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1. BBepeHue

HacTosiee pyKOBOZACTBO COLEPKUT ONMUCAHUS TeCTOB, CXeMbl ITIOAK/II0UEHUS U CLieHapuu
TeCTMpOBaHMs AJ1s1 aHanm3aTopa cereit Ethernet bepkyT-ET.

HoromHuTenbHas MHGopmanyst o6 yCTPOCTBe MpUBeIeHa B PYKOBOJCTBAX, BXOISIINX
B KOMIUIEKT ITOCTABKU:

— «Tecrep-ananusatop cereit Ethernet bBepkyr-ET. KpaTkoe  pyKOBOJCTBO
I10 3KCIITyaTalum»

— «Tecrep-ananusatop ceteit Ethernet bepkyT-ET. PyKoBOACTBO MO CTPYKType MEHIO»

— «Tecrep-ananusarop ceteit Ethernet BepkyT-ET. PykoBoacTBO 10 KOMaHIam
YIOaJIEHHOTO YIIPpaBIeHUSI»

Ipumeuanue. Tlepen HavasioM paboOThl C MPUOOPOM PEKOMEHAYETCS M3YUUTh KpPaTKOe
PYKOBO/ICTBO IT0 3KCILTyaTaIlUM.



2. YcnoBHble 0603Ha4YeHUs U COKpaLLLEeHUS

B Tekcre pykoBoiacTBa 6e3 pacmm@poBKM OYyAyT MPUMEHSITHCSI COKpalleHus,
NIpUBEeIEHHbBIE B TabIMIIE HIKE.

Tabnuya 2.1. CokpawieHus

CokpalieHme KommeHTapuit

DUT Device under test (TecTupyemoe yCTpPOiCTBO)

NUT Network under test (TecTupyemast ceTb)

SLA Service Level Agreement (CorsiaiieHne 06 ypoBHe 00C/Ty>KMBaHMSI)
QoS Quuality of Service (KauecTBO 06CTyKMBaHNST)

[TIK [TepcoHa/NIBHBIN KOMIIBIOTED

I1o [IporpammMHOe obecrieueHe




3. TectoBble KOHDUrypauum

[Ipu6op bepkyT-ET 103BOJISET MPOBOAUTH aHAJIM3 C MCIIOIb30BAHMEM TECTOBBIX
KOHurypauuit. OTo 03HauaeT, YTO Ha Mpubope MOKHO HACTPOUTH U MPOBECTU IBA TeCTa:
rnapa’suiesibHO (CM. pa3fen 3.1) uian ogHOBpeMEeHHO (CM. pa3zen 3.2).

,H,JIH MePEKIINYEHNMS MeXOY TeCTOBbIMU KOH(l)I/II'ypaI_U/IHMI/I MCITIOJIb3YIOTCS KIaBUIIA @

" . HoMep BbIOpaHHOI B JaHHbII MOMEHT KOH(Urypamuu OTOOpaskaeTcsi B CTPOKE
cTaTyca! cripaBa OT MHAMKATOpA 3apsifa baTapen.

3.1. BERT u RFC 2544

[TIpubop BepkyT-ET mo3BosisieT IapasuieibHO IMPOBOAUTH JBa HE3aBUCUMBIX TeCTa’:
RFC-2544 u BERT. Pe3ynbTaThl OMHOIO TECTa He BIMSIOT Ha MPOBeAeHMe Ipyroro. TecTsl
MO>SKHO BBITIOJIHSITh B CJIEIYIONIMX KOMOMHAIMSIX:

— BERT un BERT;

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

— RFC-2544 n BERT.

Ha pucyHke 3.1 cxeMaTM4HO MpeACTaBJIe€H OOUH U3 YETbIPEX BAPUMAHTOB TECTUPOBAHMUS:
c mopta A Ha riopT B nipoBoauTcs Tect no metoauke RFC-2544, ¢ mopta B Ha mopT A — BERT.

— RFC-2544 (A—>B)

Ay NUT/DUT ) ____ BerT(B=A)

PucyHok 3.1. lNMapannensHoe mecmuposarue: RFC-2544 u BERT

3.2. [isyHanpaBneHHbi TecT RFC 2544

[Ipubop MO3BOJSIET MPOBOAUTH aHAIMU3 CeTeil C BpeMeHHbIM pasjejieHeM KaHaJIOB
(mampumep, WiMAX), o0Ho8pemeHHO BBITIONHSIS ABa TecTa® 1mo metoauke RFC 2544. B Takux
ceTsix TpaduK, IepemaBaeMblii B OJHOM HaIpaBIeHUM, MOXXET BJMSITh MIM ITOJTHOCTBIO

! Tlonpob6Hast nHopMalus npeacTaBieHa B 6pomrope «Tectep-aHanusatop ceteii Ethernet Bepkyr-ET.
PyKoBOACTBO MO CTPYKTYpPE MEHIO».
2 B 6a30By10 KOHPUrypaumst He BXOAMUT. [IOCTYITHO IIpK JOIOJHATENIbHOM 3aKkase ornuym «ET2P».
* B 6a30Byl0 KOHGUrypalusg He BXOAMUT. ITOCTYIIHO MpU TOIMOJHUTETHHOM 3akasze omiuii «ETBIDIR»
u «<ET2P».
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BBITECHSTh TpaduK, IepedaBaeMblii B [APYromM HampaBieHuM. EcaM 3amyckaTb TeCTbl
He OJHOBPEMEHHO, OJTHO M3 HaIlpaBjeHuit He OyJeT MPOTeCTUPOBAHO.

[Tpu oIHOBpPEMEHHOM 3aITyCKe TeCTOB ITPOBEPSIOTCSI 00a HAITpaBIeHMS, C yU€TOM BIAUSHUS
IpyT Ha Apyra. JTO MO3BOJISIET OLIEHUTDh ITOTEePU MaKeTOB, IMPOMYCKHYIO CIIOCOOHOCTh MU
3agepkky B HampasieHuu A(B)=B(A) npu oOOHOBpEeMEHHOV Harpyske HallpaBIeHus
B(A)=A(B).

— RFC-2544 (A~ B)
- - - - RFC-2544 (B~A)

PucyHok 3.2. [leyHanpasneHHbili mecm RFC 2544

OcobeHHOCTHM IBYHAIIpaBIeHHOTO TeCTUPOBaHMs 1o meToauke RFC 2544:

— TIpM 3aIlycKe TecTa B ONHOM M3 KOHOUrypauuii, OMHOBPEMEHHO 3aITyCKaeTCs TeCT
BO BTOPOJ KOHPUTYpaALINA;

— eCJIM B OHOM 13 KOHDUTYypaluii TeCT He MPOIIEN, a BO BTOPOJ MPOIIEN, TO MOMbITKA
CUMTAETCS HeYIauHOIA.



4. Metoauka RFC 2544

Metoauka RFC 2544 [1] ornipenensieT Ha6Op TECTOB, KOTOPbIE UCIIOIb3YIOTCSI TIPYU OI[€HKE
BaKHENIINX ITapaMeTPOB CeTeBbIX YCTPOVICTB U MPOBEPKE COOTBETCTBUS IPEeAOCTaBISI€MbIX
YCIYT XapaKTepUCTMKaM, KOTOpble oroBapuBaloTcsi B SLA Mexay oriepatopaMu CBSI3U
U KIIME€HTaMMU.

[Tpu6Op 103BOJISIET MTPOBOAUTD YEThIPE CTAHAAPTHBIX TECTA COIJIACHO PEKOMEHIAIMSIM
RFC 2544: aHanmu3 MOPOIMYCKHOV CIIOCOOHOCTM, 3aJep>KKM, YPOBHSI IIOTEPh KaJapoB
U IIpefebHOM HAarpy3Ku.

4.1. AHanM3 NponycKHOM CNOCOBHOCTH

\'A!

1 —>
1
r[pomomna TIOTCPH
KajJpoB
V2<VI1
2 —
1 ]
4
Ne monbITKH

V1, V2 - ckopocThb nepenaun JJaHHbIX

PucyHok 4.1. AHanu3 nponyckHol cnocobHocmu

Ipumeuanue. AHanM3 TPOMYCKHOM CIIOCOOHOCTM TIPOBOAUTCSI C 1ieJIbI0 OIpeae/ieHus
MaKCHMMaJIbHO BO3MOKHOV CKOPOCTM KOMMYTAaIM IJiSl CETEBBIX 3JIEMEHTOB B TPAHCIIOPTHBIX
ceTsx Ethernet.

[IporyckHast CIOCOOGHOCTh — MaKCMMaJjbHasi CKOPOCTh Tepenauy JaHHbBIX, HA KOTOPOi
KOJINYeCTBO Kaapos?, mpomeniinx yepes DUT, paBHO KOAMYECTBY KaJpOB, OTIIPaBI€HHbBIX
eMy C TeCTUPYIOIIero o6opymoBanus. [Ipy aHaaM3e MPOITyCKHOM CIIOCOOHOCTY MCITO/Ib3YeTCs
MeToH, 6MHAPHOTO MOMCKa.

[lJist oTipeiesieHMsI ITPOITYCKHOV CITOCOOHOCTY HEKOTOPOE KOJIMUECTBO MTaKeTOB C 3aJaHHO
CKopocThlo Tiepenmaércss Ha Bxon DUT (puc. 4.1). 3aTemM IOACUUTBLIBAETCS KOJIUYECTBO
[aKeTOoB, NpuiIeAmmnx ¢ BbixogHoro rnopta DUT. Eciau 0HO 0Ka3bIBaeTCsl paBHbIM KOJIMUYECTBY
OTHpaBJ/IEHHbIX [MAKeTOB, TO TECT 3aBepIlaeTcs], TaK KaK OKOHUMJICS YCIEeIIHO Ha 3aJaHHO
T10JIb30BaTe/IeM CKOPOCTM.

Eciym Ko/JMUYeCcTBO TIPUHSTHIX I[1AKETOB OKa3bIBA€TCSI MeHbIlle, YeM KOJMYEeCTBO
repefaHHbIX, TO HAUYMHAETCS TMOMCK MaKCMMAa/JIbHO BO3MOXXHOV CKOPOCTM, Ha KOTOPOJ
OTCYTCTBYIOT TOTEpPU: TEKyIllas CKOPOCTb YMEHbIIIAeTCs BABOe, U TeCT nmoBTopsieTcs. Ecian
B XOZle HOBOrO TeCTa MOTEepPb HET, CKOPOCTb YBEIMYMBAETCSI HA MOJOBMHY, COTJIACHO

4 TepMI/IHbI Kaap M 11akeT B OIIMCAHMAX TeCTOB SABJIAITCA CMHOHVMMAMMN.
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aJITOPUTMY OMHAPHOrO moucka. Ecjiu morepu 6pUIM — CKOPOCTh YMeHbIaeTcst BaBoe. ITocie
M3MEHEHMSI CKOPOCTU TeCT IOBTOpsieTcs. V3MepeHMs BBINOJHSKIOTCSA OO0 TeX MOp, MOKa
He OymeT HaiiieHO 3HaveHue, OJM3KOe K 3HAUYEHUIO [IeMiCTBUTEIbHOI IIPOITyCKHOM
CITOCOOHOCTY C TOYHOCTHIO, YKa3aHHOV B HACTPOIKax TecTa.

4.2. AHanu3s 3aaepxKu

Ta

B - xanp c MeTxoit

IMa4yKa KaapoB

Pm]m] =

—_—

PucyHok 4.2. AHanus 3adepxku

Ipumeuanue. AHaNM3 3a€P>KKM TTO3BOJISIET OIIEHUTH BPEMSI, KOTOpOEe HEOOXOIMMO Kaapy ISt
MIPOXOKAEHMST OT MCTOUYHMKA K TOJIyJaTeNi0 M 00paTHO. VisMeHeHMe BeIUUMHBI 3a7ePsKKU
MOXKeT MPUBOAUTD K ITpo6ieMaM B paboTe CEpBIUCOB pealbHOTO BpeMEHM.

[Ipy aHaMM3e 3aepP>KKU IJIT KaKIOTo pa3sMepa IakeTa Ha 3aJaHHO (MM TTOyUYeHHOI
B pesysbTaTte Tecta «I[IpOMmycKHasi CITIOCOGHOCTb») CKOPOCTY OTIPABISETCST MMOTOK KaJpoB,
aZpecoBaHHBIX IOJyYaTeN0. B MakeThl BCTAB/SIIOTCS METKM OIpeeeHHOro ¢opmara.
Ha nepepatolieii CTopoHe 3amucbiBaeTcs 3HaueHue Ta — BpeMsi, K KOTOPOMY ITaKeT ¢ MEeTKOIA
ObUT MOJTHOCTbIO TepemaH. Ha mpuéMHOII CTOpOHE OmpenesseTcsl MeTKa M 3aIluChIBAeTCsT
3HaueHue Tb — Bpems MpuéMa IaKkeTa ¢ MeTKOM. 3ajiepskKa MMPeACTaB/sIeT co00ii pasHUITY
3HAUYeHMiT 3TUX MeTOK: Tb - Ta. ITo pe3ysbTaTaM aHaaM3a BBIUMCISIETCSI CPEIHSIS 3a1ePyKKa.

11



4.3. AHanu3 ypoBHS NoTepb Kaapos

100%
1 —_—

-
MOTEPH - X]%

90%
2 —_—

-
IOTEPH - Xz%

\
No MMoneITKH

X]%, Xz% — HOTEPH MPH COOTBETCTBYIOLICH HATPY3Ke

PucyHok 4.3. AHanu3 yposHs nomepb Kadpos

Ilpumeuanue. AHanu3 ypoBHS TIOTEPb KaAPOB HEOOXOAUM [IJIsl TIPOBEPKM CIIOCOOHOCTU CETU
MOAIepsKMBATh MPUIOKEHMSI, KOTOpble paboTalOT B peaJbHOM BpeMeHM (6e3 BO3MOKHOCTU
TIOBTOPHOJ Iepenaun), Tak Kak 00JIbIIO0N IIPOIEHT MOTEePh KaAPOB IPUBEIET K YXYAIIEHUIO
KayecTBa cepBuca. JJaHHBI TECT MTO3BOJISIET PACCUMTATD MPOLIEHT KaJIpOB, KOTOPbIE He ObUIN
repeaHbICeTeBbIMAIEMEHTOMITPUIIOCTOSIHHOMHArPy3Keu3-
3aHeJ0CTaTKaalIlapaTHbIXPECYPCOB.

[Tpn aHanuse ypoBHS moTepb KaapoB Ha Bxoh DUT Ha 3aaHHOI HadyaabHOM CKOPOCTU
TOCBIJIAETCS HEKOTOpPOe KOIMYECTBO KaJpoB (input count) U MOACYUTHIBAETCSI KOIUUYECTBO
MaKeToB, Ipuilenmmnx ¢ BpeixogHoro nopra DUT (output count). UcmibiTaHMSI TOBTOPSIOT,
YMeHbIlIass CKOPOCTh TE€CTOBOTO IIOTOKAa [0 3aJaHHOIO KOHEYHOIO 3HaueHMd, MOoKa B IBYX
MOMbITKAX TOApsAA He OyaeT IIOTepsSTHO HM OJHOTO Kajapa. YPOBeHb IIOTepb KaJpoB
paccuMThIBaeTcs 1o hopmyse:

100 X (input count — output count)

(input count)

4.4. AHanu3 npepenbHOMU HarpyskKu

navykKka KaipoB
| DOoO

I [
] 1 kaap norepsH )
| (oo aipos s nake e .
auieu
) =i »%:j el
HiE! T -~ Hig!

[ [

l'IUTE:pI:. HET

| \j
Ne MONBITKH

PucyHok 4.4. AHanu3 npedenbHol Hazpy3Ku
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IIpumeuanue. AHanu3 TIpefeIbHO HAarPy3Ky MO3BOJISIET OIEHUTH BPEMSI, B Te€UeHMEe KOTOPOTO
YCTPOJICTBO CITPABJISIETCS C MAKCHMMAJIbHOM HArpy3KOii.

