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1. OBIIIUE CBEAEHUHA

Tecrep-anaymszarop Ethernet/Gigabit Ethernet Bepkyr-ET (zanee —
upubop, TecTep) NpeIHA3HAYEH JJisl IPOBEICHUS AHAIU3A U JIMATHOCTUIECKOTO
TecTUpOBaHus cereBoro obopynoBanus 110 Meroguke RFC 2544 [B], ayis onen-
KW COCTOSTHUST Kabesist, KOHTPOJI CBA3HOCTH KaHaJja. B mpubope peaan3oBaHa
BO3MO2KHOCTD OpraHu3anuu nureiida, a Takyke oIy IeHns] CTATUCTUKA II0 [IPU-
HUMaeMOMY U IIepejlaBaeMOMy TPaUKYy.

[Tpubop BepkyT-ET obecrieunBaer BBIIOJIHEHNE CIELYIOMMUX (DYHKITUIA.

e Tenepanusi/anamus tpaduka #a KanajsbHoM (MAC), ceresom (IP) u
TPAHCIOPTHOM yPOBHSIX.

e COop m orobparkeHue CTATUCTHIECKON MH(MOPMAIUU O PUHAMAEMO-
My ¥ IepeJaBaeMoMy Tpaduky Ha (DU3NIECKOM, KAHAJTHLHOM M CETEBOM
YPOBHSIX.

e TecTtupoBanme 1Mo METOJIUKE RFC-2544f1: Throughput (upomycknas cio-

cobuocrs), Latency (3azep:kka pacupocrpanenus Kajapos), Frame Loss

(yposenb norepb Kapos), Back-to-Back (upenesbnas Harpyska).

JnarmnocTrka HencrpaBHOCTEH Kabess.

Opraunuzanus muieiicda (Loopback) na dusnaeckom, KaHATIBHOM, CETEBOM

U TPAHCIOPTHOM YPOBHSIX.

e Brurtouenne pexuma «Ilreiid» Ha yraséHHOM pubOpE MOCPEICTBOM
nporokoa OAM.

Oupenenenne koaddunuenra 6urosbix ommbok (BERT).

e ll3mMepenue TAKETHOIO JZKUTTEPA.

Tonpo6roe onmcanue KaXKioro TeCTa IpeJCTABICHO B PA3IEIIC
p p p
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2. KOMNJIEKTAIIUA

Tabmuma 2.1. Kommaekrarus mpudbopa

Haumenosanue Koua-Bo

IMpuGop «Tecrep-ananuzarop Ethernet/Gigabit Ethernet

Bepkyr-ET» 1

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

Buok nuranusg (12 B, 1,5 A)

Kabess (220 B, 3-mo/rocHBIi )

Kabens USB

== ==

Kabess Ethernet
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3. MEPHBHI BE3OIIACHOCTU

1. Tecrep Ethernet BepkyT-ET coorBercrByer oOImM TpeboBaHmsIM 6€30-
nacnoctu 1o 'OCTy 26104.

2. Ilo crrocoby 3aImuThl 9e/I0BEKA OT MOPaKEHUs JJIEKTPUIECKIM TOKOM TeC-
Tep coorBercTByeT Kaaccy 111, a 60k nuranus — xiraccy 1 mo TOCTy
26104.

3. Ucnbrranust, HAIaKa, BBOJ, B SKCIUIYATAIINIO M IKCILIYATAINA TECTEPA
JIOJIZKHBI [IPOM3BOIUTHCS C YI€TOM TPeOOBaHMiT DE30IIACHOCTH, U3JIOZKEH-
weix B ['OCTe 12.3.019.

4. Tlpwm sxcrryaTanun TecTepa JOMKHBI BBIMOIHATLCS 00Ine TpeboBaHMUsT
MTOYKapHOI 6€30TIACHOCTH.

5. KadecrBo BO3myxa pabodeil 30HBI IPHU IKCIJIYATAINA TECTEPA JIOJIZKHO
coorBeTcTBOBaTh TpeboBanuam 'OCTa 12.1.005.

Brumanue! Bo enewHem b6a0Ke numarus mecmepa ume-
emcst onacHoe 0Asl HCU3HU HANPAAHCEHUE. 3anpeuwaemcs
akcnayamayus, 6A0Ka NUMAHUSL C NOBPEHCIEHHBIM KOPNY-
com.
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4. IIPABUJIA U YCJIOBUZ OKCIIVIVATAIINN

. Jlo magamna pabotsl ¢ TecrepoM BepkyT-ET BHEUMaTEIbHO U3yUUTE HA-
CTosiIiee PYKOBO/JICTBO 110 SKCILIyaTallil, HA3HA'UEHIe KHOIIOK KJIaBUATY-
Dbl, BHEIITHUX Pa3bEMOB U COCTABHBIX YacTeil TecTepa.

Heobxommmo obeperars Tecrep u GJIOK MUTAHUS OT YAAPOB, ITOIAIAHUST
BJIATU W IIBLIH, JJIUTEIBHOTIO BO3/IEHCTBHUS MPSIMBIX COJTHEYHBIX JIyYeil.
Ecmm TecTep monseprasicst BO3AefICTBUIO HU3KNAX TEMIIEPATYP, TO IIE€peJ
BKJIIOUEHHEM HEeOOXOJ/IMMO BBIJIEPXKATH €I0 B HOPMAJIbHBIX YCJIOBHAX HE
MeHee JIByX YacoB.

IIpu juTenpbHBIX epepbIBax B paboTe TecTepa PEKOMEHJIYeTCsl OTKJIIO-
49aTh NpubOP u OJIOK MUTAHUS OT CETH.

TecTep MOYXKeT IKCIITyaTHUPOBATHCS IIPU CJIEIYIONINX PEXKUMAX JIEKTPO-
MIATAHUS:

e or ceru 110-240 B, gacroroii 50 ', ¢ momompbio 6JI0Ka MUTAHUSI,
[IPU TOM IIPOUCXOUT OI3APSIIKA aKKYMYJISITOPHBIX 3JIEMEHTOB;

e Or akKyMyJaTOpHbIX j1eMenToB (NiMh, ¢ HoMUHAIBHBIM HApsIZKe-
ureM 4,8 B u emkoctsio 4300 MAuq).

3apsi| aKKyMYyJISITOPOB aBTOMATHIECKU BKJIFOUAETCSI DU [TOKTFOYEHUH
OJT0Ka TTUTAHUSI.

Bpewmst mostHOTO 3apsiia aKKyMyJISATOPHBIX 3JIEMEHTOB OT BHEIITHETrO 0JI0-
Ka MUTAHWs [P HOPMAJIBHBIX KJINMATHYECKUX YCJIOBHAX — He OoJiee
12 gacos. Ilociie mosiHOrO 3apsifia AKKYMYJISSTOPHBIX 9JIEMEHTOB 3apsii-
HOE yCTPOWCTBO aBTOMATUIECKH OTKJIFOYAETCSI.

Cpok CityzKObl AKKyMYJISITODHBIX 3JIEMEHTOB 3aBHCUT OT KOJUYECTBa
[IUKJIOB «3apsii-pa3psiiy. st qaHHOrO THIA aKKYMYJISITOPHBIX 3JIEMEH-
TOB cpefHuil cpok cyK0nl — H00 MUKIOB «3apsI-pa3psany. Bpems pado-
ThI OT BHYTPEHHUX aKKyMYJISITOPHBIX 3JIEMEHTOB — He MeHee 6 dacos L.

IIpumenarue: 6 cayuae YCMaHOSKY NOAHOCTNDIO PA3PANCEH-
HOIT UAU HOBVT AKKYMYAATNODHOIT INEMEHMOE NEPED 6KAN0-
weHuem mecmepa HeobTooumo ux 3apadums (6pems 3apadku
ARKYMYAANOPOG DOAHCHO COCTNABAAML He menee 30 munym).

ldpk. ceeromuomos — 40 %; IMoxcserka — 50 %; JAuciiieit aBTOBBIKI. — 5 MIIH.
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IIPABUJIA U YCJIOBUSA SKCILJIVATAIIUU

4.1

4.2

4.3

Brumanue! Ias numanus mecmepa om cemu 220 B,
¢ wacmomotl 50 I'uy, ucnoav3ytime MoabKo wWmMamHubil
610k numanua. Hcnoav3dosarue 6a0Ka numaHus ¢ 8b1ro0-
HBILM MOKOM MmeHee 1,5 A uau ¢ 3a3eMAEHHBIM NAIOCOM
Mootcem nogpedums npubop.

HOpMaJIbHI)Ie yci0BUu4d IKCILJIyaTaliun

TeMIieparypa okpyzxaorreit cpeiapt 1525 °C;

OTHOCHTEIbHAS BaazKHOCTH Bozayxa 40-80 %, npu temneparype 25 °C;
armocdepnoe gasjenue 84-104,7 kIla (630-800 mm pr. cT.);
nanpsizkenue ceru 110-240 B, ¢ wacroroit 50-60 'y (nupu nuranuu Tecre-
pa or 6JI0KA IUTAHUS ).

ormmycTumbie ycjoBUS 3KCILTyaTallun

Temieparypa okpyzxkatorieii cpebl 540 °C;

OTHOCHTEIbHAS BIaKHOCTH Bozayxa 90 %, npu Temmneparype 25 °C;
armocdepnoe gasienue 70-106,7 kIla (537-800 mm pr. cT.);
nanpsizkenue ceru 110-240 B, ¢ wacroroit 50-60 ['u (1pu ucnosb3osanum
BHEIIHEro OJI0Ka [IUTaAHU).

AnmnapartHble XapaKTepPUCTUKUI

TabapuTrHble pasMepbl n3MepUTEILHOTO 6J10Ka He 6osee 200X 101 X 44 mm.
T'abapurnbie pasmeps: 6isioka nuranus ne 60ee 90x 53X 35 MM.

Macca uzmepurenbaoro 6sioka ne 6osee 0,640 kr.

Macca 6sioka nuranus we 6osee 0,02 kr.

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

1. UsBnekure Tecrep n3 ynakoBku. [Ipomsseanre BHemmamit ocmotp. I1po-
BepbTe KOMILIEKTHOCTB TecTepa B cooTBeTcTBUU ¢ Tabauneii P21

2. BbLuepKuTe TeCcTEp B HOPMAJBHBIX YCJIOBHUIX HE MeHee 2 9acoB (B TOM
clydae, ec/id paHee TecTep HAXOJUJICS B YCJIOBUSIX, OTJIMYHBIX OT HOP-
MAaJIbHbIX ).

3. Ioakurounre GJIOK IUTAHKUS TecTepa K ceTu (eciu JJisd MUTaHUs TecTepa
OyJeT UCIoIb30BaThCsl ceTeBoe Hampsizkerue 110-240 B, ¢ wacroroit 50—
60 T'n).

4. Bxirounte Tecrep.

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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6. OIIMCAHUE IIPUBOPA

6.1 JIunesasi maHeJb

Bun simnesoit nanesn npubopa Bepkyr-ET upencrasien na pucynke Bl

Link Tx Rx Test Link Tx RxTest

’V'

A Metrotek 4

/ )

Puc. 6.1. JIunesas nanenn

1 — CBeToano/iHbIE NHAUKATOPHI.
TpéxiBeTHbIE CBETOINOIHBIE MHIMKATOPBI CIIY2KAT Il aHAJIM3a COCTOSIHUSI
naTEepdEiCcoB.

Beprkym-ET. Pyxosodcmeo no akcnayamauu
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3Hnauenue c6emoduodubir uHduKamMopos
CeeTomnogabie THAMKATOPEI, 0003Hadenubie na puc. Bl kak «Link», 0To6-
paskaloT COCTOSIHUE MOAKJIIOYECHUS:

® 3eJIEHBIIT — Coe/IJUHECHNE C TeCTUPYEMbIM O60py,ZLOBaHI/IeM YCTaHOBJICHO]
° KpaCHbIﬁ — CO€JJMHEHUA HEeT.

Caeroauoauble MHAMKATOPLI, 0bo3Hadennble Ha puc. Bl kak «Tx», 0To6-
paskaioT COCTOSTHUE TePeJavu JaHHbIX:

e 3eJIEHBII (MUraeT WM FOPUT IIOCTOSHHO) — MJIET Iepe/lada IaKeToB;
e He I'OPUT — llepejiaua IIaKeTOB He OCYIIECTBJIAETCS.

Caeroauoubie MHIMKATOPLI, 0003HadeHnble Ha puc. Bl kak «Rx», 0T06-
parkKarT COCTOsIHIEe MMPUEMA JTAHHBIX:

e 3eJIEHBIH (MHUIaeT WK TOPUT IIOCTOSHHO) — UJET HPUEM [AKETOB;
® He rOpUT — IPHUEM ITAKETOB HE OCYIIECTBIISIETCH.

Caerouo Hbie MHINKATOPBI, o0o3Hadennbie Ha puc. Bl kax «Test», npu-
HUMAIOT CJIeTYIONIe 3HAUYECHUSI:

® 3eJIEHBIIT — IIPOBOJUTCS TECTUPOBAHHUE;
e 3esiéHbIil (Muranue) — BIOUEH pexxuM «[Ilneitd».

CBeTOMUOHBII UHANKATOD B HUKHEH YacTH Iepe/Hell IaHeIn KOPILYCa
pubopa 3aropaercsi Py BKJIFOUEHUN BHEITHETO MUTAHUSL:

® 3CJICHBII — aKKyMYyJISITOPHBIE 3JIEMEHTHI 3aPSIyKEeHbI;
e 3esIEHBIN (MHUIaHUe) — IIPOUCKOJNT 3apsi)] AKKYMYJISITOPHBIX JIEMEHTOB;
e 3eséublil (Mepranue) — npoucxoaut obuossenue sepeuil [10 npubopa.

2 — Crpoka craryca.

Ornncanne CTPOKU CTATyCa MPUBEJICHO B pa3jiese
3 — Hucnueii.

IIBeTHoit rpaduwyeckuii qUCILICIH.

4 — Knasuarypa.

Hasnavwenue xaasuwi:

° Q — Bxkunrounts /Beikiountb (On/Off)
s BK/IIOUeHNst / BBIK/IIOUEHHsT [TUTAHASA TECTEPA HEOOXOAUMO HAZKATH
U yIepKUBATh KJIABUILY B TeUeHUe 1—2 CeKyH/I.

o — I'maBHoe menro (Main menu)

Kirapuma CJIIY2KUT I BO3BpaTa B IJTaBHOE MEHIO.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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° @ — BsBog,

— B pPEXKUME MEHIO B CJIy4ae, KOI/[a BEICBEINBACTCSH BLIOPAHHBII Ty HKT,
Ha)kaTre Ha KJIABUIIMY ODECIIeYWBAET IIePEXO/[ B COOTBETCTBYIOIIEE
MEHIO U 0TODOparkeHrne COOTBETCTBYIONIETO SKPAHA;

— B pexXuMe 33J]aHUS JAHHBIX HaKaTue Ha KJIABUITY IPUBOIUT K W3-

MEHEHUIO IIapaMeTpa 0o IIepeBoJuT B MEHIO BbI60pa IrapaMeT-

poB. B ciyuae, korga ksiaBuiia @ BBIIOJIHSAET (DYHKIHIO BBOIA
JAHHBIX, /IS BO3BpaTa B IIpeAbLIyllee MEHIO UCIO/Ib3YyeTcs KIaBU-

n1a

° ® — Ormena/Broixoz
Haxartne Ha K/IaBuiry 06ECHEYMBACT MEPEXOJ B IIPEALLIYINEE MEHIO,
a TAKIKE B PEIKHAME 38JIAHU JAHHBIX CITy KT JJ1sl OTMEHBI BBOJIA JAHHBIX.

° — NMudopmanuonnas mmaHesnb

HpI/I HazKaTHU Ha KJ/IaBUITY Ha 3KpaHe OTO6pa)KaIOTCH IIOJIIMCHU K
CBETOJAUOJHBIM NHJIUKaATOPpaM; IIBET d)OHa IIOJIIMCH COBIIaJaeT C IBETOM
COOTBeTCTByIOHIeI‘O CBGTOILI/IO,ZLHOI‘O MHAUKaATOPA.

L] — (I)yHKI_H/IOHaJ'IbH])Ie KJIaABUIIIN.

° @ @ @ @ KaaBuimn yYupaBJjieHnud KypCoOpoM.
o @’ .’ .7 " @a .v ‘a ‘a .7 ‘, @, @ — K.T[a-

BUIlK BBoAa mudp, OyKB U 3HAKOB B COOTBETCTBYIOIIUAE IIOJISI.

Tudpol, 6yKBBI 1 CHUMBOJIBI, KOTOPBIE MOYKHO BBECTH C TIOMOIIHIO UM POBOIi
KJIABUATYPBI, TIpecTaBiennbl B Tadsmie Bl

Tabsuna 6.1. [ludpsl, 6yKBBI 1 CUMBOJIBI

Kuaasumia Hudps! ByxksBbI CuMBOJIBI
(9 1 . @ / -
2 abc ---
3 def
4 ghi
) 5 ikl
6 mn o ---
7 pqrs ---
8 tuv ---
9 WXYZ ---

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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OIIMCAHUE IIPUBOPA

Tabuna 6.1. [ludpsl, OyKBBI 1 CUMBOJIBL: ITPOJIOJIZKEHIE

0 --- C,

®

*

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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6.2 Bxeurnue pazbEMbI

Pacnosozxenne BaenmHnx pa3bEMOB TeCTEPa HA BEPXHEN 1 OOKOBOI TAHEISIX

KopIryca mpubopa MOKA3aHO Ha PUCYHKAaX i

T B A

1

-

10 S

T T

)00

Puc. 6.2. Bepxusa nanens tecrepa

H )

12v= usB LAN

T T

T

of ° =L

W

———

Puc. 6.3. BokoBas nanesnns Tecrepa

Haznauenne pa3’bé1VIOB " IIOJAKJIIOY9aeMble K HUM yCTpOﬁCTBa IIpuBEICHbI B

TabJmie
Tabmuma 6.2. Onucanue pazbEMOB pubopa
MapxkupoBka Haznauenue pazbéma Iloakarouyaemoe
YCTpOICTBO Mt KabeJsb
A'B Pasbémbr RJ-45 s Kabesnp Ethernet
[TOJIKJIFOUEHUsT K TECTUPYEMOMY
YCTPOMUCTBY WUJIA CETHU
Ethernet/Gigabit Ethernet
(CKOpPOCTH LepeaYn IaHHBIX —
10/100/1000 M6uT/c)
Pazbémbl 15t 110K TIOUEHIST SFP-motysib
SEP-momyeit
LAN! Pasbém mjist yaaéHsoro Kabenn Ethernet

YIIpaBJieHUsA TE€CTEPOM

IHamrame pasbéma 3aBHCHT OT BEPCHII IPHOOpa.

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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OIIMCAHUE IIPUBOPA

Tabsmna 6.2. Onucanue pazbEMOB IpUOOPA: POJIOJIZKEHIE

USB st mogkmovyenns k I[TK mo Ka6enan USB
unrepdeiicy USB
12V (12 B) Jliist HONKIIIOYeH s BHEIITHETO Buok nuranus

0JIOKa, ITUTaHUA

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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6.3

Crtpoka cratyca

Crpoka cTaTyca COIEPXKUT JaHHBIE O CJIELYIONHX IapaMerpax (Cjesa Ha-
paBo):

e 3apsj baTapen;
® CKOpOCTH coefuuenus st nopra A (manpumep, «A:100» o3nagaer, 94To

CKOPOCTB coefuHenns jijist mopra A cocrasiger 100 Méur/c);

ITpumenarue: npu nodkaovenuy SFP-modysn ysem nadnu-
CU UBMEHUMCA ¢ 661020 HA HCEAMBIT.

® TeCT, 3AIYIEHHbBI ¢ UCIIOJIb30BaHNeM opTa A;
® CKOPOCTH COeMHEeHUs Jjis nmopra B;

ITpumewarnue: npu nodksovernuu SFP-modyas ysem nadnu-
CU UBMEHUMCA ¢ 661020 HA HCEAMBIT.

® TeCT, 3AILYIIEHHbBII C NCIIOJIb30BaHNEM TI0pTa B;

TeKylllee BpeMs CyTOK.

Tectbl, npoBosuMble ¢ ucnosb3oBanneM nopra A (B), obosmauaiorcs B
CTPOKe cTaTyca abbpeBuaTypaMu:

THR (throughput) — anasu3s upomnyckuoii ciocobuocTy;

LAT (latency) — aHanmus 3aJepxKKu;

BTB (back-to-back) — anaiu3s npejebHOll HArPY3KH;

FRL (frame loss) — aHaiu3 ypoBHs [IOTEPb KaJ[POB;

LB1 (loopback layer 1) — uwieiid na dusnaeckom (1iepBom) ypoBHe;
LB2 (loopback layer 2) — uweiid Ha kanagbHOM (BTOPOM) YPOBHE;
LB3 (loopback layer 3) — uwieiid Ha cereBoM (Tperbem) ypoBHE;

LBA4 (loopback layer 4) — nwieiid na rpascriopraoM (4eTBEPTOM) YPOBHE;
BER (bit error rate test) — onpezesnenne koabdurnenTa GUTOBBIX OIIN-
00K;

PJ (packet jitter) — oupeesieHne TaKeTHOrO JPKUTTEPA;

e s

e GEN (generate) — remepainusi TeCTOBOIO LIOTOKA;
e J4+G (jitter + generate) — omnpejesieHne TAKETHOTO JIZKUTTEPA M T'€He-

palst TeCTOBOro Tpaduka 3amyIneHbl Ha, OJHOM IIOPTY;

e PTH (pass through) — pexum «Tpamzurs;
e CTR (complex traffic) — renepaius/npuém cjoxKHOro Tpaduka,;
e REM (remote) — nopT ucrosb3yercs Jjisl yAaJeHHOIO TeCTUPOBAHMS.

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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6.4 CrTpyKTypa ynpaBJsIONIero MeHIO

[naBuoe mento npubopa BepkyT-ET cocrout usz Tpéx nojmenio (Jgaiee —
MEHIO), TIEPEKJIIOUEHIe MeXKy KOTOPBIME OCYIIECTB/ISIeTCS IPU HAYKATUY Ha,

kinasumu  F1 (Bepkyr-ET Hacrpoiiku), F2 (Bepkyr-ET Uucrpymen-
To1), F3 (Bepkyr-ET Wamepenus).

?

CrpyKTypa MeHIO IpeJcTaBieHa B npuiozkenun [Al
ljist epexojia B MOJAMEHI0 HEOOXOIMMO BbIOPATH COOTBETCTBYOIIUI IIyHKT

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

1. BepkyT-ET Hacrtpoiikn.

O A:100 - B:——— - 05 34

BepkyT-ET
HacTpoikm

[apaMeTph ceTH
NapameTpr WHTeppencos
HcTaHoBku Bepryrt—-ET

Hactpofikk  WHoTPYMeHTH  MamepeHua

Puc. 6.4. Menio «BepkyT-ET Hacrpoiikn»

2. BepkyT-ET UncTpyMeHTHI.

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

Nepexeat ARP
TCP knmeHT
TecT kabens

neng
TpaHzuT

HacTpoiikd  MHCTpyMeHTH  WsmMepeHHa

Puc. 6.5. Mento «BepkyT-ET NncrpymeHThI»

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

) A:100 - B:——— - 05 35

Bepryt-ET
Wameperusn

RFC—2544
| Croxuei Tpague
BERT

MNakeTHLIA ARUTTER
TecToBHA MNOTOK
CratncTHka
CoxpaH. paHHwe

Hactpoiikm  MHoTpumerty  Mamepetiia

Puc. 6.6. Menio «BepkyT-ET V3mepenus»

Bepkym-ET. Pyxosodcmeo no akcnayamauu
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7. IIPOBEAEHUE AHAJIN3A. PEIIIEHUE
TUIIOBBIX 3A/IAY

7.1 TumnoBble 3aga4n

OcHoBHOI1 33 1a4eil ipu TectupoBanun Ethernet-cereit siiisiercst onpeee-
HUE COOTBETCTBUS IIPEJIOCTABISIEMBIX YCJIYT XapaKTEPUCTUKAM, KOTOPbIE OT0-
BapuBalOTCs B corvianiennu o6 yposae obciyxkuBanus (SLA — Service Level
Agreement) Mexk/1y oriepaTopaMu CBsi3u U KimeHTamu. Ha niepom mMecre cTosit
BOIIPOCHI 00ECIIEYeHHs] MAPAHTUPOBAHHOIO KadecTBa o0cayupanug (QoS —
Quality of Service), KoTOpoe XapaKTepU3yeTcsl CJIEAYIONUMU [TapaMeTPaMu:
MIPOITYCKHAsT CIOCOOHOCTD, YPOBEHD MOTEPh KAJPOB, 3aJeP:KKa U MpeiebHas
HADY3Ka. DTU MapaMeTpbl W IOJIBEPralOTCs TECTUPOBAHUIO B COOTBETCTBUH
¢ merogukoit RFC 2544. Jljs npoBepKu JOCTUKUMOCTU OIMPEIETEHHOTO aJl-
peca BHYTPHU WK 32 MPEJEeJaMU CeTH U MAPIIPYTOB CJICJIOBAHUS JAHHBIX UC-
oJIb3y10TCe nHCTPyMeHThl Ping (9xo-tect) u Traceroute (MapuipyT). Pexxum
Loopback (Ilieiid) mossosisier ocyiecTBuTh nepeHanpasjienue Tpaduka Ha
dusnIecKkoM, KaHAJIBLHOM, CETEBOM U TPAHCIOPTHOM YPOBHSIX.

7.2 Meroguka RFC 2544

Meromuka RFC 2544 omnpepesisier HabOp TECTOB, KOTOPBIE HCIOJIB3YIOT-
Ccd IPHU aHajn3e U OIEHKE BAaKHEHIINX XapaKTEPUCTUK CETEBBIX yCTPOUCTB.
Coryracao 3T0#f MerofuKe, pu TectupoBannu FEthernet-cereit pekomenryer-
Csl IPOBOJIUTH AHAJIN3, UCIOJIb3Ysl CJEYIONIe OCHOBHBIE Pa3Mephl Kajipa: 64,
128, 256, 512, 1024, 1280 u 1518 Gaiit. Byarogapsi mpeaycMOTPEHHBIM BO3-
MOXKHOCTSIM aHAJIM3a, IIPOILYCKHOM CIIOCOOHOCTH, IIPEIEIbHON HAIPY3KU, YPOB-
Hsl [IOTEPh KAJPOB U 3aJEePKKU, 9Ta METO/INKA B HACTOSIIEE BPEMsI sIBJISAETCS
CTAHIAPTOM «Jie-haKTO» I OTEHKHN Tpou3BoauTenbuoctn Ethernet-cereit.

B nputope BepkyT-ET B0o3M0OKHO TPOBE/IEHNE TETHIPEX CTAHIAPTHBIX TE-
croB B coorBercTBuu ¢ Meroaukoit RFC 2544.

1. Anaaus nponycrknot cnocobnocmu (Throughput). Dmom mecm nposo-
dumcs 0as onpedenenus MAKCUMAALHO B03MONACHOT CKOPOCTIU KOMMY-
MaYUY ONA CEMEBVIT IAEMEHINOB, KOMOPHLE PACTLOAA2AGIOMCA 6 MPAHC-
nopmmuwix cemax Ethernet.

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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ITponyckHas CIIOCOOHOCTH — MaKCHMAaJjbHas CKOPOCTDH IEPEIadn JaH-
HBIX, HA KOTOPOI KOJIMYECTBO TECTUPYIOMINX KaIPOR, IPOIIE X Yepe3
DUT, paBHO KOJMYECTBY KaJpOB, OTIIPABJIEHHBIX €My C TECTUPYOIIEro
000PYIOBAHUSI.

ITpu anajmse HPOIYCKHOMN CIIOCOOHOCTH HEKOTOPOE KOJMYIECTBO MAKETOB
¢ MIHHMAJILHBIM Me2KKA[POBLIM HHTEPBAIOM mepeaaéres na sxon DUTH
(puc. ZOH). Barem noncunthsaercs kommuecTso nakeros, npumemIx
¢ BoixogiHOro opra DUT. Ecsin 0HO 0Ka3bIBaeTCsl MEHbIIe KOJIUIeCTBa
[epe/IAHHBIX [TAKETOB, TO MEXKKa/[POBbIIl HHTEPBAJI yBEJININBACTCS U TECT
BBIIIOJIHSIETCSI CHOBA.

ITpumeuarue: 3a6UCUMOCTIL MENHCIY MEHCKAOPOSHIM UHMED-
BANOM U HA2PY3KOUT ABAAEMCHA 00PaAMHOT, NOIMOMY OOALUUM
BHAYEHUAM MEACKAOPOE020 UHMEPBAAL COOMEBETNCMEYION, MEHD-
wWue 3HAYEHUA HA2PY3KU.

V1
1 >
S
npowusowna noteps
Kaapos

Vet oot 1 o] -
> NUT/DUT ) i
2] @ __iloopback
1) ;ﬂ
Q
ISy
O f
Q n
Ne nonertkum

V1, V2 - ckopocTb nepeaayum AGHHLIX

Puc. 7.1. Ananu3 nporyckHoii criocobHOCTH

Ananusz sadeporcku (Latency). Dmom mecm npumensemes dasn anasusa
8peEMEHU, KOMOPOE HEOOL0AUMO KaAOPY OAL MPOLOHCOEHUS OM, UCTNOYHU-
KG K NOAYWAMEAIO U 00pammo, K ucroonomy aremenmy. Ecau epemsa 3a-
DEPIICKYU, UBMEHAETNCA, IMO MOINCEM NPUBECTNU K Npobaemam 6 pabome
CEPBUCOB PEGALHOZ0 BPEMENL.

Ilpu anmajmse 3ajepKKU CHAYAJJa OIPEJIEIISETCS MPOIYCKHAST CIIOCO0-
moctb DUT jyist BBIIIenIepeInceHHbIX pa3MepoB Kajapa. s KaxKmoro
pasmMepa MmakeTa Ha COOTBETCTBYIOIIEH eMy MaKCUMAJILHON CKOPOCTH TI0-

1T‘epMI/IHbI %a3p7 @eﬁmaepamma " naxem B ONIHCAHUAX TECTOB ABJJIAIOTCA CHHOHUMaMU.
2B 9TOM M IIOCJICIYIONMNX OIIMCAHUAX TECTOB BCE PACCMOTPEHHBIC JIefiCTBUST BBIIIOJIHSIOTCS Te-

CTepOM aBTOMaTHUYICCKU.

3Ha pucyHKax IpeCcTaBIeH OUH I3 CIIOCOGOB HOIKIIOYEHNS IPHOOPA K TECTHPYEMOMY YCTPOH-

cBY/cern. JIpyrue BapuaHTbl MOJK/IIOMCHAS — cM. pazen L3

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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CBLIIAETCs TOTOK KJIPOB 110 OLPeeIEHHOMY aspecy. MuHuMabHas 1Ji-
TEJILHOCTD TECTOBOrO moToka — 120 ¢ (I0Ib30BaTENb MOKET 33/aBaTh
JIpyroe 3Hadenue B npegenax or 1 10 2886 ¢). Yepes nekoTopoe Bpems B
OJINH ITAKeT BCTABJIAETCS MeTKa ompe/iesénnoro gpopmara. Ha mepejaio-
mieil cropone 3anuckiBaeTcs 3Hadenne Ta — BpeMenn, K KOTOPOMY ITaKeT
€ MeTKOI ObLI MOJTHOCTRIO Hepenan. Ha mpuémuoil cTopone omnpeiesisier-
cd METKAa W 3alliChIBaeTcd 3uadenne 1b — BpeMeHnm mpuéma makera C
METKOI.

Baznepxkka (Latency) — sro pasuuna (Tbh — Ta). Dror TecT nosropsier-
ca me Menee 20 pas (LOJIb30BaTE/Ib MOXKET 3a/IaBaTh JAPYroe 3HAYEHUE B
upegenax ot 1 g0 30). ITo pesysnbraram aHaJn3a BbIYUCIAETCS CPEJIHSIS
3a/1ePKKA.

Ta

I - «anp c meTkoii

nayka Kaapos

T

!
T

3aaepxka = Tb - Ta

Tb

Puc. 7.2. Ananuz 3anepxRiu

3. Amnaaus yposns nomepv xadpos (Frame Loss Rate). Dmom mecm neob-
TO0UM OAS NPOBEPKYU CNOCOOHOCTU CEMU NOJIEPHCUBAMD NPUNOHCEHUS,
Komopbie pabomaiom 6 peasbrom epemen (6€3 603MONCHOCTIU NOBIMOP-
Holl nepedavu), mak kax 604vwWoll npouenm nomepsv kadpos npusedém
K YTYOUeHuI0 Kavecmea CEPEUca.

Anayinz ypoBHsI IIOTEPH KaPOB M03BOJISET PACCIUTATH IIPOIEHT KaJIPOB,
KOTOpPBIE He OBLIN MEPEIAHbI CETEBBIM 3JIEMEHTOM IIPU TOCTOSTHHON Ha-
Ipy3Ke U3-3a HEJI0CTATKA AMAPATHBIX PECYPCOB.

