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1. YcnoBHble 0603HavYeHns U cokpalieHunst

B mamnnoM pyKoBOJICTBE UCHOJIB3YIOTCS 0003HAYEHNsI, IPUBEICHHDIE
B TabJnIe HUXKE.

Tabmumna 1.1. YcioBHble 0603HAYEHUST

O6o3HaueHnue KomMmeHnTapuit
IIpumeyanwue: Baxxnoe yka3zaHue uinu 3aMedanue
Tekct ObGo3Havyenne IIyHKTa MEHIO Ipubopa

B texcre pykoBomucTBa 6e3 pacimudpoBKU OYIyT IPUMEHSITHCSA CO-
KpallleHnsl, TPUBEIEHHDBIE B TabJINIlE HUXKE.

Tabmuna 1.2. Cokpamennst

Cokpainenue KomMmmenTapwmit

DUT Device under test (Tectupyemoe ycTpoiicTBo)

NUT Network under test (Tectupyemasi ceTs)

SLA Service Level Agreement (Cornamenue 06
YPOBHE O0C/TY >KUBAHMUS )

QoS Quality of Service (KauecrBo 06cityKuBanus)

IIK IlepconanbHbIit KOMIIBIOTED

110 IIporpammuoe obecnieuenne

L1 (cokp. or layer 1 Puznaecknit yposerb moaeau OSI

cokp. or layer 3 Ceteoit yposens mogenn OS]

( )

L2 (cokp. or layer 2) Kananbusiit yposenb momeaun OSI
( )
( )

cokp. ot layer 4 Tpancnopraslit ypoBerb momenu OSI







2. Obwme cBepeHunsn

Mopuynb ananusa Ethernet /Gigabit Ethernet B5-GBE (nanee — mo-
nyib, Moysib B5-GBE) coBmectro ¢ npubopom Bepkyr-MMT npena-
3HaYeH I [IPOBEICHUsT aHAJIN3A U JUATHOCTUIECKOTO TEeCTHPOBAHMSI
cereBoro obopynosanus 1o Meromuke RFC 2544 [1], ayist onenku co-
cTOosTHUS KabeJist, KOHTPOJIsI CBA3HOCTH KaHaJsa. B Momyse peann3oBana
GYHKIUsT OpraHu3alyy nureida.

2.1 QOO6nacTb npumMeHeHus

— [lacopTuzaryst KaHAJIOB M JIMATHOCTHKA HEHCIPABHOCTEN B ce-
TSX, UCTOJIB3YIoNMX Texnooruio Ethernet /Gigabit Ethernet.

— IlpoBepka COOTBETCTBHs KadecTBa IPEIOCTABIISEMbBIX YCIYT CO-
ralreHnio oo yposHe obcirykuBanus SLA.

2.2 OcHOBHble BO3MOXXHOCTU

1. Untepdeiicer:
— 2x10/100/1000 Base-T;
— 1xLAN 10/100 Base-T;
— 1xUSB1.1/2.0.
2. Tectupopanue B coorBercTBun ¢ Merogukoit RFC 2544
— IPOIYCKHAaA CIIOCOOHOCTD;
— 3aJIepKKa;
— YPOBEHBb TIOTEPH KaIPOB;
— TpejenabHas HArPy3Ka.
3. Opranusanus nuieiida Ha (PU3NIECKOM, KAHAJILHOM, CETEBOM U
TPAHCIIOPTHOM YPOBHSIX.
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3. KoMnnekT nocrtaBku

Tabsmna 3.1. KommiekT nocraBku

HaunmenoBanme Koa-Bo
Momyns ananusa Ethernet/Gigabit Ethernet B5-GBE 1
Bpomopa «Bepkyr-MMT. Monyns anamusa Ethernet/Gigabit 1
Ethernet B5-GBE. PykoBoacTBo 10 SKCIIyaTammms.

Bpomopa  «Bepkyr-MMT. Moayns amanuza Ethernet/Gigabit 1
Ethernet B5-GBE. Ilacnopr»

Kabens USB 1

Kabems Ethernet 1
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4. Mepbl 6e3onacHoCTH

— Mo nagasna paborsr ¢ mojayiem B5-GBE cienyer BHumarTeabno
U3YYIUTH HACTOSIIEE PYKOBOJCTBO IO IKCILIyaTallnl, Ha3HAUEHHE
BHEITHUX Pa3bEMOB U COCTABHBIX YacTeil MOJTYJIsI.

— Ilepen ucnosib3oBaHeM HEOOXOIUMO BBLIEPXKATH MOJYJIb B HOD-
MaJIbHBIX YCJIOBUSX HE MEHee 2-X TIacoB.

— YcJI0BHSE SKCILIYATAIIUH JIOJI2KHBI COOTBETCTBOBATD YCJIOBUSIM, TIPEJI-
craBjieHHBIM B npuioxkenun C.3.

— Ilpu skcrryaTanum MOy JTOJ2KHBI BBITIOJHATHCHA 0011He TPedo-
BaHUs MTPABUJ OYKAPHOU OE30IIaCHOCTH.

— Iluraromas ceTh He JOMKHA UMETh PE3KUX CKAYKOB HAITPSIYKEHUSI.
Pﬁ,ZLOIVI C pa60qI/IM MECTOM He JOJIZKHO 6bITb NCTOYHUKOB CUJIbHBIX
MATHUTHBIX U JIEKTPUIECKUX TTOJIEH.

— Heobxoaumo obeperaTh MOIY/Ib OT yIapOB, MONAJAHUST BJIATH U
MBLTH, JTATETHLHOTO BO3IEHCTBUS MPSIMBIX COTHETHBIX JIydIeil.
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5. BHewHuii Bug mopyns B5-GBE

Bun nepenneit u 3agmeii maneseir monyiass B5-GBE npencrasien na

puc. 5.1 u puc. 5.2.
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Puc. 5.2. Sanusas nanens moayns B5-GBE
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BHEIITHUN BuJ Moayiasa B5-GBE

Tabsmua 5.1. Onucanne UHINKATOPOB

Mapxkuposka

Onucanue

Caeroanos, 0ToOparKaronmil MOAKII0UYeHNe BHEITHEro IIu-
TaHU.

He TOPUT — TIUTaHUe He MOJAaHO MJIM MOJYJb HEHC-
npaseH (cM. paszen D);

TOPHUT 3€JIEHBIM — IUTAHUE [TOIAHO, MOLY/Ib B pabo-
9eM peKHNME;

FOPUT KPACHBIM — HUTAHHE [IOJAHO, MOJLYJ/Ib B HEpa-
6oueM pexkuMe (cM. pasgen D).

puc. 5.1,
WHJIUKATOPBI 2

NupukaTopsl 0TOOpakaioT HAJUYUE COEMHEHUs] U MPHUé-
Ma/Tepeatn TaKeTOB JIS KaXKJ0TO TIOPTa:

— He TIOpUT —

coeuHeHne He YCTaHOBJIEHO,

pu-

éM/mepeada NaKeToOB HE OCYIIECTBIISETCS;

— TOPUT 3eJIEHBIM — COeJIMHEHNE yCTAHOBJIEHO, BBIIIOJ-
HSETCs IPUEM /TIepeIada IAKETOB;

— TOpPUT KPaCHBIM — COEJIMHEHUS HET.

Ecmu ycranosnen SFP-momynb, uHaukaTopsl He ropsat. B
9TOM CJIydae JJIsl OIPEIEJIEHUsI COCTOSIHUSI IIOPTa HCIIOJ/Ib-
3yIOTCsI MHIUKATOPbI, 0003Ha4YeHHbIe Ha puc. 5.1 mudpoit

3.

puc. 5.1,
WHIAKATOPBI 3

WMuaukatopsl 0TOOparKaOT HAJWYAE COCIUHEHUS W IIPHe-

Ma/nepegaqﬂ ITIaKETOB.

Hasnagenue paB’béMOB 1 IIOAKJ/IIOYaeMbl€ K HUM YCTpOfICTBa npuBe-

IeHbl B Tabuie 5.2.

Tabmuma 5.2. Onncanne pa3bEMOB MO

MapkupoBka | Hazuauenue TloakirouyaeMmoe yCTPONCTBO
Port A, Port B | Pazbémbr  RJ-45 mia  nox- | Kabeas Ethernet

KJIFOYEHUsST K  TECTHUPYEeMO-

My YCTPOWCTBY WJHA CeTH

Ethernet/Gigabit Ethernet

(CKOpOCTb nepegavu JaHHbIX —
10/100/1000 M6ur/c)

Tloakrouenne SFP-momyneit

SFP-mMoxysnbs € COOTBETCTBYIO-
UM KabeJjieM
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Tabnuma 5.2. Onucanue pazbLEMOB MOJLYJIsl: IPOJOJIKEHNE

6..19V Ionkovenne BHemHero 6Js0ka | Biok nmranus
NATAHUS
USB Ionkmouenne k 1K 1o unrep- | KaGens USB 2
deiicy USB
puc. 5.2, Tloakitouenne K ananuzaropy | Ananuszarop Bepkyr-MMT
pasbém 4

udpoit 1 ma puc. 5.1 obo3HaTeHa KHOIIKA, 3ape3epPBUPOBAHHAS JIJISI
JIAJIBHERTIIETO UCIIOJIb30BAHMSI.

Hudpoit 3 Ha puc. 5.2 0b603HAUEHBI OTBEPCTHUS ST 3aKPEILIEHIS
MOJLyJIsl B IprOOPE C MOMOIIBIO KPEIEXKHBIX BUHTOB.

Kronka BOOT u kHomka, obosHadeHHasi Ha puc. 5.2 kak RESET,

CJIy2KaT IJIdd OOHOBJICHU A IIPOIMINBKU MUKPOKOHTDPOJIJIEpA MOJYJIAA.

Kuonka RESET Takske ciryKutT Jijisi cOpoca MOJLYJIsT TIPY TOIKJIIOIe-
auu o USB u/uiu npu HAIWYuu BHENTHErO MTUTAHUS.

'B CTaHJAPTHYIO KOMIIJIEKTAIINIO HEe BXOIUT.
’B CTaHJAPTHYIO KOMIIJIEKTAIINIO HE BXOIUT.
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6. YcrtaHoBka moayns B5-GBE B npnbop

Bepxusa manens npubopa Bepkyr-MMT umeer 1Ba yCTaHOBOYHBIX
MeCTa, JJisi CMEHHBIX MOJLyJIel.

@;_m_;:_)_ ool oo o = o = = g

o[~ 0 005,00

) = = oo T oo = oo @) v o 0o o o e = (@)

e e
|
[VANLENN) ]
YOO

Puc. 6.1. Ilanenb cMeHHBIX MOyt

s nojkiovenusi cmenHoro mojyiisi B5-GBE k npubopy mHeobxo-
JUMO BCTaBUTH MOJYJIb B JIIOOOE CBOOOIHOE YCTAHOBOYHOE MECTO U 3a-
BEPHYTHb KPeNéKHble BUHTHL. [Ipu ycTaHoBKe STUKETKA MO/ JOJKHA,
pacoJiaraThbCsl JIMIOM K [OJIb30BATEIIO (€C/IU CMOTPETh Ha MEPEHIOI0
[aHe b IPIOOPA).

Monynb ompenensercsa ananuzaTropoMm bBepkyr-MMT aBromarude-
cku. Ilocie 3Toro 3arpy»Karorcst pOrpaMMbl, HEOOXOIUMBbIE JIJIsl Ha-
CTPOHKU U POBEJICHUS U3MEPEHUiT. 3arpy2KarTCs TOJIBKO T€ IPOrpaM-
MBI, KOTOPBIE BXOJISIT B KOMILJIEKT [OCTABKH (B COOTBETCTBHUU C [IPUOG-
PETEHHBIMU OIIUSAMH).

st m3BIedeHns MOMIYJIsI HEOOXOMMO OTBEPHYTH KPEIEXKHbIEe BUH-
Thl U, IOTSHYB 3a HHUX, BBIHYTbH MOJYJIb U3 yCTAHOBOYHOI'O MECTa.
[Tocsie u3BIevUeHUsT MOMIYJIsl 3arpyKeHHbIE PaHee MPOIPAMMbBI CTAHYT
HEJIOCTYITHBI.

IIpumeuanue: B MOMEHT yCTAHOBKU WM u3BJiedeHus: momyias B5-GBE
pubop BepkyT-MMT moxkeT HAXOAUTCS KAK BO BKJIIOUYEHHOM, TAK U B BbI-
KJTIOYE€HHOM COCTOSIHUU.
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7. I'pacbnyeckuin nntepdeiic

7.1 QOO630p

I'naBroe mento pexkuma namepennii «GBE» comepuT KHOIIKHU T1e-
pexosa K IIPUJIOKEHUAM JJId IIPOBEJICHU aHaIN3a U KHOIKU IIepexo/ia
K HaCTPOIKaM IapaMeTpOB U3MepEHUi.

15:27

. ocranoce 06:56:00

o
@) -m_ﬂ-dhu@

5

Puc. 7.1. I'i1aBHOE MeHIO

1 Texkyruit pexxuM U3MepeHunii.

2 TTanesib MHIMKATOPOB COCTOsIHUs MHTEpdeiicoB (cM. paszmen 8).

3 Hxkonka cocrosiaust Garapen’.

4 HWkonka nadopManuyu 06 OCHOBHBIX HACTPOHKaX TeCTOB (cM. paszmen 7.2).

5 Kuonku nepekoueHnst MeX Iy M3MEPUTETBHBIMUA MOMIYJISIMA U OCHOB-
HBIMU PEXKMMAaMHU U3MEPEHMiA.

6 Kuonku mepexona K HaCTpoKaM MapaMeTpoB U3MEPEHUH U JOCTYITHBIM

pexKAMaM I3MEPEHUH.

Monpobroe omucanme npeacrasieHo B 6pommope «Bepkyr-MMT. Yuupepcasb-
HBIII AHAJIN3ATOP TEJIEKOMMYHUKAIMOHHBIX ceTell. PyKOBOICTBO MO 9KCILTyaTAITUT .
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7.2 TlonyyeHue cBoaku 0O M3MepeHUsiXx U HACTpOMKax

CrarycHast maHe b 0TOOPaXKaeTCsl IPU HAXKATUU HA KHOIIKY @ wm
02, COJIEPXKUT MHMOPMAITUIO O HACTPOUKAX OCHOBHBIX TECTOB, & TaK-
2K€ O COCTOSTHUU BBITIOJTHAIONINXCS M3MEPEHUI.

Tononorua : EE— o —ia

IP MCTOYHMKA : 192.168.222.170
IP nonyvatens : 192.168.222.170

RFC 2544
[ 00:08:41 ]

Puc. 7.2. CrarycHasi maHeyb

Ha namesm OTO6pa}KaIOTCH NHAWKATOPbI BPEMEHU TECTUPOBaHUA
JJId BCeX BBIIIOJIHACMBIX Ha ,ZL&HHbeI MOMEHT HSMGpeHHﬁ, a TaK>Ke Ha-
CTpOﬁKH TOIIOJIOTHUHN 1 3ar'0JIOBKa.

