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1. BBepeHue

B HacTos11eM pyKOBOJICTBE ITPeCTaB/IeHbI CBeJleHNsI 06 OCHOBHBIX (QYHKIIMSX, CIIO-
cobax IOOKIIOYEHMS ¥ HACTPOJiKe YHMBEPCAIBPHOTO W3MEPUTENbHOTO 30HIA
METPOTEK M716-02-001/2.

Ipumeuanue. 'ndopmanius 1o KOMaHIaM MpUBeIeHa B 6pourope « YHUBEPCaTbHbIi 13Me-
putenbHbiii 30 METPOTEK M716-02-001/2. PykoBoAcTBO 110 KOMaHAAM yIaJé HHOTO yIIpaB-
JIEHVSI», BXOASIIE) B KOMIUIEKT ITOCTaBKMI.

1.1. O6wme cBeaeHna

VHuBepcanbHbil u3MepurtenbHblii 3051 METPOTEK M716-02-001/2 (manee 1o Tek-
CTy TaKKe «IIPUOOP», «yCTPOIICTBO») IIpeAHA3HAUEH /ISl MOHUTOPUHIA, TECTVPOBA-
Hus ¥ aHanu3a ceteit Gigabit Ethernet ¢ BO3MOXXHOCTbIO JVICTaHIMOHHOI'O YIIpaBiie-
HMSI, @ TAKKe BBINOTHEHMS aBTOMATU3MPOBAHHBIX ClleHapUEB.

METPOTEK M716-02-001/2 BK/It0o4aeTcs B CeTh B pa3pblB COeAVHeHMs (TPaH3UT-
HBIi peXXMM) WM B KaueCTBe OKOHEYHOTO yCTpoiicTBa (cM. paszen 7). IIpubop noa-
JlepkuBaeT almapaTHblil MexaHU3M «bypass» — BOCCTAHOBJIEHNE COeAVHEHMS TTPU
NponajgaHuy MUTaHUS.

[Ipu6op paboTaeT mof yrpaBjeHeM OIlepalMOHHOM cucTeMbl Linux.

1.2. OCHOBHbI€ BO3MOXHOCTHU
1. Tenepauust u peructpanusi Tpaduka c Harpyskoit 1o 100% ua yposse L1 (Physical),
L2 (MAC), L3 (IP), L4 (UDP) creka TCP/IP.
. JInamasoH CKOpOCTeii nepemaun JaHHbIX B ceTsax: ot 10 M6uT/c mo 1 I'6ut/c.
. Tectbl RFC2544 out-of-service u in-service.

. lsmepeHne niponyckHO CITOCOOHOCTY KaHasia 6e3 BIUSIHUS Ha CETh.

[S2 T NG N

. V3mepenus no pekomenpanuu Y.1564 out-of-service u in-service: mpoBepka
Ha cooTBeTcTBME SLA.

6. AHann3 OIHOCTOPOHHMX M ABYCTOPOHHMX ITOKa3aTeseli KaueCcTBa KaHasa CBSI3u
(3amepskku 1 IKUTTepa) o npotokony TWAMP Light (RFC 5357 [12]).

7. Tlonmepskka VLAN Q-in-Q u MPLS.

8. Vi3mMepeHMue MaKeTHOTO IKUTTEPA.



1. BeneHue

10.
11.

12.
13.
14.
15.
16.
17.
18.

19.

20.

1.5.

. Pesxum nHTeNIEKTyaIbHOTO 11eiida (Smart Loopback) c omHOBpeMeHHBIM c60-

POM CTaTUCTUKU.
Tect TCP-nogkntouenus, rect gocrynHocty HTTP.

Pexxum MPT: HenpepbIBHas reHepauusi 1o 300 He3aBUCUMBIX TOTOKOB (L2 min
UDP) 1 nsmepenue gykuTrepa, 3aep>Kku U oTepb [aKeTOB.

Bo3MOXHOCTH popMuUpoBaHus syslog-coo6IeHmii.
[Moppepxkka ogHOCTOPOHHMX (One-Way) nsmepeHuii.
IMonpepxkka NTP u PTP.

Texnonorust PoE (muranue no Ethernet ka6esio).

Yacsl peanbHoro Bpemenu (RTC) ¢ oToenbHO 6aTapeeii.
Pexxum «bypass» MexIy MopTaMu.

Backup-miuTaHue: nepegaua coobIIeHnst 06 aBapuM M KOPPEKTHOE 3aBepiie-
HMe paboThI.

@®opmupoBaHme «dying gasp» nmakeToB B Buge SNMP traps (ZOmycKaeTcs ob-
30BaTeIbCKMIT (HOPMAT MAKETOB).

BriBop, I/IHCl)OpMaI.U/[I/I O COCTOSTHUM ITOPTOB U TECTOB.

KoMnnekT nocraBku

KommnekT nmoctaBku usMmeputenbHoro 3ouga METPOTEK M716-02-001/2 3aBu-
CUT OT 3aKa3a U MPUBEIEH B IacropTe.
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1.4. BapuMaHTbl UICMONHEHUSA

[Ipubop uMeeT ABa KOHCTPYKTUBHBIX MCTIONHEHUS : B IVIACTMKOBOM KOPITyCe 1 B Me-
Ta/uImyeckoM Kopiryce. CrienyduKauyy NpuBeLeHbl B IPUIOKEeHUA A.

[Ipubop, BBHIIOTHEHHbII B META/UIMYECKOM KODITyce, MOXKET yCTaHaBIMBATHCS
B 19-A10/IMOBYIO TMOJIKY-IIaccu BbIcOTON 2U (O mecsTv mpubOpPOB HA OHY ITOJIKY)
My paboTaTh aBTOHOMHO OT BHEITHEro MICTOYHYKA muTaHus. [Ipnbop B IIaCTUKO-
BOM KOpITyCe IIpefjHa3HaueH TOIbKO /1J1s1 aBTOHOMHOI'O MCII0/Ib30BaHMS.

MapkupoBKa ¥ Ha3HaueHye Pa3beMOB VM CBETONMONHBIX MHAUKATOPOB IS 06emx
MonubUKaLmii OMMHAKOBHI (CM. pasgen 3). OCOGeHHOCTY BKIIOUEHMS Y BBIKITIOUe-
HMSI IPMOOPOB OIMMCAHBI B pasgene 4.3 u 4.4.

Puc. 1.1. Bapuaum ucnonuieHus 8 n1acmukogom Kopnyce

Puc. 1.2. Bapuanm ucnonHeHus 8 MEMAaLIU4eckom Kopnyce



2. Mepbl 6e30nNacHOCTH

— Jo Hauasa pa6otsi ¢ mpu6opom METPOTEK M716-02-001/2 BHMMATETbHO U3Y-
YyTe HACTOsIIEe PYKOBOACTBO II0 SKCIUTyaTalin.

— Eciu npubop TpaHCIIOPTUPOBAJICS WM XPAHWIICS TIPY OTPULIATETbHBIX TEMITE-
paTypax, To IepeJ; BKIIOYeHNEM CIeqyeT BbIIepsKaTh ero B HOPMaTbHBIX KK -
MaTUYeCKMX YCTIOBUSIX He MeHee 2 YacoB.

— VcioBUS 3KCIUTyaTaly AO/KHBI COOTBETCTBOBATh YCIOBUSIM, IIPUBEAEHHBIM
B IpUWJIOXKeHUN A.

— Tlpu skcruTyaTauyy mpubopa J0/IKHbI BbITIOTHSIThCS 001I1ie TpeOOBaHMS ITpa-
BWJI MTOXKapHOt 6€30MMacHOCTH!.

— IIuratomas ceTh He TOMKHA MMETh Pe3KMX CKAaUKOB HampsbkeHust. Psamom ¢ pa-
604YMM MECTOM He IOKHO 6bITh MCTOUHMKOB CUIbHBIX MATHUTHBIX U 3JIEKTPU-
YyeCcKUX MOoJIei.

— Heobxomyumo o6eperatsh Mpu6Op OT YIapOB, MOMAagaHUs BIaru U MbUIA, TIPO-
JOIKUTENBbHOTO BO31eCTBYSI IPSIMBIX COMTHEYHBIX JTy4eii.

— TIpu DIUTENbHBIX TIepepbIBaxX B paboTe PeKOMEHIYETCSI OTKII0YATh GJIOK -
TaHus Mpubopa oT CeTu.



3. BHewHU BUA,

3.1. TecTtoBbIE NMOPTHI

00000000 u
o e} , g 9°

Power Py
(Alarm) A B (A?:;r) A B

Puc. 3.1. /luyesas naxens npubopa (cieea — naacmukossiii Kopnyc, cnpasa — memanniu4eckuti)

Ha nuiieBoit maHenu mpu6opa pacronokeHsbl Ba mopTa (A u B) 17151 MOAKIIOUeHUS
K TeCTUpPyeMOMY YCTpOiCcTBY miu cetu Ethernet/Gigabit Ethernet. Cxembl OIKITIO-
YyeHMs IPUBeZEHEI B paszene 7.

3.2. MlHOUKaATOPbI COCTOSIHUS NOPTOB

[Toptel A, B 1 Management npu6opa METPOTEK M716-02-001/2 umeloT 1Ba cBe-
TOOMOLHBIX MHAMKATOPA [IJIS OTIpeie/IeHUs COCTOSTHUSI M aKTUBHOCTU COeAMHEHUSI.

Act Act

Management

Puc. 3.2. CeemoduodHsle uHoukamopst nopmos A, B u Management

WNupuxkatop IiBeT OnucaHue

Act OpaHXeBblit (MUraeT) |MAET NpUEM/Nepefaya JaHHbBIX

- anéM/r[epenal{a JAaHHBIX HE OCYIIeCTBJISIETCS

Link 3eJIEHbIN coefiiHeHMe YCTaHOBJIEHO

- CoefMHeHMS HEeT

10



3. BHewHui sua,

3.3. Pa3bémbl 3aaHen naHenm

00000000000000000
00000

Management

M|
(=

microSD

Puc. 3.3. 3aduss nanens npubopa (creea — naacmukosslii Kopnyc, cnpasa — memaniuyeckui)

MapxkupoBka HasunaueHue
[e2CaE) Pa3bém /I MOAK/IIOYEeHNS BHEIITHero 6/10Ka MUTaHus.
Console Mini USB-nopT 111 IOAK/IIOUEeHUS K TTIepCOHAIbHOMY KOMIIBIOTEpY B pe-

skume USB-serial.

. oo [IIT)
micro SD (a] unun

Pa3béM C KapToil mamsIT, CcomepsKalieili rmporpaMMHoe obecrieueHue
npubopa.

Ipumeuanue. Pabora npubopa 6e3 yCTaHOBIEHHO KapThl HEBO3MOXHA.
HepmomycTimo n3BieKaTh KapTy MaMsTH U3 pa3béma JIJisl MCITONIb30BaHMS
B IPYTUX YCTPOJCTBAX.

Micro USB-mopT 111 MOAK/TIOUEHMSI BHEITHUX YCTPOVCTB MJTV COeIMHEHST

USB mnmn o C IPYTMMM YCTPOICTBAM, B 3aBUCUMMOCTU OT pexuma paboTsl (CM. pas-
nen 3.4).

Management VnanéHHoe ynpaBieHMe YCTPOICTBOM.

INPUT Pa3béMm 111 HOOKITIOUEHMSI K KPOCC-TIUIATe MOTKM-IIACCH (TOIBKO JIJIST TPU-

60pa B METa/UTMYECKOM KOPITyCe).

3.4. PexxuMbl pa6oTtbl USB-nopTa

Micro USB-miopt npu6opa METPOTEK M716-02-001/2 («USB», cM. puc. 3.3) MOKeT
paboTaTh B ABYX PEXMMAaX:

1. «<USB OTG Host». B aTom pexxumMe K Ipub60PY MOXKHO MOIKIIOUATh BHEIIHME
ycrpoiicTBa, Hanpumep, USB-nakormureny u Wi-Fi agantepsl.

Ipumeuanue. [loryckaeTcs MCIIONb30BATh TOJIBKO TPOBEPEHHbIE ¥ PeKOMEHJOBaHHbIE
npousBoputenem Wi-Fi aganrtepsl. [Iis1 oyuyeH1s: akKTyaJIbHOTO CITCKA aialiTepoB cie-
IIyeT 00paTUTHCS B CIYKOY TEXHMUECKOI moamepskku (cM. pasmgen 20).

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

11
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1) «uck». Takoe MOAK/ITIOUEHME UCTIONb3YeTcs IJist 06MeHa daityiaMu MeXIy
1K u mpu6opom.

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

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

3.5. UnaukaTtop Power (Alarm)

CeeTomuomHbIi MHAMKATOp «Power (Alarm)», pacIioyioskeHHbIii CJieBa OT TeCTOBBIX
TOpTOB (CM. pucC. 3.1) 3aropaeTcs Ipy NOAKIIOUEeHUY BHEIIHEro MUTaHUS:

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

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

Ipumeuanue. Vindopmanys 1o KOMaH/IaM yIaJIeHHOTO YIIPaBJIeHNs pUBeieHa B 6pomrope
«YHUBepcanbHbli u3MepuTtenbhblii 30HL METPOTEK M716-02-001/2. PykoBOACTBO 110 KOMaH-
JaM yIal€HHOTO YIIPaBIeHMs», BXOAsIIel B KOMIUIEKT TOCTaBKU.

4.1.

MoarotoBKa K pa6oTe npubéopa B NJ1aCTUKOBOM Kopnyce

. Iocne usBnevyenns YCTpoﬂCTBa "3 YIIaKOBKU HeO6XO,EU/IMO IIpOM3BeCTU BHEIII-

HMIT OCMOTP ¥ NTPOBEPUTb KOMIUIEKTHOCTh B COOTBETCTBUY C TTACTIOPTOM.

. Ecti mpu6op TpaHCTIOPTUPOBAJICS VIV XPAHUIICS TIPU OTPUIIATETbHBIX TEMITE-

paTtypax, TO I1epen BK/IIoUeHeM C/ieayeT BblAeP>KaTb €ro B HOpMaJIbHbIX KJIN-
MaTUYECKUX YCUIIOBMAX HE MeHee 2 4acosB.

. NMopkmrounTh 670K MUTAaHMUS K DPa3beéMy MUTaHUSI, 0O03HAUEHHOMY O-6-@

(cm. puc. 3.3), a 3aTeM K 371eKTpuueckoii poserke. ITocne noakaoyeHus 3aro-
paeTcs 3eJIéHbIM MHAMKATOp «Power/Alarm» (cM. pasgen 3.5).

4. TIOgKITIOUUTHCS K TPUOOPY, Ciemys yKasaHusIM pasjena 5.

4.2.

MoaroToBKa K pa6oTe npu6opa B MeTaNIM4eCKOM Kopnyce

IljisT aBTOHOMHOJ1 paboThI € MP1GOPOM HEOOXOAVIMO:

1.

[Tocie nsBneueHns YCTpOﬁCTBa 13 YIIAaKOBKM ITPOU3BECTU BHELIHUM OCMOTp 1
MIPOBEPUTH KOMIIJIEKTHOCTB B COOTBETCTBMM C ITACIIOPTOM.

. Ecmi ipr6op TpaHCTIOPTUPOBAJICS WITM XPAHUIICS IIPU OTPUIIATEIbHBIX TEMITE-

paTtypax, TO I1epen BKIIYEeHMEeM BbIAEPKaTb €ro B HOPMaJ/IbHBIX KJIMMMaTU4e-
CKMX YCIIOBUAX HE MEHee 2 4acoB.

