YHMBEpCanbHbIM U3MEpPUTENbHbIA 30HL,
METPOTEK M716-02-001/2

PykoBoACTBO NO 3KCMNyaTaumm
MTPI468269.002 P31
Bepcusa 1.0.7-0, 2016

HTL, MeTtpotek



Huxkakasi yacTh HacCTOSIILIErO JOKYMeHTa He MOXKeT ObITh BOCIIPOM3BeleHa,
nepenaHa, npeo6pa3oBaHa, IoMeleHa B MHGOPMAIVIOHHYIO CUCTEMY WU
repeBefieHa Ha PYTOii I3bIK 6€3 MMCbMEHHOTO pa3pelieHNst TPOU3BOIUTEIS.
ITpon3BOANTENDb OCTAB/SET 3a CO60II IIPaBO 6€3 NOMOTHUTENbHOTO YBeJOMIEHNS
BHOCUTB U3MEHEHUSI, He BIMSIONe Ha pab0TOCITIOCOGHOCTh YHUBEPCATHHOTO
nsmeputenbHoro 3ouga METPOTEK M716-02-001/2, B annapaTHY0 4acTb WIN
IIporpaMMHOe obecrieueHye, a TAaKKe B HACTOsIIee PYKOBOZACTBO 110 SKCIUTYaTalVIN.

(© HTI Metpotek, 2006-2016



OrnasneHue

1. BBepaeHue
1.1. O6uue cBemeHus . .

1.2.  OCHOBHBIE BOBMOXKHOCTU  + v & v v v v e v e e e e e e e e e e e

1.3. KomrjiekT noCcTaBKu

2. Mepbl 6e30NacHOCTU

3. TunoBble CXeMbl BK/ILOYEHUSA

3.1. TpaH3UTHBIN PEXUM

3.2. TpaH3UTHbIT peXXUM ¢ Jo6aBIeHeM TecToBoro Tpadmka . . . . . .
3.3. N3mepeHNSI B ODHOM HAIIPABIIEHMM . « « v v v v v v v v v v e o o o
3.4. V3MmepeHUS B OBYX HAIIPABIIEHUSIX . « . « ¢ v v v v v v o v v v o o
3.5. OOHOBPEMEHHBIE UBMEPEHUST . « « v v v v v v v e e e e e e e e e o

3.6. VYmayn€éHHblii nuieid .

3.7. TectupoBaHMe aCMMMETPUUHBIX KAHAIOB . . . . . . « « o o . . . .

4. BHewHUM BUpA,
4.1. TecroBble IIOPTHL . .

4.2. VHAMKATOPBI COCTOSTHUSI TIOPTOB  + & v v v v v v e e e e e e e e s
4.3, Pa3bEeMBbI 3aTHEM ITAHEIM . + v v v v v v v e e e e e e e e e e e e

4.4, Pexumbl pabotbl USB-

10 01 - PR

4.5. Wupgukatop Power (Alarm) . . . . . . .. . ... ... .. ...

5. Hauvano pa6otbl
5.1. TlomroroBka K pa6ore

5.2. BKIIIOYEHME U BBIKITIOUEHME TPUOOPA . .« « v v v v v o v v e e e .
5.3. Pe3epBHbIE MCTOUHUKM IMMATAHUST .« « v o v v v v v e e v oo e e e o

5.4. Tlepesarpyska . . . .

6. NMopknioueHue K npuéopy

6.1. TlapaMeTphl MOAKTIOUEHMST « « v v v v v v v v v e e e e e e e e e e s
6.2. Tlopxmouenue o uHTepdeiicyUSB . . . . . . . . . ... ... ...

6.2.1. OCLinux . .
6.2.2. OC Windows

6.3. Tlopxmouenue mo uHrepdeiicy Ethernet . . . . . . ... ... ...

6.3.1. OCLinux . .
6.3.2. OC Windows

~o oo

[>]

10
11
12
12
14
14

16
16
16
17
17
18

19
19
19
19
20

21
21
22
22
22
23
23
24



METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

10.

11.

12.

13.
14.

15.

16.

KoHdurypaumsa npubopa

7.1. Hacrpoiika ceTeBOro agpeca rnopra «Management»
7.2. VI3MEHEHME TAPOMIS . « « « v v v v v v e v e e e e e e e
7.3. ob6aBieHMe MOMb30BATEICH . « « v v v v v v o e v e e .

MeTtopguka RFC 2544

8.1. AHanu3 mpoIyCcKHO CITOCOOHOCTU . . . . . . . . . . .
8.2. AHaIM3 3aTEPKKM .+ « v v v v v e v e e e e e e e
8.3. AHanm3 ypoOBHS IOTEPb KAAPOB . . . . . o o o v v o . .
8.4. AHanu3 npelnenbHOM HATPY3KM . . o v v v v v o v v v .

Y.1564

9.1. TIoKa3aTenM Ka4eCTBA . . « « « v « « e v v o v v v o o .
9.2. CpaBHenue RFC 2544 n ITU-TY.1564 . . . . . ... ..
9.3. TecCTbl KOHQUTYPALIMM .+ « v v v v v e e e e e e e e v w

9.3.1. TectCIR . .. ... ... ... . . .......

9.3.2. TectEIR. . ... ... ... ... ........

9.3.3. Tecr Traffic Policing . . . ............
9.4. TeCT NPOU3BOAUTENBHOCTU .« v v v v v v v v v e v v o .
9.5. M-aKTOp . . . . . . v i e e e
9.6. Anroputm uamepenusas FTD . . . ... ... ... ...
9.7.  Amroput™m usmepenus FDV . . . . ..o

Wneind

MakeTHbIN BKUTTEP

11.1. TeCTOBBIM ITOTOK . + + v v v v v v e e e e e e e e e e e s

MPT

12,1 IDKUTTED « « v v v v e e e e e e e e e e e e e e e e e e
12.2. 3a7EPKKA « v v v v v e e e e e e e e e e e e e e e e

12.2.1. Curnarypa MPT-Tpadmka . . . . . .. ... ..
12.3. TIOTEPU TTAKETOB  « « v ¢ v v v e v v e e e e e e e e e s
12.4. Tloroku L2uUDP . . . . . . .. ... ... ... ...,

TecToBble KOHUrypauum
TpaH3UTHbIN peXxxum

O6HoOBNEHUE NpOrpaMMHOro obecnevyeHus

15.1. TIOOrOTOBKA K OGHOBIICHMIO . .« & + v v v v v v v e v s
15.2. ANTOPUTM OOHOBIEHMS . « « « o o v v v v v e e e e .

MeTtoauka noBepku

16.1. OIepalMM MOBEPKM .« « v v v v v v v e e e e e e e e s

25
25
26
26

27
27
28
29
30

31
31
32
32
33
33
34
34
35
35
35

36

37
37

39
39
40
40
40
41

42

43



Ornasnexue

16.2. CPeACTBATIOBEPKM . & v v v v v v e e e et e e e e e e e e e e e 45
16.3. Tpe6oBaHus K KBaaAuDUKALUM IOBEPUTEIEA . . . . . . . . . . . .. 45
16.4. TpeOGOBAHMS K OE30TIACHOCTH  « « « v v v v v e e e e e e e e e e e e s 46
BTN o) (0317 81 (o) :1=3 o) & 7 (P 46
16.6. TIOATOTOBKA KTIOBEPKE . + & v v v v v v e e e e e e e e e e e e e e e 46
16.7. TIpOBEOEHME TIOBEPKM  + & v v v v v v e e v e e e e e e e e e e e e s 46
16.7.1. BHEIIHUITI OCMOTD . . « + v v v v v v et e e e e e e e e e e 46

16.7.2. OnpepneneHue 4aCTOThI TECTOBOTO CUTHAMA . . « . . . . . . 47

16.8. OdopmiieHMe Pe3yIbTaTOB MOBEPKM . . o« v v o o v v v v v o v et 48

17. TexHU4ecKoe ob6cnyXKMBaHue 49
18. TexHMuYecKas noanepKka 50
A. Cneuudukaumm 51
A.1. OO6IuMe XapaKTEePUCTURM . . + v v v v v e e e e e e e e e e e e e e 51
A.2. TECTUPOBAHME . . v v v v e ot e e e e e e e e e e e e e e e e e 52
A.3. [IOTIONHUTE/NbHBIE IPUHAMIEKHOCTI . o v v v v v e e e e e e o e o 54
NutepaTtypa 55



1. BBepeHue

B HacToSIIIEM PYKOBO/ICTBE MPeCTaBIeHbI CBeJeHNSI 06 OCHOBHBIX QYHKIIMSIX, CIIO-
cobax TOAKIIOUEHMST ¥ HACTPOJiKe YHUBEPCAJbHOTO WM3MEpPUTENIbHOTO 30HIA
METPOTEK M716-02-001/2.

IMpumeuanue. udopmalins 1o KoOMaHaaM IpuBeneHa B 6porrope « YHUBepCcalbHbIi n3Me-
purenbHbiii 30HL METPOTEK M716-02-001/2. PykoBoAcTBO IO KOMaHAAM yIaJlé HHOTO yIIpaB-
JIEHUSI», BXOJISIEel B KOMILJIEKT TTOCTaBKI.

1.1. O6wme cBeaeHna

YHuBepcanbHblii u3MeputenbHbiii 3oH1 METPOTEK M716-02-001/2 (manee 1o Tek-
CTy TaKXe «IIPUOOP», «yCTPOICTBO») IIpeAHAa3HAUEH ISl MOHUTOPMHIA, TeCTVPOBA-
HusI ¥ aHanmu3a ceteit Gigabit Ethernet ¢ BO3MOXKHOCTbBIO JUCTAHIIMOHHOTO YITpaBIie-
HMS, @ TAKOKe BBINIOJTHEHVSI aBTOMAaTV3MPOBAHHBIX CLIeHapyeB.

METPOTEK M716-02-001/2 Bkto4aeTcs B CeThb B Pa3pbIB COeOVMHEHUS (TPaH3UT-
HBIIi PEXMM) UJIM B KaUueCTBe OKOHEUHOIo YCTpoiicTBa (cM. paszen 3). [Ipubop mop-
Jlep>kMBaeT almnapaTHbI MexaH3M «bypass» — BOCCTaHOBJIEHMe COeIVHEHUSI TP
NpoIajaHyuy MUTaHMS.

IIpubop paboTaeT mof yrpasieHNeM OIepalMOHHO cucTembl Linux.

1.2. OCHOBHbI€ BO3MOXHOCTH

1. Tenepauust u peructpanusi Tpaduka c Harpyskoit 1o 100% ua yposHe L1 (Physical),
L2 (MAC), L3 (IP), L4 (UDP) creka TCP/IP.

. JIuamasoH CKOpOCTei mepemaun JaHHbIX B ceTsax: ot 10 M6uT/c mo 1 I'6ut/c.
. Tectp1 RFC2544 out-of-service 1 in-service.

. V3smepeH1e MPOMYCKHOJ CIIOCOGHOCTY KaHaja 6e3 BIMUSIHMS Ha CeTh.

(LU NN ]

. Usmepenus o pekomengaiuu Y.1564 out-of-service u in-service: mposepka
Ha coOTBeTCTBMUe SLA.

. Nonpmepxka VLAN Q-in-Q u MPLS.

7. i3MepeHMe akeTHOTO IKUTTePa.

(o)}

8. PexxuM MHTeJUIeKTyaabHOrO 1teiida (Smart Loopback) c omHOBpeMeHHBIM C60-
POM CTATUCTUKIU.

9. Tect TCP-niogxkmouenusi, Tect gocrynHoctu HTTP.



1. BeneHue

10.

11.
12.
13.
14.
15.
16.
17.

18.

19.

1.3.

Pexxum MPT': HenipepbiBHasi reHepauus 10 300 He3aBUCUMMBIX ITOTOKOB (L2 ynn
UDP) 1 usMepeHue IKUTTEPA, 3a[IeP>KKU U IOTePb TaKeTOB.

BosMmoskHOCTb hopmupoBanus syslog-coobuieHmii.
IMopgnepskka ogHOCTOpOHHUX (One-Way) u3MepeHmit.
IMonpepxkka NTP.

TexHomnorust PoE (nmutanue no Ethernet ka6eitio).

Yacs peanbHOro Bpemenu (RTC) ¢ oToenbHOi baTapeeii.
PeskuM «bypass» MeXIy opTamu.

Backup-nutanue: nepemayva coob1ieHMsI 06 aBapuy M KOPPEKTHOe 3aBepiile-
HMe paboThI.

dopmupoBanne «dying gasp» maketos B Buge SNMP traps (morryckaeTcst mosb-
30BaTeNbCKUil HopMaT rakeToB).

BoIBog, MHGpOpMaLNUM O COCTOSTHUM TIOPTOB U TECTOB.

KoMnneKT noctaBku

KomruiexkT mocraBku usmeputenbHoro 3oHga METPOTEK M716-02-001/2 3aBu-
CUT OT 3aKa3a U MPUBEIEH B IIaCIIopTe.



2. Mepbl 6e30NacHOCTH

— o Hauasna pa6oTsi ¢ mpu6opom METPOTEK M716-02-001/2 BHMMAaTEIbHO U3Y-
YMTe HACTOSIIee PYKOBOJCTBO IO KCILTyaTaI[MMA.

— Ecu npu6op TpaHCHOPTUPOBAICS MIIM XPAHWUIICS TIPY OTPULIATETBHBIX TEMIIE-
paTypax, TO IepeJi BKIIOUeHMEeM C/IeiyeT BbIepsKaTh €r0 B HOPMaIbHbIX KiN-
MaTUYeCKMX YCIOBYSIX HE MeHee 2 4acoB.

— VYI0BUS 3KCIUTyaTalMy OOIKHBI COOTBETCTBOBATh YCIOBUSIM, ITPUBEAEHHBIM
B IPUJIOKEHUNU A.

— Ipu 3kcrTyaTanyy Ipubopa JoJIKHbI BBITTOHITHCS 001Me TpeGoBaHus Mpa-
BIWJI IIOKaPHOJ 6€3011acHOCTH.

— [uratomas ceTh He JO/DKHA MMETh Pe3KMX CKAUYKOB HampsikeHMs1. Psapom ¢ pa-
604YMM MECTOM He JOIKHO GbITh MCTOYHMKOB CUJTbHBIX MAaTHUTHBIX U 3JIEKTPU-
YyeCcKux IoJIe.

— Heo6xonumo ob6eperatb Mpu6Op OT YIAapOB, MOMaaHNs BIaru U MbUTH, TIPO-
JIOTKUTENTBHOTO BO3/e/CTBYSI IIPSIMBIX COTHEUHBIX JTy4eii.