7.3 Wnpukatop BpemMeHn TecTUpoBaHUs

NunukaTop BpeMEHU TEeCTHPOBAHUS OTOOpaXKaeT BpEeMs, IPOIIe-
1Iee ¢ HadaJla 3allyCKa TecTa, U BpeMsd, OocTaBlleecs 10 OKOHYAHUdA Te-
CcTUpOBaHUs, B (OPMATE «TTMM:CC.

( npowno 00:00:11, octanock 00:05:04 )

[IBeT mHAUKATOPA MOXKET MEHSTLCS B IIPOIECCe aHan3a B 3aBUCH-
MOCTH OT cTaTyca Tecta (cM. paszern 13.2):

— 3eJIEHDBII: TECTUPOBAHNE MMPOXOUT YCIIEITHO;
— KPACHBI: TPOU3OIILIA OITHOKA.

2Knormka ° pacIoJioyKeHa Ha MepeHeil TaHe/ M KOPITyca mpubopa.
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7.4 Bsop nHcopmauun

IIpu HacTpolike HEKOTOPBIX MTAPAMETPOB BOBHUKAET HEOOXOIMMOCTD
BBOJIa KaKOH-n60 nHdopmanuu (ducsa, crpoku). st srux nesteit uc-
HOJIb3yeTCsl SKPaHHas KJIapuarypa u Kiasuma §).

DKpaHHas KJIABUATYPa MPEJCTaBsIeT co00il BCIIOMOraTe/IbHOE OK-
HO, KOTOPOE OTOOPaXKaeTcs IPKU HAXKATHHU Ha I0JIs, IPeIHA3HATCHHBIC

JJId peJaKTUPOBaHUA.

Puc. 7.3. DkpaHHas KJIaBUATypa: BBOJ, YUCJIOBBIX U OYKBEHHBIX 3HAYECHUIT

BBO,IL 3HAYEHUI OCYHIECTBJIACTCHA IIPU HazKaTUMW Ha KJIaBUIIIN dKPaH-

HOII KJIABUATYPHI.

IloaTBepauTh BBEAEHHDBIE 3HAYCHUST

HaskaTs Ha KnaBuITy ek Ecn BBe-
JICHO HeBepHOe 3Ha4YeHHe, TO IIOCTIe
HayKaTUA Ha KJIABUIILY MHTaeT CTPO-
Ka C yKa3aHHeM JMAlla30Ha JOITyCTH-
MBIX 3HAYCHUH /I JTAHHON BEJIMYUHBI
(cTpoKa pacIIOIoXKeHa MeXKIy IOJeM
BBOJIA M KJIaBUATYpPOii ). B aToM caygae
HEOOXOIMMO BBECTH BEpHOE 3HAYEHHE
73 YKa3aHHOIO Juana3oHa. Bmecro
KJIaBUIITA _ MO2KHO HCIIOJIB30BaTb
KJIaBUIILY @ KJIABHATYPBI IpUOOpa.
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OrmenuTs BBOJ, HHPOPMAIUT

Haxxkare mna kiaBunly |goiday: OK-
HO 3KPaHHOH KJIaBHATyPhl 3aKPOETCH,
BB€/IEHHbIE [aHHbIE IPUMEHEHDI He Oy-
AYT.

CrepeThb BBEIEHHOE 3HAUEHUE

KiaBuma g ly crupaer ImociegHuit
BBeIEHHBII cuMBoJ. Ecinm HakaTh n
YIIEP?KUBATH KJIABHUIILY, OyIyT yIaJIeHbI
BCe BBEJEHHBIE CUMBOJIBL. Ecimm cum-
BOJIBI OBLIHM IIPEIBAPUTENIBHO BBIIEIIE-
HBI, OJJHOKPATHOE Ha’KaTHe Ha KJIaBU-
IIy TakzKe ODEeCIeYUT CTUPAHUe BCEX
CHMBOJIOB.

Bsectu 3armasnyio 6ykBy

Hazxare ma xjmaBumry |y Iepen TeM,
KaK HayKaTb Ha OYKBY.

Ilokazars OyKBEI

Haxkarn na xnasumry [R5,

Ilokasare 1udpel, 3HAKK NIpPENUHAHUA,

CHUMBOJIBI

HaxxaTp Ha KJIaBHUIILY 1238

Ilepekai0unTh PACKIAJIKY KIABUATYPBI

Haxxarp wa  kjaBuIny W/ﬁ

JJs  BBOJA CTaHYT JOCTYIHBI pycC-
CKme /aHrmMiicKue OyKBBI.
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8. AuarHocTtuka coctosiHnsa unHtepdeiicoB

ITpu noax/IIOYeHnN K TeCTUPYeMOil CeTH, a TaKzKe IIPU IIPOBeIeHIN
U3MEPEeHnit JUarHOCTUKa COCTOsIHUS MHTepdeiicoB Ipudopa ocymecTs-
JISIETCST C TIOMOIIBIO TIAHEJN UHIMKATOPOB (CM. puc. 7.1).

Nunukarop | IIBer Cocrosinue Onucanue

COeIMHEHNE C TECTUPYEMBIM 000-
PYJOBAaHUEM YCTAHOBJICHO; HA WH-
3€JIEHBI | TOPHUT IOCTOSIHHO | JIMKATOPE OTOOparkaeTcsi 3HAUEHUe
CKOpPOCTH coefuHeHnst B Mo6wur/c

(10, 100 s 1000)

COeIMHEHNUsI HET; Ha WHINKATOPE
oTobpaxkaercs cioBo LINK

LINK

KpaCHI)IIL/'I TOPHUT IIOCTOAHHO

™ .. ., |MuUraetr mJm rOpUT ..
ATX 3€JIEHBIN UIET Iepejlada IaKeTOB
: TIOCTOSTHHO
repesada IaKeTOB HE OCYIECTBJIS-
— HE TOPUT
eTcs
RX .. ., |MuUraetr mJim rOPUT . ..
3eJIEHBIN UJET IPUEM IIAKETOB
TIOCTOSTHHO
— HE TOPUT IIPUEM ITAKETOB HE OCYIIIECTBIISAETCS

MIPOBOJUTCST  TECTUPOBAHUE  WJIK
Braouen pexuMm <«I[lmeitd»; Ha
3€JIEHBI | TOPUT IOCTOSIHHO | MHJIWKATOPEe OToOpaKaeTcs  ab-
OpeBHATypa TEKYIIErO PpPEXKUMAa
U3MepEeHUit

—
m
wn
—

H.

pexkum «IIleitc» BBIKIIOYEH, Te-
CTUpOBaHUE HE IIPOBOJUTCHA; Ha
WHIUKATOPE OTOOParKaeTcst CJIOBO
FREE

— HE T'OpUT

Tekymuit pexkuM m3MepeHnit obosHavaeTcss abOpeBHATYpPOl Ha WH-
jmkaTope TEST:

THR (throughput) AHaJu3 POITYCKHOM CITOCOOHOCTH.

LAT (latency) Ananns 3a1epKKH.

FRL (frame loss) AHau3 ypoBHs MTOTEPH KapOB.
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BTB (back-to-back) Ananms npesenpHO HATPY3KH.

LB1 (loopback layer 1 Ilneitd ma dusnaeckom (mepBOM) ypOBHE.

IIieiicp HA ceTeBOM (TpeTbeM) yPOBHE.

( )
LB2 (loopback layer 2) [lneitd na kanagIbHOM (BTOPOM) YPOBHE.
LB3 (loopback layer 3)

( )

LB4 (loopback layer 4 IIieiip HA TpaHCIIOPTHOM (4ETBEPTOM) ypPOBHE.
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9. Mopgkniouenne k NUT/DUT

9.1 BbIbop cxembl nogknoHeHUs

Lt IpoBeieHNs aHAJIN3a, CIIEIYEeT MOAKIIOYUTD IIPUOOP K TeCTUPY-
€MOMY YCTDPOICTBY /CEeTH B COOTBETCTBUU C OJHOIl M3 CXeM, IPUBEIEH-
HBIX HUKE.

IIpuMeyaHue: TPy TOJKIIOYEHIN K TECTUPYEMOl CeTH JTMarHOCTUKA, CO-
crosiuus uHTEpdeiicoB TPUGOpa OCYIIECTBIAETCS C MOMOIIBIO HAHEIN WHJIU-
KaTopoB (cM. pasmen 8).

B ciyuae TecTupoBanus ceTeil, comepKaIux yCTpoiicTBa, paboraio-
mue Ha KaHaabHoM yposae monenn OSI', mpu6op Bepkyr-MMT moz-
KJIIOYAIOT B COOTBETCTBUU CO CXEMOIl, npuBeiéHHon Ha puc. 9.1. B arom
cydae TeHEepUpyeMblii TpuOOpOM TpaduK I0KEH ObITh IepeHaIpaB-
JIEH 0OpaTHO IIOCPEICTBOM opranusanuu mueitda. IIpu sToM Bo BXoms-
mux makerax MeHsirorcst Mectamu MAC-aapeca OTIIpaBUTENST U IIOJIY-
qaresisd, 1 TpaduK BO3BPAIIAECTCA Ha MCXOIHBINA ITOPT.

_MAC1 MAC2
[MACd=MAC2[MACs =MAC| [MAC d=MAC 2[MAC s = MAC 1]

BepkyT-MMT | nopr AB) «—— < mopr A(B) lneiid
[MAC d=MAC I]MAC s = MAC 2 IMAC d = MAC I[MAC s = MAC 3] 2-ro ypoBHI

MACd — MACs

Puc. 9.1. Bapuant nogkmouenust 1

B cayuae TecTupoBaHus cereii, comepxKallux ycTpoiicTsa, pabora-
fomue Ha ceresoM yposre Mojesau OSI?, Bepkyr-MMT nosaxmouaor
B COOTBETCTBUHU C AHAJOTMYHON cxeMoil, nmpuBeaéHHol Ha puc. 9.2. B
oTJimyue orT Hpeﬂbl,[[y]l[eI‘O Cﬂyqaﬂ, BO BXOJLAIIUX ITaKeTaX MEHAIOTCH
Mectamu 1 MAC- u [P-anpeca ornpasureliss U moJiydareis, 1 TpaduK
BO3BPAIIaeTCs HA UCXOJIHBINA HOPT.

'"Hampumep, ceresoit kommyTaTop (switch).
2Hampumep, maprupyruzaTop (router).
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1P I,MAC 1 1P2,MAC 2

IPs=1P[IPd=IP2
[MAC d=MACRIMAC s =MAC 1|

IPs=1PI[IPd=1P 2]

NUT/DUT

BepkKyT-MMT | nopr A(BB) = - ——> nopr A(B) Ineiid
router - 3 o o
T T BHS
P —TPIPaPT] \EGRESD/ [IFs—PAIPd-TP] P

[MAC d=MAC I[MACs = MACR]| [MAC d = MAC RIMAC s = MAC 2

MAC d-—MAC s
IPd—IPs

Puc. 9.2. Bapuant noaxodeHus: 2

B ciyuae TectupoBaHusi cereil, comeprKaluX yCTPOUCTBA, CIOCO0-
Hble MapIIPyTU3uUPoBaTh [P-Tpaduk, MOXKHO UCIIOIB30BAThH JABa IIOPTA
(puc. 9.3). B arom ciydae makeTsl HEPEHAIIPABIIAIOTCS Ha APYTOH OPT
pubopa Mpu MOMOIIU MAPIIPYTU3ATOPA.

IP1LMAC 1 IP2,MAC2

[Ps=TP1IPd =1P 2]
IMAC d = MAC RIMAC s = MAC |

moprA  ——>

NUT/DUT

router =
o Y Ym

MAC R

BepkyT-MMT
PRy mopr B <—

Puc. 9.3. Bapuanrt nogkaouenus 3

Takzxe Bepkyr-MMT MozkeT ObITH ITOAKIIOYEH K CETEBOMY KOHIIEH-
TpaToOpy, TaKoe MOJKJII0UEeHNe MOKa3aHo Ha puc. 9.4.

[Ps=1P1IPd=1P2

[MAC d =MAC2|MAC's = MAC ]

moprA —>

BepkyT-MMT

moprB  «—

MAC d= MACIMAC s =MAC T

Puc. 9.4. Bapuaut noaxsodenus: 4

Ha cxemax IOAKJIIOYEHUA BBEIACHBI CJIEYIOINe 0003HAYCHUS]:

MAC s MAC-anpec ornpaBuTesis
MAC d MAC-anpec nonydaress
IP s IP-anpec ornpasuresns
IPd IP-anpec mosyuaress

MAC r MAC-anpec maprpyTusaTopa
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MAC 1 MAC-anpec npubopa Bepkyr-MMT

IP1 IP-agpec mpubopa Bepkyr-MMT. Ha puc.9.3 u
puc. 9.4 IP 1 — IP-anpec ceTu, B KOTOPOI HAXOIUTCSI
nopt A npubopa.

MAC 2 MAC-azpec y1ajiHHOTO yCTPORCTBA, BHIITOIHSIONIE-
ro GyHKIMIO IepeHanpasienus Tpaduka (mureid)

IP 2 IP-anpec ymajiéHHOrO yCTPOMCTBA, BBIMOJIHSIONIETO
dyukmio nepenanpasienns rpaduka (meid). Ha
puc. 9.3 u puc. 9.4 IP 2 — IP-axpec cetu, B KOTOpPOIA
HaxomuTcst mopT B mpubopa.

switch CeTeBoit KOMMYyTaTOP

router Mapmpyrusarop
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9.2 Bbibop TONoNOrMN TECTUPOBAHUA

Hacrpoiika Toronorun jijist 1MpoBe/IeHUs] TECTOB BBIIOJIHAETCS Ha
BKJaJike «Tomnosiorusi» B pexkume «Hacrpoiiku RFC 2544,

ﬂ

HacTpoitkn RFC 2544 20:53

Tononorua
ATX [
3aronoBoK
A:RX [
Kagpbi
A:FRE% —MopT TX Mopt RX— —
| I lononHUTENBHO
100 T
crnocoBHOCTE
B:TX (T
3agepxKa
B:RX P orepa.
Kagpos
PpeRenena

EWETEY

Cl'IH

Puc. 9.5. Bruanka «Torosiorusi»
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9.2.1 Tononorua A = B (B = A)

B nanmoM cilydae HCTOYHHKOM TECTOBOIO TpaduKa sIBJISETCS IOPT
A (B), a moiyuaresem — mopr B (A) momysns B5-GBE.

