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BBenenune

CoBpeMEHHOE Pa3BUTHE TEIEKOMMYHHUKAIIMOHHBIX TEXHOJIOTUI
XapaKTEPU3YETCs MOBBIIIEHHBIM TPEOOBAaHUEM K KaU€CTBY MPEIOCTaBISIEMbIX
YCIIYT CBSI3U, YTO MPEAIOJIaracT rpaMOTHYIO OPTaHU3ALMIO U3MEPEHUH Ha CETU
cBa3u. M3mepenue Hapsay ¢ aHaIM30M, TECTUPOBAaHHEM, MOHUTOPUHIOM U
KOHTPOJIEM SIBIIIFOTCS METOJAMU KOHTPOJISI TEIEKOMMYHHUKAIUOHHBIX CUCTEM
MPUMEHUTEIIBHO K Ka4eCTBY OOCITYKUBAHUS B AJIEKTPOCBSI3H .

N3ydenne maructpantaMu Kypca « MeTonsl U CpeacTBa
U3MEPEHUN B TEJIEKOMMYHUKALIMOHHBIX CUCTEMax» 0a3upyeTcs Ha
JUCHUIUIMHAX OakanaBpuaTta «Teopus 3JI€KTpOCBsI3N», « BruncianTenbHast
TeXHUKay», «Ilepenaya quckpeTHBIX cOOOUIEHUIT», «MHOTOKaHaIbHbIE
CUCTEMBI iepeaauny, «JIuauu cBsa3m», "MeTtposiorus, CTaHAapTU3aALUS U
ceptudukanusa”. CMeKHBIMU TUCHUIUIMHAMU SBISIOTCS: «L{udpoBbie
cucTeMsbl nepenaun», « ludgposas kommyramus», «BorokoHHO-
ONTUYECKHUE CUCTEMBI IIEpEIaun».

B PE3YIbTATC U3YUCHUA OUCHUIIINHBI «MGTOI[BI H CpCaACTBa
H3M€p€HPIfI B TCICKOMMYHHKAIIMOHHBIX CUCTCMAX» MAIruCTPAHT OOJIKCH:

- 3HAThb OCHOBBI U3MEPEHUN TEICKOMMYHUKAIIMOHHBIX CUCTEM, METOIBI U
CpEJICTBA U3MEPECHUH anmnapaTypbl TEIICKOMMYHUKAIMOHHBIX CUCTEM, METOBI
MPOBEJICHUS TEOPETUUECKUX U IKCIIEPUMEHTATIBHBIX UCCIIEIOBAHUHN B 00J1aCTH
TEXHUKH CBSI3U, METO/Ibl OLICHKH MapaMeTPOB YCTPOMCTB U CUCTEM CBSI3H,
MEPEIOBBIE METOIbI TEXHUYECKOTO KOHTPOJISI U TUATHOCTUKH B MPOLECCE
HACTPOMKM U SKCIJIyaTalluu CPEACTB CBS3H;

- yMeTbh MPaBWJIHHO PACCUUTHIBATH, aHAIM3UPOBATH U pa3padaThiBaTh
3aJ1a4¥, OTHOCSIIIUECS K U3MEPUTEITbHBIM
TEXHOJIOTUSIM TEJICKOMMYHUKAIIMOHHBIX CETEH, OCYIIECTBIATh AaHAJIN3
HAJEKHOCTH U CXEM JIMarHOCTUKH TEJICKOMMYHUKAIIMOHHBIX CUCTEM U CPEACTB
CBSI3U;

- HMETb HABBIKM TEXHUYECKOTO KOHTPOJIS U JUArHOCTUKH B
IIPOLECCE HACTPOMKHU M TEXHUYECKOW IKCIUTyaTalluu CUCTEM U YCTPOMCTB CBSI3H.

OcHoBHas 3a1a4a TUCHUIUIMHBI «METOIbI M Cpe/ICTBa U3MEPEHUI B
TEJICKOMMYHHUKAITMOHHBIX CUCTEMax» - 00YUYUTh MarucTpaHTOB OCHOBaM T€OPUHU
W3MEPECHUN MTApaMETPOB TEJIEKOMMYHUKAIIMOHHBIX CUCTEM, a TAKKE IPUBUTH UM
MPAKTUYECKUE HABBIKU 110 TIPOBEICHUIO TEXHUYECKOTO KOHTPOJISA U JUATHOCTUKU
1 00yYUTHh METOJaM TEXHUYECKOM IKCILTyaTalluy TeJIEKOMMYHHUKAITMOHHBIX
CUCTEM M CETEH CBSI3H.



IIpenycMoTpeHHBIE IPOTPAaMMOM JAHHOI'O Kypca 3HAHHUS SIBIISFOTCS
0a30i1 17151 OCBOCHMSI CHEUAIBHOCTU U (POPMHUPOBAHUS TUTIIIOMUPOBAHHBIX
CHEHUAJINCTOB HAIIPABJICHUN TEJIEKOMMYHUKALUH.

Jlekuusi 1. OCHOBHBIE IOHATHUSA U ONPeaeTeHUs

IICJ'I]): HU3Yy4YCHUC CAMHUI, MCTOA0OB U CUCTCM N3MCPCHMUA, KJ'IaCCI/I(i)I/IKaLII/II/I
JaHHBIX CUCTCM.

EauHunpl, cucTeMbl eIHHHII

Komuccust o pazpabotke enunoit MexyHapoIHOM CUCTEMbI €IUHUIL
paspaboTania mpoeKT MexIyHapOHOU CUCTEMbI €UHUI], KOTOPBIA ObLI
YTBEPKJIEH 9-11 renepaibHON KOH(epeHuei mo mepam u Becam. [Ipunsras
cuctema Obl1a HazBaHa Mexaynapoanas cuctema eaunnil CH (S| — System
International). CrieruaaucTbl HCXOUIIA U3 TOTO, YTOOBI OXBATHTh CHCTEMOMW BCE
00JIaCTH HAYKHU M TEXHUKH; IPUHSTH YO0OHbIE 1JIs MPAKTUKHU pa3MePbl OCHOBHBIX
€IUHULI, YK€ MOJIYYUBIIHE PACIPOCTPaHEHNE; BLIOPATh B KA4€CTBE OCHOBHBIX
€UHUI] TAKUX BEJIUYUH, BOCIIPOU3BEICHUE KOTOPHIX BO3MOXKHO ¢ HAMOOJbIIEH
TOYHOCTBHIO.

B cucreme CH B kauecTBE OCHOBHBIX IIPpUHATBLI CCMb CIAWHMUIL:

MeTp — ¢IMHHUIA OJIMHBI, KWJIOTI'paMM — CAMHUIA MAaCChl, KCJIbBUH — CAWHUIIA
TEMIICPATYPbI, KaHACJA — €AMHUIA ChUJIa CBCTA, aMIICP — CAWHHNIIA CUJIbI TOKA,
CCKyH/Ja — CIMHUIIA BPECMCHH, MOJIb — KOJIMYCCTBO BCIICCTBA.

OcranbHble €IUHULIBI ABJISIOTCS TPOU3BOTHBIMU.
Knaccudpukanus n3mepureabHbIX yerpoiicts (1Y)

Bce cpenctBa usmMepeHuii 1ea4Tcsl Ha MIECTh BUAOB : MEPbl, U3MEPUTEITLHBIC
npeoOpa3oBaTeu, U3MEPUTEIbHBIC TPUOOPHI, BCTIOMOTATEIbHBIE CPEICTBA
WU3MEPEHUI, U3MEPUTETLHBIC YCTAHOBKH U U3MEPHUTENIbHBIE CUCTeMbl. Hanboee
MHOTOYHMCIICHHOMN TPYIIION CPEACTB UBMEPEHUM SABIISIFOTCS U3MEPUTEIIBHBIE
pUOOPHI U TIpeoOpa3oBaTeIn, KOTOPhIe 0000IIEHHO HAa3bIBAIOTCS
u3MepurtenbHbIME yeTpoiicTBamu (UY). B cuty 60mbioro pasaoodpasust ux
KJIACCU(UIIUPYIOT MO Pa3IUYHBIM MIPU3HAKAM:



- 1o ucnonb3yembim puznyeckuM nponeccam MY pazaensior Ha
MEXaHUYECKHUE, JIEKTPOMEXaHUUECKUE, IIEKTPOHHBIE, ONTOJIEKTPOHHBIE U T.II.

- 1o ¢usmueckoil npupojie U3MepsieMOl BETMYUHBI PAa3JINYalOT BOJIBTMETPHI,
aMIIepPMETPbI, TEPMOMETPHI, MAHOMETPHI, YPOBHEMEPHI, BIArOMEPHI U T.J.

- [To Buay n3mMepsseMou BEIUYMHBI WIM CUTHAJIA H3MEPUTEIBHON
nHpopMaIuu, a TakKe 1Mo crocody 00padboTKU cUrHaza IprUOOPHI AEIATCS Ha
aHajorosbie U UppoBeie. Takke paznuyaroT IprUOOPbl HEMPEPHIBHOTO U
JTUCKPETHOTO JEHUCTBUS.

- [To cTpykTypHOMY IPUHIUITY pa3auyaloT U3MEPUTEIIbHBIE YCTPOMCTBA
MPSIMOTO JIEUCTBUA (ITpeoOpa3z0oBaHusi); B KOTOPOM PEaIU3yeTCsl METO/T
HEMOCPECTBEHHOM OLIEHKHU, U3MEPUTEIbHBIE YCTPOUCTBA, pab0Ta KOTOPBIX
OCHOBaHa Ha METO/IE CPABHEHUSI.

- ITo ctpyktypHbIM npu3zHakaMm MY Takke MOXKHO KJIaCCUPHUITUPOBATH 110
YHCITy KaHaJIOB ¥ TI0 BPEMEHHOM MOCIIeIOBATEILHOCTU MTPEOOPA30BaHUM BXOAHBIX
CUTHAJIOB. B 3aBUCMMOCTH OT YHMCJIa BXOJAHBIX CUTHAJIOB, HECYIIIUX HH(POPMAIIHIO
00 uzmepsemoii BenuunHe, 1Y ObIBalOT ¢ OAHUM (HampuMep — BOJILTMETP), IBYyMs
(dbazomeTtp) u Gosiee BXO1aMH, T.€. COOTBETCTBEHHO OJIHO-, ABYX- U
MHOTOKaHaJIbHBIMHU.

- ITo Tounoctu 1Y nenst Ha oOpa3ioBbie, HCTIOIB3YEMBIE JJIs1 TOBEPKU
npyrux MY u yTBepKJIeHHbIE B KaueCTBE 00pa3IOBBIX, M paboydne, UCTIOIb3yeMbIe
HEMOCPEACTBEHHO B NMPAKTUYECKUX U3MEPEHUAX, HE CBSA3aHHBIX C MEpeaayen
pasmepa eIMHUL.

- Ilo yactotHoMy nuamnazony MUY penar Ha HuskouactotHeie (HY),
BbIcOKOUacTOTHBIE (BY) u cBepxBbicoKoUacToTHRIE (CBY), 10 mMpuHe M0J0ChI
4acTOT — Ha IIMPOKOMOJIOCHBIE U U30UpaTeNbHbIE (CEIIEKTUBHBIE).

- ITo mecty ucnons3oBanus Y nensar na mabopatopHbie U
IIPOU3BOACTBEHHBIC, KOTOPBIE PE3KO OTIIMYAKOTCS IO YCIOBUAM IKCIUTYyaTalllH, 110
TEXHUYECKUM U METPOJIOTUUECKUM XapaKTEePUCTUKAM.

OcHOBHbBIE IPUHIMIIBI U3MEPEHUit
MeTtoabl U3MepeHust

Metoa usMepeHuil - TpueM WIM COBOKYITHOCTh IPUEMOB CPABHEHUS
n3MepseMor (pU3NIeCKON BETUYUHBI C €€ ¢IMHUIICH B COOTBETCTBUH C
peann30BaHHBIM MPUHIIUIIOM U3MepeHuid. OOBIYHO METOJT U3MEpPEHUN 00YCIIOBIICH
YCTPOMCTBOM CpelcTBa u3MepeHuil. PaznuaaroT: auddepeHmanbHbIi, HYJIeBOMH,



KOHTaKTHBIA U OECKOHTAKTHBIN METOJIbI H3MEPEHUH, a TAK)KE METOJIbI CPABHEHUS C
MEpOM U METOJ HENNOCPEACTBEHHON OLIEHKH.

Haubonee nmpocto peann3yercss MeTo/l HEMOCPeACTBEHHOI OlleHKH,
3aKJTFOYAIOITUICS B ONPEICTICHUN BEJTUIHHBI HEMTOCPEICTBEHHO TI0 OTCYCTHOMY
YCTPONCTBY U3MEPUTEIHHOTO TPUOOpa MPSMOTO ACHCTBUS, HATIPUMED,
B3BEIIMBaHUE Ha ITU(EepOIaTHBIX BECaxX, OMPEICTICHUE pa3Mepa IeTalu C
MOMOIIIHI0 MUKPOMETpPA U H3MEPEHUE AaBJICHUS TIPYKUHHBIM MaHOMETPOM.

MeTtoa cpaBHEHHMS ¢ MEPOM, 3AKIIFOYAIOIIUICS B TOM, YTO U3MeEpsieMas
BEJINYMHA U BEJIMYNHA, BOCIIPOU3BOINMAsl MEPOMl, OTHOBPEMEHHO BO3JEHCTBYIOT
Ha U3MEPUTEIbHBIN MPUOOP CpaBHEHUS, C TOMOIILI0 KOTOPOT0 YCTaHABIUBAETCS
COOTHOILIEHHUE MEXIY HUMH, HA3bIBAETCSI METOJAOM MPOTHUBOIOCTABIICHUSI.
IIpuMeHeHHne MeTOAa NPOTUBONOCTABJICHHS [T03BOJISIET 3HAYUTEIIBHO
YMEHBIINTH BO3/ICUCTBUE HA PE3YJIbTAaThl U3MEPEHNN BIHSIOMINX BEJINYNH,
MIOCKOJIBKY OHHU 00JIee WM MEHEE OJMHAKOBO MCKaXKAIOT CUTHAJIBI U3MEPUTEILHON
uH(pOpMaIMK KaK B [IENU NpeoOpa3oBaHusl U3MEPIEMON BEIMUUHBI, TaK U B LIETIH
npeoOpa3zoBaHus BEIMYUHBI, BOCIIPOU3BOAUMOI Mepoii. OTCUETHOE yCTPOICTBO
npudopa CpaBHEHMSI pearupyer Ha pa3HOCTh CUTHAJIOB, BCJIEICTBHE YETO 3TU
VCKaXXEHUs B HEKOTOPOU CTEIIEHU KOMIIEHCUPYIOT APYT Apyra.

Pa3HOBUAHOCTBIO METOIa CPABHEHUS C MEPOU SIBIIIETCS TaKKe HYJIeBOM
MeTO/ U3MepPeHHsl, KOTOPbIH COCTOUT B TOM, YTO IOJOOPOM pa3zmepa
BOCITPOU3BOAMMON MEPOU BEIMUMHBI UJIA ITyTEM €€ MPUHYAUTEIbHOIO U3MEHEHUS
3¢ (dexT BO3AeHCTBYA CPAaBHUBAEMbBIX BEJIMYHMH HA MPUOOP CPAaBHEHUS AOBOJAT 10
HYJIS.

[Tpu nndpepennuaibHOM MeTOIe H3MEPEHUsT HA U3MEPUTENIBHBINA TPUOOP
(HeoOs3aTeNnbHO IPUOOP CPABHEHMS) MTOAACTCS HEMOCPECTBEHHO Pa3HOCTh
M3MEPSAEMON BEJIMYMHBI U BEJIMYUHBI, BOCIIPOU3BOANMOMN Mepou. K
Pa3HOBUIHOCTSAM METOJIa CPABHEHUS C MEPON OTHOCUTCS M METOJ 3aMeLleH s,
IMPOKO MPUMEHSIEMBIA B IPAKTUKE TOYHBIX METPOJIOTUUECKUX UCCIIEAOBAHNM.
CynHOCTh METOZIa B TOM, YTO MU3MeEpsieMasi BEJINYNHA 3aMEIAETCs B
MU3MEPUTEIBHON YCTAHOBKE HEKOTOPOW U3BECTHOM BEIMYMHOM, BOCIIPOU3BOIUMON
Mepoil. 3aMelIeHre MOKET ObITh MOJHBIM WJIM HETIOJIHBIM, B 3aBUCHUMOCTH OT YETO
TOBOPAT O METO/IE ITOJIHOTO WJIM HEMIOJIHOTO 3aMEILECHHUS.

OnHuM B3 O0IIMX METOI0B U3MEPEHUHN SIBIISICTCS MeTO/1 COBIAIeHUH,
MPEACTABIAIONINI CO00M pa3HOBUIHOCTh METO/Ia CPABHEHHUS C MEPOM.

Cnoco0d kKoMIeHcauuu MOCTOSIHHBIX ¥ MEPUOANYECKUX MOTPEIIHOCTEN MO
3HaKy. [Ipu peanuzaiuu 3Toro crnocoda mpoiecc U3MEPEHHsI CTPOUTCS TaKUM
00pa3oM, 4TO OCTOSIHHAS CUCTEMATHYeCKasi MOTPEIIHOCTh BXOJIUT B PE3YJIbTAT
WU3MEPEHHUSI OJJUH pa3 C OJHUM 3HAKOM, a JPYroi pa3 - ¢ APYTUM.



Cnocod BcnomorareJibHbIX M3MEpPEeHUil IPUMEHSETCS B TEX CIy4YasX,
KOI'/Ia BO3/ICWCTBUE BIMSAIOIIMX BEJIMYNH HA PE3YJIbTAThl U3MEPEHUN BBI3BIBACT
0oJbIlIME IOTPEITHOCTH U3MepeHH. Toraa uayT Ha 3aBEJOMOE YCIOXKHEHHUE
CXEMBI U3MEPUTEIIBHON YCTAaHOBKH, BKJIIOYasl B HEE AJIIEMEHTHI, BOCIPUHUMAIOLIUE
3HAYEHHUE BIUSAIOIINX BEJINYNH, aBTOMATHYECKHU BBIUMCIISAIONINE COOTBETCTBYIOIINE
IIOIPABKU Y BHOCSIUE UX B IOJIE3HBIE CUTHAJIBI, KOTOPBIE ITOCTYIIAIOT Ha
OTCUYETHBIE WJIM PETYJIHPYIOLIUE YCTPOICTBA.

beckOHTAKTHBIH MeTOX U3MEPEHUH - METOJI U3MEPEHNUN C MEPOHU,
OCHOBaHHBIN HA TOM, UTO YyBCTBUTEIbHBIN 3I€MEHT MPpHOOpa HE MPUBOAUTCS B
KOHTaKT C 00bEKTOM U3MEPEHHS.

KopoBblii MeTO - METOT UBMEPEHUS JaTbHOCTEH B CHCTEMaxX
CITyTHHUKOBOTO TTO3UIIMOHUPOBAHUS.

KoHTakTHBINA MeTOJ M3MEPEHUH - METOJI U3MEPEHUN C MEPOU,
OCHOBAHHBIN Ha TOM, YTO YyBCTBUTEJIbHBIN 31EMEHT PHOOpa NPUBOIUTCS B
KOHTAKT C 00bEKTOM U3MEPEHMUSI.

MCTOI[ OTKJIOHCHHUHA — IIOKA3aHHUEC UCII0JIb3YyCMOI'O USMCPUTCIHLHOTO
an/I6opa ITOJIHOCTBIO OIIPCACIIACT PC3YJIbTAT U3MCPCHUA.

Pa3HOCTHBINA MeTO — U3MEPSAETCS TOIBKO PA3HOCTh MEK]Ty HEM3BECTHOU
BEJIMYMHOUW M U3BECTHBIM ATAJIOHHBIM 3HAUECHHEM.

MocToBOM MeTO — UCITOJIB30BAHNE MOCTOBBIX CXEM.

KorepenTnbie BBIOOpPKH. JTa CTpaTErus U3MEPEHNS 1aeT HAM
BO3MOYKHOCTh 00pa0aThIBaTh U3MEPUTENbHBIN CUTHAJ C IIMPUHOM criekTpa F,
3HAYUTEIHLHO OOJIBIIIEH, YeM IUPUHA TIOJIOCHl B M3MepuTEeNbHOM CUCTEMBI, PU
YCJIOBUU YTO CUTHAJI ABJISIETCS MEPUOTUYECKUM. beps 0TCUEeThI
3HAQYEHUN H3MEPSIEMOI0 CUTHAJIA C MHTEPBAJIOM, HEMHOT'O IIPEBOCXOASIINM N
nepuoIoB curraa (N — menoe yucio: Tn+d), MOKHO 3alTOMHUTE (OPMY CUTHANIA U
MOJIYYUTh BEPHOE TIPEICTaBICHHUE O HeM. [Ipu KorepeHTHBIX BEIOOPKAX YaCTOTHBIN
CHEKTpP BOCCTAHOBJIEHHOT'O CUTHAJIA, MPEACTABISAIOLINN COO0H Orndaromyro
MMKOBBIX 3HAYEHUH, ObLIT YK€ MOJOCHl MPOITYCKAHUS U3MEPUTENBHON CUCTEMBI,
MIPUMEHSIEMOH 1151 00pabOTKH UCXOAHOTO CUTHAJA, U3 KOTOPOTo OepyTcs
BbIOOpKH. Takoro pojia B3siTUE BEIOOPOK OCYIIECTBISIETCS MPU
CTPOOOCKONMYECKUX H3MEpeHHsX. Tak, HalpuMmep, B CTPOOOCKOIMUYECKUX
ociuiorpadax ¢ nosiocoit mpomyckanus 20 kI’ MOKHO BOCITPOU3BOIUTH
MePUOJIMYECKHUE JIEKTPUUECKUE CUTHAJIBI ¢ yacToTou j10 15 I'T.

Cayuaiinble BbIOOpKH. Eciii Hac nHTEpeCcyeT TOJIbKO HHPOpMAIU O
BEITUYMHE , a HE (hopMa CUTHaja, BRBIOOPKU MOYKHO OpaTh B MPOU3BOJIHLHEE
MOMEHTHI BPEMEHH — CIIy4ailHbIe BHIOOPKH. Tak MOKHO OTIPECIIUTD
CpeIHeKBaapaTudecKkoe 3HaueHne curaana. C mMpoKOTOIOCHBIM CIIEKTPOM.



Curnan He oypkeH ObITh nepuogudeckum. [Ipu ciyuaitHoM B3STUH
BBIOOPOK 110JI0CA MIPOITyCKaHUS B M3MepUTENBHOM CUCTEMBI TAKKE MOXKET OBITh
MEHbIIIE HIMPUHBI CIIEKTpa F n3mMepsaeMoro curxana.

MyJbTHILIEKCHPOBAHUE. DTa CTPATErusl P U3MEPEHUH MTO3BOJISET
OJIHOBPEMEHHO (IIPX YACTOTHOM MYJIbTUIIJIEKCUPOBAHUH ) WIIH [TOCJIEI0BATEIBHO
(pu BpeMEHHOM MYJIbTHILUIEKCUPOBAHUH) 00padaThIBaTh HECKOJIBKO CUTHAJIOB.
OTHUM METOAOM MOKHO BOCIIOJIb30BaThCS, KOT/1a 1ojioca B usmepurensHon
CUCTEMBI MHOI'O OOJIbIIIE€ HIMPUHBI YACTOTHOTO CIIEKTpa F M3MepsieMbIX CUTHAJIOB.

IHorpemnocTs cpeacTB uamepenni. [lorpennocTs mpudopa
XapaKTepu3yeT OTJIIMYKE €ro MOKa3aHU! OT UCTUHHOTO WM JIEUCTBUTEILHOTO
3HauYeHUA u3MepsieMoit BennunHbl. [lorpenHocts mpeodpa3zoBaTess OnpeaesieTcs
OTJINYMEM HOMHUHAILHOH (T.€. MPUMUCHIBAEMON MPE0Opa30BaATEIIO)
XapaKTEPUCTUKU TPeoOpa3zoBaHus WM KO3 (ULreHTa mpeoOpa3oBaHus OT UX
UCTUHHOTO 3HAYECHHS.

HOFpCHIHOCTB MCPBI XapaKTCPU3YCT OTIINYNC HOMHUHAJIBHOI'O 3HAYCHUA
MCPBI OT UICTUHHOT'O 3HAYCHUA BOCHpOHSBOI[HMOﬁ €10 BCIIMYHHBI.

[1o cioco0y BbIpaXKeHUS pa3IMYalOT MOTPEIIHOCTH :

- a0coJoTHAs MOTPEIIHOCTh MPUOOPa — Pa3HOCTh MEXKIY MOKA3aHUSIMU
npubdopa X, ¥ ICTUHHBIM 3HAYCHUEM HU3MEPSEMON BETUUYHUHBI X © A = X, — X;

- OTHOCHUTEJIbHAs OTPEIIHOCTh MPUOOpa — OTHOIIEHUE a0COTIOTHOM
MOTPEIIHOCTU NMPUOOpa K UICTUHHOMY (JCHCTBUTEIHLHOMY) 3HAUEHUIO U3MEPSIEMO
BeIMYMHBI : 0= A/X wiu B npoueHTax 6= 100A/X, rae eciu X >> A, TO BMECTO X C
JIOCTATOYHOM CTETIEHBIO TOUHOCTU MOYKHO UCIIOIb30BaTh X ;

- TpHUBEACHHAs MOTPEIIHOCTh MPHOOpPa — OTHOIIIEHUE B MPOILIEHTAX
a0COIOTHOI MOTPEIIHOCTH MPUOOPa K HOpMUpPYIOIEeMY 3Ha4eHHIO : Y = 100/Xyopu-

Poab H3MepHTeJIbH0ﬁ TEXHUKHU B COBPEMCHHbIX TCJICKOMMYHUKAIIUAX

C nepexoaom K U(PPOBBIM TEXHOJOTHIM TIepeadu JAHHBIX ¢ BBICOKOM
nporyckHoi crocoOHoCcThI0 (SDH 1 ATM), K HOBBIM CHCTEMaM CUTHAJTU3AINH
(OKC 7 u npotokosbl BegoMCTBEHHBIX ceTeit ISDN) 1 HOBBIM KOHIIEIIIIUSAM
MIPEIOCTABIICHUS YCIIYT MOJIb30BaTEISAM (MHTEIUIEKTYaIbHbIE CETH), 000pyI0BaHUE
1 IIPOTPaMMHOE 00ECIICUCHHE CUCTEM CBSI3H CTAJIM 3HAYUTEIBLHO CIIOXKHEE.
COOTBETCTBEHHO TOBBICHJIACH U POJIh H3MEPUTEIHPHOW TEXHUKH HA CETSAX CBS3H.
H3mepuTenbHbIe TEXHOJIOTHH B CETAX COBPEMEHHBIX TeJICKOMMYHUKAITMH JTOJKHBI
CBITPaTh KOHCTPYKTUBHYIO POJIb, T. €. IOMOYb B HACTPOUKE M ONITUMHU3AITUHN CETCH
CBSI3H, MIOWCKE HEUCTIPABHOCTEH, Il pa3perieHus: KOHMIUKTHBIX CUTYaIUH.



[HudpoBuzamus B 001aCTH TEIEKOMMYHHKAIIHM, COCTABIISAIONIAsS OCHOBY
COBPEMEHHOW HayYHO-TEXHUUYECKON PEBONIOINH, OOBEKTUBHO PUBOAMT K
YCIIO)KHEHHUIO TEXHOJIOTUHA COBPEMEHHBIX CUCTEM CBSI3H.

Takoe ycioxxHeHue TpeOyeT JOMOIHUTENBHBIX OPTaHU3aIIMOHHO-
TEXHUYECKUX MEPONPUSATUH 1JIs1 0OecriedeHnst paboThl COBPEMEHHBIX CETEH CBSI3HU.

B pe3ynbTaTe NosIBISIOTCS Ba CBSI3aHHBIX MEXKy COOOI HarpaBiIeHUs
Pa3BUTHS TEXHOJIOTUH - CO3/IaHUE CUCTEM CAaMOJUArHOCTUKH U YIIPaBJICHUS U
HIMPOKOE BHEJIPEHUE U3MEPUTEIbHOU TeXHUKH. 13 3THX ABYX
HaIpaBJIeHUH, TOJBKO BHEAPEHUE U3MEPUTEILHON TEXHUKU 00ECIIEYUBAET, B
MOJIHOM Mepe, 3a1aun KOHTpoJis paboTel ceteil. Kak cienctsue, posb
U3MEPUTEIHLHON TEXHUKU B COBPEMEHHBIX TEJICKOMMYHHUKALIUSX YBEIUUUBACTCS.

IloBblIlIEHHE POIM U3MEPUTEIIBHOW TEXHUKHU ITPUBOJUT K PACIINPEHUIO
CHeuain3aluy U3MEPUTENbHBIX IPUOOPOB, MOSBICHHUIO U Pa3BUTHUSA
CIELUAIN3UPOBAHHOIO PBIHKA U3MEPUTEIILHON TEXHUKU ISl TEIIEKOMMYHHUKALUN,
KOTOPBIM HAUMHAET Pa3BUBATHCS CTOJIb K€ JMHAMUYHO, KaK U PBIHOK CaMUX
CPEICTB CBSI3U.

Jlexkuus 2. U3MepuTebHbIE TEXHOJIOT UM

Ieab: u3ydyeHue pasInuHbIX BUIOB TEXHOJIOTUHA U3MEPEHUN.

HpOHGCC COBCPHICHCTBOBAHUA U3MCPUTCIIbHBIX TEXHOJIOTUI IIOAUYHHACTCS
O6H.ICI71 TCHACHIWH YCIOXHCHUA BBICOKUX TEXHOJIOTHUH B IMpOoHIECCCC UX Pa3BUTHUS.
OCHOBHBIMH TCHACHIOWAMMA PA3BUTHA ABJIIAIOTCA MUHUATIOpU3ALNSA,
9KOHOMHWYHOCTDL, IIMPOKOC BHCAPCHNUEC MHTCIIJICKTYaJIbHbBIX yCTpOﬁCTB H, KaK
CICACTBHUC, YCIIOKHCHHC.

B cBsi31 ¢ 3TUM BO3HMKAIOT 33/1a4¥ KOHTPOJISI U HACTPOHUKH pabOThI
VHTEJUIEKTYaJIbHBIX CHCTEM, KAKOBBIMU B HACTOSIIIEE BPEMS SIBIIIFOTCSI CETU CBSI3U.
DTOT mpo1ecc UAET ABYMS MyTAMH:

— Pa3BUTHUE CUCTEM BHYTPEHHEW NMAarHOCTUKU MHTEIUICKTYaJIbHBIX Y3JIOB
ceTel;

— IIPUMEHEHUE COBPEMEHHOU U3MEPUTEIILHON TEXHUKMU.



YuuTbIBas, 4TO Pa3BUTHE CPEACTB CBSI3H UAET OUEHb JUHAMUYHO,
pa3paboTKa CUCTEM CaMOJIMATHOCTHKHU U UX OTPabOTKa HECKOJIBKO OTCTAIOT OT
Pa3BUTHS CaMUX CPEJCTB CBA3U. TakuM 00pa3oM, MpUMEHEHUE HE3aBUCUMBIX OT
000pyZOBaHUSI CUCTEM KOHTPOJIS B Psijie CIydaeB SIBISETCS €AMHCTBEHHO
KOPPEKTHBIM PELICHUEM. JTO IPUBOAUT K TOMY, UTO POJIb U3MEPUTEIIBHON
TEXHUKHU HA CETU CBSI3U MOBBIIIAECTCS C PA3BUTHEM HOBBIX TEXHOJIOTHIA.
M3mepuTenpHas TEXHUKA HA CETSIX COBPEMEHHBIX TEIEKOMMYHUKAIIUN UTPAET
BAXXHYIO POJIb - HACTPOWKA M ONITUMHU3ALIMS CETEN CBSI3U, OMCK HEUCIPABHOCTEN U
MPUYUH KOH(IMKTOB, pa3pelieHne KOHMOIMKTHBIX CUTYallUM.

N3mepurenbHas TEXHUKA, IPUMEHsEMasi COBPEMEHHBIMU OIIEpaTOPaAMU,
UCIIOJIb3YETCSI HE TOJIBKO JJIsi IPOBEPKU Ha COOTBETCTBUE CTaHAAapTaM (B MEPBYIO
ouyepeb MEXTYHAPOIHBIM), HO U JUI U3YYEHUSI IPOLIECCOB, MPOTEKAOIINX B CETH.
3OT0 MO3BOJISIET ONlEpaTOpaM OBICTPO OCBaMBaTh HOBbIE TEXHOJIOTMH Ha
MEXIYHApOJIHOM YPOBHE, UTO SIBJIIETCS HEOOXOAUMBIM YCIOBHEM JalIbHEUIIEH

YCHEIIHON paboTHI.

EIHG OJHa BaXHasd 0COOCHHOCTh COBpeMeHHOﬁ I/I3M€pI/ITCHBHOI>’I TCXHUKHN I
TGJIGKOMMYHI/IKaHHﬁ COCTOHUT B TOM, YTO C Pa3BUTHUCM I_II/I(l)pOBI/IBaI_[I/II/I ceTeM CBSI3U
MMPOUCXOIUT CliCuraIn3anus PI3MCpHTCJ'IBHOﬁ TCXHHKHU.

PazBuTne iudpoBbIX CUCTEM IEepe/lauyd U KOMMYTAIUU IIPUBEIIO B TOMY, UTO
M3MEpPUTENbHAS TEXHUKA ISl TEIEKOMMYHUKAIIMN CTala BEICOKO
CHEeUaIN3UPOBAHHOM, YTO 03HAYAET, YTO €€ B OOJBIIMHCTBE CIIy4acB
HEBO3MOYKHO MCHOJb30BaTh B IPYTUX O0JACTAX YETOBEUECKOM €SI TEIbHOCTH.
CoBpeMeHHbIE U3MEPUTEIBHBIC TPUOOPHI JJIs1 TEJIEKOMMYHUKAITUHN, TAKUE KaK
aHAJIM3aTOPHI MPOTOKOJIOB CUTHAIM3AIMH, AHAIM3ATOPHI IIU(PPOBBIX CUCTEM
nepeaaun, uamepurenbabie mpuoopsl BOJIC u T.1. cOCTaBISAIOT PHIHOK
CIIECLIMATIM3UPOBAHHON TEXHUKH.

Haxkownerr, BaXHbIM MPOIECCOM, CBSI3aHHBIM C IIUGpOBU3aIKe B 00JaCTH
CUCTEM CBSI3H, SIBJISIETCS U3MEHEHHE MPUHLUIIOB U METO/I0B MPOBEACHUS
u3MepeHu. MeTooIorusl U3MEPEHNN B COBPEMEHHBIX TEJIEKOMMYHUKALUAX
pacHIMpUIach, NOSIBUIOCH HOBOE HANPABJICHUE U3MEPUTEIILHON TEXHOJIOTUH,
OpPUEHTUPOBAHHOE HA aHAJIU3 JIOTUYECKUX TOCIEA0BATEIbHOCTEN KOMaH I U
coobuienuii. B pesynbrare, coBpeMeHHast METOAOJIOT U U3MEPEHUN BKITIOUAET HE
TOJIBKO TEXHOJIOTMIO U3MEPEHUI TapaMETPOB CUTHAJIOB, HO U JIOTHYECKUI aHAJIN3
aJITOPUTMOB PaOOThI MHTEIUIEKTYaJIbHBIX YCTPOMCTB U MPOTOKOJI-aHAIINU3 UX
B3aUMO/ICHCTBUS (CM. PUCYHOK 1).
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Pucynok 1- Mepapxusi npruopUTETOB COBPEMEHHOM CBS3H

Knaccuduxanus u3MmepuTeIbHbIX TEXHOJIOT W COBPEMEHHBIX
TEJIEKOMMYHHUKAIMA

COBpeMeHHYIO HU3MCPUTCIIbHYIO TCXHUKY IJIA TGHGKOMMYHHK&IIHI?I OTJIN4acT
Y3Kas ClICHUaAJIU3UPOBAHHOCTD.

CucreMHoOe U IKCILTyaTAlMOHHOE N3MEPUTEIbHOE 000py10BaHNE

Bcro u3MepuTenbHy0 TEXHUKY COBPEMEHHBIX TE€JICKOMMYHHKAIIMN MOYKHO
YCIIOBHO pa3/IeIUTh Ha JIBa OCHOBHBIX KJIacca: CUCTEMHOE M IKCILUTYyaTallHOHHOE
U3MepuTeIbHOe 00opyoBaHue. TpeboBaHus K 000MM KilaccaM 3HAYUTEITHHO
OTIINYAIOTCS, COOTBETCTBEHHO, OTJIMYAIOTCS (PYHKITUH TTPHUOOPOB, CXEMBI X
WCIIOJIb30BaHUs, CrIeIM(UKAIIIA TECTOB U T.]I.

K cucreMHOMYy 000py10BaHHIO OTHOCHUTCS H3MEPUTEIIBHOE 000pYI0BaHNUE,
obOecrieurBaroIIee HaCTPOMKY CETH B LIEJIOM U €€ OTACIBHBIX Y3JI0B, a TAK)KeE
MOCJICAYIOIICe MOHUTOPUPOBAHUE COCTOSIHUS Beelt ceT. CHCTEMHBIM OHO Ha3BaHO
MIOTOMY, YTO COBPEMEHHOE 000pYAOBaHHE ATOTO KJIacca MMEET IITUPOKHE
BO3MOYXHOCTH MHTETPAIIMHN B U3MEPHUTEIbHBIC KOMIUICKCHI M CETH NU3MEPHUTEIIHHBIX
npuoopoB. CucTeMHOE 000pyA0BaHUE MPUMEHSETCS JIJIS MTOTHO(MYHKITHOHATBHBIX
TECTOB B IIpoIiecce CePTUHUKAIINH, TA00PATOPHBIX U ONBITHBIX HCIIBITAHUH,
MIPOBEPKH MapaMeTPOB 0OOPYIOBAHUS U B TIPOLIECCE €r0 MPOU3BOCTBRA.

