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1. BBepeHue

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

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

1.1. O6wme cBeaeHna

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

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

IIpubop paboTaeT mof yrpasieHNeM OIepalMOHHO cucTembl Linux.

1.2. OCHOBHbI€ BO3MOXHOCTH

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

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

. V3smepeH1e MPOMYCKHOJ CIIOCOGHOCTY KaHaja 6e3 BIMUSIHMS Ha CeTh.

(LU NN ]

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

. Nonpmepxka VLAN Q-in-Q u MPLS.

7. i3MepeHMe akeTHOTO IKUTTePa.

(o)}

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

9. Tect TCP-niogxkmouenusi, Tect gocrynHoctu HTTP.



1. BeneHue

10.

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

18.

19.

1.3.

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

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

TexHomnorust PoE (nmutanue no Ethernet ka6eitio).

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

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

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

BoIBog, MHGpOpMaLNUM O COCTOSTHUM TIOPTOB U TECTOB.

KoMnneKT noctaBku

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



2. Mepbl 6e30NacHOCTH

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

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

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

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

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

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

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



3. TunoBble cXeMbl BKJIIOUYEHUSA

IMonxkmouenne nmpub6opa METPOTEK M716-02-001/2 k TectupyembiM Ethernet-kananam
MTPOM3BOAMUTCS OTHUM U3 ABYX CITOCOGOB:

1. B pa3pbIB coenyiHEHNSI MEKAY CETEBBIMM YCTPOIICTBAMM (TPAH3UTHBIN PEKIM,
cM. pasgen 13). [Tepenaua ceTeBoro Tpaduka ocyuiectsisieTcs ¢ mopra A (B) Ha
mopT B (A), uMeeTCsI BO3MOKHOCTb OHOBPEMEHHO BBITIONHSTh TECThI. B ciy-
yae OTK/II0UEeHMS S7IEKTPONIMTaHMS LIeJIOCTHOCTb KaHasla CBSI3M COXpaHSeTCs 3a
CUET pexkuma «bypass».

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

CxeMbl MOAK/IIOUEeHMSI TPMOOpa ONMcaHbl B pasnuenax 3.1 — 3.6.

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

3.1. TpaH3surt

AY
LY
]

AY

. MopTA  TlopT B _—

Power
(Rlami

Puc. 3.1. I[TodxknwueHue npubopa 8 MpaH3umHoM pexcume

B tpansutHoM pexkxume METPOTEK M716-02-001/2 mpormyckaeT yepe3 cebst Bce
rakeTsI ¢ oprta A (B) Ha mopT B (A) 1 co6upaeT CTaTUCTUKY IO MPOXOSIEeMY Tpa-
(uxy. B 3TOM pexkuMe MOXXHO ITPOBOAUTD «in-service» TecTsl (cM. pasmen 3.1.1).
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3.1.1. TpaH3uT U «in-service» TecTbl

Mopt A Mopt B
LA _
TR o T [
| NUT ) - NUT /
.;'_'____:__ Tx - Rx :
] il

ceTesor Tpadouk
...... TECTOEBIA Tpaduk

Puc. 3.2. IlodkntoueHue npubopa 0ns nposedeHus «in-service» mecmos

B pexxrmMe TpaH3UT MOXKHO ITPOBOIUTDb TECTHPOBaHMe 6Ge3 BbIBOAA KaHasaa CBSI3U
u3 obcmykuBauus. IIpu sTom Ha nepenade (Tx) TecToBbIit Tpaduk mM06aBASIETCS K
MOJIb30BaTEeIbCKOMY, a Ha MpuémMe (Rx) oTaesnsieTcsi OT Hero U Jajblie He OTIIPaBIIsi-
ercst. [Tonb3oBaTenbCKUit TpadMK MMeeT HauOOMbIINIA TIPUOPUTET U TIePeqaéTcs ¢
MMUHMMAaJIbHOW 3aJepXKKOM.

Ipumenenue: RFC 2544, Y.1564, makeTHblit JxutTep, MPT.
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3. TnoBble CXeMbI BK/IKOYEHUS

3.2. UsmepeHuUs B O4HOM HanpaB/ieHUU

-
Tx T l Rx

MNopt A/B Mopt A/B

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

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

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

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

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

Ipumenenue: RFC 2544, Y.1564, nakeTHblit gxxutTep, MPT.
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3.3. UsmepeHUa B ABYX HanpaBAeHUAX

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

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

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

3.4. OgHOBpEeMEHHbIe U3MepeHHUs

—
Tx1 ’ ‘RXZ TXZ’ }R)ﬂ

Mopt A Mopt B

Puc. 3.6. I[Tookntouerue npubopa 01 nposedeHust 08yx mecmos

12



3. TnoBble CXeMbI BK/IKOYEHUS

B sTom peskume o6a ropta npuoéopa METPOTEK M716-02-001/2 moak/io4aTcst
K CeTu ¥ OOHOBPEMEHHO MPOBOASTCS M3MepeHMs ¢ mopta A Ha nopt B u ¢ moprta
B Ha mopt A. B 0omHO 1 TO ke BpeMs MOXXHO ITpoBoAauTh ABa Tecta RFC 2544, uro
TO3BOJISIET OLIEHUTD MOTepU MaKeTOB MM 3aJepkKy B HampasieHuu A (B)=-B (A),
1P OAHOBPEeMeHHOJ Harpyske HarpasiaeHus B (A)=-A (B).

Ipumenenue: RFC 2544.