NUT
(DUT)

IlopT ucTounuka Ilopt nonyuarens

[Tpu BBIOOPE B KadecTBe IOJIyYaTe /s TeCTOBOIO TpaduKa OHOTO U3
moptoB Moayst B5-GBE, IP- u MAC-aipeca ncToYHUKA 1 TOJTyIaTeIs,
3aJaHHbIe Ha BKJIaJIKe <<3aI‘O.HOBOK>>, 6y,ZLyT aBTOMaTNYE€CKU U3MEHEHBI
na IP- u MAC-anpeca mopra A un B.

HeO6XO,ZLI/IMO Y4UTbhIBaThb, 9TO €CJ/IM CXeMa TeCTUPOBaHUA aHaJIOTHUYI-
Ha cXeMme, TPEJICTABIECHHON Ha puc. 9.2, T.e. TIOPTHI MO/ HAXOJSITCS
B Pa3HbIX MOJCETSIX, TO HEOOXOAMMO TIEPERTH Ha BKIAJKY «3ar0JJOBOK>
u Bpyunyto 3amarb MAC-anpec nonyuaresns. B manaom ciayaae MAC-
aJipec moJrydaresist JoJizkeH coorBercTBoBaTh MAC-aapecy 6smkaiire-
ro K UICTOYHUKY MapIiipyrusaropa. Ecim MAC-aapec MapiipyTusaropa
HeusBecTeH, cieayer nposectu ARP-3ampoc (em. pasmen 9.3.3).
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9.2.2 Tononorua A = A (B = B)

B namHOM Cjlydae MCTOYHUKOM U IIOJIydaTesieM TEeCTOBOIO Tpadu-
ka siBsisiercst nopt A (B) momayns B5-GBE. Ilpu sTom HeoGxoaumo Bbl-
6paTh yCTPORCTBO, KOTOPOE OY/IET BBIOJIHATH IIepEHAIIPABJICHIE TECTO-
BOro Tpaduka Ha UCXOAHBIN MOPT: 9TO MOYXKET ObITh KaK JIPYroil mopT
MOJIyJIsI, TaK W JiIoOOe BHEIIHee YCTPOMCTBO, obsajaroniee (pyHKIIAEH
opranuszanuu muieiida.

ITo ymosrdaHuio B KadecTBe yCTPOMCTBA, BBIIOJIHSIONIENO epeHa-

npasjieHre TecToBoro rpaduka seiopan nopt A (B) momyiist.

NUT
(DUT)

JUi1st mepeHanpaBIeHnst TECTOBOTO Tpaduka
ucnonbs3yercs nopt B monyns B5-GBE

Ecnu nepenamnpasiienne TecToBOro Tpaduka 6y1eT BhIIOJIHATD BHEIII-

Hee yCTPOICTBO, CIeldyeT HayKaThb Ha KHOIKY BhIOopa ycrpoiicrsa. [Ipu
9TOM Ha dKpaH Oy/eT BBIBEICHO COODIIEHWE O HEOOXOIUMOCTH 3aaTh

IP- u MAC-apec ymanéunoro ycrpoiicra (cM. pasmei. 9.3).

NUT
(DUT)

-————>

Haxars st Be160pa
yRanéHHoro nuierda

E

© Loopback is REMOTE, but destination IP belongs this device
© Loopback is REMOTE, but destination MAC belongs this device

)

NUT
(DUT)
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9.3 HacTpoiika TecToBbIX NakeToOB

Hacrpoiika 3nadenuii mapamMeTpoB 3arojI0BKa BBITOJTHAETCS Ha BKJIAJI-
ke «3arosioBok» B pexkxume «Hacrpoitku RFC 25445,

HacTpoitkn RFC 2544 15:31

Tononorua

0

ATX MAC nctouyHmka | 00:21:CE:14:8D:38
L 3aronoBoK
A:RX
A:FRE MAC nonyuyatens | 00:21:CE:14:8D:38 —
lononHUTENBHO
crnocoBHOCTE
B-TX IP nctounmka | 192.168.222.156 e

3agepxKa

.

B:RX P orepa

Kagpos
IP nonyuatens | 192.168.222.156 ——

L EWETEY

Cl-IH

Puc. 9.6. Briaaka «3aroyioBok»
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9.3.1 VYcraHoska IP- n MAC-agpecos

Hnst yeranosku [P- 1 MAC-aipecoB HCTOYHUKA ¥ TIOJTydaTes Cie-
JIyeT TMepeiT Ha BKIAJKY «3aroJIOBOK», HAXKATD Ha MOJIe BBOJA U BBE-
CTH 3HaYEeHHUE C IIOMOIBHIO SKPAHHON KJIaBUATYPHI.

IP uctounuka

[ 192.168.222.156”

[wanasou: 0.0.0.0 - 255.255.255.255

n @ . ) 6 . D 6 . ™

[ — > é . D @ _ v ’: ~
IP uctounuka | 192.168.222.156 E ‘ P — i - 4 “
[ 2] @ ~

o)

Hasarb st BBozta IP-apeca

IIpu 3amanuun MAC-anpecoB HEOOXOIUMO YIUTHIBATDH CJIEAYIOIIEE:

— B kavectBe MAC-ajpeca ucrounuka ykaswiaercs MAC-ampec
nHTEepdeiica OTIpaBUTEISI;

— €CJTM UCTOYHUK U TIOJIyYaTe/h COeTMHEHBI HATIPSIMYTO, 663 mpoMe-
JKYTOYHBIX MapIIpyTH3aTopoB, B KadecrBe MAC-aapeca mosyya-
Tesst ykazbiBaeTcst MAC-aspec untepdeiica moydaTes;

— €CIM MEXKJly MCTOYHUKOM M ITOJIyYaTesleM CYIECTBYET XOTsI Obl
OJTMH MapIIpyTu3aTop, B KatectBe MAC-ampeca mosrygaresist Heo6-
xoauMo ykazarh MAC-anpec 6ymKafIero K iCTOYHUKY MapIIpy-
THU3ATOPA.
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9.3.2 AsTtomaTtunyeckasa nogcrtaHoska IP- n MAC-agpecos

Hmeercss BOBMOXKHOCTEL aBTOMaTHYecKoil nojgcranosku 1P- 1 MAC-
aJpecoB.

00:21:59:0C:7:8 -

MAC uctouHuka

00:21:CE:14:8D:38

nopt A R E = MAC ucTouHuka

MAC nonyuartens

nopt B

Haxarp U151 aBTOMaTHYECKOH
noxcranoBkn MAC-anpeca nopra B

B srom ciayuae B kadectBe MAC-ajapeca MCTOYHMKA /IOy daTe/ st
6yzner nogcraien MAC-apeca soiGpannoro nopra (A wiu B).

IToxcranoBka IP-apecoB MpOUCXOJUT aHAJIOIUYHO: B KadecTBe [P-
ajlpeca UCTOYHMKA/TIoJyyaTess nojcrasisercs [P-aapec nopra A (B).

9.3.3 Onpepenedne MAC-agpeca nony4dartens

Hnsa onpenenennss MAC-ajpeca nosydaresns 1mo mspectHomy IP-
aJIpecy CJeyeT epeiiTu Ha BKJIAJIKY «3arojoBOK» U BBITOJTHUTH ARP-
3a11poc.

MAC nonyuartens |00:21:CE:14:8D:38 -

nopr A

IP uctouHuka
nopt B

Hasxare nnst npoenennst ARP-3anpoca

B pesynaprare ARP-3ampoca Bmecto Tekymero MAC-anpeca moty-
qaresst Oymer mozacrasien MAC-ajpec, coorBercrByforuit [P-agpecy
[IOJTy 9aTeJIsl.
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9.3.4 Bblbop pa3mepa kagpa

Bribop pasmepa Kajapa st IPOBeIeHUs] TECTUPOBAHNS BLITOJIHIET-
ca Ha BKitagke «Kaapel» B pexxume «Hacrpoiiku RFC 2544».

ﬂ

HacTtpoiikn RFC 2544

21:02

A:FRE|

64 m 1024
128 m 1280
256 m 1518
512 w 9600

Tononorua

3arofoBoK

Kagpbl

lOMOSTHUTENEHO

iporyoran

CNocoBbHOCTE

3agepxka

—

Kagpos

penenenan

EETEY

e | e > | »
2 e = 2| 2

Mo ymonyanumo

Puc. 9.7. Bruagka «Kamgpbr»

Pasmepsr nepegaBaeMbIX KaJIpoB MOXKHO 33JIaTh JIByMsI CIIOCODAMU:

1. Beibparh cTagapTHbe pasMepbl B COOTBETCTBUU C METOIHKOM
RFC 2544 (kmasuma Mo ymonuauuio): 64, 128, 256, 512, 1024,
1280, 1518 6aiit. IIpu 3TOM HMeEeTCs BO3MOXKHOCTD JIONOJIHATE b

HO 3aaTb OAWH Ka/Ip IIPOU3BOJILHOI'O pa3Mepa.

2. BBectu pasmepsnl KaJpoB BPYUIHYIO.
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Ecim oIpu IIpoBeJCHNN TECTUPOBaHUA HeO6XO,ZLI/IMO HCIIOJIb30BaTh HE
BCe pa3Mepbl Ka/JIpOB, HEHY2KHBIE 3HAYCHUA MO2KHO OTKJ/IIOYUTD.

m 256 —---»W( 256 W
- | v L )

Hasxars 17151 OTKIIFOUEHUS
pasmepa Kaapa
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10.

RFC 2544. BoicTpblii cTapT

OmnmcanHast HUXKE IIOCIEI0BATEIBHOCTD HEHCTBUIl TO3BOJISIET IIPO-
BepuTh paborocmocobHocTh TectoB Meronuku RFC 2544 u mosyquThb
HEOOXOIUMbIE HABBIKM JIJIsl IIOCJIEIYIONIEr0 BBLIIOJIHEHUs] aHAIN3a pe-
aJIbHBIX ceTeil U yCTPOMCTB.

1.

8.

Yeranosuth Moayib B5-GBE B nputop Bepkyr-MMT (cm. pas-
neit 6, crp. 19).

C momomipio Kabesst Ethernet, BXomsiiero B KOMIIIEKT ITOCTABKH,
coeimanTh IopT A u opt B momyiist B5-GBE.

[ToakmounTs K mpubopy OJIOK ITUTAHUSI.

BximiounTs mpubop.

[Tepeittu B pexkum «GBE» u ybeaurbcest, uro naaukaTop «Links
ropuT 3eJIE6HBIM (CM. pasfen 8).

[Tepeittu B pexkxum «Hactpoitku RFC 2544» Ha BrIangky «Tormo-
Jorusi» u BeIOpaTh mopT Tx — A, mopr Rx — B.

Ilepeittu B pexkum usmepennii «RFC 2544» u HazkaTh Ha KHOII-
Ky «BbIbop TecToBy. YOeauThCst, 9TO JJIs BBIIOJHEHUS] BHIOPAHDI
BCE TECTHI: IIPOITYCKHAsI CIIOCOOHOCTD, 3aJIePXKKa, MOTEPU KAIPOB,
npeJiesibHast Harpy3Ka.

Haxxare na xkHOUIKY «CTapTs.

ITocre BBITIOTHEHNE BCEX MEPEUNCIEHHBIX NeficTBUIl HAUHETCS TPO-
mecc TecrupoBanusi. HdopMaliust 0 pe3ysibTaTax TeCTHPOBAHUS IPe-
cTaBJieHa B pasieiie 14.

HpnMeanMe: AJITOPUTM IIPOBE/IEHNA TECTOB B CJ/Iy4dae aHaJIn3a peaJlb-

HBIX CeTell U yCTPOICTB onucaH B pasgene 11.
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11. RFC 2544. Anropntm npoBegeHusi TeCcToB

[poBeeHus Jroboro recra mo meromuke REC 2544.

[IpuBenéunbIil HUXKE AJTOPUTM IIPEJCTAaBJIAeT CODOM IOcenoBa-
TEJBLHOCTD JIeHCTBUI, KOTOPbIE HEOOXOINMO BBIIOJHUTD JIJIsl YCIIEIITHOTO

HeiicTBue

Crpas. MaTepuaJIbl

Veranosurs moxyias B5-GBE B nputop Bepkyr-MMT.

pazzen 6, ctp. 19

IToakmounts mpubop bBepkyr-MMT & Tectupyemoit
ceTu.

pazzesn 5, crp. 15
pazzen 9.1, cTp. 27

BxrounTs npubop.

B pexnme «Hacrpoiikuy BBITOTHUTE HEOOXOAMMBIE Ha-
crpoiiku cern !, mepeiitu B pexxum «GBE» u y6enurhes,
aro uaaukarop «Link» ropur 3eaéHbIM.

paszaen 8, cTp. 25

IIepeiitu k¥ pexxumy «Hacrpoitku RFC 25445 na Briaj-
Ky «Tomostorusi> u BBIOPATH TOIMOJIOTUIO TECTUPOBAHMSI.

pazzen 9.2.1, crp. 32
pazzen 9.2.2, cTp. 33

Ecau BeiOpana To1moiorusi, Ipu KOTOPO# CJIeIyeT BbIIOJI-
HOATH HACTPOMKY 3arojiOBKa, IEepeiTH Ha BKJIAJKY «3a-
royioBok» u 3anath MAC- u IP-anpeca ucrounuka u mo-
JIydaTesis.

pazzen 9.3.1, crp. 35

Ilepeittn Ha BrIanaky «Kanpel» u BeIOpars HeoOxomm-
MbIe pa3Mephl KaJpoB.

pasnen 9.3.4, ctp. 37

IlepeiiTn Ha BKJIAJIKYy HTPOBOAUMOIO TECTA U HACTPOUTDH
€ro mapameTphbl.

pasmen 12, crp. 43

Ilepeiitu Ha BKIAAKy <« lonOJHUTENTbHO» U  BBI-
MOJIHUTh HACTPOHKY JOIOJHUTEJIbHBIX IIapaMeTPOB

TECTUPOBaHUA.

pasmen 12.5, ctp. 50

10

Jlnist Hadasia TECTUPOBAHUS CJIEyeT MEPEATH B PEXKUM
u3mepennit «RFC 2544» u naxkars Ha KHONKY «CrapTs.
Kuomnka «BbIGOp TECTOB» MMO3BOJISIET 33JIaTh JIJIs BBIIIOJI-
HEHUsI BCE TECThI MJIA OCYIIECTBUTH BHIOOPOYHOE TECTU-
poBanue. [To yMOTIaHUIO BBIIOJIHSIOTCSA BCE TECTDI: IIPO-
MyCKHAasl CIIOCOOHOCTD, 3aJIePyKKa, TIOTEPH KAJIPOB, Mpe-
JeJibHasl HArpy3Ka.

MToxpo6roe omucanue npecrasieso B 6pommope «Bepkyr-MMT. Yuusepcaib-
HBIII aHAJIN3ATOP TEJIEKOMMYHUKAIMOHHBIX ceTell. PyKOBOICTBO MO 9KCILTyaTaIlUN».
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12. RFC 2544. Hactpoiika napameTpoB TecToB

st onTuMu3annu CKOPOCTU U MOBBIIIeHNs 3D MEKTUBHOCTH TTPOBE-
Jennst aHaJim3a B npubope B5-GBE mpemxycmorpera Bo3MOKHOCTD W3-
MeHeHUsl CTaHJapTHBIX (omnpenenéHubix Metogukoii RFC 2544) 3nave-
HU# 1mapaMeTpoB TeCTOB.

