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1 Opranu3zanus U NpoBeIeHNE MPAKTUYECKUX 3aHATHI

esn npakTHYeCKUX 3aHATHIM:

- MOMOYb OOYYaroImMMCSI CHUCTEMAaTH3UPOBATh, 3aKPEHNUTh U YIIIYOUTh 3HAHUS TEOPETHYECKOIO
Xapaxkrepa;

- Hay4uTh CTYJEHTOB IMpUEMaM pEIICHUS TMPAKTUYECKUX 3a/ad, CIIOCOOCTBOBATH OBJIAJICHUIO
HABBIKAMU ¥ YMEHHUSIMH BBIITOJIHCHUS PACUETOB, TpaUUECKUX U JPYTUX BUIOB 33[aHUI;

- HAy4UTh UX paboTaTh C KHUTOH, CIIy>)KeOHOM TOKyMEHTaluel U cXeMaMH, MOJIb30BaThCsl CIPaBOYHON
Y Hay4YHOU JIUTEpaTypou;

- (QopMuUpOBaTH YMEHHE YYHUTHCS CaMOCTOSTEIBHO, T.C. OBJIAJEBAaTh METOJAMH, CIOCO0aMH H
npueMaMu caMOOOYYEeHHS, CAMOPA3BUTHUS U CAMOKOHTPOJIS.

IIpakTnyeckue 3aHATHSI — METOJ PEIPOIYKTHBHOTO OOydeHHs, o0ecneuyuBaIOLIUil CBA3b
TEOPUM U NMPAKTHKH, COACHCTBYIOIMI BbIPAa00TKe y CTYJCHTOB YMEHUN M HABBIKOB IPUMEHEHUS
3HAHMA, TTOJyYESHHBIX Ha JICKIIUU U B XOJI€ CAMOCTOSTEIILHON paOOTHI.

[IpakTUueckue 3aHATUS UTPAIOT BAXKHYIO POJIb B BBIPAOOTKE Yy CTYZICHTOB HAaBBIKOB MTPUMEHEHUS
MOJIYYEHHBIX 3HAHUM 7151 PEILICHUs] IPAKTUUYECKUX 3a7a4 COBMECTHO C IIPENOIaBATEIIEM.

CTpyKTypa NpaKTUYECKUX 3aHATUMN:

1. Bcrymienue npenoaaBaresns — SMUH.

2. OTBeTHI Ha BOIPOCHI CTYJICHTOB IO HESICHOMY Marepuany — no 10 MHH. BHadajie U Jajiee 1o

Mepe He0OXOTUMOCTH.

3. Ilpaktuueckas 9actb — 10 160 MuH.

4. 3axkIrouuTeIhbHOE CIOBO MPEToaBaTess — 10 SMUH.

[IpakTuueckue 3aHATUS MPEACTABISIOT COOOW 3aHATHS MO PEHICHUIO PAa3IUYHBIX MPUKIIAIHBIX
3a/1a4, TEOPUTUYECKUN MaTepuan Jjs KOTOpPBIX OB JaH Ha JeKIusiX. B uTore y Kaxmaoro
oOyuJarorierocsi JokeH ObITh BhIpabOTaH OIpeneleHHbIH MPO(eCCHOHATBHBIN MOAXO0 K PEIICHUIO
KaXJI0M 3a1auu U MHTyunus. Ha mpakTuyeckue 3aHsATHS BBIHOCATCA 4YeThIpe 3amauu. [IpenomaBarens
CTPEMHUTCSI K TOMY, YTOOBI 3aHATHE JaBajo IEJIOCTHOE IMPEACTABICHHE O MPEIAMETe U MEeTO/Aax

H3y‘-IaeM0ﬁ AUCHUIIIIMHE, TPUYCM MCTOANYCCKAA (I)YHKI_II/IH BBICTYIIACT 31€Ch B KAUCCTBC BCJIyIJ.ICfI.



[IpakTueckoe 3ansitue 1

[TocTpoeHue TMHENHOTO CIIEKTpa

3amanue
[ToctpouTh NUHEIHBIN criekTp g 60-TH KaHAJIOB

Hcxonnpie JaHHBIC:

1. 60 curaajgoB TOHAIBLHOH YaCTOTEHI.
2. UnnuBuayaabHbIX HECYIIUX

-3

-12.

KpaTKI/Ie TEOPETUICCKUEC CBECACHUA

HeoOxonuMocTh MHOTOKpaTHOI'O IPeoOpa3OBaHUsl BBITEKAET W3 CIEAYIOUIMX HPOCTHIX
paccyxnaenuii. [Tycte Tpedyercs paspadborats CIT ¢ UPK Ha ynciio kaHainoB TOHAIBHOHN 9acTOTH N =
60, TMHEeNHBIN CIEKTP KOTOPOM 3aHMMAET M0JIoCcy 4acToT oT 12 no 252 kI,

Haubonee mpocto chopMupoBarh JIHWHEHHBIH CIEKTP OJHOM CTYNEHBIO MpeoOpa3oBaHMUs,
noJiaBasg Ha KaXIbpld KaHanbHBIM MoaynsaTtop (KM) mepBuunblil TenedOHHBIH CHUTHAIA C MOJOCOM
gactoT 0,3...3,4 k'l ¥ cBOIO HeCyIyto 4acToTy: Ha nepBblit kanan f1 = 12 k['u, Ha BTopoit kanan 2
= 16 x['n u Tak ganee yepes 4 k', Ha MICCTUAECATHINA KaHa! MMojaeTcs Hecyas vactorta f60 = 248
k[, ¥ BBIAENSST BEPXHIOIO OOKOBYIO IMOJIOCY 4acToT. Jist mepBoro kanama sto Oyamer 12,3... 154
k[, nos BToporo -16,3... 19,4 xI'ny u Tak nanee, st mectugecstoro 248,3...251,4 kI'u. Kananbabie
nosiocoBbie puibTpel (KIID) mnsa kananos, 3anuMaromux mnojocy 4actot ao 30 k[, Moryr ObITh
peanusoBanbl Ha LC-anemenrtax; or 30 no 60 k[l HET COOTBETCTBYIOLIEH AJIEMEHTHOM Oas3bl,
peanusytoneit KII® orpeuaronux TpeOOBaHUAM K BEIMUWHE KPYTH3HBI XapaKTEPUCTUKH 3aTyXaHUS
B [193; B monoce yacror ot 60 1o 110 x['u KII® Moryr ObITh peaqn3oBaHbl HA OCHOBE KBapIEBBIX
WM MarHUTOCTPUKIIMOHHBIX PE30HAaTOpoB; B mosoce yactoT oT 130 go 200 xI'm BO3MOXHO
MPUMEHEHHE DIIEKTPOMEXAaHMYECKHX WM TMhe3oKepamMuueckux ¢uibTpoB. CreaoBareinbHO, TaKOM
croco6 (opMHupOBaHHS JMHEHMHOTO CIEKTpa MPUBOAMT K 3HAUMTENbHOW pasHoTunHocTu KIID,
pea30BaHHBIX Ha Pa3IMyYHON 3JIeMEeHTHOH Oase, T.e. TpeOyroTcst 60 pa3nnyHbIX GUIBTPOB C pa3HOM
AJIIEMEHTHOM 0a30il. DTO yCIOXHSAET NPOU3BOACTBO M SKCILTyaTallMi0 KaHaJI000pa3yroIIero
o6opynosanus CII c YPK.

Bo3moxxHo u gpyroe ¢dhopmupoBaHHME JHHEHHOrO criekTpa. Jns peanusanuu KaHaIbHBIX
MOJIOCOBBIX (DPUIIBTPOB BHIOMPACTCS TUANA30H YaCTOT, SBIISIOMIMNACS ONTUMAIBHBIM ISl KOHKPETHOM
DIIeMEHTHOM ©0a3pl W B mpeaenax Kotoporo (opmupyercs nl xananbHbIX curHanoB OBII,
3aHMMAOIIUX HE MEePeKPhIBAIOINE MOIOCh YacToT. CTymneHb (OpMUPOBAHMS TPYIIIOBOTO CUTHAIA
Ha nl KaHANBHBIX CUTHAJIOB HA3BIBACTCS CTYNEHBIO WHAMBUAYAILHOTO MpeoOpazoBaHus. OTMETHM,
YTO YHCIIO KaHAJIOB Ha CTYNEHU MHAMBHUIYaJIbHOTO Mpeodpa3zoBaHus n, KpaTHO yuciy kaHanoB N CII
¢ UPK. Crnenyromue CTyreHH TpeoOpa3oBaHUs SBISIOTCS TPYNIOBBIMH U TPEIHA3HAYAOTCS IS
CO3JIaHUs U3 N2 OJIMHAKOBBIX IO CHEKTPY Nl - KaHATBHBIX TPYIIIOBBIX CUTHAJIOB OOIIEro rpyIinoBOTro
g-kaHajgpHOTO curHama (rae q = nln2), 3aTeM Ui CO3/MaHUS M3 N3 OJAMHAKOBBIX TO CHEKTPY (-
KaHaJbHBIX TPYIMOBBIX CHUTHAIOB oO0IIero rpymmoBoro N-kaHampHOro cur"ana (rme N = n3
=nln2n3) u t.a. llocnemHsiss CTymeHb TPYIIIOBOTO TMPeoOpa3oBaHUs TMpeaHa3HAYACTCS IS
npeoOpa3oBaHus CHEKTPOB MOJYYCHHBIX MHOTOKAaHAJIbHBIX TPYIIMOBBIX CHTHAJIOB, COJEPKalIUX
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HEO0OXOMMOE YHCIIO KaHAJIbHBIX CUTHANIOB, B MuHeHHbIN criekTp CII ¢ UPK, npennasnaueHHbId nist
nepenaun o JuHuu. CTPyKTypHasi cxeMa, MOSICHSIoIas MPUHIUIT MHOTOKPATHOTO TIPeoOpa3oBaHus
4acTOThI, OKa3aHa Ha pucyHke 1.1.
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Pucynok 1.1 - IIpuHIiun MHOrOKpaTHOTO npeoOpa3oBaHMs YaCTOThI

OkoHeyHas anmaparypa BCEX MHOTOKaHAJbHBIX CHUCTEM II€pelayd CTPOUTCS Ha OCHOBE
TUTIOBOM TIpeoOpa3oBaTenbHOW ammapaTypbl. [Ipu co3maHum 3TOM ammapatypbl YYHUTHIBaJIach
MpakTUKa MOCTpoeHus ee B Jpyrux crpaHax M pexomenganuu MKKTT, tak kak oHa JoJKHA
obOecreunBaTh OpPraHU3alMI0 KaK HAIIMOHAJIBHOW, TaK M MEXIyHAapOoaHOU cetu cBs3u. [losTomy B
TUTIOBOW TpeoOpa3oBaTeNbHON  ammaparype B~ HAcTosIee BpeMs, MPUHATO CIEAyroliee
rpynnoobpazoBanue. B kadecTBe MEpPBUYHON TPYMIBI HUCHONb3yeTcsl 12-KaHanbHas TpyIIa.
Bropuunas rpynmna ¢gopmupyercs myreM oObeAMHEHUS AT NEPBUYHBIX TPYIIIL.

Coneprxanue u 0ohopMIICHHE OTIETa



OTuer J0KEH COIepKATh:

1. Temy, IOCTaHOBKY 3a/1auHu.

2. KpaTkue TeopeTuecKkue CBEICHUS.

3. CxeMy 4aCTOTHBIX TPeoOpPa30BaHUM.

4. CTpyKTYpHYIO CX€MYy MHOTOKaHAJIbHOM CUCTEMBI Iepeaayu.
5. BeiBOonbI.

KOHTpOJ’IBHHe BOITPOCHKI:

Kakue npeoOpa3oBaHus BHIIOIHIIOTCS IPU NOCTPOCHUH JIMHEHHOTO CrieKTpa’?
Ji11 4yero UCNoNb3yr0TCSl HECYILIUE YaCTOThI?

Ha3nauenue mosocsl pacuiIbTPOBKH.

Kakumu cioco6amu MOXKHO peann30BaTh MOCTPOCHUE TMHEWHOTO CIIEKTpa?
Kakyto 3a1a4y BBIITOJHSIOT OJ0COBbIE (PUIBTPHI?

© ks wbhpE

Yro aBnseTcs OIIpCACIIAIOIINM ITPH ITIOCTPOCHUHA JIMHEHMHOT O cneKTpa?

Crmcok PCKOMCHAOBAHHbBIX HCTOYHHKOB

1. T'opauenko B.H., Teepeukuii M.C. MHOrokaHajgbHble T€IE€KOMMYHUKAIIMOHHBIE CHUCTEMBI.
Yuebnuk st By30B. M.: ['opstuas munust - Tenexom, 2013.

2. Kpyxmanes B.B., 'opauenko B.M., Mouenos A.Jl. Lludpossie cuctemsl nepenadyn. YueOHOE
nocobue s By30B / moj peaakiueit A.Jl. MouenoBa. — M.: ['opsiuas nunust — Tenexowm,
2012.

3. LudpoBbie u aHaIOroBBIE CUCTEMBI Nepeqaun. YUeOHHK Uil By30B / moj peaakiueit B.U.
WBanoBa — 2-oe u3ganue — M.: ['opsiuas munaus — Tenexom, 2005.



[TpakTrueckoe 3ansTre 2

[IpeoOpa3zoBanus curHasna 3JIeKTPOCBI3U

3aganue

[TpeoOpa3oBaTh HCXOIHBIN TeIePOHHON CUTHAI TS Tepeaadn B U poBOM BHIE.

Hcxonnple qaHHbIC U1 3ajaHUs TTPEACTaBICHBI B Ta0bmuie 2.1.:

Tabmuna 2.1 — [NapameTpsl curnana i npeoOpa3oBaHuit

Buj curnana Uosin(wt+@o)
VcXo1HBIN CUTHAI I"apmoHHUeckuit
Yacrora, I'g 1100
Ammtyaa Uo, B 3

HavaneHas asa @o, rpaj 0
Yucio pas3psiioB mpu 3
KOJIMPOBAHUU

Kparkue Teopernueckre cBeAeHUS

Jns mpeoOpa3zoBaHus JIIOOOTO aHAJIOTOBOTO CHUTHANa (3ByKa, M300pakeHHs) B IH(POBYIO
q)OpMy H€O6XOI[I/IMO BBIIIOJIHUTH TPU OCHOBHBIC OICpallvu: JUCKPETU3ALUIO, KBAHTOBAHUC U
KOJIUPOBAHUE.

[Tpunun GopMupoBaHus UPPOBOrO TPYNIOBOrO CUTHANIA MPECTaBiIeH Ha pucyHke 2.1.

y

a
Anarozosvtil . .
D20 N ik — AHMx HKM
cuzHAT Huckpemuszayun Z Ksanmoeanue i Koduposarnue —udposoii
AM CHUZHAT
AHM:zp|
;\F
Pucynox 2.1 - [Ipunuun ¢popmupoBanus 1uppoBoro IpYIIIOBOTO CUTHAJIA

Juckpernsanus - MpeaCcTaBlIeHUe HEIPEPBIBHOIO aHAJIOTOBOI'O CUTHAJA IOCIEA0BATEIBHOCTBIO
€ro 3Ha4eHHi (0TCYETOB). DTH OTCUETHI OEPYTCS B MOMEHTHI BPEMEHH, OTAENIEHHbIE APYT OT Apyra
MHTEPBAJIOM, KOTOPbII Ha3bIBA€TCS MHTEPBAIOM AMCKpETH3aluu. BennunHy, oOpaTHyI0 MHTEpBaIy
MEXy OTCYEeTaMH, Ha3bIBAIOT YaCTOTOW IMcKpeTu3anuu. Ha pucyHke 2.2 moKa3aHBl MCXOIHBIN
AQHAJOTOBBIM CHTHAl M €ro JHUCKPEeTH3MpoBaHHas Bepcus. KapTUHKM, IpUBEIECHHBIE TIOJ
BPEMEHHBIMH  JUarpaMMmaMH, IIOJIy4€Hbl B  IPEANOJIO0KEHHHM, YTO CUTHAJIBl  SBJIIFOTCS
TEJICBU3UOHHBIMA BHJICOCUTHAJIAMH OJHOW CTPOKM, OJMHAKOBBIMM [UIsI BCETO TEIECBU3MOHHOIO
pactpa.
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Pucynok 2.2 - Ananoro-uudpoBoe npeodpaszoBanue. JJuckpeTusamms.

Uem MeHblIE MHTEpBaJ JUCKPETU3ALMM U, COOTBETCTBEHHO, BBIIIE YacTOTA JMCKpPETH3aluy,
TEM MEHBIIE pPa3Iudusl MEXAY HCXOJHBIM CHUTHAJIIOM M €ro JIUCKPETU3UPOBAHHOM KOIMEH.
Crynenuartasi CTPYKTypa AMCKPETU3MPOBAHHOIO CHUTHAIa MOXET OBbITh CIVIaK€HAa C IOMOIIBIO
buibTpa HIWKHUX YacTOT. TakuM 00pa3oM U OCYIIECTBISIETCS BOCCTAHOBIIEHHWE AaHAJIOTOBOTO
CUTHAJIa U3 TUCKpeTH3upoBaHHOr0. Ho BoccTaHOBiIeHHE OYJET TOUHBIM TOJIBKO B TOM CIy4ae, eCiu
4yacToTa AUCKPETU3AlMU 110 KpallHel Mepe B 2 pa3a IPEBbIIIAET IUPHUHY [T0JIOCHl YACTOT UCXOIHOTO
AQHAJIOTOBOT'0 CHTHajia (3TO yCIIOBUE OlpenensieTcss u3BecTHo TeopeMoil KorenpHukosa). Ecnu ato
YCIIOBUE HE BBIMOJIHAETCS, TO JUCKPETU3ALMS COIIPOBOXKIAETCS HEOOPATUMBIMH UCKaXXKeHUAMHU. Jleno
B TOM, 4YTO B pe3yJbTaTe JWCKPETU3allMd B YacCTOTHOM CIEKTPE CHUTHaJla IOSBIIAIOTCCA
JIOTIOJIHUTEJIbHbIE KOMIIOHEHTBI, PacroJjlararoluecs BOKPYT FApMOHHUK YacTOThl JUCKPETU3AIMU B
JMara3oHe, pPaBHOM YJIBOCHHOW IIMPUHE CHEKTpa HCXOJHOI0 aHaJIoroBoro curHaia. Ecnum
MaKCUMaJlbHasi 4aCTOTAa B YaCTOTHOM CIEKTPE aHAJIOTOBOI'O CUTHAJIA MPEBBIIAET MOJOBUHY YaCTOThI
JUCKpETU3allui, TO JIONOJIHUTEJIbHbIE KOMIIOHEHTBhl NOMNAJal0T B IOJOCY YacTOT MCXOAHOTO
AHAJIOTOBOTO cUrHaia. B aToM ciydae y)ke Helb3s BOCCTAHOBUTH UCXOAHBIN CUTHAT 0€3 NCKaKEHUI.

KBaHTOBaHME TMpeACTaBIsSeT COOOH 3aMEHy BEIMYMHBI OTCYETa CHUTHANA OJKauiImm
3HaYeHHEM W3 Habopa (HUKCHPOBAHHBIX BEIMYMH - YpPOBHEH KBaHTOBaHUS. J[pyrmMu cioBamw,
KBaHTOBAaHUE - ATO OKPYIJIEHHWE BEIMYMHBI OTCYETAa. YPOBHM KBAHTOBAHMS JAENAT BECh JUANa30H
BO3MO>KHOT'O M3MEHEHHS 3HAUEHUI CHUTHaJIa HA KOHEYHOE YKCJIO MHTEPBAJIOB - I11ar0B KBAaHTOBAHUS.
PacrnionoxeHne ypoBHEH KBaHTOBaHMs OOYCIIOBJEHO IIKaloW KBaHTOBaHMs. Vcronb3yroTcs Kak
paBHOMEpHBIE, TaK U HepaBHOMEpHbIe mIKaiabl. Ha pucyHke 2.3 moka3aHbl HCXOJHBIH aHAJIOTOBBIN
CUTHAJl M €ro KBAaHTOBAaHHAs BEPCHs, IOJIYYEHHAas C HCIOJIb30BAaHUEM PABHOMEDPHOM ILKAJIBI
KBAHTOBAHUS, & TAK)KE COOTBETCTBYIOIME CUTHATIAM N300pakeHusl.

aﬂamnrnnm‘& CHIHax KEaHTOEAHIGIM CHIHAD
Sa Sa

.
»~

[

0
Pucynok 3 - Ananoro-mudposoe npeodpazoBanue. KBantoBanne

HckaxeHus CUrHajla, BO3HHUKAKOIIHWEC B IPOLHCCCC KBAHTOBAHHA, HA3BIBAIOT NIIYMOM
KBaHTOBaHMAI. HpI/I HHCTPYMCHTaHBHOﬁ OICHKC MIyMa BBIYUCIIAKOT PAa3HOCTb MCKAY HCXOAHBIM



CUTHAJIOM U €ro KBaHTOBAaHHOM KOMNHUEH, a B KauecTBe 00BbEKTUBHBIX IIOKa3aTeNel IyMa MPUHUMAIOT,
HalpHUMep, CPEAHEKBAAPATUYHOE 3HAUEHUE ITON Pa3HOCTH.

[udppoBoe komupoBanue. KBaHTOBAHHBINM CUTHAJ, B OTJIIMYHE OT HCXOJHOTO aHAJIOTOBOTO,
MOJKET IPUHUMATh TOJIbKO KOHEYHOE YHMCIIO 3HAYEHUH. DTO MO3BOJISIET IPEACTAaBUTh €r0 B IPEesax
Ka)KJ0r0 MHTEpBaJla AUCKPETU3aLUU YUCIOM, PAaBHBIM MOPSAKOBOMY HOMEPY YPOBHSI KBaHTOBAaHMSI.
B cBoro odepenp 3TO 4MCIO MOYKHO BbIpa3UTh KOMOMHAIMEH HEKOTOPBIX 3HAKOB MJIM CHMBOJIOB.
CoOBOKYIHOCTh 3HaKOB (CHMBOJIOB) M CHCTE€Ma MpaBWI, IPU IOMOIIM KOTOPHIX JaHHbIE
NPEICTaBIAOTCS B BUAEe Habopa CHUMBOJIOB, Ha3bIBalOT KoJoM. KoHedHas mocienoBaTeiabHOCTb
KOJ/IOBBIX CUMBOJIOB Ha3bIBa€TCsl KOJOBBIM CJI0BOM. KBaHTOBaHHBINA CUTHAI MOXHO IIpeoOpa3oBath B
[I0CJIEI0BATENBHOCTh KOJOBBIX CJIOB. DTa OIEpalys U Ha3bIBaeTcs KoaupoBaHueM. Kaxnoe kogosoe
CJIOBO Iepe/aeTcss B IMpezesiax OJHOr0 MHTEpBala AUCKpeTh3aluu. s KOIMPOBAHMS CUTHAJIOB
3ByKa U M300paKe€HUsl IIMPOKO MPUMEHSIOT JBOUYHBIN KOJ. EcCiii KBaHTOBAHHBIA CHUTHAT MOKET
npuHuMath N 3HaYeHHMH, TO YHCIO JBOMYHBIX CHMBOJIOB B Ka)JIOM KOJOBOM ciioBe n >= l0g2N.
OpuH pa3psij, WM CUMBOJI CJIOBA, NPEJICTABIEHHOIO B IBOMYHOM KOJI€, Ha3bIBat0T OUTOM. OOBIUHO
YHCJIO YPOBHEH KBAHTOBAHUS PaBHO LIEJIOHN CTeNeHu uncia 2, T.e. N = 2n.

Ko/oBbIe ci10Ba MOXKHO TepeaBaTh B MapajlieibHON WM HOCIeq0BaTenbHOi Gopmax (puc. 4).
Jlis nepenauu B napaiesibHOM (opMe Ha/lo MCIONIb30BaTh N IMHUHN CBA3HU (B IpUMeEpe, MOKa3aHHOM
Ha pUcyHKe, n = 4). CUMBOJIbI KOJIOBOT'O CJIOBA OJJTHOBPEMEHHO MEPENAl0TCs MO JIMHUSAM B Ipeeax
MHTEpBajla JUCKpeTu3anuu. s nepenayn B mocienoBaTesIbHON (GopMe MHTEpBal JUCKPETU3ALMU
HaJ0 pa3Je/uTh HAa N IMOAMHTEPBAIOB - TAaKTOB. B 3TOM ciyyae CHUMBOJIBI CIIOBa IEPENAIOTCS
[IOCJIEZI0BATENbHO 10 OJHON JIMHUHU, IPUYEM Ha Iepeady OJHOI0 CUMBOJIA CJIOBA OTBOAMUTCS OIMH
TakT. Kaxaplii CHMMBOJ ClIOBa IEPENAaeTCss C IOMOIIBI0 OJHOTO WM HECKOJIBKHUX JIUCKPETHBIX
CUTHAJIOB - UMITyJbCcOB. IIpeoOpa3oBaHue aHANIOroBOro CUrHaja B IOCIEA0BATEIbHOCTh KOJOBBIX
CJIOB TO3TOMY YacTO HA3bIBAIOT HMITYJbCHO-KOIOBOM Monyisuued. dopMa NpeAcTaBiIeHUs CIIOB
OIpe/ielIeHHBIMU CUTHAJIaMU ofipeniensercs: ¢opMaToM Kojaa. MoXHO, HalpuMep, YCTaHaBIMBATh B
Ipeienax TaKTa BBICOKUN ypOBEHb CUTHAJIA, €CIIM B JAHHOM TaKT€ IEPENAETCs JBOMYHBIN CUMBOII 1,
Y HU3KUU - €CJIM Tepenaercs MBOWYHBIN cumBo () (Takoi crocoO MpeACcTaBiIeHHs, TOKa3aHHBIA Ha
puc. 6, HazeBatoT (popmatom BBH - be3 Boszepamenuss k Hymo). B mpumepe pucynox 2.4
UCIIOJNIBb3YIOTCS 4-pa3psiiHble IBOMYHBIE CJIOBA (3TO MO3BOJISAET UMETh 16 ypoBHElH KBaHTOBaHus). B
napajuleJIbHOM LHM(PPOBOM MOTOKE MO KaXKIOW JMHUU B IMpelenax HHTepBaja AUCKPETHU3alNU
nepenaercst 1 Out 4-paspsaHoro ciosa. B mocnempoBaTenbHOM MOTOKE MHTEpPBAN JUCKPETU3ALUH
JIenuTCs Ha 4 TakTa, B KOTOPBIX MepeslatoTes (HaunHas o cTapiiero) OuTel 4-pa3psIHOro ClioBa.

Omnepauuu, cBsi3aHHbIE C TNPeoOpa30BaHMEM AaHAJIOrOBOrO CUTHala B HHU(poByr (opmy
(TucKpeTu3anysi, KBaHTOBAHWE M KOAMPOBAHUE), BBIMOJHSIOTCS OJHUM YCTPOWCTBOM - aHaJOro-
uugposbiM npeobpazoBarenem (ALII). Ceitwac AIIl Moxer OBITH HPOCTO HUHTETPAIBLHOM
Mukpocxemoil. OOpaTHast mpoueaypa, T.e. BOCCTAHOBJIIEHME aHAJOrOBOIO CHTHajla U3
MOCJIEI0BATEIHHOCTH KOJOBBIX CJIOB, MPOU3BOAUTCS B LiM(ppo-aHamorosoM npeodpaszosarene (LIAIL).
Ceiiuac CyIlIecTBYIOT TEXHUUYECKHE BO3MOXKHOCTH JUIsl pealin3aluy BceX o0paboTOK CHUTHANIOB 3BYKa
U 1300pakeHus], BKIIOYas 3alMch M U3TydeHue B 3¢dup, B uugpooil ¢popme. OgHaKo B KayecTBe
JATYMKOB CUTHaja (Hampumep, MHKpodoH, mepenatomas TB TpyOka wnm mpubop c 3apsaoBoid
CBSI3bI0) M YCTPOWCTB BOCIPOMU3BEICHUS 3BYKAa M HM300pa)keHUs (HaIpUMep, I'POMKOTOBOPHUTEIb,
KMHECKOIT) TOKa MCIMOJB3YIOTCS aHajJoroBble ycrpoicTBa. IloaToMy aHamoro-um¢poBbie U nugpo-
aHAJIOTOBbIE MPE0OPa30BaTENH SABISIOTCS HEOTHEMIIEMOM YacThIO U(PPOBBIX CUCTEM.
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Pucynok 2.4 - Ananoro-niudpoBoe nmpeodpazoBaHue.

[{udpoBbie CUTHATIBI MOKHO OTHCHIBATEH C TTIOMOIIBIO MTAPAMETPOB, TUITUYHBIX JIJISI aHAIIOTOBOM
TEXHUKH, HallpUMEp TaKuX, Kak Mojoca 4actoT. Ho ux npuMeHMMOcTh B IU(POBON TEXHUKE
ABIISIETCS OTpaHUuYEHHON. BakHBIM TOKa3aTeseM, XapaKTepU3YIOIIMM UPPOBOIM MOTOK, SBISETCS
CKOpOCTb nepenaun naHHbiX. Ecny qimHa cioBa paBHa n, a yactota quckperuzanuu FD, To ckopocTh
nepesayd JaHHBIX, BBIPAKCHHAs B YHWCIE JIBOMYHBIX CHMBOJIOB B €IWHHUIly BpeMeHHu (Out/c),
HAXOJHUTCS KaK MPOU3BEICHUE ITMHBI CJI0Ba Ha 4yacToTy auckpetuzamuu: C =n-F-D .

[Tpumep a1 BbIle TPUBEACHHBIX UCXOIHBIX JTAHHBIX.

W3MeHeHre HANPsHKSHUS BO BPDEMEHHU B TEUCHHE TIepro/ia OyIeT UMeTh B (PUCYHOK 2.5).

YacTota nuckperuszanuu onpenensercs ucxoas u3 HepaBenctsa F,>2F,. B xauecTBe yacToThl
nuckperuszanuu Bo3bMEM F,=600 I't. Takum oOpa3om, Ha OAWH MEpPUOA HEOOXOAMMO B3SITh JBa
oTyera.

U{:D Bll

-

Pucynok 2.5 - I3MeHeHne HanpsHKeHUsT BO BpEMEHHU B TEUCHHE TIEpHOIa
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[Tockonbky HampsbkeHUEe oOrpaHudeHus He ompeaeneHo, To mnpumeM Ugp=Uo. Ilpu
KOJIMPOBAHUH KOJIOBOE CIIOBO OyIET UMETh BUJI (PHCYHOK 2.6).

Pucynoxk 2.6 - KogoBoe cioBo:

a) - IIp1 MaKCUMAJIbHOM 3HAYCHUU OTUCTA,

0) - Mpu MUHUMAIILHOM 3HAYCHUU OTYETA.
Copneprxanue u ohopMiIeHHE OTYETa

OTt4er JOmKEH CONEepIKaTh:

1. Temy, mocTaHOBKY 3a/1a4H.

2. KpaTtkue TeopeTrueckue CBeICHUS.
3. Pe3ynbTathl mpeodpa3oBaHusl.

4. BIBOJIBI.

KOHTpOJIBHBIC BOITIPOCHKI:

[TpuBenuTe OCHOBHBIE XapaKTEPUCTUKH TeNe(OHHOTO CUTHAJIA.
OcHOBHBIE 3TaIlbl aHATOTO-IU(PPOBOTO MPEOOPA3OBAHHUS.
Kakas Teopema 1exUT B OCHOBE IIpeoOpazoBaHusi?

B uem paznuune curnanoB AUM-1 u AUM-II.

Ot 4ero 3aBUCAT OMMOKA KBAHTOBAHUS?

Uemy paBna ckopocth nepenaun no OLK u nmouemy?

ok whE

Crucok PEKOMEHAOBAaHHBIX HCTOUYHHUKOB

1. Topauenko B.H., Tsepenkuii M.C. MHOrokaHanbHbIE TEIEKOMMYHUKAIIHOHHBIE CHUCTEMBI.
VYuebHuk 11 By30B. M.: ['opstuas nunus - Tenexom, 2013.

2. Kpyxmanes B.B., 'opauenko B.M., Mouenos A./l. LluppoBeie cucteMsl nepenadyn. YaeOHOe
nocobue st By3oB / moj penakiueir A.J[. ModenoBa. — M.: T'opsiuast nunus — Tenekowm,
2012.

3. Hudposbie 1 aHAIOTOBBIE CHCTEMBI Iepenadn. YUeOHHUK Uit BY30B / moxa pemakmmerd B.U.
WBanoBa — 2-oe uznanue — M.: ['opstuas nunus — Tenexkowm, 2005.
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[TpakTrueckoe 3ansTue 3

dopmupoBaHUE TPYNIIOBOro HU(POBOro CUrHATIA

3amanue
1. IIpencraButh cTpyKTYpy notoka E1.
2. ChopmupoBath rpymmoBoi 1udpoBoit curaan coaepxammii 180 OLIK u mpeacTaBuTh ero

CTPYKTYPY.

Kparkue Teopernueckue cBeieHus

B eBpomeiickoii mue3noxpoHHOH mH(poBoi uepapxum TOTOKoM E1 sBisercs moToK,
UMEIIHA ckopocTh nepenayn 2048 kout/c. OOBIYHO B 3TOM MOTOKE OOBEAMHSAETCS 32 OCHOBHBIX
mudpoBsix kaHana (OLK, 64.xk0ut/c), nBa M3 KOTOPBIX HCIOJNB3YIOTCS A BHYTPEHHHX HYXKI
CUCTEMBI IIepejaui (SIBISIOTCS CEPBUCHBIMMU).