3.5. YnanéHHbin wnend

4 By
G )
\_\1 r//.
\_,_\\_ . y
Tx| |Rx
Mopt A (B)

Puc. 3.7. [TodkntoueHue npubopa 01 mecmuposanust ¢ «A» Ha «A»

B sTom peskume omyu nmopt npubopa METPOTEK M716-02-001/2 moakiouaeTcs K
CeTy ¥ NPOBOASTCS U3MepeHus ¢ nopra A (B) Ha nopt A (B). [Ins nepeHamnpaBieHNst
Tpaduka ucnonab3yercs Apyroii mpuéop METPOTEK M716-02-001/2 uau aHanoruy-
Hoe 060pyZfoBaHue.

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

3.6. TectTupoBaHMe aCUMMETPUUHbIX KaHa/10B

Mopt A(B): reHepauuns MopT A(B): npuém aaHHbIx
YNpaBnsiowero curHana 1 nepenava cTarycHoit
v nepeaaya aaHHbIX MHopMaumumn
Tx Rx
Kawan ynpasnenns Kawan ynpasnenns

JokanbHbli npuéop JIMCTaHLMOHHbIN nprbop

Mopt A(B): reHepauns
ynpasnsioWero curHana
1 NPVEM AaHHbIX

Mopt A(B): reHepaums faHHbIX

1 CTaTyCHOM MHChopMaLun
KaHan ynpasneHns KaHan ynpaeneHns

————————— > _——— s m - = = >

Rx ACUMMETPUYHBIN KaHan Tx

JokanbHblii npuéop JLINCTaHLMOHHbIN Nprbop

Puc. 3.8. I[Todxknwuenue npubopa o1 mecmuposaHust AcUMMempuUHbIX KAHAN08

Ipu TIpoBefeHU TeCTUPOBAHMS MCITOIb3YeTC s ABA YHUBEPCATbHBIX 30HIA: JIO-
KaJIbHbIN, Ha KOTOPOM ITPOM3BOAMTCS HACTPOiIKa ITapaMeTPOB aHa/M3a, U AUCTaH-
LMOHHBIN, HAXOOSALINICS Ha IPYrOM KOHIE acCMMMETPMYHOTO KaHajaa. Takoe Iof-
K/II0YEHMeE TaéT BO3MOXKHOCTh OLIEHUTb PabOTOCIIOCOGHOCTh KaHasia CBsI3) He3aBM-
CMIMO [IIs KaKIOTO HAIlpaB/IeHysl. Pe3y/ibTaThl TeCTa JOCTYIIHBI Ha JIOKaTbHOM IIPU-
6ope.

Ipumenenue: RFC 2544, Y.1564.

14



4. BHewHU" BUA,

4.1. TectoBble NOPTbI

T T,

Power
(Alarm) A B

Puc. 4.1. Jluyesas nauens npubopa METPOTEK M716-02-001/2

JInuesas nanenb npubopa METPOTEK M716-02-001/2 umeet nBa mopta (A u B)
L7151 TIOIK/TIOUe HMSI K TeCTUPYyeMOMY YCTpoiicTBY miau cetu Ethernet/Gigabit Ethernet.
CxeMbl TOAK/IIOYEHMS IPDUBEIEHBI B paszene 3.

4.2. UHAUKaATOPbI COCTOSIHMSI NOPTOB

TopTsi A, B 1 Management npu6opa METPOTEK M716-02-001/2 uMeroT iBa cBe-
TOIMOIHBIX MHAMKATOPA JIs1 OTIpesiesIeHMsI COCTOSIHMS M aKTUBHOCTU COeIVTHEHMSI.

Act Act
Link | Link

A B Management

Puc. 4.2. CsemoduodHsle undukamopst nopmos A, B u Management

WHpukatop IiBer Onucanyue

Act OpaH’KeBblii (MUTaeT) UOET IpuéM/nepenayda JaHHBIX

— r[pM‘e'M/r[epenaqa JAaHHBIX HE OCYIIeCTBJISIETCS

Link 3eJIEHBII COeIVHeHMe YCTaHOBJIEHO

- COeAVIHEHUS HET
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4.3. Pa3zbéMbl 3aaHEen naHenum

UUU%UUUUUUUUUUUUU

0000000 foreeren

Puc. 4.3. 3adussa navens npubopa METPOTEK M716-02-001/2

Mapkuposka |HasznaueHmue

o0c® IMopkmoyeHMe BHEITHEro 6710Ka MUTaHMS.
Mini USB-niopT 1151 OAK/TIOUEHMSI K TePCOHAIbBHOMY KOMIIBIOTEDY B pesKuMe
Console -
USB-serial.
PaspéM C KapToil MMaMsTH, cofepsKalleii IporpaMMHoe obecrieueHie
npubopa.
micro SD .
Ipumeuanue. Pa6ora mpubopa 6Ge3 yCTaHOBJAEHHOM KapThl HEBO3MOXKHA.
HenmomnycTMo u3B/IeKaTh KapTy MaMsSTH U3 pa3béMa JJIsl UCTIONIb30BaHUS B
JPYTUX YCTPOJCTBAX.
USB Micro USB-mopT /i OAK/II0OUeHMS] BHEIIHUX YCTPOICTB UM COeIVHEeHUSI C

IPYTMMM YCTPOICTBAM, B 3aBMCUMOCTH OT peskuMa paboTsl (CM. paszen 4.4).

Management | VmanéHHOe yrpaBieHMe YCTPOICTBOM.