B coorBercrBun ¢ pexkomenganueii RFC 2544 pesysbraTbl TecTOB
[PEJICTABJISIOTCS B Tab/JIMYIHOM u rpadudeckoit popmax.

Sa,ﬂ;aTb SHAYCHUA ITapaMeTPOB TECTUPOBaHUA IJId IIPOBECACHUA aHa-
JIn3a MOXKHO JIBYM:I criocobaMu:

1. BeibpaTh cTangapTHbIe HACTPONKU B COOTBETCTBUU C METOIMKOI
RFC 2544.

2. IlpoBecTu HACTPOWKY BPYYHYIO B COOTBETCTBUHU C YKA3aHUSIMU
pasnesioB 12.1-12.5.
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12.1 NMapametpbl Tecta «lponyckHas cnocobHOCTbL»

B HacTpoitkn RFC 2544 20:43
. Tononorus
ATX Harpyska (L1) 100 %
L Jie ) 3aronoBoK
ARX
Kagpbl
A:FREE MNpo6a, ¢ 2
lononHUTENBHO
. J
. MponyckHasn
B:TX PaspeweHnne, % 0.01
. J
B:RX
B:FREE, MNopor, % 0
L ) EWETEY

Puc. 12.1. Briagka «IIpomyckHasi ciocoGHOCTb»

Harpyska (L1) Buauenne dusmueckoii (L1) ckopocru B mporeHTax, Kour/c
nmu Mo6ur/c. Ilpn 3amannn HU3MIECKOH CKOPOCTH yUUTHIBA-
erca pasmep Ethernet-kagpa (sxmowas CRC), npeamGymbr n
MEXKKaJIDOBOI'O WHTEPBAJIA.

Mpoba, c Ilepuos Bpemenn, B TedeHrE KOTOPOTO BBITIOJIHSIETCS TTPO0a JTst
KazKJI0T0 33JJAaHHOTO B HACTPOHKaX pasMepa KaJIpa.

Paspewwetue, % Pasperrienne, ¢ KoTopbIM Oy/1€T IPOU3BOUTHCS IIOMCK IPOITYCK-
HOI crocobHocTr. HamMenbliiee 3HadYeHne pasperieHusi COOT-
BETCTBYET HAanOOJIbIIEl TOYHOCTH M3MEPEHUsI IIPOIIYCKHOM CIT0-
COOHOCTY KaHaJja W HaubOJIbIIIEMY BPEMEHU TECTa.

Mopor, % Ilopor momycTuMmbix oTephb. TecT cuuTaeTrcss IPOMIEHHBIM, €C-
JIM KOJTMYECTBO IIPUHATHIX IAKETOB OKa3bIBAETCS MEHBIIIE KOJIN-
YeCTBA IePEJAHHbIX Ha BEJIMYUHY JIOIyCTHMOTO IIOPOT'a IIOTEPb.
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12.2 nMapameTtpbl Tecta «3apep>xka>»

HacTpoitkn RFC 2544 19:51

Tononorus

1

: [
ATX KonuuecTtBo npoﬁ( 3] 3aronoBoK
e v
ARX
AiFRE% Mpoba, c 120
— k J

CrnocoGHOCTE

IiHarpyskw (Ll)—‘ 3anepika

m—
ponyckKkHan Kagpos
Bpy4Hyto
CMocodHOCTL

B:TX

B:RX

EWETEY

©8i

(R

Puc. 12.2. Bkiagka «3amepxkas

Konunyectso npob KonmyecrBo moBropeHunii Tecta Iisi KaXKIOro 3aJ1aH-
HOI'O pa3Mepa KaJpa.

Mpoba, c Ilepuon Bpemenu, B TedeHHE KOTOPOTO BBIIOJIHSAETCS
poba JJIst KaxKJI0r'0 3aJ[aHHOIO B HACTPOMKAX pasMepa
Kajpa.

IIpu BBIOOpPE «IIpomyckHas CrIOCOOHOCTBY aHAIN3 3aAEPKKHU OyIeT
[IPOXOUTh IIPU 3HAYEHUSIX HAIPY3KH, HOJIYIEHHBIX B PE3YJILTATE TECTa
«IIponycknasi ciocobrocTh». B 9TOM Citydae mepes aHaIu30M 331K~
KM cJiefiyeT mpoBecTu TecT «IIpomyckHast criocobHOCTD>.
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ITpu BBIGOpE «BpyuHyto» 1npu mpoBejieHUN TecTa OYAYT UCIOJIB30-
BaHbl 3HAUYCHU, 3a/laHHbIC I10JIb30BaTeIEM.

[ py3ku (L1) ‘
‘ Harpy3ku (L1) 645 L 100{]\% ﬁ 10246 | 100/\% ﬁ

TMponyckHan 1285 100/ % a 12805 100]% a
2565 100/ % E 15186 100/ % E
‘ we (e G| = (== ES
Hasarp 11 pyusoro @ W[

BBOJIa HATPY30K
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12.3 Tlapametpsbl TecTa «[loTepun kagpos>»

B HacTpoitkn RFC 2544 20:42

Tononorus
KonuuyecTtBO Waroe 9
ATX [P
. J 3aronoBoK
ARX
Mpo6a, ¢ 60]

lononHUTENBHO

m

A

m
-
.

Hau. Harpyska (L1) 100|| % CnocodHoCTL
B L b I
3agepxka
B:RX

KoH. Harpyska (L1) 10

l ' Motepu
. U J EAENbHAT

©0i

Puc. 12.3. Bkinagka «Ilorepu kamgpos»

Konunyectso waros KousiecTBo 1m1aro u3MeHeHUsl HATPY3KU.

Mpoba, c Ilepuon BpemeHu, B Te€UeHWE KOTOPOTO BBIMOJIHSIETCST
mpoba [1JIs KayKI0T0 33JaHHOIO B HACTPOHKAX pasMe-
pa KaJpa.

Hau. Harpyska (L1) ITosst TO3BOJIAIOT 33J1aTHh IUAIIA30H 3HAYEHUI HAIPY3-

KoH. Harpyska (L1) KU, Ha KOTOPOil OyIeT NMPOBOAMTHCS AHATIHU3 YPOBH:

norepb Kaapos. 3Hadenust pusndeckoin (L1) ckopo-
CTH 3a/IaI0TCS B IPONEHTaX, Kout/c miu M6éut /c. Ilpn
3aJaHUU PUBNIECKON CKOPOCTH YYUTBIBAETCS Pa3Mep
Ethernet-kapa (Bkmouast CRC), npeamGysbl u Mex-
KaJIpOBOTO MHTEPBaJIa.
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12.4 T[lapameTtpbl TecTta «[llpegenbHas Harpyska»

HacTpoitkn RFC 2544 21:01

Tononorus

1

ATX KonuyecTtBo npo6 50 [
3aronoBoK
k. vy
A:RX [

Kagpbl

lononHUTENBHO

Mpoba, c

n

A

m
-

=13
-

CrnocoGHOCTE

BTX liHarpyskw (Ll)—‘

YHYH
PYy"Hy CNocoOHOCTb

3agepxka

P orepa

Kagpos

Mpegenbhan

©0i

A

Puc. 12.4. Bxinagka «IIpenenbuast Harpyskas

Konunyectso npob KosmyecTBo moBTOpEHMT TECTa IS KaXKIOrO 3a-
JAHHOT'O B HACTPOMKax pa3Mepa KaJapa.

Mpoba, c [lepuon Bpemenu, B TedeHIE KOTOPOT'O BBIITOJIHSIET-
cs1 mpoba JIsl KaXKJI0ro 3aJIaHHOrO B HACTPOMKAX
pasmepa kazapa (2-3600 c).

IIpu BoibOpe «IlpomyckHas crocOOHOCTH» aHAIN3 IPEaeIbHON Ha-
IPy3KH OYIeT MPOXOJUTh IPY 3HAUEHUSX HAIPY3KH, [TOJIYIeHHBIX B pe-
sysabTaTe Tecta «IIpomycknas criocobnocThy. B aToM cityvae mepes ana-
JIN30M HAIrpy3KHu cjeayer mpoectu TecT «lIpormyckHast criocoGHOCTD.
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IIpu BBIOOpE «BpyuHyto» 1pu nposeaeHnn Tecta OyayT UCIOJIb30Ba-
Hbl 3HAYEHUsI, 3a/IaHHbIe NOJIb3oBaTeseM. SHadenus dusnyaeckoit (L1)
CKOPOCTH 3aJIal0TCsl B mporenTax, kour/c win Méur/c. Ilpu 3amannu
usmueckoit ckopoctu yunTeiBaercst pasmep Ethernet-kaapa (Bkiouast
CRC), npeambyJibl U MEXKKaJIPOBOTO MHTEPBAJIA.

‘ pyaku (L1)

\
[ Harpysku (L1) 645 ( 100’ % a 10245 100| % a

& o (e e [l
€rocodHoCTE _——— - \ ! ) { ! )

2566 100/ % H 15186 100 m“

W 5125 100/ % E 96005 100 9% E

Haxats s pyanoro @ ’W[

BBOJIA HATPY30K
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12.5 [JononHutenbHble HaCTPONKMK

B HacTpoitkn RFC 2544 13:50

ATX [R—
3aronoBokK
ARX I
WuTepsan, mc 7000 aApbI
IA:FREE - ~
HONODNMHUTEIbHO
! CNOCOBHOCTEL
B:TX .
epKKa
O6yueHue, MC 2000 4AEp

B:RX L N e

Kagpos

BiFREE ——

EWETEY

©0

Puc. 12.5. Bkinagka «/lomonaurenbHo»

NuTtepBan, mc Bpewmst mex 1y okoHYaHUEM OJIHOM ITPOOBLI U OT-
IPaBKOI 00yYAaloIero KaIpa.

Obyuenune, mc Bpewms, gepes koTopoe HAUHETCST TECTHPOBAHME
[IOCJIe OTIIPABKY 00YJAIOIIEro Kaapa.

IIpumeuanune: obygaronuit Kaap — Kap, 3aroJJ0BOK KOTOPOT'O COJIEPIKUT
onmuakoBble MAC-asipeca ornpaBuTesisi u nosydaress. Korga KOMMyTaTop
[IOJIy9aeT TaKOH KaJp, OH OT(UIHLTPOBBIBAET €r0, T.K. BBIXOIHON mHTEpdEiic
coBmajaeT co BXoAHbIM. IIpu sTom KomMmyTaTop cuntoiBaer MAC-aapec ot-
MIPABUTEJIA U 3aIlOMUHAET HHTEPdENC, ¢ KOTOPOro OH OBLI MTOJIy9eH.

Corsnacuo meronuke RFC 2544, 3nadenune wHTEpBaja COCTABJIS-
er 7000 mc (2000 mMc OTBOAMTCSI HA IIOJYYEHHE OCTATOYHBIX KaJpPOB,
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5000 Mc — Ha pecTabUIIM3AIMIO TECTUPYEMOrO yCTPOCTBa), & 3HAUEHUE
obyuenust — 2000 mc.

[Tonb3oBaTe b MOXKET 33/1aBaTh TPOU3BOIbHbIE 3HAYEHNS UHTEPBA-
jga B mpeaenax or 100 mo 10000 mc, BesmduHa oOyUeHUsT HE TOJIKHA
6b1Th Menbire 100 mc u npesbimars 10 000 mc.
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13. RFC 2544, lNpoBegeHue aHannsa

Ilocite BeIMOTHEHNST BCEX HACTPOEK B COOTBETCTBUU C AJITOPUTMOM,
IIPUBEJIEHHBIM B pazjieiie 11, ciejayer mepeiiTu B peKUM U3MEPEHHit
«RFC 2544». Tlo ymosraanuio OyjiyT IPOBEIEHBI BCE TECThI METOIUKHI
RFC 2544: npomyckHasi ClIOCOOHOCT, 3aJIepKKa, IOTepH KAJIPOB, IIpe-
JieJibHasi HArpy3ka. it BBIOOPOYHOrO TECTUPOBAHUS CJIEYeT HAXKATH
Ha KHONKY Bbibop TeCTOB M CHATH BBIJEJIEHHE C TECTOB, KOTOPbIE BbI-
[IOJTHSATD HE HY2KHO.

RFC 2544 16:05

'l

MponyckHan
CNOCOOHOGTE

3agepxka
A:RX
——

Ki DOB
e ———— aar

Harpyska

B:RX

[MoTepu Kagpoe

|B:FREE

D MpuHATo:
(T

@ |

Puc. 13.1. Pexxum nsmepennit «RFC 25445 : Boi6op TecToB

11l
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13.1 CrapTt TecToB

TectupoBanne HaumHaeTCs TOCTe HaxkaTns Ha KHOnky CrapT. Ilpn
9TOM B BepXHEHl 4acTH 9KpaHa IOABIAETCS UHIUKATOD BPEMEHU TECTHU-
pPOBaHUsI, KOTOPBI 0TOOparkaeT BpeMsI, POIIEIITee ¢ HAYAIA 3aITyCKa
TECTa, U BPeMsl, OCTaBIIIEeCs /0 OKOHYAHUsI TECTUPOBAaHU:A, B hopmare
«aa:MM:ce» (eM. pasgen 7.3).

(I npowno 00:20:25, octanock 02:20:36 )

JlmarsocTuka cocrognus HHTepdeiicoB Ipubopa OCYIIEeCTBIAETCS C
HOMOIIBIO NAHeH HHIAUKATOPOB (paszzes 8).

OKoJ10 HA3BAHMA TECTA, BBIIOJHIEMOIO B JAHHBIA MOMEHT, OTOOpa-
KaeTcsd KPaCHbIM MUTaIOINUi KPYZKOK.

. (] npowno 00:00:56, ocTanock 01:29:30 )
MNponyckHan
cnocoﬁuoc‘rbo
ol e L
A:RX 1488095 FotoBO
. 128 100 844594 FoToBO
256 100 452898 Npér
B:TX 1024
B:RX 1280
® MepegaHo: 582.080 MB MpwvHATo: 579.990 MB

Puc. 13.2. Bemomnusierca tecr «IIpomnycknast crocobHOCTE»

WNudopmariust 0 KOJIMIECTBE EPEJIAHHBIX U IPUHATHIX OARTOB 0TOO-
paxKaeTcsd B HIDKHEN JacTu dKpaHa.
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13.2 OnpepeneHne cTatyca TecTta

CocrosiHre BCEX TECTOB, KPOME TECTa MOTEPH KAJIPOB, BHIBOLUTCS B
kojiouke CtaTyc Tecta. CocrosiHne TecTa MoTepu KajpoB OMPeIe/IsieTCst
II0JIb30BATEIEM CAMOCTOSITE/IFHO, T.K. HE MOXKET OBITh MHTEPIIPETUPO-
BaHO OJTHO3HAYHO.

