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1. OBIIUE CBEAEHUHA

Tecrep-ananuzarop Ethernet/Gigabit Ethernet Bepkyr-ET (nanee —
upubop, TecTep) IpeHA3HAYECH JJIs [IPOBE/ICHIUS AHAIN3a U JUAIHOCTUIECKO-
IO TECTUPOBaHUsI ceTeBoro obopymosanusi no merogauke RFC 2544 [5], mist
OIIEHKW COCTOsIHUsT KabeJist, KOHTPOJIs CBSI3HOCTH KaHaja. B mpubope peasn-
30BaHa BO3MOXKHOCTH OPraHU3aNnN nuIeiida, a TaK?Ke MOy I€HUsT CTATHCTUKA
10 IPUHUMAEMOMY U IIepe/IaBaeMOMy TPAdUKY.

IIputop BepkyT-ET obecrnieunBaeT BBITOJTHEHUE CJIEIYIONUX (DYHKITHIH:

— renepanus/ananu3 tpaduxa xa xanagsHoM (MAC), ceresom (IP) m
TPaHCIIOPTHOM yPOBHSX;

— cbop M OTOOpaXkKeHWe CTATUCTUIECKON MH(MPOPMAIMH IO ITPUHUMAEMO-
My U TIepesaBaeMoMy TpaduKy Ha (PU3NIECKOM, KAHAJIHHOM U CETEBOM
YPOBHSIX;

— Tectuposanue 110 Metoguke RFC-25441: Throughput (mpomycknas cro-
cobroctb), Latency (3amepkka pacupocrpasenust Kaapos), Frame Loss
(ypoBenb morepb Kaapos), Back-to-Back (upemesbnast Harpyska);

— JIMArHOCTUKa HEUCIIPABHOCTEH Kabess;

— opranuzanus uuteiidba (Loopback) na dbusmueckom, KaHaJIbHOM, cere-
BOM U TPAHCIIOPTHOM YPOBHSIX;

— Brytouenne pexkuma «IIlneiid» Ha ymanménroMm mpubope mocpecTBOM
nporokosa OAM;

— omnpegenenue Koddduimenta 6urosbix omubok (BERT);

— W3MEpPEHUE IMAKETHOTO JKATTEPA.

Tonpo6Hoe onmcamnme KayKioro TecTa IpeCTABICHO B pasjeie 7.2.
p p p
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2. KOMIJEKTAIIUA

Tabmmra 2.1. KoMmmiekrarus ompudbopa

HanmenoBanue KoJi-Bo

ITpubop «Tecrep-anamuzarop Ethernet/Gigabit Ethernet

Bepkyt-ET» 1

Bpomopa «Tecrep-anasusarop Ethernet/Gigabit Ethernet
Bepkyr-ET». PykoBoicTBO 110 9KCILTyaTaIllnd U TACIIOPT

Buok nuranus (12 B, 1 A)

Ka6ens (220 B, 3-mosmocHbrit)

Kab6eas USB

—_ =] = =

Kabenns Ethernet
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3. MEPHBHI BE3OIIACHOCTU

1. Tectep Ethernet BepkyT-ET coorBeTcTByeT 061m1M TpeboBaHusAM 6€30-
nacuoctu o 'OCT P 51350-99.

2. Ilo crmocoby 3amuThl Ye/I0BEKA OT MOPAXKEHUsI DJIEKTPUUECKUM TOKOM
Tecrep coorBercTByer kiaccy III, a Gmok muranus — xiaccy II mo
T'OCT P 51350-99.

3. Ucnbrranus, HaJAIKa, BBOJ, B SKCIUIYATAINIO W IKCILIyaTAIlUs TeCTepa
JIOJI2KHBI TIPOM3BOJIUTHCS C yIETOM TPeOOBaHI 6E30IIACHOCTH, H3JI0KEH-
weix B [OCT 12.3.019.

4. Tlpu sKCITyaTaIruu TecTepa JIOJXKHBI BBIMOJIHITHCsT 00IIre TpeOOBaHUS
MMOXKApHOIT 6€30IMAaCHOCTH.

5. KagecrBo Bo3myxa pabodeil 30HBI MIPU SKCILIYATAIMH TeCTepa JOJIKHO
coorBercTBoBaTh TpeboBanusM I'OCT 12.1.005.

ITpumewanue: 6o sHewmem 640K NUMAHUA MECTEPA UMEETNCH
ONACHOE OAS HCUSHU HANPAHCEHUE. 3aNDeWAemCs IKCIAYAMAUUS
OA0KG NUMAHUA C NOBPEHCIEHHBIM KOPTLYCOM.

Bepxym-ET. Pyxosodcmeo no akcniyamayuu
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4. ITIPABUJIA U YCJIOBUZ QKCIIVIVATAIINN

1. Jlo nagasna pabotsl ¢ TecrepoM BepkyT-ET BHUMaTEIbHO U3yUnTe Ha-
cTOsIIee PYKOBOJCTBO IO SKCIUIyaTAIllUN, Ha3HAUYEHUE KHOIMOK KJIaBUA-

TYPBbI, BHEIITHUX Pa3bEMOB U COCTaBHBIX YacTeil TecTepa.

2. Heobxomumo obeperaTh TecTep n OJOK MUTAHUS OT YIAPOB, MO IAHUS

BJIATW U BN, JUINTEJILHOTO BO3/IefICTBUS MPSIMBIX COJIHEUHBIX JIyUei.
3. Ecnm Tectep moasepraJcs BO3JIEHCTBUIO HU3KUX TEMIEPATYP, TO TEPET
BKJIFOUEHNEM HeOOXOJMMO BbIJIEPYKATH €r0 B HOPMAJIBHBIX YCJIOBUSIX HE

MeHee JIBYyX YacCOB.

4. Ilpu nuTesbHBIX IepepbiBax B PabOTe TeCTEPa PEKOMEHIYETCS OTKJIIO-

qaTh TpUOOp U OJIOK MUTAHUS OT CETH.

5. TeCTep MO2KET IKCILIYaTUPOBATHCHA IIPU CJICAYIONNX pezKNMaXx 3JICKTPO-

IINTaHUA:

— ot cetn 90-260 B, wacroroit 50 I't, ¢ momorpo 610K TUTAHUSI,
[IPU 3TOM ITPOUCXOIUT HOA3APSIIKA aKKYMYJISITOPHBIX 3JIEMEHTOB;
— oT akKyMyJaaTopHbix 3jemMerToB (NiMh, ¢ HOMUHAJIBHBIM HAIDsI-

skerneM 4,8 B u emroctbio 4300 MAu).

6. Sapsm AKKYMYJIATOPOB aBTOMAaTUY€CKU BKJIIOYa€TCd IIPU ITOAKJ/IIOICHNN

OJIOKA ITUTAHUA.

BpeMH TIOJTHOTO 3apd/ia aKKYMYJIATOPHBIX JIEMEHTOB OT BHEITHET'O oJ10-

Ka IIATaHUA IIPU HOPMAJIbHBIX KJINMATUICCKHUX YCJIIOBUAX — HE botee

12 gacos. Ilocse mosHOrO 3apsiia aKKyMYJISITOPHBIX SJIEMEHTOB 3apsiji-

HoOe yCTpOfICTBO aBTOMATHUYCeCKHN OTKJIIOYaeTCsd.

Cpok ciryKObI aKKyMYJISITOPDHBIX 3JIEMEHTOB 3aBHCHT OT KOJIMYECTBA
[UKJIOB «3apsi-pa3psiay. st TaHHOrO THIIA aKKYMYJISTOPHBIX 3JIEMEH-
TOB CpefHuil CPOK cay2KObI — 500 MUKIIOB «3apsia-pa3psiay. Bpems pabo-

TBHI OT BHYTPEHHUX aKKyMYJISTOPHBIX 9JIEMEHTOB — He MeHee 6 JacoB

ITpumeuarue: 6 cAy“ae Ycmaros8Ky NOAHOCTILIO PA3PAHCEHHBIT
UAU HOBHLL AKKYMYAAMOPHHLL INEMEHMOE NEPED BKAOUCHUEM Me-
cmepa HeobTooUMO UL 3apAUMD (8pEMA 3aPAOKY GKKYMYAAMO-
P06 JoAdHCHO cocnasaamy He menee 30 munym).

I dpk. ceeromuonos — 40 %; IMoxcserka — 50 %; JAucnieit aBTOBBIKI. — 5 MIH.

Bepxym-ET. Pyxosodcmeo no skcniyamayuu
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14 IIpaBuia u yCa0BUs SKCILIYATAITIN
ITpumewarue: dan numarus mecmepa om cemu 220 B, ¢ ua-
cmomoti 50 Iy, ucnoav3ytime moavko wmamusll 640K NUMAHUA.

4.1 AnmapaTHble XapaKTEpPUCTUKU

rabapuTHBIE Pa3MePhl U3MEPUTEIHLHOr0 6J10Ka He 6ostee 200X 101 X 44 mmM;
rabapuTHBIE pa3Mepbl 6JI0Ka nmuTanusa He 6osee 71x40x39 mM;

Macca m3MepuTepHOro 6j10ka He Oosree 0,640 kr;

Macca 6s0Ka muranus #He 6osee 0,1 Kr.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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5. TIOATOTOBKA K PABOTE

1. Tlocjie u3B/IeUueHNS TeCcTEPa U3 YIIAKOBKH IIPOM3BE/INTE BHEIHUN OCMOTD
U IIPOBEPhbTE KOMIIJIEKTHOCTh TECTEPA B COOTBETCTBUU C Tabsmueil 2.1.

2. BoizepKuTe TECTEp B HOPMAJLHBIX yCJIOBUSX HE MeHee 2 9acoB (B TOM
ciydae, €CJIM paHee TeCTep HAXOJWJICS B YCJIOBHUAX, OTJIMYHBIX OT HOP-
MAJIbHBIX).

3. Ioakmrounre 610K IUTaHWs TecTepa K ceTH (€C/u Jjisl MUTAHUS TeCTe-
pa Oymer ucmob3oBaThesa cereBoe Hampsikenne 90-260 B, ¢ wacroroit
50 T'm).

4. BrurounTe TecTep € IOMOIIBI0 KHONKK BKJIOUEHNUST / BHIKITIOUEHNsT TATa-
Hust (cM. paszzedn 6.1).

Bepxym-ET. Pyxosodcmeo no akcniyamayuu



16

Bepxym-ET. Pykosodcmeo no sxcniyamayui



17

6. OIIMCAHUE IIPUBOPA

6.1 JlunesBas maHeJb

Bun munesoit manesu npudopa BepkyT-ET npencrasien na pucynke 6.1.

Link Tx Rx Test Link Tx Rx Test

’Vr

A Metrotek 4

Puc. 6.1. JluneBasi manesnb

1 — CBeToanoaHbie MHANKATOPHI.

TpéxuBernbie CBETOINOIHBIE WHINKATOPBI CJIYXKAT I AHAJIN33 COCTOSI-
Hus nHTEPQECOB.

Bepxym-ET. Pyxosodcmeo no akcnAyamayu
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Ornucanue npudbopa

Link — cocTostHTe TOAKJIIOYCHUST:

— 3eJEHBI — COeMHEHNE C TECTUPYEMbBIM O00ODY/IOBAHMEM yCTAHOBJICHO;
— KpPaCHBIA — COCIUHECHUSA HET.

Tx — cocTosiHye TIepeIadn JTAHHBIX:

— 3es8HBIH (MATAET WM TOPUT MOCTOSIHHO) — WJIET IIEPeiava MaKeTOB;
— He TOPUT — IIepejiada IaKeTOB He OCYIeCTBISeTCH.

Rx — cocrosinne mpuéMa TaHHBIX:

— 3es8HBI (MUraeT UM FOPUT HOCTOSIHHO) — HMJIET NPHUEM [IAKETOB;
— He TOPUT — HIPUEM IAKETOB HE OCYIIEeCTBJIAETCH.

Test — cocTosiHME TECTUPOBAHUSI:

— 3eJIEHBIIl — IIPOBOJIUTCS TECTUPOBAHUE;
— 3enéublii (Muranne) — BKIOUEH pexxkuM «I1Lredic».

CBeToMOIHbBI MHIMKATOP B HUXKHEH YacTH IIepejlHeil MaHeJn KOpIIyca

npubopa 3aropaercst NPy BKJIFOUEHUN BHEITHETO TUTAHUSL:

— 3eJIEHBII — aKKyMYJISITOPHBIE 3JIEMEHTHI 3aPSKEHBI;
— 3esIéHblii (MUraHue) — IPOUCXOAUT 3aPSJ AKKYMYJIATOPHBIX 3JIEMEHTOB;
— 3esiénblii (Mepuanue) — npoucxoaur obHossenue Bepeuii 110 npubopa.

2 — Crpoka craryca.

Ornucanre cTpOKM cTaTyca IIPUBEJIEHO B pasjeie 6.3.

3 — Hucnueii.

IIBerHoit rpadudecKuit qUCILIEH.

4 — KnaBuarypa.

0 — BkuirounTs /Boikirounts (On/OfF)

Jlyist BKIIIOYeHMsl / BBIKJIIOUEHUST IMTAHUS TECTEPa HeOOXOIUMO HaXKaTh U yIep-

2KUBATh KJIABUIITY B TedeHue 1—-2 CEeKyHJI.

— I'maBHoe menio (Main menu)

Kuasuma, CJIY2KUT JIJIsI BO3BpaTa B I'VIAaBHOE€ MEHIO.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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@ — BBog

— B pexXuMe MeHIO B CJIydae, KOIJia BBICBEUMBAETCsI BbIODAHHBIN IIYHKT,
HaxKaTHe Ha KJIABHUIILY 0DeCIIeunBaeT IIepexo/l B COOTBETCTBYIOIIEE MEHIO
1 0TOOpaykeHne COOTBETCTBYIOIIErO IKPAHA;

— B pekuMe 33JIaHusl JAHHBIX HaYKaTHe Ha KJIABUINY [TPUBOJUT K M3MEHE-
HUIO TTapaMeTpa Jinbo TEePeBOIUT B MEHIO BBIOOpa mapameTpoB. B ciy-

qae, KOrja KJIABHUIIIA @ BBITIOJIHSIET (DYHKIIMIO BBOJA JAHHBIX, JIJIs

BO3BpaTa B IIPeAbLAYIIee MEHIO UCIIOJ/Ib3YEeTCsA KJIaBUIITa ®

® — Ormena/Buoixog,

HazxaTne na xmaBumry obeciednBaeT Mepexo, B IPEIbIIyINee MEHIO, a TakK-
JKe B peKuMe 3aJI[aHUs JJAHHBIX CJIYy2KUT JIJIsI OTMEHBI BBO/Ia JIAHHBIX.

— NndopmanmonHasi maHe b
[Ipu HakaTMU HA KJIABUIILY Ha 9KpaHe OTOOPAXKAIOTCS IOIIUCH K
CBETOJINO/THBIM UHIMKATOPAaM; 1BeT (hOHA MOJIINCH COBIAJAET C IIBETOM COOT-
BeTCTBymmero CBeTO,D;I/IO,ILHOFO UHITKATOPA.
— DyHKIMOHAJIbHBIE KJIABUIIIN.

@ @ @ @ KuaBuiu ynpasiieHust Kypcopom.
@7 ‘7 .a .7 @, ‘a ., ., ‘, ‘, @, @ — Knasu-

i1 BBoZia 1ndp, 6yKB M 3HAKOB B COOTBETCTBYIOIIINE IOJISI.
Hudpsl, OyKBBI 1 CHMBOJIBI, KOTOPBIE MOXKHO BBECTH C ITOMOIIBIO ITH(MPO-
BOI KJIABHATYPBI, IPEICTaBIeHbl B Tabsmiie 6.1.

Tabmuma 6.1. Hudpbl, 6YKBBI 1 CHMBOJIBI

Kuaasurma udpsl BykBbI CuMBOJIBI
D) 1 . @ / -
2 abc ---

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

Bepxym-ET. Pyxosodcmeo no akcniyamayu



20 Ornucanue npudbopa

6.2 Bmuemnue pa3bEMbI

Pacnonoxkenne BHemHUX pazbEMOB TeCcTepa Ha BEpXHEN n OOKOBOIl mame-
JITX KOpIIyca Mpubopa MmoKa3aHo Ha pucyHKax 6.2 u 6.3.

e el

A B :

Puc. 6.2. Bepxuss nanenb tecrepa

% LAN USB 12V=m {
Cioa
R \ ”

|

Puc. 6.3. BokoBas nanesns Tecrepa

ITudpoit 1 na pucynke 6.3 obo3HAYIEHA KHOIIKA aIapaTHOTO cOpoca.
Hasznauenune pasbEMOB U MOAKIIOYAEMbIE K HIM YCTPOICTBA IIPUBEJIEHBI B
Tabure 6.2.

Tabauna 6.2. Onucanue pa3bEMOB IpudbOpa

MapxkupoBka Hasnauenue Iloakaovyaemoe
YCTPOMCTBO MJIN

KabeJb

Ilopter A, B' | Pasnémer RJ-45 ans Kabesp Ethernet

HOJIKJIIOYEHUS K TECTUPYEMOMY
YCTPOUCTBY WUJIA CETHU

Ethernet /Gigabit Ethernet
(CKOpPOCTH Tepeadn TAHHBIX —

10/100/1000 M6ur/c)

Pazbémbl 11 MOAKIIOUEHTST SFP-momynn
SEP-momyteit
"Kazxaprit nopt npubopa (A u B) comepkur 2 pazbéma .J-45 u SFP. Bo Bpems TecTupo-

BaHMs UCIOJIB3YeTCs] TOJBKO 1 13 pa3beéMOB MOPTA.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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Tabauna 6.2. Ouucanue pazbEMOB IpUOOPA: POJIOJIZKEHIE

LAN Pazbém gua yoamnémmoro Kab6esns Ethernet
VIIPABJIEHUS TECTEPOM

USB Pazbém pyist mogkitoueHust K Kabean, USB
IIK mo uarepdeiicy USB

12 V (12 B) Pazbém my1a monkiroyeHus Baok nuranusa

BHEIIHEro OJIOKa MUTAHUA

Bepxym-ET. Pyxosodcmeo no akcniyamayu
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6.3 Crpoka craryca

Crpoka craryca COIEpKAT JaHHbIE O CJIEAYIOMUX HapaMerpax (cjieBa Ha-
IpaBo):

— 3apsa baTapen;
— CKOpOCTH coefuHenus jyist mopra A (mampumep, «A:100» o3HagaeT, 4To
cKopocTh cocrapister 100 M6ur/c);

ITpumenarue: npu nodkaovenuu SFP-modyass yeem nadnu-
CU UBMEHUMCA ¢ 0020 HA HCEAMDIL.

— pexnm xayiutekca juisi mopta A («F» — nymeke, «H» — nosytymuekc);

— TecT, 3aIyIIEHHbIH ¢ UCIOJAb30BaHNeM IopTa A («—» O3HAYAET, YTO Te-
CTUPOBaHUE B JAHHBIA MOMEHT HE OCYIIECTBIISIETCH );

— CKOPOCTb CO€JIMHEHHs JJIsl opTa Bj

ITpumewarue: npu nodksroveru SFP-modyars ueem naonu-
CU UBMEHUMCA ¢ 661020 HA HCEAMBIT.

— pexuMm npymiekca s mopra B («Fy» — mymieke, «H» — mosymyiuiekc);

— TecT, 3alyIIEHHBIN ¢ UCHOJIb30BaHueM 1opra B («—» osmadaer, 4ro re-
CTHPOBaHUEe B JAHHBIA MOMEHT HE OCYIIECTBIISETCH );

— TeKyllee BpeMsl CyTOK.

Tectbl, poBoIUMbIE ¢ ucHob3oBanueM 1opra A (B), obosnagarorcs B
CTPOKe cTaTyca abOpeBUaTypaMu:

THR (throughput) — ananmus IpomyCcKHOM CrIOCOGHOCTH.

LAT (latency) — aHanmus 3aJepxKKU.

BTB (back-to-back) — ananns npejenapHOl HAIPY3KH.

FRL (frame loss) — anaiu3 ypoBHs II0T€Ph KaJIPOB.

LB1 (loopback layer 1) — muieiid Ha dusngeckom (epBom) ypoBHe.

LB2 (loopback layer 2) — nureitd Ha KaHaJIbHOM (BTOPOM) YPOBHE.

LB3 (loopback layer 3) — nureiid Ha cereBoM (TpeThbeM) ypOBHE.

LB4 (loopback layer 4) — nureiid na TpancrnoprHoM (4eTBEPTOM) YPOBHE.

BER (bit error rate test) — oupezesnenne koabdurmenra GUTOBBIX OIIU-
6OK.

PJ (packet jitter) — ompesenenne akKeTHOTO JRKATTEDPA.

GEN (generate) — remepanus TeCTOBOrO IIOTOKA.

J+G (jitter + generate) — onpejiesieHne TAKETHOIO JKATTEPA U I'eHepa-
IUsST TECTOBOrO TpaduKa 3aITyIEHbI Ha OJHOM ITIOPTY.

PTH (pass through) — pexxum «Tpanzur».

CTR (complex traffic) — remeparust/mpuém ciokaOroO Tpaduka.

REM (remote) — mOPT UCIHOJIB3yeTCS JIJIS YIAJIEHHOTO TECTUPOBAHMSI.

Bepxym-ET. Pykosodcmeo no sxcniyamayui



6.4 CrpyKTypa yIpaBJIsIIOIIEr0 MEHIO 23

6.4 CrTpyKTypa yIpaBJIFIOIIEro MeHIO

Tnasnoe menio npubopa BepkyT-ET cocrout us Tpéx nopmMenio (jauee —
MEHIO), [EPEeKJII0UeHNEe MEeXKy KOTODBIMU OCYIIECTBJISIETCs IIPU HAYKATHU HA

kiasumm F1 (BepkyT-ET Hacrpoiiku), F2 (Bepkyr-ET Uucrpymen-

1o1), F3 (BepkyTr-ET Usmepenus).
CTpyKTypa MeHIO IpeJICTaBIeHa B IPUIOXKeHnn A.
Jly1st nepexozia B TIOAMEHIO HEOOXOIUMO BBIGPATH COOTBETCTBYIONIHUI Ty HKT

Ipu IIOMOIIN KJIaBUIII @ u @, 3aTeM HazKaTb Ha KJIaBUIITY @

1. BepkyT-ET Hacrpoiiku.

M A:1000 - B:——— - 13 33

Bepryt—ET
Hactporkn

MNapaMeTpw ceTH
MNapaMeTpy WHTeppencoB
YcTaHoBKM npudopa

Mpopunum
Nor

Hacrpoiikki  MHoTpumenT  Mameperua

Puc. 6.4. Menio «BepkyT-ET Hactpoitku»

2. BepkyT-ET UncrpymeHTsI.

M5 A:100 - B:——— - 05:34
Bepryt-ET
WHCTpYMeHTH
3xo—aanEoc
DNS

ARP mMonuTOpR

TCP knmeHT

TecT kabena
nemp
TpaHzsnT

Hactpoiikn  MHoctpumenty  Wameperus

Puc. 6.5. Meno «BepkyT-ET Uncrpymentsrs

Bepxym-ET. Pyxosodcmeo no skcniyamayuu



24 Ornucanue npudbopa

3. BepkyT-ET Uzmepenus.

[ m] A:100 - B:;—— — 05 35

Bepryt—-ET
WamepeHun

RFC-2544
| Croxuui Tpaguk
BERT

MNakeTHRA ARMTTER
TecToBHA MOTOK
CraTvcTHKka
CoxpaH. paHHue

Hacrpoiikki  MHoTpumenT  Mameperua

Puc. 6.6. Menio «bepkyT-ET l3mepenns»

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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7. IIPOBEAEHUE AHAJIN3A. PEIIIEHUE
TUIIOBBIX 3AJAY

7.1 Tunosble 3ama4un

OcHoBHoIt 3aa4eil ipu TecrupoBanuu Ethernet-cereii siBisieTcst onpeje-
JIEHUE COOTBETCTBUSI IPEIOCTABJISIEMBIX YCIYT XapPaKTEPUCTUKAM, KOTOPBIE
OroBapuBalOTCA B coryanieHuu o6 yposue obciyxkuBanus (SLA — Service
Level Agreement) mexx/ry oreparopamu CBs3u U KiueHtamu. Ha riepsom me-
CT€e CTOSAT BOIIPOCHI OOECIIedYeHnsl TapaHTUPOBAHHOIO KaUeCTBa OOC/IYKABAHUS
(QoS — Quality of Service), KoTOpoe XapaKTepH3yeTcsi CJEIYIONMME T1apa-
MeTpaMu: IPOIYCKHAsI CIIOCOOHOCTH, YPOBEHb IOTEPh KAJPOB, 3aJePXKKA U
npejiesibHast HArpy3Ka. DTH MapaMeTphbl U MOIBEPraloTCs TECTUPOBAHUIO B CO-
orsercTBun ¢ Meromukoit RFC 2544. [Tjist IpoOBepKY JIOCTUKUMOCTH OTIPEIe-
JIEBHHOTO aJIpeca BHYTPH WJIU 3a IpeJeaMi CeTH U MapIIPYTOB CJIEIOBAHUSI
JIAHHBIX HCIIOJB3YIOTCsI MHCTPYMeHTHI Ping (Dxo-rect) u Traceroute (Mapmi-
pyr). Pexxum Loopback (ILnefid) mosBosisier 0CymiecTBUTh IIepEHAIIPABIIEHIE
TpaduKa Ha HU3TIECKOM, KAHAJTBHOM, CETEBOM U TPAHCIIOPTHOM YPOBHSIX.

7.2 Meronuka RFC 2544

Meromuka RFC 2544 omnpemesnsier HaOOp TECTOB, KOTOPBIE HCIOJIB3YIOT-
cs TIPU aHAJIM3€ U ONEHKE BAXKHEHIIMX XapaKTEPUCTUK CETEBBIX yCTPOUCTB.
Corytacao 3Toit Meronuke, npu tectupoBanuu Ethernet-cereit pekomenyer-
Csl IPOBOJIUTH aHAJIN3, UCIIOJIb3Ys CJIEAYIONNe OCHOBHBIE pa3Mephl Kajipa: 64,
128, 256, 512, 1024, 1280 u 1518 baiit. Biaromgaps mpeaIycMOTPEHHBIM BO3-
MOXKHOCTSIM aHAJIN3a IIPOILYCKHOM CIIOCODHOCTH, ITPEJIeIbHOI HArPY3KH, YPOB-
Hsl TIOTEPh KAJIPOB U 3aJIEPYKKU, ITA METOINKA B HACTOSINEE BPEMS sIBJISETCSI
CTAHIAPTOM «Je-haKTO» JIsd OleHKHN Ipou3BoauTeabaocTu Ethernet-cereii.

B mpubope BepkyT-ET Bo3MOXHO TpOBeIeHNE FETHIPEX CTAHIAPTHBIX
TecToB B cooTBercTBun ¢ Meronukoit RFC 2544.

1. Ananusz nponycknot cnocobrocmu (Throughput). Imom mecm nposo-
dumcs 0ai onpedeseHus MAKCUMAABHO B03MONCHOT CKOPOCTNU KOMMY-
MAYUL OAA CEMEBBIT INEMEHMOE, KOMOPBLE PACTOAG2AIOMCSA 6 MPUHC-
nopmmnwix cemazr Ethernet.

Bepxym-ET. Pyxosodcmeo no akcniyamayuu
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IIpomycknast CriocOOHOCTh — MaKCHMaJibHAas CKOPOCTH Iepemadu JTaH-
HBIX, Ha KOTOPOil KOJIMYECTBO TECTHPYIOIHUX KaJIPOB', IPOIMIeIIIX qe-
pe3 DUT, paBHO KOJIm4ecTBY KaJ[pOB, OTIIPABJIEHHBIX €My C TECTUPYIO-
mero 060PyI0BaHUS.

ITpu aHaM3€e MPOIYCKHOI CIIOCOOHOCTH HEKOTOPOE KOJIMYECTBO IMAKETOB
€ MIHIMAJILHBIM MEXKKa,IPOBLIM HHTEPBAJIOM Iepenaéres Ha sxoq DUT?
(puc. 7.1 3). BareMm MOCIUTHIBACTCH KOJTHIECTBO TAKETOB, MPHITIETIINX C
BorxoHOro mopra DUT. Eciin ono oka3pIBaeTcst MEHBIIE KOJTMIECTBA I1e-
PEeJI@HHBIX IIAKETOB, TO MEXKKa IPOBBI MHTEPBAJI YBEJITMINBAECTCS U TECT
BBIIOJIHSIETCST CHOBA.

ITpumenanue: 3a6UCUMOCTID MEHCIY MENCKAIPOSHIM UHMED-
B8ANOM U HA2PY3KOT ABAAELMCA 00paMHOl, 1n09MOMY 60N~
WUM 3HAYEHUAM MENHCKAIPOBO20 UNHMEPBANG COOMEBEMCMEY-
10M MENDWUE ZHAMEHUA HALPYSKU.

Vi

1 e

Tipousonia noreps
KajIpoB

V2<Vl
e —

Ne momsITKN

V1, V2 - ckopocTb nepeiadn JaHHbIX

Puc. 7.1. Ananus npomyckHoii criocobHOCTH

2. Anaaus sadepoicxu (Latency). Dmom mecm npumenaemces 0as anaiu3a

epemer, Komopoe Heobrodumo Kadpy i NPOTOHCOEHUA OM UCTNOYHU-
K K NOAYHAMeENo u 06pammo, £ ucrodnomy aremenmy. Ecau epemsa za-
O0EPIHCKU UBMEHAENCA, IMO MONHCEM NPUBECTNU K Npobaemam 6 pabome
CEPBUCOB PEAABHOZ0 BPEMEHU.

Ilpn ananuze 3ajep)KKHU CHadYaJja OIPEJEIIAETCS IIPOILYCKHAS CIIOCOD-
nocte DUT nja BoblenepevncaeHHbIX pa3MepoB Kajpa. rsa xaxio-
ro pa3mMepa MaKeTa Ha COOTBETCTBYIOMIEN eMy MAaKCHMAJIbLHON CKOPOCTH
MTOCHLTIAETCST TIOTOK KaJIPOB MO OIpeJIeJIEHHOMY ajipecy. MuHnMabHas

1rrepMI/IHI)I %adp, 0eﬁmaepaMMa U nakxem B OIIMCAHUAX TECTOB ABJIAIOTCA CHHOHUMaMU.
2]3 9TOM M IMOCJCAYIOIUX ONHNCAHUAX TECTOB BCE PACCMOTPEHHbBIE ,JeﬁCTBHH BBITIOJTHATOTCA

TecTepoOM aBTOMaTHUYIECKU.

3Ha puCyHKaxX TpeJCTABICH OJWH W3 CIOCOOOB TOIKTIONEHHs MPHOOPA K TECTHPYEMOMY

ycrpoiictBy /cetn. JIpyrue BapuaHThI HOJKJIIOUEHHsT — CM. pas3jiedt 7.3.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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JUIATEIHLHOCTD TeCTOBOro noToka — 120 ¢ (I0/Ib30BaTes b MOXKET 3a/1a-
Barh JIpyroe 3HadeHue B upezenax or 1 go 2886 c). Yepes HekoTopoe
BpeMsI B OJIMH TAKET BCTABJISIETCSI METKa OlpenaeaéHHoro ¢popmara. Ha
TIepeIaloNIell CTOpOHE 3AIMChIBaeTC 3HatdeHne Ta — BpeMeHHu, K KOTO-
pOMYy IakKeT ¢ MEeTKOi OBbLI IMOJTHOCTHIO Tepenad. Ha mpuémuoil cropoHe
OIIpEIIEIIETCS METKA M 3alliChIBaeTCa 3Hadernne 1T'b — BpemMeHu mpuéma
naKeTa ¢ METKOM.

Bazepxka (Latency) — aro pasuuna (Th — Ta). DTotr TecT nmoBTOpsier-
cst He MeHee 20 pa3 (IIoIb30BATENb MOXKET 33/IaBATh APYroe 3HAYECHNE B
upegenax or 1 go 30). Ilo pesyabraram aHaau3a BHIYUCISIETCH CPEIHSISA
3aJEePKKA.

Ta

B - KaJp ¢ METKOi

Ira4Ka KaIpoB

LTI

3anepxka = Tb - Ta

Puc. 7.2. Ananus 3agepxkiu

3. Anaaus yposns nomepv kadpoe (Frame Loss Rate). Omom mecm neob-
T0dUM 0NA MPOBEPKU CTLOCOOHOCTIU CeMmU NOJJEPIHCUBATND NPUAOAHCEHU,
Komopoie pabomarom 6 PeasvHom epement, (6€3 803MOACHOCTU NOBIMOP-
Holl nepedanu), mak kax 60AbWOT NPOUEHM NOMEPL KAdPos npusedém
K YTYNUWEHUI KAYECTMEA CEPEUCA.

AHaju3 ypoBHsI IIOTEPHh KaJPOB I03BOJISIET PACCUYUTATH IMPOIEHT KaJl-
POB, KOTOpBIE He OBLIN ITEPEJAHbl CETEBBIM DJIEMEHTOM IIPU IOCTOSTHHOM
Harpy3Ke 1U3-3a HEJIOCTATKA AllapaTHBIX PECYPCOB.

IIpu amasmse yposus morepp Kaapos na Bxom DUT ma ompenesén-
HOIT CKOPOCTH IIOCBLIIAETCsl HEKOTOPOE KOJMYeCcTBO Kajipos (input count)
U [IOJICYUTHIBAETCS] KOJIMYECTBO IIAKETOB, IIPHUIIE/IIINX C BBIXOIHOI'O IOP-
ta DUT (output count).

Bepxym-ET. Pyxosodcmeo no skcniyamayuu
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YpoBeHb OTEPHh KAJIPOB PACCUUTHIBACTCS IO (bopMmyIie:

100 x (input count — output count)

(input count)

IlepBast mombITKA JIOJI?KHA, OCYIIECTBASITHCA HA CKOPOCTU, MAKCUMAJIb-
HO# jyist jaHHOro coejuuenusi. Ciie/lyromasi MOMBITKA JIOJI?KHA [TPOXO-
JIATH Ha CKOpOCTH, coctapnsaomeil 90 % oT MakcnmMaJbHOI, 3aTeM Ha
ckopoctu, cocrasstomeit 80 % or MakcnmmanbHOi. Menbrranns moBTO-
PSIIOT, YMEHBIIAst CKOPOCTh TECTOBOTO MOTOKa Ha 10 % (BO3MOXKEH MeHb-
mmii mar), 10 Tex mop, MoKa B JIBYX HOIBITKAX MOAPsi HE GyJeT moTe-
PSHO HH OJTHOT'O Ka,JIpa.

100%
E—

-
norepu -X]%

90%
E—

-~
MOTEPH - Xz%

Ne nonbITkH

Xl%’ Xz% — TIOTEpH TIPU COOTBETCTBYIOILIEH HAarpy3Ke

Puc. 7.3. Anayiu3 ypoBHS HOTEPH KaJIPOB

4. Ananauz npedeavnotl nazpysku (Back-to-back). Tecm noseoasem oue-

HUMb BDEMA, 8 MEYEHUE KOMOPO20 YCMPOUCMBO CNPABAAEMCA C MAK-
CUMAALHOT, Ha2PY3KOU.

IIpu ananuze HepaBHOMEPHOCTH Tiepepadn JaHubix Ha Bxoa DUT orchi-
JIAIOTCH KaIPbl C MUHUMAJIbHON MEXKKaJIPOBOUA 3a/1ep?KKOI 1 ITOACYUTHI-
BaeTcs KosimaecTBO makeToB ¢ Bbixoma DUT. Eciu kommdaecTBo oTmpas-
JIEHHBIX KaJIPOB PABHO KOJIN4IecTBY KaJpoB Ha Bbixone DUT, To Bpems, B
TedeHre KOTOPOI'O OTIPABJISIOTCS KaJIPhl, YBEJININBAETCA U TECT ITOBTO-
pgerca (MOKa B JABYX HOIBITKAX MOAPSA HE OyIeT MOTEPSIHO HU OJHOTO
kaJpa). Ecan ke konuuectso nakeros Ha Beixoje DUT MmeHbIe uncia
OTITPABJICHHBIX, TO BPEMs YMEHBIIACTCS U TECT MOBTOPSIETCH.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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naJka KaJpoB
I
I
1 kanp norepsu

KOJI-BO KajIpOB B Mavuke
yMeHbIIaeTCs

ST

-—

ToTeph HET

Ne nonbITKH

Puc. 7.4. Ananus npefenbHON HATPY3KH
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7.3 Iloakirouenue mpubopa m Ha4YaJIO0 pabOThI

7.3.1 Cxembl HOAKJ/JIIOYEHUs Mpudopa

[MAC d = MAC 2JMAC s = MAC 1]

> nopr A(B) :J ) ]1:‘]61.];?;;(1};1;[
MACd=MAC IMACS =MAC?)
MACd — MACs
Puc. 7.5. BapuanTt nogksodenus 1

MAC 1
IP1

y

NUT/DUT Ilneiid
nopr A(B) <= < nopt A(B) <--- 3-TO ypoBHs

IPs=1P7

[IPd=IP ]
[MACd=MACTIMACs = MACR

MACR

[MAC d=MACRIMACS =MAC?

MACd — MACs
IPd — IPs

Puc. 7.6. Bapnant noakiogenus 2

NUT/DUT

router = I
e o V'

MACR

Puc. 7.7. BapuanT noakiodenus 3

Bepxym-ET. Pykosodcmeo no sxcniyamayui



7.3 Iloakmodenue mpudbopa u HAYAJIO0 PAOOTHI 31

MAC 1
Pl MAC

P2

[Ps=IPIMPd=1P2

noprA —>

noprB <«—

IPs=IP I[IPd=1P 2]

Puc. 7.8. Bapuant noakiogenust 4

Ha puc. 7.5 nokazano cxeMarndyeckoe HOJAKJIIOYEHEe IPUOOpa (C UCIIOIb30Ba~
HUEM OJIHOTO IIOPTA) K CETH, CofepzKalieil yerpoiicTsa, paboraromue Ha Ka-
HaJILHOM YDOBHE, Takue, Kak, HalpUMep, ceTeBoil kommyraTop (switch). B
9TOM CJjIydae reHepupyeMblit TpubopoM TpaduK TOJKEH ObITH IMepEeHAIIPaB-
JieH 0OpaTHO IIOCPEJCTBOM opranusanuu BHemneii «uerms (loopback). Ilpu
9TOM BO BXOJISINUX Hakerax MeHsiiorcst mectamu MAC-anpeca ormpaBurestst u
noJtygaresisi, 1 TpaduK BO3BPAIAETCS HA MCXOJHBIA MOPT.
Ha cxemax mojiKJIro9eHrsI BBEIEHBI CJIeIyONue 0003HAUEHMS:

MAC s — MAC-azpec ornpaBureJis;
MAC d — MAC-azpec nosyaareiis;
MAC R — MAC-azapec nuiosa;

IP s — IP-ajpec ornpaButeris;

IP d — IP-axpec nosygaress.

Ha puc. 7.6 nokazano rojik/rodenre npubopa K ceTu, cojJiepKaiieil ycrpoii-
cTBa, paboTalomye Ha KaHAJIHLHOM U CETEBOM YDOBHSIX, TaKhe, Kak, HAIPH-
Mep, cereBoil KommyTaTop (switch), mapmpyrusarop (router). B orimaue ot
MPEBIIYIIEro CIydasi, BO BXOSIINX MakeTax MeHsiiorcs mectamu u MAC- u
IP-azgpeca ormpaBuTens u mosydaress, u TpaduK BO3BPAIAECTCA Ha MCXOI-
HBI1 IIOPT.