4.4. Pexxumbl pa6oTbl USB-nopTa

Micro USB-mopt npu6opa METPOTEK M716-02-001/2 (<USB», cM. puc. 4.3) MOKeT
paboTaTh B IBYX peKMMaXx:

1. «USB OTG Host». B 3TOM pexxume K npubopy MOXKHO IOAK/IIOYATh BHELIHME
ycTpoiicTBa, HanpuMmep, USB-Hakonutenu u Wi-Fi aganTepsl.

ITpumeuanue. [1omrycKaeTcsl UCIIOIb30BATh TOIBKO ITPOBEPEHHbIE U PEKOMEHJOBaHHbIe
npousBoputeneM Wi-Fiagantepsl. [l monydyeHMs] aKTyalIbHOTO CIIMCKA aAanTepoB cie-
IyeT 06paTUTHCS B CITYKOY TEXHUUYECKO MOAAepskKy (cM. paszen 17).

2. «USB OTG Device». B 3ToM peskumMe Mpub0op MOKET ObITh ITOJK/IIOUEH K IPYTO-
MY YCTPOJWCTBY, paboTatoiemy B KauectBe «USB OTG Host». [Ipu mogkioue-
HUM K nepcoHaibHOMY KomiibioTepy (ITK) METPOTEK M716-02-001/2 onipene-
JISIeTCs B CCTeMe KaK TPU YCTPOICTBa:
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4. BHewHn BMA,

1) «Iuck». Takoe MOIKIIIOUEHME UCTIONb3YeTCS AJ1s1 0OMeHa dailiiaMmu Meskay
K u1 ipub6opom.

2) «CeTteBoe ycTpOWCTBO». B 3TOM CiTyyae cpenu ceteBbix uHTEpdeiico ITK
MTOSIBMTCS HOBBI MHTEpdeiic, Harpumep, «usb0». HacTpous 3TOT MHTEP-
(eiic, MOXXHO MOAK/IIOUMUTBLCS K MPUOOPY IO poTokomy SSH.

3) «Koncosnb /dev/USB<x>». KOHCOIb MCIIOMB3YeTCS /IS TOAK/ITIOUEHMS K ITPU-
60py MOCPECTBOM TEPMUHAIbHBIX MTPOTPaMM, HallpMMep minicom wim
HyperTerminal.

4.5. Nupukatop Power (Alarm)

CBetopmonHblii MHAMKATOP Power (Alarm), pacCIiONOXKEeHHBIN C1eBa OT TECTOBBIX
MopToB (CM. puc. 4.1) 3aropaeTcs Npy NOAKIIOUEeHUY BHEIIHETO TUTaHUSI

— KpacHbIit — micro SD KapTa He yCTaHOBJIEHA WM HA Helt He 0OHAPYKEHO MPo-
rpaMMHOT0 obecrieueHust mpubopa;

— 3eJEHBIIT — 3arpy3ka puobopa yCIeurHo BbITIONTHeHa.

17



5. MoaroroBka K paboTte

Ilo Hauasa pa6oTsi ¢ mpu6opom METPOTEK M716-02-001/2 He06X0a1MO BbITTON-
HUTD CJIEOYIOIINE OeCTBIS:

1. IMocne n3BneyeHus yCTPOICTBA U3 YIIAKOBKY IIPOU3BECTY BHEIIHMII OCMOTP U
TIPOBEPUTH KOMILJIEKTHOCTb B COOTBETCTBUM C TACIIOPTOM.

2. Ecnu mpu60p TpaHCIOPTUPOBAJICS MUY XPAHWIICS ITPU OTPULIATETbHbIX TEMIIE-
paTypax, To Iepe[] BKIIOYeHMEM CIeyeT BbIAEPKATh €r0 B HOPMaIbHBIX K-
MaTUYECKUX YCIOBUSIX HE MEHee 2 YacoB.

3. MMogxmounTh 6JIOK MUTAHUS K pa3beéMy IMUTaHUs rpubopa (cM. puc. 4.3), a 3a-
TeM K 3JIEKTpUUeCKOoi po3eTke. [Tociie moAK/IIUYeHNs 3arOpaeTcs 3eJIEHbIM VH-
nukarop «<PWR/ALM» (cM. paspen 4.5).

4. TlopgxmOunThCS K IPUOODY, CAelys yKazaHMUSIM pasnena 6.

Ipumeuanue. Vludopmaius 1Mo KoMaHZaM MpuBeAeHa B OpolIope «YHUBEPCATbHBIN
nsmeputenbHbiii 3051 METPOTEK M716-02-001/2. PykKoBOACTBO IO KOMaHJaM yAaIEéH-
HOTO YIIpaBJIeHMS», BXOASIIEI B KOMILIEKT IIOCTaBKN.
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6. MoaknuyeHne K npnbopy

Iyt HacTpoiiky 1 yripaBieHust pyHkiusmu npmuoéopa METPOTEK M716-02-001/2
ucronb3yetcss uurepdeiic USB («Console», cm. puc. 4.3) wim nopt «Management»
(cm. puc. 4.3).

6.1. MapameTpbl NOAKNIOYEHUSA

Ha npu6ope METPOTEK M716-02-001/2 ycranoBneHa OC Linux u co3gaHbl IBe
YUYETHBIE 3alIUCHU:

— root (10b30BaTeNb C HEOIPAHMUYEHHBIMU TIPaBaMu): yrpasiaeHue daiiamu,
ceTeBbIMU MHTepdeiicaMi, yCTAHOBKA MTAKETOB;
— admin (TTosb30BaTeNb): yIpaBieHne GyHKIUAMM TPUGOpa.