[oToBo Jnst Tekymiero pa3mepa KaJpa BBIIIOJHEHHE TECTa 3aBep-
IIIE€HO.

Noér st Texyrero pazMepa KaJipa BBIIOJJIHSETCS MPOIECC Te-
CTUPOBAHUA.

Ownbka B pesynprare morepm coelMHEHHWS MM OCYIIECTBJIEHUS
HEKOPPEKTHBIX HACTPOEK BBIIIOJIHEHUE TECTa OKOHYUJIOCH
HEyIa4qHO.

OTmeHén B nporecce Tecruposanus 6bina Haxkara KHonka Cton.

13.3 TlepekntoyeHune rpacpuk = tabnunua

PesysibraThl TEeCTHpOBaHUs OTOOPAXKaIOTCA B TaOJIUIHON M Ipadu-
qeckoit dopwme. Ilepekmodenune mexkmay dhopMamMu OTOOPaKEHUsT OCY-
IIIECTBJISIETCA C TOMOINBIO HAXKATHsI Ha 00JIaCTh IKpaHa, COMEPIKAIILYIO
TabuIly uian rpaduk.

L Rrozsa

.u oG 000656, oeTanoe 0125730

| Kamp " THarpyska, % | Kagple [Cratyc Tecta
64

100 1488095 rotos0

128 100 844594 rotoso
256 100 452898 Nagr

Mepepato: 582.080 MB MpunsiTo: 579.990 MB

Haxars uist nepexona
k rpadpuaeckoii hpopme
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14. RFC 2544. Pe3ynbTaTbl aHanu3a

14.1 TlponyckHas cnocobHocTb. Pe3ynbTaTbl aHanm3a

MNponyckHan
CHOCOBHOCTE

3agepxka
A:RX 1488095 Passed
‘FRE 128 100 844594 Passed KagpoB
256 100 452898 Passed | s
. 512 100 234962 Passed SRS
B:TX 1024 100 119731 Passed
B:RX
D MepegaHo: 245.495 MB MpuHATo: 245.495 MB
(R

Puc. 14.1. Pesynbrarsr Tecta: Tabinna

Kagp Samanusiit B pexkume «Hacrpoiiku RFC 2544» pasmep kazpa
(B GaitTax).
Harpyska, % Bagannoe B pexxume «Hacrpoitku RFC 2544» 3navyenue Ha-

rpysku L1 (8 %).
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Kagp/c Tlosrygennoe B pe3y/ibTaTe aHAIN3a 3HAYEHHUE ITPOITYCKHOM CIIO-
cobuocru. Ilpn maxkaTnm Ha KHONKY Kaap/c mpomcxomuT BbI-
6op emuuur uamepenust — Mo6ur/c L2, M6ur/c L3, M6éur/c
L4 nmm xanp/c.

Buibop emmHuIl m3MepeHUs CIIyKUT Il EPECIETa MOJIe3HOM
COCTABJIAIONIEN HATPY3KM B COOTBETCTBUU C OIPEIETEHHBIM
YPOBHEM:

— KaHajapHbIA ypoBenb (M6ut/c L2): yunTbiBaeTcs ToIb-
ko pasmep Ethernet-kaznpa (sximouas CRC);

— cereBoit yposeub (M6ut/c L3): yuurbiBaeTca pasmep
Ethernet-kaapa 6e3 CRC, Ethernet-zarososka, VLAN-
n MPLS-metoK;

— TpaHcunoprHeiil yposerb (M6ut/c L4): yuursiBaercs
pasmep FEthernet-kagpa 6es CRC, Ethernet- u IP-
zarosioBka, VLAN- u MPLS-meTok.

CraTyc Tecta CwM. paszgen 13.2.

st epexosia K rpaduvecKoOMy IIPEJICTABICHUIO PE3Y/IbTaTOB Te-
CTUPOBaHUS HEOOXOIMMO HAXKaTh Ha 00JIaCTh TaOJINIIHL.
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RFC 2544 14:53

E

l.

Harpyska

M

MNMponyckHas cnoco6HOCTL, MBUTIC

256 512 1024
Pa3smep Kagpa, B

e

Puc. 14.2. Pesynprarsl Tecta: rpaduk

CiLJHE

IIpu HaxkaTuM Ha KHOIIKM MaKC. U aBTO ITPOUCXOIUT IEPEKTIOUeHNe
MeXKIy ABYMsI BAapHAHTAMH I'PAMDUIECKOTO IPEICTaBICHUS PE3YILTATOB
TEeCTUPOBAHUSI:

aBTo MakcumasibHOe 3Ha4YeHMe 10 OCU Y COOTBETCTBYET MaKCHMAaJlb-
HOIt ckopocTu coequuenusi. [IycThie cTOMOIBI OTOOPAXKAIOT MaK-
CHMAJIbHOE TEOPETUIECKOe 3HAUEHNE TPOITYCKHOM CITOCOOHOCTH.

MakKc. MaxkcumaJibHOe 3HAY€eHNe 0 OCH Y COOTBETCTBYET MAaKCHMAaJIb-
HOMY M3MEPEHHOMY 3HAYEHUIO MPOITYCKHOUW CITIOCOOHOCTH.

IIo ocu X B 0boux cirydasx OT/IOKEHbI 3HAUEHUS, COOTBETCTBYIOIINE
pa3Mepy Kajlpa B baiiTax.

Ha zamosmennbix crobnax auarpaMMbl OTOOPArKaeTCst MOJIy9IeH-
HOEe B Pe3yjIbTaTe TECTHUPOBAHUS 3HAUEHUE IPOIYCKHON CIOCOOHOCTH
B KaJIp/C ¥ B IPOIEHTAX OTHOCUTEJILHO 3a/IaHHON HATDY3KU.
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14.2 3apep>xka pacnpocTtpaHeHusi. Pe3ynbtaTbl aHanmn3a

CNOCOBHOCTE
3apepmKa
A:RX 100.00 0.002 Passed
‘ERE 128 100.00 0.003 Passed KaApOB
256 100.00 0.008 Passed
. Harpys3ka
512 100.00 0.010 Passed
B:TX 1024 100.00 0.019 Passed
B:RX
D MepegaHo: 245.495 MB MpuHATo: 245.495 MB
Lo

Puc. 14.3. PesynbraTshl Tecta: Tabymia

Kaap Samannbiii B pexkxume <«Hacrpoiikn RFC 2544» pasmep kazpa
(B Gaiirax).
Harpyska, % 3HaueHne MPOIYCKHON CIIOCOGHOCTH, 3aJaHHOE TIOJIH30BATEIEM B

pexume «Hacrpoitku RFC 2544» wim moJsiydyeHHOE B pe3y/brare
Tecta «IIpomyckHas crrocoGHOCTD ».

BpeMﬂ, MC HonyquHoe B pe3yJjibTaTre aHa/in3a 3HaYCHUE 3aJl€P2KKU.

Cratyc Tectra  Cwm. pasmen 13.2.

Jlnst mepexojia K rpaduvaeckoMy IIPeICTaBJIEHUI0 Pe3yJIbTaTOB Te-
CTUPOBAHMSI HEOOXOANMO HaXKaTh Ha 00JIaCTh TaOJIUIIBI.
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o 0,02 cNocoGHOCTE
2
2. 3apepiKa
a
[
o
A S Kappos
Ppenencazan
. Harpyska
0,01 —

B:TX

64 128 256 512 1024
Pa3smep Kagpa, B

(T

Puc. 14.4. Pesynprarsr Tecta: rpaduk

Sl HEB

Ha jpmarpamme mjist Kaxkaoro pasmepa Kajapa 0ToOparKaeTcsi CTOJI-
Oer1, BBICOTa KOTOPOT'O COOTBETCTBYET M3MEPEHHOMY 3HATEHUIO 38, 1€ PK-
K.
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14.3 VYposeHb noTepb kagpos. Pe3ynbTaTthl aHanusa

CMNOCOBHOCTE
3agepKa
ARX 100.00 0.0000
Motepn
RE 128 100.00 0.0000
256 100.00 0.0000
. 512 100.00 0.0000
B:TX 1024 100.00 0.0000
B:RX l
D MepepaHo: 245.495 MB MpuuATo: 245.495 MB
Lo ]

Puc. 14.5. Pesynbrars! Tecta: Tabinna

Kagp Samannbiii B pexxume <«Hacrpoitku RFC 2544» pasmep kajapa
(B GaitTax).

Harpyska, % 3HaveHne MPOITYCKHOM CIIOCOOHOCTH, 3a/IaHHOE TI0Jb30BATEJIEM B
pexume «Hactpoitku RFC 2544 5.
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Motepu, % IlonydenHnoe B pe3ysbTaTe aHaJIN3a 3HAYEHHE YPOBHS IIOTEDbD.
ITpu Hakarun Ha KHOUKY [MoTepu, % mpoucxomuT BHIGOD €AUHMULY
u3mepennsi — M6éur/c L2, M6ur/c L3, M6ur/c L4 umm xkaap/c.
BrIGop eguHMIl N3MEPEHUST CIIYXKAT ISl IIepecyéTra IO0JIe3HON Co-
CTaBJIAIONIEHl HAIPY3KH B COOTBETCTBUH C OIPENETEHHBIM YyPOB-
HeM:

— KaHaJbHBIA yposeHb (M6uT/c L2): yunmTeiBaeTCS TOJIBKO
pasmep Ethernet-kanpa (Brmoaas CRC);

— cereBoii yposerb (M6éut/c L3): yumreiBaercs pasmep
Ethernet-kagpa 6e3 CRC, Ethernet-zarososka, VLAN- u
MPLS-merok;

— TpaHCHOPTHBINA ypoBeHb (M6ut/c L4): yuurbiBaeTca pas-
mep Ethernet-kagpa 6e3 CRC, Ethernet- u IP-3arosioska,
VLAN- u MPLS-meToOK.

Jnst mepexoyia K rpauvueckoMy IIPeICcTaBJIEHUI0 pe3yJbTaToB Te-
CTUPOBAHMSI HEOOXOINMO HaXKaTh Ha 00JIaCTh TaOJIUIIBI.
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RFC 2544 11:53

- — cNocoGHOCTE
i 3agepxra
o
5 30
= Motepu
. Eu
B:TX 40

20

80 100
Harpyska, %

A

Puc. 14.6. Pesynprarsr Tecta: rpaduk

m
() :
[=]
.
o
5
3 |

Ha rpaduke nokazana 3aBUCHUMOCTb YPOBHSI IIOTE€Pb KAJIPOB OT Ha-
rpy3ku. [lo ymosrqanuio Ha SKpaH BbIBEJEHBI KPUBBIE [IJIsI BCEX 3a/IaH-
HBIX B HACTPOWKax pa3mMepoB Kajpa. C IMOMOIIbI0 HaXKaTusi Ha 3dJie-
MEHTBI JIETEH/IbI, PACIIOJIOZKEHHOI CIIpaBa OT I'paduKa, MOXKHO CKPBITDH
Wi 0TOOPa3UTh KPUBBIE, COOTBETCTBYIOIIUE YCTAHOBIEHHBIM Pa3MepaM
Ka/IpOB.
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14.4 TpepenbHas Harpy3ka. Pesynbrtatbhl aHanusa

CNOCOBHOCTE
3agepxKa
A:RX 100.000 2.00 Passed
FRE 128 100.000 2.00 Passed KaapoB
256 100.000 2.00 Passed MpegensHas
. bi12 100.000 2.00 Passed
B:TX 1024 100.000 2.00 Passed
B:RX
D MepegaHo: 245.495 MB MpuHATo: 245.495 MB

T

Puc. 14.7. PesynbraTsl Tecta: Tabimia

Kapp

Bagannbiii B pexkume «Hacrpoitku RFC 2544» pasmep kajapa
(B Gaiitax).

Harpyska, %

3HaueHue MPOILyCKHOMN CII0COGHOCTH, 38 JaHHOE IT0JIb30BaTEIEM
B pexkxuMe «Hacrpoitku RFC 2544» wn mosrydyeHHOE B PE3YIb-
Tare Tecta «lIpomyckHas cmoCOGHOCTH>.

Bpewms,

C

Bpewmsi, B Tedenne KoToporo ycTpoiicTBO CIIPABIISIETCS C 3a1aH-
HOII Harpy3koil. Eciu BpeMs, B TeueHre KOTOPOr'o TECTUPYEMOe
YCTPOHCTBO BBIIEPXKHUBAET 33JIAHHYIO HATPY3KY, ONPEIE/IUTh
He yaajock, B croibue Cratyc Tecta BoiBoguTcs «Omubkas, a
B crosibne «Bpewms, ¢c» — mpouepku.

IIpu nazxkatuu Ha KHOUKY Bpemsi, c oTrobpaxkaercs crosber Ko-
JINYECTBO, B KOTOPOM IIPEJICTABJIEHO KOJIUYECTBO KaJpOB, IIe-
DPeIaHHBIX 32 BPEMsi TECTUPOBAHUS.

CraTyc Tecta

Cwm. pazgei 13.2.
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Jlnst mepexojia K rpaduvueckoMy IIPeICTABJIEHUI0 Pe3yJIbTaTOB Te-
CTUPOBAHUS HEOOXOINMO HAXKATh Ha 00JIaCTh TAOJIUIIBI.

RFC 2544 15:01

yMllC1O0COOHOCTE

3agepxKa

ARX

R . ] KaApoB

MpegenbHan
HarpysKa

>

M

0,5

909800
0905
239?41 x.a,qpoa.

256 512 1024
Pasmep kagpa, B

CoEE

Puc. 14.8. Pesynprarsr Tecta: rpaduk

N HE

Ha jpmarpamme jjisi Karkjoro 3aJlaHHOTO pas3Mepa Kajipa oTobpa-
2KaeTcsi CTOJIOEI], BBICOTAa KOTOPOI'O COOTBETCTBYET BPEMEHH, B T€UEHUE
KOTOPOI'0 YCTPOMUCTBO CIPABJIAIOCH C IPeJeJbHON Harpy3KOil.

Ha cronbrax mumarpamMMbl 0TOOparKaeTcst KOJIUIECTBO MAKETOB, IIe-
PEIaHHBIX 38 BPEeMs TECTUPOBAHUS.
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15. Opranunsauyunsa wneiida

Jns TecrupoBanust ceteit o meromnke RFC 2544, namepenust BER
U pelteHusl IPpYyruxX 3a/1a4d UCIOJIb3yeTcs pexknM usmepenuii «I1leiidy,
KOTOPBIi [TO3BOJISIET TEPEHAIIPABJISATE OOPATHO MIPUXOISINNIL Ha ITPUOOP
TpaduK Ha Y9eThIpEX ypoBHsxX mojean OSI.