IKCILUIyaTAIMOHHOE U3MEPUTEIbHOE 000pYJ0BaHUE TOHKHO 00€CTIeunBaTh
KAUECTBEHHYIO SKCIUTyaTalHI0 OTAEIBbHBIX Y3JIOB CETH, COMPOBOXKICHHUE
MOHTQ)XHBIX paOOT U ONEPATUBHBIN MOMCK HEUCTIPABHOCTEH.

JI71s1 cuCcTeMHOro 000py/10BAHUSI OCHOBHBIM TPEOOBAHUEM SIBJISICTCS
MakcuManbHas GyHKIHOHAIBHOCTh MPUOOpa: ero creuuduxanys TeCToB A0KHA
YIOBJIETBOPSTH BCEM CYILIECTBYIOIIMM U OOJIBIIMHCTBY MEPCIEKTUBHBIX



CTaHJIaPTOB U MeTOoJ0THil. B mpoTuBHOM citydae mpuOop HE 00eCeunT MOTHOU
HAaCTPOMKH U OLIEHKHU [TApaMETPOB CETH.

BropsiMm TpebGoBaHuEM SBISETCS BOBMOXHOCTh HHTETPAIIUU B CUCTEMBI
MpUOOPOB U UHTETPALIUU C BRIYUCIUTEIIbHBIMU CPEJICTBAMU U CETSIMU TIepeaun
JAHHBIX. JTO TaKXK€ CYIIECTBEHHO B yCJIOBHX co3fgaHus TMN, Kyna 10IKHBI
OBITh BKJIFOYEHBI U U3MEPUTEIbHBIE CPECTBA.

TpeGoBaHre MOACPHU3UPYEMOCTH BaXKHO B CHITY OBICTPOTO Pa3BUTHS
TEXHOJIOTUU U MIPUHATHUS HOBBIX CTAaHAAPTOB. Y JOOCTBO paOOTHI SABISAETCS
CJIEIYIOUIUM IO BaXXHOCTHU MapameTpoM. Meetcs psia MHOTOGYHKIIMOHATIBHOTO
CHUCTEMHOT0 000PY/IOBaHUS B “HEJIPYKECTBECHHBIMHU ~ MHTEp(eicamu.
Hcnonb3oBanue Takux NpruOOpOB TpeOYeET OT CHEIHAINCTA JOJITOTO U3yUEeHHUS
npubopa, uTo He Bceraa 3 HEKTUBHO.

CTOMMOCTB JI1 CUCTEMHOT'O 000PYI0BaHUS HE SIBJIAETCS IEPBUYHBIM
KpUTEpUEM BbIOOPa, TOCKOJIBKY ISl IPUOOPOB 3TOr0 Kj1acca CTOUMOCTb
HaXOAMUTCA B MPSAMON 3aBUCUMOCTH OT QyHKIIMOHAJIbHOCTHU. [lopTaTuBHOCTE 17151
ATOrO Kjlacca 00opyaoBaHus He TpeOyeTcs. B To ke BpeMst aKCITyaTalluoHHOE
000py1I0BaHUE B IIEPBYIO OUEPEb JOKHO OBITh MOPTATUBHBIM U JICHIEBBIM, 3aTEM
HAJIC)KHBIM U YK€ TIOCJIE 3TOr0 MHOIO(pYHKIIMOHAIBHBIM. B cBsi3u ¢ 3TUM
CUCTEMHOE 000py/I0BaHHE CTAHOBUTCS MOCTENEHHO NOPTATUBHBIM, TOT'/1a KaK
HKCIUTyaTallMOHHOE 000pYJ0BaHHE CTAHOBUTCS BCe OoJiee
MHOTO(YHKIIHOHAIbHBIM.

N3mepenusi B pa3jinuHbIX YACTAX COBPEMEHHOM CHCTEMBI 3JIEKTPOCBA3HN
O0mas k1accupukanus U3MEPUTETbLHON TEXHUKH

PaccmoTpenune AMHaMUKU pa3BUTHUS U3MEPUTEIbHON TEXHUKH JOJIKHO UATH
B KOHTEKCTE KJIacCU(PUKAIIMKI U3MEPUTEIBHBIX TEXHOJIOTHI 10 UCIIOIH30BAHUIO B
Pa3TUYHBIX YACTSIX CUCTEMBI 3JIEKTPOCBsI3H. [[0CKOIBKY COBpeMEHHBIE TPUOOPHI
MMEIOT Y3KYIO CIIEHHAIN3ALNI0 TT0 TPUMEHEHHIO B PA3JIMUHBIX YACTSAX CUCTEMBI
AIEKTPOCBSI3HU, Takas Kiaccupukauus ymectHa. st pa3paboTku Takoi
KJIacCU(UKAIIUA PACCMOTPUM CTPYKTYPHYIO CXEMY COBPEMEHHOM U pOBOit
CUCTEMBI 3JIEKTPOCBSI3U (CM. PUCYHOK 2).



PucyHok 2 — CTpyKTypa CUCTEMBI DJIEKTPOCBS3H

B ocHOBe cucTeMbl AEKTPOCBSI3U JICKUT IEPBUYUHAS CETh, BKIIIOYAIOIIAS B
ce0s cpefly paclpoCTpaHEHUs U anmnapaTrypy nepeaadyu CUrHaia,
00€eCIeYnBaIOIIYIO CO3/IaHNE TUTTOBBIX KAHAJIOB U TPAKTOB MEPBUYHON CETH,
KOTOPbIE UCTIOJIB3YIOTCS I Tiepeaaun nHdopmaiuu. B coBpeMeHHOM cucteme
AJIEKTPOCBSI3U TAKUX CPENl TPH: IEKTPUUECKHI KaOesb, ONTOBOJIOKOHHBIN Kabelb
U panguodup WA paarnodacToTHBIN pecypc. Cpena pacnpocTpaHEeHUs! CUTHAIIA
UCIIOJIB3YETCSl 11 CO3/1aHUsI TUIIOBBIX TPAKTOB MEPBUYHOU CETH DJICKTPOCBSI3H.

[udposas nepBuyHask CETh MOKET CTPOUTCSI HA OCHOBE IPUHIIUIIOB
11e3noXpoHHoM udposoi uepapxuu (PDH) win cuaxponHo# iudpoBoii
uepapxuu (SDH).

TumnoBble KaHaIbl U TPAKTHI IEPBUYHON CETH UCIOJIB3YIOTCS Pa3INYHBIMU
BTOPUYHBIMU CETSIMU: CETAMH UPPOBOH TenePOoHHUH, TUPPOBBIMU CETIMU C
uHTerpanuei cimyx0 (ISDN), cersMu Ha OCHOBE IPUHITUIIOB ACHHXPOHHOTO
pexxuma nepenauu (ATM), ceTsimu niepeauu TaHHBIX Ha OCHOBE UCTIOJIb30BAHUS
TaKuX MPOTOKOJIOB Kak X.25, Frame Relay u T.71., ceTsiMu COTOBOM paiiOCBSI3H U
TPAHKHUHTA, a TAKXKE CETSIMU CIIEIMAIBHOTO HA3HAUYCHUS: CETSIMU JUCTIETUYEPCKON
CBSI3U, ONIEPATUBHOI'O M TEXHOJOTHYECKOTO YIIPaBJICHUSI, CEJICKTOPHBIX COBEIIAHUM
U T.J.

B cooTBeTcTBUU C OMHCAHHOW CTPYKTYPOI MOKET OBITH MIPEITIOKEHA
cienyromas Kiaccuuxkanus u3MEpUTENbHBIX PEIIEHU (CM.pUCYHOK 3).



IlepBblii ypoBeHb U3MEPEHHI BKIIOYAET B CE0SI TECTUPOBAHUE CPEbI
pacnpocTpaHeHus CUrHana: kabeinpbHol u paguoddupa. KabenpHoe TecTpoBaHUe
BKJIFOUAET B ce0s1 TECTUPOBAHUE METAJUINYECKUX KaOeeil U ONTOBOJIOKOHHBIX
Kabenel. DT U3MEpEHHsI MOTYT MPOBOJIUTCS KaK Ha ATAlle aHalIu3a
XapaKTEepUCTUK Kabess epe]] MpOKIaKol, TaK U Ha YK€ IIPOJIOKEHHOM Kabele Ha
3Tare KCIUTyaTaluu JJIs ONpeIeICHHs] OOPhIBOB, YUaCTKOB JIErpalaliii KauyecTBa
U T.J.

PannodactoTHbIe H3MEPEHUS CBA3aHBI C U3MEPEHUEM PATUOPEIECIHHBIX U
CIIYTHUKOBBIX CUCTEM Iepeayu U KOHTpoJeM 3¢dupa. Kak mpasuio, 3tu
U3MEPEHHUSI TECHO CBSA3aHBI C U3MEPEHHUSIMU Ha BTOPUYHBIX CETAX PaJUOCBS3H.

BTopoii ypoBeHb n3mMepeHuii - 3170 u3MepeHus MUQPPOBLIX TPAKTOB
TIEPBUYHOM CETH.

Tperuii ypoBeHb H3MepeHUH BKIIOYAET B c€0s1 M3MEPEHUS Ha BTOPHUYHBIX
CETSIX CBSA3M. DTU U3MEPEHUS] OOBIYHO BKIIIOUYAIOT B CEOSI CIEAYIOLINE TPYIIIIBL:
U3MEPEHUS KaHAJIIBHOTO YPOBHSI, TPOTOKOJI-aHAIN3 paOOThl YCTPOICTB,
Tpa(UKOBBIA aHAJIU3 U aHAJIN3 KA4eCTBA MIPEOCTABIEHUs ycayTu. bonee
HOJIPpOOHO M3MEPEHUS Ha BTOPUUHBIX CETSIX OYyT OMMCAHBI B CIEAYIOLEM
pasuerne.

Ha Bcex ypoBHSAX U3MEpPEHUI UCIIONB3YIOTCS CIIEHUATN3UPOBAHHBIE
npuOOpHL. YHUBEpCANHU3aLUs U3MEPUTEILHBIX IPUOOPOB HA COBPEMEHHOM 3Tane
pPa3BUTHS TEJIEKOMMYHHUKAIMH OOBIYHO CBSA3aHA C O0BEAMHEHUEM JIBYX WIIH TPEX
rpynn (Hanpumep, aHanuzatopsl PDH/SDH, npotokoin-tectepst ISDN/OKC 7 u
T.1.). Bonpiiast yauBepcanuzanus u3aMepUTEIbHbIX TPUOOPOB HA COBPEMEHHOM
YPOBHE CIIOKHOCTU TEXHOJIOTUU TEIEKOMMYHHMKAIMNA MPAKTUYECKH HEBO3MOKHA.
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PucyHOK 3- ATOpUTM U3y4E€HUS N3MEPUTEIBHON TEXHOJIOTUN

Jlexkuus 3. O0001meHHAsE MOe/Ib KOHTPOJIS M KJIacCupuKanus
U3MEPHUTEIbHBIX TEXHOJIOIM COBPEMEHHBIX TEJICKOMMYHHUKALUI

esb: n3ydeHue CPeACTB U3MEPEHUI U aHAIIN3a TapaMETPOB
nuarHoctupoBanus 1 koHTpoJisa TKC.

OcHoOBHbIE NOHATHSA U onpeacjJacHusd

JlmarHocTHpoBaHUE, KOHTPOJIh B COUYETAHUHU C U3MEPEHUEM, aHAITM30M U
TECTUPOBAHUEM CIIykKaT 00J1e TITy00KOMY MMOHUMAaHUIO (PU3HUECKUX
MPOIIECCOB, MPOTEKAIOIINX MPU Niepeiaue HHGOPMAIIK 1 HAIIeJIEHbI Ha
NoJi/Iep>KaHNe UCTIONb3YEMBIX JJIsl 3TOM e YCTPOUCTB B COCTOSTHUH,
YIOBIIETBOPSIONINM YCTAHOBIICHHBIM KPUTEPHSIM.

AHAJIM3 — METOJI MCCIICIOBAHUS TIyTEM PAaCCMOTPEHUS OTJCIBHBIX CTaHM,
CBOWCTB U COCTABHBIX YacTe 00bEKTa MM MPOIIecca, B TOM YHCJIe CUTHAJIA, C
MIOMOIIBIO CTICIIMATTEHBIX TEXHUYECKUX CPEJICTB, OCYIIESCTBIISIONINX U3MEPEHHSI C
nocyenyronieil 00padoTKOM Mo ONPEAeICHHOMY MPABUITY PE3yJIbTaTOB ATUX
U3MEpPECHUM.

Cpeacrea u3MepeHUH M aHAJINU3A NAPAMETPOB (PU3MYECKUX 00HEKTOB H
BeJIMYMH — YCTPOMNCTBA, pean3yIolue YCTAHOBJICHNE CBOMCTB (PU3NUECKUX
BEJIMYMH U X TIapaMeTpPOB.



IIpoToxou - HAOOp MpaBUII WK CTAHAAPTOB, PETIAMEHTUPYIOIINUX
COEMHEHMS U 0OMEH MH(popMaluell ¢ MUHUMaJIbHBIMU OLIMOKaMU, OTPAYKAETCs B
AIIEKTPOCBA3U OAHOMMEHHBIMU CTPYKTYPUPOBAHHBIMUA CUTHAJIAMU, OIIEPUPOBAHUE
C KOTOPBIMHM MOKHO PaCCMaTpUBATh C ITO3ULIVHI BBIIIOJIHEHUSA ONlEpalui Hal
(U3MYECKUMU BETUUHMHAMM.

TecTupoBaHue — yCTaHOBJIEHUE OMBITHBIM ITyTEM COOTBETCTBUS MEXKITY
COCTOSIHUSIMHM U CBOMCTBaMH 0OBEKTa UJTU MPOIIecca, HaXOASIIErocs Mo
BO3JIEICTBHEM CTPOTO ONPEEICHHBIX BEIUYHH, 3aIaHHOM HOPME U
OCYLIECTBJISIEMOE C IMOMOIIBIO CIEUATBHBIX CPEJCTB, XPAHAIIUX B IBHOM WJIH
HESIBHOM BHJI€ €TUHUIIBI 3TON BETUUYHHBI, OTPEEISIONEe 00JaCTh 3HAUYECHU N
HOPMBI.

MOHUTOPHHT — ONIPEIENICHNE TAPaMETPOB OOBEKTOB M MPOIIECCOB,
KOTOPBIE JIOJKHBI COXPAHATHCS B 33/IaHHBIX MIpeenax Win 00jiee TOUHOE
OIpEEIEHNE MOHUTOPHUHIA — PACIIPEAECIICHHOE B IPOCTPAHCTBE UM BO BPEMEHU
TECTUPOBAHUS, IPU KOTOPOM CPABHEHHUIO C HOPMOM MOABEPraeTcssi MHOKECTBO
00BEKTOB, HAXOASIIMXCS MO/ BO3ACHCTBHEM (DU3UYECKON BETMUYUHBI (BEJIMUUH )
YCTaHOBJICHHOTO pa3Mepa U COBOKYITHOCTH Pa3MEPOB, B TOM UKCJI€ PABHBIX
HYJII0, OTpaXkasi B OCJIEAHEM CIIy4a€ MOHUTOPHHI C UCIOJIb30BAHUEM U3MEPEHHIA
U aHaJIM3a.

JIMarHOCTHKA M KOHTPOJIb — IIPOLIECC YCTAHOBIIEHHUS COOTBETCTBUS
COCTOSIHUW U CBOMCTB 00BEKTA WIIH MpoLiecca 3aJaHHOW HOPME ITyTEM BOCHIPUSATHUS
(U3MYECKUX BEJIMYMH, COTIOCTABIIEHUS UX C NMPEABAPUTEIIBHO YCTAHOBIEHHBIMU
3HAYEHUSAMU WM COBOKYIMHOCTSIMM 3HAYEHUU M MOCIEAYIOIIUM
dhopMHUPOBAHHEM BBIBOJIA.

Buabl u ¢popmbl npeacrasiienuss Gpusndeckux BeJuduH. Ouszndeckue
BEJIUYMHBI PA3JEISIOT HA HEMPEPHIBHBIE U MPEPHIBUCTHIC (AUCKPETU3UPOBAHHBIC
BO BPEMEHHU M MPOCTPAHCTBE); a TAK)KE AHAIIOTOBBIE M1 KBAHTOBAHHbIE
BEJIMYMHBI, PA3HOBUIHOCTBHIO KBAHTOBAHHOW BEJIMYUHBI SIBJISIOTCA KOJOBBIE
BEJIMYUHBI.

JluckpeTu3amnusi HEMPEPHIBHOTO 10 BpeMeHU curHana x(t) smisiercs
JMHENHON onepanueil YMHOXKEHHUSI 3TOTO CUTHaja Ha QYHKUHUIO TUCKPETU3aIuU
BO BPEMEHH.

KBanToBanue mno YPOBHIO — Oomi€panusd Co3JaHnA CUruala, a0COJIFOTHBIE
HJIX OTHOCUTCIIBHBIC Pa3MEpPhI MMapaMCTPOB KOTOPOT0 HMMCIOT OIpaHUYCHHOC
YU CJIO 3aaHHbIX 3HAUCHUM.

KoaupoBanue — onepanusi mepeBojia Mo onpeieIeHHbIM MpaBrjiaM
dbopmanibHOTO 00BEKTA, BRIPAXKEHHOTO KOJIOBEIMU CUMBOJIAMH OJTHOTO
andasuta, B GOpMaTbHBIN O0BEKT, BEIPAKEHHBIH CUMBOJIAMU JAPYTOro ajidaBuTa
(mpumep: mpeoOpa3oBaHKE aHAJIOTOBOTO CUTHAJIA, BEIPAKEHHOTO B 3HAYCHUE B



JNECATUPUYHON CUCTEME, TUCKPETU3UPOBAHHOIO 110 BPEMEHU, KBAHTOBAHHOTO MO
YPOBHIO U MPe0Opa30BaHHOTO B MHOTO3HAYHBIM IBOMYHBIN KOJI C N CUMBOJIAMHU B
KaXJIOM OTCYETE).

Jlornyeckn CTPYKTYPHUPOBAHHBLIC CUT'HAJbI KAK MHOI'OMEPHBLIC
MaTpHulbl UX 3JICMEHTOB. N-MepHOC NMpeacTaBjJcHUEC CTPYKTYPUPOBAHHOI'O
CHUTHaJ1a

Jlornyecku CTPYKTYpUPOBAHHBIE CUTHAJIBI COBPEMEHHBIX IIU(PPOBBIX CUCTEM
nepeaayun, Kak MpaBuiio UMEIOT JJOBOJIBHO CIIOXKHYIO CTPYKTYPY U MO3TOMY JJIS UX
onucaHus Hanbosee 1enecoodpa3Ho MareMaTuueckuit anmapat N - MEpHBIX WK
MPOCTPAaHCTBEHHBIX MAaTpull. CyIIHOCTh JAHHOTO MOJIX0/Ia 3aKII0YaeTCs B
pazOuenun 1UM(POBOToO CUTHAIA HA AIIEMEHTAPHBIE MOJIs HHOOPMAITMOHHBIX OUTOB
U uX pa3MeiieHn B N-MepHbBIX IPOCTPAaHCTBEHHBIX MaTpulax. [Ipu atom uncio N
W3MEPEHUI MaTPULbl HCXOJHOIO CUTHAJA ONpEAeIaeTCs TPeOyeMOn CTENEHbIO
npuOIMKEHUs €€ CTPYKTYPhl K CTPYKTYpE CaMOI'o CUTHaJA.

CymecTByer J1Ba MoAXo4a K TOMY, KaK OpraHM30BaTh JaHHBIC B
MHOTOMEPHBIN MaCCHUB:

— CTpaHUYHAasl HHTEpPIIPETalus — KOTrJ1a B OCHOBY O€pyTCsl JBYXMEPHBIE
MacCHBBI, CAMTAIOIINECS Pa3MELICHHBIMHA HAa CTPAHULIAX, 3aTEM OPraHU30BaHHBIE B
TpeXMEpHbIe, 4-XMEpHbIE U T.JI. MACCUBBI (CM. pUCYHOK 4);

— TPOCTPAHCTBEHHAS MHTEPIIPETAIINS — MHOTOMEPHBIC JaHHBIC, KOT/Aa
paccMaTpHUBAIOTCS U3MEPEHUS (PU3HUECKUX BEIMYUH B TOUKAX TPEXMEPHOTO
MPOCTPAHCTBA (CM. PUCYHOK 5).

CroO1b!
CTpOKI/I b]_.]_ b1_2 bllg b1.4

(6 — uHIEKC CTPOKH, 4 — HHIEKC CTOJIOIA)
Pucynok 4- CTpykTypa 2-MepHOTrO MaccuBa pa3mepoB 6x4

[TepBbIit MOIX0 TO3BOJISIET peaanu30BaTh 00Jiee MTUPOKHE
BO3MOYKHOCTH NIPHU MOJEIUPOBAHUU, HAIIPUMEDP, OTPA3UTh MPOLIECCHl aHAIN3a
MPOTOKOJIOB B3aUMOJICUCTBHS OTKPBITHIX CUCTEM.



Crpanuna 1

Cto011BI
Crpoku D111 D121 | D131 D144

b2.1.1 b2.2.1 b2.3.l b2.4.1
b3.1.1 b3.2.1 b3.3.l b3.4.1

b4.1.1 b4.2.1 b4.3.1 b4.4.1
b5.1.1 b5.2.1 b5.3.1 b5.4.1
b6.1.1 b6.2.1 b6.3.1 b6.4.1

Crpanuiia 2
Cto011BI
Crpoku | D11, [ D1on [ D132 D14,
D12 | D222 |D2so D242
D312 [ D322 | D332 D342
Ds12 | Da22 | Dazo D44
Ds1, |Ds22 |Dsso D54,
De12 | Pe22 | Dss2 D642
Crtpanuna 3

Crto011e!
Crpoxu D113 D123 | D133 D143

b2.1.3 b2.2.3 b2.3.3 b2.4.3
b3.l.3 b3.2.3 b3.3.3 b3.4.3
b4.l.3 b4.2.3 b4.3.3 b4.4.3

b5.1.3 b5.2.3 b5.3.3 b5.4.3
b6.1.3 b6.2.3 b6.3.3 b6.4.3

(1-b1it MHIEKC — CTPOKA, 2-0if MHIEKC — CTOJIOEII,

3-ult HHIIEKC —HOMEP CTPAHUIIBI)

Pucynok 5 - Ctpykrypa 3-MepHOTo MaccuBa pazMepoM 6x4x3

Takum 006pa3om, 37EMEHTBI MATPHUITEI MOYKHO OTOXKIECTBIISATH C
COOTBETCTBYIOIUMH (PparMeHTaMU pean3aIlii CUTHAJIA B COOTBETCTBYIOIIEM
UHTEepBaje HaOmoaeHus. JlJaHHOEe COOTHOIIIEHUE MOKHO MCIOJIb30BaTh IS
pelIeHUs PAa3IMYHbIX 33/1a4, B TOM YUCIIE JJIs1 MOJICIMPOBAHNE



IIPOLIECCOB aHAJIM3a JOTUYECKU CTPYKTYPUPOBAHHBIX CUTHAJIOB IPU UX 00padOTKe
B [IPOLIECCE B3aUMOJIEUCTBUS OTKPBITBIX CHCTEM.

MHoromepHoe onucanue peajau3anuii CTPYKTYPHMPOBAHHBIX CUTHAJIOB

MopenupoBaHue IPOTOKOJIA NEPEIadn JaHHBIX. MeTox MaTeMaTnyecKoro
MOJEIUPOBAHUS JJOTHUECKN CTPYKTYPUPOBAHHBIX CUTHAJIOB HA OCHOBE
MHOTOMEPHBIX MaTPHI] MO3BOJIIET OTPAKATH IIEPEAABAEMBbIE IIPOTOKOJIBI U UX

CTPYKTYDPY.
OcHOBHBIE KOHTPOJIbHO-U3MepHUTeIbHbIE ONepaliH.

[Ipouenypa KOHTPOJISI OCHOBaHA HA COMOCTABIEHNN BETMYUHBI X C
MOJIyYeHHEM pe3yJibTaTa B BUJIE COOTBETCTBYET/HE COOTBETCTBYET. KOHTpOIIb 1
U3MEpPEHUE MPEACTABISIIOT COO0H MHOTOOIEpPallMOHHBIE MPOIEAYPhI, KOTOPHIE
BKJIIOYAIOT METPOJIOTUYECKHUE ONEPALIMU U OTINYAIOTCS HAJTMYUEM 3HAKOBOM
oriepaluy Mpu KOHTPOJIE.

OcHoBHbBIE HU3MEPUTECIILHBIC OIIEPAIlMA H CPEACTBA HX pPCaJIUu3alluN.

Baxmnenen onepanuen npouecca U3MEpEeHUst SIBJISIETCA BOCIIPOU3BEICHUE
BEJIMYMH 3aJJaHHOTO pa3Mepa, KOTopas peaanu3yercs MoCpeacTBOM Mephl. JlaHHas
mpoIeAypa MOXeT OBbITh MPEICTaBICHA KaK IMPeoOpa30BaHKe KoAa B 3a/IaHHYIO
(bU3UYECKYIO BETUYUHY. PerynmupoBanue Mepbl MOXKET OCYIIECTBISATHCS 10
JNIETEPMUHAPOBAHHOMY WJIM CIIyYaWHOMY 3aKOHY C OJTHOBPEMEHHBIM
BOCIIPOU3BECHUEM OJTHON MJIM MHOTHX OJHOPOIHBIX BEITUYHH TPeOyeMbIX
pPa3MEPOB — OJTHOKAHAJIBHBIX UJIM MHOTOKAHAJIbHBIX.

JIpyroi BaxHEWIIEN Onepanrel U3MEPEHUS SBIISIETCS CPABHEHUE,
3aKJIIOYAIOLIEECs B ONPEAETICHUN OTHOLICHUS MOPSAAKA UIK COOTHOIIEHUSA MEXKY
pazMepaMu OJHOPOIHBIX BEIMYMH BHJ1a OOJIbIlIE — MEHbILIE WM TPUOIU3UTEIIBHO
paBHO. CpaBHEHUE OCYLIECTBIISETCS ITyTEM BBIUWTAHUS BEJINYMH, B PE3YJIbTATE
Yero cO3JaeTcsl pa3HOCTHAS BEJIMUMHA, 3HAK KOTOPOU COAEPKUT UH(POpMALIHIO O
COOTHOILIEHUH MEXAY CPABHUBAEMbIMU BETUYNHAMH.

N3meputenbHoOe peoOpa3oBaHUe SIBIASETCS BaXKHON N3MEPUTEIIHLHOM
ornepanuen, 00ecreynBaoIIei COriacoBaHue XapakKTEPUCTUK CUTHAIIA,
MOJIY4YEHHOTO B pe3yJIbTaTe U3MEPUTEIHLHOTO IPE0Opa3oBaHusl, C
XapaKTepUCTUKAMH BXOIHOTO CUTHAJIA IPU MAKCUMAJIBHOM COXPAaHEHHUU
uH(GOpPMaIIMU O BXOJHOM CHUTHAJIE, IIO3BOJISISI TEM CaMbIM MPOBOJIUTH €T0
JalbHEHIIyI0 00padoTKYy.

N3mepurtenbHOe peoOpa3zoBaHue BKIIIOYACT B CEOS:

- HU3MCHCHHC (1)I/ISI/I‘IGCKOFO poaa CUrHaja,



- JIMHEVMHOE Y HEJIMHEWHOE COTJIACOBAHUE MO pa3Mepy MapameTpa BXOIHOTO
CUTHAJa C BBIXOJJHBIM CUTHAJIOM — JINHEMHOE U HEJIMHENHOE TpeoOpa3oBaHue;

— COIIACOBAHUE 110 UMIICIAHCY JUTS IOCTHKEHUSI MUHUMAIBHOTO MCKAKCHHS
UCCIIEyeMOro (PU3NIECKOTO MPOIIeCcCa;

- COIJIaCOBAaHHC 110 4aCTHOMY U BPCMCHHOMY JIHAIIa30HaAM.

YacTHBIM CIIy4aeM U3MEPUTEILHOTO TPE0Opa30BaHuUs SABIISAECTCS
MaciITabupoOBaHKE, KOTOPOE MPEACTABIAECT cO00i mpeoOpa3oBaHUE BXOJHOTO
cursana X B OJHOPOAHBIN BBIXOJHOM CUTHAJI C pazMepoM. IIponopuroHanbHbIM
pa3Mepy HHGOPMATUBHOTO MMapaMeTpa BXOJHOTO CUrHana. MacitabupoBaHnue
YacTO HOCUT Ha3BaHUE MACIITA0HOTO NPeoOPa30BaHUs U aHATUTHYECKU
IIPENICTABIIACTCS B BUAE

X1 = KynX,

rae Ky — koaddunrent macmrabHoro npeodpa3zoBaHusi, KOTOPBIM MOKET
U3MEHAThCS 10 JeTepMuHupoBaHHOMY Ky(t) mmm cnyqaiinomy p(Ky ,X)
3aKOHaM.

Cnenyer pa3nuyars:

— MacIITaOHBIA HEPETYIUPYEMBI OJHOKAaHATBHBIN MPE0Opa30BaTEIb,
XapaKTepU3YIOIIHNICS MOCTOSHHBIM KoddduiinenToM npeoodpazoBanus Kyp=const
U ypaBHEeHHEM npeodpazoBanus X; = KypX ;

— MaclITaOHBIA HEPETYIUPYEMBIN C MPOCTPAHCTBEHHBIM Pa3IeieHUEM
MHOTOKaHaJIbHBIN Npeo0pa3oBaTelib, XapaKTePU3YIOMUNCS HATUYUEM HECKOJIBKUX
BBIXO/JIHBIX KAHAJIOB C IOCTOSIHHBIMU KO3 (DHLIIEHTaMU TpeoOpa3zoBaHus

Xl:KiMl'[Xa i:112131---5N;

— MacIITaOHBIN PETYIUPYEMBI C BPEMEHHBIM Pa3/IeICHUEM OTHOKAHATIbHBIH
npeoOpazoBaresb, XapakTepusytomuics usmeHsieMbiM X =KypX;

— MacIITaOHBIA PErYIMPYEMBIii C IIPOCTPAHCTBEHHBIM M BPEMEHHBIM
pasjiescHIeM MHOTOKaHAIbHBIN IPpeo0pa3oBaTellb, XapaKTePU3yOIUHCS
HAJIMYUEM HECKOJIBKHX BBIXOIHBIX KAHAJIOB C IIEPEMEHHBIMH KO3 (UIIECHTAMH
npeobpazoBanust Kiyp KakI0ro KkaHama ¢ ypaBHEHHEM

peoOpa3oBaHus X=KiuX, 1=1,2,3,...,N.

Onepauuu cyera ¥ UX peaju3anus



YacTHBIM CIydyaeM U3MEPEHUM SBISECTCS CUET, KOTOPBIA MOXKET
BBINOJIHATHCS Kak 1)1 00beKTOB. Tak U i GU3nuecKux BEIUYUH, HAIPUMED
OUTOB M AaHATTUTHYECKU MOKET OBITh MPEJICTABIICH BhIPAXKECHHUEM

0 mpu z,=0

Flz,)= 0 mpu z,# 0,

Z Koyd - Z N Loy
Fﬂe Zk: i=1 E=l ’

K1 X;- cooTBETCTBEHHO, KO3 (PULIMEHT MpeoOpa30BaHUs U MOAJICKUT CUETY;
I-0€ 9rcIoBoe 3HaUeHHE (PU3NICCKON BEIIMIHHBI,
N ¥ AXg - COOTBETCTBEHHO, YHCIIOBOE 3HAUCHHUE U 1Al KBAHTOBAHUS MEPHI.

OCHOBHBIMH XapaKTEpUCTUKAMH CUETA SBISIIOTCS JTOCTOBEPHOCTD U
CKOPOCTb, KOTOPBIE PEATU3YIOTCS B CHELUAIBHO MTPEAHA3HAYEHHOM JUIS ATOW LU
ycTpoiictBe. i oCylecTBIIEHUs cueTa HEOOXOAMMO OOHApYKEHUE KaKJI0Tro
00BEKTa B OTAEIBHOCTH W3 BCEW COBOKYITHOCTH paclpeiesieHHbIX B IPOCTPAHCTBE
Y BO BpEMEHU OOBEKTOB.

Onepamm TECTUPOBAHUA N UX peau3danusi

TCCTHpOBaHI/IC MOXCET BKJIIIOYAaTh KaK OCHOBHBIC U3MCPUTCIILHBLIC OIICPAlNH,
TaK W OII€palv paBHO3HAYHOCTHU KOJOB. HOSTOMy TECTUPOBAHUC OBIBaeT C
HCIIOJIb30BAHUECM U3MCPUTCIIbHBIX onepauplﬁ, TECCTUPOBAHUC C OIPCACICHUCM
PaBHO3HAYHOCTH KOJOB U TCCTUPOBAHUC, BKIIIOTAIOIICC o0a Thna onepaunﬁ.

[Iponienypy aHanm3a KOJUPOBAHHBIX CUTHAJIOB (TIPOTOKOJIOB WU
1M (HPOBOTO OTOKA) MOKHO (POpMaATH30BaATh, UCIIOJIB3YSI BPEMEHHOE
MPE/ICTABIICHUE aHAJTM3UPYEMOTO CUTHAJIA M €T0 HOPMBI B BUJIE:

XO= D2VHGTIG B X,0= 327, ()b,

i=15-1 i=Lk=1



ne 1=1,2,....,n B aToM ciryuae BeIxoaHAass QYHKIHS aHAIM3a KOJIUPOBAHHBIX
CUTHAJIOB

0 mpu X(t)=Xn(t),

Flxe-2,0l= 7 npn XX

NpUHUMAET 3Ha4eHue, paBHOE () TOJIBKO MPH PaBEHCTBE OJHOMMEHHBIX OMTOB X (1)
1 X (t),, T.€. IpE TIOJTHOM COBIIAICHUH, HATPUMED, TECTUPYEMOTO TIPOTOKOJIA
3aJIaHHOTO CTaHAApTy. B IpOTUBHOM ciiyyae pe3ysibTaT CPaBHEHHSI MOXKET ObITh
IIPEICTABIIEH B BUJIE HEKOETO KOJIa HEPAaBHO3HAYHOCTH Z, B COOTBETCTBUH C
KOTOpBIM (popMHpyeTcs COOOIIEHKE O pe3yibTaTe aHanu3a z = I

Jlexuus 4. O030p MeT010B KOHTPOJIsA. MeToaAbI H3MEepeHMsI.
Kaaccuguxanus

Henanb: n3yueHne METO0B KOHTPOJIS M TECTUPOBAHUS aIIapaTypbl CUCTEM
CBS3U.

MeToabl CONOCTABJICHHUS, OCYIIECTBISIEMbIE MAPAILIEIBHO 32 OJUH MIPUEM,
TEOPETUYECKU MTHOBEHHO, IPU OJTHOBPEMEHHOM HMCIIOJIb30BAHUHU BCEX
MIPUMEHSIEMBIX 3JIEMEHTapHBIX CPEACTB U3MEPEHUS, 3a
HCKJIFOYEHHUEM BOCIPOU3BENICHUS BETMUYMHBI 33JITaHHOTO pa3Mepa, KoTopas
BBITIOJTHSIETCSI 3201aTOBPEMEHHO CO3JJaHHON MEpOi, M TOITOMY TPOIeAypa
MU3MEPEHUS COCTOUT TOJIBKO M3 OAHOU OINepalv CPaBHEHHSI.

MeToabl ypaBHOBEIIMBAHMS, OCYLIECTBISIEMBIE ITOCIEN0BATEIBHO IIPH
HECKOJIbKHMX ITPHEMaXxX BBIITOJIHEHHSI U3MEPUTENBHBIX POLENYP,
TpeOYIOLIMX OINpPEACIICHHBIX 3aTPAT BPEMEHHU.

JAnddepeHunaibHbie METOAbI, OCYLIECTBISAEMBIE IIOCIEA0BATEIBHO C
VICIIOJIB30BAaHMEM JBYX MEP U YCTPOMCTB CPABHEHMUS, ONIPEACIIAIOIIME BHAYaje
pa3HOCTh B MEPBOM NPUOIMKEHUH, a 3aTeM 00Jiee TOUYHO CYMMUPYIOIIUE
IIOJIy4YE€HHBIE PE3YyJIbTAThI.



MeTo/1bI COTIOCTABJICHHS H YPABHOBEIITMBAHKS MOXHO PEaTn30BaTh
pPa3TUYHBIMA CIIOCOOAMH:

— C MHOrOKaHaJIbHOUW HEPETYIUPYEMOU MEPOU U ONIEpallUell CPABHEHUS,
BBITIOJTHSEMOW HECKOJIBKUMU YCTPOWCTBAMHU CPABHEHUSI.

— C oiHOKaHAJIBHOM HEPETYIHPYEMOUN Mepoit U MacIITAOHBIMU
MHOTOKaHaJIbHBIMU MTPE00pPa30BaATEISIMHU.

Pa3HoBpeMeHHOE ypaBHOBEIINBAHUE (METOJ] 3aMEIIEHNS1) OCHOBAaHO Ha
BBITNIOJTHEHUH U3MEPEHUS C UCIIOIb30BAHUEM PETYINPYEMOTO MacIITaOHOTO
npeoOpaszoBates U yCTpocTBa cpaBHEHMsI B J1Ba Tana. Ha mepBom 3HaueHue
BBIXO/IHOM BEJIMYMHBI MACIITAOHOTO MTPeoOpa30BaTes 3alIOMUHAETCS, @ HA BTOPOM
MTOAAETCS U3MEHSIOIIMKCS 10 3HAYEHUIO BBIXOIHOM CUTHAJ PETYIUPYEMOU MEPHI
JI0 TE€X TOP, IOKAa OH HE CPABHAETCS C 3AIIOMHEHHBIM 3HAYEHUEM, T.€. X1 —
NnhAXx,=0, rme x;=X — A — 3alloMHEHHOE 3Ha4YE€HHE BXOJIHON BEIMYMHBI X, a A —
OTKJIOHEHHUE ITOT0 3HAYEHUSA K MOMEHTY BPEMEHHU CPAaBHEHUS.