IIpu anmanuze ypoBus norepsr kanpoB ua Bxojg DUT ma omupemesrén-
HOIl CKOPOCTH MOCBLIAETCA HEKOTOPOE KOJIMIECTBO Kaapos (input count)
U [OJICYUTHIBACTCS KOJIMYECTBO MAKETOB, IPUIIE/IINX € BBIXOJHOIO TIOD-
ta DUT (output count).

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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VpoBenb oTephb KaJpOB PACCUUTHIBAECTCHA IO (hOpPMyIIe:

100 x (input count — output count)

(input count)

IlepBast monbITKA HOJIZKHA OCYIIECTBIISITHCST Ha, CKOPOCTH, MaKCUMAJIbHON
Jtst TaHHOTO coeunaenns. Cireyrommast MoMbITKa JTOJIZKHA TTPOXOIUTH Ha
ckopocru, cocrapysomeiit 90 % or MakCMMAaJbHON, 3aTEM HA CKOPOCTH,
cocrasystiomeit 80 % or makcumabHOi. VenbITanust IOBTOPSIIOT, yMEHb-
nrasi CKOpOCTh TeCTOBOro 1moroka uHa 10 % (Bo3MOKeH MeHbIIHii mar), 10
Tex IOp, IMOKa B JIBYX IOIBITKAX IOAPs HE Oy/eT MOTEepsiHO HU OIHOI'O
KaJIpa.

100%
—

<
notepu - X%

90%

—_

<. loopback

o X9
notepu - X%

Ne nonbrTkm

X%, X5% — NOTepu Npu COOTBETCTBYHOLLEW Harpyske

Puc. 7.3. Ananus ypoBHS TIOTE€PH KapOB

Ananaus npedeavroti naepysku (Back-to-back). Tecm noszeoasem oue-
HUMD BPEMA, 68 MEYEHUE KOMOPO20 YCMPOUCMBO CNPABAAENCA C MAK-
CUMANDHOT Ha2PY3KOT.

IIpu anasmse mepasnomepHocTu nepegadn maHuabix na sxox DUT orcer-
JIAIOTCA KaJApbl ¢ MUHUMAJBbHON MEXKKaJAPOBOI 3a1€PKKOIl U TOJCYATHI-
BaeTcs KoJmdecTBO makeToB ¢ Beixoja DUT. Ecin kommyuecTBo oTmpas-
JIEHHBIX KaJ[POB PABHO KOJNYIeCTBY KaipoB Ha Bbixoge DUT, To Bpemsi, B
TeYeHne KOTOPOrO OTIPABJISIOTCS KAIPhl, YBEJIMINBAETCSI U TECT ITOBTO-
pgercs (OKa B JBYX HONBITKAX IOAPsJ] He OyIeT HOTePSHO HU OJHOIO
kazpa). Eciu ke kosmuecrBo nakeros Ha Bbeixoge DUT menbine uduncia
OTIIPABJIEHHBIX, TO BPEMsI YMEHBIIIAETCS U TECT IIOBTOPSIETCSI.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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nayka Kaapos

P
-~ __

| I

1 kapp notepsH

KON1-BO KAApOB B Nayke

0

noTepb HeT

Ne nonbITku

Puc. 7.4. Ananu3s npejieibHOI HATPY3KU
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7.3 lloakaroveHue npubdbopa m HAYAJIO PabOTHI

7.3.1 Cxembl MOAKJJIIOYEHUsT TIPpUOOpa

MACL

MAC2

MAC d = MAC2[MACs = MAC1] MAC d= MAC2 [MAC's = MACT]
nopt A(B) nopt A(B)
[MAC d= MACTMACs = MAC 2| [MAC d= MACTTMACs = MAC 2]

"1 loopback
_ layer 2
Puc. 7.5. BapuanT nojxaodenus: 1

MAC 2
P2

Ps=1PIIPd=1P2

NUT/DUT N\ R ! loopback
nopT A(B) <~ TopT AB) <--- layer3
[Ps=TP2[IPd=T1P1] IPs:=1P2IPd=TP 1]
MACR

IMAC d = MACR[MAC s = MAC 2

MACd —
IPd —

MAC s
IPs

Puc. 7.6. BapuanT noakiouenus 2

[Ps-=TPIIPd-TP2
[MAC d = MACR[ MAC's = MAC T

nopr 4 ——> NUT/DUT
nopr B r:fgf::gzal
-

MACR
IPs=TIPIIPd=1P 2]
MAC d = MAC 2[ MAC's = MACR]

Puc. 7.7. Bapuanr noakiouenus 3

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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IPs=TP 1P d=IP 2|
[IMAC d = MAC 2| MACs = MAC 1

nopt A >

7/
& e,
A
A\

@
29
&2,

nopt B
-
[[Ps=IP1flPd=1P 2
MAC d = MAC 2] MACs = MAC 1

Vbooo
| Cco0e

Puc. 7.8. BapuanT nojkrouenust 4

Ha puc. [[Hnokazano cxemaTuaeckoe HOJKII09eHre nprubopa (¢ UCII0/Ib30BaHY-
€M OJIHOIO [IOpTa) K CeTH, cojepKalieil ycrpoiicrsa, paboTaioniye Ha KaHalb-
HOM ypPOBHE, TaKue, Kak, HalpuMmep, cereBoil kommyrarop (switch). B srom
cllydae TeHepupyeMblil mpubopoM TpaduK J0IKeH OLITH MepeHanpaBaeH 00-
PATHO IIOCPEICTBOM Opranusanuu BuentHeil «meriu» (loopback). Ilpu arom BO
BXOJANIUX MakeTax MeHsirorcst Mectamu MAC-agpeca oTIipaBuTe ist U OJTY Ya-
Tesist, 1 TpaUK BO3BPAIIAETCS HA UCXOJHBIN MOPT.
Ha cxemax moJik/iro9enusi BBEJIECHBI CeIyIome 0603HaIeHUs:

MAC s — MAC-ajapec ornpaBureis;
MAC d — MAC-aupec noJrydarerst;
MAC R — MAC-aapec numosa;

IP s — [P-azgpec ornipaBute)is;

IP d — IP-ampec mosygaresns.

Ha puc. [LH nokazano nojxmovdenue npubopa K CeTH, COAEPKAIEN yCTpoii-
cTBa, paboTaoIue HA KAHAJLHOM W CETEBOM YDPOBHSX, TaKMe, Kak, HAIPU-
Mep, cereBoil KommyTaTop (switch), mapmpyTusarop (router). B otsinune ot
NPeBIIYINEro Caydas, BO BXOJAIIMX NakeTax MeHstorca Mectamu u MAC- u
IP-aapeca oTnpaBuTesis u nojydaresisi, 1 TpaduK BO3BPAIIAETCS HA UCXOHBIMH
OPT.

B ciyuae TecTupoBaHus yCTPOUWCTB/ceTeil ¢ BO3MOXKHOCTHIO MAPIIPYTH3a-
n IP-tpaduka ucnonssyrorest asa nopra (puc. [L7). B aroMm cirydae nakeTst
[EePEHAIIPABJISIIOTCS HA APYTOH MOpT IprOOpa IPH TOMOIIY MapIIPYyTH3aTOPA.
Takke BepkyT-ET M0xKeT ObITH MOJIKJIIOYEH K CETEBOMY KOMMYTATOPY, TAKOE
[TOJIKJIIOUYEHNE IIOKA3aHO Ha PHC.

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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7.4 RFC 2544. O6inue HACTPONKU

0 A:ico - B:——— - 04:39

HacTpoikm

Tononorus TectoB
3aronoBok
Kappw

Sapepxka
NoTepwn kappoB
MNpepensHan Harpyaka

[loneAHUTeNEHO

Mo YMomaHH

Puc. 7.9. RFC 2544. Hacrpoiikn

SaﬂaTb 3Ha4YCHUA ITapaMeTpOB TeCTOB JJigd IIPOBEACHUA aHaJIu3a MOZKHO
ﬂByNHICHOCO6aMHZ

1. Beibpars crangapTHbie HACTPOHKHU B cooTBeTcTBrH ¢ MeToinkoil RFC 2544
(knapuma  F4 («ITo ymosuanuios)). HacTpoitku GyyT npuMeHeHbI JJIst
BCeX TI0JIMEHIO, NoKa3aHHbIX Ha puc. [ kpome «Tonosorust rectoss» u
«3aroIo0BOK>».

2. IIposecru nHacrpoiiky Bpy4nyto (cM. pasmesst [CZIHCAD, [COTHZDT).

7.4.1 HacTtpoiika 3arojioBKa

1] Az100 - B:——— - 01 44

3aronoBok

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

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

A E

Puc. 7.10. Mento «3arogoBox»

e MAC Otmup. — MAC-aupec ornpasuresisi. B kagecrse MAC-anpeca
ornpasuresist ykasbiaerca MAC-anpec uarepdeiica ncrounnka.
e MAC ITonyu. — MAC-azpec niosyaares.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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— Ec/im ncTovHMK M moJIydaTenb COEIMHEHBl HANPIMYIO, 6€3 IpoMe-
JKyTOYHBIX MapIIpyTU3aTOPOB, B KadecrBe MAC-ajipeca mosryaare-
Jsist yraseiaercst MAC-anipec natepdeiica mosrydaresis.

— Ecim MexXay MCTOYHUKOM W IIOJIyYaTeJIeM CYIIECTBYET XOTs Obl
OJINH MAapIIpyTU3aTOp, HEoOx0 MO yKasaTh MAC-ajpec Ginxkaii-
HIEro K UCTOYHUKY MAPIIPYTU3aTOPA.

e IP Ornop. — IP-ajpec ornpasure/isi.
e IP IMTonyu. — IP-agpec momygaress.

CymecTByer BO3MOXKHOCTH aBroMaTudeckoil mojcranoBku MAC- u IP-
aJIPecoB:

e npu Hakaruu Ha Kiasuity F1 (1 F2 ) Bmecro tekyimero MAC-aupeca
Oyaer nogcrasiaen MAC-anpec nopra A (B), ykasaumnbiii 8 menio «u-
dopmarusi»;

e npu HaxkaTuW Ha Kjasuily < F1 (1 F2 ) Bmecro rekyero IP-aapeca 6y-
zer nozcrassien IP-axpec nopra A (B), 3azansbiii B Meno «Ilapamerpst
ceTu;

e npu Haxkaruu Ha Kiapuiny ~F3 (upu Bbibope «MAC Ilosyu.») Gyumer
nposeén ARP-3anpoc. B pesyibrare 3ampoca Bmecro Tekyriero MAC-
ajpeca moJsrydaresisi 6ymer nogcrasiedn MAC-aapec, cOOTBETCTBYOIINI
IP-anpecy nosryuaress.

Takzke Ha sKpamHe 0TOOpPAYKAIOTCS 3HAYUEHNs, 3a/JaBaeMble B MEHIO «3aro-
JIOBOK (zo11.)».

7.4.2 Hacrpoiika 3aroJjioBka (JOII0JIHUTEIBHO)

W3 A:100 - B:——— - 03 23

3aronosok {pgon.)

YLAN

MPLS

Precedence ©
ToS 0000

UDP src 60000
UDP dst 50000

Puc. 7.11. Mento «3aromosok (morm.)»

e VLAN — nepexon B merio « VLAN», mossoJsionee 3a1aBaTh 10 TPEX
VLAN-meroKk:

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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O A:100 - B:———— - 02:26

VLAN

YLAN R
ID 1000

Mpuoputer 2
ID 2000
Mpuoputer 4
I 4000
Mpuoputer 7

Brikn 1 2 3

Puc. 7.12. Menio «VLAN»

— ID — 12-6urnbtii naenrudukarop VLAN, npejcrasiisier coboit anc-

Jj10 ot 0 110 4095. O mrozHauno onpeaenser VLAN, Koropoii npunai-
sexkut kajp. Hymesoe snadenne VLAN ID mokassiBaer, 9To jaH-
HbIl Kap He HecéT mHMopMmanun 0 VLAN, a comepxkut nrbopma-
uo ToJbKO 0 npuopurere. Keym 3uaderne VLAN ID ycranosie-
HO PaBHBIM 1, TO IPHU IIPOXOJIEe Yepe3 MOPT CEeTEBOr0 KOMMYTATOPA
snaderre VLAN ID g aroro kajpa OyJieT yCTaHOBJIEHO DABHBIM
VLAN ID nopra.

IIpuopurer — mojie, KOTOpPoOe OIpee/sieT MPUOPUTET TpaduKa.
Cymecrsyer 8 snavennii npuopurera ([I), coorBercrBre Mex Iy
[IPHOPUTETOM U THUIIOM Tpaduka rnpejcrasjieHo B Tabure [[L1]

Tabmuma 7.1. IIpuopurers! n Tumsr Tpaduka

3unauenne | Onucanue

1 Background
(Default) | Best Effort
Excellent Effort

0

2

3 Critical Applications
4 Video
5

6

7

Voice

Internetwork Control

Network Control

Tuner Tpacduka Network Control u Internetwork Control 3apesep-
BUPOBAaHBI Jjisi COOOIeHMl yIipaBJjeHusi ceTbio. [Ipuopurersr 4 u
5 MOLYT HCIOJIb30BATHCS JIsi 0CO00 TyBCTBUTEIHLHOTO K 3aJ1€PIK-
KaM TpadnKa, TAaKOro, KaK B0 WK pedb. [Iprmopurersr Tpaduka
¢ 3 mo 1 mpejHA3HAYEHDI JJIsi PA3JIMIHBIX 33J1a9 — OT MOTOKOBBIX
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npunoxkennit 1o FTP-Ttpaduka, crmocobHOTO CIpaBUTHCS ¢ BO3MOXK-
upiMu morepsimu. Kitace 0 pesepBupyeTcs s « MAKCHUMAJILHO JIyd-
meif» JOCTaBKU W IIPUCBAMBAETCS B TeX CJIydasiX, KOIja He CIIellu-
durmpoBaH HUKAKOI Jpyroii KJacc.

e MPLS — nepexon B MeHio «CTeK METOK».

e Precedence — mnosie, KOTOpoe yKa3blBaeT IIPUOPUTET Kajpa. Bo3zmMoxkK-
HO BOCeMb 3HaUeHuii npuopurera Kajapa B coorsercrsuu ¢ RFC 791 [2].
OrnpaBureib MOXKET yCTAHOBUTH B 3TOM II0JIe JII0O0Oe 3HAYEHUEe U3 Tab-

JIAITHI
Tabsmma 7.2. 3nadenns nos Precedence
3uavenue | Onucanue IIpumeyanue
0 Routine OOLITHBII TpHOPUTET
1 Priority IIpeanoarnre/ibHBINH TPUOPUTET
2 Immediate Hewmengennntit mpuopurer
3 Flash Cpounslit mpropuTeT
4 Flash Override DKCTPEHHBIii IIPUOPUTET
5 CRITIC/ECP Kpunrnueckuit mpropurer
6 Internetwork Control | MexcereBoe ynpasienue
7 Network Control CereBoe yupasienne

e ToS (Type of Service) — moJse, KOTOpPOe ONpeEEIeT THII OBCILY KU~
Banus [P-makera. OrnpaBureib MOXKET yCTAHOBUTH B 9TOM IOJIE JIIODOE
suavenue u3 tabuunst [, pykosoucTBysice Meronukoit RFC 1349 [E].

Tabmuna 7.3. 3uagenus nosus ToS

3uadyenue | Onucanue IIpumeyanue

1000 Minimize delay MuHIMU3UPOBATD 38/I€PIKKY.
Wcnonbayercs, korjga BpeMst
JIOCTABKH ITAKETA C MCXOHOTO
CeTeBOro yCcTpoicTsa J10
azpecara (BpeMsl OXKHUJIAHMs )
HanboJIee BayKHO U JOJI?KHO
ObITH MUHMMAJIHHBIM.

0100 Maximize throughput MaxkcumasnbHas IPOIyCKHAS
CITIOCOOHOCTD. Y KA3BbIBAET, ITO
IIaKeT J0JI2KeH ObITh
[epeHalpaBiieH Yepe3 KanaJl
C MaKCHMAJIBHOI ITPOITYCKHOI
CIIOCOOHOCTBIO.
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Tabsuna 7.3. 3uavenus nosst ToS npodoasicerue

0010 Maximize reliability

MakcumasrbHast HaJIEKHOCT.
Wcnonb3yercs, Korja BaxkKHO
UMETb YBEPEHHOCTD, UTO
JIAHHBIE JOCTUTHYT aJipecaTa
0e3 MMOBTOPHOII Iepe/iadu.

0001 Minimize monetary cost | MEEIMI3IDPOBATH CTOMMOCTb.

Ucnonb3yercs, Korja
HEOOXOMMO MUHUMU3UPOBATH
CTOMMOCTD TIepeiadn JAHHBIX.

0000 All normal

O6bryHOe 06CITYKIUBAHKE.
B sTom ciyuaae
MapUIPyTU3AIMS TaKeTa
OT/IaéTCs Ha YCMOTPEHMe
poBaiiziepa.

e UDP src — noJie nosposisier BBectu HOMep UDP-1mmopra oTmpasuTess.
e UDP dst — moste no3soJisier 8Bectu nomep UDP-nopra mosryaaresis.

7.4.3 RFC 2544. Hactpoiika MPLS

Crek MeToK ajist TectupoBanus mo merogauke RFC 2544 3amaérest B MEHIO
«Crek MeTok»: Uamepenus = «RFC 2544» = «Hacrpoiiku» = «3arojoBok»

= «Jlonomanrensuo» = «MPLS».

0 n:ioo -

Crek

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

Kon-Bo meTok ]

30000
]

128
20000

128
10000

128

Biwirin 1

Puc. 7.13. Menio «Crek MeTOK»

Merka — 3na4yenue METKU.

TTL — Bpems KU3HU TaKeTa C

Komn-Bo MeToK — BBIOOp KostmdecTBa MeToK (ot 1 110 3).

MPLS COS — kJjiacc 00C/Iy?KABaHUsI TAKETA.

METKOIA.
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7.4.4 TomoJjoruss TecroB

W A:100 - Bi——— - 22:14

Tonenorma TecToB

MNopT nepegayud sl

NopT npuéma B

flucT, IP 192.168.1.1

A B JHCTAHUMOHHER

Puc. 7.14. Menro «Tomosiorust recToB»

C noMONIBIO 3TOr0 MEHIO 3aJaéTCA MOPT HpHEMa W HMOPT Iepejadn JIaH-
oeix. OJMH U TOT K€ HMOPT MOXKET CJYYKUTb U JJIs Iepejadud W s Tpue-
Ma JaHHBIX (HanpuMep, npu ucnosb3oBanuu Gyuxiuu Loopback). B ciayuae
UCIIOIB30BaHns (DYHKIUH aCUMMETPUIHOIO TECTHPOBAHUA B KAYeCTBE MOPTa
nepenaqn,/ npuema Boibupaercs «Iucrannuonusiit> (cMm. pasmes [L1).

7.4.5 Bbibop pazmepa Kaapa

M} A:100 - Bi——— - 04:07

Kappt!

I 61 Bkn
2 128 Brn
3 206 Brn
4 512 Brn
9 1024 Bkn
8 1280 Bkn
7 19518 Bkn
8 64 Buikn

Brn Briren Mo ymonm-anim

Puc. 7.15. Menio «Kamapbr»

Pasmepnl KaIpoB Jjisl IIPOBEIECHUs] TECTUPOBAHUS MOXKHO 3aJIaTh JIBYMs
criocobamu:

[ ] BI)I6paTI) CTaHJapPTHbBIC pasMeEpPhI Ilepe/laBacMbIX Ka/POB B COOTBETCTBUU

¢ merogukoit RFC 2544 (kiasuma  F4 («ITo ymosrganmio»)): 64, 128,
256, 512, 1024, 1280, 1518 6aiit. IIpu 3TOM MMEETCsT BO3MOXKHOCTB JI0-
HOJTHUTEILHO 33JIaTh OJMH KaJIp [IPOU3BOJILHOT0 pa3mepa (ot 64 10 9600
GaiT).
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e BBectu Bce pasmepbl KaJIpoB BpPYUHYIO. Pa3Mmepbl KaJpoB HE JIOJIZKHBI
6b1TH MenbIe 64 6aiitT u npesbimars 9600 OaiiT.
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7.5 RFC 2544. Hacrpoiika napaMeTpoOB TE€CTOB

7.5.1 Ilapametpsl Tecta «IIpomyckHass cmocoOHOCTH»

1] A:100 - B:——— - 03:41

MponyckHas cnocoBHoCTb
HacTpoikm

| Bunonuats WIE
Harpyaka (L1} 1000 MEuT/C

MpoGa,.c 10

Pazpewerune,.¥ 10

Het La

Puc. 7.16. Hacrpoiika napameTrpos Tecta

e BhInosHATH — BKIIIOUEHNE /OTKIIIOUEHNE AHAJN3a TTPOITYCKHOM CrIoco6-
HOCTH.

e Harpyska (L1) — snauenue dusnueckoii (L1) ckopoctn B IporeHTax
("F1), B kGur/c ( F2 ) wum B M6ur/c ( F3 ).

e IIpoba, ¢ — mepmo BpeMenn, B TeUeHHEe KOTOPOTO BBITIOJIHAECTCS Tpoda
JLJIsL KazKJIOr0 3aJ]aHHOIO B HACTPOiiKax pasmepa KaJpa (1-2886 ¢).

e Paspemenune, % — paspemenne, ¢ KOTOPBIM OYI€T TPOU3BOJIUTHCS 110~
UCK IIPOILYCKHOM criocobnocTu. Bozmoxkubie 3uadenus: 10 ( F1 ), 1 (1 F2 )
0,1 ((F3 ), 0,01 (' F4 ). Haumenbliee 3HaYeHUE PA3PEIICHUS COOTBET-
cTByeT HauOOJIbIIEl TOYHOCTU U3MEPEHUsT IPOILYCKHOM CIIOCOOHOCTH Ka-
HaJja.

7.5.2 IlapameTpsbl TecTta «3ajepKKa»

1] A:100 - B:——— - 03 42

Sapepxka
HacTpoikm

Bunonnnats [MIE]

Kon—Bo npot 20
MpoBa.c 120

Harpyskm (L1}

Her la

Puc. 7.17. Hacrpoiika mapaMeTpoB TecTa
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e BroimosaHATh — BKJ’IIO“IGHI/IQ/OTKIHOLIGHI/IG aHaJIn3a 3aJE€P2KKHU IepeJaan

JTaHHBIX.

e Kos-Bo mpo6 — KOJIMYIECTBO MOBTOPEHMIA TeCTa, JIJIsT KazKI0I0 3aIaHHO-

ro pasmMepa Ka/Jpa.

e IIpoba, ¢ — mepmo BpeMenn, B TeUeHHEe KOTOPOTO BBITIOJHAECTCS Tpobda
JLJIsL KazKJIOr0 3aJ]aHHOIO B HACTPOiiKax pasmepa kajpa (1-2886 c).
e Harpysku (L1) — nepexoz B menio «Harpysku (L1)».

[ Az 10

0 —

64
128
256
012

1024
1280
1518
89100

Harpyskm (L1}

WcTouHmk

Gant
GanT
Gant
GanT
Gant
GanT
Gant
GanT

MNpon. cnoc.

100
100
100
100
100
100
100
100

HEMNHERENR

Mpon, cnoc, BpuqHL

Puc. 7.18. Mento «Harpysku (L1)»

e Ucrounuk — npu soibope «IIpor. cnoc.» (- F1 ) tecr «3ajepxkkas Oy-
JIET MPOXOJIUTD MPH 3HAYCHUH HATPY3KH, IOJYYCHHOM B PE3YJILTATE Te-

cra «IIpomycknag crocobnoctby. [lpu BeiGope «Bpyumnyio» (W F2 ) mpu
[IPOBEJIEHNN TecTa OY/IyT UCIOJIb30BaHbl 3HAUEHS, 3aJaHHbIE [TOJIb30Ba-

TeJIeM.

7.5.3 Ilapametpsi Tecta «IloTepu KagpoB»

[ 1] A:10

Q —

Bi——o

21:32

Mp
Kon-Bo

Hau,Harp
KoH,Harp

MoTepn rapgpos
HacTpoikm

BunonHaTh

oBa,c
waroe

L(L1)
WAL}

Nla
1
10

100 %
10 %

Her

la

Puc. 7.19. Hacrpoiika napamMeTrpoB Tecta
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e BuINoHATE — BKIIIOUYEHHE,/ OTKIIIOUECHIE aHAIN3a YPOBHS IOTEPD IIepe-
Jladn.

e IIpo6a, ¢ — nepuoJ| BpeMeHn, B TeYeHHe KOTOPOTO BBIIOJIHAETCS TPOOa
JUTsL KazKJI0r0 3aJIAaHHOIO B HACTPOIiKax pasmepa Kajpa (1-2886 c).
Kos-Bo maroB — KOJIMYECTBO MIArOB U3MEHEHUS HAIDY3KH.

e ITonga maganbuas Harpyska (L1) u koneunas narpyska (L1) mos-
BOJISIOT 3a/IaTh JIMANIA30H 3HAYCHUI HAIDY3KH, Ha KOTOPOi Oyjer mpo-
BOJIUTHCsI AHAJIN3 YPOBHSI 0Teph. 3HaveHus ¢usndeckoii (L1) ckopocru

3aja0Tcs B iporeHTax (- F1 ), B k6ur/c ( F2 ) wum B M6ur/c ( F3 ).

7.5.4 Ilapametpsl Tecta «IIpenerbHasi Harpy3ka»

1] A:100 - Bi——— - 21 34

MNpepensHan Harpyaka
HacTpoikm

fla
Kon—Bo npot 1
MNpoGa.c 2

Harpyskm (L1}

Her la

Puc. 7.20. Hacrpoiika mapaMeTpoB TecTa

e BroimosHaTrs — BRIIOUEHUE,/ OTKIIIOUEHIE aHAIN3a IPEIEIbHO HAPY3-
KW.

e Ko0Ju1-Bo npo6 — KOJIMYIECTBO HOBTOPEHUIA TECTA 1)1t KAZKJIOTO 33 IAHHO-
ro B HACTPOIMKAX pazmepa Kajpa.

e IIpoba, ¢ — mepmo BpeMenn, B TeUeHHEe KOTOPOTO BBITIOJHAETCS Tpobda
JLJIsT KazKJIOr0 3aJ]aHHOIO B HACTPOiiKax pasmepa KaJpa (2-2886 ¢).

e Harpysku (L1) — mepexon B mento «Harpysku (L1)» (cm. pue. [LIF).
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7.5.5 JlomosHuTeIbHbIE HACTPOWKN

0 A:ico - B:——— - 10 56

NlononH1TensHo

7000

06yuenme.mc 2000

Puc. 7.21. Memnrto «/lomosiauTenH0»

e VMHTepBasi, MC — BpeMsl MEXK 1y OKOHYaAHUEM OJHOMN IPOOBI 1 OTIIPABKOM
00y JaOIIEero Kaﬂpaﬁ

e OGyuenmne, MC — BpeMsl, 9epe3 KOTOPOE HATHETCST TECTUPOBAHUE MTOCIIe
OTIPaBKN 00YIAIOIIET0 KaIpa.

Cornacno RFC 2544, uarepsas cocrasiser 7000 mc (2000 Mc orBogmTCs HA
[IOJIy9eHre OCTATOYHBIX KaIpoB, 5000 Mc — Ha pecTadbMIM3AIIIO TECTUPYEMOTO
ycrpoiicrsa), a obyudenue — 2000 mc.

[Tosib30BaTe /Ib MOXKET 3a/1aBaTH IPOU3BOJIbLHBIE 3HAUEHIS HHTEPBAJIa B IIPe-
nestax ot 100 10 7000 Mmc, BestmunHa 00y YeHust He JI0JI2KHa ObITh MerbIte 100 mMc
u npeBbimaThb 2000 Mc.

1Ompeenenne Tepmua <0Gy AT Ka/Ip» TPHBEICHO B TJIOCCAPHH.
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7.6 RFC 2544. IIpoBeaenune aHajimnsa

7.6.1 IIponmyckHasi cmocobHOCTh. Pe3ynbTaThbl aHamn3a

o Tabsuma.

[ ] A:100 - Bi——— - 21:4%

MpoenyckHan cnocoBHOCTE
Kapp Harp % M6/c TecT
64 100,00 /761,905 [oToBO
512 100.00 962.406 [oToBo
1280 100,00 984.61% [oToBO

Crapr Tpair Kaupsc Coxp./3arp.

Puc. 7.22. PesymbpraTs Tecra: Tabdsmia

Pesysbrarhl TecTa 0TOOPAXKAIOTCA B TAbJIUIHOM BUJIE: pa3Mep Kaapa (B 6aii-
Tax), 3HAYEHUE HPOIYCKHOH crnocobuocru (B %), HOTy9eHHOE B Pe3yJbTare

aHaJIM3a 3HAYEHME TIPOILYCKHO CII0coOHOCTH (IIPU HAYKATUYU HA KjiaBuiLly —F3
[IPOKUCXOAUT BLIOOD eunull u3Mepenus — Mour /c wiu kajup/c).

e ['paduxk.

[ A:100 - B:——— - 00:01

BT MpanyckHan cnocobHoCTE
962 4

FEALG -

S77.4f

ELI0 SR

1924} -

244594 Kaapdc, 100
452898 Kaap/c, 100 %
224962 Kagpdo, 100 %

| 1483035 Kanp/c, 100

B
[
o
R
H
@
3

Tozt 1280 1518 9100
pasmep kagpa.b

Tabnua Biig,

Puc. 7.23. PesynbraTs Tecra: rpaduk

[Tpu naxkaruu Ha Kiaasuiry F3 («Bumy» ) IpOUCXoquT mepekiodenne MexK-
Iy ABYyMsI BapuaHTaMHU I'DAdUIECKOrO IPEICTABICHUA PE3YJIbTATOB TECTUPO-
BaHUA:

1. MakcumasibHOE 3HaUYEHHUE 10 OCh Y COOTBETCTBYET MAaKCUMAJBLHOM CKO-
poctu coemmueHus. Ilyctoie cTob1bl 0TOOPAKAIOT MAKCUMAJIBLHOE TEO-
peruvecKoe 3HaUeHNEe IPOITYCKHON CIIOCOOHOCTH.
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2. MakcumaJsibHO€e 3HaUeHne M0 ocu Y COOTBETCTBYET MAKCHMAJILHOMY U3-
MEpPEHHOMY 3HAYEHUIO IIPOILYCKHON CIIOCOOHOCTH.

IIo ocm X B 0060uX ciydasx OTJIOXKEHBI 3HAYUEHHUsI, COOTBETCTBYIONINE pa3-
Mepy KaJIpa.

Ha zamoiHeHHBIX cTOIONAX JArarpaMMbl 0TOOPaXKAETCsI IOy IeHHOe B pe-
3yJIbTaTe TECTUPOBAHUSI 3HAUEHNE MIPOITYCKHO CIIOCOOHOCTH B Kap,/C U B TIPO-
[EHTaX OTHOCUTETHLHO 33/ JAHHON HAIDY3KU.

7.6.2 3agepKKa pacnpocTrpaHeHus. Pe3ynbraTbl aHaamnsa

o Tabiuma.

[ A:100 - Bi——— - 21 46

Sapepxka
Kapp Harp.% Bpema mc TecT
64 100,00 0.001 [loToBo
512 100,00 0,001 TloToBo
1280 100,00 0,001 TloToBo

Crapr Tpair Coxp./3arp.

Puc. 7.24. PesysibraTsl Tecta: Tabsmma

Tabsuna MOKa3BIBAET CpEJHEee 3HAYEHWE 3aJIePyKKU (B MC) JJI KayKJIOTO
3aJ]aHHOTO B HACTPOIKaX pasMepa KaJpa JAHHBIX U COOTBETCTBYIONICE €My
3HaYEeHUe LPOIYCKHON crocobuoctu (B %), 1OJIyueHHOE B pe3yjbrare TecTa
«IIpomycknas criocCOOGHOCTD».

e ['paduxk.

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

SANEPHEG, MO Zanepria
0,0100

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

64 126 256 Loz4 5% 1500
pasmep kagpa. B

Taénvya

Puc. 7.25. PesynbraTs Tecra: rpaduk
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Ha mmarpamme s KarkKa0ro pasmepa KaJapa 0TOOParKaeTcsi CTOJIOEIr, BbI-
€oTa KOTOPOI'0 COOTBETCTBYET CPEIHEMY 3HAUEHUIO 3aJ€PKKU (B MC).

7.6.3 YpoBeHb IoTepb KaJpoB. Pe3ynbraThl anaamnsa

o Tabsuma.
IR  N:1000 - B:1000 - 00:26
MoTepn rapgpos
Kapp Harp.® Notepwn.%
64 100 18,5830
64 90 7.0022
64 80 10,4815
Crapr Tpair Coxp./3arp.

Puc. 7.26. PesymbpraTs Tecra: Tabdsmia

B rabsmue m1s KazK0ro pasmepa nakera (B Gaiitax) U cOOTBETCTBYIOIIEHT
zarpysku Kanaja (B %) orobpazkaercd 3HadeHue yposHsa norepb (B %).

e I'pacuxk.