Ipumeuanue. Tlon yIETHOI 3aIMCHIO root paboTaTh C MPMOOPOM C/IeAyeT MPedebHO BHI-
MaTeabHO.

B Tabnuiie HYDKe TTpUBEEHbI TTapaMeTPbl JIJIs1 TIEPBOTO MOJKII0YEHMS K TPU6ODY.
IMocne coenyiHenus ¢ mpubopom maponu u IP-agpec nmopra «<Management» MOXHO
MU3MEHUTD, CJIeAYS YKa3aHUsIM pa3fenoB 7.2 u 7.1.

IMapameTtp 3HaveHMe 10 yMOTYaHUIO
IP-agpec mopTta «Management» 192.168.0.1

[Maponb 4ys1 y4ETHO 3amUcy root root

MMapons st ya€THOI 3ammucy admin admin

IIpumeuanue. HacTosITeTbHO PEKOMEHAYETCS MU3MEHUTDb Mapojb IJiS YUETHON 3ammucu root
MIPY MOAK/IIOYEHUY ITPUO0PA K CETU OOIETO MMOTb30BAHUSI.

B c1yyae ycriemrHoro nmoak/IoueHus K Ipubopy B OKHO TePMUHATbHOI MTPOrpam-
MbI BBIBOAUTCS MPUIJIALIIEH e KOMaHIHOM CTPOKM (CM. OpOIIopy « YHUBEpCaabHbI
usmeputenbHbiii 30HIL METPOTEK M716-02-001/2. PykoBoACTBO 110 KOMaHAaM yaa-
JIEHHOTO YIIPaBJIEHUSI»).
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6.2. Noakno4veHue no uHtepdeicy USB

6.2.1. OC Linux

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

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

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

minicom -D /dev/ttyUSBO -b 115200

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

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

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

6.2.2. OC Windows

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

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

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

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

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

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

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

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

8. YCTaHOBUTH mapaMeTphbl IOCIeN0BaTe/IbHOrO MOPTa:

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

— CTOMOBbIE OUTHI: 1;

yIipaBJieH)e ITOTOKOM: HeT.

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

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

6.3. Noakn4veHue no nHtepdeiicy Ethernet

6.3.1. OC Linux

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

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

ssh admin@IP-agpec_nopta_Management

(nnu ssh root@IP-appec_nopta_Management)

4. BBecTu napoJb 4151 UCIIO/Ib3YeMOI YUETHOM 3aMUCH.

ITocse ycHemHOro BBOAA Maposisi MOKHO YIIPaB/ISTh MPUOOPOM C TIOMOLIbIO KO-
MaH7, IIpelCTaBJIeHHbIX B OpoIIiope «YHUBEpPCAJTbHbIA M3MEPUTENbHbIN 30HT,
METPOTEK M716-02-001/2. PykoBOACTBO IO KOMaHaM yIal€HHOTO yIIpaBIeHNSsI».
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6.3.2. OC Windows

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

. BBectu ums nonb3oBaTensa: admin mian root.

N U1 A W N

. BBecTu maposnb a1 BbIGpaHHO YUETHOI 3aITMUCH.

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

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

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

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

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

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

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

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

7.3. Jo6aBneHune nonb3oBaTenemn

Ilnst mo6aBeHMsT HOBBIX TIOIb30BATENEN ClIeyeT:

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

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

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

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

8.1. AHanus3 NponycKHOM CNOCOGHOCTHU

1 Vi
1 2
IPOM30LLIA [TOTEPS —
KapoB _ >N
o >
V2<Vl ¢ L —
P ‘& NUT ) <——

Wy,

Ne noneITKH

V1, V2 - cKkopoCTb nepeiadn JaHHbIX

Puc. 8.1. AHanu3s nponyckHoli cnocobHocmu

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

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

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

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

8.2. AHanus 3afaepiKKu

M - xap ¢ merxoit

I1agKa KajgpoB -
OO~ -

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

3anepxka =Tb - Ta

Puc. 8.2. Ananus 3adepiku

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

[Tpu aHanmse 3aAepXXKu OJ1s KKIOr0o pa3Mepa MakeTa Ha 3aJaHHONM (M TOMy-
YeHHOI B pe3y/ibTaTe TecTa «[IpoMmycKHast ClIOCOGHOCTh») CKOPOCTH OTIIPABIISIETCS
MOTOK Ka/ipOB, aipeCOBaHHbIX MTOTyyaTe0. B makeTsl BCTaBI/ISIIOTCS METKM OIIpefie-
sneHHoro ¢opmara. Ha nmepeaoiieit CTOpOHe 3aMMChIBAeTCs 3HaUeHMe Ta — BpeMms,
K KOTOPOMY ITaKeT C METKOJi 6bIJT TOJTHOCTHIO NepeaH. Ha mpuémMHOIT CTOpOHe ompe-
IlensieTCsl MeTKa M 3alMCbhIBAeTCsl 3HaueHne Tb — BpeMsI puéma rakeTa ¢ MeTKOIA.
3aiepskKa MpeAcTaBasieT co060ii pasHUIly 3HAUEHUI 3TUX MeTOK: Tb - Ta. ITo pe-
3y/IbTaTaM aHaIyu3a BIYMCISETCS CpeaHsIs 3ajepiKKa.
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8. Metoamka RFC 2544

8.3. AHanus ypoBHSI NOoTepb KaapoB

100%
—

-
MOTEPH - Xl%

90%
e

% &
MOTEPH - Xz/o .