MeTtoa aHaJIM3a — IPUEM WM COBOKYITHOCTH IIPUEMOB YCTAHOBIICHHUS
3aBHCUMOCTH 3Hau€HUs (PU3NYECKOI BEJIMUMHBI, OTHOLLEHUS MOPSAKA WU
COOTHOILIEHHSI MEXKTy pa3MepaMH OJHOPOJAHBIX BEJIUYHH OT BPEMEHHOTO WIH
WHOTO IIapaMETPa B COOTBETCTBUU C PEATIM30BAHHBIM ITPUHIUIIOM aHAJIN3a
(bu3nUecKoro siBJIEHUS WK 3PPeKTa, KOTOPHIN MOJ0KEH B OCHOBY aHAJIN3a TEM
WJIM UHBIM CPEACTBOM AHAJIN3A.

[Ipu ciexkTpanbHOM aHaM3€ MEPEX0] OT BPEMEHHOIO MPEACTABICHUS
CUTHAJIa K YaCTOTHOMY MPEJICTABIECHUIO OCYILECTBIISIETCS C TIOMOILBIO
npsimoro mnpeodpaszoBanusi dypbe, a IpU BOCCTAHOBIEHUH UCXOIHOTO
MPEACTABICHUS] CUTHaja — MOCPEICTBOM 00paTHOro npeodpazoBanust Pypee.

[Ipn aHanmu3e NTOrMYECKU CTPYKTYPHUPOBAHHBIX CUTHAJIOB UCIIOJIB3YIOTCS
TOJIBKO JIOTHYECKUE ONEPALMU, TOATOMY JaHHBIE BUAbI MOYKHO PA3JEIUTh 10 BUY
CpaBHHMBAaEMbIX KOJIOB, CITIOCOOAM MX BBIJIETICHUS U3 OUTOBBIX IIOTOKOB U Jp.

[Ipouenypy anann3a KOJUPOBAHHBIX CUTHAJIOB (TIPOTOKOJIOB UJIH
U (POBOTO MOTOKA)MOKHO OTPA3UTh, UCTIOIB3YS MPEACTABICHHS N-MEPHOTO
AHAJIM3UPYEMOTO KOJIa U €0 HOPMbI B MATPUYHOM BHUJIE.

JlaHHbIe METO/IbI OCHOBAHBI Ha MIPUHIUIIE U30BITOYHOCTH, 3aKITHOYAIOIIEMCS
B Ilepeiaue KoJM4ecTBa MH(POPMALIUU, TPEBBIIIAIONIETO €€ COAepKaTEeIbHBbIMI
00BbEM, YTO HEPENKO YIIYUIIAEeT MPOU3BOIUTEIHLHOCTh CUCTEMBI CBA3M 32 CUET
YMEHBIIEHUS YUCIIa TOBTOPHBIX YCTAHOBJICHUI CBS3H.

JIiist peanu3anuu nporeayp oOHapYKEHUS U UCTTPABICHUS OINOOK
UCITIOJIB3YIOTCS PA3JIMYHBIC METO/IbI KOHTPOJISI KOJAOB (IIOCUMBOJIBHBIN U
OOJIOYHBIN KOHTPOJIb YETHOCTH, KOHTPOJIb [TUKINICCKAM N30BITOUHBIM KOJOM U



TIp.). a IJIs1 UX KOPPEKINH — CIeIuaabHoe (POopMbI MpeacTaBIeHUs HH(OpMAITIH,
3aKJIFOYAIONIMECS B MCMOJIb30BAHNUU CHENUAIBHBIX KOJOB C UCIIPABICHUEM
omuOOoK, TaKKX, KaK KoJ XeMMuHra, ko Puna-Comomana, kon boy3a-Hoyaxypu-
XOKBUHTEMA U JP.

Metoasbl TecTupoBanusi. Korna HopMoil siBisieTcst He 001acTh 3HAYEHUI
KOHTPOJIMPYEMOW BEIMYMHBI, a €€ ONPEACICHHBIE 3HAYECHHUS, TO IPUMEHSIOTCS
METOABI TECTUPOBaHUs. [Ipy TeCTHPOBAHUY UCITONB3YIOTCS NEPEUUCIECHHBIE PAHEE
MeTO/IbI u3MepeHus. TecTupoBaHue B 00IIEM CITyyae MOXKHO OMPEIEIUTh KaK
nobaiiTHOe cpaBHEeHHUE KOAOB. [Ipy mocienoBaTeIbHOM ITOOUTHOM CPAaBHEHHH
KOJIOB HCIIOJIb3YETCS TOHATHE JIOTHYECKON PABHO3ZHAYHOCTH KOJOB.

YcnoBue PaBHO3HAYHOCTHU MOJKCT OBITH YCTAHOBJICHO ITYTCM KOHTPOJIA
YETHOCTU-HCUCTHOCTHU KOJAOB IIpHU O6Hap}I)K€HI/II/I HUX OJHOKPATHOI'O
HCCOOTBCTCTBHAI.

CpencrBa KOHTPOJIsl. UHCTPYMEHTBI U CUCTEMBI KOHTPOJISI UMEIOT OJHO
oO11iee CBOMCTBA, 3aKIII0Ya0IIeecs B COeIMHEHUN HH(pOopMaIuu U GU3NIECKOTO
MUpa, TPEOYIOIIMX JUIsl HCCIIEIOBAHUSI OTPOMHOTO KOJIMYECTBA MHCTPYMEHTOB.
Y4uuThiBasi, 4TO TOYHOCTH MPe0Opa3oBaHus GU3MUECKUX BEIUYUH U UX
napamMeTpoB B HEOOXOAMMYIO HaM MH(GOPMAIIUIO OTPEIEseT UCTIONb3yeMbIe
WHCTPYMEHTHI, PACHPEACIICHUE U COEIMHEHUE MTOCIEAHUX MO3BOJISIET CO3/1aBaTh
CUCTEMBI U CPEICTBA KOHTPOJIS

AHaJM3aTopbl NPOTOKO0JIOB. [IpoTOKON Onpeesnser npaBuia
MOCJIEIOBATEIBLHOCTH MPOLIEAYP M ONUCHIBAET MPOLECC B3aUMOICHCTBUS
YCTPOMCTB Mepeauu JaHHBIX, B TO BPEMSI KaK aHaJu3aTop MPOTOKOJIOB
MPEACTaBIISIET COO0M MPUOOP, MO3BOJISIFOIINI MPOU3BECTH TIIATEIHLHOE
MCCJICIOBAHUE BBITIOJHEHHS 3TUX MPOLIEYP C TEM, YTOOBI YCTAHOBUTH HACKOJIBKO
TOYHO MPOLIECCHl B3aUMOJEHUCTBUS CIAEAYIOT TEM WUIIM MHBIM MIPOTOKOJIAM, T.€.
YCTAaHOBUTH COOTBETCTBUE aOCTPAKTHBIX U PEAIbHBIX MPOIECCOB.

Ananuzaropsl mpoTokoioB (Protocolanalyzers) mpencrapistoT coboit
IPOrpPaMMHBIE WUJIH aNapaTHO-TIPOrPaMMHBIE CUCTEMBI, KOTOPBIE
OTPaHUYUBAIOTCS B OTIUYHE OT CUCTEM YIIPaBJICHUS JUIIb QYHKIUIMU
MOHHMTOPHHTA M aHajH3a TpaduKa B CETAX. XOPOIINNA aHAIU3ATOP MPOTOKOJIOB
MOJKET 3aXBaThIBATh U JIEKOJUPOBATH MAKEThI OOJIBIIOrO KOJIMYECTBA MPOTOKOJIOB,
NPUMEHSEMBIX B CETAX - OOBIUHO HECKOJIBKO JIECATKOB. AHAJIN3aTOPHI MPOTOKOJIOB
MO3BOJIIIOT YCTAHOBUTH HEKOTOPBIE JIOTMUECKUE YCIOBHS JIJIs 3aXBaTa OTAEIbHBIX
MAKETOB U BHIMIOJHSAIOT MOJHOE JEKOAUPOBAHHE 3aXBAYECHHBIX ITAKETOB, TO €CTh
MOKa3bIBAIOT B YI0OHOM [ crienuanucta (opMe BIOKEHHOCTh MTAaKETOB
IPOTOKOJIOB Pa3HbIX YPOBHEH JIPYT B Ipyra C pacIu(ppoBKOI cofep aHus
OTJEJIbHBIX MOJIEH KaXA0ro MakeTa.

Hauboiee coBepiieHHBIM CPEACTBOM MCCIIEOBAHUS CETH SIBISIETCS
aHanuzaTtop npotokoiioB. [Iporecc anann3a NPOTOKOJIOB BKIFOYAET 3aXBaT



LUPKYJIUPYIOLIMX B CETH ITAKETOB, PEATU3YIOIIMUX TOT UM HHOM CETEBOU
IIPOTOKOJI, ¥ U3YyYEHHUE CONEPKUMOTO ITHX NTaKeTOB. OCHOBBIBAsCH HA
pe3yJibTaTax aHajan3a, MOXHO OCYIIECTBIIATh 0OOCHOBAHHOE U B3BEILIEHHOE
U3MEHEHUE KaKUX-JINOO KOMIIOHEHTOB CETH, ONTUMU3ALIIIO €€
IIPOU3BOAMTEIIBHOCTH, IIOUCK U YCTpaHEHUE HenoaanoK. O4eBUIHO, YTO AJI TOTO,
4TOOBI MOKHO OBLIO CAENATh KAaKME-IMOO BBIBOBI O BIUSHUNA HEKOTOPOTO
U3MEHEHUS Ha CETh, HEOOXOMMO BBIIIOJIHUTH aHAJIN3 IPOTOKOJIOB U J0, U 1OCIIE
BHECCHUS U3MEHEHUS.

OcHOBHBbIE BUIBI M XapaKTEePUCTHKU KOHTPOJIs. Bech ciekTp KOHTpOJIS B
AIIEKTPOCBSI3U JENNUTCS HA U3MEPEHMS, AHAJIN3 U TECTUPOBAHUE, TAKKE
pa3InyaeTcs IpsIMOU KOHTPOJIb, BBIIIOJIHAEMBIN B €IMHULIAX KOHTPOJIMPYEMOU
(u3nYECKOI BETMYUHBI, 1 KOCBEHHBIN KOHTPOJIb, OCYIIECTBIISIEMbIN UCXOS U3
IIPSAAMOI0 KOHTPOJIA IPYTUX BEJIIMYUH, KOTOPBIE CBA3aHbI C HCKOMOW BEJIMYMHOU
U3BECTHOM (PYHKIIMOHAIBHON 3aBUCUMOCTBIO.

Cyl1eCTBYIOT CIEAYIOIINE BUABI KOHTPOJIS:

— HacTtpoeuHslil KOHTPOJIb NPU NEPBOHAYAIIBHON HACTPOUKE KAHAJIOB U
TPAKTOB C LIEJBIO BBISIBICHUS] COOTBETCTBUSI HACTPOECYHBIM HOpMaM U
XapaKTEepU3yeTCsl CTPOrOM MOCIEN0BATENBHOCTHIO B 3aBUCUMOCTH OT
IPUMEHSEMOT0 000PYIOBAHUS.

— [Ipuemo-caaTouHbli KOHTPOJIb, HA3HAYEHUE KOTOPOTO 3aKII0YaeTCs B
MPOBEJICHUHU TTOJTHOTO 00beMa MPOIIEAYP U3MEPEHUN. AHAIIN3a U TECTUPOBAHUS Ha
COOTBETCTBHE YCTAHOBJICHHBIM HOPMaM C OTPA)KEHUEM PE3yJIbTaTOB B
TEXHUYECKOM MacIopTe.

— [TpodunakTudeckuii KOHTPOJIIb, BHIMOTHAEMBIN B TIPOIIECCE IKCILTyaTaIlluu
CHUCTEMBI IIepelaud Ha COOTBETCTBUE HKCILTYaTAlMOHHBIM HOPMaM.

— BHerutaHOBBIN KOHTPOJIb, SIBISIOLIANCSA COCTABHOW YaCThbIO PEMOHTHO-
BOCCTAHOBUTEIBHBIX pabOT, B KOTOPHIEC HA 3aKJIFOUUTEILHOM dTane MOT'YT BXOJUTh
KaK HaCTPOEYHbIE, TaK U IIPUEMO-CAATOYHBIE U3MEPEHHS U TECTUPOBAHMUE.

Y4uuThiBas, 4TO B MPOIECCE IKCILTyaTaIllii CUCTEMbI U3-3a BIUSHUS psaa
JeCTa0MIM3UPYIOMUX (GAKTOPOB KAYECTBO €€ (PYHKITMOHUPOBAHUS CHUYKACTCS,
AKCIUTyaTallMOHHBIE HOPMBI YCTAHABIIUBAIOTCS MEHEE KECTKUMH 110 CPABHEHUIO C
YCTaHOBOYHBIMU HOPMaMHU U COOTBETCTBYIOT YJIOBICTBOPUTEITLHOMY KAa4e€CTBY
CBSI3H.

ITo pexxumy BBITIOJIHEHUS CIIEAYET pa3auyaTbh py4YHOU, aBTOMaTUYECKUN U
aBTOMATU3UPOBAHHBIN PEKUMBI, OCYILIECTBIISIEMBIE TOJIBKO TEX. IEPCOHAIIOM.

B 3aBucumocTtu ot pexuma paboThl 000py10BaHUS KOHTPOJIb MOKET
OCYIIECTBIISATHLCS C BKIIFOUEHHBIM 000PY/TI0BAHUEM, C BHIKITFOUEHHBIM



000pyI0BaHUEM, C YACTUYHO BBIKIIOYEHHBIM 000pyaoBaHueM. KOHTpoIb Takxke
ObIBAET HEMOCPEACTBEHHBIM, TUCTAHIIMOHHBIM, PaCIpeIeICHHBIM,
HEHTPAIU30BaHHBIM (MOHUTOPUHT). PaccMoTpeHHbIE BUABI KOHTPOJIS MOTYT
OCYILECTBIISITECA [IJI51 AaHAJIOTOBBIX, JUCKPETHBIX U JIOTUYECKH
CTPYKTYPUPOBAHHBIX BEJIHYHH.

VYuuThiBas 0COOEHHOCTH KOHTPOJIS CETEN TEIEKOMMYHHUKALUNA, €r0 MOXKHO
pa3IenTh Ha KOHTPOJIb TPAHCIIOPTHOTO YPOBHS CETH, BKIIOYAs ITAPAMETPBI CPEBI
pacmnpocTpaHeHHsI, KOHTPOJIb A0OHEHTCKOTO YPOBHS, TPa(hUKOBBII KOHTPOJIb,
KOHTPOJIb IPOTOKOJIOB ITEpEay, KOTOPBIE MOT'YT OCYLIECTBIIATHCS
IPOrpaMMHBIMH, ITPOIPaMMHO-ANIAPTHBIMU U aNapaTHBIMU (TEXHUYECKUMH)
CPEICTBAMU.

Moaeanb KOHTPOJIA COOTBETCTBUA B3aUMOJAEHCTBHSA OTKPLITBIX CUCTEM

CoOoTBEeTCTBHE - COITACOBAHHOCTDH NAPAMETPOB OOBEKTOB, BEIUUHUH WU
IPOLIECCOB C YCTAHOBJIEHHBIMHM PEKOMEHIALUSAMU U CTaHJapTaMu (CM. PUCYHOK

6).
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byHKIIUN duznyeckas

BCIIMYHHA, 00BEKT UIIN rnpounecc

Pucynox 6 - Ilpouenyps u pynkiuu MKC BOC
TO4YHOCTH U JOCTOBEPHOCTH

BaxHOl XapakTepUCTUKON KOHTPOJISA SABJISAECTCSA TOYHOCTHh U3MEPEHUS,
BBIPKEHHASI Yepe3 MOTPEUTHOCTh U3MEPEHUS], KOTOpasi BKIIIOYAET B ce0s
CUCTEMAaTUYECKUE, CIIyYaHbIe, ITOIPEIIHOCTH, METOAUYECKUE, A IUTUBHBIC,
MYJIbTUILUIMKATUBHBIE, MOIPEITHOCTh HEIMHEUHOCTH U JIp., KOTOPBbIE MOTYT OBIThH
BBIPQKEHBI KaK a0COIIOTHAs, OTHOCUTEIbHAS WU MPUBEICHHAS K ONPEIEICHHOMY
YPOBHIO IIOIPEIIHOCTb.



Jlekuus S. UndopmanuoHHass MoJesIb CUCTEMbI H3MEPEHUH ISl
TeJIeKOMMYHUKAUOHHOI KoMnaHuu. [TapameTpbl U3MepUTEIbHBIX CHCTEM

Iesb: paccMOTPETh NPUHLIMIIBI IOCTPOEHUS KOPIIOPATUBHOW CUCTEMBI
U3MEPEHUN U NTapaMeTPhl U3MEPUTEIBHBIX CUCTEM.

ba3oBble IPUHUMIIBI MOCTPOCHUS KOPIMOPATUBHON CUCTEMbI U3MeEPEHU

- BO3MOXHOCTHU KOpHOpaTHBHOfI CHCTCMBI H3M€p€HHﬁ JOJIDKHBI
o0ecIeYnBaTh PCUICHUA BCCX 3a1a4 CJIY)K6 OKCILTyaTallud KOMIIAHNH

- BCE 00BEKTHI TEICKOMMYHUKAIIMOHHON HHPPACTPYKTYPbl KOMITAHUU
(KOTOpBIE BO3MOKHO) HEOOXOIUMO KOHTPOIUPOBATH, TECTUPOBATH, U3MEPSThH UX
napaMeTphbl;

- TCXHOJIOTHYCCKHC IIPOUCCCHI I/ISMepeHHﬁ JOJIDKHBI OBITH MAKCHMAJIBHO
ABTOMATHU3HUPOBAHLI;

- BCE PE3yIbTAaThl TECTUPOBAHMSI, KOHTPOJISI U U3MEPEHHUH TOIKHBI
COXPAHATHCSA B KOPIOPATUBHOM XPAaHWIIMILE aHHBIX JJIs JaJIbHEHIIIEro aHaIu3a,
00pabOTKH U MPUHATHUSA PELICHUI;

- IIOJIyYEHHBIE PE3YIBTAThl U3BMEPEHUN OT MHOKECTBA PA3JIMYHBIX
Pa3HOTUITHBIX U3MEPUTENBHBIX CPEACTB AOKHBI ObITh YHU(DUIIMPOBAHBI;

— CHUCTEMa U3MEPEHUI 10 KHA 00ecTieurBaTh B3aUMOJICUCTBUE U OOMEH
uHdopmaIuen ¢ IpyrumMu UHPOPMAITMOHHBIMHU CUCTEMaMHU KOMITAHWHU, KaK JJIs
MOJIy4eHHUS] HE00X0IMMOM MH(GOPMAIIK OT HUX, TaK U JIJISl IPEIOCTaBICHUS
JTAHHBIX TI0 U3MEPEHUSIM JPYTUM CUCTEMAaM.

[ToTpeOutensiMu pe3yIbTaTOB U3MEPEHHUN MOTYT OBITh:
— TI0JIb30BATENIM — TIEPCOHAIT COOTBETCTBYIOIIUX CITYXKO;

- MH(OPMAIIMOHHBIE CUCTEMBI -BHEIIIHHUE 110 OTHOUIEHUIO K CUCTEME
U3MEpPECHUH.

MeTtoaosnornyeckass UHGOpPMAIMOHHAA MOJE/Ib CUCTEMbI U3MEpPEeHU I

OCHOBHBIMM CYIIHOCTSIMU JAHHON MOJEIH SIBJSFOTCS:
Cnyx0bI (mopa3aesieHns) KOMITAH|H, KOTOPhIE TPUYACTHBI K KAKUM-TTHOO
npoiieccaM u3MepeHuid. JJlanHasi CylHOCTh ONpeENsieT CIIUCOK BCeX



CITy>k0/TIoApa3IeieHnii, KOTOPbIE TOKHBI PEIIaTh ONPEACICHHbIE 3a/1a4H
AKCILTyaTalMK, U JJIs1 BBIMIOJTHEHUS TTOCJIETHUX UM HEOOXOIMMO BBIMOJHATh KaKue-
100 U3MEPUTENBHBIE MPOLEAYPHI TUOO BBHITOIHITH 00PabOTKY pe3yIbTaTOB
U3MEPEHH, KOTOPBIE UCTIONHSIIN IPYTHE CIYKOBbI WX MOIpa3iesiCHusl.

O0beKThI N3MepeHni

[Tox oObeKTaMu U3MEPEHUI TTOHUMAIOTCSI OOBEKThI
TEJIEKOMMYHUKAIIMOHHON MHGPACTPYKTYpPbhl, KOTOPbIE HEOOXOIUMO
KOHTPOJIMPOBaTh, TECTUPOBATh, U3MEPATH Kakue-1100 napameTpbl. CTeneHb
JeTanu3anuu 00beKTOB U3MEPEHUH OIpeAeIeTCs] HAIMYUEM Y KOHKPETHOTO
00BEKTa KaKUX-I100 MapaMeTpoOB, KOTOPbIE KAKUM-JIUOO CIOCOOOM BO3MOYXKHO
U3MEPUTH, TPOTECTUPOBATH WIIH IPOKOHTPOIUPOBATb.

3agaum 3xciyaraumu. [loa 3a1auamu sKCITyaTaliiu MOHUMAETCS CITUCOK
3a/1a4, KOTOPBIE JIOJDKHBI BRITIOJHATH CIIYXKOBI KCILTyaTallud, U ISl KOTOPBIX
HEO0OXO0IMMO MTPOBOAUTH KaKHUE-TN00 U3MEPHUTEIBHBIC MPOLIECTYPhI THO0
BBIIIOJIHATH 00pa0OTKY U aHAJIU3 PE3yJIbTaTOB U3MEPEHU.

Metoauku usmepennii. st pemieHust Kax0i U3 3a1a4 ciry>K0bl
AKCIUTyaTallMM J0JKHA UCTIOIB30BaThCA (POpMaAIM30BaHHAS METOAMKA U3MEPEHUM,
00paboTKU U aHAJIN3a PE3YIbTATOB U3MEpPEHU. [{laHHbIE METOJIUKHU JOJIKHBI
OCHOBBIBATHCS HA PA3IMYHOTO POJia HOPMATUBHBIX JOKYMEHTAX, CTaHIapTax,
PYKOBOJAIINX JOKYMEHTAaX KOMIIaHUU.

IMapamerpsl usmepenuii. Bce mapamerpsl, KOTOPbIE MOXHO U3MEPHUTD,
MPOTECTUPOBATH JIMOO KOHTPOIUPOBATH ISl BCEX OOHEKTOB
TEJIEKOMMYHUKAITMOHHON MH(PACTPYKTYPhl KOMITAHUH.

Tectbl. JIt00as u3mepuTenbHas mpoueaypa 3aKJIF04aeTcs B BBIMOIHEHUN
KaKOr0-JIM00 U3MEPUTENBHOIO TeCTa. BBINOIIHEHHE OAHOTO TECTa MOKET
BKJIFOYATh U3MEPEHUE OJTHOTO MO0 HECKOIBKUX MapaMmeTpoB. IIpu 3ToM oHu U Te
K€ MapaMeTpbl MOTYT BXOAUTh B pa3IMuHbIe TeCThl. Ha ypoBHE TeCTa MOXKET
MPOBOJUTHCSA JUATHOCTHUKA COCTOSTHUSL 00bEKTa U3MEPEHU .

XapakTepUCTUKHU TECTOB
OrnepaTuBHOCT.

OnepaTUBHOCTH XapaKTEPU3YET TECT C TOUKU 3PEHUST OBICTPOTHI TTOTYICHUS
pe3yabTaToB. TecThl MOTYT UMETH CIEAYIONINE XapaAKTEPUCTUKU OTIEPATUBHOCTH:
- ONEPATUBHBIN — ONPEAEISET BO3MOKHOCTH MOJyYeHUsI PE3YIbTaTOB TECTA B
peXUMeE: CACNIANIN 3aIPoC — MOIYUYUIIN pe3yiabTaT (pexxkum online).
- MPOLIETYPHBIN — JIJIs1 TPOBEJCHUS TeCTa HEOOXOAMMO BBITIOJIHUTH OMPEICICHHYIO
TEXHOJIOTUYECKYIO TIPOLeAYPY (Hampumep, Jis TECTUPOBAHUS COMTPOTUBIICHUS



nuiekia Hy>KHO BBITIOJHUTH BbI30B a0OHEHTA, a MOTOM MIPOBECTU U3MEPEHHE
COIPOTUBIIEHUS HIIeH}a);

- py4HOH — TeCTUPOBAHUE NTAPAMETPOB MOKHO BBITTOJIHUTH TOJIBKO B PYYHOM
pexume.

IlapameTpbl H3MepPHUTENbHBIX CUCTEM

[TapameTpbl U3MEPUTENBHBIX CUCTEM MOT'YT BIIMSThH HA MIPABUIBHOCTh
pe3ynbTaTta u3Mepenus. Eciu ogun wim Gosibliee 4uciio napaMmeTpoB
OTPAKAIOIIUX ITU XapAKTEPUCTUKH, HE COOTBETCTBYET TpeOyeMbIM (UITH
3aJIaHHbIM )3HaY€HUSIM, TO MPU U3MEPEHUU OYIyT MPOUCXOIUTH OIIHOKH.

MeTtponornyeckas XxapakTepUCTHKA CPEJACTBA U3MEPECHUH - XapaKTEPUCTUKA
OJHOI'0 U3 CBOMCTB CPEJICTBA U3MEPEHHUM, BIUSIONIMX HA PE3YJIbTAT U3MEPECHUN
WJIM €r0 MOTrperHOCTh. OCHOBHBIMU METPOJOTHYECKUMU XapaKTEPUCTUKAMHU
SBIIAIOTCS IUAINIA30H U3MEPEHUN U PA3JIMYHbIE COCTABJISIOIINE ITOTPEIIHOCTH
CpEACTBa U3MEPEHHUI.

YyBCTBUTEIBHOCTH. UyBCTBUTEIBHOCTD CPEICTBA U3MEPEHUIN — CBOMCTBO
CPEACTBA U3MEPEHUN, ONIPEAEISIEMOE OTHOILIEHUEM U3MEHEHNS BBIXOJHOTO
CUTHaJa 3TOTO CPEICTBA K BBI3BIBAIOIIEMY €TO U3MEHEHHIO U3MEPSIEMON
BEJIMYMHBI . YyBCTBUTENBHOCTD S JTUHEHHON H3MEPUTEIHLHONU CUCTEMBI - 3TO
OTHOILIEHUE BEJINYUHBI BBIXOJHOIO CUTHAJIA Y K BEJIMYMHE BXOJHOI'O CUTHAJIA

X S=ylXx
Pazmuuaror:

- a6COJ'IIOTHyIO YYBCTBUTCJIBHOCTL = OTHOIICHUC N3MCHCHHUS BBIXOAHOT'O
CHUT'HaJIa K a6COJ'HOTHOMy NU3MCHCHHIO HSMCpﬂeMOfI BCINYHNHBI,

- OTHOCHUTCJIbHYIO YYBCTBHUTCIBbHOCTb = OTHOIICHNUC NU3MCHCHHUA BBIXOAHOI'O
CHUriajia K OTHOCUTCIbHOMY N3MCHCHUIO I/I3Mep$I€M0ﬁ BCIINYUHBI.
I‘I}’BCTBI/ITeJ'IInHOCTI) 3aBHCHUT OT 4aCTOTHI.

ITopor 4yBCTBUTEJIBHOCTH

ITopor 4yBCTBUTEIBHOCTH CPEJICTBA U3MEPEHUI - HANMEHbIIIEE U3MEHEHUE
U3MepSIEeMON BEJIMUMHBI, BHI3BIBAIOIIECE 3aMETHOE U3MEHEHHE BBIXOJTHOTO CUTHAJIA
cpenctBa usmepeHuil. [lopor 4yBCTBUTENBHOCTA MPENSTCTBYET OOHAPYKEHHUIO
CKOJIb YTOJIHO MajbIX CUTHaJoB. [Ipu cnyyaliHbIx QuiykTyanusx (Irymax) Majblid
10 BEJIMYMHE BXOJHOM CUTHAJI KTOHET» B 3TOM IIyME.

OO1menpuHATON MEPOW TOPOTa YyBCTBUTEIHLHOCTH SIBJISICTCS] BETUYMHA
BXOJIHOTO CHUTHAJIA, JUIsl KOTOPOTO OTHOIICHUE CUrHaj/iyMm paBHo 1. Torna B



cllydae IIyMa ¢ HOpMaJIbHbIM pacipeeIeHueM MIHOBEHHBIX 3HAaYCHHH,
BEPOATHOCTH OOHApY>KeHus paBHa npumepHo 70%.

ITopor 4yBCTBUTEIBHOCTH — HAMMEHBIINM CUTHAJ, KOTOPBIA MOXHO
OOHapYKUTbh C ONIPEICIIEHHON CTENEHbIO JOCTOBEPHOCTH Ha ()OHE COOCTBEHHOTO
IyMa u3MepUuTesbHOM cucteMsl. lllyMm ymeHbpImaeTcsi ¢ yMEHbIIEHHEM [IPUHBI
II0JIOCHI CHCTEMBI, TEM CaMbIM YBEJIMYUBAs [TOPOT YyBCTBUTEIBHOCTH.

quCTBHTeJILHOCTL K (l)opMe CHUI'HaJIa

CurHan Ha BXOJ€ U3MEPUTEIBHOM CUCTEMBI CITYKUT HOCHTEIIEM
uHGOpMaIlUU O 3HAYCHUHN (PU3NIECKON BETMUHHBI, KOTOpas JOKHA OBITh
U3MepeHa.

Pa3pemarmas cnoco0HOCTH

Pazpemaromasi cnocooHocts (paspemenue) UC — 31o pasmep 1iara, Ha
KOTOPBIN MOKET OBITh HACTPOEHA CUCTEMA, WJIM 111ara, C KOTOPhIM Ha UHJIUKATOP
BBIBOJIUTCS PE3YyJIbTAT NEUCTBUA cUCTEMBI. PC — 3T0 HauMeHbIMi UHTEpPBaA AX,
KOTOPBIN BCE €1IE BBI3BIBAET U3MEHEHNE pe3ybTara n3Mepenus y. Yucnenno PC
BBIpaKaeTcs B BUIE R=X ma/AX .

HeauHelHOCTH

B uzmepurenbHoOl cucTeME ¢ HE3aBUCSIIIEN OT YaCTOTHI
YYBCTBUTEIBHOCTHIO COOTHOIIEHHE MEKY BHIXOJHBIM CUTHAJIOM Y Y BXOJHBIM
CHTHAJIOM X JIMHEWHO, Koraa GyHnkius y=f(X) npencrariser co00i nmpsmyro
auHUI0. Takue cucTeMbl Ha3bIBAIOTCS CTAaTHUECKUMU cucteMaMu. CHCTEMBI C
YaCTOTHO 3aBUCUMOM YyBCTBUTEIBbHOCTHIO HAa3bIBAIOT JUHAMUYECKUMU
cucteMaMu. JlJi1 TMHEHHBIX CUCTEM CIIPaBEIMB MPUHIIMI CYNIEPIO3ULIUH.

Ipenennt usmMepeHui. JuHaMu4ecKUH TUATIA30H

[Ipenenbr n3MepeHuit onpeaestoTCa UHTEPBATIOM (Xmin Xmax), BHYTPH
KOTOPOT'0 C TOMOUIBIO JAHHOW CUCTEMBI MOKHO U3MEPUTHh HYKHYIO BEJIUYUHY C
TpebyeMoi TOUHOCTHIO. JIMHAMUYECKUI Arana3oH U3MEPUTEITHHON CUCTEMbI
pPaBEH OTHOIICHUIO Xmin /Xmax. BETUUNHA Xmax OOBIYHO OMPEACISAETCS MpeaeIbHbIM
3HAYCHUEM JIOMYCTUMOMN HEJTMHEHHOCTU, KOTOPast MPOSBIISIETCS TIPU OOJIBIIINX
BXO/IHBIX CUTHAJIAX.

OTKJIMK CUCTEMBI

Peakiusa n3amMepuTenbHON CUCTEMBI HA TPUII0KEHHOE KO BXOIY
BO3JCHCTBUE HA3bIBAETCSI OTKIMKOM CUCTEMBI. OTKIIMK U3MEPUTEIILHON CUCTEMBI



JIOJKEH J1aBaTh BEPHOE MPEJCTABICHUE O BO3ACICTBUM; 1IE€1b U3BMEPEHUS, COCTOUT
HE TOJIKO B TOM, 4T00BI onpenensaTh xap-ku MC. Korna 3HaueHne usmepsieMbix
(bU3MYEeCKUX BEJIMYMH MEHSIOTCSI CO BpEMEHEM Ba)KHO TOYHO 3HaTh, kak MIC Oyner
OTCIIEKUBATh 3TH U3MEHEHHS: IOBEICHUE CUCTEMBI B JMHAMUKE JTOJKHO
o0ecrieuynBaTh BEPHOE BOCTIPOM3BEACHHIE H3MEPSIEMOM BETMIUHEI.

Jlexkuus 6. OcodennocTu npeacrapiaeHus: Hupposbix curaanos (L C).
MeToab! npeAcTABJIEHNSI CHTHAJIOB B BH/IEe THATPAMM

Henab: n3ydeHre METOI0B IPECTaBIECHUS HU(POBBIX CUTHAJIOB B BUE
JUarpaMM.

Otnuuue nu@poBBIX CUTHATIOB OT AHAJIOTOBBIX 3aKJIFOYAETCSI B TOM, YTO
napamMeTpbl aHAJIOTOBBIX CUTHAJIOB MEHSAIOTCSI HEMPEPBIBHO, a IU(PPOBHIE —
JUCKPETHO. DTa 0COOEHHOCTh IU(PPOBBIX CUTHAJIOB IMO3BOJIAET UCIIOIB30BATH IS
uX aHanuza crnenududeckue Metoanl. B Mmerogonoruu L{C mmpoxoe
pacupoCTpaHEHHE MOIYUYUIIA CIIEHUAIBHBIE JUAarPpaMMBbl, UTO OIPEAEIISIETCS
JHACKPETHOW MPUPOIOW CUTHANOB. [Ipu npoBeaeHnn n3MepeHuit
UCIIOJIB3YIOTCS JIBa KJlacca AuarpamMM: JuarpaMmbl (PU3HUUECKUX IMapaMeTpoB
1M(POBOTO CUTHAJA, K KOTOPBIM OTHOCATCS TJ1a3KOBBIE JUATPAMMBI, TUArPaAMMBI
COCTOSIHUH, a TAKXKE allTOPUTMUYECKHUE, K KOTOPBIM OTHOCSTCSI APEBOBUIHBIC
JIAarpaMMbl U pas3JIMuHbIE BUIBI quarpaMm Tpermca.

JnarpaMMbl (PU3UUECKUX TAPAMETPOB MCTIONB3YIOTCS JIJIsl aHAIN3a KaK
MPOCTHIX OMHAPHBIX ITUGPOBBIX CUTHAJIOB, TAK U CIOXKHBIX CUTHAJIOB
COBPEMEHHBIX ITU(PPOBBIX TEICKOMMYHUKAIIUN — MHOTOYPOBHEBBIX (CUTHAIIBI
muHenHoro koaupoBanus ISDN u np.), MogymupoBaHHBIX CUTHAJIOB (B
pPaOYaCTOTHBIX CHCTEMaX IMepeaadyn U CUCTEMax PaguOCBs3H).
AJTOPUTMUYECKUE JTUATPAMMBbI UCTIOJIb3YIOTCS JJIS aHalIM3a CUTHAJIOB
mudGepeHInanTbHBIX MOAYJISIIUNA U COBPEMEHHBIX aITOPUTMOB KOJIUPOBAHUS
uHbOopMaIui.

I'nazkoBblie nuarpammsl (I'21)

Jlist ananmsa napametpoB LIC nenonb3yroTes I1a3koBbIE AUarpaMMbl, Kak
IpU MIPOBEJICHUH JIAOOPATOPHBIX U3MEPEHUH (CUCTEMHOE 000PYIOBaHKE), TAK U
sKcIUTyaTalioHHbIX. '] aBisitoTcss MoAM(pUKaLMEed OCHUILIONPaMM, € TOM
pa3HULEH, YTO UCIIOJIB3YIOT Iepuoandeckyro cTpykrypy LIC. Jling noctpoenus
JIBYXYPOBHEBOI IJ1a3KOBOM JuarpaMMbl U(POBOM OUTOBBIN MOTOK MOJAETCS HA
ocuuiorpad, a CHHXpOHM3alUsl BHEIIHEN Pa3BEPTKU MPOU3BOAUTCS OT



OUTOBOTO MOTOKA € YacTOTOW f,. MPU MOCTPOCHUM MHOTOYPOBHEBBIX JTHATPAMM
CUTHAJ JIOJKEH NMPOXOJIUTh, YEPE3 MHOTOYPOBHEBBIN KOHBEPTED, a
CHHXPOHU3AIHS POU3BOJANUTCS OT CUMBOJIFHOTO TIOTOKa ¢ yactoron fs(cm.
pUCYHOK. 7) . [l kKanuOpOBKH I1a3KOBOM AMAarpamMMbl CUTHAJI YacTO MOJA0T B
00x0J prIIbTpa, OrpaHMYMBAOIIETO AUAMa30H CUrHala. B 3ToM ciryyae BO3HUKAET
Juarpamma B BUJIE€ IIPSIMOYTOJIBHUKA (CM. pUCYHOK 8 ciieBa). PuibTp,
OTPaHUYMBAIOLIHI M10JIOCY MEPEIABAEMOI0 CUTHAJIA, BHOCUT CYIIECTBEHHBIE
U3MEHEHUs B (HOpMy MMITYJIbCa, B Pe3yJIbTaTe Yero BO3HUKAET AUarpaMMa B BUJIE
«CTaHAAPTHOTO T1a3a» (CM. PUCYHOK 8 cIipaBa «OMHApHBIH r1a3y). [']]
UCIOJIB3YIOT Nepruoanyeckyto cTpykrypy LIC.