[Ipu aHanm3e npepenbHOI Harpy3kyu Ha Bxon DUT oTchuialOTCsl Kagpsl C 3aJaHHOM (MU
MOJIyUeHHOJ B pe3y/bTaTe TecTa «IIpomycKHas ClIOCOOHOCTh») CKOPOCTHIO U MOJICYUTHIBAETCS
KonmyecTBO mnaketoB ¢ Bbixoga DUT. Ecaum OHO OKa3bIBaeTCs pPaBHBIM KOJUYECTBY
OTIPAaBJIEHHBIX KAaApPOB, TO TeCT 3aKaHUMBaeTcs. EC/M ke KOJMYeCTBO MaKeTOB HA BbIXO[E

DUT meHbllle YycIa OTIIPAaBIEHHbIX, TO BpeMs YMEHbIIIAETCSI Y TECT ITOBTOPSIETCS.

4.5. CxeMbl noakno4eHus npuoop

d

s mpoBemeHust aHanusa 1Mo Metoauke RFC 2544 Heo6xomuMO ITOAK/IIOUUTH ITPUOOP
K TECTUPYEMOMY YCTPOVCTBY/CETU B COOTBETCTBUM C OTHOM U3 CXeM, IIPUBEIEHHBIX HIKE.

4y
!¢ MACd=MAC2MACs=MAC ]

E( nopr A(B) «—

[MAC d = MAC [MAC s = MAC 2|

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

< nopr A(B)

MAC d = MAC IIMACs =MAC?] |

e

i

=

MACd — MACs

PucyHok 4.5. Tunosas cxema nodknoqeHus 1

[IPs=1P [[IPd=IP 2]

7. | [MAC d=MAC RIMAC s = MAC 1]

l{ nopr A(B) —

i Ps—IPIPd=IP |
[MAC d=MAC 1[MAC s = MACR]

NUT/DUT

router = l

MACR

IPs=1P1[IPd=1P2

[MAC d = MAC 2[MAC s = MACR]

< mnopt A(B)

[[Ps=1P2IPd=1IP I
[MAC d= MAC RIMAC s = MAC 2]

MACd — MACs

1P d

PucyHok 4.6. Tunogas cxema nodkao4eHus 2
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PucyHok 4.7. Tunogas cxeMa nooko4eHus 3

[MAC d=MAC 2]MAC s = MAC ]

sgl |mopr A —>
b [

Ty

PucyHok 4.8. Tunosas cxema nooKo4eHUs 4

Ha cxemax noaxk/Ir04YeHMs BBeJleHbl CJIeayIole 0003HaueHNsI:

MAC s MAC-aznpec oTripaBuTesIst
MACd MAC-agpec nosiyyaTtesns
MACR MAC-agpec uuiro3a

IPs [P-agpec oTripaBUTENS
IPd [P-agpec nosyyaTtesns

B ciyuae TecTuMpoBaHMS CceTeil, comepsKallMX yCTPOICTBa, paboTaiolle Ha KaHAJbHOM
ypoBHe Mogmenn OSI°, mpubop MOAKIIOUAIOT B COOTBETCTBUM CO CXeMOI, NMpUBeAEHHOM
Ha puc. 4.5. TeHepupyeMblii MpuObOpOM TpaduK AOKEH OBITh IepeHarnpaB/ieH 0OpaTHO
TocpecTBOM opraHmusauuy meida. [Ipy 3ToM BO BXOASIIMX MaKeTax MEHSIOTCS MecTaMu
MAC-agpeca oTripaBuTes 1 MoayJdaTes, ¥ TpaduK Bo3BpamiaeTcsl Ha MCXOMHBIN TTOPT.

B wrywyae TecTMpoBaHMS ceTeil, comepKaliMx YCTPOICTBa, paboTamwinye Ha CEeTEBOM
ypoBHe Mogenn OSI®, mpubop MOAKIIOUAIOT B COOTBETCTBUM CO CXeMOIi, MPUBEIEHHOI

> Hamipumep, ceTeBoit KoMMmyTaTop (switch).
¢ Hampumep, MapIipyTusaTop (router).
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Ha puc. 4.6. I'eHepupyeMblii TpMOOpPOM TpaduK AO/KeH ObITh IMepeHarpaBieH O06paTHO
1oCcpeICTBOM opraHmsaiuu mieiida. IIpu 3ToM Bo BXOASIINX MTaKeTax MEHSIIOTCS MeCTaMMu
1 MAC- u IP-agpeca oTtmpaBuTesisi U mojaydaTesis, U TpadMK BO3BpalllaeTcsl Ha MCXOIHBINA
TOPT.

B ciyyae TecTMpOBaHMUS YCTPOMCTB/CeTel ¢ BO3MOXHOCThIO MapuipyTusauun IP-Tpaduka
MCITIOJIb3YIOTCS ABa mopTa (cM. puc. 4.7, 4.8), a 1akeThl IepeHaNpaB/sIIOTCS HA APYroi MmopT
npubopa Mpy MOMOIIM MapIIpPyTHU3aTOpa UM CETEBOIO KOMMYTaTOpa.
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5.Y.1564

OcHoBHOJ 3amaueit mpu TectupoBanuu Ethernet-cereit sBisileTcst omnpeaeseHue
COOTBETCTBUSI TIPeNOCTaBsIeMbIX YCIyT (Hampumep, BUaeo, TenedOHUM, 3I€KTPOHHOI
MOYTHI, OHJIAH-UTP U T.H.) XapaKTePUCTMKAM, KOTOpble OTOBApUBAIOTCS B COIJIAIIEHUU
00 ypoBHe obcaykuBaHusi (SLA — Service Level Agreement) Mexxmy ollepaTopaMy CBSI3U
" KaMeHTaMy. Ha mepBoM MecTe CTOSIT BOIIPOCHI 06ecIieueHys rapaHTMPOBAHHOTO KavyecTBa
oocayskmBanusa (QoS — Quality of Service), KoTopoe xapakTepusyeTcsl pasaUIHBIMU
roKasaTessiMu (cM. paszein 5.1). B HacTosIee BpeMs CYIIeCTByeT Be OCHOBHbIE METOIUKMU
ISl oueHKM 3Tux napameTpoB — RFC 2544 [1] m ITU-T Y.1564 [5] (cpaBHeHMe MeTOAMK
TIpUBeIeHO B pasnene 5.2).

5.1. NokasaTenu KayecTsa

OcHoOBHbIe TTOKa3aTesu KauecTBa rpenocrapisemoro cepBuca’ (SAC — Service Acceptance
Criteria):

1. FTD (Frame Transfer Delay) — 3agepskka pacnpocTpaHeHMsI KaJpOB.

2. FDV (Frame Delay Variation) — oTk/IOHeHMe 3a[iep5KKM pacIipOCTpaHeHUsT KaIpoB.

3. FLR (Frame Loss Ratio) — ypoBeHb I10Tepb KaJipoB.

4. CIR (Committed Information Rate) — rapaHTupoBaHHas I0J0Ca MMPOITYCKAHUS [IJIsSI
cepBuca.

5. EIR (Excess Information Rate) — makcumasnbHoO goryctuMoe npebiiiieHne CIR.

6. M-dakTop — MakcMMaabHO AOITyCTMMOe mpeBbiiieHne BeanunHbl CIR+EIR.

5.2. CpaBHeHune RFC 2544 u ITU-T Y.1564

Metoguka RFC 2544 O6buta co3maHa [Ajisi  TECTUMPOBAHMSI — MaKCHMMajIbHOJ
MIPOU3BOIUTEILHOCTM CETEBOTO 00OPYIOBAHMS U IOAXOOUT IJIsSI OLIEHKM 3TOTrO IapamMeTpa
B CJlyyae OT[Ae/NbHOTO KaHajaa Wi ycTpolictBa. Ho C mosiBieHMeM B KaHajaaxX pPas/IMUHBbIX
CJIY>K0, paboTalolnx OJJHOBPEMEHHO, BISIBUIICS PSif HeJIOCTATKOB METOIUKMA.

Pexomengaimst ITU-T Y.1564 yuuTbiBaeT 3TM HeOOCTaTKM U OpUEHTUpPOBaHA
Ha TECTMpPOBaHME MYJIbTUCEPBUCHBIX CeTelf, II03BOJISII TPOBECTU OBICTPYIO OI[€HKY
COOTBETCTBUSI CeTU TpeboBaHMUsIM SLA.

[TapameTp RFC 2544 ITU-T Y.1564
N3mepenune FTD v v
N3mepenne FDV? — v
N3mepenne FLR N N

" TepMUHBI «yCIyTa», «CAYK0a» U «CEPBUC» B JAHHOM OIMCAHUM SIBJISTIOTCSI CMHOHMMAaMMU.
8 Benmnumna FDV sBisieTcst KIoueBbIM mapameTpoMm s VoOIP/IPTV ¥ MCIIOIb3yeTcsl MpM HacTpoOiiKe
6ydepusanuu Tpaduxka.
16



[TapameTp RFC 2544 ITU-TY.1564

AHanus OLHOBPEMEHHON | — N

paboThl HECKOIBKUX CITY3KO

Bpems TeCcTUpoOBaHUS ISt mpoBepku Ilyist mpoBeieHMs TecTa
cootBeTCcTBUS SLA KOH(Urypaumm ogHoM
TpebyeTcs IPOBECTU ycJIyTu TpebyeTcs He 6oiee
1oCIe0BaTeIbHOCTh 6 MUHYT. [IINTEeIbHOCTD
TTOBTOPSIIOIINXCS TECTOB. TecTa MPOM3BOAUTEbHOCTH
B cBS131 € 9TUM MOXKeT ObITh 3a/IaHa
TEeCTUPOBAHME MOXKET OT HECKOJIbKMX CEKYH/I
3aHSITh ITPOJIO/DKUTEIbHOE 110 HECKOJIBKMUX CYTOK.
BpeMs.

Takum o00pa3oM, TeCTMpOBaHME II0 pekoMeHaanuy Y.1564 I03BOJIsSeT OMHO3HAYHO
oIpeJie/IUTh COOTBETCTBME KaHasa MapaMeTpaM, 3asiBleHHbIM B SLA, a TakKe CyIlleCTBEHHO
COKpaTUTh BpeMEeHHbIe 3aTpaThl Ha aHA/JIM3 3@ CUET OJHOBPEMEHHONM OLIEHKM HEeCKOJIbKUX

CITY3KO.

5.3. Tectbl KOHPUrypauuu

TecTbl KOHUTYpaLM COCTOIT U3 TpeX He3aBUCUMbIX TecTOB — CIR, EIR u Traffic Policing.
C ¥X MOMOIIBIO KXKABIN CEPBUC IIPOBEPSIETCS HA COOTBETCTBME 3alaHHBIM ITapameTpam SAC,
a TakXe OILIEHMBAETCSI, OCTAETCS JIM MPOITYyCKHAsI CIIOCOOHOCTDh B YCTAHOBJIEHHBIX Mpeiesiax
Mpy yBeJMdeHuM Harpysku. llenb — yOeauTbCSI B TOM, UTO HACTPOVIKM CETU TIO3BOJISIIOT
KaXJIOMy  CepBMCYy paboTaTb  OTHENbHO OT APYTMX CIyk0 ¢ 3asBIeHHON
MPOU3BOAUTENBHOCTbIO. [IpM TIpoBegeHMM [AHHBIX TEeCTOB CEPBUCHI IIPOBEPSIOTCS
10 ouepeu, AJisl OlleHKM OJTHOBPEMEeHHOI paboThl IPUMEHSIETCS TECT MPOU3BOIUTETbHOCTHU
(cm. pasmen 5.4).

5.3.1. Tect CIR

Tect CIR ucnonb3yeTcs Ojisi NMPOBEPKU TOTO, UTO IPU Mepefadye MAaHHBIX C HArpy3Kom
Ha ypoBHe CIR mokasaTenn KayeCTBa HAXOISTCS B Ipejeliax, yCTaHOBJIeHHBbIX SLA. B xozme
IAHHOTO TeCTa M3MePSIIOTCSI OCHOBHBIE TTOKa3aTean KadyecTBa kKaxkgoro cepsuca (FTD, FDV,
FLR), rmocsie yero 3T 3HaueHus CPaBHMUBAIOTCS C 3aJaHHbIMU ITapameTpamu SAC.

[Tpubop mo3BoJIsIeT 3a/1aBaTh KOJIMUYECTBO IIaroB JJ1s1 TPpOBeIeHNsI TeCTUpoBaHus: 1 mar —
tecT CIR 6ymeT mpoBenén rmpu 100 % Harpyske; 2 mara — Tect OyJeT IIPOBeIEH B /IBa JTalla:
501 100 % oT 3ajaHHO HaTPy3KM; 3 11ara — TecT OyaeT nmpoBeéH B Tpu atarna: 50, 751 100 %
OT 3aJlaHHOI Harpysku; 4 1mara — TecT OymeT MpoBeaEH B ueThipe dtama: 25, 50, 75 u 100 %
OT 3aJlaHHOM HAarpy3Ku.
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MponyckHas
cnocobHocTb

OIR Eai s s s i o o’ w a  Tem

075X CIR: |ovvonmeens

05xCIR |......

0.25xCIR TBECT C'R§

war 1 war 2 war 3 war 4
warun

5.3.2. Tect EIR

Tect EIR cty>KUT IJ1s1 IPOBEPKM TOTO, YTO IPU Iepefayde NaHHBIX C HArPY3KOM Ha YPOBHE
CIR+EIR pe3ynbTupylolast IIPOITyCKHAsI CIIOCOOHOCTD [JIs KasKIOr0 CepBYCa He IIpeBbIIaeT
JIOIyCTUMOe 3HaueHue u Haxoautcs B mpepesax ot CIR (c yaéToM 3aaHHOTO YPOBHS IIOTEPD
kaapoB) no CIR+EIR: CIRx(1-FLR) < IR < CIR+EIR. BemnumnHa norepp KaapoB (FLR)
YCTaHaB/IMBAETCS [10JIb30BaTE/IEM.

Ilpumeuanue. Peskum «colour-aware» (BO3MOXXHOCTb IIOMEYaTh I[BETOM IIepeaBaeMble
KaJZipbl) He MOAAep>KUBAETCS.

MponyckHas
cnocobHocTb

CREIR |m e e e m e e e e e oy = = = = =
CRL e e e e = ____JEEEE! _____

CRX(1-FLR) f= = = = = = = J = = 177/ .

. TecT EIR

Tect CIR tecTt CIR Tect CIR  Tect CIR

war 1 war 2 war 3 war 4 warum

5.3.3. Tecr Traffic Policing

Tect Traffic Policing mcnonb3yeTrcss mjisi IMpoOBEepPKU TOTO, YTO IIpU Tepefauve MaHHbIX
C Harpy3Koii, TpeBbIlIalollelf paspeleéHHylo i1 cepBuca, CeThb OyIeT OTpaHMUMBATh €ro
T0JI0CY IpoItycKaHus. Harpyska 11 3Toro TecTa, ycTaHaBAMBaeMas [0Jib30BaTe/IeM, JOJ/DKHA
nipeBbiiaTh ypoBeHb CIR+EIR.
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MponyckHan
cnoco6HocTL A

Traf. Pol. (L2) |=

CIR+EIR+M |
CIR+ER |-

CR L
CIRx(1-FLR) |-

TecT
Traffic
Policing

Tect CIR  tect CIR tect CIR tect CIR  tect EIR
war 1 war 2 war 3 war 4 waru

5.4. Tect npon3BOAUTENILHOCTHU

TecT mMPOM3BOAUTENBHOCTM MCITOJNb3YETCS MJISI OLIEHKM OJHOBPEMEHHOV paboThl BCex
cepBucoB. IIpu mpoBemeHMM TeCTa BBIMOJHSIETCS Ilepedadya MTAaHHBIX MJISI BCEX CIIYXKO
OLHOBPEMEHHO C Harpy3Koit Ha ypoBHe CIR ¥ mpoBepsItoTCcs: 3HaueHMs IoKa3aTesieli KauecTBa
IJIST KaXXOoro cepsuca. EOMHCTBEHHOJM HACTPOMKONM TeCTa SIBJSIETCS €ro IJIUTEbHOCTD,
KOTOpAasi MOKET COCTABJISITb OT HECKOJIbKUX MUHYT [10 4-X THE.