— TIpu OUTENbHBIX MEpPePhIBaX B paboTe PEKOMEHAYETCS OTKII0YATh GIOK IMH-
TaHus Mpubopa OT CeTH.



3. TunoBble cXeMbl BKJIIOUYEHUSA

IMonkmouenne nmpuo6opa METPOTEK M716-02-001/2 K TecTMpyeMbIM KaHa/IaM MTPO-
M3BOAUTCSI OMHUM U3 ABYX CIIOCOO0B:

1. B pa3spbIB coeayiHeHNSI MeX/y CeTeBbIMY YCTPOICTBAMM (TPAaH3UTHBIN PEXUM).
[Tepenaua ceteBoro Tpadmka ocyuiecTsisieTcst ¢ mopra A (B) Ha mopt B (A),
MIMeeTCsI BO3MOKHOCTb O HOBPEMEHHO BBIIIOJIHATD TECTHL. B ciryyae oTkioue-
HMS NIeKTPONUTAHMS LIeJIOCTHOCTh KaHala CBSI3M COXpaHSeTCs 3a CYET allla-
paTHOro MmexaHusma «bypass» (cMm. pasgen 14).

2. B xavecTBe OKOHEUHOTIO YCTPOICTBa, KOrIa MOpThl A 1 B o6ecrieunBaioT He06-
XOIMMBIe VI3MepUTeabHble QYHKINN.

CxeMbl OAK/IIOUEeHMSI TPMOOpa ONMcaHbl B paszgenax 3.1 —3.7.

Ipumeuanue. YcnoBHble 0603HaueHms Ha cxemax: NUT — Tectupyembie ceTi, RX — MpuHK-
Martoias yactb mopra A/B, Tx — nepeparoiias yactb nopra A/B.

3.1. TpaH3UTHbIN pEXUM

AY
L Y

NUT
- MopTA  TlopTB

A Y

Puc. 3.1. I[TodxknwueHue npubopa 8 MpaH3umHoM pexcume

B TpaH3MTHOM peskuMe IpubOp MpoIycKaeT yepes ce6s Bce MmakeThl ¢ mopra A (B)
Ha 1opT B (A) 1 co6upaeT CTaTUCTUKY I10 MpoXoasineMy Tpaduky. OMHOBpEMEHHO C
repefaveit ceTeBOro TpaduKka MOXXHO ITPOBOAUTD TECTHI (CM. pasmen 3.2).
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3.2. TpaH3UTHbIN pEXUM € pob6aBneHUeM TeCToBoro Tpadpuka

Mopt A Mopt B
LA _—
— Tl _ = [0 -
'- NUT 7 T g NUT
- [ T% - CT P }
- — -
CETeBoA Tpatpuk

— TECTOBbIA Tpadouk

Puc. 3.2. [ToOkntoueHue npubopa 6 mpaH3umHom pexcume ¢ do6asieHueM mecmoeozo mpagpuka

B TpaH3UTHOM peskuMe MOKHO ITPOBOAUTH TECTMPOBaHMe 6e3 BbIBOJA KaHaa CBsI-
31 U3 obcTyskuBaHus. I[Ipyu 3ToM Ha repegaue (TX) TeCTOBbIN TpaduK H06aBISIETCS
K IT0JIb30BATEIbCKOMY, a Ha TIpuéMme (RxX) OTaeNsieTCss OT Hero U Jajbliie He OTIIpaB-

nisetcs. TTob30BaTeNbCKMi TpaduK MMeeT HauOOMbINNiT IPUOPUTET U TTepenasTcs
C MMHMMAaJIbHO 3a1€P5KKOIA.

Ipumenenue: RFC 2544, Y.1564, naketHblit ;xuttep, MPT.



3. TnoBble CXeMbI BK/IKOYEHUS

3.3. UsmepeHus B O4HOM HanpaBJ/ieHUU

-
Tx T l Rx

Mopt A/B Mopt A/B

Puc. 3.4. ITodknrwueHue npubopa 01 nposedeHus usmepeHuti 8 00Hom HanpasaeHuu. Bapuanm 2

VimeeTcs nBa BapyaHTa MOIKIIOUEHMS] TPMOOPA )1 TPOBEAEHUS M3MEPEHU Ka-
HaJla CBSI3M B OOHOM HAIlpaBIeHUN:

1. O6a mopra npu6opa METPOTEK M716-02-001/2 roaK/IH0YalOTCST K CETH U TIPO-
BOJATCS M3MepeHus c riopra A (B) Ha mopt B (A) (cm. puc. 3.3). IIopTel MOTyT
TTOAK/TIOUATHCS KaK K OHOMY M TOMY K€ KOMMYTAaTOPy WY MapuIpyTu3aTopy,
TaK 4 K pa3HbIM.

2. Inst TeCTUPOBAaHMS UCIIONB3YIOTCS nBa npub6opa METPOTEK M716-02-001/2
(cm. puc. 3.4), CMHXpOHU3UPOBAHHBIX IO TpoToKkomy NTP.

Ipumeuanue. TlepBblit BAPUAHT MOIKIIOUEHMST 06€CIIeYBaeT MUKPOCEKYHIHYIO TOUHOCTh
U3MepeHUi, BTOPOJ OTpaHMYeH TOYHOCTbI0 CMHXPOHU3aLUM 110 poToKony NTP.

Ipumenenue: RFC 2544, Y.1564, nakeTHblit gxxutTep, MPT.
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3.4. UsmepeHUSA B ABYX HanpaBAeHUAX

Puc. 3.5. I[TodknwueHue npubopa ons nposedeHus: usmepeHull 6 d8yx HaNpasieHusx

JInst MpoBeieHMst U3MepeHMit KaHasia CBSI3Y B JBYX HAIpaBIeHUsIX 06a mopTa mpu-
6opa METPOTEK M716-02-001/2 mogK/Tt04aioTcst K CETYU U IPOBOASITCS U3MeEPEeHMS C
nopTta A (B) Ha mopT A (B), MPOTMBOIIOJIOKHbIN IMOPT ITPU 3TOM MUCIOJIb3YETCS B Kaue-
cTBe nuteiida s epeHanpasiaeHus Tpaduka Ha UCXONHbIN MOPT. B 3aBucuMocTu
OT TUIIA TeCTa, Ha MTPOTUBOIIOIOKHOM MOPTY IOJIKEH ObITh BKIIOUEH IUIEHd 2-TO,
3-r0 UK 4 -TO YPOBHSI.

Ipumenenue: RFC 2544, Y.1564, makeTHbI mxuttep, MPT.

3.5. OgHOoBpeMeHHble U3MepeHHUs

Tx1 ’ ‘RXZ TXZ’ }R)ﬂ

MopT A Mopt B

Puc. 3.6. IodknwueHue npubopa ons npogedeHus dgyx mecmos. Bapuanm 1

12



3. TnoBble CXeMbI BK/IKOYEHUS

Y "y
y NUT : NUT )
Tx“ JRX Tx“ JRX
Mopt A MNopt B

Puc. 3.7. [TodxknwoueHue npubopa ons nposedeHust 08yx mecmos. Bapuarnm 2

ViMmeeTcst ABa BapuaHTa noakioueHus rnpmubopa METPOTEK M716-02-001/2 st
MMpoBeeHVsI OMHOBPEMEHHBIX TECTOB:

1. O6a nmopra npmbopa MOIKIOUAIOTCS K CETU U OTHOBPEMEHHO IMTPOBOISITCS U3-
MepeHus ¢ mopTa A Ha nopT B u c mopta B Ha mopT A (cM. puc. 3.6). IIpu Takom
crocobe MOIKIIIOUeHMSI MOKHO B OFZHO U TO K€ BpeMsl MPOBOAUTH IBa TecTa
RFC 2544 mnu MPT, uTO ITO3BOJISIET OLIEHUTH ITOTEPU MAKETOB MM 3alIepsK-
Ky B HanpasieHuu A (B)=B (A) nipu ogHOBpeMeHHOJ Harpy3Kke HallpaBjleHUs
B (A)=A(B).

2. O6a mopTta mpu60opa MOAKITIOYAIOTCS K CETU Y OMHOBPEMEHHO MTPOBOASITCS M3-
MepeHus ¢ mopta A Ha moptT A u c nopta B Ha nopt B (cMm. puc. 3.7). [Ins nepeHa-
MpaBJieHust TpadmKa UCIIoAb3yeTcs Apyroi mpu6op METPOTEK M716-02-001/2
WM aHAJIOTUYHOE 060pYIOBaHMeE.

Ipumenenue: RFC 2544, MPT.
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3.6. YpanéHHbln wnend

. .
- 4 \
' NUT
A r
L—\_, ./
Tx| |Rx

Puc. 3.8. IModkntoueHue npubopa 01 mecmuposanusi ¢ «A» Ha «A»

B atrom peskume onuH nopt npmu6opa METPOTEK M716-02-001/2 nopxiiovaeTcs K
CceTy U NPOBOAATCS M3mepeHus ¢ mopta A (B) Ha riopt A (B). [Iyis1 nepeHanpaBaeHUs
Tpaduka ucrnonbsyetcs gpyroii mpubop METPOTEK M716-02-001/2 niu aHayiorny-
HOe 060pyIoBaHMe.

Hpumenenue: RFC 2544, Y.1564, nmakeTHbIN mkuttep, MPT.

3.7. TectupoBaHMe aCMMMETPUYHBbIX KaHaNOB

Mopt A(B): reHepauns

Mopt A(B): npném paHHbIX
YNpaBNSIOWEro curHana 1 nepenava CTarycHoi
1 nepeaaya AaHHbIX MHcpopmaLmn
Tx Rx

KaHan ynpasneHuns

JokanbHbiii npnbop

JuCTaHLMOHHbIN nprbop

Mopt A(B): reHepauus
ynpasnsiolero curana Mopt A(B): reHepaumsi naHHbIX

1 NPUéM NaHHbIX /J"i“ 1 CTaTyCHO MHChopMaLMu
- KaHan ynpasneHns

————————— >
AcMMeTPUYHBIN KaHan | Tx

-—

cTatycHas HgopmaLms
Pt i o B

JlokanbHblii npn6op

JuCTaHLMOHHbIN nprbop

Puc. 3.9. I[TodxknwueHue npubopa o1 MecmuposaHust AcCUMMemMpPUUHbIX KAHAN08

14



3. TnoBble CXeMbI BK/IKOYEHUS

[Ipy npoBeneHNM TECTUPOBAHMS UCIIONb3YETCS [BA YHUBEPCAIbHBIX 30HAA: JIO-
KaJIbHBIV, HA KOTOPOM MPOM3BOAMTCSI HACTPOIiKa MapaMeTpOB aHaAM3a, U AUCTaH-
LIMOHHBIN, HAXOASUIMIICS Ha APYrOM KOHILIE aCMMMETPUYHOrO KaHasia. Takoe mop-
KJII0UeHMe JaéT BO3MOXKHOCTh OLIEHUTh PabOTOCIIOCOGHOCTb KaHajla CBSI3Y He3aBM-
CUMO 151 KayKA0ro HaripaBjieHus1. Pe3ysibTaThl TeCTa JOCTYIIHbI Ha JIOKAJIbHOM IIPU-
6ope.

ITpumenenue: RFC 2544, Y.1564.

15



4. BHewHU BUA,

4.1. TectoBblie NOPThbI

00000000000000

i

Power
(Alarm) A B

Puc. 4.1. /luyesas naxenv npubopa METPOTEK M716-02-001/2

JInuesas nanenb nmpu6opa METPOTEK M716-02-001/2 umeet nBa nopta (A u B)
LIS TIONK/TFOUeHMSI K TeCTpyeMoMy yeTpoiicTBy uiau cetu Ethernet/Gigabit Ethernet.
CxeMbl TOAK/IIOUEeHMSI IPUBeJIeHbI B pa3zene 3.

4.2. MHAUKaATOPbl COCTOSIHUS NOPTOB

IMopTtst A, B 1 Management nnpu6opa METPOTEK M716-02-001/2 uMeroT ABa cBe-
TOAVMOIHBIX MHAMKATOPA AJI OIIpe/ie/ieHNsI COCTOSIHUS M aKTUBHOCTYM COeAVHEeHMSI.

Act Act

A B Management

Puc. 4.2. CeemoduodHsie uHoukamopst nopmos A, B u Management

WHpukatop Lser Onucanue

Act OpaHsKeBbIit (MUTAET) UAET MpuéM/mepenaya JaHHbIX

— npuém/mepesaya AaHHbIX He OCYIECTBIISETCS

Link 3e/IEHDIN CoeIHeHNE YCTaHOBIEHO

- COoeVIHeHMS HeT

16



4. BHewHn BMA,

4.3. Pa3zbéMbl 3aaHen naHenu

UUU%UUUUUUUUUUUUU

000000 s

Console USB

microSD

Puc. 4.3. 3aduss nanens npubopa METPOTEK M716-02-001/2

MapxkupoBka |Ha3naueHue
o0-6® [MogkT0ueHe BHELIHEro 6J10Ka MUTaHMUSI.
Mini USB-niopT 1151 MOgK/II0UeHMsI K IEPCOHAIBHOMY KOMITBIOTEDY B pEsKMMe
Console -
USB-serial.
PasbéM C KapToit MMaMsTH, cofepskaimieii IporpaMMHoe obecrieueHie
npubopa.
micro SD

Ilpumeuanue. Paborta mpubopa 6Ge3 yCTAHOBJIEHHOJ KapTbl HEBO3MOXKHA.
HeponycTyMo u3B/IeKaTh KapTy NaMsITU M3 pasbéMa [ UCIONb30BaHuUs B
IPYTUX YCTPOJCTBAX.

uUsB

Micro USB-nopT /151 MOAK/II0YeHMS] BHEIIHUX YCTPOMCTB MU COeIUHEHMUS C
IPYTMMM YCTPOICTBAM, B 3aBUCMMOCTH OT PeskuMa paboThl (CM. pasnen 4.4).

Management

VianéHHoe ympaBiieHne yCTPOCTBOM.

4.4. PexkuMbl pa6oTbl USB-nopTta

Micro USB-miopt npu6opa METPOTEK M716-02-001/2 («USB», cM. puc. 4.3) MOKeT
paboTaTh B ABYX pEXKMMAX:

1. «USB OTG Host». B 3TOM peXXume K Ipubopy MOKHO IMOJK/IIOUYATh BHEIIHME
ycTpoiicTBa, Hanpumep, USB-Hakonutenu u Wi-Fi aganTtepsl.