. TlogkmiounTh GJOK TUTAHUS K Pa3beéMy NUTAHUSA, 0O03HAUEHHOMY O-¢-®

(cM. puc. 3.3), a 3aTeM K 2IeKTPpUUIECKON pO3eTKe.

. HaxkaTb Ha KHOMKY BK/IIOUeHMs/BpikTiouenns mutanus () (cm. puc. 3.1). UH-

nukatop «Power/Alarm» (cM. pasgen 3.5) JOJIKeH 3aropeThCs 3eJIeHbIM.

. TlogxmrounThCs K IpUBODPY, CIemys yKasaHusIM pasjena 5.
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

IInst paboThl ¢ IPpMO6OPaMU, MpegHA3HAUEHHBIMM JIS1 YCTAHOBKM B 19-110/IMOBYIO
TIOJIKY-IIACCH, HeOOXOOVIMO:

1. YcTaHOBUTH MOJIKY-IACCH B CTAHAAPTHBIN 19-010/iMOBBIN KA ¥ 3aKPEnnThb
He MeHee YeM YeThIPbMS KPeNEXXHbIMY BUHTaMU (T10 [1Ba C KaskKI0i CTOPOHBI)
K BEPTUKAJIbHBIM CTOJKaM.

2. TIoaKIIOUMTD ITPOBOJI, 3a3€MJIEHMSI ITO]T BUHT, 0003HaUe€HHbII HAK/IeIKOIi, C 06-
paTHO¥ CTOPOHBI MOJIKM.

Puc. 4.1. Ycmanoska npubopos 8 noJKy-uaccu

3. IpuKpyTUTH ABA GIOKA MUTAHMS HA HAIIPABJSIOIIME, TTOCTAB/ISIEMbIE B KOM-
TIeKTe, ABYMS BUHTaMM BIIOTal. YeThIpEX-KOHTAKTHbINM Pa3beéM IMUTAHUS IO -
sKeH ObITh BHU3Y, G/TVKe K HalpaB/IsIoliei.

4. BcTtaBUTH OJIOKM IMUTAHUS B Kpaﬁ}me CJIOTBI ITOJIKM-1IACCU TaK, YTOOBI HaIlipaB-
JISIIOIIAs 3al11a B a3 3aJHei CTeHKU II0JIKHA, a paS'béM MMUTaHMA BOIIEI B pa3b-
€M Ha KpocCcC-IiarTe.

5. HpI/IprTI/ITb HaIpaB/IAKIIYIO C GJIOKOM IUTAHMS K MOJIKe-1IacCu HeBbIIIaga-
IOIIM BMHTOM.

6. IIpuKpyTHTH MPMOOPHI HA HAIIPABIISIONINE, TOCTABIISIEMbIe B KOMIUIEKTE, IBY-
MSsI BUHTaMM BIIOTaii (CM. puc. 4.2).
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4. Havano pabotbl

10.

4.3.

Puc. 4.2. Kpennerue npubopa Ha Hanpasaswouwjue

. BcraButh l'IpI/I60pr B CBOﬁO,E[HbIe CJIOTBI IMOJIKM-1IACCH TaK, YTOOBI HaIlrpaBJIisi-

10111as1 3allljia B I1a3 3aJHel CTeHKM TOJIKY, @ pa3beéM MUTAHUS BOIIIEN B Pa3beéM
Ha Kpocc-TuiaTe.

. TIpuKpyTUTHh HaMpaB/SIIOILYIO0 C MPUOOPOM K TOJIKe-IIACCH HeBbIaAAINUM

BMHTOM.

Tpumeuanue. [151s cOGMIONEHNS ONITUMAIBHOTO TEMIIEPATYPHOTO PEXMUMA, HEOOXOIVIMO
pasmeIiath TpubOPhI COMIACHO PEKOMEHAALIVSIM, TIPUBEIEHHBIM B pasnee 4.7.

. BrimrounTs npmbopBHI, Cienys ykasaHusiM paszgena 4.4.

[TonKIIUMUTDHCS K Tpubopam, ciefys ykasaHusM paszgena 5.

BknrouyeHue un BbiKJHOYEHME NpMGopa B N1aCTUKOBOM
Kopnyce

[ns BRITIOUeHus Ipubopa ciefyeT MOAKIIOUUTD 6JIOK MUTaHMs K pasbeéMy MuTa-
HMSI, 0603HAaYEHHOMY 6-¢-® (CM. puC. 3.3), a 3aTeM K 3JIeKTpUIecKoii poseTke. ITocie
TTOAK/TIOUEHUST 3ar0paeTcs 3e€HbIM MHAMKaTOp «Power/Alarm» (cM. pasmen 3.5).

[y BBIKITIOUEH S TIpubOopa cyieqyeT OTCOeIMHUTD BIOK MUTAHMS OT pa3beéMa Mu-
TaHus. [Toce OTKIIOUeHMsI CBeTOAMOMHBIN MHAMKATOP «Power/Alarm» mipomormkaeT
ropeTb 3eJIéHbIM B TeueHme 3—10 ¢ (cM. pasgen 4.5).
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

4.4. BKNoveHUe 1 BbiKJOUYeHUe Npu6opa B METaIMYECKOM
Kopnyce

11t BKITFOUEHMSI ITPMO0pa C 11e/1bI0 aBTOHOMHOJT pabOThI CJIETYeT IMTOAK/IIOUNUTD 6JI0K
MMUTAHUS K pa3beMy MUTaHUsI, 0603HAYEHHOMY ©-¢-® (CM. pUC. 3.3), a 3aTeM K 3JIeK-
TPUUYECKOIT pO3eTKe, IOC/IE YETO HasKaTh Ha KHOTIKY BK/IFOUEHMSI/BbIK/TFOUEHMS TTUTA-
s @) (em. puc. 3.1). UagukaTop «Power/Alarm» (cM. paszmen 3.5) HODKeH 3aropeTh-
CSI 3€JIEHBIM.

19 BRIKITIOUEeHNs Ipubopa ciemyeT HaxkaTh Ha KHonky () 11, mpu Heo6xogmumocTH,
OTCOEAVHUTD BHEIIHWI GJIOK MUTAHUS.

11t BKITIOUEHMSI TPUOOPOB, YCTAHOBJIEHHBIX B 19-T10/IMOBYIO IOJIKY-11IaCCH, HE06-
XOOUMO:

1. C3apHeit CTOPOHBI ITOJIKU-1IaCCU BCTABUTb B OJIOKM TUTAHUS IITHYPBI C BUJIKO.

2. Buiku LIHypOB MUTaHMS BCTaBUTD B po3eTku 220 B, mogK/I04€HHbIE K pa3HbIM
ceTsIM ITUTaHus (OCHOBHOJ U pe3epBHOIA).

3. Ha nmepepnHeii maHen 060ux 6;I0KOB MUTAaHKS BKIIOYMTD TyMO1ep (IocaemnoBa-
TeJIbHOCTh He BakHa). Ha KakmoM Tymbiiepe 3aropuTcs 3eJIEHBIN CBETOMMO]I.
JTO O3HayaeT, 4To 12 B OT UCTOUHMKOB NUTaHUS IOSAETCS HA KPOCC-TUIATY.

4. Ha mepepHeii maHem KakAoro Ipu6opa Hakarb Ha kHomky (). MHauKaTOp
«Power/Alarm» OJI>KeH 3arOpeThCs 3eJIeHbIM.

Ecmm manukarop «Power/Alarm» roput KpacHbIM, HEOOXOAMMO BbIKIIOUUTD TIPU-
60p, a 3aTeM CHOBA BKITIOUUTH ero. Eciu cBeTomMOn Bcerga roput KpacHbIM, CJIeyeT:
1. BBIKITIOUNTB IPMOOP, HaskaB Ha KHOMKY ().

2. OTKPYTUTH HEBBITIAHAIOIIMIT BUHT HATIPABJISIIOIIEI Y BBIHYTb MTPUOOD U3 ITOJIKU-
1IacCH.

3. IIpoBepuTh HaMMUMeE U UCIIPABHOCTh micro SD-KapThI B pubope.

4. Eciu ecTh BO3MOXHOCTbD, IIPOBEPUTh PAbOTOCIIOCOGHOCTD MpKbOpa Ha CcToJe
OT BHEIITHEro 6;10Ka MUTaHMS.

5. TMocte poOBEpPKM BCTaBUTh IPUOOP 0OPATHO B IACCH.

Hpumeuauue. Hp]/l60p TosiydyaeT MUMTaHe OGHOBPEMEHHO OT OCHOBHOTO U pPe€3€pPBHOI0 UC-
TOYHMKA, BBIK/IIOUEHME OJHOI'O M3 HUX He ITOBJIMAET Ha pa60Ty anGOpa.
4.5. Pe3epBHble UCTOYHUKN NUTAHUS

IIpubop MMeeT pe3epBHbIE UCTOUHUKY TUTAHMS (CYTIEPKOHIEHCATOPBI), KOTOPbIE

MpY MpOMaJaHuy MUTAHUS 00ecIeunBalT KpaTKOBPeMEHHYI0 paboTy mpubopa u
BBIBOJ, COOOILEHNST 06 aBapuUut.

16



4. Havano pabotbl

Ipumeuanue. Tlociie OTKIIOUEHNS TUTaHMUS TIPUOGOP MPOIO/IKAET paboTaTh 3a CUET pes3eps-
HBIX MICTOYHMKOB B TeueHue 3—10 c. IIpu sTom nuankatop «Power/Alarm» roput 3e1€HbIM.

Ilnist ToTO, YTOGBI B C/Tyyae OTKIIOYEHMSI TUTAHMSI pe3epBHbIE MCTOYHUKY 0becre-
yuau paboty npuobopa B TeueHme 3—10 ¢, mocsie BKIIOUEHMST TOIKHO TTPOITY BpeMs,
Heo6XoaMMOoe JIJIST 3apsia CyIepKOHIeHCATOPOB — OKOJIO 8 MUHYT. Eciy mpu6op BbI-
KIIIOUMTD PaHbllle, BpeMsi paboThI OT Pe3epBHbIX MCTOYHMKOB OyeT MeHbIIe.

4.6. MNepesarpyska

B cryuae, xorpma nmpubop B IVIACTMKOBOM KOPITyCe TIEPECTal OTBEUATh Ha 3aIpOChI
T10JTb30BaTeNs, HEOOXOIMMO BBIITOMHUTD TIepPe3arpysKy:

1. OTcoemyHUTD GJIOK MUTAHKS OT pa3beéMa MUTaHus Mpubopa.

Ipumeuanue. TIpy OTKIIOYEHNUM NTUTAHUS HACTPOJKM MPT-TeCTOB COXpaHSIOTCS aBTO-
MaTnyecky. HacTpoiiky oCcTalbHBIX TECTOB 3aIIOMMHAIOTCS, eC/IV GBUTY IPUMeHEHBI KO-
MaHZO «settings save».

2. OoXOmaTbCs OTKIIOUEHMSI CBETOIMOMHOTO MHAMKaTopa «Power/Alarm», KoTo-
poe 03HauaeT OKOHUaHVe paboThl pe3ePBHBIX MCTOUHMKOB IIMTAHUS U BBIKITIO-
yeHue pnbopa. B 3aBMCMMOCTY OT 3arpy>KEHHOCTY CUCTEMBI 3TO BpeMS MO-
SKeT cocTaBJIsATh OT 3 7o 10c.

3. Yepe3s 3¢ mocje BBIKIIOUEHMS TIpubopa MOAKIUNTh 6JI0K MUTAHUS K pasb-
émy nutaHus. Ungukatop «Power/Alarm» 3aropuTcst 3e/1€HbIM — Iepe3arpys-
Ka BBIIIOJIHEHA.

B c1yuae, Korma npmu60op B MeTauIMueckoM KOpITyce TiepecTal OTBevaThb Ha 3a1po-
CbI TIOTb30BATEJIST, HEOOXOAVIMO BBITIOTHUTD MTepe3arpysKy:

1. BBIKIIOUUTB IpU60OP, HaxkaB Ha KHOMKY (.

2. OoXmaTbCs OTKIKOUEHMSI CBETOIMOMHOrO MHAMKaTopa «Power/Alarm», KoTo-
poe 03HauaeT OKOHUYaHVe PaboThbl pe3epBHBIX MCTOUHMKOB IIMTAHUS U BBIKIIIO-
yeHue mpnbopa. B 3aBMCHMMOCTY OT 3arpy>KEHHOCTY CUCTEMBI 3TO BPEMS MO-
SKeT cocTaBJIsATh OT 3 7o 10c.

3. Yepes 3c 1ocie BHIKIIOUEHMs] Ipubopa HaxaTh Ha KHomky (): MHAMKaTOp
«Power/Alarm» 3aropuTcst 3eIEHbIM — TIepe3arpy3Ka BbIIIOTHEHA.
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

4.7. PeKoMeHAauMM No YCTaHOBKE M 3KCnyaTaumMu npubopos
B MeTaJI/IM4eCcKOM Kopnyce

Puc. 4.3. HenoaiHoe 3anosiHeHue noaku-waccu

ITpy HEIOJHOM 3aToIHEHUY MONKU-1accy (0T 1 1o 5 mpmubopoB), caemyeT ycra-
HaB/IMBATh MPUOOPHI Uepe3 OAVH [JIS CO3MAHMS JTYUIlleif KOHBEKIIMY Y OXJIaXKIEeHUS
KOPIYCOB. JTomycKaeTcsl yCTaHABAMBATD TaKylo KOHMUrypamuio npu6opos B mkadax
6e3 MPUHYIUTENbHOI BEHTWISIIMK M B OTKPBITHIX IKadax. TemIiepaTypa Bo3ayxa
BHYTpPM NOMellleHusT 1 mKkada He JO/DKHA IpeBbimath 35 °C. B mpoTMBHOM ciyyae
Harpes Kopityca mpubopoB MoxkeT gocturath 60 °C. ITO He IPUBEIET K BHIXOLY ITPU-
60POB 13 CTPOSI, HO MOXKET BbI3BATb HETIPUSITHBIE OIIYIIIEHNS TPV COTIPUKOCHOBEHUY
C KOPITyCOM.

Eciv HeT BO3MOSKHOCTY KOHTPOIMPOBATh TeMITepaTypy Bo3ayxa B mKkady miu mo-
MelleHUH, cJieflyeT yCTaHOBUTD HaJl IIOJIKOI JOTIOTHUTEbHYIO BEeHTWISIIIMOHHYIO Ma-
Hesb BIcOTOV 1U 1 06ecreunTh OTTOK HArpeToro BO3ayxa OT KOPIYCOB TPUGOPOB.
BeHTWISLIMOHHAS TTaHe/b MOXKET ObITh CTAHIAPTHOM (OOBIYHO SIBJISIETCST JOTIONHM-
TeJIbHOJ OMIyeii K mKady) Uiam creluaabHoit mpoussenénnoit HTL MeTporek st
JIaHHOTO MPpM60Pa (MOCTABIIETCS OTAETbHO, IO TIPeIBAPUTETLHOMY 3aKa3y).