5.5. M-dakTop

ITIpu mpoBemenuu Tecta Traffic Policing B pesynbpraTte Oydepusanyu B HEKOTOPbIE
MOMEHTbBI BpeMEHM Ha MpUEMe OKa3bIBaeTCs OOJIbIe TaHHBIX, YeEM OTBEIEHO [IJIsSI CEpBMCA.
OTO SIBSETCS 0COOEHHOCThIO, a He cooeM B pabore ceTu. UTOOBI yUeCTb 3Ty OCOOEHHOCTb,
BITU-T Y.1564 wucmnonb3yercs M-dakTop — MaKCUMMaJabHO OOITyCTMMOE TIpeBblllieHle
BesimunHbl CIR+EIR (cm. ITU-T Y.1564 n. C.2 pasg. 8.1.2).

5.6. Anroputm usmepenus FTD

[ns usmepeHus 3amepkku pacrpoctpaHeHus kanpos (FTD) BBINOMHSIOTCS Clienyrolye
IeCTBUS:

1. Ha nepepnarolieii CTOpOHe B KaXXIbIN MaKeT BCTABJISIETCSI BpeMeHHast meTKa (Ta).

2. Ha npuéMHOI CTOpOHEe 3aIlMChIBAETCSl 3HAUEHMe BpeMeHM IpuemMa rakera ¢ MeTKOMI
(Th).
3. Berumcisiercs 3agepskka NpoxoxkaeHus nakera B cetu: Tb — Ta.

Ipumeuanue. [IpMEMHMKOM U TePeIaTUMKOM JTO/KEH OBITh OAMH U TOT ke Ipubop Mau aBa
npubopa, CMHXPOHU3MPOBAHHBIX 10 TPOTOKOY PTP.

4. OUKCUPYIOTCS TpU 3HAYeHUs 3aJepkku — wmuHuManabHoe (FTD min), cpenHee
(FTD_avg) n makcumaiibHoe (FTD _max). CpenHee 3HaueHMe 3a[eP>KKU BBIUMCIISIETCS
KaK CyMMa 3aJepskeK OJjis BCeX IMPUHSITHIX MAKEeTOB, MOAeJeHHAas Ha KOJMYeCTBO
MIPUHSTHIX [1AKETOB.
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ITU 3HAYEHMSI OTOOPAsKAIOTCS B pe3y/IbTaTaxX TecTa IMPOM3BOAUTEIbHOCTY AJISI K&K OO
cepBuca. [II1 CBOJHOTO TeCcTa IPOU3BOAUTEIBHOCTM M TECTOB KOHQUrypauuu
BBIBOJISITCSI CpeJIHVE 3HAUEHMSI.

5.7. Anroputm usmepenus FDV

OTk/IOHeHMe  3aJep>XKu  pacrnpocrpaHeHusi kaapoB (FDV) B cooTrBeTCcTBUM
c pekomenpanueit ITU-T Y.1563 [7] usmepsiercs no ¢popmysne: FDV =FTD - FTD_min.

Hampumep, e ObUIM M3MepeHbl 3HAUEHMS] 3aJIepsKKM PaCIpOCTPAaHEHUS KaJpOB:
FTD min = 1.5, FTD avg = 2.5, FTD max = 5.5, To 3HaueHusi FDV OyayT ciemyonmmu:
FDV_min =0, FDV _avg = 1.0, FDV_max = 4.0.

OTU BeMUMHBI OTOOPAsKaIOTCS B pe3y/ibTaTaxX TecTa MPOM3BOAUTENbHOCTH AJIST KaXKIOTO
cepBuca. I CBOJHOTO TecTa MPOU3BOAUTEIbHOCTM M TeCTOB KOHQUTrYypalMy BbIBOISITCS
cpenHMe 3HaUeHMSI.
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6. AcuMMeTpuUYHOEe TeCTUpOBaHUE

@OyHKIMS ~ aCMMMETPUYHOTO  TeCTUPOBaHMS®  UCIIONb3yeTCsi  MpU  TpOBepKe
pPaboTOCIIOCOOHOCTY KaHAJIOB CBSI3M, IJIsI KOTOPBIX IMapaMeTpbl MpUEMa U mepenadyn JaHHbIX
(mpomycKHasi ClIOCOOHOCTb, 3aiep>KKa U T.[I.) pa3JIMYHbl, — aCMMMeTPUYHbIX KaHAJIOB.

ElCI/IMMeTpI/I‘-IHBIﬁ KaHall

Tx =500 Mbps Tx = 500 Mbps
_— _—
NUT
- -
Rx =100 Mbps Rx =100 Mbps
JoxkaibHbI bepkyT-ET juctaHUUoHHbIH bepkyT-ET

PucyHok 6.1. [lpumep acuMmempuyHO20 KAHANA

l3-3a 9TO¥ 0COGEHHOCTM KaHA/JIOB M3MEPEeHMUsI TOJIKHbBI ObITh BBIMIOJTHEHbI HE3aBMUCHMO
IIJIS KaKO0ro HanpaBiaeHus. OTaudmuTeabHas yepTa TaKOTro TUIla TeCTMPOBaHMSI — Mepeaava
TECTOBOTO Tpaduka ITPOM3BOAUTCS B OAHOM, BbIOPAHHOM ITI0JIb30BaTeeM, HaIlpaBJIeHMNA.
[Ipy mpoBemeHMM TEeCTUPOBAHMS WUCIOJb3YeTCsl 2 Mpubopa: JIOKaJNbHBINA, HA KOTOPOM
MIPOM3BOAMUTCS HACTpPOMKa IapaMeTpPOB aHa/iu3a, M [OUCTAHLUMOHHBIN, HAXOOSIIUIACS
Ha IpyrOM KOHIIE acMMMETPMUYHOTO KaHaja. Pe3ynbTaThl TECTMPOBAHMUSI OTOOPAKAIOTCS
Ha 9KpaHe JIOKaJIbHOTO Impubopa.

Ilpumeuarue. DyHKIMS aCUMMETPUYHOTO TECTUPOBAHMS SOCTYITHA [P IIPOBEAEeHUM aHA/IN3a
o metoauke RFC 2544 (mpomyckHasi ClToCOOHOCTD, 3aJiepskKa, MOTepu KaapoB, MpeAeabHas
Harpyska), TecToB «BERT» 1 «Y.1564».

INpumeuanue. TTpyu aHanu3e 3agepskku Mo metoauke RFC 2544, a Takke Mpyu TeCTUPOBAHUM B
COOTBETCTBUMU C peKoMeHaaluei Y.1564 cinenyet ucronb3oBaTh PTP-cuHXpoHM3aInIio.

6.1. NMpumep TecTMpoBaHUSA

Huske paccmaTpuBaeTcss IIpUMep  UCIIOAb30BaHUS  (QYHKIMM  aCUMMMETPUUYHOTO
TeCTUPOBAHMS IJis1 TIPOBeJleHsl aHaau3a 1o pekomeHganuu «Y.1564» (nnas tectoB «BERT»
1 «RFC 2544» mopsiaoK neiicTBUiA aHaJIOTUUEeH).

Ha puc. 6.2 mpuBeJieHa TUIIOBasi cxema IOAK/IIOUEHUs] TIPUOOPOB K TeCTUPYeMOil ceTu
C UCrob30BaHMeM nopta A. [Ijis mopra B cxema noakioyeHus 6y1eT aHaJIOTMYHOIA.

° B 6a30BYyI0 KOHPUTYpaLMIO He BXOAUT. JIOCTYIIHA TIPYU TOMOJIHUTETbHOM 3aKase omiuu «ETAT».
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aCHMMCTpH'—IHHﬁ KaHal

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

noKanenslii bepkyT-ET JucTaHnMoHHbIH bepkyT-ET

MAC 1 =00:21:CE:08:0E:C9 MAC 2 =00:21:CE:08:0E:CA
IP1=172.16.2.106 IP2=172.16.3.143

PucyHok 6.2. Tunosasi cxeMa NOOKI0YEHUS

Ha cxeme BBefieHbI cieyoliyie 0003HaUeHU

MAC 1 — MAC-azpec rmoprta A JTOKaJIbHOTO ITpubopa;

IP 1 — IP-ampec 10KaJabHOIO IMPMOOPa;

MAC R1 — MAC-agpec 1u1i03a, 6/1msKaifIiero K JOKaJbHOMY IPHUOOpY;

MAC RN — MAC-agpec nuto3a, 6/sKaiiiero K AUCTaHIMOHHOMY IIpuoopy;
MAC 2 — MAC-agpec rmopTa A AUCTaHUIMOHHOIO IIPMO0opa;

IP 2 — IP-ampec nMCTaHIMOHHOTO IMpubopa.

s v3MepeHus MapaMeTpOB KaHaja CBSI3M B HAIpaBJIeHMM OT JIOKAJIbHOTO Tpubopa
K IMCTAHIIMOHHOMY HEOOXOIMMO:

1. Y6enauTbCsi, UTO JIOKAJIbHBIN U AUCTAHLUMOHHbBIN TIPUOOPHI MOAAEePKUBAIOT QYHKIINIO
aCUMMETPUYHOIr'0 TeCTUpoBaHus: B MeHI0 «bepkyT-ET. Hactpoitku» = «YCTaHOBKU
npubopar» = «Onuum» B CIIMCKe O JO/IKHA IIPUCYTCTBOBATD Ormiust «<ETAT».

2. TloOKIIOUNTD JIOKQIbHBINA U OVCTAHIMOHHBIA MPUOOP IO cxeme, MpeCTaBJIeHHOM
Ha puc. 6.2.

3. Ha sokaabHOM M Ha JIMUCTAaHIIMOHHOM Iipubope tepeiitm B MeHO «bepkyT-ET.
HacTpoiiku» = «I[lapameTpsl ceTu». BbiopaTh:

MopT — A

OnHUM U3 TIpUBENEHHBIX HIDKE CITOCOO0B YCTaHOBUTD IP-ampec mokanbHOrO nmpubopa
(IP 1) u IP-agpec gucraHmyonHoro npub6opa (IP 2):

— BBecTu [P-agpec Bpyunyto (mpu 3ToM yHKT MeHt0 «DHCP» nomkeH HaXOaAUTbCS
B COCTOSIHUM «BBIKII»);

— mnonyunuTth IP-agpec o mpotokosry DHCP, BeiOpaB myHKT MeHi0 «DHCP» 1 HaxkaB

Ha kiaBumy 2 («BKi»): MOJy4YeHHBIt afpec OyJeT KOPPeKTHBIM, ecin
oToO6pasuTcs B MyHKTe MeHI0 «IP-ampec» mo ucreueHum He Gosiee yem 1-2
CeKyH/I.
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4. Ha 7oKaJIbHOM M Ha [AUCTAaHIMOHHOM Ipubope mepeitTy B MeHIO «bepkyr-ET.
HacTtpoiikn» = «CMHXpOHM3alINsI BpeMeHM» 1 BbIOpaTh MOPT A B KauectBe PTP-mopra.

IMpumeuanue. Insa tectoB «BERT» 1 «RFC 2544» (rpoIrycKHasi ClTOCOOHOCTD, ITOTePU KaJpoB,
Trpeie/ibHAast Harpy3Ka) BITIOJHSITh JaHHBIN ITYHKT He TpebyeTcs.

5. Ha nmokanpbHOM mpubope mepei it B MmeHio «Y.1564» = «HacTpoiiku» = «Tomonorus
TEeCTOB» (CM. puc. 6.3). BbiOpaTh:
MopT nepepaun — A
MopT npméma — [MCTaAHUMOHHDLIN

Onct. IP — IP 2

| Az1000 - B:——— — 06:52

TononorvAa TecToB

MopT nepepayvr W

MopT npméma [QUcTaHUMOHHBIA

flvcr., IP 172,16.3.143

A B LT aHLMOHHEE

PucyHok 6.3. IkpaH «Tonosnozus mecmos»

6. Ha nokanpHOM mpubope mepeitTi B MeHI0 «BepkyT-ET. smepenusi» = «Y.1564» =
«HacTtpoitkn» = «HacTpoiku cepBUCOB» = «3arojioBOK» (CM. puc. 6.4). BoiopaTb:
MAC OTnp. - MAC 1
MAC MNonyu. - MAC R1
IP Ornp. - IP 1
IP Monyu. - IP 2

IMpumeuanue. s monyuenus MAC-azpeca 1II03a HEOOXOAMMO BBITOMHUTL ARP-3ampoc:

riepeiiTyt K myHKTy MeH10 «MAC ITojyd.» M HaXkaTh Ha KIaBUIIy = .
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| Az1000 - B:—— — 0B 55

3aronoBokK
MoTok 1
00:21:CE:08:0E:C9
MAC Monyu., 00:21:91:8D:10:70
IP Omnp. 172,.16.2,108
IP Monyu, 172.16.3,143

LononHHUTensEHO
VLAN Brikn
HFLS TX
HPLS R¥ -—————-—
IF ToS 0000b: precedence 0
LIIP BOOG0 D000

PucyHok 6.4. IkpaH «3a20/1080K»

7. Ha noxkajibHOM mpubope B COOTBETCTBMM C YKa3aHMSIMM pasfiesia 5 BBINIOJIHUTH

HeoOXOouMble HAcTpO¥KM TecTa «Y.1564». 3arem mepeiiTu B MeHI0 «bepkyT-ET.

F1

M3mepenusi» = «Y.1564» 1 HakaTh Ha KIaBUIITY («CtapT»).

Ipumeuanue. ITocsie HaxkaTusl Ha KiaaBuiny «CTapT» Ha 3KpaHe JIOKAJbHOIO mpubopa MOTYT
MOSIBUTBCS CIeyIolIyie COOOIeHMs

<<I/I,£[éT MOAK/IIOUeHNMe K OIUCT. IIOPTY ...» — BO3HMKAET Cpa3y I10CJ/Ie 3aI1yCKa TeCTa.

—  «/IMCTAHIMOHHBIN TIpUOOpP HEJOCTyIIeH» — BO3HMKAaeT B CJIydyae, ecy He
MOJTyYMJIOCh YCTAHOBUTD COeIMHEHME C AUCTaHIIMOHHBIM ITPUOOPOM.

— «[loTepsiHO coenyHeHMe» — BO3HMKAET B cC/yuyae, eCau OUCTAHIMOHHBIN Mpubop
1OCJie yCTAaHOBJIEHUST COeMHEeHMSI IepecTayl 0TBevyaTh Ha 3aIllpOChl.

—  «/IMCTAaHIMOHHBIN TpMUOOP 3aHAT» — BO3HMKAET, KOrga Ha OAUCTAaHLMOHHOM
npubope yke MPOBOINUTCS KaKOW-I1Mb0 TeCT.

— «[uct. BERT 1-ro ypoBHSI HEBO3MOXKeH» — BO3HMKaeT TPy MOMNbITKE IPOBECTU TeCT
«BERT» mepBOro ypoBHs.

INpumeuanue. Ha sKkpaHe AMCTAaHLIMOHHOTO ITPMOOpa BO BpeMsI TeCTUPOBAHMS OTOOpaskaeTcs
coo01IeHe «BbITTOIHSIETCS IYCTAHIIIOHHBIN TECT».

s n3MepeHnusd rnmapaMeTpoB KaHallda CBA3YM B HAITpaBJI€EHUN OT AMCTAHLIMMOHHOTI'O HpM6opa
K JIOKaJIbHOMY HEO6XO,£[I/IMOI

1. Y6enuThcsl, UTO JIOKAJIbHBIN M AUCTAHLMOHHBIN MPUOOPHI MOAIEPKUBAIOT (PYHKIIVIO
aCMMMETPUYHOIr0 TeCcTupoBaHusi: B MmeHI0 «bepkyT-ET. Hactpoiiku» = «YCTaHOBKU
npubopa» = «Onuum» B CIIMCKE OILNIA JO/KHA TPUCYTCTBOBATH OomIus «ETAT».