Ipumeuanue. [JomrycKaeTcsl UCIIOMb30BATh TOIBKO ITPOBEPEHHbIE M PEeKOMEHJOBAaHHbIE
npousBoputenem Wi-Fi aganrtepsl. [I1s1 moydyeHMs aKTyaJIbHOTO CITMCKA afalTepoB cie-
IyeT 06paTUTHCS B CITyKOY TEXHMUYECKOI oA Iepskku (cM. paszen 18).

2. «USB OTG Device». B 3ToM pexkume MpuO0p MOKET GbITh TTOAKITIOUEH K APYTO-
My YCTpPOICTBY, paboTaiiemy B KauecTBe «USB OTG Host». IIpu nopkiove-
HUM K nepcoHasibHOMY KomIibioTepy (ITK) METPOTEK M716-02-001/2 onipene-
JIIeTCSI B CUCTeMe KaK TPU YCTPOICTBa:
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

1) «uck». Takoe MOAK/ITIOUEHME UCTIONb3YeTcs IJist 06MeHa daityiaMu MeXIy
1K u mpu6opom.

2) «CeTeBoe ycTpOICTBO». B aTOM cityuae cpenu ceteBbix MHTEpdeiicoB TTK
MTOSIBUTCST HOBBIN MHTEpdesic, Harpumep, «usb0». HacTpous 3TOT MHTEp-
(eiic, MOKHO MOIKIIOUUTBCS K MPUOOPY MO MpoToKomy SSH.

3) «Koncosnb /dev/USB<x>». KOHCOTb MCTIOTB3YETCS 1J1s TOAKTIOUEHUS K ITPU-
60py MOCPeICTBOM TEPMMHAIbHBIX IMPOTPaMM, HAIIpUMep minicom mau
HyperTerminal.

4.5. Uupukatop Power (Alarm)

CeeTomuomHbIi MHAMKATOp «Power (Alarm)», pacIioyioskeHHbIii CJieBa OT TeCTOBBIX
TopTOB (CM. puc. 4.1) 3aropaeTcs Ipy NOAKIIOUEHUY BHEIIHErO MUTaHUSI:

— KpacHbIit — micro SD KapTa He yCTaHOBJIEHA WM HA Hell He 0OGHapysKeHO Ipo-
rpaMMHOr0 obecreyeHus: Ipubopa;

— 3eJIEHBIIT — MHUIMATIN3ALIMS CUCTEMbI BBITIONIHEHA, UAET MIPOLIeCC 3aTPy3KM 1
KOHGUTypaiuu mpuodopa.
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5. Hayano pa6oTbl

5.1. NMoaroToBka K pa6oTe

1. Tloce u3BIeUEHMS YCTPOIICTBA U3 YIIAKOBKM HEOGXOAMMO MPOU3BECTY BHEIII-
HUI1 OCMOTP U MPOBEPUTH KOMIIEKTHOCTb B COOTBETCTBUY C MACIIOPTOM.

2. Ecay mpu60op TpaHCIIOPTUPOBAJICS UV XPAHWIICS TTPYU OTPUIIATEbHBIX TEMIIE-
paTypax, To repe, BKIIOUEeHEM CJIEAYET BbIIEPKATh €T0 B HOPMaIbHbIX KJIM-
MaTUYECKMX YCITOBUSIX He MeHee 2 YacoB.

3. BxumounTh mpubop (cM. pasmen 5.2).
4. TlomKITIOUUTBCS K IpUOOPY, Ciienyst yKa3aHUsIM paszgena 6.

Ipumeuanue. Vudpopmaliyis o KOMaHIaM IpUBeNeHa B Gpolrope «YHUBEPCATbHbBI
usmeputenbHbiit 3ou1 METPOTEK M716-02-001/2. PyKOBOACTBO 1O KOMaHAaM yaaIeéH-
HOTO YIIpaB/IeHNsI», BXOISIIEN B KOMIUIEKT IIOCTaBKU.

5.2. BKkao4veHue U BbIKJIlOYEeHUe npmuéopa

st BKITIOUeHusl Tpubopa CJiefAyeT MOAKIIOUNTD GJIOK MUTAHMS K pa3beéMy muTa-
HUS (CM. puUC. 4.3), a 3aTeM K 371eKTpuUIecKoii poseTke. [Tocie oagKI0ueHNs 3aropa-
eTcs 3eJIEHbIM MHAMKATOp «Power/Alarm» (cm. pasgen 4.5).

Js1 BBIKITIOUEHMSI TPUO0Pa CJieAyeT OTCOeAVHUTD GJIOK IUTAHUSI OT pas3beéma mu-
TaHusl. [Toc/ie OTK/TIOUEHUS] CBETOOMONHbIN MHAMKATOP «Power/Alarm» rpomoskaeT
ropetb 3eJIéHbIM B TeueHume 3—10 ¢ (cM. pasgen 5.3).

5.3. Pe3epBHble UICTOYHUKU NUTAHUS

Ipu6op MMeeT pe3epBHbBIE UCTOUHMKY MUTAHUS (CYTIEPKOHAEHCATOPbI), KOTOPbIE
TIpY TIPOTaZiaHuy MUTaHKsI 06ecreunBaloT KpaTKOBpEMEHHYI0 paboTy mpubopa u
BBIBOJI, COOOIIEHNS 00 aBapum.

IIpumeuanue. TToce OTKITIOUEHMS TUTAHMS IPUOOP MPOJOIKAET paboTaTh 3a CYUET pe3epB-
HbIX UCTOYHUKOB B TeueHne 3—10 c. IIpu aTom nHaukarop «Power/Alarm» roput 3e1€HbIM.

Inst TOTO, YTOOBI B C/Ty4ae OTKIIIOUEHMSI TUTaHMSI pe3epBHbIE MICTOUHUKM obectie-
yimu paboty npubopa B TeueHme 3—10 ¢, moc/ie BKIAIOYEHMS TO/DKHO MTPOATH BPeMs,
Heob6XoaMMOe 1151 3apsia CYyIIepPKOHIEeHCATOPOB — OKOJIO 8 MUHYT. Eciy mpu6op BbI-
K/TIIOUMTD paHblile, BpeMst paboThl OT pe3epBHbIX MCTOYHMKOB OYe€T MeHbIIIe.
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

5.4. MNMepe3arpyskKa

B cryyae, korma mpubop mepecTtan OTBeYaTh Ha 3ampOoChl TOIb30BaTENs, HEO6X0-
IMIMO BBITIOJTHUTH TIepe3arpysKy:

1. OTcoenuHUTH O6JIOK MUTAHMS OT pa3béMa MUTaHUs Ipubopa.

Ipumeuanue. IIpy OTKIIOUEHUY IUTAHUST HACTPOJiKM MPT-TeCTOB COXpaHSIIOTCSI aBTO-
MaTryecky. HacTpoiiky oCcTalbHBIX TECTOB 3aIIOMIHAIOTCS, €C/IV GbUIY ITPUMEHEHBI KO-
MaHJOl1 «settings save».

2. JIoskmaThCsl OTK/IIOUEHMSI CBETOOMOAHOIO MHAuKaTopa «Power/Alarm», KoTo-
poe 03HavYaeT OKOHYaHMe paboThl Pe3ePBHBIX MUCTOUHMUKOB ITUTAHMS U BBIKITIO-
yeHue mpubéopa. B 3aBUCUMOCTM OT 3arpy>KEHHOCTM CHCTEMBI 3TO BPEMSI MO-
SKeT COCTaBJsITh OT 3 mo 10c.

3. Yepes 3¢ mocie BHIK/IIOUEHUS TPUOGOpa MOAKIIOUNTh OJIOK MUTAHUS K pas3b-
émy nutanus. uaukatop «Power/Alarm» 3aropurcs 3e71€HbBIM — 1epe3arpys-
Ka BBITIOJIHEHA.
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6. MoaknuyeHne K npnbopy

Iyt HacTpoiiky 1 yripaBieHust pyHkiusmu npmuoéopa METPOTEK M716-02-001/2
ucronbsyetcs uaTepdeiic USB (mopt «Console», cm. puc. 4.3) win Ethernet
(mopt «Management», cM. puc. 4.3).

6.1. MapameTpbl NOAKNIOYEHUSA

Ha nmpu6ope METPOTEK M716-02-001/2 ycranosieHa OC Linux u co3gaHbl Tpu
Y4YETHBIE 3aIMCHU: root, admin u user.

Vms Hasnauenme WuTepdeiic aJis IOOKIIOYEHUS K TPpU6opy

root Vrpasnenue ¢aitnamu u ceteBbiMu | USB (cM. paszgen 6.2)
uHTepdeiicamMm, yCTaHOBKA [TAKETOB.
ITpumeuanue. TIpy NOOKIIOYEHUM K IIPU-
Ipumeuanue. Tlon yuéTHOI 3a- |6opy mo uHTepdeiicy Ethernet nyis paboTsl
MUCBI0 root paboTaTh € MPUGOPOM |TIOL, YUETHOM 3aIlMChI0 root HeoOGXOOVIMO
cllefiyeT IpefielbHO BHMMATeNbHO. | BBECTM KOMaHAY Su.

admin Vipasnenue GyHkimsmu npuéopa. | USB, Ethernet (cm. paszgen 6.3)

user IMoxk/oueHne K mpubopy. USB, Ethernet

B Tabnuiie HUsKe MIpUBeAeHbI TapaMeTPhI [/ IePBOTO MOAKIIOUEeHMSI K IPUO0DpY.
[Moce coemyHeHMs ¢ Mpubopom maponu u IP-aapec mopra «Management» MOXHO
MU3MEHUTD, C/IeAys yKa3aHusIM paszenoB 7.2 u 7.1.

[TapameTp 3HaueHye M0 YMOITYaHUIO
[P-agpec noprta «Management» 192.168.0.1

IMapons fJ1s1 y4€THOI 3ammcy root PleaseChangeTheRootPassword
IMaponsb gyst yuéTHOI 3ammucyu admin PleaseChangeTheAdminPassword
[Maponb st y4ETHOI 3a1IUCy user PleaseChangeTheUserPassword

Ipumeuanue. HacTosITebHO PEKOMEHAYETCSI MU3MEHUTD Mapoib AJIS1 YUETHOI 3amMCH root
IIpY TTOAKJII0OYEeHUY MpM6opa K ceTy 061Iero nob30BaHusL.

B ciyyae ycrenrHoro ogKIIOYeHMs K MPUO0py B OKHO TePpMUHAIBHOI ITPOrpam-
MBI BBIBOLUTCSI TPUIVIAlIeHNe KOMaHIHO CTPOKM (CM. 6pOIIopy « YHUBEPCATbHBII

nsmeputenbHbili 3054 METPOTEK M716-02-001/2. PyKOBOACTBO M0 KOMaHAAM yaa-
JIEHHOTO YIIPaBIEHUS»).

21



METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

6.2. Noakno4veHue no uHtepdeicy USB

6.2.1. OC Linux

BsaumopeiictBue ¢ mpu6opom B OC Linux ocymiecTB/sieTCs] TOCPEICTBOM CTaH-
naptHoro apariBepa USB serial 1 1106071 JOCTYITHO TePMUHAIBHOI ITPOTPaMMBbI (Ha-
npumep, minicom).

IS yCTaHOBKY COeIMHEHMS MEXKAY TIepCOHATbHBIM KoMIbioTepoM (1K) v mpu6o-
POM C MCITO/Ib30BaHMEM ITPOrPaMMBbl Minicom HEO6XOAMMO BHITIOJIHUTD CJIEAYIONIVE
IeJiCTBUS:

1. IomkmounTb mopT «Console» rpu6opa Kk USB-mopty ITK.
2. ToaKMoYNTh 6I0K MUTAHMS K Pa3beMy MUTaHus Ipubopa (CM. puc. 4.3).
3. HaIIK 3amycTuTh mporpaMmmy minicom:

minicom -D /dev/ttyUSBO -b 115200

Ipumeuanue. B HacTpoiikax MPOrpaMMbl minicom HEOOGXOAMMO BBIK/IIOUUTD allliapaT-
HOE ¥ ITPOrpaMMHOE YIIPaBJIeHME TTOTOKOM.

4. B cIydae YCIENIHOTO COENVHEHMSI B OKHO TePMMHAIbHONM MPOrpaMMbl OyIeT
BBIBEZIEHO ITPUTVIATIIEHME AJIST BBOJIA MMEHM TI0Ib30BATENIS U TTAPOJIsL.

IToc/te KOPPEKTHOTO BBOAA ITapaMeTPOB IMOAK/TIOUEHNSI MOSKHO YIIPaBJISTh MPU6O-
POM C TIOMOIIbI0 KOMaH/I, IpeICTaBJIeHHbIX B 6poIIope « YHUBEPCaTbHbIN U3MepU-
TenbHbIN 30HL METPOTEK M716-02-001/2. PykoBOACTBO 110 KOMaHAaM YAaJIEHHOTO
yIIpaBIEeHUSI».

6.2.2. OC Windows

B3aumopeiictBue ¢ mpu6opom B OC Windows ocyIecTBIIsSIeTCSI IOCPEACTBOM JIpaii-
Bepa Virtual COM Port. [TaHHbI/ ApaiiBep cieayeT MpeaBapuTeIbHO YCTAHOBUTD Ha
MK pna vanimanm3auuy npubopa B cucreme. Paitibl ApaitBepoB T Pa3IMUHbIX
OIepaLVOHHBIX CUCTEM UM YKa3aHMS 10 X YCTAaHOBKe ITpe/iCTaB/IeHbl Ha caiiTe KOM-
nauuy FTDI Chip: http://www. ftdichip.com/Drivers/VCP.htm.

IIpumeuanue. B3avmozeiicTBue ¢ MpUOGOPOM MOKeT 06ecreunBaThCsl Kak CTaHAapPTHBIMU
cpencrBamyu OC Windows — nporpammoit HyperTerminal, Tak u TepMUHaIbHBIMU MTPOTPaM-
MaM¥ CTOPOHHMX IIPOU3BOAMTENE.

Ilyisg ycTaHOBKY coequHeHMs Mexkay ITK v mpubopoMm ¢ UCIoMb30BaHMEM ITPOrpam-
mbl HyperTerminal He06X0OAMMO BBITIOMHATD CIEIYIOIINE AECTBUS:

1. HomkmounTb mmopt «Console» rpu6opa Kk USB-mopry ITK.
2. ToakmounTh 67I0K MUTAHMS K Pa3beMy MUTaHus Ipubopa (CM. puc. 4.3).