R  A:1000 — B:1000 - 01:11
noTepd, & Morepy Kanpos
101 . . .

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

Ta6nvua flereHga

Puc. 7.27. PesynbraTs Tecra: rpaduk

Ha rpaduke [jig KazkI0ro yKa3aHHOrO B HACTPOHKAX pasMepa Kajpa I10-
Ka3aHa 3aBUCUMOCTH YPOBHA MOTEPb Kajpos (B %) or marpysku (B %).
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7.6.4 IlpenenbHas Harpyska. Pesynbprarsl aHa/m3a

o Tabsuma.

0 A:i000 - B:——— - 21:12

MNpepensHas Harpyzka

Kapgp Harp.# Konuuecteo TecT
1024 100,000 6,150e+05 NoToBO

128 100,000 4,290e+06 oToBO

256 100,000 2,315e+06 [oToBo

912 100,000 1.,207e+06 [oToBO
1024 100,000 6,158e+05 NoToBO
1280 100,000 4,944e+00 oToBO
1518 100,000 4,151e+05 MNoToBO

CrapT patiir Bpeta,c Coxp, /3arp.

Puc. 7.28. PesymbraTs Tecra: Tabdsmia

B Tabmumne mpa xkaxkmoro pasmepa makera oToOparkaeTcs 3aJaHHas B Ha-
CTPOiKax TecTa HAIPy3Ka U BPeMsi, B T€UYEHHE KOTOPOI'0 YCTPONCTBO CIIpaB-
JIsIeTCsl ¢ MaKCHMAJIbHOW Harpyskoii. Ecjum Bpemsi, B TeueHHEe KOTOPOTO Te-
CTUPYEMOE YCTPOHCTBO BBIAEPKUBAET MAKCUMAJIbHYIO HAIPY3KY, OIPEIE/NTh
HE yJaJI0Ch, B CTOJIOIE COCTOsHUs TecTa BbiBoguTcs «Omubkas, a B cTos01e
«Bpewms, ¢» — mpodepkm.

ITpu naxkaruu Ha kiaasuuty F3 («Kazapsi») Bmecro crosbua «Bpems, ¢»
oTobpaxkaercs crosber «KommaecTBo», B KOTOPOM TIPEICTABICHO KOJTITIECTBO
KaJIPOB, IIEPeJaHHbIX 38 BPEMs T€CTHUPOBaHUS.

e ['paduxk.

| -] Az 1000 - Bi—— - 20:09
EPENA, MpeaensHan Harpyska
B0 e e e

100905 Faap
FSL4E17 Kasp
1206657 Faap
415087 Kagp

5[ F15798 Famp
5[ 454362 Fane

515
pasMep Kaapa b

i
.;
=
4
o
il
a
w
B

Tatnuua

Puc. 7.29. PesynbraTsl Tecra: rpaduk

Ha nmarpamme fya KazkJIOro 3aJIaHHOTO pa3Mepa Kajpa oToOparKaeT-
csl CTOJIOEI], BBICOTA KOTOPOI'O COOTBETCTBYET BPEMEHU, B TEUYEHHE KOTOPOTO
YCTPOMCTBO CIPAaBJILJIOCH C IIPEAE/IbHON HAIPY3KOM.
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Ha cronbrnax muarpaMmbl 0TOOpazkaeTcss KOJUIECTBO MAKETOB, MEpeIaH-
HBIX 38 BpPEMsl T€CTUPOBAHMUSI.

7.6.5 CoxpaHeHue pe3yJIbTATOB U3MeEpPeHuUit

B pexume recros o merojnke RFC 2544 npu nakatun Ha KiiaBuiry — F4
(«Coxp./3arp.») IPOUCXOAUT IIEPEXOJ] B MEHIO, B KOTOPOM BO3MOXKEH BBIBO/L

uadOpMAIN O COXPAHEHHBIX M3MepeHnsx (- F1 ), coxpaHeHne pesy/IbTaToB n
napamerpoB TectoB (F2 ), a takxke 3arpyska ( F3 ) wiau ymasenue ( F4 )

COXPAHEHHBIX Pe3yJIbTATOB U IapaMeTpPOB U3MEPEHMUIA.
[ToapobHOe omucanre MPOIECCOB COXPAHEHUsI U 3arPY3KU JAHHBIX — CM.

pasznes [CT9
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7.7 AcuMMmeTrpuYHOE TECTUPOBaHUE

OYHKINA ACUMMETPUIHOTO TeCTI/IpOBaHI/IﬂE UCIIOJIB3YETCsl [IPU IIPOBEPKE
pabOTOCIOCOOHOCTH KAHAJIOB CBS3M, JIJIsi KOTOPBIX CKOPOCTU IPUEMA U IIe€pe-
JIa9¥ JTAHHBIX PA3JINYHBI.

ITpu npoBejieHN TeCcTUPOBaHUsT UCIIOJIb3yeTcs: 2 npubopa bepkyr-ET: j10-
KAJIbHBIH, HA KOTOPOM IIPOU3BOIUTCHA HACTPOUKA [IAPAMETPOB AHAJIN3A, U JU-
CTAHITMOHHDIN, HAXOAAIMNICA HA JIPYTOM KOHIIE AaCHMMETPUYHOTO KaHAJIA.

T'eneparust TecToBOTO TpaduKa MOKET MTPOU3BOINTHCS ABYMS CIIOCODAMMU:

1. C jokaJyipHOrO IpUOOPaA Ha JUCTAHIIMOHHBIN. B 9TOM Ccilydae Ha JIOKaJIb-
HOM npubope B KadecTBe MOpTa OTHpaBuTes ykasbiBaercs nopr A(B)
JIOKAJILHOT'O prOOpa, a B KauecTBe mopTa mojydaresis — «lucrauim-
OHHBII» .

2. C auCTaHIMOHHOTO IIPpUOOpa Ha JIOKAJIbHBINA. B 9TOM cilydyae Ha JIOKaIb-
HOM IIpUOOPE B KAUECTBe IOPTa OTIIPABUTEIsSI HEOOXOIMMO yKa3aTh «lu-
CTAHI[UOHHBIN» , & B KauecTse 1opTa noJaydaressa — nopt A(B) sokasb-
HOTO pubopa.

Cxema moskJIOYeHns mpejicrasiena ua puc. [L30

nopt A(B) ACUMMETPUYHBIN KaHas

nokanbHeI bepkyT-ET AUCTAHUMOHHDIV BepkyT-ET

Puc. 7.30. Cxema nonxaodenns

Hike nepedanciiensl TecTol, 118 KOTOPBIX BO3MO2KHO HCIIOIb30BaHMEe (DyHK-
U AaCUMMETPUYHOTO TECTUPOBAHUSI:

1. RFC 2544: npormyckHasi crioCOOHOCTD, TIOTEPU KAJIPOB, MPEIeIbHas Ha-
rpy3Ka.
2. BERT.

3. CuoxHblit TpaduK.

B 6a30By10 KOHbUrypars He BXOAUT. JLOCTYIIHA IPH IOIOJTHITETHHOM 3aKa3€ OIIIH.
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7.8 CuioxHbIil Tpaduk

OYHKIWS MeHepalnyd CJI0KHOTO TECTOBOTO Tpad)HKaE II03BOJIET CO3/1aTh
710 10 MOTOKOB JIAHHBIX C pas3IndIHbIME MapamMeTpamu. C e€ MOMOIIbI0 MOYXKHO
[IPOBEPUTH, PAOOTAET JIM B TECTUPYEMOM YCTPOUCTBE TPUOPUTEIAINA, UMUTH-
pOBaTh pa3/InYHbIE MIPOMUIA HATPY3KH.

R N:100 - By—— —  23:55

CnoxHein Tpapuk

WamepeHun

HacTpoikm

Puc. 7.31. Mento «CiroxkHblit Tpaduk»

e Nsmepenusi — nepexol K skpany «CiioxKHblii Tpaduk: oT4érs (3a1yck
Tecta, 0ToOparXkKeHue pe3ysibTaToB U3MepeHuil).

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

Puc. 7.32. Dxpan «CioxHbIil Tpadpuk: 0TIET>

g Hauasa recrupoBanus HEOOXOMMO HaKaTh Ha Kiaasuity ~ F1 - (Crapr),
[IPE/IBAPUTEIHLHO HACTPOUB IIapaMeTphl Tecta B MeHio «Hacrpoiikms.

Ilo okOHYaHUM TECTUPOBaHMS HA IKpaHe JJjisl KayKJIO0ro IMOTOKa 0ToOpa-
KaeTcs:

— 3a/IaHHBIA pa3Mep KaJpa;
— zagannas undopmarnmonnas (L2) ckopocTs;

()B 6&30By}0 KOH(bI/II‘ypaL(I/IIO HE BXOIUT. ,Z];OCTyHHa OpHA JTOIOJTHUTEJIHbHOM 3aKa3€ OIIITUH.

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy



52

HPOBE,Z[EHI/IE AHAJIN3A. PEIIIEHUE TUITOBBLIX 3AAY

— IIOTepHU KaJpOB, IIOJIyYeHHbIE B pe3y/bTaTe TeCTUPOBAHNI;
— IIUPHUHA II0JIOCH! IIPOIIyCKaHUsd, pacCUUTaHHasd 110 pe3yJibTaTaM Te-
CTUPOBAHUS.

Ipu naxkatuu na kiaasuiy F2 (I'padux) ocymecTsisiercs nmepexoi K
9KpaHy, cojiepKaliemMy rpaduaeckoe IpecTaBIeHie Pe3yIbTaToB TeCTa.

W n:ico - By———— - 00 08
ROTEp, &
100

noToK

Tamua

Puc. 7.33. Okpan «Cioxubrii rpaduks» (rpaduk)

Ha guarpamme st KazKJIoro ImOTOKa 0TOOPaXKaeTcsd CTOJIOEL, BbICOTA
KOTOPOT'O COOTBETCTBYET BEJIUUUHE TI0TEPh KaJIPOB.

[Tpu naxkatun wa Kiuasumy F4 («Coxp./3arp.») ocylnecTBisercs Ie-
pexon B MeHIo «Pesybrars» (cm. pasmesn [LT19).

[Ipn HazkaTum Ha KJIABHILY OCYIIECTRJIAETCA MEPEXOJ] K IKPAHY
«CHoXKHBII TpaduK: 33JIEPKKA>.

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

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

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

2 0,035 0,035 0,035 0.035

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

CrapT patiir Coxp, /3arp.

Puc. 7.34. 9xpan «Ciioxkubiit Tpaduk: 3aepKKa

— Cur — rekyras 3ajiep:KKa epeiadn JaHHbIX;

— Min — MunnMaJIbHAS 33ePKKa MePEIATN JTAHHBIX;
— Avg — cpejiHss 3a/IepKKa IepeJiadn JAHHbIX;

— Max — makcumaJibHas 3aJepKKa [epeIadn JTaHHbIX.
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IIpu moBTOPpHOM HarKaTUK HA KJIABUIILY @ OCYIIECTBJIAETCS TIEPEXOJT K
skpany «CJI0XKHBII TpaduK: KaJIpbls.

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

Puc. 7.35. Dkpan «CioxHbIil TpaduK: KaJIpbi»

Ha skpame /y1s1 KaK 1010 IOTOKA OTOOPAXKAETCs KOJIMIECTBO IIEPeTAHHBIX
(Tx) n upunsaTsix (Rx) makeros.
e Hactpoitkm — nepexos B MmeHIO «HacTpoiikus.

— A:100 - B:——— - 00 01

HacTpoikm

NoTokoe [N

NmvTensHoCcTE 5

Tononorua TecToB
3aronoBok

Kappt!
Harpysku (L2}

Puc. 7.36. Memnio «Hactpoiikns

— ITOTOKOB — KOJIMYECTBO IIOTOKOB JaHubIX (1-10).

— JIIUTeNbHOCTD — JINTEIHHOCTD MEHEPAIMU 33[aHHOIO KOJIUHe-
cTBa IOTOKOB (1-2886 c¢).

— TomoJsoruss TectoB — mepexoa B MEHIO «Tomosorust TeCTOB».
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O A:100 - B:———— - 22:14

Tononorus TecToB

MopT nepegayun s

NopT npuéma B

Mmcr, IP 192,168.1.1

A B JHETSHUMOHHEIA

Puc. 7.37. Meunto «TomnoJjiorust rectoB»

C mOMOIIBIO 9TOrO MEHIO 33/1aéTCs MOPT HPUEMA U [OPT Hepe/adn
JaHHblX. OJUH 1 TOT 2Ke MOPT MOXKET CJIY’KHTh W JIJIA [epeiadn
U Jyid NpUéMa JAHHBIX (HAIPUMED, [IPU UCHOJIL30BAHUN (DYHKIUN
Loopback).

B ciayvae ucnonb3oBanusi GQYHKIMN aCHMMETPHIHOIO TECTUPOBa-
HUsI B KauecTBe [opTa Iepejiadn/npuema Bbioupaercst «ucraHimy-
ounblit» (cm. pazmes [L7).

— 3aroJI0BOK — IEpPexoJl B MEHIO «3aroJI0BOK>.

1] A:100 - B:——— - 03 16

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

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

A B

Puc. 7.38. Menio «3aroioBok»
HomMmep nacTpanBaeMoro noToka BbIOUpaeTCs IIPY HAXKATUU Ha KJla-

o @) 1 @)

HacTpoiiku aHaJIormanbl onncanubiM B pasaenax [C4AT u [C22
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— Kazapbr — mepexon B Menio «Kaapors.

B n:ico - By———— - 00:09

COONmU LW BJII
& Ll
L iy

[

Puc. 7.39. Meno «Kaapor»

PasMepbl KaJpoB I KazKJI0ro MOTOKA 3aJal0TCA BPYIHYIO B IIpe-
nesax or 64 10 9600 Gaiit.
— Harpysku (L2) — nepexon B merto «Harpysku (L2)».

—3 A:100 - B:——— - 00 03

Harpysku (L2}

10 %

2 0 %

3 0 o

4 ¢ %

5 0 o

6 0 %

7 0 o

8 0 %

9 0 o

10 © %
A KEuric MEuT e

Puc. 7.40. Menio «Harpysku (L2)»

Buauenne mHbopMmarmonnoii (L2) ckopocTn 3a1a8Tcsi B IIPOIEH-
tax ( F1 ), B x6ur/c (' F2 ) wiu B M6ur/c (' F3 ).
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7.8.1 Cuaoxubriit tpaduk. Hacrpoiika MPLS

Crek MeTOK Jjist TeCcTUpOBaHus 3a1aércs B MeHio «CTek MeToK»: M3mepe-
Hus = «Croxubiil Tpaduky = «Hacrpoiikuy = «3arojoBok» = «JlomosHu-
TesibHO» = «MPLS».

M n:io0 - Bi——— — 19:54

CTek MeToK

Kon-Bo meTok N

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

Biwirin 1 2 3

Puc. 7.41. Menio «Crek MeTOK»

e Kou-Bo meToK — BBIGOD KoJmuecTBa MeToK (o1 1 110 3), KoTopoe Oyer
J100aBJIEHO B IIE€PEIABAEMBII ITAKeT.

MeTka — 3HaUYeHUE METKHU.

MPLS COS — kJjiacc 00C/Iy?KUBaHUsI [TAKETA.

TTL — BpeMsa KU3HU TaKeTa ¢ METKO.
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7.9 Illneiid (Loopback)

g recrupoBanus cereit mo meroguke RFC 2544, a takske jyist perire-
HUsl psifia JIpYTUX 3ajad HeoObxoauma (DYHKIUsI OpraHu3aiyy nuieiidpoB —
Loopback. @yukius Loopback 1mo3BoJisier BBIIIOJIHATE TECTUPOBAHME ceTH 6e3
u3MeHeHusI eé HAaCcTpoeK. TecTupoBaHre MOYXKeT ObITh PEaIn30BAHO HA PA3HBIX
ypoBusx momeau OSI.

e Ha dusmueckom yposue (L1) Bech Bxogsmuii Tpaduk mnepeHanpas-
JisieTcst 06paTHO 6e3 M3MEHEHUIt, TPU 9TOM BEJIETCS CTATUCTUKA 110 MTPHU-
HUMaeMOMYy TpaduKy.

e Ha kanasbsHOM yposHe (L2) Bce BxoJsInue Ka[phl IIEPEHAIIPABJISTIOTCSI
06paTHO, IPU TOM MOTYT MeHAThCst Mecramu MAC-ajpeca oTipaBuresis
U [OJIyYaTells; CYIIeCTBYeT BO3MOKHOCTD [OJCTAHOBKY JAPYTUX (3a/1aH-
HbIx nosb3osaresem) MAC-aapecos. Benéresa crarucruka 1o npuHuMa-
eMOMY U IepejiaBaeMOMy TPaUKYy.

ITpumeuarue: dan waetia ranarvnozo (L2) u cemesozo
(L3) yposnet naxemui ¢ odunaxosvimu MAC Dst u MAC Sre, a
max orce 6a0ku darnvir npomoxosa OAM (OAMPDU) u ARP-
3aMPOCHL, COOEPAHCAUMUECA 60 BTOOAUWEM MPAPuKe, He nepena-
NPABAANOMCA.

e Ha cereBom yposue (L3) Bce Bxoiginue nakerbl epPeHAIIPABIIAIOTCS
obpaTHO, TIpU dTOM MeHsIoTcs Mectamu IP-amgpeca oTmpaBurens n 1mo-
JIydarejisl; CyHIeCTBYeT BO3MOYKHOCTD IIOJICTAHOBKH APYIUX (3aJaHHBIX
nosb3oBaresiem) IP-agpecos. Benéres crarucruka 10 MPUHUMAEMOMY
U 1epesaBaeMoMy TpauKy.

ITpumenarue: ecau erodsuyuii naxem codeporcum MPLS mem-

Ky, on O6ydem nepenanpasaen 6e3 udmenenus e 3HaeHUs.

e Ha Tpancnopraom yposHe (L4) exomsmuii Tpaduk nepeHanpasiisi-
ercst oOparHO (6€3 IIOBPEXKICHHBIX ITAKETOB), 1P 3TOM, IIOMUMO IIe-
pecranoBku MAC-anpecoB u [P-anpecoB, MeHSIOTCS MecTaMu HOMEpPa
TCP/UDP uopros oTnpaBuTesist ¥ HOJLy 9aTeJIsl.

ITpumewanue: ecau srodauut naxem codeporcum MPLS mem-
Ky, oH Oydem nepenanpasaer 6e3 usmenenus e 3HaeHUM.
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1] A:100 - B:——— - 03:24

linengp

L__________lopT

Tun  Beikn

MNapamMeTpw ypoBHA 2
NapameTpw ypoBHA 3
ET-o6HapyxeHWe
0AM

Puc. 7.42. Mento «I1lneiid»

e ITopr — BoIGOp MOpTa (A Wim B), Ha koropoMm OymeT OpraHu30BaHA
dbyukmus Loopback.

e Tun — BBEIOOP YPOBHHA, HA KOTOPOM OyJIeT IIPOUCXOAUTH HepeHaIpaBJie-
HIE TeCTOBOTrO TpaduKa:

— BbBIKI — OTKJIIOYNTH OpraHU3aIyio mureiida Ha BLIOPAHHOM MTOPTY;
— 1 — dbusmgecknit;

— 2 — xanaubHbiil (MAC);

— 3 — ceresoit (IP);

— 4 — rpancnoprasiit (TCP/UDP).

e ET-o6Hapyxxkenme — nepexon B MeHio «ET-obnapyxennes.
e OAM — nepexosn B menio «OAM».

7.9.1 Hacrpoiika nuieiidpa BToporo ypoBHs

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

HacTpoikn wnenpa
MNapameTpw ypoBHA 2

06meH MAC WG

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

SameHa YLAN Bwkn
ID ¢
Mpuoputer ©

Brikn Brn

Puc. 7.43. Menro «Ilapamerpsr ypoBHs 2»

e Oomen MAC — Br/i0OUeHHE / BBIKJIIOYEHUE PEsKUMA, 1pu Koropom MAC-
aJipeca OTIPABUTE/IsI U MOJIydaTe sl B IPUXOISIINX [TaKeTax MEHSFOTCSI
MeCTaMU.
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e 3amena MAC — Boibop pexkuma 3amenbl MAC-ajpecos:

— Boika — 3amena MAC-ajipecoB BBIKJIIOUEHA;

— OrnpaBurens — 3amena noist «Source MAC Address» («MAC-
aJ[pec oTIpaBUTeIA» ), cM. puc. [0

— ITosy4aresnb — 3amena noss «Destination MAC Address» («MAC-
aJipec moJtydaresigy ), cM. puc. [LA4

— O6a — zamena noJieit «Source MAC Address» n «Destination MAC
Address», cMm. puc. [LZ0

e Ornpasuresnb — no3Bosser 3agatb MAC-ajpec, KoTopblil Oyer mo-
crasjen B nojie «Source MAC Address» Ethernet-makera.

e IToayuarenp — mnosBossier 3agarh MAC-anpec, KoTopsiit OyaeT mo-
crasjieH B nojie «Destination MAC Address» Ethernet-nakera.

e 3amena VLAN — Boi6op pexkuma 3amensl VLAN-meTok:

— Boika — 3amena VLAN-MeTOK BBIKJTIOUEHA;
— ID — 3amena nonst «VLAN ID» («Uuenrudurarop VLAN>);
— IIpuopurer — 3amena noss «VLAN priority» («IIpuopurer Tpa-

duxkar);
ID+1IIp — 3amena nosteii « VLAN ID» u «VLAN priority».

e ID — mosBosisier 3a71aTh 3HAUEHHE, KOTOPOE OyJIeT IMOJCTABJIEHO B I0JIe
«VLAN ID» Ethernet-nakera.

e IIpuopurer — MO3BOJISIET 3aJIATh 3HAYEHIE, KOTOPOE OYJIET TO/ICTaBIe-
uo B nosie « VLAN priority» Ethernet-nakera.

npuém
P [MACd= MACI | MACs=MACZ |

loopback ! nopT AE)

[MAC d = Dst MAC[ MACs=MACT |
;| nepeaaya

Dst MAC — MAC-aapec nonyuatens, 3aAaHHLIN NoMb3oBaTenem.

Puc. 7.44. Pexxum 3amens! «Ilomyq.»
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npuém — -
'PUCM MACd= MACT | MACs= MACZ ]

loopback P nopTA®)

[[MACd=MAC2 |MACs = Src MAC |

,[nepeaaya

Src MAG— MAC-aapec 0TnpasuTess, 36AGHHLIA NONb3oBaTEIEM.

Puc. 7.45. Pexxum 3amensr «OTop.»

npuéem < .
P [MACd=MAC1 | MACs=MAC2 |

loopback P nopT A®)

IIMAC d = Dst MAC[MAC s = Src MAC |}
nepeaava

Dst MAC —MAC-aapec nonyuatens, 3aAaHHbIM NONb30BATENEM.

Src MAC —MAC-aapec OTnpasuTens, 36AGHHLIIA NOMb3OBATENEM.

Puc. 7.46. Pexxum 3amensr «Obay

7.9.2 Hacrpoiika nuieiida TpeTbero ypoBHs

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

HacTpoiku wnenga
NapameTpw ypoBHa 3

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

3amena Bwkn
ToS 0000
Precedence ©

Briren Ornpaeurens  MNongHatens Oda

Puc. 7.47. Menio «Ilapamerps! ypoBHs 3»

e 3amena IP — Broibop pexxuma 3amens [P-anpecos:

— Brika — 3amena [P-asipecoB BbIKTIOUEHA;
— OrnpaBurenb — 3amena nojs «Source IP address» («IP-amapec
ornpasureigy ), cM. puc. [LIR
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— INonyuarens — 3amena nouis «Destination IP address» («IP-azxpec
nostygaresis» ), cM. puc. [LI%

— O6a — 3amena mnoJjeit «Source IP address» um «Destination IP
address», cm. puc.

e OrmnpaBuresib — 1103BOJIsAeT 3a7aTh [P-ajipec, KoTopbIit Oyjier mojacTas-
JeH B moJie «Source IP address» Ethernet-naxera.

e Tlonmyduyarenp — mosBosgeT 3amarh IP-aapec, KoTopbrit Oymer moacras-
sed B nojie «Destination IP address» Ethernet-nakera.

e 3amena — BbIOOD pexkuMa 3amenbl noJeit ToS:

— Briki — 3amena nodeit «Type of Services («Tum obciyxuBanus»)
u «Precedence» («Ilpuopurer») BbIKIIOYeHA,;

— ToS — zamena nosst «Type of Services;

— Prec — 3amena nosist «Precedences;

ToS-+Prec — 3amena noJieit «Type of Services u «Precedences.

e ToS — mo3BosisieT 3a/1aTh 3HAYEHIE, KOTOPOE OYIET MOICTABJIEHO B II0JIe
«Type of Service» Ethernet-nakera.

e Precedence — mo3sBosseT 3aaTh 3HATEHAE, KOTOPOE OYIET TOICTaBIE-
HO B noJie «Precedence» Ethernet-makera.

npuém
PUEM [ Tps-Tp2 | TPd-TP1 ]

loopback | - nopT A®)

[ IPs=SrcIP | IPd=IP1 |

> |
nepeaava

Src IP —IP-aapec oTnpasuTens, 36AaHHLIA NOMb3oBaTesem.

Puc. 7.48. Pexkxum 3amennt «OTmp.»

npuem
P [ tps=1p2 |

IPd=1IP1

' nopt A(B)
loopback P

IPs=IP2 | IPd=DstIP |

> |
.| nepeaava

Dst IP — IP-aapec nonyuatens, 3aAGHHLIA NONb3oBaTenem.

Puc. 7.49. Pexxum 3amens! «Ilomyq.»
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npuem
P! [ fPs=1P2 [ 1Pd=1P1 |

. nopt A(B;

loopback ! PTA®)
L IPs=5rcIP [ IPd=DstIP |i

nepeaava

Src IP — IP-aapec oTnpasuTens, 3aAaHHLIN NOMb30BATENIEM.
Dst IP — IP-aapec nonyuatens, 3aAaHHLIA NOnb3oBatenem.

Puc. 7.50. Pexxum 3amennsr «O6a»
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7.10 OAM

Bazkuoit 3a/1aueil moCTaBIUKOB yCJIYT CBSI3U SIBJISIETCsT OOECIIeUeHIe BhICO-
KOI'0 yPOBHSI aJIMUHUCTPUPOBAHUS W TE€XHUYECKOro obcirykuBanus Ethernet-
cereii. Jlust aTux neseit 6pu1 paspadoran cranpapr IEEE 802.3ah[]] (u3Bect-
HbIiT Takke Kak «Ethernet in the First Mile (EFM) OAM» — «Ethernet OAM
HA «IEePBOI MuJIe» ).

OAM (Operations, Administration, and Maintenance — sxciutyararus, aj-
MUHUCTPUPOBAHUE U OOCJIY’KMBAHUE) — IPOTOKOJ MOHUTOPUHIA COCTOSIHUSI
KaHaJa, (DYHKIMOHUPYeT Ha KaHaJ bHOM yposHe Mmojenun OSI. s nepegadn
nadopmarun Mexay Ethernet-ycrpoiicTBaMu ncnoJib3yroTcst OJI0KH JAHHBIX
nporokojga — OAMPDU.

Bazkuoit dynkmnueit nporokosa OAM sBiisieTcst BO3MOYKHOCTD BKJIIOYUCHUST
pexmma «ILaeitd» Ha ymaaénmom mpudope.

g ycraHoBjeHus coeiuaenus Mexkry npubopom Bepkyr-ET u ynaién-
HBIM ycTpoiicTBoM 1o iporokosry OAM u s Briouenus pexkuma «I1Leiid»
HEOOXOINMO:

1. Henocpedcmeenno coenmunthb Jiokajbhblii BepkyT-ET u ynanéunoe
yCTpoﬁCTBoﬂ B COOTBETCTBUU CO CXEMOIl, IPUBEIEHHON HIXKE.

TNokanbHbrid bepkyT-ET YAanéHHoe ycTpoicTBO

puUsnYeckoe coeamnHeHue

Puc. 7.51. Cxema TecTupoBaHuUsi

2. Ha ynasénnom npubope paspemurh padbory mporokosa OAM B akTus-
HOM WJIU [TACCUBHOM DPEXKUME.
Ha mokansnom mpubope:

3. Ilepeiiru B mento «OAM>» (cum. puc. [LH2).

4. B nynkTe menio «IlopT» BBIOpATh MOPT, K KOTOPOMY TIOJICOCTUHEHO y/Ia-
JIEHHOE YCTPOUCTBO.

5. B mynkTe mento «Pexum» BBIOpATH aKTUBHBIN PEKUM PAOOTHI IIPOTOKO-
aga OAM.

6. Cocrostnue 0OHAPY2KEHUS YIAAJIEHHOTO yCTPO#CTBa B IyHKTE MeHIO «(00-
Hapy’KeHUe» JOJIKHO IIPUHATH 3HadeHne «Send any».

"Ha puc. [[21l BepkyT-ET npusejsén B KatecTse MpuMepa yIaiéHHOrO yCTPOACTRA.
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7. Tlepeiitm B Menio «Yaaaéuuoiit mpubops». Ha sxpame momkma orobpa-
3UThCs mHpOpMaIusa 00 yIaaéHHOM yCTPOfCcTBe.

8. Haxarp na kiasumy ~F1 («LB up»). Ha yganéuaom ycrpoiicrse 6y-
zer BryoueH pexxkum «IILieiid» Broporo (L2) yposua (rpaduk Gyger
HepeHAIPABIATLCA Oe3 damernve MAC-adpecos).

Hna Beikmodenns pexxkuma «IILmeitd» HEOOXOAMMO HaKaTh Ha, KJIABUIITY

F1 («LB down»).

W n:i00 - Bi——— - 11:28

0nAmM
lopT A
AKTHUBHLIA
O6HapyxkeHne Send local

Ypan&HHeia npuGop

Biwirin NaccHeHki ARTHEHEA

Puc. 7.52. Mento «OAM>»

e ITopTt — BBHIGOD MOpPTA 151 HacTpoiiku OAM.
e Pexxum — Bosmoxkubie cocrognus OAM:

— AKTUBHBIN — aKTUBHBI PEKUM; B AKTUBHOM PEXKHUME TIOPT MO-
JKeT MOChLIATH KOMAH/IbI Ha OOHAPYKEHHNE YCTPONCTB U BKIIIOUCHIE
dbyurnun «Ireiid» Ha yragséHHOM TpUbOPE, a TAKZXKe pearupoBaTh
Ha koMmaHIbl Ethernet OAM ot ynasiéHHOTO yeTpoiicTBa;

— IlaccuBHBII — MaCCUBHBII pEXKUM; B IIACCABHOM pPEXKUMeE IIOPT He
MOXKeT MHUIUUPOBaTh BrJodenne dyukmun «Illeiid», a moxer
TOJILKO pearnpoBarh Ha Komanibl Ethernet OAM ot ynaménuoro
YCTPOHCTBA;

— Boika — OAM orkio4éH.

e OOGHapy2KkeHMe — COCTOsIHIE OOHAPYKEHUS YIAJIEHHOTO CETEBOI0 YCTPOii-
crBa. BosmorkHbie coCTOSTHUS:

— Fault — HavaJibHOE COCTOAHUE, COCJIMHEHUE C YIAJEHHBIM yCTPOTi-
CTBOM HE YCTAHOBJIEHO;

— Send local — ornpaska OAMPDU ¢ undopmarmeit o moiepruba-
EMBIX peskuMax paboThl;

— Passive wait — oxumanne OAMPDU ¢ undopmanueit o mojuep-
JKUBAEMBIX PEXKUMaX PaboOThl OT YIAJEHHOIO YCTPOHCTBA, CKOHMU-
I'YPUPOBAHHOIO B aKTUBHOM PEXKUME;
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— Send loc/rem — orupaska OAMPDU ¢ undopmanueit o nojyep-
JKUBAEMBIX PEKUMAX PabOTHI JIOKAJIBHOTO U YAAJEHHOTO Ipubopa u
¢ METKOW, 03HAYAIONIEH BOZMOXKHOCTD YCTAHOBJICHUSI COEIMHEHNST;

— Send loc/rem ok — nonydenue OAMPDU ¢ undopmarnumeii o Tom,
YTO PEKUMBI PAOOTHI JIOKAJILHOTO U YIAJIEHHOTO YCTPOHCTBA SIBJISI-
IOTCSI COBMECTUMBIMU;

— Send any — coenunenne ycranosend).

e YaanéHHbIi NpubOpP — Iepexojl B MEHIO, cojepzKaliee HH(MOPMAIIIO
00 yIaJIEHHOM yCTPOICTBE.

R A:1000 - B:1000 — 09:03

YpangnHwia npubop

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

LB up

Puc. 7.53. Mento «Ymanéuusiit npubop»

MAC agpec — MAC-ajpec yIaJiéHHOTO yCTpOiicTBa.