B ciryuae TecTHpoBaHUs yCTPORCTB/ceTel ¢ BOSMOXKHOCTBIO MAPIIPY TH3a-
uu [P-rpaduka ucnosb3yores asa mopra (puc. 7.7). B aroMm ciiydae makerst
[IEPEHAIIPABJISIIOTCST HA, JIPYTOil MOPT MpuOOpa MPHU IMOMOIIKA MAPIIPYTA3ATO-
pa. Takxke BepkyT-ET MoxkeT OBITH MOAKIIOUEH K CETEBOMY KOMMYTATOPY,
TaKOe IIOJKJIIOUeHNe ITI0Ka3aHo Ha pHC. 7.8.
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7.4 TecroBbie KOHDUTypaIuu

B npubope BepkyT-ET mmeercss BO3MOXKHOCTD UCIIOJIb30BAHUS JIBYX T€-
CTOBBIX KOHuUrypammit 4.
DTO 03HAYAET, UYTO 0OHOBPEMEHHO MOXKHO MPOBOJUTH JIBA HE3aBUCHMBIX

tecra RFC-2544 u BERT B ciemgyomux KOMOUHAIMSIX:

BERT u BERT;

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

Ha pucynke 7.9 cxemMaTWdHO TpEJCTABICH OAWH M3 4 BO3MOXKHBIX Baph-
AHTOB TecTUpoBaHwms: ¢ mopra A ua mopt B mposogurces tect RFC-2544, a ¢
nopra B Ha mopr A — BERT.

RFC-2544 (A—B)
———————— BERT (B—A)

Puc. 7.9. Cxema noakaodeHust

JLJ1st TIepeKJTIoYeHnsT MeXKy TECTOBBIMU KOH(MUTYPAIUSIMU UCIIOJIb3YIOTCST

KJTABUIITHI @ u . Homep BrIOpanHOil B JaHHBINT MOMEHT KOH(UTYpPAIAN
0TOOpAarKaeTcst B CTPOKE CTATyCa CIpaBa OT WHIUKATOPA 3apsia baTapen.

o @®n:1000 - B:—- - 13 19

RFC-2544

3apepxra
MoTepu kagpoe
NpepensHana Harpyska

HacTporkn

Crapr Coxp,/3arp,

Puc. 7.10. TecroBbie KoHpUTYparuu

4B 6azosyio KoHduUryparus He BXOAUT. JIOCTYIIHA IPU JOMOTHATEIHHOM 3aKa3€ OIIHH.
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7.5 TectoBble pe>kKUMBbI

B mputope Bepkyr-ET cyiecTByer gBa TECTOBBIX PEKUMA:

1. BERT/RFC-2544.

2. Cnoxwubiit Tpaduk/IlakeTHbiit mKUTTED.

B pexkume «BERT/RFC-2544» npu noneitke 3anmycrurhb Tect «CII0KHBII
Tpaduky uan «[lakeTHbIil mKUTTEPY, TPUOOP BBIIAET COOOIIEHNE O HEOOXO-
JUMOCTH IIPOBE/IeHNsT PEKOHMUTYpAIUH I 1epexona B pexkuM «CItoKHbII
rpaduk/Tlakernpiit pkuTTep» (cM. puc. 7.11).

IIporece pexonduryparuu, npu KOTOPOM IIPOUCXOJNUT CMEHA MHKPOKOA
FPGA, 3anumaer okosio 40 cekyna. Y npubopos ammapartHoit Bepcuu 2.1 u
Boie (cepuitibie HOMepa 9XXX) peKOHMUIYpaIHsl 3aHUMAET OKOJIO 3 CEKYHJI.

Pekonduryparnus seobxommma Takyke Ipu mepexoje n3 pexknma «Coxk-
ubiit Tpaduk/Ilakernpiit mxuTTep> B pexkum «BERT/RFC-25445.

[  A:1000 - B:——— - 11 48

BHrmaHme !

HeobxogumMa pekoHpurypaumna.lipesectn?

la Her

Puc. 7.11. Coobrrierrie 0 HEOOXOIUMOCTH PEKOH(UTY DAL
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7.6 RFC 2544. O061ue HacTpoiiku

[ A:i00 - Bi——— - 04:39

HacTporkn

Tononorva TecToB
3aronoeok
Kanpw

3apepxka
MoTepwr kagpoe
MNpepensHaa Harpyzka

[lonoAHUTenNBLHO

Mo ymonuaHMe

Puc. 7.12. RFC 2544. Hacrpoiiku

SaﬂaTb 3Ha4YeHUd ITapaMeTPOB TECTOB JIJIsd IIPOBEACHUNA aHaJIN3a MO2KHO
ﬂByNHICHOCO6aMHZ

1. Beibparb cranmapTHBIE HACTPOUKHY B coorBeTcTBUH ¢ MeToaukoit RFC 2544
(knaBuma F4 («Ilo ymomuanuto»)). Hacrpoiiku GyLyT IpUMEHEHBI Ji1s
BCeX TOJIMEHIO, IMOKa3aHHbIX Ha puc. 7.12; kpome «Tomosorust TecToBs
7 «3aroJIoBOK».

2. IIposectu HacTpoiiky Bpy4Hyto (cM. pasmenst 7.6.1-7.6.5, 7.7.1-7.7.5).

7.6.1 HacTtpoiika 3arojioBKa

1] A:100 - B:——— - 01 44

3aronoeok

MAC OTnp., 00:21:CE:08:09:32
MAC Monyu,  00:21;CE;08:09:31
192.168.2.1
IP Moay4, 192.168.2.1

NlononHuTensHo
WLAN Brrn
MPLS TX O
MPLS R¥ --—-—-——-
P ToS 0000b: precedence O
g BOOOOABO000

A B

Puc. 7.13. Menro «3aroaoBok»

MAC Ornop. — MAC-azapec ornpasurens. B kauecrse MAC-aapeca or-
npasuTens ykaspiBaercs MAC-aapec nnrepdeiica ncTouHUKA.
MAC Iloay4u. — MAC-aapec nomydaressi:
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— eCJIM UCTOYHUK U MOJIy9IaTeTb COeIMHEHBI HATPAMYIO, 063 TPOMEXKYTOY-
HBIX MapHIpyTU3aTopoB, B kadecrBe MAC-ajpeca mosydaresisi yKasbl-
Baercst MAC-aapec unrepdeiica mosydaresis;

— ecJIn MEXKJy MCTOYHMKOM U IIOJIYYaTeJeM CYIIECTBYET XOTs Obl OIMH
MapuIpyTu3aTop, Heobxoaumo ykaszatb MAC-aapec Giuzkaiiimero K uc-
TOYHUKY MapIIpyTH3aTOpPA.

IP Otnp. — IP-anpec orupasuTes.
IP Ilomy4. — IP-agpec nmosyuareds.

CyrecTByeT BO3MOYKHOCTH aBToMaTmdeckoit mogcranoBku MAC- u IP-
aJIpecoB:

— npu Haxkaruu Ha Kjasunry F1 (0 F2 ) Bmecto Tekymero MAC-anpeca
6yaer noxacrasier MAC-anpec nopra A (B), ykasauusiii B Menio «Vu-
dopmarus» ;

— Opu HaXkKaTHU Ha Kiasunry ~F1 ((F2 ) Bmecro rexkymero IP-anpeca Gy-
zer nogcrasien [P-aapec nopra A (B), saganunsiit B Menio «Ilapamerpsr
CeTH»;

— npu Haxkaruu Ha Kjasuiry F3 (upu Beibope «MAC Ilosyu.») Gyner
nposeén ARP-3anpoc. B pesynbrare 3ampoca Bmecro tekymero MAC-
agpeca nosydaress Oygaer nojcrasieds MAC-aapec, cooTBeTCTBY O
IP-axpecy nomy4aress.

Tak>ke Ha 9KpaHe 0TOOPAXKAIOTCS 3HAUEHUA, 33/]aBA€Mble B MEHIO «3aro-
JIOBOK (ZoI.)>».

7.6.2 Hacrpoiika 3aroJyioBka (JOIOJHUTEIbHO)

] A:100 - B:——— - 11 04

3aronosok {pon.}

YLAN
MPLS

Precedence ©
ToS 0000

UDP src ©
UDP dst ©

Puc. 7.14. Mento «3arosoBok (jior.)»

VLAN — nepexon B MeHio «VLAN», mossosisifoniee 3aaBaTh 10 TPEX
VLAN-MmeToK.
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ITpumeuanue: npu nasrcamuu na Kaasuwy F1 /) F2 («As/«B»)
6 Kawecmee nacmpoekx VLAN 6ydym asmomamusecky nodcmasie-
noL nacmpotiku, 3adarnmnvie 8 menro «Ilapamempwv, unmepgedi-
coe» = «VLAN» daa nopma A(B).

YLAN

YLAN e
ID 1000

MpuopureTr 2
I 2000
MpuopureTr 4
I 4000
MpuopureTr 7

Brikn 1 2 3

Puc. 7.15. Menro «VLAN>»

ID — 12-6urnsiii ugenrudukarop VLAN, mpecrasiisier coboii 9ucyio oT
0 mo 4095. Omnozuauno ompejenser VLAN, KOTOpOil TpUHAIIEKAT KaJp.
Hyutesoe 3nauenne VLAN ID mokaspiBaer, 9To JIAHHBI KaJp HE HECET WH-
dopmamnuu o VLAN, a conep:xkut mHMOpPMAINO TOJABKO 0 mpuopurere. Eciau
suavenne VLAN ID ycranoB/ieHO paBHBIM 1, TO IIpH IIPOXO/Ie Yepe3 IOPT ceTe-
Boro kommyTaropa 3uadenre VLAN ID mis sToro xajpa Oyiier yCcTaHOBJIEHO
pasabiM VLAN ID nopra.

IIpuopurer — mose, KoTopoe omnpezesnser npuopurer tpaduxa. Cymre-
cTByeT 8 3Havenuit mpuoputera ([1]), cooTBETCTBHE MEXKIy MPUOPUTETOM U
TUnoM TpaduKa npejcTaBieHo B Tabsmie 7.1.

Tabmuma 7.1. Ilpuopurers! u TUbl TpaduKa

3nauenue | Onucanue

1 Background
(Default) | Best Effort
Excellent Effort

0

2

3 Critical Applications
4 Video
5

6

7

Voice

Internetwork Control

Network Control

Bepxym-ET. Pykosodcmeo no axcniyamayui
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Tuner Tpaduka Network Control u Internetwork Control 3apesepsuposa-
HBI JJIs COODIeHnil yrpasieHus cerbio. llpmopurerst 4 m 5 MOryT HCIIOJIb-
30BaThCH JIJIsi 0CO00 YyBCTBUTEJIBHOI'O K 3aJepKKaM TpaduKa, TaKOro, Kak
BHJIeO Wik pedb. [Ipuopurersl Tpaduka ¢ 3 mo 1 npegHasHAYEHBI JJIs Pas-
JINYHBIX 33J[a4 — OT MOTOKOBBIX npujoxkenwuii ;10 FTP-rpaduka, crrocobroro
CIPABUTHCS C BO3MOXKHBIMEU ToTepsimu. Kitace 0 pesepBUpyeTcs st «MaKCHU-
MAaJIbHO JIy9Illeli» JOCTABKHU U IIPUCBAUBAECTCA B TEX CJIyUasX, KOTJA HE CIIe-
mupUIIpPOBaH HUKAKOM JIPYyroil Kjace.

MPLS — nepexon B merio «CTek METOK».

ITpumeuanue: npu nadrcamuu na kiasuwy F1 / F2 («As/«B»)
6 xauecmee nacmpoex MPLS 6ydym aemomamuuecku nodcmasie-
HbL HACMPoUku, 3adarkvie 6 mento «Ilapamempuv. unmepgeti-
cogy = «MPLS» dasn nopma A(B).

Precedence — moJse, KOTOpoe yKa3bIBaeT MPUOPUTET KaIpa. BO3MOXKHO
BOCEeMb 3HaveHuil npuopurera Kajapa B coorsercrsun ¢ RFC 791 [2]. Orupa-
BHUTEJIb MOXKET YCTAHOBUTDH B 9TOM II0JIe JII000€e 3HaYeHne u3 Tabyuibl 7.2.

Tabsmma 7.2. 3navenus: oyt Precedence

3uauenne | Onucanue IIpumeuanue

0 Routine OO6bIYHBIA TPHOPHUTET

1 Priority IIpeanouTnTe/bHBII TPUOPUTET
2 Immediate Hewmengennstit mpuopurer

3 Flash CpOUHBIil TPHOPUTET

4 Flash Override DKCTPEHHBIIl TpUOpUTET

5 CRITIC/ECP Kpurnyeckuii npuopurer

6 Internetwork Control | MexkcereBoe ynpasieHue

7 Network Control CereBoe yIpaBJieHIE

ToS (Type of Service) — mosie, KOTOPOE OIIPeIEIISET TUIT OGCITY JKIUBAHHSI
IP-nakera. OrmpaBuTe/ib MOXKET YCTAHOBUTH B 9TOM I10JI€ JIF0OOe 3HAYEHUE U3
rabsunpl 7.3, pykosojacTBysick Metoaukoii RFC 1349 [4]. Tak:ke BO3MOXKHO
YCTAHOBUTH JIIOOYIO APYLYI0 KOMOWHAIWIO n3 4-X OUT B COOTBETCTBUU C Ha-
CTPOUKaMU MapIIpyTA3ATOPA.
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Tabmuma 7.3. 3uavenus nouas ToS

3uavenue | Onucanme IIpumeyanue

1000 Minimize delay MuHUMU3HPOBATH 3a8/IEPKKY.
Ucnonb3yercst, Korjia BpeMst
JOCTaBKH ITaKeTa C UCXOIHOI'O
CeTeBOro yCTpoicTBa J10
anpecarta (BpeMsi OXKUIAHMs )
IIa,I/I6OJ'Iee BazKHO U JOJIZKHO
OBbITH MUHUMAJIHHBIM.

0100 Maximize throughput MakcumasbHasT TPOITYCKHAST
CHOCOOHOCTD. YKa3bIBAET, YTO
aKeT JOJIZKeH ObITh
TePEHAIIPABIIEH Yepe3 KaHa
C MaKCUMAaJIbHOI IIPOILyCKHOM
CIIOCOOHOCTBIO.

0010 Maximize reliability MaxkcumasibHasi HaJIEKHOCTD.
Wcnonbayercs, Korjia BaskKHO
VMEeTh YBEPEHHOCTD, UTO
JIAHHBIE JIOCTUTHYT &JIPECATa
0e3 IMOBTOPHOI Tepeiadu.

0001 Minimize monetary cost | MunumusupoBarb
crouMocTh. Vcnonb3yercs,
KOI'J1a HEOOXOIMMO
MUHUMHI3UPOBATH CTOUMOCTD
Hepe/Iadl JTAHHBIX.

0000 All normal OO6brIuHOE 06CTyKHBAILE.
B sTom ciryuae
MapHIPyTU3AINS [TaKeTa
OTJAETCS HA YCMOTPEHUE
IpoBaiiziepa.

UDP src — noJie nozsosisier BBectu HOMep UDP-mopra orpasuTess.
UDP dst — nosie noszsosisier BBectu HOMep UDP-mmopra mostygaress.
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7.6.3 RFC 2544. Hacrpoiika MPLS

Crek MeTOK Jjist TectupoBanus 1o merojauke RFC 2544 3amaércst B MeHIO
«Crek MeTok»: Hameperus = «RFC 2544 = «Hacrpoiiku» = «3arojioBOK»
= «/lomosaurebao> = «MPLS».

-

A:100 - By——

CTek MeTOK

Kon-Bo MeTOK

3
MeTtka 30000
MPLS CO5 ©
TTL 128
Metka 20000
MPLS CO5 ©
TTL 128
MeTtka 10000
MPLS CO5 ©
TTL 128

Butin

1 2

Puc. 7.16. Mento «Crexk MeTOK»

Kos-Bo MeTOK — BbIGOp KosimdecTBa MeTok (or 1 10 3).
Metka — 3HaUYeHUE METKHU.
MPLS COS — kijracc 06c/IyKuBaHUs TAKeTa.
TTL — BpeM# »XU3HU [1aKeTa C METKOM.

7.6.4 TomnoJsioruss Tecros

)

A:100 - Bi——

22:14

Tononorva TecToB

MNopT nepegaun s

NopT npuéma B

flmcr. IP 192.168.1.1

B [HCT AHLHOHHEE

Puc. 7.17. Menro «Tonosiorus Tectos»

C moMOIIBIO 9TOr0 MEHIO 33Ja€TCS MOPT IPUEMA W MOPT HepeIadn JIaH-

HBbIX. O,ZLI/IH n TOT 2K€ IIOPT MOXKET CJIY?KHUTDb U [JId IepeJa’dn U JIJId HpI/Ié—

Ma JAHHBIX (HAIPUMED, IIPH UCIoab30Bannn Gynkimn Loopback). B ciyuae
HCITOJTb30BaHUsl (PYHKIUU ACUMMETPUYIHOTO TECTUPOBAHUS B KaveCTBE IOPTa
nepejaqn,/ npuema Boibupaercsa «Jucrannuonubiit> (eMm. pasmes 7.9).
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40 IIpoBenenne ananu3za. Perierne TUITOBBIX 33124

7.6.5 Bbibop pasmepa Kaapa

__m] A:100 - B:——— - 04:07
Kanpw
I 4 Bkn
2 128 Brn
3 256 Bkn
4 512 Brn
5 1024 Bkn
8 1280 Bkn
7 1518 Bkn
8 64 Brikn

Brn Brakn Mo ymonuaHMe

Puc. 7.18. Menro «Kaapbr»

Pasmepb! KaJIpoB JIjIsl IIPOBEJIEHUs] TECTUPOBAHUS MOXKHO 33J1aTh JIBYMSI
crocobaMu:

1. BwibpaTh cTanmapTHBIE pa3MepHl IepeIaBacMbIX KaIPOB B COOTBETCTBIH
¢ meromukoit RFC 2544 (knapuma F4 («Ilo ymosrganuio»)): 64, 128,
256, 512, 1024, 1280, 1518 Gaiit. I[Ipu 3TOM MMeeTCs BO3MOXKHOCTD 10~
HOJTHUTEJILHO 33JaTh OJMH KaIp IPOU3BOJILHOrO pasmepa (or 64 mo 9600
Gaiir).

2. BBecTu Bce pa3smepsl KaJ[pOB BpPyYHYIO. Pa3Mepsl KaJ[pOB He JOJI2KHBI
ObITh Menblinie 64 6aitT u npesbimars 9600 GaiiT.
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7.7 RFC 2544. HacTpoiika napaMeTpOB TECTOB

7.7.1 Ilapametpsni Tecta «IIpomyckHasi cmocOOHOCTH»

] A:100 - B:——— -— 23 27
MponyckHaa cnocoGHOCTE
Hactporkn

|______Bunonnars WK
Harpyaka (L1} 100 %

Npo6a.c 60
Pazpewerne. ¥ ©.01
Mopor noTepk.% S

Her a

Puc. 7.19. Hacrpoiika mapamMerpoB Tecta

BbINOJHATH — BKIIIOUEHNE /OTKIIIOUEHIE aHAIN3a POILYCKHON CIIOCOGHO-
CTH.

Harpyska (L1) — 3snauenue dusudeckoit (L1) ckopoctu B mporenTax
('F1), Bxbur/c ( F2 ) wim B M6ur/c ( F3 ).

IIpo6a, ¢ — mepuos BpeMeHHU, B T€YeHHe KOTOPOTO BBINOJIHSAETCA mpoba
JIJIST KAyKJIOT0 3aJ[aHHOIO B HACTPOIKax pasmepa kajpa (1-2886 ¢).

Paspemenune, % — paspemenne, ¢ KOTOPBIM OyZe€T MPOU3BOJNATHCS TI0-

HCK IIPOILYCKHOM crmocobHocTH. Bo3moxkuble 3nadenns: 10 ((F1 ), 1 ( F2 ),

0,1 ('F3 ), 0,01 (F4 ). Hammenbliiee 3HaYEHHE PA3PENIEHUsI COOTBETCTBYET
HAMOOJIBIIEH TOYHOCTH M3MEPEHHsI IPOITYCKHON CIIOCOGHOCTH KaHaJIA.
ITopor norepb, % — nopor gomycrumbix moreps (0-10 %). Eciu kosm-
YECTEO MPUHATHIX TAKETOB OKA3LIBAETCS MEHBIIE KOJUIECTEA MepeTaHHbIX Ha
BEJIMYHUHY JOIyCTUMOIO IOPOTa IIOTEPh, TECT CINTACTCS IIPOMICHHBIM.
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7.7.2 TIlapameTpbl TecTta «3ajepKKa»

1] A:100 - B:—— -— 03 42

3apepxka
Hactporkn

| BunonnaTs WK
Kon-Bo npo6& 20
MNpota.c 120

Harpyzkm (L1}

Her a

Puc. 7.20. Hacrpoiika napaMeTpoB TecTa

BbIIIOIHATE — BKJIIOUEHME/OTKIIIOUEHNE aHAJIN3A 3a€PKKU Iepeadn
JIAHHBIX.

KoJu1-Bo 1po6 — KOJIMYECTBO MOBTOPEHUIT TeCTa JIJId KAXKIOr0 33 JaHHOTO
pasmepa KaJpa.

IIpo6a, ¢ — mepmom BpeMeHu, B TeUeHNe KOTOPOTO BBIMOJTHSIETCS Tpoda
JLJIsT KayKJIOr0 3aaHHOIO B HACTPOKax pasmepa Kajupa (1-2886 c).

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

1] A:100 - B:——— -— 22 23

Harpyszkum {L1)

[Bfeard Mpon. cnoc.

64 Gant 100
128 Gamt 100
256 Gant 100
512 Gant 100

1024 Gaht 100
1280 Gapt 100
1518 Gaht 100
9100 GanT 100

HMNNENNER

Mpon, cnoc, BpudHym

Puc. 7.21. Mento «Harpysku (L1)»

Wcrounuk — npu Beibope «IIpom. coc.» ( F1 ) Tect «3azepxkka» Oymer
[IPOXOJINThH IIPU 3HAYEHUU HATPY3KH, [OJyYEeHHOM B pesysbrare Tecta «IIpo-

yCKHasl ClIOCOBHOCTH». [Ipn BeIGOpe «Bpyunyto» (' F2 ) npu nposejeHun Te-
cTa OY/IyT UCIOJIb30BaHbI 3HAYEHUsI, 3a/[aHHbBIE TTOJIb30BATEIEM.
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7.7.3 Ilapametrpsi Tecta «IloTrepu KaapoB»

L1 A:100 - B:——— -— 21:32

MoTepy Kappoe
Hactpoikn

fla
MNpoGa.c 1
Kon-Bo waroe 10

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

Her la

Puc. 7.22. Hacrpoiika mmapaMeTpoB TecTa

BbIIIOIHATL — BKJIIOYEHUE/OTKJIIOYEHUE AHAIU3a YPOBHS MOTEPH IEpe-
TadH.

IIpoba, ¢ — mepuo BpeMeHu, B T€UEHNE KOTOPOTO BBIOTHSIETCS Tpobda
JIUTsT KasKJI0TO 3aJIAaHHOTO B HACTPOHKax pasmepa Kajpa (1-2886 c).

Kou1-BO 11aroB — KOJIMYECTBO MIATOB U3MEHEHHsI HATDY3KU.

ITonst HaganbHas Harpy3ka (L1) u koneunas Harpyska (L1) mosso-
JIAIOT 33JaTh AWANA30H 3HAYEHUN HAIDY3KH, HAa KOTOPOIl OYyJIeT IPOBOIUTHC
aHaJIu3 ypoBHsI orepb. 3Hadenus dusndeckoil (L1) ckopocru 3amarorcs B

nporenTax (- F1 ), B kK6ur/c ( F2 ) mwiuu 8 M6ut/c ( F3 ).

7.7.4 Ilapametpsl Tecta «IIpenesbHas Harpy3ska»

L1 A:100 - B:——— - 21 34

NpepensHana Harpyska
Hactporkn

fla
Kon—Bo npo6 1
MNpoGa.c 2

Harpyzkm (L1}

Her a

Puc. 7.23. Hacrpoiika mapamerpoB Tecta

BbIIIOIHATD — BKJIIOYEHUE / OTKJIIOUEHNE aHAIN3a [IPEJIEJIbHOI HArPY3KH.
KoJi-Bo pod — KoJIM9IecTBO MOBTOPEHUN TECTa, JIJIs KAXKJI0T0 38 IaHHOTO
B HaCTpOMKaxX pa3mMepa KaJpa.
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IIpoba, ¢ — mepuon BpeMeHH, B T€UeHUE KOTOPOTO BBIMIOJIHAETCS IPOda
JIJIsT KAyKJIOr0 3aJIaHHOIO B HACTPOIiKaxX pasmepa kajpa (2-2886 c).
Harpysku (L1) — nepexon B mento «Harpyskn (L1)» (em. puc. 7.21).

7.7.5 JlomoJsiHNTEJIbHBIE HACTPONKM

0  A:ioo - Bi——- - 10 56

[lononHUTeNBLHO

7000
OSyuenne . mc 2000

Puc. 7.24. Menio «/lomonaure/ibHO»

WnuTepBas, Mc — BpeMsi MeXJy OKOHYaHUEM OJHOI MPOOBI U OTIIPAaBKOA
06y UaIoNIEero Kajipa’.

O6ydeHnne, MC — BpeMs, depe3 KOTOpOe HATHETCS TECTHPOBAHUE TIOCTIE
OTIIPABKU 00YYAIOIIEero Ka ipa.

Coryacao RFC 2544, unrepsan cocrasiger 7000 mc (2000 mc oTBoguTes
Ha [MOJIyYeHre OCTATOYHBIX KayipoB, 5000 Mc — Ha pecTabM/In3aIio TECTUPY-
emMoro ycrpoiicrsa), a o6yuenune — 2000 Mc.

ITosm3oBaTeb MOXKeT 3a7aBaTh MPOU3BOJbHBIE 3HAYEHUs WHTEpBaJIa B
nperaenax or 100 mo 10000 mc, BeauanHa 00yUIeHUS HE JOIKHA OBITH MEHBIITE
100 mc n npesbimars 10000 Mmc.

5 o
OOHpe,ZLB.J'IeHHe TepMUHa <<o6y*{a}0n_u/m KaJap» IIPpUBEIEHO B I'NIOCCApUH.
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7.8 RFC 2544. IIpoBenenune aHaimsa

7.8.1 IIpomyckHasi cmocoOHOCTh. Pe3ybTaThl aHaIn3a

N @ A:1000 - B:—— - 15 52

MponyckHaa cnocoGHOCTE
Kapp Harp % Kapp/c TecT

64 100.00 1488095 loToBO
128 100,00 844594 loToBO
256 100,00 452898 loToBO
512 100,00 234962 loToBO
1024 100.00 119731 loToBO
1280 100,00 96153 loToBO
1518 100.00 81274 loToBO

Crapr Tpafur W&/ L2 Coxp, /3arp,

Puc. 7.25. Pesymbprarer Tecra: Tabsmma

PesynbraTer Tecta 0TOGparKkaOTCst B TAGJINTHOM BHIe: pa3Mep Kaapa (B 6aii-
Tax), 3HAUEHUe 3arpy3ku KaHasa (B %), MOJIYUYEHHOE B pe3ysbTaTe aHAJM3a

3HadeHne MPOIycKHoi crrocobnoctu. Ilpn nakarwu na knasuiry F3  mpowmc-
XOZIUT TIEPECUET TIOJIE3HON COCTABJISIIONIEH HATPY3KHM B COOTBETCTBHU C OIIpe-
nenénubiM ypoaeM (M6ur/c L2, M6ur/c L3, M6ur/c L4 uiu xazup/c):

— KaHaJbHBIN yposenb (M6ur/c L2): yaurbiBaercst Tonbko pasmep Ethernet-
kazpa (Briouas CRC);

— ceresoit yposeub (M6ut/c L3): yunrsiBaerca pasmep Ethernet-kagpa
6e3 CRC, Ethernet-zarososka, VLAN- u MPLS-meToK;

— rpancuopTHblil ypoBenb (M6ur/c L4): yunreiBaercs pasmep Ethernet-
kagipa 6e3 CRC, Ethernet- u IP-3aronoeka, VLAN- u MPLS-meToK.

544534 Kaap/c, 100 2
452898 Kagprc, 100 %
34962 Raapre, 100 7

7| 1483035 Kasp/c, 100

4
il
&
ol
bl
@
el
il

1024 1250 1515 9100
pasmep kanpa b

Tatnuua Bug

Puc. 7.26. Pesymprarsr Tecra: rpaduk

Bepxym-ET. Pyxosodcmeo no skcniyamayuu
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IMTpu nazkaTun Ha kiaasumy F3 («Buiy ) IpOUCXOAUT EPEKITIOICHIE MEXK-
Iy JByMsI BapUaHTaMU IPADUIECKOTO IPEJICTABICHUS PE3YIBTATOB TECTUPO-
BaHUs:

1. MakcrnmaabHOE 3HAUEHNE IO OCH Y COOTBETCTBYET MaKCHMAaJIBHOM CKO-
poctu coemuuenust. [lycTere cToOIBI 0TOOPAXKAIOT MAKCUMAIBHOE TEO-
peTndecKoe 3HaYEeHNE IPOITYCKHON CIIOCOOHOCTH.

2. Ma.KCI/IMaJ'H)HOG 3HadYeHue 110 ocu Y COOTBETCTBYET MaKCUMaJIbHOMY U3-
MEPEHHOMY 3HAYEHUIO ITPOITyCKHON CIIOCOOHOCTH.

IIo ocu X B 06oux ciydasx OTJI0KEHbI 3HAUEHUSI, COOTBETCTBYIOIINE Pa3-
Mepy KaJipa.

Ha zamosineHHbIxX cTOIONAX MarpaMMbl 0TOOPaXKaAETCs MOJIYIEHHOE B Pe-
3yJIbTaTE TECTUPOBAHUS 3HAYEHHE [IPOILYCKHON CIIOCOOHOCTH B KaJp/C U B IIPO-
[EHTaX OTHOCUTEJIHHO 33JIAHHOIN HAIDY3KH.

7.8.2 3azmepkKa pacnpoctpaHeHus. Pe3ysnbraTrhl aHaamnsa

L] A:100 - B:r—— - 21 46

3apepxka
Kagp Harp.¥ Bpema mc TecT
64 100,00 0.001 ToToeo
512 100,00 0.001 TloToBo
1280 100,00 0.001 TloToBO

Crapr pafmr Coxp,/3arp,

Puc. 7.27. Pesynbprare! Tecra: Tabsuna

Tabuia MOKA3BIBAET CPEJHEe 3HAYEHUE 3aJIEPKKU (B MC) JJisl KasKIOro
3aJIAHHOTO B HACTPOMKax pasmepa KaJjipa JIAHHBIX U COOTBETCTBYIOIIEE €My
3HaYEeHHUe IPOIYCKHOI crocobnocTu (B %), LOJLydYeHHOE B DE3yJbTaTe TecTa
«IIpomyckHast CIOCOOHOCTH>.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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H  A:1000 LAT B:1000 LAT 00:05

[Fanepkra, MG Janepwra
O BEOD - e oot

o nos0f ...

OB D] <o e e
T P P P

64 123 256 oz4 515 1500
pasMep ranpa. b

Tabmua

Puc. 7.28. Pesymnbrars! Tecra: rpaduk

Ha mmarpamme st KazkJ10ro pasMepa KaJipa 0ToOpazkaercsi CToJI0er, Bbl-
COTa KOTOPOI'O COOTBETCTBYET CPEIHEMY 3HAYEHUIO 3aJePKKHU (B MC).

7.8.3 VYposBeHb noreppb kKaapos. Pe3ynbrarhl aHam3a

[ @ A:1000 - B:—— - 15 53
MoTepwr kagpoe

Kagp Harp.% MNoTtepn %

64 100.00 0.0000
128 100,00 0,0000
256 100.00 0.0000
512 100,00 0,0000
1024 100,00 0.,0000
1280 100,00 0. 0000
1518 100,00 0,0000

Crapr Tpafur W&/ L2 Coxp, /3arp,

Puc. 7.29. Pesymbrarer Tecra: Tabsmma

B Tabmune st Kaxka0ro pasMepa makera (B GafiTax) W COOTBETCTBYIO-
miedi 3arpysku Kanasa (B %) oTobpakaeTcss 3HaUeHHe yPOBHsI morepb. Ilpn

HaXKaTUM Ha KJIABUITY F3  IIPOMCXOIUT TEPECUYET IOJIE3HON COCTABJIAIONIEN
HATPY3KH B COOTBETCTBUH C ONpeJeJéHHbIM ypoBHeM (Mo6ut/c L2, M6ur/c
L3, M6ut/c L4 i kazap/c):

— KaHaJbHBIN yposerb (M6ur/c L2): yaurbiBaercst Tonbko pasmep Ethernet-
kajpa (Briaogas CRC);

— cereoit yposeub (M6ut/c L3): yunrsiBaerca pasmep Ethernet-kagpa
6e3 CRC, Ethernet-zaromoska, VLAN- u MPLS-meToK;

— rpaucuopTHblii ypoBenb (M6ur/c L4): yunreiBaercs pasmep Ethernet-
kagipa 6e3 CRC, Ethernet- u IP-3aronoeka, VLAN- u MPLS-meToK.

Bepxym-ET. Pyxosodcmeo no skcniyamayuu
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HE  A:1000 — B:1000 - 01:11
noTepM, & MoTepH kagpos
T it et e

an
a0
Fop-
&
s0f-
G-
=0
20)-
10t

T 20 30 40 B0 &0 70 &0 ar 10
Harpyska, &

Tabmmua fMereqHga

Puc. 7.30. Pesymnbrars! Tecra: rpaduk

Ha rpadmuke s KaxkI0ro yKazaHHOTO B HACTPOMKaX pa3Mepa KaJpa TIo-
KazaHa 3aBUCAMOCTH YPOBHS TIOTEPh Kaapos (B %) ot marpysku (8 %).

7.8.4 IlpepesbHasi Harpy3Ka. Pe3ysnbTaThl aHamn3a

B A:1000 - B:—— - 21:12

MNpepensHana Harpyska

Kapp Harp.% Konmuectee TecT
1024 100,000 6.150e+05 lNoToBO
128 100,000 4,290e+06 lNoTomo
256 100,000 2.315e+06 [oToBO
512 100,000 1,207e+06 loToBO
1024 100,000 6,158e+05 lNoToBo
1280 100,000 4.944e+05 loToeO
1518 100,000 4,151e+05 lNoTeeo

Crapr Tpafur Bpema.c Coxp, /3arp,

Puc. 7.31. Pesymbrare!r Tecra: Tabsmia

B tabnurie s KaxKa0ro pasmepa makera oToOparkaeTcs 3aJaHHas B Ha-
CTpOiiKax TecTa HArpy3Ka U BpeMsl, B T€YeHHe KOTOPOr0 YCTPOHCTBO CIIpaB-
JITeTCsl ¢ MAKCUMAJIbHOM Harpyskoii. Kciu BpeMmsi, B TedeHHe KOTOPOIO Te-
CTHPYEMOE YCTPOMCTBO BBIIEP:KUBAET MAKCUMAJILHYIO HAIPY3KY, ONMPEICINTD
HE yJIaJIoCh, B CTOJIOIE COCTOSIHUSI TecTa BbhiBoguTcs «Ommbka», a B cToj0Ie
«Bpewmsi, c» — mpouepku.

ITpu naxkaruu Ha kiasumy F3  («Kazapei») Bmecro crosbua «Bpews, c»
oTobpazkaercst crosber «KoimaecTBo», B KOTOPOM IIPEICTABICHO KOJINIECTBO
KaJapoB, IEPEJAHHBIX 38 BPEMS TECTUPOBAHUSI.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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W  A:1000 - H

MPefeneHan Harpyska

4289895 kagp
2314817 Kaap
120569? Kanp
415087 Kagp

5[ E15790 Fene
B[ 494382 Faup

I
5
B
&
1
i}
El
n
5
I}
H

pasmep Kagpa.b

Tadnuya

Puc. 7.32. PegynbraTsl Tecta: rpaduk

Ha mmarpamme 1j1si KakJ0ro 3aJJaHHOIO pa3Mepa Kajpa O0ToOparKaer-
cst CTOJIOEI], BBICOTA KOTOPOTO COOTBETCTBYET BPEMEHHU, B TE€UYEHHE KOTOPOTO

YCTPOMCTBO CIIPAaBJIAJIOCH C IIPEAEJIbHOU HAIrPYy3KOI.
Ha cronbrax guarpaMMbl 0TOOPaKAETCS KOJTUIECTBO MAKETOB, TEPeIaH-

HBIX 3a BpeMsd TeCTHUPOBaHULA.

Bepxym-ET. Pyxosodcmeo no akcniyamayuu
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7.9 AcuMMeTpUYHOE TECTHUPOBAHUE

DYHKIUS aCHMMETPHIHOTO TECTHPOBAHUA ICIIONL3yeTcs IPU IPOBEpKe

paboTOCIIOCOOHOCTN KAHAJIOB CBSI3U, JIJII KOTOPBIX IapaMeTPhl IPUEMA U Iie-
peJaun JaHHBIX (IIPOIyCKHAS CIIOCOOHOCTD, 3a/I€PXKKa M T.JI.) PA3JIUIHBI, —
ACMMMETPUIHBIX KAHAJIOB (CM. puc. 7.33).

aCHUMM eTpH‘IHLIﬁ KaHall

500 Mbps Tx =500 Mbps
_—
-—
Rx =100 Mbps Rx =100 Mbps
nokanbHblit bepkyT-ET JMcTaHIMOHHbINA bepkyT-ET

Puc. 7.33. Ilpumep acuMMeTpPUIHOrO KaHATA

Ws-3a 910i1 0COOEHHOCTH KAHAJOB U3MEPEHUSs JOJI?KHBI OBITH BBITOJTHEHbI
HE3ABUCHUMO JJIsI KAaXKJI0T0 HAITPABJICHUS.

[TosTomMy oTnMUMTETHHON UEPTOH TAKOTO THUIIA TECTUPOBAHUS SIBJISETCH
TO, YTO IepeJada TeCTOBOrO TpaduKa MPOU3BOAUTCS B OJHOM, BHIOPAHHOM
IOJIb30BaTE/IEM, HAIIPABICHUN.

[Ipu nposesiennn TecTupoBaHmsi ucHoJib3yercs 2 npubopa BepkyT-ET:
JIOKAJIbHBIA, HA KOTOPOM HPOU3BOJAUTCS HACTPOWKa IlapaMeTpOB aHaJIN3a, U
JUCTAHIINOHHBIN, HAXOSAIIWIICS Ha IPYTOM KOHIIE ACHMMETPHUIHOTO KAHAJIA.

PesynpraTsr TecTupoBanmst 0TOOparKarOTC Ha dKpaHe JOKAJILHOrO mMpubo-

pa.

