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1. BBepeHue

B HacTosmeM pykKoOBOJCTBE IO SKCIUTyaTal[MM IPeICTaBIeHbl CBeIeHNST 06 OCHOBHBIX QYHKIMSX, CIIOCO6ax
MOAK/IIOUEeHMs ¥ HACTPOJKe YHUBEPCAJbHOIO M3MepPUTEeIbHOro 30HHa M716 (maiee mo TeKCTy — Mpubopa).
Wudopmanus 10 KOMaHIaM IIpUBeJeHa B JOKYMEHTe «YHMBEPCAJIbHbIN M3MEPUTENbHbI 30HD M716.
PykoBoACcTBO 0 KOMaHAaM YOQJIEHHOTO YIIPaBAeHUS», BXOAsIel B KOMIIJIEKT ITOCTaBKH!.

[aHHOe PYKOBO/CTBO MpeAHa3HaYeHO [Jis CAeIyoInX MoaubuKaimii mpuoopa:

e MTPI.468269.002

e MTPI'.468269.002-00.020
e MTPI'.468269.002-01

e MTPI'.468269.002-01.020
e MTPI.468269.002-02.200
e MTPI.468269.002-02.220
e MTPI'.468269.002-02.400
e MTPI'.468269.002-02.420
e MTPI.468269.007

e MTPI.468269.007-00.020
e MTPI.468269.007-01.200
e MTPI.468269.007-01.020
e MTPI'.468269.007-01.400
e MTPI'.468269.007-01.420
e MTPI'.468269.003-01.220
e MTPI'.468269.003-01.420



1.1. O6wme cBegeHUn

IMpubop mpemHasHaueH I MOHUTOPMHIA, TeCTMpOBaHMS ¥ aHamms3a ceteit 1/10 Gigabit Ethernet
C BO3MOXXHOCTBIO IMCTAHIIMOHHOTO YIIPaBJeHMs, & TAKKe BhITIOJTHEHUST aBTOMATU3UPOBAHHbIX CIleHapUeB.
[Mpubop BKIIOYAETCS B C€Th B Pa3pbiB COeAVHEHUS (TPAH3UTHBIN PEKMM) WIM B KayeCTBe OKOHEUHOIO

ycTporicTBa. TuUIlOBble CXeMbl MOAKIIOUEHMs IpencTaBiaeHbl B pasnene 10. IlogmepkuBaeTcsl allapaTHbIN
MexaHM3M «bypass» — BOCCTAHOBJIEHME COeIVHEHMS IIPY MPOTaJaHuy TUTAHMS.
Ipu6op paboTaeT Mo yIIpaBJIeHeM OepalOHHOI cucTeMbl Linux.

1.2. OcHOBHble BO3MOXXHOCTU

Tabnuya 1.1. OCHOBHbIE 803MOXHOCMU MOOenel yHUBEPCAIbHO20 U3MepUumensHo20 30H0a M716

DOyHKIMSA M716-02 M716-03 M716-10
CkopoCTh nepefaui JaHHBIX B CETSIX:

e 1510 1T6uT/C + + +

e 1510 10T6HUT/C - - +
PexxuM WMHTe/IeKTyasibHOTO mnuteiida (Smart Loopback) . N N
C OZHOBpPEMEeHHBIM CO0POM CTaTUCTUKY
Yacsl peasibHoro Bpemenu (RTC) c oTmenbHOI 6aTapeeit
TpaH3UTHBIN pesXUM MeXIY I0pTaMu + + +
T'enepanus u peructpauus Tpaduxa c Harpyskoi 7o 100 %
Ha yposHe L1(Physical), L2 (MAC), L3 (IP), L4 (UDP) cTeka + + l'eHepanus -
TCP/IP

NTP +

IMopnepxkka NTP u PTP + + PTP - !
Pa3beéMbl TECTOBBIX TIOPTOB:

e RJ-45 + + -

e SFP - + +

e SFP+ - - +
Tectol RFC 2544 + + -
I/IsmepeHMe. nza_pameTPOB rnepefauM JaHHBIX B PeEXMUMe o/ o )
out-of-service/in-service
Vizmepenus 1o pekomengaimm Y.1564 + + -
AHanu3 OJHOCTOPOHHMX U NBYCTOPOHHMX ITOKa3aTeseii
KayecTBa KaHajga CBSA3U (3aepKKM U IKUTTEpA) + + -
1o mpotokosry TWAMP Light (RFC 5357 [12])
Vi3mepeHMe MaKeTHOTO JKUTTepa + +
Texnosnorust PoE (mutauue mo Ethernet ka6eio) + + -
IMongepskka VLAN Q-in-Q n MPLS + + +
Bo3MoxkHOCTB hopMupoBanus syslog-coobireHmit + + +
[Moppepskka omfHOCTOPOHHUX (One-Way) nsmepeHuin + + +
Pesxum «bypass» Mexxay nmopTamu + + +
Backup-niutanmue: mepemaya coobIiieHuss 06 aBapum N . .
¥ KOPPEKTHOE 3aBepIlieHye paboTsl
®opmupoBaHne «dying gasp» maketoB B Buge SNMP traps N N N
(morrycKaeTcst TT0JIb30BaTeIbCKMIT GOpMaT IMaKeTOB)
BoiBoji MHbOpPMAIMM O COCTOSTHUM ITOPTOB ¥ TECTOB + + +
CKOpOCTh Mepefaun JaHHbIX B ceTsax: 10 ['6ut/c - -
[Moppepskka onTuieckux mopyseit SFP, SFP+ - + +

! ®yukims 6ygeT peannsoBaHa B cieqyiomux Bepeusix I10.



1.3. KoMnnekT nocTtaBku

KoMrIuiekT mocTaBKku r[pM6opa 3aBUCHUT OT 3aKa3a " HpI/IBe,ZLéH B ITacCriopre.

1.4. BapuaHTbl MICNONTHEHUSA

YHuBepcanabHbIi M3MEpUTENbHBIN 30HA M716 mpencrtaBieH Tpems Mogensmu: M716-02, M716-03
nM716-10. Kaxxpmasgs Monenp uMMeeT HECKOJbKO BapMaHTOB MCIOJHEHMS, OTIMYAKIIMXCS KOHCTPYKUMeNn
Y HaIIPSKeHMEM ITUTaHUS.

Tabnuya 1.2. Bapuaumel ucnonHeHus modenu M716-02

Ne BapuaHT ucnosHeHus Omnucanmue

Management

B
s  Console USB '

Power Z
microSD .

{alarm)

M716-02-001/2 VHUBepCaabHbI M3MepUTeNbHbI 30HA M716, Gigabit Ethernet, 2 x GE RJ-45,
dbyukuMs aBapuitHoit KommyTaruu TopTtoB (bypass), IIACTMKOBBIA KOPITYC,
HACTOJIbHOE UCIIO/IHEHMe, TuTaHue =12 B yepe3 aganrtep ~220/=12 B (M716-02-001/2)

M716-02-001/2-WB VHUBepcaabHbI U3MepUTeNbHbBIN 30HI M716, Gigabit Ethernet, 2 x GE R]-45, 6e3
dbyHKIIMM aBapuitHOM KOMMYyTAIMM TMOPTOB, TUIACTUMKOBBIA KOPIYC, HACTOJbHOE
ucronaHeHye, nutaHue =12 B yepes amanTep ~220/=12 B (M716-02-001/2-WB)

2
2 I AT
A B
M716-02-B VHUBepCcaabHbIl M3MepUTEeNbHbIA 30HA M716, Gigabit Ethernet, 2 x GE RJ-45,
dbyukums aBapmitHOit KoMMmyTauuyu MopToB (bypass), MeTa/UIMuecKuii KOPITyC,
HAaCTOJbHOE MCITOJIHEHME MM [JIsT YCTAHOBKYM Ha TOJIKY B cToiKy 19" 1U, nutaHue
=12 B uepe3 apmanrtep ~220/=12 B unn uepes BII Ha monke (M716-02-B)
M716-02-B-WB VHMBepCcanbHbIii U3MePUTENbHBIN 30HI M716, Gigabit Ethernet, 2 x GE RJ-45, 6e3
dbyHKIIMM aBapMiTHOM KOMMYTaLUM MOPTOB, MeTa/UTMYECKUIT KOPITyC, HACTOIbHOE
MCIIOJIHEHMe WM IJISI YCTAHOBKM Ha MOJKY B cToiiky 19" 1U, nmutanue =12 B yepes
apanTep ~220/=12 B unu yepe3 BII Ha nosike (M716-02-B-WB)
3 WVELLINK

M716-02-C-AC VHuBepcanbHblii M3MepuUTenbHbIt 30HL M716, Gigabit Ethernet, 2 x GE RJ-45,
dbynkums aBapuitHoit KoMMyTanyyu optoB (bypass), MeTauIMYecKuii KOpIyc, I/
yCTaHOBKM B cTOKY 19" 1U, nmutanne ~220 B (M716-02-C-AC)

M716-02-C-AC-WB VHMBepCcanbHbIiT M3MepPUTENbHBIN 30HI M716, Gigabit Ethernet, 2 x GE RJ-45, 6e3
dbyHKIIMM aBapUITHOT KOMMYTAIMU TIOPTOB, META/UIMYECKUIT KOPITYC, IJIsI YCTAaHOBKU
B cToiiky 19" 1U, mutanue ~220 B (M716-02-C-AC-WB)




BapuaHT ucrosHeHust Onucaumue

WWELLINK

M716-02-C-DC VHMBepCanbHbIii M3MepUTeNbHBIN 30HN M716, Gigabit Ethernet, 2 x GE RJ-45,
dyukiMsa aBapuitHo KoMMyTauuyu noptoB (bypass), MeTa/uIMUeCcKuii KOpIyc, ISt
YCTaHOBKM B CTOVKY 19" 1U, nutanue =36...72 B (M716-02-C-DC)

M716-02-C-DC-WB VHMBepCaNbHbIII M3MePUTENbHBIN 30HI M716, Gigabit Ethernet, 2 x GE RJ-45, 6e3
dbyHKIIMM aBapUitHO KOMMYTAIMM TIOPTOB, META/UTMUECKUIT KOPITYC, IJIst YCTAaHOBKMU
B cToiiky 19" 1U, nutanme =36...72 B (M716-02-C-DC-WB)

Tabnuuya 1.3. Bapuanmel ucnonHeHus modeau M716-03

Bapuant OnucaHue
VICIIOJTHEHUS

‘_mmu- _ITI-E @) ‘El

LINK ACT LINK C st STATE

M716-03-A VHUBepcaabHbI M3MepPUTENbHBIN 30HA M716, Gigabit Ethernet, 2 x kom60-mopra GE RJ-45
u SFP, byHKIMS aBapuitHOii KoMmyTaiuu mopToB (bypass), MeTauIMYecKuii KOPITYC,
HACTOJIbHOE MCIIOJTHEeHMe WK IJisl YCTAHOBKM Ha IMOJKY B cTOMKy 19" 1U, nurtaume =12 B
yepes ajanTtep ~220/=12 B unn uepes BII Ha nosike (M716-03-A)

M716-03-A-WB VHMUBEPCATbHbBIN U3MEPUTENTbHBIN 30HA M716, Gigabit Ethernet, 2 x kom60-niopta GE RJ-45
u SFP, 6e3 QyHKUMM aBapUITHOI KOMMYTalUy MTOPTOB, META/UTMIECKIUIT KOPITYC, HACTOJILHOE
MCTIOSTHEeHMe WIN 111 YCTAHOBKYM Ha TIOJIKY B CcTOVKY 19" 1U, nuranme =12 B uepe3 aganTep
~220/=12 B nnn yepes BII Ha nosnke (M716-03-A-WB)

WVELLINK

M716-03-B-AC VHUBepcaabHbI M3MePUTENbHBIN 30HA M716, Gigabit Ethernet, 2 x kom60-mopra GE RJ-45
u SFP, byHKUMs aBapuitHO KoMMyTayuy noptoB (bypass), MeTalIMUYeCKuil KOPIyc, A
yCTaHOBKM B cTOMKy 19" 1U, nuranne ~220 B (M716-03-B-AC)

M716-03-B-AC-WB VHMUBepCaTbHbIN M3MePUTENbHBIN 30HA M716, Gigabit Ethernet, 2 x kom60-mopta GE RJ-45
u SFP, 6e3 (yHKIMM aBapuifHO KOMMYTAllMM ITOPTOB, METAIMUECKUIA KOPITyC, ISt
YCTAaHOBKU B cTOiKy 19" 1U, nuranne ~220 B (M716-03-B-AC-WB)

WVELLINK




BapuanT OmucaHue
VICTIOJTHEHUS
M716-03-B-DC VHMUBepPCATbHbBIN U3MEPUTENIbHBIN 30HA M716, Gigabit Ethernet, 2 X kom60-miopta GE RJ-45

u SFP, dyHKuusl aBapuitHOit KoMMyTauuyu noprtos (bypass), MeTaUIMueckuit KOpIyc, IJist
YCTaHOBKM B cTOVKY 19" 1U, nutanue =36...72 B (M716-03-B-DC)

M716-03-B-DC-WB

VHMUBepPCATbHbBIN U3MEPUTENIbHBIN 30HA M716, Gigabit Ethernet, 2 x kom60-niopta GE RJ-45
u SFP, 6e3 GYHKUMM aBapuifHOM KOMMYTAallMM TOPTOB, META/NIMUECKUI KOPIyC, I
YCTaHOBKM B cTOVKY 19" 1U, nutanue =36...72 B (M716-03-B-DC-WB)

Tabnuuya 1.4. Bapuaumer ucnonHeHus modenu M716-10

BapuaHT

Ne p Onucanme
VICIIO/THEeHMS

1 WVELLINK

M716-10-B-AC

VHMUBEPCATbHBIN M3MEPUTENbHbIN 30HA M716, 1/10 Gigabit Ethernet, 2 x 10GE SFP/SFP+,
MeTa//TMYeCKIit KOPIyc, IJIs1 yCTaHOBKY B cTOMKy 19" 1U, nurtanme ~220 B (M716-10-B-AC)

WVELLINK

M716-10-B-DC

VHUBepcaJabHbIil M3MepUTeNbHbI 30HA M716, 1/10 Gigabit Ethernet, 2 x 10GE SFP/SFP+,
MeTaJIMIeCKuit KOPITyC, ISl yCTAHOBKY B TONKY 19" 1U, nutanue =36...72 B (M716-10-B-DC)
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2. Mepbl 6e3onacHocTH

1. o Havasa paboThl ¢ TPUOOPOM BHMMATEIHHO M3YUMUTE HACTOSIIIEE PYKOBOACTBO IO KCIUTyaTaIllUMA.

2. Ecim mpubop TpaHCIIOPTMPOBAJICS MM XPAHWICS IIPY OTPULIATENbHBIX TEMIIEpPATypax, TO Mepe[
BK/TIOUEHMEM CJIeyeT BbIAEPKATh €r0 B HOPMAaJIbHBIX KIMMAaTUIECKUX YCIOBUSIX He MeHee 2 YacoB.

3. YciuoBus SKCITyaTaluum JOJDKHbBI COOTBETCTBOBATDH YC/JIOBUSAM, HpI/IBe,ZLéHHbIM B pasgeiie 24.

4. TIpu sKciutyataiuy MOpubopa MO/DKHBI BBIMOMHSTHCS 0OI[Me TpeGoBaHMS IIPaBWI ITOKapHOI
6e30IacHOCTH.

5. TIutaromas ceTb He OO/DKHA MMETb PE3KMX CKAYKOB HaNpsDKeHMS. Psgom ¢ paboumm MecTom
He JIO/DKHO OBITh MCTOYHMKOB CUIbHBIX MATHUTHBIX U JIEKTPUUECKUX ITOJIEA.

6. Heo6xomuMo ob6eperatb IMpuMOOp OT YHApOB, IMOIMANAHUS BAArM M IIbUIA, ITPONOJIKUTETHLHOTO
BO3e/CTBUSI TIPSIMBIX COJTHEUHBIX JTyUeil.

7. Tlpu OIUTeIbHBIX TIEpepbIBaX B paboTe peKOMEeHIyeTC s OTKIIOUaTh 6JIOK MUTaHus Ipubopa OT CEeTH.
B mpoTuBHOM citydae 6JI0K muTaHus 6ygeT paboTaTh M HarpeBaTbCs, BCIEACTBME YETO pacXOA0BaTh
CBOI1 pecypc.

11



3. BHewHwuit Bup, npubopa M716-02

3.1. Pa3bEéMbl M MHAUKATOPbI IMLLEBOW NaHENU

Power
(Alarm)

WAVELLINK

PucyHok 3.3. /luyesas naHens eapuaHmos ucnosaHeHuss M716-02-C-AC u M716-02-C-DC

Tabnuya 3.1. OnucaHue pazvémos U UHOUKAMOpPO8 Auyesoli naHenu

MapxkupoBKa OnucaHue

A'B [MopTe! 7151 IOAKITIOUEHUST K TeCcTupyeMoMy ycTpoicTBy uau cetu Ethernet/Gigabit
Ethernet. Onicanue cBeTOAMOOHBIX MHAMKATOPOB IOPTOB NPMBEJIEHO B pasjene 3.3.

Power (Alarm) CBeTOAMOIHBIV MHAMKATOD 3aropaeTcs [Py MOAKII0UYeH U BHEITHEro MUTaHUs

— KpacHbIii: micro SD KapTa He YCTAHOBJIEHA MM HA Hell He 0GHApPYKEeHO
MIPOTrpaMMHOTO obecrieueHust TpUbOpPa;

—  3eJEHBI: MHUIMAIU3AIMS CYICTEMBI BHITIOTTHEHA, UAET MIPOLIeCC 3arpy3Ku
u KoHburypauuu npubopa.

Ha nuiieBoit manenu rmpu6opa M716-02-B pacrnosioxkeHa KHOIIKA BKTIOUEHMS/BbIKTIOUEHNS TTUTAHMSI.
Ha oumeBoit maHenu mipubopoB M716-02-C-AC u M716-02-C-DC  pacmosioskeH  TymbJiep
BK/TIOUEHMST/BBIK/TIOUeH S TuTaHusl. Hanudne cBeTommona Ha Tymb/epe 3aBUCUT OT BapMaHTa UCIIOTHEHMS.

12



3.2. Pa3bémbl 3agHen naHenum

Management

[
& Console USB
=) = .

microSD .

PucyHok 3.4. 3a0Hss naHens sapuaHma ucnonHeHus M716-02-001/2

PucyHok 3.5. 3a0Hss naHens sapuaHma ucnosnHeHus M716-02-B

Tabnuya 3.2. OnucarHue pazvémos 3adHeli naHenu

MapkupoBKa Onmucanue
oo Pa3béMm M1 MOAK/IIOUEeHNS BHEIIHero 6J10Ka MU TaHus.
Console Mini USB-11opT 111 TOAK/TIOUEHNS K IEPCOHAIbHOMY KOMIThIOTEPY B peskume USB-serial.

[0 [I .o o [
micto SD an Pa3béM c KapToii MaMsTH, CoepsKalleil mporpaMMHoe obecrieueHue mnpubopa. Pabora
rprbopa 6e3 yCTaHOBJIEHHOJ KapThl HEBO3MOKHA.

USB mnn o< Micro USB-mopT AJis TIOAK/IIOUeHMS BHEIIHUX YCTPOMCTB UM COeJUHEHUS C IPYyTUMU
YCTPOJCTBAM, B 3aBUCUMMOCTH OT peskumMa paboThl (CM. pasmen 3.4).

Management YnanéHHoe yrpaBjieHMEe YCTPOICTBOM (OMMCaHME CBETOOMOSHBIX MHAMKATOPOB pa3béMa
MIpUBELEHO B paspeiie 3.3).

INPUT Pa3bém 151 TOgK/II0UeHUS K KPOCC-TIIaTe MOJIKM-ITacCH.

PucyHok 3.7. 3a0Hss naHens sapuaHma ucnonHeHus M716-02-C-DC

Ha 3agneit manenu npubopa M716-02-C-AC pacrnosioxkeH pasbeM IJis IMTOAKIIOUEHNMS K CETU TTIepeMEeHHOT0
TOKa ¢ HanpspkeHnem 220 B.

Ha sanmneit ma"enu npubopa M716-02-C-DC pacrnoyioxkeH pasbeéM [JIs1 HOIKIIOUEHNSI K CETU ITOCTOSTHHOTO
TOKa C HampspkeHueM 36...72 B.

Ha 3apguHeit maHemu o00MX IpMOOpPOB CIpaBa pacIloNokeH BUMHT 3asemMiieHus. st obecrievueHus
6e301acHOCTY OOCTY>KMBAIOIIETO TIepCoHaIa He0OX0aMMO «3a3eMJIUTh» IPUOOP Yepe3 JaHHbIN BUHT.
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3.3. UHaukaTopbl COCTOSAHUSA NOPTOB

IMoptel A, B 1 Management MMeIOT 110 JBa CBETOAMOMHBIX MHIMKATOpA [JISI OIpeJe/ieHUs] COCTOSTHUS
Y aKTUBHOCTY COeIVIHEHMS.