18



4. Havano pabotbl

Puc. 4.4. ITonHoe 3anoiiHeHue NOJKU-UACCU

Ipwu 3aroMHeHMM MTONIKU-1Taccu 6— 10 mpubopamu HeOOXOAMMO YCTaHABAMBATH Ta-
KYI0 KOHQUTYpAIMIO IPMOOPOB TOIBKO B IMIKabbI C IPUHYIUTENIbHO BEHTUIALIEN.
[Tpu ycTaHOBKE MOJKM-IIACCH B OTKPBIThIE MIKA(DBI B TOMEIIEHUSIX C HEKOHTPOIUPY-
eMojit TeMIIepaTypoit BO3ayxa, He06X0IMMO YCTaHOBUTH HaJ, TTOIKO¥ JOTIOTHUTEb-
HYI0 BEeHTWISILMOHHYIO TTaHeNb BbICOTOI 1U 11 06eCcreynTh OTTOK HAarpeTOro BO34yxa
OT KOPIYCOB MPU6GOPOB. BEeHTU/IALIMOHHASI TAaHEb MOKET GbITh CTaHIapTHAsT (0ObIY-
HO SIBJISIETCST JOTIONTHUTEbHO OmuMeil K mKkady) min crenyanbHOi MPou3BeIeH-
Hoit HTLI MeTpoTex [Jist JaHHOTro nmpu6opa (II0CTaB/seTCs OTAeIbHO, IO IIpeaBapu-
TeJIbHOMY 3aKasy).
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5. Moakno4veHue K npnbopy

IlJist HaCcTpoO¥ KM U yripaBienust GyHkiusmu npmubopa METPOTEK M716-02-001/2
ucmosb3yercs uutepdeiic USB (rmopt «Console», cm. puc. 3.3) wau Ethernet
(nopt «Management», cM. puc. 3.3).

5.1. MapaMeTpbl NOAKAOYEHUS

Ha nmpu6ope METPOTEK M716-02-001/2 ycranoBiena OC Linux u co3maHbl Tpu
Y4YE€THBIE 3amucK: root, admin u user.

Ums Hasuauenne VHTepdeiic 115 MOAKIIOYEHNSI K IPUGODY

root Vrpasnenue daiinamu u ceteBbiMu | USB (cMm. pasgen 5.2)
uHTepdeiicaMy, yCTaHOBKA IIAKETOB.
Ilpumeuanue. TIpy MOAKIIOYEHUM K IIPU-
IIpumeuanue. Tlopy yuéTHOI 3a- |60opy no uHTepdeiicy Ethernet nyis paboTs
MUCBIO root paGoTaTh € NPUGOPOM |ION YUYETHOM 3amMChbio root HeoGXOOVMO
crefiyeT Ipefe/bHO BHMMATe/NbHO. | BBECTM KOMaHJy Su.

admin Vrpasnenue dyHkumsamu npmuéopa. | USB, Ethernet (cMm. pasgen 5.3)

user TMopxkmoueHme K mpuoéopy. USB, Ethernet

B Ta6nuiie HMOKe TIPUBEIEHBI TTapaMeTPbl JIs IEPBOTO MOAK/IIOUEHMS K TPUOOPY.
IMocne coepyHeHUs ¢ mpubopom maponu u [P-aapec mopra «<Management» MOXHO
U3MEeHUTD, CJIeys yKa3aHUsIM pa3nenioB 6.2 1 6.1.

[MapameTp 3HayeHMe 10 YMOTYaHUIO
[P-agpec nopra «Management» 192.168.0.1

IMaponp a5 y4€THOIM 3ammcy root PleaseChangeTheRootPassword
IMaponb g yué€THOI 3ammcy admin PleaseChangeTheAdminPassword
IMapomnp o751 y94ETHOI 3a1IMCy user PleaseChangeTheUserPassword

IIpumeuanue. HacTosiTebHO PEKOMEHIYETCSI U3MEHUTD Maposib AJIsl YYETHOM 3aMuUCH root
IIpY TTOIKII0YeHMY ITPMGOpa K ceTy 06LIero Monb30BaHML.

B ci1ydae yCHenrHoro MoaKIIoUYeHNs K TpU60PY B OKHO TEPMUHATBHON MPOrpaM-
MbI BBIBOAUTCS MIPUIVIALIEHE KOMAHIHOM CTPOKM (CM. OpOIIIOpy « YHUBEPCATbHbIN
n3smeputenbHbiii 3054 METPOTEK M716-02-001/2. PyKOBOACTBO 110 KOMaHAaM yaa-
JIEHHOTO YTIPaBJIEHUS»).
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5. MoakntoueHne Kk Nnpubopy

5.2. NopkntoueHue no uHTepdeicy USB

5.2.1. OC Linux

BsaumopeiictBue ¢ mpu6opom B OC Linux ocymiecTBisieTcsl IOCPECTBOM CTaH-
maptHoro npaiiBepa USB serial 1106071 JOCTYITHO TepMUHATBHOM TPOrpaMMBbl (Ha-
npumep, minicom).

JI71s1 yCTaHOBKY COeIMHEHMSI MEKAY MepCOHaIbHbIM KoMITbioTepoM (1K) u mpu6o-
POM C UCIIOJIb30BaHMEM MPOrPaMMBbI Minicom HEOOXOAMMO BBITIOTHUTD CJIEAYIOIINE
IeiCTBUS:

1. MopxmounTts MopT «Console» mpubopa k USB-nopTy IK.
2. TomKMIOUNTh GIOK TUTAHMUS K pa3beéMy MUTaHUS mpubopa (cM. puc. 3.3).
3. HaIlK 3anyctuTh mporpaMmy minicom:

minicom -D /dev/ttyUSBO -b 115200

Ipumeuanue. B HacTpoiikax MPOrpaMMbl Minicom HEOOXOAMMO BBIK/ITIOUMTD alapaT-
HOEe U TPOrpaMMHOE yIIpaBJieHMEe TTOTOKOM.

4. B C/iydae yCIIeIHOTrO CoeaMHeHNsI B OKHO TepMI/IHaJ'IbHOI‘/JI IIpOorpaMMbI 6y,ELET
BbIBEE€HO IIpUIJIallIeHNe OJIsd BBOAA MMEHMU IT0JIb30BaTE/IA U IapOJId.

IMocsie KOPPEKTHOTO BBOA MMApaMeTPOB MOAK/IIOUEHNSI MOSKHO YIIPaBJIsSTh Mpu6o-
POM C TIOMOILIbI0O KOMAaH/I, IIpeACcTaBJIeHHbIX B 6pOILIope « YHUBEPCATbHbI U3MepH-
TenbHbIN 308 METPOTEK M716-02-001/2. PyKoBOACTBO IO KOMaHAaM YA€ HHOTO
YIIpaBIeHUSI».

5.2.2. OC Windows

BsaumoneiictBue c mpubopom B OC Windows ocy1iiecTBsIeTCsI TOCPeICTBOM Jpaii-
Bepa Virtual COM Port. [TaHHbI ApaiiBep ciegyeT MpeaBapuTeIbHO YCTAHOBUTD Ha
[IK g1 vHunmManusaium npubopa B cucreme. @aiiyibl paiiBepoB A/ pasIMUHbIX
omnepalMOHHbBIX CUCTEM U yKa3aHMsI 110 X YCTaHOBKe IIpe/ICTaB/IeHbl Ha caiiTe KOM-
nauuy FTDI Chip: http://www. ftdichip.com/Drivers/VCP.htm.

Ipumeuanue. B3aumozeiicTBye ¢ Mpu6GOPOM MOXET 06eCreunBaThCs KaK CTaHAAPTHBIMU
cpencrBamu OC Windows — mporpammoii HyperTerminal, Tak 1 TepMMHaIbHBIMU MTPOTPaM-
MaMM CTOPOHHUX ITPOU3BOAMTEEIA.

Il yctaHOBKY coefmueHmst Mexxay ITK v mpubopom ¢ 1CIToIb30BaHMEM MPOrpam-
mbl HyperTerminal Heo6X0a1MO BBITIOTHUTH CJIEAYIONIME TeACTBUS:

1. TMopkmounTs mopT «Console» nmpubopa K USB-mopry IK.
2. TomkmoUUTh GIOK MUTAHUS K Pa3beéMy MUTaHUS pubopa (cM. puc. 3.3).

3. HaIlIK 3anmyctuth nmporpammy HyperTerminal.
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4. Co3paTh HOBOe noaxioueHne: «dain» =«HoBoe IMOIK/II0UeHe».
5. 3amaTh MM ITOOK/IIOYEHMS.

6. Onpepnenutb, KakuM COM-TIOPTOM B CUCTEME SIBJISIETCS ITOAKIIIOYEHHBIN IIPU-
60D, 06PaTUBIIVCD K CTAHZAPTHOMY IIPMUIIOKEHMIO «/IycIIeTyep yCTPOiCTB»:

«Moii kKoMIbIoTep»=- «CBOMCTBa»=>«O60pyIOBaHME»=> «[IVICIIETUED YCTPOACTBY.
7. BbIGpaTh MOC/IeqOBATEIbHBIN IOPT, K KOTOPOMY MOAKIIIOUEH TIPUGOp.

8. YCTaHOBUTH MapaMeTphl MOCIeS0BaTEe/IbHOrO OPTa:

— cKopocThb (6ut/c): 115200;
— OUTHI TaHHBIX: 8;
— YETHOCTD: HET;

— CTOIOBbIE 6UTHI: 1;

yIipaBjieHM€e ITOTOKOM: HeT.

9. Tlocie HaxkaTusl Ha KHOMKY Enter HyperTerminal mombiTaeTcsl ycTaHOBUTD CO-
envHenue ¢ METPOTEK M716-02-001/2. B cnydae yCIlellIHOTO COeIVMHEHMS B
OKHO TEePMMHAJIbHOV TTPOrpaMMbl OyIeT BbIBEIEHO MpPUIVIALIEHMEe /AJS BBOJA
VIMEHM I10JIb30BaTEJIST U ITaposIs.

I[Tociie KOPPEKTHOTO BBO/IA MTAPAMETPOB IMTOJKITIOUEHMSI MOSKHO YITPABJISTh TPUGO-
POM C TTIOMOIIIbIO KOMaH/I, MPeJCTaBIeHHbIX B GpolIope « YHUBEPCATbHbBIN U3MepU-
tenbHbIN 30HL METPOTEK M716-02-001/2. PyKOBOACTBO 10 KOMaHZaM yoaJléHHOTO
yIIpaBIeHUS».

5.3. NopkntouveHue no uHTepdeicy Ethernet

5.3.1. OC Linux

Ilnst ycraHOBKM coequHenus mexay [TK u mpu6opom METPOTEK M716-02-001/2
cienyer:

1. MoaxmwounTs opt «<Management» mpubopa K ITK mau cetn.
2. TIomkMounTh GJIOK MUTAHUS K pa3beéMy MUTaHMUS ITpubopa (cM. puc. 3.3).
3. HaIIK OTKpBITH OKHO TepMMHAa/la ¥ BBECTY KOMaHAY:

ssh admin@IP-appec_nopta_Management

(unu ssh user@IP-appec_nopta_Management)

4. BBecTu naposb AJ151 UCIIO/Ib3YeMOIi YUETHOI 3aMNUCH.

IMocsie ycmenrHoro BBOAA MApOsl MOKHO YITPaBJISITh MPUOGOPOM C MIOMOIIBIO0 KO-
MaHI, IpeACTaBJIeHHBIX B OpOIIOpe «YHUBEPCAJIbHbI M3MEPUTENbHBI 30H]
METPOTEK M716-02-001/2. PykoBOACTBO 110 KOMaHJaM yAaJIEHHOTO YIIPaBIeHUS».
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5. MoakntoueHne Kk Nnpubopy

5.3.2. OC Windows

Ilnst yctraHOBKM coenvHenus mexmy ITK u mpu6opom METPOTEK M716-02-001/2
clenyer:
IMopxmounTth MOPT «Management» mpubopa K ITK mm cetu.
. MopkmrounTh 610K MUTAHUS K Pa3bEMy MUTaHUs mpubopa (cM. puc. 3.3).
. HaTIK OTKpbITh TEpMMHA/IBbHBIN K/IMEHT c oaaep>xkoii SSH, nannpumep PuTTY.
. 3agats IP-agpec nopra «<Management» 1 BOIITU B CUCTEMY.

. BBecTtu ums nonb3oBaTessi: admin mMaIm user.

AN 1 R W DN

. BBectu maposnb mJist BBIGpaHHOM YUETHO 3aMUCH.

TMocse yCHelHoro BBO/A Maposist MOKHO YIIPaBISITh MPUOGOPOM C TIOMOIIIbIO KO-
MaHj, IIpeACTaBJIeHHbIX B OpoIIope «YHUBEpPCATbHbI M3MEPUTENbHbBIN 30HT,
METPOTEK M716-02-001/2. PykoBOACTBO 110 KOMaHAaM yAaJIEéHHOTO YIIPaBIeHUS».
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6. KoHdurypauma npubopa

B pyKOBO[ICTBe IOJIb30BATESI OMMCAHbl KOMAaHIbI [JIs1 KOHGUTYypaluu mpmuoopa,
KOTOpbIe XpaHSTCS B pasmeie (aiioBoii CCTeMbl, CMOHTUMPOBAHHOM C IIpaBaMu
Ha 3amuch U yTeHue. Pasmen, comepskaiuii cucteMHbie ¢aiisibl, CMOHTMPOBAH C Ipa-
BaMM TOJIBKO JJISl YT€HUS C 1e/IbI0 3al[UThI JaHHbBIX OT MOBpeXAeHuii. [locMmoTpeTh
MHGOPMAaLMIO IT0 JAaHHBIM pa3/iesiaM ¥ U3MEHUTD ITpaBa Mo YMOTYAHUIO MOKHO C ITO-
MOIIbIO KOMaHObI «mount».

IMpumeuanue. mount — yTminTa KOMaHIHOM CTPOKY B UNIX-1TOM06HBIX OITepaIMOHHBIX CH-
cremax. [IpumeHsieTcs Jjisi MOHTUPOBAHUS (PaiIOBBIX CUCTEM.

6.1. HacTtpoiika ceTteBoro agpeca nopta «Management»

[lns u3MeHeHus ceTeBOro aapeca nopra «Management» (cM. puc. 3.3) cienyeT:
1. ToaxmounTbes K mpub6opy METPOTEK M716-02-001/2 (cM. pasen 5), UCITOJb-
3ys YYETHYIO 3aMUCh root i admin.
2. OTKpBITH (haii ceTeBBIX HACTPOEK B peIaKTope vim:
vim /etc/network/interfaces.d/eth

3. B ciyuae monyueHus ceTeBbIX HacTpoek o DHCP B daiise momkHa TpUCYT-
CTBOBATh CTPOKA:

iface ethO inet dhcp
4. Tlpu 3ajaHMM HACTPOEK BPYUHYIO B (haityie JOKHBI PUCYTCTBOBATH CTPOKM:
iface ethO inet static
address <IP-appec>
netmask <macka noaceTtu>
Tpy HEOOGXOAMMOCTH 3a7aTh:
gateway <IP-agpec wnto3a>
dns-nameservers <IP-agpec 6a3bl DNS>
5. [Inst moaTBEPsKAEHMS HaCTPOEK BBECTM KOMaH/Ibl:
ifdown ethO
ifup ethO
6. BBecTu kOMaHay:
ifconfig ethO
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6. KoHdurypauus npubopa

B cimyyae yCIenrHOTo BBITTOTHEHVSI KOMaHAbI B TEPMMHAIBHOM IIPOrpaMme 0T06-
passATCcs mapaMeTphbl CeTH, 3HaYeHMsI KOTOPbIX GYOYT COOTBETCTBOBATH 3aJaHHBIM
paHee HaCTPOMKaM.