3. HaIIK 3anyctuth mporpammy HyperTerminal.
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6. MNopkntoyexune K npubopy

4. Co3paTb HOBOe noakiaoueHme: «dainn» =«HoBoe nmogxioueHne».
5. 3amaTrh MM ITOIK/IIOUEeHNS.

6. Omnpepnenutb, KakumMm COM-TIOPTOM B CUCTEME SIBJISIETCS [OLKIIOYEHHBIN TTPU-
60p, 06PAaTUBIINCH K CTAHAAPTHOMY MPUIOKEHUIO «/IyCTIeTUep YCTPOACTB»:

«Moit KommbIoTep»=- «CBOMICTBa»=-«060pymoBaHMe»=> «[I}CIIeTYep yCTPOACTB>.
7. BbIGpaTh MOC/IEJOBATEIbHBIN TIOPT, K KOTOPOMY ITOAK/IIOUEH TTPUOOP.

8. YCTaHOBUTH mapaMeTphbl IOCIeN0BaTe/IbHOrO MOPTa:

— cKkopocTk (6ut/c): 115200;
— OGUTHI JAaHHBIX: 8;
— YETHOCTD: HeT;

— CTOMOBbIE OUTHI: 1;

yIipaBJieH)e ITOTOKOM: HeT.

9. Tloce HaxkaTus Ha KHOTIKY Enter HyperTerminal mombiTaeTcst yCTaHOBUTH CO-
enuHenue ¢ METPOTEK M716-02-001/2. B ciay4yae yCremHoro coeqHeHUs B
OKHO TepMMHAJIbHOV ITPOrpamMMbl OyeT BbIBEEHO MpUIJIALleHKe Ji1 BBOAA
MMEeHM I10JIb30BaTeJIsT U ITaposIs.

TMocsie KOPPEKTHOTO BBO/IA ITapaMeTPOB IMOAK/IIOUEHVSI MOXKHO YITPaBISITh TPU60-
POM C TIOMOILIbI0 KOMAaH/I, NPeACTaBJIeHHbIX B 6POLTIOpe « YHUBEPCATbHbIN U3MEpPHU-
TenbHbIN 3050 METPOTEK M716-02-001/2. PykKoBOACTBO 10 KOMaHAaM yAaaléHHOTO
yIIpaBIeHUSI».

6.3. Noakn4veHue no nHtepdeiicy Ethernet

6.3.1. OC Linux

Inst yctaHOBKM coenyiHenus mexxay ITK u mpu6opom METPOTEK M716-02-001/2
cienyer:

1. TlogxmrounTs mopt «Management» mpu6opa x IK uau ceTn.
2. TlogkimounTh GJIOK MUTAHUS K pa3beMy ITUTaHMS ITpubopa (CcM. puc. 4.3).
3. Ha IIK OTKpBITh OKHO TepMMHaJja ¥ BBECTU KOMaHLy:

ssh admin@IP-agpec_nopta_Management

(unu ssh user@IP-anpec_nopta_Management)

4. BBecTu napoJb 151 UCIIO/Ib3YeMOI YUETHOM 3aMUCH.

IMocse yCHemHOro BBOAA Maposisi MOKHO YIIPaBISTh MPUOOPOM C IIOMOIIbIO KO-
MaHj, IIpelCTaBJIeHHbIX B OpoIIope «YHUBEpPCATbHbIA M3MEPUTENbHbBIN 30HT,
METPOTEK M716-02-001/2. PykoBOACTBO O KOMaHaM yAal€HHOTO YIIpaBIeHNSsI».
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6.3.2. OC Windows

s ycraHoBku coeguueHus mexxay ITK u mpu6opom METPOTEK M716-02-001/2
cenyer:
. HogxmounTs nopt «Management» mpubopa k ITK nau ceTu.
. NonkmounTh 610K MATAHUS K Pa3bEMY MUTAHUS NTpubopa (cM. puc. 4.3).
. HaTIK oTKpBITh TepMMHAIbHBIN KINEHT C noanepxkoii SSH, Hanpumep PuTTY.
. 3apars IP-agpec nopra «<Management» 1 BOITU B CUCTEMY.

. BBectu ums nonb3oBaTensa: admin Mian user.

N U1 A W N

. BBecTu maposnb a1 BbIGpaHHO YUETHOI 3aITMUCH.

IMocsie ycmenrHOro BBOAA MAPOIsl MOKHO YIIPaBJISITh MPUOGOPOM C MIOMOIIBIO0 KO-
MaHZ, TpeACTaBJIeHHbIX B OpOIIOpe «YHUBEPCAJIbHBIN M3MEPUTENbHbBI 30H],
METPOTEK M716-02-001/2. PykoBOACTBO [0 KOMaHJaM yAaJIEHHOTO YIIPaBI€HUSI».
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7. KoHpurypauus npmbopa

7.1. HacTtpoiika ceTeBoro agpeca noprta «Management»
5151 u3MeHeHUsI ceTeBOTO aapeca nopra «Management» (cM. puc. 4.3) cienyer:
1. TogxmounThes K mpub6opy METPOTEK M716-02-001/2 (cM. pa3zen 6), UCITONb-
3ys1 YUETHYIO 3aIMCh root vy admin.
2. OTKpbITh (aiis ceTeBbIX HACTPOEK B pedaKkTope vim:
vim /etc/network/interfaces

3. B ciyuae nomyueHust ceTeBbix HacTpoek o DHCP B daiiie momkHa pucyT-
CTBOBATb CTPOKA:

iface eth0 inet dhcp
4. Tlpu 3amaHny HaCTPOEK BPYUHYIO B (pajiie JODKHBI IPUCYTCTBOBATH CTPOKM:
iface ethO inet static
address <IP-appec>
netmask <macka nogcetun>
[Tpu HeOOXOAVMMOCTH 3a1aTh:
gateway <IP-agpec wnto3a>
dns-nameservers <IP-agpec 6a3bl DNS>
5. [yig MOATBEPKAEHMS] HACTPOEK BBECTY KOMAH/bI:
ifdown ethQ
ifup ethO
6. BBecTy KOMaHJIy:
ifconfig ethO
B c1yuae ycrenrHoro BhIMOMHEHMS] KOMaHIbl B TEPMUHAIbHOI POTpaMme 0TO0-

passTcs mapaMeTphbl CEeTH, 3HAUEHUST KOTOPBIX OYIAYT COOTBETCTBOBATH 3aAaHHBIM
paHee HaCcTPOIiKaM.
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7.2. U3MeHeHUue napons

JIst M3MeHeHus Taposist TI0 YMOTUYaHUIo (CM. paszen 6.1) cienyet:

1. HopkmounTbes K mpubopy METPOTEK M716-02-001/2 (cM. pa3zent 6), UCTIOTb-
3ys1 YYETHYIO 3a1IUCh root.

2. BBecTy xoMaHny passwd U cl1eloBaTh yKa3aHMIM Ha skpaHe I1K.

7.3. Jo6aBneHune nonb3oBaTenemn

Ilnst mo6aBeHMsT HOBBIX TIOIb30BATENEN ClIeyeT:

1. MoaxnrounThes K mpub6opy METPOTEK M716-02-001/2 (cM. pa3nen 6), UCITOb-
3ysl yUETHYIO 3aIMCh root.

2. BBectu KomaHIy adduser u cjiefoBaTh YKa3aHUsIM Ha 3kpaHe [1K.
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8. Metoauka RFC 2544

Ipumeuanue. Vinbopmaiiys o KOMaHAaM, TO3BOJISIONIMM BBITOJHNATb Y HACTPOUTH TECTHI
o metoauke RFC 2544, npuBeneHa B 6polniope « YHUBEPCaAbHbI M3MePUTEIbHbIA 30HT
METPOTEK M716-02-001/2. PyKOBOACTBO 110 KOMaHAaM yIaJIéHHOTO yIIPaBIeHUsI», BXOI I e
B KOMIUIEKT [TOCTaBKMU.

Metonuka RFC 2544 [1] onpenensieT HA6op TeCTOB, KOTOPbIE UCTIONb3YIOTCS IPU
OLIEHKe BasKHeMIIMX napaMeTpoB ceTeBbix ycrpoiictB. METPOTEK M716-02-001/2
MO3BOJISIET TPOBOAMUTH YEeThIpe CTAHJAPTHBIX TeCTa COIMIACHO PeKOMEeHIAIMSIM
RFC 2544: aHajn3 IPOITYCKHOM CITIOCOGHOCTH, 3aI€PKKM, YPOBHS ITOTEPh KaJpPOB U
TpefenbHO HATPy3KN.

8.1. AHanus3 NponycKHOM CNOCOGHOCTHU

1 Vi
1 >
IIPOU30LILIA IIOTEPst -
KazIpoB - V. '\\\
V2<Vl1 p- e
> ( ) <

|
= &

Ne nonsITKH

V1, V2 - cKkopoCTb nepeiady JaHHbIX

Puc. 8.1. AHanu3s nponyckHoli cnocobHocmu

IIpumeuaHue. AHanu3 TIPOITYCKHOM CIIOCOOHOCTY MPOBOAUTCS C LIeJIbI0 OMpeeeHs] MaK-
CHMaJIbHO BO3MOSKHOI CKOPOCTM KOMMYTALIVIY [IJIST CETEBBIX 3IEMEHTOB B TPAHCIIOPTHBIX CETSIX
Ethernet.

IporyckHast CIOCO6HOCTh — MaKCMMaJIbHasi CKOPOCTb Iepefauyt JaHHbIX, Ha KO-
TOpOI KOMMdecTBO Kazpos', mpomenmmx yepes DUT, paBHO KOMIYECTBY KaJ[pOB, OT-
MpaBJIeHHBIX €My C TeCTUPYIOLIero o6opynoaHus. [Ipu aHaaM3e MPOMYCKHOI CIIO-
COGHOCTM MUCITONIb3YeTCsI MeTOH, 6MMHaAPHOIO TTOVCKA.

! TepMMHbI Kadp M nakem B ONMUCaHUAX TECTOB ABNAKOTCA CUHOHMMaMMU.
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Ilyis ompeneneHns MPOITYCKHO CITOCOOHOCTY HEKOTOPOEe KOJIMUYECTBO MaKETOB C
3aJaHHOl ckopocTbio iepenaéTcst Ha Bxon DUT (puc. 8.1). 3aTeM NOACYMUTHIBAETCS
KOJIMYECTBO MaKeTOB, npuiienmnux ¢ BbixogHoro rnopra DUT. Eciu oHO okasbiBaeTcs
PaBHBIM KOJIMYECTBY OTIIPAaBIEHHbIX IAKETOB, TO TECT 3aBepPILaeTCs, TaK KaK OKOH-
YMJICS YCIIeIIHO Ha 3aJIaHHOI M0b30BaTe/ieM CKOPOCTH.

Ecnu KonmuecTBO MPUHSTHIX ITAKETOB OKa3bIBAE€TCSI MEHbIIIe, YeM KOJMYECTBO I1e-
pelaHHbIX, TO HAUMHAETCS MTOMCK MaKCMMalbHO BO3MOXXHOM CKOPOCTH, Ha KOTOPOit
OTCYTCTBYIOT IIOTEPM: TEKYIAsl CKOPOCTb YMEHbIIAETCS BABOE, U TeCT IOBTOPSIET-
cs. Eciu B X0Zle HOBOTO TeCTa MOTePh HET, CKOPOCTh YBEIMUMBAETCSI Ha MOJIOBUHY,
COIJIACHO aJITOPUTMY 6MHAPHOTO roucka. Eciiv morepu 6b1M — CKOPOCTh YMeHbIIIa-
eTcs BaBoe. IToce n3MeHeHUsI CKOPOCTY TECT IOBTOpPsieTCsl. Mi3MepeHMs BbIIOIHSI-
IOTCSI IO TeX 0P, IT0Ka He OyeT HaliieHo 3HaueHue, 6/11M3Koe K 3HaUEeHUIO AeiCTBI-
TeJIbHO MPOIYCKHO CTIOCOGHOCTY C TOUHOCTBIO, YKa3aHHOI B HACTPOIKAxX TecTa.

8.2. AHanus 3afaepiKKu

M - xap ¢ merxoit

I1ayKa KajgpoB -
OO~ -

) \
- { NUT :> -
m] [miml

3agepxkka = Tb - Ta

Puc. 8.2. Ananus 3adepiku

Ipumeuanue. AHanm3 3aJePXXKM TIO3BOJISIET OIEHUTh BPEMSI, KOTOPOE HEOGXOAMMO Kanpy
IS TIPOXOKAEHVSI OT MCTOUHMKA K TTOTy4YaTesio ¥ 06paTHO. isMeHeHe BeJIMUMHbI 381 P3KKA
MOKET IPUBOAMTH K MPo6eMam B paboTe CEPBICOB PeabHOTO BPEMEHM.

[Tpu aHanmse 3aAepXXKu OJ1s KKIOr0o pa3Mepa MakeTa Ha 3aJaHHONM (M TOMy-
YeHHOI B pe3y/ibTaTe TecTa «[IpoMmycKHast ClIOCOGHOCTh») CKOPOCTH OTIIPABIISIETCS
MOTOK Ka/ipOB, aipeCOBaHHbIX MTOTyyaTe0. B makeTsl BCTaBI/ISIIOTCS METKM OIIpefie-
sneHHoro ¢opmara. Ha nmepeaoiieit CTOpOHe 3aMMChIBAeTCs 3HaUeHMe Ta — BpeMms,
K KOTOPOMY ITaKeT C METKOJi 6bIJT TOJTHOCTHIO NepeaH. Ha mpuémMHOIT CTOpOHe ompe-
IlensieTCsl MeTKa M 3alMCbhIBAeTCsl 3HaueHne Tb — BpeMsI puéma rakeTa ¢ MeTKOIA.
3aiepskKa MpeAcTaBasieT co060ii pasHUIly 3HAUEHUI 3TUX MeTOK: Tb - Ta. ITo pe-
3y/IbTaTaM aHaIyu3a BIYMCISETCS CpeaHsIs 3ajepiKKa.
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8.3. AHanus ypoBHSI NOoTepb KaapoB

100%
— >

<
MOTEPH - Xl%

L
90%
1 —
-
norepH - X %
2 T -

Ne noneITKH

Xl%’ X2% — TIOTEpH IIPU COOTBETCTBYIOLIEH Harpys3ke
Puc. 8.3. AHanu3s yposHs nomeps Kaopos

Ipumeuanue. AHanu3 ypoBHS MOTEPb KaJPOB HEOOXOOVIM /ISl IIPOBEPKM CIIOCOGHOCTH Ce-
TU MOAAEPKMBATH IPUIOKEHMSI, KOTOpbIe paboTaIOT B peabHOM BpeMeHU (6e3 BO3MOKHOCTH
ITOBTOPHOI Tepefaun), Tak Kak GOJbIION MPOLIEHT MOTEPh KaApoB MPUBEAET K YXYAUIEHUIO
KayecTBa cepBuca. JIaHHbIA TeCT MO3BOJISIET PACCUMTATH MIPOIIEHT KaJpOB, KOTOPbIE He GbLIN
rnepenaHbl CeTEBbIM 3IEMEHTOM IIPU IIOCTOSIHHO HAarpy3Ke 13-3a HeloCTaTKa allfapaTHbIX pe-
CypCOB.