Act Act

Management

PucyHok 3.8. CeemoduodHbie uHOUkamopsl «Act» u «Link»

Tabnuya 3.3. OnucaHue c8emoouo0HbIX UHOUKamopos «Act» u «Link»

Nupukatop IIBeT Omnmucanmue
Act OpaHKeBbIN (MUTAET) UOET IPUEM U/UIu Tiepefada JaHHBIX

He TOpUT TIpUEM U/Uu Tiepeava JaHHbBIX He OCYIIeCTBIISIeTCs
Link 3€JIEHBIN coeViHeHMe YCTAHOBJIEHO

He TOpUT coeMHeHUS HeT

3.4. Pexxumbl pa6oTbl USB-nopra

USB-mopT MoskeT paboTaTh B IBYX PesKMMAX:

1. «USB OTG Host». B aTom pexkume K mpub0opy MOXKHO MOJK/II0YATh BHELITHME YCTPOICTBA, HATIpUMeD,
USB-nakonutenu, Wi-Fi amantepel u 3G/4G-mogmembl. [lOMycKaeTcsl MCIIOIb30BaTh TOJIBKO
TpoBepeHHble ¥ peKoMeHAOBaHHble MpousBoauTesem Wi-Fi apantepsl. s momyyeHUs
aKTyaJIbHOTO CITMCKA aJanTepoB CJIeAyeT O6GPaTUThCSI B CIIYKOYy TEXHUYECKON IOAAePsKKU
(cMm. paszen 26).

2. «USB OTG Device». B aTom pexkumMe mpubGOp MOXKET OBITh IMOJKIIOUEH K APYrOMY YCTPOJCTBY,
paboratoniemy B KauectBe «USB OTG Host». I[Ipy moaKIOUEHUM K ITIEPCOHATIBHOMY KOMITBIOTEPY
(TIK) mpu6op ompemessieTcsl B CMCTEMe KaK TPY YCTPOiCTBa:

1y
2)

3)

«Ivick». Takoe MOIK/ITIOUEHME UCIIOIb3YeTcs it o6MeHa daiimavu mexxay 1K v mpubopom.

«CeTeBoe yCTpOiiCcTBO». B aTOM cityyae cpeniy ceTeBbiX MHTepdeiicoB ITK mosiBUTCS HOBBI
uHrepdeiic, Hampumep, «usbO». HacTpouB 3TOT uHTepdeiic, MOXHO IOIKIIOUUTHCS
K IIpub6opy 1o npoTokosry SSH.

«Konconb/dev/USB<x>». KOHCOJIb  UCIIONb3YeTCS IS  TOJK/IIOUYEHUS] K IIpubopy
MOCpefCTBOM TePMUHAIbHBIX ITPOTrpaMM, Hanmpumep, minicom muau HyperTerminal.
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4. BHewHuit Bup, npubopa M716-03

4.1. Pa3béMbl U MHAMKATOPbI IMLEBOIM NaHeNu

. A B uss

EANAGEMENT IT-i-i- I-j

S & ! |
(] CONSOLE

1 RTI 111 T

e e Sy £, R SR

LINK ACT LINK ACT MICRO SD E

L WAELLINK

PucyHok 4.2. Jluyesas naHens sapuaHmos ucnosHeHuss M716-03-B-AC u M716-03-B-DC

Tabnuya 4.1. OnucarHue pa3vxémos u UHOUKAMopos auyesoll naHenu

MapxkupoBKa OnucaHue
Management YnanéHHoe yrnpasJjieH)e YCTPOICTBOM.
AB IMopTe! A5 MOAKIIOUEHMS K TeCTUPYyeMOMY ycTpoiicTBy win cetu Ethernet/Gigabit
Ethernet. Kaxxgpiit mopt cogepskut 2 pasbéma — RJ-45 u SFP.
Console Mini USB-nopT g/151 moAK/It0ueHMs K TepCoOHaIbHOMY KOMITbIOTepY B peskume USB-
serial.
MICRO SD (& v Pa3béM C KapToil mamsaTH, COAepsKalleii mporpaMMHOe obecrieueHue mpubopa.
Pa6ora npubopa 6e3 yCTaHOBJIEHHOI KapThl HEBO3MOXKHA.
USB USB-nopT T™in A [js1 MOAKIIOYEHUS BHEIIHMX YCTPOMCTB (paboTaeT TOIBKO
B pexxume «USB OTG Host», cm. pasgen 3.4).
State CBeTOaMOIHBINM MHAMKATOP 3aropaeTcsl Py MOAKII0OUeHN ) BHEIITHEro MUTaHus :
—  KpacHbIit: micro SD KapTa He yCTaHOBJIEHA WJIM Ha Heil He 0OHaPY>KeHO
MIPOrpaMMHOTI0 obecrieueHust mpmubopa;
—  3eJIEHBIM: MHULMAAMU3ALUMSI CUCTEMBbl BBIIIOJHEHA, MIOET IIPoIlecc
3arpy3Ku ¥ KOHGUTypanumu mpuoopa.

VHAMKATOPBI COCTOSTHUS TTOPTOB A, B 1 Management ommcaHbl B Tabyunile 3.3.
Ha mieBoit manenum npubopoB M716-03-B-AC  u MT716-03-B-DC  pacrosoxked  Tymbjep
BKJTIOUEHMSI/BbIK/IIOUeHMSI MUTaHus. Hanmuune cBeTommoma Ha TyM6/1epe 3aBUCUT OT BapMaHTa MCIIOTHEHMS.
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4.2. Pa3béMbl 3aaHel naHenu

PucyHok 4.5. 3adHss naHens sapuanma ucnonHeHus M716-03-B-DC

Ha sapHeit nanenu npu6opa M716-03-A cyieBa pacrosioxkeH pasbeéM sl TTOJKIIOUEHNSI BHELIHETO 6JI0Ka
MUTaHMs, ClIpaBa — pa3beM JIBOMHOIO MUTaHMs (OCHOBHOIO 1 pe3epPBHOI0), KOTOPBIi UCIOMb3yeTCsl B KauecTBe
OCHOBHOTO pa3béMa MUTAHMS [IJ1s1 paboThI ITPMOOpa MPpU YCTAHOBKE B MOJIKY-IIACcCH (CM. pasmen 7.5) U B KauecTBe
pes3epBHOro pa3béMa NUTAHUS IIPU paboTe ¢ IpMu6oOpPOM 6e3 MUCIIOIb30BaHMs MOJIKU-IIACCH.

Ha 3agneit manenu npu6opa M716-03-B-AC pacro/ioskeH pasbeém [OJisl MTOAKIIOUEHMS K CeTH ITepeMeHHOTo
TOKa ¢ HanpsbkeHueMm 220 B.

Ha sanmneit ma"enu npubopa M716-03-B-DC pacrnosioxkeH pa3beéM [AJIS HOIKIIOUEHNSI K CETU TTOCTOSIHHOTO
TOKa C HampspkeHueM 36...72 B.

Ha 3agHeit manenu mpu6opoB M716-03-B-AC u M716-03-B-DC cripaBa pacIioyio)keH BUHT 3a3eMIeHus. [IJist
obecrieueHust 6€30MacHOCTM OBCTYKMBAIOIETO TIEPCOHANIa HEOOXOAMMO «3a3eMJINTh» MPUGODP Yepes3 AaHHbI
BMHT.
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5. BHewHwui Bug npubopa M716-10

5.1. Pa3béMbl M MHAUKATOPbI IMLLEBOM NaHENU

L WWVELLINK

- s

PucyHok 5.1. /luyesas navens eapuaHma ucnonrHeHus M716-10-B-AC u M716-10-B-DC

Tabnuya 5.1. OnucaHue pazvémos u UHOUKAMOopPos auyesoli naHenu

MapxupoBka Onucanue
Console Mini USB-iopT 1151 TOAK/IIOUEHMSI K TIepCOHATLHOMY KOMITbIOTEpY B peskume USB-serial.
PasbéM ¢ KapToif MamsTH, Comepskallleil MporpaMMHOe obecriedyeHyue npubopa. Pabora
npu6opa 6e3 yCTaHOBJIEHHOI KapThl HEBO3MOXKHA.
USB HOST USB-miopT T™in A [JIs1 TIOAK/IIOUEHMS] BHEIIHUX YCTPOMCTB (paboTaeT TOIbKO B PEXUME
«USB OTG Host», cm. pasgen 3.4).
Management YnanéHHoe yrnpasJjieH)e YCTPOICTBOM.
AB IMopkaoyeHKe K TeCTUpyeMoMy ycTpoiicTBy win cetu 10 Gigabit Ethernet.
State CBeTOOVOIHbI MHAMKATOP OTOGPasKaeT COCTOSTHME Tpubopa:
e  KpacCHBI1:
— OC He 3arpyxeHa;
— micro SD kapra He YyCTaHOBJIeHa WIM Ha Hell He OOHapyKeHO
IporpaMMHOe obecrieueHue mpubopa.
e 3enéHbiii: OC 3arpykeHa;
e  MuTraeT KpaCHBbIM: OLIMOKA.
Status CBeTOAMONHBIV MHOUKATOP «Status» He roput mnociie 3arpy3ku OC.

VHAMKATOPBI COCTOSTHMS TTOPTOB A, B 1 Management ommcaHbl B Tabimile 3.3.
Ha mieBoit madenm npubopoB M716-10-B-AC u MT716-10-B-DC  pacrosiokeH  Tymobjep
BKJ/IIOUEHMSI/BBIK/TIOUEHMS TUTaHusI. Hajauumue cBeTomMoaa Ha TyMbiepe 3aBUCUT OT BapuaHTa MUCIIOTHEHMS.

5.2. Pa3béMmbl 3agHei naHenu

PucyHok 5.3. 3adHss naHens eapuaHma ucnonHeHus M716-10-B-DC

Ha 3agneit manenu npubopa M716-10-B-AC pacmosioxkeH pasbeéMm s MTOAKIIOUeHMs K CeTU ITepeMeHHOro
TOKa ¢ HanpspbkeHueM 220 B.

Ha sanmneii manenu npubopa M716-10-B-DC pacrnosioxkeH pa3beéM AJISI HOIKIIOUEHNS K CETU TTOCTOSTHHOTO
TOKa C HanpspkeHueM 36...72 B.

Ha 3apueit maHemu o60oux MpMOOPOB CIipaBa pacIioNiokeH BMHT 3asemieHust. s obecrevueHUs
6€e30IacHOCTY OOCTY;KMBAIOIIETO IIEPCOHATA HEOOXOIMMO «3a3eMJINTh» IPUGOP Uepe3 JaHHbI BUHT.
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6. Hauano pa6otbl ¢ M716-02-001/2, M716-02-C-AC/DC, M716-03-B-AC/DC,
M716-10-B-AC/DC

6.1. MoprotoBka K paborte

1. Tlocne usBneueHus mpubopa 13 yrmakoBKY HEOOXOIMMO ITPOM3BECTH BHELIHMIT OCMOTP U IIPOBEPUTD
KOMILJIEKTHOCTb B COOTBETCTBUM C TIACIIOPTOM.

2. Ecmn HpI/I60p TPAHCIIOPTUPOBAJICA WIM XPaHMJICS IIPpUM OTPULATE/IbHBIX TEMIIEpATypax, TO Iepen
BKJIIOUE€HMEM C/ieayeT BbIaep>KaTb €ero B HOPMaJIbHbIX KIMMATUYECKMX YCIOBUAX HE MeHee 2 4acos.

3. BximounuTth Ipubop, Cyiemyst yKasaHUsIM pasmena 6.2.

4. TIoOKITIOUUTHCS K MpU6OPY, Ciemys yKasaHUsIM pasjena 8.

6.2. BknioueHue 1 BbiKOYEeHUe

I BriIoueHus rpubopa M716-02-001/2 ciiemyeT MOAKIIOUYUTD OJIOK MMUTAHUST K pa3beMY IMUTAHUS, a 3aTEM
K 9JIEKTpUUeCcKoit poserke. Ha yuiieBoi maHenu Kopiryca mpubopa JO/DKEH 3aropeThbCsl 3eJIEHBIM MHAUKATOD
«Power/Alarmy».

s BeIKTIOUeHMs mipubopa M716-02-001/2 cnenyeT oTCOeIMHUTD 60K MUTAHUS OT pa3beéMa MUTAHUS WU
OT 3JIEKTPUYECKOI PO3ETKU.

s BKIoueHus npubopos M716-02-C-AC, M716-02-C-DC, M716-03-B-AC, M716-03-B-DC, M716-10-B-AC,
M716-10-B-DC cnenyer:

1. TlomkmoounTh Kabeab IUTAHUS K Pa3bEeMY IIUTAHMSI, a 3aTe€M K 3JIeKTPUUECKOIi PO3eTKe.
2. YCTaHOBUTH TyMOJIep BKIIOUEHMSI/BbIKIIOUEHMS IUTAaHUS B TTONOXKeHUe «BR» («I»).

3. InsnpubopoB M716-02-C-AC, M716-02-C-DC, M716-03-B-AC, M716-03-B-DC Ha iuiieBOi TaHe
KOpITyca JOJ/DKeH 3aropeThest 3e/16HbIM MHAMKATOP «Power/Alarm». Ias nmpu6opoB M716-10-B-AC,
M716-10-B-DC Ha nuiieBoii maHeau KOPITyca JODKEH 3aropeThCs 3e/IEéHbIM MHANKATOP «Statex.

IOnsa  BbIKIIOYeHUs TpubopoB M716-02-C-AC, MT716-02-C-DC, M716-03-B-AC, M716-03-B-DC,
M716-10-B-AC, M716-10-B-DC ciemyeT ycTaHOBUTDb TyMOJI€p BKIIOUEHMS/BBIK/ITIOUEHMS TUTAHMS B TTOJIOKEHME
«BbIK» («O»).

6.3. MNepesarpyska

Iist mepe3arpy3sku mpubopa Heo6XOAMMO BBITIOTHUTD CJIETYIONIME TeACTBUS :
1. BeIkIounTh IpubOP (CM. pasgen 6.2).

2. JloskmaThCsl OTKJIIOUEHMSI CBETOAMOMHOTO MHauKaTopa «Power/Alarm» uau «State», KoTopoe
O3HauaeT BBIKIIOUEHME Mpubopa. B 3aBMCHMMOCTM OT 3arpy’kKeHHOCTM CUCTEMBI 3TO BpPeMS MOXKET
cocTaByATh OT 3 1o 10 c.

3. Uepes 3 ¢ mmocjie BHIKIIOUEHMS TpMOOpa (3TO BpeMst He0OXOAMMO J1JIst pa3psiia CyIe pKOHAEHCATOPOB)
CHOBA BKJIIOUUTH ero. MHaukaTop «Power/Alarm» miu «State» 3aropuTcs 3eJIEHBIM — Tepe3arpyska
BbITIOJIHeHA. 111 mpubopoB M716-10-B-AC u M716-10-B-DC, mipu OTCYTCTBMUM OILIMYU BCTPOEHHOM
3aIIUTHI OT KPAaTKOBPEMEHHBIX BBIKIIOUEHMI, HET HEOOXOOMMOCTHU KIATh 3 ¢ Tepen MTOBTOPHBIM
BK/IIOUEHMEM ITPMO0pa — BBIKIIOUeHMEe ITPOUCXOJUT MTHOBEHHO.
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7. Hayano pa6otbi ¢ npu6opamu M716-02-B u M716-03-A

7.1. NoproToBKa K paborte

Iyt paboThI ¢ IPMOOPOM 6€e3 MCITOIb30BaHMSI TOJIKM-IIACCH HEOOX0IMMO:

1.

3.
4.

IMocne w3BeueHus: TpubOpa W3 YIAKOBKM IIPOU3BECTM BHEIIHMII OCMOTpP W IPOBEPUTH
KOMILJIEKTHOCTb B COOTBETCTBUM C TIACIIOPTOM.

Ecin HpI/IGOp TPAHCIIOPTMPOBAJICA WJIM XPaHMJICS IIPUM OTPULATE/IbHBIX TEMIIEpATypax, TO Iepe
BKJ/IIOUEHMEM BbIJIE€PXATb €0 B HOPMaJIbHBIX KIMMaTU4YeCKNX YCJIOBUAX HE MeHee 2 4acoB.

BxirounTh mpubop, ciaemys ykasaHusIM pasmgena 7.2.

IMoaKII0UNTHCS K IPUOOPY, CAedys yKasaHUsIM paszena 8.

Iyt paboThI ¢ IpMOGOpPaMM IIPY UCIIONb30BaHMM 19-110/iMOBOJ ITOJIKM-IIACCH HEOOXOAMMO:

1.

IMocne w3Bnevuenus: mpubopa M3 YIIAKOBKM IIPOU3BECTM BHEIIHMII OCMOTp U IIPOBEPUTH
KOMILJIEKTHOCTb B COOTBETCTBUM C TIACIIOPTOM.

Eciu mipubop TPaHCIIOPTUPOBAJICS MJIM XPAHWICS IIPU OTPUIIATENbHBIX TEeMIIepaTypax, TO Iepen
BK/IIOUEHMEM BbIIEPKATh €T0 B HOPMAaJIbHBIX KIMMAaTUUECKUX YCIOBUSIX He MeHee 2 4acoB.

VCTaHOBUTH ITOJIKY-IIACCH B CTAHOAPTHBINA 19-mI0MiMOBBI IIKad ¥ 3aKperuUTh He MeHee ueM
YeThIPbMSI KPeIMeXHbIMIM BUHTaMM (T10 ABa C KaXkKA0J CTOPOHbI) K BepTUKAIbHBIM CTOIKAM.

ITogkmounTh IIpoBOO 3a3eMJIeHUs I104 BMHT, 0003HaYEeHHbI HaKHEIZKOVI, C 06paTHOI‘/JI CTOPOHbI
ITOJIKN.

PucyHok 7.1. YcmaHoseka npubopos 8 nosKy-waccu

[TpUKPYTUTH OOVH WJIM ABa 6JIOKA MUMTAHMS HA HAIIPABJISIIONINE, TIOCTAB/ISIEMbIE B KOMIUIEKTE, ABYMSI
BMHTAMM BHoOTai. YeTbIPEX-KOHTAKTHBIN pa3beéM MUTAHUS [OO/DKEH OBITb BHM3Y, OJMKe
K HaIpaBJISIoIIei.

BcTaBuTh 6/10K/6710KM MUTAHUS B KpaiiHye CJIOTHI MOJIKU-IIACCH TaK, YTOObI HAIIPaB/ISIONas 3anuia
B I1a3 33JHei CTeHKMU MOJIKU, a pa3beéM NUTAaHMS BOLIET B pa3bEM Ha KpOCC-TIIaTe.

[MpUKPYTUTb HAMpPaBJSOIIYI0 C O6JIOKOM/6IOKAMM TUTAHUSI K TIOJIKe-IIACCH HEBBIMaAAIOIINM
BUHTOM.

IpUKPYTUTb MIPMOOPHI HA HAIPaBJIAIONINE, TIOCTAB/IsIeMble B KOMILIEKTE, IBYMSI BUHTAMM BIOTait
(cMm. puc. 7.2).
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PucyHok 7.2. KpenneHue npubopa Ha Hanpasasoujue

9. BcTaBuTh MPMOOPHI B CBOOOIHBIE CIOTHI MOJIKM-IIACCH TaK, YTOObI HAIIpABJISIOIIAs 3allia B I1a3
3a[iHeli CTEeHKM ITOJIKM, a pPa3bEéM IUTAaHMSI BOIIEN B pa3béM Ha Kpocc-TiaTte. sl cOOMIOOeHMS
ONTMMAJIbHOIO TEMIIEPaTypHOTO peXkyuMa, HeoOXOOMMO pasMellaTh MPUOGOPHI  COIJIACHO
peKoMeHIaIMsIM, IPMBEIEHHDBIM B pasmeie 7.5.

10. TIpMRpPYTUTH HATTPABJISIONIYIO C TPUMOOPOM K IOJIKE-IIaCCH HEBBITAAAOIMM BUHTOM.
11. BrmounTh IpubGOPHI, CaeAys yKasaHUIM pasmena 7.2.

12. TlogkmrounThCS K Mpubopam, ciiemysl ykasaHusIM pasnerna 8.

7.2. BKnioueHue 1 BblKOYEeHUe

s BrmoueHus mpubopa M716-02-B mipu paboTe 6e3 1CIOIb30BaHMS MTONKU-IIACCH CIIeSyeT:
1. TlogkmrounThb 670K MUTAHUS K pa3bEéMy MUTAHMS, @ 3aTE€M K 3JIEKTPUUECKOIi po3eTKe.
O
2. HaxkaTpb Ha KHOIIKY BK/IIOUEHMS/BBIKIIOUEHMS] MTUTAHUS . Uagukatop «Power/Alarm» moyskeH
3aropeThCs 3eJIEHBIM.
O
Ins1 BeIKTIOUeHUs ripubopa M716-02-B cienyeT HaKaTh Ha KHOTIKY &,

s BrmoueHus mpubopa M716-03-A ripu paboTte 6€3 MCIIOMTb30BAHUS TTONKU-IIACCH CIeIyeT MOIKITIOUNTD
0JIOK TIUTAaHMS K pa3beéMy MUTAHMS, a 3aTEM K JIEKTPUUECKON po3eTKe. )i BBHIKIIOUEHUS — OTK/IIOUNUTD OJIOK
MIUTAHUS OT pa3beéMa MUTAHUS UK OT JIEKTPUUECKOI PO3ETKMU.

JIns BKIIOUeHUs: IpMOOPOB, YCTAaHOBIEHHBIX B 19-110/IMOBYIO ITOJIKY-11IaCCH, HEOOXOIUMO:
1. C 3apHelt CTOPOHBI OJKY-IIACCH BCTABUTD B 6I0K/GIOKYM MUTAHUS IITHYPBI IUTAHUS C BUITKOIA.