6.2. U3aMeHeHUe napons

Jnst usMeHeHMsI TapoJisl 0 yMOMYaHMIo (CM. paszen 5.1) ciemyert:

1. MoaxmounTbes K mpub6opy METPOTEK M716-02-001/2 (cM. pasmen 5), UCITOMb-
3ysl YYETHYIO 3aIIMCh root.

2. BBecTu KOMaHIy passwd U ¢JiefoBaTh yKazaHuAIM Ha s3KkpaHe 1K,

6.3. [lo6aBneHue nosb3oBarenen

HOns ,Z[O6aBJ'I€HI/I${ HOBBIX MOJIb30BaTeei cienyer:

1. MopxmounTbes K mpubopy METPOTEK M716-02-001/2 (cM. pasmen 5), UCITOMb-
3ysl YUYETHYIO 3aIIMCh root.

2. BBecTut KOMaHIy adduser 1 ciiefoBaTh yKa3aHUsIM Ha 3KkpaHe I1K.
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7. TunoBble cXeMbl BKIKYEeHUA

IMopxkmouenne nmpu6opa METPOTEK M716-02-001/2 kK TecTMpyeMbIM KaHaIaM IIPO-
MU3BOAUTCSI OMHUM U3 ABYX CITOCOOOB:

1. B pa3spbIB coegyiHeHNSI MEXKY CETeBbIMY YCTPOICTBAMM (TPAH3UTHBIV DEXVM).
Ilepemaua ceteBoro Tpadmka ocyuiectsisieTcs: ¢ mopra A (B) Ha mopt B (A),
VIMeeTCsI BO3MOKHOCTb OLHOBPEMEHHO BBITIOJIHATD TECTHI. B ciryuae oTkioge-
HMS 3/IeKTPONNUTAHMS 11eJIOCTHOCTb KaHaza CBSI3M COXPaHSeTCs 3a CUET alma-
paTHOro mexaHusma «bypass» (cm. pasgen 15).

2. B xauecTBe OKOHEUHOTO YCTPOICTBa, KOrAa MOpThl A 1 B obecrieunBaioT He06-
XOJVIMbIe VI3MepUTeTbHbIe QYHKINN.

CxeMbl MIOAK/IIOUEHNST TPpMOOpa onumcaHsbl B paznenax 7.1 — 7.7.

Ipumeuanue. YcnoBHble 0603HaueHnst Ha cxemax: NUT — TecTupyembie ceTu, RX — mpuHu-
Maroliasi yactb nmopra A/B, Tx — nepepatoiias yactb noprta A/B.

7.1. TpaH3UTHbIN pEXUM

NUT )

AY
\ Y
AY

NUT

AY

Mopt A Mopt B

Power
(Asarm) A

Puc. 7.1. ITooknioueHue npubopa 8 MpaH3umHoM pexcume

B TpaH3MUTHOM peXXuMe Ipu6Op MpoIycKaeT uepes ce6st Bce makeTsl ¢ mopTa A (B)
Ha 1opT B (A) 1 co6MpaeT CTaTUCTUKY I10 MPOXoasinemMy Tpaduky. OMHOBPEMEHHO C
repeaveii ceTeBOro Tpaduka MOXXHO TPOBOAUTD TECTHI (CM. pasien 7.2).
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7. TUnoBble CXEMbI BK/OYEHUS

7.2. TpaH3UTHDbIN pEeXMUM € A06aBNEHNEM TECTOBOro Tpadumka

MopT A Mopt B
| A
__’_"_ﬁlx Tx _—:_--
NUT )7 . B NUT
<] X Rx | -2
B2

ceTeBow Tpadonk
------ TECTOBbIN TPaUK

Puc. 7.2. [TodknioueHue npubopa 6 mpaH3umHom pexcume ¢ do6asieHueM mecmoeozo mpagpuka

B TpaH3UTHOM peskuMe MOKHO TPOBOAUTH TECTMPOBaHMe 6e3 BhIBOJA KaHasla CBsI-
31U u3 obcmyskuBanus. [Ipu sToMm Ha niepenadve (TX) TecTOBbI TpaduK q06aBISIETCS
K IT0JIb30BaTeIbCKOMY, a Ha IIpuéme (RxX) OTaeNsieTcss OT Hero U JaJbliie He OTIIPaB-

nsietcst. Tlomb30BaTeNbCKUIT TpayK MMeeT HauOOMbIINIT IPUOPUTET U TTepenaéTcst
C MMHMMAaJIbHO 3a1€PsKKOIA.

IIpumenenne: RFC 2544, Y.1564, nakeTHblit gxkutTep, MPT.
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

7.3. sMepeHns B 0OA4HOM HarnpaB/eHUU

Puc. 7.3. [TooknwueHue npubopa ons nposedeHus usmepeHuli 8 00Hom HanpasaeHuu. Bapuanm 1

] |

Mopt A/B Mopt A/B

| S | | S
& A B = A B

Puc. 7.4. ITodkntoueHue npubopa 01 nposedeHust usmepeHuti 8 00HoM HanpasaeHuu. Bapuanm 2

MmeeTcs ABa BapMaHTa MOIKIIOUEHMS TPUOOPa /IS TIPOBeAeHNS M3MePEeHMT Ka-
HaJjia CBSI3M B OMHOM HallpaB/IeHUMA:

1. O6anopra nmpub6opa METPOTEK M716-02-001/2 mOgKTIOYAIOTCS K CETHU U ITPO-
BOAATCS u3MepeHus ¢ rmoprta A (B) Ha riopT B (A) (cm. puc. 7.3). [IopTel MOTYT
TIOJK/II0YATHCS KaK K OLHOMY M TOMY K€ KOMMYTaTOpy WIX MapUIpyTU3aTopy,
TaK ¥ K pa3HbIM.

2. st TeCTUPOBAHMSI UCIONb3YIOTCS nBa npub6opa METPOTEK M716-02-001/2
(cm. puc. 7.4), CMEXpOHM3MPOBAHHBIX IO IpoTokomy NTP.

IpumeuaHnue. TlepBblit BApUAHT MOAKIIOYEHNUST 06eCrieunBaeT MUKPOCEKYHIHYIO TOUHOCTD
U3MepeHMI, BTOPOJi OTpaHMUY€E€H TOYHOCTbIO CMHXPOHM3ALMM 110 MpOoToKoxy NTP.

IIpumenenue: RFC 2544, Y.1564, nakeTHblii gxkutTep, MPT.
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7. TUnoBble CXEMbI BK/OYEHUS

7.4. saMmepeHUqA B ABYX HanpaBAeHUAX

Puc. 7.5. [TooknrwueHue npubopa o1 nposedeHus usmepeHuli 6 d8yx HaNpasaeHusx

Jst TpoBefeHMs M3MepeHMIT KaHasla CBSI3U B ABYX HAIIpaBIeHMSIX 06a mopTa Impu-
6opa METPOTEK M716-02-001/2 HOK/IIOUAIOTCS K CETH U IIPOBOISITCS M3MEPEHMS C
nopra A (B) Ha nopT A (B), IpOTMBOIIOIIOXKHBIN ITOPT IIPY 3TOM UCIIOIb3YeTCs B Kaue-
cTBe uuieiida s nepeHamnpasieHus Tpaduka Ha UCXOIHbIN MOPT. B 3aBucuMocT
OT THUIIA TeCTa, Ha IIPOTUBOIIOJIOKHOM IMOPTY JO/DKEH ObITh BKIIIOUEH IUTEid 2-TO,
3-ro, 4-ro ypoBHs uiu TWAMP Light pednexkrop (cm. pasgen 13.8).

Ipumeuanue. Ha npu6ope METPOTEK M716-02-001/2 TWAMP Light pecdsiekTop Bcerma BKIIOUEH.

IIpumenenne: RFC 2544, Y.1564, nakeTHslit gxxkutTep, MPT.

7.5. OpHOBpEeMEHHbIe U3SMepeHUs

Txl’ Rx2 TXZ’ ‘Rxl

Mopt A MopT B

Puc. 7.6. ITodxknwouerue npubopa ons nposedeHust 08yx mecmos. Bapuanm 1
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

Y Y

Puc. 7.7. I[ToOkntoueHue npubopa 0ns npogedeHus 08yx mecmos. Bapuanm 2

ViMeeTcs aBa BapMaHTa nopkimoueHus rmpubopa METPOTEK M716-02-001/2 gst
MpOBeieHMs OMHOBPEMEHHBIX TECTOB:

1. O6a nopta npubopa MOSKIIOUAIOTCS K CETU Y OIHOBPEMEHHO ITPOBOASITCS 13-
MepeHUs ¢ TopTa A Ha opT B u ¢ moprta B Ha mopT A (cMm. puc. 7.6). IIpu Takom
criocobe MOIKIIOUeHNs] MOXKHO B OZHO ¥ TO K€ BpeMsl MPOBOAUTH Ba TeCTa
RFC 2544 wnn MPT, 4TO ITO3BOJISIET OLIEHUTH IIOTEPU MAKETOB MJIM 3alepsK-
Ky B Harnpasienuu A (B)=-B (A) npu ofHOBpeMeHHOJi Harpyske HalpaB/eHNs
B (A)=-A (B).

2. 06a nopra npmbopa MOIKIIYAIOTCS K CeTY U OIHOBPEMEHHO ITPOBOASITCS 13-
MepeHus c mopta A Ha mopT A u c mopta B Ha mopt B (cMm. puc. 7.7). [Ins nepeHa-
npaBiaeHus Tpaduka ucronb3yercs apyroii mpu6op METPOTEK M716-02-001/2
WV QaHAJIOTUYHOE 000PYyIOBaHMeE.

IHpumeuanue. lepen nposenenriem MPT-TecTa 1o cxeme, IpeCTaBAeHHO Ha puc. 7.7, Heo6-
XOAVMO YOeIuThCs, UTO Ha 060pynoBaHuu, [P-agpec KOTOPOro yka3aH B KaueCTBe IMoTyJyaTesis
noroka, BkiouéH TWAMP Light pednexrop (cm. pasnmen 13.8).

Ha npu6ope METPOTEK M716-02-001/2 pedsekTop BKIIOUEH BCerga.

IIpumenenme: RFC 2544, MPT.

30



7. TUnoBble CXEMbI BK/OYEHUS

7.6. YpanéHHbii wnend

Puc. 7.8. ITodkntoueHue npubopa 0ns mecmuposanusi ¢ «A» Ha «A»

B atom peskume oguH ropt rnpub6opa METPOTEK M716-02-001/2 nmopkiiodaeTcst K
ceTy U IIpOBOASITCS M3MepeHus ¢ mopTa A (B) Ha mopT A (B). [l nmepeHamnpaBaeHUs
Tpaduka ucnonbdyercs apyroii mpuéop METPOTEK M716-02-001/2 nau aHanoruy-
Hoe 060pyIoBaHMe.

Ipumeuanue. Tlepen nposeneHieMm MPT-TecTa HEOOXOOMMO y6eOUTHCSI, YTO HA 060PYI0-
BaHuM, IP-azpec KOTOPOro yKasaH B KauyecTBe ITOJyJaTesst 1OToKa, BKIouéH TWAMP Light
pediektop (cm. pasnen 13.8). Ha mpu6ope METPOTEK M716-02-001/2 pecdnekTop BKIIOYEH
BCerga.

IMpumenenne: RFC 2544, Y.1564, makeTHblit gkuTTep, MPT.
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

7.7. TectTupoBaHUe aCMMMETPUYHDbIX KaHanos

Mopt A(B): reHepauus MopTt A(B): npném naHHbIX
YNPaBASIOWEro curHana v nepesaya cTaTycHom

v nepenaya aaHHbIX VHcbopMaLmm

Tx

_ A >

Rx

_ A >

KaHan ynpasneHus

__________ AcUMMeTpuuHbIi kaHan | KaHan ynpasneHus

——————————

Mopt A(B): reHepauus

YNpasnsiolero curHana Mopt A(B): reHepaums aaHHbIX

W NPUéM AaHHbIX 1 CTaTyCHOMN MHhopMaumn
kaHan ynpasneHus KaHan ynpasneHus

Rx ACUMMETPUYHBIN KaHan Tx

TokanbHblii nprbop JnCTaHLMOHHBIN Npuop

Puc. 7.9. [TookntoueHue npudopa 0ns. mecmuposaHus dcumMMempuiHsixX KaHA108

IIpu mpoBeneHMM TECTUPOBAHUS UCIIONB3YETCS ABAa YHUBEPCAAbHBIX 30HAA: JIO-
KaJIbHbI, HA KOTOPOM MPOM3BOAUTCSI HACTPOIiKa MapaMeTpOB aHaaM3a, U AUCTaH-
LIMOHHBIN, HAXOOSLIMICS Ha APYrOM KOHIIEe aCMMMETPUYHOro KaHasa. Takoe Mmof-
KJII0UeHMe JaéT BO3MOXKHOCTh OLIEHUTh PabOTOCIIOCOGHOCTh KaHajla CBSI3M He3aBu-
CUMO 151 KaKI0ro HalpaBJieHMs1. Pe3ynbTaThl TecTa JOCTYITHBI Ha JIOKAJIbHOM IIpU-
6ope.

IIpumenenune: RFC 2544, Y.1564.
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8. Metoauka RFC 2544

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

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

8.1. AHanus3 NponycKHOM CNOCOGHOCTHU

Vi

1 —

-
MPOM30LLIA [OTePst
Kaj|poB

V2<Vi1

Ne MOMBITKH
V1, V2 - cKOpoCTb Nepejjauu JaHHbIX

Puc. 8.1. AHanu3s nponyckHoli cnocobHocmu

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

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

! TepMMHbI Kadp M nakem B ONMUCaHUAX TECTOB ABNAKOTCA CUHOHMMaMMU.
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

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

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

8.2. AHanus 3afaepiKKu

M - <asp ¢ meTkoit

TauKa KaJpoB

LI/

S
-

L]

3agepxkka = Tb - Ta

Puc. 8.2. Ananus 3adepxcu

IIpumeuanue. AHaN3 3aJ€PKKY TI03BOJISIET OLIEHUTDb BPeMsl, KOTOpOe HeoOX0AMMO Kaapy
IS TIPOXOKZIEHVIS OT MCTOYHMKA K ITOTy4YaTesTio ¥ 06paTHO. I3MeHeHye BeJIMUVHbI 3a1eP3KKU
MOKeT IPUBOIUTH K ITpo6eMaM B paboTe CepBMUCOB PeasbHOr0 BpeMeH!.