Hinxke nepednciieHb TeCTBI, 71 KOTOPBIX BO3MOYKHO UCIIOJIb30BaHIEe (DyHK-
MU aCUMMETPUYHOI'O TeCTUPOBAHUA:

1. RFC 2544: npormyckHasi clioCOGHOCTD, MOTEPH KaJIPOB, MpeJiesibHast Ha~
rpy3Ka.
2. BERT.

3. Croxusrit Tpadux.

7.9.1 IIpumep TecTupoBaHUsI

Huxe Oymer paccMOTpeH TpuMep UCIOIH30BAHUS (DYHKIIMH aCUMMETPUI-
HOT'O TECTUPOBAHUS Jisl poBeeHnst tecta «CiioxkHbIi Tpaduks (171 TeCTOB

(’B 68,30By10 Koucbm‘ypaumo He BXOIHUT. ,Z[ooryuua IpHU JTONOJITHATEJIbHOM 3aKa3€ OIIIUH.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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«BERT» u «<RFC 25445 nopsiiok meficTBuii npyu MPOBEIEHUN TECTUPOBAHUS
AHAJIOTUYEH ).

Ha puc. 7.34 paccmorpena TUmoBasi cxeMa IMOJIK/IIOUYEHNsT IPUOOPOB K Te-
cTUpyeMoil ceTu ¢ ucnojibdoBanuem nopra A. Jlng nopra B cxema mojakiiode-
Hus Oy/IeT aHAJIOTUIHOM.

aCUMMETPUYHBII KaHa

En}ozlzl
[T i i
MAC R1=00:21:91:8D:10:70

MAC RN = 00:21:91:08:00:02

Lun}o3NEl
[T sl |

nokanbHelit bepkyT-ET

MAC 1 =00:21:CE:08:0E:C9
1P 1 =172.16.2.106

nucraHiuoHHslil bepkyT-ET

MAC 2 =00:21:CE:08:0E:CA
1IP2=172.16.3.143

Puc. 7.34. Tunosasi cxema IMOJIKJIIOUEHUST

Ha cxeme BBemeHbI caeayiomnime 0003HAYCHUST:

MAC 1 — MAC-anpec nopra A JOKaJIbLHOrO Ipubopa;

IP 1 — IP-agpec jnokasbHOrO IPUOOPA;

MAC R1 — MAC-azapec 1umo3a, O6JauKaiiero K JoKaabHOMY TpUOOPY;
MAC RN — MAC-azpec nuiosa, 6JimzKaifinero K JUCTaAHIIMOHHOMY [1pUOOpY;
MAC 2 — MAC-aapec mopra A AMCTAHIIMOHHOIO IPHOOPA;

IP 2 — [P-agpec AuCTaHIIMOHHOrO IPUOOpA.

s m3Mepenns napaMeTpoB KaHaJla CBSI3U B HAIIPABJIEHUH OT JIOKAJILHOT'O
pubopa K JUCTAHIIMOHHOMY HEOOXOIIMO:

1. Ybemurbcest, 9TO JIOKATBHBINA U JUCTAHIIMOHHBIN TPUOOPHI HOIIEPKIBA-
0T (QYHKIINIO aCHMMETPUIHOTO TeCTHpoBaHus: B MeHio «Bepkyr-ET.
Hacrpoiiku» = «¥YcranoBku npubopar = «Oumuum» B CIUCKE Ot
JIoJiKHa TipucyTcrBoBaTh ot ETAT.

2. Ioakmrounts gokaababil BepkyT-ET n nucranmuonusiit BepkyT-ET
o cxeMe, IPeJICTaBJIeHHON Ha puc. 7.34.

3. Ha srokaapHOM M HA JUCTAHIIMOHHOM MPUOOPE MEPENTH B MEHIO
«Bepkyt-ET. Hactpoiikuy = «Ilapamerpsl ceTns. Boiopars:

[lopTt - A
OHUM U3 IPUBEIEHHBIX HUXKE CIIOCOOOB yCTaHOBUTH IP-ajapec Jjokaib-

Horo npubopa (IP 1) u IP-aapec aucrannmornoro nputopa (IP 2):

Bepxym-ET. Pyxosodcmeo no skcniyamayuu
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— BBectu [P-azpec Bpyunyio (upu srom nyukr menio « DHCP» mnos-
JKEeH HAXOJUTHCH B COCTOAHUN «BbIKII» );

— nostyunthb IP-agpec no mporokoiny DHCP, BeIOpaB IyHKT MeHIO
«DHCP» un naxaB Ha kiaBuity F2 («Bxur»): nosiydenustii ajpec
Oy/1IeT KOPPEKTHBIM, €CJIu 0TOOpa3uTcs B MyHKTe Menio «[P-ajpec»
110 ucredeHnn He OoJiee yeMm 1-2 cexkyHI.

4. Ha jpokanabpaOM mpubope nepeiitu B MeHio «Cnoxubiit Tpaduk» = «Ha-
crpoiikuy» = «Tomonorus Tecros» (cM. puc. 7.35). Beibpars:

[lopT nepenmaum - A
[lopT mpméMa - [UCTaHIMOHHBIR
Juct. IP - IP 2

[  A:1000 - B:i——— - 06352

Tononorva TecToB

MopT nepegaun A

MopT npuéma [MCTaHUMOHHBIA

fmcr. IP 172.16.3.143

f B JHCTAHUHOHHBI

Puc. 7.35. Okpan «Tonosorust TecToB»

5. Ha nokamprOoM mpubope nepeiitu B mero «Bepkyr-ET. Msmepenusiy =
«Cuoxubiit tpaduk» = «Hacrpoiiku» = «3aronoBok» (cM. puc. 7.36).
Bribpars:

MAC Otmp. - MAC 1
MAC Tomyu. - MAC R1
IP Otmp. - IP 1

IP Tlomyu. - IP 2

ITpumewarnue: s nonydenns MAC-aapeca nuro3a HEOOXOIUMO BBI-

notanTh ARP-3ampoc: nepeiitu k nynkry merto «MAC Ilosyd.» u Ha-
KaTb Ha Kiasuiny F3

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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M A:1000 - B:——— - 06 55

3aronoeok
MNoTok 1
00:21:CE:08:0E:C9
MAC Monya, 00:21:91:8D:10:70
IP Ommp. 172.16.2.106
IP Monya, 172,16.3,143

NlonoAHUTeNLHO
WLAN B
MPLS TH
MPLS RY --—-—-——-
IP ToS 0000b: precedence O
ume BOOOOABO000

A B

Puc. 7.36. 9xpan «3arojoBok»

6. Ha jrokapaOM ipubope B COOTBETCTBUU C yKa3aHusIMU paszesa 7.10 Boi-
[TOJTHUTD HEOOXOoauMbIe HACTPOWKn Tecta «CaoXKHBIN Tpaduky. 3arem
nepeiitu B MeHio «bepkyT-ET. Usmepenusi» = «Croxubiit Tpaduky =
«3mepennsi» n HaxkaTh Ha Kiasuiry F1 («Crapry).

ITpumenarue: ocie HaxKaTus Ha Kiasuiry «CrapTs» Ha 9KpaHe JIOKAJIb-
HOI'O HpH60pa MOI'yT IIOAABUTBLCH CJIEJIYIOIIUe COO6HI€HHﬂZ

— «l/péTt momkmodueHMEe K OUCT. IOPTY ...» — BO3HHUKAET Cpa3y IOCTe
3allyCKa TeCTa.

— «JuCTaHIWOHHHN IpubOp HENOCTYIEH» — BO3HUKAET B C/Iydae, €CJIU He
[TOJIy9MJIOCH YCTAHOBUTH COEIUMHEHNE C JUCTAHIIMOHHBIM ITPUOOPOM.

— «lloTepsaro coenuHEHME» — BO3HUKAET B CIydae, €CJINU JUCTAHIIMOHHBIN
IprbOp IIOCJIe YCTAHOBJIEHUS COEIMHEHNS IIepPecTal OTBEYaTh Ha 3aIpo-
CBI.

— «Kompurypamusa ymanésHHoro npubopay — BO3HUKAET, KOIJa Ha NJUCTAH-
MOHHOM [pUGOpE IPOU3BOAUTCS LPOIECC peKoHuUrypamuu (CM. pas-
zest 7.5).

— «JlucTaHIIMOHHNE Npr6OpP 3aHAT» — BO3HUKAET, KOIJIA HA JUCTAHIINOH-
HOM HpHOOpE yrKe IPOBOJUTCS KAKOH-TubO TECT.

— «Jluct. BERT 1-ro ypoBHA HEBO3MOXEH» — BO3HHMKAET IIPU IIOILITKE
uposectu Tect «BERT» mepBoro yposus.

ITpumewanue: Ha dKpamHe IUCTAHIIMOHHOTO MPUOOPaA BO BPEMS TECTUPO-
BaHUsI 0OTOOPAYKAETCS COODIEHNE «BHIIONHAETCS OUCTAHIUMOHHNE TEeCT>.

Ji1st m3Mepennst TapaMeTpPOB KAHAJA CBA3U B HAIIPABJICHUU OT JUCTAHIINA-
OHHOTO TIPUOOpa K JIOKAJTLHOMY HEOOXOTUMO:

1. ¥Yb6enurbcst, 9TO JIOKAJIBHBIN U JIUCTAHIIMOHHBIN TTPUOOPHI MO/ IePXKUBa~
0T (QYHKINAIO acCUMMETPUYHOIO TeCcTUpoBaHusi: B MeHIO «bBepkyr-ET.

Bepxym-ET. Pyxosodcmeo no akcniyamayuu
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Hacrpoiiku» = «¥YcranoBku npubopas = «Ommum» B CIUCKE Ot
J0JKHa npucyTcrBoBarh ommust ETAT.

. Ioaxmounts mokaabublit BepKyT-ET u aucranmmonusiit Bepkyt-ET

110 cXeMme, IpeACTaBJIeHHON Ha puc. 7.34.

. Ha snokanbaoMm u Ha JAUCTaHIUOHHOM HpH60pe HepeﬁTI/I B MEHIO

«bepkyT-ET. Hacrpoiiku» = «Ilapamerpsr cetu». Beibpars:
[lopT - A

OpauM U3 TPUBEIEHHBIX HUXKE CIIOCOOOB ycTaHOBUTH [P-amapec jokaib-
uoro upubopa (IP 1) u IP-agpec pucranuuonnoro nputopa (IP 2):

— BBectu [P-azpec Bpyunyto (npu sroM nyHKT MeHo «DHCP» nos-
JKEH HAXOJUTHCH B COCTOAHUM «BbIKII» );

— monyunth [P-agpec mo mporokomy DHCP, Beibpas myHKT MeHro
«DHCP» u naxas na xiuasuiry F2  («Bru»): nosydenuniii agpec
OyZeT KOPPEKTHBIM, ecJii 0TOOpa3nTcs B myHKTe MeHIo «IP-anpec»
10 McTevueHnn He 60see deM 1-2 CeKyH/I.

. Ha yrokasieHOoM tipubope mepeiitu B menro «CiioxHbIi Tpaduky = «Ha-

crpoiikuy = «Tomosnorus Tecros» (cm. puc. 7.37). Boibpars:
llopT mepegaum - [JUCTaHIMOHHbIH

llopT mpuéma - A

Ouct. IP - IP 1

] A:1000 - B:—— - 07 54

Tononorma TecToB

MopT nepenaun I lea =353 RN
4]

NopT NprémMa

fluct. IP 172.16.2.106

A B JMET AHIHOHHHE

Puc. 7.37. Dxpan «Tomosorus recross

5. Ha moxambaoMm mpubope nepeiitu B MeHio «bepkyT-ET. Uzmepenust» =

«Croxuerit Tpaduk» = «Hacrpoiiku» = «3aromosok» (cMm. puc. 7.38).
Briopats:

MAC Ormp. - MAC 2
MAC Tlomys. - MAC RN
IP Otmp. - IP 2
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IP Ilomyu. - IP 1

] A:1000 - B:—— - 07 57

3aronoeok
Motok 1
00:21:CE:08:0E:Ch
MAC Monyu, 00:21:91:08:00:02
IP Ornp., 172,16.3.143
IP Monyu., 172.16.2.106

[lonoAHUTenNBLHO
WLAN Buten
HPLS TH
HPLS R —------——-
1P ToS 0000b: precedence O
ump B0000/50000

A B

Puc. 7.38. Dkpan «3arosoBok»

6. Ha sokambHOM pubOpe B COOTBETCTBUU C YKa3aHUAMU passena 7.10 BbI-
[TOJTHUTh HEOOXOouMble HacTpoiKu Tecta «CJoXKHBIA Tpaduks. 3arem
nepeiitu B merio «Bepryr-ET. Msmepenusis = «Cioxkubiit Tpaduky =
«U3mepenus» u naxkarh Ha kiasuiry F1 («Craprs).

ITpumewarue: nocie HaxkaTus Ha KiaaBunry «CrapTs Ha 9KpaHe JIOKAJIb-
HOTO U JINCTAHIIMOHHOTO IPUOOPA MOSIBATCH COODIEHNUS, AHAJIOTUIHBIE TIepe-
qHUCJIEHHBIM Ha C. 53.
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7.10 CuaoxHsblil Tpaduk

DyHKIMS TeHePAIIH CJI0KHOIO TeCTOBOrO TpadHKa' MO3BOJISET CO3ATh
710 10 TOTOKOB JAHHBIX ¢ pAa3JnIHbIMU TapaMerpamu. C eé MOMOIIBI0 MOYXKHO
[IPOBEPUTH, PAOOTAET JIU B TECTUPYEMOM YCTPOICTBE IPUOPHUTE3AIINS, UMUTHU-
pOBaTh Pa3/InYHbBIE IPO(PUIA HATPY3KU.

e A:100 - B:—— —  23:55

CnoxHuA Tpapuk

WamepeHma

Hactporkn

Puc. 7.39. Menio «Cioxkubrit Tpaduxs

WNsmepenusi — nepexof, K 3kpany «Cioxuabiii Tpaduk: oTuérs (3amyck
TecTa, 0TOOparkKeHue Pe3yJIbTaTOB U3MEPEHNil ).

1 A:;100 - B;——— -— 21:58
CAOKHHIA TDADUK: OTUST

# Frm Rate.¥ Loss.X BW.Mbps

1 64 7.62 0,00 76.19

2 64 0,00 100,00 0,00

3 64 0.00 100.00 0.00

Crapr Tpatir Coxp,/3arp,

Puc. 7.40. 9xpan «Citoxxublit Tpaduk: oTI6T>

Jljist Hawasa recTUpOBaHUsI HEOOXOAMMO HAXKATh Ha Kiasuiry F1 (Crapr),
[IPeIBAPUTEHHO HACTPOUB IapamMeTpnl Tecta B MeHio «Hacrpoiikmy.

ITo okoHYaHUM TECTUPOBAHUSA HA IKPAHE JJIs KayKIOTO ITOTOKA OTOOparka-
eTcs:

— 3aJIaHHBII pa3Mep KaJpa;
— sagiannast nHbopMmanmonHas (L2) ckopocTs;

"B 6a30By10 KoHbuUrypammo e BXoAUT. JOCTYIIHA IPH AOMOIHATEIHHOM 3aKa3€ OIIIHH.
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— IIOTePH KaJIPOB, IIOJIyU€HHbIE B PE3y/IbTaTe TeCTUPOBAHMSI;
— IIMPUHA II0JIOCHI IPOIIyCKaHU, PACCUYUTAHHAA 110 pe3y/IbTaTaM TeCTHPO-
BaHUA.

ITpu makarum Ha kiasumtyy F2 (I'paduk) ocyimecrsisieTcs mepexox K
9KpaHy, cojepaKaleMy rpadudecKoe IIpeJICTaBIeHIE Pe3yIbTaTOB TECTA.

[ A:ico - Bi——- - 00 06

foTepH, &
101

L1

1)

Py TR

20

noTok|

Tabanya

Puc. 7.41. Dkpan «Cioxkuslit rpaduk» (rpaduk)

Ha mmarpamme mjist KazKJ10ro mOTOKA OTOOPaXKAETCsI CTOJIOEI], BhICOTA KO-
TOPOT'O COOTBETCTBYET BEJIMUHNHE ITOTEPH KAJIPOB.

ITpu naxkaruu Ha kiaasumty F4 («Coxp./3arp.») ocyecrsisercs mnepe-
xo/1 B MeHio «Pesyinbrarery (cMm. pasies 7.21).

IIpn HazkaTUM HA KJTABUIITY OCYIIECTBJISIETCsI TePEXO0T K SKpany «CroxK-
HBIA TpaduK: 3adeprKKay.

1 fA:100 - B;——— -— 21:58
CnoxHuin TpadWK: zafepxka

# 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 0,105 0,105 0,105

Crapt Tpatir Coxp,/3arp,

Puc. 7.42. Dxpan «CroxHbIil TpaduK: 3a1epKKa>

Cur — rekyias 3a1ep:KKa Iepesadn JaHHbIX.

Min — MuHUMaIbHAS 3a/IePKKa TepeJatdn JTaHHbIX.
Avg — cpejHsisa 3a/IepKKa Iepeladnl JJAHHbBIX.

Max — MakcuMaJIbHAs 3a0ePrKKa IepeJadn JTaHHbIX.
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[Tpu MOBTOPHOM HaXKaTWUU Ha KJIABUIILY @ OCYTIIECTBIISIETCST TIEPEXO]T K
skpany «CJI0XKHBII TpaduK: KaJpbls.

1 A:;100 - B:;——— - 21 59
CNoxHeiA TpalMK: Kampb!
# Tx Rx
1 780059 780059
2 1 ]
3 1 [}

Crapr Tpatir Coxp,/3arp,

Puc. 7.43. Dkpan «CiioxkHbI TpaduK: KaJIpbl»

Ha skpame Ji1s KazKJ[0ro OTOKa 0TOOParXKaeTcst KOJUIECTBO IePeaHHbIX
(Tx) n upuasaTsix (Rx) makeros.
Hactpoiiku — mepexon B menio «HacTpoitkms.

(] A:100 - B:——— - 00 01
HacTporkn

1
AmiTensHOCTE 5

Tononorua TecTtoe
3aronoeok
Kappe
Harpyzkum {L2)

Puc. 7.44. Mento «Hacrpoiiku»

ITOTOKOB — KOJIMYIECTBO MOTOKOB JaHHbIX (1-10).
JIMTEBbHOCTD — JIJINTENBHOCTD TEHEPAIMU 33 JAHHOTO KOJIMIECTBA O-

TOKOB (1-2886 ¢).

TomoJiorust TeCTOB — MEPEXOT B MEHIO « TOIMOIOTHST TECTOB.
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M A:100 - B:——— - 22:14

Tononorva TecToB

MopT nepegaun e

MopT npuéma B

mcT, IP 192,168.1.1

A B JHET AHILHOHHEE

Puc. 7.45. Menio «Tonosiornsa recroB»

C 1OMOIIBIO 3TOr0 MEHIO 3a4a6TCs IOPT MIPUEMa U MOPT IepeIadu JTAHHbIX.
OJiuH 7 TOT 2Ke MMOPT MOKET CJIY?KHUTh ¥ /IS IEPEJAady U JJIs TPHEMa, JAHHBIX
(manpumep, npu ucnosbzoBanuu Gyuknun Loopback).

B ciyuae ucnosib3oBanust (PYHKIMA ACAMMETPUIHOTO TECTUPOBAHUS B Ka-
YecTBe MOpTa Iepeadn,/mpueMa BeiOupaercs <«JlucraHnuoHHbI» (cM. pas-
zen 7.9).

3aroJ/I0BOK — I1epexoj] B MEHIO «3aroJIOBOK».

1] A:;100 - B;——— - 03 16

3aronoeck
Motok 1
00:21:CE:08:00:01
MAC Monyu. 00:21:CE:08:00:02
IP Ornp. 192,168.1.1
IP Monyy. 192.168.2.2

NlononHuTensHo
WLAN Brkn
MPLS TX
HPLS R¥ —-------——-
IP ToS 0000b: precedence O
umP BOOOO/TO000

A B

Puc. 7.46. Menio «3arosaoBok»
Howmep macTpamBaeMoro moroka BBIOMpPAETCs MpH HAXKATHH HA KJIABUIIN

®©:®

Hacrpoitku amasornans! onucanabiM B pasmgenax 7.6.1 u 7.6.2.
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Kaapsr — nepexon B Menio «Kamgpois.

B A:i00 - Bi——— — 00:09

CONNTO AW FOII
@ 2]
-~ -

[y

Puc. 7.47. Menro «Kanpbr»

Pasmeps! KajipoB 1t KazK10r0 MOTOKA 3a/IAI0TCSI BPYUHYIO B [IPEJIEJIAX OT
64 10 9600 Gaitr.
Harpysku (L2) — nepexon B merto «Harpysku (L2)».

(-] A:100 - B:—— - 00 03

Harpyzkun {L2)
10

QCUHNOALWN
SCOOO0OoCO0
HENNNNEENNR

-

3 kAT C Wiur/'c

Puc. 7.48. Mento «Harpysku (L2)»

Buavenne nadopmarmonnoit (L2) ckopoctn 3amaéres B mponenTax (- F1 ),

B KOutr/c ( F2 ) mum B M6ur/c ( F3 ).
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7.10.1 Cuaoxwusbiii Tpaduk. Hacrpoitka MPLS

Crek MeTOK jyisi TecTUpOBaHus 3a/a6Tcst B MeHIO «Crek MeToK»: Hame-
perus = «Ciioxkublil Tpaduk> = «HacTpoiikus = «3aroioBoks» = «/lomoJi-

HUTEJIbHO» = «MPLS».

e

A:100 - B;——— — 19:54

Kon-Bo MeTOK

CTek MeTOK

1
MeTtka 10000
MPLS CO5 ©
TTL 128
Metka QOO0
MPLS CO5 ©
TTL 128
MeTtka 00000
MPLS CO5 ©
TTL 128

Brarin

1 z 3

Puc.

7.49. Menio «Crek MeTOK»

Kou-Bo meTok — BbIGOp KosmmyecTBa MeTok (or 1 10 3), Koropoe Gymer
JI00ABJIEHO B TIEPEIABAEMBIIl ITAKET.

Metka — 3HaYeHNE METKHU.

MPLS COS — kJjiacc o0C/Iy>KUBaHUsI IIAKETA.

TTL — Bpemd KU3HU TAKETa C METKOI.
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7.11 Illneiid (Loopback)

st rectupoBanus cereir mo meroanke RFC 2544, a rakyke myist perire-
HUS psfa APYTUX 3a7ad HeoOXoanMa (PYHKIUS OpTraHu3aluy IMuieidoB —
Loopback. ®@yuknus Loopback 1mo3BoisieT BBIIOJIHATL TECTUPOBAHIE CeTH 0Oe3
n3MeHeHusl €€ HacTpoeK. TecTupoBaHue MOXKET OBITH Peain30BaAHO HA PA3HBIX
yposusx mozesm OSI.

Ha ¢dpusunueckom yposue (L1) Bech Bxozgmuii Tpaduk nepeHapasiis-
ercss 06paTHO 0Oe3 M3MEHEHUi, TP ITOM BEIETCSl CTATHCTHKA 110 TPUHUMAE-
MOMY TpaduKy.

Ha xananbuHoMm yposHe (L2) Bce BXomsinue Kajpbl MEpEHAIPABIISIFOT-
cs1 0OpaTHO, MPU 9TOM MOTYT MeHsThca Mectamu MAC-aapeca oTmpasutesist
U TOJIyYaTessd; CyIIECTBYeT BO3MOXKHOCTH IIOJICTAHOBKH JPYIUX (3aJaHHBIX
nosnb3oBareneM) MAC-aapecos. Benércs crarucTuka 1mo IpuHIMAEMOMY U Tie-
peraBaeMoMy TpaduKy.

ITpumevarue: das wnetipa xanarvrozo (L2) u cemesozo (L3)
yposHel naxemoi ¢ odunaxosvimu MAC Dst u MAC Sre, a max oice
6aoku danrox npomokosa OAM (OAMPDU) u ARP-3anpocui, co-
deporcauiuecs 60 8To0AWEM MpaPure, He NEPEHANPAIBAAIOMCA.

Ha cereBoMm yposHe (L3) Bce BXojsiiye IaKeThl IePEHAIIPABIISIFOTCST 00-
paTHO, IIPU TOM MeHsIIOTCs Mecramu [P-ajpeca oTiipaBuTe isi U MOy daTe)Is;
CYIIECTBYET BO3MOMKHOCTD IOJICTAHOBKYU IPYIUX (3aJaHHBIX II0JIb30BATENIEM )
IP-azgpecos. Benéres cratncTuka 1Mo MPUHAMAEMOMY U IIEPEIABAEMOMY Tpa-

duky.

ITpumewarue: ecau exodswuti naxem codeporcum MPLS memxky,
on b6ydem nepenanpasaer 63 u3MEHEHUSA €€ 3HAUEHUSA.

Ha rpaucnopraom yposHe (L4) Bxousmumii Tpadbuk mnepeHamnpasBiiser-
cs1 06parHO (6€3 HOBPEKIEHHBIX [IAKETOB), [IPH 9TOM, IOMUMO II€PECTAHOBKU
MAC-azpecos u IP-anpecos, mensirorcst mecramu Homepa TCP/UDP nopros
OTIIPABUTEJIsI U [IOJIyIaTeIsl.

ITpumewarue: ecau sxodswuti naxem codepocum MPLS memxky,
on 6ydem nepenanpasier 6€3 usMeHeHUs €€ 3HAUEHUA.
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[ A:100 - B:———— - 03:24

linerp

[__________MopT I

Tun  Beikn

MNapamMeTpw ypoBHA 2
MNapameTpw ypoBHA 3
ET—-o6HapykeHWe
oAM

Puc. 7.50. Mento «Ilreitd»

ITopT — BBIGOD HOpTa (A Mn B), Ha KoropoMm Gyzner opranuzoBana GyHK-
st Loopback.

Tun — BLIGOP YpOBHS, Ha KOTOPOM OYJIeT IPOUCXOUTH IIepEHAIIPABICHIE
TECTOBOIO TpaduKa:

Boika — orksmrounTs opranmsanuio nureiida Ha BEIODAHHOM IIOPTY;
— 1 — dusugecknit;

— 2 — kanasbublii (MAC);

3 — ceresoii (IP);

— 4 — rpancnoprusiit (TCP/UDP).

ET-obuapy2kenune — nepexosn B MeHO «ET-obHapyxkeHues.
OAM — nepexon B Merio «OAM>».

7.11.1 Hacrpoiika nuieiidpa BTOPOro ypoBHs

D  A:1000 -  B:1000 - 20:03

HacTponkn wnenpa
MNapameTps ypoBHA 2

Brikn
3amena MAC Bwrkn
OtnpaenTens  00:00:00:00:00:00
MonyuaTtens  00:00:00:00:00:00

3amena YLAN Bwrkn
D ¢
Mpropurer ©

Brikn Brn

Puc. 7.51. Menio «Ilapamerpsl ypoBHS 2»

O6men MAC — BkitoueHue/BbIKJIIOUEHHE pexkuMa, npu kotopom MAC-
aJIpeca OTIIPABUTEJIS U TIOJIyIaTe sl B IIPUXOISININX ITAKETAX MEHSIIOTC MECTa-
MU.

Bepxym-ET. Pykosodcmeo no sxcniyamayui



7.11 Mneitd (Loopback) 65

3amena MAC — Boibop pexkuma 3amensl MAC-aipecos:

— Boika — 3amena MAC-agpecoB BBEIKJIIOUEHA;

— OrnpaBurenb — 3amena 1o «Source MAC Address» («MAC-anpec
OTIpaBUTEJIS» ), CM. puc. 7.53;

— IMony4uarens — 3amena noss «Destination MAC Address» («MAC-
aJipec MoJlydaTesisi» ), CM. puc. 7.52;

— O6a — 3zamena nosieii «Source MAC Address» u «Destination MAC
Address», cMm. puc. 7.54.

OrnpaBuresib — no3Bosser 3amatb MAC-aapec, KoTopsiit Oymer mom-
crasiyied B mosie «Source MAC Address» Ethernet-makera.

IMTomy4aaresnb — no3Bostsier 3a7ath MAC-ajipec, KOTOPBIi OyIeT Mo/ICTaB-
sieH B noJie «Destination MAC Address» Ethernet-makera.

3amena VLAN — Bribop pexkuma 3amenbl VLAN-merok:

— Boika — zamena VLAN-MeTOK BBIK/IIOYEHA;

ID — samena nonst «VLAN ID» («Unentudukarop VLAN>);
IIpuopurer — zamena nonsa «VLAN priority» («IIpuopurer tpadu-
Ka»);

ID+1IIp — 3amena noseit «VLAN ID» u «VLAN priority».

ID — nozBosnser 3a7aTh 3HAUYEHWE, KOTOPOE OYIET IOJCTABICHO B IOJIE
«VLAN ID» Ethernet-naxera.

IIpuopurer — 1103BOJIIET 3a0aTh 3HAYEHUE, KOTOPOE OYIeT MOICTABIEHO
B nosie «VLAN priority» Ethernet-makera.

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

Dst MAC - MAC-anpec nosyuaressi, 3a1aHHbIN 110JIb30BaTEIEM.

Puc. 7.52. Pexxum 3amens! «Ilomya.»
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npuém - —
[MACd=MAC1 [ MACs=MAC2 |
nopt A(B)
[[MAC d=MAC 2 [MAC s = Src MAC]
,|mepenada

Src MAC - MAC-aapec oTnpaBuTenIs, 3a1aHHbIH 10I530BATENICM.

Puc. 7.53. Pexxum 3amennt «OTmp.»

npuém
p [ MACd=MAC 1| MACs=MAC2 |

nopt A(B)

IIMAC d = Dst MAC|MAC s = Src MAC |}
—
,[Iepenaya

Dst MAC - MAC-anpec nonyJarens, 3alaHHbIi MOIb30BaTeIeM.
Src MAC - MAC-aznpec oTripaBHTeNs, 3aJaHHbII TTOJIb30BATEIEM.

Puc. 7.54. Pexxum 3amensr «Oba»

7.11.2 Hactpoiika 1uieiipa TpeTbero ypoBHs

M0 A:i000 - B:1000 -  20:06

HacTporkn wnenpa
NapamMeTp ypoBHA 3

06a
OTnpaenTene 0,0,0,0
Monyuatens ©0.0.0.0

3aMeHa Bwmkn
ToS 0000
Precedence ©

Beiren Orapaevrene  NMonyyarens Ofa

Puc. 7.55. Menro «IlapameTrpn! ypoBHs 3»

3amena IP — Boibop pexkuma 3amennl [P-anapecos:

— Buika — 3amena [P-agpecos BeIKIIOUEHA;
— OrnpasBurens — 3amena noust «Source IP address» («IP-azpec ormipa-
BUTEJS» ), CM. puc. 7.56;

Bepxym-ET. Pykosodcmeo no sxcniyamayui



7.11 Mneitd (Loopback) 67

— ITony4aresns — 3amena noJs «Destination IP address» («IP-anpec no-
JIydaresisi» ), CM. puc. 7.57;

— O6a — 3amena mnoJeit «Source IP address» u «Destination IP address»,
cM. puc. 7.58.

OrnpaBuresib — 103BOJIsIeT 3a/1aTh [P-aipec, KOTOphIil Oymer mojacTas-
JeH B moJte «Source IP address» Ethernet-maxera.

Ilonyuareap — mosBouisieT 3axath IP-anpec, koTopsiit Oymer mofcTaBien
B moJsie «Destination IP address» Ethernet-makera.

3amena — BbIOOp pekuMa 3aMeHbl moJieir ToS:

— Boikis — 3amena noseii «Type of Services («Tun obcirykuBanusi») u
«Precedences («IIpuopurer») BBIKIIOUECHA;

— ToS — 3zamena moss «Type of Services;

Prec — 3amena nonst «Precedences;

ToS+Prec — 3amena nosieit «Type of Service» u «Precedences.

ToS — mno3BoJisieT 3a/1aTh 3HaUYEHNE, KOTOPOe OyJIeT MOJCTaBJIEHO B I0JIe
«Type of Service» Ethernet-nakera.

Precedence — mo3BosisieT 3a7aTh 3HaYE€HnE, KOTOPOE OYIET MOICTABIEHO
B nosie «Precedence» Ethernet-makera.

IpuéM

[ IpPs=1P2 [ TPd=IP1 |

[ IPs=SrcIP | 1Pd=IP1 |

Src IP - IP-afpec oTmpaBuTENs, 3a1aHHEI T0JIB30BaTEIEM.

Puc. 7.56. Pexxum 3amennt «OTmp.»

puEM
= [ IPs=1P2 [ 1Pd=1P1 ]
nopt A(B)
[ 1Ps=1P2 | IPd=DstIP_ |
;| mepenava

Dst IP - IP-anpec momydarens, 3aJaHHBII MOIb30BaTEICM.

Puc. 7.57. Pexxum 3amensr «Ilosyw.»
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IPs=I1P2 | IPd=IP1 |
nopt A(B)
[ IPs=SrcIP | IPd=DstIP |
nepejgaya

Src IP - [P-azipec oTnpaBuTens, 3a1aHHbIN HOIb30BaTEIEM.
Dst IP - IP-aspec nomyyaress, 3aJJaHHbIH OIb30BATENEM.

Puc. 7.58. Pexxum 3amennr «Oba»
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7.12 OAM

Baxkroit 3a1a9eii MOCTaBIIMKOB YCJIYT CBI3U SBJISETCA 0DECIIEUEHIE BhICO-
KOTO YPOBHS aIMUHUCTPUPOBAHUS M TEXHUIECKOro obcaykuBanus Ethernet-
cereii. st aTux neneit 6p11 pazpadoran crannapt IEEE 802.3ah(8] (u3Bect-
HbIil Takzke Kak «Ethernet in the First Mile (EFM) OAM» — «Ethernet OAM
Ha «IIepBOil Muje» ).

OAM (Operations, Administration, and Maintenance — sKcruryaraimus,
AJMUHICTPUPOBAHYE U 00C/IyKMBAaHUE) — IPOTOKOJ MOHUTOPHUHI'A COCTOSIHUS
KaHaJja, PyHKIMOHUPYET Ha KaHaJbHOM ypoBHe Mojean OSI. s nepenadun
napopMmaruu Mex ity Ethernet-ycrpoiictBamu nciob3yrorcs G6JIOKH JAHHBIX
nporokoiaa — OAMPDU.

Baxkuoit dpyukmumeit mporokosa OAM sBiisieTcss BO3MOXKHOCTD BKJIIOYEHUST
pexnma «Ilneitd» Ha ymaméaHom mpubdope.

st yeranoBaenust coenuaeHust Mexx 1y npudopom BepkyT-ET u ynanén-
HBIM ycTpoiicTBoM 110 ipoTokoiry OAM u mrst Brutiouenus: pexkuma «ILneitd»
HeoDX0INMO:

1. Henocpedcmeenno coequmanth jokaabHblii BepkyT-ET u yranéunoe
YCTPOHICTBO ® B COOTBETCTBUM CO CXEMOii, TIPUBEIEHHO HIYKe.

Jlokanbhsiit bepkyT-ET YnanéHHoe ycTpoicTBo

(usnyeckoe coeuHeHne

Puc. 7.59. Cxema tecrupoBaHus

2. Ha ypanénsom npubope paspernutb pabory mporokoia OAM B akTus-

HOM WJIM [TACCUBHOM PEXKUME.

Ha mokasnbrom mpubope:

Iepeittu 8 mero «OAM» (cm. puc. 7.60).

4. B nynkre Mmenio «IlopT» BBIOpATh MOPT, K KOTOPOMY TIOICOETUHEHO YA~
JIEHHOE YCTPOMCTBO.

5. B nynkre menio «PexuMs» BbIOpATh aKTUBHBIN pezKUM pabOTHI ITPOTO-
kosta, OAM.

6. Cocrosinue oOHADYKEHUS YIAJIEHHOTO YCTPOHCTBA B ImyHKTE MeHio «(006-
HApPYKEHUE» JTOJKHO IPUHSITH 3HadYeHne «Send any».

@

8Ha puc. 7.59 BepkyT-ET 1upuseaéu B KauecTBe IPHEMEPa YIAIEHHOIO yCTPOHCTBA.
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7.

8.

Ilepeittu B Mento «Ymaaéausiit mpubop». Ha sxpane momkna orobpa-
3UThCsT mHPOpMaInsg 00 yIaaéHHOM YCTPOUCTBE.
Haxkate Ha kaasunty  F1 («LB up»). Ha ynanénsom ycrpoiictse Gy-
ner BiouéH pexxkum «I1Lieiid» Broporo (L2) yposus (tpadux Gyger
[ePEHAIIPABIIATLCs 0e3 damervs MAC-adpecos).

st BeiksIOUeHust pexkuma, «[1Lreiidy HEOOXOMUMO HaXKATh HA KJIABUIILY

F1

(«LB downs).

D A:100 - Bi———— - 11:28

AKTUBHLIA
06HapyxeHmne Send local

YpanénHeia nprbop

Brirkn MACCHEHHRA AKTHEHHA

Puc. 7.60. Menro «OAM>»

ITopT — BBIGOP TIOpTa U151 HacTpoitku OAM.
PexxumMm — Bosmoxkuble cocrossansa OAM:

AKTUBHBIN — aKTHUBHBII PEXKUM; B aKTHBHOM DEXKUME ITOPT MOXKET
MIOCHLTIATH KOMAHIbI Ha OOHAPYYKEHUE YCTPOUCTB U BKJIIOYeHnEe (PYHKITUH
«Ilneiicp» Ha ymanéHHOM MPHOOpE, & TaKXKe PearnpoBaTh HA KOMAaHJIbI
Ethernet OAM ot ymaaéHHOTO yCTPOHCTBA,

ITaccuBHBIT — NACCUBHBINA PEXKUM; B MACCABHOM PEXKUME IMOPT HE MO-
JKeT MHUIUupoBaTh BKaodenne dyuknun «[lneiid», a MoxeT TOIBKO
pearuposaTh Ha kKoMaHabl Ethernet OAM or yina/iéHHOTO yCTpOiicTBa;
Beiki — OAM orkiiro4éH.

OGHapy2keHune — COCTOsTHIE OOHAPYKEHNUS YJIAJIEHHOT'O CETEBOTO YCTPOii-

CTBa.

Bosmoxknnie cocrostaumst:

Fault — navyagbHOE COCTOSTHUE, COEJIMHEHNE C Y/IAJEHHBIM YCTPOWCTBOM
HE YCTaHOBJIEHO;

Send local — ornpaska OAMPDU ¢ undopmariueii o moiepKuBaeMbIx
pexmMax paboThl;

Passive wait — oxuganne OAMPDU ¢ undopmariueit o moiepruBae-
MBIX pexKrMax pabOThl OT yIAJEHHOIO YCTPOWCTBA, CKOH(DUTYPUPOBaH-
HOTO B aKTUBHOM PEXKUME;
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— Send loc/rem — orupaska OAMPDU c undopmanueit o nojepubae-
MBIX peXKrMax paboThl JIOKAJIHHOIO U YIAJEHHOTO MPUOOpa U ¢ METKOIA,
O3HAYAIONIEH BO3MOXKHOCTD YCTAHOBJIEHUST COEITNHEHNS;

— Send loc/rem ok — nonyuerne OAMPDU ¢ undopmanueit o Tom, 410
PEXRUMBI pabOTHI JIOKAJIBHOIO U YIAJEHHOIO YyCTPONCTBA ABJIAIOTCS COB-
MECTUMBIMU;

— Send any — coeIUHEHNe yCTAHOBJICHO'.