MNpAMOe COBAMHEHHE C HCTOMHUKOM
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Pucynok 7 - CTpykTypHasi cxeMa U3MEPEHUs IIa3KOBOM JuarpaMMbl

[Ipotiecc popmupoBanust AuarpaMmsl UGPOBOro OMHAPHOTO CUTHAJA O€3
bunbTpanum U ¢ GuIbTpaIMel Ha mepe1aBaeMyto 1moJiocy (CM. pUCYHOK 7)
MO3BOJISIET pealbHO MPOJAEMOHCTpUpOBaTh npotiecc hopmupoBanus I'Jl. Peanbhas
ocIuJIorpamMma curnana (Hanpumep aAsyxypoBHeBoro L[C) «pa3pezaercs»
MTOCUMBOJIBHO B COOTBETCTBUHU C TAKTOBBIMU UMITYJIbCAMHU CUHXPOTE€HEpaTopa, a
3aTeM ['/] «cknagpiBaeTCs» U3 MOJYUYECHHBIX KYCKOB. B uieanbHOM ciydae npu
OTCYTCTBUU lieTiel (GUIbTpaIiuu B pe3yIbTaTe TAKOro CIOKEHUSI TOTYyYUTCS
KBaJpaT «KBaJIpaTHBIN I11a3y (MpeAcTaBieH Ha pucyHke 7 BHU3Y cieBa). Ho I'/]
peaIbHOr0 CUTHaja 3HAaYUTENbHO OTJIMYAETCA OT  KBaJApara, MOCKOJIbKY
COJIEP>KUT COCTABJISAIOIINE HapacTaHus U cnaaa gponToB umnyibsca [{C,
MPsIMOYTOJIBHBIN UMITYJIbC UMeEET (popMy KoJiokona. B pesynbpTaTe nmosydaercs
nuarpaMma 0oJiee Mmoxoxkas Ha TJia3 (Ha pUCyHKe 8 BHU3Y CTpaBa)
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Pucynok 8 - ['ma3zkoBas quarpamma CUTHaJIOB € puiIbTpanuei u 6e3
bunpTpan

Uccnenosanue '/l mo3BosisieT mpoBecTH AeTalbHbIi aHanu3 [{C mo
napameTpaM HETOCPEACTBEHHO CBSI3aHHBIM ¢ ()OpMOI BOJTHOBOTO (PpOHTA:
napameTpy MexcumMBoIbHOM unTtepdepentuu (1SI), mxuTTepy (mposkanuio)
nepeadr JaHHBIX U JDKATTEPY 10 CHHXPOHHU3AIIHH.

[Tpumep rina3koBoOil AMArpaMmbl MPEICTABICH HA PUCYHKE 9.



BE.20 mamc

Pucynox 9 - I'mazkoBas quarpamMmma 1nmudpoBoro CUTHAIA, TPOXOISIIETO
yepes GuiabTp ¢ koahduimeHToM orpannueHus crnekrpa 0=0,3 (koMmnbloTepHast
UMHUTAITHS )

Tpacca nByxypoBHeBoro curtana Ha ['J] B Toukax BpeMeHH,
COOTBETCTBYIOILIUM TOYKAaM OTCUYETa, MPOXOJUT TOUHO Y€pe3 HOPMUPOBAHHBIE
3Hauenus -1, +1. CnenoBatenbHo I1SI (MexxcumMBoIbHAS MHTEp(EPEHIINs) HA
pucyHke 8 oTcyTCcTBYeT. B TO k€ Bpems pa3inyHble TPACChl IEPECEKAOTCS C
BPEMEHHOM OChIO B pa3HbI€ BpEMEHHbIE MPOMEXKYTKH. MakcuManbHas IIUpUHA
o0acTy mepeceyeHus ¢ BpEMEHHOU OChIO OIpeessieTcsl Kak MUKOBoe (pa3oBoe
ApOKaHHE UM JZKUTTep nepenauu JaHHbiX Djy, JKUTTEp nepenadn 1aHHBIX
u3MepseTcsl OOBIYHO B €AMHMIIAX BPEMEHU WIJIM KaK OTHOIIIEHUE K MHTEPBAITY
nepenaun cuMBoaoB Djp/Ts . Jxurrep I1]] ABnseTcs cineacTBueM orpaHMYEHHOM
MOJIOCHI KaHAJIOB.

JlmarpaMmbl cocTosTHMMA. /[narpaMMbl COCTOSTHUM MPEICTABIISIOT CO00
JIMarpaMMbl B MOJIIPHBIX KOOpJIMHATax ¢ HakorieHueM, L{C npoxoaut Ha
JrarpaMMe COCTOSIHMM XapaKTepHbIe i Hero Touku. [{udposas ¢popma curaana
OIPEJICIISICT TOUCUHYIO CTPYKTYPY AUArpaMMbl COCTOSHUNA CUTHAJIA. JJIsl Ka)K10ro
TUTIA MOJYJISIIUU UarpaMMa CBOSI M HeceT MH(OopMaIlUIo O TTapaMeTpax TpakTa B
11eJ10M, paboTe MOJEMOB, SKBaJal3epoOB U T.]I.

AJiropuT™MHYecKHe quarpamMmmsl. [Ipyu ananuse nponeccoB KOAUPOBAHUS U
aHanu3e auddepeHImaIbHbIX METOI0B MOIYJIISIINN, B KOTOPBIX Mepeaadya
1 poBOI HHPOPMAIIUK OCYIIIECTBIISACTCS HE CUTHAIIOM, & CMEHOM OJTHOTO CHTHaja
JIPYTUM, HEOOXOIUMO HMMETh MPECTABICHUE O TMHAMUKE H3MEHEHUS COCTOSTHUMN
curHaia. /[is 3Tux nener ucnoJib3yrT AuarpaMmy 1peruica, KOTopas sIBISETCS
MoauduKaIMen quarpaMmbl cocTostHUN. Ha Hell moka3bsiBaeTCsl KpOME COCTOSTHUIM
C u TpaeKTOpHs U3MEHEHUI COCTOSHUM.

MeTtoaosiorust ”3BMepeHu napamMmeTrpos HM(PPOBHIX KAHAIOB



IMonsTHe OMHAPHOIO KAHAJIA U METOJbI AHAJIN3A €r0 MapaMeTPoB

ITon xanajioM Iepeayv MOHUMAETCS KOMIUIEKC TEXHUYECKUX CPEICTB U
Cpelbl paclpocTpaHeH I, 00eCIIeYMBAIOLINX IIEpeauy CUrHala 31EKTPOCBS3H B
I10JIOCE YAaCTOT U CKOPOCTBIO, XapaKTEPHBIX MJI1 JAaHHOIO KaHajna. Eciu B kaHaie
uHbopMaIus nepeaacTcs B HuGppoBOM BHIE, TAKOW KaHAT Ha3bIBaeTCS HU(DPOBBIM
KAaHaJIOM.

PasHpie THIEI
HbPOEDH MOTYIAITHE
H MHOT'OYPOEHEEOTD

KOOHNOE A HA
HoTorema: Armapatypa ATmaparypa [Tpie MHHE
IEOHYHOTO EO0MHPOBAHHA KOMHPOBAHHA IECHYHOTS
H Ieped A
CHTHATA H Oepenain PEX CHIHATA
I -

Ermapae1it undpoeo xagan

PaccMoTpeHre MeTo10JIOrMY HAYHEM C OITMCAHUSI METO/IOB U3MEPEHHMSI LIU(PPOBBIX
KaHaJIOB C mepeaadeit nHdopmaluu B IpocToi JBoNYHOM hopme (0€3 TUHEUHOTO
KOJMPOBAHMS) - OMHAPHBIX U(PPOBBIX KaHAJIOB (CM.pUCYHOK 10).

Pucynox 10 — bunapnsriii mudpoBoit kaHan

Meronomnorusi u3MepeHnii OMHApHOrO KaHaja COCTaBIIAET (PyHIaMEHT U3Me-
peHunit 1udPOBBIX KAHAJIOB CBSI3U U UMEET 0COOEHHOE 3HAUCHHUE.



OcHoBHOE Ha3HaUYeHHE OMHAPHOTO LU(POBOrO KaHama - 3TO Mepenaya
nudpoBoit nHbopMaIK B IBOMYHOU GopMme, T.€. B BUAe OUTOB. [loaTOMY
OCHOBHBIE TTapaMETPhI KauecTBa Takou 1U(POBOI nepeaun CBA3aHbI C
napaMmetpoM omuoku o outam (Bit Error Rate - BER) u ero mpousBogHbIMH.
N3mepenus no napametpy BER Bomim B MeToanKN n3MepeHuid BceX MEPBUUHBIX
Y BTOPUYHBIX CETEM.

Pa3znuuaroT 1Ba THIIa M3MEPEHH OMHAPHOrO KaHaja - C OTKIIOYEHUEM U 0€3
OTKJIIOUEHUS KaHana. Mi3MepeHus ¢ OTKII0UeHHEM KaHalla MPeayCMaTPUBAIOT, YTO
KaHaJl He MCII0JIb3YeTCs B IpoLiecce U3MEpEeHHH Ui’ epeayyl peajibHoro
mudposoro Tpaduka. B 3Tom ciaydae B KauecTBe UCTOUHUKA U IPUEMHUKA
JIBOMYHOTO CUTHAJIA HCTIONIL3YIOTCS aHAIU3aTOphl M poBoro kanaia. Mamepenus
0e3 OTKIIIOYEHHSI KaHaa MPeIyCMaTPUBAIOT HCIIOJIb30BaHUE CIICIIMATBbHBIX
aJITOPUTMOB aHAJIM3a TapaMEeTPOB KaHaJla MpH Nepeade peasbHOTo Tpaduka.

[Ipu n3MepeHusx ¢ OTKIIFOUEHUEM KaHajla CUTHAJ IEpe1aeTcs B BUJE
TECTOBOI MOCIEA0BATEIbHOCTH, KOTOPask Ha APYrOM KOHIIE KaHasla (IPUEMHUK)
IMPUHUMAETCS U 3aTE€M MTPOBOJIUTCA aHAJIU3 OIIMOOK, BHOCUMBIX KaHanoM. J1jis
IPOBENCHUS U3MEPEHUI aHAIM3aTOp MPUEMHHUKA TOJIKEH 00€CIIeYnBaTh Mpe-
CKa3aHHE CTPYKTYpPHI IOCIEI0BATEIBHOCTH, T.€. TpeOyeTCs TaK Ha3bIBacMasi
CUHXPOHHU3ALHs TECTOBOM MOCIIEN0BATENBHOCTH.

N3mepenus 6e3 OTKIIOYEHMsI KaHalla 4acTO Ha3bIBAIOTCSI MOHUTOPUHIOM,
IIOCKOJIbKY U3MEPEHHUS TPOU3BOJIATCS B PEKUME padOTAIOIIEro KaHazia, a
aHAJIM3aTOP B OTOM CIIy4ae IOJKIIIOYACTCS MapauIeIbHO U OCYILECTBIISAET
ITaCCUBHBI MOHUTOPHHT KaHala. AJTOPUTM OPraHU3ALMU U3MEPEHUN OCHOBAH Ha
MPUMEHEHUU PA3IMYHBIX TUIIOB IUKJIOBBIX KOJIOB MJIM CIIy>keOHOM uH(popMaIu,
nepenaBaeMoil B kaHaie. B peanbHO paOoTaromeM KaHaje, HECyIEM peabHbIN
TpauK, HET BO3MOKHOCTH MPECKa3aHus epeaaBaeMoil HHPpopMaluu,
CJIEI0BATEIBHO, HET BO3MOYKHOCTH IIPOCTOTO CPABHEHUS PEATIbHOMN
NOCJIE0BATEIBHOCTH OUTOB C MpeICKa3aHHOW MOCIEA0BATEIbHOCThIO, IO3TOMY
HEBO3MOYKHO JIOKAJIU30BATh €IMHUYHYIO OUTOBYIO OIIMOKY.

Jleknusa 7. Bo3HUKHOBeHHEe OUTOBBIX OINUOOK M UX BJIUSHNE HA
napaMerpsl LM pPoBOI Neperavyu

Heab: N3y4nTh NPUYUHBI BOSHUKHOBEHUSI OUTOBBIX OIIMOOK MpH IIUGPOBOMA
nepegadye CUrHaia.

Xapakrep OMTOBBIX OIIKOOK B HU(PPOBOM KaHAJIE



B un¢poBsix cucremax nepenayu pa3iuyHbIE BO3ACHCTBUA Ha IUPPOBOIi
KaHAJI IPUBOJAT K CHUPKEHUIO OCHOBHOT'O Ka4€CTBEHHOTI'O MapaMeTpa - mapameTpa
omnOKHU B IMPpoBOM KaHase. [ [puurHbl BOSHUKHOBEHUS OLIMOOK UMEIOT
aHaAJIOTOBYIO MPUPOJLY, TaK KaK CBsI3aHbl C UHTEP(EpPEHINEN, 3aTyXaHUEM B JIMHUU
Y Pa3JIMYHBIMU aJTUTUBHBIMU IIIyMAMHU.

OCHOBHBIC HCTOYHMKH OIIUOOK B IM(PPOBOM KaHaJIe: HCKAKECHUS B
KaHaJle, HUIMYAE UMITYJIbCHBIX [IOMEX, aAIMTUBHBIN IIIyM B KaHAJE,3aTyXaHue B
auHuu. Kak BUAHO U3 pucyHka |1, Hanuune ncKakeHHi B KaHaJIe MOYKET ObITh
CBSI3aHO KakK C 3aTyXaHHUEM, TaK U C OTPAXKCHUEM CUTHAJIA.
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Pucynok 11 — OcHOBHbBIE HCTOYHUKH OIMMOOK B ITU(DPOBOM KaHasE

IlepBblii MCTOYHHUK HIYMOB - GU3MUECKH pa3pyIICHHBIA Kabehb
(Hampumep, pa3ouTas mapa), CJIMIIKOM MaJioe MOTEPEYHOe CeYCHHE, OOTbIas
pacmpeseneHHas eMKOCTh B Kabere.

Bropoii HCTOYHUK HIYMOB - HHTEp(EpUPYIOIINE UMITYJIbCHI U
VMITYJIbCHBIE IIOMEXH B KaHaJe.

NcrounrkaMu ommOOK MOTYT SIBUTHCSI CHIIOBBIE KaOeH, MIPOJI0KCHHBIC B
HEIMOCPEICTBEHHON OJIM30CTH OT JIMHUM CBSI3U, HAPYIIEHUE OOBSI3KHM KaOeei,
HaJIMYHME CUTHAIN3AIIUN 10 TIOCTOSTHHOMY TOKY.



TpeTnii HCTOYHUK LIYMOB - HAJTUYUE AAJAUTUBHBIX IIIYMOB Pa3JIMYHOU
IIPUPOJIBI.

HcTounnkaMy omMOKY 371€Ch MOTYT OBITh HAPYIIEHUS OATaHCUPOBKU
Ka0es, mapaMeTpa CKpy4uBaHMs BUTON Mapbl, MHTEP(EPEHIUS C pa3IUIHbIMU
paaroyacToTHbIMU 1 CBY-curnanamu, CUrHa bl BBI30BA, HAPYIIEHUS MOJSIPHOCTH
Kkabes (mepernyTaHHbIe JKUJIbI, KOPOTKOE 3aMBbIKAHUE MEXIY KUJIaMH U T.1.)
BBICOKMI ypOBEHB IIIyMOB MOKET IPUBECTU K 3HAYUTEIIBHOMY YBEJINYECHHIO
napaMmerpa OmIHOKH.

YeTBepThlii HCTOYHHUK LIYMOB - 3aTyXaHUE B KaOEJsIX U JIMHUAX NEpEeIayH,
IIPUYEM HE TOJIBKO BBICOKMI YPOBEHB 3aTyXaHHMsI, HO M €I0 HEPABHOMEPHAs
XapaKTepUCTHUKA, KOTOpasi IPUBOIUT K MOSABIECHUIO CyOrapMOHHK, BHOCSIIUX
JOTIOJIHUTENBHBIN aJINTUBHBIN IIIyM.

Buyrpennne ucrounuku omudox B IICII:

- pa3ianyHble HECTAOMJILHOCTH BO BHYTPEHHUX LETSIX CUHXPOHU3ALNU
HU(POBBIX YCTPOUCTB, Apel] B cUCTEME BHYTPEHHEW CUHXPOHU3AIMU

YCTPOMCTBA;

— HECTAaOMJIBHOCTH, CBS3aHHBIC C U3MEPEHHEM XapaKTEPUCTUK KOMIIOHCHTOB
CO BPEMCHEM,;

- IIEPEKPECTHBIEC IOMEXU B LIEIAX YCTPOUCTB;

- HapylIeHUs B pabOTe dKBaJIali3epOB U B NIPOLIECCAX, CBSA3aHHBIX C
HEpPAaBHOMEPHOCTHIO AUX;

— MOBBIIIEHUE MTOPOTra M0 UIyMY, CBA3aHHOE C U3MEHEHUEM NTapaMEeTPOB
MOZYJIEW YCTPOMCTB CO BPEMEHEM.

Bremnue uctounuku omudok B I{CIIT
— MEPEKPECTHBIC IOMEXH B KaHaaxX Mepeavu;
— JOKUTTEP B CUCTEME TIepeIayn;

— AIIEKTPOMAarHuTHasi UHTEpPepeHiys (0T MaINH, (PIIyOPECUEHTHBIX JaMIl U

— BApUALIMY TUTAHUS YCTPOMCTB;
- VMITYJIbCHBIE IITyMBbl B KaHAJIE,

— MEXaHW4YeCKHUE TTOBPEXKICHNS, BO3ACHCTBUE BUOPAIUH, TIJIOXHE KOHTAKTHI;



- JerpagaIys KaueCTBeHHBIX MapaMeTPOB CPEIbI mepeaadn (3JIEKTPUIECKOTO
WJIM ONITUYECKOTO Kabels, paiuo4acTOTHOTO KaHalla v T.JI.);

- rJ100anbHbIe HAPYIICHUSI, CBA3aHHBIE C pa3pyIlICHUEM KaHaa u(poBoOn
nepenayn.

OcHoOBHBIE MapaMeTpbl, H3MepsieMble B OMHAPHOM LM (PPOBOM
KaHaJje

1. AS - availability seconds Bpemst ToTOBHOCTH KaHaua (C) - BTOPUYHBIH
rapameTp, paBHBIN Pa3HOCTH MEKIY OOIIEH JIMTEIbHOCTHIO TECTa U BpEMEHEM
HErOTOBHOCTH KaHaJa.

2. AS (%) - availability seconds otHocHuTeIPHOE BpeMsi TOTOBHOCTH KaHasla
- mapaMeTp, XapaKTEPU3YyIOIINI TOTOBHOCTh KaHAJIA, BEIPAKEHHBIN B ITPOLICHTaX. B
otnuuaue ot AS, AS (%) ABIsieTCS IEPBUYHBIM ITAPAMETPOM U BXOJUT B UHCIIO
OCHOBHBIX TTapaMeTpoB pexomenaamn G.821.

3. BBE - background block error 650k ¢ hoHOBO# 0mnoOKo# - 6JI0K C
OIMOKaMH, HE SBIISIOIINICS 9acThio SES, mpuMeHsIeTCs TpH aHAIU3E OMTHOOK TI0

0JiokaM. SIBisieTCs BaXKHBIM IapaMeTpoM, BolIeAmuM B pekoMenanuto 1 TU-T
(.826.

5. EB - error block uuciio omm604HbIX OJOKOB - MTapameTp, UCIIO0Ib3yEMbIii
IIpU aHAJIM3€ KaHaja Ha HaJIM4ue OJIOKOBBIX OmHOOK. [logcunThiBaeTcs TOJIBKO BO
BpeMsl IpeObIBaHUs KaHala B COCTOSIHUYA TOTOBHOCTH.

6. BBER - background block error rate , koadgdurpieHT ommooK 1mo
0J10kaM ¢ (POHOBBIMU OLIMOKAaMH - OTHOLLIEHUE YKCIIa OJIOKOB ¢ (POHOBBIMU
OITMOKaMH KO BCEMY KOJIMYECTBY OJIOKOB B T€UCHHE BPEMEHHM FOTOBHOCTH KaHaja
3a UCKITIOYEHHEM Bcex OJI0KOB B TeueHUH SES. SIBnsieTcs BayKHBIM mapamMeTpom,
BomieamuM B pekomenamuio 1 TU-T G.826.

4. BIT unu BIT ERR- bit errors uucio onm00o4HbIX OUTOB - IapaMeTp,
UCIIOJIB3YEMbIH ITPH aHAJIM3€¢ KaHala Ha HATMYKEe OUTOBBIX OIIMOOK.
[ToacunThIBaETCS TOABKO BO BpeMsi IpeObIBaAHMS KaHalla B COCTOSIHUM TOTOBHOCTH.

7. BER mwim RATE - bit error rate ywactora GUTOBBIX OIINOOK,
Kod(puIreHT ommoboK Mo GuTaM -OCHOBHOM ITapaMeTp B cUCTeMax IudpPOoBOit
nepesavn, paBHbIA OTHOIIECHUIO YHCJIa OUTOBBIX OLIMOOK K 00IIeMy YUCITy OUT,
MIepPEeTaHHbBIX 32 BPEMS ITPOBEICHUSI TECTA 110 KaHATy, HaXOIAIIEMYCSl B COCTOSTHUH
roToBHOCTH. [Ipu 0OHApYKEHUU NECATH MOCIEI0BATEIbHBIX CEKYH THBIX
WHTEPBAJIOB, CUJILHO MOpakeHHBIX omuOkamu (SES), ananuzarop nepexiodaercs
Ha MOJICYET BPEMEHH HETOTOBHOCTHU KaHana. M3mepenus napamerpa BER
YHUBEPCAIBHBI B TOM CMBICIIC, UTO HE TPEOYIOT HAIMYHUS [IUKJIOBON U
CBEPXIIUKIIOBON CTPYKTYPHI B U3MEPSEMOM MOTOKE, OJHAKO TPeOYIOT mepeaadn



CHELMATbHOM TECTOBOM MOCIEI0BATEIBHOCTH U MOTYT OBITh IPOBEIEHBI TOJIBKO B
Ccllydae IOJHOTO UM YaCTUYHOIO OTKJIFOUEHUS IU(PPOBOro KaHala OT MOJIE3HON
Harpy3KHu.

8. BLER - block error rate gacrora 6;10k0BBIX OMIHOOK, KOA(DPUITHECHT
OMOO0K 1Mo OJ0KaM - PeIKO MPUMEHAEMBII Ha MIPaKTHUKE apaMeTp, paBHbIN
OTHOIIICHHUIO YHCIIa OIIUOOYHBIX OJIOKOB JaHHBIX K O0IIEMY YHCITY epeIaHHbIX
0s10k0B. [To 6710KOM MOHMMAaETCA 3aJaHHOE KOJIMYECTBO OMTOB. OIIHOOYHBIM
0510KkOM cumTaeTcs OJI0K, CoEpPIKAIMUN XOTs Obl OUH OMUOO0YHBIN OuT. ETO
1eJIeCO00pa3HO U3MEPATH TOJIBKO B TEX CETAX Nepeadn JaHHbIX, T1Ie
uHpopMarus nepegaeTcs 0JokaMu GUKCUPOBAHHOTO pa3Mepa, a nmapameTp BLER
SBJISIETCS] BAXKHOM XapaKTEPUCTUKON KaHala ¢ y4eTOM KaJpOBOM (LIUKIOBOH)
CTPYKTYPBI IIepeiayH.

9. CLKSLIP naum SLIP - clock slips 4ncio TakToBBIX MpocKamb3bIBaHUN -
napameTp, XapaKTePU3YIOUIHICS YHUCIOM CHHXPOHHBIX YIPaBISIEMbIX
NPOCKAJIb3BIBAHHI, TIOSIBUBIITUXCSI C MOMEHTA Hadaa Tecta. [Ipockanb3biBaHuEM
Ha3bIBACTCS IIOBTOPCHHUE WIIM UCKITFOUEHHE TPYIIIBI CHMBOJIOB B CHHXPOHHOW WIIH
TUIE3HOXPOHHOW TIOCIIEIOBATEILHOCTH JJBOMYHBIX CHMBOJIOB B PE3YJIbTaTE
pa3INYMsi MEXKILy CKOPOCTSIMH CYMTHIBAHUS U 3aIHCH B OY(PEpHOI aMSTH.
[TockonbKy MpOCKaJIb3bIBAaHUE BEJET K MOTEPH YacTH MHPOPMALIMH, YTO B CBOIO
oyepenb BEJET K MOTEePH UKIOBOM CHHXPOHU3AIIUH, HA TIPAKTUKE HCIIOJIB3YIOTCS
AIIACTHYHBIE YITIpaBisieMble Oy(epbl ¢ BO3SMOKHOCTBIO YIPaBICHUS
IPOCKAJIb3bIBAaHUAMH. B 3TOM ciiydae mpocKaib3bIBaHUS Ha3bIBAIOTCS
yIPaBJISIEMbIMH

10. CRC ERR - CRC errors uncno ommbox CRC - mapametp omuokw,
WU3MEPEHHBIN C MCIIOJIb30BaHUEM HIUKIIOBOr0 H30bITouHOrOo Koja (CRC),
pacnpoCTpaHEHHBIN IMapaMeTp OMPEACIICHUS OITMOOK peaabHO padOTAIOIIETO
KaHaJsia 0e3 ero OTKJIIOYEHUs U 0e3 Tepe1ayu TECTOBOM MOCIeI0BaTeIbHOCTH.
HeobxoaumbiM ycoBrem uzmepenus napamerpa CRC siBnsiercs Hamuune
MexaHu3Ma (opMUpOBaHUS KOJa B anmaparype rnepeaadn

11. CRC RATE - CRC errors rate yacrora ommbok CRC - mokassiBaeT
cpenHioro yactory ommook CRC.

12. DGRM - degraded minutes 4rcio MUHYT Jerpajalidi KauecTBa -
HECKOJIbKO BPEMEHHBIX MHTEPBAJIOB MPOJOJDKUTEILHOCTHIO 60 ¢ KaXblil, Koraa
KaHaJl HAaXOJUTCS B COCTOSSHUHU TOTOBHOCTH, HO BER=10~6. Ommbku Bo BpeMs
HETOTOBHOCTH KaHaJla HE CUMTAIOTCA, a UHTEpBaJIbI 10 60 C B COCTOSIHUU
TOTOBHOCTH KaHalla, OpaKE€HHbIE OMMOKaMU HECKOJIBKO pa3, CYMMUPYIOTCS.

13. DGRM (%) - degraded minutes nporeHT MUHYT Jerpajalnuy KauyecTBa
- YKMCJI0O MUHYT JerpaJallii KaueCTBa, BRIPAKEHHOE B MTPOICHTAX 10 OTHOIIEHUIO
KO BPEMEHH, IPOIIEANIEMY C MOMEHTA Hadayia TECTUPOBAHHUSL.



14. EFS - error free seconds Bpemsi, cB000THOE OT OIMTUOOK (C) - OJTUH U3
MIEPBUYHBIX TTapaMeTPOB, BXOAAIIMX B pekomeHaanuu G.821 u M.2100/M.550.
OTtpaxaet BpeMsl, B T€YeHHUE KOTOPOTO CUTHAJ OB IPaBUIILHO CHHXPOHU3UPOBAH,
a omMOKU OTCYTCTBOBAJIH, T.€. 00Iee BpeMsl MpeObIBaHUs KaHala B COCTOSTHUM
0e301n00YHON pabOTHI.

15. EFS (%) - error free seconds nporieHT BpeMeHH, CBOOOTHOTO OT
omuoOoK (C) - TO XK€, YTO U MPEIABITYITUH TapaMeTp, TOJIbKO BhIPAKCHHBIN B
IPOIICHTAaX 0 OTHOIICHHUIO K 00IIeMYy BPEMEHH C MOMCHTA Hayayia TeCTUPOBAHUS.

16. ES - errors seconds aauTenbHOCTh MOPAYKEHUS CHTHAa OINOKaMHU,
KOJMYECTBO CEKYH/I C OIMOKaMH (C) ~ mapaMeTp MOKa3bIBaCT HHTEPBAJ BPEMEHU
MOPaKECHUS BCEMH BHAaMH OIIMOOK B KaHAJIC, HAXOAIIEMCS B COCTOSTHHH
TOTOBHOCTH.

OpraHmaunﬂ I/I3MepeHI/II71 C OTKJIIIOYCHHEM KaHaJia

JUis opranu3anuy U3MEPEHUN C OTKIIIOYEHHEM KaHalla UCTIOJIb3YeTCs
reHepaTop U aHAIM3aTOP TECTOBOM MOCIIE0OBATEIbHOCTH, MOJKIOYEHHbIE K
pa3HbIM KOHIIaM IU(POBOTo KaHaia (CM. pucyHOK 12). Mexay renepaTopoM u
aHaJIM3aTOPOM TECTOBOM MOCIEOBATENFHOCTU CYIIECTBYET CHHXPOHHU3AIHS 110
TECTOBOM MOCJIETOBATENBHOCTH, T.€. MIPOLIEYPa, B pE3yIbTaTe KOTOPOU
aHaJIM3aTOp UMEET BO3MOXKHOCTD MPeICKa3aHusl CISAYIONEro 3HAYCHHSI KaXI0TO
IPUHUMAEMOTO OuTa.

B npakTuke ucnosib3yroTcs ABa TUIIA TECTOBBIX MOCIEA0BATEIILHOCTEH -
dbuKcupoBaHHbIE U TIceBAOCTy4aiiHble TocsenoBaTenbHocTH (I1CII, PRBS -
Pseudorandom Binary Sequence).

DUKCUPOBAHHBIMU TIOCIEAOBATSIIBHOCTSAMH SIBJISTFOTCS TIOCJICIOBATEIHHOCTH
YepeaYIOMIMXCS TTOBTOPSIEMBIX KOMOWHAIIMM OUTOB.
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Pucynok 12 - I'enepaTop nceBaociydyaiiHOM MOCIEA0BATEILHOCTH



Jlekuusi 8. MeToabl BLIMHCJIEHHUS IAPAMETPOB OMIUOOK B IU(PPOBLIX
KaHaJiax

LeJsb: n3yyeHne METOA0B pacieTa OCHOBHBIX TApaMETPOB MPHU U3MEPEHUN
1 poBOro OMHAPHOTO KaHama.

[ToMuMO TEXHOIOTUHU BBIOOpa TECTOBOM MOCIIEIOBATEIHLHOCTH U TAPaAMETPOB
MU3MEPEHUN, KOTOPBIE MOTYT 3HAUYUTEIIBHO BIUATH HA PE3YIbTAThl U3BMEPEHUH,
PaccMOTPHM e€11e OJUH (aKTop, CYIIECTBEHHO BIMSIIOIINNA HA PE3YyIbTaThl
WU3MEPEHUN - aITOPUTM IOJCUETA PE3YIIHTATOB.

OCHOBHBIMH TTapaMeTPaMHU P U3MEPEHUHU U POBOro OMHAPHOTO KaHaa
spisitoresa BITS (konmnyectBo ommbounsix 6utoB), BER (mapamerp ommubku mo
outam) u ES (konudecTBO CeKyH/I, MOpaXXeHHBIX omuOkamu). Bee ocranbHbie
napaMmeTpsl SBISAIOTCS IPOU3BOIHBIMU ATUX TPEX MapaMeTpoB. Briie
OIKCHIBAJIACh METOJIOJIOTHSA MO/ICYETa KOJIMYECTBA OIIMOOYHBIX OUTOB.
Paccmotpum Teneps MeTozs! BerunciaeHus napamerpa BER u mapamerpa ES.

MeTtoasl pacuera napamerpa BER. ITapamerp BER cunTtaercs ocHOBHBIM
napamMeTpoM TECTUPOBAHMS JIFOOBIX LIU(PPOBBIX KaHATIOB U cucteM. [lapamerp BER
ABJISIETCSA HanboJiee pacCpOCTPAHEHHON CTATUCTUUYECKOM XapaKTEepUCTUKON Kade-
CTBEHHBIX MMapaMeTpoB KaHazia. [1o OTHOLIEHUIO K U3MEPSEMbIM BEIUYUHAM 3TOT
napameTp SBJISIETCSI BTOPUYHBIM M BBIYUCIISIETCS HA OCHOBAHUM JJAHHBIX O
KOJIMYECTBE MPUHUMAEMBIX OLIMOOK B TECTOBOM MOCIIEI0BATEIBHOCTH B
pazinuHble nepuosl BpemeHu. [1oaToMy He00X0IMMO TOBOPUTH O METO1aX
pacueta napamerpa BER no nanHbM 0 konudecTBe ommooxk.

Cy1iecTByeT HECKOJIBKO aJITOPUTMOB aHaIM3a OITMOOK B MPUHUMAEMOM
notoke ¢ [ICII. Ha pucynke 13 npeacTaBieHbl TP OCHOBHBIX aJrOPUTMA TAKOTO
pacuera.
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N3BecTHO, 4TO B IIpoIIeCCe UBMEPEHUS CYIIECTBYET JBE TOUKU
CUHXPOHM3ALIMHY U3MEPEHHI: HaYal0 U3MEPEHUS U BpEMS, ITPU KOTOPOM
JIOCTUTAETCS 3aJaHHbIN mopor omuOku (Ha pucyHke - 100 ommubdok).

Pucynox 13 — MeTtonsl nojcuera napamerpa ES

Br16op mapamerpa ERR = 100 ocHOBaH Ha npeanoioxkeHun HOPMaIbHOTO
pacrnpeneneHus BOSHUKHOBEHUs OIMOOK. B 3TOM cityyae oTHOCUTEbHAsS
MIOTPENTHOCTh U3MEPCHUH ONPEACIICTCS KakK:

r;=1fﬁ

rae N - KOJIMYECTBO OIIHOOK. YUUTBIBAS, YTO JUIs OOJIbIICH YacTH
AKCILTyaTallMOHHBIX U3MEPEHUM OTHOCUTEbHAS NTOrpeHoCTh B 10% siBiseTcs
BITOJTHE JIONTyCTHMOM B KQ4ECTBE TPAHUIIBI HHTEPBAJIa CHHXPOHU3AIMH MOYKET
obITh BEIOpano Bpemsi ERR = 100.



Takum 006pa3om, Bce BpeMsi i3MEpPEHUI pa30MBaAETCs Ha ABA MHTEPBAIA: OT
Hauaja usMmepenuit 10 Toukn ERR=100 u nocne »toit Touku. CoOTBETCTBEHHO
pasnuyaroTcs Tpu Meroa nojacuera BER.

MeTtoabl pacuera napamerpa ES

Btopsim Hanbosee 4acTo MCIOIb3yEMBIM TTAPAMETPOM (BTOPBIM IO
BakHOCTH nociie BER) nipu ananuze mudpoBbIX KaHATIOB SBIISIETCS ITapaMeTp
KOJIMYEeCTBa CeKyH/ ¢ ommOkamu (ES).

Ecnu mapamerp BER omnpenenser cpeanuii HHTErpanbHbId ypOBEHb
KauecTBa U(PpoBoOH mepenayu B kKanaie, To nmapametp ES u, B ocobenHocTH,
oOpaTHbIii K Hemy napameTtp EFS onpenensier nonro obmiero BpeMenu, B Te4CHUN
KOTOPOT0 KaHAJI SBJISETCA CBOOOTHBIM OT OLIMOOK, T.€. BpEMS, B TCUCHUU
KOTOPOTO OmepaTop rapaHTupyet OecrnepeOoiinyro nudpoByto nepeaavy mno
kaHary. Takum o0pazoM, 3TOT IapamMeTp SBIISICTCS KpaitHe BaKHBIM JIJIS
OTIepaToOpOB IMU(POBBIX CUCTEM TIepeIauH, IEPBUIHON U BTOPUUIHBIX CETEH.

[To oTHOIIEHUIO K U3MEPSIEMOMY MapaMeTpPy - KOJIHMUECTBY MPUHSATHIX
oInOOYHbIX OUTOB, MapameTp ES Tak ke, kak u mapamerp BER sBisercs
BTOPHYHBIM. METO/T €Tro MoJIcueTa TECHO CBSI3aH C OMPEICICHUSIMH, JaBAEMbIMHU
ATOMY MapameTpy B eBpomneiickoit (ogqoopennoi I TU-T) u amepukaHckoit
MIPaKTHUKE.

Kak BuaHO u3 pucyska 13, npumMeHeHne IByX OMUCAHHBIX METOJO0B K
peanbHOM. KaxX1blii METOJ UMEET CBOU NIPEUMYILIECTBA U HEJOCTATKHU.
[IpenmMyniecTBOM aCHHXPOHHOTO METO/1a U3MEPEHHUS SBJISIETCS] IPOCTOTA €r0
peanu3aiuy B KOHKPETHBIX nprubopax. [IpenMyIiecTBOM METO/1a CHHXPOHHOTO
MoJicueTa SIBJISIETCA €r0 MHBAPUAHTHOCTh OTHOCUTEIFHO BBIOOPA BPEMEHH Hauasa
V3MEPEHUS, YTO IIPUBOJUT K CIICIYIOIIUM BaXKHBIM CJICJICTBUIM:

— pPE3YyIbTaThl, UBMCPCHHLIC PA3SHBIMHU HpI/I60paMI/I OAHOBPEMCHHO Ha OJJHOM
KaHaJIC TOYHO COBIIaAArOT,

— PE3YIbTAThI, HTOJTYYCHHBIC IIPU USMCPCHUAX B PA3JIMYHBIX YACTAX
I_II/I(i)pOBOFO KaHaJjla, TOYHO COBIIAAArOT IIPpHU YCJIOBHH, YTO KaHaJl HC BHOCUT
JOITOJIHUTCIBbHBIX OI_HI/I6OK;

— pe3yJbTaThl, MOJYYEHHBIE METOJIOM CHHXPOHHOTO TojicueTa, 6oJee
OTpa)xaroT CMBICI u3MepeHus ES kak o61iero BpemeHu HerapaHTUPOBAHHOM
1 dpoBOI mepeaun, U MOTYT UCIIOJIH30BATHCS OTIEpaTOpaMu JJisi THOKOTO
peryiupoBaHusi Tapu(HON MOJTUTUKH U T.1I.