Wneiidy 13:47

I—I'IopT B—|

ATX
OTKNHYEH

ARX

B:TX

B:RX

Sl IH

Puc. 15.1. Pexxum uzmepennit «I11eiid»
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15.1 OO6uwwe cBeageHuns

Ha dusunyeckom yposae (LB1) Becoh Bxogsmuii Tpaduk nepena-
npaBJisieTcst 00paTHO 63 U3MEeHEeHMIA.

Ha kanasbHOM ypoBHe (LB2) Bce Bxojsiue KaApbl lepeHAIIPaB-
JISTIOTCST OOPATHO, TP 3TOM MOTYT MeHsIThcst Mectamu MAC-ajipeca o1-
[IPABUTEJIST U TIOJTy IaTeJIsl.

Ha cereBom ypoBHe (LB3) Bce Bxojsiye makerbl lepeHanpas-
JISTEIOTCsT 0OpaTHO, Tipu 9ToM MeHstrorest Mectamu MAC- u [P-anpeca or-
[IPABUTEJISA U TIOJTy YATEJIS.

Ha Tpancnopraom yposae (LB4) Bxojgamuii tpaduk mnepena-
TIpaBJIsIeTCsS OOPATHO, TTPU ITOM, TToMuMoO TepectanoBku MAC-anpecos
u IP-anpecos, menstiorcst mecramu Homepa TCP/UDP nopros ormpa-
BUTEJIS U [TOJIYIaTeIs.

IIpumeuanne: s mteiiba KaHAJIBHOTO, CETEBOTO W TPAHCIOPTHOIO
YPOBHE MOBPEXKIEHHBIE TTAKETHI HE TIEPEHAIIPABJISTIOTCS.

IIpumeuanue: s nuieiida KaHAJIBHOTO, CETEBOTO M TPAHCIOPTHOIO
yposreit nakersl ¢ oguHakoBbiMu MAC Dst u MAC Src, a tak ke 60ku
nauabix nporokosia OAM (OAMPDU) u ARP-3anpockl, coaepzxkamuecss BO
BXO/IAIIEM TpaduKe, HE IEPEHATIPABIISTIOTCS.

IIpumeuanne: eciou Bxomsimuii maker cogepkutr MPLS merky, on Oymer
IepeHaInpas/ieH 0e3 N3MeHEHUs €€ 3HAUCHUS.

IIpumeuanue: npu opranuzaruu muieiia Ha (HUTIECKOM YPOBHE Be-
JETCsT CTATUCTHUKA 110 MPUHUMAEMOMY TpaduKy; s Ijeiida KaHAJIbHOIO,
CETEBOT0 W TPAHCIOPTHOIO YPOBHS BEAETCS CTATUCTUKA 10 ITPUHIMAEMOMY
u miepegaBaeMoMy Tpaduky.
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15.2 BkntodeHune wneicda

s Broovyenust muieiicda ua opry A (B) caenyer nepeiitu B pexkum
u3mepenuit «Illneiic» u HaxkaTh Ha KHOUIKY ¢ 1uPOii, COOTBETCTBYIO-
el Hy?KHOMY 3HAYEHUIO YPOBHSA ILIelda.

| Mopt A |

| -

‘ Ha nopry A Brutouén
uteii¢ 1-ro ypoBHs

Hasxarp mist BKITtOUEHUS
nuieida 1-ro ypoBHs
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16. Tector TCP/IP

Tectbl, onucanubie B JIAHHOM pa3zjesie, HeOOXOIUMbBI IIPU IIPOBE-
JICHUH aHaJn3a B CETHX, COJEPIKAIIUX YCTPOUCTBA, OCYIIECTBIIAIONINE
KOMMYTAIIAIO U MAPIIPYTU3AIMIO [IePeJaBaeMbIX MaHHbIX. C TOMOIIBIO
TCP/IP TecToB MOXKHO OOHADYKUTH MPOBJIEMBbI, CBA3AHHbIE ¢ KOH(bHU-
rypaiueil cetu, ybeIuThCsd B CBA3HOCTH KaHaJa MEXKJY y3J/laMU CeTH,
OIIPEJIESIUTL MapPIIPYThl CJACIOBAHUS JTAHHDLIX, ITPOBEPUTH PabOTOCIIO-
COOHOCTH U OIEHUTH 3arPY?KEHHOCTH KAHAJIOB HEPeIadu JIaHHbIX.

Hnsa nonkmouenus npubopa bBeprkyr-MMT k rTectupyemoit cetu
MOTYT HCIOJIb30BAThCsI B JIF000M KoMOWHaIuu mopThl A u B mMomyss
B5-GBE, nopr LAN npubopa, a Tak:ke J1060i U3 9TUX TOPTOB CAMO-
CTOSITEJIHHO.

LAN, A,
BepkyT-MMT |"* g™ ————

Puc. 16.1. BapuaHTbl NOAKIIIOYEHU

ITpumeuanue: recror Ping, Traceroute, Arp, Arping u FTP/HTTP B
6a30ByI0 KOHMUTYPAIMIO HEe BXOJIAT; JOCTYITHBI IIPU JOMOJHUTETLHOM 3aKa3e
OIIITHH.
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16.1 3Sxo-3anpoc (Ping)

HCTpyMEHT «9X0-3aIIpOC» HO3BOJISAET ONPEJEINTH JOCTYIIHOCTD
CETEBBbIX YCTPONCTB, a TaKkKe OIEHUTb BPEMsl MeXKJly OTIPABKOIl 3a-
poca U HoJlyueHneM orBeTa (BpeMsi OTKJIMKA).

st mpoBeieHnst TECTUPOBAHUSI CJIeAyeT BBITOJHUTD AEHCTBUs, TIe-
pevnCIeHHbIe HUXKE.

HeiicTBue Cupas. MmarepraJib

Bxirounts npubop Bepkyr-MMT. —

2. | Ilonkmr09nuTh IPpUOOP K TECTUPYEMOI CETH. puc. 16.1, ctp. 71
3 B pexwume «HacTpoiiku» BBITOTHUTE KOH(MDUTYPAIIIO
"| cereBoro muTepdeiica *
B pexume «CereBble yTUIUTBI» TEPERTH B PEXKUM U3-
4|0 P Y P P puc. 16.2, crp. 73

mepennit «IP Toolsy ma Briagky «Ping».

B nosie Host/IP ¢ momMompio SKpaHHOI KJIaBAATYPHI BBE-
5.| cru IP-ajpec wiau goMeHHOE MMs y3J1a CeTH, JIOCTUXKW- | pazjest 7.4, cTp. 23
MOCTh KOTOPOTO HEOOXOIUMO IIPOBEPUTh.

B mone Hucno 3anpocos BBecTH KOJIH1€CTBO_OTHPaBJIsi-

6. | empIx maxeros. Ecim maskaTh Ha KHOTIKY “ («Becko- puc. 16.2, crp. 73
HEYHO» ), TAKETHI Oy T OTHPABIIATHCH J0 TEX 110D, HOKA
He Byzer HaxkaTa KHOIKa «CTOI».

7.| Haxxarb Ha KHONKY «CTrapTs. puc. 16.2, cTp. 73

B pesynbraTe BBINOTHEHUST IEPEUUCTIEHHBIX JIEHCTBUN HATHETCS Te-
CTUPOBAHME, B XOJe KOTOPOTO Ha KPaH OYIyT BbIBEIEHBI CTPOKH, CO-
JiepKalye Ceyollyo nadopmanuio (cjieBa Halpaso):

— pasmep [CMP-naxkera;
— IP-azgpec y3ia ceTu, OTBETUBIIErO HA 9X0-3AIIPOC;
— IOPAIKOBBII HOMED IAKeTa;

— BpeMd 2KHU3HU ITaKeTa;

— BpeMs MeXKy OTIPaBKOH 3aIlpoca U IMOJIyIeHHEM OTBETa.

oxpobuoe omucanme mpeacrasieno B 6pommope «Bepxyr-MMT. Yuusepcain-
HBIIl aHAJIN3ATOP TEJIEKOMMYHUKAIIMOHHBIX ceTeil. PYKOBOJCTBO 110 9KCILIyaTAIUNY.
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73

IP Tools

18:33

Host/IP h92163222101

64
64
64
64
64
64
64
64
69
64
64
64

bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes
bytes

from
from
fron
fron
from
from
from
fron
fron
fron
from
from
from

fron

c

192.168.222.101:
192.168.222.101:
192.168.222.101:
192.168.222.101:
192.168.222.101:
192.168.222.101:
192.168.222.101:
192.168.222.101:
192.168.222.101:
192.168.222.101:
192.168.222.101:
192.168.222.101:
192.168.222.101:
192.168.222.101:

4D Arn 000 404

PING 192.168.222.101 (192.168.222.101): 56 data bytes
64 bytes

seq=0 tt1=64 tine=3.279 ns
seq=1 tt1=64 tine=0.415 ns
seq=2 ttl=64 tine=0.473 ns
seq=3 tt1=64 tine=0.399 ns
seq=4 ttl=p4 tine=0.513 ns
seq=9 tt1=64 tine=0.357 ns
seq=6 tt1=64 tine=0.434 ns
seq=7 ttl1=64 tine=0.394 ns
seq=8 tt1=64 tine=0.369 ns
seq=9 ttl=p4 tine=0.371 ns
seq=10 ttl=64 tine=0.374 ns
seq=11 tt1=64 tine=0.354 ns
seq=12 ttl1=64 tine=z0.519 ns
seq=13 ttl=64 tine=0.458 ns

A4 113 Ay oz

N0 3anpocol ]

)

Puc. 16.2. Ping: npumep pe3ysbTaToB TECTUPOBAHUS

Host/IP

ITone nys BBoma IP-asipeca mimn TIOMEHHOTO UMEHU Y318 CETH.

Yucno 3anpocos

ITose JJId BBOZA KOJIMYIECTBa OTIIPABJIAEMbBIX ITaKETOB.

Crapr

3amyck TecrTa.
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16.2 MapuwpyT (Traceroute)

Nucrpyment «MapiipyT» HCIIOIB3YeTCs JJIst OIPEJIEJIEHUs] MaPII-
PYTOB CJIeJIOBaHUS JAHHBIX U TI03BOJISIET JUATHOCTUPOBATH JOCTYITHOCTD
IIPOMEKYTOUYHBIX CETEBBIX YCTPOICTB.

B nporiecce TecTupoBanus YKa3aHHOMY Y31y CETH OTIIPABJISIETCS IO~
CJIETOBATE/IbHOCTD KAJIPOB, IIPU 9TOM OTOOPAKAIOTCS CBEIEHUS O BCEX
IIPOMEKYTOYHBIX MapIIPpyTHU3aTOpaX, dYepe3 KOTOpble PO JIaHHbIE
Ha MIyTU K KOHEYHOMY Y3JIy.

st mpoBeieHnst TECTUPOBAHUS CJIEAyeT BBIIOJIHUTE ACHCTBUs, TIe-
peYuCICHHBIE HUKE.

HeticTBue CrpaB. MaTepuaJIbl

1. | Bkirrounts nipubop Bepkyr-MMT. —

2. | [lopxsrounTs IpUOOP K TECTUPYEMOI CeTH. puc. 16.1, ctp. 71

B pexume «HacTpoitku» BBINOJIHUTE KOH(MDUIYPAIHIO
cereBoro mHTepdeiica 2.

B pexume «CereBble yTWINTBI» EPEATH B PEKUM U3~

.16.3 .75
mepennit «IP Toolsy ma BriIagky «Traceroutes. puc » CTP

B nosie Host/IP ¢ moMompio SKpaHHOi KJIaBAATYPBI BBE-
6.| cru IP-agpec wiam qomMeHHOE MIMs y3J1a CETH, JOCTUXKU- | pazzest 7.4, cTp. 23
MOCTBH KOTOPOTO HEOOXOIUMO IIPOBEPUTh.

Haxarp wna kHOmKy <«MHTepdeiic» g BbIOOpa
7.| maTepdeiica, ¢ KOTOpPOro OyIeT OCYIIECTBIISTHCS puc. 16.3, cTp. 75
TECTUPOBAHUE.

JlJ1s1 3ampeTa BBIBOJA JOMEHHBIX HMEH HarKaTh HA KHOII-
Ky «He paspemarb nomennble uMmenas. B atom ciydae

8. puc. 16.3, cTp. 75
IIPU BBIBOJIE PE3yJIbTATOB TECTUPOBAHUs Oy/IyT OTOOpa-
2KeHBbI TOIbKO [P-anpeca ceTeBBIX yCTpOMCTB.

9. | Haxxarp Ha kHONKY «CTaprs. puc. 16.3, cTp. 75

TTonpo6roe onucanne npejicrasieHo B opomope «Bepkyr-MMT. Yuupepcasis-
HBIIl aHAJIN3ATOP TEJIEKOMMYHUKAIIMOHHBIX CceTeil. PYKOBOJCTBO 110 9KCILIyaTAIUN>.
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B pesysnbTaTe BBIIOTHEHUS TIEPEUNCTEHHBIX JEHCTBUT HAMHETCA Te-
CTUPOBAHME, B XOJIe¢ KOTOPOTO Ha dKPaH OYIyT BBIBEIEHBLI CTPOKH, CO-
JiepKalye CIeyollyo nHhopManuio (cieBa HalpaBo):

— HOMED y3JIa CeTH;
— nomennoe nms (IP-anpec) yamna ceru;
— BpeMdd O2KHJaHUgA OTBETa.

Ecin Bpems oxkujilauust OTBETA OT IIPOMEXKYTOYHOIO Y3JI1a IIPEBBICHU-
JIO TaliMayT, B CTPOKE PE3yJIbTATOB OYIET BBHIBEIEH 3HATOK «*».

< Network
L P Tooks e

Host/IP l’iwiki.ddg
.

ing

’tr'acer'uute to twiki.ddg (192.168.222.100), 30 hops max, 38 byte packets
1 srv.ddg (192.168.222.100) 0.360 ws 0.181 ms 0.164 us Traceroute

Puc. 16.3. Traceroute: npumep pe3yabTaToOB TECTHPOBAHUS

Host/IP Ilone musm BBOma IP-ampeca wmim momenHOoro
VMEHU y3J1a CEeTH.

NnTepdeiic Beibop wmaTepdeiica, ¢ koToporo 6ymer ocy-
LIECTBJIATHCA TECTUPOBAHHE.

He paspewatb foMeHHble MeHa  3ampeT BLIBOJA JOMEHHBIX MMEH: PE3YJIbTaThl
TecTUpOBaHMs OyJyT COIepKaThb TOJIbKO I[P-
aJipeca CeTeBBIX yCTPOUCTB.

Crapt Bamyck Tecra.
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16.3 ARP

ARP (Address Resolution Protocol) — ceresoit mporokos, onnca-
ubiit B RFC 826 (3] u npennasnavennsiii a1 onpesenenuss MAC-aapeca
1o u3BectHOMY IP-ajsipecy mian moMeHHOMY UMEHU y3JIA.