VYaan€HHblii Ipubop — mepexo B MEHIO, cofep:Kaliee HHPOPMAIIIIO 00
VAAJIEHHOM yCTPOMICTBE.

e N:1000 — B:1000 -  09:03

YpanénHwia nputop

MAC agpec 00:21:CE:08:;06:21
Vendor OUI Ox00 0Ox21 OxCE
Pexuvm AKT.
Unidirectional Mot supported
Rem. loopback Supported
Link ewvents Mot supported
¥ar. retrieval Not supported
LB status Down

LB up

Puc. 7.61. Mento «Ynanéuusiit mpubop»

MAC aapec — MAC-anpec yJIaiéHHOIO yCTPORCTBA.

Vendor OUI — yuukaabHBIH HAeHTH(HUKATODP OPTAHU3AINH, UCIIOTb3Ye-
MbIit gyst renepanun MAC-agpeca.

Pexxum — cocrosinme OAM yiaéHHOTO KJIMEHTA.

Unidirectional — momgep:kKa OIHOHAIIPABICHHOTO COEIMHEHUSI.

Rem. loopback — moggepxkka pexknma yaaaéHHOTO Tieiida.

Link events — nojmepkka yBegoMIeHUsS 00 OIMUOKAX COETNHEHUSI.

Var. retrieval — nojjep:kka cauThbIBaHUS [IEPEMEHHBIX, UCIIOJIb3YEeMbIX
JIJIsI OTIEHKM KaJeCTBa, KAHAJIA CBSI3U.

LB status — cocrosiaue pexxuma «Ilreitds Ha ymaséarom mpudope.

9Vcnentnoe coeuHeHIe BO3MOXKHO TOJIBKO B TOM CJIYUAE, €CIIH YAAIGHHEIT IIPHOOD O IePAKE-
Baer dyukimio «Remote loopback» (pexknm yranénnoro mureiida). B ciayuae orcyTerBust JaHHOl
dyuxuum cocrosinne obHAPYKEHUs YAAIEHHOrO yeTpoiicTBa npumet 3nadenue «Send loc/rem ok».
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7.13 ET-obnapykenue

Oyukrusa «ET-obmapyx)enne» mo3Bosister BKIOYNTb pexkuM «IIlneitd»
kanasbHOro (L2), ceresoro (L3) wiu rpancnopraoro (L4) yposus Ha ynauén-
HoM Tectepe-ananusarope bepkyr-ET uan yctpoiicTse obpasoBanus mnuieida
Bepxyr-ETL.

Puc. 7.62. Cxema tecrupoBaHus

B cooTBeTcTBHE €O CXEMOIT TECTUPOBAHUST MOYXKHO N0CACI08AMEALHO BKITIO-
garb pexxuM «IIlneiic» Ha HeckoNbKUX yerpoiicTBax Bepkyr-ET u/umm Bep-
KyT - ETL, KoTOpble MOTYT HAXOJIUTHCA KaK B PA3HBIX, TAK U B OJIHON MIOJICETH.

L A:1000 — By——— - 19:15

ET—o6HapyxeHHne

ABTOMATUSCKM
IP 0.0.0.0
linenp Brekn

A B ABTOMaTHYECKH OBHapY#eHHE

Puc. 7.63. Menio «ET-obnapy:xennes

Jyist mostygeHns TAHHBIX 00 yIAJIEHHOM IIPUOOPE U BO3MOXKHOCTHU BKJIIOYE-
nua pexuma «IILmeitd» cremyer:
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1. TloakmounThs puOOp K CETH.

2. Boibparh mopT, ¢ KOTOPOTO OYIAET OCYIIECTBIATHCS Mepeaada JTaHHbIX
(A/B/ABromarndeckn). Ecin npubop mOIKIIIOUEH K CeTH U yCTAHOBIIE-
HO 3HaYeHMEe « ABTOMATHYIECKN», BLIOOD MTOPTA IPOU3BOJINTCST ABTOMATHU-
YECKH:

— ecsu opr A u mopr B mHaxongrca B onguoii ceru (T.e. cereBble
qactu [P-anpecos, 3aganabrx B MeHio «IlapameTpsr nnrepdeitcosy,
COBIIQJIAIOT), TO JAHHBIE OYIYT OTIPABJSTHCA € TIOpTa Aj;

— ecqu nopt A m mopr B HaxomsdTcs B pasHBIX CETSIX, TO JIAHHBIE
OYyT OTIIPABJISITHCS C TIOPTA, KOTOPBIl HAXOIUTCH B TOI YKe CeTH,
9TO U TECTUPYEMOE yCTPOHCTBO;

— ecyim opt A, mopT B 1 TecTupyemoe yCcTpoiCTBO HAXOJSITCS B pas3-
HBIX CeTsIX, JAHHBIE OyIyT OTIPABISTLCS ¢ mopTa A.

3. B mone «IP-azpec» BBecTu IP-azpec ymaaénnoro ycrpoiicTsa.

4. Haxarp Ha Kiasuity F4 («OGHapykeHne» ).

B ciyuae ycmenmnoro BoimosHeHUst hYHKIIANA HA SKPaH MpUObopa OyIyT BbI-
Bezennl [P-anpec, ums u MAC-azapec ynanénnoro yerpoiicrsa (M. puc. 7.64).
IIyaxT menro «IIlneitd» crameT HOCTYIHBIM JJIs PEIAKTHPOBAHUS.

[ n:ico - Bi——- — 08:18

ET—o6Hapy®eHWe

Mopt A
IP 192.168.222.173
[ nong €

IP
192.168.222.173

00:18:63:00:04:1B

Brarin 2 3 4

Puc. 7.64. I[Ipumep Boimonnenuss ET-o0HapykeHust

VYposenb mueiica BIOMpaeTCs KHOIKAMU:

F1 — ruiouenue/Boikjodenue pexkuma «IIlneiid»;
F2 — prurrodeHue nurelicha KaHAJIBHOIO YPOBHS;

F3 — BrJItOYeHUe Iuielida CeTeBoro ypoBHsI;

F4 — BrJIIOUeHHE IIeiida TPAHCIIOPTHOTO yPOBHSI.

ITpumenwarue: nepedaua dannur ocywecmaanemces no npomoxony UDP.
Ilopm noaywamenn — 32 792. Ilopm omnpasumens — 32 793.
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7.14 Tectst TCP/IP

TecTpl, onmcanubie B JAHHOM pa3jiesie, HEOOXOAUMBI [IPU ITPOBEJICHUH Te-
CTUPOBAaHUS B CETAX, COEPIKAIUX YCTPOICTBA, OCYIIECTBIISIONIIE KOMMYTa~
[IUI0 ¥ MapIIPYTH3AIMIO [IePeIaBaeMbIX JAaHHBIX. C IMOMOINBIO peam30BaH-
ubix B pubope TCP/IP TecToB MOXKHO OOHAPYKUTH MPOBJIEMBI, CBI3AHHBIE
¢ KoHUryparmeit ceru, y0eIuThCsl B CBI3HOCTH KAHAJA MEXKy y3JIaMU CETH,
OTIPEE/INTh MAPIIPYTHI CJIETOBAHUS JAHHBIX, IPOBEPUTH PADOTOCIOCOOHOCTH
U OLIEHUTH 3arPY2KEHHOCTH KAHAJIOB IIePeIavn JTAHHbBIX.

7.14.1 3xo-zanpoc (Ping)

WHcTpyMeHT «DX0-3aI1pOC» UCIOJIB3YETCs JJIsl IPOBEPKHU CBSI3HOCTH KaHa-
Jla MEXKJIY y3JIaMU CETH.

B mporiecce TectupoBanus 3aIaHHOMY Y3JIy CETH IMOCBLIAIOTCS 3aIIPOCHI U
PUKCHPYIOTCST MOCTYIAIONIIE OTBETHI. DTa MPOIEIypa OCHOBBIBaeTcs Ha [P- n
ICMP-1ipoTokoJiax mepecbuiKu JefiTarpaMM U [I03BOJIAET [IPOBEPUTH pabOTO-
CITOCOOHOCTDH KAHAJIOB TIEPeIadn JIAHHBIX U IIPOMEXKYTOIHBIX YCTPONCTB.

JlJist IpOBeIeHUsT TECTUPOBAHUST HEOOXOIMMO:

1. TloakarounTh TPUOOP K TECTUPYEMOI CETH C HCIOJIb30BAHUEM OJIHOTO
IIOpTa B COOTBETCTBHUU CO CXEMOIi, IPUBEIEHHON HUXKE:

Puc. 7.65. BapuanT nogkirouenust 1

ITpumenanue: npubop maxoice moacem 6vims NOOKAIOYEH K
cemu ¢ ucnoav3osaruem 06yr nopmosé (cm. puc. 7.66). Ha-
cmpotiku npubopa 0as 0aHH020 CAYUAA AHAAOZUNHBL ONUCAH-
HBLM HACMPOTKAM OAA 00HO20 MOPMA.
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Puc. 7.66. BapuanT nojkiirouenus 2

2. Ilepeiitu B MeHIO «Ix0-3a1pocy (cM. puc. 7.67). Haxars Ha kiasuiry

F3 («Hacrpoiiku» ).

L] A;100 -~ B:——— - 07:58
Ixo—=zanpoc (192,168,225,190)

Crapt CramHoTURS Hactpoiiku  Coxp. #3arp.

Puc. 7.67. Menio «9xo-3ampocs

q)yHKL[I/IOHaJ'H)HI)Ie KJIaBUIIIM:

F1 («Crapr») — 3aIlycK TecTa.
F2 («Crarucrukas) — mnepexon K kpany «Crarucrukas.

F3 («Hacrpoiiku» ) — nepexon B Menio «Hacrpoitkus.
F

N

(«Coxp./3arp.») — nepexos B MeHIO «Pe3yibraTsl».

3. Hacrpouts mapamerpsl TecTupoBanus B MeHI0 «Hactpoiiku sxo-3ampocas.
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D  A:1000 -  B:1000 - 20 14

HacTporkun sxo—3zanpoca

A
IP agpec 192,168.2.2
Pazmep nakera 56
Konnuecteo 20
Bpema oxupgaHmua 1000
Mayza 1000

A B ABTOMATHHECKH

Puc. 7.68. Menio «HacTpoiiku sxo-3ampocas

ITopT — BBIGOP mOpTa, C KOTOPOro GYOET OCYIIECTBIATHCS Iepefatia
nauabix (A/B/Asromaruveckn).

Eciin 1pubop HOJKIIIOYEH K CeTH M YCTAHOBJIECHO 3HaYeHHE «ABTOMATH-
9ECKH», BHIOOD HOPTA IIPOU3BOIUTC ABTOMATHIECKH:

— ecsiu opt A um mopr B mHaxomgrcs B ogHON ceru (T.e. ceTeBbIe
qactu [P-anpecos, 3aanubix B Meno «Ilapamerpsr maTepdeiicoBy,
COBIIQIAIOT), TO IXO-3AIPOC OyJET OTIPABJIEH C mopTa A;

— ecsim opT A u opt B HaXomATCA B PA3HBIX CETSIX, TO IXO-3AIPOC
OyZeT OTIIPABJIEH C IOPTAa, KOTOPBII HAXOIUTCS B TOM K€ CETH, UTO
U TECTUPYEMOE YCTPONCTBO;

— ecyim opt A, opT B 1 TecTupyeMoe yeTpoiRcTBO HAXOSITCA B pas3-
HBIX CeTsX, 9X0-3aIpoc OyJIeT oTnpasjen ¢ mopra A.

IP aapec — IP-aapec y37a, 1OCTHKUMOCTB KOTOPOTO HEOOXOIIUMO TTPO-
BEPUTD.

Paszmep nmakera — pasmep ICMP-nakera B 6aiiTax.

Kosim4ecTBO — KOJMYECTBO OTIpaBJsieMbix makeros (or 0 mo 9999).
Ecnu Beibpano HysieBoe 3HadeHME, TAKETHI OYIYT OTIPABISATHCS 10 TEX
nop, moka He Oyzer Haykara kiasumia  F1 («Croms ).

Bpemsi oxkugaHust — BpeMsl OXKUJIAHWsI OTBETA Ha 9X0-3a1pOC (B MC).
ITaysa — BpeMsi MeK/Iy OTIIPABKOIl JIByX IOCJIE/IOBATEIbHDBIX 3aIIPOCOB
(B Mmc).

Haxkarp na kiuasuiry ~F1 («Crapry). Haunéres recrupoBanue, B Xoze
KOTOPOT'O Ha 9KPaH OYJIyT BBIBEJIEHBI CTPOKU, COJIEPIKAIINE CJIE LY TOTILY O
uadopMaImio (cjIeBa HAIIPABO):

— pasmep ICMP-nakera;

— IP-azmpec y37ia ceT, OTBETHBIIIETO Ha IX0-3AIPOC;

— TOPSIKOBBIIT HOMEp IIaKeTa;

BpeMsI MeXKJ[y OTIIPABKOI 3aIIpoca U MOJIyIEHUEM OTBETA.
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IIpumep pe3ynbTaTOB TeCTUpPOBAHUS TPEJCTaBIEH Ha puc 7.69.

Ar——— - B:—— - 10:44

Oxo—sanpoc (85,142,45,242)

From 95,142,45,2421 n=l time=h3lh ms
From 95,142,45,2421 n=2 time=h396 ms
From 95,142,45,2421 n=3 time=h370 ms
From 95,142,45,2421 n=4 time=h321 ms
From 95,142,45,2421 n=b time=5415 ms
From 95,142,45,2421 n=b time=5328 ms
from 95,142,45,2421 n=7 time=5470 ms
from 95,142,45,2421 n=0 time=5534 ms
from 95,142,45,2423 n=9 time=5506 ms
From 85,142,45,242; r=10 time=5612 ms
15 packets transmitted, 10 received, 5 packet loss
mindavgsmaxy 5315/54308/0612 ms

i)
2]
o D D o D o oo e

CrapT CraTuoTHsa Hacmpaiikn  Caxp,/3arp,

Puc. 7.69. Pesynbrars! Tecta «DX0-3a1pocs

ITo pesysnbraram TecTupoBanust popMupyerca craructuka (em. puc. 7.70).

B craructuke orobparkaercs wmHMOpPMAIAS O MUHHMAJIHLHOM, CPEIHEM,
MaKCHUMaJIbHOM BPEMEHU MeXKJly OTIIPABKOIl 3allpoca U IIOJIydeHHueM OTBeTa,
a TaKzKe O KOJIMIECTBE IE€PEIaHHbIX, IPUHATHIX, IIOTEPAHHBIX U ITOBTOPHBIX
(¢ OZIMHAKOBBIM MOPSIIKOBBIM HOMEPOM) NAKETOB. 3HAYEHWE B CTPOKE matli-
Maym COOTBETCTBYET KOJINYIECCTBY IIaKETOB, [IJIgd KOTOPBIX BpEMdAd OTBETa Ha
9X0-3AIPOC OBLIO ITPEBBIIIEHO.

[ n:i00 - Bi——— - 10 10
CTaTMCTHKa 3X0—3anpocoB
Bpema oTeBeTa
HMHHHMYM 9 mc
MaKCHMYM 19 mc
cpegHee 10 mc
oTnpaeneHo &
nomyueHo &
notepsiHo O (0%)
MOBTOPHEIE O
Tahmayr 4
CrapT CratHoThra Hactpoiiku  Coxp.#3arp.

Puc. 7.70. Craructuka tecta «JX0-3aIpocs
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7.14.2 MapupyT (Traceroute)

Nncrpyment «Mapmpyt» ¥ ncronssyerca s onpe/iesienus MapIipyToB
CJIeJIOBAaHNUsI JIAHHBIX B ceTsix Ha ocHose TCP/IP. B mpomecce Tecruposanust
YKa3aHHOMY Y3JIy CETH OTIIPABJISIETCS MOCIE0BATE/IHHOCTD JefiTarpamMm, IIpu
9TOM OTOOPAXKAKTCS CBEJIEHUsI O BCEX MPOMEXKYTOUHBIX MapIIpyTH3aTOPaXx,
qepe3 KOTOPBIE MPOIIN JAHHBIE HA IIYTH K KOHETHOMY y3JIy. Takum o0pazom,
uHCTpyMeHT «MapuipyTs 1M0o3BoJIsIeT JUATHOCTUPOBATH JIOCTYIIHOCTH IIPOME-
2KYTOYHBIX IYHKTOB HA IIYTHU IePeJain MOTOKA JAHHBIX B CETH.

st mpoBeieHNsT TECTUPOBAHUS HEOOXONMO:

1. TlopkaounTh TpUOOpP K TECTUPYEMOil CeTH B COOTBETCTBUM CO CXEMOIi,
IIPUBEJIEHHON Ha puc. 7.65.
2. Iepeiitu B Mento «MapmpyT» (eMm. puc. 7.71).

L] A:100 - B:r—— - 07 59

Mapupyr ( 192.168.225.190 )

Crapr Hacrpoiiku  Coxp,#3arp.

Puc. 7.71. Menio «MapipyT»

3. HactpouTh mapameTpsbl TecTupoBaHus B MeHIO « HacTpoliku MapipyTas.

3  A:100 - B:——— - 22 21

HacTponku Mapupyrta

ABTOMAaTHUSCKM
IP agpec 192.168.1.1
Makc, yanoe 30
Pazmep naketa 40
Bpema oxugaHmua 1000

A B ABTOMATHHECKH

Puc. 7.72. Mento «HacTpoiiku MapripyTas

108 Gazosyio kondurypammio me Bxoaut. JIOCTYIIEH MPH JOMOIHATETLHOM 3aKa3€ OIIIIIL.
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ITopt — BBIOOP TOpTa, C KOTOPOrO OYIET OCYIIECTBJISITHCH IIE€PEIATIa
nauabix (A/B/Asromaruyeckn).

Ecin ipubop moJKII096H K CeTH U yCTAaHOBJIEHO 3HadYeHUe «ABTOMATH-
YeCKW», BHIOOD MOPTa IIPOU3BOIUTCI aBTOMATUIECKN:

— ecsiu mopt A u mopr B mHaxongrca B ool ceru (T.e. ceTeBble
qactu [P-anpecos, 3aganabix B MeHio «Ilapamerpsr nnrepdeiicosy,
COBIIQJIAIOT), TO JIAHHBIE OYyT OTIPABIIATHCS ¢ HOpTa Aj;

— ecsim opT A u mopr B HaxomATCs B Pa3HBIX CETHAX, TO JIAHHBIE
OY/yT OTIIPABJISITHCS C IOPTA, KOTOPBIl HAXOIUTCS B TOI YKe CeTH,
YTO U TECTUPYEMOe YCTPOHCTBO;

— ecyim opt A, mopT B 1 TecTupyemoe yCcTpORCTBO HAXOJSTCS B pas3-
HBIX CeTsIX, JIAHHBIE OYILyT OTIPABIATHCS C TopTa A.

IP aapec — IP-azpec y3ia.

Makc. y3JI0B — MakKCUMAJIBHOE KOJIMYECTBO MapIIPYyTH3aTOPOB, KOTO-

poe MOKeT OBLITH IIPOWIEHO TTAKETAMH.

Pasmep makeTa — pa3mep Kajpa B OafiTax.

Bpewms oxkujaHus — BpeMsi, 10 UCTEIEHUH KOTOPOTO Oy/IeT OTIIPABJICH

CcIIe Ty oIui 3anpoc (B ciydae, eciii He IPUIIET OTBET Ha TPe by i ).
4. Haxatp Ha kiaasunty F1 («Crapr» ). Haunéres TectupoBanue, B XoJe

KOTOPOTO Ha 3KPpaH OYIyT BBIBEJIEHBI CTPOKHU, COJIEPIKAIIIE CJIEIYIOILYTO0

unrdopMaImio (CjIeBa HAIPABO):

— HOMED IIPOMEXKYTOYHOTO Y3JIa;
— IP-azipec TpoMeKyTOIHOTO y371a;
— BpeMs OXKHJIAHWS OTBETA.

Ecmu Bpems oxkumanusi OTBETA OT MPOMEXKYTOUHOTO y3JIa MIPEBBICHAIIO
TaliMayT, B CTPOKE Pe3yJIbTATOB OyJIeT BLIBEJIEH 3HATOK «*».
IIpumep pe3yabTATOB TECTUPOBAHUS TPEJICTABJIEH Ha PUC. 7.73

1] A:1000 - B:——— - 19 28

Mapwpyr { 209,85.229.104 )

2 185,131,127.1 3 me
2 10,45,72,1 21 me
4 195,131,241,4 18 ms
5 195,131,252,4 20 ms
B 194.85.177.138 15 ms
7 2E6,239,43,240 41 ms
8 209,85,250,183 58 ms
9 66,249,95,132 B2 me
10 203,85,248,78 B3 me
*

12 209,05,252,83 60 ms
13 209.85.243.81 72 me
14 209,85,229,104 71 ms

CrapT HacTpolikh  Coxp./3arp.

Puc. 7.73. Pesynprarer Tecra «MapmpyTs

Bepxym-ET. Pyxosodcmeo no akcniyamayu
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7.14.3 DNS (DNS lookup)

DNS (Domain Name System — cucrema JOMEHHBIX HMEH) — PACIIPEIEIIEH-
Has 6a3a JAHHBIX, CIIOCODHAS O 3AIIPOCY, COJIEPKAIIEMY JIOMEHHOE UMSI Y3714,
coobmmTh ero IP-ampec. @ynkmusa DNS lookup (momck ma cepsepe mmén)!!
momoraer oOHApPYKUTH omubku B pabore NS-cepBepos.

it TpoBeieHNsT TECTUPOBAHNSA HEOOXOINMO:

1.

GUk N

TloakmrounTe TPUOOP K TECTUPYEMON CETH B COOTBETCTBHUH CO CXEMOIA,
NIPUBEJIEHHON Ha puc. 7.65.

Iepeiitu B menio «DNS» (cMm. puc. 7.74).

B nyukTe mento «IlopT» ykazarh mopt Jjist IpuéMa 1 IIepeJIavu TAaHHbBIX.
B nyHKTE MeHIO «¥Y3e1» BBECTH JOMEHHOE UMsl y3JIa.

Haxkars na kiasumty ~ F1 («Crapry). B nynkre menio «IP» orobpasur-
ca IP-anpec yama.

Ecau IP-azpec onpenenuTs He yaaaoch, B myHkTe Menio «IP» otobpa-
surcst HyJesoit IP-aznpec (0.0.0.0).

IIpumep pe3yabTaTOB TECTUPOBAHUS TPEJCTABJICH HA PUC. 7.74.

3  A:100 - B:—— - 22 30

DNS

L Mop U

Yzen metrotek.spb.ru

IP 0.0.0.0

Puc. 7.74. Mento «<DNS»

ITopTt — BBIOOP MOpPTA JJTst TPUEMA U TIEPEIAYIN JAHHDBIX.

V3ea — numg y3aa, [P-agpec KoToporo meobxoquMo OmpeIe/nuTh.

IP — nonyennblit B pe3yabrare mpoBejienns Tecta IP-agpec y3ma, nms
KOTODPOT'O 33JIaHO BBIIIIE.

1113 6&30By10 KOIICI)I/II‘ypaLH/IIO HE BXOJIUT. ,B;OCTyHIIa OpHu JONOJTHUTEJIHbHOM 3aKa3€ OIIIUH.
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7.14.4 Mouutop ARP-3anpocos

Oyuxiusa «ARP moruTop» mossosisier orciieskuBars ARP-orseTsl, niepe-
JAOIIMECss B CETH, W <«IE€peXBaTbIBATLy» cojepzkamunecss B Hux IP- 1 MAC-
aJipeca cereBbIX ycTpoiicTB. Ha ocHOBaHMM TIOJTy YeHHBIX JTAHHBIX (DOPMUPYET-
cst cIucoK (eM. puc. 7.76).

it mpoBeieHNsT TECTUPOBAHNSA HEOOXOINMO:

1. TlopkmounTs TpUOGOP K TECTUPYEMO CETH B COOTBETCTBUM CO CXEMOIA,
NIpUBEIEHHON Ha puc. 7.65 mam Ha puc. 7.66.
2. Ilepeiitu B menio «ARP monuTop» (cMm. puc. 7.75).

L1 A;100 -~ B:——— -— 08:0%
ARP monuTop {B)

FRP-TabmMua nycta

Cron A

Puc. 7.75. Menio «ARP mouurop»

DyHKIUOHAILHBIC KJIABUIIIN:
F1 («Crom») — 3aBepllieHre TeCTUPOBAHMUSL.

F4 («B»/«A») — mepexon k tabmune IP- 1 MAC-aiapecos st mopra
B(A).
Hazkars na kiaBuity F4 s Beibopa nopra (A wimum B).
4. Yepes nekoropoe Bpemst Haiuuch «ARP-tabsmma mycra» ucdesner u
Ha 3KpaH OyxayT BeiBOoauThCA IP- u MAC-ajipeca cereBbIX yCTPOHCTE.
IIpumep pe3yabTaTOB TECTHPOBAHUS [IPEICTABICH Ha puC. 7.76.

@

Bepxym-ET. Pyxosodcmeo no skcniyamayu



82

IIpoBenenne ananu3za. Perierne TUITOBBIX 33124

] A:100 - B:——— — 00:09

ARP mMonuTop (A)

192,168,222,100  00317:9A:0611C1F8
192,168,222, 156 003231541471 01500
92,168,222.8  O030E:AB:AZ2:BEL4F
192,168,222,7  00313:04:30508:5F

Cron B

Puc. 7.76. 9xpan «ARP monutop»

Ecin xakas-To u3 3anuceil He OOHOBUTCSI B T€UEHUE OJIHOI MUHYTBI, TO
oHa Oy/eT y/iajieHa U3 CIIICKA.

5. s 3aBepiiienns: TeECTUPOBAHUST HEOOXOINMO HAXKATh Ha KJaBuiry — Fi

(«Crom»).

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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7.14.5 TCP-kaueHT

®yuxrust «TCP-knunent»'? nossossier ycranosuts TCP-coeuuenne c

YJIAJIEHHBIM Y3JIOM CETH, IPHHUMATH OT HEro JaHHbIE U [ePE/IaBaTh JaHHbIE
sromy y3iay. C moMoIpio 910# (hyHKIUN Tak»Ke MOYKHO YIIPABIATH YJIAJEH-
HBIM y3710M 110 npotokoiry TELNET.

JlJ1st yCTaHOBJIEHUST COEMHEHNS HEOOXOIUMO:

1. TloakmrounTe IpUOOP K CETU B COOTBETCTBUU CO CXEMOM, IIPUBEIEHHOI
Ha puc. 7.65.
2. Hacrpouts napamerpsor coeaunenus (Menio « TCP-kiuents =
«Hacrpoiikn» ( F4 )):
— BBIOPATH HOPT JJIsl IPUEMA U [IE€PEJAYN JAHHDIX;
— BBecTH jJoMeHHOe nMsa niu [P-aznpec y3ma;

— BBECTH HOMep IopTa (HanboJiee 9acTo UCIOJIb3yeMble HOMEPA MOp-
TOB IIPUBEJEHbI B Tabute 7.4).

1] A:100 - B;——— - 23:51

TCP kmameHT
HacTporkn
[ lopT ]
Yzen metrotek.spb.ru
TCP nopT 80

HTTP
Pain  /index.html

Puc. 7.77. Hacrpoiiku tecra «TCP-kiuenTs

ITopTt — BBIOOP MOpPTA JIJTst TPUEMA U [TEPEIAYIN JTAHHBIX.

V3ea — gomennoe nms wiaa [P-anpec y3ia.

ITopT — HOMEpD HOpTa HA3HAYEHUSI.

®Daitn — uma daitna, comepKuMoe KOTOPOro OyIeT MOKa3aHO B OKHE
pesyibraToB B ciyuae ycrentHoro HTTP GET-zampoca.

3. Orkpbith TCP-coenunenne, Haxkap Ha Kiaasurry F1 («OTKpBITE ).

B cayuae yenemnnoro coeunenust (M. puc. 7.78) MOXKHO BBOIUTH KOMAH b
COOTBETCTBYIOIIETO MPOTOKOJIA, 3allpallliBaTh ¥ cepBepa BeO-CTPAHUIILI.

B ciydae Bo3HUKHOBEHMS TPOOIEM TIPU YCTAHOBIEHUH COEIUHEHUST BHIBO-
auTcst coobrenne 06 omubke. HekoTopbie coobrennst 06 omubKax MpuBeIeHbI
B Tabsuie 7.5.

12B Gazosyio kondurypamuio me Bxoaut. JIOCTYIHA IPH AOTOTHATETHHOM 3aKa3€ OTIIHM.
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Tabnuna 7.4. Homepa nopros nporokosia TCP /TP

Homep nopra (11poTokoJ)

Onucanue

21 (FTP)

MIPOTOKOJI TIepeaatin (aition

22 (SSH)

6e3011acHBIl IPOTOKOJ JIJIsl YAAJEHHOTO yIpaB-
JieHUs1 U niepefadn (aitaos

23 (TELNET)

IIPOTOKOJI JIJIel JOCTYIa K YHOAJEHHOMY CeTeBO-
MYy YCTPOHCTBY

25 (SMTP)

TTPOTOKOJI TIePEJIatn SJIEKTPOHHON MOYTHI

80 (HTTP(WWW))

ITPOTOKOJI, MCIIOIb3yeMblit BeG-Opay3epamMu u
BebO-cepBepaMu JIst niepeiadn hailion

161 (SNMP)

IIPOTOKOJI JIJIs YIIPaBJIeHUs CETEBBIMU yCTPOW-
CcTBaMH

1

Ar———

Bi——o

04 27

TCP KaneHT

connecting to

oonnected

metrotek,spb.ru (192,168,222,104380)

JarpuTe

HTTPGET Hacrpoiikn  Coxp./3arp.

Puc. 7.78. IIpumep

YCIIEenIHOro CoeIMHEeHU A C y3JI0M

Tabmuma 7.5. Ommbku coeguHeHUs

Coobiienue

Onucanue

protocol not supported

MIPOTOKOJI HE TIOJIICPXKUBACTCS

can’t assign requested address

HEBO3MO>KHO Ha3HAYUTDH SaHpOLLIeHHI)Iﬁ aJIpec

network is down

CeTb HEJIOCTYIIHa

network is unreachable

ceTh He paboTaeT

network dropped connection
on reset

YTEPSIHO COENHEHUE C CETHIO

software caused connection

abort

MIporpaMMHOe 00eCIiedeHre BBI3BAJIO PAa3pbIB
COeTMHEHU S

connection reset by peer

y3€eJI pa30pBaJjl COeIMHEHTE

Bepxym-ET. Pykosodcmeo no axcniyamayui
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Tabaunua 7.5. Ommbku coequnenus (npodosscerue)

connection timed out HWCTEKJIO BPEMSI OXKUJIAHUS COEJIMHEHUS
connection refused OTKa3 B COEJINHEHUN

host is down y3€J1 He OTBEYaeT

no route to host OTCYTCTBYET MapUIpyT JI0 y3J1a

st mepenadn BeO-cTpanut ucnoiab3yercs nporokoa HTTP. B stom mpo-
toxoste onpenenén HTTP GET-3anpoc'?. C ero momormsio Bo3MOXKHO HpOBe-
puth, orBevaet qu cepsep Ha HTTP-3ampockr u momyanTsb comep:KuMoe yKa-
3aHHOTO pecypca.

st mosrydenns cojfiepzkuMoro daityia ¢ cepBepa He0OXOIUMO:

1. B okHe HacTpoek Tecta B nose «®Paifin» (cMm. puc. 7.77) ykasaTh umsi
3arpalmBaeMoro gaitna.

2. YCTaHOBHUTDH COEIMHEHUE C Y3JIOM.

3. B okne «TCP kiment» HaxkaTh Ha kinasuiry F2 («<HTTPGET»). Ilpu-
Mep pe3y/IbTaTOB TECTUPOBAHUS IPeJICTaBJIEH Ha pHUC. 7.79.

s Aar—— - B:—— — 16:40
TCP KnueHT

Location: httpi//twiki,ddg binview Bercut

Caontent-Length: 216

Content-Tupe: text/html: charset=i=zc—B859-1

4-Padi awvoid browser bug

<IDOCTYPE HTHL PUBLIC "-//IETF//DTD HTHL 2.0/7EN">
<html><head>

<title>302 Found</titler

</head><body>

<h1>Found<shl>

<p»The document has moved <a href="httpi ' twiki,ddg’
bindviewsBercut"shered/ax < p>

</body><shtml>

JaKpHTE HTTPGET Hactpoiiki  Cowp.#3arp.

Puc. 7.79. IIpumep orsera Ha HTTP GET-3amnpoc

13(I)yHKLH/IH JOCTYIIHA IIPU JOMOJTHATE/IbHOM 3aKa3e OIIUn

Bepxym-ET. Pyxosodcmeo no akcniyamayu
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7.15 Tpan3ur

B pexunme «Tpansur» npubop BKIIOUAETCS B PA3PBIB COEIMHEHUS MEXK LY
JIByMsl ceTeBbIMU ycrpoiicrBamu. Tpaduk, npuxomsmuii Ha mopr A(B) or-
npasssiercst Ha mopt B(A), mpuMep NOAKIIOUeHUs oKa3aH Ha puc. 7.80.

Puc. 7.80. IIpumep nonktovuenus: B pexkume «Tpan3uTs

IIpu mepenate JAHHBIX ¢ TOPTA HA MTOPT OCYIIECTB/ISIETCST COOP CTATUCTHIE-
CKHUX JIAHHBIX O IpoxoisineM Tpaduke. Pesyibrarsl qocTynHbl B MeHo «Cra-
TuCTUKay. [Ipu mojicIére CTATUCTUKY TI0 YPOBHSM TTOBPEXKJIEHHDBIE TTAKETHI HE
YUIUTBIBAIOTCS.

Ecin ckopocTu nepenaun JaHHBIX s HopTa A u ajis nopra B paziumamsr,
BO3MOKHBI TIOTEPHU TIPHU IPOBEJCHUN TeCTUpOoBaHus. lloTepw mpom3oigyT B
TOM CJIydae, eC/u TepeIada BeIETCs ¢ MopTa ¢ OOJBINEHl CKOPOCTHIO Ha MOPT
C MEHBIIIEN.

I A:100 PTH B:1000 PTH 00 26

TpaHzuT

TpaHauT I

Brikn Brn

Puc. 7.81. Menio «Tpansur»

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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7.16 ImarHocTukKa MeaHOro KadeJss

[Tpubop BepkyT-ET 1mo3BoJisieT IpOBECTH JUATHOCTUKY MEIHOTO Kabesis
THIIA «BHUTasl IMapay, M3MEPUB OCHOBHBIE XAPAKTEPUCTUKYU U OINPEJEJIUB €ro
COCTOSIHHE W THIL.

JLJ1st IpOBE/IEHUsT TECTUPOBAHUST HEODXOIMO:

1.
2.

Iepeiitu B Meno «Tecr kabemns» (cMm. puc.7.82).

HoaxuounTs K 1puboOpy TecTUPyeMblil Kabesb/Kabein depe3 pasb-
ém/pasbémbr RJ-45M,

Hazkars na knapunry  F1 («Crapr» ), Iy 9TOM, B CJIy4ae HOAKIIIOYEHNs
JBYX Kabeseit, OyIyT OTHOBPEMEHHO MPOTECTUPOBAHDbI 00a nHTepdeiica.
C nomomp kaasum  F2 («A») m  F3 («B») BBIOpaTh MOPT JUIST TIPO-
CMOTDa Pe3yIbTATOB TECTUPOBAHUSI.

st ompenenenust Tuia Kabesst HeOOXOINMO:

Ilepeittu B MerIO «TecT Kabesst».

OiuH KoHer TecTHPyeMoro KabeJist oAKI0InTh K nopry A(B) npuGopa,
npyroit — k nopry B(A).

Haxkare Ha knasumty  F1 («Crapr»).

CpaBHATH pe3yIbTATHl TECTHPOBAaHUsA, 0TOOpakéHHble B cTpoke «Ile-
pekp.» Jyis nopra A u nopra B, u 3HavYeHus, npejcTaBIeHHble B TabJIM-
e 7.6.

0 A:100 - B:—— - 15 30

Tect kagena {A)
Napa 1-2 3-6 4-5 -8
CoCTOSIHME HOpM, HOpM, K.3. K.3.
3aTyx.ab
ucr..m
MNonapH.
Nepexp. MDI MDpI — —

Crapr A B Coxp, #3arp,

Puc. 7.82. Dxpan «Tecr kabess»

MTIpoBeenne TecTa BO3MOXKHO TOIBKO IIPH MOJK/TIONCHHH K AHAIM3IPYEMOMY KaGesio C Hc-
noJib3oBanreM pazbéma RJ-45. SFP-momyu s TectupoBanus He TIPUMEHSIOTCS.

Bepxym-ET. Pyxosodcmeo no skcniyamayuu
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CocrostHuEe — cOCTOgHNE KabeJId:

— TecT — WAET TEeCTUpPOBaHMe Kabesis Ha HAJUYINE HEUCIPABHOCTEIL;

— HOPM. — HOPMAJIbHOE COCTOSIHIE KabeJis;

— O0OpBIB — OTCYTCTBUE COEJINHEHMST KOHTAKTOB BUTON TaphI;

— K.3. — JiBa win 00Jiee IPOBOHUKOB BUTOM Mapbl KOPOTKO3AMKHY ThI;
— ¢0O0if — HEBO3MOXKHO ITPOBECTH TECTHPOBAHUE.

3atyx. 1B — 3HavYeHUWe 3aTyXaHUsl CUTHAJIA.
duct. M — paccrosinne 10 0OHAPYKEHHOTO JeEKTA.
ITonsipH. — MOJISPHOCTD BUTHIX I1ap:

— <+4> — HOJIOKUTEIbHA [OJIAPHOCTD (HOPMAJIBHOE COCTOSTHUE);
— <—> — OoTpHIAaTeJbHast MOJISIPHOCTE (COeMHEHNE JBYX MTPOBOJHUKOB
BUTOM Aphl HA OJHOM KOHIIE OOPATHO MX COEJNHEHUIO Ha JIPYIOM).

ITepekp. — pexum Bkiodenus suTbix map (MDI/MDI-X); suauenns,
BBIBOJMMEIE B cTpOKe «Ilepekp.» MO3BOJISIOT ONpeleuTh THI KabeJs.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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Tabsuna 7.6. Onpejenenne Tuma Kadesst

Ckopocts 1° ITapa 3uaueHue B | 3HaueHne B | Tun kaGemnsi
CTpOKe «Ile- | crpoke «ITe-
PeKp.» [JISI | pEKP.» ISt
nopra A nopra B
1-2 MDI MDI [IePEKPECTHBII
3-6 MDI MDI
4-5 — —
7-8 — —
1-2 MDI-X MDI-X IePeKPECTHBII
3-6 MDI-X MDI-X
4-5 — —
7-8
10/100 1-2 MDI-X MDI IIPAMOIL
3-6 MDI-X MDI
4-5 — —
7-8 — —
1-2 MDI MDI-X MPSIMOiL
3-6 MDI MDI-X
4-5 — —
7-8 — —
1-2 MDI MDI IIePeKPECTHBII
3-6 MDI MDI
4-5 MDI MDI
7-8 MDI MDI
1-2 MDI-X MDI-X IePEeKPECTHBII
3-6 MDI-X MDI-X
4-5 MDI-X MDI-X
7-8 MDI-X MDI-X
1000 1-2 MDI-X MDI MPSIMOit
3-6 MDI-X MDI
4-5 MDI-X MDI
7-8 MDI-X MDI
1-2 MDI MDI-X TIPAMOTL
3-6 MDI MDI-X
4-5 MDI MDI-X
7-8 MDI MDI-X

15Ckopocts nepeaun nannbx ais nopra A u nopra B (B M6ur/c) samaéres B memo «Ilapa-
MeTpbl HHTEPdEicoB>.