Vendor OUI — yHukaJbHBIH UIEHTU(MUKATOP OPraHUu3aIUN, UCIOJIb3Y-
eMblil st redepanun MAC-aapeca.

Pexxum — cocrosinme OAM ynaiéHHOrO KJIMeHTA.

Unidirectional — mojep:kKa 0JHOHAIIPABICHHOTO COEINHEHMSI.

Rem. loopback — momuepxka pexkuma yiaaaéHHOro muieiida.

Link events — nojep:kka yBeJIoMIeHusT 00 OMMOKAX COEIMHEHUSI.
Var. retrieval — noiep:kKa CIUTHIBAHUS TIEPEMEHHBIX, HCIIOIH3YEMbIX
JI7ISI OTIEHKM KaveCTBa KaHaJa CBA3M.

e LB status — cocrosuue pexxuma «Illmeiid» Ha ymaménnom mpudope.

8Venenmoe coejmHEHNIE BO3MOXKHO TOJBKO B TOM CJIyHae, ecill yAaléHHbI TPUGOD O IePIKE-
Baer dbyskuio «Remote loopback» (pexum yianénnoro muteiida). B ciydae orcyrersust ganHoi
dyuKIME cocrosiHne OOHADYKEHHS YIAIEHHOrO yeTpoiicTBa npumMer 3Hadenne «Send loc/rem ok».
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7.11 ET-obunapyxkenue

Oyuknusa «ET-obHapyKennes mo3BoIsteT BKIOINTL pexkuM «I1Lreitd» ka-
HasbHOro (L2), cereporo (L3) mim tpancnoprroro (L4) yposHst Ha yjasnén-
HOM TecTepe-anasu3arope bepkyr-ET nian yerpoiicrse obpazosanust muieiida
Bepkyr-ETL.

BepkyT-ET/BepkyT-ETL

Puc. 7.54. Cxema tecTupoBanus

B coorBercTBUM €O cXeMOIT TECTUPOBAHUSA MOYKHO NOCACIOBAMEALHO BKITIO-
yarh pexxum «ILneiid» ma meckobkux yerpoiicrsax Bepkyr-ET u/umu Bep-
KyT - ETL, KoTOphIe MOT'YT HAXO/IUTHCA KAaK B PA3HBIX, TAK U B OJIHOM MIOJICETH.

W n:io0 - Bi——— - 11:20

ET—o6HapyxeHne

192,168,222,173

linernp Bukn

OSHapykeHHe

Puc. 7.55. Mento «ET-o6napyxkenue»

Jljist oIy 9eHnst JaHHBIX 00 YIAJIEHHOM ITPpUOOpEe U BO3MOXKHOCTHU BKJIHOUE-
Hust pexkxuma «Lneiid» ciaemyer:
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® TIOJKJIIOYUTH IPUOOD K CETH;

® HaKaTb Ha KJ/IaBUIILY

B oJte «IP-azpec» BBecTtn IP-agpec ynanémmoro ycrpoiicTsa;

F4 («O6Hapy:keHue» ).

B cityuae ycremsoro BeinosiHeHusT (DYHKIUU Ha 9KpaH npubopa Oy1yT BbI-
Begennl IP-anpec, uma u MAC-anpec ypanénnoro yerpoiicrsa (em. puc. [LH0).
IIyukr mento «Illmeiic» crameT JTOCTYIHBIM I PEIAKTHPOBAHUSI.

1

A:100 - By———— - 08:18

ET—o6HapyxeHne

IP  192,168.222.173

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

Biwirin

Puc. 7.56. I[Ipumep Boimonnenuss ET-o0HapyKeHMst

Yposenb 1uieiida BHIONPAETCs KHOITKAMU:

e F1 — pkynovenue/Boikiouenue pexkuma «IIlieiidy;
e F2 — pkyTIovUeHme muIelia KaHAJILHOTO YPOBHS;

e F3 — BKJIIOYEHME ILIeHi(a ceTeBOrO YPOBHSI;

e F4 — BKIIOYeHMe IjIefipa TPAHCIOPTHOIO YPOBHSI.

ITpumenarue: nepedaya dannvr ocywecmsessemcs no npomoxony UDP.
Iopm noayuamens — 0x8018. Ilopm omnpasumens — 0x8019.
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7.12 Tectet TCP/IP

TecTpl, onucannbie B JAHHOM pa3zjese, HEOOXOIUMBI IIPU IIPOBEIECHUN Te-
CTUPOBAHUS B CETAX, COJCPIKAIINX YCTPOWCTBA, OCYIIECTBIISIONINE KOMMYTa~
U0 ¥ MapIIPpYTU3aIUo [epejJaBaeMblx JaHHBIX. C [MOMOIIBIO Pean30BaH-
upix B npubope TCP/IP TecToB MOXKHO OOHADYZKUTH IIPOOJIEMbI, CBI3aHHBIE
¢ KoHuUryparumeii ceru, yoeIuThbCA B CBA3HOCTH KaHAJA MEXKJy y3JIaMU CEeTH,
OIPEEJINTH MAPIIPYTHI CJIEIOBAHUS TAHHBIX, IIPOBEPUTH PAOOTOCIIOCOOHOCTH
U OIEHUTH 3arPy2KEHHOCTH KAHAJIOB II€PEIadn JAHHDBIX.

7.12.1 Dxo-zanpoc (Ping)

NucTpyMeHT «DX0-3apOCy» UCIOIB3YETCS JIJIsl IPOBEPKU CBSI3HOCTH KaHa-
JIa MEXKJIy Y3JIaMU CETH.

B mporiecce TectupoBanus 3aJaHHOMY Y3JIy CETH TOCBLIAIOTCS 3aPOCHI U
(BUKCUPYIOTCsI MOCTYIAOIINE OTBETHI. DTa IIPOIie/lypa OCHOBbIBaeTcs Ha [P- u
ICMP-uiporoko/iax mepechlIKU JefiTarpaMM U [MO3BOJISIET IIPOBEPUTH paboTo-
CIIOCOOHOCTD KAHAJIOB IIepeadn JIAHHBIX U IIPOMEXKYTOUYHBIX YCTPONCTE.

st mpoBeieHnsT TeCTUPOBAHUS HEOOXOINMO:

1. TlogkirounTh NpUbOP K TECTUPYEMOI CeTH C HUCIOJIb30BAHUEM OIIHOI'O
IIOpTa B COOTBETCTBUU CO CXEMOIl, IPUBEJIEHHON HIXKE:

@,

CeTb

2)

@
E

nopt A(B)

2P0
@2
()

ks

o
5
|

Puc. 7.57. BapuanT nogkiirouenust 1

ITpumewarue: npubop makotce moxcem 6vims NOOKAOUEH K
cemu ¢ ucnoavsosanuem deyx nopmos (cm. puc. [L28). Ha-
CMPotKy npubopa Oas 0GHHO20 CAYUAA GHAAORUNHDL ONUCAH-
HOLM HACTPOTKAM OAA 00HO020 MOPMA.
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nopt A
b
B OO
<38 s| nopt B
NS

P

sz
/6?2;;,

-—

CeTb

Puc. 7.58. Bapuanr noakmodenns 2

2. Tlepeiitu B Meno «dxo-3anpoc» (cm. puc. [[HY). Haxkars na kiaBunry

F3 («Hacrpoiiku» ).

[ A:100

- B:—— - 07:58

3xo—-szanpoc (192,168,225,190)

CrapT

CTaTHCTHRS Hacrpoiikd  Coxp./3arp.

Puc. 7.59. Menio «9xo-3ampoc»

(I)yHKLLI/IOHa.HBHBIe KJIaBUIIIN:

e F1 («Crapr») — 3aIycK TecTa.

e F2 («Crarucrukay) — mepexos K skpany «Crarucrukas.

e F3 («Hactpoiikuy») — mepexoj B Menio «HacTpoiikus.

e F4 («Coxp./3arp.») — nepexoj B Menio «Pesysbrarbis.

3. HaCTpOI/ITb IHapaMeTpbl TECTUPOBaHUA B MCHIO «HaCTpOﬁKH 9XO0-3aIIpoca».
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HPOBEI[EHI/IE AHAJIN3A. PEIIIEHUE TUITOBBLIX 3AAY

0 A:i000 -  B:1000 - 20 14

HacTpoiki sxo—s3anpoca

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

A E AETOMATHHECKH

Puc. 7.60. Mento «Hacrtpoiiku sxo-3ampocas

e TlopT — BBIOOP IOPTA, C KOTOPOTO OYIET OCYIIECTBIATHLCS TIepeIata,
nauabix (A/B/Asromarudeckn).
Eciu mpubop MOAKIIIOUEH K CeTH U YyCTAHOBJIEHO 3HavYeHne «ABTO-
MATHUYIECKU», BBIOOD MOPTA HPOU3BOUTCS ABTOMATHIECCKU:

— ecsin opt A u nopr B maxomgTes B onHoit ceru (T. e. cereBble
qactu [P-agpecos, 3aganubix B Mento «Ilapamerpsr uaTepdeii-
COB», COBIIQJIAIOT), TO IXO-3APOC OyJIeT OTIPABJIEH ¢ mopTa A;

— ecsu opt A u mopr B HaxosTCs B pasHBIX CETSIX, TO XO-
3ampoc OyJIeT OTIpaBJICH C MOPTA, KOTOPBI HAXOJUTCS B TOU
ZKe CeTHU, 9TO U TECTUPYEeMOe yCTPONCTBO;

— ecsm opt A, mopt B u Tectupyemoe ycTpoiicTBO HAXOISITCS B
PAa3HBIX CETHAX, IX0-3AIPOC OYIAET OTIPABJIEH C IIOPTA, KOTOPBII
HaXOJUTCH B TOI K€ CeTH, 9TO W ILIIO3 [.

e IP aapec — IP-anpec y3na, JOCTHKIMOCTD KOTOPOTO HEOOXOINMO
[IPOBEPUTb.
Pasmep makera — pazmep ICMP-nakera B Gaiitax.
Koumm4aecTBO — KOJIMYECTBO OTHpaBsieMbIx akeTos (ot 0 10 9999).
Ecin BeIOpaHO HyJI€BOE 3HAYMEHUE, TAKETHI OYIYT OTIPABJISATHCS 10
Tex 1op, OoKa He Oy/er Haxkara Kiaasuma F1 («Cromy).
Bpewms oxkugaHus — BpeMs 0KHUIAHIs 0OTBETA Ha 3X0-3a11pOC (B MC).
ITaysa — Bpemsi MeXKIy OTHPABKOH ABYX IOCTIETOBATEILHBIX 3a-
upocoB (B MC).

4. Haxkarp na xiasumy F1 («Crapr»). Haunéres rectuposanue, B Xoje
KOTOPOTO H& 3KPaH Oy/yT BBLIBEJICHBI CTPOKH, COACPIKAIIUE CIICYIONLYIO
urdopMalmo (cjIeBa HALIPABO):

e pasmep ICMP-nakera;
e [P-ampec y3ma cern, oTBETHBINIErO Ha 9X0-3AIIPOC;

9TP-ajpec muIo3a 3a0aéTcs B MeHIO «IlapaMeTphl CeTi».
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® II0PA/IKOBBIM HOMED I1aKeTa;
e BpeMs MeXKJIy OTIIPaBKOIl 3alIpoca 1 II0JIy4eHUeM OTBeTa.

[Ipumep pe3yabTaToB TECTUPOBAaHMS IIpeacTaBieH Ha puc [LG1

A:—— - B:——— - 19344

3xo—zanpoc (85,142.45,242)

56 B from 85,142.45,.242: n=1 time=331% ns
56 B from 85,142.45,242: n=2 time=3336 ns
56 B from 85,142,45,242: n=3 time=5370 ms
56 B from 85,142,45,242: n=4 time=5381 ms
56 B from 85,142,45,242: n=5 time=5415 ms
56 B from 85,142,45,242: n=f time=5388 ms
SE B from 85,142,45,242: n=7 time=5470 ms
56 B from 85,142,45,242¢ n=8 time=5534 ms
56 B from 85,142,45,242¢ n=9 time=5506 ms
56 B from 85,142,45,242: n=10 time=5612 ms

15 packets transmitted, 10 received, 5 packet loss
mindavg/max: 5315/5438/5612 ms

CrapT CTaTUCTUHA Hactpobky  Coxp, /3arp,

Puc. 7.61. Pe3ynbraTsl TecTa «DX0-3a11pOC»

ITo pesyabraram TecTupoBanus Gpopmupyercs craructuka (M. puc. [LH2).

B crarucruke orobpazkaercs mHGOPMAIs O MUHIMAJIBHOM, CPEIHEM, MaK-
CUMaJIbHOM BPEMEHU MeXKJIy OTIPAaBKOI 3allpoca U IOJIydYeHHeM OTBeTa, & TakK-
7K€ 0 KOJIMYeCTBE [ePEeIaHHbIX, IPUHATHIX, IOTEePIHHBIX U IOBTOPHBIX (C 01~
HAKOBBIM IOPSIIKOBBIM HOMEPOM) MAKETOB. 3HAUEHUE B CTPOKE Malimaym co-
OTBETCTBYET KOJIMYECTBY ITAKETOB, JIJISI KOTOPBIX BPEMS OTBETA Ha 9X0-3aIIPOC
OBLJIO IIPEBBIIIEHO.

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

Puc. 7.62. Crarucruka Tecta «9xX0-3a1pocs

7.12.2 Mapuipyt (Traceroute)

Nuctpyment <<MapmpyT>> UCIIOJIb3YETCs JIJIsl OMPEJICJICHUsT MapIIPyTOB
crenoBanus gaHHbIX B cerax Ha ocuose TCP/IP. B mporecce TectupoBamus

0B 6azosyio xonduryparmo me Bxoaut. JIoCTyTICH TIPH JOMOTHITEIHHOM 3aKA3¢ O,
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YKa3aHHOMY y3JIy CETH OTIPABJISIETCs MOCJIEI0BATEILHOCTD JefiTarpaMM, Ipu
9TOM OTOOPAXKAIOTCS CBEJICHHST O BCEX IPOMEXKYTOUHBIX MapIpyTH3aTOPaX,
4Jepe3 KOTOpbIE MPOILIX JAHHbIE HA IIYTH K KOHEIHOMY y3iy. Takum o6pasom,
UHCTPYMeHT «MapIipyT» MO3BOJISIET JUATHOCTHPOBATH JIOCTYITHOCTH IIPOMeE-
JKYTOYHBIX IIYHKTOB Ha IIyTHU IE€pPeIadn MOTOKA JAHHBIX B CETH.

st mpoBeieHnsT TeCTUPOBAHUS HEOOXOINMO:

1. TloaxmounTh TpubOP K TECTUPYEMOH CETU B COOTBETCTBHUU CO CXEMOIA,
npuBeaeHHOM Ha puc. [Lh7
2. Ilepeiitu B Mmenio «Mapimpyr» (cm. puc. [L63). Haxars na kiasBunry
F3 («Hacrpoiiku» ).

[ A:100 - Bi——— - 07 99

Mapupyr { 192,168.225,190 )

CrapT Hacrpoiiki  Coxp,+3arp.,

Puc. 7.63. Mento «Mapmpyr»

(I)yHKLLI/IOHa.HBHBIe KJIaBUIIIN:

e F1 («Crapr») — 3alyck recra.
e F3 («Hacrpoiiku») — nepexoq B Menio «Hacrpoiikus.

o F4 («Coxp./3arp.») — mepexoj B MeHI0 «Pe3ybrarsis.

3. Hacrpours napamerps! TecrupoBanus B MeHio «Hacrpoiiku mapuipyTas.

W A:100 - B:;———— - 22 21

HacTporkm MapupyTta

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

A B AETOMATHHECHH

Puc. 7.64. Menio «Hacrpoiiku mapripyTas
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e IlopT — BBIOOP TTOPTA, C KOTOPOTO OY/IET OCYIIECTBIATHLCS TepeIata,
nanabix (A/B/Asromarudeckn).
Ecimm ipubop MOAKIIIOUEH K CETH U YCTAHOBJIEHO 3HaYeHHE «ABTO-
MaTUYIeCKU», BEIOOP ITOPTa IPOU3BOIUTCS ABTOMATUIECKH:

— ecyim mopt A u nopr B maxomgares B omHoit ceru (T. e. cereBble
qactu [P-agpecos, 3aganubix B Merto «Ilapamerpsr uaTepdeii-
COB», COBIIAJIAIOT), TO JIAHHBIE OY/yT OTIPABIATHCS ¢ OpTa A;

— ecyim opT A u nopT B HaxojgTCsa B pasHbIX CETIX, TO JAHHbIE
OYyT OTHPABIATHCA C IOPTA, KOTOPBI HAXOIUTCH B TOH Ke
ceTu, 9TO U TeCTUPyeMoe YCTPOICTBO;

— ecyim opt A, mopt B u Tectupyemoe ycTpoiicTBO HAXOIATCS B
Pa3HBIX CETSX, JAHHDbIE OYIYT OTIPABIATHCS C IOPTA, KOTOPBII
HAXO/UTCS B TOH K€ CEeTH, YTO U ILII03 0.

IP aapec — IP-aapec y3ina.

Makc. y3J70B — MakCUMaJbHOE KOJMIECTBO MAapIIPYyTU3AaTOPOB,
KOTOpPOE MOXKET OBbITh IIPOIJIEHO TAKEeTAMHU.

Pazmep makera — pasmep kajpa B HaiiTax.

Bpems oxxupganusi — BpeMsi, 0 UCTEIEHUH KOTOPOTO OyIeT OT-
UpaBJleH CJeiyonuil 3anpoc (B ciyJae, ecd He MPUIIET OTBET HA
UPebLILYIIuii).

4. Haxarb na kiasumty ~F1 («Craprs). Haunéres rectuposanue, B Xoje
KOTOPOTO Ha 3KPaH OyIyT BLIBEIEHLI CTPOKH, COACPIKAIIIE CICTYIONTYIO
urdopManmio (CIeBa HAIPABO):

® HOMEp IIPOMEXKYTOYHOTO y3J1a;
e [P-axpec mpomerxkyTounoro ysma;
® BpeMs OXKUJIAHWS OTBETa.

Eciu BpeMst oxXujaHus OTBETa OT MPOMEKYTOUHOIO y3J1a ITPEBBICHIIO
TafiMayT, B CTPOKE Pe3yJIbTATOB OY/IeT BBIBEJEH 3HAUOK «*».
IIpumep pe3yabTaTOB TECTUPOBAHUSA TpecTaBIeH Ha puc. [LOJ

HIP-anpec mmo3a 3amaéres B Menio «Ilapaverpsr cerms.

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy



74

HPOBE,Z[EHI/IE AHAJIN3A. PEIIIEHUE TUITOBBLIX 3AAY

1] A:1000 -

B:——— - 18 28

MapuwpyT {
2 185,131,127.1 S m
3 10,45,72,1 21
4 195,131,241.4 18
5 195,131,252.4 20
B 134.85.177.138 15
7 216,233.43.240 41
g 209,89,250,183 53
9 BE,243,95,132 B2
0 209,86,248,78 63

*

12 203.85.252.83 68
13 203,85,243,81 72
14 203,85,228.104 71

209.85.229.104 )

=]

ms
m3
ms
ms
ms
ms
ms
m3

ms
ms
ms

CrapT

Hacrpoiin  Coxp,#3arp.

Puc. 7.65. PesynpraTs! Tecra «MapmpyTs»

7.12.3 DNS (DNS lookup)

DNS (Domain Name System — cucrema JJOMEHHBIX HMEH) — DPaCIPeIeNIEH-
Hag 6a3a TaHHBIX, CIIOCOOHA 10 3AIIPOCY, COJEPXKAIIEMY JIOMEHHOe M y3JIa,
coobmurh ero IP-ampec. @yuxiua DNS lookup (mouck ma cepsepe I/IMéH
rmoMoraer oOHapyKuTh omubku B pabore NS-cepBepos.

st mpoBeieHnsT TeCTUPOBAHUS HEOOXOINMO:

1.

GUe N

IkﬂHQHOqHTB HpH60p K TeCTpreMOﬁ CeTu B COOTBETCTBHHU CO CXeMOfI7

npuseaéHnoi Ha puc. [LO7

[Tepeiitu B Mmento «DNS» (cm. puc. [LTH).
B nyuxre menio «Ilopr» ykasars HOpT [yt NpuéMa 1 Hepeiady JAHHBIX.
B myHKTE MEHIO «Y3€eI» BBECTH JOMEHHOE UM y3JIa.

Haxxkars na kiasumty ~ F1 («Cr
IP-anpec y3na.
Eciu IP-agpec onpenennts He

apT» ). B mynkre menio «IP» orobpasurcs

y/1aJ10Ch, B IIyHKTe MeH «IP» orobpa-

surcst HyJesoit IP-aznpec (0.0.0.0).
[Ipumep pe3yabTaTOB TECTUPOBAHMS IIPEICTABIIEH Ha PUC.

3 A:100 - B:———— - 22 30

L lopr

Yaen metrotek,.spb.ru

IF 0.0.0.0

DNS

Puc. 7.66. Menio «<DNS»

2B 6azosyio KoHduUrypamuo e BXOAUT. JJ0CTyIHA IPH JOMOTHITEILHOM 3aKa3€ OIHH.
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e TlopT — BBIOOP TTOpTA JJI MPUEMA U TTEPEIATN JTAHHBIX.

e ¥Y3esq — uma y3maa, [P-agpec KoToporo He0OXOIUMO OIIPEIETUTD.

e IP — moJsiyuennniit B pe3yJibraTe rposejaeHus Tecta [P-aapec yana,
UMsi KOTOPOT'O 3aJIaHO BHIIIIE.

7.12.4 TIlepexBar ARP

Oyuknus «Ilepexsar ARP» nossossier orciexxkusars ARP-orsersr, niepe-
JAIONIMeCsT B CeTU, W <«IIepeXBaThIBaThb» cojepxkamuecss B Hux IP- mw MAC-
aJipeca ceTeBbIX yCTpoiicTB. Ha 0OCHOBaHUY OJIY Y€HHBIX JJAHHBIX (DOPMUPYETCSI

crmcok (cM. puc. [LGY).

st mpoBeieHnsT TeCTUPOBAHUS HEOOXOINMO:

1. TloaxmounTh TpUOOP K TECTUPYEMO CeTH B COOTBETCTBHU CO CXEMOIA,
npuBeneHHoil Ha puc. [LH7 wiu Ha puc.
2. Ilepeiitu B mento «Ilepexsar ARP» (cm. puc. [LED).

LI A:100 - B:——— - 08:0%

Nepexeat ARP {B)
FRP-Tafnmua nycta

Cron A

Puc. 7.67. Mento «Ilepexsar ARP»

@yHKHI/IOHaHBHbIe KJIaBUIIN:

e F1 («Crom») — 3aBepliieHne TECTUPOBAHUS.

e F4 («B»/«A») — nepexon k rabsune IP- u MAC-anpecos mis
nopra B(A).

3. Haxarp na kyiasumry ~F4 st Beibopa nopra (A wiu B).

4. Yepes nekoropoe BpeMs Haauuch «ARP-Tabiuna mycra» ucue3Her u Ha
skpaH OyayT BeiBoauThes 1P- 1 MAC-anpeca cereBbix ycrpoiicts. [Ipu-
Mep Pe3yIbTATOB TeCTUPOBAHUSI [IPEJICTAB/IEH Ha PUC.

Bepxym-ET. Pyxosodcmeo no akcnAyamauuy



76 IIPOBEJEHUE AHAJINU3A. PEIIIEHUE TUIIOBBIX 3AJAY

O A:ico - Bi———— - 00:09

Nepexsat ARP {A)

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

Cron E

Puc. 7.68. Dxpan «Ilepexsar ARP»

Ecin kakag-To u3 3amnuceit He OOHOBUTCsI B T€YEHUE OJHON MUHYTBI, TO
oHa OyJeT yjaJieHa u3 CIICKA.

5. us 3aBepirenns TecTUpoBaHUs HEOOXOIMMO HAXKATH HA KJIaBHUILy — F1
(«Crom).

7.12.5 TCP-kjaueHr

OyuKIms «TCP-xment»>H nossosser ycranoButh TCP-coeunenue ¢ yna-
JIEHHBIM y3JIOM CE€TU, IPHHUMATH OT HEro JaHHbIE U IIePeaBaTh JAHHDBIC 9TOMY
y3ury. C OMOIIBHIO 9TOi (DYHKITMN TAKKE MOYKHO YIIPABIATD YAAJICHHBIM Y37I0M
o mporokosty TELNET.

s ycTaHOBIEHNST COEIMHEHIS HEOOXOIIMO:

1. HoaxmounTs TpUOOP K CETH B COOTBETCTBHUU CO CXEMOI, MPUBEIEHHOM
na puc. [C01

2. Hacrpours napamerpsl coegunenus (Menio «TCP-knmuents =
«Hactrpoiiku» (- F4 )):

BBIOpATH HOPT JJIsl IIPUEMA U [T€PeJIavdn JAHHBIX;

BBeCTH jloMenHoe uMs min [P-agpec y3mna;

BBeCTH HOMeD 10pTa (HauboJiee 4acTO UCIOJIb3YEeMble HOMEpa 110D~
TOB TIpUBeeHb! B Tabmaune [LA).

3B 6azoByio KoHduUrypamuo e BXOAUT. JJ0CTyIHA IPH JOMOTHITEILHOM 3aKa3€ OIHH.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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1

A:100

TCP

L lopr J

TCP krnmeHT
HacTpohkm

Ya3en
nopT

metrotek,spb.ru
80

HTTP

Papn  Sindex,.html

Puc. 7.69. Hacrpoiiku recra «TCP-kanenT»

V3es — J0MEHHOE UM
ITopT — HOMED TOpTA

pPeE3y/IbTaTOB B CJIydae

3. Orkpwith TCP-coenunenne

ITopT — BBEIOOP TIOpTA J7I TPUEMA U TTepeIadn JAHHBIX;

g nm [P-azgpec y3na;
HA3HAYCHUS;

Daiin — ums daiisia, COIEPKUMOE KOTOPOTo OyJIET IOKA3aHO B OKHE

yenerrnoro HT'TP GET-3amnpoca.

, HakaB Ha kjasuiy F1 («OTKpBITE» ).

B ciyuae ycnenmoro coepunenns (eum. puc. [LT0) MOKHO BBOIUTH KOMAHIbI
COOTBETCTBYIOIIErO IIPOTOKOJIA, 3aIIPAllUBaTh y CepBepa BeO-CTPAHMIIBI.

B ciyuae BO3HUKHOBeHUsI IPOOJIEM IIPH YCTAHOBJIEHUN COEIUHEHUs] BBIBO-
aaTcest coobrmenne 06 omubke. HekoTopnie coobrennst 06 OMmOKax MpUBEIeHbI

B Tabsnne [LOl

Ta6sauua 7.4. Homepa nopros uporokosa TCP/IP

Howmep nopra (IIpoToKoJI)

Onucanue

21 (FTP)

[IPOTOKOJI iepeiain (haition

22 (SSH)

6e301aCHbIIl TPOTOKOJI I VIAJIEHHOTO yIIPAB-
JIeHUsI U repejiadn aitios

23 (TELNET)

IIPOTOKOJI JJIsl IOCTYIIa K Y/IAJ€HHOMY CETE€BO-
MYy YCTPOUCTBY

25 (SMTP)

IIPOTOKOJI IIepe/laun 3JIEKTPOHHOMN ITOYTHI

80 (HTTP(WWW))

[IPOTOKOJI, UCIOJb3YeMblil Beb-Opaysepamu u
BeO-cepBepaMu I repegadn paiion

161 (SNMP)

IIPOTOKOJI JIJIsA YIIDaBJICHUSI CETEBbIMU yCTpOﬁ—
CTBaMu

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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-

B

TCP knueHT

connecting to

connected

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

3aKpHTE

HTTPGET

Hacrpoiin  Coxp,#3arp.

Puc. 7.70. IIpumep

YCIIENIHOI'O COeIMHEHU A C y3JI0M

Tabmma 7.5. Ommbkn coeuHeHns

Coobiienue

Onucanue

protocol not supported

IIPOTOKOJI He TIOJIEPIKUBAETCSI

can’t assign requested address

HEBOBMO2KHO HaSHAYUTDh SaHpOLLIeHHbeI aJipec

network is down

CeThb HEJOCTYyIIHa

network is unreachable

ceThb He paboTaeT

network dropped connection on
reset

YTEPsIHO COEIUHEHHUE C CETHIO

software caused connection

abort

mporpaMMHOe obeclieueHre BbI3BAJIO pPa3phIB
COEIUHEHIS

connection reset by peer

y3€JI Pa30pBaJI COCTMHECHUE

connection timed out

HUCTEKJIO BpeMs OKUJIaHWA COCJIUHEHU A

connection refused

OTKa3 B COeJJMHECHNI

host is down

y3eJs He oTBevdaeT

no route to host

OTCYTCTBYeT MapHIPyT J0 y37a

st mepetadn BeO-cTpanuil ucrosib3yercs nporokos HTTP. B stom nmporo-
KoJie onpegiesica HTTP GET-3aHpo. C ero moMoIIb0 BO3MOXKHO ITIPOBEPUTH,
orBeuaeT jiu cepep Ha HTTP-3ampockr n moyIuTh coepKuMoe yKa3aHHOTO

pecypca.
Jly1st IOJTy 9eHus COIEPIKIMO

ro daitna ¢ cepBepa HEOOXOINMO:

1. B okue macrpoek recra B nose «®air» (cm. puc. [[HY) ykaszarh ums

3amparrmBaeMoro (aita.

1%DyHKHHH JOCTYIIHa IIPpU JOIOJHUTE/IbHOM 3aKa3€ OIIUn

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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2. YCTaHOBUTH COEJMHEHNE C Y3JIOM.
3. B okne «TCP kiwmenr» naxarb Ha kiaasuiry  F2 («<HTTPGET»). Ipu-
Mep pe3yJIbTaTOB TeCTUPOBaHUsI TpeJicTaBieH Ha puc. [L711

[ oY — - B:i——— - 16:40
TCP knmeHT

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

Content-Length; 216

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

¥-Padi avoid browser bug

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

<titler302 Found</title

</head><body>

<hl>Found</hl>

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

</hody><htnl>

3arpHTE HTTPCGET Hacrpoiikd  Coxp./3arp.

Puc. 7.71. Ilpumep orBera na HTTP GET-3ampoc

Bepkym-ET. Pyxosodcmeo no akcnayamauu
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7.13 Tpausur

B pexunme «Tpamsur» mpubOp BKIOTACTCS B PA3PBIB COCIMHEHUS MEXKLY
JByMsl cereBbiMu ycrpoiictBamu. Tpaduk, npuxomsamuii na mopr A(B) orupas-
jgercst Ha nopt B(A), npumep mojK/IIOUeHUs TOKA3AH HA PUC.

Puc. 7.72. Ilpumep nogksodenust B pexkume «T'pan3uT»

[Ipu mepeate JaHHBIX ¢ TTOPTA HA MTOPT OCYIIECTBISETCS COOP CTATUCTHIE-
CKUX JIAHHBIX O IpoxojsiiiieM Tpaduke. Pesyibrarsl 1ocTymHbl B MeHIO «CTa-
TuctuKay. 1Ipn moycuére CTaTUCTUKU TI0 YPOBHSIM TOBPEKJICHHBIC ITAKETHI HE
YUYUTBIBAIOTCA.

Eciin ckopocTu nepegadn JaHHbIX st HopTa A u st nopra B pas/imaHbl,
BO3MOKHBI TOTEPH TIPH IPOBEJICHNN TeCTUpoBanusd. [lorepu mpon3oiiyT B TOM
cllydae, ec/id Iepejlada BeJIETCsl ¢ mopTa ¢ OOJIbINeil CKOPOCTHIO Ha IOPT C
MEHBIIIEN.

HE A:100 PTH B:1000 PTH 00 26

TpaHauT

IECE I Brn

Brikn Brn

Puc. 7.73. Menio «Tpanzut»

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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7.14 JIumarHocTukKa MeIHOIO Kabejis

IIpucop BepkyT-ET mo3BosisieT mpoBeCTH TUATHOCTUKY MEIHOTO Kabesrs
TUIIA «BUTas IIapay, U3MEPUB OCHOBHBbIE XapPaKTEPUCTUKHU U OIIPEJIE/IUB €ro
COCTOSIHUE U THII.

J1J1st IpOBeJIeHUsT TECTUPOBAHUS HEOOXOINMO:

1. Iepeiitu B Menio «Tect kabesusy» (cm. pucllZd).

2. IoaksrounTs K 1pubopy TecTupyeMblii kabesib /kabesu gepes3 pazbéM / pazbEMbl
RJ-450.

3. Haxxars Ha kiasuiry = F1 («Craprs ), IpU 9TOM, B CIIyUae HOIKJIOUEHHsI
JBYX Kabesieii, Oy/lyT OJJHOBPEMEHHO [IPOTECTUPOBaHbI 00a MHTepdeiica.
C nomomrp kiaasum  F2 («A») u  F3 («B») BbiGparb mopr i mpo-
CMOTpa Pe3yJIbTATOB TeCTUPOBAHUS.

st onpeieniennst Tra Kabesst HeoOXOIMO:

1. Tlepeiitu B menio «TecT Kabess».
. Opun Kowrerr TecrupyeMoro kabesis noJx/ounTsb K nopry A(B) npubopa,
Jpyroit — k nopry B(A).

