHOBUTH BEJIMYUHY DPas-
pellleHns JJIsl aHaJIH3a Ipo-
IIYCKHOM CIIOCOOHOCTH

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

3aIPETUTH/Pa3peIuTh  HC-
IIOJIb30BaHUE IPH AHAJIU3E
COOTBETCTBYIOIIETO pa3Mepa
KaJpa

rfc2544 frames [1-9] size <int>

3a71aTh pa3Mep Kaapa

rfc2544 latency enabled < no | yes >

3alIPETUTH/ PA3PENIuTh  BbI-
[TOJIHEHVE aHAJIN3a 3a/ePKKN
PaCIpOCTPAHEHNUST
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Tabmuna B.3. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

YCTAHOBHUTDH KOJILIECTBO IIPOO
rfc2544 latency count <int> 7151 aHAJIN3a 33JIeP2KKU pac-
[IPOCTPAHEHUSI

YCTAHOBUTb  JINTEJIBLHOCTH
rfc2544 latency duration <int> IpOObI JJIs1 aHAJIN3a 33/1€PK-
KW PacIpOCTPAHEHUST

3aJ1aTh WMCTOYHUK 3HAYCHUIA
Harpy3ku  (throughput —
MPOITyCKHAsT  CIHOCOOHOCTb,
manually — BpyumyIo)

rfc2544 latency rates src <throughput | manually >

BBECTH 3HAYEHHUs HArpy3KH
rfc2544 latency rates [1-9] JJIS KaXKJIOTO pasMepa KaJIpa

B %

3aIPETUTH/Pa3PEIIUTh  BbI-
rfc2544 frameloss enabled < no | yes > [IOJIHEHUE AaHAJIN3a YPOBHS
OTEPH KaJIPOB

YCTAHOBUTb  JIJINTEJIBHOCTH
rfc2544 frameloss duration <int> mpobbl JjIs aHAJIN3a YPOBHS
[oTephb KaJIpoB

YCTAHOBUTH KOJIMYECTBO IIa-
rfc2544 frameloss steps <int> OB JIJIs1 aHAJIU3a YPOBHS IIO-
Tepb KaJIpOB

YCTAHOBUTH HAYAJIbHYIO Ha-
rfc2544 frameloss rates start Ipy3Ky [JIF aHaJIu3a yPOBHSI
norepb Kaapos B %

YCTAHOBUTH KOHEUYHYIO Ha-
rfc2544 frameloss rates stop IPY3Ky [JIsl aHAJIU3a YPOBHS
norepb KaJpoB B %

3aIPETUTH / PA3PEITATH
rfc2544 back2back enabled < no | yes > BBIIIOJIHEHHE AaHAJIU3a IIpe-
JeJIbHOW HarpysKu

YCTAHOBUTD KOJIMYIECTBO TPOO
rfc2544 back2back count <int> TS aHAJIN3a TIPeeJIbHOM Ha-
rpy3Ku
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Tabmuna B.3. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

rfc2544 back2back duration <int>

YCTAHOBUTL  JJIUTEIHLHOCTH
mpoObl  JIjIsd  aHAJIU3a IIpe-
JeJIbHOW HarpysKu

rfc2544 back2back rates src < throughput |

manually >

3aJ1aTh WCTOYHUK 3HAYCHWN
Harpysku  (throughput
MPOIyCKHAsl  CIOCOGHOCTb,
manually — BpyumyI0)

rfc2544 back2back rates [1-9]

BBECTH 3HAYEHUNl HAIPY3KH
JJ1 KasKJIOrO pa3Mepa KaJpa

rfc2544 advanced wait <int>

YCTaHOBUTH 3HA4YC€HUE Ilapa-
MeTpa «HuHTepBaJI»

rfc2544 advanced learn <int>

YCTAHOBUTH 3HAYEHWE Iapa-
MeTpa «obydeHue»

CiioxHblii Tpaduk

ctraf header mpls count < off

11123 >

BI:I6p&Tb KOJIn49eCTBa METOK

ctraf header

mpls [1-3] label <long>

YCTaHOBUTH 3HAYCHUE METKH

ctraf header

mpls [1-3] cos <int>

YCTaHOBUTH KJIaCC O6CJIy)KI/I-
BaHUdA ITaKeTa

ctraf header

mpls [1-3] tt] <int>

YCTAHOBUTL BpeMsl KU3HU
makKeTa ¢ MeTKOM

ctraf header

autoarp < off | on >

BI)IKJ'IIO‘II/ITI)/BKJIIO‘II/ITI)
GYHKIMIO ABTOMATHYECKOrO
nposenennst ARP-3anpoca

ctraf header

diffserv < prec+tos | dscp >

BBIOpATH JJIsi BCTaBKU IIO-
st IP Precedence u Type of
Service wan mosre DSCP

ctraf header dscp text

3a1aThb 3HaYeHHue

DSCP, 8 6ur

I10JIA

ctraf nstreams <int>

BBECTU KOJIMIECTBO ITOTOKOB
JaHHBIX
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Komannpr ynaméHHOTO yrpaBIeHUsT

Tabmuna B.3. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

ctraf stream <int>

BBECTH HOMED HaCTpanuBa€MO-
'O IIOTOKa&

ctraf duration <int>

YCTAaHOBUTH  JIJINTEJIBHOCTH
reHepanuu 33JaHHOTO KOJIU-
JeCcTBa IIOTOKOB

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

ycranosuTh MAC-ajipec or-
IPABUTEJIS

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

ycranoBuTh IP-ajzipec ormpa-
BUTEJTsT

ctraf header src udp <int>

ycranoBuTth HOMep UDP-
[IOPTa OTIPABUTEJIS

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

ycranoButh MAC-aapec 1o-
JydaTresis

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

ycranoBuTh IP-agpec mosry-
qaTesst

ctraf header dst udp <int>

ycranoButh HOomep UDP-
[IOpTa, ITOJLy 9aTeJIst

ctraf header vlan count < off | 1|2 |3 >

BbIOpaTh KoamdectBo VLAN
METOK

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

YCTaHOBUTH 3HA4YC€HUEC WUJICH-

tucdukaropa VLAN

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

YCTAHOBUTH 3HAYEHUE IIPHUO-
purerta TpaduKa

ctraf header precedence <int>

YCTaHOBUTL 3HA4YCHHE IIPHUO-
pUTeTa KaJpa

ctraf header tos text

YCTAHOBHUTDH THUII OOCIIyKUBa-
HHS TIaKeTa

ctraf rate <int>

BBECTH 3HadYeHWEe WHQPOpMa-
LOHHON CKOPOCTH (IO yMOJI-
YAHWIO — B IIPOIEHTAX )
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Tabmuna B.3. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

ctraf rate <int> <unit>

BBECTH 3HA4YEHUE WH(pOpMa-
IMUOHHON CKOPOCTH C YKa-
3aHUEM €JIMHUI] W3MePEeHUsI

(K6ur/c, M6/c nmm %)

ctraf frame <int>

BBECTH pa3Mepa KaJapa

BERT

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

BBIOpATh KOJIMYECTBA METOK
Ha Iepenady

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

YCTaHOBUTH 3HAYCHUE METKU

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

YCTAHOBHUTDH KJIACC OOCIIYKU-
BaHUs IIAKeTa

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

YCTAHOBUTb BpeMs JKU3HU
makKeTa ¢ MeTKOM

bert header autoarp < off | on >

BBIKJIIOUNTD / BKJIIOUUTD
GbYHKIUIO aBTOMATUYIECKOTO
nposesennst ARP-3anpoca

bert header diffserv < prec+tos | dscp >

BBIOpATh JJIsi BCTaBKU IIO-
as [P Precedence u Type of
Service wiu nosie DSCP

bert header dscp text

3a1aThb 3Ha4YeHunue I10JIA

DSCP, 8 6ur

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

ycranosutb MAC-ampec or-
IpaBUTEJISt

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

ycranoBuTh [P-ampec ormpa-
BUTEJIS

bert header src udp <int>

ycranoButh Homep UDP-
[IOpTa OTIIPABUTEIS

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

ycranosutb MAC-aapec no-
JIydaTes

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

ycranoBuTh [P-agpec mosty-
qaTess
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Komannpr ynaméHHOTO yrpaBIeHUsT