Ne noneITkH

Xl%’ X2% — TIOTEpH IIPU 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

rayka KaJjpoB

—

- .
I |
1 kazip noTepsAH

KOJI-BO Ka/[pOB B MauKe
yMenbiliaeTcst

i
oI

noTephb HeT

Ne nonbITku

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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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.

MponyckHasi
€nocobHOCTb

CIR

0.75xCIR

0.5xCIR

0.25xCIR TecT CIR:

war 1 war 2 war 3 war 4
warun

9.3.2. TecTEIR

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

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

>
>

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

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

L TecTEIR

Tect CIR  Tect CIR  Tect CIR  Tect CIR

wari  war2  war3  war4 waru

9.3.3. Tect Traffic Policing

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

MponyckHasa
cnoco6HocTs A

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

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

CR |
CIRx(1-FLR)

1 reer
+ Traffic
: Policing

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

9.4. TeCcT NnpoM3BOAUTENIBHOCTU

TecT TPOU3BOOUTENBHOCTY UCTIONb3YETCS /IS OIEHKM OJHOBPEMEHHO paboThI
BCex cepBUCOB. [Ipy MpoBeleHMM TecTa BBIMIOIHSIETCS Mepefaya JAaHHBIX [IJI BCeX
CTyk6 OIHOBPEMEHHO € Harpy3Koii Ha ypoBHe CIR 1 IpoBepsioTcst 3HaUeHMs IToKa-
3aTeseil kKauecTBa [Jisl KaXIOro ceppuca. ENMHCTBEHHOI HACTPOIKOV TecTa SIBSI-
eTCsl ero JJINTeNbHOCTb, KOTOpasi MOXKET COCTaBJISITh OT HECKOIbKMUX MUHYT 10 4-X
THe7.
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9. 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.

33



10. Wneno

IIpumeuanue. VInpopmanysi 10 KOMaHAaM, O3BOJISIIOIIMM HAaCTPOUTH GYHKILMUIO ITepeHa-
MpaB/ieHys] TeCTOBOro Tpaduka, NpuBeeHa B GpoluIope « YHUBEPCAIbHBIN M3MepUTETbHbIN
3084 METPOTEK M716-02-001/2. PYyKOBOACTBO 110 KOMaHAaM yIaJéHHOIO yIIPaBJIeHMsI», BXO-
Jis1eli B KOMIIJIEKT IIOCTaBKMU.

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

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

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

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

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

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

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

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

34



11. NMaKeTHbIN AXUTTEP

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

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

11.1. TecToBbIN NOTOK

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

nopt A(B): renepanust TecToBOrO
IIOTOKA U ONPEJIENIEHUE JUKUTTEpa —

/ \\
- QJ_T/>Dmneﬁ¢)

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

Puc. 11.2. H3meperue dxummepa. Cxema 2

nopt A(B): onpenenenue
JOKUTTEpa

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

TECTOBOT'O IIOTOKA : JUKUTTEPaA

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

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

MPT (Metrotek Performance Tests) — Ha60p TeCTOB A1 aHa/IM3a TapaMeTpoB IP-
u Ethernet-ceteii. [To3BoJIsIET HEMPEPBIBHO reHEPUPOBaTh 10 300 HE3aBMUCUMBIX I10-
TOKOB (L2 minu UDP) 1 u3mepsITh OCHOBHBIE XapaKTE€PUCTUKM KaXKIOTO IMOTOKA : JKUT-
Tep, 3a[ePKKY U MOTEPU MAaKeTOB. BaykHO 0COGEHHOCTHIO SIBJISIETCSI BO3MOXKHOCTD
J06aB/SATh TECTOBBIN TpaUK K ceTeBOMY, ITPOXOSIIIEMY uepes Ipubop B TPAH3UT-
HOM pekumMe. CxeMbl ITOAK/TIOUeHMs Tpubopa 115 mpoBeaeHust MPT-TecToB nipuBe-
IeHbl B pasmenax 3.1.1, 3.2, 3.3, 3.5.

12.1. OxutTtep

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

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

roe:

— transit_time — BpeMsI IPOXOXKAEHMST TIAKeTa;

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

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

jitter — 3HAUEHMeE IKUTTEpA.

Ipumeuanue. [ sMepeHUs IKUTTEPA CUHXPOHM3AIMSI BpEMEHM He TpeOyeTcs.
Ipumeuanue. B pesynbratax MPT-TecTa 0TOOGpaskaeTcst CpeiHee 3a epuoj u3MepeHuit 3Ha-
YeHMe BEIMYMHBI IKUTTEPA.
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

12.2. 3apepxKa

1151 U3sMepeHusI 3alepsKKY PacrpoCTPaHeHNMs KaIpPOB BBIMIOIHSIIOTCS CAeAyIouue
neicTBUS:

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

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

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

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

12.2.1. CurHatypa MPT-Tpaduka

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

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

rme:

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

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

timestamp — BpeMsd OTIIPpAaBKU I1aKeTa;

x_timestamp — BpeMsI Ipuéma nakera.

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

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

— min_num — MMHUMAaJIbHbI HOMED I1aKeTa 3a IIepunon;

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

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

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

YeHJe BeJIMUYMHBI [IOTEePDb ITaKeTOB.

12.4. NMotoku L2 u UDP

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

Ethernet-saronosok | Janusie | MPT-curHarypa

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

Ethernet-3aronoBok | IP-3aronoBok TCP/UDP-3aronoBok JlaHHbIe MPT-curnartypa
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13. TpaH3UTHbIN pEXUM

[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.