2. TNopkmounTth JOKaIbHBIA bepkyT-ET u aucraHuuoHHbii BepkyT-ET 10 cxeme,
MpencTaBIeHHON Ha puUc. 6.2.

3. Ha sokaabHOM M Ha JOMUCTAaHIMOHHOM Iipubope tiepei it B MeHIO «bepkyT-ET.
HacTpoiiku» = «I[lapameTpsi ceTu». Bb1opaTh:

[TopT - A
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OnHUM U3 TIPUBENEHHBIX HIDKE CITOCOO0B YCTAaHOBUTD IP-ampec mokaabHOrO nmpubopa
(IP 1) u IP-agpec aguctaHmyonHoro mpubopa (IP 2):

— BBectu IP-agpec BpyuHyto (Tipu 3TOM IYHKT MeHI0 «DHCP» mo/bkeH HaXoOuTbCs
B COCTOSIHUU «BBIKII»);

— mnonyuuthb IP-agpec mo npotokoay DHCP, BeiOpaB myHKT MeHio «DHCP» 1 HaxkaB
Ha KIasuumy ' °  («BKi»): TOJNy4eHHbIt ajgpec OyJeT KOPPeKTHBIM, eciu

0TOOpa3uTCs B MyHKTe MeHIo «IP-azmpec» 110 McTeyeHnu He 6ojiee uem 1-2 CeKyH,

4. Ha 7noKaJlbHOM M Ha [AUCTAHLIMOHHOM Tipubope mepeitTy B MeHIO «bepkyT-ET.
HacTpoiikn» = «CUMHXpOHM3aLys BpeMeHn» ¥ BbIOpaTh opT A B KauectBe PTP-1opra.

Ipumeuanue. 11 TectoB «<BERT» u «RFC 2544» (mpomycKkHasi ClIOCOOHOCTb, IIOTEPHU KaIPOB,
ripefe/ibHasl Harpy3ka) BbITIOJHSTh JaHHbIV TYHKT He TpebyeTcs.

5. Ha noxkanpHOM mpubope mnepeitu B MeHIo «Y.1564» = «HacTtpoitku» = «Tomonorust
TecToB» (CM. pucC. 6.5). Bbi6paTs:
MopT nepepayn - [nMCTaHUMOHHLIN
MopT npuéma - A
Onct. IP - IP 2

| Az1000 - B:——— — 07 54

TononorvAa TecToB

MopTt nepepaqvy I =R ISR S8 =]

MopT nNpuéma A

flvcr., IP 172,16.2.106

A B LT aHLMOHHEE

PucyHok 6.5. 3kpaH «Tononozus mecmos»

6. Ha ynokanpHOM mpubope nepeitt B MmeHI0 «bepkyT-ET. 3mepennsi» = «Y.1564» =
«HacTtpoitkn» = «HacTpoitku cepBUCOB» = «3arojIoBOK» (CM. puc. 6.6). BoiopaTh:
MAC OTnp. - MAC 2
MAC Monyy. - MAC RN
IP OTnp. - IP 2
IP Monyu. - IP 1
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| Az1000 - B:——— — 07 57

3aronoBokK
MoTok 1
00:21:CE:08:0E:CA
MAC Monyu., 00:21:91:08:00:02
IP Omnp. 172,.16.3.143
IP NMonyu, 172.16.2,.106

LononHHUTensEHO
VLAN Brikn
HFLS TX
HPLS R¥ -—————-—
IF ToS 0000b: precedence 0
LIIP BOOG0 D000

PucyHok 6.6. IkpaH «3a20/1080Kk»

7. Ha noxkajbHOM mpubOpe B COOTBETCTBMM C YKa3aHMSIMM pasfiesia 5 BBITIOJIHUTH
HeoOXoAuMble HACTpoOiKku Tecta «Y.1564». 3arem mepeiitu B MeHio «Bepkyr-ET.

V3mepeHusi» = «Y.1564» y HaxkaTb Ha Knapumy '+ («CtapT»).

ITpumeuanue. ITocsie HaxkaTUS Ha KiIaBuiry «CTapT» Ha 9KpaHe JIOKAJIbHOTO U IUCTAaHIIMOHHOTO
npubopa MosIBSITCS COO0IIeHNsI, aHaJIOTMYHbIe TTepeulcieHHbIM Ha C. 24.
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7. Wneind

Oyukuust  «Ilneiid» 1o3BoOMISIeT MPUOOPY MEHSTh MeCTaMM COJepKMMOe IoJIeii
MIPUHMMAEMbIX I1aKeTOB U OTIIPaB/SAITh M3MEHEHHbIe KaJapbl OOpATHO OTIIPaBUTEIIO
Ha yeTbIpeéX ypoBHAX Mogenu OSI. Mcnonb3yeTcs OJisi TECTUPOBAHMUS CETeN M0 MeTOOUKe
RFC 2544 v usmepenus BER.

7.1. YpoBeHb wneinda

YpoBeHb 1uieiida BpiOMpaeTcs: B 3aBUCUMOCTHU OT CTPYKTYPbI TECTUPYEMOIi CeTH:
— L1 (¢pusuyeckuii ypoBeHb): UICTOYHUK JAHHBIX U IIPUOOP COeIVHEHbI HAIPSIMYIO;
— L2 (kaHaJIbHBIN YPOBEHB): CETh COAEPKUT TOJIBKO KOMMYTATOPbI;
— L3 (ceTeBOi1 YpOBEHB): CETh COAEPKUT KOMMYTATOPbI ¥ MapIIPyTU3ATOPHI;

— L4 (TpaHCIIOPTHBIN YPOBEHb): C€Th COAEPKUT KOMMYTATOPbI U MapUIPyTU3aTOPBI,
IIPY TeCTMPOBAHMUM HEOOXOAMMO BBIMOJIHUTD HAaCcTPoiiky rmoptos UDP/TCP.

ITpumeuanue. Ipu BKItoueHMM nuteiida ypoBHs L2, L3, L4 makeTsl HepeHaIpaBiIsSiOTCS 06paTHO TOIBKO B CIyYae,
eciu MAC-agpec nonyuaTessi paBeH MAC-agpecy mmopra nmpu6opa.

7.2. U3aMeHeHHne coaep>XMMoro noJsiem nakeTos

[Ipubop aBTOMATHUECKM BHOCUT M3MeHEHUs B IPMHMMaeMblii Tpabuk:
— L1: 6e3 usmeHeHmit;
— L2: mensitorcst Mmectamu MAC-azpeca OTIipaBUTES U ITOJTydaTess;
— L3: mensitorcsa mectamu MAC-azpeca u IP-anpeca otripaBuTesns v noayJyaTess;

— L4: mensirorcss mectamu MAC-anpeca, IP-agpeca m Homepa TCP/UDP-noptoB
OTIIPaBUTEJIS U IOJIydaTesl.

ITIpumeuanue. 1P-ampeca MEHSIOTCS MeCTaMM TOJbKO B ciaydae, eciau mnone «EtherType» umeer 3HaueHue
«0x0800».

Ipumeuanue. Homepa TCP/UDP-IOpTOB MEHSIIOTCS MeECTaMM TOJIbBKO B Cjay4yae, eciau Iojie «Protocol»
B IP-3arosioBke umeet 3HaueHue «6» (TCP) mnu «17» (UDP).

IMpumeuanue. Ecniu BXopsimiuii makeT comep>kuT MPLS-MeTKy, oH OymeT IepeHampaBjieH 0e3 M3MeHeHMUs
€€ 3HaUeHMs.

7.3. NMpaBuna 06paboTKn NOTOKOB AAHHbIX

[Tpu BrIoueHuu 1uieiida kananbHoro (L2), ceteBoro (L3) u TpaHcrnopTHoro (L4) ypoBHeit
He TlepeHarnpaBIIsIOTCS

— TAaKeTbl C HEeIIPaBUIbHOM KOHTPOJIbHOM cymmoii (FCS);
— makeTsl ¢ oaMHaKOBbIMU MAC-anpecamy OTIIpaBUTEIS U TIOTy4daTess;

— 6yoku gaHHbIX rpoTokosia OAM (OAMPDU) u ARP-3ampochr;
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— IIaKeThl, pa3Mep KOTOPbIX MeHbIIe 64 6aitT mau 6osbine 9600 O6ajiT.

[Tpu BrIoueHuu nuieiida kananpHoro (L2), ceteBoro (L3) u TpaHcrnoptHoro (L4) ypoBHe

He TepeHarpaB/sSOTCS U MOCTYNAT Ha LeHTPaJIbHbIN mpoueccop (L) masa mocaenyooiueni
00pabOTKM COOOIITEHNS C/IeIYIONIMX ITPOTOKOIOB:

Tabnuya 7.1. lpomokonei, coobuweHus komopsix 06pabamsisatomcs LM

IIpoTokon YcnoBue otpaBku Ha LII1

ICMP niosie «Protocol» B IP-3aro/sioBKe umeeT 3HaueHMe «1»
DHCP HoMep UDP-miopTta momy4daTesns «67» unm «68»

DNS Homep TCP- mim UDP-niopTa nosrydaTesst «53»

ARP nosie «<EtherType» nmeer 3HaueHue «0x0806»

OAM MAC-anpec nomyuaresnst «01:80:¢2:00:00:02»

SSH Homep TCP-nopTa nosydaresns «22»

PTP, layer 2 niosie «<EtherType» nmeer 3HaueHme «0x88F7»

PTP, layer 4 Homep UDP-niopra nosrygaTtesnst «319» v «320»
Telnet HomMmep TCP-mopTa mosyuartens «23»

ET-discovery

Homep UDP-niopra nostyuaresnst «32792»

TWAMP-control

Homep TCP-niopTa rnosydaress «862»

NTP

HoMep UDP-miopTta monyyaTens «123»

ITpumeuanue. Ha LI mocTynaioT TOJBKO MMaKeThl, TpeAHa3HAUeHHbIe MOPTY MpMbopa, Ha KOTOPOM OHU OBLIU
noiaydyeHbl. K TakMm makeTram OTHOCSITCSI Te, y KOTOpbix MAC-anmpec mosyvyartens UIMPOKOBEIATeIbHbIN,
TpYIoBOI Mau paBeH MAC-anpecy mmopTa rpubopa.

7.4. CtaTucTMKa

[Tpu BKIIOUeHUM Iilieiida aBTOMaTHUUeCKH 3aITycKaeTcss CO0p CTaTUCTUKU:

— L1: mo npuHumaeMomMy Tpapuky;

— L2, L3, L4: no npuHuMaeMoOMYy U IiepeaBaeMomy Tpaduky.
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8. OAM

BaxkHOI1 3a7aueil MOCTABIIMKOB YCIYT CBSI3U SIBJisIeTCS] obecrieyeHye BbICOKOTO YPOBHS
aIMMUHUCTPUPOBAHMUS U TEXHMUYECKOTO 0bcmyskuBaHus Ethernet-ceTeii. [IJis1 3TUX 1eeit ObLT
paspa6oran crangapt IEEE 802.3ah [6] (m3BecTHbIVi Takke Kak «Ethernet in the First Mile
(EFM) OAM» — «Ethernet OAM Ha «I1epBOI1 MUJIE»).

OAM  (Operations, Administration, and Maintenance @ —  3KcIUTyaTamusl,
aIMMUHUCTPUPOBAHME U OOCIY)XKMBaHME) — IMPOTOKOJI MOHUTOPUHTrA COCTOSTHMSI KaHaja,
dbyHKUMOHMpPYET Ha KaHadbHOM ypoBHe Monenu OSI. [Iig nepemauyu MHGoOpManum Mexmy
Ethernet-ycTpoiicTBamu UCIIONb3YIOTCS 6JI0KU TaHHBIX TpoToKoia — OAMPDU.

BaxkHoii dyHKuMeir mpoTokosa OAM sBisieTcsSI BO3MOXKHOCTb BKJIIOUEHMSI pexXyuma
«Ineitd» Ha yoaaéHHOM ITpuoOOpe.

i yCcTaHOBJI€HUSI COeOMHEHUsS MeXOy TMpuoéopoM U YIOAJIEHHBIM YCTPOMCTBOM
1o ripoTokoy OAM u 111 BRiIoueHus pexkuma «lllneitd» Heobxommmo:

1. HenocpedcmeeHHO COeIVHUTDH JIOKAJIbHBIN IPUOOp ¥ yOaJEHHOE YCTPOICTBOM
B COOTBETCTBUM CO CXeMOJi, MPpUBEAEHHON HIKE.

Jlokaneueiit bepkyT-ET VYnanéuHoe ycTponcTBO

d’)I/IBH‘ICCKOC COCITHHCHHC

NN(S7 (1)

PucyHok 8.1. Cxema mecmuposaHus

N

Ha ymanénHom mpubope paspelinTb padboTy mpoTtokoja OAM B aKTUBHOM WA
ITIaCCMBHOM peXUMe.

Ha noxkanbHOM mpubope:
3. Ilepeittu B meHI0 «OAM» (cm. puc. 8.2).

4. B nyHkTe mMeHI0 «IlopT» BbIOpaTh IMOPT, K KOTOPOMY IOJICOEIVMHEHO YIAJEHHOE
YCTPOWMCTBO.

92

B myHkTe MeHI0 «PeskuM» BbIOpaTh aKTUBHBIN peskMM paboThI ITpoTokosa OAM.

o

CocTostHMe 0OHapyKeHMS YIaJIEHHOT0 YCTPOCTBA B ITyHKTe MeHI0 «OOHapyskeHMe»
IIOJIKHO TIPUHSITh 3HaYeHMe «Send any».

=

ITepeiiT B MeHIO «YOaJ€éHHbIN mpubop». Ha sKpaHe OOKHA OTOOPA3UTHCS
mHbopmanys 06 yaaaiéHHOM yCTPOICTBe.

19 Ha puc. 8.1 BepkyT-ET npuBenéH B KauecTBe puMepa YIaJIEHHOTO YCTPOIICTBA.
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8. HaxaTp Ha kiaBumry =

3ameHbl MAC-agpecos).

(«LB up»). Ha ymajéHHOM yCTpOJiicTBe OyIeT BKIIOUEH
pexkum «llneiidh» BTOporo (L2) ypoBHSI (Tpaduk OymeT mepeHampaBisSiTbCs Oe3s

Jl1s1 BeIKMIOYeHus1 pexkuMa «I1neiid» Heo6xoauMo HakaTh Ha Kaapumy  («LB downy).

| ] A:100 - B:—— - 11:28
0AM
MopTt A
_ﬁﬂnmsmﬁ

O0GHapyxeHu1e

Send local

YpanéHHe npucop

Brkn

MaccHEHHA AR THEHEIEA

PucyHok 8.2. MeHto «OAM»
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9. ET-06HapyxeHue

dyukiusg «ET-o6Hapy:keHMue» MO3BOJISIET BKIIOUNUTD Iieiid KaHanbHOro (L2), ceTeBoro
(L3) wnm tpaHcnoptHOro (L4) ypoBHS Ha ypaaJ€éHHOM aHamm3atope bepkyr-ET win
ycTpolicTBe o6pasoBanms nuieiidga bepkyr-ETL.

bepkyt-ET/bepkyt-ETL

P N
/
[/
NUT
\"\
N
—

PucyHok 9.1. Cxema mecmuposaHus

[lle7ip MOKHO BKJTIOUATh IOC/IeIOBATEIBHO Ha HECKOIbKMUX Tpubopax bepkyT-ET n/mmm
bepkyT-ETL, HaX0Os1IMXCST KaK B pa3HbIX, TaK M B OAHOM ITOJICETH.
[t mosrydeHus JAHHBIX 00 yIaJIEHHOM MpMbope U BKIIUYeHus nuieiida ciemyer:

1. TMopxmounts pubop bepkyT-ET K ceTn.

2. Ilepeiitu B meHIo «<ET-00HapyskeHMEY:

L A:1000 - B:—— - 19:15

ET—oGHapyxeHHe

ABTOMaTHUYECKH
IP 0.0.0.0

llnedp Bukn

A B AeTomMaTHHeckd JBHapUReHMe

PucyHok 9.2. MeHio «ET-06Hapy»eHue»

3. BbIOpaTh MOPT, C KOTOPOTO OYy/IeT OCYILEeCTBSTLCS Mepeayda JaHHbIX.

4. B mosne «IP» BBecTu [P-azpec yaaji€HHOro yCTpoicTBa.

5. HaxaTb Ha KnaBumy '+ («O6HapysKeHMe»).
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B citydae ycrenmrHoro o6Hapy>keHusl yCTPOVICTBA Ha 9KpaH OyayT BeIBedeHbl ero IP-ampec,
umsa u MAC-agpec (cMm. puc. 9.3). IlyHkT MeHw0 «lllneiid» cTaHeT DOCTYIHBIM [IJIs

penakTMpPOBaHMSI.