Tabmuna B.3. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

bert header dst udp <int>

ycranoButb HOMEp UDP-
[opTa, IOJLy YaTelis

bert header vlan count < off |1 ]2 |3 >

konmaectso VLAN MmeTok

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

YCTAHOBUTH 3HAYEHUE WJIEH-
tucdukaropa VLAN

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

YCTAHOBUTH 3HAYEHUE IIPHUO-
pureta Tpaduxa

bert header precedence <int>

YCTAHOBUTH 3HAYEHHE IIPHUO-
puTeTa KaJapa

bert header tos text

YCTaHOBUTH TUIL O6CJIy}KI/IBa-
HHUA ITaKeTa

bert frame random min <int>

YCTAHOBUTH  MHHUMAaJIBHOE
3HadYeHHe pa3Mepa KaJpa
B CIy4ae pPABHOMEPHOTO
3aKOHa pacIpeeeHns

bert frame random max <int>

YCTaHOBUTH MaKCHUMaJIbHOE
3HaYeHHEe pa3Mepa  Kajapa
B ClIy4ae PaBHOMEDHOI'O
3aKOHA PACIpPeIeIeHIs

bert frame constant <int>

33JaTh pa3Mepbl KaJpoOB I
TECTUPOBAaHUS

bert frame type < constant | random >

BBIOpATH 3aKOH W3MEHEHUS
pa3mepa KaJapa

bert level < 1|2 |34 >

BbIOpATh YPOBHSI  MOJEJTH
OSI, w©a &oTOpOM OyIeT
[IPOBOJIUTHCS TECT

bert pattern < user | crtp | 2ell-1 | 2e15-1 | 2e20-1

| 2¢23-1 | 2¢29-1 | 2¢31-1 >

BBIOpATH CTAHIAPTHYIO WJIH
3a/1aBaeMyIo II0JIb30BaTeIeM
TeCTOBYIO ocJIe/10BaTe b
HOCTBH

bert user-pattern hex

BBECTHU I10JIb30BATEJIbCKYIO
II0CJIe1I0BATEJIBHOCTD
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Tabmuna B.3. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

bert rate

BBECTH TPeOyeMyIO HArpy3Ky

bert duration <hh.mm.ss>

33/1aTh JIJIUTEIbHOCTh HU3Me-
peHust

IlakerHsblii mxuTTep

jitter txgen < off | on >

BBIKJIIOYATD / BKJIIOYATH TE€HE-
parop TecToBOro Tpaduka

jitter threshold <int>

3aJlaTh IIOPOrOBOE 3HAYEHUe
JKATTEPaA

jitter duration <hh.mm.ss>

33JaTb BpeMsd
JPKUATTEPA

U3MepeHus

TecToBBbIlI ITIOTOK

txgen header

mpls count < off [ 1|23 >

BI)I6paTB KOJIMIECTBO METOK

txgen header

mpls [1-3] label <long>

YCTaHOBUTH 3HAYCHUE METKU

txgen header

mpls [1-3] cos <int>

YCTAHOBHUTDH KJIACC OOCILYZKU-
BaHUs IIAKeTa

txgen header

mpls [1-3] ttl <int>

YCTAHOBUTHb BpeMs KU3HU
makKeTa ¢ MeTKOM

txgen header

autoarp < off | on >

BBIKJIIOUNTD / BKJIIOUUTD
GbYHKIUIO aBTOMATUYIECKOTO
nposejennst ARP-3anpoca

txgen header

diffserv < prec+tos | dscp >

BBIOpATH JJIsi BCTaBKU II0-
ns [P Precedence u Type of
Service wiu mosie DSCP

txgen header

dscp text

txgen header

src mac <XX:XX:XX:XX:XX:XX>

3aJaTh  3HAYEHWE  I10JIs
DSCP, 8 6ur

YCTAHOBUTH MAC-aznpec
OTpaBUTEJIA

txgen header

src ip <i.i.i.i>

ycranoBuTh [P-ampec ormpa-
BUTEJIS
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146 Komanp! yiaaéHHOrO ypaBiaeHus

Tabmuna B.3. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

txgen header src udp <int>

ycranoButb HOMEp UDP-
[IOPTa, OTIIPABUTEJIS

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

ycranosutb MAC-anpec no-
JTygares

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

ycraHoBuTh [P-ampec mosty-
qaTess

txgen header dst udp <int>

ycranoBuTs HOMep UDP-
[IOPTa IOJIyYaTeJIs

txgen header vlan count < off |1 ]2]3 >

3a7aTh KosmmdectBo VLAN
METOK

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

YCTaHOBUTHL 3Ha4Y€HUE UJIECH-

tucdukaropa VLAN

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

YCTaHOBHUTH 3HAYEHHE IIPHO-
purera Tpaduka

txgen header precedence <int>

YCTAHOBUTH 3HAYEHUE IIPHUO-
puTeTa KaJapa

txgen header tos text

YCTaHOBUTH TUIL O6CJ'Iy)KI/IBa—
HHUA ITaKeTa

txgen port < a|b >

BBIOpATH IOPT, C KOTOPOIO
OyIeT MPOUCXOAUTH TeHepa-
nust Tpaduka

txgen frame random min <int>

YCTAHOBUTH  MHUHHUMAJIBHOE
3HaUYeHWe pa3Mepa  KaJpa
B Cllydae  pPaBHOMEPHOIO
3aKOHA paCIpe/ieIeHnsT

txgen frame random max <int>

YCTAHOBUTb  MAaKCHUMAaJbHOE
3HaYeHHe pa3Mepa  KaJpa
B ClIy4ae pPaBHOMEDHOIO
3aKOHA PACIPEIeICHIS

txgen frame constant <int>

3a1aTh pasMepbl KaJIpOB JIs
TEeCTUPOBAHUA

Bepkyr-ETX
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Tabmuna B.3. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

BbI6paTb 3aKOH HW3MEHEHUA

txgen frame type < constant | random >
pasmepa Kajpa

33/1aTh JIJIUTEJIbHOCTh H3Me-

txgen duration <hh.mm.ss> .
peHuit

txgen rate BBECTH TPeOyeMyIO HArPY3KH

ILneiid’

BBIODATH yPOBEHb, Ha KO-
TOPOM OyZeT MTPOUCXOIUTH
[IepeHAIPABJIEHAE TECTOBOIO
rpaduka

loopback layer < off [1]2 |3 |4 >

Ilapamerps! ceTu’

BI:IKII}O‘{I/ITI:/BKJI}O‘{I/ITI:

network dhep < off | on > dynknuro DHCP gyt nop-
Ta A
YCTaHOBUTH IP-anpec

twork ip <i.i.i.i
network 1p <1.1.1.1> ropra A

yYCTaHOBUTBHb MacCKy IIOJACEeTH

network subnet <i.i.i.i>
JIst opra A

ycrarnoBuTh [P-anpec muto3a

network gateway <i.i.i.i>
Work gateway st opra A

ycranoBuTh [P-anpec ysmia
network dns <i.i.i.i> ceTH, KOTOPBI COIEPKUT Oa-
3y DNS, s mopra A

BKJIIOYUTD / BBIKJIIOYATD
lan dhep < off | on > dbyukuuo DHCP myis nopra
LAN

'Komanner u3 paszena «Ilneiid» BCTYIAIOT B CHJIy TOJIBKO ITOCJIE€ KOMAH/IbI
settings apply uin nepesarpysku npubopa KoMan;10it reboot.