MeTomosiorusi u3BMepeHui 0e3 OTKJIKYEHHS KaHAJIa

Jiist mpoBeieHUst u3MepeHuid 6e3 OTKIIIoueHus HU(poBOTro KaHama
UCIIOJIb3YIOTCSl QITOPUTMBbI aHAJIN3a U30BITOYHOTO ITUKIOBOTO KOa. AJITOPUTM
TaKOro aHaJjiu3a MpeJICTaBIeH Ha pucyHke 14.
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Pucynok 14 — Aroput™ rcnosnb30BaHUs U30BITOYHOTO HU(POBOTo KoAa

NudopmarimoHHbIif OTOK, MepejaBaeMblid 3aTeM 110 ITU(POBOMY KaHAIY,
pa30uBaeTCs Ha HECKOJIBKO OJIOKOB JIaHHBIX (PUKCHpOBaHHOTO pazmepa. s
KaXJI0TO 0JIOKA JAHHBIX BHITIOJHAETCS OTepaIus AeJICHUS MOCIe0BaTeIbHOCTH
OWTOB Ha MOJIMHOM 3aJIaHHOTO BHJIa (B 3aBUCUMOCTH OT THNA Kojaa). B pesynbrare
JieJieHus o0pa3yeTcs 0CTaTOK, KOTOPBIN NepeaaeTcs BMeCTe ¢ OJIOKOM JaHHBIX B
cocTaBe 1ukia (kaapa) B kanane. [Ipouenypa neneHus moToka JaHHBIX Ha OJIOKU U
nepejaya ux ¢ paCCUUTaHHBIM OCTATKOM OT JICJICHUS TPUBOIUT K HEOOXOAUMOCTH
WCIIOJIL30BaHUs B amnimapaType rnepeiaud MUKIOBOM CTpyKTyphl. Takum oOpazom,
HU3MEPEHUs MMapaMeTPOB OMMOKHU 0€3 OTKITIOUCHUS KaHala BO3MOYKHBI TOJIBKO JIJIS
CUCTEM Iepe/lau ¢ UKIOBOM CTpYKTypoi. OCTaToOK OT JeeHus MepeaaeTcs B
COCTaBe 1MKJIa B BUJE KOHTPOJbHOM CyMMbl. Ha TprueMHOM CTOpOHE AEnaroTCs
aHAJIOTMYHbIC BBIYMCIIEHUS OCTATKa OT JieJieHus. Pe3ynbpTar pacuera cpaBHUBAETCA
C IEPEAaHHON KOHTPOJIBHOW CyMMOM. B ciydae pacxoKIeHUs pe3yIbTaToB
JIeJIaeTCs BBIBOJ O HAJIWMYUM OUTOBOM OIIMOKU B OJIOKE.

['aBHBIM MPEUMYILIECTBOM METOAMKU U3MEPEHHsI 0€3 OTKIIIOUECHUSI KaHana
SBJIIETCSI BO3MOKHOCTh U3MEPEHUS Ha peabHO PabOTAIOIIEM KaHaje, HECYILEM



pabounii Tpaduk. IMEeHHO Takue aJrOpUTMbI U3MEPEHUN UCTIONB3YIOTCS BO
BCTPOEHHBIX CUCTEMAX CaMOJUarHOCTUKH COBPEMEHHBIX LIM(PPOBBIX CUCTEM
IIepeIadr U BO BTOPUYHBIX CETAX MEepeadyu JaHHbIX. B 3aBUCUMOCTH OT THIIA
LIUKJIOBOW CTPYKTYPBI UCIIOJIB3YIOTCS PA3JIMYHBIE TUIIBI LIMKJIOBBIX KOJIOB.

O0BbEeKTUBHOCTH H3MEPEHHBIX Pe3yJIbTaTOB
IIpo6sema BbIOOpa BpeMeHH NPOBEAEHUS] U3MEPeHusl

I[Tomumo aJIropuTMa 1mmoac4ucTa 1nmapamMmcTpoB OoImnOOK B HI/I(I)pOBOM KaHaJIC Ha
PE3YyJIbTAThI I/ISMCpeHI/Iﬁ MOXKCT OKa3bIBaATh CYIICCTBECHHOC BJIMAHUC BPCM:
IMPOBCACHUS I/ISMepeHI/Iﬁ, IMPHUYCM KaK AJIUTCIBbHOCTL 3TOTO BPCMCHH, TAK U BBI60p
BPEMCHMU ITPOBCACHUA TCCTOB II0 OTHOLMICHHUIO K 3arpyKCHHOCTHU Tpa(l)I/IKOM CCTH.

[IpoGnemsl, cBsI3aHHBIE ¢ BELIOOPOM MapaMETPOB AJIUTEIBHOCTH POBEICHUS
TECTOB, CBA3aHbI C HEOOXOAMMOCTBIO OOBEKTUBALIMM PE3YJIbTATOB U3MEPEHUM.

Bausinne BpeMeHM NPOBeIeHNs] H3MepPeHH s

[Ipu npoBeeHNN U3MEPEHUH TTOITYUYEHHBIE PE3YJIBTAThl MOT'YT CYIIIECTBEHHO
BapbUPOBATHCS IO BPEMEHH CYTOK, UTO CBS3aHO C BIMSHUEM TpaduKa B CUCTEME
nepenadn. Pe3ynbraThl, U3MEPEHHBIE B YAChl HEUCIIOIB3YEMOM CETH, CUIIbHO
OTJIMYAIOTCS OT PE3YJIbTATOB, U3MEPEHHBIX B IIEPUO/IbI IMKOBOW HATPY3KHU. Jliis
OOBEKTUBHOCTH UCTIONB3YIOTCS METOIBI IOJITOBPEMEHHOTO aHAJIN3a B TCUCHHE
CYTOK. DTO €JIJMHCTBEHHBIN KOPPEKTHBIN CIIOCOO OOBEKTUBHOCTH PE3YJIHTATOB,
MO3TOMY OH SIBJIIETCSI OCHOBOM J1Jisl pa3paboTKU METO0JIOTUH U3MEPECHHIMA
upoBBIX KaHaIOB. B pe3ynbTaTe OCHOBHBIC PEKOMEHIAIUHU, CBSI3aHHbIE C
METO/0JIOTUEN U3MEPEHHUS TAPAMETPOB LIUPPOBOTO KaHaia, BKIOYAIOT
o0s13aTeNbHBIC TPEOOBAHUSI IOTOBPEMEHHBIX U3MEPEHUI.

B peanbpHOI IpaKTHKE JOATOBPEMEHHBIE U3MEPEHUS BBIITOJIHSIOTCS TOJIBKO
JUTSl IPOBEJICHUS TPUEMOCIATOYHBIX UCIIBITAHUN cucTeM Iepeaadn. s
yCcTpaHeHUs poOJIeM U SKCILTyaTalliOHHOTO TECTUPOBAHUS OOBIYHO
BBITOJIHSIOTCS KPATKOBPEMEHHBIE U3MEPEHUS, B 3TOM Cllyyae OObEKTUBALUS
pe3yJIbTAaTOB BBIMIOJIHAETCS METOJJOM OLICHKH C MCIIOJIb30BaHHEM KO3 duiineHTa
noctoBepHocTH. I[Ipu 3ToM TouHOE 3HaueHue napamerpa BER ocraercs
HEU3BECTHBIM, & UMEIOTCS JIUIIb OLIEHOYHBIE 3HAYEHUSI.

Cdopmynnpyem OCHOBHBIE TIOJIOKEHUS, UCTIOIb3YEMbIE COBPEMEHHOM
METO/10JI0TUEN HOPMUPOBAHUS U(DPOBBIX KAHAIIOB.

- B ocHoBe HOPMHPOBAHHUA JICKUT UCITIOJIb30BAHUC I'MIIOTCTHYICCKHUX MOI[GJIGﬁ
9TAaJIOHHBIX COGI[I/IHGHI/Iﬁ B COBPCMCHHEIX CCTAX.



— g kaxxaoi Takoil Mozenu GopMyIUpYyIOTCSl OCHOBHBIE TApaMeTpPhl B
COOTBETCTBHM C KaTETOPHUAMH KayeCcTBa KaHAJIa, TapaMeTpaMHu TOTOBHOCTH U
TUNIaMU TpauKa, IepeJaBaeMbIMU B KaHAJIE.

— [TapameTpsl peasibHOTO U(PPOBOTO KaHANIA PACCUUTHIBAIOTCS HA
OCHOBAHMH MMAPaMETPOB ATATIOHHOTO COETUHEHHUS METO0OM JIMHEHHOM
anmpoKCUMAIUH.

Jleknust 9. Metogosnorust uamepenusi Jaxurrepa B L{CII

Henanb: nzydyeHne npuyuH BOZHUKHOBEHUS (ha30BbIX IPOKAHUI U METOJIOB
VX U3MEpPECHUM.

JxutTepom win GazoBbIM IPOKAHUEM HA3bIBACTCS SIBIICHUE
dha3oBON MOAYJSLMKM MPUHUMAEMOTO CUTHAJIA (aHAJIOTOBOTO U IIU(POBOTO).

JXUTTEp - BapHallMy 4acTOThI IPUHUMAEMOI'0 CUTHAIA.

OcHOBHBIE TApaMETPHI HKUTTEPA — YACTOTA ¥ aMIUIUTY/A.

Pa3zauyalor 1Ba TUNA U3MEHEHUI YACTOThI:
— ObICTpBIC KOJICOAHUSI YACTOTHI - JAKUTTEP ((pazoBoe apokaHue);
— MeIJICHHBIC KOJIeOaHUs YaCTOTHI - BaH/EP.

Paznienenue neBuannu 4aCTOThI HA JHKUTTEP U BaHJIEP CBA3aHBI C TEM, YTO
9TH JIBa ITapaMeTpa BO3HUKAIOT BCIIEICTBUE PA3HBIX IIPUYHH U ITO-PA3HOMY
BIIUSIIOT HA MapaMeTphl KauecTBa UPPOBOM Tiepeiayn.

EnuHuts! n3MepeHus [IHKUTTEPa — SMHALIBI BDEMEHHU - MUKPOCEKYH/IBL.
[TpuBeneHubIc equHUYHBIC HHTEpBaIBI - Unit Interval — Ul.

EnuHuuHbIil HHTEpBAIl — BpeMsi, HEOOXOAMMOE JIJIs Mepeladyn OAHOTO OuTa
nH(pOpMaIuu Py 3aJaHHOW CKOPOCTH TIepeIavHu.

Bausinue paxurrepa Ha mapaMerTpbl kayecTBa curiaaos TKC

[Ipu nepenaye our@PpPOBAHHOTO aHAJIOTOBOTO CUTHAJIA HAJTMYHE JKUTTEPA
MPUBOJUT K TOMY, UTO BOCCTAHOBJICHHBIN CUTHAJI CTAHOBUTCS HEPABHOMEPHO



JTUCKPETU3UPOBAHHBIM, a 3TO MOXKET MTPUBECTH K 3HAYUTEILHBIM HAPYIICHUSIM B
CTPYKTYpE aHAJIOTOBOI'0 CUTHajIa, 0COOCHHO Ha cucTembl ¢ YP 1 ananorosbie
kaHaibl cetet IDN.JDKUTTEp BBI3bIBACTCS aMILTUTYAHBIM M (ha30BBIM IIIYMOM, Kak
BHYTPEHHETO, TaK U BHEUIHETO MPOUCXOXKIeHUS. [KUTTep CUrHaIa UMEET pa3HbIe
XapaKTEePUCTUKHU B 3aBUCUMOCTH OT €r0 MPUYMH U UCTOUYHUKOB. [[KUTTEp
pa3nensioT Ha IB€ OCHOBHBIE KaTerOpHu: ciiydaiiHblid (random jitter — RJ) u
peryisipabii (deterministic jitter — DJ).

Peryasipublii 1sKuTTEP

CuctemHbl (pETyJISpHBIN) HKUTTEP 00YCIOBJIEH MPOIECCAMU B CUCTEMHOM
000pyIOBaHUY TIPU MYJIHTUIUICKCUPOBAHUY M PETCHEPAIIHH.

Ero BnusHue npeackazyeMo, HOCUT aJINTUBHBIN XapakTep U
KOMIIEHCUPYETCSl PETEHEPATOPAMH U MYJIbTUILUIEKCOPAMU. 3aBUCUT OT
XapakTEepUCTUK HU(POBOIi crucTeMbl. BO3HMKAET Mpu HENPaBUIIBHON padboTe
DKBaJan3epa WM HapYyLIECHUSAX B HACTPOMKE Lenen BOCCTAHOBJICHUS JAaHHBIX.

HcTouHNKHM CHCTEMHOT0 HGKUTTEpAa:

— TMEPEKPECTHBIC TOMEXH OT U3TyYaeMbIX WJIU NIEpeJaBaeMbIX
CHUTHAJIOB;

— BJIMAHUC JUCIICPCHUH IIPU PACIIPOCTPAHCHNHN CHUT'HAJIA,
— paccoriaCcoBaHuC COHpOTHBJ’ICHHﬁ.

Cayuaiinbiii Jaxuttep. OO0YCIOBICH IITyMOBBIMH MPOIECCAMHU,
MPOUCXOIAIIUMH BO BCEX MOJYIPOBOJHUKAX U KOMITOHEHTAX.

XapaKTepI/ByeTc;[ CTaTUCTUYCCKUMHU BCIMYMHAMMA: CPCOAHHUM 3HAYCHHUCM U
CPCAHCKBAAPATHYCCKUM OTKIIOHCHHCM.

HNcrouHnkamu CJIy4YaHHOI0 JUKUTTEPA ABJIAOTCH:

— TemioBoi myM (thermal noise) - cBsi3aH C TOTOKOM 3JIEKTPOHOB B
MPOBOJHUKAX U PACTET C YBEINYEHUEM IOJOCHI MPOMYCKAHUS,
TeMIepaTyphl U TEMJIOBOTO COMPOTUBIICHUS;

— JIpoOOoBBIi 11yM (shot noise) - IIryM 3J€KTPOHOB U JIBIPOK B
MOJIYNPOBOJHUKAX, KOTOPBIN YBEIMYMBAETCS B 3aBUCUMOCTH OT TOKA
CMEIIECHUS U U3MEPSIEMOM MOJIOCHI YaCTOT;

— wmym mepuanus (flicker noise) — 1rym, crekTp KOTOporo o0OpaTHo
MPOTMOPIIMOHANIEH YaCTOTE, T.H. PO30BBIN LIyM;



— DJJIEKTPOMArHUTHBIC BO3JECHCTBUS U UHTEPPEPEHLIUSI C BHEIIHUMU
UCTOYHUKAMU CUTHaia (IIyM, OTPaKE€HUs, IEPEKPECTHBIEC TIOMEXH,
UHTEp(DEpPEHIMS ¢ LENsIMU UTAHUS U Ap.).

OO0mmii oxkuTTep. OO IKUTTEp CUTHATA COCTOUT U3
JNIETEPMUHUPOBAHHOM U CIIyYaHOW KOMITOHEHT. JleTepMUHUpOBaHHAS
KOMIIOHEHTA MOJICUUTHIBAETCS ITyTEM CII0KEHUSI MAaKCUMAaJIbHbIX BEJIMYHH
3a/IEpKEK U ONEPEKEHUIN, BHOCHUMBIX BCEMH UCTOYHUKAMH I€TEPMUHUPOBAHHOTO
(perynsipHoro) mxuttepa. CiydaiiHas KOMIIOHEHTa BBIUUCISIETCS ONpeIeTICHUEM
dbyukiuu ["aycca, XxapakTepHu3yIoleH clydalHbIN JDKUTTEP, U OLICHKOH ee
CPEIHETO 3HAYEHUS U CPEIHEKBAIAPATUYECKOTO OTKIOHEHHUSI.

Jaxurrep cragdunra. B rexnomornu PDH npunsta meroguka
BBIPABHUBAHUS BXOASAIINX B MYJIbTHUIUIEKCOP MOTOKOB 32 CUET BCTABKH OUTOB
(MeToauka OutoBOro ctad(uHra), KOTOpast IPOU3BOJAUTCS B ONPEIACICHHbBIE
IIPOMEKYTKHA BPEMEHU CUUTHIBAaHUS MH(POPMALIMK U3 JIACTUYHOTO Oydepa.

Jlist Toro, 4To0sI nporiecc outoBoro cradhurra Mor paboTatsb,
uH(popMaIus, IoCTynarwIas B IPUEMHBIN 3JIaCTUYHBIA Oy(ep, MpUHUMAETCS CO
CKOPOCTbI0, MEHBIIIE CKOPOCTH MEpeIadH.

OcHoOBHbBIE MPUHIMIIBI OUTOBOIO cTadpPunra:

— CKOPOCTh CUMTBIBAHHSI U3 MIPUEMHOTO 3acTHYHOTO Oydepa J0mKHa OBITh
OO0JIBIIIE CKOPOCTH 3amucu B Oydep;

— BCTaBKa OMTOB (BCTaBKa OMTOB) JIOJDKHA MMPOU3BOJIUTHLCS B 3apaHee
YCTaHOBJICHHBIC MHTEPBAJIBI BpEMEHU 11 oOecTieueHrs] d(PGEKTHBHOTO YIATCHUS
ctad(GUHTOBBIX OUTOB.

MCTOIH)I H3MEPEHUHA IZKUTTEPA

JIKUTTEp MOKHO M3MEPUTH pa3HbIMU crioco0aMu. Camblid IPOCTON U
MHTYUTHBHO MOHATHBINA — OILICHKA MO rJa3-guarpamme. [ naz-nuarpamma
IM(POBOro CUTHAJIA C MAJIBIM DKUTTEPOM UMEET OJIM3KYI0 K CHMMETPUYHOM
(bopMy C TUTABHBIMU MEPEXO0JIAMU U XapaAKTEPHU3YETCs MPAKTUUECKU TOJIHOCTHIO
OTKPBITHIM «TJ1a30M», TO3BOJISIONIMM TOYHO UACHTU(PUIUPOBATH OUTHI TaHHBIX.
Ecnu Touka cTpoOupoBaHUs CUTHANIA COBIAAAET C LICHTPOM «TJ1a3ay, IJie CUTHAI
JOCTUIaeT CBOEro MakCUMyMa WJIM MUHUMYMA, TO BEPOSTHOCTh BO3HUKHOBEHUS
OuTOBOM OMMOKK OsIK3Ka K HYJII0. B TO %e BpeMs MpUCyTCTBUE Ha Ii1a3-
JyarpaMme MHOXKECTBA OTAEIBHBIX (PPOHTOB U CHAJ0B TOBOPUT O HATTMUUU
CYILLECTBEHHOIO JUKUTTEPA, 3aBUCSALIETO OT JAHHBIX, a €€ Pa3MbITOCTh U Majas
OTKPBITOCTb SIBJSIOTCA MPU3HAKOM 3HAYUTEILHOTO CIYYalHOTO JPKUTTEPA.

Crioco6 ouenku pesynbtupytomiero mxuttepa (Total Jitter, TJ) — ero
HOpPMaJIM30BaHHAsl THCTOTPaMMa, KOTopasi MPEICTaBIsIeT COO0M 3aBUCHMOCTh



ko3¢ ¢umenta 6utosbix ommOok BER oT monoxenust Touku ctpoOMpoBaHus Ha
eauHnyHOM BpeMeHHoM uHTepBajie Ul Touke ctpoOupoBaHus, HAXOISAIICHCS B
cepearHe eAUHNYHOTO nHTepBana, rae UI=0.5 cooTBETCTBYET MPaKTUUECKH
0e3ommbouHas nepegava (cM. pucyHok 15). [1o mepe cMeleHus 3Toi TOYKHU, 4TO
YKa3bIBa€T HA YBEJIIMUCHUE JKUTTEPA, BennunHa BER Bo3pacraer. Kpusyto
3aBucuMocTd BER oT ammuTy el mxutTepa Ha3piBatoT U-00pa3Hol KpUBOU
(bathtub curve). B coorBeTcTBHHM € OOIICTIPUHATHIM COTJIAICHUEM JKUTTEP HE
JIOJKEH MPUBOJIUTH K OUTOBBIM omMOKaM ¢ kKoadduimentom 6ombire 10-12. Ha
U-o6pa3Hoii kpuBoit 3Toi BeruunHe BER oTBeuaer nuamnazon mxurtepa + 0,2 UL

0 0.5 1
Ul

Pucynok 15 — HopmanuzoBaHHas ructorpamma JDKUTTEpa

Ananu3 BER no rucrorpamme
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Pucynok 16 — I'paduk 3aBucuMocTH 4acToThl omubok no 6utam (BER) ot
MOJIOKEHUS TPOOHOM TOUKM Ha equHUYHOM nHTepBaie (Ul)

UYem nanbliie HAXOAUTCS JieBasi CTOPOHA KPUBOM OT IPaBOil CTOPOHBI IIPU
onpeneneHHoM BER, Tem OoJblie 3anac ycTOWYMBOCTH K JXKUTTEPY Y
pazpaboranHoi cuctemMbl. COOTBETCTBEHHO, UeM OJIM)KE CTAHOBSITCS Kpasi, TEM
MEHBIIIE 3aMac YCTOMUYMUBOCTHU (CM. pUCYHOK 16).



CriekTpanbHbIe CIIOCOOBI H3MEPEHHsI [UKUTTEPA MPEACTABISIOT CO00M 04eHB
TOHKUH M TOYHBI MHCTPYMEHT, KOTOPBIN KaK HEJIb3s JIYYIIe MOIXOAUT IS
OLICHKH JDKUTTEPA pa3padaTbIBAeMbIX MPUOOPOB M MOUCKA CIOKHBIX MMOBPEXKICHUH
B IM(POBOM 000PYIOBAaHUU B JIAOOPATOPHBIX YCIOBHUSX.

Jl1is u3MepeHust KUTTepa He0OXOANMMBI T€HEPATOP TECTOBBIX
MOCIIEI0BATEIBHOCTEHN U aHATN3aTOp JKUTTEepa. B KauecTBe u3MepuTenst MOryT
BBICTYIIaTh OCHMIITOTpad, CIIEKTPOMETP U aHATU3aTOP OUTOBBIX OLIHOOK.
["'enepaTopsl, HCTIOIB3yEMbIE MPU TECTUPOBAHHH, JOTHKHBI 00ECIIeUnBaTh
TeHepaIuio NMCeBAOCTYYANHBIX MOCIEI0BATENIFHOCTEH ¢ MUHUMAILHBIM
cooctBeHHBIM HKUTTEpoM (Intrinsic Jitter, 1J).

[Tpu aHanmM3e HKUTTEpa MIMPUHA THUaNa30Ha 4acToT J0bkHA B 1,8 pasza
MIPEBBINIATh MAKCUMATBHYIO CKOPOCTh TTepeadn OUTOB JIJIs TTOCIICIOBATEIHLHOTO
curHazia 6e3 Bo3Bpata k Hymto0. [Tockonbky DSO pabortaroT B quamnazone g0 6 [T,
OHU MOT'YT U3MEPSTH JUKUTTEP HA CKopocTsx Jo 3,2 ['out/c.

Tectepnl OuToBBIX 01IMO0K (BERT). B kauecTBe aHaImM3aTOpOB JHKUTTEPA
UCIIOJIB3YIOTCS Takke TecTepbl OuToBBIX omnOoK (BERT). Kondurypammu
coBpeMeHHbIX BERT no3BoISIIOT peryaupoBaTs MOJ0KEHUE MOMEHTA
CTpOOMPOBAHMS ¥ YPOBEHb MPUHSITHS PEIICHUs. DTU BO3MOKHOCTH HEOOXOIUMBI
JUTSl TOCTPOCHMS TOUEHHBIX TJ1a3-auarpaMm u quarpamm iso-BER. [Tpu nomoru
tectepoB BER MoxHO co3nate U-00pa3Hyro KpUBYIO U €€ HHTEPHIOJSAIHUIO (UTO
YCKOPSIET MOCTPOEHHUE), a TAKXKE Pa3ACIsITh CIIy4YalHbIA U IETEPMUHUPOBAHHBII
JKUTTEPHI.

Cxema usMepenus JukutTepa. [Ipocreiiias cxema u3MepeHus JHKUTTEpa
MPECTaBIAET cO00i cxemy (Pa3oBoit aBTOMOACTPOUKH YacToThl (PAITY) ¢
BBIXOJIHBIM (ha30BbIM KoMIapaTopoMm. Y (uibtpa HIkHEX yacToT (PHY) monoca
MPOITYCKAHMS OYEHb y3Kasl, U modToMy cxema OAIIY, oCHOBHBIM 37I€EMEHTOM
KOTOPOU SABJISIETCS yIpaBisieMblid HanpsikeHueM reueparop I'YH, He pearupyer Ha
KpaTKOBpEeMEHHbIE ()a30BbIe APOKAHUS CUTHAIA TAKTOBOW YaCTOTHI (CM. PUCYHOK

17)
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Pucynok 17 - Cxema n3MepeHus JKUTTEPA

CueTuuk ckaukoB ¢a3bl. [Ipy n3MepeHnn JKUTTEPa 4acTo PUKCUPYIOTCS
TaK Ha3bIBaeMble ckauku (a3bl (phase hit), mosBistonMeCs MpU NPEBHIICHUN
JUKUTTEPOM 33JIaHHOTO TIopora (+ «uK-muK»). [Tomo0HbIe cOOBITHS
3aIMChIBAIOTCS C MOMOIIBIO cueTunka. M3mMepenue ckaukoB (a3l gaet
M0JIb30BaTENI0 O0Jiee MOJIHOE MPEACTaBICHHE O paboTe ero JINHUY.

MaxkcumanbHo gomyctuMbii xkutTep (Maximum Tolerable Jitter, MTJ)
IpeCTaBIsIeT COO0M MaKCUMAIbHYIO BEJIMUUHY JUKUTTEPA, KOTOPast HE BHI3bIBACT
MOSIBJICHUS OIIMOOK WM aBapUUHBIX CUTHAI0B. Ha Bxoa n3MepsiemMoro o0bekTa ot
reHeparopa JKUTTepa nojgaercss Hu(poBOil CUrHaj, MOIYJIMPOBAHHBIMI
CHUHYCOHMIAJIbHBIM JPKATTEPOM. AMIUIUTY 1A JPKATTEPA YBEINUNUBAETCS CTYIIEHYATO
710 TIOSIBJICHUS B IPUEMHHKE OITMOOK M cpabaThIBaHUS aBapUHHOM
CUTHAJIM3AIIH.

HN3mepenune nepegarounon pynkuuu gxurrepa JTF

[Tox JTF mOHMMAarOT OTHOIIEHUE BBIXOJHOTO U BXOAHOTO JIKUTTEPA
1M(POBOro yCTPOMCTBA WIIM CUCTEMBI, T. €. Moayib JTF dakTuuecku
MPEACTABIIAET COOOM aMIUTUTYTHO-YaCTOTHYIO XapaKTEPUCTUKY JIKUTTEPA
COOTBETCTBYIOIIEH CUCTEMBI.

Ha Bxoa TecTupyeMoro ycTpoicTBa oJar0TCsl CUTHAIBI Pa3JIMYHbIX YaCTOT
C JUKUTTEPOM MOCTOSTHHOW aMIUIUTY/IbI, @ BEJIMUMHA JHKUTTEPA U3MEPSETCS Ha
BBIXO/IC YCTPOMCTBA.

Jlexknus 10. IxcmiryaTanusa U TEXHOJOTUS U3MEPEHHUS CUCTEM
nepBUYHOrO nmoroka E1

Hean: nzydyenre ocobeHHOCTEN U3MEpEeHUid U KOHTpoJis cucteM El.

KonTtpons kananos El npencrapisieTcsi O4eHb BaKHBIM Kak MpU
MIPOBEICHUH IMyCKOHATIAJ0YHBIX PA0OT, TaK M MPU IKCILTyaTaIluud 000pyI0BaHUS
LICII. B aTOoM citydae KOHTpPOJIb BKIFOUAET TAKUE METO/IbI, KAK HU3MEPEHUE
OIINOOK,, aHAJIA3 IIUKJIOBOM U CBEPXITUKIIOBOM CTPYKTYpPHI CUTHAJIA, 4 TAKKE
TECTUPOBAHME KaHAJa IyTeM T'€HEPUPOBAHUS TECTOBBIX MOCIEA0BATEILHOCTEM.



Knaccudpuxkauus usmepenuii Ha E1:
PDu3n4ecKuil ypoBeHb

H3mepenue B IMHUU CBSI3U YaCTOTHI CUTHAJIA U €€ BapHallui, a TaKkKe
aHaJli3 TUIA U allTOPUTMA JIMHEWHOTO KOJWPOBAHUS, TAPAMETPOB LU(POBOTO
UMITYJIbCa U, OMPEIEINIsAsI TEM CaMbIM BECh KOMILIEKC MapaMeTpoB,
pernamentupyembix 1TU —TG.703 na dusnyeckuit uarepdeiic 2 Mourt/c.

KananbHbIN ypOBEHb

AHaM3 CTPYKTYPHI ITUKJIA, @ TAKKE U3MEPEHUS OMMMOOK ITUKIIOBOM
CUHXPOHU3AINH U OUTOBBIX OIMHUOOK, KOTOPHIE OMPEACIISIOT CTPYKTYPY IIUKIIA
(ITU-TG.704, G.706), kauecTBa niepeayy U MPEOCTABICHUE STUX KaHAJIOB,
COOTBETCTBEHHO.

CeTeBoii ypoOBeHb

Ananus 6utoB E, npu ucnons3oBanuu nporeaypsl CRC, mo3BomiseT
BEISIBUTH IJ100aIbHBIC aBApUH THTIA TIOTEPH CUTHAJIA HAa BXOJE.

MynbTUILIEKCOPBI U PETEHEPATOPHI SBISIOTCS IPEAMETOM U3MEPEHUN HA
notoke El kak npencrapisitomnme HauOoblliee 3HaYeHUe IS 1ieien
AKCILTyaTalu.

CxeMbl H3MepeHHUil CHCTEM Nepeaayy NPU MYJIbTHILNIEKCHPOBAHUM U
AeMYJIbTUILJIEKCMPOBAHNH

MyneTUNNEKCOR MyneTUNNRKCOD |
KaHan TY Lth poe o KaWan T4 Ui poe oit
notok E1 > notok E1
Kawan g | TECTePR (e Kawan g | TecTep
Pucynok 18 - Cxema uzmepenus npu Pucynok 19 - Cxema uzmepenus

MYJbTUILNICKCUPOBAHUUN npu ACMYJIbTHUIINICKCUPOBAHUHN



AHanu3zarop (TecTep) J0JKEH TEHEPUPOBATh TECTOBBIE CUTHAJIBI B
aHajoroBoi (cunycounanbHoi) u nudpponoi (I1CII, huxcupoBaHHbIe
MOCIIEI0BATEIBHOCTH) (POpMax co CKOPOCTHIO N X 64 k6uT/c, 2048 kOuT/C.

[Ipu ananuse npoueaypbl MyJbTUIIEKCUPOBaHUS (CM.pUCYHOK 18)
IIPOBOJUTCS AUATHOCTUKA CUTHAJIOB HEMCIPABHOCTHU: MOJACUYUTHIBAETCS
KOJIMYECTBO CUTHAJIOB HEHCTIPABHOCTU LIUKI0BOU CTPpYKTyphl (EFAS), omubok mo
CRC (ECRC) u curnanos 6;okoBoi ommoOku Ha yaaneHHoM koHile (REBE),
U3MEPSIOTCS TapaMeTphl OIUO0K — KoJinuecTBO OUTOBbIX omuOok (EBIT),
osokoBbIx omunbok (EBLOC) u koaddunuenta ommboxk BER.

[Ipu npoBeieHnH U3MEPEHNt HEOOXOAMMO MPABUIILHO BBIOpATh CIIOCO0
CUHXPOHU3ALUU MTPUOOpa: OT BHYTPEHHETO reHepaTopa, MPUHUMAEMOT0
MH(OPMAIMOHHOTO MMOTOKA, BHEUTHETO CUHXPOCUTHAJIA, BEIPA0AaTHIBAEMOTO
STAJIOHHBIM T'€HEPATOPOM.

Ecan npoucaypa MyJIbTUIINIICKCUPOBAHHUA HC BHOCHT OImMOOK U cUCTEMA
nepecaad HE ICHCPHUPYCT B COCTABC IIOTOKA El COO6HI€HHI>1 O HCUCIIPABHOCT:IX, TO
OHa pa60TaeT KOPPCKTHO, B IIPOTHUBHOM CJIy4dac HGO6XOILI/IMO IIPpOBOAUTH
JAOIOJIHUTCIIBHBIC U3MCPCHMS JJIA ITIOUCKA ITPUYHNHBI €€ HCUCIIPABHOCTH.

AHanu3 paboThI CUCTEM MepPeIaul MOKHO MPOBOAUTH IIYTEM CTPECCOBOTO
TECTUPOBAHUA. JlJIsl 3TOro aHANM3aTOp UMUTHPYET PA3JIUYHbIE BAPUAHTHI BHEIITHUX
HEUCITPaBHOCTEM, U JIeNaeTCs aHAJIU3 YCTOMYMBOCTH pa0OTHI CUCTEMBI ITEpEavH B
HECTAHIAPTHBIX cuTyauusax. Hampumep, mpu BBoze B cucteMy nepenauu 11CI1
CUTHAJIOB C 33JJaHHBIMU BEJIMYMHAMM JIPOKaHUsI WK Aperida Ppa3bl MOKHO HAUTH
npenes yCTOWYMBOM paboThl CHHXPOHHU3AIMK CUCTeMbI Tiepenayuu. Mudopmarmu o
“3amace MPOYHOCTH alMaparypbl”’ B MACIOPTHBIX JIAaHHBIX HA CUCTEMBI IIepelaun
HET.

IIpoueaypa nemyJbTHILIEKCHPOBAHUA. METOIbI aHAIM3a POLIETYD
JIEMYJIbTUIIEKCUPOBAHUS BO MHOTOM aHAJIOTMYHBI OMMCAHHBIM BhIIIEe. MEHSIOTCS
TOJIBKO HAMpaBIIEHUA Nepeaadn 1 mpruema nHbopmaiuu (CM. pUCyHOK 19).

Kak u B cimyyae namepeHuid npoueaypbl MyJIbTUINIEKCUPOBAHUS, K
aHanuzaTopy El BBIIBUTAIOTCS JIOMOTHUTENBHBIC TPEOOBAHUS, TEIIEPh YKE
npuema IICII nocnenoBarenbHOCTEN MO KaHAJIaM TIepe/laun TaHHBIX U IpUeMa 1
aHamM3a rmapamMeTpoB kaHaia TU.

OCHOBHBIM OTJIUYHEM U3MEPEHUIN CUCTEM TEpeiayu IpU
JEeMYJIbTUILIEKCUPOBAHUH SBJISIETCS] YCTAHABIMBAEMbBIN PEXXUM CHHXPOHHU3ALUU
ananuzatopa El: ananuzaTtop A0HKEH CHHXPOHU3UPOBATHCS OT BHYTPEHHETO WIIH
BHEIIIHET0 NCTOYHMKA CUHXPOHM3aMK. TecTupyemas cuctemMa nepeiayu J0HKHa
CUHXPOHU3HUPOBATHCSA OT FTEHEPUPYEMOT0 aHAIM3aTOpoM noToka El.



Tak e, Kak U B cllydyae TECTUPOBAHUS CUCTEM NIEPEIaYu B PEKUME
MYJIbTUILJIEKCUPOBAHUSI, €CITU B IIPOLIECCE JEMYIIbTUILIIEKCUPOBAHUS HE BHOCATCS
OUTOBBIE WJIM KOJIOBBIE OIIMOKU U HET CUTHAJIOB O HEMCIPABHOCTAX HA CTOPOHE
MOJIb30BATEISI, CUCTEMA Tepefaun paboTaeT HOpMalibHO. B mpoTHBHOM ciyuae
HE00XO0MMO aHAJIM3UPOBATh NPUUKHY cO0sl B 000pYy10BaHUU
JEMYJIbTUILIEKCUPOBAHHS.

AHaJ'II/ISaTOp MOKHO HCIIOJIB30BaTh JJIA CICAYIOMIUX METOIOB CTPECCCOBOTO
TCCTUPOBAHUA CUCTCM IICPCHAYIN :

— BCTaBKU OUTOBOM, KOJAOBOW MJIM OJIOKOBOM OLIMOKK — B 3TOM Clly4yae
MO>KHO MTpOaHaNM3upoBath GpopmupoBanue curnaia “Omudka CRC-4" — E-6utos
— B IPUHUMAEMOM OT CUCTEMBI niepenaun curnaie El, a Takxke olleHUTh paboTy
CBETOBOW MHIWKAIIMM CUCTEMBI NTEpEaadu;

— HUCITIOJIB30BAaHUA B pSII[C cnyqaeB FeHepaHI/II/I CHUTI'HaJia HeI/ICHpaBHOCTH
REBE;

— BctaBku omnOku CRC-4 (ECRC) ansa ananuza renepanuu E-6utoB u
CUTHAJIOB O HEHCTIPABHOCTSIX;

— UMUTAIUU OOJIBIIOrO 3aTyXaHHUs B IepeJaBaeMOM CUTHAJIE (MMUTALUs
JUIMHHOW JIMHUM) U U3MepeHuu napamerpa omnoku (BER) B npunnmaemom
CHUTHAaJIe, [TO3BOJISIONIEM OLICHUTh (DYHKIIMU CUCTEMBI IEpeaun Kak pereneparopa
u(ppoBoOro NoToKa;

— UMUTAIUU IPOCKAIb3bIBAHUN M PACCUHXPOHHU3ALUU BXOIAILETO
1(POBOro NOTOKA, IS 3TOT0 aHAJIN3ATOP AOJKEH OBITh 3aCHHXPOHU3UPOBAH OT
CUCTEMBI MepEaut, 3aT€M BHOCUTCS YaCTOTHBINM CIBUT B NI€PEIABAEMBbIil CUTHA U
aHANIM3UPYETCA BIMSIHKUE MPOCKAIb3bIBAHUN HA MapaMeTphbl epeadn HudpoBoro
notoka El (nosiBnenne ommodoK B popMe MOCIe10BaTEIbHOCTEN, CPBIB IIUKIOBOM
Y CBEPXLIMKJIOBOW CHHXPOHHU3AIMH U T. 11.), @ TAK’KE HA TapaMeTPhbl aHAJIIOTOBOTO
curHasa (TosiBJieH1e BRIOPOCOB CUTHAA B BUE ILIETYKOB);

— UMUTAIUU OIIMOKH IUKJIOBON U CBEPXIIMKIOBOU CTPYKTYP BXOJISAIIETO
ITOTOKA U MOCIEAYIOUIETO aHAIN3a TapaMETPOB BOCCTAHOBIIEHUS IUKJIOBOU
CUHXPOHM3ALUK CUCTEMOH Tiepeiauu (BpeMsi BOCCTAHOBJICHUS ITUKIIOBOM
CUHXPOHM3AIINH, KOJIMYECTBO OIIMOOK B MPOLIECCE PECUHXPOHU3AIUHN, KOJUYECTBO
CEKYH/]I HETOTOBHOCTH KaHaJia BCJIEACTBUE cOO0s IIUKIOBOM CUHXPOHU3AIIUHU U T.