[Tpu aHanm3e ypoBHs noTepb Kaapos Ha Bxof DUT Ha 3amaHHOV Ha4a/IbHOJ CKO-
POCTH TIOChLIAeTCS HEKOTOpOe KOIMYEeCTBO KaJIpoB (input count) U MOACUUTHIBA-
€TCsI KOJIMYECTBO MMaKeTOB, Mpuienmnx ¢ BerxogHoro nopta DUT (output count).
VcnibITaHMs TOBTOPSIIOT, YMEHbIIIAasi CKOPOCTh TECTOBOTO MOTOKA 40 3aJaHHOTO KO-
HEYHOTO 3HaUeHMsl, TIOKa B JIBYX IOIbITKAX MOAPSI He GyIeT MOTepsTHO HY OJHOTO
Kapa. YpoBeHb MOTEPh KaIPOB PACCUUTHIBAETCS O (hopmyiie:

100 x (input count — output count)

(input count)
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8.4. AHanus npepenbHOM HarpysKu

rayka KaJ[poB

o

1 kazp noTepsAH y

KOJI-BO Ka/IpOB B Mauke
yVIEHbl IEIE’TCﬂ
Q\ NUT
i

noTephb HET

Ne nmonbITku

Puc. 8.4. Ananu3s npedenvHoli Hazpy3ku

IIpumeuarnue. AHanu3 npesie/IbHONM Harpy3ku MO3BOJISIET OLLEHUTDb BpeMsl, B TeUeHMe KOTO-
POTO YCTPOVCTBO CIPABIISIETCS] C MAKCMMAJIbHOM HAarpy3KOii.

[Tpu aHanuse npepenbHON Harpy3ku Ha Bxop DUT oTchuialoTcst Kagpsl € 3a8aH-
HOJ (M1 TIOITyYeHHO# B pe3y/bTaTte Tecta «[[ponmycKHasi ClIOCOOHOCTb») CKOPOCTHIO
U TIOACYMUTHIBAETCS KOJIMYECTBO MakeToB ¢ Bbixoaa DUT. Eciv 0HO oKa3biBaeTCsi paB-
HBIM KOJIMYECTBY OTIIPaB/IeHHbIX KaJpOB, TO TECT 3aKaHuUMBaeTcs. Eciin ke kommuue-
cTBO nakeToB Ha Bbixofe DUT meHbIle unciia OTIIPaBAeHHBIX, TO BpeMs YMeHbIa-
eTCsl ¥ TeCT IOBTOPSIETCSI.
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Ipumeuanue. 'nbopmarnys 1o KOMaHaM, II03BOISIOIIVIM BBIIIOMHUTD ¥ HACTPOUTD TECTHI
1o pekoMeHpaiuu Y.1564, npuseneHa B 6poiope «YHUBEPCATbHbIA M3MEePUTENbHbBIN 30H],
METPOTEK M716-02-001/2. PykKOBOACTBO 110 KOMaHaM yAaJIEHHOTO YIIpaBIeHUSI», BXOASII e
B KOMITJIEKT IIOCTaBKMU.

OcHOBHOI1 3amaueit mpu TecTupoBaHuu Ethernet-ceteii siB/isieTcst ompemeneHue
COOTBETCTBMSI MPEAOCTABIISIEMBIX YCIYT (HAIpUMeD, BuUIeo, TeneoHMN, 3eKTPOH-
HOJ1 TTOYTHI, OHJIAMH-UTP U T.J.) XapaKTePUCTUKAM, KOTOpble OTOBapMBalOTCS B CO-
riameHnn o6 ypoBHe o6cmykuBanus (SLA — Service Level Agreement) mexxay orie-
paTopamMu CBSI3U U KiMeHTaMu. Ha mepBoM MecTe CTOSIT BOITPOChI 06ecreueHms ra-
PaHTMPOBAHHOTO KavecTBa oocayxuBanus (QoS — Quality of Service), koTopoe xa-
paKkTepu3yeTcs: pa3IMYHbIMU ToKa3aTensiMu (CM. paszaen 9.1). B HacTosee BpeMst
CYILIeCTBYeT JIBe OCHOBHbIE METOAMKM JIJIs OLIeHKM 9TUX TapaMeTpoB — RFC 2544 [1]
u ITU-T Y.1564 [5] (cpaBHEHME METOOUK ITPUBEEHO B pasnerne 9.2).

9.1. NokKa3aTenu Kavecrea

OCHOBHBIe TTOKa3aTeqM KauecTBa ITpefocTaBisieMoro cepsucal (SAC — Service
Acceptance Criteria):

1. FTD (Frame Transfer Delay) — 3apmepskka pacrpocTpaHeHus KaJpoB.

2. FDV (Frame Delay Variation) — oTk/I0HeHMe 3aJeP>KKY pacIIpoCTpaHeH s KapOB.
3. FLR (Frame Loss Ratio) — ypoBeHb ITOTepb KagpoB.
4

. CIR (Committed Information Rate) — rapaHTHpOBaHHAs TIOJI0CA TTPOITYCKAHMS
LIS cepBuca.

(921

. EIR (Excess Information Rate) — makcumManbHO gomycTuMoe rpeBbiieHne CIR.

6. M-dakTop — MakcuMManabHO IONYyCTUMOe mpeBbiiieHne BennunHbl CIR+EIR.

! TepMMHbI ycnyeaa, Cﬂy)l{ﬁﬂ W cepsuc B LaHHOM ONUCAHMKU ABNAKOTCA CUHOHUMaMU
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9.2. CpaBHeHue RFC 2544 u ITU-T Y.1564

Metonuka RFC 2544 6bla co3maHa IJist TeCTUPOBAHMUS MaKCMMa/IbHOI ITPOU3BO-
IUTEJIbHOCTY CETEBOTO 000PYAOBaHMS U MMOAXOOUT IJIsl OLIEHKM 3TOTO IapaMeTpa B
cJTyyae OTHeNbHOTO KaHala win ycrporiicTBa. Ho ¢ mosiBeHueM B KaHajax pasand-
HBIX CITY3K6, paboTaMX OJJHOBPEMEHHO, BBISIBUJICS PSIJl HEJOCTATKOB METOMUKN.

Pexkomenpanus ITU-T Y.1564 yunTsiBaeT 3T¥ HEILOCTAaTKU U OPUEHTUPOBaHA Ha
TECTUPOBAHME MYJIbTUCEPBUCHBIX CETEM, TIO3BOJISISI IPOBECTYM OBICTPYIO OLIEHKY CO-
OTBETCTBUS CeTU TpebGoBaHMSIM SLA.

RFC 2544 ITU-T Y.1564
Nsmepenne FTD VA V4
Wsmepenye FDV? - Vv
HN3smepenne FLR Vv V4
AHanus  OIHOBPEMEHHO | — A

PaboThI HECKOMBKUX CITYKO

Bpemst TecTMpoBaHMs

Ilns mpoBepkM COOTBeTCTBUSI SLA
Tpe6yeTcst IPOBECTY IOC/IeA0BaTeIb-
HOCTb TOBTOPSIIONIMXCSI TeCTOB. B
CBSI3M C STMM TeCTMPOBaHME MOXKEeT
3aHSTb IPOJO/DKUTETBHOE BpeMsl.

Iins mpoBemeHus Tecta KOHMUry-
paumMu OfHOI yciyru Tpebyercs He
6osee 6 MUHYT. JIJIUTEIBHOCTD TECTa
MPOU3BOAMUTENBHOCTA MOXKET OBITh
3ajlaHa OT HECKOIbKMUX CeKyH[ [0

HECKOJIbKMX CYTOK.

Takum 06pa3oM, TeCTMpOBaHMe 1o pekoMeHgauuu Y.1564 no3BoisieT oqHOo3HaAY-
HO OMpeneNnTb COOTBETCTBME KaHala MapaMeTpaM, 3asiBleHHbIM B SLA, a Takke
CYyIIeCTBEHHO COKPATUTh BpeMeHHbIe 3aTpaThl Ha aHAIN3 32 CUET ONHOBPEMEHHO
OIIeHKM HECKOTbKUX CITY3KO.

9.3. TecTbl KOHPUrypauum

TecTbl KOHOUTYpALIMY COCTOSIT U3 TPEX He3aBMUCUMbIX TecToB — CIR, EIR u Traffic
Policing. C ux moMoIpio Kax/Iblit cepBUC ITPOBEPSIETCSI HA COOTBETCTBME 3aIaHHBIM
mapameTtpaMm SAC, a Takke OIL[€HMBAETCSI, OCTAETCS JIM MPOITYCKHAsT CIIOCOOHOCTh B
YCTaHOBJIEHHBIX IIPeJeNiax Py YBeTMYeHUM Harpy3Kul. Llesb — y6emuTbCs B TOM, UYTO
HACTPOMKM CETU MO3BOJISIIOT KAXKOMY CEpBUCY paboTaTh OTAEIBHO OT IPYIUX CITYKO
C 3asIBJIEHHOI IMPOM3BOANTENbHOCTbIO. [Ipy MpoBemeHNM JaHHBIX TECTOB CEPBUCHI
MPOBEPSIOTCS TI0 OYEPEIN, [IJIsI OLIEHKM OTHOBPEMEHHO PabOThI MPUMEHSIETCS TECT
MPOU3BOAUTENIBHOCTU (CM. pa3zen 9.4).

2 BenuumHa FDV BNAETCA KIIOYEBbIM napameTpom ans VolP/IPTV u ucnonbsyetcs npu HacTpoiike 6ydepusaumm
Tpaduka.
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9.3.1. Tect CIR

Tect CIR ucnonb3yeTcs s MPOBEPKU TOTO, UTO Mpu IMepeiade JaHHbIX C HATPY3-
Koit Ha ypoBHe CIR mokaszaTeny KauecTBa HaxXOASATCS B MpefAesax, yCTAHOBIEHHbBIX
SLA. B xofle JaHHOTO TecTa M3MePSIIOTCSI OCHOBHbIE ITOKa3aTe/ln KauecTBa KaXa0ro
cepsuca (FTD, FDV, FLR), noc/ie yero 3Tu 3HaueHUs CPaBHUBAIOTCS C 3aJaHHBIMU
napameTtpamu SAC.

ITpu6op METPOTEK M716-02-001/2 mo3BoJsieT 3aJaBaTh KOAMYECTBO LIAr0B JJIst
npoBefeHus TectupoBanus: 1 mar — Tect CIR 6yget mpoBenéH mpu 100 % Harpyske;
2 mara — TecT 6ymeT mpoBenéH B nBa srama: 50 u 100 % OT 3amaHHO HArpy3Ku;
3 mara — Tect 6ymeT mpoBenEH B Tpu artama: 50, 75 v 100 % oT 3amaHHOIT HATPY3KK;
4 mara — TecT OyzeT MpOBenEH B ueThipe dTama: 25, 50, 75 u 100 % ot 3amaHHOI
Harpy3Ku.

MponyckHasi
€nocobHOCTb

CIR

0.75xCIR

0.5xCIR

0.25xCIR TecT CIR:

war 1 war 2 war 3 war 4
warun

9.3.2. TecTEIR

Tect EIR ci1y>kuT [j1s1 IPOBEPKU TOTO, UTO Py Iepefaye JaHHbIX C HAarpy3KOi Ha
ypoBHe CIR+EIR pe3ynbTupyonias MpomycKHasi ClIOCOGHOCTD JIJIsT KaXKI0TO CepBMCca
He IpeBbIIIaeT JONMYCTMMOe 3HaueHue 1 HaxoauTcs B npefenax oT CIR (c yuétom
3amaHHOro ypoBHs noreps Kaapos) 7o CIR+EIR: CIRx (1-FLR)<IR<CIR+EIR. Benu-
4yyHa noTepsb Kaapos (FLR) ycTaHaB/IMBaeTCs MO/Ib30BaTeIeM.

ITpumeuanue. Pexxum «colour-aware» (BO3MOKHOCTb ITOM€eYATh IIBETOM ITepefaBaeMble Kaji-
pbI) He TIOAIePXKUBAETCS.
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MponyckHas
cnoco6HoCcTL

>
>

CRER | m o e e e e e e e = = = = =

[o]]; Y A . / [
CIRX(1-FLR) |- = = — — — = iepyd _ _ _ _ _

L TecTEIR

Tect CIR  Tect CIR  Tect CIR  Tect CIR

wari  war2  war3  war4 waru

9.3.3. Tect Traffic Policing

Tecr Traffic Policing ncronb3yeTcst 17151 TPOBEPKM TOTO, UTO MPU Iepefade JaHHbIX
C Harpy3Koii, IpeBbINIA0IIeli pa3pelIéHHYIO /ISl CEPBUCA, CeTh OyIeT OTPaHNYMBATh
ero IoJsiocy npoiryckaHus. Harpyska Jjist 3Toro Tecra, ycTaHaB/IMBaeMas I10/1b30Ba-
TeJjleM, JO/DKHA mpeBbimaTh ypoBeHb CIR+EIR .

MponyckHasa
cnoco6HocTs A

Traf.Pol.(L2) | = = = = = = = = = = = -

CIR+EIR+M L . _~2FV P MET o T o -
CR+ER o = = = = = = = = = -

CR |
CIRx(1-FLR)

1 reer
+ Traffic
: Policing

>
TecTCIR TecTCIR TecT CIR Tect CIR Tect EIR warv
war 1 war2  war3  war

9.4. TeCcT NnpoM3BOAUTENIBHOCTU

TecT TPOU3BOOUTENBHOCTY UCTIONb3YETCS /IS OIEHKM OJHOBPEMEHHO paboThI
BCex cepBUCOB. [Ipy MpoBeleHMM TecTa BBIMIOIHSIETCS Mepefaya JAaHHBIX [IJI BCeX
CTyk6 OIHOBPEMEHHO € Harpy3Koii Ha ypoBHe CIR 1 IpoBepsioTcst 3HaUeHMs IToKa-
3aTeseil kKauecTBa [Jisl KaXIOro ceppuca. ENMHCTBEHHOI HACTPOIKOV TecTa SIBSI-
eTCsl ero JJINTeNbHOCTb, KOTOpasi MOXKET COCTaBJISITh OT HECKOIbKMUX MUHYT 10 4-X
THe7.
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9.5. M-dakTop

ITpu mpoBenenuu Tecta Traffic Policing B pe3ynbraTe 6ydepusanyuy B HEKOTOpbIE
MOMEHTBI BpeMeH) Ha IpuéMe OKa3bIBaeTCs OOJbllle JAHHBIX, YeM OTBEEHO ISl
cepBuca. DTO SIBJISIETCSI 0COOEHHOCTBIO, @ He c60oeM B paboTe ceTy. UTOOBI yUecTh Ty
0co6eHHOCTh, B ITU-T Y.1564 ucnonb3yercs: M-bakTop — MakCMMaabHO IOMYCTHU-
moe mpeBbitierne BenuunuHbl CIR+EIR (cm. ITU-T Y.1564 n. C.2 pasg. 8.1.2).