L1 A:100 - Bi——— - 08:18

ET—obHapyxeHWe

MopT A
IPF 192.168.222.173
i 3

IP
192,.168,222,17°3
HMa
MX—-100
MAC
00:18:63:00:04:1B

Brkn 2 3 4

PucyHok 9.3. lpumep gbinonHeHus ET-06Hapyx#eHus

VYpoBeHb nuieiida BbIOMPAETCS KHOITKAMM:

F — BrikmoueHne pexxuma «llneiid»;

F2 _ prmoyeHue muteiidga KaHaIbHOTO YPOBHS;

P _ Br/IoueHue 1uteiida ceTeBoro ypoBHS;

F4 — BxmoyeHue nuteiidga TPaHCIIOPTHOTO YPOBHSI.

Ilpumeuanue. Tlepenava naHHBIX OCylecTBasIeTcs 10 npotokony UDP. ITopt nonyuarens —

32 792. Ilopt orripaButensa — 32 793.
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10. Tectbl TCP/IP

TecTsl, onmcaHHble B JAHHOM pasfesie, HeoOXOaMMbI TP IMPOBEAEHNY aHa/IN3a B CEeTSIX,
colepKalux  YCTPOMCTBA, OCYIIECTB/SIIONIME KOMMYTALMI0O M MapIIpyTHU3aIMio
repefaBaeMbIX JaHHBIX. C ITOMOIIBIO peasn3oBaHHbIX B mpubope TCP/IP TecTOB MOXXHO
00HaApYKUTH ITPOOJIEMBI, CBSI3aHHBIE C KOH(UTYpalei ceTu, yoeauTbCs B CBI3HOCTM KaHaIa
MeXIy e€ y3jJlaMM, OIpeAeauTb MapUIpyTbl CJAefOBaHMSI OAHHBIX, IPOBEPUTH
pPaboTOCIIOCOOHOCTD M OLIEHUTD 3arpy>KeHHOCTb KaHAJIOB Mepeaun TaHHbIX.

10.1. 3xo0-3anpoc (Ping)

MHCTpYMeHT «3JX0-3ampoc»!! Mcnonmb3yeTcss Ojs MPOBEpPKM CBSI3HOCTM KaHala MeXIy
y3/71aMU CEeTU.

B mpoliecce TeCcTMpOBaHUS CETEBOMY Y3/Iy IOCBUIAIOTCS 3ampochl U (QUKCUPYIOTCS
MOCTyMAaKIMe OTBeThbl. JTa Ipoleaypa ocHoBbiBaercs Ha I[P- u ICMP-mporokonax
MepecbUIKM JeiiTarpaMM ¥ MO3BOJISIET MPOBEPUTh PAbOTOCIIOCOOHOCTh KaHAIOB Mepefaun
IaHHbBIX ¥ ITPOMEKYTOUHBIX YCTPOMCTB. [IJ1s1 MpoBeieHNs aHaIM3a He00X0IMMO:

1. TlogkmounuTh MpUOOP K TECTUPYEMOJ CETM C MCIIOAb30BaHMEM OJHOIO IMOpTa
B COOTBETCTBUM CO CXEMOJ, IIPUBEAEHHON HIKE:

e N
N
NUT )
o

PucyHok 10.1. Bapuarm nookntoyeHus 1

IMpumeuarue. ITpn6OP TakkKe MOKET OBITH MOAKIIOUEH K CETU C MCITOIb30BaHMEM JBYX ITOPTOB
(cm. puc. 10.2). Hactpoitku mpmbopa [ HaHHOTO CJIydyas aHAJOTUYHBI OIMCAHHBIM
HACTPOMKaM [J1s1 OOHOTO IOpPTa.

11 B 6a30ByI0 KOHMDUTYpaluio He BXOIUT. JIOCTYIIeH MPU JOMOMTHUTENIbHOM 3aKase ornuyu «ETIP».
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s ™
~ o omoptrA —————> \

noptB ————— AN

PucyHok 10.2. Bapuarm nookntoueHus 2

2. Tlepeiitu B MeHI0 «3x0-3anpoc». Haxkath Ha kiasumy '°  («HacTpoiikm»):

L] A:100 — Byr—— — 07:58

Ixo—zanpoc {(192,168,225,190)

Crapt CraTucTura Hactpobiku  Coxp,/3arp,

PucyHok 10.3. MeHro «3x0-3anpoc»

3. HacTtpouTb mapameTpbl TECTMPOBaHUSI B MeHIO «HacTpoiiku 9x0-3ampocar:

B  A:1000 - B:1000 - 20 14

HacTporkn 3xo—3anpoca

A
IP apgpec 192,168.2.2
Paamep naketa 56
Konmuectee 20
Bpemna omupgaHua 1000
Mayza 1000

A B AETOMATHYECKH

PucyHok 10.4. Merro «Hacmpoliku 3xo0-3anpoca»

F1

4. HaxaTb Ha KJIaBUIILY («CrapT»). HaunéTtcs TecTupoBaHue, B Xo4e KOTOPOTO

Ha 3KpaH OYAyT BbIBeJIeHbI CTPOKU, COZlepsKaliye caeayoiy MHGopmauuio (cieBa
Harpaso):

— pasmep ICMP-nakera;
— [IP-appec y3/a ceT, OTBETUBILIETO HA 3X0-3aIpoc;
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- HOpH,Z[KOBbII;'I HOMED IMaKkeTa,

— BpeMs MeXAy OTIIPaBKO¥ 3aipoca 1 IoJIyueHeM OTBeTa.

[Ipumep pe3ynabTaTOB TeCTUPOBaHMS MpeacTaBaeH Ha puc 10.5.

B A - 56— - 15:44

Ixo—zanpoc (85,142,45,242)

6
s
s
6
BE
6
Gl
s
6
s
15

mindavagsmax: 5315/0438/0612 ne

B from 85,142,45,242: n=1 time=5315 ms
B from 85,142,45,242: n=2 time=5396 ms
B from 85,142,45,242: n=3 time=5370 ms
B from 85,142,45,242: n=4 time=5331 ms
B from 80,142,45,242: n=b time=5415 ms
B from 85,142,45,242: n=6 time=5333 ms
B from 85,142,45,242: n=7 time=5470 ms
B from 85,142.45,242: n=8 time=5534 ms
B from 85,142,45,242: n=9 time=5506 ms
B from 85,142,45,242: n=10 time=5612 m=
packets tranzmitted, 10 received., 5 packet loss

CrapT CTATHCTUKE HacTpoiikk  Coxp./3darp.

Pucyrok 10.5. Pe3aynsmamel mecma «3x0-3anpoc»

[To pesynbTaTaM TeCTUPOBaHUS GOPMUPYETCS CTAaTUCTUKA:

Wl A:100 - By—— - 10 10
CTaTUCcTUEA 3X0o—3anpocoB
Bpema oTBeTa
MHHMMYM 9 mMc
MakCHMyM 19 mc
cpegHee 10 mc
oTnpaeneHe 8§
nonyqeHo 8
notepade ¢ (0%)
NoETOPHBE O
TadMayr 4
Crapt CTaTucTHRa Hactpobik  Coxp,/3arp,

Pucyrok 10.6. Cmamucmuka mecma «3x0-3anpoc»

B craTuctuke otobpaxkaercss nHGopmalyss 0 MMHMMAJIbHOM, CpeHeM, MaKCMMaIbHOM
BpeMeHlM MeXIy OTIpPaBKOW 3ampoca M MoJyueHMeM OTBeTa, a Takke O KOJMUecTBe

riepelaHHbIX, TPUHSTHIX, TOTEPSHHBIX ¥ TIOBTOPHBIX (C OAMHAKOBBIM ITOPSIAKOBBIM HOMEPOM)

HaKeTOB.3HaHEHMe]3CTpOKeInaaMayHICOOTBeTCTByeT KOJIMYeCTBY IIaKeTOB, O KOTOPbIX
BpeMs OTBeTa Ha 3X0-3aIIpocC ObLIIO IIpEeBLINIIEHO.
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10.2. Mapuwpyrt (Traceroute)

WucTpymeHT «MapmpyT»!? ucnonb3yeTtcs Ojsi onpeneneHus MapUIpyTOB Clef0BaHMUS
IaHHBIX B ceTsx Ha ocHoBe TCP/IP. B mporecce TeCTMpPOBAaHMSI YKAa3aHHOMY Y3Jy CETU
OTIIPaBJISIETCSI TTOC/IeIOBATEIbHOCTD IefiTarpaMm, IPU 3TOM OTOOPaskaloTCs CBeIeHMSI O BCex
MIPOMEXXYTOYHBIX MapUIPyTMU3aTOPaxX, Yepes KOTOPbIe MPOLLIM JaHHbIE HA ITyTU K KOHEYHOMY
y3iy. Takum 06pa3oM, MHCTPYMeHT «MapuipyT» MO3BOJISIET AMAarHOCTMPOBATh AOCTYITHOCTD
IIPOMEXXYTOYHBIX ITYHKTOB Ha ITyTU Ilepefaun MOTOKa JaHHBIX B CETU.

[lns ipoBeieHNsI aHaIM3a He0b6XoAUMO:

1. TlogkmIouuTh IPpUOOP K TECTUPYEMOI CETU B COOTBETCTBUM CO CXEMO, IIPUBEIEHHOM
Ha puc. 10.1.

2. IlepeiiTu B MeHI0 «MapLipyT»:

L A:100 = Bi——— - 07 59

MapuwpyTt { 192,168,225,190 )

Crapt Hactpobku  Coxp,s3arp,

Pucyrok 10.7. Merto «Mapwipym»

3. HacTpouTb mapameTpbl TECTUPOBAHUSA B MeHI0 «HacTpoiiku mapuipyTta»:

M A:100 = By——— - 22 21

HacTporku mMapupyTta

Ll]s3 ABTOMATHUYSCKM

IP apgpec 192,168.1.1
Makc., yznoe 30
FPaamep naketa 40
Bpemna omupgaHua 1000

A B AETOMATHYECKH

Pucyrok 10.8. Mexrw «Hacmpoliku mapwpyma»

12 B 6a30ByI0 KOHMDUTYpalNio He BXOIUT. JIOCTYIIeH MPU JOMOJHUTENIbHOM 3aKase ornuyu «ETIP».
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4. HaxaTb Ha ki1aBumy ' («CrapT»). HauHETCS TecTMpoBaHMe, B XOfe KOTOPOTO

Ha 3KpaH OYyIyT BbIBelleHbl CTPOKM, copepkaliue ciaeayollyio nHpopmaunio (cieBa
HaIpaso):

— HOMep IIPOMEKYTOUYHOTO y3J1a;
— IP-agpec mpoMesKyTOUYHOTO y371a;
— BpeMs OKMIAaHMSI OTBETA.

Ecnu BpeMsi OXXuOaHUS OTBeTa OT MPOMEXYTOUHOIO y3jia IMPEeBBICMJIO TaliMayT,
B CTPOKE pe3y/IbTaTOB OyIeT BbIBEIEH 3HAUOK «*».
[Ipumep pe3y/bTaTOB TECTUPOBAHMUS IpeAcTaBieH Ha puc. 10.9.

LN A:1000 - B:——— - 19 28

Mapuwpyrt ( 209.85,229,104 )

195,131,127,1 8 m=
10,45,72,1 21 ms
195,131,241.4 18 m=
195,131,262.4 20 ms
154,80,177,138 16 ms
216,239,42,240 41 ms
2059,80,200,183 03 ms
6E6,249,95,132 BZ ms
10 209,85,248.78 B3 ms
11 *
12 209,85,202,82 BB ms
13 209,85.243.81 72 ms
14 209,80,223.104 71 ms

Crapt Hacrpolikt  Coxp,s3arp,

0 OO0~ O 05 e el D

PucyHok 10.9. Pe3ynsmamel mecma «Mapwpyms»

10.3. DNS (DNS lookup)

DNS (Domain Name System — cucrema JOMEHHBIX MMEH) — pacrnpeaenéHHas 6asa
IaHHBIX, CIIOCOOHAsI 10 3a1IpoCy, CofepkalleMy JOMeHHOe MMsI y371a, COoOIIuUTh ero IP-agpec.
®dyukimsg DNS lookup!® (rmouck Ha cepBepe MMEH) TOMOTaeT OOHAPYKUTD OLIMOKM B paboTe
NS-cepBepoB.

Iyt mpoBeeHMs aHa/IM3a HeOOX0IMMO:

1. TlogkmouuTh MIPUOOP K TECTUPYEMOi CETU B COOTBETCTBUM CO CXEMOI, TIpUBEIEHHOM
Ha puc. 10.1.

2. Ilepeittu B meH10 «<DNS» (cMm. puc. 10.10).

3. B nyHkTe meH10 «IIopT» yKa3aTb MOPT [Jis IPUEMA U Tlepefau JaHHbIX.

F

4. B IyHKTe MeHIO «Y3e/l» BBeCTU JoOMeHHoe uMs y3ia. Hakate ' («CTapT»).

13 B 6a30ByI0 KOHOUTYpaIINIO He BXOOUT. [IOCTYITHA PY JOTIOJHUTENIbHOM 3aKase onuuy «ETIP».
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5. B nyHkre meHio «IP» Oymer BeiBemeH IP-ampec ysna. Ecmm agpec omnpenenuTth He
yIanoch, To 0Tobpasutcs HyneBoit IP-agpec (0.0.0.0).

[Tpumep pe3ysibTaTOB TeCTUPOBAHMS peacTasiieH Ha puc. 10.10.

N A:100 - B:——— - 22 30

DNS
A

Yzen metrotek.spb.ru

IP 0,0.0,0

Pucyrok 10.10. MeHto «DNS»

10.4. TCP-knueHT

®yukiusa «TCP-knmeHT»!* mo3BossieT ycraHOBUTH TCP-coenuHeHMe ¢ yoaJl€HHbIM Y3/I0M
CeTu, MPMHUMATDb OT HEero JaHHbIe U IlepeaBaTh JaHHbIE STOMY Y3JTy.
[lJis ycTaHOBJIEHUST COeAMHEeHUST He00X0IMMO:

1. TTogkmroYMTh IPMOOP K CETU B COOTBETCTBUM CO CXEMOI, MpMUBeaEéHHOI Ha puc. 10.1.

2. HacTtpoutb napametpsl coenyHeHus (MeH10 «TCP-ximeHT» = «HacTpoitku» ( ™ )):
— BBIGPATH MOPT /1S IPUEMA U TIepeaun JaHHbIX;
—  BBeCTU JoMeHHoe umMs unu IP-ampec ysina;

— BBeCTM HOMep MmopTa (Hamubosiee 4acTO UCIIOIb3yeMble HOMepa MOPTOB ITPUBEIEHbI
B Tabsmiie 10.1).

4 B 6a30ByI0 KOHOUTYpaIINIO He BXOAUT. JIOCTYITHA IPY JOTIOJHUTENIbHOM 3aKase onuuy «ETIP».
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3. OtkpeiTh TCP-coequHeHMe, HA)KaB Ha KJIABUIILY

A:100 —

B:r——— - 23:51

L TopT WU

TCP nopT

TCP knueHT

HacTtporkm
Yzen wmetrotek.spb.ru
80

HTTP

Palnn  Findex. html

PucyHok 10.11. Hacmpoliku mecma « TCP-knueHm»

F1 («OTRpBITH»):

Bl h:———- - B:——— - 0427
TCP knveHT
connecting to
metrotek,spboru (192,168,222,104 1800
connected
JakpuTE HTTPGET Hactpoliku  Coxp,/darp.

PucyHok 10.12. [pumep ycnewiHo20 cOeOUHeHUSs C Y3/10M

B ciyuae ycremHoro coenyHenns (cm. puc. 10.12) mosxkHo BoinosiHuTh HTTP GET-3ampoc
(cm. paspen 10.5). B ciyyae BO3HMKHOBEHMSI MMPOOGJeM IPM YCTAHOBJIEHUM COEOVMHEHMUS
BBIBOZUTCSI cOOOIIeHMe 06 ommmbKke. HekoTopbie coob1eHms npuBeaeHsl B Tabauie 10.2.