2. TIporpaMMHBbIiT TpaH3UT 6e3 H06aBIeHNS TECTOBOTO TpaduKa — Mpubop mpo-
IycKaeT uepes ce6s makeThl ¢ mopta A (B) Ha mopt B (A) (cm. puc. 3.1).

3. IIporpaMMHBIiT TPAH3UT C A06GABI€HNEM TeCTOBOTO TpaduKka — repegaua ce-
TeBoro Tpaduka ocyuiectsisieTcs ¢ mopta A (B) Ha opt B (A) c ogHOBpeMeH-
HBIM BBITIOJTHEHMEM TECTOB (CM. puUC. 3.2).

Pexxum paboThl pubOpa HacTpanBaeTcsi KOMaHAo# passthrough (mogpobHoe onu-
caHKMe TIpUBeOeHO B 6Gpomiope «YHUBEpPCAlIbHBI WM3MEPUTETbHBIA  30H
METPOTEK M716-02-001/2. PyKoBOACTBO MO KOMaH1aM yoal€HHOI0 yIIPaBIeHNsI»,
BXOZSIIIe} B KOMIUIEKT IIOCTaBKM).
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14. O6HOBNEHME NporpaMMHOro obecnevyeHus

O6HoBJIeHMe ITporpaMMHoro obecrneuenus (IT10) mpubopa BLITIOIHSIETCS Yepes VH-
tepdeiic USB ¢ ucnonp3oBaHueM BHelHero HakonuTenst. O6HoBnénHoe [10 MokeT
BKJIIOYATh KaK MCIIpaBJieHMe OMIMOOK, TaK ¥ HOBble (GDYHKIMOHATbHBIE BO3MOKHO-
ctu. CoxpaHEéHHbIe HA IPKU6GOpe JaHHbIE ¥ HACTPOIKY TECTOB B Mpoliecce 06HOBIIE-
HMS HEe 3aTparmBaroTCs.

14.1. NMoaroroBKa K O6HOBJIEHUIO

@aitbl ¢ o6HOBMeHUsIMU T10 mocTymHbI Ha caiiTe http://metrotek.spb.ru
B paspene «I[Ipubopbi»=«O6HOBIeHNSs». [lepen, 06HOBIEHEM HEOGXOAVMO 3arpy-
3UTD C CaiiTa zip-apXmB, pacIIakOBaTh ero B KOpHeBOJi KaTasor USB-HakonuTens u
03HAKOMMUTHCS C COOEPKMMBIM daiiia readme . txt, B KOTOPOM XPaHUTCS BaKHAS MH-
dbopmarus o pennse I10.

Ipumeuanue. TonnepxuatoTcst USB-HocuTeny TonbKo ¢ daitnosoit cucremoit FAT 1 06bé-
MOM He MeHee 256 M6aiiT.

14.2. AnroputmM o6HOBNEHUSA

Ipumeuanue. He cienyet oTkmouaTh USB-HakommTe b OT Iprbopa 10 OKOHYAHMS ITpolecca
OGHOBIIEHMS.
1. TIogKTIOYNTH K MPUOOPY BHELTHUI MCTOYHUK MTUTAHUS.
2. TopkmounTd K mpubopy USB-HaKOTIMTEND, COmepKaIumii dhaitabpl 06HOBIEHMIA.

3. BTreuenne nepsbix 35—40 ceKyH[1 OyaeT BBITTOJIHEHO KOTMMpoBaHue ¢GaiiyioB 06-
HoBJeHMi ¢ USB-HakomuTess.

4. Tlocsme cUMTHIBAHMST HEOOXOAMMBIX (aityioB 06HOBIeHMe II0 HaUYHETCS aBTO-
MmaTtudecku. IIpolenypa 3aHuMaeT He 6ojiee 5 MUHYT.

5. Orxmountb USB-HakomuTesb. [Ipu6op rotos K pabore.
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15. MeToaukKa noBepku

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

15.1. Onepauuu nosepkKu

[Ipu mpoBemeHMy MOBEPKU JOJDKHBI GbITh BBIIIOJIHEHBI OMepaLyn, yKa3aHHbIe B
Tabauue 15.1.

Tab6nuya 15.1. Onepayuu nosepku

HaumeHnoBaHue onepauuy |Homep myHKTa |BbinonHeHue npu BrinonHeHue npu
MeTOAVIKU [IepPBUYHOI TTOBEPKE | IepUOIUYECKOI
roBepke
BuemHuit ocMoTp 15.7.1 Ha Na
Ornpenenenue YaCTOThI 15.7.2 Ia Ia
TECTOBOTO CUTHAaja MHTEp-
dervica 1G Ethernet

15.2. CpeactBa noBepKu

[Tpu npoBemeHNM MMOBEPKU NIPUMEHSIETCSI OGHO U3 CIeyIIINX CPefCTB u3Mepe-
HUI:
— uudposoii ocimuiorpad ¢ nuddepeHIMaTbHBIM BXOZOM C BO3MOKHOCTBIO 13-
MepeHus yacToThl Tektronix TDS 2022;

— yacroromep Pendulum CNT-69.

HOHYCK&QTCF{ 3aMeHa CpeCTB I/ISMEDEHI/Iﬁ APyrmmu, O6€CH8‘II/IBHIOH.U/[MI/I Heob6Xo-
AVMYIO TOUHOCTb M3Mep9HMﬁ.

15.3. Tpe6oBaHuga K KBanudukaumMm nosepurenemn
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.
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15. MeToavka noBepku

15.4. 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.

15.5. 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.