Paccmotpum cTpykTypy okoneunoi cranmuu nepsuanoit LICII, dopmupyromeii norok E1, Ha
IIpUMEpE MIHUPOKO PaCHpOCTPAHEHHOM Ha TEJIEKOMMYHHMKAlMOHHOM cetn P® cucremsl nepenadu
HNKM-30. D910 o0opymoBaHue OTHOCHTCA K OOpasliaM ammapaTypbl MPEKHUX IMOKOJEHUU, HO ee
MIOCTPOEHUE MO3BOJISET HATJSAAHO MPOJAEMOHCTPUPOBATh NIPUMEHEHUE HA MPAKTUKE PaCCMOTPEHHBIX
paHee MPUHIIUIIOB IPe00pa30BaHUs CUTHATIA.

VYropouienHast (pyHKIHMOHANbHAs CXeMa CTaHLMU Toka3zaHa Ha pucyHke 3.1. Curnansr TU
MOCTYMAOT Ha BXOA/BeIX0a (Touka a) mpuemomnepemaryuka [ u depe3 nuddepeHIHaTLHYO
cucremy JIC, pa3aensmoniyro TpakThl IpueMa U Tnepeaaud, Ha Bxo nepepatouiet yactu 111 (Touka
0). I[lepenaromas yacte [1I1 cocTOUT M3 OrpaHUUYUTENS AMIUTUTY/I, 3aIUIIAIONIETO JAIbHEHIIINE Y3IIbI
000py/sI0BaHUsl OT HUMIYJIbCHBIX IOMEX, AKTUBHOTO (UIbTPA HUXXHHUX YacTOT U aMIUIMTYAHO-
UMIYJIBCHOTO MoAyJisATopa. PUIbTp HUKHUX 4acTOT OTpaHUYMBAET MOJIOCY CUTHaja yactoTou 3.4
k11, uTo oGecneunBaeT Ge3pickakeHHOEe BoccTaHOBIeHHEe AVIM curnana Ha npueme. AMIUIUTYIHO-
UMITYJIbCHBIA MOIYJATOP (3JEKTPOHHBIM KIIH0Y) TUCKPETU3UPYET MOCTYMAIOUINA CUTHANI C YacTOTOM
8 kI'. Ero pabotoii ynpasisieT cOOTBETCTBYIOIIAs HOMEpY KaHaja MOCJIe0BaTeIbHOCTh KaHAIbHBIX
UMITYJIbCOB, TIOCTYIAOMIas OT reHeparopHoro odopynosanus nepenauu (I'O nep). AUM-curnansi ¢
BbIX0ZI0B Bcex Tpuauatu IIII, cMmemieHHble Apyr OTHOCHUTENBHO Jpyra BO BPEMEHH COIJIACHO
MPUHIIMITY BPEMEHHOTO pa3JIeleHNs KaHaJIOB, 00bEUHSIOTCS B TPYIIOBOM curHai B oopmare ANIM-
1 u moctynator Ha Bxox mnpeodpazoBatenss AUM-1/AUM-2 (touka B). ®opmar AUM-2 (mnockue
BEPILMHBI UMITYJIbCOB) HEOOXOIUM JJIsl yJep’KaHUs HEM3MEHHBIM HAINpPSKEHHSI, COOTBETCTBYIOIIETO
TOMY WJIM THOMY MIHOBEHHOMY 3Ha4E€HHIO aHAJIOTOBOI'O CUTHAJa, Ha BpeMs ero 00paboTKH KOJIepoM
(Kon).

Koaep 3aMeHsieT uMIylbChl, ¢ aMILUIUTY/1aMH, PABHBIMM MTHOBEHHBIM 3HAYEHUSIM CUTHAJIOB
TY, xaHalbHBIMH CHUTHaJaMH - BOCHBMHUPA3PSAHBIMU KOJOBBHIMH KOMOWHAIUAMHU (KOJOBBIMHU
CJIOBaMH), KOTOPBIE MOCTymHarT Ha (gopmupoBatens JmuHEHOro curnana OJIC. OJIC popmupyer
UK Tepenayn (CM. CIeAyoUlylo TjaBy), B KOTOpoM moMuMo 30-uM KaHaJbHBIX CHUTHAJIOB
COJIEp)KaTCsl CEPBUCHBIE CHUTHAIbI, CUTHANBl AMCKpeTHON uHpopmauuu (M), mocrymaromue ot
nepenatunka JIM mep, a Takke curHanbl ynpaieHuss u B3aumojeictBus (CYB) tenedonHbIX
KaHaJoB (TOYKa T).

Hcxonnele curHanel CYB nanHoro kanana nocrynaior oT ATC Ha mepenarolryro 4acTh
cornacytomiero ycrpoiictea (CY mep) mo cuTHaapbHOW 1enu (TOouka J.). 37ech OHHU
muckpeTu3upyrotcst ¢ yacroroir 500 [, ooweaunsroTces no npuniuny BPK (Touka €) u moctymaroT
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Ha DJIC, rme taxxke BBoaaTcs B JuHEHHBIM curHal. C Boixoga ®JIC nuHEHBIN curHam (To4ka r)
noctynaer Ha mpeobOpazoBatens koxa nepenaun (I1IK mep). [IpeobpazoBaTens koma mpemaHa3HAuYeH
JUTSL TIpeoOpa3oBaHusl HATYPaIbHOTO CUMMETPUYHOIO KOJa B JTUHEWHBINA KOJ, IPUHSTHIN B JaHHOMN

IITC.

: 1 A
H '
:_.?5,_..1-:3_. : 5 o Koep |~ onC |~ NK nep |-+
o : AWM-2
CYB [ GV nep
' o nep OM nep fe—»
nn 1
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™ 29 CY nep L i
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Pucynok 3.1 — ®@ynkuuno

HaJIbHAs CX€Ma OKOHCYHOM CTaHIIMH

Touka na Beixoae IIK mep. (3k) siBIsieTCs TOYKOM Hauana MEpBUYHOrO LU(POBOro TpakTa

(oTHOCUTCS K CTaHIApPTHOMY HMHTepdeiicy ceTeBOro ysia, T.e. B HEil HOpMUPYIOTCs (pusmveckue,
ANEKTPUUYECKUE U JIOTUYECKHUE MapaMeTphbl COSTUHEHU).

HepBI/IqHHﬁ I_II/I(l)pOBOﬁ IMMOTOK IMIOJYHAaCTCA B OTOM ClIydac IIYTEM O6’BCI[I/IHCHI/I$I KaHaJIbHBIX
HH(prBBIX IIOTOKOB, IOCTYIAOMUX OT aOOHEHTCKUX JUHEHHBIX IiaTt, 1 CCPBHUCHBIX CHUI'HAJIOB

CUCTCMBI IIEpCaAaIn.

Ha Beixome mepBuuHoi I[TC monydaercs mepBUYHBIN HH(POBOIM TMOTOK CO CKOPOCTHIO

nepemaun 2048 kOut/c.

[IepBruuHbIi1

1 poBoi

ITOTOK

B

JaHHOM

cjiydac ABJIACTCA

CTPYKTYPUPOBAHHBIM, T.€. B HEM MOKHO BBIICIUTH MEPUOANMYECKU TMOBTOPSIOIMIUECS XapaKTEepPHBIC
cTpyKTyphl. CTpyKTypa mudpoBoro noroka Ha Beixoze nepsuuynoit L{TC nokazana Ha pucynke 3.2.

Iz peruneni oHdpoEci
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PucyHnok 32 — anyKTypa nepBUYHOrO HdpoBoro notoka (2,048Mourt/c):
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Tew, Tuy, T, Tp - AIUTEABHOCTH CBEPXUMKIIA, IUKJIA, KAHAIBHOTO U Pa3psTHOTO UHTEpBaIa

[Ipexne Bcero, moTok pasnensiercs Ha cBepxuukibl nepegaun (CLI), 1muTenbHOCTH KOTOPBIX
paBHBI JBYM MUJUIMCEKyHIaM. CBepxuukia oobeaunseT 16 nukinoB nepenaun ¢ Hynesoro (L10) mo
natHanuaterit (I[15).

JlmrenpbHOCTh Kaxaoro mukia 125 mke. Yacrora ciemoBaHus NUKIOB cocraBiser 1/125-
10"6 = 8-103 = 8 kI'11. [lockonbKy B UKJIE TIEpeIaeTCs OHa KOAoBass KOMOMHAIINS KaXI0To KaHaa,
4acToTa CJe0BaHUs IIUKJIOB COBMAJIaeT ¢ YaCTOTOM JAMCKPETU3AlMU KaHAJIBHBIX CUTHAJIOB, KOTOpas
TaKxe paBHa 8 k1.

[Hukn mepemaun comepxuT 32 KaHalbHBIX HMHTepBaia ¢ HyleBoro (KMO) mo Tpuamars
nepsbiil (KU31).

Kaxnp1ii kaHaIbHBIA MHTEPBAJl 3aHUMAET BOCHBMUPA3PsAIHOE KOJ0BOE CJIOBO (paspsasl ¢ Pl
no P8). YactoTta cinenoBaHus paspsgHbIX MHTEPBAJIOB M, CIEAOBaTENbHO, OMTOB WMH(pOpPMALUU B
NepBUYHOM MOTOKe coctaBisieT §8-103-32-8 = 2048-103 oOut/c (2,048 MoOur/c). B Touke cThika
CETEeBOr0 TpaKTa €AMHMIIBI TEPEJAtOTCs MPSIMOYTOJIbHBIMU UMITYJIbCAMH, 3aHUMAIOIIUMU MOJIOBUHY
pa3psAHOro (TakTOBOIO) MHTEpBalia, a HYJIH - mpoberamu (OTCYTCTBUEM HMITYIIbCA B Pas3psaHOM
UHTEpBAJIC).

Jlnia mpuMepa npeacTaBuM CTPYKTYpy moToka E2 ¢popmupyemoro obopynosannem MUKM-120
IyT€M IOCUMBOJILHOTO OOBEIMHEHUsl 4eTblpex MOTOKOB craHaapTHo MKM-30 ¢ nobGaBneHuem
CITY’)KeOHBIX pa3psoB B KOKIBINA MOTOK. BpeMeHHO# criekTp mudpoBoro motoka E2 npeacrapnen Ha
pucynke 3.3.

1 2 3 |4 5 6 7 8 9 10 (11 |12 |13 | ... 263 264 Ne o3
1 |1 1|0 0 1 1 0 | I I v 1 Il v I CI
I{uKkI10BOM CHHXpPOCHUTHA
1 |2 [3]4 |5 |6 |7 [8 [9 [10 |11 [12 |13 | ... 263 | 264 | Nemos
Ilepeie  cumBomsl | CinyxeOHas CBA3b | I Il v 1 11 v I CI
KCC
1 ]2 [3]4 |5 |6 |7 [8 [9 [10 |11 |12 |13 |.... 263 | 264 | Nemos
Bropsle  cumBons! | IIJIU ABap. | I Il v 1 1 v I CII
KCC Curnanus
KOHTPOJIA

1 ]2 [3]4 |5 |6 |7 [8 [9 [10 |11 [12 |13 |.... 263 | 264 | Nenos
Tpetbu cuMBoIIbI | | I Il (AN I v | I v IV CI]
KCC JononauTtenbHas BcraBku npu

nHpopMmanus npu | nonoxurensHom CC

otpun.CC

Pucynok 3.3 — CtpykTrypa notoka E2

[{ukn mepemayu COCTOMT U3 YETHIPEX CYOLMKIIOB, KaKIblH M3 KOTOPBIX COJEPKUT 264
paspsnoB. JnmurensHOCTh Kaxaoro cyorukia Tw/4 = 125/4= 31,25 Mkcexk.
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[lepBbie BOCeMBb TO3WIMH TEpBOrO CyOIuWKia 3aHsAThl kKoMOuHamumen 11100110,
NpeCTaBISIOMUN co00i 1(poBoi cuHxpocurHai. OcranbHble 256 MO3UIMN 3aHATH HHPOPMaLUEH
MOCHUMBOJIbHO OOBEAMHEHHBIX HCXOIHBIX IMOTOKOB, HOMEpa KOTOPBIX OTMEUEHBI Ha puc.4 Mo
HOMEPAMHU MO3ULUN.

[lepBbie 4YeThIpe MO3UIIMH BTOPOTrO, TPETHETO M UYETBEPTOrO CYOLMKIOB OTBEACHBI JIJIst
nepenayu CMMBOJIOB 1,2 M 3 KOMaH]I COTjlacOBaHUsI CKOPOCTEH cOOTBETCTBEHHO. Ha 5-8 mo3unusax
BTOPOT'O CYOIIMKIIA MPEACTABISIOTCS CHUMBOJIBI CITYKEOHO CBSI3U.

B Tperpem cyOuukiie Ha MO3ULUIX 5-6 — CUMBOJIBI TUCKPETHON MH(OpManuu, Ha 7 — cUrHAI
aBapuU U Ha 8 — BBI30OB CITY)KEOHO CBS3H.

B derBepToM cyOrnukie Ha MO3UIMAX 5- 8 mepenaetcs AOMOJHUTENbHAS WH(GOpMALUs TpU
OTPHIIATEIILHOM COTJIACOBAaHMM CKOpOCTeH, a Ha 9-12 — BcTaBKa NHpHU IMOJOKUTEIBHONW 0OpaTHOM
CBSI3U.

Copep:xanue u opopmIIeHHE OTYETA

OTueT 10IHKEH COAEPIKaTh:

1. Temy, mocTaHOBKY 3a/1a4H.

2. Kpatkue TeopeTH4ecKrue CBEICHHS.

3. CTpyKTypy 3aAaHHBIX U (PPOBHIX TOTOKOB.
4. BIBOJIBI.

KOHTpOJIBHBIC BOITIPOCHKI:

1. Cxonbko OLIK B uudposom noroxe E1?

2. Kaxkoii MmeToa MyJIbTUIIIIEKCUPOBAHHUS UCIIONB3YETCs MPU (HOPMUPOBAHUH FPYIIIOBOTO
1uppoBoro curuana?

Cxonbko notokoB E1 conepxut morox E4?

Uemy paBHa JUIMTEIBHOCTH IIUKJIA B ToTOoKe E1?

Ot 4ero 3aBUCAT OMMOKA KBAHTOBAHUS?

o gk w

Uemy paBHa ckopocTh nepenaun notoka E4?
Cnucok peKOMEHJ0OBaHHBIX HCTOUHUKOB

1. Topauenko B.H., Tepeuxuit M.C. MHOrokaHajabHble TEIEKOMMYHUKAIIHOHHBIE CHCTEMBI.
VYuaebuuk 1t By30B. M.: ['opstuast munmst - Tenexom, 2013.

2. Kpyxmanes B.B., I'opmuerko B.M., MouenoB A.Jl. LludpoBsie cucrembl mepenavu.
VYyebnoe mocodbue nist By3oB / mon pemakumeir A.J[. MouenoBa. — M.: l'opsuas nuHus —
Tenexom, 2012.

3. llupoBbie 1 aHAIOrOBBIE CHCTEMBI Nepeaaun. Y4eOHHK Ui By30B / moa peaakuuen B.U.
WBanoBa — 2-oe nznanue — M.: ['opsiaas iunus — Tenexom, 2005.
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[Ipaktrueckoe 3ansTue 4

Pacniono)xeHrne KOHTEMHEPOB CHHXPOHHOI'O TPAaHCIIOPTHOI'O MOJTYJIS

3ananue

1. U3yuuTsh cTpyKTYypy KOHTeliHepoB SDH.

2. ChopmupoBaTh CHHXPOHHBIN TpaHCTOPTHBIN MOayns STM-1 ¢ ucrnonp3oBanneM
KOHTEWHEPOB Pa3IMYHOIO THIIA.

KpaTKI/IC TECOPECTUUCCKHUE CBEACHUA

B certm SDH wucnonb3yercs TpPUHIMI KOHTEMHEPHBIX TepeBO30K. llomnexariue
TPAHCIIOPTUPOBAHUIO CHUTHAJIBl IIPEJBAPUTEIBHO pa3MELIAlOTCsl B CTAHJIAPTHBIX KOHTEHHEpax
(Container-C). Bce omepanuu mpou3BOASTCS C KOHTCHHEpAMU HE3aBHCHMO OT UX COJCPIKUMOTO.
bna-ronaps aToMy u jocturaercst npo3padHocTs cetd SDH, T.E. BO3MOXHOCTh TPaHCHOPTHPOBATh
paznuunble curHansl PDH, notoku stueek ATM win kakue-nmubo Apyrue CUrHasibl.

[IpenycMOTpeHbl KOHTEHWHEPHI 4YETBHIpEX YpPOBHEW. B KOHTEHHEpax pa3sMelmaroTcss MOTOKHU
PDH (ta6mamuma 4.1).

Tabnuna 4.1 — XapakrepucTuka KOHTEHHEPOB

O6o3HaueHue | YpoBeHb Pazmep Ckopoctb nepenaun | I[lepenaBaemblit
KOHTEWHepa | KOHTeiHepa | KOHTeiHepa, 0aliT | KOHTeiHepa, KOUT/c MOTOK, KOUT/C
C-11 1 25 1600 1544 (DS1)
C-12 1 34 2176 2048 (E1)
C-2 2 106 6784 6312 (ATM)
C-3 3 756 48384 34368/44736 E3/DS3
C-4 4 2340 149760 139264

Hcxonnas wuHdopmannoHHas Harpy3ka nakyercss B KOHTeWHepsl C COOTBETCTBYIOLIETO
YPOBHS, TMpEICTaBisIONIMEe ©0a30Bble AJIEMEHThl CTPYKTYphl MyJibTHILUIEKcHpoBanus SDH,
COOTBeTCTBYIOIMX ypoBHAM TTLH.

Paccmotpum mpumep ¢GopMHUpOBaHMSI CUHXPOHHOTO TPAHCIOPTHOIO MOAYJs N-TO ypOBHS
(pucyHok 4.1).

YerBepuunbslii 1udpoBoil moTok eBponeiickoro cranaapra E4 co ckopocThio mnepeaauu
140 Mo6wut/c, uto cooTtBeTcTBYeT 2176 Oaiitam Ha anuTenbHOCTH nukina T = 125 Mkc, myrem
no0aBlieHUs] BBIPABHMBAIOUIMX OalT mpeoOpazyercs B KOHTeWHep ypoBHA C-4; TpeTHUHBII
ug-poBoit morok E3 ¢ ymcrnom 537 Gaiit Ha amutenbHocTH Ti = 125 MKc mytem go0aBieHHS
BbIPAaBHUBAIOIIUX OallT mpeoOpa3yercsd B KOHTeiHep ypoBHS C-3. AHanoruuHo Hu¢poBOil MOTOK
ceBepoamepukanckoro cranmapra I[IIU ypoBrss DS3 co ckopocteio mepemaun 45 MoOut/c
npeoOpasy-ercsa Takke B KoHTeWHep ypoBHS C-3. IlepBuunblii 1mudpoBoil motok El myrem
n00aBIICHHS BRIPAaBHUBAIOIIUX OUT mpeobdpaszyercs B KoHTeHHep Tuna C-12, a ceBepoaMepruKaHCKUM
DS1 - B xonreitnep C-11.

3arem koHreiliHepsl C-4, C-3, C-12 wm C-11 mnocpencTtBom omnepanuu pa3MeleHus
npeoOpa3yroTcsi B BUPTyalibHble KOHTeHHEephl VC COOTBETCTBYIOLIETO YPOBHS ¢ meproAoM 125 umu
250 mkc. Buptyanbhbiii konteliHep VC momydaercs u3 KoHTelHepa C myrem a00aBieHHS B
CTPYKTYypy mnocienHero 6aiit tpakroBoro 3aro-ioBka POH (Path Over Head), oGecneunBarormiero
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KOHTPOJIb KadyecTBa TpaKTa W Tepeaady aBapuiHON M AKCIUTyaTallMOHHOW MH(OpManuu. YCIOBHO
orepanys pa3MeLeHUs. COCTOHT 10 CYTH B TOM, 4TO MH(pOpMa-1Hs, cojepxkamasics B Konrelnepe C,
pa3MeliaeTcs Ha OIPENEICHHBIX IO3ULUAX BHUPTYaJbHOIO KOHTEHHEpa, uYepenysich C OuTamu
TPaKTOBOI'O 3aroJIOBKa.

N ” 140 Mbut/c
[STv-N —{AUG }—{Av-a}e--{ VC 7 J« [ca]
1 x3 451nm 34
«1 M6ut/c
E: O6pa6otka ykasarteneit | TUG-3 f— TU-3 J&{ vC-3 Je{ c3 |
4 MynbTunnekcuposasve x7 2 Mbut/c
<+«——— Pasvewenve [TuG-2 |<-—-| TU-1 |4-{ VC-12 J+{ C12]
- Buipasnusatue
1,5 Méurt/c

1vc11 l— Ci1]

Pucynok 4.1 - ®opmupoBaHus CHHXPOHHOT'O TPAHCIIOPTHOI'O MO1yJisi N-TO ypOBHS

Jns  eBpomeiickoro cranfgapta CLHUW wumMeroT MecTo cleayroliue THIIBl BUPTYalbHbBIX
KOHTEUHEPOB:

VC-12, conmepxkauuii koHteitHep C-12 u TpakToBblii 3aronoBok-POH, koTopbiii myrem
BBIpAaBHUBAHUS, 3aKirovaromierocs B jnobasnenun Oaiit ykazatenss PTR (PoinTeR - ykaszarens),
npeoOpa3yeTcs B KOMIOHEHTHBIN 0110k yposus TU-12 (Tributary Unit - TU);

VC-3 - BUpPTYyaNbHBI KOHTEWHEP BBICIIETO YPOBHSI, cofepxamuii kouteitnep C-3, TpaKTOBBIHA
3aronoBok - POH, u nanee BelpaBHUBaHU-eM U 100aBiaeHueM OalT ykazarens PTR npeoOpasyercs B
KOMITIO-HEHTHBIN 010K ypoBHs TU-3;

VC-4 - BupTyanbHbIii KOHTEIHEP BBICILIETO YPOBHS, coaepkamuii konTeitnep C-4, TpakTOBbBIN
3aroJjIOBOK, ¥ IyTeM BBbIPaBHUBaHUS U 100aB-ieHus 6aiit PTR mpeoOpa3yercst B aAMUHUCTPATUBHBIN
6ok AU-4 (Administrative Unit - AU).

CoOTBETCTBYIOIIUM MYJIBTUIIEKCUPOBAHUEM C KOX(PQPHUIMEHTAMH MYJIbTUIIJIEKCUPOBAHUS
paBubiMu 3, 7 u 1, dopmupyrorcst rpynnel kKoMrnoHeHTHbIX 010koB TUG (Tributary Unit Group)
BToporo TUG-2 u tpetbero (Boiciiero) TUG-3 ypoBHei.

Kak cnenyer u3 pucynka 4.1, BupryanbHbsiii konteiiHep VC-4 dopmupyercs n1nbo Ha 6aze
koHTeitHepa C-4, 1100 MmyTeM MyJIbTUIUIEKCUPO-BaHUs ¢ KOA((PUIMEHTOM MYJIbTUILIEKCUPOBAHUS,
paBHBIM 3, 3 KoMrnoHeHTHBIX 01okoB TUG-3. BupryanbsHsiii koHTeitHep VC-4 mpeob-pa3yercs B
aJAMUHUCTpaTUBHBIN 010Kk AU-4, a mocneaHuit ¢ MOMOIIBI0 MYJIBTUIUIEKCUPOBAaHUS IIpeoOpas3yeTcs B
IpymIy aAMUHUCTPAaTUBHBIX Os10k0B AUG.

dopMHUpOBaHNE CUHXPOHHOIO TpaHCIOpTHOro monyis ypoBHs N STM-N ocymectBisercs
NyTeM MYJIbTUIUIEKCHUPOBAHMUS TPYIIbl  aJAMMHHMCTPAaTHBHBIX OJIOKOB ¢  KO3((UIHEHTOM
MYJIbTUIUIEKCUpOBaHUs, paBHbIM N mopsaky STM, u noGaBieHHeM B €ro CTPYKTYpY 3aroyioBka
pererepannonnoi cexknmu RSOH (Regeneration Section Over Head) u 3aronoBka MyJabTUILIEKCHOM
cexkunn MSOH (Multiplex Section Over Head).

[locrynatonue 1uppoBble MOTOKKM pa3MeNIalOTCs Ha 3aJaHHBIX [MO3UIUSAX IHKIJIOB
BUPTYaJIbHBIX KOHTEWHepoB. JloOaBisieMble K BHPTYaIbHBIM KOHTEWHEpaM INpH (OpMUPOBAHUH
CyOOJIOKOB M aJMHHUCTPATHUBHBIX OJOKOB yKa3aTeId MO3BOJSIOT JWHA-MUYHO KOMIIEHCHPOBATb
U3MEHEeHHs CKOpocTd M (a3sl Harpy3ku OsokoB. COOTBETCTBYIOIIAs Mpolelypa Ha3BaHa
BbIPaBHHBAHUEM.
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Hakonern, MynbTUIJIEKCHPOBAHUE MO3BOJIIET COIJIACOBAaTh HECKOJIBKO CHUTHAJIOB TPAaKTOB
HU3IIETO MOpSAKAa C CUTHAJIOM TpaKTa BBICHIETO MOPSAKA MM HECKOJIBKO CHTHAJIOB TPAKTOB
BBICIIETO MOPSAKA C CUTHAIIOM MYJbTHILICKCHON CEKIIHH.

[ukasr 6azoBeix wuHGOpMAMOHHBIX CTpykTYp SDH mnpunsto wuzo0paxkars B Buie
NpSAMOYTOJIbHBIX Tabmun. Kakmas kierka TaOmuIbl COOTBETCTBYeT OKTeTy. Ilopsimox mepenaun
OKTETOB - CJeBa HaIpaBo, CBepXy BHU3. IIepBbIil OKTET KMKIIA pa3MElIaeTCs B JIEBOM BEPXHEM YTy
TaOJIMLIBI, TOCIIEIHHM - B IPAaBOM HIKHEM.

[Ipun pasmemienun Harpy3ku cHOpMHpPOBAHHOW MAKETHBIMU TEXHOJOTUSMHU MPOUCXOAUT
dbopMUpOBaHUE CLEIUICHHBIX BUPTYAJIbHBIX KOHTEHHEPOB. DTO OOYCIOBIEHO HEOOXOIUMOCTHIO
IPEJOCTABIICHHUS IPO3PAYHOTO COCAMHEHUS B TPAHCIIOPTHOM CETH IS MOJIb30BaTENLCKOr0 Tpaduka,
[IEpPEeJaBaeMOro C  COOTBETCTBYIOUIEH ckopocThto. ClLenku BHUPTYyaJdbHBIX KOHTEHHEPOB
nonpazaenstores Ha nmocnenoBarenbHbie CCAT (Contiguous Concatenation) u BuptyansHbie VCAT
(Virtual Concatenation). Cuenku THma CCAT comepxkat crporo (UKCHPOBAHHOE YHCIIO
BUPTYaIbHBIX KOHTEHHEPOB, TPEOYIOT €AUHOTO MAPIIPyTa B TPAHCIIOPTHON CETH U MOAAEPIKKHU 3TOTO
MapuipyTa BCEMH NPOMEXYTOUHbIMU MyibTHILIeKcopamu. Cuenku tuna VCAT opranusyrores c
pa3IMYHBIM YHCIOM BUPTYAJIbHBIX KOHTEHHEpoB (Tabmuna 4.2), u MapmpyThl KOHTEHHEPOB MOTYT
ObITh paznuyHbIMU. [IpUHIMNHMATBHBIE BHYTPEHHUE pa3inuus IBYX BHJOB CIIETIOK MOKa3aHbl Ha
pucynke 4.2.

Tabmuna 4.2 Bo03MOXXHOCTH CLENKM BHPTYAIbHBIX KOHTEHHEpOB U 3(QeKTUBHOCTH
COE€IMHEHUN

BI/I,I[ CKOpOCTHOfI HOCJ’IGI{OBaTeHLHaH CIICIIKa BI/IpTyaHLHaH CILICIIKa
HarpysK PEXKUM, KonTeiinep O¢ddexruBnocts, | Konreitnep |3 dexTuBHOCTS,
Mowurt/c % %
Ethernet 10 VC-3 20 VC-12-12v 92
Fast Ethernet 100 VC-4 67 VC-3-2v 100
Gigabit 1000 \VC-4-16¢ 42 VC-4-Tv 95
Ethernet
Fibre Channel| 200 VC-4-4c 33 VC-3-4v 100
Fibre 1000 \V/C-4-16¢ 42 VC-4-7v 95
Channel
ESCON 200 VC-4-4c 33 VC-3-4v 100
[ J1 VC-4-Xc
B3
| C2
G1 Purcupo-
F2 BaHHAaA C-4-Xc
Hé4 BCTABKa
F3
K3
N1
1 . x-1 e X x 260
Ax 261
s = |

Pucynok 4.2 - CTpyKkTypa nocieaoBaTenbHO clerieHHbIX X (4, 16,64,256)

BUPTYaJlbHBIX KOHTEHHEpoB VC-4-XC
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Coneprkanuie u 0ohopMIICHHE OTYETa

OTuer JOMKEH COlepIKaTh:

1. Temy, IOCTaHOBKY 3a/1a4u.

2. Kpatkue TeopeTu4ecKue CBEeICHHS.

3. Ctpykrypsl popmupoBanus STM-1 ¢ ucnonb3oBaHHEM KOHTEHHEPOB PA3JIMYHOIO THUIIA.
4. BeIBOZIBI.

KOHTpOJ'IBHI)IC BOIIPOCHI:

1. Kakue xonreitneps! umerorcs B STM-1?

2. Kakyto pa3zmepHoCcTh umeeT Kourteitnep C127?

3. Kakoii MeTo/1 MyTbTHUIUIEKCHPOBAHUS HCIIOIB3YeTCsl TP (DOPMHUPOBAHUH TPYITIOBOTO
uudpoBoro curuana?

4. Ckonbko notokoB E1 cogepxut morok STM-17?

5. Cxonbko notokoB E3 conepxut norok STM-17?

6. Cxonbko notokoB E4 cogepxut norok STM-1?

7. YeMy paBHa ATUTEIBHOCTSH 1HKIa B oToke CLITC?

8. Uto 3arpyxaercs B koHTeliHep C47?

9. [lepeuncnure 371€MEHTHI MOJIS HATPY3KU.

10. Kakas nadopmanus onpeeser pa3MelieHne CUTHAJIOB Harpy3ku B kajape STM?

Crmcok PEKOMCHAOBAHHbLIX HCTOYHHUKOB

1. l'opauenko B.H., Tsepeuxuit M.C. MHOrokaHaabHble TEJIE€KOMMYHHKAMOHHBIE
cucTeMbl. YueOHUK 1151 By30B. — M: ['opstuas nunus-Tenekowm, 2013.

2. I'opauenko, B.B. Kpyxmanés, A./l. MouenoB, P.®. [lapadyraunos. Onrtuyeckue
TEJIEeKOMMYHUKALMOHHBIE CHUCTEMBl. YUeOHMK Juisi By30B: — M: I'opsiuas nuHus-Tenekom,
20011.

3. Kpyxmanes B. B., TI'opauenko B.H., A. JI. Mouenos. L{udpoBbie cucteMbl nepenayu:
YuebHoe nocodue. M.: ['opsiuast muaus - Tenekom, 2012.
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[TpakTnueckoe 3aHaTue 5
Konuposanue nuneitnpix curtanos L{[TC

3amanue:

[IpencraBuTh 3aaHHOE MICCTU3HAYHOE AecaTHUHOEe yrciao (131845) B qBonyHOM KOI€ KOJIOM
YHHUIIOJISIPHBIM U 3aTeM Ipeodpa3oBats ero B kog HDB-3.

KpaTKI/IC TCOPECTUUCCKHUE CBEACHUA

[{udpoBsle cUrHanbl NepeatoTCs O pa3HbIM JIMHUSAM CBSA3H - KaOCJIBbHBIM (JIEKTPUUYECKUM U
BOJIOKOHHO-ONITUYECKHUM), PaJUOpPEIEeHHbIM U CIIYTHUKOBBIM. B 3aBUCHMMOCTH OT HCIOJIB3YyEeMOil
Cpellbl PAacIpOCTPaHEHMsI CUTHAJIAM B JIMHMM IPUJAIOT PA3IUYHbIA BHJ, IPU KOTOPOM IapaMmeTphl
CUTHaja B HauOOJbIIEH CTENEHH COIJIaCOBaHbl C IapaMeTpaMH JIMHUU CBA3M. OTa Olepaunus
HA3bIBACTCSl JIMHEMHBIM KOJUPOBAHUEM, IPU KOTOPOM cUMBOJBI “1” m “0” uHPOpMALMOHHOTO
CUTHaJIa 3aMEHSIOTCS LU(PPOBBIM CHUTHAJIOM, XapaKTEPUCTUKU KOTOPOro B OOJbIIEH CTENEHU
COOTBETCTBYIOT IapameTpaM JMHUU. llomydeHHBIH B pe3ynbTare JIMHEMHOrO KOAMPOBAHMS
U(POBON CUTHANI Ha3bIBACTCS TMHEWHBIM KOJIOM.