MAC-aspec onpesiensiercst mo ARP-Tabure, xpansieiicst B maMsiTi
pudopa.

st mpoBeieHnst TECTUPOBAHNUS CJIEIyeT BBIIOJHUTE JACHCTBUs, TIe-
peYncIeHHbIE HUKE.

HeiicTBue Crpas. MaTepuaJIbl

1. | Bkimrounts npubop Bepkyr-MMT. —

2. | [lopxsrounTs IpUGOP K TECTUPYEMOI CeTH. puc. 16.1, ctp. 71

B pexume «HacTpoitku» BBIIOJHUTE KOH(MDUIYPAIUIO

ceresoro unTepdeiica .

B pexume «CereBble yTWINTBI» EPEATH B PEXKUM U3~

Mepennii «IP Tools» Ha BrIanky «ARP». puc. 16.4, erp. 77

B nosne Host/IP ¢ moMompio SKpaHHOi KJIABAATYPHI BBE-
cru IP-ajpec uian joMeHHOE UMs y3J1a CETH, JOCTUXKH-
MOCTBh KOTOPOTO HEOOXOIUMO IIPOBEPUTh.

5. | Kaonka Besi Tabnuua coyxur ajsa orobpaxkenus ARP-| pasmen 7.4, crp. 23
TabJINIBI, XpaHdieiica B naMaTu npubopa. [Ipu srom
noste Host/IP craHOBUTCsSI HEAKTUBHBIM U €r0 3HAYEHUE
HE YUUTBIBACTCH.

Haxkare wa knonky <«WaTepdeiics s Bbibopa
6. | maTEepdeiica, € KOTOPOrO OyAEeT OCYIIECTBIISITHCS puc. 16.4, ctp. 77
TECTUPOBAHUE.

7.| Haxxarp na kuonky «CrapTs. puc. 16.4, ctp. 77

3MToapobroe ommcanne npeacrasteno B Gpormope «Bepkyr-MMT. Yausepcasn-
HBINA AHAJIN3ATOP TEJIEKOMMYHUKAITUOHHBIX ceTeil. PyKOBO,ILCTBO 110 IKCILIyaTallum».
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77

B pesysnbTaTe BBIIOTHEHUS TIEPEUNCTEHHBIX JEHCTBUT HAMHETCA Te-
CTUPOBAHME, B XOJIe¢ KOTOPOTO Ha dKPaH OYIyT BBIBEIEHBLI CTPOKH, CO-
JiepKalye CIeyollyo nHhopManuio (cieBa HalpaBo):

— JIOMEHHOE MM y3JIa CETH;

— THII alapaTHOrO 0OECICUCHNST;
— MAC-aapec y3ia ceru;

— wmetka 3anucu B ARP-Tabnune;
— umg uarepdeiica, ¢ KOTOPOro OLLI OTIPABJICH 3aIpoc.

IP Tools

Host/IP [192.168.222.100
.

Address Hutype HWaddress Flags Hask
Iface

sry.ddg ether  00:23:54:bd:ef:6b C

raceroute

ethd

Arp

Arping

e

L

Puc. 16.4. Arp: npumMep pe3yJsIbTATOB TECTUPOBAHUS

Host/IP Tlonte muist BBOma IP-ampeca wim HOMEHHOrO
UMEHU y3JIa CeTH.
Nnutepdeiic Bribop wunrtepdeiica, ¢ koroporo oOymer ocy-

HIECTBJIATHCA TeCTUPOBaHUE.

Bca tabnuua

Kuonka ciyxur s orobpaxkenuss ARP-

TabJIMIBI, XPaHAICHC B HAMATH TPHOOPA.
ITpu srom nose Host/IP cranoBuTcst HeakTHB-
HBIM U €r0 3HaYeHHE HE yIUTHIBACTCH.

Crapr

3amyck Tecrta.




78 TecTel TCP /IP

16.4 Arping

WNuctpyment «Arpings TO3BOJISIET OMPEIEINTH JTOCTYIHOCTD CETe-
BBIX yCTPOHMCTB, OMEHUTHL BpeMsi Mexk Ty ornpaskoii ARP-3ampoca yziy
CeTH U TI0JIyYeHHeM OTBeTa (BpeMsl OTKJINKA).

Nucrpyment «Arpings Takxke ucnosibsyercs, korjaa B ARP-Tabute
npubopa uHer Hy:KkKHOr0o MAC-anpeca. OH M03BOJISIET BBITOJHUTD IITHPO-
koBermareabubiit ARP-3anpoc g nmonydenns MAC-anpeca ceTeBoro
ycTpoiicTBa, ykazas ero IP-anpec wium momeHHOE MMsI.

st mpoBeieHnst TECTUPOBAHUS CJIEAyeT BBIIOJIHUTE ACHCTBUs, TIe-
peYuCICHHBIE HUKE.

HeticTBue CrpaB. MaTepuaJIbl

1. | Bkirrounts nipubop Bepkyr-MMT. —

2. | [lopxsrounTs IpUOOP K TECTUPYEMOI CeTH. puc. 16.1, ctp. 71

B pexume «HacTpoitku» BBINOJIHUTE KOH(MDUIYPAIHIO
cereBoro mHTepdeiica *.

B pexume «CereBble yTWINTBI» EPEATH B PEKUM U3~

mepenuii «IP Tools» Ha BKIagKy «Arpings. puc. 16.5, crp. 79

B nosie Host/IP ¢ moMompio SKpaHHOi KJIaBAATYPBI BBE-
5.| cru IP-agpec wian qoMeHHOE MM y3J1a CETH, JOCTUXKU- | pazzest 7.4, cTp. 23
MOCTBH KOTOPOTO HEOOXOIUMO IIPOBEPUTh.

Haxarp wna kHOmKy <«MHTepdeiic» g BbIOOpa
6. | uarepdeiica, ¢ KOTOPOro OymeT OCYHIIECTBIISATHCS puc. 16.5, cTp. 79
TECTUPOBAHUE.

B nosie Yucno 3anpoCoB BBECTU KOJIMYECTBO OTIIPABJIA-

a "1
7. | empix naxeros. Ecim naxars Ha KHONKY (S («Becko-
HEYHO» ), IAKETHI OyJLyT OTIPABJSITHCS J0 TE€X 10D, II0Ka
He Oymer HaxkaTa KHOMKA «CTOm.

puc. 16.5, cTp. 79

8. | Haxxars Ha kHOTIKY «CTaprs. puc. 16.5, ctp. 79

Tloapo6Guoe onmncanme npejcrasiaeno B 6pomnope «Bepkyr-MMT. Yausepcasib-
HBII aHAJIN3ATOP TEJIEKOMMYHUKAIMOHHBIX ceTell. PyKOBOICTBO MO 9KCILTyaTAIlUT .
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B pesysibTaTe BBIIOTHEHUS TEPEUNCTEHHBIX JAEHCTBUN HAYMHETCS Te-
CTUPOBAHME, B XOJe KOTOPOTO Ha KPaH OYIAyT BbIBEIEHBI CTPOKH, CO-
JiepKalye CIeyollyo nHhopManuio (cieBa HalpaBo):

— IP-azapec yzmna ceru;
— MAC-anpec y3na cern;
— BpeMdd O2KHJaHUgA OTBETa.

[ Netnore |
| rools IP Tools 12:19

Host/IP [Iwiki.ddg

ARPING 192.163.222.100 from 192.168.222.156 ethD

Unicast reply from 192.168.222.100 [00:23:54:BD:EF:6B] .T19us

Unicast reply from 192.168.222.100 [00:23:54:BD:EF:6B] .T01ms
Unicast reply from 192.168.222.100 [00:23:54:BD:EF:6B] .T20ms
Unicast reply from 192.168.222.100 [00:23:54:BD:EF:6B] .GO6ms
Unicast reply from 192.168.222.100 [00:23:54:BD:EF:6B]
Unicast reply from 192.168.222.100 [00:23:54:BD:EF:6B]

0

0

0

0

0.679us

0
Unicast reply from 192.168.222.100 [00:23:54:BD:EF:66] 0.704ms

0

0

0

0

0

0

.Tldus

Unicast reply from 192.168.222.100 [00:23:54:BD:EF:6B] .T15ms
Unicast reply from 192.168.222.100 [00:23:54:BD:EF:6B]

Unicast reply from 192.168.222.100 [00:23:54:BD:EF:6B]

.T12us
.T15ms
Unicast reply from 192.168.222.100 [00:23:54:BD:EF:6B] .Tlims
Unicast reply from 192.168.222.100 [00:23:54:BD:EF:6B]

Unicast reply from 192.168.222.100 [00:23:54:BD:EF:6B]

|—Hw::nu 3anpocoB—) i ™y

.T12us
.T12us

Puc. 16.5. Arping: npumep pe3yIbTaTOB TECTUPOBAHUS

Host/IP Iloste myist BBoma [P-aapeca wn moMeHHOTO MMEHU y3J1a CETH.

Nutepdpeiic Bri6op unTepdeiica, ¢ KOTOporo 6yaeT oCyIeCTBISITbCS Te-
CTUPOBAHUE.

Yucno 3anpocos Tlosne mutst BBOsIa KOJIMUeCTBa OTHPABIISIEMBIX [TAKETOB.

Crapt Bamyck Tecra.
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17. HacTtpoiiku noptos

Pexxum «Hactpotiku mopToB» city)kut 1jist uamenenusi MAC-anpeca
nopra A/B, a Takke s 3a/1aHUsT CKOPOCTH COEJAWHEHUST C TECTUPYe-
MbIM 00ODY/IOBaHUEM.

B

B:RX

B:FREE

E HacTpoiikn nopTos 11:06
ATX
Mopt A Mopt B
ARX [ p | [ p |
A:FREE

MACl 00:21:CE:50:00:01 l MACl 00:21:CE:50:00:02 l

ABTOMAT.

i CxopocTb| ABTOMAT. \i

CkopocTb

©0

Puc. 17.1. Pexxum «Hacrpoiiku nopros»

MAC

MAC-azapec nopra A/B.

CkopocTb

Beibop ckopoctm mepemaum manubIX: AsTo, 10 MéuT/c,
100 M6uTt/c, 1000 M6nT/c.

Ecisin Beibpano ABTo, cKOpocTh iepegadn OyAeT onpeseseHa
aBTOMATHYECKH. 3HAYEHUE CKOPOCTU OTOOPA3UTCH HA WHIN-
karope Link (cum. pasner 8).
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A. RFC 2544. Onucaxvne metoaukun

Meromuka RFC 2544 onpejessier HaOOp TECTOB, KOTOPhIE UCIIOJIb-
3YIOTCSl TIPUA OTIEHKE BaKHENINUX XapaKTEPUCTUK CETEBBIX YCTPOUCTB
U IIPOBEPKE COOTBETCTBUS NPEJOCTABIISEMBIX YCIYT XapaKTEPUCTUKAM,
KOTOpbIe oroBapupatorTcst B SLA MexXy omeparopamMu CBsI3U U KJIHEH-
TaMHU.

Biaromapst BO3MOXKHOCTH ITPOBEICHUS aHAJIIN3a IIPOILYCKHO CII0c00-
HOCTH, 33JIep>KKHU, YPOBHS MIOTEPh KAJIPOB U NIPEAeIbHON HAIPY3KH, 3T
METOINKa B HACTOMAIINEe BPEeMsl sIBJISETCS CTaHIAPTOM «Hde-(haKToy JIJIst
oIleHKHN mpou3BoauTesbuoctn Ethernet-cereii.

st onTuMu3auun CKOPOCTH U TIOBbIIeHNs 3P HEKTUBHOCTH TPOBE-
nenns anagm3a B npubope B5-GBE npemycMmorpera BO3MOXKHOCTH W3-
MeHEeHUsl CTaHJapTHBIX (onpeaenéuabix Metogukoii RFC 2544) snave-
HUUA apaMeTpPoOB TECTOB.

Hmxke mnpepcrapieHo ommcaHue 3TUX TECTOB COIVIACHO PEKOMEHIa-
uusim RFC 2544.

A.1 AnHanu3 nponyckHoW cnocobHocTun

V1

1 —_—

-
npousoLnia noteps
4

BepkyT-MMT | ,| | V2=Y1 — ) LWnend

4

Ne nonbITkn
V1, V2 - ckopocTb nepeaaym AaHHbIX

Puc. A.1. Ananus nponyckHo# CIIocCOGHOCTH

Anasus nponycrnoti cnocoonocmu, (Throughput) nposodum-
CA OAA ONPEJeNeHUSs MAKCUMANDHO BOMOHCHOT CKOPOCTNU
KOMMYMAUUL OAA CEMEBBLT INEMEHTNOE, KOTOPBIE PACTLONG-
2aromea 6 mpancnopmuoixr cemax Ethernet.
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[IponyckHast CIIOCOOHOCTH — MaKCHMaJibHAasi CKOPOCTBb IIepeiadn
JIAHHBIX, Ha KOTOPOH KOJMYECTBO Kajipos', mpormemmmx ugepes DUT,
PaBHO KOJIMYECTBY KaJIPOB, OTIPABJEHHBIX €My C TECTUPYIOIIEro 000-
pPy/loBaHUs.

[Ipu anasu3e MPOIyCKHO# CIIOCOODHOCTU HEKOTOPOE KOJUYECTBO I1a-
KETOB C MAKCHMA/TbHOIT Harpy3Koif eperaéres ua Bxox DUT? (puc. A.1).

3aTeM IMOJICUUTHIBAETCS KOJTUIECTBO TAKETOB, IIPHUIIIEIIINX C BBIXO/I-
uoro nopta DUT. Ecjiu oHo OKa3bIBaeTCsI MEHBIIE KOJIUIECTBa IIePeIaH-
HBIX ITAKETOB, TO HAIDY3Ka YMEHBIIIAETCS U TECT BBIIOJTHSIETCs CHOBA.

[Ipu omnpeseneHnn MPOITYCKHON CIIOCOOHOCTU WCIIOIB3YETCsT METOJ
OMHAPHOTO TIOUCKA.

A.2 AHanus 3apep>xku

Ta

@ M - xanp c metkon

nayka kagpos

I
bepkyT-MMT - - :) LLnend

] .

Tb

3agepxka = Tb - Ta

Puc. A.2. Ananu3 3amepxKu

Anaaus sadeporcku  (Latency) npumensemcs oas ouenru
spemert, Komopoe HeobxToduMO Kadpy O0af NPOTOHCOEHUA
OM UCMOYHUKG K NOAYUGMENO U B036PAMA K UCTOOHOMY
anemenmy. Ecau seauvuna 3adepocku usMeHAEMCA UAU
cmanosumces boavue donycmumoti, Imo MOAHCEM NPUBECU
K NpobAeMam 8 pabome cepeucos peasvbH020 6PEMEHU.