@

Haskars na knasumry  F1 («Craprs ).
4. CpaBHUTH DPe3yIbTATHI TECTUPOBAHUA, O0TOOpaKEHHBIE B cTpoke «Ile-
pekp.» Juig mopra A u nopra B, n snadenus, npejcrasieHHble B Tal-

srie [C6

MmO A:100 - B:——— - 15 30

TecTt katena {A)
Mapa 1-2 3-6 4-5 -8

CocTosiHMe HOpM, HOpM, K.3. K.3.
3atyx.pp ——— ——— -1.89 -2.7
mcr. .M —— ———— 17 16
MonapH.

MNeperp. MDI MDI ——— ————

CrapT A B Coxp,/3arp.

Puc. 7.74. Dxpan «Tecr kabes»

e CocrTosiHIEe — COCTOAHNE Kabesd.
Bosmozknble cocrosgnns:

— TecT — UAET TeCTUPOBaHUE Kabessl Ha HAJUYNE HEUCIIPABHOCTEI;

PTIposesienne Tecta BO3MOXKHO TOIBKO MPH MOJAK/TIOUEHNH K AHAIM3UDPYEMOMY Kabesio ¢ wc-
nosp30BaHneM paszbéMa RJ-45. SEP-momynmu miist TectupoBaHus He TPUMEHSIOTC.

Bepxym-ET. Pyxosodcmeo no akcnaAyamauuy
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— HOPM. — HOPMAaJIbHOE COCTOsIHUE KabeJIs;

— 0OpBIB — OTCYTCTBUE COEIMHEHNs] KOHTAKTOB BUTO HAPDI;

— K.3. — JIBa WK 00Jiee MPOBOJIHUKOB BUTOM MTAPhl KOPOTKO3aMKHY ThI;
— 60l — HEBO3MOXKHO IIPOBECTH TECTUPOBAHUE.

3aryx. b — 3HaueHune 3aTyXaHUs CUTHAJIA.

Juct. M — paccrosinue ;10 0OHAPYKEHHOTO JledeKTa.
IMonsipH. — TOJISIPHOCTD BUTHIX TIAP.

Bosmozknbie cocrosinmst:

— <+4> — HOJIOKUTEIbHAA MOJAPHOCTD (HOPMAJILHOE COCTOSTHUE);

— <—> — orpuUaTe/JbHas MOJAPHOCTH (COCIUHEHHE JIBYX IPOBOJI-
HUKOB BUTOfl Iapbl Ha OJHOM KOHIIE OOPAaTHO UX COEJMHEHUIO Ha
JIPYIOM).

ITepekp. — pexum Britouenusi Burbix nap (MDI/MDI-X); snauenust,
BBIBOJUMBIE B CTPOKe «Ilepekp.» MO3BOJIAIOT ONPEACTUTD TUII KabeIs.

Tabmuua 7.6. Oupenesenne Tuna Kabesis

CKOpOCTb ITapa |3nauenume B|3uavyenme B|Tumn kabeas

crpoke «lle-|cTrpoke «Ile-
PeKp.»  [OJid | peKp.»  OJd
mopta A nopta B

1-2 MDI MDI IIepPEKPECTHBIHI

3-6 MDI MDI

4-5 — —

7-8 — —

1-2 MDI-X MDI-X TepEeKPECTHDIIT

3-6 MDI-X MDI-X

4-5 — —

7-8 — —

10/100 1-2 MDI-X MDI UPSIMOii

3-6 MDI-X MDI

4-5 — —

7-8 — —

1-2 MDI MDI-X IPSIMOit

3-6 MDI MDI-X

4-5 — —

7-8 — —

16 CkopocTs mepenadn JaHHBIX 11 mopra A u mopra B (B M6ur/c) 3amaéres B menio «Ilapa-
MeTPBI HHTEPdEIICoB».
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Tabuuna 7.6. Oupejienenne Tuma Kabesst (TIPOIOIKEHNE)

1-2 MDI MDI IIepPEKPECTHBIHI
3-6 MDI MDI
4-5 MDI MDI
7-8 MDI MDI
1-2 MDI-X MDI-X IIepPEKPECTHBIHI
3-6 MDI-X MDI-X
4-5 MDI-X MDI-X
7-8 MDI-X MDI-X
1000 1-2 MDI-X MDI IPSIMOit
3-6 MDI-X MDI
4-5 MDI-X MDI
7-8 MDI-X MDI
1-2 MDI MDI-X IPSIMOit
3-6 MDI MDI-X
4-5 MDI MDI-X
7-8 MDI MDI-X
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7.15 BERT

BERT (Bit Error Rate Test) — recr, mo3BOIMOMHiT ONPEAEIUTH OCHOB-
HOIl OGUTOBBIN ITOKa3aTe/b KadecTBa KaHaja — «bit error rate» (Koa(b(bI/ILU/IeHT
OGUTOBBIX OIMIMOOK), T. €. OTHOIIEHNE JYHCJIA OMUOOYHBIX OUT K OOIIEeMy KOJIH-
JecTBY MepeJlaHHbIX O6utT. VI3BecTHAsI Ha TPUEMHOM U IIEpPEAOINIEM KOHIE Ou-
HapHasl MMOCIeI0BaTETLHOCTE ToMeraeTcsa B Ethernet-kaap, KoTopsrit mepega-
ércs B dusmyeckyio cpemy. Ha npuéMnom KOHIIE TOCJIEI0BATEILHOCTD CPaB-
HUBAETCS ¢ WCXOIHOMN, W BBIYUCAAETCS KOIDDUIMEHT OUTOBBIX OMmuOoK. Jlrs
nojkrodennst K TDM-ceTn ucrosib3yercst KOHBepTep UHTePdEicoB, KOTOPBIi
ocyecTBIsier npeobpasosanue Tpaduka nakerHoit ceru (Ethernet) B rpaduk,
nepemaBaemblii B TDM-ceTsx.

TecrupoBanue MOKeT OBITH PEATH30BAHO Ha 9€ThIPEX ypoBHAX Mojesn OSI.

e Ha dusuyueckoM ypoBHE JIaHHBIE OTIPABJISIOTCS YACTIMU C OIpeJie-
JEHHBIM MeKKaipoBbiM nHTepBasioM (IFG — Interframe Gap). B arom
cilydae TecTupoBaHue nposojuresi ¢ nopra A (B) Ha nopr B (A) (em.
puc. [[ZH) nnu ucnonbsyercs dyukims «leiid» (em. puc. [LIH).

TecToBas KoHTp. TecTosas KoHTp.
nocneposatenibHocTh | cymma| IFG | nocnesoBatenibHOCTL | cymma

Puc. 7.75. Kagp dusugeckoro yposus

e Ha xanHasbHOM ypOBHE K JaHHBIM J00aBjsieTcs Ethernet-zarososox,
YTO IO3BOJISIET MEPEJIaTh TECTOBbIE MAKEThl Yepe3 CeTh, KOTOpas COJIep-
JKUT yCTpoiicTBa, paboraromnie Ha BropoM yposae mojean OSI (Hanpu-
Mep, cereBoil KommyTaTop (switch)). Criocobbl nojK/OUeHnst Ipudbopa K
TecTUpyeMoii ceru nokasannl Ha puc. [LX7 [LRY

MAC- Tectoeas KoHTp.
3aronoBoK nocnefoBaTenbHOCTb cymma

Puc. 7.76. Kagp kanagbHOrO ypoBHH

e Ha cereBOM ypoBHe mannble momemarorca B IP-maker, a 3arem — B
Ethernet-kaap. 9To mospoisier mepejaTh TECTOBBIE AKETHI Y€Pe3 CeTh,
KOTOpasi COJIEPKUT YCTPOHCTBA, pADOTAIONINE HA KAHAJILHOM M CETEBOM
YPOBHsIX (HAIPUMED, CeTeBOil KOMMYTaTOp, MapmpyTusarop (router)).
Crocobbl TOJKIIOUEHAsT TPUOOpa K TECTHPYEMOil CeTH MOKA3aHbl Ha

puc. [0 [CXY [CIA
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MAC- IP- TecTtoBas KoHTp.
3arosoBOK | 3arosIOBOK| MOCSe0BATELHOCTb | Cymma

Puc. 7.77. Kagp cereBoro yposH:

Ha TpancnoptHOoM ypoBHe dopmupyercs Ethernet-kajip, comepka-
muit [P- u UDP-3aro/ioBok, 4To mo3Bosiser nepeiaThb TeCTOBYIO MOCTIe-
JIOBATEJIHHOCTD C UCIIOJIB30BAHIEM TPAHCIIOPTHBIX IIPOTOKOJIOB. CIOCOOBI
[OJKJIIOYeHNs Iprbopa K TeCTUPYEMOii ceTu 1mokazanbl Ha puc. [LX1 [CXY
L.5Y)

MAC- IP- UDP- TecTtoBas KoHTp.
3arosioBOK|3aronoBOK|3arosioBOK | MOCNEAOBATENbHOCTL | CyMMa

Puc. 7.78. Kagp TpancnopTHoro ypoBHst

B A:1000 - B:1000 - 11 45

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

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

LSS © #LSS 0,000
Los o ¥LOS 0,000

Crapt Cowxp,/3arp,

Puc. 7.79. 9xpan «BERT»

ET — Bpewms, mporme/inee ¢ HaYaJa TECTA;

RT — Bpewmsi, ocrasieecsi 10 OKOHYAHUST TECTA;

BITs — koJinuecTBO IPUHSATHIX OUT;

EBITs — KoauaecTBO OMMUOOIHBIX OWT;

BER — orHomenue KoJmIecTBa OMMMOOIHBIX OUT K OOIEMY THUCTY MPH-
HSITBIX OUT;

LSS — Bpewmsi, B TeueHre KOTOPOro HAOJIIOIA/IACH [TOTEPsI CHHXPOHU3a~
UK TECTOBOII 1TOC/IeI0BATEILHOCTH;

%LSS — orHOmERNE BpEMEHH, B TE€IEHNE KOTOPOTrO HABJIIONAIACEH TOTePST
CUHXPOHU3AIMH TECTOBOM [TOCJIEI0BATEILHOCTH, K BPDEMEHH, IIPOIIIe/IIIIe-
My € Ha4aJja Tecra (B IPOIEHTAX);

LOS — Bpewmsi, B TeueHne KOTOPOI'O CUTHAJ OTCYTCTBOBAUL;

%LOS — oTHOImEHNEe BpeMeHH, B TeUYeHHe KOTOPOTO CUIHAJ OTCYTCTBO-
BaJI, KO BPEMEHH, [IPOIIe/IIeMy ¢ Hauaja TecTa (B IPOIEHTaxX);
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e Hactpoiiku — nepexon B menio «Hactpoiiku BERT».

ITpumewarue: LSS amo cocmoanue omcymemeus CUHTPOHUSA-
YU € NPUHUMACMBMU OGHHDLMU, NPU KOMOPOM HEM, B03MONCHO-
cmu ouernusams napamemp BER. Bodmooichvie npuvumns, omeym-

CmMeus CUHTPOHU3AUUU.:

® Hecoomeememeue mecmosux nociedosamenvrocmet (Hanpu-
Mmep, na npuéme wacmpoena IICII 2el15, a 6 kanane nepeda-

émes IICIT 2e23);

® KaAHAN, 8 KOMOPOM MEPEIGEMCA NOCACIOBATNEALHOCTNG, UME-
em cauwkom euicokutll yposenv BER (nopozosoe snauenue co-

cmaesanem 0,01).

ITpu naxkaruu Ha kiaasuiny F4 («Coxp./3arp.») ocyliecrsisiercs epexo
B MEHIO, B KOTOPOM BO3MOKEH BBIBOJ, HHMDOPMAIIUA O COXPAHEHHBIX M3MEPE-

nugx (- F1 ), coxpaHeHue pe3ysbTaToB U IHapaMeTpoB TecToB (- F2 ), a Takxke

zarpyska ( F3 ) u ynasenue (| F4 ) COXpaAHEHHBIX PE3YJILTATOB U IIADAMETPOB

u3MepeHuil.

[ToapobHOe omucaHue IPOIECCOB COXPAHEHUsI U 3arPYy3KU JAHHBIX TPUBE-

nernio B pazneste [C19

1 A:100 - B:———

BERT
HacTpohkm

YpoeeHs [l

Tun nocn, llonea.

Monkz. AABBCCDD
Kagp 64

Harpyaka (L2} 100 %
AmTencHoCTL  91:00:00

Tononorua TecToB
3aronoBok

Puc. 7.80. Menio «Hacrpoitku BERT»

e YpoBeHb — BbIOOD ypoBHs Mojein OS], Ha KoTopom Oy1eT ITPOBOIUTCSI

TeCT:

— 1 — dusudeckuii ypoBeHb;

— 2 — KaHAJILHBIN YPOBEHb;

— 3 — ceTeBOil yPOBEHD;

— 4 — TPaHCIOPTHBII YPOBEHb.

e Tumn mocj. — BbI60p CTaHILapTHOfI WJIN 33/1aBaeMOil I10JIb30BaTeJIEM Te-
CTOBOM 110CJ1€J0BATEJIBHOCTH.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy



7.15 BERT

87

ITonp3. — BBOJ, 1I0JIB30BATEIHLCKOM IOC/IEI0BATETHLHOCTH.

Kaap — BBox pasmepa Kajipa JTaHHBIX.

W A:100 - Bi——— - 22:14

Tonenorma TecToB

MNopT nepegayud sl

NopT npuéma B

flucT, IP 192.168.1.1

A B JHCTAHUMOHHER

Puc. 7.81. Menrwo «Tonosiorusa rectoB»

Harpyska (L2) — 3nauenue nndopmanmonHoii (L2) ckopoctu B npo-

nenrax (- F1 ), B k6ur/c (' F2 ) niam B M6ur/c (' F3 ).
JJInTesIbHOCTD — 33/IaHue BPEMEHU M3MEPEHNUSI.
Tomostorusi TECTOB — Iepexo/] B MeHIO «TOIOJIOrus TECTOBY.

C mOMOITBIO ITOTO MEHIO 33J[aéTCs TIOPT TPUEMa U HOPT HepeIadn JTaH-
vbixX. OUH U TOT Ke MOPT MOXKET CJIYXKUTb U JIJIsl TePeJIadn U JJIsl IPU-
éMa JaHHbIxX (HanpuMmep, Ipu ucno/b3osanun pyaknuu Loopback).

B caygae ucnonbzoBanus GyHKIUM aCHUMMETPUYHOTO TECTHUPOBAHUS B
KadecTse IOpTa lepeiadn/ npruema Buidupaercs «/lucraHinuoHubliis (cM.

pazues [L).

e 3aroJIoBOK — Iepexoj B MeHIO «3aroyioBok» (cM. pasmes [LAT]).

IlocienoBarepbHoCcTH, UCIIOIB3yEeMbIe [JIsI TECTHPOBAHUS, COOTBETCTBYIOT Pe-

komerpanuu ITU-T O.150 [].

Tabymra 7.7. TecTroBble OCIEI0BATEILHOCTH

Twun nocjie10BaTEIbLHOCTHA

IIpumenenue (pekoMeH.)

st onpenesiennst omuboK (npu epe-

2e9-1 Jade JIAHHBIX 110 KAHAJLY CBA3U CO CKO-
pocreio He Gosee 14,4 k6ur/c).
s ompesenennst ommOOK U JZKATTE-
9e11-1 pa (upu nepezade JAHHBIX 110 KaHa-

JIy CBSI3M CO CKOpOCTbIO 64 KO6UT/C n
64xN k6ur/c, riue N — 1es0e 4ucio).
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Tabuina 7.7. TecToBble OCIEA0BATENBHOCTH (Npodosdicerue)

st ompeiesiennst ommoOOK 1 JZKATTEPA,
(1pu nepejave JAHHBIX 110 JIMHUU CBSA3K
co ckopocTbio 1544, 2048, 6312, 8448,
32064 u 44 736 k6ur/c).

2el5-1

st onpenesennst omuboK (Ipu epe-
2e20-1 Jlade 110 KaHaJly CBA3U CO CKOPOCTBIO He
Gosee 71 k6ur/c).

st opeiesiennst ommoOOK 1 JKATTEPA,

2e23-1 (1pu epejiaye JAHHBIX 110 JIMHUU CBSA3K
co ckopocThio 34 368 u 139 264 x6ur/c).
2e29-1 st oupegenenus omuboK (mpu

epegade JaHHBbIX Ha BBICOKHUX CKOPO-

2e31-1 crax (G6omee 139 264 k6ut/c)).

7.15.1 BERT. Hacrpoiika MPLS

Crek METOK Ha Ilepejiady U IpaBujia MpuéMa 3a1atrcs B MeHto « MPLS»:
Hsmepernus = «BERT» = «Hacrpoiikuy = «3aronoBok» = «/lomosnnreins-
Ho» = «MPLS».

MPLS

Mpreém

Puc. 7.82. Memo «MPLS»

e Ilepenaya — nepexon B MeHIO «CTEK METOK».
o IIpuém — nepexon B menio «IIpasmira mpuémas.

Taxkeke Ha 3KpaHe oToOparkarorcs Tekyiue HacTpoiiku MPLS.
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0 A:ico -

Crex

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

Kon-Bo meTok [

128
00000

128
Q0000

128

Brikn 1

Puc. 7.83. Menio «Crek MeTOK»

e Kou-Bo meTok — BbIGOD KoJmuecTBa MeToK (o1 1 110 3), Koropoe Oyier
JI00ABJIEHO B TI€PEIABAEMBIIl ITAKET.

MeTka — 3HaYEHHE METKH.
MPLS COS — kJjiacc 00C/Iy>KABaHUsI [TAKETA.
e TTL — Bpewms KU3HU AaKeTa C METKOI.

0 A:ico -

MeTka 1
Metka 2
MeTka 3

MNpaBuna npuema

1

Q0000
00000
Q0000

Brikn 1

Puc. 7.84. Menro «IIpasmnia mpuémas

e Ko-BO MEeTOK — BBIOOD KOJTMYECTBA METOK B IMPUHUMAEMBIX MAKETAX.
e Metka 1, Merka2, MeTrka 3 — 3HaUeHHE METKU.
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7.15.2 BapuaHTbl HOAKJIIOYEHUS
pu3nYeckasa cpeaa (kabenb)
nopt A(B)
nopt B(A) ]
Puc. 7.85. Tecruposanue Ha ¢usudeckom yposue (Bapuanr 1)
nopt A(B)
Puc. 7.86. Tecruposanue Ha puznaeckoM ypoBHe (BapuanT 2)
nayxka Kkaapos
[ J[1[] / Ethernet-cets
o a® (G | | atptasto . [Wneiie
LXK\ (228
X - nakeT ¢ OWWBKOI B TeCTOBOW NOCIIeA0BATENILHOCTU
Puc. 7.87. TecrupoBanue Ha KaHaJILHOM/CeTeBOM ypoBHE (BapuaHt 1)

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy



7.15 BERT

nayka kaapos

Ethernet-cetb

77
J\/\

I
=
RS |1 = I N U i P
%%%§
Y

-
/
/
=

X - NakeT ¢ OWWGKOM B TeCTOBOW NOCNEAOBATENIbHOCTU

Puc. 7.88. TecrupoBanue Ha KaHAJILHOM/CETEBOM yPOBHE (BapuaHt 2)

nayka kaapos

0]
nopt A(B) *);

O]

& ~ MaKeT ¢ OWWBKOM B TeCTOBOW NOCNef0BATENbHOCTU

Puc. 7.89. TecrupoBanue Ha KaHAJILHOM/CETEBOM yPOBHE (BapuaHtT 3)
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7.16 IlakeTHblil J>KUTTEP

Baxkmoit 3amateit mpu tectuposBanun Ethernet-cereit saBisieTcsa ompemese-
HUEe [AaKEeTHOro JKuTTepa. B coorsercrBun ¢ Meronukoii REC 4689 [6], ma-
KETHBIN JRKUTTEP — 9TO abCOJIIOTHAsI PA3HOCTH 3aJI€PXKEK PACIPOCTPAHEHUsT
JIBYX IIOCJIEJIOBATEIbHO IPUHSITHIX [TAKETOB, IPUHAJJIEIKAIINUX OJJHOMY ITOTOKY
JAHHBIX. DTOT IapaMeTp UCIIOJIb3YeTCs st OIEeHKH BO3MOXKHOCTHU CETH IIEpe-
JaBaTh YyBCTBUTEJILHBIN K 3a/ep:KKaM TpaduK, TAKOH, KaK BUIEO UIU Pedb.
OyHKIMS aHAJIN3a AKETHOIO JKUTTEPa ABJISIeTCS ormmei].

Ej A:1000 — B:1000 GEN 12:09
MakeTHRA axUTTEp
OTudT
ET 00:00:06 RT 00;00:54

PKTs  9,438e+06
000Ps 7.725e+04  XOO0OPs ©.818
INOPs 9.381le+06 XINOPs 99,182

< 1lms ¥%PKIs 100,000
>= 1ms #PKTs 0.000

CrapT Tpafuik PacnpegeneHue Coxp, /3arp,

Puc. 7.90. Dkpan «Ilakernsrit joxkurrep. OTaér»

ET — Bpewms, nporresinee ¢ HAYAIa TECTA;

RT — Bpewms, ocraBIiieecst 10 OKOHUIAHUS TECTA,;

PKTs — o01miee KOIUIeCTBO MPUHATHIX MAKETOB;

OOOPs — ko/IM4eCcTBO MAKETOB, IIPUHSATHIX HE B TOM IOPSIJIKE, B KOTO-
POM OHU OBLIU OTIIPABJIEHBI;

%000Ps — K0M4IeCTBO NAKETOB, IPUHSATHLIX HE B TOM IOPSIKE, B KOTO-
POM OHU OBbLIH TIepeJIAHbI, B IPOIEHTAX OT ODIIEro KOJUIECTBA TPUHATHIX
[TAKETOB;

INOPs — ko/Jm4uecTBO AKETOB, IIPUHSATHIX B TOM K€ IOPSIIKE, B KOTO-
POM OHU OBLIN OTIIPABJIEHBI;

%INOPSs — KOIMYECTBO MMAKETOB, IIPUHSTHIX B TOM K€ IIOPAJKE, B KO-
TOPOM OHU OBLIN OTIPABJICHBI, B IPOIEHTAX OT ODIIEr0 KOJMIECTBA ITPU-
HSTBHIX TAKETOB;

< ms %PKTs — koimdecTBo akeToB (IIPOIEHT OT OBIIEro 4ucia Ipu-
HATBIX AKETOB), JZKUTTEP KOTOPBIX ObLI MEHBIIE 3aJIAHHOTO IOPOra;
>= ms %PKTs — kojm4ecTBO HakeToB (IPOIEHT OT OOIIEro YucJIa
HIPUHATHIX [AKETOB), JIZKUTTEP KOTOPBIX ObLI GOJIbINE WK PABEH 33a1aH-
HOMY TIOPOT'Y;

Hactpoiiku — nepexosn B menio «Ilakermunrit mxxurTep. HacTpoitkms.

"B 6azosyio xonduryparmmo re sxoaut. JlocTymHa IPH OTOIHATETLHOM 3aKa3¢ OTITIHH.
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IMpu maxkarun na kjiaasumy F1 («Crapr») HaumHaercsd oupeje/ieHue
JPKUTTEPA [MAKEeTOB, MIOCTYIAIONMINX Ha MOPT, BLIOpAHHLIH B MeHiO «IlakerHbrit
mxurTep. Hacrpoiikms. [locse 3amycka n3amMepennii HACTPOMKH TAHHOTO MEHIO
CTAHOBATCSH HEAOCTYIIHBIMU JJIS PEJAKTUPOBAHMA.

B ciay4gae noakirouenust npubopa B COOTBETCTBUE CO CXEMAaMU, [IPEJICTAB-
serabiMu Ha, puc. [L38 u puc. [LIA o iHOBpEMEHHO ¢ OIIPEIEIEHUEM TAKETHOTO
JIZKUTTEpa HAYHETCS MEeHepalus TeCTOBOro noToka (eM. pasmes [L11).

ITpu naxkaruu na kiuasumty F2  («I'paduk») ocymecrsisercs nepexo K
9KpaHy, cojepKkaliemMy rpaduaeckoe IpeiCTaBIeHne PACIIPEIEICHIS TaKeTHO-
ro JKUTTEPA.

O A:100 - B:—- - 03:41

NareTw, 2 MakeTHuA AXMTTER
101, . . .

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

Puc. 7.91. Dkpan «Ilakerubiit mexurreps (rpaduk)

ITpu maxkaruu Ha Kiaasuiry F3  («Pacupesesiennes) oCyIIECTBIACTCS 1€~
pPexo K 9KpamHy, cojepzkaiieMy nHdOPMAIUIO O PACIPEIEIEHAN YKUTTEPA.

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

Puc. 7.92. Dkpan «Ilakernsrit jkurrep. Pacupeneiennes

Ha skpame oTobpazkaioTcss aBa CTOJOIA: B MEPBOM IMIPUBEIECHBI TPAHUIIBI
UHTEPBAJIOB, BO BTOPOM — KOJIMYECTBO HAKETOB (B IPOLEHTAX ), JZKUTTEDP KOTO-
PBIX IOIIAJI B OIIPEIeIEHHBII nHTepBaJl. BepxHsisi rpaHuila MHTEPBAJIa 38, 1a6TCsT
B MeHio «Ilakernsriii jzxurTep. Hacrpoiiku» u obosuadena kak «Ilopor, mc».
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WuTepBas oT HyJad 10 3aJaHHOTO MOPOTa JEJUTCA Ha ONPEACICHHOE YHCIIO
HOBIHTEPBAJIOB; 110 PE3yIbTaTaM TECTa I KazKJIOro HOJbIHTEpBaja B IIpa-
BOM CTOJIONE OTOOParKaeTCs MPOIEHT MaKeTOB, JIZKUTTEP KOTOPBIX HAXOIUTCA
B 9THUX IIpeJiesiax.

ITpu maxkaruu Ha kiaasuury F4  («Coxp./3arp.») IpOUCXOIUT LIEpexXoJL B
MEHIO, B KOTOPOM BO3MOYKEH BBIBOJ] HH()OPMAIIUU O COXPAHEHHBIX M3MEPEHUAX
(' F1 ), coxpaHeHue pe3yJbTaToB U IapaMerpos TectoB ( F2 ), a Takxke 3a-

rpyska ( F3 ) u ynasenue ( F4 ) COXPaHEHHBIX PE3YJILTATOB U IIAPAMETPOB
u3MepeHuil.
IToapo6HOE onHMCcaHue MPOIECCOB COXPAHEHUA W 3arPy3KH JAHHBIX — CM.

pasznes [T

WD A:ico - Bi———— - 11:30

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

TecToBHA MNOTOK

Puc. 7.93. Memnrto «Ilakerusrit mxxurTep. Hacrpoitkms

e ITopT mpuéma — BBIGOP MOPTA, HA KOTOPOM OYJIET IPOUCXOIUTD M3Me-
peHune JKUTTEpa;

ITopor, Mmc — oporoBoe 3HaYEHUE JZKUTTEPA;

JuTeIbHOCTh — BpeMsT U3MEPEHUsT JPKUTTEPA,;

TecToBBIlT TIOTOK — TIEPEXO B MEHIO « 1e€CTOBDIN TTOTOK».
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7.17 TecToBBIN ITOTOK

OyHKIUS reHeparul TECTOBOTO MOTOKA MPUMEHSETCS TIPU U3MEPEHUH T1a-
KeTHOro JKuTTepa. CyIecTByeT BO3MOKHOCTD MeHEPAIMA TECTOBOTO MMOTOKA
U U3MEPEHMsl [TAKETHOrO JKUTTEepa Ha ogHoM nopry (cm. puc. [L34), a takxe
reHepaIy TECTOBOTO IIOTOKA Ha OJHOM MOPTY U U3MEPEHUN ITaKETHOTO JXKUT-
repa Ha japyrom (cMm. puc. [LOH), nupuuém nopr npuéMa MOKeT PACIIOJIAraThes
Ha ygajaéHHoM npubope, cM. puc. [LI0l

[Tocie BKIIIOYEHUST TE€HEPAIMH TECTOBOTO TOTOKA HACTPONKU MEHIO CTAHO-
BATCSl HEJOCTYIHBIMU JIJIs PEIAKTUPOBAHUS.

reHepauus TeCcToBOro NOToka

opTAB)

onpeaesieHUe AxXuUTTepa

Puc. 7.94. Usmepenne mxurrepa. Cxema 1

reHepauus TeCToBOro NOToka

opT B(A) —

opT AB)y~—

onpefeneHue 4XuTTepa

Puc. 7.95. Usmepenne mxurrepa. Cxema 2

reHepaLus TeCTOBOrO NOTOKA
i
|
v
nopt A(B) nopt A(B)

onpejeneHue axuTrepa

Puc. 7.96. Usmepenne mxurrepa. Cxema 3
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3 A:100 - B:——— - 00 25
TecToBHA MNOTOK
| ______Otnpaska M
MopT nepepavd A
Kapp 64
AmTencHoCcTE  90:01:00
Harpyaka (L2} 100 %
3aronoBok
ET —i1—:— RT ——i——i——
Brin Brn

Puc. 7.97. Mento «TecToBblil TOTOK»

OTnpaBka — BKJIIOUEHUE/ BBIKJIIOUEHIE T'eHEePAIU TECTOBOIO II0TOKA;
ITopT mepemaydu — BLIOOD MTOPTa, C KOTOPOTO OYIET MPOUCXOINTDH TeHE-
parns Tpaduka;
Kazap — pasmep kazpa (s060e 3aadenue B npemenax ot 64 10 9600 Gaiir);
e JImTesibHOCTD — BpeMsi, B TeUeHHEe KOTOPOro OyIeT MPOUCXOIUTD T'e-
Hepalus TpagpuKa;
e Harpyska (L2) — snauenue undopmaimonnoii (L2) ckopocru B 1po-
uenrax (- F1 ), B k6ur/c (' F2 ) wiau B M6ur/c ( F3 );
3aroJI0BOK — I1epexo/l B MEHIO «3arojIOBOK» ;
ET — Bpewms, npore/inee ¢ HadaJia reHepannn Tpaduka;
RT — Bpewmsi, ocraBieecst 10 3aBepIlleHrs] TeHepaln TpaduKa.

7.17.1 Tecrossrit motok. Hacrpoiika MPLS

Crexk MeTOK il TecTupoBanus 3a7aércst B MeHIo «CTek MeTok»: H3amepe-
HusA = «TecToBblil TOTOK» = «3aroyioBok» = «/lonosiurensuos = «MPLS».

O A:ioo - Bi—— - 19:54

Ctek meTOK

|__Kon-Bo_metox [
MeTka 10000
MPLS COS5 ©
TTL 128
Metka 00000
MPLS COS5 ©
TTL 128
MeTka ©QQOQ00
MPLS COS5 ©
TTL 128

Brikn 1 2 3

Puc. 7.98. Menio «Crek MeTOK»
e Koui-Bo MmeToK — BbIGOD KommuecTBa MeToK (o1 1 110 3), KoTopoe Oyuer
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J100aBJIEHO B IIEpPeIaBaeMblil [TaKeT.
e MerTka — 3HaUYeHUE METKH.

e MPLS COS — kjacc o6c/ry>KuBaHUsI [IAKeTa.

o TTL — Bpewms KU3HU TAKETa C METKOI.

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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7.18 Crarucruka

,H.HH MEPEKJIIOICHNA MEXK/Y IKPpaHaMN I/ICHOJII)SyfITe KJIaBUIIIN @/@

uim F2 / F3

ITpu naxxaruu na kiuasuiry F1 («C6pocy ) npoucxoaut c6poc CraTuCTUKH.
Bo Bcex skpanax, Kpome 3xkpaHa «CTaTUCTUKAY, TPU HAYKATHH HA KJIABUIILY

F4 upoussojuTcs BbIGOp mopra (A, B).

7.18.1 CBogHad CTAaTUCTUKA IO ABYM IOPTaM

1 A:100 - B:;——— - 03 02
CratncTHka

MopT A NopT B
Rx kappw 20 28541892
Tx kappwh 29968424 22
Rx 6aATw 2592 1826681766
Tx GaATw 1917980744 1408
Bx Kéut/c Q o

Copoc < i

Puc. 7.99. Dkpan «Crarucrukas

Rx Kaapbl — KOJIMYIECTBO IMPUHSITHIX KaJPOB.
Tx Kaapbl — KOJUYECTBO IePeJIaHHbIX Ka/IPOB.

Tx 6aliThbl — YNCIO MEPEIAHHBIX OANTOB.