Bepxym-ET. Pyxosodcmeo no akcniyamayu
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7.17 BERT

BERT (Bit Error Rate Test) — rect, 103BOJISIONMI ONPE/IETUTH OCHOB-
HOIl OUTOBBII IOKa3aTeJ b KauecTBa KaHasua — «bit error rate» (koaddurment
GUTOBBIX OMHUOOK), T.€. OTHOIIEHHE YHCJIA OIMUOOYHBIX OUT K OBIIeMy KO-
JINYIECTBY TepeJIaHHbIX OMT. VI3BecTHAsi HA IPUEMHOM U IEPEAIONIEM KOHIE
OmHApHAs [TOCJIEI0BATEILHOCTL ToMernaercs B Ethernet-kanp, koropsrii me-
pemaéress B dusndeckyio cpemy. Ha mpuéMHOM KOHIE IOCIEI0BATEIHHOCTH
CPaBHUBAETCS C MCXOIHOMN, W BBIYUCIAETCS KOIPPUITUEHT OUTOBBIX OIIHOOK.
st mopkmiodenuss K TDM-cetn ucnosrb3yercss KOHBepTep UHTEPdEcoB, Ko-
TOpBIi ocyIecTBiseT Ipeobpasosanne Tpaduka nakerHoit ceru (Ethernet) B
Tpaduk, nepemaaeMblii B TDM-ceTsix.

TectupoBanme MOXKeT OBITH PEAJU3OBAHO HA UETHIPEX YPOBHSX MOJIE-
an OSL

Ha ¢dusumgeckom ypoBHe HaHHbIE OTIPABISIOTCS YACTAMU C OIIPEIEIEH-
HBbIM MeXKKaIpoBbiM uHTepBasioM (IFG — Interframe Gap). B arom ciyuae
recrupoBanue nposoauTcs ¢ nopra A (B) wa mopr B (A) (em. puc. 7.93) wim
ucnosbsyercs Gynkiuus «lneitd» (em. puc. 7.94).

TecToBast Koutp. TecToBast KoHTp.
MOCJICIOBATENBHOCTh |CyMMa ,IFGl MOCJIEIOBATENBHOCTE | CyMMa

Puc. 7.83. Kagp dusudeckoro ypoBHs

Ha kananbHOM ypoBHe K janabiM gobasisiercss Ethernet-zarosiosoxk,
9TO MO3BOJISIET [E€PEJIaTh TEeCTOBBIE ITAKETHI Yepe3 CeTh, KOTOPas COJEPIKUT
ycrpoiictsa, paboratorue Ha BTropoM ypoere Mogesn OSI (Hanpumep, ceTesoit
koMMyTaTop (switch)). Crocobe! oaKIIFOUeHNs TPUOOPa K TECTUPYEMOIt ceTn
MmoKazaHbl Ha puc. 7.95, 7.96, 7.97.

MAC- TecroBas Kowutp.
3aroJI0BOK II0CJIEI0BAaTE/IbHOCTD CyMma

Puc. 7.84. Kagp KaHaJIbHOTO YPOBHS

Ha cereBoM ypoBHe jannbie nmomerniaiorcs B [P-maker, a 3arem — B
Ethernet-kap. 9To mo3BoJIsSIET TIEPEATH TECTOBBIE MTAKETHI Yepe3 CeTh, KOTO-
pasi COJIep:KUT yCTPOoiicTBa, paboraloniue Ha KaHAJBLHOM M CETEBOM YPOBHSIX
(ranpuMep, ceTeBoit KOMMyTaTOp, MapimpyTusaTop (router)). Crocobsr 1o~
KJIFOUeHUsT Tpubopa K TeCTUpyeMoil ceTu moKasaHbl Ha puc. 7.95, 7.96, 7.97.
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MAC- 1P- TecroBast Kontp.
3aroJIOBOK | 3ar0JIOBOK | [10CIEIOBATEIBHOCTH cyMmma

Puc. 7.85. Kaap cereBoro yposmst

Ha TpancniopraHoM ypoBHe dopmvupyercs Ethernet-kaap, comepxxkarmmii
IP- u UDP-3aro/ioBok, 4To mO3BOJIAET NEPEJIATH TECTOBYIO TOCJIEIOBATEIb-
HOCTb(3HCHOHB3OB&HH6NITpaHCHOpTHbD(HpOTOKOHOB.(]HOCO6BIHOJKJHOH€HHH
npubopa K TeCTUPyeMOil CeTH MOoKa3aHbl Ha puc. 7.95, 7.96, 7.97.

MAC- 1P- UDP- Tecrosas Kowurp.

3aroJIOBOK 3aroJIOBOK | 3aroJIOBOK (ITOCJICA0BATCIIBHOCTL( CymMMa

Puc. 7.86. Kajsip TpancropTHOro ypoBHst

W A:1000 - B:1000 - 11 45

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

EITs 2,587e+05
EBITs ©0.000e+00 BER ©0,0002+00

Lss o %LSS 0,000
Los o #LOS  0.000

CrapT Coxp,+3arp,

Puc. 7.87. 9xpan «BERT»

ET — Bpewms, mporesiinee ¢ Ha9aIa TECTA.

RT — Bpewms, ocrasimeecs 10 OKOHYAHUS TECTA.

BITs — xoyim4ecTBO IPUHATHIX OUT.

EBITs — kom4ecTBO OMUOOYIHBIX OUT.

BER — orHomnienne KojaudecTBa ONUOOYHLIX OUT K OOINEMY UHCJIY IPH-
HATHIX OUT.

LSS — Bpems, B TedeHne KOTOPOTO HADIIOAAIACH TTOTEPST CHHXPOHU3AITNAN
TECTOBOM TI0CJIEI0BATETLHOCTH.

%LSS — orHOImEHne BpeMeHH, B TedeHre KOTOPOro HabIoAaIach IOTepst
CHHXPOHU3AIUU TECTOBON IIOCJIEJIOBATEILHOCTH, K BPEMEHH, IIPOIIE/IIEMY C
Hadaja TecTa (B IPOIEHTaX).

LOS — Bpewms, B Tedenne KOTOPOrO CUTHAJ OTCYTCTBOBAJ.

%LOS — oTHOIIEHNE BPEMEHH, B TE4eHIE KOTOPOTO CUI'HAJ OTCYTCTBOBA,
KO BPEMEHH, [IPOLIE/IIEMY ¢ HadaJia TecTa (B MPOLEHTAX ).

Bepxym-ET. Pyxosodcmeo no akcniyamayui
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Hactpoiiku — mepexon B mento «Hactpoiiku BERT ».

ITpumevwarue: LSS smo cocmoanue omcymemeus CuHTPOHU3a-
YU € NPUHUMGEMBIMY JGHHDMU, NPYU KOMOPOM HEM B03MONCHO-
cmu oyenusamsd napamemp BER. Bo3mooichvie npuiurvs omcym-
CMBUA CUHTPOHUZAUUL:

— necoomeemcemeue mecmosux nocaedogamenvrocmets (Hanpu-
mep, Ha npuéme wacmpoena IICIT 2e15, a 6 xanane nepeda-
émea ICIT 2e23);

— KaHaA, 8 KOMOPOoM Nepedaémcs nociedosamesbHocms, ume-
em cauwrom eovicokuli yposenv BER (nopozosoe snaverue
cocmasasem 0,01).

ITpu maxkarun na kiasunty F4 («Coxp./3arp.») ocymecTBisgercs mnepe-
XOJ B MEHIO, B KOTOPOM BO3MOKEH BBIBOJ, HH(MDOPMAIMHA O COXPAHCHHDBIX U3-
Mmepenusx ( F1 ), coxpaHeHue pe3y/IbTaroB U napamerpoB recroB ( F2 ), a
rTakKe 3arpyska ( F3 ) u ymasenue ( F4 ) coXpaHEHHBIX Pe3yJILTATOB U I1a-
PaMeTpoB M3MepPeHHit.

[ToxpobHOE omnucanme MPOIECCOB COXpaHEHUsl W 3arpy3KU JAHHBIX IIPUBE-
JeHo B pazjesne 7.21.

e € A:1000 - B:——— - 11:49

BERT
Hactporkn
2
Tun nocn, [loneba.
Monsz. AABBCCDD
Harpyaka (L2} 100 %
LmrensHocTe  01:00:00
Pazamep kagpa [locToAHHBIA
Kagp 64

Tononorna tecToB
3aronoeck

1 2 3 7

Puc. 7.88. Mento «Hactpoitku BERT»

YpoBensb — Boibop yposHs Mozenun OSI, Ha KOTOpOM OyHeT MpOBOIUTCS
TeCT:

— 1 — dusuvecknit ypoBeHb;
— 2 — KaHAJbHBIN yPOBEHD;

— 3 — ceTeBOil yPOBEHD;

— 4 — TPAHCIOPTHBIN YPOBEHb.

Twum mmocs. — BBIOOD CTAHJAPTHON WJIM 33/1aBAE€MOIl IIOJIb30BATEJIEM Te-
CTOBOH ITOCJIEIOBATEILHOCTH.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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IToab3. — BBOJ, MOJB30BATENBCKON TT0CIETOBATETHHOCTH.
Harpyska (L2) — suauenune undopmarmonnoii (L2) ckopoctu B mporneH-

rax (' F1 ), B k6ur/c ( F2 ) wim B M6ur/c ( F3 ).
JAuTebHOCTD — 3a/laHe BPEMEHN N3MepeHMsl.

Paszmep kazgpa:

— ecym BeIOpano «CrydaiiHblii», TO pasMep KaJpa OyJeT U3MEHATHCS II0
PABHOMEDHOMY 3aKOHY B 3a/IaHHBIX TIpejiesiax (IIyHKThI MeHIo « MuH. Kaap»,
«Makc. Kap» );

— ecam BeIOpaHo «IloCTOSTHHBINY, TO Il TECTUPOBAHUSI OY/LyT HCIOIL30-
BaTbCS KAJPhl, pa3Mep KOTOPBIX 33J1aéTcd B MyHKTe MeHio «Kaap».

Kaap — BBoa pasmepa KaJipa JAHHBIX.
TomoJiorusi TeECTOB — IEPEXO] B MEHIO « TOMOJIOTHsT TECTOBY.

[ A:100 - B:——— - 22:14

Tononorva TecToB

MNopT nepegaun s

NopT npuéma B

flucr. IFP 192.168.1.1

A B [HCT AHLHOHHEE

Puc. 7.89. Menrwo «Tomosiorus Tectos»

C 1OMOIIBIO ITOI0 MEHIO 33IaETCs IIOPT IIPUEMA U IIOPT II€PEIad JAHHbIX.
OzMH ¥ TOT Ke IOPT MOXKET CJIY?KUTb U JIJIsl [IePeIadul U Jjist IPUEMa, JIAHHBIX
(ranpumep, npu ucnonb3osannn dynknun Loopback).

B cay4ae ucnonpzoBannst GyHKIMNI ACHMMETPUYHOIO TECTUPOBAHUST B Ka-
JecTBe TOpTa Iepejiadn,/pueMa Buioupaercs «JlucraHnmonHsbiii> (cM. pas-
Jiet 7.9).

3aroJIoBOK — Iepexo]] B MEHIO «3aroyioBok» (cM. pasjesn 7.6.1).

ITocsretoBaTesbHOCTH, UCIIOJIB3YEMBIE JIJIS TECTUPOBAHNUS, COOTBETCTBYIOT
pekomerganun ITU-T O.150 [7].

Bepxym-ET. Pyxosodcmeo no skcniyamayuu
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Tabauma 7.7. TecToBble mOCIEI0BATEILHOCTH

Tun IIocJjieJ0BaTEeJIbHOCTHA

IIpumenenue (pekoMeHS. )

2e9-1

Mt oupesenenus: omubox (pu mepe-
Jlade JIAHHBIX 10 KAHAJIy CBA3H CO CKO-
pocreio He Gosee 14,4 k6ut/c).

2ell-1

st onipeiesienust OMMOOK M JIZKUTTE-
pa (Ipu nepejade JAHHBIX 10 KaHa-
JIy CBSI3W CO CKOPOCThIO 64 KGuT/C U
64xN x6utr/c, rae N — mesoe aucio).

2el5-1

st oripejiesieHust OIMUOOK U JPKUTTeE-
pa (pu mepesade NAHHBIX 10 JIKHUU
CBSI3U cO cKopocThio 1544, 2048, 6312,
8448, 32064 u 44 736 k6ur/c).

2e20-1

Jia oupezenenus omuboK (1pu mepe-
Jlage IO KaHAJy CBSI3U CO CKOPOCTBHIO
He Gojtee 71 K6uT/C).

2e23-1

st ornpejiesieHust OIMUOOK U JPKUTTE-
pa (pu mepejade NAHHBIX IO JIMHUU
cBsI3U co ckopocThio 34 368 m 139 264
Kbur/c).

2e29-1

2e31-1

Hus onpenesnenus omubok (mpu

nepesiade JAHHBIX HA BBICOKHX CKODO-
crax (6osee 139264 x6ur/c)).

Bepxym-ET. Pykosodcmeo no axcniyamayui
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7.17.1 BERT. Hacrpoiika MPLS

Crek MeTOK Ha Ilepeliady M IpaBuja IpuéMa 3ajatorcs B MeHo «MPLS»:
Hsmepenus = «BERT» = «Hactpoiiku» = «3arojioBok» = «JlomoHure ib-
vOo» = «MPLS».

[ A:ico - Bi——- - 19:17
MPLS
Mpremn

Puc. 7.90. Meno «MPLS»

Ilepenaua — nepexon B MeHIo «CTEK METOK».
IIpuém — mepexon B Mmenio «IIpasmra mpuémas.
Taxke Ha 3KpaHe oToOpaxKkaroTcsa Tekylue HacTpoiiku MPLS.

G A:ico - Bi——— - 19:18

Ctex meTOK

| __Kon—Bo _metox K]
Metka QOQQOQ
MPLS CO5 ©
TTL 128
MeTtka 00000
MPLS CO5 ©
TTL 128
Metka QOO0
MPLS CO5 ©
TTL 128

Brirkn 1 2 3

Puc. 7.91. Menio «Crtek MeTOK»

Koi-Bo MeTOK — BBIGOp KosmuecTBa MeTok (or 1 10 3), KoTopoe Gymer
J00aBJIEHO B I€peIaBaeMbIil TaKeT.

Merka — 3HaveHNE METKH.

MPLS COS — kiracc 06C/IyKUBaHUS TAKeTa.

TTL — Bpems »KU3HU TAKeTa C METKOM.

Bepxym-ET. Pyxosodcmeo no akcniyamayuu
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[ A:ioo - Bi———o — 19:18

MNpaeuna npuema

1
Metka 1 00000
Metka 2 00000
Metka 3 QOQO00Q

Brikn 1 2 3

Puc. 7.92. Menro «IIpasura nmpuémas

Kos-Bo MeTOK — BBIOOP KOJIMYECTBA METOK B IIPUHUMAEMbBIX ITAKETaX.
Merka 1, Merka2, MeTka 3 — 3HadeHNe METKH.

7.17.2 BapuaHTbl TOAKJIIOYEHUS

¢usnueckas cpena (kabein)

Puc. 7.94. Tectuposanue Ha dbusnueckoM yposHe (BapuaHT 2)

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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l

KoHseprep f—> >
nnrepdeiicop P |-+ ].UJ'ICI/ICI)

& - IIaKeT C OIIMOKOil B TECTOBOI 110CIIE0BATEIBHOCTH

Puc. 7.95. TecrupoBanue Ha KaHAJLHOM/ceTeBOM ypoBHE (Bapuant 1)

Ta4yKa KaJpoB

I

nopt A(B) s

O]

Ethernet-cets
switchh — | |
router

el el | B

& - IaKeT ¢ OIMOKON B TECTOBOM MOCIICI0BATEIbHOCTH

Puc. 7.96. TectupoBaHue Ha KaHAJIBHOM /CETEBOM YyDOBHE (BapuaHt 2)

1| mauka kagpos
KOHBEPTE] —
1opt A(B) I/IHTepCl)gHC}())B I ‘ ].HJIEI/I(l)

X - MakeT ¢ OuMOKOW B TECTOBOM IMOCIIEI0BATEILHOCTH

Puc. 7.97. TecrupoBanue Ha KaHAJILHOM/CeTEBOM ypOBHE (Bapuant 3)

Bepxym-ET. Pyxosodcmeo no skcniyamayu
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7.18 IlakeTHBIII NXKUTTEP

Baxxnoit 3amageit npu recrupoBanuu Ethernet-cereil siBisercs onpenedte-
HHE [IAKeTHOrO JKUTTEpa. B coorBercrBnn ¢ meromukoit RFC 4689 (6], na-
KETHBII JPKUTTED — 3TO abCOIOTHAS PA3HOCTH 33JIEPXKEK PACIPOCTPAHEHUS
JBYX IIOCJIEJOBATEIbHO IPUHATHIX IIAKETOB, IIPUHAJIEKAIINX OJHOMY IIOTOKY
JIAHHBIX. DTOT IIapaMeTpP UCIIOJIb3YEeTCs JJIsl OIEHKH BO3MOXKHOCTH CETH IIepe-
JIaBaTh YyBCTBUTEJIbHBIN K 3a/iep2KKaM TpaduK, TaKoil, KaK BHJIEO WA PeUb.

DyHKIHUS aHAIN3a TAKETHOTO JKUTTEPA SIBJISAETCS ormmeit'®.

W n:1000 - B:1000 GEM 12:09
NakeTHA oRATTEP
OTuéT
ET 00;00:;06 RT 00:00:54

PKTs 9.438e+06
000Ps 7.725e+04 X000Ps ©.818
INOPs 9.,361e+06 XINOPs 99,182

<  1ms ¥PKIs 100,000
>= 1 ms %PKTs 0,000

Crapr Cpafk Pacnpegenenue Coxp,/3arp.

Puc. 7.98. Dkpan «Ilakernsrit moxurrep. OTaérs

ET — Bpewms, mporiejinee ¢ HaAYaJIa TECTA.

RT — Bpewms, ocrasieecs 10 OKOHYAHUST TECTA.

PKTs — o0rmee KOM4IeCTBO MPUHATHIX MTAKETOB.

OOOPs — ko/u4IecTBO MAKETOB, IPUHSITHIX HE B TOM IOPSIJIKE, B KOTOPOM
OHM OBLTH OTIPABJICHBI.

%000Ps — KOIMIECTBO MAKETOB, MPUHATHIX HE B TOM MHOPSJIKE, B KO-
TOPOM OHHU OBLIN TIEPEJIAHbI, B IPOIEHTAX OT ODINEro KOJINIECTBA MTPUHATHIX
[TAKETOB.

INOPs — KOIMYeCTBO MAKETOB, IPUHATHIX B TOM K€ MOPSJIKE, B KOTO-
pom onm 661 otnpasieHbl. % INOPS — KoM9ecTBO NAKETOB, TPUHATHIX B
TOM >Ke TOPSJIKE, B KOTOPOM OHU OBLIN OTIPABJIEHBI, B MPOIEHTAaX OT OOIIEro
KOJIMIECTBA TIPUHSITHIX [AKETOB.

< ms %PKTs — KoJn4ecTBo MakeToB (IIPOIEHT OT OBIIEro Yucia Mpu-
HATBIX [TAKETOB), JZKUTTEP KOTOPHIX OB MEHBIIE 3aJaHHOTO II0POra.

>=ms %PKTs — kouuecTBo nakeTos (IPOLEHT OT OBIIEro Iuc/ia Ipu-
HATBIX IIAKETOB), [RKUTTED KOTOPHIX ObLI GOJIbIIE WU DABEH 3aJIAHHOMY I10-
pory.

Hactpoiiku — nepexos B Menio «Ilakerusiit jzxurTep. HacTpoitkms.

16B Gazoyio xorduryparmo me Bxomut. JoCTyIHA IpH JOMOIHATELHOM 3aKa3€ OIIIIHH.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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ITpu nmaxaruu wa kmapunry F1 («Crapr») HaduHAeTCsS OUpEEJIeHUe
J2KUTTEPA [MAKETOB, IOCTYIAIOMNX HA [TOPT, BLIOpAHHBIN B MeHIO «IlakeTHbIit
mxurTep. Hactpoiikuy. [locse 3amycka namepenuit HacCTpOitKu JAHHOTO MEHIO
CTAHOBSTCS HEJOCTYIHBIMHU JIJISI PETAKTUPOBAHUSI.

B cityuae moakiitodenusi mpubopa B COOTBETCTBUAU CO CXEMAMU, IIPEICTAB-
JerHbIMU Ha puc. 7.102 u puc. 7.103, oqHOBPEMEHHO € OIpeseleHueM ITaKeT-
HOI'O JKUTTEpa HAYHETCs IeHepalys TeCTOBOro MOTOKa (CM. pa3zei 7.19).

ITpu naxkarun wa xkiaasuiy F2  («I'paduk») ocymecTsisercsa nepexo K
9KpaHy, COJEpKaIIeMy I'padrIecKoe IPEeJICTABICHAE PACIPEIEICHIS TAKeT-
HOTO JIZKUTTEPA.

7 A:100 - B:——— - 03:41

NareTw, & MakeTHEE axMTTER
ey S SO UPUPPRPOPR

Do 12,5 ZEL0 FTiE B0 GZ.5 TE.0 5745 100.0  iné
LgurTEp. ms|
PacnpedensHue Orusr Cowxp, /3arp,

Puc. 7.99. Dkpan «ITakernsiii mpxurreps (rpaduk)

ITpu naxkarun na kiaasumy F3  («Pacupenesiennes ) ocyinecTsiisercs me-
pexoz K 9Kpamny, cojepzkaiieMy nHMOPMAIUIO O PACHPEIeIeHAN JKUTTEPA.

W A:1000 - B:1000 GEN 14 41
MNakeTHBM ARUTTER
PacnpepeneHne
lxnTTep. . Ms MNakeTn. 4
( 0,000, 0,125) 100,000
4 0.125... 0.250) 0.000
( 0.250, .. 0.375) 0.000
( 0.375... 0.500) 0,000
4 0.500... 0.625) 0.000
( 0.625... 0.750) 0. 000
( 0.790,.. 0.875) 0.000
{ 0.8750... 1,000} 0,000
( 1.000,.. ) 0. 000
CrapT [ Cpadiik Coxp, /darp.

Puc. 7.100. Dkpan «Ilakernsiii jxurrep. Pacupenenenues

Ha skpane orobparkarorcst aBa CTOJIONA: B IEPBOM IPUBEIEHBI TDAHUIIBI
UHTEPBAJIOB, BO BTOPOM — KOJINYECTBO [IAKETOB (B IIPOIEHTAX), [ZKUTTED KO-
TOPBIX IONAJI B OIPEJEIEHHBI HHTEpBAJ. BepXHsis IpaHWIa HWHTEPBAJIA 3a-
naérest B menro «Ilakernsrit mxurrep. Hacrpoiikus u obo3HaueHa Kak «Ilo-

Bepxym-ET. Pyxosodcmeo no akcniyamayu
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por, Mmc». IHTepBas OT Hy/Id JI0 38JAHHOTO ITOPOTa, JIEJIUTCS Ha OIPEJIEIEHHOEe
YHCJIO IOJIbIHTEPBAJIOB; IO pe3yJIbTaTaM TecTa /IS KaKJOTo IOJbIHTEepBaJia
B IIPABOM CTOJIOIE OTOOPAKAETCs IIPOIEHT HAKETOB, JZKUTTEDP KOTOPBIX HAXO-
JIUTCS B 9TUX TIPeJIesax.

ITpu naxkatuu Ha kiaasunty F4  («Coxp./3arp.») NpoucxoauT mepexo] B
MEHIO, B KOTOPOM BO3MOYKEH BBIBOJ[ MH(POPMAIUNA O COXPAHEHHBIX M3MepPEHU-

ax (F1 ), coxpaHeHue pe3yJbTaTOB M mapamerpoB TectoB ( F2 ) a Takxke

zarpyska ( F3 ) u ynasenne ( F4 ) COXpAHEHHBIX PE3YJIBTATOB U APAMETPOB
U3MEPEHUit.

IToxpobroe ommcanme MPOIECCOB COXPAHEHUSI W 3arPy3KMW JAHHBIX — CM.
pazzen 7.21.

o A:100 - Bi———— - 11:30

MakeTHwin gxMTTEP
Hactponkn
A
Mopor.mc 100
LmrensHocTe  00:01:00

TecToBHA MOTOK

Puc. 7.101. Memnio «Ilakernsiit mxurrep. Hactpoitkm»

Ilopt mpuéma — BBIOOpP MOPTA, HA KOTOPOM OYJIET IIPOUCXOIUTH U3Mepe-
HUE JRKUTTEPA.

ITopor, Mc — MOPOroBoe 3HaYEHUE JPKUTTEPA.

AU TeTbHOCTh — BpeMsI M3MEPEHNUsT JKUTTEPA.

TecToBBIlI TIOTOK — TIEPEXOJ B MEHIO « 1eCTOBBIi TTOTOK».

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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7.19 TecToBBIN IIOTOK

OyHKIMS TeHePAIUHA TECTOBOIO MOTOKA IIPUMEHSIETCS IPU U3MEPEHUH I1a-
KeTHOro jruTTepa. CylecTByeT BO3MOXKHOCTh NeHEPAIMA TeCTOBOTO MOTOKA
U U3MepeHMUsl TAKETHOTO JRKUTTEPa Ha OJHOM mopTy (cM. puc. 7.102), a Takxke
reHepaIiN TECTOBOTO IMMOTOKA Ha OJHOM TIOPTY U U3MEPEHUS MAKETHOTO JIXKHUT-
Tepa Ha apyrom (cm. puc. 7.103), npudém mopT npuéMa MOKET PACIOIaraThest
Ha ymajaéHHOM mpubdope, cM. puc. 7.104.

[Tocsne Bk/IIOYEHUS reHEPAIINN TECTOBOTO IIOTOKA HACTPONKHU MEHIO CTAHO-
BATCH HEJOCTYIHBIMU JIJIsI PEJIAKTUPOBAHNUS.

Cxema 1

Puc. 7.103. Usmepenue jxkurrepa. Cxema 2

Bepxym-ET. Pyxosodcmeo no akcnAyamayu
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TeHepanus TeCTOBOI'O IIOTOKa

Puc. 7.104. Uzmepenne jukurrepa. Cxema 3

L A:1000 — Bi——— - 02:02

TecToBHA MNOTOK

Brikn
MopT nepegaun A
AMTensHoCcTE  00:01:00

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

Brarin Brn

Puc. 7.105. Menro «TecToBblil IIOTOK»

OTnpaBKa — BKJIIOYEHUE/ BBIKJIIOUEHUE MEHEPAIMH TECTOBOIO IIOTOKA.

IlopT mepegadm — BBIOOP MOPTA, C KOTOPOTO OyIEeT MPOUCXOAUTH T'eHe-
parus Tpaduka.

JJmmTebHOCTh — BpeMsl, B T€UeHne KOTOPOro OYJIeT MPOUCXOUTh TeHe-
parust Tpaduka.

Harpyska (L2) — 3nauenue undopmarmonnoii (L2) ckopoctu B poneH-
rax (' F1 ), B k6ur/c ( F2 ) wum B M6ur/c ( F3 ).

Pasmep kagpa:

— ecyn BeIOpano «CiydaiiHbIily, TO pa3mep Kajpa Oyaer U3MeHSIThCs 110
PABHOMEPHOMY 3aKOHY B 33JJaHHBIX Opeeaax (IyHKThl MeHIo « MuH. Kajap»,
«Maxke. Kap» );

— ecymi BoIOpano «IlocTosiHHBINY, TO [JIT TECTUPOBAHUS OYIYT HUCIOIb30-
BaThCA KaJIPbl, pa3Mep KOTOPBIX 3aJaéTcsd B IIyHKTe MeHI0 «Kamp».

Kanp — pasmep kajipa (so6oe 3Hadenue B upeesnax ot 64 qo 9600 Gaiir).
3aroJI0BOK — I1epexoj] B MEHIO «3aroJIOBOK».

ET — Bpewms, mnporiejinee ¢ Hadaja reHepanun Tpaduka.

RT — Bpewms, ocraBimeecs J10 3aBepIlieHns TeHepaluu Tpaduka.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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7.19.1 Tecrossiit morok. Hacrpoiika MPLS

Crek MeTOK jisi TecTUpOBaHUs 3a/aércss B MeHIO «CrTek MeToK»: M3-
meperus, = «TecroBblii MOTOK» = «3arojioBok» = <«/lomosiHuTebHO> =
«MPLS».

M nA:i00 - Bi—— — 19:54

CTek MeTOK

Kon-Bo MeTOK

1
MeTtka 10000
MPLS CO5 ©
TTL 128
Metka QOO0
MPLS CO5 ©
TTL 128
MeTtka 00000
MPLS CO5 ©
TTL 128

Brarin 1 z 3

Puc. 7.106. Mento «Crexk MeTOK»

Kou-Bo meTok — BbIGOp KosmmyecTBa MeTok (or 1 10 3), Koropoe Gymer
JI00ABJIEHO B TIEPEIABAEMBIIl ITAKET.

Metka — 3HaYeHNE METKHU.

MPLS COS — kJjiacc o0C/Iy>KUBaHUsI IIAKETA.

TTL — Bpemd KU3HU TAKETa C METKOI.

Bepxym-ET. Pyxosodcmeo no akcniyamayuu
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7.20 Crarucruka

JIJtst IepeKJTII0UYeHsT MeXKTy 9KPaHAMU WCIOIb3YHTe KJIABUIINN @/@
wm F2 / F3
ITpu naxkarnu wa kiaasumty F1 («C6poc») npoucxoqur c6poc CTaTUCTU-

KH.
Bo Bcex skpanax, kpoMe skpana «CTaTHCTHKA», TPU HAYKATAU HA KJIABH-

nry F4  npoumssogures BbiGOp nopra (A, B).

7.20.1 CpBogHas CTATUCTHUKA 110 ABYM HOPTAM

1 A:100 - B:;——— -— 03 02
CraTucTHKa

MopT A MopT B
Ex kagpwn 20 28541892
Tx kagpn 29968424 22
Rx GaiTh 2592 1826681766
Tx GaknTh 1917980744 1408
Ex Kéurt/c 0 o]

CBpoc (3 >

Puc. 7.107. Dkpan «Crarucrukas

Rx kaJpbl — KOJIUYECTBO NMPUHATHIX KAIPOB.
TxX KaAPbI — KOJUIECTBO IIEPEIAHHBIX KAIPOB.

Rx 6aiiThl — 9nc/o NpuUHATHIX 6AHTOB.

Tx 6aliTbl — YUCJIO TIepeJaHHbIX OAUTOB.

Rx K6ur/c — undopmanus o Tekylieil Harpy3ke Ha NPUEMHON dacTu

nopra.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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7.20.2 CrarucTuKa mo TUIaM KaJIpoB

W A:icd - Bi———- - 11 32
CtatmcThka no Tunam kagpos (A)
TMN REx Tx
Broadcast 288 138
Multicast =] 0
Unicast 2578 1417864479
Pause o] 0

Chpoc <4 bl B

Puc. 7.108. Dkpan «CraTuctuka mo TAIAM KaIpOB»

Broadcast — xa/pbI ¢ MUPOKOBEIATEBLHOI aIpecariueii.
Multicast — kajpsl ¢ rpymmnoBoii ajgpecarueii.

Unicast — xaJpbl ¢ eJUHUYHOI aapecariieii.

Pause — kazpbl maysnl.

Rx — umcso npuHATHIX KaIpoB.

Tx — uncio mepegaHnHbIX KapoB.

7.20.3 Crarucruka 1o pasmepam KaJapoB

WO A:ioo - Bi———o - 11 33
Crtat. no pasmepam kagpoes (A)
pasmep Rx Tx
< 64 o] 0
64 1377 1307113894
65, .127 125 22
128, .255 38 78080423
256, .511 27 22254083
512,.1023 3 7231975
1024, 1518 o] 3051007
> 1518 [+ 133226

Chpoc <4 e B

Puc. 7.109. Dkpan «CraTucTuka 10 pasMepaM KaJpOB»

pasmep — pasmep Kajpa (B Gaiitax).
Rx — uncio mpuHSTHIX KaJIpoB.
Tx — 4YucJio nepejaHHbIX KaJIpPOB.

Bepxym-ET. Pyxosodcmeo no skcniyamayuu
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7.20.4 CraTtucTuKa M0 YpPOBHSIM

O A:iod B:——— - 11:33
Ctatuctuka no ypoeHsm (A)
ypoe. REx Tx
2 3028 1417864721
3 1493 1417864337

Chpoc <4 bl B

Puc. 7.110. 9xpan «CrarucTuka mo ypoBHIM>

ypoB. 2 — kommuecTBo npuHATHX (RX) n nmepenanmbix (Tx) kaapos Ha
KaHaJbHOM ypPOBHE.

ypoB. 3 — kojmdecTBo npuHarbix (Rx) u nepemanmbix (TxX) xaapos Ha
CeTeBOM YPOBHE.

7.20.5 CraTtucTukKa: onmmbKMN KaapoB

O A:iod - Bi——— - 11:34
CtatucTuka: ownbGkm kagpoe {(A)
Rx
CRC [s]
Runt [s]
Jabber [+

Chpoc <4 bl B

Puc. 7.111. 9xpan «CrarucTuKa: OIMMOKN KaIpOB»

CRC — KOJIM9€eCTBO MPUHSTHIX KA POB, MMEIOIIIX OMIMO0THYI0 KOHTPOJIb-
HYIO CYMMY.

Runt — kosmmdecTBO NMPUHATHIX TAKETOB JAHHBIX JIMHON MeHee 64 GaifT
C IPaBUJIBHOU KOHTPOJIBHON CyMMOM.

Jabber — konmdecTBO IPUHATHIX AKETOB JAHHBIX padMepom Oosee 1518
6aiiT, UMEOINX HENPABUJIBHYIO KOHTPOJIBHYIO CYMMY.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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7.21 CoxpaHEHHbBIE JJAHHBIE

Mento «PesyapraTbly CiryKuT Ajis mpocMoTpa HHMOPMAIMH O COXPAHEH-
HBIX u3MepeHusx ( F1 ), 1yist coXpaHeHUsl Pe3yJbTaToB (B TOM 4YUCIE W CTa-
THUCTUKHN) U TapameTpoB TecToB ( F2 ), a takke jyig 3arpy3kn ( F3 ) wim

yhaserus ( F4 ) cOXpaHEHHBIX PE3yJIbTATOB U APAMETPOB U3MEPEHUIl.

ITpumevarue: nassarue mecma 0mobPadN}CaEMCA 6 3a20A06Ke
mento «Pesyavmamors. Hanpumep, npu coxpanenuu,/3aepyske/yoarenus
PE3YABMAMOE MECNA «DTO-3ANPOCH 8 3G20A08Ke MEHIO 0MOdPa-
orcaemes Haonucy «Pesyavmamu (Dxo-zanpoc)s.

o] A:;100 - B;——— - 13 35
PeayneTate (3xo-zanpoc)
WMA zanmcu BpemAa coxpaHeHWA
il ip —— i ——i——i——
2 trace 16—-10-2009 14:00:25
3 e it
4 cable ——i—im——— ——i——i—
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 pJ 16-10-2009 14:00:55
9
10
WHbopmMawHa Coxparute JarpysuTe Ypanute

Puc. 7.112. Mento «Pesynprarsrs

st mpocMoTpa moapobHO#t nHMOPMAINN O 3aMUCA HAXKMUTE Ha, KJIABHU-
Ly F1

M A:100 - B:——— - 15:26

WHpopMaumsa © 3anucu

WA zammcut  test
BpemA cospanera;  16-10-2009 15325154

Hauano KoHey,
FFC-2544  16-10-2003 14:03:35 16-10-2003
[BERT 16-10-2009 14314724 16-10-2009
PI 16-10-2009 14316106 16-10-2009
CTR 16-10-2009 14117137 16-10-2009 14117150
TecT KabenalE-10-2009 14:01:28 16-10-2008 14:01:33
[Fwo—sanpoc ——
Mapwpyr
TCP kdenT ——

Puc. 7.113. Mento «Nudopmarius o 3amucus

JlJ1st coxpaHeHusT JAHHBIX:

- BI)I6epI/ITe HOMED, 1104 KOTOPBIM XOTUTE COXPAaHUTH U3MEPEHUI;

Bepxym-ET. Pyxosodcmeo no akcniyamayu
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HaXXMuUTe @,

— BBEOUTE UM 3aIIHCH;

— HaXXKMHUTe @;

Haxkmure F2 («CoxpaHuTh» ).

Jis 3arpy3Ky COXpaHEHHBIX PE3Y/IbTATOB M3MEPEHUil U I1apaMeTpoB Te-
CTOB:

— BBIOEPUTE HOMED 3AIUCH;

— Haxkmure F3  («3arpysurbs).
It ynasmeHust COXpaHEHHBIX PE3yJIbTATOB U3MEDEHMIL:

— BBIOEpPHUTE HOMED 3aIUCH, KOTOPYIO XOTUTE YIAJNATH;

— Haxxmure F4  («YgamuThs).

— maxxmure F3 («a»).

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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7.22 IlapameTps! ceTn

[ m] A:100 - B:—— -— 02 40

NapamMeTps ceTH

L TopT I}
DHCP Bkn

IP agpec 192.168.222.179
Macka nogcetn 255,255,255.0

W=  192.168.222.100

DNS 192,168,222,100

MPLS Bkn

A B LAN

Puc. 7.114. Memnto «ITapamerpsr ceTm»

ITopt — BBIGOD nopTa (A, B min LAN) st HacTpoiikm.

DHCP — upu Brirouenun sroii dyakmun [P-ajipec mopra, macka mozce-
tu, [P-agpec nutoza u [P-anpec ysia, koropsrit comepxkut 6a3y DNS, OymxyT
npemocrasyenbl Tectepy cepsepom DHCP aBromarunaeckmn.

IP-aapec — IP-aapec mopra.

Macka moaceTu — omnpejensieT, Kakas JacTb [P-azpeca, yka3aHHOTO B
[IPEBIILYIIEM IIYHKTE, OTHOCUTCS K aJIPECy CEeTH, a KaKas — K aJpecy y3Jia B
CeTH.

ITmro3 — IP-ampec mutro3a.

DNS — IP-azpec y3sma ceru, KOTOpbIit cojep:kut 6a3y manabrx DNS.

MPLS — BrinoueHnue,/BbIK/IIOYEHHE BO3MOYKHOCTH OTIPABKH HAKETOB C
Merkamu it IopToB A u B (st mopra LAN MPLS He nojzepusaercst).
TIpu BoIGOpe 3HAaYeHus «Bbikiay» nyHkr Menio «MPLS» (Menio «ITapamerpb
uHTepdENRCcOoB» ) CTAHOBUTCS HEIOCTYIHBIM JJIs PEJIAKTUPOBAHUI.

ITpumewarue: IP-adpec warsa u IP-adpec ysaa cemu, xomo-
puili codepotcum 6a3y dannwvir DNS, 3adaromesa meszasucumo 0as
KxaxHcdo20 Nopma.

Bepxym-ET. Pyxosodcmeo no akcniyamayui



110 IIpoBenenne ananu3za. Pererne TUITOBBIX 33129

7.23 Ilapamerpsl nuarepdeiicon

N A:100 F - B:———— - 00:13

MNapaMeTpw WMHTepPperCcOB

MopTt A
CoctoaHue EBkn

[ AETOCOr A,

lynnekc MNonypynnekc
MAC agpec 00:21:CE:08:46:61

YLAN
MPLS

AsTOCOrN. 10 100 1000

Puc. 7.115. Mento «ITapamerpsr nuarepdeiicoBs»

IlopT — BBIOOP TIOPTA JIISI HACTPOUKH.