IIpu aHaMM3e 3afepKKM JJIs KaKIOTO pasMepa MakeTa Ha 3aJaHHOM (MU TONmy-
YeHHOJ B pe3yibrare Tecta «[IpomycKHast CTOCO6HOCTb») CKOPOCTY OTIIPABJISIETCS
MTOTOK KaJpOB, aAPECOBAaHHbIX ITOyYaTeNI0. B ITaKeThI BCTABJISIOTCS METKM OIpeTe-
neHHOTO hopMara. Ha mepearorieii CTopoHe 3amuichiBaeTCs 3HaUeHue Ta — Bpemsl,
K KOTOpOMY IaKeT C MeTKO# 651 IIOTHOCTbIO ITepefaH. Ha mpuéMHOoIt CTOpoHe ompe-
JleNisieTCsl MeTKa M 3aIyChbIBaeTcs 3HaueHne Tb — BpeMsI Mpuéma makeTa ¢ MeTKO¥.
3amepskka TpeCcTaB/iseT co00it pasHUIy 3HAUEHMt 9TUX MeTOK: Tb - Ta. Ilo pe-
3y/IbTaTaM aHaIM3a BBIYMC/ISIETCS CPeRHSIS 3aIePsKKa.
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8. Metoamka RFC 2544

8.3. AHanus ypoBHSI NOoTepb KaapoB

100%
_—>

-
T10Tepu - Xl%

90%
—_—

-
10TepHU - XQ%

Ne nomnbITKK

Xl%, Xz% — TIOTepH TIPY COOTBETCTBYIOLIeH Harpyske
Puc. 8.3. AHanu3s yposHs nomeps Kaopos

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

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

100 x (input count — output count)

(input count)
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

8.4. AHanus npepenbHOM HarpysKu

TauKa Ka/IpoB

I T
1 kazip notepsiH

KOJI-BO Ka/IpOB B nauke
yMeHbLIaeTcst

XM

-

Uoit]

TOTepb HeT

Ne MoneITKU

Puc. 8.4. Ananu3s npedenvHoli Hazpy3ku

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

[Tpu aHanuse npepenbHON Harpy3ku Ha Bxop DUT oTchuialoTcst Kagpsl € 3a8aH-
HOJ (M1 TIOITyYeHHO# B pe3y/bTaTte Tecta «[[ponmycKHasi ClIOCOOHOCTb») CKOPOCTHIO
U TIOACYMUTHIBAETCS KOJIMYECTBO MakeToB ¢ Bbixoaa DUT. Eciv 0HO oKa3biBaeTCsi paB-
HBIM KOJIMYECTBY OTIIPaB/IeHHbIX KaJpOB, TO TECT 3aKaHuUMBaeTcs. Eciin ke kommuue-
cTBO nakeToB Ha Bbixofe DUT meHbIle unciia OTIIPaBAeHHBIX, TO BpeMs YMeHbIa-
eTCsl ¥ TeCT IOBTOPSIETCSI.
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9. Y.1564

Ipumeuanue. 'nbopmarnys 1o KOMaHaM, II03BOISIOIIVIM BBIIIOMHUTD ¥ HACTPOUTD TECTHI
1o pekoMeHpaiuu Y.1564, npuseneHa B 6poiope «YHUBEPCATbHbIA M3MEePUTENbHbBIN 30H],
METPOTEK M716-02-001/2. PykKOBOACTBO 110 KOMaHaM yAaJIEHHOTO YIIpaBIeHUSI», BXOASII e
B KOMITJIEKT IIOCTaBKMU.

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

9.1. NokKa3aTenu Kavecrea

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

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

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

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

(921

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

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

! TepMMHbI ycnyeaa, Cﬂy)l{ﬁﬂ W cepsuc B LaHHOM ONUCAHMKU ABNAKOTCA CUHOHUMaMU
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

9.2. CpaBHeHue RFC 2544 u ITU-T Y.1564

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

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

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

PaboThI HECKOMBKUX CITYKO

Bpemst TecTMpoBaHMs

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

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

HECKOJIbKMX CYTOK.

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

9.3. TecTbl KOHPUrypauum

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

2 BenuumHa FDV BNAETCA KIIOYEBbIM napameTpom ans VolP/IPTV u ucnonbsyetcs npu HacTpoiike 6ydepusaumm
Tpaduka.
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9. Y.1564

9.3.1. Tect CIR

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

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

MponyckHasa
CNOCO6HOCTb

CIR

0.75xCIR

0.5xCIR

0.25xCIR TefCT CIRE

war 1 war 2 war 3 war 4
warun

9.3.2. TecTEIR

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

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

39
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MponyckHasa
Cnoco6HOCTbL

>
>

CIR+EIR

CIR
CIRX(1-FLR)

TecTCIR Tect CIR Tect CIR  Tect CIR

>
warl war2 war3  war4 warn

9.3.3. Tect Traffic Policing

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

MponyckHasa
cnoco6HocTs A
Traf.Pol. (L2) = = = = = = = = = = = = - -

CIR+EIR+M | - M2FC P D o -
CR+EIR o = = = = = = = = = -

CRI - o o - - - - -
CIRX(I-FLR) f= = = = = = = [= = ; : - -

 Policing

TecTtCIR Tect CIR Tect CIR Tect CIR Tect EIR warm
warl war2 war3  war

9.4. TeCcT NnpoM3BOAUTENIBHOCTU

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

40



9. Y.1564

9.5. M-dakTop

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

9.6. Anroputm usmepeHusa FTD

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

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

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

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

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

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

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

9.7. Anroput™m nsmepenusa FDV

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

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

T BeIMUMHBI 0TOOPAXKaIOTCS B pe3y/IbTaTax TecTa IPOM3BOAUTENIbHOCTHM AJIST KasK-
Joro cepsuca. [Isl CBOGHOTO TeCTa IPOM3BOAUTENBHOCTH Y TeCTOB KOHMUIyparmn
BBIBOASITCSI CPeJHYE 3HAUEHMS.
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10. TectupoBaHue 6€3 BAUAHUSA
Ha NoNb30BaTeNbCKUMN TPpapPUK

[Tpu nogknouenun namepurenbHoro 3oHga METPOTEK M716-02-001/2 k kaHairy
CBSI3Y B TPAH3UTHOM pexkuMe (CM. pasmen 7.1) MOKeT BOSHMKHYTh HEOOXOAMMOCTh
MPOTECTUPOBATD JAHHBIN KaHa. [IJIs1 TOTO CIeyeT BbIBECTH €ro 13 06CTY>KUBAHMS,
YTO MPUBEJET K «pa3pbIBy» KaHasia 1 MpeKpaleHnIo 00CTyKMBaHMs WU HEOOXOI M-
MOCTY UCITOJIb30BaTh pe3epBHbIe KaHAIbI.

Ipu6op METPOTEK M716-02-001/2 pemraeT 3Ty nmpo6ieMy 1 ITO3BOJISIET MPOBO-
IUTh aHaIM3 6e3 BAUSHMS Ha T0Ib30BaTeIbCKUI TpadUK, IepesaBast TECTOBbIE IaH-
HbIe ITapajuIeJIbHO C T0JIb30BaTETbCKUMMA.

10.1. OnucaHue

CIR

Puc. 10.1. «Tecmoegblii nomox» ¢ NOCMOSIHHOU Hazpy3Koli

[Tpu TeCTMPOBAHUY C UCTIONb30BaHMeM QYHKIMY «TeCTOBBIN TOTOK» (CM. pa3zgen 12.1)
VIV BBITIOJTHEHUM aHasM3a o metonyike RFC 2544 (cm. pasmen 8) ¢ MOCTOSIHHOI Ha-
IPy3KO¥i, MOTYT BO3HUKHYTb CJIeAYIOIIVe CUTyaln:

1. CymMapHas CKOpOCTb IIPEBBINIAET FapaHTUPOBAHHYIO TPOITYCKHYIO CTOCOOGHOCTH
kaHasna (CIR). 9To MOKET MPUBECTU K YXYALIEHUIO MTepead Moab30BaTeNb-
CKMX TIAKETOB — IIOTEPSIM, YBEIIMUEHUIO 3aePKKH, IKUTTEpa. B pesynbrare
B MOMEHT TeCTUPOBaHMS GYIET CHIDKEHO KaueCTBO 06CITyKMBAHMS.
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10. TectvpoBaHue 6€3 BAMAHMS HA NONb30BaTENbCKMIA TPADUK

2. Co3pmaBaemasi Harpyska HEIOCTAaTOYHA [JIs aHAIM3a XapaKTEPUCTUK KaHaja.
ITO NPUBEAET K TOMY, YTO KaHAaJI He GyIeT IIPOTeCTUPOBAH IIOJTHOCTHIO.

IIpu HacTpoiike reHepaTopa [JIs TECTUPOBaHMS 6e3 BIMSHUSI Ha T0b30BaTellb-
ckuit Tpaduk moxkHo 3agaBaTh CIR. PekoMmeHayeMasi cxema ITOAK/TIOUEHMS OIMCa-
Ha B pasgesne 7.2. [Iyig MpoBeqeHus TeCcTa Heo6X0aMMO IBa M3MepPUTEIbHbIX 30H a:
reHepaTop M aHAIU3aTOP TECTOBOrO TpaduKa.

TeHepaTop TeCTOBOTO TpaduKa MPOU3BOAUT aBTOIMOICTPOIKY CKOPOCTU TeHepa-
LI TTO CKOPOCTH MTO/Tb30BaTeTbCKOTO Tpadyika, GopMUPYs UTOTOBYIO BHIXOJHYIO CKO-
pocThb, paBHyio CIR. B pe3ynbTaTe KaHasl 3arpyskaeTcs TOTHOCTbIO, a M0/Ib30BaTe b-
CKMit TpaduK MpoxoauT 6e3 moTepb U C MMHMMAJTbHOI 3a1€P3KKOIA.

CIR

Puc. 10.2. «Tecmossiii nomok» ¢ oepaHuueHuem no CIR

10.2. MpepocraBngeMana UHpoOpMaLUs/CTaTUCTUKA

AHanu3aTop TecToBOro TpaduKka MPMHUMAET MAKEThI Y IIOACYNTHIBAET CTATUCTUKY

— CKOPOCTb IT0/Tb30BATEIbCKOTO TpahuKa;

— CKOPOCTb TeHEPUPYEMOTO TeCTOBOTO TpaduKa;
— CKOPOCTb IIPUHUMAEMOTO TeCTOBOTO Tpaduka;
— KOJINYECTBO MIPUHSITHIX TECTOBBIX [TAKETOB;

— KOJIMYECTBO MAKeTOB, IIPUHSITBIX 110 MOPSIKY;

— KOJIMYEeCTBO IIaKEeTOB, IPUHSTHIX HE I10 ITIOPSOKY.
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10.3. Mopspok npoBeaeHUs Tecta
AJITOPUTM TeCTUPOBAHMS OIMCAH B Gpoliope « YHUBEPCATbHbINA M3MePUTETbHbI

301, METPOTEK M716-02-001/2. PykoBOACTBO 110 KOMaHZaM yOaJIEHHOIO YIIPaB-
JIeHUsI», 71aBa «TecTupoBaHMe 6e3 BIMSHUS Ha TOb30BaTeIbCKUI Tpadmk».
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11. Wneiid

Ipumeuanue. VHbopmMarysi 10 KOMaHAaM, O3BOJISIIOIIMM HACTPOUTH (GYHKIUMIO ITepeHa-
IpaBJIeHys] TeCTOBOrO Tpaduka, NpuBeneHa B 6pourope «YHUBEPCAIbHbIN M3MepUTeTbHbIN
3084 METPOTEK M716-02-001/2. PyKoBOACTBO 110 KOMaHAAM yAaJIEHHOTO YIIpaBIeHMs», BXO-
Js1eli B KOMIIJIEKT TOCTaBKU.

Insa TectupoBaHust cetei mo metonuke RFC 2544 (cm. paspen 8) u peuieHust psi-
Jla ApYIUX 3814 MCIIoNb3yeTcs GpyHKims «Illneid», mo3BosioIas rnepeHanpas/isaTh
06paTHO MPUXOASINNIT Ha MPUOOP TpabMK Ha YeThIPEX ypOBHIX Momenu OSI:

1. Ha ¢usuueckom yposHe (L1) Bech BXopasiuit TpadpuK mepeHanpasisieTcs: 06-
paTHO 6e3 M3MeHEeHMIA, IIPY 3TOM BeIETCS CTATUCTYKA I10 IIPMHMMAEMOMY Tpa-

buky.

2. Ha kananpHOM ypoBHe (L2) Bce BXOIsIINe Kagpbl TepeHaIpaBsiioTcs: 06pat-
HO, TIpM 3TOM MeHs110Tcsl Mectamu MAC-aapeca OTIIpaBUTeNS U MTOTydaTens.
BenéTcs craTucTMKA MO IPUHMMAaeMOMY U TiepefaBaeMomMy Tpaduky.

3. Ha ceteBoM ypoBHe (L3) Bce BXOMsIlMe TaKeThl ITepeHanpassioTcs o6par-
HO, TIpU 3TOM MeHstoTcst Mectamy MAC-agpeca OTIIPaBUTENST U TTOTyYaTessl.
Ectn none «EtherType» uMeet 3HaueHme 0x0800, Takke MEHSIIOTCSI MeCTaMM
[P-agpeca oTipaBuTeNs U TIoaydaTess. Begércs craTucTMKa 1o MPMHYMAaeMO-
MY U TlepefaBaeMoMy TpaduKy.

4. Ha TpaHcrnopTHoM ypoBHe (L4) Becb BXOHSIMit TpaduK IepeHanpaBisieTcst
06paTHO, MPY 3TOM MeHSIoTcst MecTamy MAC-afipeca OTIIpaBUTeNs U IToyJa-
tenst. Ecmu nmone EtherType umeet sHauenme 0x0800, Takke MEHSIIOTCSI MecTa-
mu [P-appeca ornipaButens u nomydarensi. Homepa TCP/UDP-nopTtoB oTnpa-
BUTEJISI ¥ TIOTy4YaTessi MEHSIIOTCSI MecTamy, eciiu osne «Protocol» umeer 3Ha-
yenne 6 (TCP) unu 17 (UDP).

Ipumeuanue. s uneiida kananpHoro (L2), ceteBoro (L3) u TpancniopTHoro (L4) ypoBHeii
MaKeThbl C HePaBUIbHOM KOHTPO/IbHOM cyMMOii (FCS) He mepeHanpasiIsiioTCS.

Ipumeuanue. [ns mneiida xanampHoro (L2), cereBoro (L3) u TpancrnoprHoro (L4) ypos-
Heit makeTsl ¢ oguHakoBbiMy MAC Dst 1 MAC Src, a Tak ke 6JI0KM JaHHBIX ITpoTokona OAM
(OAMPDU) 1 ARP-3amnpocsl, copepskamnyecs: BO BXozsIIeM TpaduKe, He TepeHanpaBIsiioTCs.

Ipumeuanue. Eciv Bxopsiinii maket cogepskut MPLS MeTKy, OH Gy[ieT riepeHarnpasiieH 6e3
M3MEeHEeHUsI eé 3HaueHus.
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12. MakeTHbIN OXKXUTTEP

Hpumeuanue. 'Hbopmanysi 10 KOMaHAaM, MTO3BOJISTIONMM HACTPOUTb aHAIN3 MAKETHOTO
IKUTTepa U QYHKIUIO TeHepalMy TECTOBOTO MOTOKA, IMPUBELeHa B Gpolnope « YHUBEpCaTb-
HbIlt usmepurenbHbiii 300, METPOTEK M716-02-001/2. PyKOoBOACTBO IO KOMaHAaM yAaln€H-
HOTO YIIpaBJIeHNs», BXOASIIEl B KOMILIEKT IIOCTaBKU.

BaxHoi1 3amaueit mpu TectupoBaHuy Ethernet-ceteit siBigeTcst onpeneneHue na-
KeTHOro mxutrepa. B coorsercTBun ¢ metonyukoii RFC 4689 [9], makeTHbIN IKUT-
Tep — 9TO aGCOMIOTHAS Pa3HOCTb 33/iepPKeK PaCIIPOCTPAHEH NS IBYX IIOC/Ie0BATeNb-
HO IIPUHATBIX ITaKEeTOB, IIPpMHAAJIEeXKallX OOHOMY ITOTOKY OaHHBIX. ITOT ImapameTp
MCIIO/Ib3YeTCsl [1s1 OLLeHKM BO3MOKHOCTY CeTH IepefaBaTh YyBCTBUTE/IbHBIN K Ba-
puanuy 3afepxkku Tpaduk, Takoit, Kak BULEO0 UM pedb.