2Komanzpt u3 pa3znenos «Ilapamerpsr cetu» u «IlapameTpst mHTEphEHCOBS BCTY-
MaloT B CHJIy TOJIBKO IOCJTIe KOMaHAbI settings apply mim mepesarpysku mpubopa
KOMaHJIOi reboot.
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Komannpr ynaméHHOTO yrpaBIeHUsT

Tabmuna B.3. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

ycranoBuTh [P-agpec mopra

lan ip <i.i.i.i>
P LAN
A CTAHOBUTH MACKy IIOJICETH
lan subnet <i.i.i.i> Y y Hon
qyist mopra LAN
. craHoBuTh [P-agpec mutoza
lan gateway <i.i.i.i> 4 AP
st mopra LAN
ITapamerpbl nuarepdeiicos. Ilopt A
CTAHOBUTH KOJIMIECTBO
ifce vlan count < off | 1|2 | 3 Y
< 11213 > VLAN merok
. . . 3a/1aTh 3HAYEHUE UIeHTUdU-
ifce vlan [1-3] id <int> 8 A ®
kaTopa VLAN
. . . 3a/1aTh 3HAYEHHUE TTPUOPUTETA
ifce vlan [1-3] priority <int> & prop
Tpaduka
3ajarh [P-anpec narepdeiica
. A MapIIpPyTU3ATOPA, OCYIIECTB-
ifce mpls tx Isr <i.ii.i> PPy pa, ocym
JISIONIET0  KOMMYTAIAIO  I10
MeTKaM
BBIKJIIOUNTD/ BKJIIOUATH TIPa-
ifce mpls tx rule < off | on > BWJIO HA OTIIPABKY IIaKETOB B
I10/ICETH
ifce mpls tx subnet <i.i.i.i> zajarh [P-anpec momcern
ifce mpls tx mask <i.i.i.i> 33JaTh MacKy IIOACeTH
3a/aTh KOJIMYECTBO METOK,
ifce mpls tx stack count < off |12 |3 > KOTOpoe OymeT 100aBJIeHO B
repeaBaeMblii TakeT
ifce mpls tx stack [1-3] label <long> YCTAHOBUTDH 3HAYEHUE METKHU
. . CTAHOBUTH KJIACC ODCIIyKH-
ifce mpls tx stack [1-3] cos <int> Y e
BaHUs [TAKETA C METKOM
. . BpeMsi KU3HU [AKeTa
ifce mpls tx stack [1-3] ttl <int> P N
C MeTKOit
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Tabmuna B.3. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

ifce mpls rx count < off | 1|2 |3 >

33aTb KOJIMYECTBO METOK B
IIPUHUMAEMBbIX ITaKeTax

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

YCTaHOBUTH 3HAYCHUE METKHU

ITapamerpsl naTepdeticos. ITopr LAN

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

ycranosutb MAC-ajapec nop-
ta LAN

lan vlan count < off [ 1|23 >

BBecTu KosumdectBa VLAN
METOK

lan vlan [1-3] id < int >

YCTAHOBUTH 3HadeHue 12-
OUTHOrO  WJIEHTUPUKATOPA

VLAN

lan vlan [1-3] priority < int >

YCTaHOBUTH 3HAYEHHE IIPHO-
purera tpaduka

profile rename [n] [name]

3a/1aTh UMsT TTPOMDUIIST

profile save [n]

COXPpaHUThL  TeKyllue  Ha-
CTPOMKHI B A4YCHKY n

profile lock [n]

YCTaHOBHUTH 3aIIUTY OT 3allU-
CHU JIJIsl TYEUKU N

profile unlock [n]

OTMEHUTDH 3alATy OT 3allUCHU
TIJI1 T9efKu n

profile load [n]

3arpy3uTh TpOMUIbL HACTPO-
€K U3 SYeiKU n

profile delete [n]

VIAJIUTh MPOMUIbL HACTPOEK
U3 sTYeKUu n
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Komannpr ynaméHHOTO yrpaBIeHUsT

Tabmuna B.3. Komanapr ynanéanoro ynpasnenus (TELNET) (npodosoicerue)

profile list

0TOOpPAa3UTh CIHUCOK COXPa-
HEHHBIX TIpoduyeit B dop-
mare «index, name, data,
status», rme index — HOMEp
A49eK1, B KOTOPOII COXpaHeH
npoduib, name — UMsi MIPO-
dbuns, data — gara coxpame-
Hus, status — cocrosnue (3a-
LIMIIEH OT 3alMCH UM HET)

profile show [n]

BBIBECTH COJIEPXKUMOE  IIPO-
bussa n

O61me KOMaHIbI

exit

BBIITU U3 pexKuMa KOHUTY-
panuu

help

BBIBECTH CIHCOK JOCTYIIHBIX
KOMAaH]

time HH:MM:SS

BBECTU BpeMA

date DD-MM-YYYY

BBECTU ATy
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C. Crpyktypa Ethernet-kagpa

Destination MAC Address

Source MAC Address

Length/Type

Frame Check Sequence

Puc. C.1. Crpykrypa Ethernet-kaapa

Destination MAC Address — MAC-aapec noy4aaress. [Tose
JUIMHOR 6 AT, COmEPKUT aJpec y3Jja CeTH, KOTOPOMY IIpeaHasHAuYeH
KaJIp.

Source MAC Address — MAC-anpec ornpasuress. lose mm-
HOiT 6 OaliT, CONEPKUT AJIPEC OTIPABUTEIST KAJIPA.

Length/Type — ynuua/Tun. Ioae conepxur 16-6urosoe 1esoe
YUCJIO U IPUHUMAET OJHO U3 ABYX 3HAUCHMIA:

— €CJIM YHCJI0, 3allUCAHHOEe B 3TOM I0Jje, MeHbIe i paBao 1500,
To moJie puanMaeT 3Hadenne Length (Jduymua) u onpesenser
JUINHY II0JId JTaHHBIX;

— ecJ/Iu 3HaYeHNne, 3aIMMNCAHHOe B 9TOM I10JIe, D0JIbIIe mii paBHo 1536,
To nojie npunumaer 3uadenue Type (Twum) u ykasbisaer Tumn
HCIO/Ib3YEMOTO ITPOTOKOJIA.

Data — noJsie janHbIxX, MOXKeT cojep:kaTh oT 46 wim 42 (B ciyuae,
koryia kajp cogepkut VLAN-merky) mo 1500 Gaiir.

Pad — Padding (noste 3anosnenust). Ecyin moJte JaHHBIX MMeeT Jiu-
Hy Menee 46 6aiiT, TO KaJIp JIOMOJTHSIETCS OJIEM 3AII0JIHEHUS 10 MUHU-
MaJIbHO BO3MOXKHOT'O 3HavUeHus1 — 64 OaiiT.

Frame Check Sequence — Konrposbras cymma. Ilose cocrour
u3 4 GaiiT, colepKaIINX KOHTPOJIBHYIO CYMMY.
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152 Crpykrypa Ethernet-kampa

Destination MAC Address

Source MAC Address

Tag Protocol Identifier

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

Length/Type

Frame Check Sequence

Puc. C.2. Crpykrypa Ethernet-xkagpa, cogepkamero VLAN-merky

Tag Protocol Identifier — merka «UneaTndUKATOD MPOTOKOIAS.
16 6uTt, KOTOpBIE ONPEIE/ISIOT IIPUHAJJIEXKHOCTh Kajpa K CTaHIapTy
802.1Q [9].

Tag Control Information — Nudopmanus s yopaBieHns MeT-
koit. TCI comepkut Tpu moJis.

— Priority — User (VLAN) Priority. Tpu 6ura, Koropble cojepxar
nH(MOPMAIIIO O TpUOpUTETe Kajpa (BO3MOYKHO BOCEMb 3HAYEHUI
upuopurera([9])).

— CFI — Canonical Format Indicator (nuamkarop KaHOHHTECKOTO
dbopmara). OgHO6UTOBBIT (hitar, KOTOPLIi BCeryia paBeH HyJIio J1JIst
kaapoB Ethernet.