1.);

— Te€HEPaLUK Pa3JIMYHbIX CUTHAJIIOB O HEUCIIPABHOCTSX, UCIOJIb3yEMBIX B
NKM 1nipu MynbTHUIIIIEKCUPOBAHUU U JEMYJIbTUIIIIEKCUPOBAHUU.

IapanneabHblii aHAIU3 POLEAYP MYJIbTUILIEKCHPOBAHUSA
/meMyJIbTHINIEKCUPOBAHUS



[ToMuMO OTIMCAHHBIX BBINIE METOI0B OT/ACIHHOTO aHATN3a MPOIIETYP
MYJIBTUIUICKCUPOBAHUS U IEMYJIbTUIUICKCHPOBAHUS CYIIIECTBYIOT METO/IbI
napajuIeTbHOTO aHajN3a MapaMeTpoB 00erX MpoLeayp.

a)
MNepepaqa E1
™, *|  Cucrema nepepaum .
na VKM -30 Tectep
Mpuem E1
B)
MNepepava E1
TT, | Cucrema nepesaqm =3
Tectep:li\na MKM-30
MNpuem E1

Pucynok 20 - CxeMbl TECTUPOBAHUS CUCTEM MEPENAYN C IPUMEHEHUEM
nuieidos: a — no kanainam TY, I1J[; 6 — mo motoky El

Cxewma Ha pucyHke 20,a npeajaraeT ClIeAyIyl0 Ipoleaypy aHanu3a
cucteMsl niepenayn. Ananuzartop El noakmtouaercs K cucteMe nepeaadu 1mno
CXEMe€ C OTKJIIOUeHMEM KaHana. [Ipy 3ToM o 0JHOMY WJIM HECKOJIBKUM
aHAJIOTOBBIM KaHAJIaM CUCTEMBI NIepe/iaun opraHusyercs nuieid. 3atem
MIPOM3BOJNTCS MOJHBIN aHan3 motoka El.

Cxema Ha pucynke 20,0 mpeaycMaTpuBaeT OpraHu3aiuio nuieida mo
notoky El. B aTom cityyae npousBoautcs ananu3 curiainoB kaHainoB TH u OLIK.

AHaM3 padoThbl AHAJIOTr0-U(PPOBOro 000PyI0BAHUS

Hanuuune ananoro-uu¢gpoBbiX U HUQPPO-aHATIOTOBBIX MpeoOpa3zoBarTesneii B
MYJIBTUILIEKCOPAX OIMpPEAeIIeT HEOOXOAMMOCTh U3MEPEHUS UX XapaKTEPUCTHK.

N3BecTHO, uTO KauecTBO npeodpazoBanus aHanoroBoro curiaina B UKM
dbopmy ompenenseTcss onepanusIMi TUCKPETU3AIUU TI0 BpEMEHH, KBAHTOBAHUEM
10 YPOBHIO ¥ KOJAMPOBAHUEM.

B peanpHBIX yCIOBHUSIX Ha BBIXOJE KaHalla UMEIOT MECTO CYMMAapHBIE
MCKaXEHU S, BKITIOYAIOIIUE IITYM KBAaHTOBAHUSI, IIIyM MEPErpy3KH U OOBIYHBIC
HEJIMHEHWHbBIC NCKAXKEHUSI, KOTOPBIE OMPEAEISAIOTCA KaK TPYIINOBBIM, TaK U
WHJUBUAYAJIbHBIM 000PY/I0BAaHUEM.

Mepo# 3THX UCKaKEHUN SIBJISICTCSI OTHOIIIEHHE MOIIIHOCTH CUTHAJIA Ha
BBIX0/JI€ KaHajla K MOIIHOCTHU MPOJAYKTOB UCKAKEHUN. Y Ka3aHHOE OTHOIIIEHUE
Hopmupyercs pekoMenaamnueit MCO-T G.712. Tak kak Haubosee cnenupuaHbIM
Cpeau MEPEUNUCICHHBIX BUJIOB UCKAXKEHUM SIBJISICTCS IIIyM KBAaHTOBAaHUS, 3TO
OTHOIIIEHUE Ha3bIBAETCS OTHOIIEHUEM curHa/mrym kBantoBanus (OCILIK).



JUist usmepenust OCILK Ha BXxoja KaHaa noAaeTcsi U3MEPUTENbHBINA CUTHAI
(MC) onpenenennoro yposss. [Ipy 3ToM Ha BbIXO/i€ KaHa/la BOZHUKAET CUTHAJ,
conepkammii UC u npoaykrsl uckaxeHuid. C moMoupio (uiabTpau BbIIEISIOTCS
IIPOYKThI HCKAXKEHUH U olpezessieTcs oTHomeHne mouHoctr IC Ha BeIxoze
KaHaja K MOITHOCTH IPOJYKTOB UCKAKECHUM.

B cootBercTBuu ¢ pekomenaanueit MCO-T G.712 B tuHaMuyeckoM
nuanaszoHe ypoBHel n3mepurenbHbix curianoB OCLLIK MoxeT ObITh H3MEPEHO €
ucnoip30BanueM aByx TumnoB UC: ncesaourymMmoBoro 6o rapMmonndeckoro. B
COBPEMEHHBIX MpUOOpax Haubojee pacIpOCTPaHEHO IPUMEHEHHE
nceBaouryMoBoro MC, mo3Bossiomero noiay4nuTs B IUPOKOM AMANA30HE YPOBHEH
masblie Konebanus 3Hauennii OCILK.

N3mepenne OCIIK ¢ momompro ncepnomrymosoro MC. Ipumenenune
MICEBJIONIYMOBOTO (B oTiM4Ke OT nryMoBoro) MC no3BoJisieT Jerko noiay4uTh
HEOOXOUMYIO CTa0MIIBHOCTh €T0 apaMeTPOB.

AHauau3 padoTsl pereHepaTopoB. Ha JIMHHBIX TUHUAX C OOIBIINM
3aTyXxaHueM TpeOyeTcsl BOCCTAHOBJICHUE U YCHIICHHE IIU(PPOBBIX CUTHAJIOB. DTy
(GYHKIHIO BBIMOJTHSIOT pEreHepaTopbl. AHAIN3 pabOThl PEre€HEPATOPOB BKIHOYAET
B ce0s1 u3MepeHue KodPuimeHTa yCuiieHus CUurHaia, napaMmeTpoB UMITYJIbCOB,
napameTpoB OMTOBBIX, KOJAOBBIX OIIMOOK, onOok CRC, HapylieHus UKIOBON
CTPYKTYpPBbI CUTHaJIa, yCTOWYHUBOCTU PAOOTHI MPH (Ha30BbIX UCKAKEHUSIX BXOTHBIX
CUTHAJIOB U T. [I.

HN3mepenune napamerpos ¢puznueckoro yposus E1. N3mepenune ckopoctu
nepenayy Hu@poBOro CUrHajga MOXKET MPOU3BOAUTHCS ITyTEM U3MEPEHUS C
IIOMOILBIO YaCTOTOMEpPA:

TaKTOBOM 4aCTOThI CUTHAJIa Ha OTACIIbHOM BBIXOJC CTBIKA,

Ha BBIXOJIC L[PI(l)pOBOFO KaHaJla NI TpaKTa IIpu 1nmoaadc Ha BXOoQ
HN3MCPHUTCIIbHOTO CUT'HAJIa B BUAC IIOTOKA CAWHMII.

Cxema u3mepeHus npuBeieHa Ha pucyHke 21. B reHeparope momkHa ObITH
PEeIyCMOTPEHA PErYIUPOBKA PACCTPOIKM YaCTOTHI B Ipeiesax,
COOTBETCTBYIOIIMX JAHHOMY CTHIKY. B 3aBUCUMOCTH OT KOJ[a UCIIBITBIBAEMOTO
CTBhIKa U3MEPEHHOE 3HAYCHUE YaCTOThI JOJKHO OBITh PABHO WJIM KPaTHO
HOMHHAJIbBHOMY 3HAQY€HUIO TAKTOBOM YaCTOTHI JIJIsl JAHHOTO CThiKa. [IpoBepstorT,
YKJIQJIbIBAETCS JIK B AOMYCK U3MEPEHHOE 3HAYEHUE YaCTOThI CUTHAJIA.



MeHepatop
MCNBITATENbHBIX
CUrHaNOB.

ki

Pucynox 21 - Cxema aiis u3MEpeHHsi CKOPOCTH ITU(POBOTO CUTHAJIA
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Uud poeon
KaHan (TpakT)
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N3mepenue mapameTpoB GOpMbI UMITYJIBCOB IIU(GPOBOTO CUTHAIA HA BBIXOJIE
CTBIKa MO>KHO MPOU3BOANUTH C TIOMOIIBIO ocLuIorpada.

N3mepenne napaMeTpoB KaAaHAJBLHOIO ypoBHsi. Ha kaHaIbBHOM ypOBHE
MPOU3BOISTCS U3MEPEHUE TaPaAMETPOB OUTOBBIX, KOJOBBIX, OJJOKOBBIX OIIMOOK, B
ToM unciie omnbok CRC; nuarHocTHKa HUKIOBOM U CBEPXLUKIOBON CTPYKTYPbI
notoka El; n3amepenue nmapaMeTpoB aHAJIOTOBBIX CUTHAJIOB, IEPEAAHHBIX
Metogamu MKM; TecTupoBaHue CUCTEM MEpeaadun Ha YCTOMYMBOCTD K (Da30BOMY
JIPOKAHUIO IMHEWHOI'O CUTHAJIA.

HN3mepenue napamMerpoB ceTeBoro ypoBHs. Ha cereBom ypoBHE
o0ecrnieunBaeTcs yrnpaBieHUe IEPBUYHOM CEThIO ITyTEM OOMEHa MEXKIY CUCTEMaMHU
nepeJay CUrHajlaMy O HEMCIPAaBHOCTSX B 000PYAOBaHUHU U 3a()UKCUPOBAHHBIMU
yTEM HEPa3pyLIAOIIEro KOHTPOIIsl OMMOKaMU B IPUHUMAEMOM CUTHaje. JTa
uH(pOpMaIUs HAKAIUIMBAETCS U UCTIONB3YETCS B y3/1aX YIPABICHHS CeThlo. Llenbro
U3MepEHUN ceTeBoro ypoBHs El sBnsercs npoepka NpaBUIbHOCTHA FEHEPALUNA U
nepeauyr CUTHAJIOB 00 OIIMOKaX U HEUCIIPABHOCTAX C KOHTPOJIEM B KITHOUEBBIX
y3J1ax CETH.

Jleknus 11. U3mepureabnsbie Texnosoruu SDH, PDH. Cocras
IKCIJIyaTAMOHHBIX u3Mepennii SDH

Hean: nzyuyenue rexnonoruit usmepenuss SDH, PDH.

[udposas nepBuUHAs CETh CTPOUTCS] HA OCHOBE IPUHIIUIIOB
1e3n0XpoHHOM dppoBoi uepapxuu, PDH unn cuaxpornoi nudposoit
uepapxun SDH. CocTouT u3 y310B MyJIbTUIUIEKCUPOBAHUS, UCHIOJHSIOIIHUX POJIb
npeoOpa3oBareseil MexX1y KaHallaMyd pPa3jMYHbIX YPOBHEH HepapXuii
CTaHJApTHOMN MPOMYCKHON CIIOCOOHOCTBIO, pEr€HEPATOPOB, BOCCTAHABIMBAIOIIUX
M(pPOBOI MOTOK HA MPOTKEHHBIX TPAKTaX, IIUPPOBBIX KPOCCOB (KOMMYTaIUs
KAHAJIOB ¥ TPAKTOB MEPBUYHOM CETH).



Opranuzauust uamepennii SDH

Bce cucremsl nepenaun SDH ocHamaroress cucreMaMu MOHUTOPHHTA
COCTOSIHHS U CUCTEMAMHM YAAJICHHOW JUArHOCTUKU U YIIPAaBJICHUS, [I03TOMY
HEOO0XO0MMOCTh B MOHUTOpUHTE cucteM SDH B MaructpaibHOM KaHae
OTCYTCTBYET.

[ToaTOMY 3KCIIITyaTallMOHHBIE U3MEPEHUsI HEOOXOAUMO BBITIOJHATH B
Toukax comnpspkeHus koner SDH pa3ubix GupM-mpou3BoauTeNeH WIH pa3HbIX
omepaTopoB, T.e. Ha kommyTtaropax DXC . [losTomy 3KCITyaTallMOHHOE PEIICHHE
HE00XO0MMO MPUBA3BIBATH K PEAIbHBIM TOUKaM MOHMTOPHUHTA. B kauecTBe

npuMepa Ha pucyHke 22 npeactasieHa cxema cetd SDH ypoBust STM-16 u STM-
4,

TexHoJIOrnYecKHil MoIX0/ MOKa3bIBAET, YTO U3MEPEHUS 11€JIECO00Pa3HO
MPOU3BOJIUTH HA KOMMYTATOPE MEXIY 000py0BaHUEM ABYX (pupm
IIPOU3BOAUTEIIEN JJIsI TOMCKA IIPUYHUH B3aUMHOT'O HECONPSIKECHUS U YXYILLICHUS
KAa4eCTBa.

Tun uaTepdeiica 10cTyma K CUCTEME — FHE3/1a MOHUTOPUHTA Ha
00opynoBaHUU

Cxema cetu SDH ypoBust STM-16 STM-4

STM-1/4/16

| 2 mB8

Pucynok 22 - Cxema cetu SDH yposus STM-16 STM-4

[IepBbI1il ypOBEHBb U3MEPUTEIIBHBIX TEXHOJIOTUH—3TO TECTUPOBAHUE CPEIIbI
pPacIpOCTPAHEHHUSI CUTHAJIA.



BTopoii ypoBeHb H3MEPUTEIBHBIX TEXHOJIOTUN — 3TO U3MEPEHHUS
G poBbIX TpakToB nepBuuHbIX ceteil PDH u SDH.

Tperuit ypoBeHb U3MEPUTEIBHBIX TEXHOIOTHI — M3MEPEHHUs Ha BTOPUYHBIX
CETSX CBSI3M, BKIIFOYAIOIIUE B CEOs1 M3MEPEHUS KAaHAIBHOTO YPOBHSI, MPOTOKOJI-
aHanu3 pabOThl YCTPONCTB, U3MEpeHHE TpadrKa U aHAJIN3 KaueCTBa
MIPEIOCTABIICHUS YCIYT CBSI3H.

BaxHbpiM BoIipocoMm npu u3MepeHusx B cucremax SDH siBnsieTcst Borpoc 00
U3MEPEHHUSX JDKUrTepa. JKUTTep B cCUCTEME Mepejadu 10 ONTUYECKOMY CUTHAILY
OTCYTCTBYET, IOCKOJIbKY BCE JIMHEWHbIE yCTpoiicTBa B cucteme SDH
IIPOCKTUPYIOTCA € MOAABICHUEM JUKATTEPA. [PKUTTEP MOXKET BO3HUKATH HA
BbIX0j1e M3 cuctembl SDH, T.e. Ha ypoBHe motokoB PDH, 3arpyskaemsix B Hee.
OOBIYHO HCTIONB3YyETCS NOTOK E1, M03TOMY KOHTPOJIb KUTTEPA OCYILIECTBIISAECTCA
Ha ypoBHe El. mocnenHee Bpems nosryduia pacCipOCTPaHEHUE NIPAKTUKA
WCIIOJIb30BAHUS CIIEMAIbHBIX MUKPOCXEM JJI MOAABICHUS JUKATTEpa. JTa
IPAKTHKA YCTpAaHsSIET HaIU4Uue JKUTTepa Aaxke Ha ypoBHe PDH.

TecrupoBanue cereit SDH BHeIIHUMH aHAJIU3ATOPAMH - AKTyaJIbHAs
3a/1a4a Ha 3Tale UX CO3JaHMs, ITyCKa U dKCIUTyaTaluu.

Baxnsie yY4aCTu H3MepeHHﬁ2

— TOYKM conpsikeHus: ceteit SDH pasHbIX Tpou3BOAUTENCH; TOUKH
conpsibkeHus ceret SDH pa3HbIX onepaTopos;

— Touku conpsikenus cereil SDH ¢ cersimu PDH; yuactku coenunenus
“octpoBoB” SDH uepes cets PDH.

Jlist ananusa pabotsl cetd SDH xapakTepHO HECKOJIbKO BUJOB U3MEPEHUM:
U3MEPEHUs MYJIbTUIUIEKCOPHOTO 000PYI0BAHUS; U3MEPEHUS KaHAJIOB LIU(PPOBBIX
CUCTEM Iepelayl; KCILTyaTalluOHHBI MOHUTOPUHT TApaMETPOB pabOThI CETH.

N3mepenne MyJIbTHILIEKCOPHOT0 000Py10BAHUS

OcHoBHBIM 351eMeHTOM ceTh SDH sBiseTCss MyJIbTUIIIIEKCOP BBOIa-BBIBOIA
ADM, BBINONHSIOMMNN CIEIYIOININE OCHOBHbBIE (PYHKITHH:

- CO3/IaHUE BUPTYAJIbHBIX KOHTEMHEPOB ¢ Harpy3kou PDH;
- BOccTaHOBJIeHUE Harpy3ku PDH u3 BupTyanbHOro KOHTEMHEpa, BKIFOYas
yAaJIeHUe 3arojoBkKa, cTa@(UHTOBBIX OMTOB M KOMIICHCAIUIO TOTYYEHHOTO

TOKUTTEPA;

- MYJIbTUILIEKCUPOBaHUE-IEMYJIbTUILTIEKCUpOBaHUE TOTOKOB STM-M B
notok STM-N (N > M), koMrieHcanus BO3MOXHOCTEN PACCUHXPOHU3ALINU



BXOJISIIINX MOTOKOB. DTH (PYHKIIMH OMPEENIAIOT TP OCHOBHBIE TPYTINBI TECTOB
MyJibTHILIEKCOpOB SDH.

I/I3MepeHHe AHaAJIU3aTOpPOM

B npocTeilimmx Tectax aHanu3aTop U3MEPSET NOJydYeHHbIE Ha Bbixoae ADM
mxuTTep 1 BER. BHocs B kananm SDH ommbky nepenadn, MOXHO
MIPOaHANU3UPOBaTh paboTy cuctembl KoHTpoJist SDH u unaukauun ADM. Brocs
JOKUTTEP, MOKHO OIPENEIUTh YPOBEHb KOMIIEHCALIMM BHOCUMOT'O JDKUTTEPA
MyJIbTUILIEKCOPOM. IMHTaIIMEN TPOIECCOB PACCUHXPOHU3ALNU B CETH
u3mepsierca Juxkuttep 1 BER Ha Beixoge ADM.

Anaan3 kanajgos SDH

Ilocne TCCTUPOBAHUA MYJBbTHUIIIICKCOPOB IIPOBOJUTCA TCCTUPOBAHUC CCTU
SDH B oeJIoM, 4 UMCHHO: MOHHUTOPHUHI U C60p CTaTUCTHKHU HAa YYAaCTKaX CCTHU U
COIIOCTaBJICHUC €C CO CTaTHCTHKOﬁ, HOHY‘IGHHOﬁ CHUCTEMOU KOHTPOJIA;
HCCICAOBAHUC PA3JIMIHBIX MCXaHN3MOB pa6OTI>I CCTHU, B IICPBYIO OUYCPCIb
KOMIICHCAIUMN JZKUTTCpA.

Monutopunr cetu SDH ocymiecTBisieTcss B KOMIUIEKCE ¢ MOHUTOPUHTOM
PDH. Takoit MOHUTOPUHT BKJIIOYAET B c€0s1 COOP OCHOBHBIX MapaMeTPOB
M (ppoBbIX MOTOKOB cornacHo pekomenaanusam [TU-T G.821, M.2100. IIpu stom
aHanu3aTop noakirodaercs K cetu SDH uepe3 ontrueckue pa3BeTBUTENN U HE
OKa3bIBAET BIIMSHUS Ha e padoTy.

Jxxutrep B ceTasx SDH u PDH

Cnenyer yu4uThIBaTh NPUHLUUIUAIBHO PA3HYIO IPUPOAY MOSIBICHUS
mxutTepa B cetsx PDH u SDH. B cetsix PDH ¢azoBoe apoxkanue curana
(JKUTTEP) BOBHUKAET M3-3a HEKOPPEKTHON PabOTHI anmapaTyphl nepeiadu win
BCJIEJICTBUE OCOOEHHOCTEM Cpe/bl paciipocTpaHeHus: curHana. Takum oopazom,
mxuTTep B ceTsix PDH uMeeT ¢puzndeckyro npupoy.

Ocobennoctu u3mepenusi Jxurrepa B cetasx SDH u PDH

NmnynecHas cTpykTypa mkutrepa B ceTsix SDH onpenenser ocobeHHoCTH
ero m3Mepenus. Ha cetsix PDH moxeTt ucnosib30BaThCs METOI H3MEPECHUN
JOUKATTEPA C HAKOIUJIEHUEM JAHHBIX U aHAJIM30M CPEAHEr0 3HAYEHUS apaMeTpa.
[IpuMeHeHue ATOro MeToa K U3MEpPEHUsIM JKUTTEpa B cucteMax SDH He naet
s dexTa, MOCKOIBKY B 3TOM CIIy4ae BCIUIECK JPKUTTEPA OKA3bIBACTCS
HE(DUKCUPYEMBIM.

Bo3moKkHOCTH H3MeEpeHus :



— OJIHOBPEMEHHOE MPOBEICHUE ABYX CEAHCOB U3MepeHHsl Koddduinenrta
ouroBsix omubok (BERT) ;

- aHaJn3 MOKa3aTeae omMnOOK U aBapUHHBIX CUTHAJIOB BO BPEMEHHU C
IIPEICTABICHUEM B BUJE THCTOIPAMM;

— BO3MOKHOCTH BBIOOpA THIIA 3arpy3KH U pazmernienus oT STM-64c 1o
VC12, sxmouas E4/E3/E2/E1;

— U3MEpPEHNE BPEMEHHU PAaCIPOCTPAaHEHUSI CUTHAIIOB JUISl BCEX CKOPOCTEM
nepe1avu, aHaIu3 IpepbIBaHUI B 00CITYy)KHBaHUY;

- HU3MCPCHUC YPOBHA H 9aCTOTHI JIMHEHHOTO CHUIrHalia, B TOM 4YHCJIC
OIITHYCCKOI'O,

— aHaJIM3 ¥ HacTpoika 0aiToB 3arosioBkoB SDH, renepanus
nocienoBaTeabHocTel 0alToB, n3mepenne BERT B kananax DCC;

— MOHMUTOPHHT JBMKEHUH ykazatenei SDH, renepaiiusa uCnbITaTeIbHBIX
MOCJIEAOBATEILHOCTEN YKa3aTeleu;

— U3MEpEHHE BPEMEHHBIX XapakTepucTuk APS (aBTomatnueckoe
MEepEKIII0YEHNE Ha pe3epB) B cucteMax SDH;

— aHali3 UMNYJIbCOB curHaioB PDH Ha cooTBeTcTBHE CTaHIApTHBIM MacKaM
1151 ckopocTedt 2 u 34 Mout/c.

TecTupoBaHue ¢ MpeKpalIeHUEM CBSI3H
- ['eneparus aBapuHBIX CUTHAJIOB U BBOJI OIITMOOK B MepeiaBaeMblii CUTHAI.

- [IpoBeneHue 10JrOBPEMEHHBIX U3MEPEHHUH B IIPOIIECCE BBOJIA CETHU B
AKCILTyaTalHIo.

— N3mepenust nmokazateneil olmOOK B COOTBETCTBUH C PEKOMEHJAUSIMU
M.21xX.

— N3mepenusa APS.
TecTtupoBanue 0e3 npexpameHust CBA3M
Bo3moxHOCTH TecTUPOBaHMSA 0€3 MPEeKPALeHUs CBA3H

- CKaHI/IPOBaHI/IC KOMITIOHCHTHBIX ITOTOKOB.



- N3mepenne koaduienTa OUTOBBIX OMIMOOK U aHAIN3
nokasaresei ommooK.

- MoHUTOpPUHT 0aTOB 3ar0JIOBKOB.
- Ananu3 npepbiBaHui B 00CTYKHBaHHUH.
OcHOBHBIE CXeMBbI OJAKJIIOYCHUS AHAJIU3ATOPOB

Cy1iecTBYIOT TPU OCHOBHBIX CXEMbI MOAKIOYEHUS aHATU3aTOPOB K
IU(PPOBOMY KaHaJy: C OTKIIOUYEHUEM KaHalla, BBICOKOOMHOE MOAK/IIOueHHe 6e3
OTKJIIOUEHUS KaHaNa; PEXKUM «4epe3 ceOsn».

Pe:xuM ¢ 0TKIII0YeHHeM KaHasia. AHaIU3aTop LU(poBOro MoToka
UMUTHPYET OKOHEYHOE JTUHEHHoe obopyaoBanue JIO nepenaun-npuema. Takas
cXema HMCIOJb3YeTCs Uil MPOBEAEHUS BCEU crieln(PUKaIUN U3MEPEHHIA
($U3MYECKOT0 U KaHAJIbHOTO YPOBHEW Ha 3Tarle pa3BEepThIBAHUS CETH.

PekuM BBICOKOOMHOIO MOAKJIIOYEHHUSI. AHaJ'II/ISaTop ]_II/I(prBOFO IIOTOKa
IMOAKIIOYACTCA BBICOKOOMHO K KaHAJTy oe3 HapyHICHUA oOMeHa III/I(l)pOBLIMI/I
rmotokamu. Takast cxema oOecCIieurBacT IOJHBIN aHAIU3 06MeHa, IIPpUMCHACTCSA LA
MMPOBCACHUSA CTPECCOBOI'O0 TCCTUPOBAHUSA HaA 3TAIIC SKCILTyaTallMu CCTH.

Pexum “ugepes ceds”. [{udpoBoit moTok nepegaeTcs ¢ nopra npuemMa
aHaju3aTopa Ha MopT nepeaaydu. J{is Takoil cXxembl BKIIFOUEHHUST HEOOXOUMO JBE
naphbl OPTOB MEepeAaun-IpueMa Ha aHaJIM3aToOpe, YTO PEAIM30BaHO HE BO BCEX
npubopax ATOro kiacca. Takas cxema o0ecrieurnBaeT MOJIHBIA aHaliu3 OOMeHa U
MO3BOJIIET BHOCUTh U3MEHEHHUS B UCCIIEyEMbIN KaHa JJIsl TPOBECHUS
CTpeccOBOro TecTupoBaHus. Cxema UCIOJIb3YETCs Ha Talle pa3BepThIBaHUS,
DKCIUTYaTallMi CETH U B CIIy4dae MPOBEACHUS aBAPUNHBIX U3MEPEHUM.

N3mepenne kaHa 0B HU(PPOBBIX CUCTEM Iepeaadu

Haubosee nmpocThiM criocoO0M U3MEPEHUH SBISETCA U3MEPEHHE 110 CXEME
“Touka-touka”’. J[yi1 u3mepenust He0OXOUMBI JiBa aHanm3aTopa noroka El,
BKJIFOUEHHBIE 110 CXEME C OTKIIFOUEHUEM KaHaja, OJJMH B KaYeCTBE reHeparopa
TECTOBOM MOCIEA0BATEILHOCTH, IPyrOii—aHanmM3aTopa napaMmeTpoB UG poBOro
KaHaza. ['eHepaTop TeCTOBOIl MOCIIEI0BATEIbHOCTH MOCHIIAET B CETh MO
3aJaHHOMY KaHally HoToK El. DTOT MOTOK NpOXOAUT uepe3 NEPBUUYHYIO CETh U
MOCTYNAET HA aHANM3aTOP-NMpUueMHUK. CUHXPOHHU3ALIHS TECTOBOM
MOCJIEIOBATEILHOCTH 00ECTIEUnBAET MPOBECHUE U3MEPEHUN (PU3UYECKOTO U
KaHaJIbHOTO YPOBHSI.

MeTo BBICOKOOMHOTO MOJAK/JIIYEHUS AHAJIN3ATOPOB K U3MeEPSIeMOMY
KaHaJy. OTOT METO/J] TO3BOJISIET HE IONYCTUTh BO3ACHCTBUS HA padOTaIONNe
nudpossie kaHanbel. AHanu3 moTokoB E2, E3 u E4. [Totoku E2, E3 u E4, B



orirume oT El, He UMEIOT CBEPXIMKIOBOW CTPYKTYPBI, 2 MYJIbTHILICKCOPHOE
obopynoanne PDH He BbImonHsieT GyHKIMH aHATIOT0-IIH(POBOTO
npeoOpazoBaHusl.

CrpeccoBoe TectupoBanue. [Ipu npoBeieHUH CTPECCOBOTO TECTUPOBAHUS
3aJ1al0TCs CJIETYIOUINE apaMeTpbl BO3ACHCTBUS: BHECEHHE OUTOBOM M LIMKJIOBOU
OIMOKK; AIMHUTAIH HU3KOTO Ka4eCTBa KaHajla M3-3a BBICOKOTO MPOIIEHTA OIIHOOK
BO BXOJISIIIIEM CUTHAJ; UMHUTAIUS HAPYIICHUHN B IIMKJIOBOM CTPYKTYpPE BXOIAIIETO
CUTHaJa; BHECEHUE CABUTA M0 YaCTOTE BXOJIAIIETO CUTHAIA; BHECEHUE HKUTTEPA;
BHeCeHHe ocnabiieHus Hu(poBOTro CUrHala Mo YpOoBHIO.

IIpu BbINOJIHEHUM U3MePeHUI AHAJTM3UPYIOT CieAyIolIHe NapaMeTphbl
OTKJIMKA:

— paboTy CBETOBOM MHAUKAIIUU MYJIbTUIIEKCOPA;
— €ro caMOJMarHOCTUPOBAHUS;
— BXOJHBIX CUTHAJIOB UHMKAIIUU HEUCTIPABHOCTEH;
— BbIXOJIHOM mapameTp ommbku (BER);
— moclenoBarenbHocTH omnOoK (SES);
— JOKUTTEP Ha BBIXOJIE;
— aMIUTATYAy TIepeaaBaeMoro CUTHAIA.
AHaJIN3 MapaMeTPOB OTKJIMKA NMPH CTPECCOBOM TECTHPOBAHUH

Jliist ananu3a paboThl MYJIBTUILIEKCOPA B YCIOBUAX BBICOKOTO BXOJIHOTO
JOKUTTEPA BHOCAT JUKUATTEP U U3MEPSAIOT BhIXOAHOU nmapametp BER. /Ins ananusa
paboThl MYJIBTUIUIEKCOPA B CETU C HAPYILIEHUSMHU LeNeil CHHXPOHU3aLUK BHOCST
CABUT 110 YaCTOTE U U3MEPAIOT YaCTOTY I1€PEAABAEMOT0 MYJIbTUILIIEKCOPOM
curdana, BER, mxurrep, HepaBHOMEpHOCTh BO3HUKHOBEHHS onOok (SES) u 1. 1.
B pe3ynbpTaTe aHanu3a MyJbTUIUIEKCOPHOTO 000PYAOBAHUS ONPEIEISIETCS €ro
COOTBETCTBHE TEXHUYECKUM YCIOBUAM, IEUCTBYIOIIUM HOPMAaM, a TAKKE
IIOTEHIMAJIbHBIN pe3epB HA YCTOMYMBOCTD K BHEIIIHUM BO3JICUCTBUSIM.

Jlexknus 12 O0mme NpUHIUANBI U3MEPEeHU A00HEHTCKUX Ka0eIbHbIX
cucreM. OCHOBHBIE MapaMeTPbl A00HEHTCKUX Ka0eJIbHBIX CHCTEM



eanb: nzydeHne mapaMeTpoB ¥ MPUHIIATIOB U3MEPEHUI a00OHEHTCKHUX
KA0EJIbHBIX CUCTEM.

Hcnoan3oBaHue MeTAJIMYECKHX KaleJieil B COBPEMEHHbBIX CUCTEMAaX
CBHA3H

Knaccuueckue kaOenbHbIE CUCTEMBI HA OCHOBE
METAJITMYECKOTO (JEKTPUUECKOT0) Kabemsi MOKHO pa3JeUTh Ha TPU TPYIIIbL:

— JMHEHHO-KaOeIbHBIC COOPYKCHHUS,;
— MeTaJIndeckuii kademb s xDSL;
— CTpyKTypupoBaHHbIe kabenbHbie cuctemMbl (CKC).

O6CJIY)I(I/IBaHI/IG H 3KCINIyaTallusg 3THX COOpY)KeHI/Iﬁ BCICTCA
CriIcOaJIbHBIMUA ITOAPA3ACIICHUAMMA OIICPATOPOB.

Knaccupukanuss nzmMepeHuil kKadeJbHBIX JUHUH

— IIpuemo-caaTouHble U3MEPEHUS.

— Ilepuoanueckue (mpopuIaKTUYECKHUE, PETJITAMEHTHBIE).

— H3mepenus, onpenensaronme XxapakTep 1 MECTO MTOBPEKICHNUS.

— H3MmepeHust mo npoBepKe KauyecTBa PEMOHTHBIX padoT.
Knaccupukanusi TexXHOJIOruil U3MEpPEeHU 0 MEeTOAMKAM M3MepPeHnH

1 TI'pynnsl napameTpoB, usMepsieMble llepeMeHHbIM TOKOM —
COOCTBEHHOE 3aTyXaHHUE CETH, 3aTyXaHUE HECOTIACOBAHHOCTH, 3aIIMILIEHHOCTh
CETH Ha JaJbHEM KOHIIE, EMKOCTHAS CBSI3b U ACUMMETPHS, ITApaMETPbI BOJTHOBOTO
CONPOTHUBJIEHUS.

2 TI'pynnbl napameTpoB, u3MepsieMble MOCTOSTHHbBIM
TOKOM (T1IapaMeTpbl COMPOTUBJIEHUSI — COPOTUBJICHUE U30JISALINN, OMHUYECKas
ACUMMETPHSI CETH, JIEKTPUUYECKasi TPOUYHOCTh U30JISIIIUN ).

3KCHJ1yaTaHHH «KJIACCHYECKHX» JIMHEHHO-Ka0eJIbHbIX CHCTEM

OCHOBHBIMH HAMPABJICHUSIMH H3MEPEHUN METAUTMYECKOTOo Kabems
SBJISIFOTCS CIEAYFOIIUE TPYIIIIbL:



— OmnpeneneHye MecTa MOBPEXKIAECHUS CPEACTBAMU  YIAJIICHHOM
JUArHOCTUKH.

— Tpacco-nouck — onpeneneHne Mecta MoBpeXACHUs Kabens Ha
MECTHOCTH.

— OnpexneneHne napaMeTpoB KaOes.
— TIpo3BoHKa Kabest mpy ero KOMMYTAITUH.

OmnpenesieHde MecTa MOBPEKIEHUS CPeICTBAMH yIaJIeHHO’
JIUATHOCTHKH

OpHEeHTUPOBOYHOE ONpPEIETIEHUE MECTA MOBpEkKAEHUS (pedieKToMeTp,
MOCTOBBIE METO/Ibl U3MEPEHN).

Kabensnsiit ananuzarop TelScout TS2000.
OmnpenesieHue MeCTa HEMCIIPABHOCTH HA MECTHOCTH

1 Tpacco-nouckossiii ipudop (IIOUCK-210/12) — mist oGHapyxkeHus
3asieraHus kaOemnel CBs3M WK CUJIOBBIX kKaOeseil. Bkitouaer B ce0si TeHepaTop
OJTHOYaCTOHOTOTHOTO CHUTHAJIA U IPUEMHUKA CUTHAJIA.

2 Meramnouckarens — KOPHET 7250.
3 Mapkepouckarenb — Metromark.

4 Teyeuckarens — bI ' TU.

ITouck moBpesKkIeHNMH B MATHCTPAJIbHBIX Ka0eJX CBSA3M (CM. PUCYHOK
24)

TROTERACEHE T e R e
B2 b1y Benl HRSA

FiepRaS CRaih -
R EGAAON YHYREIEG TERaMGTRo0
KAHAIE LBREN



Pucynoxk 24 — OnpeneneHrue MecTa HEMCITPABHOCTH B KaOEJsIX CBsI3U
IKCIIIyaTAlMOHHbIE H3MepeHusl KaleJiell «mocjaeHeil MuJInm»

Certu 10CTYyIIa ¥ 30HOBBIE CETH B IIOCTPOEHBI MPEUMYIIIECTBEHHO Ha
METATTMYECKUX Ka0ensax cBs3U. B cBSA3M ¢ MOBbIIEHHEM TPEOOBaHUH K
OecriepeOOMHOCTH U Ka4eCTBY MPEJOCTABIEHUS YCIYT KaK CO CTOPOHBI
OIIEpaTOPOB CBS3H, TAK U CO CTOPOHBI AOOHEHTOB 0CO00€E 3HAUEHUE MPUOOpETAET
VICITOJIB30BAHUE NIEPEIOBBIX CPEACTB U3MEPEHUS [TapaMETPOB JIEKTPOCB3H
(CHUD). B nocnennee Bpemst Ha pbIHKE MOSBUIICS sl HOBBIX U
YCOBEPIIEHCTBOBAHHBIX IPUOOPOB - OCOOEHHO B CEIMEHTE, IPEHA3HAUEHHOM JIJIs
OLICHKH JTMHHUH TIPH nepeaayde nHpopmaruu no texnonorusm xDSL u Ethernet.