12.1. TecToBbIM NOTOK

@yHKIMS TeHepalyy TeCTOBOTO MOTOKA MPUMeHSIeTCSI TPU M3MepeHUM TaKeTHOTO
IkuTTepa. CylecTByeT BO3MOKHOCTb TeHepaliy TECTOBOTO IOTOKA U M3MepeHus
TIAaKeTHOTO AKUTTepa Ha OGHOM MOpTy (puc. 12.1), a Takke reHepanuyu TeCTOBOTO
II0TOKA Ha OLHOM IIOPTY U M3MepeHMsI ITaKeTHOro JKUTTepa Ha APpyrom (puc. 12.2),
TIPMYEM MOPT IIPUEMA MOXKET PacIiosaraThCs Ha yaaaéHHoM mpubope (puc. 12.3).

ropt A(B): reHepariysi TeCTOBOro
TI0TOKA U OTIpe/ie/IeHHe [DKUTTepa

- N
- D uuieid

Puc. 12.1. H3mepenue dxcummepa. Cxema 1

46



12. MNakeTHbIM LKXUTTED

ropt B(A): reHepanus
TeCTOBOI'O MOTOKA

@D uuteid

nopt A(B): ornpefiesieHue
JPKUTTepa

Puc. 12.2. Hsmepenue Oxcummepa. Cxema 2

nopt A(B): reHeparys nopt A(B): oripeziesieHre

TeCTOBOI'O ITOTOKa : JDKUTTEPAa

Puc. 12.3. Hsmepenue Oxcummepa. Cxema 3

47



13. MPT

Ipumeuanue. Vinbopmanysi o KOMaHIaM, MO3BOJISIIOLIMM HACTPOUTH U BBITIOMTHUTH
MPT-TecThl , IpUBELEHA B OPOIIIOPe « YHUBEPCATbHbBIN M3MEPUTETbHbIN 30H],
METPOTEK M716-02-001/2. PykKoBOICTBO 110 KOMaH1aM yAaJIEHHOTO YIIPAaBIeHUSI», BXOASIL e
B KOMIUIEKT IIOCTaBKMU.

MPT (Metrotek Performance Test) — Ha6op TecTOB AJis aHAIM3a TapaMeTpoB [P-
u Ethernet-ceteii. [To3BoJIsIET HEMPEPHIBHO reHEPUPOBATh 10 300 HE3aBUCUMBIX I10-
TOKOB «L2» (cM. pa3gen 13.6.1) unu «UDP» (cMm. pasgen 13.6.2) 1 u3MepsSITb OCHOBHBIE
XapaKTePUCTUKU KaXKAOTO MOTOKA: IKUTTEP (CM. paszen 13.3), 3amepkKy (CM. pas-
nmein 13.4) v motepu makeToB (CM. pasmen 13.5).

Baskubie oco6eHHOCT MPT-TecToB:

— pnob6aBiieHye TeCTOBOro TpadukKa K CETeBOMY, IIPOXOASIIeMy uepes npubop B
TPAH3UTHOM PEKUME;

— wucrionb3oBanye B UDP-noTokax Tpaduka, reHepupyeMoro COTJIACHO ITPOTOKOITY
TWAMP Light (RFC 5357 [12], Appendix I).

13.1. Tononorusa

ITpu nposegenny MPT-TeCcTOB MOXKHO MCII0/Ib30BaTh OJHOCTOPOHHIOK MJIA IBY-
CTOPOHHIOIO TOMOJIOTUIO U3MEepPEeHMIA.

JIn1s1 BLIIOMTHEHMST OLHOCTOPOHHUX M3MepeHMit MPMUO0p BKIIOUAETCS B CETh B CO-
OTBETCTBUM CO CXeMaMM, IPUBEeIEHHBIMM Ha puc. 7.3, 7.4, 7.6. [IBukeHne Tpaduka
MIPOUCXOAUT 10 CJIefyIolleMy NpuHLUUITY: reHepaTop = NUT =- aHanu3artop.

IIByCTOpOHHME M3MepEeHMS BBIIOMHSIOTCS B COOTBETCTBUM CO CXeMaM, IIpefCcTaB-
JIEHHBIM Ha puc. 7.5, 7.7, 7.8. [IBuskeHMe Tpaduka MPOUCKXOLUT IO CIeAyoLieMy IPUH-
uuiy: reHeparop = NUT = L2-nueiid/pednaexrop = NUT = ananusatop. Torosno-
TSI TECTUPOBAHMS C yYacTyieM pedieKTopa COOTBETCTBYeET Torosioruy rectoB TWAMP
(RFC 5357 [12]).

ITIpumeuarue. B 3aBMcMOCTH OT THIIa 1oToKa («L2» mnn «UDP») yCTpOiiCTBOM, OTIIPaBJISIIO-
M TpadumK 06paTHO Ha MPUOOP-UCTOUHUK, siByisieTcst L2-nuteiid (L2) win pednekrop (UDP).

IIpumeuanue. B kauectBe reHepaTopa uiau pediextopa moroka «UDP» MOKHO MCIIOIb30BATb
usMmepurenbublit 3054 METPOTEK M716-02-001/2 vy npyrue mpubopbl, Ha KOTOPBIX peau-
30BaHa reHepanys Wiy orTpaxenue tpaduka cormacHo nporokony TWAMP (cm. paspen 13.6.2).
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13. MPT

13.2. Tpynnbl noKasaTteneu

B 3aBucMMoOCTM OT Tomoaoruu (cM. pasgen 13.1) u Tmna rmoroka (cm. pasgen 13.6),
MpU U3MepPeHUN 3aJePKKU U IKUTTePa MOKHO MOMYYUTH C/IeyIollye IPYIIIb 1Mo-

Kasarejei:

— JBYCTOPOHHMeE IOKa3aTeu («two-way measurements»);

— OIHOCTOPOHHME ITOKa3aTe M Ha AajibHeM KOoHIIe («one-way far end measurements»);

— OIHOCTOPOHHME ITOKa3aTen Ha O/VsKHEeM KOHIIe («one-way near end measurements»).

Tumn Tomonorus Two-way One-way far end |One-way near end
MIOTOKA |M3MepeHMii measurements measurements measurements
L2 OLHOCTOPOHHSAA | — - +
IBYCTOPOHHSIT |+ - -
UDP OOHOCTOPOHHSS | — - +

IIBYCTODOHHSIST |+

+

IIpumeuanue. [171g riotoka «L2» IPpUHAAJIEXXHOCTD K TPYIIIe TTOKa3aTeseil B 0Jb30BaTe b
CcKOM MHTepdeiice He oTOGpaskaeTcsl.

[Ipu BbIUMCIIEHMM TTOTEPD MTakeTOB (CM. pasfen 13.5) u CBsI3aHHbIX C HUMU TOKa-
3aTesieli MCIOIb3YIOTCS IMIIb ITOPSILKOBbIe HOMepa TeCTOBBIX IIaKeTOB, KOTOPbIe He
3aBUCAT OT TOIOJIOTUY M TUIIA TIOTOKA.

13.3. Oxuttep

I/ISMEDEHI/IE IDKUTTEepa IIPOUCXOAUT B COOTBETCTBUM C aJITOPUTMOM, OIIMMCAHHBIM B

npunoxkeHun A.8 metonuku RFC 3550 [10].

BbrunciieHne AKUTTEPA BBITIOMHSIETCS M0 CJIeAYIoIM GopMyIam:

rme:

delta = abs(transit_time — prev_transit_time) (13.1)

jitter = jitter + 1/16 x (delta — jitter),

transit_time — BpeMsI IIPOXOXKIEHMS TAKeTa;

(13.2)

prev_transit_time — BpeMsl IIPOXOXKIEHNS ITPeAbIAYIIETro aKkeTa;

— abs — GYHKUMS BBIUMCIEHUS MOAY/IS (a6COMIOTHOI BEJIMUMHBI);

HSTBIX ITAKETOB;

delta — pasHuIIa MEXIY BpeMeHeM ITPOXOsKIEeHMSI IBYX ITOCTeJ0BATENbHO ITPY-
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

— jitter — 3HAUeHMeE MKUTTEpA.

Ipumeuanue. [1j1s1 sMepeHUs IKUTTEPA CUHXPOHM3AIUSI BpeMEHU He TpebyeTcs.
IIpumeuanue. B pezynbratax MPT-Tecta oToGpaskaeTcsi cpeHee 3a IIepuoz, M3MepPeHuit 3Ha-
YyeHMe BeJIMYMHBI IKUTTEPA.

13.4. 3apepxKa

Ij1st M3MepeHusT 3aIePsKKY PacIpoCTPaHeHNsI KaIpPOB BBIIIOIHSIOTCS CAeAyIoNe
neicTBUS:

1. Tlpu mepepmave mpubop M06GaBAsieT B IMAKeT TECTOBOrO Tpaduka Bpems
ornpaBku — Ta (cMm. pasgen 13.6).

2. Tlpu mpuéme ripmubop KO6ABISET B IIaKeT BpeMs nmpuéma — Tb.

Ipumeuanue. TeHepaTOpoM M aHAIM3aTOPOM TpacduKa NO/KEH GbITh OAMH U TOT Ke
pu6op MM ABa Mpmubopa, CMHXPOHU3MPOBAHHBIX 110 TPOTOKOTY NTP.

3aiepskKa MPOXOKAEHMS TTaKeTa B CETYU BbIUKCIseTcst o popmyine: T — Ta.

Ipumeuanue. B pesynbratax MPT-Tecta oTo6paxaeTcs: cpegHee, MaKCMMaJIbHOE M MUHM-
MaJbHOe 3a IeproJ U3MepeHUli 3HaueHMe BeJTMUMHbI 3a[1ePXKKNU.

13.5. NoTtepu nakeToB
KonnuectBo IIOTePAHHBIX ITAKETOB BbIUYMC/ISAETCS 110 d)OpMYJ'[e:

max_num — min_num + 1 — (rcv_ent — dup_cnt), (13.3)
rme:
— max_num — MaKCYMAaJIbHbIIl HOMep MaKeTa 3a Mepuo;

— min_num — MUHMMAJTIbHBI HOMED IaKkeTa 3a Mepuo;

rcv_cnt — KOJIMYECTBO MOYUeHHbIX 3a IIepuo/, ITIaKeTOoB,

— dup_cnt — KOJIM4YeCTBO ,E[y6J'II/IpYIOH.U/IX IIaKeTOB 3a IIepuox (KOJ'[I/[‘IQCTBO Imake-
TOB C TeéM >Ke ITOPSAAKOBbBIM HOMEPOM, YTO 1 Hpe,E[IHeCTByI-OHH/Iﬁ l'IaKeT).

IIpumeuanue. B pezynpratax MPT-TecTa oTo6paskaeTcs cpeHee 3a IIepyroj U3MepeHmit 3Ha-
YeHye BeJIVUMHBI II0Tepb IIaKeTOB.
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13. MPT

13.6. PopmaT TectoBoro Tpaduka

Komanpsl HacTpoiiku MPT-TeCTOB MO3BOJISIIOT BLIOPATh TUIT TEHEPUPYEMOTO T10-
ToKa: «L2» iy «UDP». [Iy1 KaXXO0T0 13 TOTOKOB MCIIOIb3YeTCs CBOi (popMart makera.

13.6.1. TecTOBbINM NOTOK «L2»

IMorok «L2» cogepskut Ethernet-makeTsl, cocTosinue U3 3arojoBKa 2-T0 YPOBHS U
MPT-curuarypsbli:

Ethernet-3aronosok | [JaHHbIe MPT-curHaTtypa

[py n3mepeHnn 3a4epskKK1 HEO6XOAMMO 3HATh TOUHOE BPeMsI [TepeJaumn 1 rpmnéma
maketa. [[jist aTOTO MCIoab3yeTcss MPT-curHaTypa — Ioc/ieqoBaTe/IbHOCTb OUT, KO-
TOpast o6aB/IsIeTCsT B KOHEII [T0JIe3HOIT Harpysku Ethernet-makeTra u BbIISIAUT Clie-
IOYIOLIM 06pasoMm:

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

roe:

flow_id — yHMKaIbHBI HOMED, TO3BONSIOINI uAeHTUGUIMpoBaTh MPT-TI0TOK;

pkt_num — IOPSAKOBBINI HOMeED ITakeTa B [IOTOKE;
— timestamp — BpeMs$I OTIIPaBKy [TAKeTa;

— Xx_timestamp — BpeMms IpuémMa nakera.

13.6.2. TecToBbIV NOTOK «UDP»

IMotrok «UDP» comepskut Ethernet-mmakeTsl, coCTOsIIIVE U3 3aTOJIOBKOB 2, 3 1 4-T0
YpOBHeji 1 1071eit, onmucaHHbIX B MeTonuKe RFC 5357 [12] (unauthenticated mode).

CornacHo yKa3aHMsIM MeTOAVIKM, TP reHepaiuy Tpadmka B IaKeT BCTABISIETCS
3arojoBoK, GopMaT KOTOporo omnucal B 1. 4.1.2 RFC 4656 [11]. IIpu oTpaskeHu ma-
keta TWAMP Light pednexrop (cm. pasgen 13.8) co3maér 3aronoBok, popmat KOTo-
poro omucaH B 1. 4.2.1 metoguku RFC 5357 [12] 1 3aMeHsIeT UM 3arol0BOK, 106aB-
JIEHHbI} TeHepaTOpOM.

CrpykTtypa naketoB notoka «UDP» ro3BossieT co6MpaTh BpeMeHHbIe METKU «ITPO-
MEeXKyTOUYHOTO 3Be€Ha» — pedIeKTopa, YTO JaET BO3MOKHOCTH MOYYUTDb B Pe3y/IbTa-
Te M3MepeHUii Bce TpU IPYIIIIbI ITOKa3aTeneii (CM. pasgen 13.2).
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

13.7. NoBbIWEeHHEe TOYHOCTU UsMepeHui cpeacTtesamm FPGA

BaskHOIT 0cO6eHHOCTbIO MPT-TeCTOB SIB/ISIETCS MCIIONb30BaHME CITENMaTbHbIX
cpenctB FPGA a1t nepexsarta Tpaduka ito60ro Tuia M 06HOBJIEHNSI BDEMEHHBIX Me-
TOK. DTO MCK/IIOUAET U3 Pe3yIbTaTOB M3MepPEHMIi MOTPEeITHOCTD, CBSI3aHHYIO C MPO-
XOKIeHMeM ITaKeTOM CeTeBOro cTeKa Ha mpubope.

13.8. TWAMP Light pednekTop

Pednextop — mporpaMma, KOTopast BXoguT B Ha6op MPT-TecToB u pab6oTaet aB-
TOMAaTUYECKM C MOMEHTA 3aITycka mpmoopa. OHa npuHumaet Tpadpuk Ha UDP-niopty
c HoMepom 20 000, mpeo6pasyeT ero cornacHo mpotokoay TWAMP Light (RFC 5357 [12],
Appendix I) 1 oTcbUIaeT aHANIM3ATODY.

PedrnexTop He06X0mMM 7151 TPOBeIeHsI [BYCTOPOHHMX M3MepeHuit (cM. pa3zmen 13.1).
B kauecTBe 3TOt COCTaB/SIONIEN TOMOIOTUM MOTYT OBITh MCIIONb30BAHBI TAKKE U
Ipyrue mpubopsl, Ha KOTOPBIX peann3oBad TWAMP Light pedektop.
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14. TecToBble KOHpUrypaumum

IMpu6op METPOTEK M716-02-001/2 ro3BoJisieT MpOBOAUTH ABA HE3aBUCUMBbIX Te-
cra o metonyke RFC 2544 (cm. pasgen 8) munu MPT-tecta (cM. paszen 13) ogHOBpe-
MeHHO. TecTbl MOKHO BBITIOJIHSITH B JIIOOBIX KOMOMHAIIMSX: Ha pUCYHKe 14.1 mipen-
CTaBJIeH BapMaHT aHa/M3a, KOTOa ¢ mopta A Ha mopT B mpoBogutcs Tect RFC-2544,
a c moprta B Ha mopT A — MPT. CxeMbl ITOAK/IIOUEHMS IPUBEIEHBI B pasnese 7.5.