15.6. NMoarortoeka 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.

15.7. NMpoeeaeHue noBepKu

15.7.1. BHewWwHUt 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

15.7.2. OnpepeneHue 4acToOTbl TECTOBOro CUrHana

ITpoBepKy 4acTOThI TECTOBOTO curHajia uurepdeiica 1G Ethernet mpoBogsT B co-
OTBETCTBUM CO CXEMOJA, IIpeICTaB/IeHHOI Ha puc. 15.1.

! ONLMOHAIBHAS CXEMA
! M3MEpEeHHUS

9acTOTOMED |

%

TX+

nudpoBoit ocummorpad
¢ muddepeHnaIbHEIM
BXOJIOM C BO3MOXKHOCTBIO
TX- H3MEPEHHs YaCTOTHI

mopt A wiu B npubopa 100 Om

1

Puc. 15.1. Cxema noOknoueHus

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

1. ToaxmoOYnTH 670K MUTAHMS K pPa3beMy IUTaHus Ipubopa (CM. puc. 4.3).
2. ToakmounThes K Ipubopy (CM. pasaen 3), 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, MpeacTaBiIeHHoi Ha puc. 15.1.

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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15. MeToavka noBepku

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

15.8. OcpopmneHune 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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16. TexHnuyeckoe o6cnyxmpaHme

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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17. TexHuueckaq noapepiKka

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

VismepurenbHblie MHTEepdeiick! (A 1 B)

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

- opmepkKa TexHomoruy PoE!;

— aBTOMaTUYECKUIT PeXXuM «bypass» MexIy
[OpTaMu [Py MPOTNaJaHUy MUTAHWS UIN
IIPOrpaMMHO.

WHTepdeiicsl ypaBieHust

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

[oronHuTeNbHbIe GYHKIMU

— KHOIIKa c6poca K 3aBOJCKMM HacCTPOKaM;

- RTC c oTnenbHoIt 6aTapeeit;

- backup-nuranue;

— DATYMK AJIS1 MOHUTOpUHTA TeMnepaTypbl FPGA.

Ta6aputsel (I x1IxB)

154 x84 x 38 MM

Hanpﬂ)erlAe NMUTaHUA

12 B BHemHuii 6710k nutanus (48 B PoE!)

[MoTpeb6isiemMast MOIIHOCTh ~7,5BT
[uamna3oH pabounx TeMrepaTyp 0-35°C
[lyanasoH TeMIiepaTyp -10...+45°C

TPaHCIIOPTUPOBKY U XpaHEHNS

OTHOCKUTE/IbHAS BIAKHOCTh BO3ayXa

80 % mipu Temmepatype 25 °C

A.2. TectupoBaHue

Hacrpoiika mapameTpoB MAC- u IP-appec oTripaBuTesIst/onydaTesnsi, HOMep rnopra
KaZpoB ornpaBuressi/monyyatens. [Tlons VLAN, MPLS, EtherType,

ToS, Precedence, DSCP. Pazmepst KagpoB 64 — 9600 6aiiT.

t Mopynb PoE sBnseTcs onunoHanbHbiM 1 paboTaeT oT nopta A (no ymonyaHwio) unu nopta B. MepeHacTpoitka
moayns PoE ans paboTbl OT nopTa B BbiNOMHAETCS N0 NpeaBapuTeNbHOMY 3aKasy.
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A. Cneundwukauum

FeHepauMﬂ TE€CTOBOI'O ITOTOKa

B03MOKHOCTB 3a1aBaTh pa3mep Kajapa, AJIUTeTbHOCTh
reHepauyu, BeJIMUMHY Harpy3Ku, apaMeTpbl 3aroJIOBKOB
Kagpa. OmpeeneHne KOJIMUeCTBa NepelaHHbIX TECTOBBIX
KaJpoB.

AHanu3 TeCTOBOrO MOTOKa

OnpeueneHlAe KOmM4yeCTBa MPUHSATBIX TECTOBLIX ITAKETOB.
PeByfIbTaTbI dHa/IM3a: TeKylulasi, MMHUMAaJIbHAsA, CpeqHsIsI U
MaKCMMaJIbHAA 3aJep>KKa.

Inetid (Loopback)

VHTenneKkTyanbHblii 1uteiid Ha GU3MIeCcKOM, KaHATBHOM,
CeTeBOM M TPAHCIIOPTHOM YPOBHSX. BO3MOXKHOCTb IIOAAMEHbI
MAC-anpecoB, VLAN-meTOK, IP-agpecos, UDP/TCP-niopToB.

VLAN

o 3 VLAN meTtok. Koudurypatiust VLAN Priority u VLAN ID.

Cratuctuka (RFC 2819)

ITo TMIIam Kagpos, [0 pa3MepaM KaapoB, 10 YPOBHSIM, I10
OmM6O0YHBIM KagpaM. KommuecTBo MPUHATHIX U TIepeIaHHbIX
MaKeTOB, OTO6PasKeHMe HATPY3KM Ha TIOPTY B PeabHOM
Bpemenu. Tumbl Kagpos: broadcast, multicast, unicast.
Pacnipenenenue o pasmepam. KommuecTBo Kagpos,
repeJaHHbIX Ha KAaHAJLHOM ¥ CETEBOM YPOBHSX. [TakeThl
cBepxMaJioii (runt), cBepx60Jbiioii (jabber) A/IMHBI 11 TTAKEThI
¢ omm60ounoit CRC.

RFC 2544

Throughput (mpomyckHast crioco6HocTb), Frame Loss
(YypoBeHb MOTepb KagpoB), Back-to-Back (mpenenbHast
Harpyska), Latency (3amepskka pacripoCcTpaHeHus! KaipoB).