K nuHeltHbIM KOJIaM NPeNbABISIOTCA CIEAYIOINE TpeOOBaHUS:

- OJHO3HAYHOCTb JEKOJUPOBAHMA, T.€. U3 JIMHEHHOro HM(POBOr0 CUTHANA JOJDKHA OJHO3HAYHO
(bopMHpOBATHCS UCXOHAS [TOCIIEI0BATEIBHOCTh JBOMYHBIX CHMBOJIOB;

- B DJHEPreTHYECKOM CIEKTpe JHMHEHHOro UU(GPOBOTO CHUTHAJA JOJDKHBI OBITH OCIIa0JICHBI
HU3KOYACTOTHBIE U BBICOKOYACTOTHBIE COCTABIISIOLINE;

- B JIMHEHHOM IHU(POBOM CHUTHAJIE JOJDKHA OBITH 0OecrieueHa BBICOKAs IIIOTHOCTh MMITYJIBCOB, T.C.
YHUCJIO MMIYJIbCOB, ONPEIENISIOMINX TaKTOBbIE MHTEPBAJIbI, JOJKHO OBITH CYILIECTBEHHO OOJbIlE
yucia npobenos (“Hynen”).

B 3aBucumocTH OT HCHONB3yeMON CpeIbl PacHpOCTPAHEHUs MPUMEHSIIOT pPa3InyHbIE
JUHENHbIE KOABl. B paguopenelHbIX U CIIyTHUKOBBIX JUHHSAX, HAIPUMEP, UCHOJB3YIOT pa3jINdHbIC
BuAbl (ha30BOM WM 4YACTOTHOM MaHMIYJIALUH. B JHHUSAX CBA3M 3JEKTpUYECKUX Kabemei
pacnpocTpaHeHa Inepefadya LU(POBBIX CUTHAJIOB HMMITYJIbCAMHM IOCTOSHHOTO Toka. Ilpu astom
CUTHAJIbl B TUHUHU MOTYT OBITh JBYXYPOBHEBBIMH U MHOTOYPOBHEBBIMH, U3 MOCJIEIHUX YaIlle BCETO
MPUMEHSIIOTCSI TPEXYPOBHEBBIE CUTHAJIBL.. JIByXypOBHEBBIE CUTHAJIBI MOTYT MPUHUMATh B IPOLECCE

(Y321

KOJAMPOBAHUS 3HAUCHUS HANPsDKEHUA “+” WM “-”, TpeXypOBHEBbIE CUTHAJIbl IPUHUMAIOT 3HAUEHUS
“+7, %’ u “0” (mpoGen). JIuHeiHble KOABI IUQPPOBBIX BOJIOKOHHO-ONTHYECKHX CHUCTEM Iepeaayu
IIPEJICTABIISIIOT BYXYPOBHEBBIE CUTHAJBI, IPUHUMAIOLINE B MPOLECCE KOAUPOBAHUS 3HaueHus “‘+
wi “0” (mpoben).

B psae cnyuyaeB A MCKITIOYEHHUS U3 IM(PPOBOrO CUTHANA JUIMHHBIX IMOCIEA0BATEIbHOCTEH
OJINHAKOBBIX CHUMBOJIOB, @ TaKXe IEPUOJUYECKH IOBTOPSIOIINXCS IMaYeK CHMBOJIOB HCXOJHBIN
JBOMYHBIM  CUTHaN TMepel JIMHEWHBIM  KOJWPOBAHMEM  IOJBEpPraercs  JOMOJIHHUTEILHOMY
MEPEKOIMPOBAHUIO, TP KOTOPOM €My MPUAAIOTCS CBOWCTBA ClydailHOro mortoka. Onepanus
coBeplIaeMasl Ipy 3TOM, Ha3bIBA€TCsl CKPeMOJIMPOBAHUEM CUTHAJa U COCTOMT B CYMMHUPOBAHHUU IO
“MOJIyITI0 27 ¢ HCXOJHBIM CUTHAJIOM TiceBAOCTy4aHbIX nocienoBaTtenbuocten (I1CIT), coneprxanux
omnpeneneHHoe (paBHoe 2n-1 , TJe n - Leoe) YUCIO CUMBOJIOB. DTH MOCIE0BATEIIHOCTH, Oy1y4H B
JNENCTBUTENBHOCTH JETEPMUHUPOBAHHBIMHY, YIOBJIETBOPSIIOT TPEM KPUTEPUSAM CIIy4alHOCTH:
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1) B KaXI0OM TEpHOJIe IMOCIEI0BATEILHOCTH YHUCIO CHUMBOJIOB “1” OTIMYAaeTCs OT YHCiIa
cumBoIIOB “0” He OoJiee, YeM Ha CIUHUILY;

2) B TeYeHHE NEPUOAA TOCIEI0BATEIILHOCTH IOJIOBUHA CEPUM €AMHUIL U HYJEH UMEET JUIMHY
1, onHa 4yeTBepTh -2, OJHA BOChbMas -3 W T.JI. 10 TE€X IOp, MOKa 3TO MPOJIOJDKEHUE UMEET CMBICI.
Cepueii Ha3bIBaETCS MMOCIIENOBATEILHOCTh OAMHAKOBBIX LIU(D;

3) ecnu MoCiIe0BATEILHOCTh TOCUMBOJIBHO CPABHUTH C JIFOOBIM €€ UKINYECKUM CABUTOM B
TEYEHHE MePHO/ia MOCIeI0BATEIbHOCTH, TO MOKHO OTMETHUTb, YTO YHCIIO COBIAJCHUMN OTIMYAETCS OT
4yycja HECOBMAJEHUW He Oojiee, YeM Ha EAWHUIlY, a TPH CJIOKECHHH ‘N0 MOAYI0 27 3TOHU
MOCIIEZIOBATEIHLHOCTH C €€ LUKIMYECKUM CABUTOM OOpa3yercss HOBas IMKIMYECKas MepecTaHOBKa
UCXOJHOM IOCIIE0BATEIBHOCTH.

Hanpumep, nmpu n = 4 mnceBnociydaiiHas I10CJIEOBATEIbHOCTb, YIOBJIETBOPSIOLIAs
yKka3zaHHbIM  TpeOoBanusiMm umeer Bua 000100110101111. Ywmcno cuMBOIOB B 3TOM
[IOCJIEA0BATENBHOCTH PaBHO 15. Yncino equHul] B HEM paBHO 8, 4YMCIIO HYJIEH - 7, YTO YAOBIETBOPSET
nepBoMy KpuTepuio. Bropoil kpuTepuii Takke YHAOBIETBOpSETCS, TaK Kak B  OTOH
MOCIIEI0BATEILHOCTU UMEETCS BOCEMb PA3IMUYHBIX CEPHil, B TOM YHCJIE YEThIpE CEpUU EIUHUI] U
4yeTbIpe cepuu Hylel. M3 HuX aBe cepuu eAMHHUI U JBe cepuH Hynel (4 u3 8) umerT muHy 1, 1o
OJIHOH cepuu eIUHHUII U HyJIe UMEIOT IIuHY 2 (2 u3 8) u o/iHa cepus U3 BOCBMH COJCPIKUT TPU HYIIA.
CaBuHYB TIOCIIEIOBATENBHOCTh HA JIFOOOE YHCIO CHMBOJIOB M CPaBHHMB €€ C HCXOAHOH, MOKHO
yOenuThCs B CIpaBeUIMBOCTU KpuTepus 3. Tak mpu cIBUre Ha TpU 3JEMEHTa BUIUM, YTO B ITHX
CTpPOKaxX CUMBOJIBI COBIIQJAIOT 7 pa3 U HE cOBMaalT 8 pa3. CioxkeHue “mo MOAyito 27 , IPUBOIMT K
oOpazoBanuto  nocnenoBarenbHoctd  111100010011010, xoTopast — sBisieTcs  LMKJIMYECKOM
MEPEeCTAaHOBKON  HMCXOAHOM  mocnenoBaTenbHOCTH. [lceBmocnmyuaiiHple  MOCIEAOBAaTEIbHOCTH,
VIOBJECTBOPSIONINE  YKa3aHHBIM  TPEM  KPUTEPHUSM, HAa3bIBAIOTCS  IOCIEI0BATEIBHOCTIMU
MaKCUMaJIbHOW AJMUHBI U (HOPMUPYIOTCS C MOMOIIBIO PETUCTPOB CIBUra C OOPATHBIMH CBS3SIMHU.
OtmeruMm, 4To 00BIYHO BBIOMpatoT n> 10, yro coorBercTBYeT JutnHE [ICII Gonee 1023 cuMBOIIOB.

Curnan, oOpa3oBaHHBIH CYMMHUPOBAaHHEM BXOJHOIO JBOWYHOIO TMOTOKA U MEPUOJUYECKU
TIOBTOPSIEMBIX MOCTIEN0BATEIBHOCTEN MaKCHUMaJIbHON JUTAHBI, COXpaHseT CBONCTBA
MICEBAOCIYYaifHOrO CUTHaIa M Ha3bIBAeTCsl CKpeMOIupoBaHueM. BeposiITHOCTH MOSIBIEHNS CUMBOJIOB
“0” u “1” B HEM OJMHAKOBHI, TO3TOMY BEPOSITHOCTh 00pa3oBaHus cepuu U3 k Hynel moapsia pana p=
0,5%. TIpu k=20 pzo » 10®. Takoii curmam oGmamaer DOCTATOYHO XOPONIMMHU CBOWCTBAMH JUIS
BBIJIEJICHNS U3 HETO CUTHAJIOB CHHXPOHU3ALINN.

IIpu nexoaMpOBaHHWU JIMHEHMHOTO CKPeMOJIMPOBAHHOTO CUTHAla IMPOUCXOJIUT BBIYUTAHHE
[1CII-cocTaBnstomiel U3 CyMMapHOro IU(POBOrO CUTHalla U BOCCTAHOBJIEHHME 3a CUET HCXOAHOTO
U(pPOBOro MOTOKA.

B cucremax mnepegaun Ha ocHoBe kiaccuueckod MKM ¢ BPK kaxnplii orcuer (auckper)
BXOJIHOTO KBaHTOBAaHHOT'O CHTHala KOJAHUPYETCS HE3aBUCHUMO OT BCEX OCTAJBHBIX, T.€. KOAUPYIOTCS
IIPOU3BOJIbHBIE CITydyallHble CUTHAJbl. AHAllU3 PEUeBbIX CUTHAJIOB IMOKA3bIBAET, OJIHAKO, YTO MpHU
nepexojie OT OJHOTO JUCKpeTa K JpYyromMy MpOsBISETCS 3HAUMTEIbHas U30bITOUYHOCTh. CTEneHb
KOPPENSIUN MEXAY COCETHUMHU JTUCKPETAaMH JOBOJBHO 3HAYMTENbHASA (KOA(PPHUIMEHT KOppeIsIuun
He wmenee 0,85). CremoBarenbHo, H30BITOYHOCTH Npu Kiaccmueckoir HMKM  ykasbiBaeTr Ha
BO3MOXKHOCTh 3HAUUTEILHONW SKOHOMHH IOJIOCHI NTepeJaBaeMbIX 4acToT 3a c4eT Oosee 3 HeKTUBHBIX
METOJI0B KOJIUPOBAHHUS.

Kpome xoppensuuu Mexay COCETHHUMH JMCKpETaMU PEYeBOTO CHUTHajia, A YMEHbIIEHUs
CKOPOCTH Tepeiayll KOAUPOBAHHOTO CUTHAJa MOXKHO HCIIOJIb30BATh M JPYTHe BUIbI H30BITOUHOCTHU:
HEPAaBHOMEPHOE pacrpeziesieHne aMIUTUTY, KOPPeslus , CBsI3aHHas ¢ MEPUOUYHOCTIO B CUTHAJIE,
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KOoppeiiousa MEXAY IE€pruoaaMu OCHOBHOI'O TOHA, I/I36BITO‘IHOCTB, CBsA3aHHasd C HCAKTUBHOCTBIO PCYH,
HCPAaBHOMCPHOCTLIO YCPCAHCHHOTO CIICKTPa pCYU U KPATKOBPCMCHHOCTBIO CIICKTPa pCUH.

[Ipumep: IlocTpoeHne KOJOBOM MOCIEAOBATEIBHOCTH
JaHo: necsaTuaHoe YKciio — 65797; kabenb — MeTaUTMUYCCKHUH.
Hecarnunomy uucity 65797 coorBerctByet aBonunoe yuciio 1 0000 0001 0000 0101.

Kox YIIM o6pa3zyercs U3 YHUINOJISPHOIO JBOMYHOTO KoJa (BO3BPALICHHEM K HYIIIO)
NIOCJIEI0BATEIbHBIM U3MEHEHHUEM UMITYJIbCOB «1»: HeueTHbIE «+1», ueTHble «-1» .

Kox KBII-3 o6pa3yercs myreM 3aMeHbl KOMOWHAIMM M3 YeThIpeX IOCIEA0BATEIBHO
pacrionokeHHbIX «0» Ha komOunamuu Buaa 000V wiam BOOV B 3aBHCHMMOCTH OT MHOJSPHOCTH
IIOCJICAHETO MMITYJIbCA U YUCJIa UMITYJIbCOB IOCIE MOCIeNHEN 3aMeHbl. [IpaBuia WnmocTpupyoTces
Tabiuma 5.1.

Ta6muma 5.1 — IpaBuia mocTpoeHus Koaa

[TonsspHOCTH TpEbIYyILIErO UMMV Bun xomOuHauuu 11 yucia UMITYJIbCOB
IIOCJIe MOCICIHEH 3aMCHEI
HEUYETHOI'O YETHOI'O
- ooov BOOV
000- +00+
+ ooov BOOV
000+ -00-

V- HUMITYJIBC HOBTOprIOI_HI/Iﬁ MOJIIPHOCTD MPEABIAYIICTO UMITYJIbCA.
B - HUMITYJIBC ITPOTUBOIIOJIONKHAA MMOJIIPHOCTD MPEABIAYIICTO UMITYJIbCA.

Ha pucynke 5.1 npeacrasnens! kol YT u KBII-3 cooTBeTCTBEHHO.

_—

o} o

!”

Y

KBI1-3

— e — e — —— —— — | —— — — —

:

Pucynok 5.1 - JIBoudHas mociie0BaTeIbHOCTh CUMBOJIOB B kKoaax UITH u KBII-3
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Coneprkanuie u 0ohopMIICHHE OTYETa

OTuer JOMKEH COlepIKaTh:

1. Temy, IOCTaHOBKY 3a/1a4u.

2. Kparkue TeopeTuyeckue CBeICHHUSI.

3. JIBom4HBIC MOCIIEIOBAaTEILHOCTH CHMBOJI0B B kogax UITH u KBII-3
4. BeIBOZIBI.

KOHTpOJ’IBHHe BOITPOCHKI:

1. ITosicaure TepmuH U cyth koga HDB-3.

2. JlaliTe XxapakTepucTuKy JauHeHHbIX komoB LCII.

3. Ilosicaute TepMuH U CyTh Koga AMI.

4. Ilosicaute TepMuH U cyTh koga CMI.

5. [losicuure TepmuH u cyth Koaa NRZ.

6. [losicuute, mouemMy B JTMHUH UCIIONIB3YIOTCS KOJIbI C HYJIEBOM MOCTOSIHHOM COCTABIIAIONIEH B
CIIEKTpE.

7. [losicuute cnekTpalibHbIN cocTaB nuHeitHoro currana LICIL.

8. IlosicHuTe, 3aueM HCIOIB3YIOTCS OM UMITYJIbCHl YKOPOUSHHOH B JIBa pasa JIUTEIBHOCTH
OTHOCHUTEILHO JTUTETFHOCTH OMTa MH(OPMALIMOHHOTO UMITYJIbCA.

9. Ilepeuncnute OCHOBHBIE TPEOOBAHUS K KOy TIepe/IadH.

10. ITepeuncnanTe OCHOBHbBIE XapaKTEPUCTUKH KOJIOB.

Crmcok PCKOMCHAOBAHHbBIX HCTOYHHKOB

1. F'opnuenxo B.H., Teepeukuit M.C. MHOrOKaHabHbIE TEIEKOMMYHHKAIIMOHHBIE CUCTEMBI.
VYuebuuk i By30B. M.: ['opsuas nmunus - Tenexom, 2013.

2. Kpyxmanes B.B., I'opmuerko B.M., MouenoB A.Jl. LludpoBsie cucrembl nepenayvu.
VYyebHoe mocodbue nnst By3oB / mon pemakuueir A.J[. MouenoBa. — M.: l'opsuas nunusa —
Tenexom, 2012.

3. LludpoBrie 1 aHATIOTOBBIE CUCTEMEBI ITepeaun. Y UYeOHUK Ui By30B / mof penakuueii B.U.
NBanoBa — 2-oe u3ganne — M.: ['opsiaas aunans — Tenexkowm, 2005.

Coneprxanue u ohopMIIEHUE OTUETA
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[TpakTrnueckoe 3ansTue 6

[TpoxoxkeHHs TMHEHHBIX CUTHAIOB TI0 IIU(PPOBBIM JTUHEHHBIM TPAKTaM
C UCIIOJIb30BaHNUEM NIEKTPUUECKOTro Kabes

Lenp pabotel: MccnenoBanue n3MeHeHus (opMbl HMIYJIbCHOTO CUTHajla IpU Iepefaye ero
10 KaHaJaM CBS3H C Pa3JIMYHOM I10JIOCOU IPOIyCKaHUS.

3amanue:

1. Onpenenuts napamMeTpel TECTOBBIX CUTHAJIOB U NPEACTABUTH OCLIMIIJIOTPAMMBI.

2. IlocTpouThb CIIEKTPBI TECTOBBIX CUTHAJIOB.

3. HccnenoBarbh NPOXOKICHUE TECTOBBIX CUTHAJIOB 4YEPE3 JIMHHUIO CBSI3U IIPU PA3IHYHBIX
3HAQYECHMSX MOJIOCHI IIPOIYCKaHUs JIMHUU CBS3U U IIPEACTaBUTh OCLUIUIONPAMMBI CUTHAJIOB Ha
BBIXOJZIC JIMHUM CBSI3U AJIA 3-X MOJIOXKEHHUH MEPEKITI0YATENS «I10JI0CA POIYCKAHUS.

1 KpaTKI/IC TCOPCTUYCCKHUC CBCACHUA

COBOKYIHOCTb TEXHUYECKHUX CPEJCTB, 00ECIEUMBAIOIIUX Tepeiady CUTHAJIa JIEKTPOCBA3U B
npezenax oJHOW IMU(PPOBON CHCTEMBI MEpelaun ¢ UMITYJIECHO-KOJOBOW MOIYJISIIMEH M BPEMEHHBIM
pasnenenueMm kaHanoB (LICIT MKM-BPK) co ckopocTeio, ompenensieMoldl HOMUHAIbHBIM UYHCIOM
ocHOBHBIX IH(]poBbix KaHamoB (OLK), HaszpiBaeTcs TUHEHHBIM TPAKTOM IM(PPOBOH CHUCTEMBI
nepenaun (nanee nudpoBoi nuHEHHBI TpakT LIJIT.

I'pynmoBoii 1udpoBoii curHaid, cPOpPMHPOBAHHBIA KaHAIOOOPA3YIOMIMM O00PYAOBAaHHEM
LICII, moxeT mepenaBaThCsl MO DJIEKTPUYECKMM (KaK CUMMETPUYHBIM, TaK U KOAKCHUAIbHBIM) U
BOJIOKOHHO-ONITUYECKUM KaOessiM, paJHoOpeTIeHHbIM U CITyTHUKOBBIM JIMHUSAM riepenaun. L{ndposoii
JUHEWHBIA TPAKT MO UIEKTPUUYECKUM M ONTHYECKHUM KaleslsiM CTPOMTCSA 1O CTPYKTYPHOH cxeme,
MOKa3aHHOH Ha pucyHke 6.1.

OH colepXHUT mepeaaroliee M IMpUEMHOE 00OpyaoBaHHE OKOHeuHbIX MyHKTOB OJIT-OII,
yuactku Hampasisitomed  cpensl  (HC) u nuneitnsle perenepatopsl (PJI), pa3memiaembie B
pereHepanonHbix nyHkrax (PII), kotopsle Moryr ObiTh He obOcmyxuBaembivu HPII
obciyxuBaembiMu OPII. Onextponuranue HPII ocymectensiercs nucrannuonHo ¢ OPIL, koTopsie,
KpoMe  TOoro, oOecneuyuMBalOT  KOHTpoJb  OCHOBHbIX  mapamerpoB LIJITu  cocrosHus
obopynoBanus HPII. B aroil rnmaBe paccMaTpuBaeTcss JUHEHHBIM TpPakT MO CHUMMETPUYHBIM H
KOaKCHAJIbHBIM KaOessiM.

Paccrosiune wmexnay HPII 1,y HazbiBaeTcs perenepanmonusiM yuyactkoMm (PVY), paccrosiHue
mexay OPII Ha3bIBaeTcs ceKuei JUCTaHIIMOHHOTO MUTAaHUS WU (peXKe) CeKIuel 00CIyKuBaHusl.

OJIT-OII OJIT-0I1

HPII HPTI |~--— OPNl |—---= oPI HPII [ --—

ey
| Eapn-opn

[MKen=p K e

Pucynok 6.1 - CtpykrypHas cxema uppoBOro JMHEHHOTO TpaKTa

Jns popMupoBanus ¢ moMolnbio mpeoOpazoBaTtens koxa mnepenaun IIKnep nuueiitHOro
nugposoro currana (JILC) Ha nepenaroinieii OKOHEUHOM CTaHLMU U OOpaTHOTrO MpPeoOpa3oBaHUs C
NOMOIIIBI0  TpeoOpa3oBarenss koxa mpuemMa I[IKmpm Ha mnpueMHON OKOHEYHOM — CTaHIUH
npennaznayeHo OJIT-OIL.
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Perenepatopsl ciyaT A BOCCTAHOBJICHMSI IEpBOHAYalbHOW (DOPMBI MMIYJILCOB, HX
aMIUTUTYABI, JJIUTEILHOCTH M BPEMEHHBIX TOJIOKEHUH, KOTOpPbIE IPETEPIEeBalOT OCiIabIeHHe
(3aTyxaHue), pa3InyHOrO BUJIA CKAXKEHUSI U BO3[IeHCTBUE ToMeX. VicTouHnKaMu HCKaXkeHUH (hOopMBI
umiyinbcoB JILC sBusitorcss kabenbHble JIMHMM U ycTpoiicTBa cornacoBanusi (YC) BxoIHOTO
conpoTuBiieHus ctaHimoHHoro ob6opynoBanust (OIl, HPII, OPII) u BOJHOBOTO COMPOTUBIICHUS
Ka0eIbHO! Maphl.

PerenepaniuoHHbIN y4acTOK MOKHO TNPEACTaBUTH B BHJIE JIMHEHHOTO YETHIPEXMOIIOCHUKA,
amrumTyaHo-dactotHas (AUX) u ¢azo-uactorHas (PUX) xapakTepUCTUKH KOTOPOTO B OCHOBHOM
onpefeNnsoTes napamerpamu nepenaun kabens u YC. 3aryxaHue kabelns pacTeT ¢ yBEJIUYEHHEM
YaCTOTHI, YTO HEN30€KHO MPUBOAUT K OTPAaHUYEHUIO U UCKaXEHUIO dHepreTuyeckoro crekrpa JILC
cBepxy. OnHaKo mosioca mpomyckanus Kaxaoro PY orpanunduBaercst He TOJIbKO CBEPXY, HO U CHH3Y.
OrpanuyeHue MOJIO0Chl CHU3Y OOBSCHSETCS, B YaCTHOCTH, TEM, YTO B CTPYKTYPY PEreHEpalliOHHOTO
ydyacTKa BXOAST TpaHChOpPMATOphl, CIyXKallue JJIs Iepexola OT HEeypaBHOBEUICHHBIX
(HECUMMETPHUYHBIX) OTHOCHUTEIFHO 3€MJIM BXOAHBIX 3)KMMOB ammapaTypbl OKOHEYHBIX CTAHIUN U
pereHeparopoB K CHMMETPUYHBIM KaOelbHbIM mapaM. OTH TpaHC(hOpMaTopbl HE MPOMYCKAaIOT
MOCTOSIHHYIO COCTABIISIFOLIYI0 M OCJIAOJSIOT HU3KOYACTOTHBIE COCTABIISIONIME IHEPTETHYECKOTO
cnekrpa JILIC.

Hudposoit MKM  curnanc(t) wHa  Beixome OJIT-OII mpencraBnser — cirydaiiHyIo
MOCIIEA0BATEIHbHOCTh OHOIOJSIPHBIX HMMITYJIbCOB TOCTOSIHHOMW AaMIUTUTYIbl M JUIMTEIBHOCTU H
npo0OesioB (Hynel) TakXKe IOCTOSHHON NJIUTENbHOCTH (PUCYHOK 6.2). DHEpreTH4ecKuil CrekTp
TaKOro CHTHaja MpH OJAMHAKOBBIX allPUOPHBIX BEPOATHOCTSIX MOSIBICHUS €IUHUIl U HyJIeH B JII0O0OM
paspsifie KOJOBOM TpyIIbl U HE3aBUCUMOCTH OTIENIbHBIX CHUMBOJIOB JAPYr OT JApPYyra, MOKET ObITh
npencTaBieH B popme

2 2 2k
Glw)==12[S(wT 2[024—{12— = Slw) —=—
rae T - 1(50) ()i CIICTIOBAHMS UMITYJTECOB TUTST ciryJast MIEPHOINICCKON

TOCNEIOBATENLHOCTH; L1t IUTUTEAbHOCTh MMITYIbca; S(OTH) - MOAYIb CIEKTPalIbHOH ILIOTHOCTH
OJIMHOYHOT'O MMITYJIbCa, OMpPEEAIoNINi (opMy HEMPEPHIBHOM YaCTH SHEPreTHUECKOro CHEeKTpa U
orubaromiel ero JIUCKpeTHOM uyacTH; al - cpeaHee 3Hau€HUE aMIUIMTYAbl MMITYJlIbca U HX

2
mucnepcus 90 , . DHepreTmueckuii  creKTp G(w) MIOCJIEIOBATEIbHOCTH  TPSMOYTOJIBHBIX
UMITYJIBCOB TIPEJICTaBIIeH Ha pUCYHKE 6.3.

S(t) A
Am b——  — oo mmm o
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Pucynok 6.3 - DHeprerudeckuii cnektp mudpororo MKM curnana

W3 »sroro PpUCYHKa CJICAYET, 4YTO JOJHUCKPETHasd YaCTb CIEKTpa COACPKUT IIOCTOSHHYIO

COCTABJIAIONIYIO M HEYETHBIE FAPMOHMKM TaKTOBOH uacToThl YT . TlepBast rapMOHHKA MOXET OBITH
BbIJIEJICHA Y3KOMOJOCHBIM (UIBTPOM M HCIOJB30BaHA Uil TaKTOBOM CHUHXpoHH3anuu. Ilpu sTom
HEIPEPBIBHASL 4acTh CIIEKTPa, IIONAJAoMas B IIOJIOCY IPOIYCKAHMS HETOYHO HACTPOEHHOTO
bunbTpa, SABISETCS TMOMEXOW B KaHAle BBIJCNIEHUS TAaKTOBOH 4YacTOTHI U BBI3bIBacT (Pa3oBbIC
JPOKaHUS CHHXPOHU3UPYIOLIEr0 HAIIPSKECHHUS.

Henocratku Takoro curhana: 1) OTHOCHTENBHO OOJBIIAas MOIIHOCTh BBICOKOYACTOTHBIX
COCTABJISIIOLIMX JIUCKPETHOW M HENPEPHIBHOM YacTel SHEPreTHYECKOro CIEKTpa; 2) OOoJbIIon
yZeJIbHBIN BEC HU3KOYACTOTHBIX COCTABISAIOIINX HENPEPHIBHON YaCTH.

Ssnenus, npoucxonsmue B LIJIT n3-3a orpaHryeHust MOJIOCHI YaCTOT CHU3Y M CBEPXY, MO
cBOEH (pU3MYECKON CYITHOCTH OJMHAKOBBI C MEPEXOIHBIMH BIUSHUSAMU B rpymnmnoBom AWM Tpakre.
Paznuune cocrout B TOM, uto B rpynmnoBoM AWM TpakTe MMEIOT MECTO MEpPEeXOJIHbIE BIUSHUS
MEXAYy pa3au4yHbIMM KaHaiamu cuctemsl, a B LIJIT BousOT apyr Ha Apyra UMITYJIbChl JIMHEWHOIO
1u(ppoOBOro CUrHajia, IPUHAJIEKAIIME K KOJOBBIM IpYIIaM OJHOTO WM pa3HbIX KaHanoB. Takue
NEPEXOJHbIE  BJIMSHUSA  HA3bIBAIOTCA  MEXKCHUMBOJIBHBIMM  MCKaXKEHUAMH. MEXCHUMBOJIbHbBIE
HACKAXKEHUS, 00yCIJIOBIICHHbBIE OrpaHUYCHUEM TIOJIOCHI 4acTOT LJIT CBEPXY,
HA3BIBAIOTCS MEKCUMBOJIBHBIMU HCKaXXEHUAMHU 1-TO pona. Hanbonee cunpHO BAMSIOT APYT HA Ipyra
CHUMBOJIBI, PACIIOJIOKEHHBIE B COCEHUX TAKTOBBIX MHTEpBaNax. Bo3nelcTBUE IBYX MMITYJIBCOB IPYT
Ha Jpyra NpuBOIUT, B YACTHOCTH, K TOMY, YTO aMIUIMTY/bl 3TUX UMIYJIbCOB MOJIY4alOT HEKOTOPHIE
Clly4ailHble NpUpAIlEHUs; CIydyallHbIM 00pa3oM H3MEHSIOTCSI MOMEHTHI TOSIBICHHUS HMIIYJIbCOB
(a3oBBle ApOKaHWA), YTO BBI3BIBAET JOMOJHUTENbHBIE MOMEXH B KaHAJE BBIJECICHUS TaKTOBOM
YacTOTHI U yXyALIAeT paboTy CUCTEMbI TAKTOBOW CHHXPOHHU3alMU. BiMsiHIEe UMITYJIbCOB Ha IPOOEIbI
(Hynu) TPUBOJUT K TOMY, YTO B MOMEHTBHI CTPOOMPOBAaHUS OECTOKOBBIX TOCBUIOK (HYJe)
HaIlpSDKEHUE Ha BBIXOJIE PEIIAIOIIET0 yCTPOMCTBA OTIMYAETCA OT HYJSI M IOMEXOYCTOMYMBOCTH
pereHeparopa CHUXKAETCH.

Me:XCUMBOJIbHBIE UCKaXEHHsI, 00YCIIOBIEHHbIE OrpaHndeHreM mnosiocskl yactot LIJIT cuusy,
Ha3bIBAIOTCS MEKCUMBOJIBHBIMU HCKaXEHUAMH 2-TO poaa. OrpaHuyeHUe MOJOChl YacTOT CHU3Y
IPUBOJIUT K IMOJABJICHUIO MOCTOSHHOW M HU3KOYACTOTHOM COCTaBIISIOMIMX IU(POBOrO CUTHAjlIa U
00pa30BaHUIO XBOCTOB IepexojHoro mnpouecca. CymMMmMapHOe HaIpsDKEHHE XBOCTOB — BCeX
MPEBIAYIIUX UMITYJIbCOB BO3IECUCTBYET HA KaXAbIM MOCIECAYIOMNI UMITYJIbC, U3MEHSS CIydailHbIM
oOpazom ero ammauTyny. [IpeBbillieHHWEe MTHOBEHHOTO 3HAUEHUS CHTHAla HaJ TOpPOTOM
cpabaThIBaHMsI YMEHBINIAETCS, YTO MPUBOANUT K CHUKEHHIO IIOMEX0YCTOMUYMBOCTH pereHepaTopa.

[Tomumo mepenaur MUQPPOBOTO CUTHAIIA, COAEPIKAIIECTO HU3KOYACTOTHBIE COCTABIIAIONINE, 110
napam kabens HeoOXOJAMMO TepeaBaTh MOCTOSHHBIA TOK auctaHimoHHoro nurtanus (JIT) HPII, a
9TO TPHUBOIUT K TMpodlieMe pa3AeNeHus TOCTOSHHOW COCTaBIsONmed IMGPOBOrO CHUTHajIa H
toka JII1 B HPIL.

Henuneitnocts (azouactotHoi xapakrepuctuku LIJIT Takke mMpUBOAUT K HEXKelaTeTbHBIM
saBiaeHusM. CirydaliHble OTKJIOHEHUS TPYIIIOBOIO BPEMEHH MPOXOKIACHUS OT MOCTOSHHON BEJIMYUHBI,
BbI3BaHHbBIE, HAIIPUMEP, OTPAKEHUSIMU OT CTHIKOB Pa3JIMYAIOLIUXCS IO BOJHOBOMY COMPOTUBIICHHUIO

CTPOUTENBHBIX JITMH KaOess, HECOTJaCOBAaHHBIM TOJKIIOYCHHEM Kalenas KO BXOay (BBIXOAY)
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anmapaTypbl OKOHEYHBIX U IPOMEKYTOUHBIX PEr€HEPAMOHHBIX ITYHKTOB, IPUBOJST K MOSIBJICHUIO B
TpPaKTE Mapa3UTHBIX HMMITYJbCHBIX IOCJIEAOBATEIBLHOCTEN, ONEPEKAOINUX OCHOBHOW CHUTHAJI WU
OTCTaloIMX OT Hero. HanokeHune OTpa)KeHHBIX CHTHAJOB HAa OCHOBHBIE TaKXe CIOCOOCTBYET
YBEJIUYCHHUIO BEPOSTHOCTH OIIMOKHU nipu pereHeparuu LJIC.