— VLAN ID — VLAN Identifier (VID). 12-6urHslii nuentnduka-
top VLAN, koropsiit onpenenén B crangapre 802.1Q [9]. Ozmno-
sHavHO ompejesser VLAN, KOTopoit TpUHAIIEHKAT Kap.
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D. Cneundunkaunm

D.1 Wurepdeiicol

Tabmuna D.1. Unrepdeiicer

IlonnepxxkuBaembie crangaptsl | I0IGBASE-SR, 10GBASE-LR, 10GBASE-ER,

XFP-moayuneit

10GBASE-SW, 10GBASE-LW, 10GBASE-EW

JocTynHble OJIMHBI BOJIH

850, 1310, 1550 1M

DuekTpuyeckue nHTepdenco LAN 10/100 Base-T

D.2 TectupoBanune

Tabnuua D.2. TectupoBanue

CkopocTs nepegaqu

10 I'6ur/c

IToanep>xuBaemsbie opma-
ThI KaJpPOB

Ethernet II, IPv4, UDP, TCP

MAC-aapec ucrounuka/nosy4qaresns, VLAN ID, npuopu-

Hacrpoiika napamerpos | rer VLAN, IP-anpec ucrounuka/nosmy4varens, none ToS,

KaapoB nosie Precedence, mose DSCP, UDP mnopr ormpasure-
Jis1/Tosty 9aTesisi, pasMepsl Kaapos 64 — 64000 Gair

MPLS Ho 3 MPLS merok Ha npuém u nepenady

VLAN Jo 3 VLAN merok

RFC 2544 IIponyckHasi CHOCOOHOCTD, 3a/Iep>KKa, IOTEPU KAJAPOB, IIpe-
IesIbHAs HATPY3Ka
QDusnyeckuil, KAaHAJIbHBINA, CETEBOIl, TPAHCIIOPTHBIN YPOBHU
TectupoBanusi. Pesynprarsr anasnmza: BITs, EBITs, BER,

BERT LSS, %LSS, LOS, %LOS. Pexxum ciry4aifHOTO U IIOCTOSTHHO-

ro pasmepa kajapa. Tecroseie nocienoBarenabaoctn: CRTP,
2ell-1, 2el5-1, 2e20-1, 2e23-1, 2e29-1, 2e31-1, 3amaBaemas
nosib3oBareseM (4 Gaiira)

Bepkyr-ETX. PykoBoncrso mo

KCILIyaTaIun
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Cuernudukanum

Tabuuma D.2. TecrupoBauue (npodoastcerue)

ITakeTHBI AXKUTTEP

Pesysnbrarer anammza: PKTs, OOOPs, INOPs, %OO0O0Ps,
%INOPS, KOJIMYeCTBO MAaKETOB, JXKUTTEP KOTOPBIX ObLI
Menbine (6oJble) 3aJaHHOrO mopora. PexxuM cirydaitHoro
¥ MOCTOSTHHOT'O pa3Mepa Kaapa

CuoxxHbIll Tpaduk

Ho 10 mOTOKOB HAHHBIX C UHAUBHUAYAJILHON HAIPY3KOH U
3aroJIOBKOM KaJpa. 1loTepu KaapoB It KaXKJOro ITOTOKA;
IIMPUHA II0JIOCHI IIPOIyCKaHMsl, pacCUUTaHHAs IO Pe3yJib-
TaTaM TeCTHPOBaHUs. TeKyIas, MUHUMAJIbHAS, CPDEIHAST 1
MaKCHMaJIbHas 3aJiep2KKa Iepefatin JaHHbIX. KosnaecTBo
nepeJaHHbIX U IPUHSATHIX MAKeTOB JJIS KaXKJI0ro IMOTOKa

Craructuka (RFC 2819)

ITo Tunmam kaapoB, Mo pasmepaM KaJpoB, IO YPOBHSM, IO
omubouHbIM KagpaMm. KoIu4ecTBO NPUHATHIX U MEPEaH-
HBIX [IAKETOB, 0TOOparkeHWe Harpy3KH Ha IIOPTY B peajlb-
HoMm Bpemenu. Tumnbl KajipoB: broadcast, multicast, unicast.
Ilakersr cBepxmadoit (runt), ceepx6osbmmoii (jabber) mym-
Hbl. KOoIim4ecTBO KaIpoB, NepelaHHbIX HAa KAHAJIBHOM U Ce-
TeBOM ypoBHsiX. [IposBepka mo CRC, runt, jabber

DNS

Omnpenenenne IP-anpeca ceTeBoro ycrpoiicTBa 110 U3BECTHO-
My JOMEHHOMY MMEHU

MapiupyT

Onpepnenenne MapuipyToOB CIEIOBAHNS JAHHBIX B CETAX HA

ocuose TCP /IP

dxo-3ampoc

MunuMasbpHOe, cpeliHee, MaKCUMAaJbHOE BPpEMs MEXKJy OT-
IPaBKoOIl 3aIpoca u moJiyeHneM orsera. KommdaecTso nepe-
JAHHBIX, INPUHATBIX, IOTEPAHHBIX U IIOBTOPHBIX IIAKETOB.
KosinaecTBo maxerToB, [jisi KOTOPBIX BpPEMs OTBETa OBLIO
MIPEBBIIIEHO

Mouurop ARP-3anpocos

Bosmoxkuocts orciexkusars ARP-oTBers, nepeparomuecs
B CETH W <II€PEXBATHIBATH» COMeprKammecss B Hux IP- m
MAC-aapeca ceTeBbIX yCTPONCTB

TCP-kauent

Vcranoska TCP-coenunenust ¢ yJAJIéHHBIM — CETEBBIM
ycTpoiicTBoM, ymnpasienue no nporoxkony TELNET, Bos-
moxkHocTh ornpasku HTTP GET-zanpoca

Ilneiid (Loopback)

Vpoeuu: dusndeckuii, kaHaabHbIA ¢ nopmepxkkoii VLAN,
CeTeBOli, TPAHCIIOPTHBINA

ET-obHapy>keHue

Bkunouenne pexuma «Illieitd» Ha ymaséHHOM TecTepe-
anasmsarope Bepkyr-ETX, Bepkyr-ET wumau ycrpoiicrse
obpazoBanus nuieiida Bepkyr-ETL

OAM

Bkunouenne pexuma «Illeiib» KaHaJIbHOrO ypOBHSI Ha
yaajéHHoMm ycrpoiictBe 1o nporokoiny OAM B coorser-
crBum co craggaproM IEEE 802.3ah

Bepkyr-ETX. PykoBojicTBO 110 3KCIIyaTaimu
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Tabuuma D.2. TecrupoBauue (npodoastcerue)

VYupassieHre npuGOpPOM B PEXKHMME TEPMUHAJA, 110 IIPOTOKO-
ay TELNET, gepes WWW-unrepdeiic. Beinosnenue te-
CTOB, HACTPOIKa IapaMeTPOB, MOJIyIeHNE PE3YILTATOB H3-
MepeHUit

VYaanéuHoe ynpaBJjieHue

Bepkyr-ETX. PykoBojicTBO 110 3KCILIyaTanuu
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Cuernudukanum

D.3 O6wue xapakTepucTmkm

Tabmuna D.3. Ob6imue XxapaKTepuCTUKA

Pusnyeckue napaMeTrpsl

T'aGapuTHble pasmMepbl U3MEPUTEJIBLHOro 6JiOKa
(BXIIIXT)

200x101x59 MM

Macca nsmepuresibHOro 6J10Ka 0,940 kr
VYciioBus 3KCIJIyaTaluu

Juana3zon pabouux remMoeparyp 5-25°C

JunanasoH TeMieparyp TPaHCHOPTUPOBKH U 0-45°C

XpaHeHUus1

OTHOCUTEJIbHASI BJIA>XHOCTb BO3aAyXa

40-90 %, 6e3 KoHmeHcara

DieKTponuTaHue

BuemuHuii 610K nuTaHus

Wmnynsensnii (19B, 2,1 A)

Hamnpsi>keHue BHENIHEro MCTOYHUKA IMUTAHUS 15-19B
ITorpebasiemMbIil TOK 20A
7 NiMH sjiemeHTOB, COEIMHEHHBIX
TIOCJIEIOBATEIBLHO. Homunanbuoe
AkkKymynsitTopHasi 6aTapes
Hanpsizkenune Oarapen — 8,4B,

émkocTb — 4500 MA X 4.