®

[

e Rx GaiiTbl — uncjio NpuHSTHIX OANTOB.
[

[

Rx K6ur/c — undopmaius 0 TeKyleil HarpysKe Ha MPUEMHON 4acTu

opTa.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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7.18.2 CrarucTuKa mo TUIlaM KaJIpOB

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

Puc. 7.100. Dxpan «Crarucruka 1Mo TUIIaM KaJpoB»

Broadcast — kaJpbl ¢ IIIPOKOBEIATEILHON aIpecaliueii.
Multicast — kaapsI ¢ TpyIIoBoOil ajpecariyeii.

Unicast — xaapbl ¢ equHITIHON aIpecarineit.

Pause — kajipbr maysbl.

Rx — 9mco npuHATHIX KaIpoB.

TX — 49uC/I0 IepeIaHHbIX KaJIPOB.

7.18.3 Craructuka 1o pa3mepam KaJapoB

W n:ico - By———— - 11 33
CtaT. no paaMepaMm kagpoe (A)
pasmep Rx Tx
< 64 o Q
64 1377 1307113894
65,.127 12% 22
128, .255 38 78080423
256,,511 27 22254063
512..1023 3 7231975
1024,.1518 o 3051007
> 1518 o] 133226
Copoc < i B

Puc. 7.101. 9kpan «CraTuctuka Mo pasMepam KaJpoB»

e pasmep — pasMmep Kajpa (B Haiitax).
e RX — 9mC/I0 NPUHATHIX KaIPOB.
e Tx — yuncJio nepeJaHHbIX Ka/JIPOB.

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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7.18.4 CrarucTukKa mo ypOoOBHSIM

WD A:ioo - Bi———— - 11:33

CratmcTuka no ypoeusm (A)
ypoB. Rx Tx
2 3028 1417864721
3 1493 1417864337

Copoc < ¥ B

Puc. 7.102. 9kpan «CraTucTUKa 110 YPOBHSIM»

e ypoB. 2 — kosmvectBo npuHATHIX (Rx) u nepenanubix (Tx) Kaapos Ha
KaHAJBHOM YPOBHE.

e ypoB. 3 — kosmuectBo npuaaTeix (Rx) u nepegannpix (Tx) kajapos Ha
CETEBOM YDOBHE.

7.18.5 CrarucTuka: onmbKMN KaJapoB

WD A:ioo - Bi———— - 11:34

CratucTuka: owmGkm kagpos {(A)
Rx
CRC o]
Runt ]
Jabber L]

Copoc < ¥ B

Puc. 7.103. Dkpan «CraTucTruka: OMUOKYN KaIpOB»

e CRC — KOJIMYECTBO NPUHSATHIX KaJIPOB, UMEIOMIUX OIMMMOOYHYIO KOH-
TPOJIBHYIO CYyMMY.

e Runt — xosmdecTBO NIPUHATHIX TAKETOB JAHHBIX JAJIHHON Menee 64 6aiiT
C IPaBUJIBHOU KOHTPOJILHOU CyMMOI.

e Jabber — KOIMYIECTBO MPUHATHIX MTAKETOB JAHHLIX pasmMepoM Oojee
1518 GaiiT, IMEIOIIX HEIPABUIHHYIO KOHTPOJBHYIO CYMMY.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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7.19 CoxpaHEHHBbIE JaHHbIE

Memnto «Pesymbrarsly CayKUT [JIsT TPOCMOTPA WHMOPMAINNA O COXPAHEH-

HbIX u3Mepenudx (- F1 ), 1jisi cOXpaHeHUsi pe3ysIbTaToB (B TOM YHCJIE U CTa-

TUCTHKH) U napamerpos TecroB ( F2 ), a rakxke jig 3arpy3ku ( F3 ) mim

yaasenusi (- F4 ) COXpaHEHHBIX PE3YJIbTATOB U APAMETPOB U3MEPEHUIl.

my

ITpumevanue: na3garue mecma 0modPaNCAEMCEH 8 3420A06Ke Me-
nio «Pesyaomamory. Hanpumep, npu coxparernuu/3a2pyske/yoarenu
PE3YALTNAMOE MECTNA «DT0-3aNPocs 6 3a20406KE MEHIO 0MOODa-
orcaemes nadnuco «Pesyavmamol (Dxo-sanpoc)s.

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

Puc. 7.104. Mento «PegynbraTnr»

st mpocMoTpa moapobHOoit mHMOpMAaIMi O 3alliCH HasKMHUTE Ha KJIaBU-

[ ] A:100 - B:—— -

Whgopmaumsa o sarmck

Ve sammout  test
Bpema coxpaenuat  16-10-2003 15325154

Haqano Kaorew
RFC-2544  16-10-2003 14:03:35 16-10-2003
[BERT 16-10-2009 14314324 16-10-2003
() 16-10-2009 14316306 16-10-2009
CTR 16-10-2009 14317437 16-10-2009
Tect wafenmlB-10-2009 143101123 16-10-2003

14:13:25
14115150
14117110
14317150
14101133

Puc. 7.105. Mento «Nudopmarinst o 3amucu»

J st coxpaHeHus! JJAaHHBIX:

° BbI6€pI/ITe HOMED, 110 KOTOPBIM XOTUTE COXPAaHUTb U3MEPEHU I,

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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® HaXKMHUTE @,

® BBEIUTE MM 3aIIUCH;

® HaXKMUTe @;

o naxxmure F2 («Coxpanurb»).

,HJIH 3arpy3Ku COXpaHéHHBIX pe3ysibTaToOB H3I\/IepeHHﬁ u 1napamMeTpoB Te-
CTOB:

e BbIOEpUTE HOMED BAIINCH;

o maxkmure F3  («3arpysurb»).
JlJist yjasieHust COXpaHEHHBIX Pe3yJIbTATOB U3MEpPEeHHUIt:

e BBIGEpUTE HOMED 3AIMCH, KOTOPYIO XOTUTE YIAJUTh;
o naxkmurTe F4  («Ymaaurb»).

e naxkmure F3  («/lay).

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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7.20 Ilapamerpsl ceTu

3 A:100 - B:———— - 02 40

NapameTpe ceTn

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

MPLS Bkn

A E LAN

Puc. 7.106. Mento «ITapamerpnr ceTm»

ITopT — BBIGOP mOpTa (A, B i LAN) mia macrpoiiku.
DHCP — upu Briitouenuu 31oit dyuknun [P-anpec mopra, macka moj-
ceru, [P-anpec numoza u [P-ajpec yama, koropsriii cogepxut 6a3zy DNS,
OymyT npemocrasiierbl Tecrepy cepsepom DHCP aBromarnvecku;

e IP-anpec — IP-aapec nopra;
Macka niojiceTu — ornpejieiseT, Kakas dactb [P-ajpeca, ykazannoro B
[PEeJIbIIYINEeM [IyHKTe, OTHOCUTCS K aJIpecy CeTH, a Kakas — K aJpecy
y37a B CeTH.

e IIlmro3 — IP-azpec mumioza.
DNS — IP-ajzpec y3ia ceru, KOTOpbIil cojiep:kut 6a3y jganubix DNS.
MPLS — Bk/I04YeHUE /BBIK/IIOUEHUE BO3MOXKHOCTU OTIIPABKE IIAKETOB €
merkamu g moptoB A u B (g mopra LAN MPLS ne nomuepzxu-
Baercs). [Ipu Boibope 3uavenus «Boikiay» nyHkr menio «MPLS» (menio
«ITapamerpsl unTepdeicoB») CTAHOBUTCS HEJIOCTYIHBIM JIJIsl PEIAKTH-
DOBAHUSI.

ITpumewarue: IP-adpec wanroza u IP-adpec ysaa cemu, xomopwii
codeporcum 6a3y dannviz DNS, sadatomesn nesasucumo das xasic-
dozo nopma.
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7.21 Ilapamerpsl nuHTepdeiicoB

3 A:100 - Bi——— - 02:17

NapameTpw vHTeppencoB

L__________lopr U

CrkopocTe ABTOMaTHUYECKM
Aetocora, Bkn
MAC agpec ©00:21:CE:08:08:31

YLAN
MPLS

A E LAN

Puc. 7.107. Memnio «Ilapamerpsr uarepdeiicos»

ITopT — BLIGOP TIOPTA JIJIsT HACTPOWKU;

CkopocTh — BBIOOD CKOPOCTH Iepeadn JAHHbIX. Kean BhiOpaHo 3Hade-
Hue « ABTOMaTHY€CKU» , TO IPOUCXO/IUT ABTOMATHIECKOE OTIPEJICIEHIE
ckopoctu nepegadn (Gyger BeiOpaHo Jiroboe u3 3uadenuii 10/100/1000
Mo6ur/c). IIpu sTOM 3HAUEHUE NMYyHKTa <«ABTOCOINI.» ABTOMATUYECKH
u3MeHserca Ha « BKJI» U CTAaHOBUTCS HEJOCTYIHBIM JIJIS PEIAKTUPOBAa-
HUS.

ABTOCOrJI. — BKJIIOUEHUE pexkuMa <«auto-negotiation» (aBrocoriacosa-
HUE), IIPU KOTOPOM IIPOUCXOJUT aBTOMATHIECKOE OLIPEIeJIeHIe CKOPOCTH
U peXUMa COeJIMHeHnst. B 3TOM ciiydae HyKHO BBIOPATDH XKEJAEMYI0 CKO-
pPOCTh coe/uHenus (Um BoIOpaTh « ABTOMATHUYECKH > , €CJIM BO3MOKHA
arobast ckopocts 10/100/1000 M6ut/c) 1 yeTaHOBUTH 3HAYEHHE ITyHKTA
MeHo «ABTOCOII.» B cocTosiine « BKJI».

Coeurenne OyeT yCTaHOBJIEHO TOJIBKO B TOM CJIy4ae, eCJIU Ha TPOTUBO-
[TOJIOZKHOM KOHIIE COEJIMHEHMsT TaKYKe UCIOJIb3YeTCsI aBTOCOTIACOBAHUE,
U KaK MUHUMYM OJIUH MPEJAIIOYUTACMBIN PEKUM COBIIAIAECT.

MAC aapec — MAC-anpec nopra (A, B uimu LAN), mapamerpbl KOTo-
poro macrpausaorcs L;

e VLAN — nepexoz B mero «VLAN» (cm. puc. [LT2);

MPLS — nepexon B menio «MPLS. Unrepdeiic A» («MPLS. Nurep-
deiic B»).

ITpumenarue: 8 cayyae ucnoivdosarus SEFP-modyaet ckopocmob
nepedauu dannolr 6cezda yemanasausaemcs pashot 1 I'6/c.

8TIpu maxarun ma kiasumy  F1 (3asogckoit) B kagecrse MAC-ajipeca mojicTaB/Isercst 3a-
Bozckoii MAC-azpec npubopa, ykaszanubiii B Merio «ndopmarnms».

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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MPLS. WHTepgpenc A

Nprém

Agpec LSR: 100,100,100,100

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

MeTku Ha npuem; | 20000
MpuHumaTe HULL: Beka

Puc. 7.108. Mento «MPLS. Nurepdeiic A»

e Ilepenaua — nepexon B Menio «Ilepematias;
e IIpuém — mepexon B menio «IIpasmra mpuémas.

Taxke ma sKpane orobparkarorca mapamerpsl MPLS, 3amanmbie B Menio
«IIpuéms» un «Ilepemagas.

7 n:ico - By———— - 2355

MNepepaqa
ATl 192,.168.1.1

MNpaeuwno Bkn
IP nogcetw 192,168.1.0
Macka nogcetTH 255,255,.2055.0
Ctek meTOK

Puc. 7.109. Mento «Ilepenaaas

e Anpec LSR — IP-azpec maTepdeiica MapiipyTu3aTopa, OCyIIeCTBIIsI-
FOIIEr0 KOMMYTAITUIO 10 METKAaM, K KOTOPOMY IOJIKJIFOYeH [IPUdbop.

e IIpaBuiio — BKIIIOYEHUE /BBIK/IIOUCHUE [IPABUIIA Ha OTIIPABKY [IAKETOB B
[I0JICETh, IMapaMeTPbl KOTOPOIl 3a/1al0TCsl HIZKE.

e IP noaceru — IP-ampec moacern.
Macka mojiceTu — MacKa [0JICeTH.
Crek MeTOK — mnepexoj B MeHI0 «CTeK METOK».

Beprym-ET. Pyxosodcmeo no akcnayamauu
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Az100 -

-

Crex

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

HYucno metorx [

10000
L]

128
20000

128
30000

128

Brikn 1 2 3

Puc. 7.110. Mento «Crek MeTOK»

e Kou-Bo meTok — BbIGOD KoJmuecTBa MeToK (o1 1 110 3), Koropoe Oyier
J100aBJIEHO B IIE€PEIABAEMBII ITAKeT.

MeTka — 3HaYEHHE METKH.

MPLS COS — kJjiacc 00C/Iy>KABaHUsI [TAKETA.

e TTL — Bpewms KU3HU AaKeTa C METKOI.

A:100 - Bi——— -

-

MNpaBuna npuema

Kon-Bo metok WSS
L]

MeTka 1
Metka 2 0O
Metka 3 ©

Brikn 1 2 3

Puc. 7.111. Memnto «IIpapuma nmpuémas

e KoJii-Bo MeTOK — BBIOOD KOJIMIECTBA METOK B IPUHUMAEMbBIX TAKETAX.
e Metka 1, Metka 2, MeTka 3 — 3HaucHUuE METKH.
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7.22 Hacrpoiiku npubdopa

7.22.1 Hactpoiika aucniaes

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

lucnnea m np.

=

Aprocte wHauk, Wl 14

Nopceetka [l 18
eeTHOCTEL

o 20
28

3eyk knaBmuw Bukn

HMHEN

LCD aBToBwKn Bokn
ABTOBRKAWYeHMe Bukn

Puc. 7.112. Mento «Iucmmeit u mp.»

S pKOCTb MHIAVK. — U3MEHEHUE SPKOCTU CBETOINOIOB.

S pKOCTb — M3MEHEHUE STPKOCTHU TOJICBETKH SKPAHA.

IIBeTHOCTH — M3MEHEHUE IBETHOCTU M300PAKEHUS.

KonTpacTHOCTh — u3MeHeHNe KOHTPACTHOCTH M300ParKeHUs.

3BYK KJIABUIIl — BKJIIOYEHUE /BLIKJIIOUCHUE 3BYKA HAYKATH KJIABHIIL.
LCD aBTOBBIKJI. — B 110JI€é MOXKHO 33/aBaTh CJIEJIYONNE 3HAUYEHUS] aB-
TOMaTUYECKOI0 BBIKIOYeHUs: mnojcBerkn: Beiki, 20 ¢, 40 ¢, 60 c; jgjs
yBeJIMYeHNsI BDEMEHN aBTOHOMHOI pabOThI BEIOEPUTE MIHIMAJILHOE 3HA-
qeHue.

ABTOBBIKJIIOYEHUE — B II0JIE MOXKHO 33/1aBaTh CJIE/LYIONINE 3HAUCHIS
aBTOMATUYIECKOTO BBIKJIIOUeHUS rpubopa: Boiki, 1, 5, 10 MumyT.

7.22.2 OcHOBHbBIE HACTPOIKM

WM A:100 - Bi——— - 09:22

OCHOBHEIE HACTPOMKKM

RUS

flata 03-11-2009
Bpema 08:22:41

flor Bkn

ENG RS

Puc. 7.113. Mento «OcHOBHBIE HACTPOMKM>

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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SI3BIK — cMeHa a3bIKa mHTepdeiica.

data — BBOM 11 BBIOOP TEKYIEH TaTDI.

Bpemst — BBOJ, nin BBIOOD TEKYIIETO BPEMEHH.

Jlor — BKJIIOYEHUE/ OTKJIIOUECHNE CUCTEMbI IPOTOKOJUPOBAHUS COOBITHUI

(em. paznen [CZ3).

7.22.3 Wnadopmaiiusa

M A:100 - B:——— - 11 07

HHpopmMaumn
MCU v.0.2.48-5
5YS FPGA v.0,
EXP FPGA wv.0.6.11-
BOOT v,0.0./7/Fd90dE
FILES wv.0.1.
HW  w.1,
S/N 8254
MAC A 00:21:CE:08:09:31
MAC B 00:2 8:08:32
MAC LAN ©00:21:CE:08:09:33
" MeTtpoTtek

Wrdopmawma Bpema

Puc. 7.114. Dkpan «Nudopmanus»

MCU — Bepcust nporpammbr MCU;

SYS FPGA — Bepcus mukpokoga system FPGA;
EXP FPGA — Bepcust mukpokoja expansion FPGA;
BOOT — Bepcus 3arpy3vnka;

FILES — Bepcusa ¢aitoBoit cuctemsbr;

HW — ammaparnas Bepcus;

S/N — cepuiinbiii HOMEP;

MAC A — MAC azpec nopra A;

MAC B — MAC ajpec nopra B;

MAC LAN — MAC agpec nmopra LAN.

ITpu naxkaruu Ha kiasuiry F2 («Bpewms») ocyinecTBisiercs mnepexon K
sKkpaHy «Bpemsi paboThI».

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

Bpemna paGoTh

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

WMHoprawma Bpeta

Puc. 7.115. 9kpan «Bpewmsi paborsr»

e Tekyree — BpeMsa pabOTHI TpUOOPA OT MOCIEIHETNO BKAIOYCHUS 10 Ha-
CTOSIIEr0 MOMEHTA.

e IIpenpiayiee — BpeMst pabOTHI TPUOOPA OT MPEIBIIYIIEr0 BKIIOUCHUST
JIO TIPEJIBIIYINEro BhIKIFOUEHMSI.

7.22.4 Wudopmanus o SFP

0 n:100 - B:——— —  14:40

Whgopmauun o SFP-mogyne (A)

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

A B

Puc. 7.116. kpan «Uudopmanust o SEFP-moyies

Ha sxpame orobpazkaercs nHdoOpMaInis O TPOU3BOTATEIE, MOJIETN U TTO-
JIEPXKUBAEMOM pexkuMe repejaan ganubix SFP-mopynsa. Beibop mopra mpons-
BOJIUTCsI TIDM HAsKaTUM Ha Kiaasuimm  F1 (mopr A) u  F2 (nopr B).

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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7.22.5 AXKKyMyJadgaTop

[ A:icod -

B:1000 — 03:01

Temnepartypa
HanpaAxeHue
Tok

EMKOCTE

AKKYMYnATop

80 °C

24590 mB

63 mA
2205/220% mAu

Bpema sapapa 9216 c

Puc. 7.117. Dkpan «AKKyMy/IsiTOp»>

Ha skpane orobpaxkaercst mH(MOPMAIIUsT O COCTOSIHUU aKKYMYJISITOPA: TEM-
neparypa (°C), nanpsikenne (MB), Tok (MA), Texymasi/MakcuMagbHas €M-
KOCTH (MAY), BpeMs 3apsijia — BpeMs, IPOIIE/Iee OT HATAJIA 3aPALa AKKYMY-

agropa (c).

7.22.6 VYmupaBJjieHUE ONMIUIMU

Onnusivu siBJisitorest pyuknuu npubopa Bepkyr-ET, noctynabie mpu J10-
IMOJIHUTEJILHOM 3aKa3e. 1 akTuBaIuu oniuil KJIrod, CreHePpUPOBAHHBIN JIJTst
YKA3aHHOI'O CEPpUIHOIO HOMepa pubopa, HeoOXOINMO BBECTH HEIIOCPEICTBEH-
HO B nipubope B MeHIO «OIIuuy UK ¢ UCIOIH30BAHINEM KOMAHJIBI YIAJIEHHOTO
ynpasnernus ats (em. mpumoxenue [O).

Tabauna 7.8. Onmun

Ormus Onucanune
Huarnocruka cereit TCP/IP (mapupyrusanus, JOCTYIHOCTD
ETIP
y3zaos, DNS).
ETWEB Tecruposanne HTTP-coenunennii (rpedyer onnun ETIP).
ETJT Wzmepenne makeTHOrO JKATTEPA.
ETRC Vrnanéunoe yupassienne npudopom o nporokory TELNET u
qepe3 WWW-unrepdeiic.
ETMM Teneparnus ciaoxxuoro Tpaduka.
ETMPLS TMongmepxra MPLS.
ETAT AcuMMeTpudHOE TECTUPOBAHUE.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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7.23 IIporokosmmpoBaHHEe COOBITUIM

Cucrema MpOTOKOJUPOBAHUS COOBITHIT 00ECIIEINBAET BBIBOJL, COOOIIEHUI O
[IPOUBOIIEIIIUX COOBITUAX B KOHCOJIbHBIH TEPMUHAJ IIPH ITOJKJIIOYCHUN K IIPH-
6opy uepe3 USB-unTepdeiic u npu ymaajéHHOM YIPaBJIEHUH IO ITPOTOKOJLY
TELNET.

K mporokommupyeMbiM COOBITUAM OTHOCATCST:

3AILyCK /IPEPHIBAHKIE TECTA;

BKJIIOYeHue/ BoikJouenue pexxkuma, «lieiidy»;
U3MEHEHUE COCTOSTHUSI COeIMHEHNST;

HCIOJIb30BAHUE TPUOOPA JJIsd YAAJEHHOTO TECTUPOBAHUSI;
BKJIIOYEHNE / BBIKJIIOUeHUe 11pubopa;

HUBKUI 3apsij barapen.

B cityuae BOSHUKHOBEHMST OJTHOTO U3 [IEPEYNC/IEHHBIX BBIIIEe COOBITUN B KOH-
COJIBHBII TEPMUHAJI OYIEeT BBIBEIEHO COODIIEHNE BUJIA:

<maTa> <BpeM5[> <O'I‘1'IpaBI/I'I‘eJ'II:> <coobumenue>

Hanpumep, npu Britodennn pexkuma «IlLneiidp» 2-ro yposHst Ha nopty B
B KOHCOJIbHBII T€PMUHAJ OYIEeT BBIBEIEHO COOOIIEHIE:

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

OaTa BpeMAa OTHOPABHTENE C006H.[EHHE

Puc. 7.118. Coobienue o Bryodennu pexxkuma «IILmeiid»

BoiBoz, cooliienuii MOXKHO BKJIIOYUTH/OTKJIIOYUTh B MEHIO «YCTAHOBKU
npubopar = «OcHOBHBIE HACTPONUKU» WJIM C IIOMOIIBI0 KOMAHIIbI VIaJEHHO-
ro yupasienus log on/off.

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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8. VYIAJEHHOE YIIPABJIEHUE

[Tpubop BepkyT-ET mpemocrapisier BO3MOXKHOCTH CBSI3U C IEPCOHAIb-
ubiM komibiorepoM (ITK) gepes unrepdeiic USB 1.1/2.0 wiau nopr LAN.

Hna moakmodenus: npubopa K [TK wepes USB-unrtepdeiic neobxoammo
[peBapuTeNIbHO yCTaHOBUTD Apaitsep Virtual COM Port.

Brumanue! Yemanosekra dpatieepa neobxroduma 0as Kop-
pexmnoti uHuYuasudauuy npubopa 8 Bawet cucmeme.

Daitel ApaitBepOB JJisi PA3JIMIHBIX OMEPAIMOHHBIX CUCTEM U yKa3aHUs 110
X yCTaHOBKe mpejicTasyennl Ha caiite kommanun «FTDI Chips»:
(http://www.ftdichip.com/Drivers/VCP.htm).

8.1 VYmnpaBjieHWe B pexXnMe TEPpMHUHAJIA

BzammoneiictBue ¢ mpubopomM MOXKET 00eCIeTNBATHCA KAaK CTAHIAPTHHIMA
cpencrsamu OC Windows 95/98 /XP /2000,/2003 — nporpammoit HyperTerminal,
TaK U TEPMUHAJIBHBIMU IIPOTPAMMAMI CTOPOHHUX TPOU3BOIUTEIEH.

st 06HOBIIEHNST MEKPOKO/Ia TePMHUHAJbHAS IIPOIpaMMa JIOJIKHA obectie-
quBaTh hyHKINN nepegadu GaitioB mo mpoTokosay X-modem.

8.1.1 HacTpoiika nmapaMeTpoB NOAKJIIOYEHUS

1. ¥Y6emurecn, 9yro nuranue npubOpa BKIIOYEHO.

2. Houpxnrounre anammzarop BepkyT-ET k USB-tiopry KoMmiboTepa ¢ mo-
MOIIBIO KabeJis, BXOISIIEro B KOMILIEKT [TOCTaABKH.

3. B caydae ncnosnp3oBanns nporpaMMbl HyperTerminal, BXosreil B cTaH-
gaprayio noctasky OC Windows, BbITIOJHUTE CJIe/LyIOIIee.

e Cospnaiite HOBOE TOjIKII0UeHne (MeHIO «Daitny = «Hosoe 110/1KI110-
YeHue» ).
e BajaiiTe UM IOIK/IIOYEHUS.

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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OnMcaHHe NoaKAKME HHA

% Hosoe noak nioyeHme

BEaauTe HaseaHue NOAKMONEHUA W BBISEOMTE 1717 HEMD SHAU0K;

Hazeanue:
[BERCutET |

ER
>

SHauok:

&le

Puc. 8.1. Boibop umenu coepuHeHust

e Ompenenure, kakum COM-1iopTOM B crCTeMe SIBJISIETCS TTOKJIFO-
vennblit BepkyT-ET, o6paTuBmmch K CTAaHIAPTHOMY TPUTOZKEHITIO
«ducneruep ycrpoiicrs» («Moit kommbiorepy = «CpoiicTBay =
«O6opynoBanue» = «Jlucmerdep ycrpoiicTs ).

% [IHcneTue p YCTPOHCTE
KoHcone  JeficTere  BMaA  Cnpaeka

m g 2 A

< ASUS Cther Devices
+ . D¥D m CO-ROM arckoscael
IDE ATAJATAPT KOHTpOANEPEI
% EnagnaaanTepsl
S Anckosoa rrbiix anckos
Z JIMCKOBEIE YCTPOACTES
= @ Apyrue yoTpoficTea
&3 PCI Device
+-8), Jeykoebie, BHASO H HMPOBLIS YOTROMCTES
+- i KnaeHatypel
+ :J KonnetaTep
+ KOHTpOANSk! MHBIKHY AHCKOE
=
R
0

¥
e
+
¥

KOHTpONNEpE! ¥HMEEPCANEHOI NOCNEADBATENEHOA WHE! USE

R MoHHTOPB!

1) MbIM H HHBIE YKE3LBEHWAHE YETROACTES
=& MopTei (COM MLPT)

¥ USE Serial Pork (COM4)
MocneaoBaTensHelR nopT {COM1)

+ ﬂ Mpoueccopel
+ E8 CeTesbie Nnatel
+- I CucTenHee yoTpoiicTea
+-{8g ¥cTpoficTea HID (Human Interface Devices)
+|-8 ¥OCT-KOHTPONNEps! WhHel IEEE 1394

Puc. 8.2. Okno «/ucrerdep ycrpoicrs»
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e Bribepure mocsie1oBaTeIbHBIH TOPT, K KOTOPOMY MOJKJIIOYEH [TPHU-
o0p.

Moaxawue Hye

% BERcutET

Beeqime cEEAEHUA O TENEPOHHOM HOMEDE!

LTpaHa HiW paruoH:

o ]
Hormep 1enedona; | |

Puc. 8.3. Beibop nomepa COM-nopra

e YcTaHOBUTE cjleiyromue mapaMeTpbl IOC/JIe10BaTeJIbHOI'O ITIOpTa.

CeoHcrea: COM4

MNapateTpel nopTa ‘

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

BocoTaHosHTs YMonsaHia

[ ok ][ omeda ][ Npaserms |

Puc. 8.4. Ilapamerpsl mopra

e Ilocne naxkarus knonku «OK» HyperTerminal nonbrraercs ycra-
HOBUTL coemuaenue ¢ mpudbopom BepkyT-ET. Jl1a nposepkn co-
euHenns BeeauTe Komauay «AT», npubop gomken orBerutsb «OK».

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

Puc. 8.5. Coeiunenne ycTaHoOBIEHO

ITocue YCIIenIHoro yCTaHOBJICHU I COCJUHEHU A C TECTEPOM 11OJIb30BaTE/Ib MO-
2KeT YIIPpaBJIATDH HpI/I60pOM, HCIIOJIb3YysA KOMaH/Ibl, OIIMCaHHbIC B HpI/IJIO}KeHI/II/I

8.1.2 Oo6nosJsenue Bepcuii II0O nmpubopa

Brumanue! Hexoppexmuwvie deticmeusi 60 epems onepa-
yuld no obHosaeHulo npozpammuozo obecnevenus (110)
MO2ym npusecmu npubop K COCMOAHUIO YACTUYHOU HEPQ-
bomocnocobHoCcMU, 80CCMAHOBAEHUE MOAHCHO bydem npo-
uU38eCMU MOABKO 8 CEPBUCHOM UEHMPE.

[Tocneaaune Bepcun 110 s npudbopa BepkyT-ET nocrynabr B ceru MH-
repuer (http://www.metrotek.spb.ru). Homepa Tekyimux Bepcuii mporpamm-
HOro obecriedenus npejcrasienbl B Menio «udopmanusy («Yceranosku BepkyT-
ET»= «Uudopmanus» ). O6uosisars Mukpokoas FPGA u uporpammy MCU
MOXKHO B JIFOOOH ITOCJI€/I0BATE/IbHOCTH WJIA BBIIOJIHSITEH TOJBKO OJHY U3 ITUX
oneparuii, ecjiu OOHOBJIEHME JPYTroil YacTu He Tpebyercs.

8.1.2.1 OGHoBJsienne mukpokoga FPGA (system FPGA)

1. YeranoBurs coegunenue ¢ KomubiorepoM mo USB (em. pasmen BII).
IIpoBeputs coeuuerne komauoit AT. [Ipubop mosken orseruTsh OK.

2. BBectn komany ATR.
Briopars «system FPGA».
B mento nporpammvbr HyperTerminal «Transfers = «Send File» B okme
«Filename» ykazarb nytb K daiiiry mukpokona FPGA (ums daiina:
b3et-sys_nomep eepcuu.rpd)u BokHe «Protocoly BeiGpars «Xmodems.

Bepxym-ET. Pyxoeodcmeo no akcnayamauuy
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KATh KHOIKY <« ». M 1T nucu — 1 munyra. Ecim n306-
Hazxxa (o) Send». Bpe epe3aInc 1 a. Ec 300
pakeHne Ha 3KPaHe BOCCTAHOBUJIOCH — IIPOILECC IIEPE3AIMCU IIPOLIE
YCIIEIITHO.

8.1.2.2 O6uossenune mukpokoga FPGA (expansion FPGA)

1. Veranourb coeaunenue ¢ KomnborepoM 1o USB (em. pasmes BII).
IIposepurs coepmuenne komanoit AT. ITpubop joiken orserutsb OK.

2. BBectn komamnmy ATR.
Briopars «expansion FPGA».
B mento nporpammvbr HyperTerminal «Transfers = «Send File» B okme
«Filename» ykazarb nythb K daiiiy mukpokoma FPGA (ums daiia:
b3et-exp-gbe_nomep eepcuu.rpd)u B okue «Protocol» Boibparsh «Xmodemy.
Hazxars kHOIKY «Send». Bpemsi nepezamucu — 4 munyTbl. Eciin m306-
pazKeHue Ha 9KpaHe BOCCTAHOBUJIOCH — IIPOIECC MEPE3AlNCH TPOIITET
YCITEIITHO.

8.1.2.3 Oo6uosJsenune nporpammber MCU

1. YcranoBurs coenmnenne ¢ KomubiorepoM o USB (cm. paszmen BI).
IIposepurs coemuenne komanaoit AT. ITpubop joiken orserutsb OK.

2. BBectn komany ATR.
Bribpars «MCU>».
B mento nporpammver HyperTerminal «Transfers = «Send File» B okme
«Filename» ykazarb myTh kK aiiry uporpamvel MCU (umsa daiiia:
b3et-mcu_romep eepcuu.bin)u Bokue «Protocoly BeiGpars «Xmodems.
Bpewms nepesanucu — 1 munyTa. Ecin nzobpazkenne Ha 9KpaHe BOCCTa-
HOBHJIOCH — IIPOIIECC TIEPE3AIUCH TTPOIIEIT YCIIETHO.

ITpumevarusa: Ecau eepcus npoepammv, MCU necosmecmuma
¢ sepcuamu muxpoxodos system FPGA u expansion FPGA, no-
cae 3agepuenus 0bnosaenus npubop evidacm npedynpesicoenue u
021CUDAEMYIO BEPCUIO NPOZPAMMIO020 obecnevenus. B amom cayuae
cAedyem UMEHUMD MEKYWYIO BEPCUIO NPOZPAMMDL MG 0dicudae-
MYIO.

Hocae obrosaerus mukporkodos FPGA uau npoepamm MCU pe-
KOMEHOYEMCA MOHKUM MYNBLM CMEPHCHEM HANCAMH KHONKY GN-
napammnozo copoca wepez omeepcmue na 60K060U nNaHesy npubopa
padom ¢ passémom numanus 12 B.