EcrectBenno, uro MKM curHanel (pucyHok 6.2) HE MOTYT OBITh HCIIOJIB30BaHbBI JIJIS
nepeaayd Mo JIMHEHHOMY TPaKTy, MPEACTaBISIOIMEMY COOOH MOJOCOBOW (PUIBTP € TpaHUYHBIMU
gactotaMu fry 1 s, 63 CyIIECTBEHHBIX MEKCHUMBOJIbHBIX HCKAKCHHUN M OMIMOOK. J[jisi yMEHbIICHUSI
UCKa)XEHUH Heo0XoauMo U3MeHHTh CTpYKTypy MKM curnama B COOTBETCTBUH C OCOOEHHOCTSIMH
koHkpetHoro IIJIT u tuma xa6ens. s aroro OJIT-OII comepkar mpeoOpa3zoBarenu Kojaa nepeaadn
(ITIKnep) u npuema (ITKnpm). [lepBriii npeanasHaueH i npeodpasoanust BxogHoro KM curnana
B TakOil CHUTHaJ, JHEPreTUYECKHIl CIEKTp KOTOpPOro Obul Obl MaKCHMalIbHO COIJIACOBAaH C
napamerpamu nepepauu LIJIT, u, npexne Bcero, ¢ 4YacTOTHOM XapaKTEPUCTUKOW 3aTyXaHUs
PEreHepallMOHHOIO Yy4yacTKa, T. €. JODKEH MaKCHUMaJIbHO BO3MOXHO YKIIAJBIBaThCSd B IOJIOCY
yactor fru...frB. [IKnpMm npeanasnayen ans  oOpaTHbIX —mpeoOpazoBaHWil. MOXHO — CKa3aTh,
yto [IKnep u I[IKnpMm BBITIONHAIOT ONepauu JUHEHHOTO KOJUPOBAHMS C IEJIbI0  (OPMHPOBAHUS
nuHeiHoro mudposoro curnana (JILC) ¢ ucrmonb30BaHHEM COOTBETCTBYIOIIUX JTHMHEHHBIX KOJIOB
Y JIMHEHHOT 0 1I€KOIUPOBAHUSL COOTBETCTBEHHO.

OcHoubiMu niapamerpamu LUIT, onpenensromumu kayectso nepenaun JILIC, spastores:

1) kosddurment omudok Ko, paBHBIM OTHOIIEHUIO YHCIa OMIMOOYHO PEreHEePHPOBAHHBIX
CHUMBOJIOB K OOLIIEMY YHCITy NT€PEIaHHBIX;

2) ba3zoBbie IpoKaHMs, ONpPEACIIeMbIe OTHOIIECHHEM OTKIOHEHHUS BPEMEHHOI'O IMOJIOKCHHUS
pEreHepUpPOBaHHBIX CUMBOJIOB OT TaKTOBBIX TOYEK K JUIMTEIBHOCTH TAKTOBOro mHTepBana T (puc.
6.2,a).

OTMeTHM, 4YTO TpU TEOPETUUYECKUX pacdyeTax U OLEHKaX OIpEAeIeTCs BEPOSITHOCTh
OIIMOKH Pow, @ HE Korir.

[Ipu uccnenoBaHuyu UCHOIB3YOTCS:

- (opmupoBaTENb TECTOBBIX UMITYJICOB, PACIIONIOKEHHBIN HA JI€BOW MAHEINH;

- CHHXpOHU3AIMs ociriuorpada, pacronoKeHHast Ha JIEBOH IMaHeNu;

- ocuusutorpad ¢ BHEIIHEH CHHXPOHU3AIHEH.

dopMupoBaTenb BbIpadaThiBaeT TpU TecToBbIX curHama F1, F2 u F3. Bbel momkHBI
OIPEAEIINTh OCHOBHBIE NTAPAMETPBI TECTOBBIX CUTHAJIOB!

- NEepHOoJ;

- 4acToTy;

- JUIUTEIbHOCTh UMITYJIbCA;

- CKBa)XHOCTb;

- aMIUIUTYAY.

Anroputm NpUOINKEHHOTO IIOCTPOEHHUS CIIEKTpa IIITIA (mepuoanyeckas
MOCJIE0BATENBHOCTh IPSIMOYTOJIHBIX UMITYJIECOB) CO/IEPIKUT:

1) pacdeT MOCTOSIHHOW COCTABIISIOLICH:

U
UO = _m
q
2) pacyer YacTOThI, HA KOTOPBIX OrUOAKOMIas CIIEKTPA IIEPECEKAET OCh A0CIIUCC:
1 2
T’ T T

3) pacyeT SKCTpEMyMOB OTHOAOIIEH CIIEKTpa:

2U,, So So
Sy = —= S, =2
0 q 1 5

4) OIPECACIICHUC YaCTOThI COCTABJIAIOMIUX CIICKTPa
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3 Conepxanue u opopMiIeHHE OTYETA

1. Tabnuna ¢ mapaMeTrpamu TECTOBBIX UMITYJIbCOB;

2. Pacu€r CeKTpoB TECTOBBIX UMITYJIbCOB;

4. Dmopbl CUTHAJIOB HAa BBIXOAE JMHHUM CBS3U U1 3-X TMOJIOKEHUH MepeKIroyaTelis «I1ojoca
nporyckanus» (Juist Bcex 3-x TecToBbix umMnyibcoB F1, F2 u F3);

5. Ilo monmy4yeHHBIM pe3ynbTaTaM chOpPMYIHPOBATH BBIBOABI O CBSI3U (DOPMBI UMITYJIbCA HA BBIXOJIE
JIMHUM OT CIIEKTpa NEPEJaBaEMbIX UMITYJIbCOB U MOJIOCHI IIPOIYCKAHMUSL.

Ta6muia 6.1 — Pe3ynbpTaThl pacyeToB

TecToBbIi UMITYIIbC F1 F2 F3

T

T

Um

f

5 KoHTponbHBIE BOIIPOCHI

1. Kakue ommOKy UMEIOT MECTO MTPH MPOXOKICHUH JTHHEHHBIX CUTHAIOB IO IIH(PPOBBHIM
JTUHEHHBIM TPAKTaM C UCTIOJIb30BaHUEM JICKTPHUIECKOTO Kades?

2. Kakue xo/bl HCTIONB3YIOTCS P MPOXO0KICHUH JIMHEWHBIX CUTHAJIOB MO U(PPOBBIM
JTUHEHHBIM TPAaKTaM C UCTIOJIb30BaHUEM DIIEKTPHUECKOTO Kadens?

3. CocraB pereneparopa.

4. Tunbsl TOMEX UMEIOUIUX MECTO IIPH MepeJayl CUTHAJIOB.

5. ITapameTpsl onpenesnsromne Ka4eCcTBO Mepeadn.

6. Kakumu nmapamerpamu onpezaesnsiercs AanHa KabeapHOro yyactka?

Crucok PCKOMEHIOBAaHHBIX HCTOYHUKOB

1. F'opnuenxo B.H., Teepeukuit M.C. MHOroKkaHaJIbHbIE T€JIEKOMMYHUKAIIMOHHBIE CUCTEMBI.
VYuebuuk 1t By30B. M.: ['opsuas nmunus - Tenexkowm, 2013.

2. Kpyxmanes B.B., I'opmuenko B.M., Mouenor A.Jl. IludpoBble cHCTEMBI Iepemaayu.
VYyebnoe mocodbue nist By3oB / mon pemakumeir A.J[. MouenoBa. — M.: l'opsuas nuHus —
Tenexom, 2012.

3. [ludpoBble ¥ aHATIOTOBBIE CHCTEMBI TIepeaaun. Y YeOHHK I BY30B / 1o peaakiueit B.1.
WBanoBa — 2-oe nznanue — M.: I'opsiaas nmunus — Tenexom, 2005.

29




IIpakTnueckoe 3ansarue 7

N3ydenne ocHOB TexHHKa—TUHTBUCTHYECKOTO oOecnieueHust BOCII rexnonoruu SDH

3aganue:

1. U3yunTh onucaHus CTPYKTYPbl TEPMUHAIBHOTO MYJIBTHILIEKCOPA, OCHOBHBIX COKpAIICHUH,
UX CYIIHOCTH U npousHomienus B English Bapuanre.

2. OBnafeTh METOIUKON H3Y4YeHUS! (PYHKIIMOHUPOBAHUS BOJIOKOHHO-ONTHYECKUX
MHOTOKaHAJIbHBIX TEJICKOMMYHHKAIIMOHHBIX CHCTEM Ha OCHOBe TexHonoruu SDH, ncrons3yromux
JUISL ONMCaHUsI OPUTUHAJIbHBIE TEXHUYECKNE OITMCAHMS.

Kpatkue Teopernueckue cBeeHHs
7.1 TexHUKO-TUHTBUCTHYECKHE TPoOiemMbl n3ydenus mudpoBsix MTC texnonorun SDH

B Hacrosimee BpeMs ocHamieHue obopynoBanumeM ECD P® u kxopmopaTWBHBIX ceTei
OCYIIECTBIIIETCA C HKCIIOJNB30BAHUEM alllaparypbl Kak OTEYECTBEHHBIX, TaK U 3apyOeKHBIX
npousBoauteneil. [Ipm 3TOM KOMIIOHEHTa HMMIIOPTHOTO OOOpYIOBaHUS SBISIETCS JOCTaTOYHO
Oombiioi. B cBsA3u ¢ 3TUM, B HaydHO-TeXHHUYecKoil [1], a 3arem u B yueOHOI nuteparype [2,3],
CJIOKMJICS. CTHIIb HE TIEPEBOUTH a00pEeBHATYPBI COKPAILIEHUH C sI3bIKa OPUTHUHANA, a PEACTABIATh UX
B IIEPBOHAYAILHOM BHUJE. Takoi moaxo ] mpeanoaaraeT onpeaeIEHHbIA YPOBEHb MPOECCUOHATLHOM
NOATOTOBKH OOy4aeMbIX B OOJIACTH TeleKOMMYHHKamuid. OJHAaKO, CTYACHTBI, H3Yy4Yalollne
JTUCLUIIIMHBI B CUJTy €CTECTBEHHOTO XOj/1a Ipoliecca 0Oy4eHHsS] TAKUMU 3HAHUSIMU B OOJIBIIMHCTBE
ciydaeB He oOmanaror. DTo 3arpyaHseT PQPEKTHBHOE H3ydeHHE COBPEMEHHBIX MHOTOKaHAIBHBIX
TEJICKOMMYHUKAITMOHHBIX CHCTEM, TaK KaK y O0Oy4aeMbIX OTCYTCTBYET CMBICIOBOE TEXHHUYECKOE
MMOHUMAaHUE CYIECTBA BCTPEYAIOLINXCSI TEPMUHOB.

K coxanenuto, cerogHss B 0a3uce TEXHUKO-TMHTBUCTUYECKOTO OOECTEUeHUS HU3y4EHUS
TEJIEKOMMYHUKAIIUN, MAIONIero paciiu(poBKY W TPAKTOBKY AHIIIOSI3BIYHBIX a0OpeBHUATYp UMEETCs
BCETO JIMIIb ONHO y4yeOHoe mocoOue [4], KOTOpoe MOpalbHO 3HAUYUTENBHO YCTapelo, TaKk Kak He
OTpa)KaeT COBPEMEHHOTO YPOBHS TEXHOJIOTHH B 00JaCTH TEJIEKOMMYyHHUKAIUH.

DTO CHUKAET KaueCTBO Y4eOHOTo Ipoliecca, Tak Kak 0a30BbI MaTepual I0JKEH OCBAaUBATHCS
B TEUYCHHE OrpaHMUEHHOTO0 BPEMEHHOro HHTepBasa. [IpumeHeHue ciioBapel OOIIETEXHHUYECKOTO
Ha3HaueHus [6, 7] B OONBIIMHCTBE CIydyaeB HE MO3BOJISIIOT TPAKTOBATH T€ WM MHBIE a0OpEeBUATYPHI.
Crneuuanu3upoBaHHbIE  CIOBapu B 00JacTHM  ONTHYECKUX  CHUCTEM  TElIEKOMMYHUKAIUH,
aJaNTHPOBAaHHBIE K HYXJIaM y4eOHOro MpoIlecca, K COXaJIEHUIO, OTCYTCTBYIOT, a TEXHHYECKHIi
cioBapb [9] u3naH A BHYTPUBEAOMCTBEHHOTO TPO(HECCHOHAILHOTO MPUMEHECHHS .

ApXHTEKTypa 3TOTO cjoBapsi aOCOMOTHO HE COOTBETCTBYET 3ajauaM y4yeOHOro mporiecca Ha
MOJTHOLIEHHOE H3YyY€HHEe, TaK KaK OH CO3/aH I oOecriedeHHs 3a/lad HAayyHBIX HCCIEOBaHUM U
pa3paboTku 0OOpyIOBaHUS W CUCTEM B OOJACTU TEIEKOMMYHUKAUH U TpeOyeT orpenernéHHbII
HavaJIbHBIN 0a31C TEXHUKO-TMHTBUCTUICCKUN 3HAHUH B 001aCTH TEIEKOMMYHHKAITUH.

Emé omHOW CIIOKHOCTBIO SIBJISIETCSI TO, YTO B HACTOSIIEE BpPEMs 10 CHUX IOp YCTOHYHMBO
oOy4yeHHe S3bIKaM, OTIIMYHBIM OT AHTIMKUCKOTO S3bIKa, M M3y4YalolIUe MX CTYACHTHI OKAa3bIBAIOTCS
MOJIHOCTBIO HEMOATOTOBICHHBIMH K BOCIPHUATHIO Marepuana, B KOTOPOM PYCCKUM M aHIIIMMCKUUN
TEKCT MepeMeIIaH B PaBHbIX YaCTSX.
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[TockoibKy OTJIMYUTENBbHON OCOOCHHOCTHIO ONUCaHUs HH(OPMAIMOHHBIX IMPOIECCOB,

KOMIIOHEHT, YCTPOMCTB (YHKIIMOHUPOBaHHUA 0OOpymaoBaHus TexHoioruu SDH sBisercs mmpoxoe
UCTIOJIb30BaHUE OOUICTIPHHATON aHIIOSI3BIYHON CTPYKTYpbl OOO3HaueHWil 0Oe3 uX mepeBoga H

TEXHUYCCKON TPAKTOBKH, BO3HHKACT HCO6XOI[I/IMOCTL B TCXHUKO-JIMHIBUCTHYECKOM OO€CIICUCHUU

N3Y4YCHHUA yCTpOﬁCTBa u (bYHKHHOHHpOBaHI/ISI BOJIOKOHHO-OIITUYCCKUX TCICKOMMYHUKAIITMOHHBIX

CHCTEM Ha ocHOBe TexHosoruu SDH.

2 TeXHHUKO-TUHTBUCTUYECKOE OMMMCAHNE CTPYKTYPhl MATUCTPAITH

TeXHUKO-JIMHTBUCTUYECKOE OIIMCAHUE CTPYKTYpPbI

MpeACTaBiIeHo B Tabmuie 7.1.

Path

maructpamu  SDH  (pucynok 7.1)

A

A

Regeneration Regeneration
P
section

PTE

ADM, TM

Multiplexion
section

STE
Reg

section

LTE

ADM/DCCS

Multiplexion
section

Regeneration Regeneration
P
section

section

PTE
STE

Reg

ADM, TM

Pucynok 7.1 - Crpykrypa maructpanmu SDH

Tabmuna 7.1 - TeXHUKO-TUHTBUCTHYECKOE OMMCAaHUEe CTPYKTYphl Maructpamn SDH

Path [pa:t] [mac] TpakT, MarucTpaib
Multiplexion [ ‘mAltipleks/n [ManTumiekx Cex1yst MyJIbTH-
section sek_lln] CEKIITH] TUIEKCUPOBaHUS
Regeneration | [ri,tsensreiln [pumkennpoiimn | Cekuus pereHepauun
section sek.|'n] COKIIH]
PTE [pi: ti:i7] [ru ! U] 3aBepIaroIIuii 3IEMEHT
(Path [pa:t [mac tpakta MCD-T G.707/
Terminating t2:mi’neitil) TEMUHEUTUH Y.1322
Element) ‘elimont] JIIUMEHT |
LTE [el ti: i:] [201 TH 1] O0opynoBaHre OKOHYAHUS
(Line Terminal | [lain [maiin JTMHUAU
Equipment) ,t2:mi’nl TEMHHAIT

1’kwipmant] WKYHUIIMEHT |
STE [es ti: i:] [oc TH U] OxoHevHOe a00OHEHTCKOe
(Subscriber [s9b’skraiba [cabckpaiics obopyaoBaHue
Terminal 12 :mi’nl TEMUHAII
Equipment) 1’kwipment] WKYHIIMEHT |
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3 TeXHUKO-TMHIBUCTUYECKOE OIMCAHHUE CXEMBI MarucTpain

7.2)

el

Power supply

RS-232

TexXHUKO-JIMHTBUCTHYECKOE omucaHue ydeOHou wmaructpanmu SDH  (pucyHok
IpeCTaBIeHo B Tabaue 7.2.
T Worplace1 ‘i STM-1 |77 “Workplacez _i STM-1 I wenpaces "i
Terminal MUX T @ : Add-Drop MUX T @ : Terminal MUX |
(™) ' — (ADM) ' — (™) '
JE1 : I E1 : I 3 :
— Electrical Cross | : —| Electrical Cross | : — Electrical Cross |
IEl : I [E1 : I IEl :
| |
Commutator } | Commutator } | Commutator }
| | | | |
| | | | |
| | | firond | ] rod |
éhT:nr;Z 1PDC | ! channel 1 ppc | ! channel 1 ppc |
| | | | |
| | Power supply | | | |
| | |
| RS-232 |
RS-232 | | | | RS-232 gé ! |
| | Ethemet | | Ethernet |
Ethernet
_______ | L L
—_— = === — 5
| Workplace 2 |
@' Add-Drop MUX &>
| (ADM) |
| — Electrical Cross |
| Commutator &)|
| 6 TUI
o e [ 1|
| Fis Branching Cross-
| device board |
1 T];e T |
| chann 1 PDC

Ethernet

Pucynok 7.2 - Ctpykrypa y4e6Hoit Mmaructpamu SDH
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Tabmuma 7.2 - TeXHUKO-TMHTBUCTUYECKOE OMMcaHue yueoHoi maructpanu SDH

ADM [ei di: em] [3i1 11 oMm] MybTHIIIEKCOD
(Add-Drop [Ed drap‘miltipleks?]| [»a-apom BBO/Ia-BBIBO/IA
Multiplexor) MAaJITUILIEKCO |

™ [ti: em] [TH 5M] TepMUHATBHBIN
(Terminal [,t2:mi’nl [TEMHHAT MYJIbTHILIEKCOP
Multiplexor) ‘miltipleks)] MaJITUILIEKCO |

DCCS [di: si: si: es] [au cu cu o¢] KommyTarop xaHaioB
(Data [‘deit2 [mara JTaHHBIX
Communication kﬁmju:ni’kei.'In KOMMYHHKIHIITH

Channel Switch) ‘| aenl SWitl-] YEHHEJ CYyUTY]

Workplace [wa:kpleis] [yopkrumiic] Pabouee mecto

™ [ti: em] [TH 5Mm] TepMUHATBHBIN
(Terminal [,t2:mi’nl [TémunHIT MYJIBTHILIEKCOP
Multiplexor) ‘msltipleks)] MAaJITUILIEKCO]

Electrical cross [ilectrikl kr2s] [mnexTpukan kpoce] | DaekTpHUecKHii Kpoce
Commutator [‘k2mjuteita] [komMBIOTAHTO] KommyraTop
Branching [bra:ntil) [Opanuun YCTpOHCTBO

device di’vais] JTUBaiic| pasjeseHus
Crossboard [krasb2:d] [kpoc6on] Kpocc

Tone [tun [Toyn Kanan ronanbHoOM
channel ‘t.|'EE‘nI] YeHHEI | JaCTOTHI

PDC [pi: di: si:] [tt1 i cu) OcHOBHO TTUPPOBOH
(Primary Digital [*praimri *dickitl [mpaiimapu KaHas

Channel) ‘t_|-3i‘nl] JIMOKATAIT YEHHE |

RS-232 [a: es 232] [aac 232] [TocnemoBarenbHbIH
(Recommended [rek<’mendid [pexomMeHIu I opT

Standard ‘stdend=2d CTIHID (PexomeHTOBaHHBIM
232) tu: Bri tu: ] Ty CpH Ty cragaapt Ne232)
Ethernet [“i:Benet] [u3epuer] D3epHET

Power supply

[‘pau s’plai]

[may»s caruraii]

VYcerpolicTBo nojauun
IIUTaHUsA
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4 CtpyKTypa MyJIbTHIUIEKCOpa BBOJIa-BbIBOJIA

TeXHUKO-TMHIBUCTUYECKOE OIMCAaHHE MYJIBTHILIEKCOPa BBOJA-BbIBOJIA (PUCYHOK
IpeCTaBiIeHo B Tabauie 7.3.

Bypass

East

STM-1 STM-1

West

¢ ),Optlcal Access Unit| MUX Commutator MUX | Optcal Access Unit —
)
[ | l R\
EOW C&A COMM Tributarry flows
Senice F-interface, Q-interface Tribytary flows

control &

channel

siglalling
PI/ICYHOK 7.3 - CprKTypa MYJIBTHIITICKCOpPA BBOAA-BbIBOJAa

interfaces

Ta6n1/1ua 7.3 - TeXHUKO-TUHTBUCTHYECKOE OIHUCAHUE MYJIbTHIIICKCOpPA BBOAAa-BbIBOJId

7.3)

Optical Access

[Dptikal &kses ju:nit]

[onTrKI 9KCaCC TOHUT]

biok ontrueckoro

Unit JOCTYyTIa

MUX [em ju: eks] [5>M™ ro0 aKC] MyJbTHILICKCOP
(Multiplexor) ‘msltipleks) [ManTumIekco]

Commutator [‘k2Imjuteita] [xomBrOTRIITO] KommyTrarop
Bypass [‘baipa:s] [Gaiirac] Oo6xox

STM [es ti: em] [3¢c TH 5M™] CHHXPOHHBIH
(Synchronous [*siDkronds [CHHKPOHOC TPIHCIIOT | TPAHCIIOPTHBI
Transport Module) | ‘tr&nsp2:t ‘mAdju:l] | moabron] YPOBEHB

EOW [i: Qu: 'dAblju:] [u oy nabmro] TexHOIOTHYECK Ut

(Engineering Order
Wire)

[en<sin’niotiD
2:do waid]

[PHIKUHUPHUH OJ1e
yaiia]

CITy’KE€OHBIH KaHaI

Service Channel

[‘s:vis o &nl]

[céBuc yennen]

Kanan oGcnyxuBanus

C&A Calibration

[kZ®libreiln 2nd T

[cu a1 91 KIAMOPAIIITH

KaJIMOpOBKa U

and Checkout ekaut] [si: 9nd si:] 5HJI YeKayT] IPOBEPKa

(C&C)

F-interface, control | [ef ,intd’feis [} nHTODEIC, KOHTPYN | KOHTpOMNB 1

& signalling kon’traul @nd 9HJI CUTHAJLJINH ] CUTHAIN3aIuUs
sign’allil]

COMM [k2:m] [xom] MOCTIeTOBATEIbHBII

mopT
Q-interface [kju: ,inta’ feis] [Kbro uaTOGCIIC] TexHoMOrnuecKuii

CITy’)K€OHBIH KaHal

Tributary flows [“tribjut2ri flduz] [TpuOBrOTApH (IoY3] TpubyrapHble TOTOKH
Tributary flows [“tribjut2ri fluz ,intd | [TpubdbroTapu dioy3 Wntepoeiic
interface *feis] unTo(deiic] TpUOyTapHBIX MTOTOKOB
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5 Ctpykrypa kaapa STM-1

TeXHUKO-TMHIBUCTUYECKOE OMUCAaHUE CTPYKTYpbl Kaapa (PUCYHOK 7.4) mpelncTaBiIeHO B

tabsuue 7.4.
o 9 261 - AU-4
[~ g g
I | /
3 SOH |
AUG «—] 1
1 B3
[ AU4PTR | c2
Gl
5 POH F2 VC-4
H4
Z3
Z4
Z5
VC-4 POH
Pucynok 7.4 - Ctpykrypa kaapa STM-1
Tabmuna 7.4 - TeXHUKO-THHTBUCTHYECKOE ONTUCAHKE CTPYKTYPHI Kajpa
VC [vi: si:] [Bu cu] BupryanbHbiii
(Virtual Container) [vO:Ujudl kdn’teind] | [Béuyan kouTeitns] | KoHTeiiHep
J [ei] [oxeii] VYkazarenb myTu
B [bi:] [6wm] KOHTPOJTb Ka4ecTBa
C [si:] [cH] dopmar koHTeitHepa
G [113 i:] [oxu] [ToaTBepxaeHue
OLIMOKY Nepeadn
F [ef] [>d] CoyxeOHbIT
H [eit!l] [itu] WNupukanus cynepkaapa
4 [zed] [3en] HarronansHsiii pe3eps
POH [pi: du eill] [rm oy 2iiu] 3aroJ0BOK TpakTa
(Path Overhead) [pa: B duva’hed] [mac oyBoxo]
PTR (Pointer) [pi: ti: a:] [‘pinta] [ i a] [moitaT?] | Ykaszarens
AU [ei: ju:] [»it 10] AIMHHUCTPATHUBHBIN
(Administrative Unit) | [?d ministrativ ‘ju:nit] | [3AMUHUCTPITHB 010K
IOHUT]
AUG [[ei: ju: i) [9 10 1KH] ['pynmosoii
(Administrative Unit [@d’ministrdtiv ‘ju:nit | [SAMUHHCTPITUB aJIMUHHUCTPATHBHBIN
Group) grou:p] IOHUT TPYII] 010K
SOH [es du eill] [3c oy 9ity] CeKIHOHHBIH 3ar0JI0OBOK
(Section overhead) [‘sekl n Quv’hed] [coxmE oyBexan]
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6 Opranuzanus STM-1 B cootBercTBum ¢ G.709 ITU-T

OO6mrast cxema MyJIbTUIIEKCUPOBAHUS COCTABHBIX 3JIEMEHTOB Moayiss STM-1 npencrasieHa
CXeMa MYJIbTUILIICKCUPOBAHUS

Ha PpUCYHKE

7.5, a

MIPEACTABICHO B TabuIe 7.5.

TCXHUKO-JIMHI'BUCTUYCCKOC

OIIMCaHHuEC

W4

[ |
ca b vecamE '['*é';’ : TUG-3 (E)
—l ve-a| | aues
[
czia) —o wvoz TU-2

C-12 p— W12

C-11 pP—m V11

TU-11

(A

==l 1 | L

TU-12 TUGE-2 A = TOMBGD SMSDAKIHCIAN DEONELIAR
E = TOMNLKD SHRONSACSER DOARHLIHA

Pucynok 7.5 - O6mas cxema MynpTUILIeKcupoBanus B STM-1

Tabmuna 7.5 - TeXHUKO-TUHTBUCTHYECKOE ONMCAaHUE MYJIbTHILIEKCHpoBaHU B STM-1

- T __j AUG —){ STM-1

STM [es ti: em] [3¢c TH 5M] CHHXPOHHBIN
(Synchronous [siDkronds ‘trd& | [cuHKpOHOC TPACHOPTHBINA MOIYJIb
Transport Module) | nsp2:t ‘madju:l] TPIHCIOT MOIBION |
C [si:] [cH] Konreitnep
(Container) [k9n’tein] [KOHTIH? |
VvC [vi: si:] [BHU cH] BuptyanbHbIit
(Virtual Container [‘Vﬂ:tﬁju:}l ko [Béuyast KOHTIUHD]| | KOHTEHHEp
n’teind]

TU [ti: ju:] [TH 10] Tpubyrapslii 610k
(Tributary Unit) [“tribjutdri ju:nit] | [TpudBIOTapH

FOHMT]
TUG [ti ju: <] [T 10 KH] ['pymnmoBoii
(Tributary Unit [‘tribjut2ri ju:nit [TpuOBIOTapH FOHHUT | TPUOYTAPHBIN OJIOK
Group) grou:p] rpym]
AU [ei: ju:] [o¥ 10] AIMUHUCTPATUBHBIH
(Administrative [@d’ministrativ [3AMUHUCTPITUB 010K
Unit) ‘Juinit] IOHHT |
AUG [[ei: ju: Ll3i:] [9¥1 0 mxu]| ['pynmoBoit
(Administrative Unit | [9d ministrativ [>AMHUHUCTPITHB aJIMUHUCTPATHBHBIN
Group) ‘ju:nit grou:p] FOHHT TPyI | OIIOK
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7 O606mEnHas GyHKIIMOHATBHAS CXeMa TEPMHUHAIIBHOTO MYJIBTHUILIIEKCOPA

TeXHUKO-TMHTBUCTHYECKOE OIMCAHKUE CXEMa TEPMUHAIBHOTO MYJIbTHILIEKCOPA (prCyHOK
7.6) mpencrasieHo B Tabnuie 7.6.
— LOI LPC LCS HOA HPC HCS TTF =

Pucynok 7.6 - Cxema TepMHHAIBLHOTO MYJIBTUILIIEKCOpA

Tabnuna 7.6 - TeXHUKO-THHTBUCTHYECKOE OMUCAHNE TEPMUHAIBHOTO MYJIBTHILIEKCOPA

LOI [el Du ai] [31 oy ai] Wutepdeiic

(Lower [lPua [1y> dopmupoBanus

Order J:do 0,13 uHTO(D3¥C] BUPTYaJIbHOTO

Interface) in’t):feis] konreitnepa VC-12

LPC [el pi si] [516 111 cH] Moayiib KOMMyTaIuu

(Lower [lfu= [Ty TPaKTOB HU3IIETO

order 2:d2 o3 HOpsIIKa

Path Connection) pa:d ko nek 19n] 1ac KOHOKIIIH |

LCS [el ci es] [211b cu 3¢ Moyiib KOHTpPOJIs

(Lower [lfu= [Ty MOAKJIIOYEHUS TPAKTOB

order Connection 2:do o3 HU3IIETo MOopsaKa

Supervision) ko nek Jon KOHHEKIITH (DyHKIMS KOHTPOJIS

Sjuzpd’vi 39n] CBIOTIEBMIKH | coequnenuit VC

HUYKHETO YPOBHS)

HOA [eitlDu ei] [2itu oy ] Moayns cOopkn

(Higher [‘hai 9 [xaiid UH()OPMAIIMOHHBIX

Order Assembler) Q:da 0] CTPYKTYP BBICIIETO

2’sembl] 3caMOI?] nopsiaka (Coopka VC

BEPXHETO YPOBHSI)

HPC [eit! pi: si:] [9¥14 1 cu] Moysb KOMMyTalun

(Higher [‘hai @ [xaii’ TPaKTOB BBICIIIETO

Order 2:.da o1d nopsiika

Path Connection) | pa: 6 ka’n 9k/n] 11aC KOHOKIIH]

HCS [eit) ci: es] [3it4 cu ac] ITocnenoBaTenb-HOCT

(Header [‘heda [x319 NPOBEPKH 3arojI0BKa

Check ek yek

Sequence) ‘sizkwons] CHKYIHC]

TTF [titief] [Ti TH 2] Monynb ¢ GQyHKIHSIMA

(Transport ['treensp 2t [TpaHCITOT TPAHCIIOPTHOTO

Terminal ‘t:minl TEMHHIT TepMUHAJIA

Function) ‘tADKI n] dankmH]
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TexHUKO-TMHIBHCTHYECKOE onrcanue cxembl 0;10ka TTF (Transport Terminal Function)
(pucyHOK 7.7) TEpMUHAIBHOTO MYJIBTHILIEKCOPA MPEJICTaBIeHO B Tabnuue 7.7.

TTF
__S1] SPI | T1
S2 | | TO
N RST Ul
S3 | | TO
P MST Y%
| |
_S14] MSP | TQ
| |
__S4| MSA 1 TQ
[ [

Pucynok 7.7 - Cxema 6510ka T TF TepMuHanbHOro MyabTHILIEKCOpA

Tabnuna 7.7 - Texuuko-nuHrBUCTHYECKOE onucanue 01oka T TF TepMUHAIBLHOTO MYIBTUILIEKCOpA

TTF [titief] [Th T 2] Monyinb ¢ GyHKITUIMEI
(Transport ['treensp:t [TpaHCTIOT TPAHCIOPTHOTO
Terminal ‘ta:minl TEMHHIT TEepMUHAJIA
Function) “tADKI n] (ankmH]

SPI [es pi ai] [3c mu aif] CHHXPOHHBIN
(Synchronous Physical | [*silkrands [cuHKpOHOYC GU3UKI | PpU3HYSCKUI
Interface “fizikd| unTo(dekc] uHTepdeiic

(SDH Physical ,inta’feis]

Interface))

RST [a: es ti] [a 3¢ TH] OKOHYaHHE CEKIHH
(Regeneration [ri,d5endrei In [pumKeHOpIHIIH pereHepanum
Section sekln COKIITH TEMUHAHIIH

Termination) I,j;mi’nei_l'n]

MST [em es ti] [>M 3¢ TH] OKOHYaHHE CEKIMH
(Multiplex [‘mAltipleks [ManTuIUIIeKC MYJIbTHILICKCH-
Section sek/n COKIIH pOBaHHS
Termination) ,tC‘J':mi’neiJ'n] TEMUHDMIIH]

MSP [em es pi] [>M a¢ mH ] 3amuTa CeKIuu
(Multiplex [‘maltipleks [ManTHIIIEKC MYJIbTUIIICKCH-
Section sek/n COKILIH pOBaHUS
Protection) pre ’tek_lln] HPOTIKIIH]

MSA (Multiplex [em es ei] [>™ ac aid] AnanTanus CeKIuu
Section [‘maAltipleks [ManTumIekc MYJIbTUIIICKCH-
Adaptation) sekln ,HﬁdHﬁp’teiJ-n] CHaKIITH 33N TIHIIH] pOBaHHUS

38



Texuuko-mMHrBHCTHYECKOe onmcanue cxembl Omoka HCS (Header Check Sequence)
(prcyHOK 7.8) TepMHHAIBHOT'O MYJIBTHIUIEKCOpA MPEJCTaBICHO B Tabuie 7.8.