Kanaccupukanusa CUD u TeHAeHUMH Pa3BUTHA

CHUD niiga MeTamuinueckux Kadeel CBSI3U MOKHO YCIIOBHO Pa3/iesiuTh HA TPU
IPYIIBI 10 BUY U3MEPSEMBIX TapaMETPOB:

- npuOOPHI ISl UIMEPEHUS IEPBUYHBIX ((PU3NUECKUX) MapaMeTPOB Kaldems u
OTpEICJICHUS PACCTOSIHUS IO MECTa MOBPEKICHUS MPEUMYIIIECTBEHHO MOCTOBBIMU
METOJaMU;

— IPUOOPHI ISl ONIPEICIICHHUS PACCTOSHUS 0 MECTA MOBPESKICHUS METOIOM
pedaexkTomMeTpa;

— pUOOPHI TSI U3MEPEHUS BTOPUYHBIX TTapaMeTPOB KaOeIIs U OTICHKA
ka0enst Ha BO3MOXKHOCTD nepeaun iugppoBoi nHopMaIuu npu opranus3aluu
ceTeit aboneHTckoro goctyna win Ethernet (0HM MOTYT UMETh TaKKe ONITUYECKHE
UHTEPQEHCHI).

YHuBepcajgbHble IPUOOPHI NIPEHA3HAYEHBI JIJIS1 OLICHKU: BO3MOXXHOCTH
COCIMHEHUS 110 COOTBETCTBYIOIICH CETH UJIM HA €€ Y4aCTKE; MAaKCUMAJIbHO
JOMYCTUMOM CKOPOCTHU Tepeaadn uudpoBoil HGOpMaLIMK HA TUHUY.
YHuBepcanbHble NPUOOPHI UMEIOT JOMOTHUTENbHBIE PEXXUMBI (MU
JOTIOJTHUTENIbHbIE BCTPOCHHBIE MOAYJIN) JIJIsl U3BMEPEHUSI KaK BTOPUYHBIX, TaK U
NEPBUYHBIX TAPAMETPOB KaOeJs, 4YTO MO3BOJISIET HE TOIBKO OTOOPATh MOAXOASIINE
napbl, HO U YCTPAHUTh MPUYUHY HEPOXOXKACHUS ITUBPOBOM HHPOpMAITUH.

IIpudopsl ciennajbHO NpeIHa3HAYEHHbIE 1Jsl TexHogaoruid XDSL u
Ethernet, MOKHO YCJI0BHO pa3/ie/IMTh HA ABe NOAIPYIIbI:



B nepByto noarpymniy BXOASAT NPUOOPHI AJIsl OLIEHKH JTUHUH Tepeaadn
MppoBbIX curHanoB XxDSL 1o COOTHOIIEHUIO CUTHAI/ITYM WK IPU HAJIMYUU B
npudope MojIeMa MO0 COBOKYITHOMY JIEMCTBHUIO HA HETO BCEX MEHIAONIUX
daktopoB. O1ieHKa KauecTBa kabess MPOU3BOAUTCS B AMAMA30HAX YACTOT,

3aBUCAIINX OT mpuMeHsemoro Buja texunonoruu xDSL (ADSL, HDSL, VDSL,
SHDSL u ap.).

Bo BTOpO#i moarpymme - MpuOOpPHI sl OLIEHKU COCTOSIHUSA JTUHUU HA YPOBHE
YCIIYTH: TO €CTh JUIsl yCTAHOBJIEHUS (PaKTa COEAUHEHUS C APYTUM KOHIIOM JIMHUM,
OTIpe/IeTICHUS TapaMeTPOB TMepeaun MakeToB HHPOPMAIMH WHOTAA /TS
TPaCCUPOBKHU MapLIPYyTa, NO3BOJISAIONIEH ONPEIEIUTh CETMEHT CETH, BBI3bIBAIOIINN
3aJIEPKKY.

OcHOBHBIC BUbI H3MEPEHUH NIAPAMETPOB A00HEHTCKOM JINHUH
(cM.pucyHok 25)

Viznmeperve GazoubiX NapamMerpos
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Pucynox 25 — OcHOBHBIE BHIBI U3MEPEHUH TTapaMETPOB A0OHEHTCKUX
JIMHAMN

OoOnapyxenue nedexra CONpPOTHBJICHUS U30JIMHA MOCTOBBIM METOA0M
PeduiekTomerpus

OcHOBHBIE MAPaMETPHI:



CkopocTs pacripocTpaHeHus umityibcea peduekromerpa (VOP).
[MIupuna ummynbca pedaeKkToMeTpa.
YpoBeHb curnazna pedaeKkToMerpa.
CornacoBaHH€ C TECTUPYEMOU JIMHUCH.
Hudpoas dunpTparms.
ToHabHOE TECTUPOBAHME

Jlnara3oHbl TECTUPOBAHUSA:
— T'onocosoii: ot 300 I'o go 3.4 k1.

— Iwnpoxnii: ot 200 1o 2 Ml .

N3MepurteibHAsA TEXHUKA NI «IOCTECAHEH MU
— HW3meputenu 6a30BbIX MapaMeTPOB JIMHUU.
— MocTbl, pedaeKTOMETPHI.
— Anamm3zaropsr TY.

— W3meputenu pusnyeckux napameTpoB JUHUM + aHanu3aTopbl TH —
YHUBEpCAJIbHbIE aHAIN3aTOPbI XDSL.

— OMynsTopsl MogeMoB xDSL.

TecrTepsl, npeaHa3HAYECHHBIE I IPOBEPKU Ka4ecTBAa Ka0eIbHOI
npoBoaku cereii LAN (Ethernet)

Onu He U3MEPSAIOT PU3NUECKHUE MapaMeTphl Kabelis, HO TIO3BOJISTIOT BBISIBUTH
napsl ¢ 0OphIBaMHU, KOPOTKHUMH 3aMbIKAaHUSIMH, TIEPEMTyTHIBAHUSIMU SKHIT
Pa3JIMYHOTO POJa, HATU COOTBETCTBYIONIYIO APy HA JalibHEM KoHIIe. YacTo 3Tu
TECTEPhI ONPEIECIAIOT PACCTOSIHUE O MECTA HEUCTIPABHOCTH, 4 HEKOTOPBIE -
BO3MOKHOCTh COCIMHEHUS, UMUTHUPYIOT TPaPHUK U OMPEEIIIOT KaueCTBCHHBIC
MOKa3aTelu nepeayu (CTaTUCTUKA CETH).



CHUD pist u3MepeHusi MEPBUYHBIX MAPAMETPOB Kadesisi U onpeeseHust
MeCTa MOBpeKAeHUs B Kadeie

OTu npubOpHl peasin3yoTcs Ha OTJACIBHBIX WM COBMEUIEHHBIX B OTHOM
npudope U3MEPHUTENBHBIX YCTpOorcTBaxX: uPpoBoM mynbTuMeTpe (DMM),
OCHOBAaHHOM Ha MOCTOBBIX METOaX, U peIeKTOMETpPEe BO BPEMEHHOM 001acTu
(TDR), ocHOBaHHOM Ha U3MEPEHUHU 3aJCPKKHU OTPAKEHHOTO UMITYJIbCA
OTHOCHUTEJILHO MEPEIaBAEMOr0 B KaOellb UMITYJIbCA.

Tunuuasii DMM no3BosisieT u3MEpSTh NEPBUYHBIC TAPAMETPHI: OMUUYECKOE
COMPOTHUBJIEHUE, pa0OUYIO0 EMKOCTb, IEPEMEHHOE U MOCTOSTHHOE HATPSKEHUE B
ka0ene, CONMPOTUBIICHUE U30JIALIMU U TEMIIEpaTypy Kadelsi, KpoMe TOro, OOBIYHO
MMEET PEKUMBI JJIS1 OMPEIEIICHHS] MECT MTOBPEKIACHUS U30JISIUU U KU, TAKUX
KaK: yTeuka, 0OpbIB, IPOCTas U ABOIHAS pa30UTOCTb Map (CKPYyTKa >KHII
Pa3IMYHBIX Tap).

Peduiexkromerp Bo BpemeHnHou odsactu (TDR)

Tunuuneiit TDR npenna3zHadeH 115 HaOII0ICHUS ydacTKa Kabels u
OTpeIeJICHU] MeCTa MOBPEKISHUS Ka0es, BKIIFoYas: 0OpbIB IPOBOJIa, KOPOTKOE
3aMbIKaHHE MPOBOJIOB, MOMNAJJAHKE BJIArU, TOBPEKICHUE 000JIOUYKH, TIIOXUE
CHaiiKu ITPOBOJIOB, U3TMOBI, Pa30UTOCTh MAP U BOCCTAHOBJICHUE TP, OTBOIHI,
€MKOCTHBI€ CXEMBbI, TyTHHOBCKHE KaTYIIIKH, BCTABKY KaOEJsl 1 MHOKECTBO JAPYTUX
noBpexaeHui. [TpuHiun paboThl TaKUX pedIEKTOMETPOB OCHOBAH Ha MOCHUIKE B
Ka0eJib MPSIMOYTOJILHOTO 30HIUPYIOIIETO0 UMITYJIbCA U HAOIIOICHUH 3a]IeP>KaHHOTO
9X0-CUTHAJa, OTPAKEHHOTO OT HEOJHOPOJHOCTH BOJIHOBOTO COMPOTUBJICHUS.
OcHOBHBIMH MH(OPMATUBHBIMH Pe3yJIbTaTaMU SBISIOTCS (hopMa IXO-CUTHAJIA U
ero 3ajaepkka. [1o BemnuuHe 3a1epKKH MOKHO HAUTH paccTosHUE 110 AedeKTa.
Cama 3aziepka onpeaesieTcss Kak BpeMs OT Havasia 30HIUPYIOIIEro UMITYJIbca 10
Hayaja 3X0-CHTrHaja.

DTO YHHUBEpPCAJIbHBIN COBPEMEHHBIN TPUOOP (C 0TOOpaKEHUEM Pe3yIbTaTOB
B LM (ppoBOil U rpaduyeckoit popme) 1isi UIMEPEHUIN XapaKTEPUCTUK AaHATIOTOBBIX
IPYNIOBBIX U JIMHEWHBIX TPAKTOB, KAHAJIOB TOHAJIBHOM YAaCTOTHI M METAINIMYECKHUX
kabesneit B auanaszone yactoT oT 0,1 10 4096 k1’11, mo3BOJISIFONIUN TPOU3BOIUTH
BBINIOJIHEHHE C TTIOMOIIBIO TAPMOHHYECKOT0, IByX4aCTOTHOT0, MHOTOYaCTOTHOTO
WJIM TICEBAOCIYYaliHOIO U3MEPUTEIBHOTO CUTHANIA CIAEAYIOIINE U3MEPEHUS
aOOHEHTCKUX Kalesei: n3MepeHusl YaCTOTHON XapaKTEPUCTUKU OCTATOYHOTO
3aTyXaHus, IEPEXOJTHOI0 3aTyXaHus (3alUILEHHOCTH OT MEPEXO0/I0B), 3aTyXaHHUS
aCUMMETPHUH, UMIIETAHCA HArPy3KH, JJIEKTPUYECKOIO CONIPOTUBIICHNUS,
AIIEKTPUYECKON EMKOCTH; pe(hICKTOMETPHUUECKIE U3MEPEHUS (3aIIUILIEHHOCTH OT
OTpaXXEHUH, 3aJEPKKH OTPAKEHHOTO UMITYJIbCA, PACCTOSHUS 10
HEOJHOPOJIHOCTEN ); aHAJIU3 CIIEKTpa CUTHAJIOB U IIYMOB B Ka0eJe; aHaIu3
CIly4ailHbIX COOBITHH (MPEBBIIEHUI YCTAaHOBJIEHHOTO MIOPOTa YPOBHS
MaKCHUMAJIbHOTO IIIyMa).



Jleknust 13. Texnonornu nsamepenuii B BOCII

Hean: nzyuenne ocodernnocreit namepennii B BOCII.

I/I3MepeHI/Iﬂ IMPOBOAUMbIC HA BOJIOKOHHO-ONITUYIECCKHUX JIHHUAX CBA3H

Tumnosas cxema BOJIOKOHHO-oNTHYeCKOM cuctemsl nepeaaun (BOCII)
MPEJICTABJICHA HA PUCYHKE 26.
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Pucynok 26 - TumoBas cxema BOJIOKOHHO-ONTHYECKOM CUCTEMBI TIepeaaun

B cocraB BOCII BXoasT: ONTHYECKUI NEpEIaTUMK WM T€HepaTOp CUTHAaa,
nHTep(deic onTHIECKOro reHepaTopa, ONTHIESCKOE BOJIOKHO HIIH Kabesb ¢
XapaKTePHBIMU MECTaMU COMPSIKEHUSI pa3IMYHbIX Kabesiei u cBapoK U
HEOJIHOPOJHOCTSMHU, MTPOMEKYTOUHBIE CTAHIIUU WJIU PETPAHCIISITOPBI, ONTUYECKUI
MPUEMHUK CUTHAJIA, CUCTEMa Nepeaun, MPUHUMAIOILAS JIEKTPUUECKUI CUTHAI U
ammaparypa COnpspKeHus1, odecrieurBaroIias mpeoOpa3oBaHre IIECKTPUUECKOTO
curHaia B ontudeckuii. HauGosnee cymecrseHHbIMU 111 u3Mepennii B BOCII
ABJISIFOTCS TApaMETPbl ONITHYECKOTO BOJIOKHA, TOUKUA COCMHEHHUS C anmnapaTypou
nepeayu/mpueMa u pereHepalvu, MecTa CONpsLKeHUS pa3InyHbIX Kadeseh u
CBapOYHBIC COCIMHECHMS, @ TAK)KE BO3MOKHBIC HEOTHOPOIHOCTH B KaOeIIsX,
KOTOPBIE OOBIYHO CITy>KaT OCHOBHOM MPUYMHOM JIeTpajaliii KauecTBa CBS3H.



B ananmn3e onTOBOJIOKOHHBIX KaOeiel U y3J10B CYIIECTBEHHO Pa3IMYar0TCs
JIBE€ KaTETOPHHM 3a7a4: MPOMBILLJICHHBIN M IKCILIyaTAllMOHHBIA aHAJIM3.

IIpoMbIIICHHBIN aHAJIH3

[Tpu MPOMBITITIEHHOM aHAIH3E H3MEPSFOTCS Y3716l U TTapaMeTphl Kadenen
nepes yKiaakoit. isMepeHus 3Toro Kiiacca MpoBOISATCS TIPU pa3paboTKe HOBOTO
000pYZI0BaHus, B IIPOIECCE MTPOU3BOJICTBA ONTHUECKUX KaOeleH U pu
TIOJITOTOBKE KaOeJieH K YKJIaJKe /Ui ONPEICICHUs COOTBETCTBUS XapaKTePUCTUK
ka0ens 3alaHHBIM HopMaM (aHau3 kabemneit B OyxTax).

[IpoMblneHHBIN aHaTU3 Ka0esel BKII0YaeT U3MEPEHUSI CIIEAYIOLIUX
IIapaMeTpOB:

— MOTOHHOE 3aTyXaHHE B ONTUYECKOM BOJIOKHE;
- 10JI0ca MPOIYCKAHUS U JTUCTICPCUH;

- JUTMHA BOJHBI OTCEUKH;

- po(HIIb MOKa3aTeNs NPETOMIICHHUS;

- YHCIIOBas anepTypa;

- TMaMETpP MOJOBOTO TOJIS;

— TrCOMETPUICCKIE U MEXaHUYECKUE XapaKTEPUCTHKH
OIITOBOJIOKOHHOT'O KaOeJIs;

— AHEPreTUYECKUI MOTEHIMAT U YyBCTBUTEIBLHOCTh (POTOIIPUEMHOTO
YCTPOWCTBA;

- YPOBHHU ONTHYECKOW MOITHOCTH YCTPOUCTB.

DTH U3MepeHus, TPeOYIOIKe BEICOKOM TOUHOCTH U aBTOMAaTH3AIIHH,
BBITIOJIHSIOTCSI CHCTEMHBIM H3MEPHUTEIbHBIM 000PYy/10BAHHEM.

JKCIJIyaTaAllMOHHBIA aHAIU3

BxorouaeT B cebst m3MepeHust B Ipoliecce MPOKJIaaKy Kadess U Ha dTarie
skcrutyaranuu. [Ipy mpoknanke kabeneit HeoOXOAMMBI MOITAarOBbIe U3MEPEHUS
Y4aCTKOB Ka0esei, XapaKTepUCTHK Yy9aCTKOB CBAPOK M COTPSIKEHUS KaOeTbHBIX
CeTel, a TakKe U3MEPEHUS Pa3BEpHYTON KaOEJIbHOM CETH Ha dTare
MPUEMOCATOYHBIX UCTIBITAHUM U MAaCIOPTU3ALUK KaOEIbHOTO X035iCTBA U
BOCITI. IIpu 3TOM U3MeEpSIOT 3aTyXaHUe, BHOCUMOE CpOCTKaMU KaOee,
3aTyXaHUE ONTHUYECKUX BOJIOKOH, & TAKKE€ YPOBHHU MOITHOCTHA ONTHYECKOTO



M3JIyYEHHUS Ha BBIXOJAaX MEPEAIONIUX U BX0/1aX MPUEMHBIX ONTOAIEKTPOHHBIX
MOJTyJIEH.

3aryxaHue ONTUYECKUX BOJIOKOH U3MEPSETCsl B 000MX HAMPaBICHUIX
nepeayu Ha ydyacTKax pereHepaliu, 4To MO3BOJISAET YUECTh Pa3Inyusl 3HaUYCHUM
MU3MEPSEMBIX BEJIMYHUH, 00YCIOBIICHHBIE HEOTHOPOTHOCTSIMH, M BRIOpATh
ONTUMAJIbHBIN BapUaHT UCIOJb30BaHMS BOJIOKOH Ka0eJs.

BKCHﬂyaTaHHOHHLIe HU3MEPECHUA

DKCIUTyaTallnOHHBIE U3MEPEHUS JACTATCS Ha MPOPUITAKTUIECKHE,
aBapUITHBIC U KOHTPOJIbHBIC. ABapHUITHBIC U3MEPEHHSI BKIIIOUAIOT B c€0sT OBICTPYIO
JIOKAJIM3allMIo0 TOYEK JIerpaJaly KauecTBa KabenbHoil cetu. [Ipodunaktuaeckue
Y KOHTPOJIbHBIE U3MEPEHUSI MOT'YT BBIMOJHSATHCS C TOMOIIBIO CIIEIIUATBHO
BCTPOCHHBIX B alapaTypy JUHEUHOTO TPAKTa KOHTPOJIbHO-U3MEPUTEIBHBIX
YCTPOMCTB.

Crneundukanus 3KCIuTyaTalMOHHBIX U3MEPEHUI Ka0eel BKIII0YaeT:
— W3MEPEHUE YPOBHEW ONTUYECKON MOITHOCTH;
- M3MEPEHUE MEPEXOTHOrO 3aTyXaHHUs;

— OTpeJieJICHHE MECTa 1 XapaKTepa MOBPEkKISHUS ONTOBOJIOKOHHOTO
Kabes;

— ctpeccoBoe TectupoBanue annapatypsl BOCII.
N3mepenunsi noreps B BOJTOKOHHO-ONTHYECKUX JIMHUAX CBA3H

N3mepenust notepb npoBoasaTcs ais oueHku kadecrsa BOJIC. B
OOJIBIIIMHCTBE CIy4aeB MOTEPU U3TyUCHHUS (a HE JUCTIEPCHs) SABIISIIOTCSI OCHOBHBIM
(bakTOpOM, OrpaHUYUBAIOIINM JITTUHY PETPAHCIISIIIHOHHOTO y4acTKa JIMHUU CBSI3U.

[TonHble moTepH 0, BHOCUMBIE JIMHUEH CBSI3U JJIMHOM L, CKIIabIBatOTCS U3
MOTEPh B CTPOUTEIBHBIX JIJTHHAX ONTHYECKOT0 Kabems (gl.;, MOTEPH B CBAPHBIX
COCJIMHEHUSX BOJIOKOH M BOJIOKOH (l¢; M TIOTEPH B Pa3bEMHBIX COCTUHEHUSX
IUITEHI0B Ha KOHIAX JINHUH O (CM. pUCYHOK 27) .

Tpancusep wééw Tpanonsep

Paabemnoe coopuHerme  OnTuyeckui kabens CeapHble COBAUHEHNS
(cTpouTenbHan ANMKA) BONOKOH




Pucynok 27 - Cxema pacnpeneneHus HoTepb B PETPAHCIALUOHHOM
y4acTKe JIMHUH

N3mepuTenbHas TeXHUKA JJs1 IKCIIyaTaHMOHHBIX u3Mepenuii BOCII
JIns aHanm3a BOJIOKOHHO-OIITUYECKOU Cpelibl IEpeEaayu MPUMEHSIOTCS:

- ONTUYECKUE U3MEPUTEIIN MOLITHOCTH;

- CTaOMIM3UPOBAHHBIC NCTOYHUKY CUTHANIA;

- BU3YaJIbHbIE 1€(DEKTOCKOIBL;

- U3MEPUTENN NOTEPD B ONTUYECKOM JIMHUY;

- [IEpECTPAaNBAEMBbIE ONITUYECKHUE ATTEHIOATOPHI;

- ONTHYECKHUE Pe(IEKTOMETPHI;

- aHaJIM3aTOPbI BO3BPATHBIX ITOTEPD;

- IIEPErOBOPHBIE YCTPOUCTBA;

— KaOeJIbHbIC UICHTU(DHUKATOPHI;

— MHKPOCKOTIBI.

JIOTIOTHUTENBHO B CUCTEMHOM 000PYIOBAaHUHU TECTUPOBAHMS ONITUYECKUX
ka0eJnel UCIOoJIb3YIOTCS epecTpauBaeMble ONITHYECKUE pe(IEKTOMETPHI U
ONTHYECKHUE MEPEKITIOYATEIN.

Onruyeckue pediiekromMmerpbl

Onrtuueckue peduiekromerpsl (Optical Time Domain Reflectometer -
OTDR) sBnsitoTcs Hanboee MOTHOPYHKIIMOHAIBHBIM PUOOPOM IS
HKCIUTYaTaIl[MOHHOTO aHAJIM3a ONTUYECKUX KAOEIbHBIX CETEH.

PednexTomeTp mpencrapiser co60ii KOMOMHAIIUIO UMITYJTECHOTO
reHepaTopa, Pa3BETBUTENSI K U3MEPUTEIIS CUTHAIA U 00eCTICUnBAET N3MEPEHUE
OTPaXEHHOW MOITHOCTH MPH OPTaHU3AIUN U3MEPEHHM ¢ OJHOTO KOHIIA.
PedriekToMeTphl 1EHCTBYIOT 110 PHUHIIUITY pajapa: B JUHUIO MOCHUIACTCS UMITYIIhC
MaJIol JJIUTEIIBHOCTH, KOTOPBIN pacpOCTPaHSIETCS IO ONTHYECKOMY KaOelto B
COOTBETCTBHHU C PEJIEEBCKUM pacCessHUEM U (PPEHEIEBCKUM OTpaKEHHUEM Ha
HEOHOPOHOCTSX B ONTHUYECKOM Kabene (edeKThl MaTepuaia, CBapKu,



COEAMHUTENN U T.J.). Y IPaBISAIOIINN Ipolieccop 00ecreyrBaeT COrNIaCOBaHHYO
paboTy Ja3epHOro AMOAA U AIEKTPOHHOIO ocuusuiorpada, co3iaBas BO3MOKHOCTh
HaOJII0/IEHUS IOTOKA OOPATHOTO pacCesiHUs MOJHOCTBIO MU MO YacTaM. J1Jis
BBOJIa UMITYJIbCOB B BOJIOKHO MCIIOJIb3YIOTCSI HAIIPaBJIEHHbIN OTBETBUTENb U
onTU4ecKuil coeauHuTeNb. [10TOk 00paTHOro paccesiHus Yepe3 ONTUYECKU
COEJIMHUTENb U HANIPABJICHHBIN OTBETBUTENb ITOCTYIIAET HA
BBICOKOYYBCTBUTEIbHBIN (POTONMPUEMHUK, I/1€ IPEOOPA3YETCS B AIIEKTPUUECKOE
HaIpsHKEHUE. DTO HAIPSHKEHUE N01aeTCa Ha BXOA Y 3JIEKTPOHHOIO
ocruuorpada, BbI3bIBasi COOTBETCTBYIOIIEE MOLTHOCTH ITOTOKA 0OpaTHOIO
paccesiHuS OTKJIOHEHHeE Jtyda ocuuiuiorpaga. Ock X ocipuniorpada rpagyupyercs
B €JIMHMIIAX PACCTOSIHUS, @ OCh Y - B JlelnoOenax.

OnTrueckas cxema TUIIMYHOIO UMITYJILCHOTO pedieKTOMETpa PUBEACHA Ha
pucyHke 28.
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Pucynok 28 - Onrudeckas cxeMa TUITHYHOTO UMITYJIBCHOTO
pediekTomeTpa

Pabota npubopa ocHOBaHa Ha U3MEPEHUHU MOIITHOCTH CBETOBOI'O CUTHAJIA,
PACCeSIHHOTO Pa3TMYHBIMU Y9aCTKaMU BOJIOKOHHO-ONITHYECKON JIMHUU.

CBeToOBbIE UMITYJIbChI OTHOCUTEIBHO OOJIBIION MOUTHOCTH OT BCTPOEHHOTO B
UMIYJBCHBIA ONTUYECKUHN pe(PIEKTOMETP UCTOYHHKA BBOAATCS B BOJIOKHO, a
BBICOKOYYBCTBUTEIbHBIA MPUEMHUK U3MEPSET BPEMEHHYIO 3aBUCUMOCTh
MOIIHOCTH CBETOBOTO CHUTHAJIA, BO3BPAILAIOLIETOCS U3 TECTUPYEMOI'O BOJIOKHA
oOpaTHO B pediiekToMeTp.

PabGora onTuueckux pedieKToMeTPOB.

['maBHOM LETBIO U3MEPEHUH, IPOBOAUMBIX C UCIOJIB30BAHUEM ONTHYECKUX
pedIEKTOMETPOB, SABJISETCS ONPEACIICHUE UMITYILCHOW XapaKTePUCTUKU
TEeCTUPYEeMOTo BoJoKHA. Tunuunas pediekrorpaMma UMITYJIECHOTO
pediiekTomeTpa nmpuBeIeHa Ha pUcyHke 29
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Pucynok 29 - Tunnynas pediaexrorpaMma ONTHYECKOTO pediekromeTpa

BeprukanbHas 11kana onpeneisieT ypoBeHb PACCEIHHOTO (OTPaXXEeHHOIO)
CUTHaJa B JJOrapu(PMHUUECKUX eIuHuIax. ['opu3oHTanbHas OCh COOTBETCTBYET
PacCTOSHUIO OT pedIeKTOMETpa 10 TECTUPYEMOI 00JIaCTH BOJIOKHA.

B BoJIOKOHHBIX CBCTOBOJAX PaCCCAHNC HA HaCTULAX IPUMECHU MOKET OBITH
YMCHBIICHO IMPAKTUYCCKU 1O HYJISI, HO paCCCAIHNUEC Ha «BMOPOKCHHBIX)»
HCOAHOPOAHOCTAX NMPUHOHUIIUAIIBHO YMCHBIINUTL HEJIL34, MMCHHO OHH OIIPCACIIAIOT
MWHHUMAJIbHYIO BEJIMUYUHY ITOTCPh HA PACCCAHUC.

RFTS — Cuctremsbl Monutopunra BOJIC

OnHUM 13 OCHOBHBIX SKCILTyaTallMOHHBIX (PaKTOPOB, MTO3BOJISIFOIITUX
MIPOTHO3UPOBATH YXYIIEHUE XapaKTEePUCTUK ONTUYECKUX BOJIOKOH U
oOecrieunBath TpebyeMbIit ypoBeHb HazexxHocT BOJIC, siBnsieTcs: HeNpepbIBHbBIN
MouutopuHr OK BOJIC. IIpu stom cuctembl monuTopunra OK BOJIC nomxHbI
MpeayCcMaTPUBATHCS YK€ Ha 3TAIE TUIaHUPOBAHUS U MPOEKTUPOBAHUS
COBPEMEHHBIX ITU(DPOBBIX CETEH CBSI3HU.

Takue cUCTEMBI - CUCTEMBI IUCTAHIIMOHHOTO TECTUPOBAaHUS BOJOKOH RFTS
(Remote Fiber Test System) - B HacTosiIIee BpeMsl BBIITYCKAIOTCS PSIIOM
3apyOeKHbIX KoMIaHui. OTHAKO JJIsI MPAKTUYECKOTO IPUMEHEHHUS TT0I00HBIX
CUCTEM IPU MOCTPOCHUHN OOJIBIINX MPOTSIKEHHBIX CETEH CBSI3U TPEOYyeTCs
CEpPbE3HbIN CPABHUTENBHBIN aHAIIN3 BO3MOKHOCTEN pa3nuyHbiXx cuctem RFTS u
U3y4deHHUE MPOOIEeMbl UX HHTETPAIIUU C CHCTeMaMu HH(GOPMAIIMOHHON TTOIIEPIKKU
Y YIIPaBJICHUS TAKUMU CETSIMH.

Apxutexktypa RFTS



Bce cucremsl RFTS, kak npaBuiio, cTposiTcst 0 OAHOU U TOM ke cxeme 1pu
3TOM BBIIETSIOT CleAyolre (yHKIMOHAIbHBIE AIEMEHTHI U yCTPONCTBA:

- anmapaTHYIO 4acThb;
— CUCTEMY YIIpaBJICHUS;

— a TaKKe UHTETPUPOBAHHBIC AJIEMEHTHI: T€OMH(GOPMAIIIOHHYIO
cuctemy (I'C), npuBsI3KM TOMOJIOTUHU CETH K KAPTE MECTHOCTH;

- 6a3e1 nanabix OK, 00opynoBaHus CETH, KPUTEPUEB U PE3YIHTATOB
tectupoBanusi OK BOJIC u ceTu B 11€510M, U Ipyrye BHEIIHUE Oa3bl
JTAHHBIX.

®yuknun cuctembl RFTS

Baxneitmen pyunkuueit cucremsl RFTS siBnsiercs To, 4TO OHA TOCTOSIHHO
aBTOMATHYECKHU BEJET COOp M CTATUCTUYECKUM aHATIU3 PE3yIbTaTOB TECTUPOBAHUS
ONTHUYECKUX BOJIOKOH ceTU. CTaTUCTUUECKUI aHAJIU3 C UCIIOJIb30BAHUEM
KOPPEJISIUOHHBIX, MHOTO()AKTOPHBIX METOJIOB U AP. METOJIOB JJA€T BO3MOXHOCTh
OOHapyXUBaTh U IPOTHO3UPOBATH HEMOJIA/IKU BOJIOKHA 3a/10JIT0 JI0 TOTO, KaK OHU
MPUBEIYT K CEPbE3HBIM MPOOJIEMaM B CETH.

Cuctema RFTS 3HaunTenbHO MOBBIIIAET OE30MIACHOCTH CETH - JIF000E
HECAHKIIMOHUPOBAHHOE MOJKIIIOYEHUE K BOJIOKHY HEM30€KHO IPUBOIUT K
JIOTIOJIHUTEJILHBIM TIOTEPSIM B ONTUYECKOM KaHalle, a 3HAUUT, OyAeT OOHAPYKEHO U
3a()UKCUPOBAHO CHCTEMOM B peabHOM MaciiTade BpeMEHHU.

Jlpyroe He MeHee BaxkHOE KauecTBO cucTeMbl RFTS — rpaduueckoe
npejacTaBiieHne nHpopmaIuu o cocTosiHuM ceTd. Ha nientpansHOM cepBepe
CUCTEMBI ycTaHOBJIeHa npodeccuonanbHas [ UC, koTopast coiep>XKUT TOUHYIO
AJIEKTPOHHYIO KapTy MUGPOBOIi CETH HA MECTHOCTH. Takke Ha KapTy BBIBOJAUTCS
noJiHast “HQpopMaIrsa 0 HeMCIpaBHOCTIX BOJokoH B OK, BKIIIOUast ©IX TOUHOE
bu3YecKOoe MECTOIIOJIOKEHUE.

Jlexkuus 14. U3mepenust B pa3jiIM4YHbIX CHCTEMAX Nepeavu

Heanb: nzydyenre 0cOOEHHOCTEN N3MEPEHUI B PaAMOYaCTOTHBIX CUCTEMAaX U
ATC.

PaagnouacTroTHble cucTeMbl nepeaayu. OCHOBHbIE TEXHHYECKHE
pelieHust



K papnouacrotasim CII oTHOCSATCS BCe CpeACTBa CBSI3U, HCIONb3YIOIINE B
KauecTBe cpeapl nepenaun paaunoddup. PYU CII Bkimtouaror B cest 1Ba THMA:

a) panuopeneiinbsie cucteMsl niepegaun (PPJI);
0) ciytHuKoBbIe cuctemsl niepegaun (CCC).

W3mepenus st 000UX TEXHOJIOTUN MPAKTHUECKH OJTMHAKOBEI, HO IMEIOTCSI
HEKOTOPBIC PA3INUHsl, 00YCIOBICHHBIC JUAMTa30HAMU U3MEPEHUIN U YCIOBUSIMHU
pacrpoCTpaHeHHs CUTHAIA.

IKCIUIyaTANUS PAANOYACTOTHBIX CHCTEM Nepeaadyn

PY n3zmepenus BXOOAT COCTABHOM YaCThIO B KOMIUIEKC U3MEPEHUM HA
NepBUYHOM ceTu. B TexHosornto PY nzmMepenuii BKIIOYarOTCSI U3MEPEHUS
napaMeTpoB U poBbIX TpakToB CII, Tak Kak OHM CBSA3aHbl C aHAJIU30M LIU(PPOBOMA
nepBuuHoi cetu. OcHOBY PY m3MepeHuii COCTaBISIIOT U3MEpPEHUs paanoddupa,
KOTOPBIC CBSI3aHBI C AHAIIM30M 3JIEKTPOMAarHUTHONM 0OCTAaHOBKH BO BCEM CIEKTpE,
ucnosnb3zyemMoM CII. OcoO0eHHO BaXXHO U3MEPEHUS IO OLEHKE 3P PEKTUBHOCTH
HCIIOJIB30BaHUs pagnoddupa.

Anaans PY cucrem

AHanu3z paboTbl y3510BbIX PY ycTpOICTB — peTpaHCIATOPOB — SBIIAETCS
CYILIECTBEHHOMU YacThio poBeaeHns PY m3mepenni. [locne ananusa
PETPAHCIATOPOB NPOU3BOAUTCA aHAIN3 PU TpakTOB cuCTEM NEpENadn B LIETOM.
st CCC crona OyyT OTHOCUTBCS M3MEpPEHHUs KaHAJIOB TIepeIayu.

I'pynnsl rexunyeckux pemenuit aias PPJI

[Ipu hopMHpOBaHMY TEXHUYECKUX pELIeHUH s sKcrryaranuu PPJI,
HEO0OXOMMO YUYHUTHIBATH CIIELU(PUKY pa3BEPThIBAHUS U IKCIUTyaTallUU MMOCIEIHUX.
Panuopeneiinbie cucTeMbl EpeIavn MpeacTaBiIAiOT cOO0i OYEHb MUPOKUA Ki1acc
o0opya0BaHus, IpeIaraéMblidi pa3TuYHbIMA KOMITAHUSIMU-ITPOU3BOAUTEIISIMH.
['ubxocth PPJI 3akitouaeTcs B CAEAYIONIUX TapaMeTpax:

— YaCcTOTHBIN JUANa30H;
- YpOBEHb uepapxuu HopMupyeMoro KaHaa.
CrnekTpaJibHbII KOHTPOJIb PAJHOYACTOTHOIO pecypca

PPJI nactpoena Ha onpeneneHHbIi pabounii quana3oH, KOTOPHIi
TEOPETUUYECKH JIOJDKEH OBITh CBOOOICH OT TOCTOPOHHUX CUTHAIOB. B cimyuae ux
Bo3HUKHOBeHUs [t PPJI 3T0 03HauaeT nosiBieHue NyMoB B paboueM auamnaszoHe,



YTO JOJDKHO BIMSATH HETaTUBHO Ha paboTy cucteMsl. [loaTomy HabmoneHue 3a
CIIEKTPOM B paboyeil 10J10ce 4acTOT MO3BOJISIET:

- BBISIBUTBH PAJMOYACTOTHBIC CUTHAJIBI, HHTEpPEPUPYIOIINE C pabounuMu
curHaiamu PPJI;

- OIIPCACIINTD BIIUAHHUC PPJI 3a npcaciiaMu pa6oqer0 JAualria3oHa,

- 1o aHanuzy pabouero curtana PPJI mpoBepuTh mpaBUiIbHOCTh HACTPOUKHU
nocjeaHel Ha pabounii quarma3oH.

J11is TpoBeIeHUS] U3MEPEHHUI aHAIM3aTOP CIIEKTPa MOXKET OBITh IMOAKITIOYCH
K Tpakty [TY, Tpakty PY mnm yepes TecTOBYIO aHTEHHY HEMTOCPEICTBEHHO
MOCTABJICH JIJISl U3BMEPEHUS MOIITHOCTH TOJISI B 3aJJaHHOM Touke. Takxke
3¢ (HEKTUBHO OKa3bIBAETCS BKIIIOYATh aHAIM3ATOP B TECTOBBIE rHE3/1a TpakToB [1Y
wi PY Ha o0opy10BaHUU U POBOAUTH U3MEPEHUS HEMTOCPEICTBEHHO B PEAIbHO
paboTarolei cucTeme.