2. Buaku mHypoB nMUTaHMUS BCTaBUTbH B po3eTky 220 B, moAK/IOUEHHBIE K PA3HBIM CETSIM IUTAHUS
(OCHOBHOJ U pe3epBHOIA).

3. Ha mepepnueii maHenu 6;10Ka/6/10KOB MUTAHMUS BKIIOUUTDL TymMOJep. B ciryuae ucmomb30BaHMs JBYX
0JIOKOB TIMTaHMs IIOCAeN0BATEIbHOCTh BKIIOUEHMSI Tymbjepa He BakHa. Ha Kakmom Tymbiepe
3aTOPUTCS 3€JEHBbIA CBETOAMOM, — 3TO O3HauvaeT, yTo 12 B OT MCTOYHMKOB MNUTAHUSI TOAAETCS
Ha pa3bEéMbI KpocC-TIaThl. HammMume cBeTOAMOIA 3aBUCUT OT BapuaHTa UCTIOJIHEHUS TyMbJepa.

0
4. Jing M716-02-B: Ha mepenHeil maHeau KaXXOOTo IMpubopa HaxkaThb HA KHOIIKY O VuauxkaTop
«Power/Alarm» goKeH 3aropeThCs 3eJIEHBIM.

Ecmm mapukatop «Power/Alarm» roput KpacHbIM, HEOOXOOMMO BBIKJIIOUUTb IPMOOp, a 3aTeM CHOBA
BKJIIOUUTD ero. Eciiu cBeTomo] BCerma ropuT KpacHbIM, ClleflyeT:

1. BeIKIIOUNTH TPUGOD.

2. OTKPYTI/ITB HEBLIHaﬂaIOH.[I/Iﬁ BUHT HaHpaBHHIOH.[EVI " BBIHYTb HpI/I60p "3 IIOJIKM IIaCCU

20



3. TIpoBepuTb HAIMUME Y UCIIPABHOCTH Micro SD-KapThl B mpubope.

4. Ecau ecTb BO3MOXXHOCTb, IPOBEPUTh pabOTOCIIOCOGHOCTh MpUGOpa Ha CTOJIE OT BHEIIHero 6j0Ka
MATaHMS.

5. Tlocie MpoBepKM BCTaBUTh IIPUOGOP 0OPaTHO B IACCH.

[Ipn6Oop mojyYaeT MUTaHKE OJHOBPEMEHHO OT OCHOBHOIO ¥ Pe3€PBHOTO MCTOUHMKA, BBIK/IIOUEHNE OJHOTO
Y3 HUX He MOBJIMSET Ha paboTy mpubopa.

7.3. Pe3epBHble UCTOMHUKMU NUTAHUSA

[Ipubop uMeeT pe3epBHbIe MCTOUYHMUKM ITUTAHUSI (CYIEPKOHIEHCATOPhI), KOTOPbIe IIpM IIpOIajaHUM
MUTaHUs 06eCIIeunBalOT KPaTKOBPEMEHHYI0 paboTy IIpMOopa 1 BEIBOJ, COOBIIEHMS 00 aBapuiu.

IMoce OTKIIOUEHMST MUTAHUS TIPUOOP MPOAODKAaeT paboTaTh 3a CUET pe3epPBHBIX MCTOUYHUKOB B TEUEHME
3-10 c. IIpu aToM MHAMKATOP «Power/Alarm» ropuT 3eJEHBIM.

Ins Toro, yTo6bl B CJIyuyae OTKIIOUEHUSI MUTaHMs pe3epBHbIe MCTOUHMKM obecrieuman paboTy mpubopa
B TeueHue 3-10 ¢, mOC/Ie BKIIOUEHUS TOJKHO MPOITY BpeMsi, HeO6X0AMMOe JIJIs 3apsifia CYIIepPKOH/IEHCATOPOB
— 0K0J10 8 MUHYT. Eciiu Tpmu6Op BHIKIIOUYNTD paHbllle, BpeMs pab0ThbI OT pe3epBHbBIX MCTOYHMKOB OyIeT MEHbIIIE.

7.4. MNMepe3arpyska

[t mepesarpysku mpu6opa Heo6X0AMMO BBIIOJIHUTh CIeAYIOIINE AeACTBIUS
1. BBIKIIOUNUTH IIPpUGOP.

2. [HoxoaTbCcs OTK/IIOUEHUSI CBeTOOMOOHOTO uHAmMkatopa «Power/Alarm», KoTopoe o3Hauaer
OKOHYaHMe PabOThl pe3epBHbIX MCTOYHMKOB MUTAHMUS M BBIKIIOUeHMe mpubopa. B 3aBucumoctu
OT 3arpykeHHOCTM CUCTEMBI 3TO BpeMsI MOXKeT COCTaB/IsATh OT 3 1o 10 c.

3. Uepes 3 cIocie BRIKIIOUEHMS ITpubopa (3T0 BpeMst He00X0AMMO /IS pa3psifa CyIe pKOHIeHCATOPOB)
CHOBA BKJIIOUMUTH €r0: MHAMKATOp «Power/Alarm» 3arOpuTCs 3eJIEHBIM — Mepe3arpy3Ka BbIITOJIHEHA.

7.5. PekomeHpaumumu no ycTaHOBKE U 3KCNyaTaumm

PucyHok 7.3. HenonHoe 3anosnHeHue noaku-waccu

[Tpy HEMOJIHOM 3aITOJIHEHUM TTOJKMU-maccy (0T 1 1o 5 nmpubopoB), clielyeT yCTaHABINBAThL ITPUOOPHI Yepes
ONVMH [JIs1 CO3JaHMs JIydilleli KOHBEKUMM M OXJIaKIEHMSI KOPIycoB. [JOMYCKAeTCsl YCTaHABIMBATh TaKYIO
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KoHpUrypauuio mpubopos B mKadax 6e3 IPUHYIMUTEIbHO BEeHTWISIIMY U B OTKPBITBHIX ITKadax. TemmepaTypa
BO37yxa BHYTpM MomeneHus 1 mKada He mo/DKHA MpeBbimaTh 35 °C. B MpoTUBHOM c/lydae HarpeB KopIryca
nmpu6opoB MoxkeT mocturaTh 60 °C. ITO He MPUBEAET K BBIXOAY HMPUOGOPOB U3 CTPOs,, HO MOXKET BBI3BATh
HeIIPUSITHbIE OIIYIIeHMS IIPYU COITPMKOCHOBEHMM C KOPITYCOM.

EcauM HeT BO3MOKHOCTM KOHTPOJMPOBATh TEMIIEpATypy BO3Ayxa B IIKady WM IOMEIIEeHUM, CIeayeT
YCTAHOBUTh HaJ ITOJIKOJ TOMOJHUTEIbHYI0 BEHTWISLIMOHHYIO IaHejab BbicoToil 1U M o6GecreunTb OTTOK
HarpeToro BO3AyXa OT KOPIYCOB MPUOGOPOB. BeHTU/ISLIMOHHAS MaHelb MOXKET ObITh CTaHIAPTHOI (OGBIYHO
SIBJISIETCST TOTIOJTHUTEIBHO OMIIMel K mKkady) win crenmaabHO MPOU3BEIEHHOI Ha 3aBOAE-U3TOTOBUTENE IS
IaHHOrO Npubopa (MOCTaBISIeTCS OTAENbHO, 10 IIPeBaAPUTEIbHOMY 3aKas3y).

PucyHok 7.4. [MonHoe 3anonHeHue noaKu-waccu

IMpu 3amosHeHUM TOJMKU-mAccu 6-10 mpubopamu HeO6XOAMMO YCTaHABAMBATH TAKyH0 KOHOUTYpaINio
MpUGOPOB TOMBKO B IIKAadbl C MPUHYAUTENbHON BeHTWIsILMeR. [IpM yCTAaHOBKE TOJKM-IIACCU B OTKPBITHIE
mKadbl B MOMENIEHUIX C HEKOHTPOJIMPYEMOI TeMIepaTypoil Bo3ayxa, HeO6XOAMMO YCTAaHOBUTh HaJl TIOJIKOM
JOTIOJTHUTEIbHYI0 BEHTU/ISILIMOHHYIO TTaHe b BbICOTON 1U 1 06eceunTbh OTTOK HarPeTOro BO3yXa OT KOPITYyCOB
MpMOOPOB. BeHTUIAIIMOHHAS TaHeTb MOXKET ObITh CTAHAAPTHON (OGBIUHO SIBJISIETCS TOTIOJHUTEIbHO OmIIyeit
K mKady) WM CreluasbHO MPOM3BENEHHON Ha 3aBOAE-M3TOTOBUTENE AJIs JAHHOTO mpubopa (IOCTaBIIsSIeTCs
OT[Ie/IbHO, TIO TIPEIBAPUTETHHOMY 3aKasy).
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8. MopknioueHune K npubopy

Iyt HaCTPOJiKK M yIpaBieHus GyHKIMSIMU ITpubopa ucmonb3yercs murepdeiic USB (rmopt «Console») n/mnn
Ethernet (mopt «<Management»).

8.1. NapameTtpbl NOAKNKOYEHUS

Ha npu6ope ycranosiaeHa OC Linux 1 co3maHbl TpY YUETHBIE 3amycK: root, admin u user.

Mo y4ETHOII 3aMIMChIO «I00t» paboTaTh C MPUGOPOM ClIemyeT MpeaebHO BHMMATEIbHO.

ITpu mopkaoueHMM K mpubopy mo mHTepdeiicy Ethernet mis paboThl 1Mo YYETHOI 3aIlMChIO «IrOOt»
HeoOX0IMO BBECTY KOMaHIY «Su».

Nmsa HasnauyeHue HuTepdeiic ojisg MOAKIIOYEHNUS K IPUGOpY
root Vropasnenue ¢aiylamu  u ceteBbiMu | USB
uHTepdelicaMu, yCTAaHOBKA ITAKETOB.
admin Vrpasnenye GQyHKIMSIMU Tpubopa. USB, Ethernet
user IMopkmoyeHKe K Ipmuobopy. USB, Ethernet

B Tabnuile HMKe IpUBeIEeHbI IMapaMeTpbl IJIs MEepPBOr0 MOAKIIOUeHMS] K Ipubopy. [locie coemvHeHUs
¢ mpubopom naposu u IP-agpec mopra «<Management» MOXXHO U3MEHUTD, CJIeAYS yKa3aHUsIM pa3mesioB 9.1 n 9.2.

ITapameTp 3HauyeHMe Mo YMOJTYaHUIO
IP-agpec nopra «Management» 192.168.0.1

[Taponb 1151 yUETHO 3aTIUCH «IO0t» PleaseChangeTheRootPassword
[Taponb gjist yuéTHOI 3anucu «adminy» PleaseChangeTheAdminPassword
[Taposnb 111 yUETHOI 3aMIUCK «USer» PleaseChangeTheUserPassword

HacTosiTeqIbHO peKOMEHIYETCSI MU3MEHUTD ITapoJib JIJIST YUETHOM 3aMMCHU «r00t» MPU MOAKIIOYEeHUN TTpubopa
K CeTU 0OIero Mojib30BaHMsI.

B ciayyae ycremHoro MOAKIIOUEHMSI K TIPMOOPY B OKHO TEePMMHAIbHOM MIPOrpPaMMbl BBIBOJUTCS
MpUrialieHye KOMaHAHOM CTPOKM (CM. IOKYMEHT «Y HUBEPCAIbHBIN M3MepuTeNbHbIN 30HI M716. PykKOoBOACTBO
110 KOMaHJaM yAaJ€HHOTO YIIPaBIeHUs»).

8.2. NopknroueHne no uHtepdeiicy USB
8.2.1. OC Linux

BsaumopeiictBue ¢ mpmu6opom B OC Linux ocylecTBiisieTcs TOCPeICTBOM CTaHIapTHOro apaiisepa USB serial
¥ JII0607i JOCTYITHOM TepMUHAIbHOM ITPOrpaMMBbl (HampuMep, minicom).

IIJIsT yCTAaHOBKM COeMHEHMST MeXIY IepCOHaTbHBIM KomItbioTepoM (ITK) ¥ mpr6opoM C MCHOb30BaHUEM
MporpaMmbl minicom He06XOAMMO BBITIOJTHUTH CIeAyIOIINe NeiiCTBUS:

1. Tlogkmrountb opT «Console» nmpubopa kK USB-mopTy ITIK.
2. BxmounTts npubop.
3. HaIIK 3anycTuTh porpaMMy minicom:
minicom -D /dev/ttyUSBO0 -b 115200
4. B HacTpoiikax IporpaMMbl BBIKIIOUUTH allllapaTHOE ¥ IPOrpaMMHOe YIIpaBieHye IIOTOKOM.

5. B c1Iyyae ychemHoro coeiyHeHMsS B OKHO TepMMHAAbHOM IporpamMMbl OyneT BbIBELEHO
MpuUranieHue s BBOJa MMEHM IT0/Ib30BaTeIs U [1apoJis.

23



IMoc/ie KOPPEKTHOTO BBOIa MapaMeTPOB MOIKIIOUEHMSI MOXKHO YIIPaB/sATh MPU6OPOM C IIOMOIILI0 KOMAaHI,
NpeACTaBIeHHbIX B JOKYMeHTe «YHUBEPCAJbHbINI M3MepUTeabHbIll 30HA M716. PykoBOJICTBO MO KOMaHIaM
YAAMEHHOTO YIIPaBIEHUSI».

8.2.2. OC Windows

B3aumopeiictBue ¢ mpubopom B OC Windows ocyiiecTsisieTcsl mocpencTsom apaiiBepa Virtual COM Port.
IaHHbBII OpaiiBep ciemyeT NMpeaBapUTeNbHO YCTaHOBUTH Ha IIK mis yvHuimanusauuu rnpubopa B CUCTEME.
@aiipl OpaiiBepoB [Ji pasiMUHBIX OIMEpPAalMOHHBIX CUCTEM M yKas3aHUS MO0 MX YCTAHOBKe IpeCcTaBieHbl
Ha caiiTe komnauuu FTDI Chip: http://www.ftdichip.com/Drivers/VCP.htm.

BsaumomeiicTBie ¢ IpMOOPOM MOKET obecreunBaTbcs Kak cTaHmapTHhIMU cpeactBamyu OC Windows —
nporpammoit HyperTerminal, Tak ¥ TepMUHaIbHBIMM ITPOTrpaMMaMM CTOPOHHUX TIPOU3BOAMTEIEN.

IOnsg yctaHoBKM coemuHenust mexkny IIK u mpubopom ¢ ucmosib3oBaHueM mporpammbl HyperTerminal
HeO0OXOMMO BBITIOIHUTD CJIeAYIONIVE NeICTBUS

1. Tlomkmrountsb mopT «Console» mpubopa k USB-nopry ITK.
BxiounTs mpubop.
Ha IIK 3anyctuth nmporpammy HyperTerminal.

2
3
4. Co3gaTb HOBOe noakiawueHme: «Dain» = «HoBoe nogkmoyeHne».
5. 3amaTh MMS IOAK/ITIOUEHMS.

6

Onpenenutb, Kakum COM-TIOPTOM B CUCTeMe SIBJISIETCSI MOAKIIOUEHHBIN Mpubop, 06paTUBLINCDH
K CTaHJIapTHOMY MPUIOXKeHUIO «JJycrieTyep yCTPOCTBY.

~

BrIGpaTh MocaeqoBaTeNbHbIl ITOPT, K KOTOPOMY ITOJK/IIOUEH TPU6OD.
8. YcTaHOBUTB MapameTpsl MOC/Ie[0BaTeIbHOTO IopTa:

—  ckopocTsb (6ut/c): 115200;

OMTHI JAHHBIX: 8;

YETHOCTD: HET;

CTOIIOBbIE OUTHI: 1;
—  yIpaBjieHue MOTOKOM: HeT.

9. Tlocne HaskaTMs Ha KHONKY «Enter» HyperTerminal mombiTaeTcs YCTaHOBUTH COeOMHEHME
¢ mpubopoM. B ciryyae yCIienHoro coeJMHeHMs B OKHO TepMYHAIbHOI ITPOTpaMMbl 6y1eT BBIBEAEHO
MIpUIJIalieHe AJisi BBOJIa MMEHM IT0JIb30BaTeIs U MapoJis.

ITocie KOPPEKTHOTO BBO/IA ITApaMeTPOB MOAKIIOUEHMS] MOXKHO YIIPABISITh MPUOGOPOM C IMOMOIILI0 KOMaHI,
MpeJICTaBJI€HHBbIX B JOKYMEHTe «YHUBEpPCaJIbHbIN M3MEPUTENbHBIN 30HI M716. PykoBOACTBO MO KOMaHAaM
YO,a/I€HHOTO YIIPAaBIeHVSI».
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8.3. NMoaknoueHue no uHtepodeiicy Ethernet

8.3.1. OC Linux

g ycraHOBKY coegviHeHust mexxay IIK u mpubopom cienyer:
1. Togkmrountb mopT «Management» mpu6opa k ITK uiu cetn.
2. Bxmounts pubop.
3. HalIK OTKpBITb OKHO TepMMHaJIa M BBECTU KOMAaHAY:
ssh admin@IP-agpec_nopTa_Management
(mnm ssh user@IP-agpec_nopTta_Management)
4. BaecTu napoJb AJ1s1 UCTIOJIb3yeMOI YUETHOM 3alUCH.

IMocsie yCIIEIIHOTO BBOJA IApOJISI MOXKHO YIIPaB/siTh IPMOOPOM C IOMOIIbI0O KOMaH[, IpeaCTaBIeHHbIX
B IOKYMEHTe «YHUBEPCAIbHBI WM3MepUTENbHbI 30HA M716. PyKOoBOACTBO MO KOMaHAAM YAAJIEHHOIO
yIIpaBAEeHUS».

8.3.2. OC Windows

8.3.2.1. SSH

st ycTaHOBKY coenuuenmst mexxay [TK v mpu6opom ciemyer:
1. Tlomxkmroumtsb opT «Management» rmpubopa K IIK mau ceTn.
2. Bxmounts npubop.
3. HalIK oTKpbITb TEPMUHA/ILHBIN KIMUEHT C TTOAnepskkoii SSH, Hanipumep, PuTTY.
4. 3apats IP-agpec mopra «Management» 1 BOITU B CUCTEMY.
5. BBecTu ums mmosib3oBatesis: admin wim user.
6. BBecTyu mapoJib 1J1s1 BIOpaHHO YUETHOM 3aIMCH.

ITocne ycremHoro BBoAA Maposisi MOKHO YIIPaB/sTh MPUOOPOM C MOMOIIbI0 KOMaH/I, MpefCcTaBAeHHbIX
B IOKYMEHTe «YHUBEPCAIbHBIA WM3MEpUTENbHBI 30HA M716. PyKOBOACTBO IO KOMaHOAM YIOAJIEHHOTO
YIIpaBIeHUS».

8.3.2.2. SFTP

It ycTaHOBKY coemmuenmst Mmexxay [TK v mpu6opom ciemyer:
1. TlomkmiounTb MOPT «Management» mpubopa K ITK mau ceTn.
2. Bxmounts mpubop.

3. HaIIK oTKpbITh KAMEHT c noaaepskkoii SFTP, Hanpumep, WinSCP:
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33
01

222 @ Hosoe nogknyeHne CoeauHerne

1:2]
01 SFTP v
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27 Wma xocra: Mopt:

= \ I 2

33

55 A nons3oeaTens: Napos:

a5 \ I \

43

65
3:00
9:3
8:2]

|MH:rpryMeH'ru v‘ ‘ Leiicraun W 5] Boitn ‘v 3aKPLITE Cnpaska

[W] Nokazeizars awanor exoga npw 2anyeke 1 KOrAa NOCNEAHAR CECCHS 2aKPLIT

4. B none «Mmg xocta» BBecTu IP-anpec nmopra «Management».
5. 3amartb UMs moJsib30Batess (admin wim user) ¥ Maposib AJ1s1 BBIOPaHHO YUETHO 3aIiCH.
6. HaxkaTp Ha KHOMKY «BoiTu».

IMocie ycmenrHoro coegMHEHMs] MOXKHO VIIPaB/siTh MPMOOPOM C MOMOIIbi0 Tpadudueckoro mHTepderica
WinSCP.
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9. KoHdwurypauusa npubopa

B pykoBozcTBe IO/MIb30BATeNS OIMMCAHBI KOMAaHIbI IJIT KOHOUTypanuy IIpuOopa, KOTOpPbIE XPAaHSTCS
B pasgese ¢aiiyIoBOii CUCTEMbI, CMOHTUMPOBAaHHOM C IIpaBaMy Ha 3allCh M 4uTeHue. Pasmes, comepskaliuii
cucTeMHbIe (aiiibl, CMOHTMPOBAH C IIPAaBaMM TOJIbKO /ISt YTEHMS C LIeJIbIO 3alIMThI JAHHBIX OT ITOBPEXKIEHNIA.
ITocmoTpeTh MHOOpMALMIO 110 JAHHBIM pasfeiaM ¥ M3MEHUTHh IIpaBa IO YMOJYAHMIO MOXKHO C IOMOIIbIO
KOMaHJIpl «mount». «mount» — yTuianta KoMmaHaHoi cTpoku B UNIX-1omo6HBIX OMepanyoHHbIX CHUCTEMaX,
KOTOpasi MpUMeHSIETCS JJ/Is1 MOHTMPOBaHMUS (aiiyIOBbIX CUCTEM.