10

HUG-n

HPOM-n

10

HCS

Pucynok 7.8 - Cxema 6510ka HCS TepMUHAIBHOTO MYJIBTHILIEKCOPA

Tabmuna 7.8 - Texauko-nmuHrBUcTHYECKOE onucanue 6ioka HCS TepMuHanpHOr0 MyIbTHIUIEKCOpA

HCS [eit) ci: es] [3ii4 cu ac] ITocnenoBarenbHOCTh
Header [‘heda [x313 MIPOBEPKH 3aroj0BKa
Check ek Yyek

Sequence ‘sizkwans] CUKYJHC]

HUG [eil! ju: dsi:] [2i14 10 KH ] I'eHepaTop 3arpys3Ku
(Higher [‘hai @ [xaiid TPaKTa BHICHIETO
order Unequipped ‘2:.d2 Ani’kwipt O/13 aHUKYHIIT nopsijika

Generator) «zend reito] JUKEHEPIUTO|

HPOM [eit) pi: Du em] [3ii4 11 oy >M] Monwurop 3aronoBka
(Higher [‘hai @ [xaiid TPaKTa BBICIIETO
order “2da )ik} nopsiKa

Path pa:t nac

Overhead Monitor)

‘duvahed ‘mInitd]

0YB3X5[J MOHI/ITO]

Texuuko-muHrBHCTHYECKOe onucanne cxembl Omoka HOA (Higher Order Assembler)
(pucyHok 7.9) TepMHUHAJIBHOTO MYJIBTHILIEKCOPA MPEACTaBICHO B Tabauue 7.9.

170
—S64  HPT-n  |y3
. TO
—S61  HPA-m/n lus

HOA

Pucynok 7.9 - Cxema 6oka HOA TepMUHaNBEHOTO MYJIBTUILIIEKCOPA
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Ta6mmma 7.9 - Texauko-muHrBucTHYecKoe onucanue 6ioka HOA TepMuHaIBHOTO MYJIBTHIIIIEKCOPA

HOA [eilldu ei] [2it4 oy »if] Momyiis c6opkn

(Higher [‘hai @ [xaiid UHGOPMAIMOHHBIX

Order “2.do 0113 CTPYKTYp BBICILIETO

Assembler) 2’sembld] 3CIMOII? | nopsaka (Coopka VC
BEPXHEI0 YPOBHS)

HPT [eill pi: ti:] [o¥iY 1 TH] OxoHuaHue TpakTa

(Higher [‘hai @ [xaiid BBICIIETO MOPSIKA

Order Path 2:dd pa: B Onp nac

Termination) ,tD:mi’neiJ-n] TEMHHDAIIIH |

HPA [eill pi: ti:] [9itu nm o) Anjanranys Tpakra

(Higher [‘haio [xaiis BBICIIIETO TTOPSIKA

Order Path 2:da pa: B Oxmp mac

Adaptation) 2d®p’teil n] 3IPNTIHIIH]

Texuuko-MMHrBHCTHYECKOE onrcanue cxembl 010ka LCS (Lower order Connection
Supervision) (pucyHok 7.10) TepMHHAIBHOTO MYJIBTUILIEKCOPA TPEACTaBICHO B Tabmie 7.10.

LPOM-m

| TO

LCS

Pucynok 7.10 - Cxema 610ka LCS TepMUHAIBHOTO MYJIBTUILIEKCOPA

Tabmuua 7.10 - TexHuko-nuHrBucTuyeckoe onucanue 010ka LCS TepMuHanbHOrO MyJIbTHILIEKCOpA

LCS [el ci es] [31 cu oc] Moysb KOHTPOJIS TIOAKITIOUCHHST
(Lower order [[Pua 3:da [1y» 012 TPaKTOB HHU3IIEro nopsiaka (DyHKIus
Connection ko nek In KOHHEKIITH KOHTpoJIs coenuHeHnid VC HIKHETO
Supervision) Sju:p’vi 3n] ChIOTIEBHIKH] YPOBHSI)

LUG [el ju: Ll3i] [3516 10 KH] ["eHepatop 3arpy3ku TpaKTa HU3IIETO

(Lower order [1Dud D:dd [1y» 01> nopsiika (DyHKIUS GOpMUPOBAHUS
Unequipped Ani’kwipt “lsen | anukynnT He3arpykeHHOro VC HMKHETro YpOBHS
Generator) dreitd] JPKEHEPIUTO] (SDH))

LPOM [el pi Qu em] [271 1 0y 3M] MOHHTOP TPAKTOBOTO 3ar0JIOBKa
(Lower [lPu= [y TpaKTa HU3IIETO TOPsIIKa

Order Path J:d9 pa:td Oxp mac

Overhead ‘auvahed OYB3X3J1 MOHHUTO]

Monitor) ‘m2nitd]
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TeXHUKO-IMHTBUCTUUECKOE ONUCAHHE CXEMBEI

omoka LOI (Lower Order Interface)

(pucyHok 7.11) TepMUHAIBHOTO MYJIBTUILIEKCOPA MPEICTAaBICHO B Tabumie 7.11.

TO
59 LPT-m U4
| |
_S§10] | pPA-m  LTO_
| |
—S11 PP 11

LOI

Pucynok 7.11 - Cxema 6moka LOI TepMUHATEHOTO MYJIBTUILICKCOPA

Tabnuma 7.11 - Texauko-muHrBUCTHYECKOE onrcanue 6soka LO| TepMUHAIBHOTO MYJIBTHIIIICKCOpA

LOI [el Du ai] [31 oy aii] HuTepodeiic hopmupoBanwst
(Lower Order [[Pua 2:do [r1yn BUPTYaJIbHOTO KOoHTelHepa VC-
Interface) in’t:feis] o1 unrodoaiic] | 12

LPT [el pi ti] [o01 1t TH ] OxoHUYaHME TPaKTa HU3ILIETO

(Lower order Path

[PuD 2:d9 pa:f

[my? omd mac

nopsaKa

Termination) ,tD:mi’neiJ'n] TEMHHDIIIIH |

LPA [el piei] [0t w1 9] Apanranys TpakTa HU3IIEro

(Lower order Path [PuD 2:do pa:f [1my» o3 mac nopsiaKa

Adaptation) ,H:“dEE‘p’teiJ'n] BRI TINIIH]

PPI [pi pi ai] [ru i ait] [1ne3noxpoHHbI (HU3NIECKUN
in’t2:feis] uHTEpdeiic
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TexHuKo-TMHIBHCTHYECKOe omucanne cxembl Omoka HOI  (Higher Order Interface)
(prcyHOK 7.12) TepMUHAIBHOTO MYJIBTUILIEKCOPA MPEICTaBICHO B Tabmuie 7.11.

T0
—S6- HPT-n U3
TO
—S10 HPA-n U6
| | HOI
—s14 PPI

Pucynok 7.12 - Cxema 61mokxa HOl TepMuHansHOT0 MyJIbTUILIEKCOPA

Tabmuna 7.12 - Texauko-nmuHrBHCTHYECKOE onricanue 0sioka HOIl repmuHAEHOTO MYIBTHILIEKCOPA

HOI [eit! Du ai] [ita oy aii] Wutepdeiic TpakTa BHICIIETO
(Higher Order [‘hai® J:do [xaiis o2 nopsijika

Interface) in’t2:feis] uHTO(OIIC]

HPT [eiﬂ pi: ti:] [>ity u TH] OKOHYaHUe TpaKTa BBICIIETO
(Higher Order [‘hai @ <D:do [xaiis o113 nopsKa

Path pa: nac TEMHHAUIIIH]

Termination) t2:mi’neil n]

HPA [eit! pi: ei] [itu mm o] Ananrarys TpakTa BBICIIETO
(Higher [‘haio [xaiid HOopsIIKa

order  Path ‘2:d2 pa: b Omp mac

Adaptation) Xd®p’teiln] 5IITHIMIIH]

PPI [pi pi ai] [r1 7 aif | [Tne3noxpoHHBIN HU3NIECKUN
PDH [pi di eill [ru tm oY uHTepdeiic (Ouznueckuii
Physical “fizik2| bu3nKI uHTEepQEic MIe3nOXPOHHON
Interface in’t2:feis] UHTO(OIC] upoBON HepapxHn)

8 Ynpaxxuenue

B obmem ciygae cxema MyJIbTHIUIEKCOBAHUS M MPeOOpa30BaHMs CHTHAja B MYJIBTHUILUICKCOPE
cucreMbl SDH cooTBeTCTBYeT mpeacTaBiIeHHOW MOJHON (YHKIMOHAJIBHOM CXeMe TEePMUHAIBHOTO
MyJbTUIIIEKCcOpa (pucyHok 7.13) cormacHo pekomenaamusm MCO-T G.707, G.803

Jnis 3akpensieHus MOJYYeHHBIX 3HAaHMHA 00 YCTpOMCTBE MYJIBTUIUIEKCOpAa PEKOMEHIYeTCs
MYJbTUIJIEKCUPOBATh ~ TPUOYTapHBIE TOTOKM C  OTPAOOTKOM  MPOM3HOLICHHS  Ha3BaHMS
(GYHKIIMOHATHHBIX OJIOKOB U IEMYJIBTHIIICKCHPOBATH arperaTupOBaHHBIC TIOTOKH.
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Pucynok 7.13 - IlonHas pyHKIMOHAIBHAS CXeMa TEPMUHAIBHOTO MYJIbTUILIEKCOPA

|2 F]
TTF
—SL SPI 1 MCF —S512 SETPI
| |
S2 T0
N RST Ul T1
[ [ SEMF I8  SETS
__S3| | 70 | T4 |
MST |y | |s1” "s19
P Y S1 S19 ‘Y 515‘
| | 313|
_S14] MSP | T0
__S4| MSA 1 TQ
I
|
S18 S16 HPS
TO HUG-n HPOM-n To
| |
S5 G '_, T0
HPC-n
G G
I
T0 T0 HDA
—S64  HPT-n U3 —SB8{  HPT-n U3
| |
TO
—SB  HPA-m/n  |ys
|
I—l
S19 : S17 LCS
TO LUG-m LPOM-m T0
HOI
K
S8 LPC-m | TQ
K
T0 LOI
—59 LPT-m U4
T0 | |
_S10| LPA-n U6 _S10| LPA-m | TO
| | | |
_S11] PPI _S11] PPI | T1
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Tabnuma 7.13 - TeXHUKO-TUHTBUCTUYECKOE ONMKMCAHNE (PYHKITMOHATHHOW CXEMBbI TEPMHUHAIBHOTO

MYJIbTHILICKCOPA
MCF [em si ef] [>M cu 3] OyHKIHS IepeHoca
(Message [‘mesitl} [MacHIK COOOIICHUS
Carrying kriil) KDPHUUH
Function) ‘fhlflk_|'n] (bankuH]
SEMF (Synchronous [es i: em ef] [3¢c 1 oM 3] DOyHKIUSA yIpaBICHUS
Equipment [*siDkrands i’kwipmd | [curkponOC CHHXPOHHBIM
Management Function) | nt UKYHIIMEHT 000pyI0BaHUEM
‘mEE‘niL_EmC‘.int MDHUDKMEHT
‘fADK ] dankiH]

OHA [Du eit! ei] [oy 2itu 3] brnok mocryna k
(Overhead [‘uv=thed [oyBaxan 3aroJj0BKY
Access/Overhead ‘&kses/* duvahed 9KCaC /0yBIXI
Access ‘dkses 9KCIC
function) ‘tADKI n] (ankIH]
SETPI Synchronous [es i: ti: pi: ai] [3c 1 TH 1 aif] bnok ¢usznueckoro
equipment [‘siDkronas [cuHKpOHOC uHTepdeiica CUTHATIOB
timing ’kwipmant UKYUTIMEHT TaKTUPOBAHHSI
physical ‘taimil) TaiiMHH
interface “fizika| ,intd:feis] bu3uK HHTO(I¥C]
SETS [es i: ti: es] [5¢c 1 TH 3] VICTOYHHK TaKTOBBIX
Synchronous [*siDkronas [CUHKpPOHOC CUTHAJIOB
equipment i’kwipm<nt UKYUIIMEHT CUHXPOHHOTI'O
Timing source ‘taimil) $2:5] Taiimun coc] 060pyI0BaHHUS

Conepxanue 1 0hOpMIICHHE OTYETA

OTtuer JOKEH CONlepiKaTh:

1. Temy, moCTaHOBKY 3a7a4H.

2. KpaTkue TeopeTHYeCKUe CBEICHHUSL.

3. BeimonHeHHOE yIIpaKHEHHE.

4. BEIBOBI.

KontponsHbie Bompocs! (OITK-2):
1. TexXHUKO-JTMHIBUCTUYECKOE OMTMCAHUE CTPYKTYPBI MaruCTPAIIH.
2. PackpbITh CTPYKTYpy MYJIbTHILICKCOPA BBOAAa-BBIBOIA
Bypass
(Ea;‘Optical Access Unit| MUX m MUX | Optcal Access Unit ﬂ

T

l

EOW

C&A COMM Tributarry flows

Service
channel

F-interface,
control &
siglalling

Tribytary flows

Qinterface interfaces

N3noxute cTpykTypa kaapa STM.
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3.

SA3BIKE.

W3n0xuTh OCHOBHBIE (YHKIMOHATIbHBIE OJIOKM MYJBTUIUIEKCOpAa Ha aHTIUHCKOM

Crucox PECKOMCHIAOBAHHBIX HCTOYHHUKOB

l'opnuenko B.H., TBepeukuit M.C. MHOrokaHajibHbI€ TE€JIEKOMMYHUKAIIMOHHBIE CHUCTEMBI.
Yueonuk st By30B. — M: [Nopsiuast muaus-Temnexom, 2013.

I'opauenko, B.B. Kpyxmanés, A.[l. Moueno, P.®. IllapadyraunoB. Onrtuyeckue
TEJIEeKOMMYHUKAIIMOHHBIE CHUCTEMBbl. YueOHHUK JUisi By30B: — M: ['opsiuas nunus-Tenekom,
20011.

Kpyxmanes B. B., Topmuenko B.H., A. JI. MouenoB. IludpoBbie cucremsl mepemayu:
Yuebnoe mocobue. M.: ['opsiaas muawmst - Tenekom, 2012.
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[Ipaktrueckoe 3anstue §

Nzydenne mporecca GopMUPOBAHUS CHHXPOHHOTO TPAHCIIOPTHOTO MOy s STM-1

3aganue:

N3yunts anroputm ¢popmupoBanusi STM-1 u conepxanue COCTaBIAIONUX OJIOKOB.
Kparkue TeopeTnueckue CBeeHUs

1 OcHOBHBIEC IPUHIUITBI OPraHU3AINU U (PYHKIIMOHUPOBAHUS CETEH
Ha OCHOBe arnmaparypsl SDH

B tpancnoptHoii cetu SDH nepenaua TpuOyTapHbIX CUTHAJIOB OCYILIECTBIISETCS C MOMOILBIO
OlpesieIeHHbIX MH(pOpPMalMOHHBIX OJ0KOB. B cBolo ouepens, uHGPOpMALMOHHBIE OJIOKH
COOTBETCTBEHHO ME€pPapXUU TPAHCIOPTUPYIOTCS IPYT B ApYre.

HHudopmannoHHbIH GJIOK - 3TO MOC/IeA0BaTeNbHOCTb 6AHTOB, KOTOPast XapaKTepPU3yeTCs:
- JUIMTEIBHOCTHIO BO BPEMEHHU;
- KOJHM4YECTBOM 0alTOB (00BEMOM, CKOPOCTHIO)
- cocTaBOM 0alTOB MO UX (PYHKIIMOHATEHOMY Ha3HAYECHUIO.
JuTtensHOCTh BCeX HH(DOPMAIIMOHHBIX OJIOKOB paBHA, KaK MPaBmiIo, 125 MKc.
KonnyectBo 6aiiToB B pa3HbIX HH(OPMAIIMOHHBIX OJIOKaX Pa3INYHO.
BaiiTel 0 X GYHKIMOHATBHOMY Ha3HAYCHMIO MTOIPA3AEISI0TCS Ha!
- Cclly>)keOHBIe, KOTOpbIe 00pa3yIoT cIy:KeOHbIE IEMEHThI HH()OPMALIMOHHBIX OJIOKOB;
- uH(pOpMaIMOHHbBIE, KOTOpPbIE MPeJHA3HAUCHBI T TepeJaun TpUOYTapHbIX CUTHAJIOB.
Paznuuatot crnenyrouue ciy:ke0HbIE 2I€MEHThI HH(POPMAIIMOHHBIX OJIOKOB:
- cradduHr;
- 3aroJIOBOK;
- yKazarelb.
CnyxeOHble 3JIEMEHTBl 3aHMMAIOT 3aJaHHble (PMKCUPOBAHHbBIE MO3ULUU B MH()OPMAIIMOHHBIX
Oy0Kax.
OcHOBHBIE Olepaluy, ucnoiab3yembie B SDH:
- TpyMNII000pa3oBaHKE;
- BBIpaBHUBAHHUE CKOPOCTEH CUTHAJIOB IpU (hOpMHUpPOBaHNHU KOHTEIHEpoB C;
- BBIPAaBHMBAHKUE CKOPOCTEH MpH 3arpy3kax TpuOyTapHbIX (aIMUHUCTPATUBHBIX) OJIOKOB;
- FeHepalus TPAKTOBbIX (CEKIIMOHHBIX) 3ar0JIOBKOB M YKa3aTeseil;
- MyJBTHILICKCHPOBAHNE;
- TeHepalus aBapuiHbBIX COOOIICHUH 1 UX Mepeiadya ¢ OCIeAYIOIUM OTCIeKUBAHUEM;
- KOHTPOJIb KauecTBa Mepeayu.

1.1 I'pynmoo6pa3zoBanue B SDH

[Mudpooii Tpakt SDH mpenctariser coO0i KOMIUIEKC MPOTPaMMHO-TEXHHUYECKHX CPEJCTB,
MpEAHAa3HAYEHHbIN IS TIEPENAaYl CUTHAJIOB AJIEKTPOCBS3H C ONPEIEIIEHHON CKOPOCTHIO.
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B SDH mone3nplii curHan mepemaercs 1Mo OHPPOBOMY TPAKTy C HCIOJIb30BAHUEM
COOTBETCTBYIOLINX HH(POPMALIMOHHBIX OJIOKOB!

- JIMHEUHBIN TpakT - 6110k STM-N;

- ceTeBoil TpakT - 6110k VC.

B SDH o0benunenne 1mudpoBBIX TPaKTOB, MPEIHA3HAUCHHBIX IS TIEpeadd TPUOYTapHBIX
CHUTHAJIOB, OCYIIIECTBIIIETCS MOocpeacTBOM (hopmupoBanuss nHGpopMannoHHbIX 0710k0B STM-N u3 N
nHpopmanuoHHbIX OsokoB STM-1 u  dopmupoBanus wuHbopManuoHHbIX OmokoB TUG wu3
nHpopmarmoHHsix 6;10k0B TU mipu oOpazoBannu STM-1.

Ha pucynke 8.1 npencraBinena cxema dopmupoBanuss STM-1 u3 pa3audHbIX TPUOYTapHBIX
CUTHAJIOB.

STM1 [€=={ AUG [« AU4
A
3% T : T
*) - 139264
AU‘3 VAC4 < c4 € our/c
») — 44736
ves e €3 [* 34368
7x KOuT/C
[ TUG3 ]4_ TU3 |qe=d VC3
*) 6312
LN < «
7Tx 1x TU2 |« VC2 C2 KGu/c
/5
) 2048
TUG2 ]4_ TU12 «==| VC12 < Ci12 e K6uT/C
<«— Pasmemenue S\
4 < 1544
<€ MynbTHIUIEKCHPOBaHHE *) TULl ==y VCIL Cl1 - KGuT/C
«+*{ Bripasunsanme *) — HE COOTBETCTBYIOT €BPOCTAHIAPTY

Pucynoxk 8.1- Cxema ¢popmuposanus STM-1

BxoaHble mI€3MOXPOHHBIE CUTHANBI (TpUOyTapHble CUTHaNbI-T), NpeaHa3HaYeHHbIE IS
nepefayd MO  CEeTH  CBSI3M, CHUHXPOHU3UPYIOTCS  OINpENETIeHHBIM 00pa3oM ¢  IMKIOM
uHpopmanmonHoro Oinoka STM-1, oOpa3ys cHayama KOHTEMHEpBHl, a 3aTeM BUPTyaJbHbIE
KOHTeWHephl. [lamee BUpTyalnbHBIE KOHTEWHEPHI 3arpyXaroTcs B TpUOyTapHBIE OJIOKH, KOTOpHIE
CHHXPOHU3UPOBAHBI ¢ ITuKIIoM STM-1.

TpubyrapHble OIOKH MYJIbTUIUIEKCUPYIOTCS MOOAWTHO (OAHOM WIJIM  HECKOJIBbKUMH
CTYNEHSIMU) U, TOCJIe 3TOro, o0pa3yloT KoHTelHep Bbicuiero nopsaka VC-4. KonreifHep BbIcIero
Hopsijika 3arpyXxaercs B aJMUHUCTpaTUBHBIN Onok AU-4, KOTOpbIf MOXeT ObITh paBHO3HAYECH
aamuuuctpatuBHomy 610ky AUG. briok AUG npeo6pazyercs B8 STM-1.

Ha pucynke 8.1 npuHATHI ciieayronye 0003HaAYCHUS:

T - TpudyTapHblii mu1e3uoXpoHHbIN curnada (1,5, 2, 6, 34, 44, 140 M6ut/c), nepenaBaemblit
o cetrt SDH. Jlaree B mocoOum OyayT paccMaTpuBaThCs MJIC3UOXPOHHBIC CUTHAIBI CO CKOPOCTSIMH,
NPUHITHIMU B eBponeiickoit uepapxuu PDH (2; 34; 140 Mo6urt/c).
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C - xoHTeiiHep. MudopmarimonHsiii 6JI0K, KOTOPBIA ¢ MOMOIIBIO cTad(hUHTA COTIACOBBIBACT
¢ moaynem STM-1 ompeneneHHblii 00beM TPUOYTapHOrO CUTHANA C TOYHOCTBIO JI0 OJHOTO WM
HECKOJIbKUX OMTOB. Pa3nn4aroT HECKOIBKO TUTIOB KOHTCHHEPOB:

- Hu3koro ypoBus (LO) -C-11,C-12,C - 2,
- Boicokoro ypoBHs (HO) - C-3, C - 4.

VKazaHHble KOHTEMHEphl IpeJHa3HaueHbl [UId [epelaud IUIC3UOXPOHHBIX CHUTHAJIOB
COOTBETCTBEHHO ¢ yactoToit 1,544 MO/c; 2,048 M6/c; 6,312 M6/c; 34,368 (44,736) M6/c; 139,264
Mb/c.

VC - BupryajibHblii KOHTeiiHep. HPpopManmoHHbIi 00K, cocTosmui n3 KoHTeiHepa C u
tpaktoBoro 3arosoBka POH. POH nobGaBnsercs B mynkre ¢opmupoBanusi VC u ycTpaHsiercs B
nyHkre pachopmupoBanus VC. Paznuuator VC Beicokoro yposus (HO): VC-3, VC-4 u VC Huskoro
yposus (LO): VC-11, VC-12, VC-2.

TU - tpuGyrapublii 6;a0k. MHQOpManoHHBINH OJIOK, COTJIACOBAHHBIA C LUKIOM MOJYJIS
STM-1, cocrosmmii u3 ykazatens PTR u mone3Horo mpocTpaHCTBA, MPEAHA3HAYEHHOTO IS
3arpy3Kd BUPTYaJIbHOI'O KOHTEHHEpa CBOEro YpOBHA. YKa3aTelb COJACPXKHUT HH(OpPMALUIO O
IOJIOKEHUH BUPTYAJBHOIO KOHTEHHEpa IO OTHOLICHHIO K Hadaly BUPTYaJbHOI'O KOHTeHHepa
cienyromiero 0Oosiee BBICOKOIO ypoBHs, B kortopoMm pasmeutaercss TU. Kpome Ttoro, ykasarensb
OCYIIECTBIISIET BbIpaBHUBaHUE CKOpocTd TpauzutHoro VC moa ckopocts 3arpyxkaemoro TU.
Pazmmuaror ciienyromue TU: TU-11, TU-12, TU-2, TU-3.

Nudopmanuonnsie 6moku C -11, C -12, C - 2, VC-11, VC-12, VC-2; TU-11, TU-12, TU-2
(bOopMHUPYIOTCS B OTIUYHE OT OCTAIBHBIX U3 YETHIPEX MHPOPMAIIMOHHBIX OJIOKOB JVIUTEILHOCTHIO 125
MKC Ka)X]Ibli{, 00pa3yromuX CBEPXIHKII JJIUTeNbHOCTHI0 500 MKC.

TUG - TpubyrapHslii rpynnosoi 6.i0k. MHbopManmoHHblil 610K, MOTYYeHHBIH U3 OAHOTO
TpubyTrapHoro 6yi0ka u ctapduHra Wik HECKOIbKUX TPUOYTapHBIX OJOKOB MyTEM UX MOOAWTHOTO
MyJIbTUIIIIEKCUpOBaHus U ctadunra. Paznuyator cnepyromue TUG: TUG-2, TUG-3.

AU-4 - aamuHucTpaTuBHBIN 010K, MH(bOpMaIMOHHBIN OJIOK, COTJIACOBAHHBIM C ITMKIOM
Moyt STM-1, cocrosimmii 3 ykaszarens PTR u mone3Horo mpocTpancTBa, IpeIHa3HAYSHHOTO JIJIs
3arpy3Ky BUpTyaJbHOTO KoHTeiHepa VC-4.

VYkazarens conepkuT HHGOPMAIIHIO O MojokeHnn Havana VC-4 OTHOCUTEIBHO Havasa IUKIIa
monayist STM-1. Kpome Toro, yka3aTens OCYIIECTBIISICT BEIpaBHUBaHUE CKOPOCTH Tpan3uTHOro VC -
4 nox ckopocTk 3arpyxaemoro AU.

AUG - agMuHuCTpaTHBHBINH rpynnoBoii 0.10k. biok ¢opmupyercss B ToM citydae, Korja
oOpasyrorcst agmuHucTpaTtuBHble O10ku AU-3 s nmepenaun VC-3. B stom ciyyae Gnokun AU-3
YIJIOTHSIOTCS 1o OaliTaM B OJHY rpynmy aaMuHUCTpaTuBHBIX O10k0B AUG. Ilpu nepenaue VC-4
IpyNIOBOM aIMUHUCTPATUBHBIN OJIOK MOJHOCTHIO cOOTBETCTBYET AU-4.

STM-1 - cHHXpOHHBIH TpPaHCHOPTHBI MoOAyJab 1-ro ypoBHs. OCHOBHOH JJIEMEHT
CHHXPOHHON mnudpoBoit wuepapxum, cocrosumii w3 AUG u cekimonHoro 3arojoBka SOH.
[lpennasHaueH aiusi mepefadd Mo JIMHUSAM W Uil 00pa3oBaHWs TPAHCIIOPTHBIX MOIyiel Ooree
BbIcOKOTO ypoBHS STM-N.

Nudpopmannonnsie 6moxku AU3 u VC3, opranmsyemsle u3 cemu [1UG2, sBustoTCS
NPOM3BOJHBIMU  TPUOYTAapHBIX  IOTOKOB  aMEPUKAHCKOM  IUIE3MOXPOHHOM  HEepapXuu, W,
CJIeZIOBATENIbHO, B €BPONEHUCKOI HepapXuu HE OPraHU3YIOTCH.

Hudpossie Tpaktel SDH mnonpasgensiorcss Ha UU(GPOBBIE TPAaKThl BBICOKOTO YPOBHS:
yetBepuyHbId 1uppoBoit TpakT (YLT), Tpetnunbie uudponsie TpakThl (TLT) u undpossie TpakThl
HU3KOT0 YpOBHS - epBUYHbIE [HUPpoBbie TpakThl (ITL[T).

48



Hcxonss w3 ykazanHoil cxembl, ['pynmooOpazoBanne STM-1 mokeT BKiIOYaTh B ceOst
CJIeYIOIE BAPUAHTBHI:
- 63 IIUT;
- 3 TUT;
- 21 IIUT + 2 TLIT;
- 42T1I0T + 1 TLT;
- 1 YIIT.

1.2 BeipaBHHUBaHKME CKOPOCTEH CUTHAIOB MPpH (hOpMHUpPOBaHUH KOHTeHHepa C

@opMupoBaHUE KOHTEHHEpAa OCYIIECTBISAETCS IYTEM pa3MEUICHUs] B HEM BXOJHOIO
TpuOYyTapHOro CUTHAJA OIpeeeHHOro oobeMa. B nporecce 3T7oro popMupoBaHus OCYIIECTBIISIETCS
BbIpaBHUBAHHUE CKOPOCTH U 00bEMa BXOIHOIO CUI'HAJIa MOJ CKOPOCTh U 00BEM CUrHajla KOHTEHHepa.
Orta mpolueaypa OCYLIECTBISETCS B IEPHOJ, Ha3bIBaGMbIH IIMKJIOM BBIPABHUBAHUS CKOPOCTEH,
KOTOPBII MOXKET OTJIMYATHCS OT AJIUTEIbHOCTH KOHTEHHEpa.

L{uKiry BBIpaBHUBAHUS TSl PA3IMYHBIX KOHTEHHEPOB COOTBETCTBYIOT:

- CTpOKa KOHTeMHepa /it KouTeiHepa C4;

- Tpu cTpokH KoHTeiHepa (1-3,4-6,7-9) nns xonreitnepa C3;

- KOHTEHHep - cBepXUuKI (ueTbipe noauukna C-12)...u1s konreiinepa C12.

3HayeHUEe LMKJIA BBIPABHUBAHMS OIpenensercss TpeOOBaHUSAMHU K HECTaOMJIBHOCTHU YacTOTHI
IUIE3MOXPOHHBIX CUTHAJIOB.

B yka3aHHBIX LUKJIaxX 3a CYET OTKJIOHEHMs YacTOT JOIyCcKaeTcs ciexyrouuil pa3dopoc B
KOJINYECTBE OUTOB:

- 1934-1935  pgna C4;

- 1431-1433 gua C3;

- 1023-1025 g C12.

3a cuer Toro, 4yro yactora (F2) curnana kKoHTeiiHEpa MpUHUMaETCsl Bcerjga OoJbIIel 4acTOThI
(F1) BxomgHOro cHrHaiga, B IMKJIC BBIpAaBHHBAaHUS 00beM B OalTax CUTHAJla KOHTEHHepa Bcerja
6obie oobema B OaiiTax BXOJJHOIO CUTHAJIA.

['pyboe BhIpaBHMBaHUE KOPPEKTUPYET OCHOBHYIO YacTh pa3HHIBI Mexay dactrotamu F1 u F2,
BbIpa)kaeMoi B OaiiTax 3a IIMKJI BEIPaBHUBAHUSI.

I'pyboe BbIpaBHMBaHME BCerja IOJOXKHUTEIbHOE. OTO BBIPAaBHUBAHHE 3aKIIOYAETCA BO
BCTaBJICHUH B OIPEICIICHHbIC MeCTa KOHTelHHepa cTad(PUHTOBBIX 0aWTOB.

TouHOe BbIpaBHHUBAaHUE KOPPEKTHPYET pa3HUIy Mexay dactoramu F1 u F2, Beipakaemyio B
HEJ0CTaTKEe WX U3JUIIECTBE OJTHOTO OWTa 3arpy»kKaeMoro CUrHajia 3a UK/ BIpAaBHUBAHUSL.

TouHOEe BBIpaBHMBAHHE OCYIIECTBISIETCS C IOMOIIBIO OMTOB YIpPAaBICHHS BhIPABHUBAHHEM
(Cl-nns monoxwurensHoro u C2-a7s OTPULIATENFHOTO BBIPAaBHUBAHMS) M OUTOB BO3MOXKHOCTHU
BblpaBHUBaHUA (Sl-A7 TOJOXKHUTENBHOTO M S2-171s1 OTPULATENBHOTO BbIpaBHUBaHMS). BUTHl S
aBisitoTcst nHpopmaronHbMu 6utamu (I) mpu C = 0 u sBnstores 6uramu crapdunra (R) mpu C=1.