DJjIeMeHTBI 3alUThHI I1O JIEKTPOIIUTAHUIO

Tupucroprasi 3amura OT IEpeHa-
Ops>KeHn i

Bayrpennuii npenoxpanuress 7 A

Bpemsi aBTOHOMHOII paboThI
OJIb30BAHUM)

(npu  oGBIYHOM

1-2 uaca (B 3aBUCHMOCTH OT THIIA
ncnonbyemoro XFP-mozyss)

Bpems# 3apsaaku akKyMYJISITOPOB

He boJiee 5 YacoB

CpoK ci1y>k06bl aKKYMYJISITOPOB

500 1UKJIOB «3apsij-pa3psiigy

dpyroe
. IlBernoii rpaduueckuit gucHieit
Huenaett 320%240 Touek
Bepkyr-ETX. PykoBojicTBO 110 3KCIIyaTaimu
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Tabauna D.3. O6iue XapakTepUCTUKE (Npodoadicerue)

Kanasuarypa 25 KJIaBHUII

A3piku Pycckuit, anrnnitckuit

Bepkyr-ETX. PykoBojicTBO 110 3KCILIyaTanuu
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Cuernudukanum

D.4 Onuun noctaBku

Tabnauna D.4. Onnun nocraBku

XJT Wsmepenus nmakernoro mxurrepa 10GE.
Pesynbrars: usmepenns: PKTs, OOOPs, INOPs, %O00Ps, %INOPs,
KOJIMYECTBO [AKETOB, JPKUTTEP KOTOPBIX MeHblle (GOoJIbllle) 3a1aHHO-
ro nopora. Pexum ciyuaiinoro (ot 64 mo 9600 GaifT) 1 mMOCTOSHHOTO
pasmepa KaJpoB.

XXMM Mmuoronorouynoe tecruposanue (Mysaprucrpum) 10GE.
Pexnm «Crnoxkublii Tpaduks»: 10 10 TOTOKOB JIAHHBIX C WH/UBHJLYAJb-
HOW HArpy3KOH W 3arojioBKOM Kajpa. LloTepu KaJpoB il KarKJI0ro
MOTOKA; MIMPUHA TOJIOCHI MPOIYCKAHUsI, PACCIUTAHHAS TIO Pe3yJIbTa-
TaM TeCTUpOBaHusl. Tekylas, MUHUMAIbHAS, CDEIHSAST ¥ MaKCUMAJTb-
Hasl 3aJIePyKKa Iepeiadn JaHHbIX. KoM4ecTBO epelaHHbIX U TIPUHS-
TBIX MAKETOB JJIs KasKJOTO MOTOKA.

XMPLS | Iunarasocruka MPLS 10GE.
o 3 MPLS merox Ha npuém u nepejady.

XIP Huarnocruka cereii TCP/IP: DNS lookup, ARP, TCP client,
traceroute, http-get.
Ceresbie uncrpyments: DNS lookup, ARP, TCP client, traceroute,
http-get: puarHocTUKa JOCTYITHOCTH OCHOBHBIX ITPOTOKOJIOB U CIIYKO.

XRC Ynanennoe yupasnenne (Remote Control).

Jucrannuonnoe  ynpaBjeHne  IpubOpOM  IOCPEJCTBOM — WWW-
nuTepdeiica UM 1Mo IpoToKoJy telnet.

Bepkyr-ETX. PykoBojicTBO 110 3KCIIyaTaimu
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E. YcTpaHeHne

HencnpasHOCTEN

Tabsua E.1. BoamoxkHbIe HemcpaBHOCTH

XapakKTepHbie BozMmorkHast npuinHa Meton ycrpaneHus
OpPU3HAKA
HEUCIIPABHOCTU
Hekoppektnoe cucrem- | Bouta Hakata KHOIKA | YCTAaHOBUTH CUCTEMHOE BPEMsI

HOe BpeMs

arnmaparTHoro copoca

IIpubop He BKIIOUAETCS

Paspspokena  akkymysis-
TOpHasi baTapest

BkirounTs BHENTHUNT MCTOYHUK
MIUTAHU, 3aPAIUTh 6aTapero

C6oit mporpaMMbI

TOHKMM TymIbIM CTEPXKHEM Ha-
2KaTh KHOIIKY aIlllapaTHOro cOpo-
ca 4epe3 OTBEpCTHE Ha OOKOBOI
MaHeJ I KOpILyca Ipubopa

He wnpoucxomur 3apsan
barTapeun
OJI0Ka TUTAHUS

OT BHEIIHEro

Hewucnpasen 60k mwura-
HUsI, OOPBIB B IIITEKEpE,
[OBpeXK ieHa HaTapest

IIpoBeputsr W mpm HEOOXOIUMO-
CTH 3aMEHHMTH OJIOK IMUTaHus, Oa-
Tapero

B cityuae, eciiu He yaérest caMOCTOSTEIBHO YCTPAHUTD OOHADY 2KEH-

HYIO HEHUCIIPABHOCTH TECTEPA, CJIEAyeT OOPATUTHCA B CIyKOy TeXHUYIe-
CKOM TOJJIEPKKH 10 aJIPecy:

000 «HTH-Merporek»

127322, Mocksa,

yit. fl6soukoBa, 1. 21, Kopir. 3
Tem.: (495) 961-0071, (812) 340-0118

www.metrotek.ru

www.metrotek.spb.ru

[Tpu obparennu HEOOXOAUMO YKA3aTh CJAEAYIONLYI0 UH(MOPMAIINIO:

HauMEHOBaHUe TPUOOPa, 3aBOJICKOH HOMED U OIUCAHUE MPOOJIEMBI.

Bepkyr-ETX. PykoBojicTBO 110 3KCILIyaTanuu
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F. TexHuueckoe obcny>xuBaHue Tectepa

Texaumaeckoe obcitykuBanue recrepa-anaaunzaropa bepkyr-ETX cBo-
JUTCS K TEPUOIUIECKOMY BHEITHEMY OCMOTPY TecTepa, OJI0Ka MuTa-
HUsI U KabeJiell ¢ MEeJIbI0 COJIEpyKaHUsl B MCIIPABHOM U YUCTOM COCTO-
JHUM, a TaKXKe IEPUOAMIECKOMY 3apsily aKKyMyJsSTOpHOI Oarapen
(cm. pasmen F.1).

F.1 Tpouepypa 3apsiga akkymynaTopHoii baTapeu

st 3apsiia akKy MyJIITOPHOM HaTapen HeOOXOINMO BLITTOJIHATD CJIe-
JIyIOIIue AeiCTBUS.

1. IopkaounTh BHEITHUN 6JIOK IUTAHUS.

2. ¥YbeauThcst, YTO 3apsi HAYAJICA — CBETOAMOIHBIN WHIUKATOD,
PaCIOJIOYKEHHBII B HIXKHEH 9acTh repegHeil manem Kopiryca mpu-
06opa, MUTAET 3eJIEHBIM.

3. Ecim moamkaTop MOCTOSTHHO TOPHUT 3€J€HBIM — 3apsiji OKOHYEH
WA TeMIlepaTypa akKyMyJsiTopa mnpesbiimaer 65°C, u 3apsi mpu-
OCTAHOBJIEH JI0 OXJIAKJIEHNA aKKyMyssaTopa. Ilocie oxmakeHust
AKKYMYJIATOPA, IIPU IOMOIIY BEHTUJISITOPA, 3apsi aBTOMATUYECKU
BO30OHOBUTCSI.

4. Jljist KOHTPOJIS CTEIIEHH 3aPsia aKKYMYJISITOPa HeOOX0IUMO BKJIIO-
9UTH TPUOOP, OTKIIOYATH OJIOK MATAHUS U 9epe3 2 MUHYTBI IIPO-
BEpUTH 3HAYEHHE HAIIPSXKEHHWS aKKyMy/IsiTOpa B MEHIO «YCTa-
HOBKHU TpHOOpay = «AKKyMyJsiTOp». Ecau HalpsiKeHne IIpeBbI-
maer 9,8 B — akKyMyIsITOp 3apsi?KeH, eC/Ii HAIIPSXKEHNe MEHbIIe
9,8 B — 3apsij1 ObLT IPUOCTAHOBJIEH JI0 OXJIAXKICHUS aKKyMYJISITOPA.