Tabnuya 10.1. Homepa nopmos npomokona TCP/IP

Howmep nopra (11poToxou) Onucanne
21 (FTP) IIPOTOKOJI Iepeaun aiaon
6e30macHbIi IIPOTOKOJI IJIsT  YOQJIEHHOTO

22 (SSH)

yIpaBjieHUs 1 Tiepenaun Gaition

23 (TELNET)

MPOTOKOJI [IJISI JOCTyIa K yOaJéHHOMY CETeBOMY
YCTPOWCTBY

25 (SMTP) IIPOTOKOJI Tlepeaun 37IeKTPOHHOM MOUThI

80 (HTTP(WWW)) IIPOTOKOJI, MCITOJIb3yeMbIit Be?-ﬁpaYBEDHMM 1 Be6-
cepBepaMu 151 Tiepegaun (aiiion

161 (SNMP) ITPOTOKOJI TSI yIIpaBIeHUS CeTeBbIMU
YCTPOMCTBAMU
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Tabnuua 10.2. Owubku coeduHeHus

Coob1ieHne

Onucauue

protocol not supported

ITPOTOKOJI HE MMOAAEP>)KUBAETCA

can’t assign requested address

HEBO3MOKHO HAa3HAYMTh 3aIIPOIIEHHbIN agpec

network is down

CeTb HEeOAOCTYITHa

network is unreachable

ceThb He paboTraer

network dropped connection on reset

YTEPAHO CoeaMHeHNe C CEThIO

software caused connection abort

IIpOrpaMMHOe oObOecrieueHye BbI3BAJIO pPa3pbIB
COeIVIHEeHUST

connection reset by peer

y3eJ1 pa3opBaJ coeiHeHMe

connection timed out

VICTEKJIO BpeMs OKMdaHNI COeaAMHEHU S

connection refused

OTKa3 B COeAMHEHUN

host is down

y3€eJI He OTBeYaeT

no route to host

OTCYTCTBYET MapIIpyT JI0 y3/1a

10.5. HTTP GET-3anpoc

Ins mepemauM BeO-CTpaHMI] MCIIOAb3yeTcss mporokon HTTP. B srom mpoToKoiie

omnpenenéd HTTP GET-3ampoc!®. C ero rmomoiibio BO3MOKHO ITIPOBEPUTH, OTBEUAET JIi CEPBEP
Ha HT'TP-3ampocsl ¥ MOMy4YnUTh COAepKMMOe YKa3aHHOTO pecypca.

JIJ1s1 TIOJTydeHMsI COAePXKUMOro ¢aiiia ¢ ceppepa HEO6XOIMMO:

1. YcTaHOBUTH COeIUHEHME C Y3JIOM I10 aJITOPUTMY, ONIMCAaHHOMY B pa3snesne 10.4, yka3as

B nosie «®aitn» (cM. puc. 10.11) ums s3amnpanimBaemoro dariiia.

2. HaxaTb Ha K1aBumy -

«HTTPGET»:

TCP EKnueHnT

Content-Length: 216

<htmls<head:

</head><body
<hlxFound< hlx

</body>< html

Location: http:drtwiki,ddosbindview/Bercut

Content-Type: textshtml: charzet=i=zo-8853-1
¥-Pad: avoid browser bug

<IDOCTYPE HTHML PUBLIC “-//IETF/SDTD HTHL 2,0//EM":
<hitlex3n? Found< titler

<p>The document has moved <a href="http:/rtwiki,ddgs
bindview/Bercut " >heredsax , </p>

JaKPHTE

HTTFGET

HacTpolky  Coxp,/3arp.

Pucyrok 10.13. [Tpumep omeema Ha HTTP GET-3anpoc

15 OyHKIMS OCTYIIHA IPU SOIIOJHATEIbHOM 3aKase ornuyy «ETIP».
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11. Nepexsar ARP

Oyukuus «Ilepexsat ARP» ro3BossieT oTciiesxkxnBatb ARP-0TBeThI, mepenaroiyecs B CETH,
U «mepexBaTbiBaTh» cogepxkammecsi B Hux IP- m MAC-agpeca ceTeBbIX YCTPOWCTB.
Ha ocHOBaHMM MTOTYyYeHHBIX JaHHBIX (DOPMUPYETCS CIIMUCOK apeCcOB.

Jlj1st IpoBeieHNsT aHa/IM3a HeOOXOIMMO:

1. TlogkmouuTh IpUOOP K TECTUPYEMOJ CETU B COOTBETCTBUM CO CXEMO, IIPUBEIEHHO
Ha puc. 10.1 viam Ha puc. 10.2.

2. Ilepeiitu B MeHI0 «<ARP MOHUTOD»:

E® A:——— - B:——— - 13:14

MNepexeat ARFP (A)

ARP-Tatnuua nycTa

PucyHok 11.1. MeHro «ARP moHumop»

3. HaxaTb Ha K1aBuuy '+ pjst BpI6opa nopTa (A uim B).

4. Yepe3s HeKOTOpOe BpeMsi HaATMUCh «ARP-Tabnuiia mycra» ucue3HeT U Ha 3KpaH OyayT
BeIBOAUTHCS IP- 1 MAC-anpeca ceTeBbIX YCTPOWCTB:

LN A:100 - B;—— — 00:09

Mepexeat ARP {A)

132,168,222,100  00:17:9A: 061 1C:F3
132,168,222,156  00:23:04:47 1013010
132,168,222.8 O0:0ETABIAZ 5B 4F
132,168, 222.7 003 13: 043059858

Pucyrok 11.2. SkpaH «ARP moHumop»

Ecim Kakasi-To U3 3ammceil He OOHOBUTCSI B TeUeHMe OAHOV MMHYTBI, TO OHA OymeT
yaaneHa u3 Crmucka.
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12. TpaH3ur

B pexxume «TpaH3uUT» IpMUOOP BKIIOYAETCS B pa3pbiB COeAVMHEHNST MEXIY IBYMS CETeBbIMU
ycrpoiictBamu. Tpaduk, npuxonsaimuii Ha mopT A (B) ormpasisieTcst Ha rmopt B(A), mpumep
MOAK/II0YEeHM TT0KasaH Ha puc. 12.1.

Al My Ml

een TG ua
TR Y N

e e———l

PucyHok 12.1. lpumep nodkaoyeHus 8 pexume «TpaHaum»

[Ipu nepeave JAHHBIX C TIOPTA HA MOPT OCYLIECTBIISIETCS COOP CTATUCTUUYECKUX TAHHBIX O
npoxofsiieM Tpaduke. Pe3ynbTaTbl OOCTYNIHbI B MeHIO «CraTucTtukar. IIpu mopcuére
CTAaTUCTUKU MO YPOBHSIM MOBPEKIEHHbIE TTAKETbl HE YUYUTBIBAKOTCS.

Ecinn ckopocTu mepenmaum OaHHBIX IJIs1 TOpTa A M s TopTa B pasnnyHbl, BO3MOKHBI
TOTepU IIpU IPOBeNeHUM TeCTUpOoBaHus. [IoTepu Mpou30iaAyT B TOM C/ly4yae, eciu repegava
BeJIETCS € TTOpTa ¢ 60sIbIleli CKOPOCThIO HA TTIOPT C MEHbIIIe.

Il n:100 PTH B:1000 PTH 00 26

TpaHzuT

TpaHant QAL

Brkn Brn

Pucyrok 12.2. Merio «TpaHsum»
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13. LACP MoHuTOp

«LACP wmonutop» (anria. Link Aggregation Control Protocol) npumenHsieTcst mjst
MOHMTOPMHTA COCTOSIHMSI arperMpoBaHHbIX KAHAJIOB. ATperMpoBaHye KaHaJI0B — TeXHOIOTUSI
00beIMHEHNST HECKOJIBKMX TapasuIe/IbHbIX KaHAIOB Mepenaun JaHHbIX B OJVH JIOTUYECKUA
D11 yBeIMUEeHUSI TIPOITYCKHOM CITIOCOOHOCTY M TIOBBIIIIEHNST HAZEKHOCTH.

C mnowmompio nByX ImpubopoB bBepkyT-ET pgBa KaHasa OObeAMHSIIOTCS B OIUH
¥ BBITIOJIHSIETCSI MOHUTOPUHT €r0 COCTOSIHUMS: Ha/luuyue COeOMHEHMsS MeXAy Ipubopamu,
KOJIMUECTBO KaHAaJIOB B IpyIiNe, OMNOKM, CTaTUCTHUKA.

JlJist ocy1ecTBIeHMSI MOHUTOPUHTA IMTOPTHI A U B 00beIuHSIOTCS B 0MH — «Bond», 1 Mmesxay
nHTepdeiicamu «Bond» nByx mpn6opoB bepkyT-ET co3gaéTcst arpernpoBaHHbIi KaHaI.

IDUIHpOBEﬂEHMH]WOHMTOpMHF&CHEﬂyeTZ

1. Coemuuuth nopThl A 1 B mpubopos bepkyT-ET 1o cxeme Ha puc. 13.1.

L2-ceTb

KOMMyTaTOp =

MopT A ~—|nopT A

bepkyt-ET 1 bepkyT-ET 2

nopr B nopt B

PucyHok 13.1. lodknoyeHue npubopos 019 npogedeHus MOHUMOpPUH2a

2. Ha xaxxgoMm npubope nepeiitu B MeHio «LACP mouuTtop». B rmone «<Host MAC» momkeH
oTobpaskaTbcst MAC-ampec, Ha3HAUEHHbIN ITPUOOPY:

My A:—— - B:—— - 11:40

LACP mMoHuTOp

MIT status
Channel count Q
Host MAC 00:21:ce:28:1c:ba

Partner MAC
Current state —
Elapsed time Q00000

06wan CcTaTUCTHUEKA

LACPDU cTtaTtucTHEKa
HacTporkmK

wh kk Ek kR kR d

CrapT

PucyHok 13.2. Mexr «LACP moHumop»
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3. g kaxkgoro npubopa mepeiitu B MmeHIo «LACP moHuTOp» = «HacTpoiiku» 1 B 1oyie
«Partner MAC» ykasatb MAC-azpec, oTobpaskaeMblit B myHKTe «Host MAC» mipubopa
BepkyT-ET, pacmoyso;keHHOTO Ha APYyroM KOHIIe coeuHeHs (YaaJIeéHHOTo Iprubopa).

E® A:1000 LB2 B:——— - 15 49

HacTporku

zlmr i 00:21:CE:28:19:AA

Pucyrok 13.3. Hacmpotiku mecma «LACP MoHUmMop»

4. Ha kaxxgmom mpubope mnepeiit B MmeHI0O «LACP MOHUTOp» M BKJIIOUUTDH TECT, HaskaB

Ha knasumy ' («Ctapt»). B mome «Partner MAC» oto6pasurcs MAC-agpec

yOAJEHHOTO Ipubopa, orpeneIéHHbII aBTOMAaTUUECK.

Ea A:1000 LAC B:1000 LAC 09:50

LACF moHuTOpP

MII status
Channel count
Host MAC
Partner MAC
Current state ok
Elapsed time 00 01:47

QGyana cTartucTHKA

LACPDU cTatucTHKa
HacTpokkn

up

z
00:21:ce:28:25:b2
00:21:ce:28:19:aa

LE I L I LI L L

Cron

Pucyrok 13.4. Merio «LACP MoHUmop»
5. B mone «Current state» coob1eHne «wait connection» JOJIKHO CMEHUTHCS Ha «0k».

CocTosiHMe KaHaJIa OlleHMBaeTCcs ¢ IToMolIbio oy «Current state»:

e «wait for connection» - cOCTOSHME OXMUAAHUSI COEIUHEHUS] C yOaJeHHbIM

npubopom BepkyT-ET, BO3HMKaeT cpasy IOcie HaXaTus Ha KiIaBumryy

(«CTapT») 1 coOXpaHsieTCcsl, [TOKa He BBITIOJIHSITCSI BCe HIDKeIlepeuycieHHbIe YCIOBUSI:
o BTpYIIle IBa KaHaja,
O €eCTb COeIMHEeHMe MeXIy IMpubopamMu;

o MAC-agpec ymanéHHoro nmpuoopa copmnagaetr ¢ MAC-aapecoM, YKa3aHHBIM
B nosie «Partner MAC» meH10 «LACP MmoHUTODP» = «HacTpoitku».
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«wrong partner MAC» — coenuHeHue yCTaHOBJeHO, HO MAC-aapec yagaJj€éHHOro
npubopa He coBragaeT ¢ MAC-azmpecom, yKa3aHHBIM B 1ojie «Partner MAC» MeHIO
«LACP MmoHuTOp» = «HacTpoiiKm».

«ok» — kaHa;n paboraer 6e3 OMMOOK: COeOMHEHME YCIIEIIHO YCTAHOBJIEHO M HET
c60€eB B TeueHNe BCEro BpeMeH) MOHUTOPMHTA.

«fail» — kaHa;m He paboTaeT: He BBIMOJHSETCS XOTSI Obl OOHO U3 YCJIOBUIA,
TepeulrcJIeHHbIX B MyHKTe «wait for connection».

«ok, fail occurred» - kaHam paboTaeT ¢ omMOKaMM: COeIMHEHME YCIENTHO
YCTAHOBJIEHO, HO 32 BpeMsI MOHUTOPVHTA HaOJII01a/IMCh OIIMOKINA.
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14. BERT

BERT (Bit Error Rate Test) — TecT, MO3BOJISIIOIINIA OMpeIeJUTb OCHOBHOW OMTOBBIN
IOKa3aTe/Jb KauecTBa KaHayma — «bit error rate» (KoadduiyeHT OUTOBBIX OIIMOOK), T.€.
OTHOIIIEHME YMCIa OMMOOUHBIX OUT K OOIIeMy KOJMYECTBY MepedaHHbIX OuT. V3BecTHast
Ha MPMEMHOM M TepeaiolieM KOHIle OuHapHas I10CAeq0BaTe/NbHOCTb ITOMEIIAeTCs
B Ethernet-kagp, KoTopblii mepemaércsi B (dusndeckyi cpeny. Ha mnpuMéMHOM KOHIle
MOC/IeA0BaTeIbHOCTh CPAaBHMBAETCSI C MCXOMHOM, M BBIUMCISIETCS KO3(P UIMEeHT OGUTOBBIX
ommo6ok. g moakiaoueHus: K TDM-ceTu UCIoab3yeTcss KOHBepTep MHTepQeiicoB, KOTOPI
OCYIIIeCTB/IsIeT TIpeobpa3oBaHme Tpadmka mnakeTHoit cetu (Ethernet) B Tpaduk,
nepenaBaembliii B TDM-ceTsx.

TecTupoBaHMe MOKET OBITh PeaJM30BaHO Ha YETBIPEX YPOBHSIX momdenn OSI:

1. Ha ¢usuyeckom ypoBHe [AaHHble OTIIPAB/SIIOTCS YaCTSIMMU C OIpeleIEHHbIM
MexxkanpoBbeIM uHTepBaaoM (IFG — Interframe Gap). B aTom ciiyuae TecTupoBaHue
rpoBoauTcs ¢ mopta A (B) Ha mopT B (A) (cm. puc. 14.5) unn ucnonb3yeTcst QyHKINS
«neid» (cm. puc. 14.6).

TecTtoBas KoHTp. TecTtoBad KoHTp.
nocneaoBaTeNbHOCTb | CyMMa IIFGI nocneAoBaTeNbHOCTb | cymMMa

PucyHok 14.1. Kadp ¢usuyeckozo yposHs

2. Ha kaHa/lIbHOM YpOBHe K JaHHBIM Jo6aBJsieTcst Ethernet-3arosmoBok, 4To O3BOJISIET
repegaTth TEeCTOBble I[IaKeThl Yepe3 CeTb, KOTOpash COAEPKUT YCTPOICTBA,
paboraroiiye Ha BToOpoM ypoBHe mofenu OSI — Hampumep, ceTeBoit KOMMYTATOP
(switch). Crioco6s1 moaK/TIOUeHMSI K TeCTUPYEeMOIi CeTy rToKa3aHbl Ha puc. 14.7, 14.8,
14.9.