[Tpu HyEeBOM BBIpAaBHHBAHUM BO BCEX LIMKJIAX BhIPABHUBAHUS:

- C1=0, S1=1;

- C2=1, S2=R.

[Tpn MOIOKUTETFHOM BBIPABHUBAaHUH BO3HHKAET CHUTYAIUs, KOTJa B IMKJIC BRIPABHUBAHUS HE
JIOCTaeT OJJHOTO OuTa BXOAHOrO CUrHajia. B aTom nukie:
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- Cl1=1, S1=R;

- (C2=1, S2=R.

[Ipu oTpuniaTenbHOM BBIPABHUBAHMM BO3HUKAET CUTYallWs, KOTJAa B LUKIE UMEETCS JIMIIHUN
OHT BXOJHOIr'0 CUrHaJIa. B 3ToM 1uKIIe:

- C1=0, S1=I;

- (C2=0, S2=1.

HeoO6xoaumMo HaroOMHUTB, YTO OWTHI BO3MOXKHOCTH BBIDABHMBAHUS M OWTHI YIPABJICHHS
BBIPDABHUBAHHEM HaxXOJATCS B OIPEACIICHHBIX OailiTax IMKJIa BbhIpaBHUBaHUS KoHTewHepa C. I[lpum
9TOM, Uil oOecneyeHHs: TpeOyeMol JOCTOBEPHOCTH OWTHI  YIpaBJCHUS BbIpaBHUBAHHUEM
MOBTOPSIOTCS B HECKOJIKHMX OaiiTax UK BeIpaBHUBaHUS KoHTelHepa C.

1.3 BrlpaBHUBaHUE CKOpPOCTEW HpH 3arpy3ke TpHUOyTapHOro (aAMHHHCTPATHUBHOTO) OJIOKa
TU/AU

[Tpu nmepesarpyske BuptyanbHoro koHretnepa VC u3 onHoro tpubyrapHoro 0j10ka B Ipyrow,
YTO UMEET MECTO B ITyHKTE € TpaH3UTOM 1o VC, BO3HUKAET HEOOXOAMMOCTD COTJIACOBAHUS CKOPOCTH
curHana VC moj cKOpoCTh CHTHajia 3arpykaemMoro TpuOyrapHoOro 0Ji0ka, T.K. OHU (POPMHUPYIOTCS
Pa3HBIMM MCTOYHHMKAMM. DTO BBIPAaBHHUBAHUE OCYILIECTBISETCS ¢ momoulbio ykaszatens PTR Onoka
TU/AU. BeipaBHUBaHHE OCYIIECCTBISICTCS B Ipeenax Iukia (cBepxuukia) oprannzamuu TU/AU u
VC.

[Tpumep HyI€BOTO BHIpAaBHUBAHUSI.

[Tpu HyneBOM BBIpaBHUBAHUU IUTENbHOCTH HUkia VC paBHa amutenbHOcTH nukia TU/AU.
brnox VC Bce Bpemsi coBmagaer Bo Bpemenu c¢ Oinokom TU/AU. Ilepsrwiii Oaiit POH 6moka VC
COXpaHsIeT CBOIO IMO3UIIMI0O U cBOU ajpec. 3HaueHue ykazatens TU/AU B 3ToM ciiydae ocTaercs
HEH3MEHHBIM.

[Tpumep MOJIOKUTETHHOTO BHIPABHUBAHUSI.

Heo06XxoauMocCTh TOJIOKUTENTFHOTO BBIPABHUBAHUS BO3HHMKAET TOT/A, KOTZA UIUTEIBHOCTH
ruksia VC 6onbine pmmrensHocty mukiaa TU/AU.

OT0 NpUBOAUT K OTcTaBaHHIO BO BpemeHu Oinoka VC ot 6moka TU/AU u k cMmenieHuio 610ka
VC BmpaBo otHocuTensHO 610ka TU/AU.

B pesynbprare 3TOro CMEIIEHHs 3HAUYEHUE aApeca, ONPENENSIIOIIEr0 pacloioKEHUE IEPBOTo
Oaiira 3aronoBka POH 6moka VC B 61oke TU/AU, HeoOX0IMMO yBETUYMBATh. DTO yBEIUYCHHE
OCYIIECTBIISIETCA C TMOMOIIBI0 no0aBieHust cradpUHroBoro OaiiTa Ha MECTO, CIEAyroIlee 3a
ykazareieMm PTR, uro nHaumupyercs MHBEPTUPOBaHUEM HeueTHbhIX OuToB ykaszarens PTR, kotopsie
OmpenenstoT aapec nepporo Oaiita 3aronoBka POH 6moka VC. B ciepyromeM mukie yKa3aHHBIE
OUTHI BOCCTaHABIMBAIOT CBOE COCTOSIHUE U 3HAUECHUE yKa3aTells YBEIMUYUBAETCS HA €IUHUILY.

[Tpumep oTpUIIATETFHOTO BHIPABHUBAHHUSL.

Heo06xoauMocTh OTpUIIATEIBHOIO BHIPAaBHUBAHMS BO3HMKAET TOTJa, KOI/a JUIMTENbHOCTh
mukna VC Menbite qmrenbHoctd mukia TU/AU.

310 npuBOaUT K ToMy, uTo 010k VC omepexaer Bo Bpemenu Onoxk TU/AU, m Gnox VC
cMmelnaercs BiaeBo oTHocuTenbHO 6moka TU/AU.

B pesynbraTe 3TOro cCMelieHus 3Hau€Hue ajapeca, ONMpPENENSIIOIIer0 pacloioKeHHUE MepPBOro
Oaifra 3aronoBka POH 6Gnoka VC B 6moke TU/AU, HeoOXonuMoO yMeHbIIaTh. JTO yYMEHBIICHHE
ocymiecTBisieTcss nmyreM 3amucu Oaifta Onoka VC B pesepBHbI OaldT ykazatens PTR, uro

HHIUTUPYCTCAd HWHBCPTHUPOBAHUCM YCTHBIX OUTOB yYKa3zaTeira PTR, KOTOPLBIC OMNPCACIIAA0T aapeC
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nepBoro Oaita 3aronoBka POH 6noka. B crnenmyromem mukie yka3aHHbIE OMTHI BOCCTaHABIIMBAIOT
CBOE COCTOSIHME U 3HAUCHHUE YKa3aTelsl yMEHbBIIIACTCS Ha €AUHHUILY.

B coorBercTBHM ¢ TpeOOBaHUSMHU K pealiu3alliid aJIrOpUTMAa BBIPABHUBAHUS PEIICHHE O
HEOOXOAUMOCTH TOJIOKHUTEIBHOTO WM OTPHUIATEIbBHOTO BBIPABHUBAHMUS B OYEPEIHOM IUKIIE
MPUHUMAETCS TIPU YCJIOBUH, YTO B MPEIBIIYIIEM LHKJIEC BbIpAaBHHUBAHUE HE OCYIIECTBIILIOCH. [Ipu
COOJIOACHUH 3TOTO YCIOBHUSI PEIIEHUE O MOJOKUTEIHLHOM WU OTPULATEIbHOM BbIPAaBHUBAHUU B
MIPUBE/ICHHBIX HA PUCYHKAX MPUMEPAX MOKHO MPUHUMATH IO CMEIICHHUIO BIIPABO WJIM BJIEBO 33HETO
¢dponta mocinennero Oaiita VC, 3arpykenHoro B TU/AU mnpenpiaymiero mukiaa, OTHOCHTEIbHO
nepenHero ¢poHTa mnepBoro OaifTa ykaszaTels paccMaTpHUBaeMoro Iukia. Bo Bcex ocTanbHbBIX
Cy4asix OCYIIECTBJISICTCS HYJIEBOE BBIPABHUBAHHE, IPU KOTOPOM 3HAUYECHHME YyKas3aTelsl He
MU3MEHSIETCHI.

1.4 I'enepanys TpakTOBBIX (CEKLIMOHHBIX ) 3ar0JIOBKOB U yKa3aTemnei

3aro/10BOK. 3aroJloBOK COCTOMT W3 HECKOJNbKHX OaiiToB. IlepBeiii OaiiT 3arosoBka
pacrioyiaraeTcsi B Hayajie ”H(pOPMALMOHHOT0 OJI0OKa, OCTaJIbHbIE OAalThI 3ar0JI0BKA PACIoNaraloTcs Ha
3aJJaHHBIX (PMKCUPOBAHHBIX MO3UIUAX WH(POPMAIIMOHHOTO OJIOKA.

3aroJIOBOK BBIMIOJTHSICT CIEIYIOIIHE QYHKIUU TT0 00cTykuBaHuto cpencts SDH:

- BBIJICJICHUS Havyalla OTACIbHBIX HH(POPMAIIMOHHBIX OJIOKOB;

- Tepefayd CUTHaja CHHXPOHU3AINH;

- Tepeaayd CUTHAJIOB OTOBEIICHUS;

- KOHTPOJIS KauecTBa CUTHajIa HH(POPMALIMOHHBIX OJIOKOB;

- Iepefayd CUIHAJIOB yIpaBJICHUS;

- OpraHu3aluy CIyKeOHBIX KaHAJIOB CBS3U U NE€peauu JaHHbIX;

- IepeAayd Ipyrux ciaykeOHBIX CUIHAJIOB.

Nudopmannonnsie 6ok VC u STM HMeIOT 3aroyioBKd, 0003Ha4aeMble COOTBETCTBEHHO
POH u SOH.

Cexnuonnsiii 3aroioBok SOH moapasznensiercs Ha:

- RSOH - SOH cexnun pereneparopa, Tpu nepBbix cTpoku SOH;

- MSOH - SOH cexuuu MynbTHILIEKCOPA, AT MOCIeAHUX cTpok SOH.

Tpakrosblii 3aronoBok (POH) BuptyansHoro konteitnepa VC12 cocTouT u3 ueTsbipex 0ailToB
pa3sHECEHHBIX 10 CBEPXIMKITY nepeaadn. TpakToBbIe 3arojIOBKM BUPTYyaldbHBIX KoHTeHHepoB VC3 u
VC4 coctosT U3 JIeBATH OATOB M PacIOJIOKEHbl B MEPBOM CTOJIOLE MAaTPUYHOIO IMpPe/ICTaBICHHS
CTPYKTYpPHI JaHHBIX WH(POPMANMOHHBIX ON0oKOB. CTpykTypa uH(pOpManuoHHBIX OiokoB B SDH
TAaKOBa, YTO MMEETCS BO3MOXXHOCTh KOHTPOJIS OTIEIBHBIX OalWTOB 3arojloBKa, W3MEHEHHS WX H
JIOTIOJTHEHUS B JIT000e BpeMsi 0€3 N3MEHEHUS TTOJIE3HOM HArpy3KH.

Yka3arenb. YKazaTenb COCTOUT U3 HECKOJIbKUX 0aliTOB. ballThl ykazarens pacnojaraiorcs Ha
3aJaHHBIX (UKCUPOBAHHBIX MO3ULUAX HUHGOPMAIMOHHOTO OJoKa. YKa3zareiab BBINOIHSIET
CJIETyIOIINE OCHOBHBIE (PYHKIIMU:

- ompenenser (a3zy WIH MECTOPACIOIOKEHHE OJHOr0 HWH(GOPMAIIMOHHOTO OJioKa 10

OTHOILIEHHIO K IPYyroMy MH(POPMALMOHHOMY OJIOKY;

- y4acTBYeT B IpOLEAYype BBIPABHUBAHUS CKOPOCTH CHUTHAla OJHOIO HH(POPMALHUOHHOTO

0J10Ka M0 OTHOIIEHUIO K CUTHAJY APYroro HHPOPMALMOHHOTO OJI0Ka.
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B kaxxnom sieMeHTe CeTH pacIoyioKeHHE BO BPEMEHHU BceX yKasareseil, popMHpyeMBIX Ha
nepenayy 6ioxkoB TU u AU, npuBsizano k uukiy 125 mkc sToro snemenTa cetu. K aTomy ke UKty
npuBs3ad u popMupyemsiii Ha nepenady moayiab STM-1, t.e. ero SOH. D10 mpoucxoauT 3a cuer
TOTO, YTO BCE OHU (POPMHUPYIOTCS OJHUM UCTOYHHUKOM 3JIEMEHTA CETH.

VYkazarens PTR pacnonaraercss 8 TU mnu AU Ha (UKCHPOBAaHHBIX MO3UIMSAX U COJCPIKHUT
anpec nepBoro Oaita TpaktoBoro 3aronoBka POH B nmone TU unu AU. Pacnonoxenue VC B mone
TU unu AU MOXeT U3MEHSTHCS B 3aBUCMMOCTH OT MOMEHTa BPEMEHHM MOSBJICHHS TPUOYTapHOTO
CUTHajJla ¥ Pa3HUIBl YaCTOT MEXIy I'€HepaTOpHBIM 00opynaoBaHHeM, kotopoe ¢opmupyer VC, u
reHepaTopHbsIM 000pyaoBanueM, kotopoe popmupyet TU/AU B TpaH3UTHOM ITYHKTE.

Ykazarenb BINOIHSACT (PYHKIHH:

- agpecanuu Mecta pacnonoxenust VC B mone TU/AU;

- Koppekuuu ckopoctu curHana VC nox ckopocts curnana TU/AU.

VYkazarens mo3Boisier 3HaTh pacnoioxenne VC B TU/AU wu Beigenste VC u3 TU/AU mpu
HEOOXOOMMOCTH.

1.5 MynpTumniexkcupoBaHue

B SDH wmynerumiexcupoBanne HHG)OPMAIMOHHBIX OJIOKOB OCYIIECTBISIETCS MO OalTam B
UKJIAaX JUIMTENBbHOCTBI0 125 mkc. [lpu 3TOM MynbTHUIUIEKCHpYeMble HH()OPMAIMOHHBIE OJOKH
CHHXPOHHBI APYT OTHOCUTENBFHO JPYTra, TaK KaK WX IUKIBI CO3/IAl0TCS OJJTHUM MCTOYHHKOM JJIEMEHTA
CETH, B KOTOPOM OCYIECTBIISIETCS] MYJIbTUILIEKCUPOBAHHUE.

MynbsrurekcupoBanue npu popmupoanuu STM-1.

Ha pucynke 8.2 n300paxeH npumep MyJIbTUITICKCUPOBAHUS ABYX MH(GOPMAIIMOHHBIX OJIOKOB a
u b ipu popmuposanuu STM-1.

d
i\A/
b
1-_________“‘_13 g
a + M
U C
b =X
C

\‘><B —

Pucynok 8.2 - MynbTHIIeKCHpoBaHue npu GpopmupoBanuu STM-1

CrpykTypa cur"aga HH(OpPMAIMOHHOIO OJI0OKa C AaHaJOTHYHA CTPYKType CHUTHAJIOB
MH(OPMAIIMOHHBIX OJIOKOB a 1 b.
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D10 00YCIOBIEHO TEM, YTO MYJIbTHIUICKCHpyeMble OMokn u wux ykazarenn (PTR)
dbopmupyrorcss omHMM uUcTouyHWKOM. Ha pucynke 82 A u B — 3HaueHuwe ykazarteneii B
UH(OPMAIIMOHHBIX 0JIOKaxX a u b.

Crpykrypa curaana STM-N ananornuna crpykrype curnanoB STM-1. EnuncTBennas pasnuna
coCTOUT B TOM, uTO curtaix STM-N BxiarouaeT B ceOs
Nx9x270 GaliT npu UTeabHOCTH Iukia 125 Mkc. N 6a30BbIX cUTHAIOB, MOOAWTHO, YePEAYICh APYT
C APyroM TakuM oOpa3om, 4to co3aaror curaan STM-N, B koTropom cekionubie 3aroioBku (SOH),
ykazatenu (PTR) u mone3Hplid cUTHAN pa3MeIarTcs Takke kKak 1 B STM-1.

2 ®OopMHPOBAHUE CHHXPOHHOTO TPAHCHIOPTHOTO MOYJIS

ITorox EIl coctout u3 32 6aiiToB 1 uMeeT ckopoctsb nepenaun — 2048 Ko/c. Lukn nepenaun
—125 MKc, UTeNbHOCTD Tiepeaadn oxHoro 6ura pasHa 0,488 mkc
ITotox E1 npeacrasieH noGanTHO:

1 2 3 4 5 6 7 8 9 10 11 12 16
lan | wn] wel| we] kwu| we| kel k| kel ke | kol k]l | kus)
77 18 19 20 21 2 23 24 25 26 27 28 R
| ae | kel kn7| kns| knel keo| kwet| kez| kes| kves| kves| ksl ] || keol

rae:  Cnl, Cn2 — ciy:xe6HbIe OaiiTel moToka El;
KHW1 — K130 — 30 xaHaIbHBIX HHTESPBAJIOB.

2.1 Tlpomecc hopmupoBanus konrerinepa C-12.

Konreiinep C-12 3arpyxaercss mnortokoMm El mo6aliTHO M B mpoliecce 3arpy3ku K KaKaoMy
mukny El, cocrosmemy u3 32 6aiitoB, nobaBnsiercs nBa Oaiita cradduHra um BbIpaBHUBAHHS
ckopocrteil. Cepxuuki KoHTelHepa C-12 umeer piutenbHOCTh S00MKC, T.€. KaXIblid CBEPXLHMKI
koHTeitHepa C-12 comepxutr 4 monHbix oTueta motoka El1 mo 32 OGaiita kaxnasiii u 8 baiiToB
ctap¢uHra u BelpaBHUBaHUA ckopocTel. [{ukn nepegaun xoHteiinepa C-12 coctout u3 34 6aiiTos,
cBepXUUKI U3 136 GaiiToB, IUIMTEILHOCTD Niepeaun ogHoro outa 0,4595 mxec.

MatpuuHoe npencraBieHne konTeliHepa C-12 npencTaBieHOo HUXKE.

[{ukn nepenauun konTeitHepa C-12

1 2 3 4 5 7 18 19 20 2 3N R B A
Lcrt| ant [kt | we| ke | []][]]][]]] ksl 2] kel k7] ksl | []]]]]]] kves] kveo| kveo] CT2]

/Cmpxumm nepenadn C-12
e J[HHHATIIITIIT o2 [cTs [TNTTHTHTTTTi c 4 [cs MLt ce [crz [T crs |
~ ——

Huxn C-12 =125mkc baittel motoka E1
CT1-CT8: OaiiTsl cTadduHra u BBIpaBHUBAHUS CKOPOCTEH.
baiiter CT2, CT4, CT6, CT8 orBeuatoT TOJbKO 3a cTraddUHT M TEIUKOM 3allOJIHEHbI OuTam
¢dukcupoBaHHoro crappuHra.
baiiter CT1, CT3, CTS umerot Bux;
NMN O O 0O 0O R R
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rae:  0-OuT 3arosoBka (6e3 QyHKITHN)
R-6ut crappunra
baiit CT7 conmepuT OUTHI TpeAHAa3HAYCHHBIC JJIS BHIPABHUBAHHS CKOPOCTEH, MOSTOMY OH
0TOOpaxXeH BMeCTe CO cieayronmm Oaiitom motoka El:
CtTQRRRRRStS 1 I 1 1 I 1 1

— A — g
—~— —~—

CT7 Cinl yerBépToro nukia nepenayu noroka El

rae:  Cl - 6ut ynpaBieHus: OJOKUTEIbHBIM BRIPAaBHUBAHUEM

C2 - 6uT ynpapneHusi OTpUIATEIbHBIM BEIPABHUBAHUEM

R - 6ur craddunra

S1, S2 - GuThl BRIpaBHUBAHUS CKOPOCTEH

| - 6ut mosie3HON HArpy3KH

B nponecce 3arpy3ku konteiiHepa C-12 ocyuiecTBisieTcs BelpaBHUBaHUE CKopocTel (rpyboe
u To4yHoe). ['pyboe BbIpaBHHBaHHE MPOUCXOIUT IMyTeM J0OABICHHS OMPEICICHHOTO KOJIWYEeCTBa
ctadduHroBbix 6aiiToB. TouHOE BBIpaBHUBaHME OCYIIECTBIsIETCS ¢ moMotbio outos C1, C2, S1,S2.
BripaBHHBaHME IPOUCXOIUT B UETBEPTOM ITUKJIE MEPEAAYN KAXKIOTO CBEPXIIUKIIA.
[TonoxxutensHoe BoipaBHUBaHKE Tporcxoaut eciid C1=1 u C2=1 u umeer BUA:

CiIC R R R R R R R | I I I

— e i
—~— —~—

CT7 Cal 4-ro uuxia nepenauu notoxka E1(1-b1it 6aiit)

OrtpunarensHoe BoipaBHUBaHUE npoucxoauT eciau C1=0 u C2=0 u umeeT BUI:
ClC2 R R R R R I | | | | | | | |

~—
—— A — ——— __

CT7 Cnl 4-ro uukia nepenauu notoka E1(1-b1it 6aiit)
2.2 Iponece hopmMupoBaHust BUPTyasIbHOTO KOHTEHHepa VC-12

Bupryanbubiii  koHtelinep VC-12 dopmupyercs u3z ognoro C-12 myrem nobaBiieHus
tpaktoBoro 3arosioBka (Path Over Head). [{ukn mepemaum coctout u3 35 0aiiToB M HMeeT
JUTUTENTBHOCT-125MKC, cBepXIHKA cocTouT u3 140 GaifToB m umeeT miautensHOcTh — 500 MKc,
JUINTENILHOCTh Tepefauu ojgHoro outa - 0,4464 mxc. Tpakrosblil 3aronoBok (POH) cocrout us 4
0aliTOB pacrpe/ielIeHHBIX 110 CBepXUMKIY. T.0. CBEpXIUKII Nepejaun BUPTyaIbHOro KoHTeitHepa VC-
12 nMeeT BUI:

[{ukn nepegaun VC-12

1 2 3 4 5 18 17 19 B A
[vs | cr| an|wn|wellllllLLLLLIkwns| cialknel ] ]]]]][]]]]]]kweo] cr|
Aﬁpenwn VC-12

1 36

71 106
K020
G J
H_/ ~
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baiitel konTelinepa C-12 Onun 1k nepegaun VC-12

Baitter V5, J2, N2, K4 aBisit0TCS COCTaBHBIMU YacTsIMU TPakTOBOTo 3arosioBka (POH).
baiiT V5 umeer Bun;

lP1| P2]| B3] =4 [cwloveleve B8 |

rae:  P1, P2- outel xomosoro ciosa BIP-2;

B3- out curnana REI;

b4- out curnana RFI;

CM1, CM2, CM3- 6UTHI CUTHATBHOW METKH TPAKTa;
b8- 6ut curnana FERF.

KomnoBoe cnoBo BIP-2 dopmupyercs B pe3ynbrare NpoBepKH KOHTEHHEpPa KOAOM YETHOCTH
it obHapyxenus: ommbok B Tpakre. Curnan REI (Remote Error Indication) — sTto curHam mms
OIOBEIIECHHUS MYJIBTHILIEKCOpPA Ha JalbHEM KOHIIE O TIPUEME €ro CHrHajia ¢ OmuOKamu (T.e. eclid B
JAHHOM OuTe mepenaércst eauHuIa, To curiai npussT ¢ omuobkamu). Curnan RFI (Remote Failure
Indication)- omoBemeHne MPOTHBOIOIOKHOIO MyHKTa 00 yAaJeHHOW HEUCIpPaBHOCTH. buthl 5,6,7
COJIepKAT CUTHAIbHYIO METKY TPaKTa:

- 000 - TpakT HE 000pYIOBaH;

- 001 - TpakT 0GoOpymOBaH;

- 010 - acHHXpOHHBIN PEKHM;

- 011 - OUT CHHXPOHHBIN CUTHAT;

- 100 - 6aifT CHHXpOHHBIW CUTHAJT,

- 101 - 3ape3epBupoBaHo /115 OyayIiero;

- 110 - cmenmaneHbBINA TeCTOBRIN curHan 0181;

- 111-curnan AIS, VC-AIS. (Alarm Indication Signal)- curaan nHAMKAIIMHA aBapUHHOTO COCTOSIHUS.

Curnan FERF (Far End Receive Failure)- omoBerieHHe MPOTHBOMOJIOKHOTO MYHKTa 00
OTCYTCTBHH TpHEMa WIH MPHEME OT Hero curHaima AlIS wmiam mpu HEempaBWIBHO CPOPMHUPOBAHHOM
CUTHAJIE.

2.3. Tlporecc hopmupoBanus Tpudyrapaoro 6moka TU-12.

Tpubyrapusiit 6mox TU-12 ¢dopmupyercs M3 OJHOro BHUPTyallbHOro KoHTeiHepa VC-12
nyreM nobaenenusi ykaszarens (PTR-Pointer). Ilukn mepemaum cocrtaBisier 36 0aiT u umeer
JUINTENIBHOCTh 125 MKC; CBEpXLUHMKI COCTOMT u3 144 OGaiit m umeer amutenbHocTh 500 MKc;
JUTUTENIBHOCTh Tmepenaun omHoro Ourta — 0,434mkce. Ykaszarens PTR cocrour u3 4 OGaittoB
pacrpeieleHHBIX M0 CBEPXIUKIY Nepeadn, o 0JHOMY 0aiTy Ha UK. MaTpuuHOe NpeacTaBIeHHe
TpubyrapHoro 6;10ka TU-12 umeer Bu:

[{uxn nepenaun TU-12

1 2 3 4 5 19 20 21 35 36
(vilvs|cr]cm |k [JLLJLLL]LL]] k5] Ga2] Kkime] L[] L[] [[]]].[ K30 CT2 |

/

Ceepxmmki nepenaun TU-12
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1 37 73 109
Ly LT v PULLLLELLLT v DL va DL L
H_/

Baiitel BUpTYanbHOTO KOHTeiHEpa VC-12

baiiter V1, V2, V3, V4 — coctaBubie yactu ykazarens PTR. Baittet V1 u V2 umeror Bu:
V1 V2

ININ[NIN[S[s[1[D] [I[D[I[DfI[Df1]D]

rae:  NNNN - ¢uiar HOBBIX TaHHBIX;
SS - Tun TpakTa;
| - GUTBI MOJOKUTEIILHOTO BEIPABHUBAHMS;
D - 6uthl OTpULIATENBHOTO BEIPABHUBAHUS.

®nar HOBBIX JaHHBIX npuHuUMaer 3HadeHue 1001 mpu HOBOM 3HaueHuun PTR, HO He mpu
M3MEHEHUsX, CBA3aHHbIX ¢ BbIpaBHMBaHUEM. NNNN npunumaer 3nauenue 0110 npu HOpMmanbHOI
pabore. 3smenenuii B PTR ner. SS - tun tpakra. [[nsa TU-12 SS npunumaer 3nauenue 10. butsrn |
ykazatesnst PTR ucmons3yroTcst mpu MOJ0KUTEIBHOM BBIPABHUBAHUH, KOTJIA JUIMTEIBHOCTh LHUKJIA
VC-12 Gonbmie amurensHoctd mukiaa TU-12. D- 6utet PTR ucnons3yroTcs mpu oTpuliaTeIbHOM
BBIPAaBHUBAHHH, KOTIa JUTUTEIBHOCTH uKi1a VC-12 MeHbIne jmrensHocTy ukiaa TU-12.

2.4 TIponiecc hopmupoBanus TpuOyTapHOro rpymnmooro o6ioka TUG-2

Tpubyrapusiit rpynmooii 6mok TUG-2 dhopmupyercss moGaTHEIM MYJIbTHUIUIEKCHPOBAHHEM
Tpex TpuOyrapHbeix OmoxoB TU-12. Iukn mepemaum cocraBmser 108 Oaiit m paBeH 125 wmkc,
CBEpXIIMKJIA HET. JImuTenpbHOCTh nepeaaun ogHoro oura — 144,676 Hc.

MatpuyHoe npencraBieHue TpudOyrapHoro rpymnmnoBoro 6inoka TUG-2 umeer 9 ctpok u 12
cToJiooB. B mporecce MmynbTUIIeKCHpoBaHus OaiiTel epBoro TU-12 3anumator mecta B TUG-2 ¢
Homepami 1, 4,7,10 u 1.1. baiiter BToporo TU-12 cootrBerctBenHo — 2, 5, 8, 11 u 1.1. Tpersero TU-
12 cootrBeTcTBEeHHO — 3,6,9,12 1 T.1. MaTtpuyHoe npeacTaBieHrne TPUOYTapHOTO TPYIIOBOTO OJI0Ka
TUG-2 umeer BUA:

%&ﬁTH BTOoporo TU-12
1 2 10 11

3 4 5 6 7 8 9

\Al V1 \Al V5 [V6 V6 |CT1 |CT1 [CT1 |Cn1 |Cn1 | Cn
KM KM K1 K2 K2 K2 K3 |KN3 [KU3 K4 |[K4 |Kid
KNS |[KUS [KUS |KU6 K6 [K6 |KN7 K7 K7 K8 |K8 |KNS
K9 (K9 KNS |KN10 | K10 | K0 | K11 K11 | K11 | KMM2 [ K2 [KINM2
KM3 | K13 | K14 | K14 | K14 | KIS |[KMIS KIS [Cn2 |Cn2 |Cn2
KIN16 | K16 | K16 | K17 | K17 | K 17 | K18 | K18 | K18 | K19 | K9 | K19
KIN20 | K20 | K20 | K21 | K21 | K21 | K22 | K22 | K22 | K23 | K23 | K23
KN4 | K4 | K24 | K25 | K25 | K25 | K26 | K26 | K26 | K27 | K27 | K27
KVI28KI/I28KVI28KI/I29KI/I29KVI29KI/I30KVI30%3OCT2 CT2 |CT2

\ T / >

baiiTel Tpethero TU-12

Pucynok 8.3 — MatpuuHoe mpeacTaBieHue TpudyrapHoro rpymmnosoro 6igoka TUG-2

O O NOOAD WN =
S
w

BriocnencTBum npu 0TCYTCTBUU BBIPABHUBAHUS CKOPOCTEH CTPYKTYpa CTOJIOLOB COXpaHIETCs
Ha JIF000M 1mare (opMUPOBAHUS CUHXPOHHOT'O TPAHCTIOPTHOT'O MOJTYJISL.
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2.5 Tlpouecc popmupoBanus TpudyrapHoro rpynmnosoro 6moka TUG-3

Tpubyrapusiit rpynmoBoit 6ok TUG-3 dopmupyeTcst myTeM MyJIbTUIUIEKCUPOBAHUS CEMU
TpuOyTapHbIX rpynmnoBeix OnokoB TUG-2 ¢ mocnexyrommm nobaBieHueM 3-x OalTOB HYJIEBOTO
ykazarens (NPI) u 15 GaiitoB craddunra. Tpubyrapusiii rpynmoBoit 610k TUG-3 comepxut 774
Oaitta. [lukn nepemaun — 125 mkc, ckopocth mnepenaun — 49,536 MO/c, 1IMTENBHOCTD Mepeaadn
oxnoro 6uta — 20,187 Hc. MarpuuHoe npeacTaBieHue TpuOyTapHoro rpymmoBoro Omoka TUG-3
conepxut 9 ctpok u 86 crondos. TUG-3npencrasnen Ha pucyHke 8.4:

1. 2 3 4 8 1 10 16 17 8 8 8 8
TINPI{FS{V1 (V1 V1 (V1 (V& VS |CT Cn |G |G |Gl
2 |NPI| FS [k [KiM [ KM KM (KR [[]). K2 [K3 KM K4 K4 |Kd
3|NPI|FS K6 K6 [ K6 K6 K6 |.].[[|KW6 |KN7 K8 [KB KB |K8
4| FS|[FS|KMO KO |.|[ KM [KB [KMO |..|.[[.[KIMO |KIM1 KIM2 |KM2 |Kmz |Knmz
5| FS| FS |K3 |[KM3 |.|.|.[KM13 [KN13 (K14 |.].].|.| [KN14 K5 e |G |Gr (G
6 | FS| FS |K16 |KN6 |.|.|. (K16 (K16 (K7 |.]..|.|[K7 |[KINM8 KIM9 |KM9 |KM9 |Kmo
7 | FS| FS |K20 |KR0 |.|.|. (K20 (K20 (K1 ||| K1 K2 K23 |Ked (K3 |K3
8 | FS| FS K4 |Ki4 |.|.|. (K24 (K4 (K25 |.|.).|.|. K25 |KN26 K27 |Kver |Kver |Kver
9

FS [ FS |Kve8 |Kes |- Kes |K9 || ... |K29 |K30 CI2 _|C12 |CT2 [CT2

K8
T vl}epBLH?I cronoenr cenpmoro 1UG-2
[TepBrriii cTonber mecroro TUG-2
[lepBrrit cronber BToporo TUG-2 JIBenaauarsrii ctonbery mecroro TUG-2
[TepBsrii cTonber nepsoroTUG-2 JHBenaauarseiii cronbern ceapmoro TUG-2
Pucynok 8.4 — TUG-3

NPI (Null Pointer Inndication) - Gaiitel HyneBoro ykaszatens. OHH SIBJISIOTCS MMUTAIIMCH yKa3aTels
PTR TU-3 ¢opmupytomierocs uz noroka E3. FS — Gaiitel craddunra.