9.6. Anroputm usmepeHusa FTD

Jl1s1 usmepeHnus 3agep>kku pacrpocrpaHenus Kaapos (FTD) BeIonHAIOTCS ciieny-
IoIlIMe OeiCTBUS:

1. Hanepeparoiiieii CTOpOHE B KK blii aKeT BCTaBJIsIETCSI BpeMeHHas meTka (Ta).

2. Ha npuémHoIt CTOpOHe 3amuCchIBaeTCs 3HaYeHMe BpeMeHM Mpuéma mnakera C
meTKoit (Tb).

3. BorumciseTcs 3a/iepskka IpoxoskaieHus rnakera B cetu: Th — Ta.

Ipumeuanue. TIpUEMHUKOM U TTEPEIATUMKOM INOKEH ObITH OOUH U TOT K€ MIPUOOP M
[IBa Ipu6Opa, CUHXPOHM3MPOBAHHbIX 110 TPOTOKOITY NTP.

4. OUKCUPYIOTCSI TPU 3HAUEHUS 3aJepXXKM — MUHUMasbHoe (F'1T'D_min), cpen-
Hee (FT'D_avg) u MmakcumanbHoe (F'T'D_mazx). CpefiHee 3HauUeHMe 3aIePsKKU
BBIUNC/ISIETCS] KaK CyMMa 3aiepKeK [IJIsI BCeX MPUHSTHIX IaKeTOB, OJe/IeHHas
Ha KOJIMYeCTBO MPUHSTHIX TaKeTOB.

OTU 3HaYEHMS OTOOPAKAIOTCS B PE3Y/IbTAaTax TeCTa MPOU3BOANTENbHOCTH JAJIsSk
KaXkIoro cepsuca. [Ijisi CBOJHOIO TecTa MPOU3BOAUTEIbHOCTY U TECTOB KOH-
dburypanyy BoIBOIATCS CpeIHNMe 3HAUeHUS.

9.7. Anroput™m nsmepenusa FDV

OTkIOHeHMe 3a/iepKKy pacnpocTpaHeHns Kagpos (FDV) B cooTBeTCTBUM C peKo-
mengaumeit ITU-T Y.1563 [7] usmepsiercs o dopmyne: FDV = FTD — FTD_min.

Hampumep, eciu 6pUmi M3MepeHbl 3HAUEHUS 3afepKKM PacIIpOCTPaHeHMs Kaf-
poB: FTD min = 1.5, FTD_avg = 2.5, FT D_maz = 5.5, To 3HaueHus FDV 6yayT
cnepywomumu: DV _min =0, FDV _avg = 1.0, FDV_max = 4.0.

T BeIMUMHBI 0TOOPAXKaIOTCS B pe3y/IbTaTax TecTa IPOM3BOAUTENIbHOCTHM AJIST KasK-
Joro cepsuca. [Isl CBOGHOTO TeCTa IPOM3BOAUTENBHOCTH Y TeCTOB KOHMUIyparmn
BBIBOASITCSI CPeJHYE 3HAUEHMS.
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IIpumeuanue. VInpopmanysi 10 KOMaHAaM, O3BOJISIIOIIMM HAaCTPOUTH GYHKILMUIO ITepeHa-
MpaB/ieHys] TeCTOBOro Tpaduka, NpuBeeHa B GpoluIope « YHUBEPCAIbHBIN M3MepUTETbHbIN
3084 METPOTEK M716-02-001/2. PYyKOBOACTBO 110 KOMaHAaM yIaJéHHOIO yIIPaBJIeHMsI», BXO-
Jis1eli B KOMIIJIEKT IIOCTaBKMU.

s TectupoBaHus ceteii mo metonuke RFC 2544 (cm. paspen 8) u pemeHus psi-
Ila IpyIuX 3aa4 1ucronb3yercs pyHkuus «Ilneitd», mo3Bossiolas epeHanpas/isiTh
06paTHO MPUXOAAIINIA Ha MPUOOP TpabMK Ha YETHIPEX YPOBHAX Momenu OSI:

1. Ha ¢usuueckom yposHe (L1) Bech Bxoasiuit TpaduK mepeHanpapisieTcst 06-
paTHO 6e3 M3MeHeHMIt, TP ITOM BeIETCS CTaTHUCTIKA 10 TPMHMUMaeMOMY Tpa-
duxy.

2. Ha kaHanpHOM ypoBHe (L2) Bce BXOAsIIMe Kaapbl epeHarpaB/sioTcs 06par-
HO, IPU 3TOM MeHstoTcss Mectamy MAC-agpeca OTIIPaBUTENS U TIOJTyYaTes.
Benércs craTucTMKA MO IPMHMMAEMOMY U TlepefaBaeMoMy Tpaduky.

3. Ha cereBoM ypoBHe (L3) Bce BXOAsIIe IMaKeThl ITepeHanpaBIsioTcs o6parT-
HO, IPU 3TOM MeHstoTcss Mectamy MAC-agpeca OTIIPaBUTENST U TIOJTyYaTers.
Ecwtn none «EtherType» umMeet 3HaueHme 0x8000, Takke MEHSIIOTCSI MeCTaMy
[P-agpeca oTrpaBuTeIS U TIOAyYaTesNs. Beg€Tcs cTaTuCTHKA IO TPMHUMAaeMO-
MYy U TiepefaBaeMomMy Tpaduky.

4. Ha TpaHcriopTHOM ypoBHe (L4) Bech BXOfsmmit Tpaduk mepeHanpaBiseTcs
06paTHO, MPY 3TOM MeHSI0TCcst MecTamu MAC-afipeca OTIIpaBUTENS U IOTyda-
tenst. Ecin mone EtherType nmeet 3HaueHme 0x8000, Takke MEHSIIOTCS MeCTa-
mu [P-appeca otnipaButens u nomydarensi. Homepa TCP/UDP-niopToB oTIipa-
BUTEJISI U TIOyYaTess] MEeHSIIOTCSI MeCcTamu, ecu nose «Protocol» umeeT 3Ha-
yenue 6 (TCP) unu 17 (UDP).

Hpumeuanue. s mneiicda kaHanpHoro (L2), cereBoro (L3) u TpancnoptHoro (L4) ypoBHeii
TaKeThbl C HeMPaBUIbHOM KOHTPOIbHOV cymMOii (FCS) He mepeHanpaBisiOTCs.

Hpumeuanue. [Ons uueiida xananbHoro (L2), cereBoro (L3) u TpancrnoprHoro (L4) ypos-
Heit makeTsl ¢ oguHakoBbiMU MAC Dst 1 MAC Src, a Tak ke 6JIOKM JaHHbIX MpoTokona OAM
(OAMPDU) u ARP-3ampocsl, comepsKaliyecs: BO BXoAseM Tpaduke, He epeHarpaBIIsiioTCs.

Ipumeuanue. Eciu BXxoasimii maket cogepskuT MPLS MeTKy, OH GyfeT nepeHarnpasieH 6e3
V3MEeHeHUsI eé 3HaueHusl.
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11. NMaKeTHbIN AXUTTEP

Ipumeuanue. Vinbopmanus o KOMaHIaM, ITO3BOJISIONIMM HACTPOUTb aHA/IN3 MTAKETHOTO
KUTTepa U QYHKUMIO TeHepalMy TeCTOBOTO MMOTOKA, MPUBeeHa B Gpoliope «YHUBEPCaIb-
Hblit usmeputenbHblii 3050 METPOTEK M716-02-001/2. PykoBOACTBO IO KOMaHAaM yAal€H-
HOTO YIIpaBJIeHMS», BXOJSIIE! B KOMIUIEKT IOCTaBKU.

BayxHoit 3amayveit mpu TectupoBanuy Ethernet-cereit siBisieTcs onpepeneHue na-
KeTHOTO AxuTTepa. B coorBeTcTBMM ¢ MeTonVKo RFC 4689 [9], makeTHbI IKUTTEP
— 9TO abCOMIOTHAsI Pa3HOCTh 3aJlep’keK PacIpoCTPaHEeHVsI ABYX ITOC/Ie[0BaTeTbHO
NIPUHATHIX [IaKeTOB, IPMHAJJIEKALIVX OGHOMY ITIOTOKY JaHHBIX. DTOT IlapaMeTp MC-
T10/1b3YeTCsI IJIS1 OLL@HKM BO3MOKHOCTY CeTH IlepefaBaTh UyBCTBUTENbHbIN K Bapua-
LMY 33/IeP>KKU TpaduK, TaKoi, Kak BUJEO WM peyb.

11.1. TecToBbIN NOTOK

OyHKIMS TeHepaliy TeCTOBOTO IIOTOKA MPUMEeHSIeTCS IPU U3MepeHUY TakKeTHOTO
IkuTrepa. CylecTByeT BO3MOKHOCTb TeHepalyi TECTOBOTO MOTOKa U M3MepeHusI
MaKeTHOTO JKUTTepa Ha OGHOM MOpTy (puc. 11.1), a TakKe reHepalum TECTOBOTO
II0TOKa Ha OJHOM ITOPTY ¥ M3MepPeHMsI ITIaKeTHOTO IKUTTepa Ha Apyrom (puc. 11.2),
TIPMYEM MTOPT IPKUEMA MOXKET pacrionaraThCs Ha yaanéHHoM mpubope (puc. 11.3).

nopt A(B): renepanust TecToBoro
[IOTOKA U OIPEJICNIEHUE JUKUTTEpa —

\JJ_T/ e

Puc. 11.1. U3mepenue dxcummepa. Cxema 1
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nopt B(A): renepanus
TECTOBOTO OTOKA

Puc. 11.2. H3meperue dxummepa. Cxema 2

nopt A(B): onpenenenue
JOKUTTEpa

nopt A(B): renepanus nopt A(B): onpenenenue

TECTOBOT'O IIOTOKA JUKUTTEPaA
- @ -

Puc. 11.3. H3mepeHue Oxcummepa. Cxema 3
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12. MPT

Ipumeuanue. Vindbopmariysi o KOMaHaM, TO3BOJISIIOLUIYIM HACTPOUTH U BBITIONHUTh
MPT-TecTsl , TpUBeAeHa B OpolIope « YHUBEPCATbHbIV M3MEPUTETbHbIN 30H],
METPOTEK M716-02-001/2. PykKOoBOACTBO 110 KOMaH1aM yAaJIEHHOTO YIIPaBJIeHUSI», BXOASII e
B KOMIUIEKT IIOCTaBKHU.

MPT (Metrotek Performance Tests) — Ha60p TeCTOB A1 aHa/IM3a TapaMeTpoB IP-
u Ethernet-ceteii. [To3BoJIsIET HEMPEPBIBHO reHEPUPOBaTh 10 300 HE3aBMUCUMBIX I10-
TOKOB (L2 minu UDP) 1 u3mepsITh OCHOBHBIE XapaKTE€PUCTUKM KaXKIOTO IMOTOKA : JKUT-
Tep, 3a[ePKKY U MOTEPU MAaKeTOB. BaykHO 0COGEHHOCTHIO SIBJISIETCSI BO3MOXKHOCTD
J06aB/SATh TECTOBBIN TpaUK K ceTeBOMY, ITPOXOSIIIEMY uepes Ipubop B TPAH3UT-
HOM pekumMe. CxeMbl ITOAK/TIOUeHMs Tpubopa 115 mpoBeaeHust MPT-TecToB nipuBe-
IeHbl B pa3fgenax 3.2, 3.3, 3.4, 3.6.

12.1. OxutTtep

V3mepeHMe IKUTTepa IPOVICXOIUT B COOTBETCTBUM C aITOPUTMOM, OIMCAHHBIM B
npunoxkeHun A.8 meronuku RFC 3550 [10].
BerumcieHne IKUTTEpa BLINOHSETCS 110 CIenyoIuM GopMyIam:

delta = abs(transit_time — prev_transit_time) (12.1)
jitter = jitter + 1/16 x (delta — jitter), (12.2)

roe:

— transit_time — BpeMsI IPOXOXKAEHMST TIAKeTa;

prev_transit_time — BpeMsI IPOXOXKIEHMS TIPEIbITYIIEro MakeTa;
— abs — GYHKIVS BRIUYMCTEHUST MOIY/S (a6COMIOTHOM BETMUMHBI);

— delta — pa3Huiia MeXXTy BpeMeHeM ITPOXOKAeHUS JBYX MOC/IeJOBATeIbHO IIPU-
HSITBIX ITAKETOB;

jitter — 3HAUEHMeE IKUTTEpA.

Ipumeuanue. [ sMepeHUs IKUTTEPA CUHXPOHM3AIMSI BpEMEHM He TpeOyeTcs.
Ipumeuanue. B pesynbratax MPT-TecTa 0TOOGpaskaeTcst CpeiHee 3a epuoj u3MepeHuit 3Ha-
YeHMe BEIMYMHBI IKUTTEPA.
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12.2. 3apepxKa

1151 U3sMepeHusI 3alepsKKY PacrpoCTPaHeHNMs KaIpPOB BBIMIOIHSIIOTCS CAeAyIouue
neicTBUS:

1. IIpu nepenaue nakera FPGA no6asnsier B MPT-curHatypy (cMm. paspen 12.2.1)
Bpems oTnpaBku — Ta.

2. Tlpu npuéme nakera FPGA no6asinsier B MPT-curnatypy Bpems rpuéma — Tb.
Ipumeuanue. TeHepaTopoM M aHAIM3aTOPOM TpadyKa HO/KEH ObITh OOMH U TOT Ke
npu6op mnu 1Ba Mpmubopa, CMHXPOHU3MPOBAHHBIX 110 MPOTOKOTY NTP.

3amepikKa MPOXOKIEeHMS MTaKkeTa B CeTH BbIUMC/IsETCS 1o Gopmyne: T — Ta.