—— RFC 2544 (A—B)
- - - MPT (B—A)

Puc. 14.1. /Tea He3asucumslx mecma

7151 BBITTOJTHEHUST OOHOBPEMEHHBIX TeCTOB HEO6XOJII/IMO§

1.

IMopxarounTh MpUGOP 10 cXeMe, MpeACcTaBIeHHO Ha puc. 7.6 wiu puc. 7.7.

2. TlomKMIOUUTBCS K MpUGOPY (CM. paszmen 5).

. IepeiiTu B pesxum ET-TecTOB KOMaHIO0i «et» (WiIM B peskuM HacTpoiiku ET-

TECTOB, MOCJIENOBATEIbHO BBEASI KOMAHIbI «et» 1 «configure»).

Ipumeuanue. 'udopmanms Mo KoMaHzaM IMpuBegeHa B GpouIope «YHUBEPCATbHbIN
nsMmeputenbHbiii 3051 METPOTEK M716-02-001/2. PyKOBOACTBO IO KOMaHIaM yIaleéH-
HOT'O yIIpaBIeHUs», BXOASIe/ B KOMIUIEKT IIOCTaBKU.

. BK/IIOUMTB ITepBYI0 TECTOBYIO KOHMUTYpAINIO, BLITOTHUB KoMaHAy «testconf 1».

Ipumeuanue. Homep TekyIeii TeCTOBOV KOH(DUIypaIyy BbIBOAUTCS C IIOMOLIbIO KO-
MaHbI «testconf show».

5. BBIMOTHUTH HACTPOIIKY U 3aITyCTUTDh TeCThI 0 MeToauke RFC 2544 (vt MPT).

. BRITIOUMTH BTOPYIO TECTOBYIO KOH(DUTYpAIIO, BBITOTHUB KOMaHAYy «testconf 2».

. BBINOTHUTB HACTPOWKY U 3aITyCTUTH TeCTbI 1o MeToauke RFC 2544 (mmu MPT).
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15. TpaH3UTHbIN peXXUM

[Ipu mogKIOUEeHMM K TECTUPYEMbIM KaHalaM B Pa3pbIB CYLIECTBYIOLIEr0 COeu-
Heuust METPOTEK M716-02-001/2 moxkeT paboTaTh B OHOM 13 TPEX PEXKMMOB:

1. AnmapaTHblit TpaH3UT («bypass») — MOPTHI MpubGopa 3aMbIKAIOTCS TakK, UYTO-
6bI ITOAK/IIOUEHHBIE K HUM Kabe/y 0CTaBaIMCh COeIMHEHHBIMU TasKe IOCjIe OT-
KJTIOUeHMs UTaHus pubopa. JJaHHbI peskUM MO3BOJISIET COXPAHUTD 11€JI0CT-
HOCTb KaHaJa CBI3M.

Hpumeqauue. HpI/I IponagaHuy MUTaHUA aHHapaTHbII‘/JI TPAaH3UT BKIIOYAETCS aBTOMa-
TUYECKN.

2. TIporpaMMHBbIi TpaH3UT 6e3 Ho06aBIeHNS TECTOBOTO TpaduKa — IMpudop Mpo-
myckaeT yepes ce6st makeTsl ¢ mopta A (B) Ha ropt B (A) (cm. puc. 7.1).

3. IIporpaMMHbIi TPaH3UT C fOOaBIeHNEM TECTOBOTO TpaduKa — meperava ce-
TeBOro Tpaduka ocymiecTsisieTcs ¢ mopra A (B) Ha mopt B (A) ¢ ogHOBpeMeH-
HBIM BBITIOJIHEHMEM TeCTOB (CM. puc. 7.2).

PeskuMm paboThl mpubopa HacTpamMBaeTcss KOMaHo# «passthrough» (mompo6Hoe
OMMCaHue TIPUBENEHO B Opolnope «YHUBEPCATbHBIN W3MEPUTETbHBIN 30H],
METPOTEK M716-02-001/2. PyKoBOACTBO IO KOMaHAaM YAAJE€HHOTO YIIPaBIeHUS»,
BXOZ 1€/l B KOMIUIEKT I[IOCTaBKN).
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16. CMHXpOHM3aLMUA BpEMEHU

ITpumeuanue. iuopmariiyis o KomaHze «timesyncy», o3BOJISIIOIIE T HACTPOUTD ITapaMeTphbl
CUHXPOHM3aLMY BpEMEHMU, TPUBEIeHA B GpolIope « YHUBEPCATbHbIN M3MePUTEIbHbIN 30H,
METPOTEK M716-02-001/2. PykKOBOACTBO 110 KOMaHAaM yAaJIEHHOTO YIIPaBJIeHUSI», BXOASII e
B KOMIUIEKT IIOCTaBKHU.

Ipumeuanue. TTonb3oBaTeNb MOKET CAMOCTOSITENIBHO 3a,aTh BpeMsI M ATy C TIOMOLIbIO CTaH-
IapTHOJ KOMaHIbl 6a30BOro pexkuMa «date».

Ilnst cuHXpoHM3anuy BpeMenu B mpu6ope METPOTEK M716-02-001/2 ucronb3y-
ercst mpotokon PTPv2 (IEEE 1588 [13]) u NTPv4 (RFC 5905[14]).

OYHKIMST CMHXPOHM3ALUUY TI03BOJSIET BBIMOMHSITh M3MepeHye 3aepKKu 10 Me-
toguke RFC 2544, a Taxcke aHaiM3 1o pekomeHpanuy Y.1564 mpu TecTMPOBaHUM
aCMMMeTPUYHBIX KaHAJIO0B. [IOCTYIIHBI IBa PEXXMMAa CMHXPOHM3AaL UM BpeMEeHM:

— aBTOCMHXpPOHM3aLMs C UCIoNb30BaHuem PTP;

— aBTOCMHXPOHM3aUMS C ucnoiib3zoBanuem NTP.

16.1. ABTOCMHXpOHM3auua PTP

ITpu BrI6OpE aBTOCHMHXpOHM3aLMK PTP HacTpauBaroTCs caeLyloliye napaMeTpsl:

1. Pexxum:

— BeIOMBIii: TPU6GOP CMHXPOHM3UPYET CBOM Yachl OT BHeltHero PTP-cepBepa,
€C/IM TaKo¥ cepBep MPUCYTCTBYET B CETH;

— BeAYIIUIi: TPUOOD SBJSETCS UCTOUHUKOM CMHXPOHMU3ALIMUMN, APYTYE YCTPO-
CTBa CMHXPOHU3UPYIOTCS OT CUCTEMHBIX YacoB Ipubopa.

2. Uurepdeiic g pabotsl ¢ PTP: «A» miu «B».
3. MexaHusm ornpeneneHus 3agepskku: «E2E» umu «P2P».

4. Homep PTP-pgomena B coorBeTcTBuM ¢ IEEE 1588.

16.2. ABTOoCMHXpOHM3auma NTP
Hp]/[ BbI60pe 3TOro peXXyma BbITIOJTHATD JOIIOJTHUTEJIbHbIE HaCTpOfIKM He Tpe6y-

eTcs. Bpemst Ha ipu6ope GyaeT BbICTaBIEHO C UCITONb30BaHMEM CTAaHJAPTHBIX Cep-
BEpOB.
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17. O6HOBNEHME NpOrpaMMHOro o6ecneyeHus

OG6HOBIEHHOE IPOrpaMMHOe obecmeueHye (IT0) MOKET BKIIOUATh KaK MCIIpaBiie-
HMe OIINGOK, TaK ¥ HOBbIe (DYHKIIVMOHAIbHbIE BO3SMOKHOCTU. COXpaHEHHbBIE Ha TIPK-
60pe JaHHbIe U HACTPOIKYM TECTOB B IIPOIecce OGHOBIEHNS He 3aTParuBaoTCs.

17.1. MexaHU3M OOHOBNEHUSA

ITpu6op METPOTEK M716-02-001/2 nonepskuBaeT MexaHU3M 6e3011acHOTO0 06-
HOBJIeHMUs yepe3 VIHTePHET WU JIOKATbHYIO CETh.

SD-KapTa COmepKUT IBa pasfiena: aKTMBHBIN M pe3epBHbI. 3arpyska mpubopa
BBIMOJHSIETCSI C aKTUMBHOTO pasfiena, a OOHOBJIEHMS] YCTaHABIMBAIOTCS Ha pe3epB-
Hblii. [Tocsie ycrenrHoro oGHOBJIEHNSI aKTUBHBIN Y pe3ePBHbII pasesl MeHSIOTCS Me-
cTaMu.

17.2. Nopspnok o6HOBNEHUS

1. YcraHoBKa OOHOBJIEHUI BBITTOIHSIETCS C TOMOIIbI0 KOMaH bl «update-rootfs»:

— c caiita http://metrotek.spb.ru;
— C BHYTpEHHero pecypca;
— c npubopa.
B repBbIX BYX CTy4asiX HEOOXOAMMO YOeIUThCSI, UTO MPUOOP IMOAKITIOUEH K CETU

VIHTepHeT MM K BHYTpeHHelt cetu. [Ipu ycTaHOBKe OOGHOBIEHMI ¢ TIpMbopa
Heo6XOIMMO ceTeBoe MmoakioueHne mexay IK u mpuéopom.

2. HopxmiounThest K mpubopy mo uHtepdeiicy USB mnu Ethernet (cm. pasgen 5)
T0[1, YYETHO 3aMMChI0 «r00t».

3. HacTpouTb napameTpsl JIOKaAU3aLUUN:

# export LANG=C.UTF-8
# export LC_ALL=C.UTF-8

Ipumeuanue. HaunHasi ¢ Bepcun 1.1.15 HacTpoiika He TpeGyeTcs.
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17. O6HoBneHWe nporpaMMHoro obecrneyeHus

4. TIpu ycTaHOBKe OGHOBJIEHMII C caiiTa BBeCTM KoMaHIy «update-rootfs», B ka-
yecTBe aprymenTa ykasatb URL apxuBa ¢ 0GHOBJIEHUSIMIA:

# update-rootfs http://metrotek.spb.ru/files/etln/latest/name
IIe «name» — MMs apxuBa C OOHOBJIEHUSIMMA.
Hamnpumep:

update-rootfs http://metrotek.spb.ru/files/etln/latest/rootfs.etln.20151030.tar.gz
Downloading the image tarball from
http://metrotek.spb.ru/files/etln/latest/rootfs.etln.20151030.tar.gz

Successfully downloaded the image tarball.

Downloaded image: rootfs.etln.20151030.tar.gz

Found root filesystem image version rootfs.etln.20151030.tar.gz. Install? (y/n)

5. Tlpu ycTaHOBKe OGHOBJIEHNIT C BHYTPEHHET0 pecypca BBeCTM KoMaHAay «update-
rootfs», B kKauecTBe aprymeHTa ykasaTb URL apxBa ¢ OOHOBJIEHUSIMU :

# update-rootfs http://host/path/name

rze «host» — IP-afmpec uin fOMeHHOe UM Y3713, COT,ePsKallero apXuB ¢ 06HOB-
JIEHUSIMU;

«path» — MyTh K apxXUBY C OOHOBJIEHUSIMMA

«name» — ¥MsI apX1Ba C OGHOBIEHUSIMHU.

6. B ciyuae ycTaHOBKM OGHOBJIEHMIE ¢ Tpubopa:
1) CromuposaTb daiin c IIK Ha npubop:

# scp user@your-host:;/any-path/name /path

rge «your-host» — nms I1K;
«any-path» — myTh K apxuBy ¢ o6HOBIeHMsIMK Ha [1K;
«name» — MMs apX1Ba C OOHOBJIEHUSIMMA.

2) VYcTaHOBUTb OGHOB/IEHMSI:

update-rootfs file;//path/name

e «path» — IMyTh K apXMBY ¢ 0GHOBIEHMSIMY Ha ITpubope;
«name» — MMSI apxXuBa ¢ 0GHOBIEHUSIMI.

7. Tlocse yCrenrHoro OGHOBIEHMST B OKHO TePMMHAIbHO MMPOTPaMMbI BbIBOIMT-
csI coobIIeHme:
The update procedure finished successfully.
The new filesystem has been selected for the next boot.
Please, reboot the device in order to boot it.
(Your current system is on SD1. In the case of a
fatal error you can recover using the ‘boot’
shell command or the U-boot shell.)
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

B aTOM C006IIeHNY YKa3bIBAETCS MMSI TEKYIIETO aKTUBHOTO pasjena, B AaH-
HoM ctydae — SD1. OHo moTpe6yeTcst Ipy BOCCTaHOBIEHNUY PabOTOCITIOCOGHO-
ctu mpubopa (cm. pasgen 17.4).

. O6uoBnenHas Bepcust [10 GymeT MUCIIOAb30BAThCS Cpasy IMOC/Ie aBTOMaThye-

CKOJi IIepe3arpysku mpubopa.

Ipumeuanue. Ecny BOSHUKHET HEOOXOOMMOCTb BO3BpaTa K npeabiayiieii Bepcun 110,
cieftyeT BBITIOTHUTD J1eCTBYMSI, ONMCaHHbIe B pasgene 17.3.

IIpumeuanue. B ciiyuae HeyauyHO MOMBITKY OGHOBJIEHMS 1)1 BOCCTAHOBJIEHMS paGOTO-
CTIIOCOGHOCTY TPMOOPA HEOOXOAMMO BBITIOTHUTD IECTBMSI, ONIMCAaHHbIe B pa3zene 17.4.

17.3. BocctaHoBAeHUe npeabiayweit Bepcum MO
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IInst TOTO, YTOOBI BEPHYTHCS K Mpenbiayieit Bepcun I10, cienyet:

. TTopknounTbes K npubopy mo uurepdeiicy USB mim Ethernet (cm. pasmen 5)

1107, Y‘IeTHOf;I 3aIMChI0 «r00t».

. OmpepmenuTb UMSs pe3epBHOTO pasiena, BBeas KomaHay «show-boot». Jta Ko-

MaHa BbIBOAUT CIMCOK pa3fenoB SD-KapThl ¢ yKa3aHMeM, KaKoii U3 HUX SIB-
JisleTcsl akTUBHBIM. Pa3fesn, He MMerolnit COCTOSTHUS «Active», SIBsieTcs pe-
3epBHBIM. Hanmpumep:

# show-boot
Loaded image: SD1

Available images:

Name Status Mount-point
SD1 Active /tmp/mnt/sd-rootl
SD2 /tmp/mnt/sd-root2

B saToM nmpumepe ums pesepBHOro paspena — SD2.

. Beectn komanay «boot SD?». B kauecTBe aprymenTa «SD?» ykazaTh UM pe-

3epBHOTO pasfena. [y mpuMepa, pacCCMOTPEHHOTO BbIIIE:

# boot SD2

. Tlocse okoHYaHMS 3arpy3Ku MPUGOP TOTOB K paboTe. HoMep Tekyiieit Bepcun

T10 MOKHO TTPOBEPUTb KOMaHAOI «show version».



17. O6HoBneHWe nporpaMMHoro obecrneyeHus

17.4. BoccTtaHoBNeHMe npubopa

Ecm ripu o6HOB/IeHM ITprbopa BO3HUK cO0i1 1 HoBast Bepcust [10 He 3arpyskaeTcs,
IIJISI BOCCTAHOBJIEHMSI pab0TOCIIOCOGHOCTY Tpubopa HEOOXOOMMO:

1. TTomkmounThCs K Tpubopy 1o uurepdeiicy USB (cM. paspen 5.2) nop yueTHOM
3aMUChIO «I00t».
2. Tlocste yCIenTHOTO MOAK/TIOUEHNSI BBECTM KOMaH/Iy «reboot».