Bpewmsi, Tpebyemoe tst 3apsija aKKyMyJIsITOPHOI OaTtapen, cOCTas-
JIET OKOJIO b 9yacoB. PekoMeHnmyeMasi TeMiieparypa B IOMEIIEHUN B IIPO-

riecce 3apsiyga ot 15°C mo 25°C. Ilpu Gosiblmeit TeMiepaType MOXKET 10~
TpeboBaTLCA OOJIbIIICe BpeMs IJId 3apaa aKKyMy/IaTOPHON 6aTapen.

B nanbreiinem HEOOXOIUMO 3apsizKaTh aKKyMYJIITOPHYIO DaTapero:

— IIpU YaCTUYHOM pa3ps/ie B IIPOIECCE IKCILIyaTAIlUN aHAIU3aTOPA;
— IIpU TOJHOM Pa3psijie;

Bepkyr-ETX. PykoBojicTBO 110 3KCILIyaTanuu
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— eCJ/IH TecTep He UCIOJb30BaJjics DoJibiiie 1 MecsIa.

ITpumeuvarue: neped nepsvim KA0UEHUEM NPUOOPA AKKY-
MYAANOPHYIO bamaperd HeobroduMo NoAHOCMBIO 3aPAadums,
NnooKAIOYUUS 8HEWHUTT BA0K NUMAHUSA.

ITpumeuarue: 3amena aKKYMYaamopHol bamapeu npous-
800UMCSA MOALKO HA NPEINPUAMUU-U320MOB8UMENe, YKA3AH-
HoMm 8 pa3dene «Ilacnopm» nacmosaulezo pyxosodcmea no IKc-
NAYAMAUUY.
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G. Noccapwii

ITopt
Pusnaeckuit maTEpdEC C TECTUPYEMOIT CPeIoii.

10BASE-T
Cranzapr mepejadn JIaHHBIX €O cKopocThbio 10 Méur/c mo cern
Ethernet ¢ ucronb3oBanneM Kabesist TUTIA «BUTAs [Iapas.

100BASE-T (100BASE-TX)
Crapgapr mepemadn JaHHBIX co ckopoctbio 100 M6ur/c mo cern
Ethernet ¢ ucnosb3oBanneM KabeJsist TUIIA «BUTAs [Iapas.

10GBASE-T
Cranzapr nepejadn JAaHHBIX €O ckopocTbio 10 I'6ur/c mo cern
Gigabit Ethernet ¢ ucnosib3oBanunem Kabejist TUIIA «BUTasl Iapas.

Back-to-back
[Ipenenvuast narpyska. TecT, onpee/igroniuil BpeMsi, B TeUeHUEe KO-
TOPOIr'0 YCTPOMCTBO CIIPABIAETCA ¢ MAKCUMAJIBHON HAIPY3KOI.

AF
Assured Forwarding (rapanTupoBannast nepenada). Mcmonbsyercs
Jutst joctaBku Tpaduka OosbmuacTBa TCP-tipusioxkenuit ¢ npu-
MEeHEeHMeM dYeThIpEX HezaBucuMbix AF-kmaccoB. BHyTpu kaxmgoro
kiacca [P-makery mMoxkeT OBITH HA3HAYUEH ONUH U3 TPEX IMPUOPUTE-
TOB OTOpachBaHus akera JanHbix (cM. Meronunky RFC 2597 [10]).

ARP
Address Resolution Protocol (porokos paspemienus ajpecos). Ce-
TeBOI TPOTOKOJI, IpeIHA3HAYEHHBIH /17151 mpeobpa3oBanust IP-aapecos
(ampecos cereBoro ypoasi) B MAC-ajpeca (ajpeca KaHAJIBHOTO
yposusi) B cersix TCP /IP, onpenenén B RFC 826 [8].

DHCP
Dynamic Host Configuration Protocol (mportokos mumaammtdeckoit
koHbuUrypanun ysua ceru). IIpoToko, UCIOIb3yeMblii Y3I0M CeTu
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JUIST aBTOMATUIECKOTO TIoJTy deHust [P-agpeca u 1pyrux mapaMerpos,
HEeOoOXOIMMBbIX it paborer B cersix TCP /IP.

DNS
Domain Name System (cucrema jgomenbIx nméH). Pacupenesnén-
Has cucreMa (6a3a JaHHBIX), KOTOpasi UCHOJIB3YeTCs JIIs Ipeobpa-

30BaHUs UMEHU ceTeBoro ycrpoiicrea B [P-ajgpec. DNS paboraer B
cerax TCP/IP.

DSCP
Differentiated Services Code Point. Ilose B 3arosioBke IP-mmakera,
cocrositiiee u3 8 6ut. IlozBossgeT knaccudunupoBaTh 60JIbIIE BUIOB
rpacduka, gem nossa Precedence m ToS.

DUT

Device Under Test. Tectupyemoe ycTpoiicTBo.

ECN
Explicit Congestion Notification (siBHOe yBejoMIIeHHE O THIEperpy-
JKEHHOCTH ). YCTAHOBKA OUT JAHHOTO OJIS TA€T BO3SMOXKHOCTH MapIIl-
pyTH3aTOpaM y3HATHL O BOBHUKHOBEHHUU IEPErPYKEHHOCTH Ha Iy TH

CJICJIOBAHNS JIAHHBIX K 33 JAHHOMY Y3J1y CeTH 6e3 OTOpaChIBAHNUS [1a-
kera. [Tose ECN onmcano B meronuke RFC 3168 [12].

EF
Expedited Forwarding (mememiennast nepenada). [lpumensiercst st
o0C/Ty)KUBaHUsT TpaduKa, TYBCTBUTEILHOTO K 3aJep:KKaM U Tpe-

OyIOIero MUHIMA/ILHOTO JZKHTTEPA, TAKOr0, KaK BUJIEO WA Pedb
(Voice over IP — VoIP).

Ethernet
TexwostorMsT TOCTPOEHUST JIOKATBHBIX ceTeil. OIUChIBAETCS CTAHIAP-
tamu IEEE rpynmer 802.3.

Frame loss rate
YpoBeHb OTEPH KaJpOB. TecT, OmpeesIsionnil IPoIeHT KaJIpoB,
KOTOPBIE He ObLIN IepeJaHbl CeTEBLIM 3JIEMEHTOM IIPU IIOCTOSTHHOM
HarpysKe M3-3a HEJIOCTATKa allllapaTHBIX PECYPCOB.

Bepkyr-ETX. PykoBojicTBO 110 3KCIIyaTauu
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FTP
File Transfer Protocol (uporokos mepemaun daiisos). IIporoko,
[pelHa3HAYeHHbBIA I nepeaadn GpailjioB B KOMILIOTEPHBIX CETSIX.

Gateway
[MLnro3. CereBoe yCTPOICTBO, MO3BOJISIONIEE COEAUHUTD MEXKY CO-
6oit 1Be mu 6ojiee Pa3HOTHUITHBIE CETEBBIE CUCTEMBI U IIpeodpasyio-
mee nHGOPMAIMOHHLIE IIOTOKH, IIePEIAIOIMecs MeXK/ILy HUMU.

ICMP
Internet Control Message Protocol (poTokosi MezkceTeBbIX ypas-
JIAIOIIX coo6meHHﬁ). CeTeBoit TPOTOKOJI, BXOISAIINI B CTEK IIPOTO-
kosioB TCP/IP. B ocHOBHOM HCIIOJIb3YeTCsT ISl TIepeiadu COODIIe-
Huit 00 omubKax W JAPYTUX UCKIIOIUTEIHHBIX CATYaIldsIX, BOSHUK-
MUX [IPU TIepegade JTaHHbIX.

IEEE 802.1Q
CraHmapT, KOTOPBII OIpejiesisieT U3MEeHEeHUsI B CTPYKType KaJpa
Ethernet, mozsossiomnue mepegasatsh unpopmannio o VLAN mo

CETH.

P
Internet Protocol (nmporokos Internet). Oaus u3 0OCHOBHBIX HPOTO-
kosioB cemeiicrBa TCP /1P, obecrieunBaer HerapaHTHPOBAHHYIO JI0-
CTaBKYy I[1AKETOB, He TPEOYIONIYIO YCTAHOBKU COEJMHEHUS C HOJIyYa-
TeJIEM.