Cocrosinue — BBLIKJIIOUEHUE / BKIIIOUEHNE MOPTa (BLIK/IIOUYEHAE HEUCIO b=
3yeMOro [opTa IIO3BOJISIET YKOHOMUTH 3apsiyi barapen).

CKOpOCTh — BBIOOP CKOPOCTH Tepeaatin JaHHbIX.

Ecmn Boibpano 3uadenne « ABTOCOTJI.», TO MPOUCXOIUT aBTOMATUIECKOE
OTIpe/JieJIeHne CKOPOCTU COEJIMHEHUsI U PeXKuMa Jryrjiekca. [Ipu 3ToM myHKT
MeHIO «/lymiiekc» craHOBUTCSI HEJIOCTYIIHBIM JjIsl PEJAKTUPOBAHUSI.

ITpumevanrue: ecau ydasrérnnoe ycmpoicmso ne noddepacusaem
DPENHCUM ABMOCOZAACOBANUSA, ONA ONPEJEACHUS CKOPOCTNU COLOUHE-
HuA 6ydem ucnoavsosan memod «parallel detection functions [9].

B ciyuae, Korja cKOpOCTb 33/1a6TCsI BPYyIHYIO, HA 000MX KOHIIAX COEJIUHEe-
HUs CJIeJIyeT BbIOpATh OJIMHAKOBBIE 3HAYEHUS CKOPOCTH U PEXKUMA JYTIIEKCA.
YcraHoB/IeHHbBIE 3HAYEHHs 0TODPAZKAIOTCs B CTPOKE craryca (eM. pasmuedt. 6.3).

yrmiekc — BeIOOp pexRuMa, IyILIeKca.

MAC aapec — MAC-anpec nopra (A, B usm LAN), napamerpsr Koro-
POro HACTPAUBAIOTCS ' .

VLAN — nepexon B menio «VLAN» (em. puc. 7.15).

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

ITpumewarue: 6 cayvae ucnorvdosanus SFP-modyret ckopocmo
nepedauu dannoir 6cezda yemanasausaemes pasnot 1 I'6/c.

TIpn nasxarun na knasunry  F1 (3asosickoit) B kauecrse MAC-ajpeca mojicTaBisercs 3a-
Boackoit MAC-aznpec npubopa, ykasanubiii B MeHto «Indopmanmss.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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mn Ar—— - B:—— - 08 46

MPLS. WHTepperc A

Mpuem

Aapec LSR: 100,100,100,100

Metka COS S TIL
Crer Ha nepegaqy: 40000 O 1 128
MNogceTtes 20,20,20,20/255,255, 255,0

MeTki Ha mpuemy | 20000 |
MNpuHumaTe WULL: Beka

Puc. 7.116. Mento «MPLS. Nurepdeiic A»

Ilepenaua — nepexon B menio «Ilepenatias.
IIpuém — nepexon B mento «IIpaBuia mpuémas.

Tak>ke Ha sKpaHe orobpazkaiorcs mapamerpbl MPLS, 3amannbie B MeHIO
«IIpuém» u «Ilepemaaas.

D A:ico - Bi——— - 2355

Nepepava
[TTonel= i 192.168.1.1

Mpaeuno Bkn
IP nogcetmn 192,168.1.0
Macka noacetn 255.255.255.0
CTek MeTOK

Puc. 7.117. Memnto «Ilepenatas

Anpec LSR — IP-aapec unTepdeiica MapiipyTu3aTopa, OCyIleCTBIIsO-
IEr0 KOMMYTAIIMIO IT0 MEeTKaM, K KOTOPOMY IOJIKJIFOYeH TpUdop.

IIpaBusio — BKJIOYeHNE/BBIKJIIOUEHNE IPABUIIA HA OTHPABKY MAKETOB B
[I0JICETh, IIapaMeTPhl KOTOPOH 3a1al0TCs HUXKE.

IP nmoaceru — IP-aapec mojcern.

Macka moaceTn — MacKa IOJCETH.

Crek MeTOK — mepexoj B MeHIo «CTeK METOK».

Bepxym-ET. Pyxosodcmeo no akcniyamayui
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R A:100 - B:—— —  23:57

CTek MeTOK

3
MeTtrka 10000
MPLS CO5 ©
TTL 128
MeTtka 20000
MPLS CO5 ©
TTL 128
Metka 30000
MPLS CO5 ©
TTL 128

Brikn 1 2 3

Puc. 7.118. Mento «Ctek MeTOK»

KoJui-Bo MmeTok — BBIGOD KosmyecTBa MeTok (ot 1 10 3), koropoe Oyzmer
J00ABJICHO B MEPEIABACMBIil TTAKET.

MetKka — 3HaUeHUE METKU.

MPLS COS — kiacc 06CIyKUBaHUs TAKeTa.

TTL — BpeM# »XU3HU [TaKeTa C METKOM.

H  A:100 - Br——— - 12 19

MNpaBuna npuema

Kon-Bo metok ML
v

Metka 1
Metka 2 0O
Metka 3 ©

Brikn 1 2 3

Puc. 7.119. Memnio «Ilpasuna npuémas

KoJi1-BO MeTOK — BBIOOpP KOJTUYIECTBA METOK B ITPUHUMAEMBIX MTAKETaX.
Merka 1, Metka 2, MeTka 3 — 3HayeHue METKH.

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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7.24 Hactpoiiku nmpudopa

7.24.1 Hactpoiika aucnies

HE  A:1000 LAT B:100¢ LAT 00:01

lucnnen »n np.

»

Apkoctb wHank. W 14
Moaceetrka W 18
UeetHocT [ 20

s

3eyK KnaBvu Beikn

MM

LCD aBToBMKA DBmkn
ABTOBHKAWYeHMe Buikn

Puc. 7.120. Mento «Iucneit u up.»

fIpKocTh MHAWK. — U3MEHEHUE SPKOCTU CBETO/MOJIOB.

SpKOCTh — U3MEHEHNE SIPKOCTHU TOJICBETKH SKPaHA.

IlBeTHOCTH — M3MEHEHUE IIBETHOCTU M300PAXKEHUSI.

KoHTpacTHOCTb — M3MeHeHne KOHTPACTHOCTH N300parKeHus.

3BYK KJIABUII — BKJIIOYEHNE /BbIKJIIOUCHUE 3BYKA HAYKATUsI KJIABHUIIL

LCD aBTOBBIKJI. — B I10JIe MOYKHO 33/1aBaTh CJI/IyIOIINEe 3HATCHUS ABTO-
MAaTHIECKOT0 BBIKJTIOUeHUs 1o/icBeTKr: Boikii, 20 ¢, 40 ¢, 60 ¢; 111 yBeIuaeHust
BpPEMEHU aBTOHOMHOI pabOThI Clie/lyeT BHIOpATh MUHUMAJIBHOE 3HAUEHUE.

ABTOBBIKJ/IIOYEHE — B II0JIe MOXKHO 33/[aBaTh CJIEIYIOIINE 3HAUCHUS
aBTOMATHYIECKOTO BBIK/IIOYeHus npudopa: Beiki, 1, 5, 10 MuHyT.

7.24.2 QOcHOBHBIE HACTPOMKH

Mo A:100 - B:——— 09:22

OCHOBHHE HaCcTpONKW

RUS

flata 03-11-2009
Bpema 09:22:41

Mor Bkn

ENG RUS

Puc. 7.121. Meno «OcHOBHBIE HACTPOWKI»

Bepxym-ET. Pyxosodcmeo no akcnAyamayu
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A3bIK — cMeHa s3bIKa mHTEepdeiica.

ata — BBOI My BHIOOP TEKYIEi JATHI.

Bpems — BBoj uiin BBIOOpP TEKYIIEro BPEMEHH.

JIor — BKJIIOYEHME/OTKIIIOUEHNE CUCTEMBI IIPOTOKOJIMPOBAHUS COOBITHIA
(cM. pasmen 7.26).

7.24.3 Wudopmaiius

[ m] A:;100 - B;——— - 11 07

HHgpopmauma
MCU v.0.2.48-5
SYS FPGA LA.11
EXP FPGA .6.11-7
BOOT L0.72/Fd90dE
FILES A1
HIW .1
S/N 8294
MAC A 0Q:21:CE:08:09:31
MAC B 00:21:CE:08:09:32
MAC LAN ©00:21:CE:08:09:33
® MertpoTek

o
o]
o
L]
1
9

=R

WHpopmawHa Bpema

Puc. 7.122. Skpan «Nudopmarus»

MCU — Bepcus nporpammvbr MCU.

SYS FPGA — Bepcust Mukpokoja system FPGA.
EXP FPGA — Bepcust Mmukpokoja expansion FPGA.
BOOT — Bepcust 3arpy3duka.

FILES — Bepcusi $aitioBoii cucremsi.

HW — anmaparnast Bepcus.

S/N — cepuiinblii HOMep.

MAC A — MAC agpec opra A.

MAC B — MAC ajpec nopra B.

MAC LAN — MAC agapec nopra LAN.

ITpu maxkaruu Ha kiaasunty F2 («Bpems») ocylnecTBisiercs mepexol] K
skpany «Bpemst paboTbI».

Bepxym-ET. Pykosodcmeo no sxcniyamayui
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W A:100 - Bi——— — 11 59

Bpema patoTh

Teryyee 01:34:33

MNpeavaymee 03:07:35

WHhopMaLHA

Bpema

Puc. 7.123. Dxpan «Bpemst paborsr»

Tekyiree — BpeMsi paboOThl TPUOOPA OT TOCJIEIHErO BKIIFOUEHHS 0 Ha-

CTOAIIIEer0 MOMEHTa.

Ilpenpiayiiee — Bpems pabOThl MPUOOpPA OT TPEIABIAYINETO BKIIIOUCHUS
JIO TIPEJIBIIYTIEr0 BBIKJIIOUCHS.

7.24.4 Wuadopmamnusa o SFP

D A:100 - B:——— - 14:40

WHgopmMauma o SFP-mogyne (A)

MNpouzeogutens FINISAR CORP.

Mogerns FCLF—8521-3
Pewxim  1000BASE-T

A

B

Puc. 7.124. Dkpan «Mudopmanus o SFP-moyies

Ha skpamne orobpazkaercss uHdOpMAIUs O IIPOU3BOIUTENE, MOJIEIN U TI0JI-
JIepKABAEMOM pexKuMe tepegadn Janabix SFP-momys. Berbop mopra mpons-

BOJIUTCSI TIDYM HAXKaTuH Ha KiaaBumu F1 (mopr A) u

Bepxym-ET. Pyxosodcmeo no akcniyamayuu
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7.24.5 AxKymyJaaTop

A:1000 - B:1000 - 03:01

AKKYMYNATOP

Temnepatypa 60 °C
Hanpsaxkenmue 5450 MB
Tok 63 mA
EMKocTE 2205/2205 mMA4
Bpemn sapsigpa 9216 c

Puc. 7.125. Dxpan «AKKyMysIsiTop»

Ha skpane orobpazkaeTcs nHGOPMAITHS O COCTOSHUN aKKYMYJISITOPA: T€M-
neparypa (°C), manpsikenue (MB), Tok (MA), Tekyias/MakcuMaibHas M-
kocTh (MAY), BpeMs 3apsifia — BpeMs, IIPONIEIIee OT Hadasa 3apsia aKKy-

MyssiTopa (C).

7.24.6 VYmupaBjieHHE OMIUSIAMU

Omnusimu siByisirorest pyHknun npubopa BepkyT-ET, nocryissbie 1ipu J10-
[IOJTHUTEJIbHOM 3aKkase. JlJisi akTuBaluy OIiuii KJI04d, CreHepUPOBAHHbBINA J1JIsT
YKa3aHHOI'O CepUHHOI0 HOMepa Ipubopa, HEOOXOIMMO BBECTH HEIIOCPEICTBEH-
HO B ipubope B MeHio « Oy WM ¢ UCHOJb30BAHUEM KOMAaH bl yIAJTEHHOIO
yupasienus ats (cm. upusoxkenue C).

Tabmmma 7.8. Ommun

Ormust Omnucanue
Huarnocruka cereii TCP/IP (Maprupyrusanus, 10CTyIHOCTD
ETIP
y3ioB, DNS)
ETWEB Tecruposanne HTTP-coemunenuii (Tpebyer onnuu ETIP)
ETJT W3mepenne makeTHOTO MKUTTEPA
ETRC Vranéunoe yupasienue npubopom 1o mporokoiry TELNET u
1epe3 WW W-nnrepdeiic
ETMM T'eneparust c0:KHOTO TpaduKa
ETMPLS Tloxmepxka MPLS
ETAT AcummerpudHOe TecTUpOBaHKE
ET2P Ilomepkka IBYX MepesaTIuKoB

Bepxym-ET. Pykosodcmeo no axcniyamayui
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7.25 Ilpodunmu

B npubope BepkyT-ET MoxkHO co3maBaTh npoduin HACTPOEK.

M A:1000 - B:——— - 13:50

MNpopunan
WMA npoguna  Bpema coxpaHeHuA
N profile-1 13-04-2010 12:01:16

CwHN®OAWNE

[

Coxparute JarpysuTe Ypanure

Puc. 7.126. Mento «IIpoduns

IIpoduip HACTPOEK BKIIOUAET B CEO:

— HACTPOWKM TOIOJIOTHUI, 3arojIOBKOB W DPA3MEPOB KAJIPOB [IJIsi TECTOB
RFC 2544, BERT, makerHbIii jzKuTTEp, CIOXKHBIA TpadUK, TECTOBBII
[IOTOK, & TaKKe UH/UBUIYyaJIbHbIEe HACTPOIKH JJIsI KAXKJIOI'0 U3 STUX Te-
CTOB.

— HACTPOWKHU CETEBBIX MHTEePMENCOB.

— wmacrpoiiku [P-yrumur: sxo-3amnpoc, mapmpyt, TCP-kanent.

st co3manust mpoduiisi HACTPOEK HEOOXOAMMO BBIITOJTHUTD KEJIAeMble Ha-
crpoiiku, nepeiitu B Menio «IIpoduiu» u naxars na xkiasuiy F2  («Coxpa-
HUTbH> ).

Komannapr ymanéumnoro ymnpasiaeHust gy paboThl ¢ TPOGUIIMI HACTPOEK
onmcanbl B npusoxenuu C.

Bepxym-ET. Pyxosodcmeo no akcniyamayuu
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7.26 IIpoTokosimpoBaHUWE COOBITUIT

CucremMa IPOTOKOJIMPOBAHUS COOBITUI 00ECIIEINBAET BBIBOJI COODIIEHMUIT O
npounsorie X coobiTuax B MeHio « BepkyT-ET. Hactpoiikuy» = «Jlor»,
a TaK»Ke B KOHCOJIbHBII TepMUHAJI IIPH TOJIKJIIOYeHnn K 11pubopy depe3 USB-
uHTepdeiic u npu yaaaéaHoM yupasjerun 1o nporokoisy TELNET.

K mporokonmmpyeMbIiM COOBITHSIM OTHOCSITCSI:

— 3aIlyCK/IPEPHIBAHNE TECTA;

— BKJOUeHue,/ Boikovenne pexkuma «IIleiid»;

— U3MEHEHUE COCTOSTHUS COEIMHEHUST;

— HCIIOJIB30BaHUE MPUOOPA IS YIAJIEHHOTO TECTUPOBAHUS;
— BKJIIOYeHNE,/ BBIKJIIOUYeHre Ipubopa,;

— HU3KUit 3aps); barapen.

B ciyvae BOSHMKHOBEHUsT OJHOTO W3 IEPEUUCIEHHBIX BBINIE COOBITHN B
KOHCOJIbHBIH TepMuHas/MeHI0 «JIors Gyer BbIBEJEHO COOOIIeHne BHIA:

<zmaTa> <BpeMa> <OTIpaBUTeIb> <coobmeHue>

Hanpumep, npu Bratodennu pexkuma, «Illmeitd» 2-ro yposus ma mopty B
B KOHCOJIHHBIN T€pMUHAJ Oy/IeT BBIBEJECHO COODIIEeHNE:

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

| OaTa BpEMA OTIPABHTEIE COO6H.IE!HHE!

Puc. 7.127. Coobmenne o Brirouennn pexkuma «I1Lieiid»

ITo ymosraanuio BeIBOK, coobmienuii vepe3 USB-unrepdeiic u mo mporoko-
ay TELNET orkimouén. Beisoj coobIeHnit MOKHO BKJIIOYUTH /OTKJIIOUATD C
IIOMOIIBI0 KOMaH/ bl y/IaJ€HHOrO yrpasJyeHus log on/off.
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1] A:100 - B:——— - 11:24

fNor

2009-11-29 11302112 BERcuk-ETY power on
2009-11-29 11102432 Port A link up
2009-11-29 113111328 Port A2 link down
003-11-29 1123147 Port Az link up

OUHETHTE PezyneTary

Puc. 7.128. Menro «JIor»

Knasuma F1 («OuucrtuTb» ) CIIyKUT JJId OUUCTKU COAEPKUMOro Oyde-

pa. Ilpu maxkarun na kiasuity F4  («PesysbrarTsl») oCyliecTBisieTcs Ie-
pexo; B MEHIO «PeSyﬂbTaTbI» JJId COXpaHEHU A COO6IIL€HHfI O IIPOU30IIEIIINX
CO6bITI/I$IX. COO6H.[€HI/I$I TaK2Ke€ COXPaHAIOTCA IIPpU COXPaHEHUU PE3YyJ/JIbTaTOB U
HaCTPOEK 1100020 TeCTA.

Bepxym-ET. Pyxosodcmeo no akcniyamayuu
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8.

OBHOBJIEHUE BEPcum I1O nIPUBOPA

Brumanue! Hexoppexmmvie delicmeus 60 8pems onepa-
yuld no obrosaeHuw npozpammmozo obecnevwenus (I10)
MO2Ym Npusecmu NPpubop ¥ COCMOAHUIO YACMUYHOU HePa-
b6omocnocobHocmu, 80cCMaAHO8AEHUE MOAHCHO bYydem npo-
uU38ECMU MOABKO 8 CEPBUCHOM UEHMPE.

Anropurm obuossienus Bepkyr-ET 3aBucur or Bepcun 3arpy3duka, Ko-
Topasi mpormTa B npubop. Bepcusi 3arpysudmka ykazaHa B IIyHKTE MEHIO
BOOT («¥YcranoBku npubopas=«Nudopmanms» ). Jnsg koppekTHOro
obuossienust [10 mpubopa HEOOXOAUMO BBIIOJHUTH JIEHCTBUsI, OIIUCAHHBIE HU-
JKe JIJIsi KOHKPETHOIN BepCcHy 3arpy3duKa.

8.1

@«

AnropurMm ob6nossienus 11O npubopa c Bepcueii 3a-
rpy3uuka 0.0.1

Ckauathb u coxpannth Ha [1K ciemyromue daitibr:

b3et-2ndbootldr_0.0.10.bin;
b3et-files_0.X.Y-Z.bin;

— b3et-mcu_0.X.Y-Z.bin;

— b3et-sys_0.A.B-C.bin.

[HoaxmrognTh TPUOOP K BHENIHEMY MCTOYHUKY ITHTAHUS.

VcraHOBUTH coeHEHUE ¢ KoMITbioTepoMm 1o USB.

st mpoBepku coepuHenus: BBectu komanay AT. [Ipubop noJrzkeH oTBe-
TuTh OK.

Boiitun B menro 3arpysunka. st 9T0ro HaXkarTh KHONKY alllapaTHOTO
cObpoca, pacIoIoKeHHYI0 Ha OOKOBOM TaHe M Kopiryca mpubopa. B okHO
IpOrpaMMbl Oy/IeT BBIBEIEHO IIPUIJIAIIEHUE.

Bribpars 1 — MCU.

Ilepeiitu B mento «Ilepemaua»=«OTnpaButh daitii»> U B OTKPHIB-
memcs okue B nojie Ima daiiyia ykasarhb IIyTh K CKadaHHOMY paHee
daitmy nporpammber MCU ¢ umenem b3et-2ndbootldr_0.0.10.bin.

B moste TIporokos Beibpats Xmodem. Haxkars Ha kKHOKY OTHpaBUTD.
Ilocnie ycmermmoit orupasku daitna B okae mporpammbl HyperTerminal
nosgiBuTCA coodbrenue OK.

Bepxym-ET. Pyxosodcmeo no akcniyamayuu
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Oo6nossienne Bepcuit 11O npubopa

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Haxkarh Ha KHONKY ammapaTHOTO cOpoca U JOXKIATHCS MOSBICHUS TIPU-
TJIaIIeHns:

Secondary bootloader 0.0.10
Upgrade via XMODEM: FS image

Ilepeiitun B menio «Ilepenaua» = «OTnpaButh dailji» 1 B OTKPHIB-
memcst okHe B mosie UMst dpaiiyia yka3aTh MyTh K CKAYaHHOMY DaHee
daitty ¢ umenem b3et-files_0.X.Y-Z.bin.

B moste IIporokon Beibpars Xmodem. Haxars na xaonky OTmnpaBuTh.
[Toce ycmermroit oripaBku ¢aitina B okHe mporpammbl HyperTerminal
nogBuTca coodbienue OK.

Hazkars Ha KHONKY ammaparHoro copoca. B okHO mporpammbl 6yier
BBIBEJIEHO IIPUTJIAIIEHUE.

Bribpars 2 — system FPGA. Knasunry 2 Heo6xoiuMo HaXKaTh B TEUEHUE
me 60s1ee geM 1-2 ceKyHJI IIOCJIe BBIBO/IA IIPUIJIAIIIEHUS U YOEIUTHCs, ITO
rocse 3Toro B okHe nporpamMbl HyperTerminal orobpasmimach cTpoka
boot>2. B nmporuBHOM cirydae HEOOXOIUMO HAXKATh KHOIIKY AIllIapaTHO-
ro cbpoca emg pas u cHoBa BbiOparh 2 — system FPGA.

Ilepeiitu B mento «Ilepemavua»=«OTnpaButh daitii» u B OTKPHIB-
memcs okue B mosie IMsi daiina yka3arh MyTh K CKAYaHHOMY DaHee
daitny ¢ numenem b3et-sys_0.A.B-C.bin.

B noste ITporokos Beibpars Xmodem. Hazkars Ha kHONKY OTIpaBUTD.
TTocse ycuemmnoit ornpasku ¢aiiyia B okae rporpammvbl HyperTerminal
nosiButTcs coodbenue 0K.

Haxkarr ma KHOUKYy ammapartHoro cobpoca. B OKHO mporpaMmbl OyaeT
BBIBEJEHO IIPUIJIAIIEHUE.

Buibpars 1 — MCU. Kiabumy 1 HEOOXOAMMO HaKaTh B Te€YEHHE HE
bosiee ueM 1-2 cekyH/I IOCJ/Ie BBIBOJIA TIPUTJIAIIECHUST U YOETUTHCS, UTO
mocJjie 3Toro B okHe mporpamMbl HyperTerminal oTrobpasmiachk cTpoka
boot>1. B mporuBHOM Ciiydae HEOOXOINMO HAXKATH KHOIKY AIIAPATHO-
ro cbpoca emg pa3 u cHoBa BbiOparh 1 — system FPGA.

Ilepeiitu B menio «Ilepenavay=«OrnpaButhk daitii» u B OTKPHIB-
memcst okHe B mosie UMst paiiia yka3aTh IIyTh K CKAYaHHOMY paHee
daitry ¢ umernem b3et-mcu_0.X.Y-Z.bin.

B noute TIporokon Beibpars Xmodem. Haxars Ha xkHOnky OTnpaBuTh.
TTocne ycuemmnoit ornpasku daitia B okae nporpammbl HyperTerminal
nogsuTca coodbienue OK.

[Tocse ycmermmmoit oTpaBKu mocjaenuero daiiia 3aryCcKaeTcs JINTeIbHbIH
nporiecc pacnakoBku FS Image: Ha sKpaHe MOsIBUTCS CTATYCHAsT CTPOKA U CO-
obmenne Reconfiguring. . .. Bpems nepesamnucu cocrasiser 1 munyTy. Ecian
[IPOIIECC TEPE3AIUCH IPOIMIEIT YCIIENTHO, IPUOO0P BKJIIOUAETCS.
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8.2 Ausropurm obHoBisienusi I1O npubopa c Bepcueii 3a-
rpy3uuka 0.0.7

st obnosstenust 110 mpubopa ¢ Bepcueit 3arpy3unka 0.0.7 HeoOxommmMo
obuoButh nporpammy MCU, mukpokog FPGA (system FPGA) u daitinosyio
cucremy (FS Image).

st obroBItenust nporpamMmbl MCU Heo6xommumMo:

Ckaugarp u coxpanuth Ha 11K daiin b3et-mcu_0.X.Y-Z.bin.

ToakmrounTh IPUOOP K BHEIIHEMY UCTOYHUKY TTUTAHUS.

YcraHoBUTH coenuHeHnE ¢ KOMIbioTepom mo USB.

st mpoBepKm coequuennst BBectn kKomanay AT. [Ipubop momkeH oTse-

TuTh OK.

5. Boiitu B MeHto 3arpysdmka. JIjisi 3TOro HaxkKaTh KHOIKY AIMApPATHOrO

cOpoca, PacIoJIOKEHHYI0 Ha OOKOBOII TIaHE/ M KOPITyca Ipubopa.

Briopats 1 — MCU.

7. Ilepeiitu B menio «Ilepemadyas» = «OtnpaButh ailji» 1 B OTKPHIB-
meMcst oktne B nosie Imst daiisia ykasaTh MyTh K CKaJaHHOMY paHee
daitny nporpammbl MCU ¢ umenem b3et-mcu_0.X.Y-Z.bin.

8. B moste IIporokon Beibpars Xmodem. Haxkars #Ha kHOUKY OTHpaBUTS.

Ll

>

Bpewms mepesanucu — 1 munyTta. Eciin n3o0pakeHnne Ha SKpaHe BOCCTAHO-
BUJIOCH — ITPOIIECC TIEPE3AIUCH TPOIIIENT YCIIEITHO.

Ecmn Bepcust nporpammbr MCU HecoBMecTrMa ¢ BEPCUSIME MUKPOKOJIOB
system FPGA wunu FS Image, nocsie 3aBepiriennst 0OHOBIeHNsT TPUOOD BBIJACT
[IPEJYIIPEKICHUE U OYKUIAEMYIO BEPCHIO IIPOIPAMMHOr0 obecriedenusi. B aTom
CiIydae CJIe/yeT M3MEHUTD TEKYILYI0 BEPCHIO IPOrPAMMBbI HA OKUJAEMYIO.

st obuosnenune Mmukpokoga FPGA (system FPGA) neo6xonumo:

Cxauarb u coxpannth Ha [1K daiir b3et-sys_0.A.B-C.bin.

IloakmrounTh MpUOOP K BHEIIHEMY UCTOYHHUKY ITUTAHUA.

VceraHOBUTD coejinHeHHe ¢ KoMIitbiorepom o USB.

st mpoBepku coeuneHust BBectu Komauay AT. [Ipubop josrken orse-

TAThH OK.

5. Boiitu B Menio 3arpy3dmka. s 9T0ro HaXkKaTh KHOIKY AIIAPATHOTO
cOpoca, PacIooKEeHHYI0 Ha OOKOBOI TTaHe ! KOpITyca mpubopa.

6. Beibpars 2 — system FPGA.

7. Iepeiitu B mento «Ilepemadyas» = «OTrnpaButh (ailji» U B OTKPHIB-
memcs okue B nosie Ima daiiyia ykasarh IyTh K CKadaHHOMY paHee
daitmy nporpammser MCU ¢ nmenem b3et-sys_0.A.B-C.bin.

8. B moste ITporokos Beiopars Xmodem. Haxkarsh na kuHONKYy OTHpaBUTD.

e

Bpewmsa nepezanucu — 1 munyTta. Ecin n3obpakenne Ha 9KpaHe BOCCTAHO-
BHIJIOCH — IIPOIIECC TEPE3AIUCH POIIEN YCIENTHO.
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st o6HOBIEHME baiinoBoil cuctemsbl (FS Image) HeobxomuMo:

Ckauare u coxpanuth Ha [IK daitn b3et-files_0.X.Y-Z.bin.

TloakarounTs IPUOOP K BHEIIHEMY UCTOYHUKY TTUTAHUS.

VceraHoBUTH coejimHeHne ¢ KoMibiorepom mo USB.

st mpoBepKm coequuenns BBectn Komanay AT. IIpuGop momkeH oTse-

TuTh OK.

5. Boiitu B MeHto 3arpysdmka. Jljisi 370ro HaXKaTh KHOIKY AIMIApPATHOIO

cOpoca, PacIoIOKEHHYIO Ha OOKOBOII MTaHEM KOPITyca Ipubopa.

Beiopars 4 — FS image.

7. Ilepeiitu B menio «Ilepemadyas» = «OtnpaButh aiisi» 1 B OTKPHIB-
memMcst okae B nosie Imst daiisia ykasaTh MyTh K CKaJaHHOMY paHee
daity nporpammbl MCU ¢ umenem b3et-files_0.X.Y-Z.bin.

8. B moste IIporokon Beibpars Xmodem. Haxkars #Ha kHOUKY OTHpaBUTS.

= W=

>

BpeMH repesaliucu CoCTaBJIdeT OKOJIO 5 MUHYT. Ecim I/I306pa}KeHI/I€ Ha
9KpaHe BOCCTaHOBUJIOCH — IIPOIIECC IIepe3allnucCu HpOLHéJI ycoenrHo.
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8.3 Ausropurm obHoBsienus I1O npubopa c Bepcueii 3a-
rpy34duka 0.0.10

st obroBnenns [10 mpubopa mocrarodno 3arpy3uTh obpa3 dailaoBoit
CHCTEMBI.

Ckauarp u coxpannth Ha [IK daitn b3et-files_0.X.Y-Z.bin.

IloakmrounTs IPUOOP K BHEIIHEMY UCTOYHUKY ITUTAHUS.

YceraHOBUTH coejimHeHNe ¢ KoMItbiorepoM mo USB.

st npoBepku coeuHenns: BBectu kKomauay AT. [Ipubop nosrkeH oTBe-

TuTh OK.

5. Boittu B menio 3arpysumka. /[y 3TOro HaXKaTh KHOMKY allapaTHOTO

cOpoca, PacIoIOKEHHYIO Ha OOKOBOII MAHEJ KOPITyca Ipubopa.

Beiopars 4 — FS image.

7. Ilepeiitu B meno «Ilepemada» = «OTnpaBurh (pailji» U B OTKPHIB-
memcst okHe B mosie UMst paiiyia ykazaTh IyTh K CKAYaHHOMY DaHee
daitry nporpammbl MCU ¢ umenem b3et-files_0.X.Y-Z.bin.

8. B mose IIporokon Beibpars Xmodem. Haxkats #Ha kHOUKY OTHpaBuTh.

=0 N

S

[Tocne sToro HayHéTCSE IpOIECC OOHOBJIEHUsI, KOTOPBI 3aHuMaeT 3-4 Mmu-
HyTol. [IpuMmep coobmennii, BHIBOAUMBIX B OKHO Tporpammbl HyperTerminal:

Reflashing...done

Upgrade expansion FPGA #1...
Erasing epcs...done.
Reflashing...done

Upgrade expansion FPGA #2...
Erasing epcs...done.
Reflashing. . .done

Upgrade system FPGA...
Erasing epcs...done.
Reflashing...done

0K
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9. YVIAJEHHOE YIIPABJIEHUE

IIpubop BepkyT-ET mpenocrasiisieT BO3MOKHOCTh CBI3U C IIEPCOHATIb-
ubpiM komibiorepoM (ITK) wepes unrepdeiic USB 1.1/2.0 wiu nopr LAN.

st monksouenns mpubopa k [IK depes USB-unrtepdeiic Heobxommmo
peIBAPUTEIHLHO yCTaHOBUTE Apaitep Virtual COM Port.

Brumanue! Yemanoexa dpatieepa neobroduma das Kop-
pexmnoti uHuyuasudauuu npubopa 6 Bawet cucmeme.

Daiiyibl 1pailBEPOB I PA3JINIHBIX OIIEPAIMOHHBIX CHCTEM U YKa3aHUS 110
X yCTaHOBKe mpejcrasiensl Ha caiite kommanuu «FTDI Chips:
(http://www.ftdichip.com/Drivers/VCP.htm).

9.1 VYmopasJjieHue B pexkuMe TepMUHAaJIa

BzanmogeiictBre ¢ npubopoM MOKeT 00eCIeInBaThHC KaK CTAHIAPTHBIMI
cpeacreamu OC Windows 95/98 /XP /2000/2003 — nporpammoit HyperTerminal,
TaK U TEPMUHAJIBHBIMUA ITPOTPAMMAMU CTOPOHHUX TPOU3BOUTEIEH.

st 0OHOBJIEHUST MUKPOKO/Ia TEPMUHAIbHAS TPOrpaMMa, JOJIKHa obectie-
YUBATh (DYHKIUH repegadn (paityioB Mo IpoToKosy X-modem.

9.1.1 HacTpoiika nmapamMeTpoB NOAKJIIOYEHUS

1. Yb6emurech, uTo nmuranue npubOpa BKIIOYECHO.

2. Togxmounre ananuzatrop BepkyT-ET k USB-moprty kommbioTepa ¢
IIOMOIIBIO KabeJIst, BXOJSIIEr0 B KOMIIJIEKT IIOCTABKH.

3. 3amycrure nporpammy HyperTerminal u BBIIOJIHUTE CJIEJIYIOIIEE.

— Cospaiire HoBoe noakIoueHre (Menio «Paiin» = «Hosoe noixiio-
qeHue» ).
— 3ajaiiTe UMl TOAKIIOYCHUSI.

Bepxym-ET. Pyxosodcmeo no akcniyamayuu
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OnHcaHKe NoAKAHYE HHA

% Hogoe nonk nioyeHue

BESAHTE HaSBaHME NOAKMINMEHUA M BbIGERMTE 417 HEMO SHAU0K:

HaseaHue:
[BERGULET |

3ravor:

&

Puc. 9.1. Boibop umenu coenunenust

— Omnpegenure, kakum COM-110pTOM B CHCTEME SIBJISIETCST TTOIKJIIO-
qennbiit BepkyT-ET, o0paTuBmnch K CTaHIAPTHOMY IPHUJIOKE-
uuio «/lucneryep ycrpoiicrs» («Moit komubiorepy = «CBoiicTBay
= «O6opynoBanne» = «Jlucuerdep ycrpoiicTs» ).

+ ducneTue p ycTpoHCTE

Koncone  Aefictene  Bua  Cnpaska

& 2 A

+-+p ASUS Other Devices
+ 2 DVD W CD-ROM aHCKOBOABI
IDE ATAJATAPI KoHTpOANEPE!
% Buaenasantepe!
g AMckoBoab! ruBKHY AMCKOB
g0 JMCKOBbBIE YOTPOACTEA
= @ ApyTHE YCTPOACTES
@- PCI Device
B, SeyKoBbIE, BMAED W MIPOBLIE YETROHCTES
<@ KnagmaTypel
»_J KoMnetoTep
% KoHTpoAREpE rHBKH: SHCKOE

¥
+
&5
&

KOHTpORNEpE! YHHEEPCANEHOM NOCNEADEATENEHOM WhHE LUSE

MoHuTOopBI
) MEILLK 4 HHEIS YKASBIBSHOLME YCTPORCTES
= % MopTei (COMULPT)

5 UsE Serial Part (COM4)
/4 MocneaosaTensHeni nAopT (COM1)

+-#% Mpoueccopel
+ EH8 CeTesbie nnatel
- 1§ CucTemHele yoTpoiicTES
+-[Hg ¥cTpoficTea HID (Human Interface Devices)
+| & ¥OCT-KOHTpONNeps! wiHel IEEE 1394

] ][] ]

5

Puc. 9.2. Okno «/lucmerdep ycrpoitcTe»
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— Bribepure mocsenoBaTebHBIN TOPT, K KOTOPOMY TIOJIKJ/IIOYEH TIPHU-
6op.

Mo geawue Hue

BeecquTe CEEAEHMA O TENEPOHHIM HOMEPE:

LCTpaHa MM pervoH;

N
Hormep 1enepoHa | |

Puc. 9.3. Beibop nomepa COM-nopra

— YcraHoBuTe cieayromuye mapaMeTpbl II0C/Ie10BaTE/JIbHOI'O II0pTa.

CeorcTea: COM4

MapameTpel nopra ‘

LCropacTe [Guré): | 57600 -

Yerhocte: | Her v

Ynpasnere notokor: | [3E

<

BoccTaHoeuTe yrouaHua

o
-

] [ omvens | [ Mprperers |

Puc. 9.4. Ilapamerpst mopra

— ITocse naxkarus knonku «OK» HyperTerminal nonsrraercs ycra-
HOBUTL coennbaenue ¢ mpubopom bepkyT-ET. [lns nmpoBepku co-
enunenus peeaure Komanay «AT», npubop momxken orsetutb «OK».
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‘& BERCut-ET, - HyperTerminal
Qaiin Mpasea Bra oo Mepsaada Cnposia

b 8 DBy &

at
0K

Bpsns noarroveris: 0:00:07 AsToBbI60p | 57600 -1 UM

Puc. 9.5. Coenunenne ycraHOBJIEHO

ITocse ycnemHoro ycraHOBJIEHHS COEJIMHEHUsI C TECTEPOM II0JIb30BaTe b
MOXKET YIIPaBJISITh IPUOOPOM, UCIOJIb3Ysl KOMaHIbI, OMMCAHHBIE B IIPUJIOXKE-
nuu C.
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9.2 VYpanénHoe ynpasJseHue no nporokosry TELNET

TELNET (Telecommunication Network) — nporokos st jocryna K yia-
JIEHHOMY CETEBOMY YCTPONCTBY. DTOT IIPOTOKOJI TIO3BOJISIET 1moJib30oBaTes o [TK
B3aMMO/IENICTBOBATh C IPUOOPOM, HAXOISAIIUMCH Ha JIPYTIOM KOHIIE CO€JINHE-
Husi. C IIOMOIIBIO KOMAH/I, TPEJICTABIEHHBIX B TpuiozkeHnu C, BO3MOXKHO OCY-
MECTBJISATh HACTPOIKY IIapaMeTpPOB TECTOB, IIPOCMATPUBATE CYIIECTBYIOIINE
HACTPOWKM U BBIMOJIHATH TECTUPOBAHUE.

Vrnaménnoe ynpasiernue o nporokoay TELNET apnsgerca ommmedt!. s
yupasienus BepkyT-ET mo nporokonry TELNET #HeobxomuMo MOAKIIOIATHCS K
npubopy vepes nmopt A(B) niam nmopr LAN, B KOHCOJILHOM TepMUHAJE BBECTU
komanuy «telnet IP-azmpec mopras.

Nmst nostb3oBaTesst 1 Haposb (o ymosdanmo) — admin.