HpI/IMepr MCII0/JIb30BaHMsI KOMaHObI:

e  MOHTMPOBaHME ¥ BO3MOXKHOCTD IIPOU3BEAEeHNS M3MEHEeHUI:
mount -0 remount,rw /
e  3aIlpeT Ha MUCIpaBJIeHMe CUCTEMHBIX (aiiioB:

mount -o remount,ro /

9.1. Hactpoliika ceteBoro aapeca nopta «Management»

[l u3MeHeHMsI ceTeBOro aapeca nopra «Management» cienyeT:

1. TlomkmoumMThCs K MPUOOPY, UCIIONb3YS YUETHYIO 3amCh «adminy.

2. IlepeiiTu B yUETHYIO 3aMUCh <IOO0t».

3.  OTKpbITH (haiisl ceTeBbIX HACTPOEK B pelakTope vim:
vim /etc/network/interfaces.d/eth

4. B ciayyae monayyeHus ceteBbix HacTpoek 1o DHCP B daiie Jo/mKHA TPUCYTCTBOBATh CTPOKA:
iface eth0 inet dhcp

5. Tlpu 3amaHuy HACTPOEK BPYUHYIO B ¢hajijie JOKHBI TPUCYTCTBOBATH CTPOKNA:
iface ethO inet static
address <IP-agpec>
netmask <macka noacetn>
[Tpu HeO6XOAMMOCTH 3a1aTh:
gateway <IP-agpec wno3a>
dns-nameservers <IP-agpec 6a3bl DNS>

6. 15 noATBepKAEHUSI HACTPOEK BBECTU KOMaH/[Ibl:
ifdown eth0 && ifup eth0

7. BBecTu KOMaHAY:
ifconfig ethO

B c/yuae yCIenrHoro BbIMOMHEHMSI KOMaHbl B TEPMMHAIbHOI MMPOrpaMMe OTOOPassiTCS MmapaMeTphl CEeTH,
3HAUYEHMS KOTOPBIX GYAYT COOTBETCTBOBATH 3a[JaHHBIM paHee HACTPOIKaM.

Hpumeuanue. TlpuMeHeHMe HACTPOEK IIJisI MHTepdeiica JOKHO BBITIOTHITLCS KoMaHmoit «ifdown ethO && ifup
eth0». Vicriosib30BaHMe IPYrUX KOMaHI MOXKET MIPUBECTH K ITOTepe YIIpaBaeHus IPpUOOPOM.

Eciu mpoucxoguT mM3MeHeHMe TOAbIHTepdeiica, He0OXOOMMO BBITIONHSTL Iepe3arpysky Gusuueckoro
uHTepdeiica. Hampumep, mpu wusMeHeHMM HacTpoek mnonabiHTepdeiica eth(0.140 HYKHO Iepe3arpysuTb
dbusnueckuit uaTepdeiic eth0 komanmoii «ifdown eth0 && ifup eth0 && ifup eth0.140».
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9.2. Hactpoiika ceTeBbiX aApecoB Ha TeCTOBbIX MHTepdecax ans npubéopos M716-02-x u M716-

03-x

IlJist MU3MeHeHMsI CeTeBOTO ajipeca TECTOBOTO MOpTa A HeOOXOAMMO BHITIOTHUTD AECTBUS, TIepeurcieHHbIe
HoKe. [Ij1st mopTa B mopsimoK geiicTBMiT aHAaIOTUUHbIN, TOJbKO MeHsieTcsl KoHdurypauust gbel, a He gbeO.

1.
2.

TMogKIIOUNTHCS K IPMOOPY, UCHOb3YST YUETHYIO 3amMCh «adminy.

[TepeiTn B y4ETHYIO 3aIINCh «IOO0t».

OTKpBITh (paiia ceTeBbIX HACTPOEK B PeAaKTOpe vim:

vim /etc/network/interfaces.d/gbe

B ciyuae nmosyueHus ceTeBbIx HacTpoek 1o DHCP B daiine mo/kHa IpUCYyTCTBOBATh CTPOKA:
iface gbe0 inet dhcp

[Tpu 3agaHmMy HACTPOEK BPYUHYIO B (haiijie JOKHBI IPUCYTCTBOBATH CTPOKN:
iface gbe0 inet static

address <IP-agpec>

netmask <macka noagcetn>

ITpy HeOO6XOAMMOCTH 3aJaTh:

gateway <IP-agpec wno3a>

dns-nameservers <IP-agpec 6a3bl DNS>

151 ToaTBepsKAeHMST HACTPOEK BBECTU KOMaH/Ibl:

ifdown gbe0 && ifup gbe0

BBecTu KOMaHAy:

ifconfig gbe0

B C/1ydae YCIIEIIHOT'O BBITIOJTHEHMS KOMaHIbl B TepMMHaHbHOVI mnporpamme OTOGpaBHTCH ImapaMeTpbl CeTu,
3Ha4YeHMs KOTOPbIX 6y,ILYT COOTBETCTBOBATDH 3aJaHHbBIM paHee H&CTpOVIKaM.

ITpumeuanue. IlpuMeHeHNe HACTPOEK IJI1 MHTepGeiicOB MO/KHO BBIMOIHSITbCS KOMaH 1o «ifdown gbe0 && ifup
gbe0». Vcrionp30BaHMe OPYIUX KOMaH[A MOXKET MPUBECTU K IOTEpPE YIIPaBAEHUSI TPUOOPOM MU OTCYTCTBUIO
IOCTYTIA K TeCTOBOMY MHTepdeiicy.

Ecnu mpoucxomuT mMsMeHeHMe mnoabpiHTepdeiica, HeOOXOOMMO BBITIONHSIThL Mepe3arpy3Ky (Gusuueckoro
uHTepdeiica. Hampumep, npu m3MeHeHUMM HaCcTpoek TmoabiHTepdeiica gbe0.140 HyKHO IMepe3arpy3mThb
dusnueckuit uaTepdeiic ghe0 komanmoit «ifdown gbel && ifup gbel && ifup gbe0.140».

9.3. Hactpoliika ceTeBbix aapecoB Ha TeCTOBbIX MHTepdeicax ana npubopos M716-10-x

s usMeHeHMs CeTeBOro ajipeca TeCTOBOTO MOPTa A HeOOXOAMMO BBIOTHUTD JEeCTBUS, epeuncaeHHbIe
HoKe. [IJ1s1 mopTa B mopsimoK geiicTBUi1 aHAIOTUYHbIN, TOJIBKO MeHsIeTcst KoHdurypaius xgel, a He xge0.

1.
2.

IMoAKIIOYNTECS K IPUOOPY, UCTIONB3YS YUETHYIO 3aUCh «adminy.

[TepeliTu B y4ETHYIO 3aIIUCh «IOO0t».

OTKpBITH (paiia ceTeBhIX HACTPOEK B PeAAKTOPE vim:

vim /etc/network/interfaces.d/xge

B cryuae mosrydeHus ceTeBbIx HacTpoek 1o DHCP B daiine mo/mkHa MpUCyTCTBOBATDH CTPOKA:
iface xge0 inet dhcp

[Tpu 3amaHmUy HaCTPOEK BPYUHYIO B ¢haiiie JOMKHBI IPUCYTCTBOBATH CTPOKM:
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iface xge0 inet static
address <IP-agpec>
netmask <macka nogcetn>
ITpy HEOO6XOAVIMOCTHU 3aaTh:
gateway <IP-agpec wnio3a>
dns-nameservers <IP-agpec 6a3bl DNS>
6. [y moATBepPXXAeHMs HaCTPOeK BBECTM KOMAaH/Ibl:
systemctl restart ifup@xge0.service
7. BBecTu KOMaHAy:
ifconfig xge0

B ciryuae ycrmenrHoro BBITIOJIHEHMSI KOMAaHABI B TEPMUHATBHO ITPOrpaMMe OTOOPA3SITCS mapaMeTphbl CEeTH,
3HAUYEHMsI KOTOPBIX OYAYT COOTBETCTBOBATH 3aJaHHBIM paHee HACTPOMKaM.

IIpumeuanue. TIpumMeHeHMe HACTPOEK IJi1 MHTEPDENCOB MOJKHO BBIIIOJHSTHCS KOMaHOOM «systemctl restart
ifup@xge0.service». Mcronb3oBaHMue IPYTUX KOMAaHJI MOKET IPUBECTU K TOTEpe YIIpaBJIeHUs] MpubOpoM WIIu
OTCYTCTBUIO IOCTYIIA K TECTOBOMY MHTepdeiicy.

Ecmum mpoucxogutr mMsameHeHMme monabiHTepdeiica, Heo6XOAMMO BBIIOJHSITh Iepe3arpysky (pusanueckoro
nHtepdeiica. Hampumep, mpu u3MeHeHMM HAcTpoeK mombiHTepdeiica xge0.140 HYKHO Iepe3arpysuThb
dbusnueckuit maTepdeiic xge0 KoMaHmOI «systemct! restart networking».

9.4. UsmeHeHune napons

I u3meHeHus apoJis 1o yMmoI4aHuio (CM. pasgen 8.1) cienyer:
1. TIomKTIOUNUTBCS K MIPUOOPY, UCITIONb3YSI YUETHYIO 3aIIUCh «I00t».

2. BecTtu komaHmy «passwd» ¥ cJieqoBaTh yKa3aHMAM Ha skpaHe I1K.
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10. TunoBble cxeMbl BKNIOYEHUS

[MogkmoyeHne MpMOOpa K TECTUPYEMbIM KaHaaaM ITPOU3BOAUTCS OTHMUM U3 ABYX CITOCOOOB:

1. B pa3pbiB coeaVHEHUSI MEXOY CEeTeBbIMM YCTPOWCTBaMM (TpPaH3UTHBIN pexxum). [lepemada ceTeBOro
Tpaduka ocyuiecTBiasgercs ¢ nopta A (B) Ha mopt B (A), umMeeTcs BO3MOKHOCTb OJHOBPEMEHHO
BBITIOJTHSATh TeCThl. B c/lyyae OTKIIOUEHMST 3JIEKTPOMUTAHUS 11€JIOCTHOCTh KaHaja CBSI3U COXPaHSIeTCs
3a CYET ammapaTHOrO MexaHusMa «bypass». CxeMbl mepemauyu Tpaduka U TOApoGHOE omycaHue
IIpMBeneHo B pasgeie 18.

2. BKauecTBe OKOHEUHOTO YCTPOJICTBA, KOTa ITOPThI A 1 B ob6ecrieunBaoT HeO6X0OMbIe M3MepUTeIbHbIe
dyukiMmu. CxeMbl OAKIIOUEHMS Tpubopa onyucaHsl B pasgenax 10.1-10.5.

VcnoBHble o603HaueHust Ha cxemax: NUT — Tectupyembie ceTu, RX — mpMHMMAaloias 4yactb mopra A/B,
Tx — nepeznaroias yactb rmopra A/B.

10.1. UsmepeHusa B 0O4HOM HanpaBneHUMU

Power
(Alarm) A

PucyHok 10.1. lNodknoyeHue npubopa 015 nposedeHus usMepeHuli 8 00HOM HanpasaeHuu

IO mpoBemeHMsT M3MepeHMii B OJHOM HAIpaBjleHUM o006a IopTa IpuMOOpa MOAKIIOUAIOTCS K CEeTU
U IPOBOAUTCS TecTupoBaHue ¢ nopta A (B) Ha mopt B (A) (puc. 10.1). ITopTel MOTYT MOAKIIOYATHCS KaK K OLHOMY
¥ TOMY ke KOMMYTaTOPy WX MapuIpyTu3aTopy, Tak 1 K pa3HbIM.

10.2. U3mepeHns B ABYX HanpaBneHUsX

Power
warm) A

PucyHok 10.2. odknoyeHue npubopa 015 nposedeHus usmepeHuli 8 08yxX HaNPABAEHUSIX
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s mpoBedeHMs] M3MepeHui KaHaja CBSI3M B JBYX HaIlpaBieHMSIX ob6a ImopTa Mpubopa IMOAKII0UaloTCs
K CeTU ¥ MPOBOASTCS usMepeHus ¢ mopta A (B) Ha mopT A (B), IpOTMBOMOMOXKHbIN TOPT MPU 3TOM UCIOJIb3YeTCS
B KauecTBe nuieiida 151 rnmepeHampaBiieHMs Tpaduka Ha MCXOAHBIN MOPT. B 3aBUCMMOCTM OT THUIIA TecCTa,
Ha IMPOTUBOIIOJIOKHOM IIOPTY OOJ/KEH ObITh BKIKOUYEH muieiid 2-ro, 3-ro, 4-ro ypoBHSI mwim TWAMP Light
peduiextop (cM. paszen 16).

Ha npu6ope TWAMP Light pediekTop Bcerga BKIIOUEH.

ITpumenenue: RFC 2544, Y.1564, MakeTHbIN IKUTTED.

10.3. OpHOBpEMEHHbIE U3MEPEHUS

Tx1| |Rx2 Tx2| |Rx1

MopTt A MopT B

Power
(Alarm) A

Pucyrok 10.3. lodknoyeHue npubopa 015 nposedeHus 08yx mecmos. BapuaHm 1

PucyHok 10.4. lNogrroverme npnbopa 4719 NPOBEAEHMS ABYX TECTOB. BapnaHt 2

NmeeTcs gBa BapMaHTa MMOAKIIOUYEHMS npl/{6opa JJI TIpOBeAeHMSA OJHOBPEMEHHbBIX TeCTOB!

1. O6a mopra nmpubopa MOAK/IIOUAIOTCS K CETY ¥ OJHOBPEMEHHO ITPOBOISATCS M3MEepeHus C rmopra A
Ha 1opT B u ¢ mopTa B Ha mopt A (cm. puc. 10.3). IIpu TakOM c1rtoco6e MOgKII0YEHUS] MOKHO B OHO
M TO Xe BpeMs mpoBoauTh aBa Tecta RFC 2544, 4To IMO3BOJISIET OLIEHUTDH IOTEPU MAKETOB WU
3aJlep>KKy B HanpasyieHuu A (B)=B (A) npu ogHOBpeMeHHOI1 Harpy3ke HamnpasiaeHus B (A)=A (B).

2. 0O6a mopTa nmpubopa MOJKIIOUAIOTCS K CeTH M OTHOBPEMEHHO MPOBOASITCS M3MEPEeHUs C TmopTa A
Ha ropT A u ¢ mopta B Ha mopT B (cm. puc. 10.4). [Insa nepeHamnpaieHus TpaduKka UCIIOIb3yeTCs
IPYyTOii TpMO0OP WK aHAJIOTUYHOE 000pYyIOBaHMe.

IMpumenenue: RFC 2544,
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10.4. YpanéHnHbit wneind

Tx| [Rx

MopT A (B)

Pucyrok 10.5. lMogrriodeHne npubopa 47159 TECTUPOBAHUS C «A» Ha «A»

B sTOM pesxxume ofuH MOPT MpMbOpa MOIKII0UAETCS K CeTU U IMTPOBOIASITCS M3MepeHus ¢ opta A (B) Ha mopT
A (B). Ina nepeHamnpasyieHns TpadmKa UCIOMb3YeTCs IPYToi MPpMUOOpP MIY aHAJIOTMIHOEe 000pyIOBaHMKe.

ITpumenenue: RFC 2544, Y.1564, makeTHbIi IKUTTEP.

10.5. OpHOHanpaBieHHOE TECTUPOBAHUE C UCNOJIb30BaHMEM ABYX NpubopoB

OnHOHAampaBIeHHOe TEeCTUPOBAHME MCIOAb3YeTCS IS TOMYYeHMS OJHOCTOPOHHMX pesy/lbTaTOB IIpu
npoBeneHuy aHanu3a 1o metonyike RFC 2544, tecrta «Y.1564».

Iyist momyyeHust 60jiee TOYHBIX Pe3y/IbTATOB IIPU aHa/IM3e 3amepskKu 1Mo Mmetoauke RFC 2544, a Takke mpu
TeCTMPOBAHMM B COOTBETCTBUM C peKomeHmaiueit Y.1564 HeoO6XOAMMO MCIOab30BaTh PTP-cHMHXpOHM3ALINIO
(oniust ETPTP).

Tx Rx

MopT A/B MopT A/B

PucyHok 10.6. lNodknoyeHue npubopa 0415 nposedeHuss 00HOHABNPABIEHHO20 MeCMUpPO8AHUS

[Tpu mpoBegeHNM TeCTUPOBAHMS UCITIONb3yeTCs 2 TpUbopa, CMHXPOHU3UPOBAHHBIX 110 ITpoTOKOTY NTP.

ITpumenenue: RFC 2544, Y.1564.

32



11. Metoauka RFC 2544

WHdopmanus 1Mo KOMaHIaM, MO3BOJISIIOUIMM BBIIOJIHUTh M HACTPOUTh TeCThl Mo MeTomuke RFC 2544,
IIpMBedeHa B MOOKYMEHTe «YHMBEpPCAJIbHBIVM M3MEpPUTENbHBIM 30HA M716. PykoBOACTBO MO KOMaHIaM
YIOaJIEHHOTO YIIPaBJIeHUS», BXOASIIE) B KOMIIJIEKT ITOCTaBKIA.

Metonuka RFC 2544 [1] ompepnensier HaGop TeCTOB, KOTOPbIE MCIIOIb3YIOTCSI MPU OIEHKE BaKHEMIINX
rapaMeTpPoOB CEeTEeBBIX YCTPOMCTB. [IpmbOp IMO3BOJISIET IPOBOAUTH YEThIPe CTAHAAPTHBIX TeCTa COIVIACHO
pekomengauusm RFC 2544: aHaiaM3 IIPOMNYCKHOM CIIOCOGHOCTM, 3aJepkKKM, YPOBHS IIOTEPh KaapoB
U IpeaeabHO Harpy3Ku.

11.1. AHanu3 nponycKHOM1 CNOCO6HOCTU

1 \'A!
i >
TIPOHM30MIIA MOTEePsI

KaJapoB
V2<VI —
- —
Y

Ne 11onbeITKH

| - -
A B

:) nuiend

-+

V1, V2 - ckopocTs nepeaayn JaHHbIX

PucyHok 11.1. AHanu3z nponyckHoli cnocobHocmu

AHanM3 IPOITyCKHO CITIOCOGHOCTY MPOBOAUTCS C LIeJIbI0 OTpeie/IeHUSI MaKCUMMaTbHO BO3MOKHO CKOPOCTH
KOMMYTaIVY JJIsl CETEBBIX 3JIEMEHTOB B TPAHCIIOPTHBIX ceTsx Ethernet.

[TpomycKHast CHOCOOHOCTbh — MaKCUMasIbHasi CKOPOCTh Tiepefiaui JaHHbIX, Ha KOTOPOit KOMMYECTBO KaipoB?,
npomrenmmx yepe3 DUT, paBHO KOIMYECTBY KaJpoOB, OTIIPaBI€HHbIX €My C TeCTUPYIOIIero 06opynoBanus. I1pu
aHaJM3e MPOITYCKHOM CIIOCOOGHOCTY UCTIONb3YeTC s MeTo ], GMHAPHOTO MOMCKA.

Ins omnpeneneHus: MPOMYCKHOM CIOCOOHOCTM HEKOTOPOe KOJMUYECTBO IMAKEeTOB C 3aJaHHOIM CKOPOCTHIO
nepenaétrcs Ha Bxon DUT (puc. 11.1). 3aTeM MOACUUTHIBAETCS KOJIMUYECTBO MTAKETOB, IPUILIEIINX C BBIXOJHOTO
nopta DUT. Eciiv oHO 0Ka3bIBaeTcsl paBHbIM KOIMUECTBY OTIIPABIEHHbIX [IAKETOB, TO TeCT 3aBepllaeTcs, TaK Kak
OKOHYWICS YCIIeLITHO Ha 3aJ,aHHOJ IT0JIb30BaTe/IeM CKOPOCTHU.

Ecau KommuyecTBO NMPUHSATHIX IAKETOB 0Ka3bIBAETCS MEHbIIIE, YeM KOIMYECTBO MepeaHHbIX, TO HAUMHAeTCS
MOMCK MaKCUMaJIbHO BO3MOYKHOJ CKOPOCTHU, Ha KOTOPOJi OTCYTCTBYIOT ITOTE€PHU: TeKYyIL[asi CKOPOCTb YMEHbIIAETCS
BIIBO€, U TeCcT MOBTOpsieTcs. EcaM B Xome HOBOro TecTa MOTEPh HET, CKOPOCTh yBeIMUYMBAETCS Ha IOJIOBUHY,
COTJIACHO aNropuTMy OMHApHOro mowucka. Ecim moTepu ObUIM — CKOPOCTh YMeHbIIaeTcss BAaBoe. [locie
M3MEHeHMsI CKOPOCTM TeCT TMOBTOpsieTcsl. V3MepeHMS! BBIMIOMHSIIOTCSI OO TeX IOp, MOKa He OyeT HaiileHo
3HaveHue, OJM3KOEe K 3HAUEHMIO [EeCTBUTENbHOI IPOITYCKHOM CIHOCOOHOCTM C TOYHOCTBIO, YKa3aHHO
B HACTpOJiKax Tecra.