8.1.2.4 Oo6HoBJienue ¢$HaitjIoBoOii CUCTEMBI

1. Veranosurs coemunenne ¢ Komibiorepom mo USB (em. pazgen BITI).
IIposeputs coemunenne komaunoit AT. Ilputop moizken orseTuTh 0K

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy
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2. BBectn xomamnmy ATR.
Briopars «FS image».
B menio nporpammer HyperTerminal «Transfers = «Send Files B oxne
«Filename» ykazarb myThb K daiiiy ¢ obHosenuamu (umMs daiiia: b3et-
fs_nomep eepcuu.bin) u B okue «Protocoly Boeibpars «Xmodems. Bpe-
Mg IIEePe3AICA COCTABJSgeT OKOJIO 5 cekyHA. Ecim m3obparkenwe na
9KpaHe BOCCTAHOBUJIOCH — IIPOIECC EPE3AICH [IPOIIEST YCIEIIHO.

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

TELNET (Telecommunication Network) — nporokou jyist ocryna K yia-
JIBHHOMY CETeBOMY yCTPOMCTBY. DTOT IIPOTOKOJI IIO3BOJISIET 110Jib30BaTe 10 [TK
B3aMMOJEHCTBOBATh C NPUOOPOM, HAXOJAIIMMCI Ha JPYTOM KOHIE COEJ/IMHE-
nust. C MOMOIIBI0 KOMaH/I, MpeJIcTaBIeHHbX B npunoykennu [ Boszmozkno ocy-
MIECTBJIATh HACTPOMKY I[IapaMeTpoB TECTOB, IPOCMATPUBATH CYIIECTBYIOIINE
HACTPOMKM U BBLIMOJHATH TECTUPOBAHUE.

VYnanéunoe yupassienne 1o nporokosy TELNET asnsgercs onunefﬂ st
yupassieaust BepkyT-ET 1o nporokoiny TELNET Heo6X0MiMO HOAKIIOIUTHCS K
uputopy depes nmopt A(B) mmu mopr LAN, B KOHCOJILHOM Te€pMUHAJE BBECTH
komamay «telnet IP-ampec  mopras.

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

1B 6azoByo konburypammo He BXOAUT. Jl0CTYIHO IpH JTOMOIHATEIHHOM 3aKA3¢ OIIIIHIL.
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8.3 VYpanénnoe ynpanJsenue yepes W W W-unrepdeiic

Vnanéumoe praBHeHI/IGE TO3BOJISIET TTPOCMATPUBATHL U COXpaHaTh Ha [IK
pe3y/IbTaThl M HACTPOWKM OCHOBHBIX TECTOB C HCIIOJIb30BaHNeM BeO-Opay3epa.
st mpocMOTpa pe3ysIbTaToOB U HACTPOEK TECTOB HEOOXOIMMO:

1. HoupkmounTsest K npubopy vepes mopt A(B) mwiun LAN nopr.
2. B agpecnyio ctpoky BebG-Opaysepa Bectu [P-ampec cooTBeTcTBYyIOMEro
mopra.

Ju1st coxpaHeHus: Pe3yIbTaTOB TECTUPOBAHUS HEOOXOIIMO:

1. Buibpare tun pasupesnuresns (cum. puc. BH):

e 3amsras (comma);
e TouKa ¢ 3a1dToil (semicolon).

2. Haxarp Ha ccouiky «Download report». Jlamabie OyyT coXpaHeHbI B
dail ¢ pacimpeHneM .CSv.

RFC2544 BERT Jitter Screenshot Complex Traffic

RFC2544 test report

Download report (separated by semicolon]« |

Tester : BERCUt-ET
Started 15-07-2097 23:59:52
Stopped 16-07-2097 00:00:38
Configuration
aC | 00:21:CE:08:06:00 -> 00:2L:CE:08: 06: 0A
IP address | 102.168,222,163 -> 192,168,222.164
VAN v -
1P : ToS 00000; precedence 0
wp : 60000/50000
Franes 64 128 256 512 1624 1280 1518 9100
Throughput 10s; rate 100 %
Latency 20 trials; 120s each
Frame loss 1s
Back-to-back  : 1 trials; 2s each
Resuilts
Throughput

Frame % Mo/s  Frm/s  Status

64 100,00 76.905 1488095 Passed

128 100.00 864.865 844594 Passed
256 100.00 927.536 452898 Passed
512 100.00 962.406 234962 Passed
1024 0.00  0.000 0 Cancelled
--- ---- Pending

1518 ---- Pending
9100  ----  ---- ---- Pending
Latency
Frame Rate,% Time,ms Status
64 Pending
128 Pending
256 Pending
512 Pending
1024 Pending
1280 Pending
1518 Pending
9100 Pending

Puc. 8.6. Pesynbrarer Tecros 1o meroguke RFC 2544

2B 6a30By10 KOHGUIYPAIHIO HEe BXOAUT. JIOCTYITHO IPH JOTMOMHITEIBLHOM 3aKa3¢ O,
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8.3.1 TIlosmydyeHme MOMEHTAJbLHBIX CHUMKOB 3KpaHa

JlJist moJTy9eHuns CHUMKa KpaHa Ipudbopa HeoOX0IUMO:

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

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

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

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

NapameTps ceTu

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

MPLS Bkn

Done

Puc. 8.7. Ilosyuenune cunmka sxpana
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A. CTPYKTYPA MEHIO

BepkyT-ET HacTpoiku

‘ MNapameTpbl nHTepdelicos

—— N~

‘ WHchopmanmna

MapameTpsbl ceTn YcTaHoeku bepkyT-ET

Lucnnen u np. AkKyMynaTop

’ WHdopmauma o SFP ‘

‘ OCHOBHBIE HacTponKK

Puc. A.1. Crpykrypa meno «bepkyr-ET Hacrpoiikus

BepkyT-ET UHCTpyMeHThI

‘ MepexsaT ARP ‘ ’ TCP knueHT

TecT kabens

Sxo-3anpoc

YaanéuHein npnéop

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

BepkyT-ET WamepeHuns

MNakeTHbIA
AXNTTEP

TecToBbIN
noToK

CrHOXHBIA

CraTtuctuka
Tpacdmnk

RFC-2544

Puc. A.3. Crpykrypa mento «Bepkyr-ET Wamepenusi»

1 CoxpaH. faHHble
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BepkyT-ET UsmepeHus

MponyckHas
cnoco6HocTb

3apepxka

Tononorus
TecToB

MoTepwn kaapos

3aronosok

JononHuTtensHo

MpeaencHas -
HacTponc
MponyckHas

crnoco6HocTh

3apepxka

| MoTepu kazpor

JononHuTtensHo

MNpeaensHas
Harpyska

Puc. A4. Crpykrypa menio «RFC-2544» («Bepkyr-ET Wsmepenus» =
«RFC-25445)

BepkyT-ET W3mepeHus

‘ NamepeHns

JElVARN

‘ Tononorvs TecToB

HacTtpounku

Kapgpbl Harpyskun

‘ 3aronosok

JononHWTensHO

Puc. A.5. Crpykrypa menio «Cioxubiii rpaduks («Bepryr-ET Usmepe-
uusi> = «Citoxkublii Tpaduk»)
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BepkyT-ET WUamepeHus

HacTpoukmn

‘ Tononoruna TecToB

‘3EFOHOBOK

DononHWTensHoO

| Mepepaya

’Hpuém

Puc. A.6. Crpykrypa menio «BERT» («Bepryr-ET Wsmepenusi» = «BERT»)

BepkyT-ET N3smepeHus

‘ MakeTHbIM AXKUTTep

HacTpoliku

TecToBbIN NOTOK

Puc. A.7. Crpykrypa menio «[lakernbiii jxkurrep» («Bepkyr-ET Usmepe-
Hus» = «IlakeTHbIil JEKUTTED> )
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Puc. A.8. Crpykrypa menio «Tecrosbiit morok» («Bepkyr-ET Wsmepenus» =
«TecroBblit TOTOK» )
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B. CTPYKTYPA ETHERNET-KAIPA

Destination MAC Address

Source MAC Address

Length/Type

Frame Check Sequence

Puc. B.1. Crpykrypa Ethernet-kaspa

e Destination MAC Address — MAC-ajpec noyqaaress. [Toste qmumoi
6 GaiiT, COJAEPKUT aJpec y3Jjia CeTH, KOTOPOMY IIPEIHAZHAYECH Kap.

e Source MAC Address — MAC-aapec ormpasuress. Ilose amuHoit
6 GaiiT, COJEPKUT AJPeC OTIIPABUTEIST KAJIPa.

e Length/Type — Jduuna/Tui. Iose conepkur 16-6uroBoe 1iesioe 4ucaio
U NIPUHUMAET OJIHO M3 JIBYX 3HAYEHWUIL:

— eCJIM 9HCJIO0, 3aIIMCAHHOE B 9TOM I10Jie, MeHbIle uinn pasao 1500, To
noste upunumaer 3uadenne Length (Jdumua) u oupezensger mimny
[IOJIsA JTAHHBIX;

— ecJIM 3HAYEeHHe, 3alllCAHHOE B 3TOM II0JIe, 60JIbIne nin paBHo 1536,
10 nojie npunumaer 3nadenue Type (Twurr) u ykassiBaer Tui uc-
ITOJIb3YEMOT'0 TIPOTOKOJIA.

e Data — moJie JaHHBIX, MOXKeET cojepzkaTh or 46 uiam 42 (B ciydae, Korja
kazap cogep:kur VLAN-merky) g0 1500 Gaiir.

e Pad — Padding (nosie 3anosenust). Eciu mnose naHHbIX UMeeT IJIUHY
menee 46 6aiiT, TO KaJIp JOTOJHIETCS [OJIEM 3AII0JTHEHUS 0 MUHUMAJIBHO
BO3MOXKHOI'O 3Ha4YeHusds — 64 OaifT.

e Frame Check Sequence — KonrposibHasi cymma. Ilojie cocrour us
4 GaiiT, co/lepKaIX KOHTPOJIBHYO CYMMY.

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy
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Destination MAC Address

Source MAC Address

Tag Protocol Identifier

Tag Control Information  |——| Priority | CFT | VLANTD |

Length/Type

Frame Check Sequence

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

e Tag Protocol Identifier — merka <«Maentudurarop mTpoOTOKOIAY.
16 OuT, KOTOpBIE OIpPEIEsISIOT MPUHAJJIEXKHOCTh KaJjipa K CTAHIAPTY
802.1Q [1I.

e Tag Control Information — Mudopmarius jijisi yipaBjieHusi METKOIA.
TCI comepxkut TpH MOJIS.

— Priority — User (VLAN) Priority. Tpu 6ura, KoTopble cojepzxar
urdopMaImio 0 IpuopuTere Kajapa (BO3MOXKHO BOCEMb 3HAYCHUIL
upuopurera([I])).

— CFI — Canonical Format Indicator (mmamkaTop KaHOHHYECKOrO
dbopmara). OnHOGUTOBBI (Jrar, KOTOPHIl Beerja paBeH HYyJIO /st
ka ipoB Ethernet.

— VLAN ID — VLAN Identifier (VID). 12-6urHslii nnerTudukarop
VLAN, koropsiii oupesenén B craggapre 802.1Q [I]. Oxnozuagno
oupegessier VLAN, KoTopoii IpuHaIIesKUT KaIp.
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C. KOMAH;I;I:)I YZ[AJIEHHOI‘O YVIIPABJIEHU A

Ta6muna C.1. Koman/ sl yanéHHOro yrpasieHus: (KOHCOJBHBIH TePMUHA)

Komanga Onucaunwne

AT mycrasi KOMaH/Ia, HUCIIOJIb3YeTCsl sl TIPOBEPKU COeIMHEHU ST

ATR epe3arpyska mpuoopa

ATM1 BBIBOJI, PE3YJILTATOB U HACTPOEK TecToB 1o Meroauke RFC 2544

ATM2 BBIBOJI Pe3y/IbTaToB U HacTpoek Tecta BERT

ATM3 BBIBOJI, PE3YJILTATOB M HACTPOCK M3MEPEHUs MAKETHOIO JZKUTTEPA

ATI BBIBOJI MHMOpMAIUN 0 mpubope

ATH BBIBO/[ CIIPABKHU 110 KOMAH/IAM

ATS BBOJ KJIf09a (YHCJIO B JIECSTHYHOM BHJIE) JIUIsl AaKTUBAIMK OIIMIL, KJIIOY BBO-
JuTest cpady nociie ats (6e3 npobeita)

ATC [epexoJ] B PEXKUM, B KOTOPOM BO3MOXKHA HACTPOHKA U 3AILyCK TECTOB (OMIO-
HAJIBHO)

Tabmuna C.2. Komanapl yaanéuunoro ynpassenus (TELNET)
Komanna | NMudopmarusi, BbIBOguMAasi B KOHCOJIb

RFC 2544

show rfc2544 header

src udp nomep UDP-niopra ornpasuresist

show rfc2544 header

Src mac MAC-azapec ornpaBuress

show rfc2544 header

src ip IP-aznpec ornpasuTesist

show rfc2544 header

dst udp nomep UDP-mopra nosywaress

show rfc2544 header

dst mac MAC-azapec nomyaaress

show rfc2544 header

dst ip IP-azpec momyaares

show rfc2544 header

vlan enabled snadenue napamerpa VLAN (Bka/Bouka)

show rfc2544 header

vlan id snavenue uienrudukaropa VLAN

show rfc2544 header

vlan priority 3Ha4YeHue puopuTeTa TpaduKa

show rfc2544 header

precedence 3HaUYEHNEe IIPUOPUTETa KaJIpa

show rfc2544 header

tos TUI 00CIIY?KUBAHUST ITAKCTA

show rfc2544 topology port tx

IOPT IepeJiavdn JaHHBIX

show rfc2544 topology port rx

IOPT IPHEMA JAHHBIX

show rfc2544 throughput duration

JUIATEBHOCTD IIPOOBI JIJIs aHAJIN3a IPOILYCKHOI CIIOCOOHO-
cTH, ¢
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KoMAHOBI y,[[AJIEHHOI‘O YIIPABJIEHU A

Tabmuua C.2. Komanpl yaanénunoro ynpasierns (TELNET) (npodoasicenue)

show rfc2544 throughput enabled

Oy/IeT JIM BBIIOJHATHCS TECT OIPEJIEJIEHUs TIPOILyCKHOI
CITOCOOHOCTHI

show rfc2544 throughput maxrate

BEJIMYNHA HATPY3KH JJIsl AHAJIN3a IIPOIYCKHOH CIIOCOOHO-
CTH

show rfc2544 frames 1

show rfc2544 frames 2

show rfc2544 frames 3

show rfc2544 frames 4

pasMep KaJipa, 3aJ[aHHbLl 1oJab30BaTesIeM (Ui CTaHIapT-

show rfc2544 frames 5

Hoe 3HaueHue B coorBeTcTBUE ¢ MeToaukoii RFC 2544)

show rfc2544 frames 6

show rfc2544 frames 7

show rfc2544 frames 8

show rfc2544 latency enabled

Oy/IeT JIN BBIIOJIHATLCS AHAJIN3 3a/ICPYKKH PACIPOCTPAHe-
HUA KaJpOB

show rfc2544 latency count

KOJIMYIECTBO Hp06 JJId aHaJIn3a 3a1ePzKKN

show rfc2544 latency duration

JUIATEIBHOCTD IPOOBI JIJIsl aHAJIN3a 3aJ€PKKH PACIIPOCTPA-
HEHHUs KaJpoB, C

show rfc2544 frameloss enabled

6y,ZLeT JIX BBINIOJIHATHCA aHAJIN3 YPOBHS IIOTEPh Ka/[POB

show rfc2544 frameloss duration

JUIATE/IBHOCTD TIPOOBI JIJIsi AHAJIN3a YPOBHS IOTEPh KaJl-
poB, ¢

show rfc2544 backtoback enabled

6y,ZLeT JIN BBITIO/THATHCA aHaJIn3 npeaemﬂ{oﬁ Harpysku

show rfc2544 backtoback count

KOJIMYIECTBO Hp06 JJId aHaJIu3a Hpe,ILeJILHOﬁ Harpysku

show rfc2544 backtoback duration

JUINTEJIHOCTD HPOOBI I AHAJIN3a IIPEIEJILHON HArpys-
KH, C

rfc2544 start

3amyck TectoB mo meroguke RFC 2544

rfc2544 stop

OCTaHOBKa BceX TecTos 1o Meroguke RFC 2544

rfc2544 show

pesyabrarsl TecToB 1o Metoguke RFC 2544

CJi10>KkHBI Tpaduk

show ctraf nstreams

KOJIMYIECTBO IMOTOKOB JaHHBIX

show ctraf stream

HOMED HaCTPamBaeMOI'0 IIOTOKa

show ctraf topology port tx

IOPT IepeJiavdn JaHHBIX

show ctraf topology port rx

OPT IPHUEMA JTAHHBIX

show ctraf duration

JJUATEJIbHOCTh T'eHepalun 3a/JJaHHOro KOJInIeCTBa IIOTOKOB

show ctraf header src mac

MAC-azapec oTnpasuTeis

show ctraf header src ip

IP-ajipec ornpasuresist

show ctraf header src udp

nomep UDP-niopra ornpasuresist

show ctraf header dst mac

MAC-azapec nomyaaress

show ctraf header dst ip

IP-azpec momyaares

show ctraf header dst udp

nomep UDP-mopra nosywaress

show ctraf header precedence

3HaYeHHe NPpUopuTeTa KaJipa

show ctraf header tos

TUII O6CJ’Iy)KI/IBaHI/IH makKeTa

show ctraf rate

3HavYeHrne NHQMOPMAIMOHHON CKOPOCTH
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Tabmuua C.2. Komanpl yaanénunoro ynpasierns (TELNET) (npodoasicenue)

show ctraf frame

pasmep Kajpa

ctraf start

3allyCK I'eHepaltui KOMIIJICKCHOT'O Tpa(bm(a

ctraf stop

OCTaHOBKa I'eHepaliu KOMIIJICKCHOTO Tpa(bm(a

ctraf show

Pe3yabTAThI FeHepAln KOMILJICKCHOTO Tpa(bm(a

BERT

show bert header src mac

MAC-azapec ornpasures

show bert header src ip

IP-ajipec ornpasuresist

show bert header src udp

nomep UDP-niopra ornpasuresist

show bert header dst mac

MAC-azapec noyuares

show bert header dst ip

IP-azpec momyaaress

show bert header dst udp

nomep UDP-mopra nosywaress

show bert header vlan enabled

snavenne napamerpa VLAN (Bka/Bouka)

show bert header vlan id

3nadeHne uneHTudukaropa VLAN

show bert header vlan priority

3HaYeHue pUopuTeTa TpaduKa

show bert header precedence

3HaYeHUe NPpUOopuTeTa KaJipa

show bert header tos

TUII O6CJ’[y)KI/IBaHI/IH ImakKeTa

show bert topology port tx

IOPT Iepeiavdn JaHHBIX

show bert topology port rx

OPT IPHEMA JAHHBIX

show bert level

yposenb mogiesin OSI, Ha KOTOpoM Oy/IeT TPOBOUTHCS TECT

show bert pattern

CTaHJapTHagd TeCTOBasd IT0CJIEJ0BATE/IbHOCTH

show bert user-pattern

TeCcToBag IIOC/JIeJ0BATEJIbHOCTD, 3aJaHHasd II0JIb30BaTe/IeM

show bert frame

pasMep Kaapa, SR,HRHHbIﬁ IOJIb30BaTeJJIeM

show bert rate

3aJaHHas HArpyska, x5 /c

show bert duration

JJINTEJIBHOCTH 1/13MepeHm71

bert start

samyck recta BERT

bert stop

ocranos Tecta BERT

bert show

pesynbraTsl Tecta BERT

ITakeTHbIll KATTED

show jitter port

IopT, Ha KOTOPOM 6y;[eT IPOUCXOJUTH U3MEPpEeHNE N2KUTTE-
pa

show jitter threshold

TIOPOT, MC

show jitter duration

JJINTEJIBHOCTHh 1/13MepeHm71

jitter start

3aryck recta «IlakeTHbI JpKUTTED>

jitter stop

ocraHoBKa Tecta «lIlakeTHBI MKHTTED>

jitter show

PeE3yIbTAThI TECTa «ITakeTHbIi JZKUTTEP»

TecToBbBIIT TOTOK

show txgen header src mac

MAC-azapec ornpasuTeis

show txgen header src ip

IP-ajipec ornpasuresist

show txgen header src udp

unomep UDP-mopra ormpasuress

show txgen header dst mac

MAC-azapec nomyaaresst
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KoMAHOBI Y,ZLAJIEHHOI‘O YIIPABJIEHU I

Tabmuua C.2. Komanpl yaanénunoro ynpasierns (TELNET) (npodoasicenue)

show txgen header dst ip

IP-anpec nomygarens

show txgen header dst udp

nomep UDP-mopra nosywaress

show txgen header vlan enabled

snavenne napamerpa VLAN (Bka/Bouka)

show txgen header vlan id

3nadeHne uneHTudukaropa VLAN

show txgen header vlan priority

3HAMCHUE IIPUOPHUTETA TPaduKa

show txgen header precedence

3HaYeHUe NPpUOopuTeTa KaJipa

show txgen header tos

TUII O6CJ’[y)KI/IBaHI/IH ImakKeTa

show txgen port

[IOPT, C KOTOPOT'O OyIeT reHePUPOBATHCS TeCTOBbII Tpaduk

show txgen frame

pa3Mep KaJipa, 33JJaHHBII 110JIb30BaTesIeM

show txgen duration

JJINTEJIBHOCTH 1/13MepeHm71

show txgen rate

3amannas Harpyska, x5/c wm %

txgen start

3allyCK reHepanun TeCTOBOI'O IIOTOKa

txgen stop

OCTaHOBKa reHepanun TeCTOBOT'O IIOTOKa

txgen show

Pe3yIbTaThl reHepanul TeCTOBOI'0 IIOTOKa

ITapameTrpsl ceTu

show network a dhcp

BrJtiouena i dbyuknug DHCP s nopra A

show network a ip

IP-azpec mopra A

show network a subnetmask

MacKa IOJICeTH JIJIst opTa A

show network b dhep

BrisoueHa i dyuknus DHCP s nopra B

show network b ip

IP-ajspec nopra B

show network b subnetmask

MacCKa IIOJICETH JId ImopTa B

show network gateway

IP-ajpec numosza

show network dns

IP-azpec y3ia ceTu, KOTOpbIit comep:kuT 6a3y nanubx DNS

ITapamerps! unrepdeiicoB

show gbe a speed

CKOPOCTB TI€pejiadn JIAHHBIX JIist opTa A

show gbe b speed

CKOPOCTB TIepeJjiadn JIAHHBIX Jisi opTa B

Tecrsr TCP/IP

ping 3AIYCK TECTA «DXO0-3aAIIPOCH

OO61ue KoMaH1bI

3arpy3Ka COXpaHCHHBIX PE3y/IbTATOB U3MepeHmil («texty —
load text by b pesy. p (

nopsaAKoBeiil Homep 3anucu (1-10) B Menio «Pesynbrarsi»)

show version

HOMepa BePCHUil IporpaMMHOIO 00ecIedeHust

exit BBIXOJ] U3 KOMAH/IHOTO PeKIMa
reboot epe3arpy3ka npuoopa

help CITMCOK JIOCTYIIHBIX KOMAH]T
configure [epexo/| B pesKuM KOH(MDUIypalun
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Tabmmma C.3. Komanapr yaanénnoro ynpasienus (TELNET). Pexum kouduryparmn

Komanna

| HeiicrBue

RFC 2544

rfc2544 header src udp text

ycranoBka nomepa UDP-nopra ormpa-
BUTeJIsT

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

ycranoBka MAC-axpeca ornpasuTesist

rfc2544 header src ip <i.ii.i>

ycTanoBKa IP—a,:[peca OTIIpaBUTEJIA

rfc2544 header dst udp text

ycranoBka HOMepa UDP-mopra mosty-
qareJist

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

ycranoka MAC-a/ipeca mostygaresist

rfc2544 header dst ip <i.ii.i>

ycTanoBKa IP—a,:[peca oJrygaTesid

rfc2544 header vlan enabled < off | on >

BKIIIO‘IeHI/Ie//BI:IKI[IO‘IGHI/IG ImapamMeTpa
VLAN

rfc2544 header vlan id text

yCcTaHOBKa 3HAYCHUA I/I,[IeHTI/I(bI/IK‘dTOp‘d

VLAN

rfc2544 header vlan priority text

YCTAQHOBKA 3HAYCHHS [PHOPHUTETA Tpa-
dbuka

rfc2544 header precedence text

ycTanoBKa 3Ha'1Y€HUsI IIpUopUuTeTa Kal-
pa

rfc2544 header tos <0000 | 1000 | 0100 | 0010 | 0001 >

ycTanoBKa THUIIQ O6C.)'[y)KI/IB‘dHI/IH ImakKeTa

rfc2544 topology port tx < a | b >

ycTaHnoBKa IIOpTa Iepeadn JaHHbIX

rfc2544 topology port rx < a | b >

ycTanoBKa Iopra HpI/IéMa JIaHHbIX

rfc2544 frames user enabled < no | yes >

3a1nper/ paspeleHne moIb30BaTeIbCKO-
0o pa3Mepa KaJipa JaHHBIX

rfc2544 throughput duration text

YCTAHOBKA JIINTEJILHOCTU TPOOBI JIjIst
aHaJIM3a IPOITYCKHON CIIOCOOHOCTH

rfc2544 throughput enabled < no | yes >

3anpeT/paspelieHne BhIIOJIHEHNsS aHa-
JIN3a IPOIYCKHOMN CIIOCOOHOCTH

rfc2544 throughput maxrate text

yCTaHOBKa BEJIWYUHBI HArpy3KHd JIjIsd
aHaJm3a HpOHyCKHOﬁ CIIOCOOHOCTH

rfc2544 frames 1 text

rfc2544 frames 2 text

rfc2544 frames 3 text

rfc2544 frames 4 text

3a/laHue KaJapa IIPOU3BOJJILHOI'O pa3Mepa

rfc2544 frames 5 text

rfc2544 frames 6 text

rfc2544 frames 7 text

rfc2544 frames 8 text

rfc2544 latency enabled < no | yes >

3aIpeT/pa3pelieHne BLITOJHCHUST aHa-
JIN3a 33JI€PKKN PACIPOCTPAHEHUS

rfc2544 latency count text

YCTAHOBKa KOJIIYIECTBA IPOO Il aHa-
JIn3a 33JIePKKU PACIPOCTPAHEHU ST

rfc2544 latency duration text

YCTaHOBKa [JTHTEILHOCTH IIPOOLI I
aHAJII32 33 IePKKI PACIIPOCTPAHCHMUS
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Tabmuua C.3. Komanpr yaanénunoro ynpasierns (TELNET) (npodoaoicenue)

rfc2544 frameloss enabled < no | yes >

3anper/paspelieHne BhIIOJIHEHNS aHa-
JIN3a yPOBHS IIOTEPH KaJIPOB

rfc2544 frameloss duration text

YCTAHOBKA JIINTEJTLHOCTU TPOOBI JIJIst
aHaJIU3a yPOBHH IIOTEPb KaJpOB

rfc2544 backtoback enabled < no | yes >

3anper/paspelieHne BhIIOJIHEHNS aHa-
JIN3a IIPEJICJIbHON HArPy3KN

rfc2544 backtoback count text

YCTAHOBKa KOJIIIECTBA IPOO Il aHa-
Jln3a MpeJIesIbHOI HArpy 3K

rfc2544 backtoback duration text

YCTaHOBKa [JTHTEILHOCTH IIPOOLI JIJIs
aHaJIM3a IIPEJICIbHON HArPY3KHA

CuioxkHblil Tpaduxk

ctraf nstreams <int>

BBO/I KOJIMYECTBa ITOTOKOB JTAHHBIX

ctraf stream <int>

BBO/I HOMEpa HaCTPanBaeMOI'0 IIOTOKa

ctraf topology port tx < a | b >

YCTaHOBKa IIOPTa IepeIadn JaHHBIX

ctraf topology port rx < a | b >

YCTaHOBKA HOPTa IPUEMA JTAHHBIX

ctraf duration <hh.mm.ss>

ycranoBKa JJIUTEJIbHOCTU TeHepalnu
3a/ITaHHOT'O KOJIn4YeCcTBa IIOTOKOB

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

ycranoBka MAC-anpeca ornpasuTesist

ctraf header src ip <ii.ii>

ycranoBka IP-azpeca ornpasuress

ctraf header src udp text

ycranoBka nomepa UDP-nopra ormpa-
BUTeJIs

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

ycranoBka MAC-apeca mosrygares

ctraf header dst ip <i.iii>

ycTanoBKa IP—a,:[peca oJrygaTesid

ctraf header dst udp text

ycranoBka Homep UDP-niopra nomy4a-
TeJIs

ctraf header precedence text

yCcTaHOBKa 3HAYUCHHUS IIPUOPUTETA Kajl-
pa

ctraf header tos < 0000 | 1000 | 0100 | 0010 | 0001 >

ycTanoBKa THUII& O6CJ’[y)KI/IBaHI/IH ImakeTa

ctraf rate <int>

BBOJI, 3HaYEHUsT HHMDOPMAIMOHHOI CKO-
pocTu

ctraf frame <int>

BBOJI padMepa KaJpa

BERT

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

ycranoBka MAC-aapeca ornpaBuTesist

bert header src ip <i.iii>

ycTanoBKa IP—a,:[peca OTIIpaBUTEJIA

bert header src udp text

ycranoBka Homepa UDP-nopra ormpa-
BUTEJIsT

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

yeranoska MAC-a/peca nostygaresist

bert header dst ip <i.i.ii>

ycranoBka IP-azpeca momywaress

bert header dst udp text

ycranoBka Homepa UDP-mopra moity-
qaTelst

bert header vlan enabled < off | on >

BKIIIO‘IeHI/Ie//BI:IKI[IO‘IGHI/IG ImapamMeTpa
VLAN
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Tabmuua C.3. Komanpr yaanénunoro ynpasierns (TELNET) (npodoaoicenue)

bert header vlan id text

YCTaHOBKa 3HAYCHUS UICHTHMUKATOPA
VLAN

bert header vlan priority text

YCTAHOBKA 3HAYEHUS [IPUOPUTETA TPa-
buka

bert header precedence text

ycTanoBKa 3Ha'Y€HUsI IIpUoOpUuTeTa Kal-
pa

bert header tos < 0000 | 1000 | 0100 | 0010 | 0001 >

ycTanoBKa THUIIA O6C.)'[y)KI/IB‘dHI/IH ImakKeTa

bert topology port tx < a | b >

YCTaHOBKa IIOPTa IepeIadn JaHHBIX

bert topology port rx < a | b >

YCTaHOBKA HOPTa IPUEMA JTAHHBIX

bert level < 1234 >

BbIGOp ypoBHa Momesun OSI, ma Koro-
pPOM OyJIeT IPOBOJIUTHCST TECT

bert pattern < user | crtp | 2e11-1 | 2e15-1 | 2€20-1 | 2e23-1
| 2629-1 | 2e31-1 >

BBIOOD CTAHJAPTHOI MM 381aBaeMOil
TIOJIL30BATE/IEM  TECTOBOI  TOC/ICI0Ba~
TEJbLHOCTH

bert user-pattern hex

BBOJ TI0JIb30BATEIbCKOM nocJjie/ioBa-
TEJIbHOCTU

bert frame <int>

BBOJI pazMepa KaJpa

bert rate <int>

BBOJ[ TpeOyeMOil HArPy3KH

bert duration <hh.mm.ss>

3a/laHue JIJINTEJIbHOCTH U3MEPEHU A

ITakeTHbIl RKATTED

V

jitter port < a | b >

BBIOOD TIOPTa, HA KOTOPOM OyJeT Ipo-
HMCXOJINTH M3MEPEHUE JZKUTTEPA

jitter threshold <int>

3a/[aHNe MOPOTOBOTO 3HAYMCHUS JIYKUT-
Tepa

jitter duration <hh.mm.ss>

3a/laHne BPpEMEHU U3MEPEeHUA JZKUTTe-
pa

TecToBbBIIT TOTOK

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

ycranoBka MAC-anpeca orpaBuress

txgen header src ip <iiii>

ycranoBka IP-azpeca ornpasuress

txgen header src udp text

ycranoBka nomepa UDP-nopra ormpa-
BUTeJIsT

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

ycranoBka MAC-apeca mostygares

txgen header dst ip <ii.ii>

ycTanoBKa IP—a,:[peca oJrydgaTesid

txgen header dst udp text

ycranoBka Homepa UDP-mopra moty-
AT

txgen header vlan enabled < off | on >

BKHIO‘IQHI/IQ/ BBIKJIIOYCHUE

VLAN

mapaMmeTpa

txgen header vlan id text

YCTaHOBKa 3HAYCHUS UICHTHMUKATOPA
VLAN

txgen header vlan priority text

YCTAHOBKA 3HAYEHUS [IPUOPUTETA TPa-
buka

txgen header precedence text

ycTanoBKa 3HaY€HUsI IIpUoOpUuTeTa Kal-
pa

txgen header tos < 0000 | 1000 | 0100 | 0010 | 0001 >

ycTanoOBKa THUIIQ O6C.)'[y)KI/IB‘dHI/IH ImakKeTa
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KoMAHOBI Y,ZLAJIEHHOI‘O YIIPABJIEHU I

Tabmuna C.3. Komauapl yaaaéHHOrO yIu

pasienus (TELNET) (npodossicerue)

=

txgen port < a | b

BBIOOD 1TOPTA, ¢ KOTOPOT'O OYJIET ITPOUC-
XOJUTH reHepanus Tpaduka

txgen frame <int>

BBO/I pa3Mepa KaJipa

txgen duration <hh.mm.ss>

3aJlaHne JIIUTEJIbHOCTA U3MCPEeHUA

txgen rate

BBOJI TpeOyeMoil Harpy3Ku

ITapameTrps! ceTu

=

network a dhep < off | on

BKJIIO‘IeHI/Ie//BI:IKI[IO‘IQHI/IG

DHCP st mopra A

byHKIII

network a ip <ii.ii>

ycranoBka IP-agpeca mopra A

network a subnetmask <i.i.i.i>

YCTAHOBKA MACKHU ITOJICETH JIJIsi TopTa A

network b dhep < off | on

BKJIIOUCHHNE / BBIKJTIOICHUE byuximm

DHCP s nopra B

network b ip <iiii>

yeranoBka [P-ajpeca nmopra B

network b subnetmask <i.iii>

YCTAHOBKA MACKU MOJICETH Jjis IopTa B

network gateway <ii.ii>

yeranoBka [P-ajpeca mumosa

network dns <i.i.ii>

ycraHoBka IP-ajpeca ceru, KOTODBIit
conepkutr 6aszy DNS

ITapamerpsr uarepde

iicoB

gbe a speed < automatic | 10 | 100 | 1000 >

BBIGOP CKOPOCTHU HEPeIaui JIAHHBIX JJIs
nopra A

gbe b speed < automatic | 10 | 100 | 1000 >

BBIOOD CKOPOCTH TI€peadn JIAHHBIX JIJIsT
nopra B

O6me KoMaHabI

exit

BBIXO/I U3 peKnuMa KOH(bI/II‘ypaL(I/II/I

=

log < off | on

BBIKJIIOYCHUE / BKIIIOTCHUE
[IPOTOKOJINPOBAHMST COOBITHI

CHUCTEMBI

help

BBIBO/] CITUCKa JOCTYIHBIX KOMaH/{
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D. CHEHU®UKAIIUU U TEXHUUYECKUE
BO3MO>XHOCTHU IIPUBOPA

Tabmuma D.1. Cuenuduxarun BepkyT-ET

Hucnuiteii

IIBernoit rpaduteckuit gucmeit, 320 X240 Touex

Kuasuarypa

IInénounas (25 kasum)

NuTepdeiic ansa noak/oveHus: K
KOMIIBIOTEPY

USB-ksmmenT

Hanpﬂ)KeHue BHEIIITHETO UCTOYHU-
Ka IMMATaHUuA

12 B

ITorpebiisiembrii TOK

He 6osiee 1,5 A

AKKyMyJISITOPDHBIE 3JIEMEHTBI

NiMH ¢ nomunanbubiM HanpsizkenneM 4,8 B u éMKOCTBIO
4300 mAu

DJieMeHTbI 3allIUuThbl IIO 3SJIEKTPO-
IIUTAaHUIO

3ammra OT nepeHanpsyKeHui

Buyrpennuii npegoxpanuresns 5 A

WNurepdeiicer Gigabit Ethernet

2x10/100/1000Base-T u SFP

WNurepdeiicel ynpasiaeHus

USB, LAN 10/100 Ethernet

TabapurHble pa3Mepsbl
TeJbHOro OJioKa

usMepu-

200x101x44 mm

Macca nzmepuresbHoro 6JioKka

0,640 xr

Tabmumna D.2. Texumaeckue Bosmoxknoctn Bepkyr-ET

TecTupoBanme B COOTBETCTBUU
c meroaukoiit RFC 2544

Hocrynnsie rectsr: Throughput (poryckaast crioco6HOCTS ),
Frame Loss (yposenb noreps kaapos), Back-to-Back (mpe-
JlesibHAs HAarpysKa), Latency (3azepikka).