1B 6azoByi0 KoH(pHUTYpaIHo He BXOAUT. JIOCTYIIHO [IPH JOMOJHATEIHHOM 3aKa3e OIIIIIIL.
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VYnanéuuoe ynpas/enue

9.3 VYamanéunoe ynpanisienue yepe3 WW W-nunrepdeiic

2

VranéuHoe ynpaBieHne” MO3BOJISET IPOCMATPUBATDL U coxpaHaTh Ha [1K
pe3y/IbTaThl U HACTPOMKM OCHOBHBIX TECTOB C MCIIOJb30BaHUEM Beb-Opaysepa.
st mpocMoTpa pe3yabTaTOB U HACTPOEK TECTOB HEOOXOIUMO:

1. HoxpkmounThes K nputopy depes nopt A(B) mwimun LAN nopr.
2. B ajgpecnyto cTpoky Beb-Opaysepa BBectu IP-ajipec coOTBETCTBYOIIETO
mopTa.

Jitst coxpaHeHnst Pe3yJIbTATOB TECTHPOBAHUS HEOOXOIIMO:

1. Boibpars Tun pasgenurens (cum. puc. 9.6):

— sandras (comma);
— TouKa ¢ 3anaToii (semicolon).

2. Haxatb ma ccoiiky «Download reports. /lamnble OyayT coxpaHEHBI B
dail ¢ paciupennem .csv.

RFC2544 BERT Jitter Screenshot Complex Traffic Saved Resulis

RFC2544 test report
Download report(separated by |semicolon T‘)

Tester

Started
Stopped

Configuration

MAC

IP address

VLAN
P

uopP
Frames

Throughput

Latency

Frame loss

Back-to-

Results

Frame
B4
128
256
512
1024
1280
1518
64

back

%

100.00
100.00

100.00

+ BERcut-ET

© 28-12-2008 10:25:55
¢ 29-12-2009 10:28:53

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

: ToS 0000b; precedence O

1 o/0

: B4 128 256 512 1024 1280 1518 64

: 10s; rate 100 %

1 2 trials; 10s each; rate_source: Throughput
: disabled

: disabled

Throughput
Mb/s Frm/s  Status
761.905 1488095 Passed
864.865 844594 Passed
- - Pending
- - Pending
980.843 119731 Passed
.- .- Pending
Pending
Pending

Puc. 9.6. Pesyaprarsr TecroB o meromuke RFC 2544

2B 6a30By10 KOH(MUIYPAIIIO He BXOMUT. JIOCTYIIHO IIPI IOMOTHITETHHOM 3aKa3€ OIIIM.
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9.3.1 TloaydyeHne MOMEHTAJbLHBIX CHUMKOB 3KpaHa

st oy ueHnst CHUMKa, 9KpaHa, Ipudopa HeoOX0IMMO:

1. HoxpkmounThes K nputopy vepes nopt A(B) mwiu LAN nopr.
2. B azgpecHyio crpoky Beb-Opay3epa BBeCTH:
http://IP-agpec_nopra_A(B)/sshot.

E\\egd\t View History Bookmarks Tools Help

G & v & @ {0 @[ rtpwio2.168.222 179fsshot = | [ETaeoqt:

|5/ Latest Headlines™ |k Lingvo Online — onn... [o|Bugzilla Main Page [g| metrotek.spb.ru

MNapameTpw ceTH

[ TlopT Q]
DHCP  Bkn
IP appec 192.168.222_.179
Macka noacetn 255,255,255,.0

Wz 192,168.222,100
DNS 192,168,222,100

MPLS Bkn

Done

Puc. 9.7. Tloydyenne cHIMKa SKpaHa
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10. METOAUMKA TIOBEPKU

Hacrosmuit pa3men ycranaBInBaeT METOIbI U CPEJACTBA HEPBUYIHON U I1e-
puoamYIecKkoil moBepKu TecTrepa-anann3aropa cereit Ethernet Bepkyr-ET.

10.1 Omnepariuu moBepKu

[Tpu npoBeieHNY MOBEPKU JOJIKHBI ObITh BBITIOJIHEHBI OIIEPAIIAN, YKa3aH-
uele B Tabsure 10.1.

Tabsmuna 10.1. Ouepanuu oBepKu

HaumenoBanue orepalnumn HOMep IIYHKTa Beimosiaenne upu Beimosiaenne upu

METOJIUKHI IICPBUYHOI OBEPKE | IEPAOIAUICCKON
II0BepKe
Buemmuauit ocmoTp 10.7.1 Ha Ha
Oupeienenue JaCTOo- 10.7.2 Ha Ha

TBI TECTOBOTO CHUTHAJIA
untepdeiica 1G Ethernet

10.2 CpeacrBa oBEepPKU

IIpu npoBeneHny TOBEPKY IPUMEHSIETCS OJIHO U3 CJEAYIOIMINX CPEJICTB U3~
MepeHuii:

— 1mudpoBoit ociiuiorpad ¢ auddepeHnuaIbHbIM BXOJIOM ¢ BO3MOXKHO-
crhio m3Mepenust yactoTbl Tektronix TDS 2022;
— gacroromep Pendulum CNT-69.

HomyckaeTcss 3aMeHa CPEICTB U3MEPEHU NPYTrUMHU, 00ECIIeInBAIONIMI
HEOOXO/IMMYIO TOYHOCTHh U3MEPEHUH.

10.3 TpeboBanusi K KBaJIuUKAIINA TTOBEPUTEJIEN

K mpoBesnenuio ucbITaHuil OMyCcKaeTCs IEPCOHAT, O3HAKOMJIEHHBIH ¢ Py-
KOBOJICTBOM I10 3KcIuTyaTaruu npudbopa Bepkyr-ET, mporemmmit nHCTPYK-
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taxk 1o I[ITH u [IB93II, umeronuit rpyrmy 371eKTPOOE30MACHOCTH HE HUXKE
TpeThei.

10.4 TpeboBanusi K 6€30MaCHOCTH

IIpu npoBeseHME HCOBLITAHUI HEOOXOIUMO COOIIOAATL TpeboBaHUs Oe3-
onacuoctu o 'OCT 12.3.019, a Takxke o0rue Mepbl OE30IACHOCTH, [IPUBE-
JIGHHBIE B pa3jielie 3 HACTOSIIEr0 PYKOBOJCTBA M0 SKCILIyaTAIIH.

10.5 VcJioBus moBepKu

Ucnweitanusa n moBepky anasuzatopa BepkyT-ET mpoBoasT B HOpMasb-
HBIX KJIMMATUYIECKUX YCJOBUSX U IIPY HOMUHAJBHOM HAIPSI)KEHUM [TATAHUS:

— Temieparypa oKpykaiero Bosayxa 0-35 °C;
— OTHOCHTeJIbHas BJIasKHOCThL Bozmyxa 40-90 %, 6e3 KoHmeHcara;
— HaIIpsi?>KE€HUEe BHENTHETO UCTOYHUKA muTanus — 12 B.

10.6 IloaroroBKa K moBepKe

Ilepes poBeenreM MOBEPKHU CJIELYET IPOBEPUTH HAJIMYNE SKCILIYATAIU-
OHHOM JIOKYMEHTAIIUU U CPOK JIeMCTBUA CBU/ETEIbLCTB O II0BEPKE Ha CPeJICTBa
IIOBEPKM.

BxurounTh cpejicTBa MOBEPKU U MTPOTPETh UX B TeUEHUE BPEMEHU, YKA3aH-
HOI'O B MHCTPYKIIAH 1O SKCILIyaTaIIH.

10.7 IIpoBemeHue MOBEPKU

10.7.1 BwaemHHUit ocMOTp

BuzyanbHbIM  OCMOTPOM  TPOBEPSIIOT  COOTBETCTBHE  aHAJIU3ATOPA
BepkyT-ET Texnudeckoil JOKyMEHTAIIMA B YaCTA KOMILIEKTHOCTHU, MapKU-
poBkHu n ynakoBku. [IpoBepsioT Takke OTCyTCTBHE BHUJIMMBIX ITOBPEXKIECHUIA,
[IEJIOCTHOCTh COEIMHUTEJIbHBIX Ka0eseil 1 Pa3bEéMOB.
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10.7.2 OmnpenejeHne YacTOTbl TECTOBOTO CHUTHAJIA

ITpoBepky uacrorsl TecToBoro curnasia unrepdeiica 1G Ethernet mposo-
JST B COOTBETCTBUU CO CXEMOIi, rpejicTaBieHHoi Ha puc. 10.1.

! OIIIMOHATBHAS CXeMa
! U3MEPEHHUS

YacTOTOMEDP |

%

TX+

rdpoBoit ocumutorpad
untepdeiic 1G (RJ-45)

¢ muddepeHnnanTbHIM
npu6opa bepkyT-ET 100 Om

BXOJIOM C BO3MOXHOCTBIO
TX- HU3MEPEHU 1aCTOThI

1L

Puc. 10.1. Cxema moaxoIeHns

it TpoBEpKHM YacTOTHI TECTOBOrO curHaJja aHamm3aropa Bepkyr-ET
cJeyer:

1. BxirrounThb aHaJM3aTOP.

2. Haxxarp xomOunanuio kinasum «*+F1». Ha skpane anamuszaropa oTo6-

pasutca coobmenne «Birioaén tecroBbiit pexxum 2. s BbIXOma Ha-

JKMHTE KJIaBuiry Boixoms.

TloakmrounTh aHAJIM3ATOP IO CXEMe, IIpeJicTaBaeHHol Ha puc. 10.1.

4. BbINOJHUTH U3MEPEHNUs], UCIOJIb3Ysl nudpoBoit ocrusiorpad uam |a-
CTOTOMED.

@

st ananmuzaropa Bepkyt-ET cornmacmo IEEE 802.3 m.40.6.1.1.1 upn
BKJIIOYEHUM B TPAHCHBEPE TECTOBOIO peXKUMa (<«TECTOBBIA DEXuUM 2») Ha

napax kKabeJjis JIOJIKEH HabJIOJATHCA MEPUOJUICCKUI CUTHAI C 9YaCTOTON
62,5 MI'+ 6250 ' (100 ppm).
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10.8 OdopmieHne pe3yJIbTATOB ITOBEPKU

B ciygae coorBercTBus aHamu3aTopa TpeOOBAHUSAM, YKA3AHHBIM B TEXHU-
YeCKOI JIOKYMEHTAINH, PE3YJITATHI TOBEpKU OOPMIISIOT ITyTEM 3AIUCH B Pa-
6o1eM KypHaJie U BBIJAYN CBUIETE/IHLCTBA YCTAHOBJIEHHON hopMmbl. B ciryuae
OTPUIIATEILHBIX PE3YJIbTATOB IMOBEPKU HA aHAJU3ATOD BBIJAIOT U3BEIIEHUE O
HEIIPUTOIHOCTH C YKAa3aHUEM IMPUYNH OpaKOBaHUS.
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A. CTPYKTYPA MEHIO

BepkyT-ET HacTponku

YcTaHosku BepkyT-ET Mpodunn

—— N T

OCHOBHble HacTpPoOMKM ‘ WHdopmauna o SFP ‘ ‘ AkkymynaTop ‘ 7 onuun

JNor

‘ MapameTpbl ceTH r ‘ MapameTpbl NHTepdencoB

‘ Lucnnen u np. ’—

‘ WHpopmauma

Puc. A.1. Crpykrypa meno «bBepkyr-ET Hacrpoiiku»

BepkyT-ET NHcTpyMeHThI

/

‘ Ixo-3anpoc |_| MapLpyT F‘ DNS ‘ ARP mMoHuTOp

| TCP knneHT ‘ TecT kabens

YpanéHHem npnéop

Puc. A.2. Crpykrypa merio «bepkyr-ET WucrpymenTh»

BepkyT-ET UsmepeHnsa

— — —
RFC-2544 CnoXHeIA BERT MNakeTHbIA TecToBLIN ‘ CraTucrika

Tpacdnk BXKUTTep rnoTok

w CoxpaH. gaHHble

Puc. A.3. Crpykrypa mento «bepkyr-ET U3amepenusi»
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BepkyT-ET UsmepeHnsa
RFC-2544

MoTepu Kaapos

3aronosok

JononHuTensHo

3apepxka

Tononorus
TecToB

MponyckHas MpepensHas -
pony peA HacTponkn
cnoco6HocTh Harpyska

MponyckHas

3aaepxka

MoTepn kaapos

MpepensHas
Harpyska

BononHnTensHo

Puc. A.4. Crpykrypa menio «RFC-2544» («Bepkyr-ET Wsamepenus» =
«RFC-25445)

BepkyT-ET N3mepeHmns

‘ N3amepeHus

VRN

‘ Tononorus TecToB

HacTponku

Kagpbi Harpyzkwn

‘ 3aronosBok

JononHuTensHo

Puc. A.5. Crpykrypa mento «Cioxubiii tpadbuk» («Bepkyr-ET Wamepe-
uusgy = «Ciioxkublii Tpaduk»)
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BepkyT-ET NsmepeHus

HacTponku

‘ Tononorusa TecTos

‘38FOHOBOK

JononHuTensHo

|HepeAaHa

‘Hpuém

Puc. A.6. Crpykrypa wmenio <«BERT» («Bepkyr-ET Usmepenus» =
«BERT»)

Puc. A.7. Crpykrypa menio «Ilakerubiit joxurrep» («Bepkyr-ET Wsmepe-
uus» = «IlakeTHbIi JKUTTED> )
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Puc. A.8. Crpykrypa menio «Tecrosoiii norok» («Bepkyr-ET Wsmepe-
Hust» = «TecToBblil MOTOK» )
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B. CTPYKTYPA ETHERNET-KAJIPA

Destination MAC Address

Source MAC Address

Length/Type

Frame Check Sequence

Puc. B.1. Crpykrypa Ethernet-kaspa

Destination MAC Address — MAC-aapec noixyuaresisi. Ilosie ayuHoi
6 Gaiit, COIEPKUT aJpec y3J1a CeTH, KOTOPOMY IIPEIHAZHAYEH KaJp.

Source MAC Address — MAC-aapec ormpasurens. [loge amuHOM
6 GaiiT, COJEPKUT AJPEC OTIIPABUTENS KaJIPa.

Length/Type — Huuna/Tum. Ilose conepkur 16-6uroBoe mesioe 4uciio
U TIPUHAMAET OJHO U3 JBYX 3HAYEHUIL:

— €CJIM YHCJIO, 3allMCAHHOE B 9TOM IIoJie, MeHbIe uian pasHo 1500, To mo-
Jjie npuanMmaer 3uadenne Length (ymmHa) u onpejesisier JIJIMHY HOJIA
JAHHBIX;

— €eCcJu 3HavYeHne, 3alMCAHHOE B 9TOM II0Je, Oosibire mwin paBuo 1536, To
noste npuanMaet 3Haderne Type (Twum) m ykasslBaeT THUIT HCTIOB3Ye-
MOTO IIPOTOKOJIA.

Data — nosie JaHHBIX, MOXKET cofiepKaTh oT 46 wim 42 (B ciaydae, KOraa
kazap copepxkur VLAN-merky) m0 1500 Gaiir.

Pad — Padding (mose 3amosnenust). Eciu mose JaHHBIX MMeeT JJINHY
meHee 46 GaiiT, TO Kajp JOMOJHSIETCS MOJEM 3aIlOJHEHHUsT 10 MUHUMAJILHO
BO3MOXKHOI'O 3HadYeHuss — 64 OaifT.

Frame Check Sequence — KonrposbHass cymma. Ilosie cocrour us
4 GaiiT, Co/lepKAIIIX KOHTPOJIBHYIO CYyMMY.
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Destination MAC Address

Source MAC Address

Tag Protocol Identifier

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

Length/Type

Frame Check Sequence

Puc. B.2. Crpykrypa Ethernet-xkampa, conepzxkarero VLAN-meTky

Tag Protocol Identifier — merka «neaTudukarop nporokosas. 16 our,
KOTOPBIE OIPEJIEIAI0T IPUHAIJIEXKHOCTD Kaipa K crangapry 802.1Q [1].

Tag Control Information — WUudopmanus 1jist ynpaBiieHnust METKOIA.
TCI comepKut Tpu TOJIs.

— Priority — User (VLAN) Priority. Tpu Gura, KoTOpBIE COmEp:KAT MH-
dopmarmio o mpuopuTete Kazpa (BO3MOXKHO BoceMb 3Hadernit mpuopureTa([1])).

— CFI — Canonical Format Indicator (uamukaTop xanoHm4IecKoro ¢dop-
MmaTa). OHOOUTOBBIH (iar, KOTOPBIH BCErjia PaBeH HYJII0 JJls KaJpoB
Ethernet.

— VLAN ID — VLAN Identifier (VID). 12-6urablii naenruduxarop
VLAN, koropslii oupezenén B craggapre 802.1Q [1]. OguosnauHo omnpe-
gesisier VLAN, KOTOpOii IPUHAJIEIKUT KAJIP.
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C. KOMAHABI YIAJIEHHOTO YIIPABJIEHUS

Tabimua C.1. Komanpl yaauéHHOro yrupasiieHus (KOHCOJIbHBI TepMIHA)

Komanga Onucaune

AT mycTasi KOMaH I, HCIOIb3YeTCs JJisi IPOBEPKH COEMHEHNUST

ATR 1epesarpyska 1npudopa

ATM BBIBOJI TEKYIIIUX Pe3yJIbTATOB N3MePeHHit

ATMN BBIBOJL, PE3YJILTATOB U3MEPEHUH, COXPAHEHHDIX MOJ IIOPSIKOBBIM HOMEPOM «N»
(N=1.10)

ATMA BBIBOJI BCEX COXPAHEHHBIX PE3YJILTATOB M3MEPEHNUIT

ATMI BBIBOJ MH(DOPMAIH O COXPAHEHHBIX PE3YJIbTATaX U3MEPEHMIt

ATI BBIBOJI MHMOPMAIUHU O Ipudbope

ATH BBIBOJ CIIPABKU 110 KOMAHIAM

ATS BBOJ KJIOYa (YHUCJIO B JIECATHIHOM BHE) I aKTHBAIME OIIMiL, KJIOY BBO-
nuTces cpady nocie ats (6e3 npobesa)

ATC epexo/| B PeXKUM, B KOTOPOM BO3MOXKHA HACTPONKA M 3aILyCK TECTOB (OMIn-
OHAJIBHO)

Tabmuna C.2. Komanapt yaanénnoro ynpasienus: (TELNET)
Komanna ‘ Nudopmanusi, BbIBoguMAasi B KOHCOJb

RFC 2544

show rfc2544 header src udp

womep UDP-niopra ornpasuress

show rfc2544 header src mac

MAC-aapec ornpasuTeist

show rfc2544 header src ip

IP-ajpec ormpasuresis

show rfc2544 header dst udp

nomep UDP-nopra nosyuaresis

show rfc2544 header dst mac

MAC-anpec nomyaaresis

show rfc2544 header dst ip

IP-anpec nomygaress

show rfc2544 header precedence

3HaYEHNe IPUOPUTETA KaIpa

show rfc2544 header tos

TUIL O6CJIy>KI/IBaHI/Iﬂ ITakeTa

show rfc2544 topology port tx

TIOPT Tiepegadn JaHHbBIX

show rfc2544 topology port rx

mopT Hpnéma JaHHbIX

show rfc2544 throughput duration

JUIATEJILHOCTD [IPOOBI JJIs aHAJIN3a IIPOITYCKHOM CII0COOHO-
cru, ¢

show rfc2544 throughput enabled

Oyjler JIM BBIIOJHATHCST TECT OIPEJIEJIEHNUST [TPOITYCKHOI
CIIOCOBHOCTH
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Komanapr ynanéunoro ynpasienus

Tabnuna C.2. Komanznpt ynanéunoro yupasinenuss (TELNET) (npodoasicerue)

show rfc2544 throughput maxrate

BeJINYNHA HArPY3KHU I aHAJIN3a IIPOIyCKHOH CIIOCOOHO-
cTu

show rfc2544 throughput threshold

BeJIMYUHA [IOpOora MoTephb JIsd aHaJIu3a IPOIYCKHON CIIo-
cobHOCTH

show rfc2544 frames 1

show rfc2544 frames 2

show rfc2544 frames 3

show rfc2544 frames 4

pa3Mep Kaapa, Sa,ILaHHbIﬁ IIOJIb30BaTeIeM (I/I.J'II/I CTaHJapT-

show rfc2544 frames 5

HOe 3HaueHue B cOOTBeTcTBHU ¢ MeTonukoil RFC 2544)

show rfc2544 frames 6

show rfc2544 frames 7

show rfc2544 frames 8

show rfc2544 latency enabled

6y,ZLeT JIN BBIITOJTHATHCA aHAJIN3 3aJI€P2KKH paclIpocTpaHe-
Hugd KaJIpoB

show rfc2544 latency count

KOJIMYECTBO 11PO0 JIJIsi aHAIN3a 3aJICPIKKI

show rfc2544 latency duration

JUINTEJIHOCTD IPOOBI JJIA aHAIN3a 33JCPKKH PaCIpPO-
CTpaHeHHusI KaJIpoB, ¢

show rfc2544 frameloss enabled

6y,ILeT JIA BBITOJTHATHCA aHaJIN3 YPOBHA IIOTEPH KaJIpPOB

show rfc2544 frameloss duration

JUIATEJILHOCTD MPOOBI JJIsl aHAJIN3a yPOBHS IOTEPh KaJ-
poB, ¢

show rfc2544 back2back enabled

OyIeT JII BBIIOJIHATHCS AHAJIN3 IIPEIEIBHON HAPY3KH

show rfc2544 back2back count

KOJIMYECTBO P00 JIJIsI aHAJIA3A IIPEJIeJIbHON HATDY3KH

show rfc2544 back2back duration

JUIATEIBHOCTD TPOOBI 7T aHAIN3a IIPEIeIbHON HArpy3-
KH, ¢

rfc2544 start

3airyck Tecros 1o Meroguke RFC 2544

rfc2544 stop

OCTaHOBKa Bcex TecToB 1m0 meroguke RFC 2544

rfc2544 results

pesynbraTel TecToB 110 MeTojuke RFC 2544

CroxHblil Tpaduk

show ctraf nstreams

KOJINYECTBO ITOTOKOB JIAaHHBIX

show ctraf stream

HOMED HaCTpanBaeMOI'O IIOTOKa

show ctraf topology port tx

TIOPT Tiepegadn JaHHBIX

show ctraf topology port rx

mopT Hpnéma JaHHbIX

show ctraf duration

JUINTEJIbHOCTD I'eHepalii 3a/[aHHOro Kojim4ecTBa IOTOKOB

show ctraf header src mac

MAC-ajpec ornpasureist

show ctraf header src ip

IP-ajpec ormpasuresist

show ctraf header src udp

womep UDP-nopra ornpasuress

show ctraf header dst mac

MAC-azapec nosygaresist

show ctraf header dst ip

IP-ajpec nosrygaresist

show ctraf header dst udp

nomep UDP-nopra nosyuaresis

show ctraf header precedence

3HavYeHue IIPUOPUTETa KaJipa

show ctraf header tos

THUIL O6C.J'Iy7KI/IBaHI/IH ImakeTa

show ctraf rate

3HavYeHrne NH(MOPMAIMOHHON CKOPOCTH
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Tabnuna C.2. Komanznpt ynanéunoro yupasinenuss (TELNET) (npodoasicerue)

show ctraf frame

pa3Mep Kajpa

ctraf start

3allyCK I'eHepalun KOMIIJIEKCHOT'O Tpa(ﬁbHKa

ctraf stop

OCTaHOBKa reHepanun KOMIIJIEKCHOT'O Tpa(bm(a

ctraf results

PE3YJIbTaThl reHepanu KOMIIJIEKCHOT'O Tpa(bI/IKa

BERT

show bert header src mac

MAC-anpec ormnpasures

show bert header src ip

IP-anpec ornpasuTesist

show bert header src udp

nomep UDP-mopra ornpasuresis

show bert header dst mac

MAC-aapec nostygaresist

show bert header dst ip

IP-ajpec nosygarests

show bert header dst udp

romep UDP-niopra mosyuaress

show bert header precedence

3HaY€HHE IPUOPUTETa KaJapa

show bert header tos

THIL chuymmzauma IIaKeTa

show bert topology port tx

HOPT Iiepegavn JaHHbIX

show bert topology port rx

IOPT HIPHUEMA JIAHHBIX

show bert level

yposenb mojiesn OS], Ha KOTOPOM GyJIET TPOBOJINTHCST TECT

show bert pattern

CTaHJapTHas TeCTOBad IIOCIEI0BATCIbHOCTH

show bert user-pattern

TeCTOBag ITOCJIeJ0BATEJIbHOCTD, 3aJlaHHasd II0JIb30BaTe/IeM

show bert frame

pa3mMmep Kazapa, 3aﬂaHH1>H71 II0JIb30BaTeJIeM

show bert rate

3aJaHHasd Harpyska, k5 /c

show bert duration

JJINTEJIbHOCTDh I/ISMCpCHI/IIu/I

bert start

3amyck tecra BERT

bert stop

ocranoB Tectra BERT

bert results

pesysbraTsl Tecta BERT

aKeTHBIN JKUTTEP

show jitter port

OPT, HA KOTOPOM OYJIET MPOUCXOJUTH U3MEpPEHUe JIXKUT-
Tepa

show jitter threshold

Iopor, Mc

show jitter duration

JUIMTEIbHOCTD N3MEPEeHU

jitter start

3amyck Tecta «llakeTnsrit exuTTED>

jitter stop

ocranoBka TecTa «llakeTHbrit JZKUTTED»

jitter results

Ppe3yJabTaThl TeCTa «ITaxkeTHbrit JZKUTTEP»

TecToBBIiT MOTOK

show txgen header src mac

MAC-aapec ormpasures

show txgen header src ip

IP-ajpec orupasuresist

show txgen header src udp

nomep UDP-nopra ornpasuresis

show txgen header dst mac

MAC-anpec nomyaaresis

show txgen header dst ip

IP-ajpec nosygarests

show txgen header dst udp

romep UDP-niopra mosygaaress

show txgen header precedence

3Ha4Y€HHUE NPUOPUTETa KaJapa
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Tabnuna C.2. Komanznpt ynanéunoro yupasinenuss (TELNET) (npodoasicerue)

show txgen header tos

THIT O6CJ’Iy)KI/IBaHI/I9I ImakeTa

show txgen port

[IOPT, ¢ KOTOPOTO Oy/eT FeHepUPOBATLCSA TECTOBBI Tpa-

buk

show txgen frame

pa3Mep KaJpa, 3aJaHHbIil 110JIb30BaTeIeM

show txgen duration

JJINTEJIbHOCTDh I/I3MCpCHI/IIu/I

show txgen rate

3ajannas Harpyska, kB5/c wm %

txgen start

3allyCK reHepalin TeCTOBOTO ITOTOKa

txgen stop

OCTaHOBKa remepanyuu TeCTOBOI'O IIOTOKa

txgen results

Ppe3yabTaThl FreHepalii TeCTOBOTO IIOTOKa

ITapamerpsn! ceTu

show network a dhcp

Bruiovuena ju pyuaknug DHCP s mopra A

show network a ip

IP-aapec nopra A

show network a subnet

MacKa IOJICeTU JJIs TTopTa A

show network b dhcp

sruiouena ju yuknus DHCP s mopra B

show network b ip

IP-ampec nopra B

show network b subnet

MacKa IOJICeTH [l nopTa B

show network gateway

IP-ajpec mumoza

show network dns

IP-anpec y3ma ceTm, KOTOPBI cofepKUT 6a3y JaHHBIX
DNS

ITapamerps! uarepdeiicon

show gbe a speed

CKOPOCTD TIEPEJaIn JAHHBIX JJIs TTOpTa A

show gbe a state

cocrosiane TopTa A (BKJIOUEH /BBIK/IIOUEH)

show gbe b speed

CKOPOCTB TIepejiadn JJAHHBIX JIs 1opTa B

show gbe b state

cocrosinue TopTa B (BKIIIOYEH /BBIKIIIOYEH)

Tecrsr TCP/IP

ping

‘ 3allyCK TecTa <<9X0—3anp0c>>

CoxpaHeHue/3arpy3Ka pe3yJibTaToB

results save N

COXpaHeHHe Pe3yJIbTATOB U3MEPEHNUt O/ OPSIKOBLIM HO-
mepom «N» (N =1 .. 10)

results load N

3arpyska pe3yJIbTaTOB U3MEPEHUil, COXPAHEHHBIX I10]] I0-
PAIKOBBIM HOMepoM «N»

results show

OTO6pa)KeHI/Ie TEeKYIIUX pe3yJ/JIbTaToOB I/ISMGPGHI/II?I

results show N

BBIBOJL, PE3YJIBTATOB U3MEPEHUIl, COXPAHEHHBIX 110/ IOPSIJI-
KOBBIM HOMepOM «N»

results show all

BBIBOJI BCEX COXPAHEHHBIX PE3YJIbTATOB M3MEPEHUit

results info

BBIBOJ, MH(OPMAIIMU O COXPAHEHHBIX PE3yJIbTaTax u3Mepe-
HUI

Jlor

log < off | on >

BBIKJIIOYEHUE / BKIIIOYEHUE CUCTEMBI  IIPOTOKOJIMPOBAHMUST
CcOOBITHI

log show

BBIBOJL, COODITIEHUIT O TPOU3OIIEIINX COOBITUSIX

OO61e KoMaHabI
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Tabnuna C.2. Komanznpt ynanéunoro yupasinenuss (TELNET) (npodoasicerue)

show version HOMepa BEPCHIt TPOrPAMMHOTO 00ECIICIECHIST
exit BBIXOJ[ I3 KOMAH/IHOTO PEXKUMa

reboot mepe3arpysKa npudopa

help CIIUCOK JIOCTYITHBIX KOMAaH]

configure IePexXo, B pexKuM KOH(PUrypamun

username M3MEHEHUE UMEHU II0JIb30BATE/Ist

password U3MEHEHHUEe IIapOJIst

show options IIPOCMOTP OTKPBITHIX OTIUIA

show time MPOCMOTP TEKYIIEr0 BPEMEHH

show date IPOCMOTP TEKYIIEi JTaThl
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Ta6muna C.3. Komanp! yranénunoro ynpasienus (TELNET). Pexum kouduryparuu

Komanga

‘ HeiicTBue

RFC 2544

rfc2544 header src udp <int>

ycranoBka Homepa UDP-mopra ormpa-
BHUTEJIst

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

ycranoka MAC-aapeca ormnpasureiist

rfc2544 header src ip <i.iii>

ycranoBka IP-agpeca ormpasures

rfc2544 header dst udp <int>

ycranoBka HoMepa UDP-mopra mosy-
qaTesst

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

ycranoBka MAC-apeca nosydaresst

rfc2544 header dst ip <i.i.ii>

ycranoBka IP-agpeca mosyuaTesis

rfc2544 header vlan count < off | 12| 3 >

BbI60Op KosmmuectBa VLAN merok

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

YCTAaHOBKA 3HAYEHUs UICHTU(MUKATOPA
VLAN

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

YCTaHOBKa 3HAYCHUA IIPpUOPpUTETa Tpa-

duka

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

BBIOOD KOJIMYECTBA METOK HA [IePeIady

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

yCTaHOBKa 3HAYECHUA METKNU

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

yCTAHOBKA KJiacca OOCIIy?KUBAHUS IIa-
KeTa

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

YCTaHOBKA BPEMEHU JKU3HU IaKeTa C
METKOM

rfc2544 header precedence <int>

YCTaHOBKa 3HaveHUs IPHOpUTETa KaJl-
pa

rfc2544 header tos text

yCTaHOBKa THII& Oﬁcﬂy)KI/IBaHI/I}I ITake-
Ta

rfc2544 topology tx < a | b | remote >

YCTaHOBKa IIOPTa Iepejiadn JAHHbIX

rfc2544 topology rx < a | b | remote>

YCTaHOBKA IOPTa IPUEMA JTAHHBIX

rfc2544 topology ip <i.i.ii>

ycranoBka IP-aapeca gucTaHnnoHHOrO
npubopa

rfc2544 throughput duration <int>

yCTaHOBKa JJINTEJILHOCTH IPOOBI JJIs
aHaJIn3a IIPOILYCKHOI CIocoOHOCTH

rfc2544 throughput enabled < no | yes >

3alper/paspelieHne BbIIIOJHEHUS aHa-
JIN3a TPOITYCKHOM CIIOCOGHOCTH

rfc2544 throughput maxrate

yCTaHOBKa BeJUYNHbI Harpy3KH JIJIed
aHaJm3a IlpOllyCKllOﬁ CIIOCOOHOCTHI

rfc2544 throughput threshold <int>

YCTaHOBKA BEJIMYMHBI [10POra I0TEPhb
TSI QHAJII3a IIPOILYCKHOI CIIOCOOHOCTH

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

yCTaHOBKa BEJIMYUHBI Pa3pPerIeHud I
aHaJm3a HpOHyCKHOﬁ CIIOCOOHOCTHI

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

3anper/paspelieHne  UCIOJb30BAHMS
IpU  aHaJu3e  COOTBETCTBYIOLIETO
pa3Mepa Kajpa

rfc2544 frames [1-8] size < XXXX >

3alaHue pa3Mepa KaJpa
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Tabnuna C.3. Komanznpr ynanéunoro yupasnenuss (TELNET) (npodoasicerue)

rfc2544 latency enabled < no | yes >

3alper/ pa3pelieHne BbIIIOJHEHUs aHa-
JIU3a 3aJIePKKU PACIPOCTPAHCHUS

rfc2544 latency count <int>

YCTAHOBKA KOJIMIECTBA P00 JIsl aHa-
Jin3a 33JI€PKKU PACIPOCTPAHEHUS

rfc2544 latency duration <int>

ycTanoBKa JJINTEJIbHOCTUA IIpOGbI JJIeL
aHaJIN3a 33/IePKKN PaCIIpOCTpaHeHU

rfc2544 latency rates src <throughput | manually >

3aJ[aHNe NCTOYHUKA 3HAYEHHI HATPY3-
ku (throughput — npomyckuas croco6-
HOCTh, manually — BpyuHyt0)

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

BBO/I 3HAYCHUIT HATPY3KH T KaXKJ0T0
pa3Mepa KaJipa

rfc2544 frameloss enabled < no | yes >

3arper/pa3pelieHne BbITOJHEHUs] aHa-
JIn3a yPOBHSI IOTEPh KaJPOB

rfc2544 frameloss duration <int>

YCTAHOBKA JIJIUTEJIbHOCTH IIPOOBI JIJIst
aHaJIM3a YPOBHH IIOTEPH KaJPOB

rfc2544 frameloss steps < XX >

YCTaHOBKa KOJIMYECTBA IIaroB /s aHa-
JIN3a yPOBHHA IIOTEPb KaJIpOB

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

YCTAaHOBKA HA4YaJIbHOM HArpPy3KH JIJIst
aHAJN3a YPOBHY II0TEPb KaJIPOB

rfc2544 frameloss rates stop < XX > <%|kbps

mbps>

YCTaHOBKa KOHEYHONH HArPY3KH IS
aHaJInu3a ypOBHH IIOTEPb KaJpOB

rfc2544 back2back enabled < no | yes >

3a1per,/ pa3pelieHue BbIIOJTHEHNsT AaHa-
JI3a IIPEJICJIbHON HArPY3KU

rfc2544 back2back count <int>

YCTAHOBKA KOJIMTIECTBA IIPO0 IIst aHa-
JIn3a MpeJIeJIbHON HArPy3KH

rfc2544 back2back duration <int>

YCTaHOBKa JJINTEJILHOCTH IPOOBI I
aHaJIN3a IpeJesbHO Harpy3KHl

rfc2544 back2back rates src <throughput | manually >

3aJ]aHNe UCTOYHUKA 3HAYCHUN HATPY3-
ki (throughput — npomyckuast crioco6-
HOCTh, manually — Bpy4HyIO)

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

BBOJI, 3HaUCHUI HAI'PY3KU M1 KazKJI0I'0
pa3Mepa Kajipa

rfc2544 advanced wait <int>

YCTAHOBKA, 3HAYECHHS ITapaMeTpa <«HH-
TepBas»

rfc2544 advanced learn <int>

yCcTaHOBKa 3HaY€HUs IIapaMeTpa <<06y—
YeHUue»

CrnoxHblil Tpaduk

ctraf header mpls tx count < off | 12| 3 >

BBIOOD KOJIMYECTBA METOK HA [ePeIady

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

yCTaHOBKa 3HAYECHUA METKHU

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

YCTaHOBKA KJjiacca OOCIIy’KUBAHUS Ia-
KeTa

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

YCTaHOBKa BpPEMEHH XKU3HU IaKeTa C
MEeTKO

ctraf nstreams <int>

BBO/I KOJIMYECTBA IIOTOKOB JIAHHBIX

ctraf stream <int>

BBO/I HOMepa HaCTpanBaeMOI'O IIOTOKa
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Tabnuna C.3. Komanznpr ynanéunoro yupasnenuss (TELNET) (npodoasicerue)

ctraf topology tx < a | b | remote >

YCTaHOBKa MOPTA IIepeIadn JaHHBIX

ctraf topology rx < a | b | remote >

yCTaHOBKa IIOpTa anéMa JaHHbIX

ctraf topology ip <i.ii.i>

ycranoBka [P-ajpeca aucrannuoHHOro
pubopa

ctraf duration <int>

ycranoBKa IJIUTEJIbHOCTH TeHepalun
3aIaHHOT'O KOJIM4YeCTBa IIOTOKOB

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

yceranoska MAC-ajpeca ornpasuTeis

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

ycranoBka IP-agpeca ornpasuTestst

ctraf header src udp <int>

ycranoBka Homepa UDP-mmopra ormnpa-
BHTEJIst

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

ycranoska MAC-anpeca nmosygaresis

ctraf header dst ip <i.ii.i>

ycranoBka IP-aapeca momywaress

ctraf header dst udp <int>

ycranoBka nomep UDP-mopra momywa-
TeNs

ctraf header precedence <int>

ycTanoBKa 3Ha4Y€HUA IIPpUOPUTETa Ka/l-
pa

ctraf header tos text

ycTanoOBKa THUIIQ O6C]Iy)KI/IBaHI/IH ImaKe-
Ta

ctraf rate <int>

BBOJL 3HAUEHHsT NHPOPMAIMOHHOIT CKO-
pocru (0 yMOJIYAHHIO — B IIPOLEHTAX)

ctraf rate <int> <unit>

BBOJI 3HaUEHNs NHMOPMAIHOHHO CKO-
POCTH € YKA3aHUEM €/[UHUI H3MEPEHUsT
(K6ur/c, M6/c umu %)

ctraf frame <int>

BBOJ, pa3Mepa KaJpa

BERT

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

BBIOOD KOJIMIECTBA METOK HA IEPEeIaty

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

yCTaHOBKa 3HAYCHUSA METKU

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

yCTaHOBKA KJjacca OOCIIy?KHBAHUS IIa-
KeTa

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

YCTaHOBKA BPEMEHU JKU3HHU IaKeTa C
MeTKOH

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

BBIOOD KOJIMTIECTBA METOK Ha, IIPHEM

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

yCTaHOBKa 3HAYCHUA METKHU

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

ycranoBka MAC-anpeca oTnpaBuTesist

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

ycranoBka [P-agpeca ornpasuTesist

bert header src udp <int>

ycranoBka Homepa UDP-mopra ormnpa-
BHUTEJIst

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

ycranoska MAC-anpeca mosygarens

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

ycranoBka [P-agpeca mosmyaaresst

bert header dst udp <int>

ycranoBka HoMepa UDP-nopra mosy-
qaTeJst

bert header precedence <int>

ycraHnOBKa 3Ha4Y€HUdA IIpUOPpUTETa Kal-
pa
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Tabnuna C.3. Komanznpr ynanéunoro yupasnenuss (TELNET) (npodoasicerue)

bert header tos text

yCTaHnOBKa THUIIA O6C]Iy)KI/IBaHI/IH ImaKe-
Ta

bert topology tx < a | b | remote >

ycTaHOBKa IIopTa Iepegavn JaHHbIX

bert topology rx < a | b | remote >

ycranoBKa 1opra upuéma JaHHBbIX

bert topology ip <i.i.i.i>

ycranoska [P-ajpeca JIuCTaHIMOHHOTO
npubopa

bert level < 1|2 |3 |4 >

BbIOOp ypoBHs Mozean OSI, ma koro-
poM GyzieT IPOBOAUTHCS TECT

bert pattern < user | crtp | 2e11-1| 2e15-1| 2¢20-1 | 2e23-1
| 2¢29-1 | 2¢31-1 >

BBIOOD CTaHJAPTHON WA
1I0JIb30BaTe/IeM TeCTOBOI
TeJIbHOCTHU

3a/1aBaeMoit
ocj1e/10Ba-

bert user-pattern hex

BBOJ THOJIb30BaTEIbCKON
TEJIbHOCTHA

mocaeaoBa-

bert frame <int>

BBO/ pa3Mepa Kajpa

bert rate

BBOJ TpeOyeMOii HArpy3Kn

bert duration <hh.mm.ss>

3alaHne IIUTeJIbHOCTU U3MEPEHU

ITakeTHBI JKUTTED

jitter port < a|b >

BBIOOp TOpTa, Ha KOTOPOM OyZeT mpo-
HCXOIUTH U3MEPEHHE [PKUTTEPA

jitter threshold <int>

3aJ[aHie [TOPOrOBOTO 3HAYEHUS JIZKUT-
Tepa

jitter duration <hh.mm.ss>

3alaHe BPEMCHU U3MEPEHUA JIZKUTTEe-
pa

TecToBBIiT MOTOK

txgen header mpls tx count < off | 1|23 >

BI)I60p KoJin4iecTBa MEeTOK Ha Ilepeaady

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

yCcranoBKa 3HAY€HUsI METKHU

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

ycranoBKa KJiacca O6CJIy)KI/IBaIII/IH I1a-
Kera

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

YCTaHOBKa BPEMEHH JKU3HU ITaKeTa C
MeTKO

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

ycranoska MAC-anpeca orpaBuresis

txgen header src ip <i.ii.i>

ycranoBka IP-agpeca ormpasuress

txgen header src udp <int>

ycranoBka nomepa UDP-nopra ormpa-
BUTEJIST

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

yeranoska MAC-ajpeca nosrygaresist

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

ycranoBKa IP—a;Lpeca IoJrygaTreJsid

txgen header dst udp <int>

ycranoBka HoMepa UDP-mopra mosry-
qaTess

txgen header precedence <int>

yCTaHOBKa 3HAYCHUA IIPUOPUTETA Kal-
pa

txgen header tos text

yCTaHOBKa THII& OﬁCJIy)KI/IBaHI/Iﬂ ITake-
Ta

txgen port < a|b >

BBIOOD 1IOpPTA, C KOTOPOro OyjeT 1po-
HMCXOJUTH PeHepalusi TpaduKa
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Tabnuna C.3. Komanznpr ynanéunoro yupasnenuss (TELNET) (npodoasicerue)

txgen frame <int>

BBOJI, pa3Mepa KaJpa

txgen duration <hh.mm.ss>

3a/laHue JJIUTEJIbHOCTU U3MEPEHU A

txgen rate

BBOJI, TpebyeMoil Harpy3Ku

IIneiid!