MynbruniekcupoBanue koHTeiHepoB TUG-2 mpoucxoautr mnobaiTHO, HO Tak Kak IOje
npeHa3HauYeHHOE JJIS Pa3MELIeHUs pe3yJbTaToOB MYJIbTHILNICKCUPOBAHUS MUMEET pa3Mepbl KpaTHbIE
KO3 QUIMEHTY MYJIbTUIUIEKCUPOBAaHUS, TO CTPYKTypa cToiaOuoB KoHTelHepoB TUG-2 mocie
MYJIbTHIIEKCHPOBAaHUsI oOcTaercsi 0e3 m3MeHeHHs. CoOOTBETCTBEHHO cTosOmsl mepBoro TUG-2
3aHUMAIOT B TpuOyTapHOM rpymnmoBoM 01oke TUG-3 cronbubr ¢ Homepamu 3, 10, 17, 24, 31, 38, 45,
52,59, 66, 73, 80; ctonbusl BToporo TUG-2 — cTonbusl ¢ HoMepamu 4, 11, 18, 25, 32, 39, 46, 53, 67,
74, 81; nanee Mo aHaJIOTUH.

2.6 ®opmHpoBaHUE BUPTYyalIbHOT0 KoHTeiHepa VC-4

Buptyanehsliii koHtelinep VC-4 dopmupyercs u3 3-X TpuOyTapHBIX IPYNIIOBBIX OJIOKOB
TUG-3 myreM o0aliTHOTO MYJIbTUIIIICKCUPOBAHUS UX OANTOB M JOOABJICHUS TPAKTOBOTO 3ar0JIOBKA
POH VC-4. Marpu4Hoe nipe/IcTaBlIeHne BUPTyaIbHOTO KOHTeHepa VC-4 cocTouT u3 9-u CTpOK U
261-ro cron6ma. [{uki nepegaun uMeeT JUTMTETLHOCTE 125 MKC U cocTouT U3 2349 Gaiit. CkopocTh
nepemaun — 150,3 M6/c, nmuTeapHOCTh Mepeadu oqHoTo OuTa 6,652 He. TpaKkTOBBIN 3aroI0BOK
POH VC-4 cocrout u3 27 6aiiT 3aHUMaromuX nepBbie Tpu cTondna. Bupryansnsiii konreitnep VC-4
npejcTaBjIeH Ha pUCyHKe 8.5:
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1 2 3 4 5 6 7 8 9 10 11 261
1[nJrsrsINANeINPI] ST FST FST 1E1v1 | 22Bva LTI )] ese1ico
2 B3| Fs| rs|Nei| NP NI FS | Fs T Fs | e | 2o1am [T eseim
sl 2|rs|rs|NNaNe| Fs| Es| Fs | 1Ekvs | 22ewus | ece1ks
4 |G1|rs|Fs|Fs|Fs|Fs|Fs| Fs| rs| et 21w [ eseinz
5 [r2|Fs|Fs|Fs|Fs| Fs| Fs| Fs| Fs [1Ewkmad| 2oeaam3] [ [ T ] e3E1an 1
6 | ;3| Fs| Fs| Fs| Fs| Fs| rs| Fs| Fs [1Eetkme] 22e1mms| ]| LI L] esE1me
7| rs|rs|Fs|rs| Fs| Fs| Fs| Fs [1E1ved 22B1kveo| [T L] esE1es
8 [ k3| rs|Fs|Fs| Fs| Fs| Fs| Fs| Fs [1Exved] 2oetvea] [T esEer
o [N Fs|Fs|Fs|Fs| Fs| Fs| Fs| Fs [1Etkves] 2eves] [T esE1ckR

ﬂ baiitel mepBoro cronbia Tpersero TUG-3

POH VC-4 baiiter mepBoro cronbia Broporo TUG-3

Baiitel mepBoro cronbma nepeoro TUG-3

BaiiTe! mocnenuero cronbdma
tpetbero TUG-3

Pucynok 8.5 — Bupryansnsiii koutetinep VC-4

rae:  J1- GaiT mueHTU(UKATOpA TPAKTA,

B3- Gaiit oOHapy»)eHUS OITNOO0K;
C2- GaiiT CUTHAJIBHOM METKH;
G1 - GaifT coCTOSHUS TPAKTa;

F2, F3 - GaliTel KaHaIa IOJIb30BATEN;

H4 - GaiiT MHIUKAIMU CBEPXIIMKJIA;

K3 - GaiiT kaHajla aBTOMaTHYECKOr0 MmepekioucHus Ha peseps APS (Automatic Protection

Switching), B Hem ucmomb3ytorcst Outhr 1 - 4;

NI

UCTONIb30BaHWeM OWTOB 1 —4 W KaHaja mepenadyd JaHHBIX C UCIOJb30BaHHEM OUTOB 5-8;

0aiiT KOHTPOJS TAHIEMHOTO COCIUHCHHS Ha TpaHWIC JBYX OIEPaTOpoB C

FS — Gaiite! crad¢unra.

baiit nnentugukaropa tpakra (J2) ucnonb3dyercs Uil nepeaayd MHGOpMAIMM O TpPaKTe.

[Taker undopmanuu umeer aIuHy 64 Oaiita

CUHUCJICHHUA:

00 - TpakT He 0OopyIOBaH;

01 - TpakT 00OpyHOBaH;

02 - ctpykrypa TUG;
03 - crpykrypa TUG;

U B KaXJIOM BUpPTyaJbHOM KoOHTeiiHepe VC-4
nepenaércst ouepeHoM Oaift, a Bcs mHpopmanus nepenaéres 3a 8 Mc. IlepenaBaemas nnpopmarys
MO3BOJISIET OTCJEKUBATh TPACCY MPOXOXKJIEHHS B KaXKAOM Cilydae, 4TO OCOOEHHO BaXHO IpH
HalMuuu TnepekimoueHnit. OOHapyxenue omubok (B3) B Tpakrte VC-4
ucnonb3oBanuem BIP-8. 3nauenue Oaiita

04 - 3anonHeHue curHanamMu KoHteiHepa C3;

12 - 3anmonHeHue curnaiaoM KouteitHepa C4;

13 - ATM, acHHXpOHHBIN PEXUM;

14 - ucnonw3osanue 1 cetu MAN;

15 - ucnones3oBanue misd cetu FDDI;

FE - ciermanpubiii TecToBbii curnan 0181;
FF - curnan AIS, VC - AIS

MPOU3BOJUTCSA C
CUTHAJIbHOW METKM B IIECTHAAUATCPUYHOM CHUCTEME
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baiiT cocrostuust Tpakta (G1) ucnonb3yeTcs A ONOBELIEHHUs MPOTUBOIOI0KHOIO MMyHKTA O
npueme oT Hero curHama VC-4 ¢ HapymeHusMu KadectBa paboTsl. C momomipio OutoB 1-4
dopmupyercs curnan FEBE mnyrem mnepemaum wHbopmanuu o uyucie ACPEKTHBIX OJOKOB,
oOHapyxeHHbIX KooM B1P-8(B3). [Ipu 3Tom ucnonb3yroTcst BoceMb 3HaueHUM 0T 0 710 §,0cTasibHbIE
3HayeHus oT 9 10 15 He wucnomb3yrorcs. Ecnm ke 3TH 3HaueHHWs] NOSABISIOTCS, TO OHH
uHTepnpeTupyroTesa kak 0 (orcyrcTBue ommnOok). but 5 uaunuupyer curnan FERF (3nauenue Oura
"I'") nas omoOBeIIEHUs TPOTUBOIIOIOKHOIO IIYHKTa 00 OTCYTCTBUY IIpUEMa WX NPH IpUEME OT HEro
curHana AIS unm npu HenpaBWIBHO C(HOPMHUPOBAHHOM curHaie. [Ipy HOpPMaiabHOM COCTOSHUM
TpakTa 3To OuT ycraHaBiauBaercs B "O". Butel ¢ 6 o 8§ He UCTIOIB3YIOTCS.

baiiT F2 npeanasnaden a1t opraHu3aiiy Mojib30BaTeieM CIIy)KeOHO! CBSI3H.

baiit unaukanuu ceepxuukia (H4) ncnonp3yeTcs Kak HUKIOBasi METKa, KOT/A MOJIE3HAsI
uHpOpManus pacupeeseHa Mo HECKOIbKUM IIHUKIIaM, T.€. KOTAa UCIOIb3YETCsl CBEPXILIUKII,
Harpumep, npu nepenaue konreitnepos C 12. Ilocneanue aa 6ura 6aiita H4 mecyt unpopmanuio o
HAJIMYUY CBEPXIMKIIA U UCHIOIb3YIOTCS JUIsl UACHTU(DUKALIMY YeThIPEX OTAEIbHBIX HOIMKIIOB.

2.7 ®opmupoBaHHe aIMUHUCTpATUBHOTO O10ka AU-4
AnmunuctpatuBHblii 010k AU-4 hopmupyercs myTeMm 3arpy3kd BUPTYaJIbHOTO KOHTEiHepa

VC-4 B mpoctpancTBo i 3arpy3ku VC-4 u nobasnenust ykazarens PTR. AU-4 npencrasien Ha
pucyHke 8.6:

123456789 10 11 12 13 14 15 16 17 18 19 20 261
J|Fs|Fs|NeNe NPl FS| FS| FS| 1E1vt | 22Eavt L)L) esetco
B3| FS| Fs|NPI[NPI[NPI| FS | FS| FS| 1E1Kkm | 2281k [])LL]]]]] 831k

Vikagarers PTRAU4 c2| Fs|Fs|NPINPI[NPI| FS | FS| Fs| 1E1KVB | 22E1Kk6 |]]L]]]]] e3E1kme

(] Y] Y[ 1] 1 |He|He|He| G1| Fs| Fs| Fs| Fs| Fs| Fs| Fs| Fs| 1Bt | 2E1km ][ ][] e3e1km2
F2| Fs|Fs| Fs|Fs| Fs| Fs| Fs| Fs| 1Etm3 | 22E1km3].).[l].[[]].]] e3E1Cn1
F3|Fs|Fs| Fs| Fs| Fs| Fs| Fs| Fs| 1E1kme | 22E1kme|.).] ][] ].].]] 83E1Kime
H| Fs|Fs| Fs|Fs| Fs| Fs| Fs| Fs| 1E1kve0 | 22E1kveol ][] e3E1Ke3
k3| Fs|Fs|Fs|Fs|Fs| Fs| Fs| Fs| 1E1kvea [ 2214l ] ][] e3EIKE7
N1 | Fs|Fs|Fs| Fs|Fs| Fs| Fs| Fs| 1Ewkves | 22E1kveg]..|]]]]]]]] e3E1CR2

I

baiiTel koHTeliHepa VC-4
Pucynok 8.6 - AnmunuctpaTuBHbIil 010k AU-4

Vkazarens PTR AU-4 nokassiBaeT aapec siueiiku, B KOTOpOW HaxoauTcs nepsbiid O6aiit POH
VC-4. 3nauenne OaiitoB H1, H2 ykazatenss PTR: NNNNSSID IDIDIDID (I u D - nedernsie u
yeTHble OUTHL.) NNNN - ¢nar noBbix nanubsix. NNNN npunumaer 3nauenuve 1001 mpu HOBOM
3HaueHun PTR, HO He mnpu u3MEHEHUAX, CBA3aHHBIX C BblpaBHHBaHMEM. NNNN mnpuHuMaer
3Hayenue 0110 npu HOpManbHO#l pabote. U3menenuit B PTR net. SS - tun tpaxra. {ns AU-4 SS
npunumaet 3HaueHue pasHoe 10. ID IDIDIDID - 3nauenue PTR, koTopoe HaxoauTcs B JuanasoHe:
0-782. | - 6utel PTR ucnons3yroTcs Mpu MOI0KUTEITHPHOM BHIPaBHUBAHUU, KOT/IA JITUTEIBHOCTD ITHK-
na VC4 OGompmre mmmtenbHocTH mkia AU. D-O6uter PTR wucmonb3yroTcss mpu oTpUIIATETHHOM
BBIPABHUBAHWU, KOTJa JJIUTEIbHOCTH IMKAa VC4 MeHblIe JyuTenbHOCTH ukiaa AU.
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2.8 ®opmupoBanue agmuHucTpaTuBHOTO 6710ka AUG

B eBpomneiickom Bapuante (POpMUPOBAHUS CHHXPOHHOT'O TPAHCTIOPTHOT'O MOYJIS
aaMuHucTpaTuBHBIN 0110k AUG umeer Tyxe CTpyKTypy, 4TO U afiMUHHCTpaTuBHEINA 6110k AU-4. To
ectb hopmupoBanre AUG cBoaNTCS K TOBTOPEHUIO aAMUHUCTpAaTHBHOTO O1oka AU-4

2.9 ®opMupoBaHHE CHHXPOHHOIO TpaHCHOPTHOTO Moayis STM-1

CuHXpOHHBIA TpaHCHOPTHBIH Moayinb STM-1 coctouT u3 cekironHoro 3aroiobka SOH u
anmuaucTpaTuBHOrO 610Ka AUG. brnok SOH coxepxut 8 ctpok mo 9 6alT u moapasnensiercs Ha
CEKIIMOHHBIN 3aroyioBoK ceknuu pererepatopa (RSOH) 3anumarommii 1-3 CTpOKM U CEKIMOHHBIN
3arojoBOK  MynbTUIUIEKCHOH cexkumu (MSOH) 3anumaromuit  5-9  crpoku. Marpuynoe
NpEeJCTaBICHUE CUHXPOHHOIO TPAHCHOPTHOTO MOAYJS COCTOMT M3 9-u cTpok u 270-u cTONIOLOB,
comepxut 2430 Oaiit, mepenaercsa 3a 125 mkc. Ckopocths nepemaun STM-1 paBna 155,52 Mo6/c.
JlnurenpHOCTh Tiepenaun oaHoro o6ura 6,43 He. CHHXPOHHBINA TPAaHCIOPTHBIA MOAYIb MPEICTaBJICH
Ha pucyHke 8.7:

1234567891 1 121 14 15 16 17 18 19 20 270
Jrs|rsIneNe NPl FS| s RS 1Eavt | 22Bavt [LLLLLLLLLLLLLLLL] 63E1c0
RSOH B3| Fs| Fs[NPI[NPI NPl FS | Fs | Fs | ekt | 228k [LLLLLLLLLLLLLLLL] 63E1km
2| Fs|Fs|Nei[NPI[NPI| FS| FS| S| 1E1KV | 2281k LLLLLLLLLLLLLLLLLL 63E1kve
H Y] Y| 1] 1| He|He|He| G| FS| Fs| Fs| Fs| Fs| Fs| Fs| Fs| 1E1kve | 2281k [LLLLLLLLLLLLLLLL e3E1k2
AREEREREBREEAEEZEITTTTTNINNER
F3|Fs| Fs|Fs| Fs| Fs| Fs| Fs| Fs| 1Etkmme | 2etkms|]LLLLLLLLLLLLLLL] 63E1kim9
MSOH Ha | Fs| Fs| Fs| Fs| Fs| Fs| Fs| Fs| 1Ekveo | 2e1kveol JLLLLLLLLLLLLLLL] 63E1ke3
k3| Fs| Fs| Fs| Fs| Fs| Fs| Fs| Fs| 1Etkvea | 2etkveal JLLLLLLLLLLLLLL] 63E1k27
NMEREBERERRERIEEEEZITTTTTTINEEE

Pucynok 8.7 - CHHXpOHHBIM TPaHCHOPTHBIN MOJTYJIb.

3aronoBok cekiuu pereaeparopa (RSOH) umeer Bua: RSOH

A1 A1 A1 A2 A2 A2 JO NU NU
B1 Z Z E1 Z Z F1 NU NU
D1 Z Z D2 Z Z D3 Z Z

rae:  Al, A2 - 6aifTbl cUTHANA CHHXPOHHU3AINH;

D1, D2, D3 - Gaiite! kanaia nepenaun nanabix DCC(R);

JO - GaiiT unentudukaropa ID moxyns STM;

B1 - Gaiit xoHTpOJs o160k (BIP-8);

E1 - OaiiT kanana ciry>xeOHOMU CBSI3H;

F1 - GaiiT kaHaIa MOIbL30BATEINS;

NU - GaiiTel 3ape3epBUpPOBaHHBIC, KOTOPHIE MOTYT OBITh HCIIOJIB30BaHBI B HAIIMOHATBHBIX
EJISIX;

Z - Heucnoiab3yeMble OalThI.

CeKIMOHHBII 3aroyIoBOK MyJbTHILIEKCHOH cekiun (MSOH) numeer Bua:
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B2 B2 B2 K1 Z Z K2 Z Z
D4 Z 4 D5 Z Z D6 Z Z
D7 Z Z D8 Z Z D9 Z Z
D10 Z Z D11 Z Z D12 Z Z
S1 Z1 Z1 Z2 z2 M1 E2 NU NU

rae: B2 - Gaiitel konTposs ommbok (BIP-24);

K1, K2 - 6aiiTel KaHAJIOB aBTOMAaTHYECKOTO 3aIIUTHOTO nepekmrodeHust APS;

D4 — D12 - Gaiitel kanana nepegaun ganasix DCC(M);

S1 — GalT cTaTyca CHHXPOHH3AIUH;

E2 - GaiiT kaHaya c1y)KeOHOH CBS3H;

M1 - 6aiit curnana FEBE;

S2 - GaiiT cTaTyca CHHXPOHU3AIUH;

NU - 6aiiTsl 3ape3epBUPOBAHHBIE, KOTOPHIC MOTYT OBITh HCIIOJIB30BaHbI B HAITMOHAIBHBIX
EJISIX;

Z - Heucnoiab3yeMble OalThI.

baiiTel curHana cuHxpoHuzauuu umeroT 3HadeHus : Al = 11110110, A2 = 00101000.
Kaxnpiii curnan STM-1 B yminotHeHHOM curHaine STM-N Bxitouaet 3TOT curHain CHHXpoHHu3auuu. B
STM-4 Takux OalTOB cUHXpOHHU3amMH coaepxkutcs (4x6=24). B STM-16 takux 0aiiToB
CHUHXpOHU3AIMu coaepxutcs (16x6=96).

baiitel kanana nepexaun nanabix DCC(R) — Data Communication Channel RS (D1, D2, D3)
IpeJHa3HaYeHbl Ul OpraHu3allMy KaHalOB IE€pelayd JAHHBIX MEXAY pereHeparopaMu Co
CKOpOCThIO 64x3 KOuT/C. DTOT KaHa opraHu3yercs Tojbko B iepoM STM-1 B cocrae STM-N.

baiitel kanana nepemaun ganaeix DCC(M) — Data Communication Channel MS (D4-D12)
IpeHa3HaueHbl JJI OpraHu3allii KaHaJOB Iepelaud JaHHbIX MEXAy MYJIbTHUIIEKCOPAMHU CO CKO-
pocTbio 64x9 KOut/c. OToT KaHan opranusyercs Toibko B iepsoM STM-1 B cocraBe STM-N.

Baiit unentudukaropa ID moaynst STM (JO) paboraer clieqyrImuM CIOCOOOM: YHCICHHOE
3ravyenne |D npucBanBaetcs kaxxaomy monymo STM-1 nepen mocnenyromum yruioTHeHneM B STM-
N, 3TO YMCIIO UCIIONB3YETCS I ONpeAeNeHUs U MPOBEPKH NoJiokeHus otaensHoro STM-1 B STM-
N B nportecce pazymiotHenus. 3Hadenue |D 3anuceiBaercs B 6aiT C1 3aromnoBka kaxaoro STM-1.

baiit kanana cmyxxeOHOW cBsi3u El mpenHazHadyeH [uisi opraHu3anuy Telne(QOHHOToO KaHaia
MEXIy pereHeparopamu. bailT kanama cmyxeOHoW cBsizu E2 mpenHasHaueH i opraHu3aliuu
TesiepOHHOTO KaHana Mexay Mynsturuiekcopamu. Ouu (E1, E2) opranusyrorcs TOJNBKO B IEPBOM
STM-1 B coctae STM-N.

baiit xanana nomb3oBarens (F1) 3ape3epBupoBan ans omeparopa ceth. OH OpraHusyercs
ToJsbKO B riepBoM STM-1 B coctae STM-N.

Baiit kouTposnsa ommbok (BIP-8) (B1) cimyuT niist KOHTpOJst ommOOK ¢ ucnosib3oBanueM koaa BIP-
8, BOBHUKAIOLINX B CEKUUAX pereHepanuu (pereHepanuonHas cexuus). OH opraHu3yroTcs TOJIbKO B
nepBoM STM-1 B coctaBe STM-N.

Tpu Oaiita xkouTpons omubok (BIP-24) (B2) cnyxar ans KOHTpOJds OHIMOOK C
ucrnonb3oBaHueM kona B1P-24, Bo3HMKaOIUX MEXAy MYJIbTHIIEKCOpaMU (MYJIbTHILIEKCHAS
cekuust). [Ipu ucnonszoBanuu STM-N moryT ucnosnb3oBarbes B KaxjaoM STM-1. Crpoku RSOH ne
YUUTBIBAIOTCS NpH (popMupoBaHuy 3HaueHust B2. 910 o3Havaet, yto u3meHenus B 1, npoucxosaimue
B pereHeparopax, He BIHUSIOT Ha 3HaueHue B2.
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BaiiTel kaHanoB aBToMaTu4eckoro 3amuTtHoro nepekimoueHus APS (K1, K2) ucnonp3yrorcs
ciefyrommmM oopazom: O6utel 6,7 u 8 Gaiita K2 ycranasnuBatorcs B "1" npu MOSBICHUU aBapuu Ha
MYJIBTUIIJIEKCHOM YYaCTKE W SIBIISIIOTCS CUTHaJIOM MHAWMKauuu aBapuu MS-AIS. YcranoBkoir 6uTOB
6,7 m 8 Oaiita K2 B cocrosame "110" dopmupyercs curnan FERF s onosemenus
IPOTHBOIOJIOXKHOTO MyHKTa 00 OTCYTCTBHMM IpHEMa OT HErO CUTHAlA WM TPU IpUEMe OT HETo
curHanma AIS. Ocranpabie Outhl OaiitoB K1, K2 wucnonp3yroTcss 11 OHOBEIICHUS IPHU
pesepBupoBanuu TpakToB STM 1o cxeme 1:1m (m=1-14). DT 6aiiTHl OPraHU3YIOTCS TOJIBKO B TIEPBOM
STM-1 B coctaBe STM-N.

baiit curnana FEBE (MI) mnpemnasmauen mist ¢opmupoBanusi curHanma FEBE mpwu
OTIOBEILEHUH TPOTUBOIOJIIOKHOTO IYHKTa O NMPHEME OT HEro CUTHaja C OIIMOKAMU U COJEPKUT
KOJIMYECTBO OJIOKOB ¢  OmMOKamMH, OOHApYXEHHbBIMH C TOMOIIbl0 kozxa BI1P-24(B2).
Hcnonb3yeMbIMu 3HaUSHUSIMU 3TOTO Oaiita siBistorcest 0-24 ms STM-1 u 0-96 ans STM-4. [lpyrue
3HAYEeHHUs, KOTOPBIE MOTYT OBITh MPEACTABICHBI C IIOMOLIbIO 8§ OUTOB, HE JOJDKHBI (POPMUPOBATHCS B
HOPMaJIbHBIX yCII0BUsX. B Hacrosiee Bpems Gaiit MI 3axeiictBoBan Tonbko it STM-1 u STM-4.

baiit craryca cunxponusanuu (S1) moka3pIBaeT KaueCTBO CHHXPOCUTHAIA.

3 3amaunune

- PaccuuTarh NpOIIEHTHOE COOTHOLIEHHE JIaHHBIX, NEPEJaBaEMbIX C OKOHEYHOI'O 00OPYIOBAHMUS
aboHeHTa, 1 cIyXeOHBIX JaHHBIX, BHEAPsEMBIX ammaparypoir SDH B crpykryps! koHTeiiHepoB C-12,
C-3,uC-4;
- paccuMTaTh IMPOLEHTHOE COOTHOIIEHUE NaHHBIX, MEPelaBaeMbIX C OKOHEYHOI'o O00OpYAOBaHUS
aboHeHTa, M CIy)KEOHBIX JaHHBIX, BHeApsieMblX amnmnapaTypoil SDH B cTpykTypy CHHXPOHHOIO
TPAHCIIOPTHOT'O MOJYJIS;
- paccuuTaTh UH(OPMAIIIOHHBIE CKOPOCTH BCEX CTPYKTYpP, OPraHU3YyeMbIX MO XOAy (GOPMHPOBAHUS
CUHXPOHHOTO TpPAaHCIOPTHOTO MOAYJS, C Y4Y€TOM BapUaHTOB UCIOJb30BaHUS B KadyecTBE
TpUOYTApHBIX CUTHAJIOB KOMOMHAIIMY U3 Pa3HOYPOBHEBBIX IJIE3NOXPOHHBIX TOTOKOB;
- paccuMTaTh MECTOPACIOJI0KEHNE KOHKPETHOIO OaiiTa Uiu rpyninsl 6aiToB TpuOyTapHOTO MOTOKA B
IPOMEXYTOUHBIX  CTPYKTypaxX, OpraHM3yeMbIX IO Xo0ay (OpMHpPOBAaHUS  CHHXPOHHOTO
TPAHCIIOPTHOTO MOAYJI, U CaMOM CHHXPOHHOM TpPaHCIIOPTHOM MOJYJIe, IPUHHUMAs CUTYaLHIO
COIIACOBAHUs CKOPOCTEN H€AJILHOM;
- paccuMTaTh MECTOPACIOJIIOKEHUE KOHKPETHOro OaifiTa WM rpynmsl 0alTOB TpUOYTapHOTO MOTOKA
B TPOMEXYTOUHBIX CTPYKTypaxX, OpraHM3yeMbIX IO XOAy (OpPMHPOBAHUS CHHXPOHHOTO
TPAHCIIOPTHOTO MOJYJIsl, U CAMOM CHHXPOHHOM TPaHCIOPTHOM MOJYJE, C Y4E€TOM BO3MOYKHOTO
paccoriiacoBaHusi CKOPOCTEH MITM UCTIONb3Ys 3aJJaHHOE PaccOrylacOBaHUs CKOPOCTEH.
Ucnons3zyembie GopMyITbl:
HaiitTu HOMEp KOHKpPETHOTO KaHAJILHOT'O WHTEpBaja TpUOYyTapHOTO MOTOKA B KOHTelHepe C-
12 B mIepBOM €ro oT4eTe MOKHO 10 hopmyIie:
N=m+1 8.1)
rzie m — Homep OaifTa, 3aHMIMaeMOro HHTEPECYIOIIMM KaHAIbHBIM HHTEpBaJIoM B noToke El;
HaiiTu HOMep KOHKPETHOTrO KaHaJbHOIO MHTEpBaja TPUOYTapHOTO MOTOKA B BUPTYaJbHOM
koHTeliHepe VC-12 moxHO mo popmyre:
N=m+2+34(c-1)+2(a-1) (8.2)
rae M — HoMmep OaliTa, 3aHUMAeMOIro HHTEPECYIOIINM KaHaJIbHBIM UHTEpBaJIoM B oToke El;
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a — HoMep 1ukia nepenayn VC-12;
¢ — HoMep 1uKIia nepenaun C-12.
HaiiTn HOMEp KOHKPETHOr0 KaHAJBHOT'O MHTEpBala TPHOYTapHOTO MOTOKA B TPUOYyTapHOM
osoke TU-12 moxHO o dopmyie:
N=m+3+34(c-1)+2(a-1)+p-1+A (8.3)
re p - HoMep 1ukia nepegaun 1U-12;
A — cnpur koHteiHepa VC-12 BHyTpu cTpykTyphl TU-12.
HaiiTu HOMep KOHKpPETHOrO KaHaJbHOI'O MHTEpBaja TPUOYTapHOro MOTOKA B TpUOYTapHOM
rpymnmoBoM 6soke TUG-2 MoxkHO 110 hopmyre:
N=(m+3+ A)*3-3+k (8.4)
rie K — Homep MynbTHILIEKCUpYeMOro TpuOyTapHoro 6i1oka TU-12.
Haiitu HOMep KOHKpPETHOTO KaHaJbHOTO MHTEpBaja TPUOYTapHOTO MOTOKAa B TPUOYTapHOM
rpynmnoBoM 61oke TUG-3 MOXHO cieTyronum crocooom:
z=((m+3+ A)*3-3+k)*7+g
N=z+2*OKPBBEPX(z/84) (8.5)
rnue
K — HOMep MyJIbTHUILIEKCHpYEMOro TpubyTapHoro 6iioka TU-12;
g - HOMep MYJIBTUIUIEKCHPYEMOT0 TpuOyTapHoro rpymmosoro 6jaoka TUG-2;
OKPBBEPX — okpyrienue pe3ynbraTa JefeHHs 10 OIMKaliiero O0IbIIero HeIoro Yucia.
JlaHHBII TIepexo BO3HUKACT BCIIEIACTBHE MO00ABICHHS K Pe3yIbTaTy MYJIbTHILIEKCHPOBAHUS 2-X
cronbo (NPI+FS). YUucno 84 — nnuna mosst 3aHUMAaeMOro MyJIbTUIUIEKCUPYEMBIMH TPHOYTapHBIMH
rpynnoBbiMu O65okamu  TUG-2 Ha oHOM cTpoKe.
HaiiTu HOMEp KOHKpPETHOIO KaHaJIbHOI'O MHTEpBajla TPUOYTapHOI'O MOTOKA B BUPTYaJIbHOM
koHTeitHepe VC-4 MOXXHO CIIeyIOIIUM CIIOCOO0M:
z1=((M+3+ A)*3-3+k)*7+g;
22=(z1+2*OKPBBEPX(z1/84))*3+y-3
N=z,+3*OKPBBEPX(z./258) (8.6)
['te m - HoMep OaiiTa, 3aHUMAEeMOI0 UHTEPECYIOIIUM KaHaJbHBIM HHTEPBAJIOM B 1oToke El;
K — HOMep MyJIBTUILIEKCHpYeMOro TpubyTapHoro oiioka TU-12;
g - HOMep MYJIBTUIUIEKCHPYEMOT0 TpuOyTapHoro rpymmosoro 6ioka TUG-2;
Y - HOMep MYJIbTUIIIIEKCUPYEeMOro TpubyTapHoro rpymnmosoro 6jgoka TUG-3;
OKPBBEPX — okpyrienue pe3ynbraTa JejeHHs 10 Omkaiiero 60i1b1ero neaoro 4Yucia.
JlaHHBIM mepexo] BO3HUKAECT BCIEACTBHE J00aBIEHHS K Pe3yjibTaTy MYJIbTHIICKCUPOBAHUSA 3-X
cronbuoB (PRT-VC-4+FS). Uucno 84 — pmiMHa mojs 3aHMMAEMOrO MYJIBTHILIEKCUPYEMbBIMU
TpuOyTapHbIMU TpynmoBeiMU Osokamu TUG-2 Ha ogno#t ctpoke TUG-3, uncno 268 - amuHa mosis
3aHMMAeMOT0 MYJIbTUIUIEKCUPYEMBIMH TpHOyTapHBIMH TpymnmoBeiMu Onokamu TUG-3 B omHO#
CTpOKE BHPTyaJIlbHOTO KOHTeiHepa VC-4.
Haiitn HOMEp KOHKPETHOTO KaHAJILHOTO WHTEpBAJia TPUOYTApHOTO MOTOKAa B CHHXPOHHOM
TpaHcnopTHOM Moayie STM-1 MOXHO CleAyIOIKUM CIIOCOOOM:
z1=((M+3+ A)*3-3+k)*7-7+g;
2,=(z12*OKPBBEPX(z1/84))*3+y-3
23=22+3*OKPBBEPX(z2/258)+f3
N=z3+9*OKPBBEPX(z3/258) (8.7)
['mte m - HoMep OaiiTa, 3aHUMAeMOI0 UHTEPECYIOIIUM KaHaJbHBIM HHTEPBAJIOM B 1oToke El;
K — HOMep MyJIBTHILIEKCHpYEeMOro TpubyTapHoro oiioka TU-12;
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g - HOMEP MYJILTUIIEKCHPYEMOTO TpUOyTapHOTo rpymnmoBoro 6ioka TUG-2;
Y - HOMep MYJIbTUIIIEKCHPYEMOTro TpubyTapHoro rpymnmosoro 6igoka TUG-3;
B — caBur BupTyanpHOro Konreitnepa VC-4 BHyTpHU CTPYKTYpBI AMUHUCTPATHBHOTO OJIOKA.

Copepxanue oTyera:
1. Temy, nocTaHOBKY 3aja4yH.
2. KpaTkue TeopeTuueckue CBeICHHUS.

3. CTpyKTypy CHHXPOHHOI'O TPAHCIIOPTHOTO MOJYJIS, 3arpy’>KCHHOTO B COOTBETCTBUHU C

WHJIMBUIYQJIbHBIM 3a/IaHHEM.
4. BBIBOEL.

KoHnTpoibHbIe BOIpoCh!
. Uemy paBHa pazmepHoctbh STM-1 u 3a kakoe BpeMs OH nepenaércs?

1
2. Kakum o6pazom hopmMupyeTcsi BUPTYalbHBIH KOHTEHHEP?

3. ns gero ciyxar ykazareau PTR?

4. C xakoii ckopocThio nepepaérces STM-1?

5. I'ne pa3meriaeTcs CHHXpOCHUTHAN?

6. Kakue koHTeiHephl UCIIOIB3YIOTCS JIJIsl pa3MelIeHHUs [IU(PPOBBIX TOTOKOB?
7. UeMy paBHBI pa3MEPHOCTH TPAKTOBBIX 3ar0JIOBKOB?

Crucox PCKOMCHAYCMBIX HCTOUYHHUKOB

1. Kpyxmanes B. B., I'opauenko B.H., A. JI. Mouenos. LludpoBsie cuctemsl nepenayu:
VYuyebnoe nocodue. M.: ['opsiuas iunaus - Tenexkom, 2012.