Paszmepsr kagipos: 64, 128, 256, 512, 1024, 1280 u 1518 6aiir,
3aJ[aBAEMBIil TI0JIb30BATEIIEM.

IP-TecTnI

Ping (xo-recr), Traceroute (Maprpyr), DNS lookup (mo-
uck Ha cepsepe nmMén), TCP-kiment.

Opranusanus mueiida (loopback)

Ineitd na dusnueckom (PHY), xanamsrom (MAC) u ce-
resoM (IP) yposusix ¢ nmomepxkoit VLAN ¢ Bo3moxHO-
CTBIO 3aMeHbI MOJIeii.

Tect kabesst

Tect megHOro Kabejist Ha OODPBIB, KOPOTKOE 3aMbIKAHUE,
OTIpeJIeJIeHNE PACCTOSTHUS JI0 TOYKH OOPBIBA.
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Tabiuua D.2. Texunueckue Bosmokuoct BepkyT-ET (npodoaoicenue)

BERT

Tect MO3BOJISIET OUPEJIEIUTH OCHOBHONH OUTOBBIN MOKa3a-
TesIb KadecTBa Kanasta — «bit error rate» (kosddunment
GUTOBBIX OIMIUOOK).

ITakeTHbIll KATTED

VI3Mmepenne MakeTHOro JZKUTTEPa, OTOOPaXKEHNE Pe3yJIbTa-
TOB B BHjie Tabiui] u rpadukos. Vcrmob3yercs jijisi OeH-
KU BO3MOXKHOCTH CETH [EepeIaBaTh 1yBCTBUTEJIbHBIN K 3a-
JeprKKaM Tpaduk.

I‘eHepaunﬂ TEeCTOBOI'O IIOTOKa

BosmoknocTs 3a1aBaTh pasMep Kaapa, JINTCILHOCTD re-
HEPAIH U BEeJIMYUHY HAarpPy3KH.

VYaanéaHoe ynpaBJieHUe

VipasiieHne IpuObOPOM B PEXKUMe TEPMUHAJIA, 110 TTPOTOKO-
ny TELNET, yvepes WWW-unrepdeiic. Boiosinenne re-
CTOB, HACTPOIKA TIAPAMETPOB, MOJIy9YeHUe Pe3YJIbTaTOB 13-
MepeHuii.

CraTucTuka 1o IpUHUMaeMOMY U IIepe/laBaeMOMYy Tpa(i)n-

Crarucruka
Ky Ha (DU3MYECKOM, KAHAJIBHOM U CETEeBOM YDOBHSIX.
Briitouenne B paspbiB  COEIMHEHUS MEXKJY CEeTeBBIMU
Tpansur ycrpoiicTBaMu, c60p CTATHCTUICCKUX JAHHBIX O MPOXO/If-

meM Tpaduke.
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E. YCTPAHEHUE HEUCIIPABHOCTEU

Tabsmna E.1. BoamoxKuble HencripaBHOCTH

XapaKTepHbIe
MIPpU3HAKHU
HEeNCIIPaBHOCTH

Bosmoxxnas nmpuiuHa

Metopn ycrpanenust

HexkoppekTHoe cucremMHOE
BpeMd

Brira mazkara KHOIKA arl-
rapaTrHoro copoca

YcTaHOBUTH CHCTEMHOE BpeMda

[Ipu6op me BRIIOUIAETCS

Paspsoxena akkymysis-
TOpHAas barapest

BxrounTs BHEMTHMI HCTOYHUK 1~
TaHUs, 3apIIUTh OaTapeio

C6oit mporpamMmbl

TOHKI/H\'I TYIIBIM CTE€P2KHEM HazKaTb
KHOIIKY aIapaTHoro cbpoca te-
pe3 oTBepcTre Ha GOKOBOI MaHen
pubopa PsAJIOM ¢ PA3bLEMOM ITHTa-
aus 12 B

He npoucxoaut 3apsia 6a-
Tapen OT BHEIITHEro 6JI0Ka
A TAHST

Hewucnpasen 670k mnuTa-
Husl, OOPBLIB B IITEKEpe,
oBpezKAeHa barapest

IIpoBepuTh 1 IpU HEOOXOUMOCTH
3aMEHUTH OJIOK ITUTaHUs, OaTapero
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F. TJioccArPumn

10Base-T
Cranzapr nepejadu JanHbix co ckopocTbio 10 Mour/c no ceru Ethernet
€ WCIOJIb30BAHUEM KabeJisl THUITAa «BUTAs Tapasy.

100Base-T (100Base-TX)
Cranzapr nepejadu Janubix co ckopocrbio 100 M6ur/c o ceru Ethernet
€ WCIOJIb30BAHUEM KabeJisl THUITAa «BUTAs Tapasy.

1000Base-T
Crangapr nepejadn JaHHLIX co ckopoctbio 1000 Mour/c (1 I'6ur/c) no
ceru Ethernet ¢ ncrnonbp3oBanmem Kabers TUIIA «BUTas mapas.

Back-to-back
IIpenenbuas narpyska. Tect, ompejensiomuii BpeMsi, B T€U€HUE KOTOPOrO
YCTPOMCTBO CIIPABJIACTCH ¢ MAKCUMAJbHONI HAIPY3KOIL.

ARP
Address Resolution Protocol (mporokos paspemienus agapecos). CereBoii
IPOTOKOJI, TIPEJIHASHAYECHHDIH /11 1ipeobpazosanus [P-aapecos (agpecos

cereBoro yposus) B MAC-aiapeca (ajapeca KaHAJILHOIO YPOBHSI) B CETSIX
TCP/IP. On onpenenén 8 RFC 826 [3].

Auto-negotiation
Asrocornacosanue. [Iporenypa, obecrieunBarorias aBTOMaTHIECKOE OITpe-
JeJICHNE CKOPOCTU U PeZKUMa COCJIMHCHM.

CSMA /CD
Carrier Sense Multiple Access with Collision Detection (MHOKeCTBeHHBIIT
JIOCTYII ¢ KOHTPOJIEM Hecylneil u obHapykenuneM KoJumm3uii). Texuosorus
MHOKECTBEHHOTO JOCTyTa K O0TIeil mepeaiomneii cpejie B JTOKAJIbLHON ceTn
¢ KOHTPOJIEM KOJLIM3WIA, UCIOJIb3yeTcst B ceTsix Ethernet.

DHCP
Dynamic Host Configuration Protocol (nporokos aunamudeckoii kondu-
rypanuu y3sja ceru). [IpOTOKOJI, UCIIOIB3YEMbIi y3JIOM CETH JJisi aBTOMA~
THYECKOT0 ojrydenusi [IP-ajpeca u Ipyrux napamMeTpoB, HEOOXOUMBbIX JJIsT

Bepxym-ET. Pyxosodcmeo no aKkcnAyamauuy



142 I'moccAaprun

pabotsr B cersix TCP/IP.
DNS

Domain Name System (cucrema momeHHBIX nMEH). Pacupenesnénnas cu-
creMa (6a3a JJAHHBIX ), KOTOpast UCIOJIB3YETCs It IPE0OPA30BAHNS UMEHH
cereBoro ycrpoiicrsa B IP-agpec. DNS paboraer B cersix TCP /IP.

DUT
Device Under Test. Tectupyemoe ycTpoiicTBO.

EIR

Excess Information Rate. ®opcupoBannasi CKOPOCTh IePeIadn JAHHBIX.

Ethernet
TexHoJi0rUs IOCTPOEHUS JIOKAJIbHBIX ceTeil. OIMChIBAaeTCs CTaHIaPTAMEA

IEEE rpynmsr 802.3.

Frame loss rate
YpoBeHb 1OTEPDh KaIPoB. TecT, olpeessioliuil IPOIEeHT KaJIPOB, KOTOPhIe
He OBLIN MepeIaHbl CeTEBLIM 3JIEMEHTOM IIPU TOCTOSIHHON HATPY3Ke M3-3a
HEJ0CTaTKa allllapaTHBIX PECYPCOB.

FTP
File Transfer Protocol (uporokou nepenauu daitios). IIporokod, npenna-
3HAYEHHBIN JTsl Iepeadn GailyioB B KOMIIBIOTEPHBIX CETsIX.

Full-duplex
JyniekcHbIi pexkumM. PexkuM, mpr KOTOPOM Itepejiava JaHHBIX MOXKET IIPO-
U3BOIUTHCsT OTHOBPEMEHHO C IIPUEMOM.

Gateway
[MTr03. CeTeBoe yCTPOICTBO, MTO3BOJISIONIEE COCUHUTD MEXKLy CODOil JiBe
niau 6oJiee Pa3HOTHUIIHBIE CETEBBIE CUCTEMBI U Ipeobpasytoriee HHMOpMa-
[IUOHHbBIE TIOTOKU, TIePEIAIOIIIecs] MeXK 1y HUMU.

Half-duplex
[Tonyaymmekcusiit pexkum. Pexkum, Tpu KOTOPOM Tiepegatia BeJIETcs B 000-
UX HAIIPABJIEHUSIX, HO C PA3JIeJIEHUEM 110 BPEMEHH, TO eCTh B KarKJbIil MO-
MEHT BPeMeHHU Iepejlada BeJIETCsl TOJIBKO B OJHOM HAIIPABJICHUN.

ICMP
Internet Control Message Protocol (1ipoTokoJ1 MeKceTeBbIX yIPaBJISIONUX
coobmennii). CereBoil mpoTokoJ1, Bxoggmuii B crek nporokosos TCP /IP.
B ocHoBHOM uncIosib3yercst jijis repejadn coobieHuii 06 ommubKax u Jipy-
IUX UCKJIIOYATEIbHBIX CUTYAIUAX, BO3HUKIIUX [IPU Iepegade JaHHbBIX.
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IEEE 802.1Q
CranapT, KOTOPBII OIIpeie/isieT M3MEeHeHUsI B CTPYKType Kaapa Ethernet,
o3BoJIstoNe nepeasars urdopmanmio o VLAN mo cern.

P
Internet Protocol (nporokou Internet). OuH n3 OCHOBHBIX IPOTOKOJIOB Ce-
meiictsa TCP/IP, ofbecriednBaer HerapaHTUPOBAHHYIO JOCTABKY MAKETOB,
He TPEOYIOIIYI0 YCTAHOBKU COEIMHEHNS C ITOJIY IaTEJIEM.

IP address
Internet Protocol address. Yuukaabubiit ugenruduxarop (agpec) yerpoii-
CTBa, MOJKIIOYEHHOTO K 00bEIMHEHHOM ceTr Ha OCHOBE ceMeficTBa IIPOTO-
kosioB TCP/TIP. TIpexcrapisier co6oii 32-6MTOBOE JIBOUIHOE YHCIIO.

Jabber-dpeiim
[Taker nannbix pazmepom Oostee 1518 GaiiT, MEIONUiI HEITPABUIBHYIO KOH-
TPOJIBHYIO CYyMMY.

Jumbo-dpeiim
ITaker manHHBIX pasmepoMm bosiee 1518 Gaitr. PopmaT TAKOro KaIpa aHasIo-
ruden GopMaTy CTAHJAPTHOTO KaJipa, HO COJAEP:KUT HoJjiee JJIMHHOE ITOJIe
JIAHHBIX, 9TO 00ECIIEUNBAET JIyUIliee COOTHOIIEHNE MEKLY YUCTIOM CJIyKeO-
HBIX 0AWTOB M IMCJIOM OAMTOB JAHHBIX U, COOTBETCTBEHHO, Oostee 3 dex-
TUBHYIO [1€peJlady WHMOPMAIIUH.

LAN
Local Area Network (oxkanbnast cers). CeTb, KOTOpasi HOKPBIBAET OTHOCH-
TeJIbHO HeBOJIBbIIIY 0 TeppuToputo (Hanpumep, cerb Ethernet). Xapakrepu-
3yercsi BBICOKOH CKOPOCTBIO Trepeiadn JaHHbix (o1 10 M6ut/c 10 HeCKOIb-
kux I'6ut/c) u HeGombImM K03 OUIMEHTOM OIMUGOK.

LD
Latency Deviation. /leBuanus 3a/iepKKH.

LoT
Latency over Time. Pacupemenrenne 3aaepKKu BO BpEMEHH.

MAC address
Media Access Control address. YHUKaJIbHBIA UICHTHMDUKATOD, KOTOPHIHA
UCIIONIb3YETCsT JIUIST AJIPECAIIAN YCTPOWCTB CeTn Ha (PU3MUECKOM ypPOBHE.
B cern Ethernet ucnosnbsyercs 48-6urosniit MAC-azapec.

MDI
Medium Dependent Interface (unrepdeiic, 3aBucsamuii or nepeaoei
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cpenpl). [Topr Ethernet-yerpoiicrsa, Jaronuii BO3MOKHOCTD CETEBBIM KOH-
[EHTPATOPAM ¥ KOMMYTATOPAM MOJIKJII0YATHCS K JPYTUM KOHIIEHTPATOPAM
6e3 UCIO0JIb30BAHUS KPOCCOBEPHOI'O Kabesrs.

MDI-X
Medium Dependent Interface with Crossover (unrepdeiic, 3aBucsimuii ot
TepeIaloneil cpeabl ¢ IePeKPECTHBIM coem/IHeHHeM). Ethernet-unrepdeiic
RJ-45, ucnosib3yemblii B ceTeBbIX KOMMYTATOPaX U KOHIEHTPATOPAX.

MPLS
Multi-Protocol Label Switching (My/JbTUIPOTOKOIbHAS KOMMYTALUS 110
merkam). Texuosorus nepecbuiku [P-geiitarpaMy, KOTOpasi UCHOJIb3yeT-
Cs1 B BBICOKOCKOPOCTHBIX KOMMYTHPYIONUX YCTPOMCTBAX.

NUT
Network Under Test. Tecrupyemast cerb.

OAM
Operations, Administration, and Maintenance (3kcruryaranus, aJMUHE-
crpupoBanue u 06cayKusanue). [IpoTOKOJI MOHUTOPHUHTA COCTOSHUS Ka-
HAJIA.

OSI
Open Systems Interconnection Reference Model (srasonnas mMomens B3a-
UMOJIEHCTBUA OTKPBITBIX cucTeM ). Paspaborannas Mex ryHapoaHoit opra-
auzanueii o crapgaprusamuu (ISO) ceMuypoBHEBas mepapxudeckas MO-
JIeJIb JI7IS CETEBLIX KOMMYHUKAINN U CBA3HM CETEBLIX IIPOTOKOJIOB. Y DOBHU
MOJIEJIM PACIIOJIOXKEHbl BEPTUKAJIBHO JIPYT HAJ[ JIPYIOM, KaXK/blil YPOBEHb
B3aMMOJIEHCTBYET C COCEHUME U BBIIOJIHIET OIpeeéHuble dhyHKIUH.

RJ
Registered Jack. CranmaprusnpoBanubiii pusndeckuii narepdeiic, ucmorb-
3yeMBbIil JIJIs COEJIMHEHUsT TEJIEKOMMYHUKAIIMOHHOTO 000DY/I0BAHUSI.

RJ-45
Omuu u3 paszbémos cramjgapra Registered Jack, ucnosbsyercs B cersix
Ethernet g coemnnenns BUTBIX map.

Runt-dpeiim
IlakeTr nauHBIX JJIMHON MeHee 64 OaiiT ¢ MPaBUIbHON KOHTPOJBHOI TOCIe-
JIOBATEJILHOCTBIO.

SFP
Small Form-factor Pluggable. KommaxTHbIil TpuéMoriepe1aTank, IpuMeHsi-
eMbIil JIJIsl Tlepe/lavn JAHHBIX B TeJIEKOMMYHUKaIuAX. Vcmoib3yercs s
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IIPUCOEIMHEHNU IIJIaThl CEeTEBOI'0 YCTPOUCTBA K ONTOBOJIOKHY WJIM HEdKpa-
HUPOBAHHON BUTON IMape, BHICTYIAIONINX B POJIM CETEBOrO KabeJsis.

SLA
Service Level Agreement. OcHOBHOI JJOKYMEHT, perJIaMeHTHPYIONIHI B3a-
MMOOTHOIIEHUST MEYK/LYy TOCTABIIUKOM YCIYTH U KJIUEHTOM.

TCP
Transmission Control Protocol (nporokos yupasienus nepejgadeii). Cran-
JAapTHBIA IPOTOKOJI TPAHCIIOPTHOI'O YPOBHHA, BXOAAIINAN B CEMEHCTBO IIPO-
rok0;108 TCP/IP u obecrieduuBaioniuii HaJIEXKHYIO Iy ILJIEKCHYIO IIOTOKOBYIO
nepeiaty JTaHHbIX.

TDM
Time Division Multiplexing (MysbruinsekcupoBanue ¢ pasjejeHueM 10
BpeMenn ). TexHo/0rus nepeadn JaHHbIX, HCHOJIb3YI0Iasd BDEMEHHOE YILIOT-
HEHUE KaHAJIOB; IIPEyCMAaTPUBAET Iepelady KarKJI0ro MOTOKa JaHHBIX 110
KAHAJIy CBA3U B TeUeHME (DUKCHPOBAHHOIO ITPOMEYKYTKA BPEMEHHU.

Throughput
IIpomycknast criocobHoCTh. TecT, ompeaeTsaommuii MaKCUMAIbLHYIO CKOPOCTD,
Ha KOTOPOH KOJUYIECTBO TECTUPYIONUX KA poB, mnporremmux depes DUT,
PABHO KOJIMYECTBY KaJIPOB, OTIIPABJICHHBIX €My C TECTHPYIOMIEro 000py/10-
BaHUSI.

ToS
Type of Service (Tum o6ciykupanusi). HaGop u3 4eTbipéxOuTHbBIX (iraros
B 3arosioBke IP-nakera. OHu Jal0T BO3MOXKHOCTD IIPUKJIAIHOI IIPOrpaMMe,
repearoneil Janabie, COOOMNTD CETH TUI TPEOYEeMOTO CeTEBOTO OOCITY KU~
BaHUSL.

Traceroute
ITporpamma, npejHasHAMEHHAS IS ONPEJIETEHIS MAPIIPYTOB CJIEJIOBAHUS
nansbix B cerax TCP/IP, ocnosana na nporokosie ICMP.

UDP
User Datagram Protocol (I1poToko.1 no1b30BaTe/IbCKuX jefirarpamm). 1o
TPAHCIOPTHBIN TPOTOKOJI /I TIepeIatdn JaHHBIX B ceTax 1P, obeceanBaer
HEHAJIEXKHYIO JIOCTaBKY COOOIEeHnil 6e3 yCTAHOBKY COEJIMHEHUS C MTOJTYda-
TeJIeM.

VLAN
Virtual Local Area Network (Bupryasbhas JiokasbHas cers). IIpegcras-
JigeT co0oii IPYIIly CETEBBIX YCTPONCTB, KOTOPbIe (PYHKIHOHUPYIOT TAK,

Bepxym-ET. Pyxosodcmeo no aKkcnaAyamauuy



146 I'moccAaprun

KaK 6y,D;TO OHHU IIOAKJ/IIOYEHBI K OTHOMY CErMEHTY CETH.

VLAN ID
VLAN Identifier (VID). 12-6urnpiii upenrudurarop VLAN, koropsiit
oupezenén B crangapre 802.1Q [I]. Oaunosnauno oupenensier VLAN, ko-
TOPOIT TPUHAJICIKUT KaJp.

VLAN Priority
Tpu 6ura, KOTOPBIE COJEPKAT MHMOPMAIIUIO O IpUopuTeTe Kajapa. Bos-
MOXKHO BoceMb 3Havenuii npuopurera ([I).

I'pynmoBas azgpecarnus
B pexkume rpynmoBoii ajpecayu makeThl IepeJatoTcs OPEIeTIEHHON TPYII-
I1e IoJry4aresiei.

Enuuunyanas agpecamus
B pexkume eiuHUTHON aIpecariy JJaHHbIE TIEPEJIAIOTCS ¢ TUHCTBEHHOMY T10-
JIyHaTesIo, aJipec KOTOPOTO YKa3bIBAETCs SBHO.

KananbHbIlN ypoBeHb
Data Link layer. IIpennasuaden jijisi obeciedeHusi B3auMOJIEHCTBUsI ceTeil
Ha (PU3MIECKOM yPOBHE U KOHTPOJIS 38 OIMUOKAME, KOTOPbIE MOTYT BO3-
HUKHYTH. KaHAJIbHBIH YPOBEHb MOXKET B3AMMOJICHCTBOBATD C OJTHUM WJIN
HECKOJIBKUMU (PUBUIECKUMI Y POBHIME, KOHTPOJUPYS UX U YIIPABJIsIS ITUM
B3aNMOJIENCTBUEM.

OO0yuaromuii kKaap
Kanp, xkoropsriit umeer ommnakosbie MAC-ajpeca oTmpaBuTesst U MOJIy-
garens. Korga KoMMyTaTop moJjydaer Takoil Kajp, OH 0T(hUIBTPOBBIBAET
ero, T.K. BBIXOJIHOI unTepdeiic coBuagaer co BXoaubiM. [Ipu 3roM KOMMY-
tarop cuurbiBaer MAC-anpec ornpasurens n 3anoMunaer naTepdeiic, ¢
KOTOPOT'O OH OBLJI [TOJIYI€H.

CeteBoii KOMMyTaTOPD
YVCTpOoiCTBO, UCIOIB3yeMOe JJI COeIMHEHNs HECKOJIBKUX Y3JI0B KOMITHIO-
TepHoit cetu. [lepemaér manmbie HETOCPEICTBEHHO MOTyIaTe 0. PaboTaer
Ha KaHaJbHOM ypoBHe mozean OSI.

CerteBoii KOHIIEHTPATOP
YVCTpoiicTBO, UCIOIB3YEMOE [JIsi O0beIMHEHNsT HECKOJIBKUX Y3JI0B KOMITHIO-
TepHOIl ceru. Bee ycrpoiicTBa, MOAK/IFOYEHHBIE K IOPTAM KOHIIEHTPATOPA,
[IOJIyYalOT OJIHY U TY Ke WH(MOPMAIIHIO.

CerteBoii ypoBeHb
Network layer. [Ipennasaaden Jijisi OnpejesieHns Iy TH IepeIadn JTaHHbIX.
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OrBedaer 3a TPAHCJSIUIO JOIHIECKUX aPECOB U UMEH B (DU3NIECKUE,
olpejiesieHre KpaTdalllinx MapiIpyToB, KOMMYTAIUIO U MapIIPyTU3aIIUIO,
OTCJIE’KUBAHUE HENOJIaI0K B CETH.

TpaHcropTHBIT YPOBEHDb
Transport layer. ObecnieanBaer HaJIEKHYIO TPAHCIIOPTUPOBKY ITAKETOB MEK-~
Jy JBYMsI KOHEYHBIMU TOYKaMU ceTu. HecMoTpst Ha TO, YTO IIPOTOKOJIBI
HUKHErO YPOBHSI IIPOBEPSIIOT IPABUJIBHOCTH BBIOJHEHUs KaXKJI0M oepa-
[UU [IpU TIepejiade JAHHBIX, HA3HAYEHUE 9TOI0 YPOBHSI COCTOUT B JOIOJI-
HUTEJIHLHO TTPOBEPKE MPABUILHOCTH TI€PEIABAEMbBIX JIAHHDIX.

®Dusnvdeckuit ypoBeHb
Physical layer. Ilpenna3sHadeH HeMOCPeJICTBEHHO sl ME€PEIadd MOTOKA
maaabix. OCyIIecTBIISIET Mepeiady JeKTPUIeCKUX WA ONTUICCKUX CUT-
HaJI0B B Kabesb U X IPUEM U ITpeodbpas3oBamne B OUTHI TaHHBIX B COOTBET-
CTBUU C METOJAMU KOAMPOBAHUS (D POBBIX CUTHAJIOB.

IITupokoBeraTesbHasi aJpecariusi
Dopwma nepesadn JaHHBIX, P KOTOPOIi IIAKETHI JAHHbIX [I€PEIAI0TCS BCEM
CTAHIMSAM, KOTOPbIE HAXOAATCA B JIOKAJIBLHOI CEeTH.
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1. OBIIIVE CBEJEHN A

1.1. Tecrep-ananuzarop Ethernet/Gigabit Ethernet Bepkyr-ET coorser-
cTByeT TpebOBaHUSIM HOPMATUBHOTO joKyMeHTa «PJ1 45.176-2001 Anmapary-
pa CBsI3u, peaym3yomnias (DYHKIUH KOMMYTAIINA KA IPOB B JIOKAJIHHON CETH Ha
YPOBHE 3BeHa JAHHBIX. 1eXHUIeCKUe TPeOOBAHMS ».

1.2. IlpeanpusgaTre-u3roToBUTEIb:

HTII-Metporek

105082 r. MockBa

ya. B. Iloarosas, mom 26 B, cTp. 2, mom. 139
Teu.: (495) 961-0071, (812) 560-2919
www.metrotek.ru

www.metrotek.spb.ru



2. CBUAETEJIBCTBO O IIPUEMKE

2.1. Tecrep-anasuzarop Ethernet/Gigabit Ethernet Bepkyr-ET, cepuii-
HBIIl HOMEp U3rOTOBJIEH U IPUHAT B COOTBETCTBUU C
00s13aTeIbHBIMEA TPEOOBAHUSIME TOCYIAPCTBEHHBIX CTAHIAPTOB, AEHCTBYIONIE
TEXHUYIECKON JIOKYMEHTAINEH U MPU3HAH NOHBIM JIJI SKCILIYATAIIIH.

Hauvanapuuk OTK

M. II. ®pocr M.A.

JIMYIHadAd IMOAINCH pacmncprBKa IO CH

THCJI0, MECHII, TOJ



3. TAPAHTUIMHBIE OBSIBATEJIBCTBA

3.1. IlpennpusTre-u3roToBUTEbL FAPAHTUPYET COOTBETCTBUE KAUECTBA Te-
crepa TPeOOBAHMSIM TEXHUYECKHMX YCJIOBHUI IpU COOJIFOJEHUU MOTPeOuTe/eM
YCJIOBUIT W MPaBWJI TPAHCIOPTUPOBAHUS, XPAHEHUS U SKCIUIyaTAIlUN, YKa3aH-
HBIX IKCIUIyaTAIIMOHHOI JIOKYMEHTAIIUEH.

3.2. TapauTuiiHbI CPOK IKCILIyaTaluu — 12 MeCsSIeB ¢ MOMEHTa BBOJIA
TecTepa B 9KCIUIyaTaIlUio, HO He 6Gojiee 18 MecsilieB ¢ MOMEHTa OTTPY3KHU IO-
TPeOUTEIIO.

lapanTuitaeiii cpok xpaHneHus — 6 MECAIEB CO [IHs M3TOTOBJIEHUS TECTEPA.

3.3. Ilpeanpusitne-u3roToBUTEb 00SI3aHO B T€UEHHE CPOKA FapaHTUU IIPO-
U3BO/INTH OE3BO3ME3/IHO 3aMEHY HWJIM PEMOHT TecTepa, B TOM HYHCJE eCIU B
TeYEHNEe 9TOrO CPOKa MOTpeduTeseM OyIeT 0OHAPYKEHO HECOOTBETCTBUE TPE-
OOBaHMAM TEXHUICCKUX YCJIOBUI.

Brumanue! Be3 npedssasaenus nacnopma npemenH3ul K Kaue-

cmey pabomut, mecmepa He NPUHUMAIOMCA U 2aPAHMUTHBLT DEMOHN
He npou3eodumcs.

ﬂaTa peajm3anuun Tecrepa

ITocraBmuk

TIOIITNCH



4. CBEAEHUN A O PEKJIAMAIINAX

4.1. B ciygae oTkaza Tecrepa B paboTe WM HEHCIPABHOCTHU €r0 B IIEPUO/T
rapaHTURHBIX 00s3aTE/IbCTB, & TaKyKe ODHAPYKEeHHs HEKOMILJIEKTHOCTH IIPU
[IEPBUYHON IPUEMKE TecTepa HoTpeduTesieM JI0/2KEeH OBITH COCTABJIEH aKT O
HEeOOXOIMMOCTH PEMOHTA U OTIPABKHU U3/IEIUS U3TOTOBUTEIIIO.

B akre JOJIZKHDBI ObITh YKa3aHbI CJeJYyIoNne JaHHbIC:

e obo3HateHHEe TecTepa, 3aBOJICKOI HOMep, JaTa BLIIyCKa U JaTa BBOIA B
SKCILTyaTaIUIO;
HaJIMYUe 3aBOJCKUX ILJIOMO;
xapakrep pedekra (Win HeKOMILICKTHOCTH).

AKT BBICBLIAETCH 110 aJipecy, ykazanHoMy B myHkTe 1.2 ITacmopra.

4.2. Pexyamanuio ma TecTep He MPEeIbaBISIOT:

® [I0 UCTEeYEHUU rapaHTUHHOIO CPOKa;
® IIpU HAPYIIEHUH MOTPEOUTEEM MPABUJI SKCILIYATAINI, TPAHCIOPTUPO-
BaHUS U XPaHEHU, IIPEyCMOTPEHHBIX PYKOBO/ICTBOM I10 3KCILTyaTAIAH.
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