1T‘epMI/IHbI na@p 1 naxem B OIIMCaHUAX TECTOB ABJIAIOTCA CMHOHHUMAaMU.
2B 9TOM U IIOCJIEAYIOINUX OIIMCAaHUAX TECTOB BCE PaCCMOTPEHHBbIE ,HeﬁCTBHSI BbI-
TIOJTHAIOTCA TE€CTEPOM aBTOMATHUYECKH.
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Ilpu amajnuse 3aJepKKHU CHAYA/Ia OIPEHEJAETCs IPOIYCKHAS CIIO-
cobnocts DUT. 3arem juis KaxKa0ro, onpejenaéaaoro merogukoii RFC
2544, pasMepa IakKeTa Ha COOTBETCTBYIOIIECH eMy MAaKCHUMAJLHON Ha-
I'PY3KE IOCBLIAECTCH MOTOK KAJPOB, &JPECOBAHHBIX IMOJydaTeso. e-
PE3 HEKOTOPOE BPEMsI B OJIMH IIAKET BCTABJIACTCI METKA OLPEICIEHHOIO
dbopmara. Ha nepematommeii cropone sanucsiBaercs 3Hadenne Ta (Bpe-
MsI, K KOTOPOMY IaKeT ¢ MEeTKOW ObLI IOJIHOCTBIO Tepean). Ha npu-
EMHOIl CTOPOHE OIpenesseTcs MeTKa W 3aluchiBaeTcs 3HadeHune Tb
(Bpemsi mpuéMa MmakeTa ¢ METKOIA).

Bagepxkka (Latency) — sro pasuuna (Tb — Ta). ITo pesynsraram ana-
JIN3a BBIYMCJISIETCS CPEIHSIST 3a0ePIKKA.

A.3 AHanus ypoBHs NnoTepb KagapoBs

100%
—

-
notepy - X %

90%
bepkyT-MMT | 21 ] —> - ) Wnend

-~
notepy - X %

Ne nonbITku

X1%, X2% — NOTepU Npu COOTBETCTBYIOLLE Harpy3ke

Puc. A.3. Aunajuz ypoBHS NOTEPh KaJIPOB

Anasus yposhns nomepv kadpos (Frame Loss Rate) neob-
TOOUM OAA MPOBEPKU CNOCOOHOCTNU CEMU NOOIEPHCUBAMD
NPUNOHCEHUSA, KOMOPBLE PAOOMANOM 6 PEAALHOM BPEMEHU
(6e3 603MmO021CHOCTIU NOBMOPHOT Nepedayu), mak Kax 60av-
wotl NPoOUEHM nomepsv Kadpos npusedém K Yryouenuro xa-
YECTNBA CEPEUCA.

AHaju3 ypoBHsI TOTEPD IO3BOJISIET PACCUUTATE IIPOLIEHT KAIPOB, KO-
TOpbIE HE 6I)I.HI/I nepeanbl CETEeBbIM 3JIEMEHTOM IIpU IIOCTOSIHHOI Ha-
Ipy3Ke U3-3a HeJOCTAaTKa alllapaTHBbIX PECYPCOB.

[Ipu ananuze ypoBHs moTepb Kajpos Ha Bxox DUT wa ompemenén-
HOIT CKOPOCTH TOCHLIAETCST HEKOTOPOE KOJIMIECTBO KaIpoB (input count)
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U HOJICYUTBIBACTCS KOJIMIECTBO ITIAKETOB, IPUIIIEJIIINX C BHIXOHOTO [IOP-
ta DUT (output count).
YPpOBeHDb OTEPh KaJAPOB PACCIUTHIBACTCS 10 (DOpMyIIe:

100 x (input count — output count)

(input count)

[lepBasi MOIBITKA JOJKHA OCYIIECTBJISITHCA HA CKOPOCTU, MAKCH-
MaJIbHOM JIJIsi JAHHOTO COeJiMHeHusi. FCjin moTeph HET, TecT 3aBeplia-
ercsi. Creyrolasl IOIMBITKA JOJIXKHA [IPOXOIUTh HA CKOPOCTH, COCTaB-
astronieii 90 % oT MakcHMMaJIbHOM, 3aTeM Ha CKOPOCTHU, COCTABJISIONIEH
80 % or makcumaabHOI. VcnbITaHus MOBTOPSIIOT, yMEHbIIAs CKOPOCTh
TectoBoro noroka Ha 10 % (Bo3MOXKeH Jpyroii mar), 10 Tex 1op, moka
B JIBYX HOIBITKAX MOJPSI]] He OY/IeT MOTEPSTHO HU OHOTO KaJIpa.

A.4 AHanus npepenbHO Harpysku

nayka Kkagpos

—
=~
I [
1 kagp noTepsH
KOn-BO KagpoB B nayke

bepkyT-MMT ST P ) Wneiicp

-—

N
f

notepb HeT

Ne nonbITkn

Puc. A.4. Anayius npeenbHOl HArPY3KU

Ananrus npedeavroti naepysku (Back-to-back) noszsossem
OUEHUMD BPEMA, 6 MEYEHUE KOMOPO20 YCmPoticmeo cnpas-
AAEMNCA € MAKCUMANOHOT Ha2pY3KOU.

IIpn ananm3e HepaBHOMEPHOCTHU Nepefiadn maHHLIX Ha Bxom DUT B
TedeHHEe 3aJJaHHOI'O0 BPEMEHHN OTCBhLJIaIOTCA Ka/IPbI C MaKCUMaJIbHOI Ha-
TPY3KOH U MOJCINTHIBAETCS KOTIMIecTBO akeToB ¢ Bbixoga DUT. Ecim
OHO OKa3bIBAETCsI PABHBIM KOJUYIECTBY OTIIPABJIECHHLIX KaJIPOB, TO TECT
3aKkaHIYMBaeTcs. Ecan xKe KomndecTBo nakeToB Ha Buixogae DUT Mmenbime
YUCJIa OTIPABJIEHHBIX, TO BPEMSI YMEHBIIAETCS U TECT MOBTOPSIETCS.
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B. Crpyktypa Ethernet-kagpa

Destination MAC Address

Source MAC Address

Length/Type

Frame Check Sequence

Puc. B.1. Crpykrypa Ethernet-kaapa

Destination MAC Address — MAC-ajapec nosy4aaressi. [Tose
JUIMHOR 6 GaiiT, COmEPKUT alpec y3Jja CeTH, KOTOPOMY IIpeIHasHAueH
KaJIp.

Source MAC Address — MAC-anpec ornpasuress. 1lose mim-
Holt 6 GaiiT, COEPKUT aJIPec OTIPABUTENST KaIpa.

Length/Type — Huuna/Tun. [ose cogepxur 16-6uroBoe 1esroe
YUCJIO U IPUHUMAET OJHO U3 ABYX 3HAUCHMIA:

— eCJIM YHCJI0, 3aIIMCAHHOE B 3TOM TI0Je, MeHbIe wiaun paBHo 1500,
To moJie npuHuMaeT 3Havdenne Length (Jdumua) u onpejenser
JITUHY TIOJIS JTAHHBIX;

— eCJIi 3HaYeHUe, 3allUCAHHOE B 9TOM I10Jie, O0JIbIle Uian paBHO 1536,
To mojie npuHuMaer 3Hadenue Type (Twum) n ykasbiBaer Tum
HCIIOJIb3YEMOI'O IIPOTOKOJIA.

Data — mosie naHHBIX, MOXKET cofep:kaTh oT 46 mim 42/38/34 (B
cayuae, Korja kajap cogepxkut 1/2/3 VLAN-merku) mo 1500 Gaiir.

Pad — Padding (mosie 3anosnenusi). Ecou rosie 1aHHBIX nMeeT -
Hy Meree 46 GaiiT, TO KaJp JIOMOJIHIETCs OJIEM 3aIl0JIHEHUsI 10 MUHM-
MaJIbHO BO3MOXKHOTO 3HavueHus1 — 64 OaiiT.

Frame Check Sequence — Kourposbaas cymma. [lose cocrour
u3 4 6ailT, cojlepKalUX KOHTPOJIBHYIO CyMMY.
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Destination MAC Address

Source MAC Address

Tag Protocol Identifier

Tag Control Information —>| Priority | CFI | VLAN ID|

Length/Type

Frame Check Sequence

Puc. B.2. Crpykrypa Ethernet-xaapa, comepxxkamero VLAN-merky

Tag Protocol Identifier — metka «/menTudukarop mpoTOKOIAS.
16 6uT, KOTOpBIE ONPEIENSIOT MPUHAJJIEXKHOCTh Kajgpa K CTAHIApTy
802.1Q [4].

Tag Control Information — Nudopmanust jiyist ynpaBjieHust MeT-
koit. TCI comepKuT TpHU MOJIA.

— Priority — User (VLAN) Priority. Tpu 6ura, KoTopble cojepkar
uHGOPMAIMIO 0 IIpHopUTeTe Kaapa (BO3MOXKHO BOCEMb 3HAYEHMUIT
npuopurera([4])).

— CFI — Canonical Format Indicator (nmaukarop KaHOHHYECKOTrO
dopmara). OgHOOUTOBBI dJitar, KOTOPBIil Beeria paBeH HyJIo s
kaapoB Ethernet.

— VLAN ID — VLAN Identifier (VID). 12-6urHstit nnenrnduka-
top VLAN, koropsrit onpesienén B crangapre 802.1Q [4]. Ozno-
sHa4uHO ompeesnser VLAN, KoTopoit NpuHAIIeKAT KaIp.
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C. Cneyudukaunn

C.1 WnTepdeiicbi

Tabmauma C.1. Marepdeiicor

NMurepdeiicer Gigabit Ethernet

2x10/100/1000 Base-T u SFP

Nurepdeiicbl ynpaBieHus

USB tun B

C.2 TectupoBatue

Tabmauua C.2. TecrupoBanue

CkopocTs nepegadu

10/100/1000 M6uT/c

Ilopgnep>kuBaembie popMaThl KaJpPOB

Ethernet II, IPv4, UDP, TCP

MAC-anpec UCTOYHUKA, /TIOJLy YaTeIs,
VLAN ID, npuopurer VLAN, IP-aapec

Hacrpoilika mnapamMeTrpoB TECTOBBIX | ICTOYHHUKA/TOIydaTess, mnoje ToS, mose
IaKeToB Precedence, mose DSCP, UDP mnopr or-

[paBUTEJIs /IOy YaTessd, Pa3Mepbl KaJpOB

64—64000 Gair

IIponyckHast ClIOCOGHOCTD, 3a/1€PXKKA, [TOTe-
RFC 2544 POy  SAACPIIA,

PH KaJpOB, IIpe/esibHas HAarpy3Ka

OH eleJIEHUuEe MapIl TOB CJIeJOBaHUA JJaH-
MappyT pen puipy 1 pit

HBIX B cersix Ha ocHoBe TCP/IP

Dx0-3a1rpoc

MunuMasabHOe, CpeliHee, MAaKCHMAaJIbHOE
BpeMsI MEK/y OTIPABKOM 3aIpoca U IOJIy-
qeHneM oTBeTa. KOJIHTECTBO NepelaHHBIX,
IIPUHATBIX, [TOTEPSIHHBIX U IIOBTOPHBIX IIa-
keToB. KonmdecTBO akeToB, A1 KOTOPBIX
BpeMsl OTBETa OBIJIO NMPEBBIIIEHO

ARP

Omnpepnenennss MAC-anpeca 110 U3BECTHOMY
IP-anpecy min 1OMEHHOMY MMEHU y3Jj1a

Arping

Boimosnenue mupokosemareabaoro ARP-
3amnpoca st nostyderuss MAC-aapeca cere-
BOro ycrpoiictsa o ero [P-agpecy unu mo-
MEHHOMY MMEHH

Ineiid (Loopback)

YpoBHm: uU3NTECKUI, KAHAIBHBIA C MOZ-
nepxkkoit VLAN, cereBoii, TpaHCIIOPTHBIA
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C.3 OO0uwue xapakTepucTuku

Tabmuua C.3. Obuue XapakKTepucTUKU

PdusnyecKue napaMeTrpbl
TaGaputHbie pasmepbl Mmoaynsi (BXIIIXT) 30,5x103%x150,5 MM
Macca moznyiist 0,38 kr

VciioBus skcIIyaTanyuu
Junanaszon pabo4yux TemMieparyp 15-25°C

JunanazoH TeMirepaTryp TPaHCHOPTUPOBKH U 5-40°C
XpaHeHUs

OTHOCHUTEJbHAA BJIA>KHOCTb BO34yXa 40-90 %, 6e3 KoHmeHCATA
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D. YcTpaHeHune

HemcnpasBHOCTeN

Tabsma D.1. BodMmoxkHble HEUCIIPaBHOCTHA

XapakTepHble OpPU3HA-
KU HEUCIIPABHOCTU

BosmoxxHasa npuyunHa

Meton ycrpanenus

CBeTOAMO/IHBIN HHIUKATOD
.
., 4

O

TOPUT KPaCHBIM

Mogaynb HaxoguTCs B HEpabotIeM pe-
2KIMe BCJIE/ICTBHE yCTAaHOBKHU HEKOP-
pekrroro 1O

OOHOBUTH BEpPCHIO IIPO-
IIMBKYA MUKPOKOHTPOJLIIEPA
emié pas, HCIOJIb3ys KOp-
PEKTHYIO BEPCUIO

CeeTonnonHBIl MHIUKATOD
Lo

()=

,@, He ropur (mUTaHHE
[IOZIAHO)

Monyns HaxoauTCsl B HEpaboueM pe-
JKUMe BCJIEJICTBUE yCTAHOBKH HEKOD-
pexraoro ITO

OOCHOBUTH BEpCHIO IIPO-
IIIMBKH MHUKDPOKOHTPOJIIIEPA
emié pas, HCIOJIb3ysl KOp-
PEKTHYIO BEPCHIO

Mogysib HEUCIIpaBEeH

OcyIecTBUTL PEMOHT MO-
JIyJIsl B CEPBUCHOM ILIEHTPE

B ciry4gae, eciin He ymaércest cCaMOCTOSTEILHO YCTPAHUTD O0HAPY KEH-
HYIO HEHCIPABHOCTH MOJYJs, CJIeIyeT 0OpaTUThCs B CIyKOy TeXHHYe-
CKOH IIOJIJICPZKKU 110 aJpecy:

000 «HTHL-Merporek»

127322, Mocksa,

yii. db6moukosa, .21, kopir. 3
Tes.: (495) 961-0071, (812) 340-0118, (812) 340-0119

www.metrotek.ru

www.metrotek.spb.ru

[Ipu obparieHnn HEOOXOMIUMO YKA3aTh CJACAYIONLYI0 HHMOPMAIIAIO:
HANMEHOBAaHUE MOJIYJIsI, 3aBOJCKOI HOMED U OIMCAHUE MPODJIEMBI.
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