IIpumeuanue. B pezynbratax MPT-Tecta oToGpaskaeTcsi cpeHee 3a [Iepuof M3MepPeHuit 3Ha-
yeHMe BeJIMYMHBI 38[I€PSKKHU.

12.2.1. CurHatypa MPT-Tpaduka

ITpu u3MepeHnn 3aIep>KKM He06X0AMO 3HATh TOUHOE BpeMs repeaayuin 1 puéma
nakera. [IJIs1 9TOr0 UCIOIb3YeTCs MOC/IeA0BaTEIbHOCTb 6UT, KOTOPAs JOOABIISIETCS B
KOHeII TI0/Ie3HOo# Harpy3ku Ethernet-makeTa u BBIIISIIUT CIEAYIONIMM 06pa3oM:

flow_id (16 6ut) pkt_num (32 6uta) timestamp (32 6ura) x_timestamp (32 6ura)

rme:

— flow_id — yHMKa/IbHBIN HOMED, TO3BOJSIONMIA UAeHTUGUIpoBaTh MPT-TIOTOK;

— pkt_num — HOpH,E[KOBbe;I HOMED I1aKeTa B IIOTOKE;

timestamp — BpeMsd OTIIPpAaBKU I1aKeTa;

x_timestamp — BpeMsI Ipuéma nakera.

12.3. MNMoTepu nakeToB
KonmuectBo IIOTePAHHBIX IMTAKETOB BbIUYMCISAETCS 110 Cl)OpMyne:

mazx_num — min_num + 1 — (rcv_cnt — dup_cnt), (12.3)
rme:
— max_num — MaKCUMaJIbHbI/i HOMED IIaKeTa 3a Iepyuo;

— min_num — MMHUMAaJIbHbI HOMED I1aKeTa 3a IIepunon;

— rcv_cnt — KOJIMYECTBO ITOYUYEHHbIX 3a IIepuo/i ITaKeToB,
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12. MPT

— dup_cnt — KOMMYECTBO TyGIMPYIOMIMX TIAKETOB 3a 1epuof, (KOJMYeCTBO IaKe-
TOB C TeM K€ [TOPSITKOBBIM HOMEPOM, UTO ¥ MPeIIIeCTBYIOIIIIA TaKeT).

Ipumeuanue. B pesynbratax MPT-TecTa 0TOOpakaeTcs cpefHee 3a mepuo M3MepeHnii 3Ha-

YeHJe BeJIMUYMHBI [IOTEePDb ITaKeTOB.

12.4. NMotoku L2 u UDP

KomaHgbsr mpt-tx ¥ mpt-rx MO3BOJSIIOT BHIOVPATh TUIT TeHEPUPYEMOTO MOTOKA:
«L2» umu «UDP». TToTok «L2» comepxkut Ethernet-nmakeTtsl, coCcTOSIIIME U3 3ar0I0B-
Ka 2-ro ypoBHs 1 MPT-curnartypsl (cMm. pasgen 12.2.1):

Ethernet-saronosok | Janusie | MPT-curHarypa

ITotok «UDP» comepskut Ethernet-makeTsl, COCTOsIIIVE U3 3aTOJIOBKOB 2, 3 1 4-r0
ypoBHeli u MPT-curHaTypsi:

Ethernet-3aronoBok | IP-3aronoBok TCP/UDP-3aronoBok JlaHHbIe MPT-curnartypa
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13. TectoBble KOHpUrypaumum

ITpu6op METPOTEK M716-02-001/2 no3BoJisieT MPOBOANUTH IBA HE3aBUCUMBbIX Te-
cra o metonuke RFC 2544 (cm. pasnen 8) wim MPT-tecra (cM. pasgen 12) omHOBpe-
MeHHO. TecTbl MOXXHO BBITIOJIHSITD B JIIOOBIX KOMOMHALIMAX: Ha pucyHKe 13.1 mpen-
CTaBJIeH BapMaHT aHa/l3a, KOIha ¢ mopta A Ha rmopT B mpoBogutcs Tect RFC-2544,
a c rropta B Ha mopt A — MPT. CxeMbl ITOAK/TIOUEHNS IIPUBEIEHBI B paszese 3.5.

—— RFC 2544 (A—B)
- - - MPT (B—A)

Puc. 13.1. /Iea He3asucumslx mecma

JI71s1 BBITIOJTHEHWUST OOHOBpPEMEHHbBIX TECTOB HEO6XO,E[]/IMO:

1. TTomK/IIOUYMTD IIPUOOP MO CXeme, IPeICTaB/IeHHOI Ha puc. 3.6 uiau puc. 3.7.
2. TIOAKIIOUMTBCS K IPpMOOPY (CM. pasmen 6).

3. Ilepeittu B pexkum ET-TeCcTOB KOMaHAOV «et» (Miu B peskum HacTpoiiku ET-
TECTOB, MIOCJIENOBATEIbLHO BBEIST KOMaH bl «et» 1 «configure»).

Ipumeuanue. Vlndopmanys Mo KoMaHAaM NpuBeneHa B Gpolrope «YHUBEPCATbHBIN
nsmeputenbHbii 3051 METPOTEK M716-02-001/2. PykKoBOACTBO IO KOMaHJaM yAaleéH-
HOTO YIIpaBJIeHNs», BXOASIIEl B KOMILJIEKT IIOCTaBKN.

4. BR/IIOYUTH I1IePBYIO TECTOBYIO KOHMUTYpAINIO, BLIOTHUB KOMaHAy «testconf 1».

Ipumeuanue. Homep TeKylleii TeCTOBOI KOHGUrypanyy BHIBOAUTCSI C TIOMOLIBIO KO-
MaHsI «testconf show».

5. BBIMOMHUTH HACTPOIIKY U 3aITyCTUTD TecThl 110 MeToavike RFC 2544 (v MPT).
6. BKITIOUNTH BTOPYIO TECTOBYIO KOH(MOUTYpALMIO, BHITTOMIHUB KOMaHy «testconf 2».

7. BBIMIOJIHUTD HACTPOIIKY U 3aITyCTUTD TeCThI 10 MeToavike RFC 2544 (wnu MPT).
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14. TpaH3UTHbIN pEXUM

ITpy mogKk/II0YeHUM K TECTUPYEMBIM KaHalaaM B Pa3pbIB CYLIECTBYIOLIETO COeMM-
nenuss METPOTEK M716-02-001/2 moxeT paboTaTh B OTHOM 13 TPEX PEKUMOB:

1. AnmapaTHbIif TpaH3UT («bypass») — MOPTHI MpMUOOpa 3aMbIKAIOTCS TaK, YTO-
ObI MOAKTIOUEHHBIE K HMM KabesIy 0CTaBaIiCh COeIVTHEHHBIMY A AXKe IOCJIe OT-
KITIOUeHMSI TUTaHus Tpubopa. [JJaHHbI PEKUM TTO3BOJISIET COXPAHUTD I1€JTO0CT-
HOCTb KaHasia CBS3U.

prueuauue. HpI/I nponagaHum MUTaHUs aHHapaTHbIﬁ TPAH3UT BK/IOYAETCA aBTOMaA-
TUYECKN.

2. TIporpaMMHBbIif TpaH3UT 6e3 A06aBIeHMS TECTOBOro Tpaduka — mpubop mpo-
IycKaeT yepe3 cebst makeTsl ¢ mopta A (B) Ha mopt B (A) (cM. puc. 3.1).

3. IIporpaMMHBIN TPaH3UT C fobGaBIeHNEM TeCTOBOro Tpaduka — mepegaya ce-
TeBOro TpaduKa ocyuiecTsisieTcs ¢ mopta A (B) Ha mopt B (A) ¢ omHOBpeMeH-
HBIM BBIIIOJIHEHVEM TECTOB (CM. puC. 3.2).

Pexkum paboThl Tpubopa HacTpauBaeTcss KoMaHmoi «passthrough» (mompo6Hoe
OmnmyMcaHyue TPUBEAEHO B Opoliope «YHUBEPCATIbHBIN W3MEPUTENTbHBIA 30HT,
METPOTEK M716-02-001/2. PykoBOLACTBO 110 KOMaHZaM yaaJI€éHHOIO YIIPaBIeHUsI»,
BXOZs11el B KOMILIEKT [IOCTaBKM).
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15. O6HOBNEHME NpOrpaMMHOro obecneyeHms

OG6HOB/IEHMeE porpaMMHOro obecrevenys (I10) mpuOopa BbIMIOIHSIETCS yepes MH-
Tepdeiic USB ¢ uconbp30BaHueM BHelllHero HakonuTens. O6HosnéHHoe 10 MoxkeT
BKJIIOYATH KaK MCIIPaBJieHMEe OMMOOK, TaK ¥ HOBble QYHKIMOHATbHbIE BO3MOKHO-
ctu. CoxpaHEéHHbIEe Ha TPU6GOpe JaHHbIe M HACTPOIKM TECTOB B Mpoiiecce 06HOBIIE-
HMSI He 3aTparuBaoTCs.

15.1. MNoAaroroBKa K OOGHOBNEHUIO

@aiinel ¢ o6HOBAeHMUsIMM [1O mOCTYIHBI Ha caiite http://metrotek.spb.ru
B pasgeine «I[Ipubopbi»=«O6HOBIeHNS». [lepen 06HOBIEHNEM HEOGXOOMMO 3arpy-
3UTh C CaiiTa Zip-apXuB, pacrakoBaTh €ro B KOpHeBo¥# kaTajor USB-HakonuTens u
03HAaKOMMUTBCS C COOEPKUMBIM (aitia readme . txt, B KOTOPOM XPAHUTCS BasKHAS MH-
dopmarus o pennse I10.

Ipumeuanue. TonaepsxkusaioTcs USB-HOCUTeNM TONMBKO ¢ (aiiioBoii cucteMoit FAT 1 06bé-
MOM He MeHee 256 MGaitT.

15.2. AnroputT™M O6GHOBNEHUSA

Ipumeuanue. He cienyet oTkmovyaTh USB-HakomuTeN b OT Ipr6GOpa A0 OKOHYAHMS ITpoliecca
OGHOBIIEHMS.
1. ToaKIIOYUTH K MPUOOPY BHEIIHNUI MCTOYHUK ITUTAHMS.
2. MopxmounTs K Mpubopy USB-HakOMMTEND, COmepsKaIinii daitabl 06HOBIEHMIA.

3. B TeueHne nepeoix 35—40 ceKyH 1 6yeT BbIITOTHEHO KOMMPOBaHMe ¢aiiioB 06-
HoBJieHMI ¢ USB-HakomuTes.

4. Tlocne cuMThIBaHUS HEO6XOOUMBIX (aitioB o6HoBIeHMe 10 HauHETCS aBTO-
maTtuuecku. IIporeaypa 3aHuMaeT He 6oiee 5 MUHYT.

5. Otkmounts USB-HakonuTesb. [Ipu6op roTos K pabore.
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16. MeToauka noBepku

Hacrosmiuii pasgen ycTaHaB/AMBaeT METOIbI M CPEACTBA IIEPBUYHOI U IIepUoguye-
CKOJ MOBepKY YHUBepcaibHOTO M3MepuTtenbHoro 3ouga METPOTEK M716-02-001/2.

16.1. Onepauuu noeepkKu

Ipy mpoBefeHN TIOBEPKY IOJKHBI GbITh BBIIIOJIHEHBI ONepalyy, YKa3aHHbIe B
Tabauie 16.1.

Ta6nauua 16.1. Onepayuu nogepxu

HaumeHnoBaHue onepauun |Homep nyHkTa |BblnonHeHue npu BeinosniHeHue nipu
METOIMUKMU MepBUYHOI NOBEpKe |IepUOoANIeCcKOit
ToBepke
BHemHmit ocMoTp 16.7.1 Ia Ia
Ornpenenenne YacTOTbI 16.7.2 Ha Ha
TeCTOBOTO CMUrHajaa MHTep-
derica 1G Ethernet

16.2. Cpeacrtea NoBepKu

Ipu ipoBemeHNM TIOBEPKM MPUMEHSIETCSI OJHO U3 CIEAYIONIMX CPECTB M3Mepe-
HMIA:
— uudposoii octyiorpad ¢ auddepeHIaabHIM BXOI0M C BO3MOKHOCTBIO 13-
MmepeHus yactoTel Tektronix TDS 2022;

— yactoromep Pendulum CNT-69.

JormyckaeTcst 3aMeHa CpeCcTB U3MepPeHUit IpyTrumMu, 06ecrieunBaoIumMy Heo6xo0-
IVIMYIO TOYHOCTb M3MEPEHUIA.

16.3. TpeboBaHua K KBanudukauum nosepurenem
K IMpOBEeOEHNIO UCTIbITaHUM OOITyCKaeTCd rnepCcoHall, 03HAKOMJIEHHBI C PYKOBOA-

CTBOM IT0 aKcIuTyaTaiuu nmpubopa METPOTEK M716-02-001/2, rpoIiieqiimit MHCTPYK-
taxk 1o IITB u [TB33T1, umeromiuit TPyIITy 31eKTPOO6Ee30IMacHOCTY He HUKE TPEThe.
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16.4. Tpe6oBaHMA K 6€30NacHOCTU

Tpy npoBefeHNM UCTIBLITAHNIT HeO6XOAMMO COOMIoAaTh TpeboBaums 6€30MmacHo-
ctu o TOCT 12.3.019, a Takke 0611111e Mepbl 6€30IaCHOCTHU, IPUBEAEHHDIE B Pa3I. 2
HACTOSIIIEro PyKOBOZICTBA 110 SKCILTyaTaLMA.

16.5. YcnoBua noeepku

WcnipiTaHust v moBepKy npu6opa METPOTEK M716-02-001/2 mpoBoasIT B HOpMaJib-
HBIX KIMMaTUUeCKUX YCTIOBUSIX U TP HOMUHAIbHOM HAIPSKeHUYM TUTaHUS :

— TeMIlepaTypa okpykaromiero Bosmyxa 0-35 °C;

— OTHOCUTEJIbHAs BIasKHOCTb Bo3ayxa 40-90 %, 6e3 KoHeHcaTa;

— HaImpsbKeHMe BHeIlIHero UCTOYHMKa nutanus — 12 B.

16.6. MNMoaroroeka K nosepke

[Tepen MpoBeeHNEM TTOBEPKY CIeyeT MPOBEPUTb HAIMUMe IKCILTYaTaI[MOHHOI
JMOKYMEHTAIIUY U CPOK JIeViCTBIUSI CBUIETETHCTB O TIOBEPKE HAa CPEICTBA IOBEPKIA.