HN3mepeHust 4acTOTHI U MOLTHOCTH curHajga PU

BTOpBIM BaKHBIM TUIIOM U3MEPEHUN ABIIAIOTCA U3MEPEHUS TaKUX
napameTpoB PU-curHana kak 4actoTa €ro HeCyIei u MOIHOCTb. JTH U3MEPEHHUS
NyONMUpYIOT CTIEKTPaIbHBIN aHAJINW3, OJIHAKO €CJIM CIEKTPAJIbHBIN aHaIN3
II03BOJIAET U3MEPATH OTHOCUTEIIBHYIO MOIIIHOCTb, IIPSIMBIE U3MEPEHUSA MOLITHOCTH
MO3BOJISIIOT U3MEPSTH A0CONIOTHYIO BEIMYHUHY MEpeAaBaeMOil/IpUHIMAEMO
MOITHOCTH CUTHaNa. B TO ke BpeMsi HeTOCTaTKOM NPSIMBIX U3MEPEHNN MOIIHOCTH
Y 4aCTOThI MePEJaBaeMOro/IPUHUMAEMOr0 CUTHAJA SIBJISETCS TO, YTO TAKUMU
METOJAaMH HEBO3MOKHO B ITOJIHON MEPE OLIEHUTh BCIO KAPTUHY 3arpyKEHHOCTH
pabouero auanazoHa. OLEHUTh ATy KAPTUHY MOKHO, IPOXO/Isl U3BMEPUTEIbHBIM
npuOOpPOM M0 AUAINA30HY U JeJias COOTBETCTBYIOIINE U3MEPEHHUSL.

Kommnuekcnbie u3mepenusi tpakra PPJI

[Ipu sxcrnyarauuu PPJI cymectByer rpyria criennpuueckux u3MepeHuil,
10 pe3yJIbTaTaM KOTOPBIX MOYKHO TOYHO HACTPanBaTh MTAPAMETPhI CUCTEMBI
nepeavn u paccMaTpyUBaTh BIMSIHUE TEX WM UHBIX (PaKTOPOB HA KAYECTBO
bopMupyeMOro kaHajia IEPBUYHON CETH.

B kauecTBe TakuX U3MEPEHUN MOKHO ITPUBECTH:

- n3mepenus tpakra PPJI B nenom u ero napamerpon: AUX, '3, oTHOIIEHUS
curnan/mym, DADE u T.1.;

— U3MepeHUs KOMIOHEHTOB TpakTa PPJI (Mo/ieMOB, aHTEHHOTO TpakTa,
YCHWJIMTEIbHOTO TPAKTa, KOHBEPTEPHBIX LIETICH M0 JIMHUK BBEPX U BHU3 U T.1.)
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Pucynok 30 - [IpuHuunns! nu3mepeHus napameTpos

Merton u3mepeHusi BcexX MepeUrcIeHHbIX TapaMeTPOB JOCTATOUYHO MPOCT
(cm. pucynok 30). [y u3MepeHHi UCIIONIB3YIOTCS IBA TPUOOPA, MOAKIIOYAEMBIE C
pPa3HBIX CTOPOH MU3MEPAEMOro TpakTa. ['eHepaTop Ha nepenaronieil CTOpoHe
oOecreynBaeT reHepaInio TECTOBOIO CUTHAA (MM MOXKET ObITh CKAaHUPYIOIIHHA,
rapMOHUYECKUN WM KOMIIO3UTHBIA CUTHAJI CJI0KHOU CTpyKTYphl). Ha nmpremHuoi
CTOpPOHE YCTaHABIIMBAETCS TECTOBBIN MPUEMHHUK, B POJIU KOTOPOTO OOBIYHO
BBICTYTIAET aHAJIM3ATOP CIIEKTPa CO CHEIUATBHBIM MPOTPAMMHBIM 00€CIICUECHUEM.
TecToBBII IPUEMHUK MPUHUMAET U3 KaHajla CUTHAJ, 00eCIieYuBaeT ero 00padoTKy
U OTOOPAKEHUE N3MEPSIEMBIX BEJTUYHMH B CKAJISIPHON MM BEKTOPHOM (popme.

N3mepeHnsi y4acTKOB PaiM04aCcTOTHOIO TPAKTA

B ciyuyae BbIsIBIEHHS] HECOOTBETCTBUS MMAPAMETPOB «IIPO3pAYHOCTH» PU-
KaHaJia 3asiBJICHHBIM JIJI1 HOPpMaJIbHOU 3KcrutyaTanuu PPJI Bo3Hukaer
HEO0OXOJMMOCTD «IIOIIArOBOT0» U3MepeHus napametpoB PU-tpakra. s atoi
L[eJIA ornepaTop paccmarpuBaeT PU-TpakT yke He Kak €IMHbIN KaHall, a KaK
coctaBHyto PU-cucremy nepegauu, B COCTaB KOTOPOU BXOJST Pa3JINYHbIC
KOMIIOHEHTHI (F€TepOAUHBI, (PUIIBTPHI, KOHBEPTEPHI MO JIMHUU BBEPX U BHU3,
MOZYJIATOPBI, IE€MOIYISTOPbI, KOJEPhl, AHTEHHBIE CUCTEMBI U T.J1.).

B cocraB TpakTa BXOAAT CIEIYIOIIME KOMIIOHEHTHI: KOJIEP, MOIYJISATOD,
bunsTp 14, koHBEepTOp MO ITMHUYU BBEpX, pruibTp PYU, anTeHHOE YCTPOMCTRO,
PETPAHCIIATOP U Cpea pacrpocTpaHeHus curHana, Gunstp PY nmpuemHuka, KOH-
BepTep 1o auHuM BHU3, Gunstp [1Y, nemoxynarop u nexoaep. «Ilomraroseie»
HU3MEPEHUS PaIUOYaCTOTHBIX TPAKTOB BKIIIOUAIOT B ¢€0sl HE TOJILKO aHAIN3
rapaMeTpoB alnaparypbl TpakTa, HO U MapaMeTPOB MPOXOXKACHUST pabouero
CUTHaJIa 110 HEMY. PaccMartpuBas 3Tv mapaMeTpbl, MOKHO BBIJEIUTD
COOTBETCTBYIOIIUE UM I'PYIIIbI U3MEPEHUN YYACTKOB PAIMOYACTOTHOTO TPAKTA:



1) KOHTPOJIb BO3MOKHBIX HAPYIIEHHUH PaOOTHI MOJIEMOB ITPUBOIHT K
HEOOXO0JMMOCTH U3MEPEHHI TapaMeTPOB MOIYJISINH;

2) yd4eT BO3MOXKHOW HETMHEHHOCTH B YCHIIUTEIIBHBIX 3JICMEHTAX MPHBOIUT
K He0OXOIUMOCTH KOHTPOJISI YCHIIUTENEH U U3MEPEHHSI XapaKTePUCTUK yCUIICHUS
JTUX JJIEMEHTOB;

3) ompeneneHre BEPOSITHOCTH MEKCUMBOJIBHOM HHTEpdepeHIn Tpedyer
ananuza punstpoB [TH u PY.

N3mepenust Ha unppoBbix ATC

Bce usmepenusi, npoogaumseie Ha iupoBbix ATC, MOKHO pa3aenuTh Ha
TPU OCHOBHBIE TPYIIIIHIL:

— TECTUPOBAHUE aHAJIOTOBBIX A0OHEHTCKUX JTUHUNU U OKOHYAHUIA;

— TECTUPOBaHUE ITU(POBHIX AOOHEHTCKUX OKOHYAHUI;

- TectTupoBanue nudpossix notokoB MCC u noctyna.
N3mepenus: Ha ananorosbix ATC

OcHOBHBIE U3MEPEHHUS], TPOBOAMMBIE Ha aHATOTOBBIX ATC, MOXHO
pa3zeNnTh Ha CIEAYIOIINE IPYMNIbl: TECTUPOBaHUE A0OHEHTCKUX JIMHUMN U
oxoHvyanuii; rectupoBanue CJI (kananoB TY u curnanuzaium); TeCTUPOBAHUE
owmuaroBbIX cucteM ATCK u o6opynosanus AITYC.

TecTupoBaHue a00HEHTCKHUX JIMHUN M OKOHYAHUH

DTOT BUJ U3MEPEHUH ABIISETCS HanboJiee 0OIIMM TSl BCEX BUJIOB
KOMMYyTaTopoB. [Ipu TecTupoBaHNN MEIHBIX AOOHEHTCKUX JTUHUHN TpeOyeTcs
W3MEPCHHE KaK MEPBUYHBIX, TAK U BTOPUYHBIX ITapaMETPOB MEeIHOM mapsl. J{is
CTaHJapTHOM aHAJOrOBOM Tele(OHUH T0CTaTOYHBIM OyIeT u3MepeHuil nueida,
OalaHCUPOBKH, EMKOCTH TIaphl U 3aTyXxaHus ee B mosioce yactoT ot 300 I'x 1o 3,4
Kkl .

TecTupoBanue HUPPOBHIX A0OHEHTCKUX OKOHYAHUI

OTOT BUJ TECTUPOBaHUS HeoOXxoauM npu oociyxkuBanuu HATC,
npuMeHsitomnx [ISDN-kommyTanuio, a Takxke YIIATC, noaKIrOYeHHBIX MO
udposbM cthikaM ISDN PRI/BRI. CymiectByeT mrpokas HOMEHKIaTypa
npuOOpPOB, C MOMOIIBI0 KOTOPBIX MPOBOJUTCS MOJ00HOE TECTUPOBAHUE HA
Pa3JIMYHBIX YPOBHSIX:



— ©asosoro goctyna (ISDN BRI): IBT-5, IBT-100, IBT-300 (Acterna),
Aurora (Trend Communications), SunSet ISDN (Sunrise Telecom);

— nepeuunoro jgoctymna (ISDN PRI): IBT-200/300, 8630/8631 (Acterna), Any
Test E1 (LinkBit), Aurora (Trend Communications), SunSet ISDN (Sunrise
Telecom).

TecrupoBanue nugpospix norokoB MCC u gocryna

OTO OJIMH U3 CaMbIX paclpocTpaHeHHbIX BU10B TectupoBanus LIATC Beex
ypoBHeil. I[Ipu ananuze nupoBbIX MOTOKOB poBepsitoTcs cThiku E1 Ha ABYX
YPOBHSX: pU3NYECKOM U KaHaiabHOM. Ha pu3nueckom ypoBHE U3MEPSIOTCS TaKue
napaMmeTpsl, Kak: CTPYKTypa U COCTOSTHUE IMOTOKA, CHHXPOHU3aLUs, KO3PPUIUEHT
OLLIMOOK, JPKUTTEP, PU3NYECKHE MapaMETPhI CThIKA (TI0 YPOBHIO U MacKe
uMItysbca). Ha kaHaJIbHOM ypOBHE MPOBEPSIETCS MPABUIIBHOCTD MTPOX0XKICHHUS
CUTHAJIOB B3aUMOJIEUCTBUS PAa3IMUYHBIX KOMMYTAallMOHHBIX CUCTEM MEXAY COOOM.
J171s1 3TOro HeoOXOAMMO MPOU3BOAUTH AEKOAUPOBAHNUE KOMAH/ IPOTOKOJIOB
B3aUMOJICUCTBUS CETEBBIX AJIEMEHTOB.

HN3MmeputesibHOE 000pya0OBaHue 1Sl HU(PPOBOIo TeJIeBUICHUS
AHanu3aTtopsl KauecTBa JEKOMIIPECCUPOBAHHOTO U300paXKEHUSI:

PQA300 Tektronix — ITpubop mo3BoJsieT 3aMEHUTh IPYIIIY HAaOII01aTeIeH,
T.K MIPOU3BOIUT OILICHKY KaueCcTBa N300paKEHUS MTPAKTUUECKH TAK)KE KaK
yenoBedeckuit ria3. ObecneunBaet ObICcTphie, ToUHBbIC H3MepeHus: PQR, PSNR,
MPE/ICTABIICHUE PE3YNIHTATOB JIAHHBIX B TAOJIUYHOU (hopme; mpudop
MPEICTABIIIET M3MEPUTEIBLHYIO CUCTEMY JIJIsl aHaiu3a kadectBa TB u3zo0paxkenus.
AHanM3UpyeT Ka4eCTBO KAPTHUHOK B PEKUME MOBTOPSIEMBIX OO BEKTHBHBIX
U3MEPEHUI, YTO HAMPSAMYIO AyOIupyeT CyObeKTUBHOE YETIOBEYECKOE BOCTIPUATHE.

AHAJIU3aTOPHI TPAHCMOPTHOTO MOTOKA

Cepusi MTS400 Tektronix -

OTtnaguuk/AHanu3aTop KOMIIPECCUPOBAHHOTO IIU(PPOBOTO BUAEO, KOTOPHIH
npeCcTaBisaeT HoBelyo TexHosoruto CaptureVuTM, dukcupyronyto u
aHAM3UPYIOILYIO CUCTEMHbIE COOBITUSI B PEAIbHOM BPEMEHH, ISl YCTPaHEHUS
YepeyIOLIUXCs U CIIOXKHBIX MPOOJIeM, TPOITYCKAEMBbIX OOBIYHBIMU
aHAJIM3aTOPaAMHU.

[To3BomsieT OBICTPO BBIACIATH M YCTPAHATH alllapaTHBIE U CUCTEMHBIC
HEUCITPaBHOCTH. MyJIbTHUILIEKCOP/ IEMYIbTHUIUIEKCOP TO3BOJISET CO3AaBaTh U
MOAU(UITUPOBATH UCTIBITATEIBLHBIC OTOKU. BO3MOXHOCTH OBICTPOTO U TIIyOOKOTO
aHaM3a BEIOPAHHBIX AJIEMEHTOB TPAHCIIOPTHHIX MIOTOKOB, JJIS MMOATBEPKIACHUS UX
(G YHKIIMOHATIBLHOCTH M COOTBETCTBUS CTaHIAapTaM



[TpubGop obecnieunBaet ananu3bl NoTokoB IPTV B peansHOM BpeMeHH 1
JIOKYMEHTHUPOBAHUE PE3YJIbTATOB

AHaJIM3aTOPHI NAPAMETPOB MOAYJISAUMHU U AHAJIN3ATOPHI YACTOTHOIO
CIeKTpa

MTM400 Tektronix ¢ pannodactorabiMu nHTEpPeiicamu QAM, QPSK,
COFDM.

OcHoBHas 3a/1a4a: MOHUTOPUHT TPAaHCIIOPTHBIX MOTOKOB MPEG,
noasepxxuBaeT RF MOHUTOpHUHT ¥ IPOBEPKY NPAKTUYECKH BCEX CYIIECTBYIOIINX B
MUpPE TUIMOB PAIUOYACTOTHBIX MOMYJISIIIUHN I CUCTEM LU(PPOBOTO TEIEBUACHHUS.

Cucrema mouuropunra CATV+

Cucrema obecrieunBaeT HGHTpaJIHBOBaHHBIﬁ KOHTPOJIb aHAJIOT'OBBIX 1
I_[I/ICI)pOBBIX CUTHAJIOB TCJICBUACHUA B KIIIOUCBBIX TOUKAX CUCTCMBI PACIIPCACICHUA
BHUACOCUT'HAJIOB CCTH.

(I)yHKl_[I/IOHa.]IbHOCTI) CHUCTEMBI
I[I/IaFHOCTI/IKa AHaJIOT'OBBIX U LII/ICI)pOBBIX CHUCTCM IICpCaAaun BUACOCHUTHAJIA.

Cucrema CATV+ obecnieurBaeT U3MEPEHUsI aHATOTOBBIX U HU(POBBIX
CUCTEM IIEPElayyl TEJIEBU3NOHHOIO CUTHAJIA.

Jleknus 15. Ikcniryaranus ria00ajJbHBIX ceTel nmepeaavu JaHHbIX
(WAN)

Henanb: nuzyueHne 0COOEHHOCTEN U3MEPEHHUI TI00aTbHBIX CEeTEH
nepenayun gaHabix (WAN).

I'1o6anbHbBIE CeTH nepeaavdu JaHHbIX M UX OKCILIyaTanus

Cetu nepenaun TaHHBIX pazaessitoTcs Ha JokainbHbie (LAN) u rimo0anbHbIe
(WAN). PaccmaTpuBasi COBpeMEHHBIC TEXHOJOTHH (DOPMUPOBAHHUS CETCH
nepeaadn JaHHBIX, MOKHO yKa3aTh, YTO HanOO0JIee TOMUHUPYET TEXHOJIOTHS
Frame Relay, nocne kotopoii unetr rexaonorus ATM.

KomiuiexkcHoe peuIcHue Mo IKCIIyarauuu ceren nepeaavm J1aHHbIX



TexHO0russ U3MEPEHUI B CETSIX MEPEAAUN JaHHBIX BKIFOYAET TPU YPOBHS
TECTUPOBAHUS: aHAIN3 UHTepdeiica, aHaIU3 KaHalla Iiepe/lay JaHHbIX U aHAJIN3
poTOKOI0B. YacTo yHKIIMKU U3MEPEHUI pa3HbIX YPOBHEW HHTETPUPOBAHBI B
OJIHOM U3MEpPUTEIHLHOM MpUOOpe, 0THAKO, 3a/1a41 U3MEPEHUN, TPUHITUIIBI UX
OpraHu3ally U METO/bl MHTEPIPETALUH PE3YIIHTATOB JIJISl Ka’KJOT0 YPOBHS CBOM.

HN3mepenust Ha uHTEp(pencax

Ananus uaTep@encoB ceTell nepenadn JaHHbIX MIPEACTaBIsAeT cOO0H
YI0OHYIO SKCIUTyaTallMOHHYIO IPOLEAYPY Ul TOMCKA HEUCIIPAaBHOCTEN Ha
¢uznueckom ypoBHe. OueHb 4acTo NpoOJIEMBI B CETAX MEPENAYHN TaHHBIX CBSA3AHbI
C HETIPaBUJIbHBIM (DYHKIIMOHHPOBAHUEM UHTEP(PENCOB, B KOTOPHIX UCIIOJIB3YIOTCA
pa3INyYHbIE CIyKEOHbIE CUTHAJIBI: KBUTUPOBAHMSI, CHHXpOHU3auu U T.4. [Ipu
aHanu3e uHTepdeiica MoryT ObITh HalEHBI TPOOJIEMBI, CBSI3aHHBIE C
noJIsIpU3aleil kabenei, a Takke MpOaHaTM3UPOBaHbl pexxuMbl padotsel DTE u
DCE. OnbIT moKa3bIBaeT, 4TO HANOOJBIIIEE KOJTMUECTBO MPOOIEM, HMEIOIIUX
MECTO B COBPEMEHHBIX CETSX MepeAadn JaHHBIX - 3TO MPOOIEMBbI C HEMTPaBUILHOM
pacnaiikoit untepdeiicon I1]1. [ToaTomy ananus uatepdeicoB B mociaeaHee BpeMs
CTaJ Ype3BbIYAHO aKTyaJIbHBIM JUISl OIIEPATOPOB CETEU Mepeiaun JaHHbIX. [l
IPOBENCHUS U3MEPEHUI UCIIOJIb3YIOTCS aHAIM3aTOPbl HHTEP(ENCOB, MOTyUMBIINE
B [IPAKTHUKE HA3BAHHE «UHTEPPEHUCHBIX KOPOOOK».

AHaJIM3 KayecTBa KaHAJIOB

Ha xananbHOM ypOBHE JUArHOCTUPYETCS] OCHOBHOM mapameTp IudpoOBbIX
KaHaJo0B - mapametp ommoku (BER) kadecTBe OCHOBHOW METO0JIOTHH
WU3MEpPEeHUi 3/1ech BrIcTynaeT pekomeraamnus G.821. AHanu3aTopsl KAHAIBHOTO
YPOBHSI MPEJICTABISIOT COOON pa3IU4HbIe TPUOOPHI, BHICTYTIAIONINE B KAUYECTBE
reHepaTopa U aHaJIn3aTopa rncesnociaydaitnon nocnenoBarensuoctu (I1CIT).

AHaJIM3aTOPBI MOTYT OBITh KaK MPOCTHIMU, TTOIICPKUBAIOIIUMHU OJIUH WU
HECKOJIbKO UHTEP(ENCOB, TaK U CI0KHBIMU U 1K€ COBMEIIIEHHBIMU C
aHanmm3aropamu KM.

Yacto MHOTODYHKIIMOHANIbHEIE aHan3aTOpbl BER nMeroT B cBoeM coctaBe
WHUKATOPbl MHTEP(PEHCHBIX CUTHAJIOB, MTO3BOJISIONINE JUATHOCTUPOBATH TOUKY
TOIKJTFOUCHUS, YTO SABJISCTCS 3aJIOTOM YCTICIITHBIX H3MEPEHUH.

AHau3 IPOTOKOJIOB B CETHAX NMepeaaum JaHHbIX

TpeTbruM ypOBHEM U3MEPEHHUM U DKCIUTYyaTAllUH SIBJISIETCS AHAIU3
IIPOTOKOJIOB C LIENBIO TOMCKA U YCTPAHEHUS JIOTUYECKUX MPOTUBOPEUUH TTPU
B3aMMO/ICHCTBUU PA3IUYHBIX YCTPOMCTB. OT€UECTBEHHBIE CBSI3UCTBI PEAKO
CTaJIKUBAETCA C MPOoOJIeMOii, Tpebyromei ananu3a npoTokooB. K Takum
npobsieMaM MOTYT ObITh OTHECEHBI:



— Jlorudeckue HapyIICHHUS B3aUMOJICHCTBUS B TOUKAX CTHIKA PA3HOPOIHOTO
o0opyaOBaHUSI.

— Hapymienus B padote npuioxxennil. OObIYHO OHU CBS3aHBI C JIOTUYECKUMU
MPOTUBOPEUMSIMHU B TOUKAX MOJKIIOUEHUS OKOHEYHOTO 000PYAOBaHUS K CETH.

CocTaB KOMILJIEKCHOT'O pemIcHus

W3 Bcero nepeunciaeHHoro BhIIIE CIEAYET, UTO LEIECO00pa3HO pas3/IeanTh
KOMIUIEKCHOE PELIEHUE HA JIBE OCHOBHBIX YaCTH - KOMILJIEKTHI JUISl HHCTAJUISALUU U
HKCIUTyaTallMM ceTel Nepesadyn JaHHbIX U KOMIUIEKT JUIsl aHaJIn3a IPOTOKOJIOB.
[TepBas yacTp BKIIIOYAET B €051 HECKOJIBKO BAPHUAHTOB Pa3IMYHON CTOUMOCTH U
COCTaBa, BTOpasi 4aCTb COCTOUT U3 OJIHOTO MaKeTa ¢ NOJHON (PYHKLIMOHAIBHOCTBIO.

Tunbl anaau3aTopoB

Ananuzarop J2300D no3BosisieT aHaaTu3upoBaTh BCE OCHOBHBIE
kommyHuKarronHsie mpotokosisl WAN ot 50 bps 1o 2 Mbps: Frame Relay, ISDN,
X.25, HDLC, SDLC, SNA, acuaxponnsiit PPP u unkancynuposanasie LAN
IIPOTOKOJIBI, paboTatouiue B riiodanbHoi ceTu. ce ocHoBHbIE WAN nHTepdeiics!,
takue kak RS 232/V.24, RS449/ 422/423, V.10/V.11 u V.35, yxe BCTpOCHBI B
mwatgopMmy.

Oco0eHHOCTBIO aHaIM3aTOPa SIBJISIETCS COUETaHUE BO3MOXXHOCTU U3MEPEHUI
napameTpoB UHTEP(HENCOB ¢ MOIIHBIM JEKOAUPOBAHUEM MMPOTOKOJIOB.

JlekoIMpoBaHHbBIE COOOIICHUS TTPEACTABIICHBI B TPEX OKHAX: OT/ACJIBHO
pocTas Tpacca NpoTOKoJIa, AETAITU3UPOBAHHAS TpAcca C MUPOKUMHU
BO3MOKHOCTSIMU (DUIIBTPAIIMH U IECTHAAIATUPUYHOE TPEICTABIICHNE JaHHBIX.

AHanm3aTop KaHajioB nepenaun JaHHbIX LYNX sBisieTcst y100HBIM
MOPTATUBHBIM MTPUOOPOM, HEOOXOAUMBIM MPU 00CTY>KUBAaHUU CUCTEM
COBpPEMEHHOU U POBOU TeePOHUYU U TIepeaadyn JaHHBIX.

AHanuzarop o0ecneurBaeT TECTUPOBAHUE OCHOBHBIX MHTEP(PEHCOB
nepeaaur JaHHBIX ¥ aHau3 o napamerpy ommoku (BER) kananoB nepenayu.

Crarucruyeckasi 00pad0TKa M IKCIIEPTHAsI CHCTEMA

JIOTIOTHUTENBHO aHANU3aTop obecrneunBaeT cOop U 00pabOTKy
CTaTUCTUYECKOU MH(OPMALINU, KOTOPAsl IO3BOJISIET OIEHUTH MPOU3BOIUTEIHHOCTh
CEeTH Tepeiayyl JaHHBIX, HATHYNE B HEH HEMCIPABHOCTEH U X COBOKYITHOE
BJIMSHUE HAa pab0TOCIIOCOOHOCTh M HA/IEKHOCTh ceTH. BeTpoenHas skcnepTHas
CHCTEMa MO3BOJISIET IPOBECTH CKAHUPOBAHUE CETH Ha MPEMET HATUIUS B HEH
HEUCTIPAaBHOCTEH M aHAJIU3 MPUYUH WX BOSHUKHOBEHHHI.



Ananuz TCJIICKOMMYHUKAIMMOHHBIX IIPOTOKOJIOB U aHAJIU3 LAN.

[TonBwxHBIe MOy 100aBIOT GyHKIMU 11 TecTupoBanus ISDN BRI u
PRI, DS-1/E1, DS-3/E3, OS-3c/ STM-1. Moayiu, mOACTHIKOBBIBACMbIE CHU3Y
TakKe JT00aBJISIOT criocoOHocTH st pabotel ¢ Ethernet, switched Ethernet, Fast
Ethernet, Gigabit Ethernet, FDDI, token-ring LAN.

Anammzarop ATM

AHanu3atop o0ecreurnBaeT MOJHBIA MPOTOKOI-aHanu3 Tpaduka ATM,
pa3IMyYHBbIC CXEMbl HHKATICYIISIUN U IEKANCYJIAINN TpaduKa JIOKaTbHBIX U
TII00ANBHBIX CeTeH, 00eCednBaeT TOYHOCTh BPEMEHHBIX METOK Tpacc 10 10~ ¢,
YTO MO3BOJIsIET A((HEKTUBHO MCTIONB30BaTh €T0 s aHainu3a ceteid ATM BIIoTh
1o ckopoctu STM-1 - ckopocTh, HanboJee YacTo UCMOIb3yeMasi Ha YPOBHE
IIPUJIOKEHUN COBPEMEHHBIX TEIEKOMMYHHKaINU. CeMENCTBO aHAIMU3aTOPOB
bepkyt (BERcut) npencrasisier coboii yHUBEpCAIBHOE PELICHUE TSt
IKCIUTyaTaIlil COBPEMEHHBIX THOPUAHBIX CETEH CBS3M HA YPOBHE JIOCTYIIA.

Konuenuus ceMeiicTBa aHAJIM3aTOPOB

Pemienue 3a1aun KOHTPOJISi COBPEMEHHBIX CETEU JOCTYMa B YCIOBUSAX
MyJIbTUTEXHOIOTHYeCKOU cucTeMbl NGN MOKET ObITh BBITIOJTHEHO IBYMSI
pa3HbIMU crioco0aMu. MokeT ObITh pean30BaHa CTpaTerusi yHUBEPCAIBHOTO
puoopa, 00ECIEeYNBAIOIIETO U3MEPEHUS B CAMBIX Pa3HbIX TEXHOJIOTHSX.
CewmeiictBo bepkyT peraeT npobsieMy BbIOOpa CTpaTeruy, MOCKOJIbKY BKIIIOYAET B
cebs ynupepcanbuyto miatrdpopmy BERcut-MMT u cemetictBo
crenuanu3npoBanubix anaau3atopoB BERcut-E1, BERcut-ADSL, BERcut-GE1/2,
BERcut-CATV1/2 u BERcut-SDH.

JIist cienranu3upoBaHHbIX 3a7a4 (HampuMep, TUarHoCTUKAa CeTMEHTa
ADSL) onepatop MOKeT UCIOJIb30BaTh crienuain3upoBanHblii mpuoop BERcut,
oOecrieunBas enieBoe 1 3PPEeKTUBHOE pElIeHUE CHEeMAITU3NPOBAHHBIMU
cpeacTBaMu. /{11 KOHBEPTEHTHBIX CETEU MOXKHO UCIIOJIb30BATh YHUBEPCAIbHBIN
npubop BERcut-MMT, koTopslii o6ecniednT PyHKIITMOHAIBHOCT U
MHOTOMOAYJIBHBIN peXUM pabOThI.

Cneunaan3npoBaHHbIE AHAJIU3ATOPHI IJIA TPAAMINOHHBIX CeTeii:

— BERcut-E1 — naun6onee pacnpoctpaneHHast MOJI€NIb CEMENCTBA,
obOecrieunBaroIias BCECTOPOHHUN aHaln3 NoTokoB El;

— BERCcut-SDH — o6ecnieunBaet Bce GyHKIIMM TECTUPOBAHUS TPAAULIMOHHBIX
cerert PDH u SDH na ckopoctsix El, E2, E3, E4, STM-1, STM-4 u STM-16.

Cneunaan3npoBaHHbIe AHAIU3ATOPBI 1J14 ceTeil NGN:



BERcut-ADSL — ananu3zatop cereit ADSL/ADSL2/ReADSL/ADSL2+;

— BERCcut-GE1 — onnonoproBsiit ananu3atop Ethernet/Gigabit Ethernet;

BERcut-GE2 — nByxmoproBerii ananmuszarop Ethernet/Gigabit Ethernet;

— BERcut-CATV1 — ananuzaTtop ceteil kabeapHOro TeJIeBUICHUS, T10
KOTOPBIM TipenocTaBisitores yeayru Muatepuer, Triple Play u IPTV;

— BERcut-CATV2 — ananuzatop ceteit udpoBoro kabeabHOTO TEIECBUICHUS
DOCSIS, no xotopsiM nipeaocrtaistoTes yenyru Uarepuer, Triple Play u IPTV;

— BERcut-SDH — ananuzatop cereit Metro-SDH, nmo koTopbIM niepenaercs
tpaduk Ethernet u Triple Play;

— BERCcut-EP — ananuzarop nonbs3zoBarensckux cereit Ethernet u cuctem
nocryma PON.

Bce ananuzaTtopsl 3TOM rpymnnbl OCHAIEHB! (PYHKITUSIMHA KOHTPOJIS YPOBHS
IP, Ethernet, L2/1.3/L4 u L7, Bkitouas koutposs Triple Play, FTP, Web, IPTV,
VoIP. Kpome Toro, /jisi JMarHOCTUKH IOMOBBIX CETEH BCE aHAIM3ATOPhl UMEIOT
o WiFi.

KOHBepFeHHI/Iﬂ B CETHAX J0CTYIIA

Bce nmpubopsl cemelictBa bepkyT UMEIOT 00ITYI0 METO0JIOTHIO0 U3MEPEHUM
Ha ypoBHsx [P, Ethernet u o6ecnieunBaioT eAMHYIO METPUKY ITapaMETPOB Ka4eCTBA
coBpeMeHHBIX yciryr NGN: Web, FTP, IPTV u VolP. B pe3ynbsrare B
KOHBEPIeHTHBIX CETAX, e MeroTcs cermeHThl cereir ADSL u Gigabit Ethernet,
OKa3bIBA€TCS BO3MOXHBIM CPAaBHUBAThH PE3YJIbTATHl U3BMEPEHUN U TPOBOAUTH
JIMarHOCTUKY CKBO3HOTO COEMHEHUS.

KonBepreHnuus Tpancnopra u 10cTyna

Kpowme Toro, ananuszaropsl cemencTBa bepkyT noanep;xuBarot
BO3MO>XHOCTH 110 TECTUPOBAHUIO KOHBEPIEHTHBIX CETEH TPAaHCIOPT-AOCTYIL.
Cneunansroe 10 na abonenTckux ananuzaropax BERcut-MMT no3Bossier
JTUCTAHIIMOHHO YIPABISTH aHAIM3aTOpoM SmartBits, popMupyst orpeneeHHbIin
npodwib Tpadrka U TeHEPUPYS €ro Ha TECTUPYyeMOoe aOOHEHTCKOE OKOHYAHUE, TJIe
noakioueH BERcut. Ilpuaumas tectoBsiii motok ot SmartBits, BERcut-MMT
BBITIOJIHSAET U3MEPEHMSI IO JIMHUM «BHU3» JJIs1 TH000T0 MHTEepdeiica mogKIoueHus
(ADSL, Ethernet, GE u nip.). [Ipon3BoauTtenbHOCTh aHanu3aropa SmartBits
M03BOJIsIET Ucodib30BaTh Oosee 100 ananmzaropoB BERcut Ha onun
TPAaHCIOPTHBIN aHanu3arop SmartBits.



3a cuet pa3paboTaHHOTO AITOPUTMA aHATN3a OKA3bIBACTCS BO3ZMOKHBIM
peluTh MpoodsieMy KOHTPOJIA mapaMeTpoB kadectBa (QoS) yposueit L2/L3/L4 u
L7 ¢ «omHOTrO KOHIIA».

Hcnonbs3oBaHne eAMHON METPUKH APAMETPOB KAYECTBA B aHAIIN3ATOPE
SmartBits n ananuzatope BERcut no3Bosnsier cpaBHHBaTh MapaMeTphl KayecTBa HA
YpOBHE TPAHCIOPTA U HA YPOBHE JIOCTYIIA, TEM CaMbIM (POPMHPYSI €TUHYIO
CUCTEMY JKCIUTyaTallMy TPAHCIIOPTA U TOCTYIIA.

MHoOroypoBHeBoOe peuieHue

Jlist popMUpOBaHUS MHOTOYPOBHEBOW CUCTEMBI SKCIUTyaTallud CEMEUCTBO
BepkyT BKIIIOHUAETCS B €IMHYIO CUCTEMY TEXHUYECKUX pEUIEHUM, 00BEAMHEHHYIO
€IUHON METOAO0JIOTHEN TECTUPOBAHNS, €IUHBIMY IAPAMETPAMU U3MEPEHUS U
€AMHOU METPUKOMN aHaJIN3a.

Ha ypoBHe TpaHcnopTa UCIOJIB3YIOTCS aHAIU3aTOpbl SmartBits u cucremsl
MoHuTopuHra EtherNID.

Ha ypoBHE KOHBEpTE€HTHBIX CETEH TPAHCTIOPTA M IOCTYTA UCTIOIB3YIOTCS
yHUBepcaibHbie aHaan3atopsl BERcut-MMT.

Ha ypoBHE aOOHEHTCKUX CETeM UCTOIB3YIOTCS CIICIIMATIN3UPOBAHHbBIE
aHanm3atopel cemeiictea BERcut.

I/IHTeraHI/Iﬂ AHA/IN3aTOPOB B ABTOMATU3UPOBAHHBIC CUCTEMBbI
IKCILIyaTaluun

Bce npubopskl cemeiicTBa MOTYT UCIIOJIB30BATHCS B TPEX PEKUMAX:
— OTAENbHBIN TPUOOD;

— TepMUHAaJ JiJIs cOopa ¥ MepBUYHON 00pabOTKH JIAHHBIX B CUCTEME
nacrnoptuzauu OSS

- y,HaﬂeHHbIﬁ MOAYJIb CUCTCMbI MOHHUTOPHHTI'A.

3a cuer 0OBeMHEHUS TPUHITUTIOB PACTIPECIICHHBIX U IIEHTPATN30BaHHbIX
CHUCTEM 3KCIUTyaTaluuu aHaim3atopbl BERcut MOTyT HCIIOIB30BaThCS B CETAX €
pPa3HBIM YPOBHEM aBTOMATHU3AIINH CIIY>KO dKCIUTyaTaIlluu — OT TPAIUIIMOHHBIX
ceTe, 10 COBpeMEHHbIX KoHuenui OSS.

B ananuzaropax BERcut 0b110 npensioxkeHo UCroib30BaTh YIaJeHHOTO
porpaMMHOe oOecTieueHre YHU(DHUIIMPOBAHHOTO TUTIA, KOTOPOE MTO3BOJISCT:

1 BeImojHATH orncpanuu C 1MoJUMBapHaHTHBIMHY MCTOAWKAMHA U MCTPHUKaMU



2 HactpauBaTh HHOUBUAYATIbHBIE OTYETHI 00 U3MEPEHUSIX U (POPMUPOBATH
JIOKaJIbHBIE U paclpe/iesIeHHbIe 0a3bl JaHHBIX TEXHUYECKOIO yueTa U’
TEXHUYECKOT0 ayIuTa

3 Yaanenno HactpauBath mpubop yepes cets TCP/IP, momydas ot Hero
JIAHHBIE B PEKUME PEaIbHOTO BPEMEHHU

4 BeicTpo U 2PPEKTUBHO YIPABIATH KOMIUIEKTAIIMEH TPHOOPOB

Hannuue [10O ynaneHHOro 10cTyna HOBOTO MOKOJICHHS TTO3BOJISIET
UHTETrpUpoBaTh aHanu3atopsl BERcut B mo6sie nH(OpMalIMOHHO-TEXHUYECKUE
CUCTEMBI ynpaBieHus. TeM caMbIM Ha OCHOBE CEMENCTBA MOKET OBITh IOCTPOEHA
KOHIIETIIIHUS aBTOMAaTU3UPOBAHHON cucTeMbl dkciutyatanun (ACOTD).
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