MAC Tectosas KoHTp.
3arofioBoK | MoCneAoBaTeNbHOCTL | CyMMa

PucyHok 14.2. Kadp KaHanbHo20 yposHs

3. Ha cereBOM ypOoBHe IaHHbIe IToMelialoTcs B IP-1makeT, a 3aTem — B Ethernet-kazp.
OTO TIO3BOJISIET IepefaTb TeCTOBble MAaKeTbl yepe3 CeTb, KOTOpas COLEepP>KUT
yCcTpoiicTBa, paboTapilye Ha KaHaJbHOM M CETeBOM YpPOBHSIX — Hampumep,
CeTeBOil KOMMYTaTOp, MapIIpyTU3aTop (router). Crmoco6sl MOAKIIOUEHMS TpUbopa
K TeCTUPYeMOJ ceTu noKasaHbl Ha puc. 14.7, 14.8, 14.9.

MAC IP TecToBas KoHTp.
3aroJIoBOK | 3aro/I0BOK |nocnefoBaTeslbHOCTb | CyMMa

PucyHok 14.3. Kadp cemegoeo yposHs
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4. Ha TpancropTHOM ypoBHe opmupyetcs: Ethernet-kaap, cogepskamuii IP- u UDP-

3ar0JIOBOK,  UTO

ITO3BOJISIET

rnepengarb TeCTOBYIO Imocj1e40BaTe/IbHOCTDb

C UCIT0JTb30BaHMEM TPAHCIIOPTHBIX IPOTOKOJIOB. CIIOCOOBI MOAK/IIOUEeHMS Ipubopa
K TeCTUPYeMOJi CeTu nmoKasaHbl Ha puc. 14.7, 14.8, 14.9.

MAC
3arofioBoOK

IP UbP

3aroj0BOK | 3arosloBoK

TecToBas KoHTp.
nocnenoBaTenbHOCTb| CyMMa

PucyHok 14.4. Kadp mpaHcnopmHo20 yposHs

HOC)IE,Z[OB&TEJIBHOCTI/I, MCIIOJIb3yeMbIe OJIsd TECTUMPOBAaHMSA, COOTBETCTBYIOT PEKOMEH AT

ITU-T 0.150 [8].

Tabnuuya 14.1. Tecmossie nocnedosamesnbHOCMU

Tumn nmociaegoBaTeIbHOCTHU

PekomeHayemMoe IpyMeHeHne

2ell-1

s ompeneneHus: OUIMOOK U IKUTTepa (IIpU mepenaye
DAHHBIX IO KaHaMy CBSI3UM CO CKOpPOCTbIO 64 KOUT/C
1 64xN KOuTt/c, rme N — 11eJ10€ YMCII0).

2el5-1 Iist ompeneneHusl OMIMOOK U KUTTepa (IIpy Iepenaye
IaHHBIXIIOJIMHUUCBI3MICOCKOPOCThI01544,2048,6312,
8448, 32064 1 44736 K6UT/C).

2e20-1 Iist ompeneneHus: OMMOOK (IIpyU Ilepemade IO KaHaIy
CBSI3M CO CKOPOCTHIO He 6ojiee 71 KOUT/C).

2e23-1 Ins onpepeneHus OMIMOOK M IKUTTepa (MIpU Tepemade

IDAHHBIX TII0 JIMHUU
u 139264 kouTt/c).

CBSI3M CO CKOpPOCTBbIO 34368

2e29-1, 2e31-1

Ilns  ompenmeneHMs OIIMOOK IIpM Ilepegade JaHHBIX
Ha BBICOKMX CKOPOCTSIX (6osee 139264 KOUT/C).

14.1. BapuaHTbl noaKn04EeHUS

(du3nyeckas cpena (kadbep)

PucyHok 14.5. TecmuposaHue Ha ¢u3u4eckom yposHe (8apuaHm 1)

el nopt A(B)
| mopt A(B)
i
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PucyHok 14.6. TecmuposaHue Ha (pu3u4yeckom yposHe (8apuaHm 2)

Tavka KajapoB T
OO / Ethemet ceQ N Ve —
‘mopTr AB) > | / switch/ \—>| KomBepTep

—D‘
/ ‘__ nntepdeiico I\ TDM-ceTs /D LHJIGH(I}

—‘\,,q_ /,_,

¥ (IOXO N rp—”t%-' =

SN w o
- naker ¢ oMOKOM B TECTOBOM MOCIEA0BATEIBHOCTH

PucyHok 14.7. TecmuposaHue Ha KaHaabHOM/cemegoM ypoeHe (eapuaHm 1)

nayKa KaJpoB

ImlmElE Ethernet-ceTtn

nopt A(B) >

LI

T
s

ek

R

e e
fy

‘Z| — IakKeT ¢ oNrMOKOH B TECTOBOM IMOCIEI0BATEIBHOCTH

PucyHok 14.8. TecmuposaHue Ha KaHAbHOM/CemeaoM yposHe (8apuaHm 2)

na4Jka KaJipoB

]
HWTAw>———*'}J$§$§£BI“’ <y
OOXO

@ — MaKeT ¢ OITHOKOH B TECTOBOH MOCICAOBATECILHOCTH

PucyHok 14.9. TecmuposaHue Ha KaHANLHOM/CEMe8oM yposHe (eapuaHm 3)
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15. NMakeTHbIN pXKUTTEP

BaykHoii 3amaueit ipu TectupoBanuu Ethernet-cereit siBisieTcst omnpeesnieHye MakeTHOTO
mxurrepa'é. B coorBerctBum ¢ metonukoit RFC 4689 [9], makeTHbII IXUTTep — 3TO
abCoOJTIOTHAS Pa3sHOCTb 3a/IepP’KeK paclpoCTpaHeHMsl ABYX I10CTIeIOBATENbHO MPUHSTHIX
[IaKeTOB, IPUHAAJIeXalNX OLHOMY IIOTOKY OAHHBIX. JOTOT IlapamMeTp MCIOJIb3yeTCs MJis
OLIeHKM BO3MOXXHOCTM CeTU TepefaBaTh YyBCTBUTEIbHbIN K 3aiepkkaM TpaduK, Takoit, Kak
BUJI€0 WIN PeYb.

15.1. TecTtOBbIN NOTOK

OyHKIMSA TeHepalyuy TEeCTOBOrO IIOTOKA MPUMEHSIETCS TIPU M3MepeHUM I1aKeTHOTO
IkutTepa. CyliecTByeT BO3MOXKXHOCTb FeHepaLuy TeCTOBOI'O IIOTOKA M M3MepeHs ITaKeTHOT'O
IDKUTTEpPA HA OOHOM IOpTy (puc. 15.1), a Takke reHepanyuy TeCTOBOTO MOTOKA HA OJHOM
TIOPTY UM M3MEpPEeHMsI MaKeTHOro KUTTepa Ha Apyrom (puc. 15.2), mpuuém IMopT Ipuéma
MOSKEeT pacIiojiaraThbCs Ha yaaaéHHOM Ipubope (puc. 15.3).

reHepanuda TECTOBOr0 IoToOKa
i o
| . SN—
nopr A(B) ONUT )i
4 \_ 4
| T~ T
! OIIPCACIICHHC I[)I{HTIe_pa

PucyHok 15.1. U3mepeHue dmummepa. Cxema 1

reHepanusa TCCTOBOrO IMOTOKaA

i
| .
* - S
nopt B(A) // \
I( NUT ) D nieid
\. /
nopt A(B) \ Y,
4 S~
! OIPE/ICJICHUE JUKUTTECpA

PucyHok 15.2. UsmepeHue dxummepa. Cxema 2

16 B 6a30ByI0 KOHMDUTYpaINIo He BXOIUT. JIOCTYITHO TP HOMOTHUTEILHOM 3aKase oy «ET]T».
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p— TeHEepaIusa TECTOBOTO MOTOKA
i mopr AB)— ——nopr A(B) ||
il : ?
ILe %QQ :
'{] 4 g OV 1
| b
OnpeJieNieHHE JUKHTTEpa S

H
H

PucyHok 15.3. M3mepeHue Oxummepa. Cxema 3



16. TecT BpeMeHH

«TecT BpeMeHN» MO03BOJISIET U3MEPUTDb PACXOXKAeHMe 1IKaJI BpeMeHU B CeTSIX OIlepaTOpOB
CBSI3M OTHOCMUTEJIbHO HAllMOHA/JIbHOI IIKaabl BpeMeHu Poccuiickoin ®enepauyum UTC (SU)
B COOTBETCTBUM C IpUKa30oM MuHKomcBsI3u Poccum N2277.

Pe3ysibTaThl TECTA ITOKA3bIBAIOT, HA CKOJILKO BPeMS Ha TECTUPYEMOM CepBepe OTJINYAEeTCS
OT BpeMeHU Ha OIIOPHOM (3TaJIOHHOM) CepBepe.

B xome TecTa ompenensioTCS 3HAuUeHMsS BpeMeHM IJjs1 OMmopHOro cepBepa («Ref»)
u TecTupyeMoro cepsepa («Test»). [l MMHMMAJIbHOI'O, CpegHero U MaKCUMaJIbHOTO
3HAUEeHMI BBIUMCIISIETCS pacxoskaeHne mikaa Bpemenn («Diff») mo dopmyie: «Diff=Test-Ref».

[IpoBepKy paboThI cepBepa MOXKHO BBIIIOJIHATH 110 IMpoTtokoiry NTP (cMm. pasmen 16.2) wimn
PTP (cm. paszen 16.3).

16.1. TunoBbie cxeMbl BKIIOYEHUSA

Ref

ONOPHBII
cepsep

Test

TECTUPYEMBIi
cepsep

Diff=Test-Ref

PucyHok 16.1. Tunosas cxema nodkntoyeHus 045 pexcuma NTP

Test

TECTHPYEMBIi
ceprep

Ref

OIOPHBIH
cepeep

Diff=Test-Ref

PucyHok 16.2. Tunosas cxema nodkaoyeHus 045 pexcuma PTP

16.2. NMopspok usmepeHnsi pacxXxoXXAeHus WKan BpeMeHu B pexxume NTP

1. TlogkmouuTh MIPMOOP MO cxeMe Ha puc. 16.1.

2. Yb6enutbcs, uTo B MeHI0 «HacTpoiikm» = «YCTaHOBKM mpuobopa» = «Omnmmm»
B criucke npucyTcTByeT onuust «ETTIME».

3. Ilepeiitu B MeHIO «M3mepeHusi» = «TecT BpemeHn» = «HacTpoiikm».
4. B nyHKTe MeHIO «PexxuM» BriOpaTh «NTP».
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16.3.

9.

B nyHKTe MeHI0 «/ITUTeNbHOCTb» 3a5aTh BpeMs IIPOBeIeHNS TeCTa.
[Tepetitu B MmeH1o «Hactpoiiku NTP».

B myHkTe meHio «OmnopHbiVi» 3amaTh [P-agpec mium AOMEHHOE MMSI OIOPHOrO
cepsepa.

B niynkTe meHio «TecToBbIVi» yKa3aTh IP-anpec uian goMeHHOe UMS cepBepa, OJs
KOTOpOTO TpebyeTcsl M3MEPUTh PACXOKAEHMEe IIKaJ BpeMeHM OTHOCUTEIbHO
OITIOPHOTO cepBepa.

BepHyTbcs B MeHI0 «TecT BpeMeHn» 1 Haxatb «CtapT» ( © ).

Mopspok usmepeHus pacxoXxaeHus WKan BpeMeHu B pexume PTP

1.

N e

[MoaxkmounTh IPMUOOP 1O cxeMe Ha puc. 16.2.

V6enutbcsa, 4yTo B MeHI0 «HacTpoitku» = «YcTaHOBKM IIpubopa» = «Omuum»
B cnyucke npucyrcrByeT onuus «ETTIME».

[TepeiiTu B MeHI0 «/3MepeHusi» = «TecT BpeMeHn» = «HacTpoiikm».
B myHKTe MeHI0 «Pexkum» BbIopaTh «PTP».

B niyHKTe MeHI0 «IIUTebHOCTb» 3a4aTh BpeMs IIPOBeeHMs TeCTa.
[Iepeittu B meH10 «<HacTpoiiku PTP».

B nynkTe MeHio «CepBep» BbIOpaTb TUII cepBepa (TECTOBBIN MM OIOPHBIN),
K KOTOpOMY TOJK/IIOYEH MOPT, YKa3aHHbI B IyHKTe MeHIo «[lopT».

B nyHkTe meH10 «[TopT» BbIOpaTh APYTroit MOPT U 3a4aTh JJIs HETO TUII cepBepa.

B nyHKTe MeHI0 «3aZiep;KKa» yKa3aTb MeXaHU3M onpeneneHns 3agep>kku «E2E» min
«P2P».

10. B nyHkTe MeH10 «/lomeH» 3agaThb Homep PTP-nmomeHa B coorBeTcTBUM ¢ IEEE1588.

11. BepHyTbes B MeHIO «TecT BpemeHM» 1 HaxkaThb «Ctapt» (' ).

52



17. TecToBble oaHHbIe

Tect «TecToBble JaHHbIE» MMO3BOJISIET M3MEPUTh KOIMYECTBO IMepedaHHbIX U IMPUHSITHIX
IAaHHBIX, @ TAaKKe MPOAO/DKUTEIbHOCTh CeaHCa Mepeaauyy B COOTBETCTBUM C MHPUKA30M
MwuurkomcBs3u Poccum N2277.

,H,JIH M3MepeHNd KOJIM4YeCTBa IMepedaHHbIX M IIPUMHATBIX JaHHDbIX HpI/I60p IIOAK/II0YaeTCs

K TeCTUPYEMOMY YCTPOVICTBY M BBITIOJNHSIETCS TeHepalys 3aJaHHOTO KOJMYeCTBa MaKeTOB
mau 6aiiToB. JIj1s1 aHa/IM3a paboThl TECTUPYEMOTO YCTPOIICTBA KOJIMYECTBO ITAaKeTOB U 0AiiTOB,

3aduKCcUpOBaHHOE TPMOOPOM, CPaBHMBAETCS C TTIOKA3aHMUSIMM TECTUPYEMOTO YCTPOICTBA.
11 3aMepeHusI MPOIO/DKUTEIbHOCTY ceaHca rmepefauy JaHHbIX MPUOOP MOIKII0UAETCS

K TECTMPYEMOMY YCTPOJCTBY ¥ BBITIOJIHSIETCS TeHepalyus OaHHBIX B TeueHMe 3aJaHHOTO
BpemeHu. [l aHanmu3a paboOThl TeCTUPYEMOTO YCTPOWCTBA 3afaHHAsl [JIUTETbHOCTb
reHepaly CpaBHMBAETCS C TOKA3aHMUSIMM TeCTUPYEeMOT0 yCTPOICTBA.

17.1. TunoBaqa cxemMa BKIIOYEHUSA

TECTUPYEMOE

YCTPOMCTBO

PucyHok 17.1. Tunosas cxema nodkatoyeHus 0415 nposedeHus mecma «Tecmossie 0aHHbIe»

17.2. NopapoK usMepeHusl KoNM4ecTsa NepefaHHbIX U NPUHATBIX AAHHbIX

1.
2.

[Moax/IIUYMUTH IIPUOOP MO CXeme, IpeacTaBJIeHHol Ha puc. 17.1.

V6enuthbcss, uTo B MeHO «Hactpoiikm» = «YcTaHOBKM IIpubopa» = «Ommum»
B cnucke npucyTcTByeT onuus «KETDATA».

[Tepetitu B MeH10 «MI3MepeHMsi» = «TecTOBbIe JaHHbIe» = «HaCTpOMKM».

B nyHkTe wMeHw «[lopT Tmnipuéma» yKasaTb TIIOPT [MJjI [pUEéMa [JAHHBIX
OT TECTUPYEMOTO YCTPOICTBA.

[TepeiiTu B MeHIO «TeCTOBbI TOTOKY.

B nyHkTe MmeHio «IlopT mepemauu» BbIOpaTb MOPT MJIsT Tepegauy HaHHBIX
Ha TeCcTUpyeMoe YCTPOCTBO.