2 TepMI/IHbI Kaap U rakeT B ONMMCAaHUAX TeCTOB ABJIAIOTCA CMHOHMMaMMN.
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11.2. AHanus 3apepxKu

Ta
B - Ka/Ip ¢ METKOH

naydka KaJpoB

I/

e
-

CTEEC ]

3anepxkka =Tb - Ta

Tb

PucyHok 11.2. AHanu3s 3adepxku

AHanM3 3aJepsKKM IO3BOJISIET OLIEHUTh BpeMS, KOTOpOoe HeoOXOomuMO Kajpy HJIS IPOXOXKIEHMS
OT CTOUHMKA K MOJIyUaTe o M 06paTHO. VM3sMeHeHMe BeIMUMHBI 3a[I€PKKM MOKET MPUBOIUTH K Mpobiemam
B paboTe CepBIUCOB PeaTbHOTO BPEMEHNA.

[Tpu aHanm3e 3agepskKu OJIs1 KAXKAOTO pa3Mepa nakeTa Ha 3aaHHON (WIM TTOJyY€HHONM B pe3ysbTaTe TecTa
«[IporrycKHast CrIoCOOHOCTD») CKOPOCTM OTIPABJISETCS TIOTOK KaZpoB, aipeCOBAaHHbBIX TOJyYaTeI0. B makeTsl
BCTaBJIIOTCSI METKM OlpeiesieHHoro ¢popmarta. Ha nmepepaloiieii cTopoHe 3amucbiBaeTcsl 3HaueHne Ta — BpeMs,
K KOTOPOMY ITaKeT C MeTKOJ ObLI IIOJHOCTbIO mepenaH. Ha MpuEMHOM CTOpOHE OIpemessieTcss MeTKa
U 3amuchiBaeTcs 3HaueHue Tb — BpeMs Mpuéma IakeTa ¢ METKOM. 3afepsKKa IpefCcTaBIseT co00il pasHUIY
3HaYeHMit 3Tux MeTok: Tb - Ta. ITo pe3ysbTaTaM aHaIN3a BEIYMCIISIETCS CPEIHSS 3aIepsKKa.

11.3. AHanu3 ypoBHS noTepb Kaapos

100%
1 e

-
HOTEPH - XI%

90%
2 e

-
MOTEPH - Xz%

Y
No momneITKH

Xl%, Xz% — IOTEPH IPHU COOTBETCTBYIOLICH HArpy3Ke

PucyHok 11.3. AHanu3 yposHs nomepb Kadpos

AHanm3 ypoBHS ITOTEPh KaZPOB HEOOXOIUM [IJISI TPOBEPKU CITOCOOHOCTM CETH TOAIePKUBATh TPUIIOKEHMS,
KOTOpbIe pabOTaIOT B pealbHOM BpeMeHM (6e3 BO3SMOKHOCTY ITOBTOPHOI Iepefaun), Tak Kak 60JIbIIONM TPOLIEHT
IOTepb KaJpoB NPUBENET K YXYAIIeHMIO KayecTBa cepBuca. [JaHHBIN TeCT MO3BOJSIET PACCYMUTATh MPOLIEHT
KaJIpOB, KOTOpble He ObUIM TepeJaHbl CEeTeBbIM 3JIEMEHTOM IIPU IMOCTOSIHHON HAarpyske u3-3a HeJOCTaTKa
arnmnapaTHbIX pecypcoB.

IIpn aHanu3e ypoBHS moTepb KaaposB Ha Bxon DUT Ha 3afaHHOM HayalbHOM CKOPOCTU IOCBLIAETCS
HEKOTOPOe KOJAMUYeCcTBO KagpoB (input count) M TOACUMTHIBAETCS KOJMYECTBO MAKETOB, MNPUILIEHUIINX
¢ BeixogHoro noprta DUT (output count). VcrnpiTaHusi HOBTOPSIOT, YMeHbIIasi CKOPOCTh TeCTOBOTO IOTOKA
JI0 33IAHHOTO KOHEYHOTO 3HAaueHMs], TIOKAa B JBYX IOIBITKAX MOAPS He OyIOeT MOTepsHO HU OJHOTO Kaapa.
VpoBeHb NOTePb KaZpOB pacCUUThIBAeTCs 1o hopmyiie:
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100 x (input count — output count)
(input count)

11.4. AHanu3 npeaenbHOM HarpysKu

nauka Kagpos
(I | |
I |
| xanp nmoTepsH

KOJI-BO KaJIPOB B T1Ia4Ke
YMEHBIIACTCS

I
.

MOTEph HET

\
Ne noneITKH

PucyHok 11.4. AHanu3 npedenbHol Hazpysku

AHanus npefenbHOl Harpy3kyu MO3BOJISIET OIEHUTh BpeMs, B TeueHMe KOTOPOTO YCTPOICTBO CIIPaBseTCs
C MaKCMMaJIbHOI Harpy3Koii.

IMpn ananuse mpepenbHONM Harpy3ku Ha Bxopd DUT oTchInamOTCS KaApbl € 3a4aHHON (MM TTOTYyYEHHON
B pe3ysbTaTe TecTa «IIpomycKHasi CHOCOOHOCTD») CKOPOCTBIO U MTOICUMTHIBAETCSI KOJIMUECTBO ITAKETOB C BbIXOIA
DUT. Eciu 0oHO OKa3bIBaeTCs PaBHBIM KOJIMYECTBY OTIIPaBIe€HHBIX KaJpoB, TO TECT 3aKaHuMBaercs. Ecim xe
KOJAMYeCcTBO nakeToB Ha Bbixoge DUT MeHblle 4yuciaa OTHpaB/J€HHBIX, TO BpeMs YyMEHbLIAeTCS U TeCT
TIOBTOPSIETCS.

35



12.Y.1564

VHdopmanys 1mo KoMaHaaM, MO3BOJISIIOUIMM BBIIOJHUTb M HACTPOUTH TECThI MO peKoMeHmauuu Y.1564,
IpMBeAeHa B [OOKYMEHTe «YHMBEpPCAJIbHbI M3MEepUTENbHbIV 30HA M716. PyKOBOACTBO IO KOMaHAam
YOAJEHHOTO YIIpaBAeHMSI», BXOSIIEN B KOMIIJIEKT ITOCTaBKH.

OcHOBHOV 3amauveit Tipu TectupoBanuyu Ethernet-cereit sBiseTcs oOIpene/ieHMe COOTBETCTBUS
MpeloCTaB/IsIEMbIX YCIYT (HampuMep, Buaeo, Tene@oHUM, 3SA€KTPOHHOVM TIOYTHI, OHJANH-UTDp U T.1.)
XapaKTepUCTUKAM, KOTOpbIe OrOBapMBAIOTCS B corlameHuu o6 ypoBHe obciaykuBaHusi (SLA — Service Level
Agreement) MeXmy orepaTopaMy CBSI3YM M KiMeHTamyu. Ha mmepBOoM MecTe CTOSIT BOIIPOCHI OOecreveHus
rapaHTUPOBAaHHOTO KauvecTtBa ob6caykuBaHusg (QoS — Quality of Service), koTopoe xapaKTepusyeTcs
pa3nMYHbIMMU MMOKa3aTeasaMmu (cM. pasmen 12.1). B HacTos1ee BpeMs CyIlleCTBYeT OBe OCHOBHbIE METOAVKM JJIST
ouieHKM 3TuX rapametrpoB — RFC 2544 [1] u ITU-T Y.1564 [5] (cpaBHeHMe MeTOMK NIpUBeeHO B pasfene 12.2).

12.1. Nokasatenu KayecTea

OcHOBHbI€ [TOKa3aTe/n KauecTBa IpemocTaisiemoro cepBuca (SAC — Service Acceptance Criteria):
1. FTD (Frame Transfer Delay) — 3agepskka pacmpocTpaHeHus: KapoB.

FDV (Frame Delay Variation) — oTKJIOHeHMe 3aep>KKM pacipoCTpaHeHUs KaJpoB.

FLR (Frame Loss Ratio) — ypoBeHb I1OTepb KagpoB.

CIR (Committed Information Rate) — rapaHTMpoBaHHasI IT00Ca MTPOITYCKAHMS JJIsI CEPBUCA.

EIR (Excess Information Rate) — makcumanbHO fonycTumoe mpesbiiierue CIR.

S A

M-dakrTop — MaKCMMaJIbHO AOITyCTUMOe mpeBbinieHne Besmunabl CIR+EIR.

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

Metoauka RFC 2544 6blna co3maHa [Jis TECTUPOBAHMSI MaKCUMMAaJIbHOM IPOM3BOAUTEIbHOCT CETEBOTO
000pyIOBaHMUS ¥ TIOOXOAMUT IJIsI OLIEHKM 3TOTO MapaMeTpa B CJIydae OTHeNbHOTO KaHalla MM YCTPOICTBa.
Ho c mosiB/ieHMeM B KaHa/laX Pa3/JIMYHBIX CJTYKO, pabOTalIINX OJHOBPEMEHHO, BBISIBUJICS PSII HEIOCTATKOB
MeTOAUKN.

Pexomenpanus ITU-T Y.1564 yuuTbiBaeT 3TM HEAOCTaTKM U OpPUMEHTHPOBAHA Ha TeCTUMPOBaHME
MYJIbTUCEPBUCHBIX CETE, TT03BOJISISI IPOBECTY OBICTPYIO OLIEHKY COOTBETCTBUS CETU Tpe6GoBaHUSIM SLA.

RFC 2544 ITU-T Y.1564

N3smepenue FTD + +

Vsmepenne FDV? — +

N3smepenue FLR + +

AHanM3 OomHOBpPEMEHHO! paboThl | — +

HECKOJIbKUX CITYKO

Bpemsd TecTupoBaHUs Insa npoBepku coorBeTcTBUSA SLA | g MIpOBeAEeHUS TecTa
TpebyeTcst MPOBECTU | KOHOUTYpAIMM  OSHOM  YCIYTU
MOC/eIOBAaTETbHOCTD TpebyeTcss He 6osee 6 MMUHYT.
TIOBTOPSIONIMUXCS TECTOB. B CBsI3u | [IIUTENBHOCTD TecTa
C3TUM TeCTUPOBAaHME MOXET | IPOU3BOOUTEIbHOCTHU MOXeT
3aHATH MPOAO/DKATENIbHOE BpeMsl. | ObITh  3alaHa OT HECKOJIbKUX

CeKyHJ, 10 HeCKOJIbKUX CYyTOK.

* Benmuumna FDV saBisercs KioueBbIM MapaMeTrpoM st VOIP/IPTV u wMcmosb3yeTcs MpM HACTPOiiKe
6ydepusannm Tpaduka.
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TakuM o06pasoM, TeCcTMpoOBaHMEe II0 pekoMeHpauuu Y.1564 103BOJISIET OIHO3HAYHO OIpPeIe/UTh
COOTBETCTBME KaHaJla TapaMeTpaM, 3asiBJIeHHbIM B SLA, a Takke CyleCTBEHHO COKPAaTUTh BpeMeHHbIe 3aTPaThl
Ha aHaJIM3 33 CUET OJTHOBPEMEHHOII OI[€HKU HECKOIBKUX CITY3KO.

12.3. Tectbl KOHPUrypaumum

TecTbl KOHDUTYpALMY COCTOSAT U3 TPEX HesaBucuMbIX TecToB — CIR, EIR u Traffic Policing. C ux momoinsio
KaKIblli CEpBUC ITPOBEPSIETCS HA COOTBETCTBME 3a4aHHBIM napameTpaM SAC, a TakKe OLlEHUBAETCs, OCTAETCS
JIX TIPOTTYCKHAsI CITOCOOHOCTD B YCTAHOBJIEHHBIX TTpeJiesiax Mpu YBeJIMYeHUy Harpy3ku. Lleab — yoeauThCs B TOM,
YTO HACTPOVKM CEeTM MO3BOJISIOT KaKAOMY CEpBUCY paboTaTh OTAENbHO OT APYTUX CIAYXO C 3asiBIE€HHO
MPOU3BOJIUTENbHOCTBIO. [Ipy MpoBefeHMM [TaHHBIX TECTOB CEePBUCHI MPOBEPSIOTCS IO ouepenu, A1 OLleHKU
OHOBPEMEHHOJ1 PaboThI IPUMEHSIETCS TECT TPOU3BOAUTENbHOCTH (CM. pasmen 12.5).

12.4. Tect CIR

Tect CIR ucnosnb3yeTcsl Ajis TIPOBEPKM TOTO, YTO MpM Iepefauve JaHHBIX C HAarpys3koil Ha ypoBHe CIR
rokasaTesiu KadyeCcTBa HAxXOMASITCS B Tpefesax, yCTaHOBJeHHbIX SLA. B xome maHHOTO TecTa M3MepSIOTCS
OCHOBHBIe TT0Ka3aTe/n KavyectBa Kaxnaoro cepsuca (FTD, FDV, FLR), mmocjie yero 3Ty 3HayeHusI CPaBHUBAKOTCS
¢ 3agaHHbIMM napameTpamu SAC.

IMpu6op MO3BOJISIET 3a1aBATh KOJIMYECTBO 1IArOB i MpoBefeHust TectupoBanus: 1 mar —rtect CIR 6ymer
npoBenéH npu 100% Harpyske; 2 mara — Tect 6ymeT nmpoBeaeH B aBa atana: 50 u 100% oT 3amaHHO HArpy3Ku;
3 mara — TecT OydeT mpoBenéH B Tpu sramna: 50, 75 u 100% oT 3amaHHOI HArpys3ku; 4 mara — TecT OymeT
MpOBeIEH B yeThIpe sTama: 25, 50, 75 u 100% ot 3amaHHO HAaTPy3KN.

MponyckHan
cnocobHocTb
CR L e e o o —_—— e e = =
0.75xCIR |. oo ...
05xCIR |...... :
0.25xCIR TécT CIR:
war 1 I war 2 I war 3 : war 4 )
waru

12.4.1. Tect EIR

Tect EIR ciykuT [Ijsi IpOBepKM TOro, YTO IpM Ilepefauve NAHHBIX € Harpyskoil Ha ypoBHe CIR+EIR
pe3yIbTUPYIOIIAs MPOITYyCKHAsT CITIOCOOHOCTh MJIT KaKOOTO CEpBMCA He MPEeBBIIIAeT AOMYyCTUMOE 3HaueHue
u HaxoauTcs B mpefenax oT CIR (¢ yuétom 3aganHoro ypoBHs notepb Kagpos) 1o CIR+EIR: CIRx(1-FLR) <IR <
CIR+EIR. BenmumnHa mnotepb kanpoB (FLR) ycraHaBiuBaeTcsl Iojb30oBaTeneM. Pexum «colour-aware»
(BO3MOXXHOCTb IOM€EYaTh [IBETOM IlepeiaBaeMble KaAphl) He MOAOepKUBAEeTCs.
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MponyckHas
CnocobHOCTb
CRTFEIR k o m e m m e m e e e = = = = =

(07| S I /| [
CRX(1-FLR)}= = = = = = = 4 = = il ] = = = = -

Tect CIR Tect CIR T1ect CIR Tect CIR

war 1 war 2 war 3 war 4 waru

12.4.2. Tecr Traffic Policing

Tect Traffic Policing mcrmonb3yeTcss O IMPOBEPKM TOTO, UTO TIpM Ilepefaye MaHHBIX C HaArpy3Koii,
TIPEBBINIAIOIIEI Pa3pelEHHYIO IS CEPBICA, CETh OyIeT OTpaHMYMBATD €T0 II0JIOCY MpomycKaHus. Harpyska mjist
3TOrO0 TeCTa, yCTaHaB/IMBaeMasl I10/Ib30BaTe/leM, TO/DKHA ITpeBbIaTh yposeHb CIR+EIR.

MponyckHas
cnocobHoCTb

Traf. Pol. (L2) b = = e e e e e — =
CIR+EIR+M | _ _0Ogpanuderue mpagpuka _
CIR+EIR |-

CRL — — — — — — -
CR(FIR) b = e e e e e e == = = = = L — =

TecT
Traffic
Policing

TecT CIR T1ect CIR tect CIR Tect CIR Tect EIR

war 1 war 2 war 3 war 4 am

12.5. Tect npousBoaAUTENBHOCTH

TecT MPOM3BOAUTETLHOCTU MCIIONb3YeTCS MJIS OLIEHKM OJHOBPEMEHHOJ paboThl BCeX CEPBUCOB. IIpu
MPOBEIEHNM TECTA BBIMOJIHIAETCS Iepeaaya JaHHbIX JJIS1 BCEX CTYKO OMHOBPEMEHHO € Harpy3Kkoit Ha ypoBHe CIR
U TPOBEPSIOTCS 3HAUEHMUS MOoKa3aTesiell KadyeCcTBa [OJis1 KaKIOro cepBuca. ENVMHCTBEHHOV HACTPOMKONM TecTa
SIBJISIETCSI €T0 IJIUTeTbHOCTb, KOTOPast MOXeT COCTABJISITh OT HECKOMbKMX MUHYT 10 4-X THEIA.

12.6. M-dakTop

IIpu mpoBenennu tecta Traffic Policing B pesynpTaTe 6ydepusanuu B HEKOTOPble MOMEHTbHI BpPEMEHU
Ha IIpuEMe OKa3bIBaeTCs O0JIbIle JAHHBIX, UeM OTBEIE€HO JJISI CepBUCA. DTO SIB/ISIETCSI 0COGEHHOCTDIO, a8 He cO0eM
B pabote cetn. UTo6s! yuecTh 3Ty ocobeHHOCTh, B ITU-T Y.1564 ucnonb3yercs M-dakrop — MakCMMaIbHO
nmoryctumoe npesbiiienye Beanunabl CIR+EIR (ecm. ITU-T Y.1564 1. C. 2 pasz. 8.1.2).
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12.7. Anroputm usmepenus FTD

s usmepeHnus 3aziepkku pacrpoctpaHenus kKagpos (FTD) BBITIOJHSIOTCS cllefyolye qeiiCTBUS:

1.

L A

Ha mepeparoiieil CTOpoHe B KaXKbIi ITaKeT BCTABJISIETCS BpeMeHHas MeTKa (Ta).
Ha npuémHoIi CTOpOHe 3aIiChIBAaeTCS 3HAUEHMe BpeMeHy MpuémMa nakera ¢ metkoii (Tb).
BoruncisieTcs 3afepskKa MpoxokaeHus makera B cetu: Tb - Ta.

OUKCUPYIOTCS TpM 3HAUeHUsS] 3amepkkyu — wmuHMManbHoe (FTD min), cpemnee (FTD avg)
u makcumanbHoe (FTD_max). CpefiHee 3HaUeHMe 3a1ePKKY BBIUMCIISIETCSI KaK CyMMa 3aJiepyKeK st
BCeX MPUHSTHIX IAKeTOB, MO/IeJIEHHAS HAa KOJIMYeCTBO MPUHSTHIX TTaKeTOB.

DTU 3HAUYEeHUS] OTOOPAsKAIOTCS B pe3y/lbTaTaxX TecTa MPOM3BOAUTEILHOCTY IJIs1 KaXKIOTo cepBuca.
IIJIst CBOIHOTO TeCTa IPOU3BOIUTEIBHOCTY Y TECTOB KOHMUTYpALMM BBIBOJSTCS CPeIHME 3HAUEHMS.

[puéMHNKOM WM TepemaTIMKOM [OJDKEH ObITh OOMH M TOT >Ke TIpubop wiaum pABa mpubopa,
CMHXPOHU3UPOBAHHBIX 110 ITpOoTOKOIY NTP.

12.8. Anroputm usmepenus FDV

OTk/oHeHMe 3aliepkKu pacrnpocTpaHeHus kaapos (FDV) B cootBeTcTBUM ¢ pekomenpanueii ITU-T Y.1563
[7] namepsieTcst mo dopmyse: FDV = FTD -FTD _min.

Hampumep, ecyiu 6LV M3MepeHbI 3HAUeHUS 3aJePXKKY pacrnpocTpaHeHus Kagpos: FTD _min = 1.5, FTD_avg
= 2.5, FTD _max = 5.5, To 3Hauennst FDV 6ymyTt ciegyomymu: FDV _min = 0, FDV_avg = 1.0, FDV_max = 4.0.

DTU BeIUUYMHBI OTOOPAKAIOTCS B pe3yabTaTax TecTa MPOM3BOAUTEIbHOCTU IJISI Kaskmoro cepsuca. s
CBOJHOTO TeCTa IMPOMU3BOIUTENbHOCTY U TeCTOB KOH(PUTYypaLyy BbIBOISITCS CpeHMe 3HAaUeHMS.
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13. TectupoBaHue 6e3 BAMAHUA HA NONb30BaTENbCKUII TPaUK

Iyt TeCTUPOBAHMS KaHala CBSI3Y IPY MOIK/IIOUYEHMM B TPAH3UTHOM pekume (cM. pasgen 18) Heo6xoammMo
BBIBECTM KaHaJ M3 0OCAYKMBaHMUS, UTO IIPUBEIET K «pa3pbiBy» KaHa/la U MPeKpaleHnIo 00CTyKMBAHUS MU
HeOoOXOIVMOCTY UCIIOTb30BaTh pe3epBHbIE KAHAJIBI.

ITpu6op pelraet 3Ty MpobdaeMy U ITO3BOJISIET IPOBOIUTD aHaIN3 6€3 BAMSHUS Ha T0JIb30BaTeIbCKIi TpaduK,
rnepenaBasl TeCTOBbIE JaHHbIe NTapaJl/IeIbHO C [10/Ib30BATEIbCKUMMI.