IP address

Internet Protocol address. Yuukasnbubiii ujgentudukarop (ajapec)
yCTPOHCTBA, TOAKIIOUEHHOTO K 0ObheJMHEHHON CeTH Ha OCHOBE Ce-
meiicrBa nporokosiop TCP/IP. Ilpexcrasisier coboii 32-6urosoe
JIBONIHOE YUCJIO.

Jabber-dpeiim
ITaker maHHBIX paszMepom Oojee 1518 GaitT, uMerOINil HEIPABUIb-
HYIO KOHTPOJILHYIO CYyMMY.

LAN

Local Area Network (nokasbhast cerb). CeTb, KOTOpasi IOKPBHIBAET
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OTHOCUTEJILHO HEGOJIBIILY IO TeppuTOpuio (Harpumep, cerb Ethernet).
XapakTepusyeTcst BBICOKOW CKOPOCTBIO Tepejadn JaHubix (or 10
M6wur/c no Heckonbkux ['6ur/c) u HeGosbIuM KO3 dUIIEHTOM
OIubOK.

MAC address
Media Access Control address. Y HUKaJIbHBIN HIEHTU(HUKATOP, KOTO-
PBIil UCTIOTB3YETCST JJTsT aPeCcalrini yeTpoicTB ceTn Ha (pU3MIECKOM
ypoeHe. B ceru Ethernet ucnonbsyercst 48-6urosniii MAC-apec.

MPLS
Multi-Protocol Label Switching (MyabTunpoTOKOIbHAST KOMMYTa~
st 1o Merkam). Texuosorusi nepecbuiku [P-geiitarpamm, KOTO-
pas UCIIOJIb3yeTCs B BBICOKOCKOPOCTHBIX KOMMYTHUPYIOIINX yCTPOH-
CTBax.

NUT
Network Under Test. Tectrupyemasi ceTb.

OAM
Operations, Administration, and Maintenance (sxcruryaranus, aJ-
MUHUCTpUpOBaHue u obciyzxkusanue). [IpoTokos MOHHTOpUHTA CO-
CTOdHUA KaHaJla.

OSI

Open Systems Interconnection Reference Model (sranonnasi mo-
JIeJIb B3aMMO/JICHCTBUSI OTKPBITHIX cucreM). Paspaborannas Mex-
JlyHapO/IHOM opranuszaimeii o crangaprusanuu (ISO) cemuyposHe-
Basl MEPAPXUIECKasi MOJIE/Ib JIsi CETEBBIX KOMMYHUKAIUH U CBSI3H
CEeTeBbIX IIPOTOKOJIOB. ypOBHI/I MO/IeJIn PacCIIOJIO?KEHbI BEPTHUKAJIBHO
JIPYT HaJI JPYTOM, KazK/blil yPOBEHDb B3aNMOJIEHCTBYET C COCETHIMNI
U BBITIOJIHAET OIPEIe/ICHHbIC (DYHKITIN.

RJ
Registered Jack. CranmaprusnpoBaHHbIil (husnIecKuii mHTEPdEIiC,
UCIOJIL3YEMBbIl IJIsi COeJIMHEHUST TEJIEKOMMYHUKAIIMOHHOTO 000PYy-
JIOBAHWUSI.
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RJ-45
Onwuu u3 paswémon crargapra Registered Jack, ucmosnbsyercst B ce-
Tax Ethernet mis coemuuenust BUTBIX mHap.

Runt-dpeiim
[TakeT maHHBIX JIMHON MeHee 64 GaiiT ¢ MpPaBUIBHON KOHTPOJIBHOM
OCJI€J0BATEbHOCTDIO.

SLA
Service Level Agreement. OCHOBHOI JOKYMEHT, perjaMeHTHPYIO-
MU B3AaNMOOTHOIIIEHUST MEXKTY ITOCTABITUKOM YCJIYTH U KJIUEHTOM.

TCP
Transmission Control Protocol (mporokos yrnpasienust nepejadqeit).
CraHmapTHBIN TPOTOKOJI TPAHCIIOPTHOTO YPOBHSI, BXOJAININNA B Ce-
meiicTBo poTokosioB TCP /TP u obecrieunsaromuii HaIEKHy0 Ty 1I-
JIEKCHYTO MTOTOKOBYIO IE€peady JaHHbIX.

Throughput
[Iponyckuasi criocobrocTb. Tect, oInpeessionuii MaKCUMaJIbHY 0
CKOPOCTh, Ha KOTOPOH KOJIMIECTBO TECTUPYIOMINX KAJIPOB, MIPOIIEI-
mux depe3 DUT, paBHO KoindecTBY KaJpOB, OTIPABIEHHBIX MY C
TECTUPYIONIEr0 000PYIOBAHNUS.

ToS
Type of Service (tun obcayxkusanust). Habop u3 4erbpéXOUTHBIX
daros B 3arojioBke [P-takera. OHu 1aioT BO3MOXKHOCTH MPUKJIA]-
HOI mporpamme, neperaonieil Janube, COOOIMUTDL CeTU TUI TPedy-
€MOT'O CETEBOI0 OOC/TY2KMUBAHMUS.

Traceroute
[Iporpamma, mpegHa3HAYMEHHAS [JIsI ONPEJIEICHUS MAPIIPYTOB CJIe-
nosanus jpanueix B cersax TCP/IP, ocnosana na nporokosne ICMP.

uUuDbP
User Datagram Protocol (ipoTokos Ho/1b30BaTeIbCKuX JIefiTarpamm).
DTO TPAHCIOPTHBIN MPOTOKOJI sl IIepeJlatin JAHHBIX B ceTsax [P,
obecrreunBaeT HEHAIEXKHYIO JIOCTABKY COODIEeHni 6e3 yCTAHOBKH CO-
€JINHEHUS] C TIOJIYIaTeJIEM.
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VLAN
Virtual Local Area Network (BupryasnbHas jokaabHast ceTb). [Ipe-
CTaBJISIET COOOI TPYIIIY CETEBLIX YCTPONCTB, KOTOPhIe (PYHKIIHOHM-
PYIOT TaK, KakK OyJTO OHU IOJIKJIIOYEHBI K OJHOMY CEIMEHTY CETH.

VLAN ID
VLAN Identifier (VID). 12-6urusbiii ugenrudukarop VLAN, koro-
poiit onpezenén B crapmapre 802.1Q [9]. OanosHadHo onpesesser
VLAN, KOTOpoii TPpUHAIIEKAT Kap.

VLAN Priority
Tpu 6uta, KoTOpble comepzKaT MHMOPMAIUIO O IIPHOPUTETE Kalpa.
Bo3MOXKHO BoceMb 3HAYEHUI IIPUOPUTETA.

KananbHbIll ypOBEHb
Data Link layer. IIpennasnatien mjist obecriedeHnss B3anMOIeHCTBUS
cereil Ha (PU3NIECKOM YPOBHE UM KOHTPOJISI 38 OIIMOKAMU, KOTOPBIE
MOI'YT BO3HUKHYTh. KaHaJIbHBII YPOBEHb MOXKET B3aUMOJIEHCTBO-
BaTb C OJHUM WU HECKOJbKUMU (PU3MIECCKUMU yPOBHSIMH, KOHTPO-
JIIPYS UX U YIPaBIAd ITUM B3aUMOJCHCTBUEM.

Obyuaromuii Kajap
Kayp, koropsiit nmeer ogunakobie MAC-ajgpeca oTmpaBuTesist 1
nosrydaresisi. Korga KoMMyTaTop moJiydaeT TaKoi KaIp, OH OT(OU/Ib-
TPOBBIBAET €r0, T.K. BBIXOJTHON MHTepdeic COBIAIAET CO BXOHBIM.
[Tpu sTom KoMMyTaTop cuutbiBaeT MAC-ajpec orpaBuTesist u 3a-
IOMHUHaEeT nHTepdeiic, ¢ KOTOPOro OH ObLI MTOJIyYeH.

CereBoii kKOMMyTaTOp
YCTpoicTBO, UCIIOIB3YyEMOE JIJTsi COSTMHEHIST HECKOJTbKUX Y3JI0B KOM-
nbioTepHoit ceTn. [lepenaér maHHbBIE HEITOCPEICTBEHHO MOy IaTEJTIO.
Paboraer Ha kanaspHOM ypoBHe Mojesn OSI.