B nmyHkTe MeH10 «OrpaHnYeHNe» BbIOPATh «I10 6aiiTaM» UM «I10 TTaKeTaM».
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8.

9.

10. BepHyTbcs B MeHI0 «TeCcTOBbIE laHHbIE» M HaxKaTb «CTapT» (

B nyHkre meHI0 «Kos-Bo 6aitT» mau «Kom-Bo makeToB» 3aAaTh HEOOXOOMMOE
KOJINYECTBO O0AMITOB MJIV TTIAKETOB [IJIsSl TeHepaLVi.

[TepeiiTy B MEHIO «3aro/JiIOBOK» M BBIIIOJIHUTh HACTPOIKY 3arojioBKa.

F1 )

17.3. Nopspok usmepeHus NpoAOIKUTENIbHOCTU CeaHCa nepeaayun AaHHbIX

1.
2.

10. BepHyTbcs B MeHI0 «TecTOBbIe JaHHbIe» M HaXaTb «CTapT» (

[ToakmounTh IPMOOP MO CXeMe, IMpeACcTaBIeHHOM Ha puc. 17.1.

V6enutbcsa, 4To B MeHI0 «HacTpoitku» = «YcTaHOBKM IIpubopa» = «Omumm»
B crivcke npucyTcTByeT onuus «kETDATA».

[TepeiiTu B MeHI0 «MI3MepeHusi» = «TecToBble maHHbIe» = «HaCTPOVIKI».

B nyHkTe MeHI0 «[lopT mpuéma» VyKasaTb IIOPT [JIsI IIpMéMa JaHHbIX
OT TeCTUPYEMOTO YCTPOICTBA.

[TepeiiTu B MeH10 «TeCTOBBIV ITOTOK».

B myHkTe MeHI0 <«IlopT Iiepemaum» BbIOpAaTh IOPT MAJISI Ilepemauy TaHHbIX
Ha TeCcTUpyeMoe YyCTPOICTBO.

B nmyHkTe MeH0 «OrpaHuveHme» BbIOPATh «I10 BpEMEHM ».
B nmyHKTe MeHI0 «[IIMTeTbHOCTb» 3a/1aTh IJINTEIbHOCTDb TeHepaly.

[TepeiiTy B MeHIO «3arojioOBOK» U BBITIOJTHUTb HACTPOIKY 3aroji0BKa.

F1 )
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18. HapyweHue obcnyxusaHus

Tect HapymeHus ob6caykuBaumst (Service Disruption Test) I03BOJISIET OIpeIeNINUThb
IJUTETbHOCTh TIpepbIBaHMIi CepBMca B CEKYHIAX U MaKeTaX, a Takke 3apMKCUPOBATH IATy
M BpeMsi Hauajia 06pbIBa CBSI3Y C CEPBUCOM.

I[Tom cepBMCOM ITIOHMMAETCS CeTEBOE YCTPOICTBO ¢ (PYHKIIMeE ITepeHarpaBiaeHns Tpaduka:
nuieiid, 3epkaaupoBaHye, TpaH3UT C TOPTa Ha NopT. [lof mpepbiBaHKEM — ITepUOJ, BpeMeHH,
B TeueHle KOTOPOTO CEPBUC MepecTaeT BhIMOMHITh QYHKIMM ITepeHanpaBieHus Tpaduka.

18.1. TunoBbie cxeMbl BKIOUYEHUSA

BepkyT-ET bepkyT-ET
nopt A
leHepauma
Tpaduka nopt A(B)
Cepeuc leHepaums | Cepeuc D wnend
M dHanu3
nopt B Tpaduka
AHanuz
Tpadmka

PucyHok 18.1. Cxembl 8KHOYEHUS C UCNO0/1b308aHUEM 00H020 npubopa

Bepkyt-ET 1 bepkyt-ET 2
nopt A(B) nopt A(B)
leHepauus | > CepBuc —>|  Ananus
Tpaduka Tpaduka

PucyHok 18.2. Cxema sko4eHUs € UCNO0b308aHUEM d8yx npubopos
18.2. MNpoBeneHue Tecta

s ipoBeieHMs TeCTa 10 OJHOM 13 CXeM, IpeJiCTaBJIeHHbIX Ha puc. 18.1, cienyer:

1. Ilepeittn B MeHio «Hapymenne ob6caykuBaHusi» = «HacTpoiiku». B IIyHKTe MeEHIO
«TecToBbBII TOTOK» BHIOPATh «BKJ» U BBIMOJHUTH HACTPOIIKY TECTOBOI'O ITOTOKA B MEHIO
«HacTpoiiku moToka».

IIpumeuanue. B nyukre MeHI0 «OTIpaBKa» HEOOXOOMMO BbIOPAaTh «BBIK/I»: TeHepaLys
TECTOBOTO IIOTOKAa HAUHETCS aBTOMaTuMueCckM TIpU 3allycke TecTta «HapyieHne
ob6cay>kMBaHUS». [JINTEIbHOCTh TeHepaluy He MMeeT 3HaueHus — OyJeT MCII0Ib30BaHO
3HaueHMe, yKa3aHHOe B HacTpoiikax Tecta «HapyiieHne 06CTy>KMBaHUSI».

2. Ilepeittu B MeHI0 «HapyiieHue oO6cayskuBaHus» = «HacTpOWKM» M BBITOJHUTD
HACTPOMKY TecTa.
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3. [lepeiiTu B MeHIo «HapylieHne 06CIy>KMBaHMSI» M HAXaTb Ha KiaaBumry  («CTapT»).

EE A:1000 - B:1000 - 10:58

HapyweHue oGcnyxmeaHuWA

Max duration, us :
Min duration, us :
Avg duration. us :
Total duration, us:
PKTs :

INTs :

Unhandled INTs: 372
Elapsed time : 00:00:01

HacTpohkm

CrapT MpepueaHa  Coxp,s3arp,

OO b b ek

PucyHok 18.3. lpumep pe3ynsmamos mecma

[lpy HakaTMM Ha KiaBuimy =

(«IIpepbiBaHMsI») BBITMIOJIHIETCS Il€pexol] B MEHIO,
B KOTOPOM [OCTYIHBI 3amucu O mnepBbix 100 rmpeppiBaHMAX: OaTra M BpeMs Hadaia

I[mpepbiBaHyd, OJINTEJIbHOCTD IIPEPLIBAHMA B MKC U ITaKeTaX.

Ea A:1000 - B:1000 - 10:59

HapyweHue obcaykveaHuA

MNpepwBaHMA
# npepoBaHAa B

Started : O7-03-2019
08:25:57, 976687669

Duration, us: 1

PKTs 1

< i

PucyHok 18.4. Merio «[pepbiearus»
Il ipoBeleHNs TecTa 1o cxeme Ha puc. 18.2 cienyer:

1. Y6enutbcsi, uTo Ha oboux mnpubopax bepkyT-ET ycTaHOBIeHbI OJMHAKOBbIE BepPCUU
MporpaMMHOTo obecrieueHus : MmeH1o «bepkyT-ET. HacTpoitku» = «YcTaHOBKM Tpubopa»
= «MHdbopmanus».

2. Ha mpu6ope BepkyT-ET, KoTOpblii OymeT aHaAM3UMpPOBaTh TpaduK, MEPeiT B MEHIO
«HapyuieHne oo6cy>kuBaHusi» = «HacTpoiiku» ¥ BBIIOJIHUTH HACTPOIKY TecTa. B myHKTe
MeHI0 «TecTOoBbIN ITIOTOK» BbIOPATh «BBIKII».

3. Ha npubope BepkyT-ET, KOTOpblii OymeT reHepupoBaTh Tpaduk, MEpeiTv B MEHIO
«HapyuieHue obcaykuBanusi» = «HacTpoitku». B myHkTe mMeHI0 «TecTOBBIf MOTOK»
BbIOpaTh «BK/I» ¥ BBITIOHUTH HACTPONMKY TECTOBOrO IMOTOKAa B MeHIO «HacTpoiiku
MOTOKa». B myHKTe MeHI0 «OTIIpaBKa» BbIOpPATh «BKi».
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Ilpumeuanue. [1NUTeNBLHOCTh TeHepaluM TeCTOBOrO IIOTOKAa [O/DKHA IIPeBbIIIATh
ITATETBHOCTD TecTa «HapylieHne o0CTy>kKMBaHWSI».

4. Ha nipubope bepkyT-ET, KOTOpBINt OymeT aHaIM3MpoBaTh Tpaduk, MepeiTu B MeHIO

«HapyiieHne o6¢cay:KMBaHMS» ¥ HAXKATh Ha KaBumy '+ («CTapT»).
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19. Metoauka npoBepku npubopa Ha COOTBETCTBUE NPUKA3Y
MuHkomcessn Poccumn N2277

IaHHAsg MeTOoIMKa OIpenesseT IOPSIOK IpoBedeHus IMpoBepku mnpubopa Bepkyr-ET
Ha COOTBETCTBME MpuKasy MumHKoMmcBsI3M Poccum N2277 «O6 yrBepskmeHumn O06s13aTeTbHBIX
MEeTpOJIOTMYECKMX TPeOOBaHMII K M3MepeHMUsIM, OTHOCSIIMMCS K cepe rocyaapCcTBeHHOTO
perynampoBaHusi obecriedeHnst eMHCTBA M3MepeHNi, B 4aCTy KOMIeTeHI MMHMUCTepCTBA
CBSI3M M MAaCCOBBIX KOMMYHMKauuii Poccuiickonn @enepaumm». Bepcust mporpaMMHOIO
obecrnieueHus npubopa bepkyT-ET momkHa 6bITh He Hiske 1.1.18.

1. Tlopsmok MpOBEePKM BBIMOJHEHUSI TPeOOBaHMIA 110 KOJIMYECTBY IepegaHHOol (IIPUHSTOI)
nHdopMauuu (HaHHbBIX):

1.1. TTogkII0UNTh GJIOK MMTAHMS K Pa3bEMY IIUTAHMS U BKIIOUUTH IIpubop bepkyT-ET.

1.2. [Topgxmountb nopThl A, B 1 LAN bepkyT-ET K mapuipyTtusaropy (cm. puc. 19.1).

1.3. Y6enuThCs, YTO coenyHeHe YCTAaHOBIEHO — MHAMKATOp «Link» moptoB A, B 1 LAN
TOPUT 3€JIEHBIM.

1.4. Tloakm0YMUTh MPUOOpP, C TTOMOIIbI0 KOTOPOTO BBIMOJHSIETCSI MPOBepKa (Jajee II0
TEKCTY — IIPOBEPSIONINI IIPUO0P), K MapIIpyTusaTopy (cm. puc. 19.1).

1.5. TTogkmiounTh ITE€PCOHATbHBINA KOMIIbIOTEp HemocpeacTBeHHO K bepkyT-ET win
K JIOKQJIbHOV CeTu, B KOTOpoit HaxoauTtcs bepkyT-ET.

MapLlpyTn3aTtop
A B Port
LAN —
bepkyT-ET nposepsawwWwuin npubop

PucyHok 19.1. Cxema nodkaoyeHus npubopos 0715 Npos8epKU 8bINOJIHEHUS mpebosaHuli no Koauyecmsy nepedaHHoll
(npuHamot) uHgopmayuu

IMpumeuanue. Ha puc. 19.1 npuBeneHa obmmas cxema nogkawodeHust bepkyr-ET 6e3 yuera
0COOEHHOCTE MOIKIIOUEeHNS ITPOBEPSIIOIIEro npubopa.

1.6. ITogkmounTbes K bepkyT-ET mo mpotokosy SSH 1o yuéTHOI 3ammchio «adminy.
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INpumeuanue. TTogpo6bHOe ommcaHue JaHO B TokymMeHTe «TecTep-aHanusaTop ceteit Ethernet
bepkyT-ET. KpaTkoe pyKOBOACTBO IO 3KCIUIyaTaLUn».

1.7. CopocuThb CTaTUCTUKY Ha TIOpTax A u B.

INpumeuanue. I'ndopmaiiusi 0 KOMaHAaX IpuBeieHa B JOKyMeHTe «TecTep-aHanmM3aTop ceTen
Ethernet BepkyT-ET. PyKOBOACTBO MO KOMaHIaM y/IaJIeHHOT'O YIIPaBIeHUSI».

1.8. Brirountb pexxum «TpaH3UT».
1.9. Ha mpoBepstioniem pudope BKIIOUNTh reHepalnio TeCTOBBIX JaHHbIX.
1.10. ITocsie 3aBepiieHMs: reHepauyy MPOCMOTPETDb CTaTUCTUKY Ha bepkyT-ET.

1.11. CpaBHUTh KOJIMYECTBO ITAKETOB M OATOB, IMepeJaHHOe IIPOBEPSIONIMM IPUOOPOM,
C KOJIMYECTBOM ITaKeTOB 1 6aiiTOB, 3aduKcupoBaHHbIX bepkyT-ET.

1.12. HpI/I HeO6XO,ZU/IMOCTI/I ITOBTOPUTD ITpOoLeAypy reiepaiiiy TeCTOBbIX JaHHbIX.

2. TlopsimoK MpOBepPKM BBITTOTHEHMS TPEOOBAHMIA IT0 PACXOKIEHMIO IIIKAIbI BPEMEHN:
2.1. ITogk/II0UnTh GJIOK MUTAHMUS K Pa3bEMY IUTAHUS U BKIIOUUTH ITpubop bepkyT-ET.
2.2. lMopxmountsb nopt A (B) m mopTt LAN bepkyT-ET K mapuipytusatopy (cm. puc. 19.2).

2.3. YoenuThCsl, UTO COeIMHEeHMe YCTaHOBIeHO — MHauKaTop «Link» moproB A (B) u LAN
TOPUT 3€JIEHBIM.

2.4. IlogkIIOYNTh  TPOBepSIIOIIMIA  MpUOOp ¢ ycTaHOBIeHHbIM  NTP-kineHTOM
K MapiipyTusatopy (cm. puc. 19.2).

2.5. TlopxmounTs 1K HenmocpencTBeHHO K bepkyT-ET mau K T0KaabHO CeTH, B KOTOPOit
Haxoautcs bepkyT-ET.

MapLlpyTmn3aTop
A/B Port Port
LAN —
Bepkyt-ET nposepswoLwWwmit npubop NTP-cepsep

PucyHok 19.2. Cxema nodknrodeHus npubopos 015 NposepKU 8bIN0JIHEHUS mpebosaHuli N0 PacxoxOeHUo WKaAbl
8pemeHu
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Ilpumeuanue. Ha puc. 19.2 npuBeneHa obuias cxema nonkiaroueHus bepkyt-ET 6Ge3 yuera
0COOeHHOCTei MOAKIIUEeHNS] TPOBEPSIOIIEro Mpmuobopa.

2.6. [MogkmounTtbcs K bepkyT-ET mo nmpotokony SSH o y4€THOM 3alMChIO «USEr».

INpumeuanue. TTogpobHOe ommcaHye JaHO B TokymeHTe «TecTep-aHanusaTop ceteit Ethernet
bepxkyt ET. KpaTkoe pyKOBOACTBO 110 3KCIUIyaTalUM».

2.7. [lepeiiTv O YYETHYIO 3aIIMCh «IO0t».

2.8. Hactpouts bepkyT-ET B kauecTBe NTP-cepBepa.

2.9. 3apaTtb sTasmoHHbIin NTP-cepsep.

2.10. ITpoBepuTh NMOAKIIOYEHME K CETU, B KOTOPOI HaxoauTcs 3TaoHHbI NTP-cepBep.

2.11. OctaButb BepkyT-ET u rnmpoBepsiiomniuii mpubop moaKII0UeHHbIM K ceTu Ha 86 400 ¢
(24 yaca).

2.12. Kakaplii TeCTOBBIV IIepMOJ IIPOBEpSIIOIIMII MpMOOp ompenesnseT 3HaUYeHMe
I OMyCKaeMOJ ITOTPENTHOCTY U3MepPeHNsT paCXOXKAeHMS Kbl BDEMEHN.

2.13. YoenuTbcsi, UTO 3HAUEHME OMYCKAeMO} IOrpPeuIHOCTM HaXOIUTCS B IIpeaesax
*0,3 c.
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