13.1. OnucaHue

A

CIR

PucyHok 13.1. «Tecmosebili NomoK» € NOCMOSIHHOU Haz2py3Koli

[Tpu TecTUpOBAHUM C UCIIOIb30BaHMeM (YHKIMM «TeCcTOBbI MOTOK» (CM. pasmen 15.1) win BbITOTHEHUYU
aHammsa o metoauke RFC 2544 (cMm. pasmen 11) ¢ MOCTOSTHHOV HArpysKoif, MOTYT BO3HMKHYTh ClIeIylomue
CUTYyaIUn:

1. CymMmapHasi CKOpOCTb IIPEBBIIIAET rapaHTUPOBAHHYIO MMPOITYCKHYIO crioco6HocTh KaHana (CIR). OTo
MOXeT MPUBECTU K YXyJILIeHUIO Nepefauyy Moab30BaTeNbCKUX [MaKeTOB — IMOTEPSIM, YBEJIUUYEHUIO
3a/lep)KKY, IDKUTTEpPA. B pesylbTaTe B MOMEHT TECTUPOBAHUS OYAET CHUKEHO KauecTBO
006CTYKMBaHMS.

2. Co3paBaeMasi Harpy3ka HeOCTaTOYHA /IS aHA/IM3a XapaKTePUCTUK KaHaIa. DTO MPUBELET K TOMY,
YTO KaHaJ He OyIeT MPOTeCTUPOBAH ITOJTHOCTBIO.

Ilpu HacTpoiike reHepaTopa MAJi1 TECTUPOBAHUSI 0e3 BIMSHMS Ha I0Jb30BATENbCKUIT TpaduK MOXKHO
3amaBaTh CIR. [l mpoBeieHMs TecTa He06X0AMMO [1Ba MPUGOPa: TeHepaTop U aHAIU3aTOP TECTOBOTO Tpaduka.

TeHepaTop TecToBOrO TpaduKa MPOU3BOAUT aBTOMOACTPOIKY CKOPOCTM TeHepaluuM T0 CKOPOCTU
T0JIb30BaTEIbCKOTO Tpaduka, GOPMUPYS UTOTOBYIO BBIXOAHYIO CKOpPOCTh, paBHYI0 CIR. B pesynbTaTe KaHal
3arpy>kaeTcsl TOJIHOCTBIO, TOJb30BATENbCKMUII TpadUK MOKEH MPOXOAUTh 6e3 ToTepb M C MUHMMAIbHOM
3aiepskkoii. Ho Heo6X0aMMO YUUTHIBATh, YTO B 3aBUCHMMOCTM OT KaHAJIO0Opasyioliero o60pymoBaHusI, TIpu
TaKUX M3MEPEHMSIX MOTYT BOSHUKATD TIOTEPY U YBETMUMBATHCS 3a[€PsKKa.
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CIR

PucyHok 13.2. «Tecmossiii nomok» ¢ oepaHudeHuem no CIR

13.2. MNpepocraBnssieMas MHdopMaums/cTaTUCTUKA

AHanu3aTop TeCcToBOro TpaduKa MpMHMMAET [TaKeThI ¥ MOACYNTHIBAET CTATUCTUKY:
—  CKOPOCTb IT0JIb30BAaTEIbCKOTO TpadiKa;
—  CKOPOCTb T€HEepMPYeMOro TeCTOBOro Tpadmka;
—  CKOPOCTb IIPMHMMAEMOr0 TECTOBOrO TpaduKa;
—  KOJIMYECTBO IIPUHSITHIX TECTOBBIX IIAKETOB;
—  KOJIMYECTBO MTaKeTOB, IPUHSITHIX IO MTOPSIIKY;

— KOJIMYECTBO IIaKeTOB, IIPMHATBIX HE I10 IOPAIAKY.

13.3. Nopapok nposepeHuns tecta

ANTOpUTM TEeCTMPOBaHMS ONMCAH B [OKyMeHTe «YHUBEPCAJIbHbI/i W3MepUTeNbHbIi 30HH M716.
PykoBomcTBO MO KOMaHZAM yOAA€HHOTO VIpaBieHus», r1naBa «TecTupoBaHue 6e3  BAUSIHUS
Ha T0JIb30BaTeNbCKU TPabUK».
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14. Wneiid

Vudbopmanus mo KoMmaHgaM, ITO3BOJISIONMM HACTPOUTD QYHKLMIO ITepeHarpaBieHs TeCTOBOro Tpaduka,
IIpMBedeHa B [OOKYMEHTe «YHMBEpPCAJIbHBIV M3MepUTENbHBIV 30HA M716. PykKOBOACTBO IO KOMaHOaM
YOAJEHHOTO YIIpaBIeHMSI», BXOISIIE B KOMIUIEKT IIOCTaBKIN.

®dyukius «Ilneith» mo3BossieT MpMU6GOPY MEHSTh MECTaMM COOEPKMMOeE IT0ojieil MPUHMMAeMbIX ITaKeTOB
Y OTIIPABJISITh U3MEHEHHbBIE KaZpbl 0O0PaTHO OTIIPABUTEJIIO Ha YeThIPEX YPOBHAX Momenn OSI. Vcroab3yeTest ast
TecTupoBaHus ceTeit o metoauke RFC 2544, pekomengauun Y.1564 u nsmepenust BER.

14.1. YposeHb wneiida

VpoBeHb 1u1eiida BIGMpPaeTCs: B 3aBUCMMOCTY OT CTPYKTYPbI TECTUPYEMOJi CETHU:
— L1 (¢pusmuueckuii ypoBeHb): UCTOUHUK JAHHBIX ¥ IPMOOP COEAVHEHbI HATIPSIMYIO;
— L2 (xaHa/IbHBI YPOBEHD): CETh COLEPKUT TOIBKO KOMMYTATOPbI;
— L3 (ceTeBoi1 ypOBeHb): CeTh COAEPKUT KOMMYTAaTOPBI ¥ MapIlIPyTU3aTOPHI;

— L4 (TpaHCHmOpTHBIVI YpOBEHB): CE€Thb COLEPXKUT KOMMYTATOPbl ¥ MapLIpyTU3aTOPbl, MOpPU
TECTUPOBAHUY HEOGXOAVMO BBITIOJHUTH HACTPOIKy moptoB UDP/TCP.

IMpu Brmouenuu 1ieiida yposHs L2, L3, L4 makeThl MepeHaInpaBiIsIioTcs 06paTHO TOJMBKO B CJIyyae, eciiu

MAC-anpec ronyuaresst paBeH MAC-agpecy mopta mpubopa.

14.2. UsmeHeHHe coaepXXMMOro nonen NakeTos

[Tpn6op aBTOMATUYECKM BHOCUT M3MEHEHMS B IPMHUMAEMBbIN TpabhuK:
— L1:6e3 u3MeHeHMix;
— L2: menstorcst Mmectamu MAC-aapeca OTIIpaBUTEIS U IOTy4YaTess;
— L3: mensitorcs mectamu MAC-anpeca u IP-anpeca oTripaBuTess ¥ OayJdaTerns;

— L4: wmenstorcs mectamu MAC-agpeca, IP-agpeca m Homepa TCP/UDP-TOpPTOB OTIIpaBUTE/IS
U TIOTyJaTes.

[P-azmpeca MeHSIIOTCS MeCTaMy TOJIbKO B ciiyuae, eciiu rosie «EtherType» umeet 3HaueHme «0x0800».

Homepa TCP/UDP-nopToB MeHSIOTCSI MeCTaMM TOJbKO B ciaydae, ecau mojie «Protocol» B IP-3aronmoBke
umeetT 3HavyeHne «6» (TCP) umu «17» (UDP).

Ecnu Bxomsimii maket cogep>kut MPLS-meTKy, oH 6yeT repeHanpasieH 6e3 u3MeHeHUs e€ 3HaueHUs.

14.3. Npasuna 06paboTKM NOTOKOB AAHHbIX

IIpn BrmoueHun nwieiidpa ka”ambHoro (L2), cereBoro (L3) u TpaHcmoptHoro (L4) ypoBHeit
He MepeHanpaBIsIOTCS

— TakeThl C HempaBUJIbHOM KOHTPOJbHO cymmoii (FCS);

— §akeTsl ¢ ofuHaKoBbIMY MAC-agpecaMy OTIIPaBUTES U MTOTyYaTeis;
—  6moku maHHbIX mpoTokosa OAM (OAMPDU) u ARP-3ampocsr;

— TAaKeThl, pa3Mep KOTOPBIX MeHblie 64 6aiiT uau 6obie 9600 6aiiT.

IIpu BrmoueHunu nwieiidba xkaHambHoro (L2), cereBoro (L3) u TpaHcmopTtHoro (L4) ypoBHeit
He TIepeHanpaBIsioTCs ¥ TIOCTYMAal0T Ha IeHTpanbHbIi mporeccop (L) masg mociaemyiomieit 06paboTKu
COOOIIEeHNS CAeAYIOMNUX TPOTOKOJIOB:
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Tabnuya 14.1. lpomokosnei, coobujeHus Komopeix obpabamsigaromcs L1

IIpoToKoa YciaoBue orripaBku Ha LII1

ICMP niosie «Protocol» B IP-3arosoBke nmeeT 3HaUeHMe «1»
DHCP HoMep UDP-miopTta momydaTesns «67» unm «68»
DNS Homep TCP- v UDP-niopTa mosryuatess «53»
ARP riosie «<EtherType» umeer 3HaueHue «0x0806»
OAM MAC-agpec nmosygartens «01:80:¢2:00:00:02»
SSH Homep TCP-nopTa nosrydaresns «22»

PTP, layer 2 riosie «<EtherType» umeet 3HaueHue «0x88F7»
PTP, layer 4 HomMmep UDP-nopra nosyuatenst «319» vim «320»
Telnet HomMmep TCP-mopTa nosyyaresns «23»
ET-discovery Homep UDP-nopra mosryuaTenst «32792»
TWAMP-control HoMmep TCP-niopta nmonyuaresns «862»

NTP HoMep UDP-mniopTta mony4yaTens «123»

Ha IIT mocTymaioT TOJBKO IMaKeThl, MpeJHa3HaUeHHbIe TTOPTY MPMOOpa, HA KOTOPOM OHY ObUIN ITOJTyYEHBI.
K Takum naketam OTHOCSTCS Te, Y KOTOpbIXx MAC-ampec mosydaTesisi IIMPOKOBENIATeIbHbIN, TPYIIIIOBOI WIN
paBeH MAC-anpecy rmoprta nmpubopa.

14.4. Wineiid 1 TPAH3UTHDIN PeXUM

Oyukuus «Ilneiid» Moxer paborarh AMG0 MPM BHIKIIOUEHHOM TPAH3UTHOM peXMUME, JIMOO COBMECTHO
C PEKMMOM IIPOTPaMMHOIO TPAaH3UTA C Jo6aBIeHreM TecTOBOro Tpaduka (cm. pasuen 18).

14.5. CtaTuctuka

[pu BrIIOUEHMH 1UTeidha aBTOMATUYECKM 3aITyCKaeTcsl COOp CTATUCTUKM:
— L1: no npuHumaemomy Tpaduky;

— L2, L3, L4: mo nmpuHMMaeMOMY U IepegaBaeMomy Tpaduky.
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15. NakeTHbIN mKUTTEP

Vudbopmanuss mo KOMaHAAM, ITO3BOJISIOMMM HACTPOUTh AHAAM3 ITAKETHOTO [KUTTEpPA U (YHKIIUIO
reHepalyuy TeCTOBOTO IIOTOKA, IPMBeAeHa B AOKYMEHTe «YHUBEPCAJNbHbIM M3MepUTENbHbI 30HA M716.
PyKoBOACTBO MO KOMaHIaM YIAJIEHHOTO YIIpaBAeHMSI», BXOISIIEN B KOMIUIEKT ITOCTaBKIN.

BaxkHoi1 3amaueir mpu TectupoBaHuu Ethernet-ceTeit sIBisieTCS ompepeseHMe IMAKeTHOTO [KUTTepa.
B cootrBeTcTBUM ¢ MeTomukoit RFC 4689 [9], makeTHbI AKUTTEP — 3TO abCOMIOTHASI Pa3sHOCTh 3aJepPXKeK
pacmpocTpaHeHMs IBYX MOC/JIeA0BaTeNbHO MPUHSITHIX TAKETOB, TPUHAIJIEXKAIINX OOHOMY MOTOKY JaHHbBIX. DTOT
rapaMeTp UCII0J/Ib3YeTCs IJiS OLIleHKM BO3MOXXHOCTM CeTU MepefaBaTh UyBCTBUTEIbHbIN K Bapualiuu 3aJeP>KK1
TpaduK, Takoi, KaK BUAEO UIU PEUb.

15.1. TecTOBbINM NOTOK

DYHKIMS TeHepalyy TeCTOBOTO IMOTOKA IPUMEHSIeTCST IIPYU M3MepeHUM MMaKeTHOro MKuTTepa. CyliecTByer
BO3MOXHOCTb reHepalyy TeCTOBOTO ITOTOKA M M3MepeHMs MMaKeTHOTrO IKUTTepa Ha OgHOM mopTy (puc. 15.1),
a Takke TeHepalMy TeCTOBOrO IIOTOKAa Ha OJHOM IIOPTY M M3MepeHMs] MAaKeTHOTO IKUTTepa Ha APYroM
(puc. 15.2), mpuuéMm HopT IMpUéMa MOKET PacIionaraThCs Ha yoaaéHHoOM Ipubope (puc. 15.3).

nopt A(B): renepanust TeCTOBOro
IOTOKA U OIPEJEIICHUE JPKUTTEPA

PucyHok 15.1. NsmepeHue dmummepa. Cxema 1

nopt B(A): renepanus
TECTOBOIO IIOTOKA

@ D uuieid

nopt A(B): onpexenenne
IDKHTTEpA

PucyHok 15.2. 3mepeHue dxcummepa. Cxema 2

nopt A(B): reneparus nopt A(B): onpenenenue

TECTOBOI'O ITOTOKA JOKUTTEPA
| V @ - i

PucyHok 15.3. M3mepeHue Oxummepa. Cxema 3

16. TWAMP Light pednekTop

PedsiekTop — mporpamma, KoTopas paboTaeT aBTOMATHMYECKM C MOMEHTa 3armycka mnpubopa. OnHa
npuuuMaet Tpaduk Ha UDP-mopTy ¢ Homepom 20 000, mpeo6pasyeT ero corsacHo mpotokony TWAMP Light
(RFC5357[12], Appendix I) u oTcbuiaeT aHann3aTopy.
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PeduiekTop HEOOXOOMM [Jis1 TPOBeOEeHMSI ABYCTOPOHHMX M3MepeHMit. B KauecTBe 3TOii COCTaBISIOIIEi
TOITOJIOTMM MOTYT GBbITh MCIIOJb30BaHbl Takke M APyrue MpubOpbI, Ha KOTOPhIX peanusoBaH TWAMP Light

pedexrTop.

17. TecToBble KOHPUrypauun

[Tpub6op 1O3BOJISIET MapaieJIbHO MPOBOINUTD 1B HE3aBUCUMMBIX TecTa 1o MeToayuke RFC 2544.

(Alarm) A

— RFC 2544 (A>B)

‘Y NUT/DUT ) ... RFc 2544 (B-»A)

PucyHok 17.1. [isa He3asucuMbix mecma

7151 BBITIOJTHEHMSI TECTOB HeO6XO,E[I/IMOZ

1.
2.

IMogkmounTh TPUOOP 1O cxeMe, MpencTaBaeHHol Ha puc. 10.3 win puc. 10.4.
IMogKITIOUNTBCS K IIPUOOPY.

IMeperitu B pesxkxum ET-TecToB KOMaHmoi «et» (Maum B pexkum Hactpoiiku ET-tecToB,
MOC/IeJOBaTeNbHO BBeIsI KOMaHIbl «et» u «configurer»). Mudopmalus no KoMaHzaM IMpuBeneHa
B IOKYMeHTe «YHUBEPCAJNbHBI W3MepPUTEbHbIT 30HL M716. PyKOBOICTBO II0 KOMaHIaM
YAATEHHOTO yIIPaBaeHUsI», BXOASIEl B KOMIIJIEKT IIOCTaBKHU.

BK/IIOUMTDH MEPBYIO TECTOBYIO KOHMUTYpAIMIO, BHITOIHMB KoMaHIy «testconf 1». Homep Texymieit
TEeCTOBO KOH(UIYpaLyy BRIBOJUTCS C IIOMOIIbI0 KOMaHIbI «testconf show».

BbIMOMHUTD HACTPOIKY U 3aITyCTUTDb TeCThI 10 MeToanKe RFC 2544,
Bx/II0unTh BTOPYIO TECTOBYI0 KOHGUTYpALIMIO, BBIITOJIHUB KOMaHAy «testconf 2».

BBIMOMHUTD HACTPOIKY U 3aITyCTUTDb TECTHI IT0 MeToaKe RFC 2544,
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18. TpaH3uTHbIN pexum

[Mpy TOAKIIOUEHUM K TECTUMPYEMbIM KaHAJIaM B Pa3pbiB CYIIECTBYIOIIETO COEAVHEHUSI MPUOOP MOKET
paboTaTh B OMHOM M3 UETHIPEX PEKMMOB. PeskuM paboThl HaCTpanMBaeTCss KOMaHA o «passthrough»*.

1. Tlepemaua TpaH3MUTHOro Tpaduka OoTKIHOUeHa (pexkuMm «off»). Bo3amoxkeH o6MeH TpaduMKoM uepes
moptel A u B cpemctBammum OC ycTpoiicTBa. Bo3MmoskeH ITporpaMMHBIN TpaH3UT Tpaduka,
peanu3oBaHHbIN cpenctBamyu OC, HanpuMep, 06beviHeHEM MHTePGECcOB B MOCT.

|_|||‘| OC Linux

gbeO gbel

[MopT A MNopT B
FPGA

PucyHok 18.1. Cxema nepedayu mpaguka 0as pexuma «off»

2. AmnmapaTHbIii TpaH3uUT (pekum «bypass») — TMOpTHl IpubOpa 3aMbIKAIOTCS TaK, YTOObI
MMOAK/IIOUEHHbIE K HUMM Kabeau OCTaBaIMCh COEIVMHEHHBIMM Iaske IMOCAe OTKIIOUEHMUS MUTAHUS
npm6opa. [JJaHHbI PEKMUM ITO3BOJISIET COXPAHUTD IEIOCTHOCTD KaHala CBSI3M. ATIITapaTHbI TPAH3UT
BK/IIOYAETCS C MpuMeHeHueM pese. [Ipu mponagaHuy NUTAHKS Tepegada TPAaH3UTHOTO Tpaduka
He mpekpamiaercs. O6meH Tpaduka ¢ OC ycTpoiicTBa HEBO3MOKEH, JOCTYITHA TOIbKO TPaH3UTHAS
nepenava. [Ipu nponagaHum NUTaHKUS aniiapaTHbIA TPaH3UT BKIIOYAETCS aBTOMaTUUYeCKN.

|_|||‘| OC Linux
gbeO | [ gbel
Pene Pene
| Loy
————-ﬂopTA_e_ oy [opT B
FPGA

PucyHok 18.2. Cxema nepedaqu mpaguka 0415 pexuma «bypass»

4 TlompoOHOe oIMcaHMe IMIPUBEIEHO B [TOKYMEHTe «YHMBEPCAIbHbII M3MepUTeIbHbIN 30HI MT716.
PykoBOZCTBO 10 KOMaH4aM YAaJI€HHOTO YIIpaBaeHMsI», BXOASIIElN B KOMILJIEKT ITOCTaBKN.
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3. Tpausut 6e3 mo6aBieHus TeCTOBOrO Tpaduka (pexxum «transit») — mpubop Mporyckaet yepes cebs
makeTsl ¢ mopta A (B) Ha mopt B (A). O6MeH Tpaduka ¢ OC ycTpoiicTBa HEBO3MOKEH, JOCTYIIHA
TOJIBKO TPaH3UTHAs Mepenaya.

L|,|_| OC Linux

gbe0 gbel

[opT A [lopT B
FPGA

PucyHok 18.3. Cxema nepedaqu mpaguka 0415 pexwuma «transit»

4, TpaH3ut c mobaBjieHMEM TecTOBOTo Tpaduka (pexxuMm «interfer») — mepemaua ceTeBoro Tpaduka
ocyiiecTsasieTcs: ¢ nmopra A (B) Ha mopt B (A) ¢ moGaBieHMeM TecTOBOro Tpaduka, Tpadukxa
yIIpaBaeHUS WY NPUNI0XKeHN i, BeinonHstomuxcst B OC ycTpoiicTia.

|_|||‘| OC Linux

gbe0 gbel

[lopT A MopT B
FPGA

PucyHok 18.4. Cxema nepedaqu mpaguka 0415 pewuma «interfers

18.1. OcobeHHOCTH

B peskume «bypass» He Be€Tcs c60p CTATUCTUKM T10 IPMHMMAEMbIM U TlepefaBaeMbIM JaHHBIM, U Tpaduk
He nioctynaeT B OC yCcTporicTBa.