CeTeBoii KOHIIEHTPATOP
VeTpoiicTBO, MCIOIb3yeMOe JIjIsi OObeINHEeHUs] HeCKOJbKUX y3JI0B
KOMITBIOTEpHOII ceTn. Bcee ycrpoiicTBa, MOAK/IIOUEHHBIE K IIOPTaM
KOHIIEHTPATOPA, HOJIYYal0T OJHY U Ty K€ MHMOOPMAIHIO.
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CeteBoii ypoBeHb
Network layer. IIpenunasuatien st ompejesieHusl MyTH Ieperatn
maHHbIX. OTBeYaeT 3a TPAHCIISIUIO JIOTUIECKUX aJIPECOB U UMEH B
dbusndeckue, onpegeaeHne KpaTIaflimX MapIIipyTOB, KOMMY TAITHIO
U MapPIIPYTU3AINIO, OTCICKUBAHUE HETOIAIOK B CETH.

TpaHcnopTHBII YPOBEHB
Transport layer. ObecrieunBaeT HaJEXKHYIO TPAHCIIOPTUPOBKY TTaKe-
TOB MEXK/Iy AByMs KOHEUHBIMEU TOUKaMu cetu. HecMoTpst Ha TO, 9TO
IIPOTOKOJIbI HUKHEI'O YPOBHS NPOBEPSIOT IPABUJIbHOCTH BbLIIIOJIHE-
HHUS KaXKJIOH omepaluy Mpu Iepejade JaHHBIX, Ha3HaAYEHUE ITOTO
YPOBHS COCTOUT B JIONOJIHUTEIbHOM IPOBEPKE MPABUIBHOCTHU Iiepe-
JTaBaeMbIX JIAHHBIX.

PusuyeckKnii ypoBeHb
Physical layer. [Ipeqnasnaden HemmocpeacTBEHHO i TePeIatn 1o-
TOKa JaHHBIX. OQCyIIECTBIISIET epeaady JIEKTPUIECKUX UJIU OITH-
YeCKUX CUTHAJOB B KaDEJIb U UX IMPUEM U peoOpa30BaHUE B OUTHI
JIAHHBIX B COOTBETCTBUU C METOJIAMU KOJUPOBAHUS ITU(PPOBLIX CUT-
HaJIOB.

Bepkyr-ETX. PykoBojicTBO 110 3KCILIyaTanuu



170

Bepkyr-ETX. PykoBojicTBO 110 3KCIIyaTanuu



171

JlntepaTypa

[1] RFC 791, Postel, J., «Internet Protocols, DARPA, September 1981.

[2] RFC 1349, Almquist, P., «Type of Service in the Internet Protocol
Suitey, July 1992.

[3] RFC 2544, «Benchmarking Methodology for Network Interconnect
Devices», S. Bradner and J. McQuaid, March 1999.

[4] RFC 2819, «Remote Network Monitoring Management Information
Base», S. Waldbusser, May 2000.

[5] RFC 4689, «Terminology for Benchmarking Network-layer Traffic
Control Mechanisms», S. Poretsky, October 2006.

[6] ITU-T O.150 (05/96), «General requirements for instrumentation
for perfomance measurements on digital transmission equipments.

[7] IEEE 802.3ah, «Ethernet in the First Mile Task Forces.

[8] RFC 826, «Ethernet Address Resolution Protocol or converting
network protocol addresses to 48.bit Ethernet address for
transmission on Ethernet hardware», David C. Plummer, November
1982.

[9] IEEE Std 802.1Q, IEEE Standard for Local and metropolitan area
networks — Virtual Bridged Local Area Networks.

[10] RFC 2597, «Assured Forwarding PHB Group», J. Heinanen, F.
Baker, W. Weiss, J. Wroclawski, June 1999.

[11] RFC 2598, «An Expedited Forwarding PHB», V. Jacobson, K.
Nichols, K. Poduri, June 1999.

[12] RFC 3168, «The Addition of Explicit Congestion Notification
(ECN) to IP», K. Ramakrishnan, S. Floyd, D. Black, September 2001.

Bepkyr-ETX. PykoBojicTBO 110 3KCILTyaTanuu



172

[MpeameTHbIN yka3aTenb

BERT, 75

DNS lookup, 69

Ping, 63

Traceroute, 66
IlzxurTep, 83
Sazepxkka, 22
Meromuka RFC 2544, 21

[TapameTpnl

back-to-back, 38

latency, 36

throughput, 35

IOTepu KaJapos, 37
[Ipenenbuas narpyska, 24
[Tpomyckuast ciocobHOCTD, 21

PesynbraTor anaanza
3a/IepKKa PaCIPOCTPAHEHUS,
42
npeebHas HArpy3Ka, 44
MIPOITyCKHAs CIIOCOOHOCTD, 41
YPOBEHbB IIOTEPb KAJIPOB, 43

Coxpanenue pe3ybraToB, 95
Crarucruka
10 OMUOOIHBIM Kaapam, 93

110 pa3MepaMm KaJIpoB, 92
10 TUIAM KaJpoB, 92
110 ypoBHAM, 93
cBojiHAsA, 91
Crpykrypa Ethernet-kaypa, 149
CxeMbl OAKII0UeHUsT, 27

YpoBeHb moTeph Kagapos, 23
Ycranosku rpudopa, 103

lneitd, 53

Bepkyr-ETX. PykoBojicTBO 110 3KCIIyaTanuu



	Общие сведения
	Область применения
	Основные возможности

	Комплект поставки
	Условные обозначения и сокращения
	Меры безопасности
	Общие указания
	Электропитание
	Лазер

	Описание прибора
	Лицевая панель
	Клавиатура
	Светодиодные индикаторы лицевой панели
	Строка статуса
	Внешние разъёмы
	Структура управляющего меню

	Методика RFC 2544
	Анализ пропускной способности
	Анализ задержки
	Анализ уровня потерь кадров
	Анализ предельной нагрузки

	RFC 2544. Подготовка к проведению анализа
	Схемы подключения прибора
	Основные параметры заголовка
	Дополнительные параметры заголовка
	Настройка VLAN
	Настройка MPLS

	Выбор размера кадра
	Настройка параметров тестов
	Параметры теста <<Пропускная способность>>
	Параметры теста <<Задержка>>
	Параметры теста <<Потери кадров>>
	Параметры теста <<Предельная нагрузка>>
	Дополнительные настройки


	RFC 2544. Проведение анализа
	Пропускная способность. Результаты анализа
	Задержка распространения. Результаты анализа
	Уровень потерь кадров. Результаты анализа
	Предельная нагрузка. Результаты анализа
	Сохранение результатов измерений

	Сложный трафик
	Сложный трафик. Настройка MPLS

	Шлейф
	OAM
	ET-обнаружение
	Тесты TCP/IP
	Эхо-запрос (Ping)
	Маршрут (Traceroute)
	DNS (DNS lookup)
	Монитор ARP-запросов
	TCP клиент

	BERT
	BERT. Настройка MPLS
	Варианты подключения

	Пакетный джиттер
	Генератор трафика

	Статистика
	Сводная статистика
	Статистика по типам кадров
	Статистика по размерам кадров
	Статистика по уровням
	Статистика: ошибки кадров

	Сохранение результатов тестов и статистики
	Параметры сети
	Параметры интерфейсов
	Установки прибора
	Настройка дисплея
	Основные настройки
	Информация
	Информация об XFP
	Аккумулятор
	Температура
	Управление опциями

	Профили
	Протоколирование событий
	Удалённое управление
	Обновление версий ПО прибора
	Подключение к ПК по интерфейсу USB
	Удалённое управление по протоколу TELNET
	Удалённое управление через WWW-интерфейс
	Получение моментальных снимков экрана

	Справочные таблицы
	Команды удалённого управления
	Структура Ethernet-кадра
	Спецификации
	Интерфейсы
	Тестирование
	Общие характеристики
	Опции поставки

	Устранение неисправностей
	Техническое обслуживание тестера
	Процедура заряда аккумуляторной батареи

	Глоссарий
	Литература