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

BBIOOD YPOBHSI, Ha KOTOPOM OyIeT 1mpo-
HCXOJUTH [IEPEHAIIPABJICHUE TECTOBOIO
TpaduKra

loopback < a | b > mac swap < off | on >

BBIKJIIOYEHHE / BKIIIOTCHIE pexnma,
npu koropom MAC-azpeca ormpasu-
TeNS W TOJNYYATeIs] B TPUXOSAIIAX
[AKETax MEHSIFOTCS MEeCTaMI

loopback < a | b > mac replace < off | source | destination
| sre+dst >

BBIOOD pexkuma 3aMerbl MAC-aapecos
(BBIKJI | oTmpaBuTens | HmOMydaTess |

06a)

loopback < a | b > mac sre <XX:XX:XX:XX:XX:XX>

yeranoska MAC-ajpeca, KoTopslii Oy-
ner nojcrasieH B nose «Source MAC
Address» Ethernet-makera

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

yeranoska MAC-aspeca, KoTopslii Oy-
ner nozacTapieH B moje «Destination
MAC Address» Ethernet-nmakera

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

BbIOOp pexknma 3ameHbl VLAN-merok
(Bbika | id | mpuopwuret | id-+mp)

loopback < a | b > vlan id <int>

yCTaHOBKa 3HAYEHUsI HICHTUDHKATOPA
VLAN

loopback < a | b > vlan priority <int>

YCTaHOBKa, 3HAUCHUs IIPUOPUTETA Tpa-

buka

loopback < a | b > ip replace < off | source | destination
| src+dst >

BBIGOP pexkuMa 3aMenbl IP-azpecos
(BBIKI | OTHpaBHTENL | mOKyYATEND |

06a)

loopback < a | b > ip sr¢ <ii.ii>

ycranoBka IP-ajpeca, koropsbrii 0y-
JeT mojcTrasjeH B moje «Source IP
Address» Ethernet-nmakera

loopback < a | b > ip dst <i.i.ii>

ycranoBka [P-ajpeca, koropslit Oymer
noacrasiien B moje <«Destination IP
Address» Ethernet-nmakera

loopback < a | b > tos replace < off | tos | precedence |
tos+prec >

BBIOOp pexkuMa 3aMeHbl moJieii ToS

loopback < a | b > tos flags <bin>

YCTAQHOBKA 3HAUYECHHsI, KOTOpoe Oyjer
nozicrasiieHo B nose «Type of Service»
Ethernet-nakera

loopback < a | b > tos precedence <int>

YCTAaHOBKa 3HAYEHUsI, KOTOpoe Oyier
nojicraBiieno B 1osie  «Precedences»
Ethernet-nakera

'Komanmsr u3 paszgenos «Illneiib» un «TpansuTs BCTYIAIOT B CIUTy TOJILKO IIOCTIC KOMAHIDI
settings apply wim nepesarpysku nputopa KoMaHoil reboot.
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Tabnuna C.3. Komanznpr ynanéunoro yupasnenuss (TELNET) (npodoasicerue)

Tpanszut
passthrough -~ Oﬁ ‘ on > BbIK.]'HO‘IeHI/Ie/BKJIIO‘{eHI/Ie pexuma
TPAH3UT
IlapameTpsl ceTn>
BKJIIOYEHNE / BBIK/IIOUEHHE  (DYHKI[UI

network a dhep < off | on >

DHCP pmia nopra A

network a ip <i.iii>

ycranoska [P-aapeca gst mopra A

network a subnet <i.i.i.i>

ycTanOBKa MaCKH IIOJICETH JiJId II0PTa

A

network a gateway <i.i.i.i>

ycranoBka IP-aspeca mnurosa jijist nop-
Ta A

network a dns <i.i.i.i>

ycranoBka [P-ajpeca ceTu, KOTOpBIit
copepxkut 6a3y DNS, st mopra A

network b dhep < off | on >

BKJIOY€HUe/ BBIK/IIOYeHne  (DyHKIMN

DHCP pua nopra B

network b ip <ii.i.i>

ycranoBka IP-agpeca st mopra B

network b subnet <i.i.i.i>

ycranoBKa MaCKH IIOJICETH JiJId II0pTa

B

network b gateway <i.iii>

ycranoBka [P-aapeca mumosa jyist mop-
Ta B

network b dns <i.i.i.i>

ycranoska I[P-ajpeca ceru, KOTOpDbIit
copepxut 6a3y DNS, mist mopra B

lan dhep < off | on >

BKJIIOYEHUE / BBIKIIOUCHIE  (DYHKIUI

DHCP jist mopra LAN

lan ip <i.iii>

ycranoBka [P-agpeca mis nopra LAN

lan subnet <i.i.i.i>

yCcTaHOBKa MaCKH IIOJICETH JiJId IIOpTa
LAN

lan gateway <ii.ii>

ycranoBka [P-ajipeca numosa jijist nop-
Ta LAN

network mpls < off | on >

BI)IKJIIO‘{BHI/IE/BKJHO‘{BHI/IG BO3MOZKHO-
CTU OTHIPAaBKHU ITaKETOB C METKaMU

ITapamerps! uarepdeiico

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

BBIOOD CKOPOCTH IEpEJadd JIAHHbIX
Jutst opTa A

gbe a state <offjon>

BI)IKJIIO‘{BHI/IG/BKJHO‘{BHI/IG mopTa A

ghe a mac <XX:XX:XX:XX:XX:XX>

sananne MAC-ajapeca jist mopra A

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

BBIOOD CKOPOCTH I€peJladil  JIaHHbBIX
st nopra B

gbe b state <offjon>

BBIK/IIOUEHNE / BKJIFOUeHHe 1opTa B

gbe b mac <XX:XX:XX:XX:XX:XX>

samanne MAC-azpeca jist mopra B

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

samanne MAC-aapeca juist nopra LAN

2Komanp! u3 pazgenos «Ilapamerpst cerns» u «Ilapamerpsr uarepdeiicoss BCTYHAIOT B CUJLY
TOJIBKO TIOCJIe KOMaHJ B! settings apply mim nepesarpysku mpubopa KOMaH,10il reboot.
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Komanapr ynanéunoro ynpasienus

Tabnuna C.3. Komanznpr ynanéunoro yupasnenuss (TELNET) (npodoasicerue)

lan vlan count < off [1]2]3 >

BBO KotmaectBa VLAN merox

lan vlan < 1|2 |3 > id < int >

YCTaHOBKA 3Ha4YeHust 12-0MTHOrO WJieH-
tudukaropa VLAN

lan vlan < 1|2 | 3 > priority < int >

ycTanoBKa 3Ha4Y€HUA IIPUOPUTETa Tpa-

bura

gbhe

<a|b>vlancount <off [1|2]3 >

BBO KotmaectBa VLAN merox

gbe

<a|b>vlan<1|2]3>id <int >

YCTaHOBKA 3Ha4YeHust 12-OMTHOrO WJieH-
tudukaropa VLAN

ghe

<a|b>vlan <1|2]|3 > priority < int >

ycTanoBKa 3Ha4Y€HUA IIPpUOPUTETA Tpa-

bura

gbhe

<a | b > mpls tx lsr <iiii>

ycranoBka  [P-ajpeca  unTepdeiica
MapIIpyTU3aTOPa, OCYIIECTBIISIONErO
KOMMYTaIUIO II0 METKaM

BbIK.JIIO‘ICHI/IC/BKJIIO‘ICHI/IC npaBuJjia Ha

gbe <a | b > mpls tx rule < off | on >

OTIPAaBKY IIAKETOB B IOZCETH
gbe <a | b > mpls tx subnet <i.iii> IP-ampec nojcern
gbe <a | b > mpls tx mask <iiii> MacKa II0JICeTH

gbe

<a | b > mpls tx stack count < off | 1|2 |3 >

BLIGOp KoJIn4iecTBa METOK

gbe

<a | b > mpls tx stack [1-3] label <int>

yCcTaHOBKa 3HAYCHUSI METKU

gbe

<a | b > mpls tx stack [1-3] cos <int>

ycraHOBKa KJiacca O6CJIy)KI/IBaHI/IH Ima-
KeTa

gbe

<a | b > mpls tx stack [1-3] ttl <int>

YCTaHOBKa BPEMEHH JKU3HU ITaKeTa C
MeTKOI

ghe

<a|b > mplsrx count <off | 1|2]3>

BLI60p KOoJIn4YeCcTBa METOK B IIpUHUMAa-
€MBIX ITaKeTaxX

gbe

<a | b > mpls rx [1-3] label <int>

yCTaHOBKa 3HAYECHUA METKHU

IIpoduan

profile rename [n| [name|

3a/laHne UMEHN HpOd)I/IJ'[H

profile save [n]

COXpaHEHME TEeKyIIUX HaCTPOeK B
AYEHKy N

profile lock [n]

YCTAHOBKA 3alllUTbl OT 3alluCu JJId
SYefKN N

profile unlock [n]

OTMEHa 3aIlUThI OT 3allUCU JIJIA ST9efKn
n

profile load |n]

3arpyska npoduiis HaCTPOeK U3 s4eii-
KO 1

profile delete [n]

yaasenne Ipoduiis HACTPOEK U3 sraeii-
KO I

profile list

0TOOpaKeHrne CIUCKa COXPAHEHHBIX
npodueit B dopmare «index, name,
data, status», rjie index — Homep sTueii-
K, B KOTOPOil COXpaHEeH IPOMUIIb,
name — uMs npodus, data — garta co-
XpaHeHus, status — cocrogHue (3aIu-
MIEH OT 3aIlMCU WJIH HET)
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Tabnuna C.3. Komanznpr ynanéunoro yupasnenuss (TELNET) (npodoasicerue)

profile show [n]

BBIBOZUT COAECPAKIMOE IPOGUII N

OGime KoMaHIbI

exit

BBIXOJI M3 PeXKNMa KOH(PUIYpaInn

help

BBIBO/I CITMCKa JOCTYITHBIX KOMaH/

time HH:MM:SS

HaCTpOﬁKa TEKYyIIEero BpeMeHnn

date DD-MM-YYYY

HaCTPOIiKa TeKyIleil qaTbl
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D. COEIU®UKAIIUU U TEXHUYECKUE
BO3MOX>KHOCTU MIPUBOPA

Tabsmmna D.1. Cuenndukanun Bepkyr-ET

Hucnuieit

IIBernoii rpacduyeckmii gucnieir, 320 240 Touex

KuaaBuarypa

TInénounas (25 kJrapu)

Nurepdeiic ais MOAKIIOYEHUST K
KOMOBIOTEPY

USB-kjueHT

Hanpﬁ)KeHne BHEIITHETO UCTOYHU-
Ka INUuTaHusa

12 B

IToTpebusiemblii TOK

Menee 1 A

AKKyMyJIsITOPHBIE 3JIEMEHTbI

4 NiMH »sjeMeHTOB, COEIMHEHHDLIX IIOCJIEI0BATEILHO.
Homunanpnoe mampsikenmne 6arapen - 4,8 B, émkocts -
4300 MA X 4.

DJIeMeHTbI 3alluThbl II0 3JIEKTPO-
IIUTAaHUIO

3amyra OT IepeHanpsIyKeHi

Buyrpennnit npegoxpanurens 5 A

NMurepdeiicet Gigabit Ethernet

2x10/100/1000 Base-T u SFP

WNurepdeiicbl ynpasieHus

USB, LAN 10/100 Ethernet

OnopHasi 4acTOTa TECTOBOIO CHI-
Hasa nHrepgeiica 1G Ethernet

62,5 MI'u£6250 I'p (100 ppm)

TabapuTHble pa3mMepsbl
TeJIbHOTO OJI0Ka

usmepu-

200x 101 x44 mm

Macca n3mepureabHOro 6Jioka 0,640 kr
Juanazon pabounx tremmneparyp |0-35°C
JInana3oH Temneparyp TpaHCHOP- 10...+45°C

THUPOBKH U XpaHEeHUs

OTHOCI/ITeJ'I])HaH BJIA>KHOCTH BO3-
myxa

40-90 %, 6e3 KommeHCATA

Tabmnma D.2. Texmnmaeckue Bosmoxkunoctn Bepkyr-ET

TecTupoBaHme B COOTBETCTBUU
¢ meroaukoit RFC 2544

Hocrymusie Tectsr: Throughput (mporycknast crioco6HOCTD)
Frame Loss (yposens noreps Kazapos), Back-to-Back (npe-
JenbHast Harpyska), Latency (3anepxxa).

Pasmepsr kagpos: 64, 128, 256, 512, 1024, 1280 u 1518
OaiiT, 3a/1aBaeMblil II0JIb30BATEIEM.
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Tabnuma D.2. Texuuueckue sosmoxuocr BepkyT-ET (npodosoicerue)

IP-tecTnI

Ping (9Oxo-tecr), Traceroute (Mapmpyr), DNS lookup
(mouck ma cepsepe umén), TCP-kament.

Opranuzanus uueiida (loopback)

Ineitd na dusnveckom (PHY), kanansnom (MAC) u ce-
resoM (IP) yposmsx ¢ moxmepkkoii VLAN ¢ Bo3MOXKHO-
CTBIO 3aMEHBI ITOJIeid.

Tect kabensi

Tect menmoro kabesnst Ha OOPBIB, KOPOTKOE 3aMBIKAHIE,
olIpejieJIeHne PACCTOSHUS 10 TOYKH OOPBIBA.

BERT

TecT MO3BOJISIET ONPEJIEIUTH OCHOBHON OUTOBBIH MOKaza-
TesIb KadecTBa KaHasma — «bit error rate» (kosddunuent
GUTOBBIX OMINGOK).

ITakeTHBIN A2KUTTED

VI3Mepenne makeTHOroO JIZKUTTEPaA, OTOOPAYKEHIE PE3YIIbTa~
TOB B Bujie Tabsmi u rpacdukos. Mcrnonb3yercs st OreH-
KH BO3MOYKHOCTHU CETH TIepeJIaBaTh YyBCTBUTEBHBIN K 3a-
nepKKaM Tpaduk.

I‘eHepaunﬂ TEeCTOBOI'O ITIOTOKa

BosmokHOCTH 3a/jaBaTh pa3Mep KaJjpa, JJIUTEebHOCTD T'e-
Hepalyy W BeJINYNHY Harpy3KH.

VYaanéHHoe ynpaBjieHUEe

Vupasiienne npubopoM B peKHMMe TepMUHAJA, 10 TPOTO-
kosty TELNET, uepes WWW-unrepdeiic. Boinonnenue
TECTOB, HACTPOWKA IIAPAMETPOB, HOJIyUICHUE PEe3yIbTATOB
U3MEPEeHUit.

Crarucruka 1mo IIpUHUMaeMOMY U IlepeJlaBaeMOMy Tpa(i)n-

Crarucruka
Ky Ha (PU3NIECKOM, KAHAJILHOM U CETEBOM YPOBHSIX.
Briiouenne B paspbiB  COCIUHEHUST MEXKIY CETEBLIMU
Tpausur ycrpoiicTBaMu, ¢60p CTATUCTUIECKHAX JAHHBIX O IPOXOIS-

meM Tpaduke.
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E. YCTPAHEHUE HEUCIIPABHOCTEM

Tabmuma E.1. BoamoxkHbIe HEHCTTPABHOCTH

XapaKTepHbIe
OpU3HAKA
HEHCIPABHOCTU

BoamoxkHas npunanHa

Metop ycrpanenus

HexkoppekTHoe cucremuoe
BpeMs

BBI.Ha HaKaTa KHOIIKa all-
mapaTHOro cbpoca

YCcTaHOBUTEH CUCTEMHOE BpemMd

IIpubop He BKJIOUaETCS

PaspsikeHa  aKKyMyJisi-
TopHast barapest

BKJIIOYATH  BHENIHWH MCTOYHUK
MIATAHUSI, 3aPsiINTH OATAPEIO

Cooit TporpaMMbl

TOHKUM TYIIBIM CTEPIKHEM HAXKATH
KHOIIKY aIlllapaTHOro cbpoca de-
pe3 oTBepcTHe Ha OOKOBOI TIAHE I
Ipubopa PAIOM C Pa3bEMOM IIUTA-
Hus 12 B

He npoucxomaur 3apsin 6a-
Tapeu OT BHEITHEro 0JI0Ka
IMUTaHUA

HeucmpaBen 6710k mmra-
HUsA, OOPBIB B IITEKEpE,
oBpeK ieHa barapest

IIpoBepuTh u IpU HEOOXOIUMOCTH
3aMEHUTH OJIOK ITUTAHKS, OaTapero
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F. T'stoccArumn

10Base-T
CrapgapT mepemadn JaHHBIX cO cKopocThbio 10 Mour / ¢ o ceru Ethernet
C UCIIOJIb30BaHUEM Ka6e]15{ TUIIA «BUTad Hapa».

100Base-T (100Base-TX)
Cranzapr nepenadn JaHHBIX co ckopocTbio 100 M6ut/c o ceru Ethernet
C WCIOJIb30BAHUEM KabeJsIsl THUITa «BUTAs Hapasy.

1000Base-T
Cranapr nepejadu JaHHBIX co ckopocThio 1000 M6ur/c (1 I'6ur/c) no
ceru Ethernet ¢ ucnonb3oBanneM kabesst TUAIA «BUTas Tapay.

Back-to-back
IIpenesibHast Harpyska. Tect, onpeessmonii BpeMsi, B Te€4eHHe KOTOPOro
YCTPOUCTBO CIIPABJISETCSI C MAKCUMAJILHON HAI'PY3KOIA.

ARP
Address Resolution Protocol (mporokos pasperenus: aapecos). Ceresoit
POTOKOJI, IPEeIHASHAYEHHBIH JJIs Tpeobpasosanus IP-axpecos (agpecos

ceresoro yposua) B MAC-azpeca (ajgpeca KaHAJILHOIO YPOBHsI) B CETIX
TCP/IP. Ou onpenenén B RFC 826 [3].

Auto-negotiation
AsrocoracoBanue. IIporenypa, obecrieanBaloriast aBTOMaTHIECKOE OIIpe-
JleJIEHUE CKOPOCTU U PEXKUMa, COEMHEHMSI.

CSMA /CD
Carrier Sense Multiple Access with Collision Detection (MHOKecTBeHHBII
JIOCTYI ¢ KOHTPOJIEM Hecyllel u obHapyzxkenueM kojuusuii). Texunomorus
MHO>KECTBEHHOTO JTOCTYITa K 0DIIell mepeaatoleil cpejie B JOKAIbHONW ceTn
C KOHTPOJIEM KOJIIN3Wil, UCIOIB3yeTcsa B ceTax Ethernet.

DHCP
Dynamic Host Configuration Protocol (uporokos punamudeckoit koudu-
rypanuu yssa ceru). [IpoTokosi, MCHOIb3yeMblil y3/I0M CeTH i aBTO-
MaTHIecKoro moaydenust [IP-aznpeca n apyrux mapamMeTpoB, HEOOXOTUMbBIX
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Jutst pabotrsl B cersix TCP/IP.
DNS

Domain Name System (cucrema momennbix umén). Pacupenesnénnas cu-
creMa (6a3a JaHHBIX ), KOTOpPas UCHOJIb3YeTCs JJisl HPeoOpPA30BaAHUS UMEHU
cereBoro ycrpoiicrsa B IP-azpec. DNS pa6oraer B cersix TCP /IP.

DUT
Device Under Test. Tecrupyemoe ycTpoiicTBO.

EIR

Excess Information Rate. ®opcupoBanHasi CKOPOCTD Iepegadn JAHHBIX.

Ethernet
Texmomorns mocTpoeHnst JTOKAIbHBIX ceTeil. OmMchiBaeTCsT CTaHIAPTAMI

IEEE rpymmsr 802.3.

Frame loss rate
YpoBseHb morepb KaJapoB. Tect, onpeIe Aol IPoIeHT KaJIpoB, KOTOPLIE
He OBLIN [TePEeJIAHbl CETEBBIM JIEMEHTOM IIPHU ITOCTOSIHHOM HATDY3Ke U3-33
HEJIOCTATKa allllapaTHBIX PECYPCOB.

FTP
File Transfer Protocol (mporokos nepepaqu daitios). [Iporokos, npemma-
3HAYEHHBIN 11 mepeJadn (PpailjioB B KOMIIBIOTEPHBIX CETX.

Full-duplex
JlyttekcHbIit pexkum. PexxuM, TIpu KOTOPOM Iepejiada JAHHBIX MOXKET
HIPOU3BOJUTHCS OJHOBPEMEHHO C IIPUEMOM.

Gateway
[T03. CereBoe ycTpOICTBO, TO3BOJISAIONIEE COEIMHUTD MEXK Ty COOOI J1Be
m 60Jiee Pa3HOTHUIIHBIE CETEBbIE CUCTEMBI U IIpeobpa3zyioriee nHMOpPMa-
[IMOHHBIE TIOTOKH, IIEPEIAIOIIINecs] MEXK Ty HUMHU.

Half-duplex
Ionymynnekcubrit pexxum. Pexxum, mpu KoTopoMm miepejiatia BeaeTcs B 000-
UX HAIPABJIEHUSX, HO C Pa3J/IeJIEHIEM 110 BPEMEHU, TO €CTh B KaXKJIbIi MO-
MEHT BPEMEHU ITIepejiada BeIETCsS TOJIHKO B OJTHOM HAIIPABJICHUH.

ICMP
Internet Control Message Protocol (IpoTOKOJ MeXKCeTeBBIX yIIPABJISIO-
X c006meHI/H71). CereBoii IIPOTOKOJI, BXOJSINHI B CTEK IIPOTOKOJIOB
TCP/IP. B ocHOBHOM HCIIOIB3yeTCs IS Tlepejadn coobriennii 06 ommnb-
Kax U JPYTUX UCKJIOYUTE/bHBIX CHUTYalldsiX, BOSHUKIIUX IIPHU Iepeiade
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JAHHBIX.

IEEE 802.1Q
CranapT, KOTOPBIil Onpeieisier n3MeHeHusl B CTPYKType Kajipa Ethernet,
no3BoJtstonye nepegasarh undopmanuio o VLAN o cern.

1P
Internet Protocol (mporokon Internet). Oaue U3 OCHOBHBIX IIPOTOKOJIOB
cemeiicra TCP/IP, obecrieunBaer HerapaHTHPOBAHHYIO JOCTABKY IAKE-
TOB, He TPEOYIONTYIO YCTAHOBKH COEJMHEHNUS C IOy IaTEeIEM.

IP address
Internet Protocol address. Yuaukanbubiit nnearudukarop (ampec) yerpoii-
CTBa, HOJKJ/IIOYEHHOTO K O0bEIMHEHHOI CeTU HA OCHOBE CEMEHCTBA ITPOTO-
kosioB TCP/TP. Tlpencrasisier coboit 32-6UTOBOE JBOUUHOE YHUCIIO.

Jabber-dpeiim
[Taker mamubIx pasmepom Oostee 1518 OaiiT, MMEIOIIMT HETPABUIBHYIO KOH-
TPOJIBHYIO CYyMMY.

Jumbo-dpeiim
Ilaker mamaBIX pasmepom 6osee 1518 GaitT. PopmaT TaKOro Kaapa aHAIO-
rrdeH popMaTy CTAHIAPTHOrO KaJpa, HO COAEP:KUT Oojee ITHHHOE TT0JIe
JIAHHBIX, 9TO OOECIIEYMBAET JIydIllee COOTHOIIEHHE MEXKIY YHCJIOM CJIy-
JKEeOHBIX OaWTOB M YHCJIOM OAMTOB JAHHBIX U, COOTBETCTBEHHO, DoJtee -
deKTUBHYIO 1epeady HHPOPMAIIUHN.

LAN
Local Area Network (sokambnast cers). Cerb, KOTOpasi HOKPBIBAET OTHO-
cuTesIbHO HEGOUIBITY0 TeppuTopuio (Hampumep, cerb Ethernet). Xapaxk-
TEPU3YeTCsl BBICOKOI CKOPOCTBIO Ilepesadn jaHHbX (or 10 M6ut/c 10
HecKOJIbKUX 1'6uT/c) n HeGoIbIMM KObDOUIMEHTOM ONTIGOK.

LD
Latency Deviation. /IeBuarus 3a/iepKKH.

LoT
Latency over Time. Pacupenenenne 3a1ep>KKiu BO BpEMEHH.

MAC address
Media Access Control address. YHUKaJIbHBINA WIeHTHDUKATOP, KOTOPHI
UCTIOJIBL3YETCS [IJIsl aJ[pecarii yCTPONCTB ceTn Ha (DU3MUECKOM YPOBHE.
B cern Ethernet ucronbsyercs 48-6urosniit MAC-aypec.
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MDI
Medium Dependent Interface (unrepdeiic, 3aBucsimuii or nepearoei
cpenel). [Topr Ethernet-ycrpoiicrsa, maromuit BOSMOXKHOCTE CETEBBIM KOH-
[EHTPaTOPaM U KOMMYTATOPAM IOJK/IF0YATHCA K JAPYIUM KOHIEHTPATO-
pam 6e3 NCHOIB30BAHIA KPOCCOBEPHOTO KabeJIs.

MDI-X
Medium Dependent Interface with Crossover (unTepdeiic, 3apucsimuit ot
repealoneil Cpeibl ¢ NEPEKPECTHBIM COQ,ZLI/IHGHI/IQM). Ethernet-unrepdeiic
RJ-45, ucnosp3yeMblil B ceTeBBIX KOMMYTaTOpPaX U KOHIIEHTPATOPaX.

MPLS
Multi-Protocol Label Switching (MyabTHIPOTOKOIbHAS KOMMYTAIMS 110
merkam). Texuosorus nepecbiku IP-nefitarpaMm, KOTOpas UCHOJIb3yeT-
CsI B BBICOKOCKOPOCTHBIX KOMMYTHPYIOIINX YCTPOMCTBAX.

NUT
Network Under Test. Tecrupyemas cerb.

OAM
Operations, Administration, and Maintenance (skcruryaranusi, aMuHA-
cTpupoBaHye u obciayKusaHue). IIpOTOKOJI MOHUTODHHTA COCTOSTHUST Ka-
HaJa.

OSI
Open Systems Interconnection Reference Model (stanonnast Mmozenn B3au-
MOZIEHCTBUS OTKPBITBHIX cucTeM). Paspaborannas Mexk iyHapoaHoii opra-
auzanueit no crangapruzanuu (ISO) cemuypoBHeBas uepapxudecKast MoO-
JIeJIb JJIsl CETE€BBIX KOMMYHMKAIMI M CBA3U CETEBBIX IIPOTOKOJIOB. Y POBHHI
MOJIEJIM PACIIOJIOXKEHBI BEPTUKAJIBHO JPYT HAJI JIPYIOM, KasKJbIi yPOBEHD
B3aMMOJIEHCTBYET ¢ COCEIHUMHU U BBINOJHIET ONPEICIEHHDbIE (DYHKITUN.

RJ
Registered Jack. CrammaprusupoBanubiii dusndeckuii marepdeiic, uc-
TOJTb3YEMBIil JIJIsI COEIMHEHUs TEJIEKOMMYHUKAIIMOHHOI'O 00OPY/IOBAHMUSI.

RJ-45
Omuu u3 pazbémoB crangapra Registered Jack, mcmombs3syercst B cersix
Ethernet g coequnenust BUTBIX map.

Runt-dpeiim
Ilaker maHHBIX JIUHON MeHee 64 GailT ¢ MpPaBUILHON KOHTPOJBLHON MO-
CJIeJOBATETbHOCTBIO.
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SFP
Small Form-factor Pluggable. KommakTHblil npuémorniepeiaTank, mpunMe-
HsIEMBIii JIJIsI TIepejiaud JIAHHBIX B TEJIEKOMMYHHUKAIUAX. Vcmosb3yercs
JUIsl TIPUCOEIUHEHNs IJIaThl CETEBOTO YCTPOMCTBA K ONTOBOJIOKHY WJIM
HE3KPAHUPOBAHHON BUTOI Tape, BBICTYIAIOIIUX B POJIU CETEBOTO KabeJIsl.

SLA
Service Level Agreement. OcHOBHOIT JOKYMEHT, PErJIaMEeHTUPYIOIIH B3a-
HUMOOTHOIIIEHUST MEXKJIY TIOCTABIIUKOM YCJIYTH ¥ KJIMEHTOM.

TCP
Transmission Control Protocol (mporokos ynpasienus nepenadeit). Cran-
JIAPTHBIN IIPOTOKOJI TPAHCIIOPTHOI'O YPOBHSI, BXOISIINNA B CEMEHCTBO IPO-
rokoji0B TCP /IP u obecrieunBaiomuii HaIE2KHY IO [y ILJIEKCHY IO IIOTOKOBYIO
nepeady JTAHHBIX.

TDM
Time Division Multiplexing (MyJbTHILIEKCUPOBAHNE C DA3JIEJICHUEM 110
BpeMenn). TexHojorusa nepeiadn JaHHBIX, HMCIOJIL3YIONAS BPEMEHHOE
YIJIOTHEHNE KaHAJIOB; IPeIyCMaTpUBaeT Iepeady KasKIOoro MOTOKa JTaH-
HBIX 10 KAHAJIy CBSI3H B Te€UeHUEe (PUKCUPOBAHHOI'O IIPOMEKYTKa BPEMEHN.

Throughput
IIponyckuasi criocobrHocTh. Tect, ompenensromuii MaKCUMAaJIbHYK CKO-
POCTh, Ha KOTOPOI KOJIMIECTBO TECTUPYIOMUX KAJIPOB, IPOIIE/IINX Yepe3
DUT, paBno xojm4ecTBy KaJpOB, OTIPABJIEHHBIX €My C TECTHPYIOIIErO
000OPY/IOBaHNSI.

ToS
Type of Service (tun o6ciyzkusanus). Habop u3 4eTbipéx6urHbix (haros
B 3arosioBke [P-makera. OHu J1a10T BO3MOXKHOCTH IPUKJIAHON ITporpaMMme,
repeiatoneit JTaHHbIe, COOOIIUTD CeTH TUI TPEOYyEeMOTro CeTEeBOTO O0CITY K-
BaHUSI.

Traceroute
[Iporpamma, mpenHasHaYeHHAS JJIsI OMPEJIEICHUS MapIIPYTOB CJIEI0Ba~
uust ganabix B cetsax TCP/IP, ochoBana ua nporokosie ICMP.

UDP
User Datagram Protocol (1rpoTokoJ1 1o1630BaTeIbCKuX JefiTarpaMm ). DTo
TPAHCIOPTHBI TPOTOKOJT /ISl TIepeatin JaHHbIX B ceTsax [P, obecrieunBaeT
HEHAJIEXKHYIO JOCTABKY COOOIIeHuil 63 yCTAHOBKY COEIMHEHHS C IOy -
TeJIEM.
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VLAN
Virtual Local Area Network (BupryasbHas jokaiabHas cerb). IIpemcras-
JgeT cobO IPYIIly CEeTEBBIX yCTPOWCTB, KOTOPbIE (DYHKIUOHUPYIOT TaK,
Kak OyJITO OHM HOJAKJIIOYEHBLI K OJHOMY CeTMEHTY CeTH.

VLAN ID
VLAN Identifier (VID). 12-6urnbiii ugentuduxkarop VLAN, koropsrii
onpesiesiéH B cragapre 802.1Q [1]. Oxnosnauno onpenenser VLAN, ko-
TOPOIT IIPUHAJIEIKAT KaJp.

VLAN Priority
Tpu 6uta, KOoTOpPBIE COMEPKAT MHMOPMAIUIO O TPUOPUTETE Kagapa. Bos-
MOXKHO BOCeMb 3HaveHuit mpuopurera ([1]).

I'pynnoBasi aapecanus
B pexwmme rpymmoBoit ampecanuym TAKETHI IEPEIAIOTCS OIPEIETEHHON
rpyurie Ioaydaresieii.

EnnaunyHast agpecarus
B pexume emmHuTHON aapecanun JaHHBIE MEPEIAIOTCA €TUHCTBEHHOMY
MTOJTy IaTENTI0, aJpec KOTOPOTO YKA3bIBAETCsI SIBHO.

KananbHBIN ypOBeHb
Data Link layer. Ilpennasunaden mjisi obecriedeHust B3anMOACHCTBUS Ce-
Teifl Ha PU3MIECKOM yPOBHE W KOHTPOJIS 3a OIMMOKAMHU, KOTOPHIE MOTYT
BO3HUKHYTH. KaHaIbHBII ypOBEHD MOXKET B3aWMOIEHCTBOBATDL C OHIM
NJI1 HECKOJIbKUMN ®I/ISI/I“I€CKI/H\II/I ypOBHﬂMI/I7 KOHTpO.HI/IpyH nx m praB-
JIsisl 3TUM B3aUMOJIEHCTBUEM.

OO0yuarormuii kKagp
Kamp, koropsrit umeer opunakosbie MAC-anpeca oTopaBuTesisi U TOJY-
garesisi. Korjia KOMMyTaTOp mOJIydaeT Takoi KaJp, OH OT(UIBTPOBBIBAET
€ro, T.K. BBIXOJIHOI nHTEpdENCc coBIaIaeT cO BXOAHBIM. [Ipr 3TOM KOMMY-
tatop cunteiBaer MAC-ajipec ornpaBuTesist n 3anoMuHaeT naTEpdEiic, ¢
KOTOPOI'O OH OBLJI ITOJIyUeH.

CerteBoii KOMMyTaTOP
YCeTpOCTBO, UCHOJIB3YyEeMOe JIJIsi COEIMHEHIsT HECKOJIBKUX Y3JI0B KOMITBIO-
TepHoii cetu. Ilepe1aér Jannble HEOCPEICTBEHHO oIy daresio. Paboraer
Ha KaHaJabHOM ypoBHe Mojesn OSI.

CeteBoii KOHIIEHTPATOP
YerpoitcTBo, ucCmosb3yemMoe Jjisi O0beMHEHNs] HECKOJIBKUX y3JI0B KOM-
mbIOTEpHOI ceTn. Bee yeTpoiicTBa, MOAKIIOYEHHBIE K TIOPTAM KOHIIEHTPA-
TOpA, TOIYIAIOT OJTHY U Ty YK€ HH(POPMAITHIO.
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CeteBoii ypoBeHb

Network layer. Ilpennasnaden /st onpeiesieHus Iy TH IePeJIadu JTaHHbIX.
OTBedaeT 3a TPAHCSIUIO JIOTHYECKUX aJpecoB U MMEH B (PpU3MIECKUE,
OIIpejieJIeHre KPATIANIITIK MaPIIPYTOB, KOMMYTAIIUIO U MAPIIPY TU3AIIHIO,
OTCJIEXKMBAHIE HETOJAIOK B CETH.

TpaHCIOPTHBIII YPOBEHDb

Transport layer. ObGecrnieanBaer HAIEXKHYIO TPAHCIOPTUPOBKY IAKETOB
MEKIy OBYMsS KOHEYHLIMH TOYKAMH CeTH. HecMOTps Ha TO, 9TO IPOTO-
KOJIbI HU?KHErO YPOBHS IIPOBEPAIOT IMPABUIHLHOCTD BBIIOJHEHAS KaXKIOM
ollepaluu IpH Iepejade JAHHBIX, HA3HAYEHUE 3TOI0 YPOBHS COCTOUT B
JIOIIOJIHUTE/ILHOM IPOBEPKE IPABUILHOCTHU I1ePEIaBACMbBIX JAHHbIX.

PusuyecKkuii ypoBeHb

Physical layer. Ilpenmasnater HEMOCPEICTBEHHO s TepeIatn MTOTOKA
JganHbiX. OcyliecTBser nepejgady JIEKTPUIECKUX UJIU OITUYECKUX CHUT-
HAJIOB B Kabejib U WX IPUEM U [peodpa3oBaHue B OUTHI JAHHBIX B COOT-
BETCTBUM C METOJIAMHU KOJNPOBAHMS ITU(MPOBBIX CUTHAJIOB.

IITupokoBeraTeabHast a/ipecaliusi

CDopMa nepeaadn JaHHBbIX, IIPpU KOTOpOfI ITaKeThbl JTaHHBIX IIepeJat0oTCA
BCeM CTaHIOUAM, KOTOPbIE€ HAXOAATCA B JIOKQJIbHOI CETU.
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