B pexkume «transit» Bem€Tcst cO0p CTATUCTUKU II0 IPUHMMAEMBIM ¥ TepeIaBaeMbIM AAHHBIM, a TaKxkKe
IIEHTPaJIbHBIN TTpolieccop 06pabaThIBaeT COOOIIEHMS ITPOTOKOJIOB, TTEPEeUMCIEHHBIX B TabuIe 14.1.

B peskume «interfer» Begércst c60p CTATUCTUKY IO PUHMMaEMbIM U TIepefaBaeMbIM JaHHBIM, IeHTPATbHbIN
npoiieccop obpabaTbiBaeT COOOIIEHMSI TTPOTOKOJIOB, IEPeUnCAeHHbIX B Tabmuile 14.1, BBITIOTHSIOTCS TECTHI,
a Takxke JomycKaeTcs BKiaoueHne byHkium «Ineiid» (cm. pasgen 14).

B ciryuae opranusaiuu tpaHsuta cpegcrsamu OC Linux:

— B pexkume «off» ckopocTb Iepemauy TPaH3UTHOTO TpaduKa MOXKET ObITh OTpaHMUYE€Ha CBOOOIHBIMMU
pecypcamu Ipolieccopa;

— B pexuMmax «bypass», «transit» u «interfer» ckopocTb He orpaHYeHa M COOTBETCTBYET CKOPOCTM OOMeHa

AJaHHbIMM B KaHaJie.
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19. CMHXpOHU3aLMa BpeMeHU

1 CMHXpOHM3AIMY BpeMeHM B Ipubope ucmoib3yetcs mpotokoa PTPv2 (IEEE 1588 [13]) u NTPv4 (RFC
5905[14]). Uudopmauust 1Mo KoMaHzae «timesync», IMO3BOJISIONIEl HACTPOUTh IapaMeTpbl CUHXPOHU3ALN
BpeMeHH, IIpUBeeHa B TOKYMEHTe «YHUBEPCAIbHBIN M3MepUTeNbHbIN 30HA M716. PyKOBOACTBO IO KOMaHAaM
YAAMEHHOTO yIpaBjeHUsI», BXOAsIEe B KOMIUIEKT MocTaBKU. [1o/ib30BaTenb MOKET CaMOCTOSITeIbHO 3a3aTh
BpeMs U JaTy C IOMOIIIbIO CTaHIaPTHO KOMaHIbl 6a30BOr0 pexkumMa «date».

Cragpgapr IEEE 1588 mpepmonaraer, uro 1potokod PTP mpepocTaBisieT CTaHOAPTHBIA METO[,
CMHXPOHM3ALMM YCTPOJCTB B CETU C TOYHOCTbIO Bbilie 1 MKc (mo 10 Hc). JIaHHBI MPOTOKOJI Oo6ecreumBaeT
CUMHXPOHM3ALMIO BEIOMBIX YCTPOVICTB OT BEAYIIETO, YIOCTOBEPSISACh, UTO COOBITHS ¥ BpeMEeHHbIe METKM Ha BCeX
YCTPOMCTBAX MCIIONB3YIOT OOHY M Ty K€ BPeMeHHYI0 06a3y. B IpoTOKoje MpeaycMOTpPeHbI ABE CTYIEHU IS
CMHXPOHM3ALMM YCTPOIICTB: OIpedesieHre BeIyIero YCTPOiiCcTBa M KOppeKums pasbera BO BpeMeHH,
BBI3BAHHOTO CMellleHeM OTCYETA YacOB B KaXXA0M YCTPOICTBe U 3aep>KKaMU B Ilepefjaue JaHHbBIX 10 CETH.

PasHuiia BO BpeMeHM MeXIy BeAYIIMM ¥ BeJOMBIM YCTPOVCTBAMM SIBJISIETCSI KOMOWHALMEN CMeIeHus
OTCUETAa YaCcOB U 3a[IePsKKM ITepeau CMHXPOHU3MPYIOIIET0 COOOIIEeHMS.

@OYHKUMS CMHXPOHM3AIMY [TO3BOJISIET BBIIIOJHATL M3MepeHMe 3amepskky 1Mo metoauke RFC 2544 n aHanus
1o pekomeHpgauyu Y.1564 mpu omHOHAIMPAaBIEHHOM TEeCTHMPOBAHUM, HATPY30UHBIN TECT, TECT PACXOKIAEHUS
IIKaJI BpeMeHU. JJOCTYITHbBI IBa peskuMa CMHXPOHM3alLMM BpeMeH!:

—  aBTOCUMHXPOHM3aLMS C UCIOIb30BaHueM PTP;

—  aBTOCMHXPOHM3aLMs C MCIoab30oBaHueM NTP.

19.1. ABTocuHxponusauusa PTP

IMpu BhIOOPE aBTOCHHXpOHM3aLMy PTP HacTpauBawTCs CJIeAyIoNIMe TapaMeTphl:

1. Pexum: BeoMbIit — IPMOOP CUHXPOHU3UPYET CBOM yachkl OT BHelnHero PTP-cepsepa, eciu Takoit
cepBep NPUCYTCTBYET B CETH.

2. Untepdeiic mas paboTsl ¢ PTP: «A» unu «B».
3. MexaHusm onpeaeneHus 3agep>kku: «<E2E» vam «P2P».

4. Homep PTP-gomena B coorBetcTBUM ¢ IEEE 1588.

19.2. AsTocuHxpoHusauusa NTP

Ilp BbIGOpE STOTO pEXMMA BBHIMOMHATbL IOMOTHUTEIbHBIE HACTPOKM He Tpebyercs. IIpubGop
aBTOMAaTUMYECKYM HACTPAUBAET CUCTEMHOE BpeMs Ha OCHOBe MH(pOpMaLMM OT BHYTPEHHEIO MCTOUHMKA, a TAKKE
AaBTOMATMYECKY IIPOBEPSIET BO3MOKHOCTb CMHXPOHM3AIIMM BPEMEHM C CepBepaMMu 10 YMOTUYaHMIO:

e pool O.debian.pool.ntp.org iburst
e pool l.debian.pool.ntp.org iburst
e pool 2.debian.pool.ntp.org iburst
e pool 3.debian.pool.ntp.org iburst

V3menuTs IP-agpeca cepBepoB MOKHO B (aitie KoHpurypauum ntp — /etc/ntp.conf.
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20. Tect BpemeHu

«TecT BpemMeHM» IIO3BOJIIET M3MEPUTb paACXOXKAEeHMe IIKaJI BpeMeHM B CeTsAX OIlepaToOpOB CBSI3U
OTHOCUTEJIbHO HallMOHA/IbHOM 1IKaJibl BpemeHu Poccuiickoit @enepatyy UTC (SU) B COOTBETCTBUM C MPUKA30M
MwnukomcBs3u Pocenm N2277.

Pe3ynbTaThl TecTa MOKa3bIBAIOT, HACKOJIbKO BpeMsl Ha TeCTUPYeMOM cCepBepe OTJIMYaeTcsi OT BpeMeHU
Ha OIIOPHOM (3TJIOHHOM) CepBepe.

B xopme Tecta omnpenensiioTcsl 3HaUeHNsI BpeMeHM JIJIsl oropHoro cepsepa («Ref») u Tectupyemoro cepsepa
(«Test»). [Ond MUHMMAaJIbHOTO, CpeJHEro ¥ MaKCHMMaJlbHOTO 3HAaueHMI BBIUMCISIETCS PacxoXaeHue IIKal
Bpemenu («Diff») mo dpopmyne: «Diff=Test-Ref».

IMpoBepKy paboOThl cepBepa MOKHO BBINNOJHATL IO IIpoToKony PTP (cm. pasmen 19.1) wim NTP
(cm. paspen 19.2).

20.1. TunoBble cXeMbl BK/IIOUEHUA

Test

Ref

TECTHPYEMBIii
cepsep

OTNOPHBIH
cepaep

Power
(Alarm)

Diff=Test-Ref

PucyHok 20.1. Tunosas cxema nodkatoyeHus 0415 pexcuma NTP

Test

TECTUPYEMBIN
cepsep

Ref

OMOPHBII
cepsep

nopt A/B nopt B/A

Diff=Test-Ref

PucyHok 20.2. Tunoeasi cxema nodknw4deHus 0aa pexuma PTP
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21. TecTOBbIE AAQHHbIE

Tect «TecTOBble JaHHbIE» MMO3BOJISET MU3MEPUTHh KOJIMUYECTBO MepefaHHbIX M MPUHSITHIX AAHHBIX, @ Takxke
MIPOAO/KUTEIbHOCTD CeaHCa Iepeaauy B COOTBETCTBMM C ITpUKa3oM MumHKoMCBs13M Poccum N2277.

1 usMepeHusT KOIMYeCTBa MepefaHHbIX M MPUHSTHIX JaHHBIX TPUO0P MOAKIIOUAETCS K TeCTUPYEMOMY
YCTPOJMCTBY M BBIMOJIHSIETCS TeHepallus 3aJaHHOTO KOJIMYeCTBa IMaKeToB Wiy 6aiiToB. [ aHaau3a paboThl
TECTUPYEMOTO YCTPOICTBA KOJMUYECTBO TMAKETOB M 0aiiTOB, 3adMKCUpPOBaHHOE MPUOOPOM, CPaBHUBAETCS
C TIOKa3aHMUSIMU TeCTUPYeMOTO YCTPOIICTBa.

1 u3MepeHusT MPONODKUTETBHOCTY CeaHca rmepenady JaHHBIX MTPUOOP MOAKIIOUAEeTCS K TeCTUPYEMOMY
YCTPOJCTBY M BBITIONHSIETCS TeHepauysl AAHHBIX B TeUeHMe 3aJaHHOro BpemeHu. sl aHanmms3a paboThbI
TECTUPYEMOTO YCTPOMCTBA 3aaHHas AJIMTENbHOCTh TeHepaluuy CPaBHUBAETCS C MTOKA3aHUSIMU TECTUPYEMOTO
YCTPOJCTBA.

21.1. TunoBas cxema BK/IHOUYEHUS

TECTUPYEMOE

YCTPOMCTBO

Power
(Alarm)

PucyHok 21.1. Tunosas cxema nodkaw4eHus 045 nposedeHus mecma «Tecmossie 0aHHbIE»
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22. O6HOBNEHME NPOrPaMMHOro obecneyeHus

O6HoB/IeHMe mporpaMMHOro obecreuedus (IT0) npubopa BBIMNOJHSETCS C MOMOIIbI0 SD  KapThl.
O6HoBIEHHOE ITO MOKET BKJIIOUATh KaK MCIIPaBIEHME OLIMOOK, TaK ¥ HOBbIE (YHKIVMOHAIbHbIE BO3MOXKXHOCTM.

22.1. NoaroToBKa K OGHOBNEHUIO

Zip-apxuBbl ¢ o6HOBeHMeM [1O JOCTyIIHBI Ha caitTe https://metrotek.center. Takke apxXMB C aKTyaJIbHOI
Bepcueit IIO MOXHO MOMYyYMTh, HAMMCAB 3aIpoc IO ajpecy support@metrotek.ru. Ilepen o6HOBIEHMEM
HeOOXOIMMO paclakoBaTh apXUB ¥ O3HAKOMUTBHCS C COmepskMMbIM (aitna readme.txt, B KOTOPOM XPaHUTCS
BakHasi uHopmanus o penause I10. Tlpu oOHOBIEeHMM NpUOOpa BCe OTKPBIThIE OILMM, HACTPOMKMU
¥ TI0JIb30BATEIbCKIE JaHHbIE OYIYT yIOameHbl.

22.2. Anroputm o6HoBneHus vyepes SD-kapty

1. CkauaTth u ycrtaHoBuTh Ha [1IK ¢ OC Windows 7/8 mporpammy 3amucu obpasa Ha SD kapTy (Hampumep,
Win32 Disk Imager). [Isnig kommbioTepoB ¢ OC Linux MOKHO BOCIIOJIb30BaThCSI BCTPOEHHOW YTUINTOM
«JIUCKU».

2. V3Bneub u3 mpubopa SD KapTy M MOAKIIOUUTh €€ K IIK ¢ MOMOIbi0 BCTPOEHHOIO MM BHEIIHEro
YCTPONCTBA JJI UTEeHUST KapT MaMsITU.

3. OrdopmaTupoBathb SD KapTy, BbIOpaB daitinoByio cuctemy Fat32.

4. OTkpbITh Iporpammy Win32 Disk Imager u BpiGpaTh IIyTh K paHee pa3apxXxMBUPOBAHHOMY 06pa3y. 3ammuch
obpasa Ha SD kapTy 3aHMMaeT oT 5 7o 10 MUHYT.

5. TToAKTIOUNTS K MPpUOGOPY BHEITHUI MCTOYHMK TUTAHMUS.

6. YcraHoBUTH SD KapTy B IpMOGOP U IMTPOBEPUTH €ro paboTOCIIOCOOHOCTD.

22.3. Anroput™M 06HOBNEHUSA C NOMOLLLIO CKpUNTa

1. 3Bneub u3 apxmBa «to _device.7z» katamor «to device». B karasore Haxoautcs daitn «config file»
co ciuckoM GaiiyoB, KOTOpble OYAYT COXpaHEHbI IIPY OOHOBIeHUN. IIpy HEOOXOAMMOCTH CofepskaHue
aToro (aitia MOXHO U3MEHUTbD.

PekomeHmyemoe comepskanme aitna «config file», ecnmm TpebyeTcss coxXpaHUTh WMHGOPMAINIO
0 MMOJIb30BaTeSIX CUCTEMbI M HACTPOMKM (Mapoju, TOMAaIIHIS IMPeKTopusl, IIpaBa, MHTEPIpeTaTop mpu
BXO[e):

/etc/passwd

/etc/shadow

/etc/group
/etc/network/interfaces
/etc/network/interfaces.d/eth
/etc/network/interfaces.d/gbe
/etc/ssh/
/var/lib/ntpd/ntp.drift
/var/etu/

/etc/cron.d/

/etc/cron.daily/
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/etc/cron.hourly/
/etc/cron.monthly/
/etc/cron.weekly/
/etc/crontab

Pekomengyemoe cogpepkanue ¢aina «config file», ecim He Tpebyercsas coxpaHATh MHOOPMALMIO
0 II0/Ib30BATE/ISIX CUCTEMbI (B 3TOM C/yvyae yuETHbIe 3amucy OymyT CO3ZaHbl 3aHOBO, C IIAPOJISIMMU
10 YMOJTYaHMIO, COOTBETCTBYIOIIMMM BePCUM, Ha KOTOPYIO ITPOUCXOIUT OOHOBIEHME):

/etc/network/interfaces
/etc/network/interfaces.d/eth
/etc/network/interfaces.d/gbe
/etc/ssh/
/var/lib/ntpd/ntp.drift
/var/etu/

/etc/cron.d/

/etc/cron.daily/
/etc/cron.hourly/
/etc/cron.monthly/
/etc/cron.weekly/
/etc/crontab

2. CRonupoBath KaTtajor «to_device» Ha mpu6op. s OC Linux KomupoBaHMe BBINOJHIETCS C ITOMOILIbIO
KOMaH[IbI «scp -1 to_device root@<IP-agpec-ETLN>:/home/user/».

s OC Windows KompoBaHMe BITIOTHSETCS ¢ MOMOIIbIo mporpamMmMbl WinSCP mof, yueTHO 3amiuchio
«root» B KaTanor /home/user;/.

3. CoenaTb CKPUIITHI OOHOBJEHMSI MCIIOMHSIEMBbIMM, IJIsI UeTro TONKIIOUUTBCS K IPUOOpY MOJN yUETHOM
3amuchbio «adminy, 3aTemM nepeiTH oA YUETHYIO 3aMIUCh «I00t»:

M716(admin)# system
M716(admin)(system)+# su root
BBecTu naposib 1151 yYETHOM 3alMCH «I0O0t», ITOCJIe Yero BBeCTH KOMaH/Ibl:
root@M716:~# chmod +x /home/user/to_device/updater.sh
root@M716:~# chmod +x /home/user/to_device/complete_update.sh
4. 3anmycTUTh OOGHOBJIEHME
root@M716:~# /home/user/to_device/updater.sh -a /home/user/to_device/parts.tar.gz -c /
home/user/to_device/config_file -e /home/user/to_device/u-boot-env.bin

O6HOB/IeHMe 3aHMMAaeT 0KoJo 10-12 MUHYT.

5. Ilepesarpysuth IpuoOOp Ojs1 3aBeplieHuss oGHOBeHMs. Ilocie TIepesarpy3ku 3aIycKaeTcs TaiiMep
Ha 86 cekyH/. B TeueHue 3TOro BpeMeHM HEOOXOHMMO BBINOJIHUTh AEACTBUS, ONMMCAHHbIE B IIYHKTE 6,
MHave TpMOOp aBTOMAaTUYECKM TIIepe3arpysmMTCs M BepHETCS B COCTOSIHME [0 Havala Ipolecca
OOHOBJIEHMS.
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6. BBITIOTHUTH CKPUIIT 3aBepIlieHNs] 0GHOBJIEHMS], 1JISI UETO MOAKIIOUNUTDCS K TPUOOPY MO YUETHOI 3aMMUChI0
«admin», 3aTeM mepeiTy MoJ, yUETHYIO 3alIUCh <I00t»:

M716(admin)# system

M716(admin)(system)+# su root

BBecTu naposib 151 y4ETHOM 3alIUCU «r00t», TIOC/Ie Yero BBeCT KOMaHIy:

root@M716:~# /home/user/to_device/complete_update.sh
7. IlIpoBeputsb Bepcuio I10 npubopa:

M716(admin)# show version

SW: MA-SW-02

App: 1.0.86

Sys: 4.0.31

FPGA: 0.0.5-0

Kernel: 3.18.0-stcmtk-0.1.6

22.4. BocctaHoBneHue npeabiayuien sepcun MO

Boccranosnenue I1O npmubopa BHITIONHSIETCS IO TAKOMY JKe aIrOpUTMY, Kak u o6HoBeHue I10.
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23. CnpaBoyHaa uHdopmaums

23.1. CtpyKTypa KaapoB

32 buta

0,1,2,3,4,5,6,7,8,9,10,11,12,1314,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31

Preamble

(7 octets) SFD

Payload (64 - 9600 octets)

— Interpacket gap —
(12 octets)

PucyHok 23.1. Cmpykmypa nakema 1-20 ypogHs

< 32 buta >

0,1,2,3,4,5,6,7,8,9,10,111213141516,17,1819,20,21,2223,24,2526,27,2829,30,31

MAC destination

(6 octets) MAC source
(6 octets)

VLAN tag O (optional)
VLAN tag 1 (optional)
VLAN tag 2 (optional)

Ethertype Payload
(46 - 9582 octets without VLANS)

Frame check sequence

PucyHok 23.2. Cmpykmypa kadpa 2-20 yposHs

< 32 buTta >
0,1,2,3,4,5,6,7,8,9,10,1112,1314,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31
Version IHL DSCP ECN Total Length
Identification Flags Fragment Offset
Time to Live Protocol Header Checksum

Source IP Address

Destination |P Address

Payload
(26 - 9562 octets)

PucyHok 23.3. Cmpykmypa nakema 3-20 ypogHs




32 buTa

0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31
Source port Destination port

Length Checksum

Payload
(18 - 9554 octets)

PucyHok 23.4. Cmpykmypa Oelimazpammsi 4-20 yposHs

32 buta

0,1,2,3,4,5,6,7,8,9,10,1112,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31

Payload B
(18 - 9554 octets)

PucyHok 23.5. [aHHbie delimaepammsl 5-20 yposHs




24. Cneundukaumm

24.1. O6wme xapaktepmuctukn M716-02-001/2, M716-02-B, M716-02-C-AC, M716-02-C-DC

Tabnuya 24.1. Obwue xapakmepucmuku M716-02-001/2, M716-02-B, M716-02-C-AC, M716-02-C-DC

| M716-02-B
- 2xRJ-45 (10/100/1000BASE-T), Full Duplex;

M716-02-001/2 | M716-02-C-AC | M716-02-C-DC

V3MmepuTesibHbIE -  mojajepikka TexHosoruy PoES;
uHTepdeiick (A u B) .
—  aBTOMAaTMYeCKMii pexxum «bypass» MeXmy [opTaMy IpyU TMPOTMALaHMM IUTAHUS WIN
MPOrPaMMHO.
- 1xRJ-45 (10/100/1000BASE-T);
Mntepdeiicer —  1xmicro USB AB OTG (host, device);
yIIpaBIeHNs

1xmini USB B KoHCOJIb.

JIOIIO/THUTEIbHbIE
byHKIMYK

KHOIIKa C6poca K 3aBOJCKMM

HaCTpOIKaM®;
RTC c otmenbHOI 6aTapeeii;
backup-nurtanue;

JaTuyK IJIs MOHMUTOPMHIA TeMIlepaTypbl
FPGA.