3. B mepBble CeKyHIbl HAUAJIbHOJ 3arpy3KM HaXkKaThb Ha KiaBuilly Enter, ipepsas
3arpy3Ky 1 BOWIs B KOHCOMIb 3arpysumka U-Boot.

4. Omnpepenutb HOMep aKTUBHOTO U pe3epBHOTo pasnena. Komanpa «printenv rootpart»
BBIBOAMUT HOMED aKTMBHOTO pasjesna:

# printenv rootpart
rootpart=3

B sToM mpumepe HOMED aKTUMBHOTO pasfena — 3. Bcero paszesnos [Ba, X HO-
Mepa 2 u 3. CriemoBaTenbHO, B 3TOM CTyuae HOMep pe3epBHOTO pasfena — 2.

5. JIist BOCCTAaHOBJIEHMSI TPUGOPA MEPEKTIOUNTHCS Ha Pe3epPBHbIN pasen:

# setenv rootpart 2

6. CoxXpaHUTb U3MeHeHMsI KOMaH[IOol «Saveenv»:

# saveenv
Saving Environment to MMC...
Writing to MMC(0)... Timeout on data busy
done
7. BBecTu KoMaHzy «boot»:

# boot

8. Tloce okOHUAHMS 3aTPy3Ky MPUOOP roToB K pabote. Homep TexyIeit Bepcuu
ITO MOKHO MTPOBEePUTb KOMaHAo «show version».
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18. MeToauKa noBepku

Hacrosmmii pasaen ycTaHaBAMBAET METOIbI U CPEeACTBA ITIEPBUYHON U ITepuoauue-
CKO¥1 TOBepKy YHUBepcaibHOro n3MmepurenbHoro 3ouaa METPOTEK M716-02-001/2.

18.1. Onepauuu noBepkKu

[Ipu mpoBemeHMy MOBEPKU JOJDKHBI GbITh BBIIIOJIHEHBI OMepaLyn, yKa3aHHbIe B
Tabauue 18.1.

Ta6nuua 18.1. Onepauuu nogepku

HaumeHnoBaHue onepauuu |Homep nmyHkTa |BbinonHeHue npu BrinonueHue npu
MeTOIUKMA MepBUYHOI OBEPKE | TepUOANIECKOit
ToBepke
BHemHMi1 ocMOTp 18.7.1 Ia Ia
Omnipenenenue YacTOThI 18.7.2 Ha Ha
TeCTOBOTO CUTHajaa MHTep-
dervica 1G Ethernet

18.2. CpeacTtBa noBepKu

ITpu npoBefgeHUM MOBEPKU MPUMEHSIETCS OJHO U3 CJIeLYIOIIUX CPeLCTB U3Mepe-
HU:

— umdpoBoii ocimutorpad ¢ auddepeHIMaIbHBIM BXOAOM C BO3MOXKHOCTbBIO 13-
MmepeHus yacToThl Tektronix TDS 2022;

— yactroromep Pendulum CNT-69.

JoryckaeTcst 3aMeHa CpefiCTB M3MepeHuit JpyrumMu, 06ecreunBanIuMu Heo6Xo0-
VMY TOYHOCTb M3MEPEHMIA.

18.3. Tpe6oBaHua K KBanubukaumum nosepurtenen
K IIpOBeOEHNIO UCTIbITaHUI AOITyCKaeTCs rnmepCoHall, 03HAKOMJIEHHBI C PYKOBOL-

CTBOM IT0 3KcIuTyaTauuu nmpu6opa METPOTEK M716-02-001/2, mporieaiimii MHCTPYK-
Taxk 1o IITB u [TB2311, MMeroIIui IPyIITy 3/IeKTPO6Ee30MacHOCTY He HIDKE TPeTheil.

60



18. MeToavka noBepku

18.4. Tpe6oBaHMs K 6€30NacHOCTH

[pu npoBeneHUr UCTIBITAHMI HEOBXOAMMO COOMI0AATh TpeGoBaHMs 6e30MacHo-
ctu o F'OCT 12.3.019, a Takke 0611ye Mepbl 6€30N1aCHOCTH, TIPUBEIEHHbIE B pa3[i. 2
HACTOSIIIETr0 PYKOBOACTBA T10 SKCIUTyaTaLNH.

18.5. Ycnoeusa noeepku

VicnipiTanus u moBepky npu6opa METPOTEK M716-02-001/2 nmpoBOASIT B HOpMaJib-
HBIX KITMMATUYECKUX YCIOBUSIX U IPU HOMMHAIBHOM HaTPSKEHUM TTUTAHUS |

— TeMmIepaTypa OKpysKaroiero sosayxa 0-35 °C;

— OTHOCHTETbHAS BJIAXKHOCTb Bo3ayxa 40-90 %, 6e3 KOHIeHcaTa;

— HampsbKeHMe BHeITHero MCTOUHMKA nuTtanus — 12 B.

18.6. MNoAarortoeka K noBepke

Iepen mpoBeeHNEM MTOBEPKU CJIEAYET MPOBEPUTH HATMYME IKCIUTYaTAlMOHHOM
JMIOKYMEHTAaIIUY ¥ CPOK JIeMiCTBUSI CBUIETENbCTB O MIOBEPKE Ha CPeCTBA TOBEPKN.

BKIIOUMTD CpeficTBa MOBEPKY U MPOTPETh UX B TE€UEHME BpeMeHM, YKa3aHHOTO B
MHCTPYKIIVY 110 SKCILTyaTaliu.

18.7. NMpoBeaeHue noBepKu

18.7.1. BHewWHU1 ocMOTp

Bu3ya/sbHBIM OCMOTPOM ITPOBEPSTIOT COOTBETCTBIME YHUBEPCATLHOTO M3MePUTEb-
Horo 30H7a METPOTEK M716-02-001/2 TexHuuecKko JOKYMeHTAlUY B YaCTU KOM-
IJIEKTHOCTH, a TAK)XKe OTCYTCTBME BUAVMBIX ITOBPEKIEHMIA, 11€JIOCTHOCTh Kabeseit 1
pa3bEMOB.
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

18.7.2. OnpeneneHue 4acToTbl TECTOBOro CUrHana

ITpoBepKy 4acTOThI TECTOBOTO curHajia uurepdeiica 1G Ethernet mpoBogsT B co-
OTBETCTBUM CO CXEMOI, ITpeicTaB/JIeHHOl Ha puc. 18.1.

! ONLMOHAJIBHAS CXEMA
! MI3MEpEeHHUS

9acTOTOMED |

%

TX+

nudpoBoit ocumtorpad
¢ muddepeHnnaIbHEIM
BXOJIOM C BO3MOXKHOCTBIO
TX- H3MEPEHHs YaCTOTHI

mopt A wiu B npubopa 100 Om

1

Puc. 18.1. Cxema nodknoueHus

IIJist IpOBEpPKM YacTOThI TECTOBOIO curHasa mpmubopa METPOTEK M716-02-001/2
cenyer:

1. TloaxmooYnTH 670K MUTAHMS K pPa3beMy IuTaHus mpubopa (CM. puc. 3.3).
2. ToakmounThes K Ipubopy (CM. pasmesn 5), MCIonb3ys yUeTHYIO 3amuch admin.
3. Ilepeititu B pexkuM ET-TecTOB KOMaHA011 «et».

Ipumeuanue. Vindopmanys Mo KoMaHAaM MpuBeneHa B Gpolrope «YHUBEPCATbHBIN
usmeputenbHbiii 3051 METPOTEK M716-02-001/2. PykoBOACTBO IO KOMaHJaM yAaleéH-
HOTO yIIpaBJIeHUS», BXOASIEl B KOMILJIEKT ITOCTaBKMU.

. BK/IIOUMTB TECTOBBIN pekuM, BIMIOJIHUB KOMaHAYy «test-pattern on».

4

5. TMogxaounTsh MpubOP M0 cxeMe, MpefcTaBIeHHoi Ha puc. 18.1.

6. BBIMTOJTHUTD M3MEPEH NS, UCITOb3Ys LM(POBOI ocumuIorpad Wi 4acToToMep.
7

. BBIK/TIOUMTD TECTOBBII pEeXXKUM KOMaHoi1 «test-pattern off».

Ins mpubopa METPOTEK M716-02-001/2 cormacHo IEEE 802.3 m.40.6.1.1.1 npu
BK/TIOUEHUY B TPAHCUBEPE TECTOBOTO PEKMMA («TECTOBBIN peXMUM 2») Ha Mapax Ka-
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18. MeToavka noBepku

6eJist MO/KeH HaO/I0AAThCS MEPUOAMYECKNIT CUTHAI € YacTOTOM 62,5 MI'y + 6250 ',
(£100 ppm).

18.8. OdpopmneHne pesynbTaToB NOBEPKMU

B cirygae cooTBeTCTBUS IPMOOPa TPeOGOBaHMSIM, YKa3aHHBIM B TEXHNUYECKOI TOKY-
MeHTalyy, pe3y/abTaThl IOBepKM 0QOPMIISIIOT ITyTeM 3aIycK B paboueM sKkypHaie u
BBIJJaUM CBUJIETENIBCTBA YCTAHOBIEHHO (GOPMBI. B ciTydae oTpuIjaTeIbHBIX PE3YIIb-
TATOB MMOBEPKM Ha IIPMUOOD BHIJAIOT U3BeEIeHNE O HEIPUTOTHOCTH C YKa3aHMUEM MTPU-
YMH GPAKOBAHMSI.
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19. TexHnuyeckoe ob6cnyxmsaHue

Texuuueckoe o6cmyskuBanme mpmuoéopa METPOTEK M716-02-001/2 3akmouaeTcs B
TepMoaMYECKOM BHEIIHEM OCMOTPE YCTPOIICTBA, 6/I0Ka MUTaHMS U Kabesieit ¢ 1eTbio
comepsKaHMs B MCIIPaBHOM ¥ UMCTOM COCTOSIHUM.
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20. TexHun4yecKkas nogaepxkKa

3asiBKM 110 BCEM TEXHUYECKMM BOMPOCAM IMPUHUMAIOTCS CTYK607 MOOmepsKKIU
o pa6ourm aHsaM ¢ 10:00 mo 18:00. O6paTUTHCS B CTYKOY MOXKHO:

— 1o Tenedony: +7 (812) 340-0118, +7 (812) 340-0119;
— 1o e-mail: support@metrotek.spb.ru.
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A. Cneumndpukaumm

A.1. O6wWwmMe xapaKTepUCTUKHU

VHTepdeiics

VismepurenbHbie uHTEpdeiicol (A u B) |- 2xRJ-45 (10/100/1000 BASE-T);

— NoAiep>KKa TEXHOIOTUMN PoE!;

— aBTOMAaTUYECKUIT PesKUM «bypass» MeXIy
IMOPTaMM ITPY TTPOTIAJAHNY ITUTAHNS VTN
MPOTrPaMMHO.

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

JornonHuTenbHble GYHKIMN — KHOIIKa c6poca K 3aBOJCKMM HaCTPOKaM;

- RTC c oTnenbHoI 6aTapeeit;

- backup-nuranne;

— DATYMK AJis1 MOHUTOpUHTA TeMnepaTypbl FPGA.

dusnueckne ImapameTpbl

Pasmepsl I71aCTMKOBOrO KOpITyca 154 x 84 x 38 MM
rpmoopa (I xI1xB)

Pasmepsl MeTa//IMYeCKOTO KOpITyca 152x75%x30 Mmm
nipu6opa (I x I xB)

Pasmepsl MeTa/l/IMyecKoro KopIryca 152x75x40 MM
6/10Ka MUTAHMS JISI TTOJIKY-IIacCy
(O xUIxB)

DJeKTponuTaHue (IJIaCTUKOBbIV U MeTaJlTINYeCKuii KOpITyC)

Hanpsikenye nutanus 12 B BHemmHuii 6710k nutaHus (48 B PoE!)

[MoTpebisiemast MOIIHOCTh ~7,5BT

dnexkTponuTanue 19-010/iMOBO# MOJKU-IIACCHA

[lyiana3oH BXOLHOTO HalpsSDKeHMST 220B 90...264B
6/10Ka MUTAaHUS

1 Mopnynb PoE SIBASIETCA OMUMOHANbHBIM, MOXET YCTaHaBAMBATLCS TOMbKO B MPUGOPbI B MAACTMKOBOM KOpMyce,
1 pabotaeT oT nopTa A (no ymonyanwuto) unu nopta B. MeperacTpoiika Moayns PoE ans paboTbl ot nopta B
BbINONHSAETCS MO NpeABapUTENbHOMY 3aKasy.
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A. Cneundwukauum

BeixonHoe HaIpspKeHne M TOK

12B8.4A

BbIxXomHast MOLIHOCTh 6/I0Ka ITATAHMS

100Bt

YcnoBus sKCIUTyaTauyum (I71aCTUKOBbIV KOPITYC)

IInana3oH pabouyux TemMIepaTyp

0-35°C

JIMarnasoH TeMIIeparyp
TPaHCIIOPTUPOBKYU U XPAHEHUSI

-10...+45°C

OTHOCKUTe/IbHAST BIAXKHOCTD BO3yXa

80 % mipu Temmneparype 25 °C

YcnoBust sKCIuIyaTaumy (MeTalInyeckuii Kopmyc)

IlnamnasoH pabounux TeMreparyp

0-35°C

JlMarnasoH TeMIleparyp
TPaHCIIOPTUPOBKYU U XPAHEHUSI

-20...+45°C

OTHOCKUTe/IbHAS BIAXKHOCTh BO3ayXa

80 % mipu Temmneparype 25 °C
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

A.2. TectupoBaHue

Hacrpoiika mapameTpoB
KaJpoB

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

T'eHepalys TECTOBOTO MTOTOKA

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

AHanu3 TeCTOBOTO MOTOKA

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

[neitd (Loopback)

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

VLAN

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

Cratucrtuka (RFC 2819)

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

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

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

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

[Tonb3oBaTenbckue CoxpaHeHMe ¥ 3arpy3Ka TeCTOBbIX KOHGUTYpaLmit.

KoHbuUrypauum

OTuéThI TeHepa1yisl TEKCTOBBIX OTUETOB.

68



A. Cneundwukauum

TMonmepskka ceTeBbIX

HpOrpamMm 1 MPOTOKO/IOB2

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

Y.15642

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

TlakeTHbI AKUTTED?

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

MPLS2

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

NTP- n PTP-cunxponu3anys

CunxpoHmsauys 1o rnporoxkony NTP iy PTP nossonser
BBITIOTHSITh M3MepeHue 3aIepskKu 1Mo metoauke RFC 2544, a
TaKKe aHaIu3 Mo pekoMmeHaauuu Y.1564 rnpu TecTMpoBaHUM
ACMMMEeTPUYHBIX KaHAJIOB.

OHHOCTODOHHI/IG n3MepeHusa

2

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

Tlonmepskka gBYX
nepeaTuMKOB?

[IpoBeneHMe U3MePeHMI Ha IBYX MHTepdeiicax.

2 Onuus, nocraBnsemas no npeaBapuUTeENbHOMY 3aKasy.
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A.3. [lonosiHuTeIbHble NPUHAANIEKHOCTH

Mognyns POE Mopnynb POE ycTanaBiauBaeTcs 10 IpeABapUTeIbHOMY
3aKasy.

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

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