BK/IIOYNTH CpeCTBa MOBEPKYM U MPOTPETh UX B T€UEHME BpeMeH!, YKa3aHHOTO B
MHCTPYKIMY 110 SKCILTyaTalUu.

16.7. NMpoBepeHne NoBepKU

16.7.1. BHeWwHUI oCcMOTp

Bu3syasbHBIM OCMOTPOM ITPOBEPSIIOT COOTBETCTBIE YHMUBEPCATTbHOTO M3MEPUTETb-
Horo 30H1a METPOTEK M716-02-001/2 TexHMUeCKO¥ JOKYMEHTAlUM B 4aCTU KOM-
IJIEKTHOCTY, a TAK)KE OTCYTCTBME BUAMMBIX TIOBPEKAEHMIA, 11€JIOCTHOCTb Kabeseit u
pa3bEMOB.
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16. MeToavnka noBepku

16.7.2. OnpepeneHue 4acToTbl TECTOBOrO CUrHana

ITpoBepKy YacTOThI TECTOBOTO curHajia uHrepdeiica 1G Ethernet mpoBogsT B co-
OTBETCTBUM CO CXeMOI, IIpeJiCTaB/IeHHO Ha puc. 16.1.

! OIIMOHANBHAS CXEMA
| I3MEPEHHUS

4acToToMep |

%

TX+

udpoBoit ocumtorpad
¢ auddepeHImanTbHBIM
BXOJIOM C BO3MOXXHOCTBIO
TX- H3MEPEHHs YaCTOThI

nopt A wiu B npubopa 100 Om

1

Puc. 16.1. Cxema nodxknwueHus

IIJist IpOBEpPKM YaCTOThI TECTOBOrO curHasa mpuoopa METPOTEK M716-02-001/2
cenyer:

1.
2.
3.

TTomKIIOUNTD GIOK MUTAHUS K Pa3beéMy MUTAHUS pubopa (CM. puc. 4.3).
[TomKIIOUUTBCS K MPUGOPY (CM. paszen 6), UCIIoNb3ys YUETHYIO 3amuch admin.
ITepevitu B pesxum ET-TecTOB KOMaH0i1 «et».

Ipumeuanue. Viudopmaius 1Mo KoMaHAaM MpuBefeHa B Gpoiriope «YHUBEPCAIbHbII
nsMmeputenbHbiii 3051 METPOTEK M716-02-001/2. PyKOBOACTBO IO KOMaHIaM yIaléH-
HOTO YIIpaB/IeHUS», BXOAAIIEN B KOMILIEKT IOCTaBKU.

4. BKIIOUMUTD TECTOBBIV PEKMM, BBITIOTHUB KOMaHy «test-pattern on».
5.
6
7

IMoaxaounTh MpMUGOP 10 cXeMe, MpeACcTaBIeHHO Ha puc. 16.1.

. BBIMTOMHUTD M3MepeHMsI, UCITOMb3YS MG POBOIt ocImIIorpad U yacToToMep.

. BBIK/IIOUMTH TECTOBBII PEXXUM KOMaH[Ioi «test-pattern off».

Inst mpu6opa METPOTEK M716-02-001/2 cornacHo IEEE 802.3 m.40.6.1.1.1 npu
BKJTIOUEHUY B TPAHCUBEPE TECTOBOTO PeKMMa («TECTOBBIN peskuM 2») Ha Mapax Ka-
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6eJist JO/DKeH HaOJIOAAThCS EPUOIUYECKUI CUTHA € YacToToi 62,5 MI' 4 6250 Ty
(£100 ppm).

16.8. OdpopMneHune pesynbLTaToB NOBEPKU

B ciryuae cooTBeTCTBYS MPMOOPa TPeOOBAHNUSIM, YKa3aHHBIM B TEXHUUYECKOI TOKY-
MeHTaly, pe3yabTaThl IOBepKMU 0OPMIISIIOT ITyTeM 3alucy B paboueM sKypHaie 1
BbIJIaYM CBUIETENBCTBA YCTAHOBIEHHO GOpMBIL. B cirydae oTpuIiaTeIbHBIX pe3yib-
TATOB MMOBEPKM HA IPMOOD BbIAIOT U3BEI€HME O HEIIPUTOTHOCTY C YKa3aHUEM MPU-
YuH 6paKOBAHMSI.
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17. TexHuueckoe ob6cnyKUBaHUE

Texunueckoe o6cmyskuBanme mpuoopa METPOTEK M716-02-001/2 3akiouaeTcs B
TepuoaMyeckoM BHEIlIHEM OCMOTPE YCTPOIiCTBA, 6I0Ka MATAHMS Y Kabesied C 1eIbio
cofiepsKaHus B MCIIPABHOM M UYMCTOM COCTOSTHUM.
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18. TexHunuyecKkana noaaepxka

3asiBKM 10 BCEM TEXHMUYECKMM BOIPOCAM IPUHUMAIOTCSI CIIY’KO07 MOAIepsKKI
1o pa6ounm gusIM ¢ 10:00 mo 18:00. O6paTUTBHCS B CIYKOY MOXKHO:

— 110 Tentehony: +7 (812) 340-0118, +7 (812) 340-0119;

— mo e-mail: support@metrotek.spb.ru.
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A. Cneundpukaumm

A.1. O6LwWmMe XxapaKTepUCTUKHU

VismeputenbHble MHTepdeiich! (A u B)

- 2xRJ-45 (10/100/1000 BASE-T);

— TIopmepkKa TexHomoruu PoE!;

— aBTOMATUYECKMIi PeXXUM «bypass» MeKILy
[IOpTaMM MY MpoTaJaHuy MUTaHUS UIN
IIPOrpaMMHO.

UHrepodeiicsl yrpaBieHus

- 1xRJ-45 (10/100/1000 BASE-T);
— 1xmicro USB AB OTG (host, device);
— 1 xmini USB B KoHCOJTb.

JIoTIO/THUTENIbHBIE CIJYHKLU/IM

— KHOIIKa cOpoca K 3aBOICKMM HaCTPOKaM;
- RTC c otmenbHOI GaTapeeit;
- backup-nutanmne;

— IATYMK AJI1 MOHUTOpUHTA TeMrepaTypsl FPGA.

Tabapurts! (I x I x B)

154x84x38 MM

Hal'[pH)KeH]/Ie NMUTaHUA

12 B BHemmHmit 610K nmuTaHus (48 B PoE!)

TMoTpe6iisiemast MOIIHOCTh ~7,5BT
IluamnasoH pabounux TeMreparyp 0-35°C
[lyiana3oH TeMnepaTyp -10...+45°C

TPaHCIIOPTUPOBKYU U XPAHEHUSI

OTHOCKUTe/bHAS BIAKHOCTh BO3aoyXa

80 % mipu Temmneparype 25 °C

1 Moaynb PoE siBNsieTCs onUMOHaNbHBEIM 1 paBoTaeT oT nopTa A (Mo yMonuaHuio) unu nopTa B. MepeHacTpoiika
moayns PoE ans pa6oTbl oT nopTa B BbiNonHsieTcs No NpeaBapuTeNbHOMY 3aKasy.
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

A.2. TectupoBaHue

Hacrpoiika mapameTpoB
KaJpoB

MAC- u IP-ampec oTripaBuTesIsl/IonydaTesnsi, HOMep rnopra
ormnpasurens/nonyvarens. [Tonst VLAN, MPLS, EtherType,
ToS, Precedence, DSCP. Pasmeps! Kafgpos 64 — 9600 6aiiT.

T'eHepalys TECTOBOTO MTOTOKA

B03MOKXHOCTD 3a7iaBaTh pasmMep Kajipa, AIUTEeTbHOCTh
reHepaLuu, BeJIMUMHY Harpy3Ki, apaMeTpbl 3ar0JI0BKOB
Kampa. OnpezeneHe KOJIMYeCTBa MepegaHHbIX TECTOBBIX
KaJpoB.

AHanu3 TeCTOBOTO MOTOKA

Ol'IpeILe]'IEHI/Ie KO/In4yeCTBa IMPUHATHIX TECTOBLIX ITAKETOB.
PesyanaTm dHaM3a: TeKylasi, MMHMMaJ/IbHasdA, CpeOHISI U
MaKCuMaJibHasd 3aJiep>KKa.

[neitd (Loopback)

UuTennexkTtyanbHbii nuieiid Ha pusnyeckom, KaHaIBHOM,
CeTeBOM U TPAHCIIOPTHOM YPOBHSIX.

VLAN

Ilo 3 VLAN metok. Kondwurypauust VLAN Priority u VLAN ID.

Cratucrtuka (RFC 2819)

TMo TMam Kagpos, [0 pasMepaM KaJpoB, 10 YPOBHSIM, I10
omM604YHBIM Kagpam. KommuecTBo MPUHSTHIX U ITepeJaHHbIX
MaKeTOB, 0TOGPaskeHMe HarPy3Ku Ha MOPTY B peayibHOM
BpeMenn. Tumst kKagpos: broadcast, multicast, unicast.
Pacnipenenenue 1o pasmepam. KonuecTBo Kagpos,
nepefaHHbIX Ha KAaHAJIbHOM ¥ CET€BOM YPOBHSX. [IakeThl
cBepxmasoii (runt), ceepx60sbiiioii (jabber) AIMHBI U MTaKeThI
¢ ommb6ounoi CRC.

RFC 2544 Throughput (nponyckHas crioco6HOCTb), Frame Loss
(ypoBeHb MoTePh KapoB), Back-to-Back (mpepenbHas
Harpyska), Latency (3azepskka pacripocTpaHeHus KaipoB).

MPT Tenepanys 1o 300 He3aBUCUMMBIX IIOTOKOB U M3MepeHye
OCHOBHBIX XapaKTePUCTUK KaKIOTO IIOTOKA: IKUTTED,
3aJlepskKa, IIoTepy MaKkeToB.

TpaH3ut BxittoueHye B pa3pblB COeAVIHEHMSI MEXK]Y CETeBbIMU
ycTpoiicTBamMy, c60p CTAaTUCTUUECKUX JAHHBIX O
npoxopsiieM Tpaduxe.

[Tonb3oBaTenbckue CoxpaHeHMe ¥ 3arpy3Ka TeCTOBbIX KOHGUTYpaLmit.

KoHbuUrypauum

OTuéThI TeHepa1yisl TEKCTOBBIX OTUETOB.

52



A. Cneundwukauum

TMonmepskka ceTeBbIX

HpOrpamMm 1 MPOTOKO/IOB2

Ping, Traceroute, DNS lookup, DHCP, SSH, Telnet.

Y.15642

ITo 10 MOTOKOB TaHHBIX C HE3aBUCHMOI KOHGUTypaLueit
Harpy3Ku U 3aroJIOBKOB Kazpa. [loTepu KafpoB AJist KaXkI0To
MOTOKA; IIMPUHA MTOIOCHI ITPOITYCKAHUSI, pACCUMTAHHAS 110
pe3ynbpTaTam TectTupoBaHus. Tekymias,, MMHMMAaIbHAS,
CpeIHss U MaKCMMasTbHas 3a/IepXKKa Mepeauy JaHHbIX.
KomdecTBo nepeaHHbIX Y IIPUHSITHIX TTAKETOB [JIJIST KaskI0TO
MOTOKA.

TlakeTHbI AKUTTED?

V3mepeHusi B cooTBeTCTBMMU ¢ MeToauKoi RFC 4689.
PesynbTaThl aHanM3a: obliee KOMMIeCTBO IT1aKeTOB;
KOJIMYEeCTBO MAaKeTOB, MPUILIeINIMX T10 MOPSIKY/He 110
MOPSIAKY; pacrpeneneHue IKUTTepa; KOMMUecTBO MaKeToB,
IDPKUTTED KOTOPBIX ObIT MeHbIIe/60blIe 3aJaHHOTO [I0pOora.
PesxyuMm ciTyyaitHOTO ¥ ITOCTOSIHHOTO pa3Mepa Kajpa.

MPLS2

o 3 MPLS merok. Kondurypaums MPLS Label, MPLS CoS n
MPLS TTL.

NTP-cuHXpOHM3ALMS

CyuHxpoHmsanys 1o npotokony NTP 11o3BossieT BBITOMHSTh
usMepeHue 3agepskky mo meroayke RFC 2544, a Takke
aHanu3 1o pekomeHgauumu Y.1564 npu recTupoBaHum
acMMMeTPUYHBIX KaHAJIOB.

OHHOCTODOHHI/IG n3MepeHusa

2

Vi3mepeHne OGHOCTOPOHHEN 3aiePKKM, IPOITYCKHOM
CIOCOGHOCTY KaHaa, IOTePh IMaKeTOB U [KUTTEpa.
JlarHocTMKa KaHaJIOB, XapaKTePUCTUKM KOTOPBIX PA3TNIHbI
LIS TIepefaloero M IPYeMHOTr0 HaIllpaB/IeHNiA.

Tlonmepskka gBYX
nepeaTuMKOB?

[IpoBeneHMe U3MePeHMI Ha IBYX MHTepdeiicax.

2 Onuus, nocraBnsemas no npeaBapuUTeENbHOMY 3aKasy.
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

A.3. [lonosiHuTeIbHble NPUHAANIEKHOCTH

Mognyns POE Mopnynb POE ycTanaBiauBaeTcs 10 IpeABapUTeIbHOMY
3aKasy.

Kponurreiis nst kperieHust | [Ipu6op MOXXeT KpenmuThesl Ha cTaHgapTHyI0 DIN-peiiky ¢
Ha DIN-periky TIOMOIIbI0 KPOHIIITEHA, KOTOPBI IPUKPYUMBAETCS
caMopesaMM 4epes IIOATOTOB/IEHHbIE OTBEPCTHUS B
Koprtyce mpu6opa. KomriekT, coctosiumit u3
KPOHIITEJHA ¥ CAMOPe30B, ITOCTaBJISIeTCS 110
NpeABapUTEIbHOMY 3aKasy.

Pamka-duxcarop mjist ITpu60op MOKET KPEMUTHCS Ha CTeHY MM IPYTYIO POBHYIO
KpeIUIeHNs Ha CTeHy TOBEPXHOCTb C TIOMOIIbIO paMKM-(uKcaTopa.
Pamka-(uKcaTop MpUKPyIMBaeTCs] BUHTAMU MUIIH
camope3aMy K [TIOBepXHOCTH, TIOC/Ie Yero mpubop
BCTaBJISIETCS B [1a3bl PAMKM ¥ 3aLIETKMBAETCS B HEA.
Pamka-(uKcaTop MmocTaBisieTcs 10 MpeaBapuTeIbHOMY
3aKasy.
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