KHOIIKa BK/IIOUEHMNS

KHOTIKa cbpoca K
HACTpoiiKam®;

3aBOJCKUM

RTC c otnenbHOIT 6aTapeeii;
backup-nuranue;

JaTuMK JII MOHUTOPMHIA TeMIlepaTypbl
FPGA

Pa3smepsl Kopryca
anGOI‘;a (ﬂxpsz) 155x84x38 MM 156x76x31 MM - -
Pasmepsl kopItyca
npubopa 6e3 yuéta 425%174x43 MM
YTOJIKOB [1JI51 - -
KpeIuieH!Us B CTOVKY
19" (ZIxI1IxB)
Pasmepsl kopItyca
npubopa ¢ yuéTom
YTOJIKOB A1 — - 482,6x174...203%x43 Mmm
KpeIuieH!Us B CTOVKY
19" (I xI1IxB)
Pasmepsl
MeTaJINYyeCcKoro
Koprmyca 6J10Ka - 152x75x40 mm -
TIUTAHUS JJIST TIOJIKY -
maccu (JIxI11xB)
Macca 0,205 kr 0,42 Kr 2,1 kr 2,2 KT
12 B BHeuHmiA
12 B BHemHMit 610K 6JIOK TUTAHUS
Hanpsokenne MUTaHUA (ONLMOHAILHO (ONLIMOHANBHO 220 B 26, 72B
MMUTAHUS BO3MOXXHO MTUTaHUE BO3MOSKHO
ot PoE* 48 B) nuTaHue oT PoE’
48 B)

> Mogyne mMTaHust oT POE sBsieTCS OMIMOHAIbHBIM, MOKET YCTAaHABIMBATBHCS TOJBKO B IMPUGOPHI
B IJIACTMKOBOM KOpIyce, 1 paboTaet oT ropra A (1o yMoa4aHuio) win nopta B. IlepeHactpoiika momyist PoE

IUIst paBboTHI OT ITOpPTa B BBIMOMHSAETCS MO IIPEeBAPUTEILHOMY 3aKasy.

¢ B Texyiueit Bepcun I10 He UCIIOTb3yeTC.
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M716-02-001/2 | M716-02-B M716-02-C-AC | M716-02-C-DC

[ToTpebnsiemast
MOIIIHOCTh

~7,5 Bt ~6,5 BT

Iramna3oH BXOJHOTO
HarmpsoKeHus 6/10Ka
nuTanus ajas 19-
IIOVIMOBOJ ITOJIKM-
raccu

- 220 B, 90...264 B - -

BrixogHoe
HAIpsDKeHMe U TOK
st 19-mioiiMoBoOit
TTOJIKM-IIACCH

- 12B,84A - -

BbIXogHast MOLHOCTh
6/10Ka IIUTaHUS OJIs
19-n10iiMOBOI
TTOJIKM-IIIaCCU

- 100 BT - -

IyamazoH paboumx
TeMIIepaTyp

0-35°C

Jnamna3oH
TeMIeparyp
TPaHCIIOPTUPOBKU
U XpaHeHUs

-10...+45 °C -20...+45°C

OTHOCHUTe/bHas
BJIKHOCTb BO3/yXa

80 % nipu Temneparype 25 °C

Jnamna3oH
U3MepeHUit
KOJIMYeCTBa
mnHopmaLun
(06bEMa TAHHBIX),
6aiiT

ot 10 mo 10!

ITpepnensl
JOITyCKaeMoit
abCoTIOTHOM
TTOTPEITHOCTH
U3MepeHUit
KOJIMYeCcTBa
mnHopMmaun
(06bEMa TAHHBIX)

B iamna3oHe, 6aiiT:
ot 10 mo 107 BKiTIOU.
cBbime 107 go 10!

*10
#Kx10%, rge K - u3MepeHHOe 3HaUeHMe KoauvecTBa MHbopmanum (06b€Ma JaHHbIX), 6aiiT
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24.2. O6wme xapakrepmuctukn M716-03-A, M716-03-B-AC, M716-03-B-DC

Tabnuya 24.2. Obwue xapakmepucmuku M716-03-A, M716-03-B-AC, M716-03-B-DC

M716-03-A

| M716-03-B-AC

| M716-03-B-DC

V3mepuTenbHbIe
mHTepdeiicel (A u B)

2xgombo-nopTta RJ-45 (10/100/1000BASE-T) u SFP, Full Duplex;

Mo IepskKa TexHomoruu PoE’;

aBTOMAaTUYECKUIL pPeXum «bypass» MeXnay IIOpTaMu Ipu IIpOoIlagjaHUM IIUTAaHUA WIN

MIPOrPaMMHO.

1xR]J-45 (10/100/1000BASE-T);

WHTepdeiicer — 1xmicro USB AB OTG (host, device);
yIpaBJIeHNS
- 1xmini USB B koHCOJIb.
- KHOIIKa c6poca KHOTIKA BK/IIOYEHUSI;
K 3aBOJICKUM .
L 5. KHOTIKa cOpoca K 3aBOICKMM HACTpoiikam®;
HacTpoiikam?®,
_ RTC ¢ ormensHoi RTC c oTmenbHOI 6aTapeeii;
HononuurenbHble GaTapeeii; backup-nuTanmue;
byHKIMYK
- backup-nuranne; JlaTuMK [711 MOHUTOpPUHTa TeMiiepaTypsl FPGA.
- [IaTuMK TUTST
MOHUTOPMHTA
Temnepatypsl FPGA.
Pasmepsl kopItyCca
npuGopa (IxIIxB) 160x132x33 MM - -
Pasmepsl kopItyca
npubopa 6e3 yuéra
YTOJIKOB J1JI51 - 425x174x43 MM
KperyieH!s B CTOKY
19" (ZIxI1IxB)
Pasmepsl kopItyca
npubopa ¢ yuéTom
YTOJIKOB A1 - 482,6x174 ... 203x43 mm
KpeIIeHUs B CTOMKY
19" (IxI1IxB)
Pasmepsl
MeTa/UInYyeCcKOTo
Koprmyca 6JioKa 152x75x40 mm - -
TITaHUS JJIST TIOJTKU -
maccy (IxIIxB)
Macca 0,7 xr 2,4 xr 2,5 xr
12 B BHemHMit 610K
Hanpskenme MMUTAHUS (OTIIIMOHATBHO 290 B %6, 72B
MMUTaHUS BO3MOSKHO ITUTaHMe
oT POE” 48 B)
[MoTpebnsemast ~75Br ~6,5 BT
MOIIIHOCTh

JIrana3oH BXOJHOTO
HanpsskeHus 610Ka
nuTanus ajas 19-

220 B, 90...264 B

" Mopnyab muTaHus OT POE SBJSIeTCS ONI[MOHAJbHBIM, MOXKET YCTaHaBIMBATBhCS TOJABKO B IPUGOPSI
B IJIACTMKOBOM KOpIyce, ¥ paboTaeTr oT mopTta A (110 ymoyidaHuoo) wiu ropra B. IMepeHacTpoiika Mmomyist PoE
[T pabOTHI OT TTOPTa B BHIMIOMHSIETCS 110 MTpeIBAPUTEIHLHOMY 3aKas3y.

8 B Texyiueit Bepcun I10 He UCIIOTb3YeTCS.
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M716-03-A

M716-03-B-AC

M716-03-B-DC

JIIOMIMOBOIA TTOJIKM -
maccu

BrixogHoe
HAIIpsDKeHMe U TOK
st 19-m1oiiMoBoOit
TTOJIKM-IIACCH

12B,8.4A

BpIxogHast MOIITHOCTh
6JI0Ka MUTAHUS JJIsT
19-m107iMOBOI1
MMOJIKU-ILIaCCH

100 BT

IlyarasoH pa6ounx
TeMIepaTyp

0-35°C

Jnamna3oH
TeMIepaTyp
TPaHCIIOPTUPOBKN
U XpaHeHUs

-20...+45°C

OTHOCUTe/IbHAS
BJIQKHOCTH BO3JIyXa

80 % nipu Temneparype 25 °C

Juana3oH
u3MepeHuin
KOJIMYeCTBa
uHbOpPMaLUA
(06'bEMA JAHHBIX),
6aiT

ot 10 mo 101!

ITpepnensl
JOITyCKaeMoit
abCoTIOTHOM
MTOrPeNIHOCTI
u3MepeHuin
KOJIMYeCTBa
uHbOpPMaLUA
(06béMa maHHBIX)

B IMaria3oHe, 6aiT:
ot 10 go 107 BK/TIOU.
caoimre 107 mo 10!

*Kx10%, rae K - u3MepeHHOe 3HaUeHMe KoauvecTBa MHdopmalmu (06EMa TaHHbIX), 6T

*10
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24.3. O6wme xapakrepuctukn M716-10-B-AC, M716-10-B-DC

Tabnuya 24.3. Obwue xapakmepucmuku M716-10-B-AC, M716-10-B-DC

M716-10-B-AC | M716-10-B-DC

N3mepuresnbHbie
mHTepdeiicel (A u B)

2x1/10GE SFP/SFP+, Full Duplex

- 1xRJ-45(10/100/1000BASE-T);

NuTepdeiicer . .
PP - 1xmicro USB AB OTG (host, device);
yIIpaBJIeHUS
—  1xmini USB B KOHCOJIb.
—  KHOIIKA BK/TIOUEHMSI;
TlOTIOTHITE b HbIE -  RTC c oTmenbHOIt 6aTapeeit;
yHKIM - backup-nutanue;

—  JaTuMK JJIs MOHUTOpUHTra Temiiepatypbl FPGA.

Pa3smepsl kopryca
npubopa 6e3 yuéra
YTOJIKOB [1JI51
KpeIlUIeHs B CTOMKY
19" (O xI1IxB)

425x174x43 MM

Pa3smepsl kopryca
rpubopa ¢ yueTom
YTOJIKOB JIJIsST
KpeIieHs B CTOMKY
19" (IxI1IxB)

482,6x174 ... 203x43 MM

Macca

2 KT 2,1 kr

HanpspokeHue
MIUTAHUS

220B 36...72B

[ToTpebnsiemas
MOIIIHOCTh

~6,5 BT

IlyanasoH pa6oumx
TeMIIepaTyp

0-35°C

Juana3oH
TeMImepaTyp
TPAHCIOPTUPOBKU
U XpaHeHUs

-20...+45°C

OTHOCUTe/bHas
BJIKHOCTH BO3/IyXa

80 % mpu Temmepartype 25 °C

JIvana3oH
U3MepeHUit
KOJIMYeCcTBa
mnHopmanun
(06bEMa TAHHBIX),
6anT

ot 10 mo 10!

[Mpenemnst
JIOITyCKaeMo
abCoI0THOI
MOrPENIHOCTI
U3MepeHUit
KOJIMUeCTBa
mHopManun
(06bEMa JaHHBIX)

B JIMaria3oHe, 6aiT:
ot 10 1o 107 BKiIIOU.
cbimie 107 mo 101!

£10
#Kx10%, rge K - u3MepeHHOe 3HaUeHMe KoandecTBa nHbopmanum (06bEMa TaHHbIX), 62T
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24.4. TectupoBaHue

HacTtporika mapameTpoB KaJipoB

MAC- wu IP-agpec oTmnpaBuTesis/moiyyarenisi, HOMep IopTa
otnipaButesns/monyuarenst. Ilonss VLAN, MPLS, EtherType, ToS,
Precedence, DSCP. PasmepsI KajpoB 64—9600 6aiiT.

l'enepaius TeCTOBOrO IOTOKA

BO3MOXKHOCTb 3aZaBaThb pasMep Kaapa, IJUTeIbHOCTh TeHepaluu,
Be/IMUMHY HArpysKy, IapaMeTpbl 3arojioBKOB Kajpa. OrmpemeseHue
KOJIMYECTBA MepeJaHHbIX TECTOBBIX KaIpOB.

AHanu3 TecToBOro IIOTOKA

Onpe,uenem/le KoJiM4yecTBa IPUMHATBIX TE€CTOBBIX ITAKETOB. P€3yf[bTaTbI
dHa/IM3a: TeKyliasa, MMHMMaJ/IbHas1, CpegHAA M MaKCMaJIbHad 3aep>KKa.

Ilneitd (Loopback) VIHTeNeKTya/lbHbIA 1Ieii¢ Ha (GU3UMIECKOM, KaHaJIbHOM, CETE€BOM
Y TPAHCIIOPTHOM YPOBHSIX.

VLAN IIo 3 VLAN meToxk. Korngwurypaius VLAN Priority u VLAN ID.

Cratuctuka (RFC 2819) ITo TMIIaM KaJpoB, IO pasMepaM KafpoB, IO YPOBHSM, I10 OIIMOGOYHBIM
Kagpam. KomuecTBoO IPUHATHIX U MepeIaHHbIX [TaKETOB, OTOOpaKeHIe
Harpysku Ha IOPTY B peajbHOM BpeMeHu. Tumbl KamgpoB: broadcast,
multicast, unicast. Pacupenenenue no pasmepam. KonnuectBo Kazpos,
TepeIaHHbIX Ha KAHAJIbHOM ¥ CETEBOM YPOBHSIX. IIakeThl cBEpXMasoi
(runt), cBepx60:b1110§1 (jabber) mavHbI 1 makeTsI ¢ ourmb6oyHoi CRC.

RFC 2544 Throughput (mpomnyckHast crioco6HoCTh), Frame Loss (YpoBeHb IMOTephb
KagpoB), Back-to-Back (mpemenpHast Harpyska), Latency (3amepskka
pacrpocTpaHeHUsI KaJpoB).

TpaHsut BxitoueHne B pa3pbiB COEOMHEHMSI MEXKAY CEeTeBbIMM YCTPOICTBaMM,
c60p CTATUCTUYECKNX TAHHBIX O IIPOXOASIEM TpaduKe.

[Tonb30BaTenbCcKIE .
CoxpaHeHMe ¥ 3arpy3Ka TECTOBBIX KOHQUTYPAIIIA.

KOHUTYypanmm

OTuYETBI l'eHepaliysi TEKCTOBBIX OTUETOB.

[MommepskKa CeTeBhIX IPOrpamMm
U IIPOTOKOJIOB®

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

Y.1564°

HOo 10 mMOTOKOB HAHHBIX C HE3aBMCUMOI KOHMUrypamyeil Harpysku
M 3arOJIOBKOB Kajpa. IloTepu KaApoB Ijisl KakAOTO IMOTOKA; IIMPUHA
TOJIOCHI TIPONYCKaHMSI, pacCUMTaHHAs IO pe3yJbTaTaM TeCTUPOBAHUSI.
Tekymiasi, MMHMMAaAbHAsl, CpeAHSS ¥ MaKCMMalbHas 3aJepKka
nepenauyy gaHHbIX. KoanMuecTBO MepelaHHbIX U TIPUHSITHIX TAKETOB 1T
KaXXJIOTO MOTOKa.

[TakeTHBII IKUTTEP’

Usmepenust B coorBercTBUM ¢ MeTonukoit RFC 4689. PesynbraThl
aHanmM3a: oOIlee KOJMUECTBO TIaKeTOB; KOJMUECTBO IIaKeTOB,
NpUILleIIINX N0 MOPSAKY/He MO MOPSAKY; pacupeneneHue IKUTTepa;
KOJIMYEeCTBO TIAKeTOB, IDKUTTEP KOTOPBIX ObUI MeHble/60blie
3aJaHHOTO Topora.

Pesxum Ciry4aifHOTO M OCTOSIHHOTO pasMepa Kaapa.

MPLS?®

Ilo 3 MPLS meToxk. Kouduryparus MPLS Label, MPLS CoS 1 MPLS TTL.

NTP- u PTP-cuHXpoHu3anus

Cunxponusanus 1o nporokosny NTP mnu PTP mo3BosisieT BBIITOIHSTH
usMepeHnmue 3agepkku mo Meromuke RFC 2544, a Taxke aHaim3
1o pekomeHpauuu Y.1564 rnpm ofHOHANIpaBAeHHOM TeCTUPOBaHUMN.

OIHOCTOPOHHME M3MepeHs’

VismepeHue ONHOCTOPOHHEN 3alepskKu, IPOMYCKHOI CIOCOOGHOCTHU
KaHaja, MoTepb MaKeTOB U IKUTTEpA.

IOuarHOCTMKA KaHAJIOB, XapaKTePUCTUKMU KOTOPBbIX Pas3JIUUHbI IJIS
Tepealoliero ¥ MpUEMHOTO HallpaBIeHMIA.

IMogmepskka OBYX MepenaTunKoB’

IpoBemeHye U3MepeHMit Ha IBYX MHTepdeiicax.

9 Omuus, mocTapJsieMast 10 IIpeIBapUTEIbHOMY 3aKasy.
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24.5. lononHUTENbHbIE NPUHAANEKHOCTH

Mopyne POE

Mopynb POE ycTanaBnuBaeTcs 110 IpeBapuUTeIbHOMY 3aKas3y.

KpoHirreiiH ajist KpervieHus
Ha DIN-peiiky

[Tpnbop MOKeT KpemuThcsl Ha cTaHAapTHyo DIN-peiiky ¢ mIOMOIIbI0
KpPOHINTEHA, KOTOpBIII  IPUKPYYMBAETCS  caMope3aMu  yepes
TOATOTOBJIEHHbIE OTBEPCTUS B Kopiyce Tipubopa. Komriekr,
COCTOSIILINIA 13 KPOHIITEeHA ¥ CaMOpe30B, MMOCTAaBJISIETCS
T10 TIPeBaPUTEIBbHOMY 3aKas3y.

PamKka-dukcaTop AJI KpervieHust
Ha CTeHY

IMpu60op MOKET KPENUTbCS Ha CTEHY WM APYTYI0 POBHYIO TIOBEPXHOCTh
C IOMOINbI0 paMKu-(uUKcaTopa. Pamka-¢puMKcaTop IPUKPYIUBAETCS
BMHTAMM WM CaMope3aMy K IIOBEPXHOCTM, TIIOCiAe Yero Ipuoop
BCTaBJISIETCS B Ia3bl PaMKM U 3alléIKMBAETCS B Heii. PamKka-dukcaTop
TOCTABJISIETCS 10 TIpeiBapUTEIbHOMY 3aKasy.

24.6. Onuuu NocTaBKu

ETIP (ITomgepskka ceTeBbIX
IIpOrpaMm U pOTOKOJIOB)

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

ETMM (Y.1564)

TecTbl  KOHGUIrypaluu U  CIyKO6: BO3MOXHOCTb  HACTPOMKMU
o 10 cepBucoB ¢ MHOMBUAyanbHbIMM napamerpamu: MAC/VLAN/
MPLS/IP/ToS/Harpy3kKa.

ETJT (ITakeTHBII OXKUTTED)

Nsmepenns: B cOOTBeTCTBUM ¢ MeTOaMKO RFC 4689.

PesynbraTtel anaimsa: PKTs, OOOPs, INOPs, %0OO0O0OPs, %INOPs,
pacripesiesieHe IKUTTEPA, KOJIMUECTBO ITAKETOB, IKUTTEP KOTOPHIX ObLT
MeHbIIle/060JIbllle 3aJJaHHOTO TTOPOra.

Pesxym Ciry4aiiHOTO M IIOCTOSIHHOTO pasMepa Kaapa.

ETMPLS (ITopnepxkka MPLS)

Ilo 3 MPLS meToxk. Korndwuryparus MPLS Label, MPLS CoS u MPLS TTL.

ETPTP
(PTP-cuHXpoHM3aLIMSA)

CuHxpoHusauusg 10 Mporokony PTPv2 103BoOJisieT  BBINOIHATH
n3MepeHue 3azepskku mo mertonuke RFC 2544, a Takke aHanu3
o pekomeHgauuyu Y.1564 1npu  TeCTUPOBAHMM ACUMMETPUYHBIX
KaHaJIOB.

ETAT (OmHOCTOpOHHME VismepeHue ONHOCTOPOHHEN 3alepskKKM, IIPOMYCKHOIM CIOCOGHOCTHU

U3MepPeHUs) KaHaja, oTepb MaKeTOB U JIKUTTEpA.
IviarTHOCTMKA KaHAJIOB, XapaKTePUCTUKU KOTOPBIX Pa3IUUHBI [JIs1
repenarlero 1 MpMEMHOTO HaITpaBaeHUIA.

ET2P (Hompepixka nyx ITpoBeneHmne M3MepeHnit Ha ABYX uHTepdeiicax.

rnepenaTynKoB)

ETTIME NsmepeHne pasHOCTM (pacXOXKIeHMs]) IIKaJI BpPEeMEHUM B CeTIX
OIepaToOpoOB CBSI3M OTHOCUTENbHO HALMOHAIBHOWM IIKaJbl BPEMEHU
Poccuiickoin ®@epepauun UTC (SU) B COOTBETCTBUMM C IPUKA30M
MwunkomcBs3u Pocenm N2277.

ETDATA V3mepeHmne KoauuecTBa TepefaHHOl (TIPUHATON) WHOOPMaALNU

(IaHHBIX) M MPOAOJDKUTEIBHOCTM  CeaHCa  Ilepefauu  JTaHHbIX
B COOTBETCTBUMU C MpMUKa3omMm MuHromcBs3u Poccuu N2277.
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25. TexHuuyeckoe obcnyxmsaHme

TexHMueckoe 0OCTYKMBaHME MPUOOP 3aKIIOYAETCS B IEPUOAMYECKOM BHENTHEM OCMOTpE YCTPOVICTBA,
6J10Ka TUTAaHMS Y KabeJleil ¢ esIbI0 ColepykKaHMs B MCIIPABHOM M UMCTOM COCTOSTHUM.

26. TexHHMueckaa noaaepxka

3asgBKM I10 BCEM TEeXHMYECKMM BOIMPOCAM MPUHUMAIOTCS CIYKO0ii MOAAepsKKM 1o pabounm musm ¢ 10:00
1o 18:00. O6paTUTHCS B CIYKOY MOKHO:

— 1o Tenedony: +7 (812) 330-0118;

— 10 e-mail: support@metrotek.ru.
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