Y.1564

o 10 MOTOKOB TaHHBIX C HE3aBUCUMOI KOHGUTypaLueit
Harpy3KM U 3aT0JIOBKOB Kazapa. IloTepu KagpoB sl KaskA0ro
TI0TOKA; UIMPYHA MOJI0CHI IIPOMTYCKAHMSI, PaCCUMTAHHAs 10
pe3yabTaTam TectTupoBanus. Tekyiias, MMHMMAaJIbHAS,
CcpenHsisl U MaKCMMaJibHasl 3a/iepskKa repefaun TaHHbIX.
KonmyecTBo repemsaHHbIX M IPUHSTHIX TAKETOB JJIST KaXKOTO
MOTOKA.

TpaH3ut

BxsitoueHne B pa3pbiB COEIMHEHUSI MEK/LY CETEBBIMMU
YCTpOJiCTBaAMM, COOP CTATUCTUUYECKUX TaHHBIX O
MPOXOAsIeM Tpaduke.

Iperf

TectupoBaHue cereii mpu nomoiy TCP u UDP tpaduka B
dbopmare, coBmecTMoM ¢ mporpammoii Iperf.

INonp3oBaTenbckue
KOH(Urypauumn

CoxpaHeHMe U 3arpy3Ka TeCTOBbIX KOHPUTYpaLHii.

OTYéThI

Fex{epaum{ TEKCTOBBIX OTUETOB.
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METPOTEK M716-02-001/2. PykoBoACTBO N0 3KCNayaTaLmu

A.3. Onuun nocTaBKU

A.3.1. MNMporpamMmMHble onuuu

IMogmepskKa ceTeBbIX Ping, Traceroute, DNS lookup, DHCP, SSH, Telnet.
MPOrpamMMm 1 IPOTOKOJIOB

Y.1564 TecTbl KOHOUTYPALIMU U CITYKO: BO3MOKHOCTb HACTPO KM
1o 10 cepBMCOB C MHAMBUAYAIbHBIMY [TapaMeTPaMu:
MAC/VLAN/MPLS/IP/ToS/Harpy3ska.

TTakeTHBIN IKUTTEP Vi3mepeHus B cooTBeTCTBMM C MeTonMKOI RFC 4689.
PesynbraThl aHaMM3a: 00IIee KOMMIeCTBO IIaKeTOB;
KOJIMYEeCTBO MaKeTOB, PUILeINIMX TI0 MOPSIKY/He 110
MOPSIIKY; pacrpeneneHue IKUTTepa; KOIM4ecTBo
MMaKeTOB, IKUTTEP KOTOPbIX 6T MEHbIIIe/60IblIe
3a[JaHHOTO Iopora. Pexxum ¢1y4aitHoro ¥ oCTOSTHHOTO
pa3mMepa Kagpa.

MPLS Ilo 3 MPLS meTok. Kondurypaimus MPLS Label, MPLS CoS
n MPLS TTL.
NTP-cunxpoHu3sanusi CunxpoHusauus no npotroxkorny NTP nosBomsieT

BBITIOHSITh M3MepeHMe 3a/IePsKKM 110 MeTOIMKe
RFC 2544, a Taxoke aHa/M3 110 pekoMeHaaimn Y.1564 mpu
TECTUPOBAHUM ACMMETPUYHBIX KAHAJIOB.

OpHocTOpOoHHME U3MepeHMs | 3MepeHMe OFHOCTOPOHHE 3aleP>KKY, TPOITyCKHOM
CIIOCOGHOCTY KaHaa, MOTepb IIAaKeTOB ¥ JUKUTTEPA.
JIarHoCTMKa KaHaJI0B, XapaKTePUCTUKY KOTOPBIX
PpasnanyHbI AJ18 NepeJaolero ¥ IpueMHOro
HarpaBeHu.

[Mopmepskka ABYX [IpoBeneHne n3MepeHuit Ha ABYX MHTepdericax.
rnepesaTunkoB
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A. Cneundwukauum

A.3.2. lononHuTenbHble NPUHAANEKHOCTU

Mopnynbs POE

Mogynb POE ycTraHaBaMBaeTcs Mo NpegBapUTeIbHOMY
3aKasy.

KpoH1uTeiiH o151 KperieHust
Ha DIN-peiiky

[Ipn6Op MOKET KPeNuThCs Ha cTaHmapTHyo DIN-peiiky ¢
ITIOMOII[BI0 KPOHIITEHA, KOTOPbII MPUKPYIMBAETCS
caMope3aMy yepes ITOATOTOB/IEHHbIE OTBEPCTUS B
Kopmyce npubopa. KoMIieKkT, cCOCTOSIIIMIT 13
KPOHIITEHA ¥ CAMOPE30B, MOCTABJISIETCS 110
[peiBapUTEIbHOMY 3aKasy.

Pamka-duxcatop asst
KpeIlUIeH!Us Ha CTeHy

[Tpu60op MOKET KPEMUTHCS Ha CTEHY MIIM IPYTYI0 POBHYIO
MOBEPXHOCTD C MOMOIIBIO PaMKU-(bUKCcATOPA.
Pamka-buKcaTop MPUKPYYMBAETCS BUHTAMY WU
camope3aMu K IIOBePXHOCTH, ITOCJIe Yero IIpubop
BCTaBJISIETCS B T1a3bl PAMKM U 3AIIENKMBAETCS B Hel.
Pamka-buKcaToOp MOCTABSIETCS 110 IPeABAPUTETHHOMY
3aKasy.
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