2. Topmuenko B.H., Tsepeukuit M.C. MHOrokaHaibHbIE TEIEKOMMYHUKAIIMOHHBIE CUCTEMBI.

VYuebuuk i By30B. M.: ['opsuas nmunus - Tenexowm, 2013.
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[TpakTrnueckoe 3ansTue 9
Br160op mapamMeTpoB ONTUYECKUX CEKITUU TPAHCIIOPTHBIX CETEH CBS3HU
3amanue:

1. BeiOpaTb nmapameTpbl ONTUYECKON CEKLIUU
2. IlocTpouTh AuarpaMMy ypOBHEH H pacIipe/ielIieHue SHEPreTUYeCKOro MOTeHIIHaa mo
JUIMHE ONTUYECKOM CEKIUH.

Kparkue teopernyeckue cBenenus [1]

Brei6op ammapatypst BOCIT CLIM nepBoHayanbHO CBOJIUTCS K OIPENEICHHUIO ONTUYECKUX
uHTepdeiicoB (cTbikoB) Ha ocHoBe pexkomeHpauuih MCO-T G957 u G.691 (mns cucrem c
NpUMEHEHHEeM omnThueckux ycwnurtenen). I[locime aTtoro BeIOMpaercs amnmaparypa U €€
MPOU3BOJUTENb, & 3aTEM — THUIl ONTHUYECKOTO Kabenss W ero mnpousBoauTedb. OTMETHUM, 4YTO
pexomenaanuaM MC3I-T G.957 u G.691 cooTBeTCTBYIOT IIpUMEHsIEMble Ha TeppuTopuu Poccuiickoit
®enepanun orpacieBbie ctanaapTsl OCT 45.104 u OCT 45.178.

JIuneiinyro crpykrypy wMaructpaiun BOCII CHW npuHATO mHpencTaBisTh B BUIC
MOCNIEAOBATEIBHOTO COCAMHEHMSI psila ONTHYECKUX CEKIIMH, OINpeleNeHHBIX B YKa3aHHBIX
pexkoMeHganuax. ONTHYECKUE CEKIUU KOAUPYIOTCS C UCIOJIb30BaHUEM KOJIa IPUMEHEHUSI, KOTOPBIH
no pexomenaauuu G.957 u G.691 umeer cnenyrouuii BUA:

Tun npumenenuss — (tupe) Yposenbs STM. Linpposoii cumsou,

rae Tun npuMeHennst 0003HAYACTCs JIATUHCKON OYKBOM:

| — st BHYyTpHOOBEKTOBOM CcBsizH (Intra);

S — 175 KOPOTKOM MEKCTaHIIMOHHOM cBsi3u (Short);

L — nns anuHHOM MexXcTaHIIMOHHOMU cBsa3H (Long);

V — A1 oueHb JTMHHONW MEXCTaHIIMOHHOM cBs3u (Very long);

U — st cBepxanuHHON MexxcTtaniinonHou cBsizu (Ultra long);

Yposens STM o6o3Hagaercs nudpoit N (N =1, 4, 16, 64);

Hudgposoii cuMBOJI OnpeaensieT HOMAUHAIBHYIO JJIMHY BOJHBI UCTOYHMKA M3JIyYEHUS W THII
MIPUMEHSEMOT0 BOJIOKHA!

1 — nomuuanpHas miuHa BoJHEI 1310 HM 1 BoaokHO G.652;

2 — HOMHHAJIIbHAS JTMHA BOJTHBI 1550 HM 1 BosokHO G.652 (G.654);

3 — HOMHUHAJIbHAS JIUHA BOIHEI 1550 HM 1 BostokHO G.653;

5 — HomuHaNBHas AnuHA BOJIHBI 1550 HM U BomokHO G.655.

B kone npumenenus I pexomengauuu G.957 uudpoBoil CHMBOI OTCYTCTBYET, TaK Kak 3J1€Ch
BCErJa MCHOJb3yeTCcs HOMUHANbHAs JiuHa BosiHbL 1310 HM u BomokHo G.652. Cnenyer Takxke
OTMETUTh, 4YTO B Poccum campIM pacnpoOCTpaHEHHBIM ONTUYECKHM BOJIOKHOM siBisiercs OB
pexomenganuu G.652 (6omee 90 % wu3 Bcero mponoxkeHHoro). Kpome Toro, B Kojmax MpUMEHEHHS
MEPEUYNCICHHBIX BBINIE OTPACIEeBBIX CTAHAAPTOB THI TNPUMEHEHHMs OO0O03HaudaeTcss OyKBOU
KUPWUTHITBI, 8 UMEHHO:

B — 17151 BHYTpHOOBEKTOBOM CBS3H;

K — 11151 KOpoTKO# MEXCTAaHIIMOHHOW CBSI3U;
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J — st ATMHHON MEXXCTaHIIMOHHOM CBSI3H;
O — 171 OYCHb JIIMHHON MEXKCTAaHIITMOHHOM CBSI3H;
C — nus CBEepXUTMHHON MEKCTAHIIMOHHOM CBSI3H.
Konmpl onTuyeckux cexuuid, a TakKe COOTBETCTBYIOLIME UMM JJIUHBI BOJIH, THIIBI
NPUMEHSEMOI0 BOJIOKHA W MPUMEpPHBIE 3HAYECHHUS] MPOTSHKEHHOCTEH  CEKIMWA  COTrJIacHO
pexomenaanuam G.957 u G.691 npusenens! B Tabnumnax 9.1-9.1 cooTBETCTBEHHO.

Ta6mmma 9.1 - Koael 1 mapaMeTpsl ONTHYECKUX CEKIMM 1Mo pekomeHaaruu G.957

Kon, opEMeEeHRA

TTapamerp I-1 31.1 512 | L-11 | L-1.2 | L-1.3
I-4 541 S-4.2 [-41 L-4.2 [-4.3
I-16 | 3-16.1 | 5-16.2 | L-16.1 | [-16.2 | L-18.3

HoumeansHad AAWHEA BOAHERL, HM | 1310 1310 1550 1310 1550

Tumn soroKHa® G.652 G.652 | G.653
5. 654

[Tpors=erHOCTE, KM 2 15 40 80

IMprmeganns. ' He HECKAIOYaeTCa IpUMeHeHRe BOAOKHA G 655.
2 OpHEETEDOBOYHOE 3HAUEHEE, KaK NPOEKTHYH BEAWUNHY HCIOOAB30BATH HEABIA.

Tabmuna 9.2 - Koabl 1 mapamMeTpsl ONTHYECKUX CEKIUH 1Mo pekoMeHpamusm G.691

[TapaueTp Kop opEMeEeERS
S-64.1 | S-642 | 5-64.3 | 5645 | [-64.1 | L-64.2 | L-64.3
HoumEanbHag AAFHA 1310 15580 1310 1550
BOAHEL, HM
THI BOAOKHA G.652 | G653 | G635 G.652 | G.633
[MpoTs=esmocTs!, KM | 20 | 40 | 80
! OprenTEpOBOUHOE 3HAYEHME; KAK IPOSKTHYI0 BEANUNHY HCIOAL30BATE HEALIA.

Tabmuma 9.3 - Kol 1 mapamMeTpsl ONTHYECKUX CEKIUH 1Mo pekoMeHarwsm G.691

Kop, npEMeHeERA

[TapameTp WV-4.1 WV-4.2 WV-4.3 U-4.2 U-4.3
- V-16.2 | V-163 | U-162 | U-16.3
- WV-64.2 [ V-64.3 - -

HouwEantHag AAWHA BOLHEI, HM 1310 1550
THO BOAOKHA G.652 | G653 | G652 | G653
I[TpoTsxeEBOCTR !, KM 60 120 160

1 DPHEHTHPDIBD‘IE[DE SHAYeHHWE; FdF ONPOEETHYID BEANYHHY HCIIOABR3IOBATE HEARIH.

Bonokonno-ontuyeckue cucremMbl Ha ocHoBe CILU ob6namaioT  yHUBEpCAIbHBIMU
BO3MOXKHOCTSIMH U 00€CTIEUMBAIOT TaK Ha3bIBAEMYIO MONIEPEYHYIO COBMECTUMOCTD, T.€. BO3SMOXHOCTb
UCIIOJIb30BaHUSl O0OpPYIOBaHUS PA3IMYHBIX MHPOM3BOJIUTENCH. DTO MpHUBENIO K Kiaccu(UKALUH
ONTUYECKUX CTBIKOB — HHTEp(EiicoB, KaKk M ONTUYECKUX CEKIHi, MO KOIy NpPHUMEHEHUs H
HOPMHPOBAHHUIO UX MAPaMETPOB B OTMIOPHBIX TOYKAX, ITOKa3aHbl Ha pucyHke 9.1 u 9.2.

66



[Ty

COk

JOK

B —

ARY

r———————

[ (S)

|

Ip(R)

COK

Pl

COk  JIOK COK

— By

PC

|
1
| BKY
—
[l (S) [p(R)
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M (S)

[T (MPI-S)
[InY — nmepenaroiiee ycTpoicTBO (MepeIaTInK);
COK — CTaHIIMOHHBIA ONTHYCCKUN Kabelb;

OYHZ[ — ONTHYCCKHI YCUIINTEIIb MOITHOCTH Ha IIepeaaydc;

I'Tlx I[f"-JIPI-R]
[IpY — npuemHoe ycTpOoHCTBO (IIPUEMHUK);
JIOK — nuHeHHbIH ONTHYECKHH Kabeb;
OKY — sneMeHTapHbIH KaOeIbHBIN YIaCTOK;
OVnp — ontuyeckuil yCUIUTENb Ha IPUEME;

OVY1M — ONTHYECKHUH YCHIUTENb MPOMEKYTOUHBIH (JHEHHBIH); PC — pa3beMHBII coeNMHUTEIb;

IInOY — nepenaTyuk ¢ ONTUYECKUM YCUIIUTEIIEM;
Pucynok 9.2 - OnopHbie Touku HOpMupoBaHus cTeikoB CLIU ¢ ontnyeckumu
yeunutensmu: ['Tlx (MPI-S), I'Tlp (MPI-R), I1a’ (S'), IIp'(R")

[IpOY — npuemMHUK C ONTUYECKUM YCHIIUTEIEM.

JUist CTpYKTYp MpeJICTaBIEHHBIX Ha pUCYHKE 9.3 BbIOpaTh mapaMeTpbl ONTHUECKUX CEKIMH U

MNOCTPOUTHL JHUArpamMmmy ypOBHeI\/’I U pPACHpCACIICHUC OSHEPICTUYCCKOTO IIOTCHIMAIA II0 OJIMHE

OIITUYECKOU CEKIIHHU.
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Pucynok 9.3 - Ctpyktypsl SDH g4 pacdeTa
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ConepxaHue oTyera:

1. Temy, HOCTaHOBKY 3aJauu.

2. Kparkue TeopeTudeckue CBeICHUS.

3. Jluarpammy YypoOBHEH U paclpeneleHHe 3HEPreTHYECKOro MOTEHIMaga 10 JUIHHE
pereHeparioHHOI0 y4acTKa B COOTBETCTBUM C UHIUBUYaJIbHBIM 33JJaHUEM.

4., BEIBOEL.

Kontpomsnsie Bompocs! (ITK-2.3):

. [TapameTpbl ONITHYECKUX CEKLUM.

. Kopl npuMeHEHHsI ONTUYECKUX CEKIIHM.

. ITapameTps! onTu4eckux UHTEP(HENHCOB s TIepeIaTInKA.

. [lapameTpsl onTUyecKUX UHTEPPEICOB ISl IPUEMHHKA.

. Pexomenpatnn MCDO-T onpenensromiye TUII ONTUYECKOTO BOJIOKHA.

. HoMuHanpHbIe NPOTAKEHHOCTH B 3aBUCUMOCTH OT KOJa IPUMEHEHHS.

~N N LD W

. [TapameTpsl onTHYECKUX KaOeei.

Crucox PEKOMCHAYCMbIX UCTOYHHKOB

1. Topauenko, B.B. Kpyxmanés, A.J[. MouenoB, P.®. [apadyraunoB. Ontuueckue
TEJICeKOMMYHUKAIIMOHHBIE CHUCTEMBbl. YUeOHHK I BYy30B: — M: ['opsias nunus-Tenekom,
20011.

2. Kpyxwmanes B. B., T'opauenko B.H., A. JI. Mouenos. [lupoBbie cucteMs! repeaadu:
VYuyebnoe nocodue. M.: ['opsiuas iunaus - Tenexkom, 2012.

3. 'opmuenko B.H., Teeperkuit M.C. MHOrokaHaabHbIE TEICKOMMYHHKAIIMOHHBIE CHCTEMBI.
VYueOnuk 1151 By30B. M.: ['opsiuast munus - Tenexom, 2013.
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[TpakTuueckoe 3anstue 10
Pacuet nimunel perenepanonnoro yyactka LICIT mo BOJIC

3aganue:

1. PaccuuraTh IMHY pEreHEPallMOHHOTO y4acTKa (MJIM AJIEMEHTApHOIO KaOeIbHOTo
yaactka — OKVY).

2. TloctpouTh nuarpamMmy YpOBHEH W paclpeieiieHHE YHEPreTHYECKOro MOTEHIHaa 110
JUTMHE PEreHEPaIMOHHOTO yJacTKa.

Kparkue Teopernueckue cBeieHus

[Tocne BBpIOOpa THMa ammaparypbl, ONTHYECKOro HHTepdelca U COOTBETCTBYIOIIMX €My
ONTUYECKOTO BOJIOKHA M KaOels, BBIIOJIHAETCS pacyeT OCHOBHBIX MOKa3aTeneil JMHEHHOro Tpakra
npoektupyemoii BOJIIT [1]. Oauum U3 TakuxX MOKa3aTesael SIBISCTCSA JUIMHA pEreHepannOHHOTO
y4acTKa WM PEreHePAIIMOHHON CEeKIIUH.

VicxonHble JaHHBIE AJIs1 ONIPEeNICHHs] [UIMHBI PETeHEPAIIMOHHOTO YJacTKa!

— mapaMmeTphl mepefaud ONTHYECKOro Kalems: KOd(PPUIMEHT 3aTyXxaHwus, yAelbHas
mucnepeust (B ciydae omHomogoBoro OK) m K03(pQHUIIMEHT MMPOKONOIOCHOCTH (B Ciydae
MHoromozoBoro OK);

— MapaMmeTphl ammapatrypbl U DJIEMEHTOB JMHEMHOIO TpaKTa: YYBCTBUTEIBHOCTb WIIH
MUHHMAJIbHBIA YPOBEHb MTPHEMA; TIOPOT MEPErpy3KH MPUEMHOT0 YCTPOMCTBA WIIM MAaKCUMATbHBIN
YpOBEHb IpremMa; WH(OpMaIOHHAsT CKOPOCTh CHTHAJIA M TUI JIMHEHHOTO KOJa; TUIl HCTOYHUKA
ONTUYECKOTO W3IyYeHHs M €ro OCHOBHBIE TlapaMeTphl; JIOTIOJTHHUTENbHBIE TOTEPH WU
HHEPTEeTUYECKUH 3amac ONTHIECKOTO TPAKTA U JIp.

Kak mpaBuio, mpu HCHONB30BAaHWU CTAHJAPTHOTO OOOPYAOBAaHUSA JIMHEHHBIX TPAKTOB
COBMECTHO C PEKOMEHAYEMBIMHU JIJISI HUX ONTUYECKUMU KaOeIsiMi MaKCUMalIbHO JIOMYCTUMAs JUIMHA
pereHepaliMoHHOTO y4yacTKa, OINpE/eieHHass IO HHEPreTHYECKUM XapaKTepUCTUKAM CHUCTEMBI
(SHEpreTUYecKuil MOTeHIIMAN, YPOBHHU MEepeaud U MpHeMa, 3aTyXaHHue PETeHEepallMOHHOTO YUacTKa),
MEHBIIIE MaKCHUMAaJbHOW JUIMHBI, OIpPENeIIeMOi IUCTIEPCHOHHBIMU XapaKTEPUCTHKAMH WM
mmpokonoiocHocTeio OK. TlodTOMy cHauama peKoMeHIyeTcsi 5Ty JUIMHY OIpPEIeNsiTh I10
DHEPTeTUYECKUM MapaMmeTpaM. Takylo IJIHMHY YacTO Ha3bIBAIOT JUIMHOW ydacTKa pereHepaliuw,
OrpaHWYeHHOW 3aryxaHueM. [locie 3TOro HaxoAAT MaKCUMAIbHYIO JJIUHY IO JMCIEPCHOHHBIM
XapaKTepUCTHKAM, KOTOPYIO HAa3bIBAIOT JUTMHON y4acTKa pereHepamyu, OrpaHuYeHHON AUCTIEPCUEH.
B kauecTBe MakcHMaIbHOU MPOEKTHOM ATMHBI BEIOWpAEeTCsS HAaUMEHBIIAs U3 ITUX JIBYX.

3aryxaHue Ha pereHepallMOHHOM Y4acTKe Apy 3aBUCHUT OT CXEMbl OpraHU3allid JTUHEHHOTO
TpakTa W BKJIIOYEHHBIX Ha KaOedpbHOM YydacTke (MOMHUMO camMoro KabOens) pa3beMHBIX |
HEPa3bEMHBIX COCTUHHTENEH, a TaKXKe IPYTHX IMaCCUBHBIX YCTPOWCTB, HAIPHMEP ONTHYECKUX pa3-
BS3BIBAIOIINX YCTpOHCTB. B 006miem Buae

Apy = ndp, + mA, + oL + Ay, 1b, (10.1)

rIe
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A, — 3aTyxaHHe pa3’beMHOr0 ONTUYECKOT'0 COeJUHUTEIS, 1B;

n — WX 4Yuc0; A, — 3aTyxaHHe HEPAa3’beMHOTO ONTUYECKOTO COeIMHUTES, AB;

m — UX YUCJIO;

a— K03$PHULIMEHT 3aTyxXaHUs ONTUYECKOTr0 KabeJis, Ab/KM;

L — [yivHa yYacTKa pereHepaiuu;

An — cyMMapHoOe 3aTyXaHHe BCeX JONOJTHUTENbHBIX NACCUBHBIX YCTPOWUCTB, BKJIIOUEHHbIX HA
KabeJbHOM y4acTKe, Ab.

OHepretudeckuid moreHnuan W, mnpuBoguMmbiii B macnopTHeIX gaHHeiXx BOCII TIHU,
omnpeAeNsieTcs Kak pa3HOCTh YPOBHEW Ha Iepefade W Ha MpUeme, MPUYEM MOJI YPOBHEM IIpuUeMa
MMOHUMAETCA YPOBEHb UYBCTBUTEIBHOCTH, T.€. TAKOM MUHUMAJIbHBI YPOBEHb MPUHUMAEMOTO CHUT-
Haja, MPU KOTOPOM OOECIeYMBaeTCs 3aJaHHbIH KOA(P(GUIHMEHT OIIMOOK. B MacrmopTHBIX JTaHHBIX
BOCII CIIY sHepreTH4ecKuii MOTeHIHAI OOBIYHO HE IPUBOIUTCS, HO €ro JIETKO ONMPEACTUTh Yepes3
Pa3HOCTh YPOBHEW MWHHUMAJIbHOM H3J1y4aeMOW MOIIHOCTM M MAKCUMAJIbHOM YyBCTBUTEIBHOCTH.
DHEpPreTUYecKuid MOTEHLHMANl OMpeAeNiseT MaKCUMAaJbHO JOMYCTUMOE 3aTyXaHHEe ONTHYECKOTO
CHTHaJIa Ha pereHepanmoHHOM yuactke. CrenoBarenbHO, 3Has BenuuuHy W, MOXHO HaWTH
MaKCHUMAaJbHYIO JJIMHY y4acTKa pereHepauuu Liuce « OTpaHHUEHHYIO0 3aTyXxaHueM. B To e Bpems
3aTyXaHUE Ha pEereHepallMOHHOM y4YacTKe C TEYEHHUEM BPEMEHHU MOXKET BO3PAaCTH, & SHEPreTHUECKUI
MOTEHLMaN CHU3UThCS. [IpudunHaMu 3TOro SBIAIOTCS POCT 3aTyXaHHs Kabems U JAPYTruX MacCUBHBIX
3JIEMEHTOB M3-3a CTAapeHUsi U JErpajallvy, MaJeHUE YPOBHS ONTHYECKOM MOIIHOCTH Ha BBIXOJE
nepeaTiyiKa U POCT YPOBHS UYBCTBUTEIHHOCTU MPUEMHUKA (TEMIIEpaTypHbIE BIMSHUS, CTApEHUE U
nerpaganus u ap.). [loaTomy mpu ompeneneHuu AJIUMHBI y4acTKa pereHepalnuy, OrpaHuYeHHOU
3aTyXaHUEM, BBOJUTCS HEKOTOPBIN 3amac, COCTOSIINI U3 JBYX BEJIUYUH:

A1 — 3amac Ha yXy/AIIeHue mapaMeTpOB aCCHBHBIX 3JIEMEHTOB KaOEILHOTO YJacTKa,

A2 — 3anac Ha yXyJIUIE€HUE IapaMeTpOB ONTO3JIEKTPOHHBIX KoMIoHeHTOB BOCTI.

C y4eToM CKa3aHHOI'O MOXHO 3aIucaTh

W-A42 = nd, + mA, tolyacca + An + A1. (2)
Yucno HepazbeMHbIX coenunuTeneid T = Lmakc o / lowpy — 1, Ta€ lopy — cTpouTensHas minHa
kabens. [TogcraBmss 3To 3HaueHUe M B (2) mocie mpeodpa3oBaHUM MOIyIUM
W = A, — nd, — A, — AW,
a+ Ayl P R (10.2)

Llfl'l'llll' [+ =

rne BemmumHa AW3 = Al + A2 HaspBaeTCsi JHEPreTHYECKHM 3aracoM, TNPUBOJIUTCS B
TEXHUYECKUX JaHHBIX anmnaparypsl u cocrasiseT pias BOCII LU 3... 6 n1b u 1... 2 a1b nna BOCII
Cu.

O6bruHo AH < 0,1 nab, mosToMy 3aryxaHHEM OJHOTO HEPa3beMHOIO0 ONTHYECKOTO
COEAMHUTENS AH, BXOASIIMM B YUCIUTENb JaHHOH (OpMyIbl, MOKHO mpeHeOpeub. Toraa MOXHO

3armcarTb
_ W —nA, - Ag — AW,

AKEC & =

¥

o+ Ay flerp ) (10.3)
HpI/IeMHBIe yCTpOf/'ICTBa OCHAaIllar0TCsA YCTpOﬁCTBaMH aBTOMATHYECKOM PEryjinpoOBKU
ycunenusi (APY) ¢ mpenenamMu peryiampoBaHus Aapy, ONPENEISIONMMA MHHUMAIBGHYIO JUTHHY
PEreHepalMOHHOrO y9acTKa, OTPAaHMYEHHYIO 3aTyXaHHEM
W = nAp — Ay — AW, — Aapy
a+ Auflop e (10,4)

LHIIIC L =

MakcumanbHast nnuHa ydactka pereHepanuu BOCII 1M, orpanuuenHas aucnepcueit
Lmaxc 6, paccuuThIBaeTCsl TOJIBKO AJIE MHOTOMOJIOBOTO Kadels, Tak Kak B cllydyae OJHOMOJIOBOTO
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Kalenst oHa BcerJa OOJbINE JIMHBI y4acTKa pereHepaldy, OrpaHuYeHHON 3aTyxaHueMm. Lwaxc 6
HaxoauTcs 1Mo hopmyse
AF] oy
Lyakcea = » KM,

B,

rae AF1 — koaddunueHT mupokonosiocHoctu OK, MI'km;

(10.5)

B, — ckopocTb nepejiayy B IMHUM (3aBUCUT OT JIMHENHOT0 Ko/ja), M6uT/c;
Y — mapaMeTp, onpe/iesisieMblil TUIIOM UCI0Jb3yeMoTo B kabese OB.

[TapameTp Yy sBIAETCS NACMOPTHOM BEJIMYMHOM, MpuBOAMMON B TY Ha MHOTOMOJOBBIN
kabenb. Ecniu oH Heu3BeCcTeH, TO MPH pacuyeTax MOXKHO MPUHATH y = (,7.

Cnenyer ormerutb, uto (popmynamu (10.4) u (10.5) MOXKHO MOJIB30BATHCS IPH pacyeTe
nmuHbl ygactka pereneparuu kak BOCII TTHHW, tak 1 BOCIT CIHU. TIpu 3TOM, COTJIacHO peko-
mexaanuu G.957 pazpemubie coenuautenu odopynoanust CLIU (IInY u IIpVY) He BXOAAT B cocTaB
Ka0enpHOro y4yacTtka. Kpome Toro, 3HaueHHs BCEX BEJUYUH, BXOJSIIMX B pacyeTHble GOpPMYy.Ibl,
JIOJDKHBI  BbIOMPATbC M3 TEXHUYECKUX XapaKTEePUCTUK KOHKpPETHOM amnmapaTrypbl |
ONTHUYECKOTO KabeJis,, IpuMeHsieMbIX Ha npoekTupyemor BOJIIL. [Ipu npoektupoBanuu BOCII
CLH pomxHa 0653aTeIbHO PACCYUTBIBAThHCA JJIMHA Lmakc 6. OHA MOXKeT ObITh onpe/esieHa 1o
dbopmyne Lmaxe 6 = (E-10°) / (B:Dxp - 61) ¢ yyeToM mapaMeTpOB ONTHUYECKHUX HHTEpPPencoB
npuMeHsieMOl annapaTypbl. Kpome Toro, oHa MoXeT ObITb pacCidTaHa MO NepeKpbiBaeMou
BeJIMYMHE XPOMAaTU4YeCKOM W/WJIMU MOJSAPU3aLUOHHOM MOJOBOW Jucnepcuu. Eciu 3azaHa
XpoMaTH4yecKasi JUCIepCcus, TO

Lyane axp =T xp.l{-D:'.p-s FM,

(10.6)

rae O Xxp — mepeKkpbIBacMas XxpoMaTudeckas aucrepcus, nc/uM; Dyp — ynenbHas XpoMaTudyeckas
TUCTIEPCHS, TIC/HM-KM.
B cnyuae nongpuzaiiioHHON MOJIOBOU AUCIIEPCUN

L'uam-:rnu,a, = {'Tn nH.u..IIfDIII.l,q}21 EM, (107)

e Gnm\mi NEpEKphbIBacMasl OJApU3allMOHHAA MOA0BaA JUCIICPCUA, IIC,

Drnvn — y/IebHAs TONAPH3aMOHHAS MOIOBAs AUCTIEPCHs, Tc/km/2,
[Tocne ompeneneHust UIMHBI PET€HEPALMOHHOIO y4yacTKa MO METOJUKE, M3JI0KEHHOW BBIIIE,

ocymectsisiercs: pasmemienne HPIT u OPII B cooTBETCTBUYM C TONOJIOTUEN CETH U IIPOEKTUPYEMOM
BOJIII. Eciiu B cCOOTBETCTBUU C MECTHBIMHU YCIIOBHSIMHM, OCOOCHHOCTSIMU BBIOPAHHOM TPAcChl JJIMHA
pereHepalnoHHOr0 y4JacTKa JIOJDKHa OBITh MEHbIIE MUHUMAJbHOW, TO Ha BXOJE pereHeparopa B
TOouke R BKIIIOUAIOT ONTUYECKHUIT aTTEHI0ATOP.

[TpennoxeHHy0 METOAUKY OMpEeNIeHUs JUIMHBI PEereHepalioHHOTO yJacTKa paccCMOTpPUM Ha
CJIEAYIOIIEM IIpUMepe.

[Tpumep. TpeOyeTcs onpenenuTs IIUHY pereHepanmonHoro ydactka (cexuun) nast BOCIT CIIA
C JBYXBOJIOKOHHBIM JIMHEWHBIM TPAaKTOM Ha OCHOBE CHHXPOHHOI'O TPAaHCIOPTHOTO MOIYJs THIIA
SMA-4 ¢upmer Siemens, padoraromeii o kadento turna OKJI-01 Ha mmmue BomHbI A = 1550 HM.
HeoGxoaumbie st pacyeroB ocHOBHble mapamerpbl SMA-4 u kabens OKJI-01 mpuBeneHs! B
tabmune 1. B aToii Tabnuie noMuMo yXe U3BECTHBIX 0003HAUEHUI BBEIEHBI 1BA HOBBIX: Prep mun —
MUHUMAaJbHBII YPOBEHb HA MEPENaye M Pup wun — MUHUMAIBHBII YpOBEHb Ha Npueme (ypoBEHb
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YyBCTBUTEIHHOCTH). [lpu BBIMOTHEHWH pacdyeToB OyaeM ToiaraTh, YTO 3aTyXaHHE OJHOTO
Hepa3zbeMHOro ontudeckoro coenunurens Ay = 0,1 1b, a suepreruueckuii 3anac AW, = 2 n1b.

Ta6smma 10.1 - ITapamerpel SMA-4 u kabenss OKJI-01

Ammnapatypa SMA-4, Siemens Ka6ens OKJI-01
Pnep MHUH, Pnp MHUH, AAPY, 611 Xp, a Dxp, Icmp,
nbMm nbMm nb rnc/aMm | nb/kMm IIC/HM-KM KM
-15 -35 32 2500 0,22 18 2

Pemenue. Bocnonb3oBaBumimck gaHHbiME  TaOmwiel  10.1, ompenmenuMm  sHEpreTHYECKUN
[MOTEHIIAA

W = Prep mun - Prp mun = -15 — (-35) = 20 1b.

[ToacraBuB B dopmyny (10.4) 3nauenus sueprernueckoro noreHmumana W = 20 nb, motepp B
Hepa3beMHBIX coenuHeHusx Ay = 0,1 nb, sHeprermueckoro 3amaca AW, = 2 nb, xoadduimenta
3aryxaHust kaoens o = 0,22 n1b/kM U cTpOUTENbHON JUIMHBI lemp = 2 KM, a TakKke YYHUTBIBAs, 4TO
MPUMEHSETCS JIBYXBOJIOKOHHBIA JIMHEHHBIM TpPaKT, T.€. Ha KaOCJIbHOM YYacTKE OTCYTCTBYIOT
JIOTIOJIHUTEIILHBIE MTACCUBHBIE KOMIOHEHTHI (A = 0), monyyum

Luare & = (W - AWS) 1 (0 + Aul lomp) = (20 — 2)/(0,22 + 0,1/2) = 66 xcm

Tak kak Aapy > W, T0 04eBUAHO L py sun o = 0.

JImuHy pereHepalMoOHHONW CEKIIMK, OIPaHWYCHHYIO JUCIEePCHEH ONTHYECKOTO BOJIOKHA,
onpeneauMm 1o Gopmyie (10.6). Eciu B Hee moacTaButh 3Ha4eHHUS O  xp = 2500 1c/HM 1 Dy = 18
TIC/HM "KM, TO TIOJTyYUM

Lmaxc 6 xp = 6 uxpl Dxp=2500/ 18~ 138,8 km.

B kauectBe MakcHMaJbHOW TNPOEKTHOW JJIMHBI BBIOMpAETCs HaWMEHbIIas U3 JBYX
paccuMTaHHbIX, T.e. Lmakc = 66 kM. Jlns pa3MelleHus pereHepalioHHbIX IMYHKTOB BBIOMpaeTcs
HECKOJIbKO MEHbBIIEE 3HAYCHHME UIMHBI PEr€HEPAlMOHHOIO y4acTKa, KOTOPYIO C YYETOM 3aIlacoB
KabeJsi, MOKHO B35ITh paBHOM 60 KM.

Conepsxanue oTyera:

1. Temy, HOCTaHOBKY 3a/Ja4uH.

2. KpaTkue TeopeTuuecke CBeAeHUsI.

3. Humarpammy ypoBHEH U pacmpeieleHHe DJHEPreTUYecKOoro TMOTEHIala [0 AJUHE
pPEreHepalMOHHOIO Y4acTKa B COOTBETCTBUU C MHANBUIYAJIbHBIM 33/JaHUEM.

4. BeIBOEL.

KoHTposibHBIE BOITPOCHI:

1. Yewm ompenensieTcs JIMHA PETeHEPAIIMOHHOTO yJacTKa?

2. Kak paccuuThIBaeTCSl MOLTHOCTH APOOOBBIX IITYMOB ONTUYECKOTO TUHEHHOTO TpakTa?

3. Kak paccuuthiBaeTCsi BEpOSITHOCTH OIITUOKU?

4. Kak paccunTbIBaeTcsi OBICTPOICHCTBHE BOJIOKOHHO-ONTHYECKON CUCTEMBI Iepeiadn?

5. TlepeuncnuTe W TOSCHUTE OJTOBPEMEHHBIE W OIEpPAaTUBHBIE IIOKA3aTeNd OIIUOOK

1M(POBBIX KAaHAJIOB U TPAKTOB.
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6. Ilepedncnure ¥ MOSICHUTE NMOKA3aTENIN HAJAE)KHOCTH KaHAJIOB U TPAKTOB.

7. IlosicHuTe mapamMeTp ONTHYECKOro Kabeins: ko3dduuument 3aryxanus o, 1b/km.

8. IlosicHuTe mapaMeTp ONTHUYECKOro Kabelsl: CpeIHEKBaIPaTHUECKOE 3HAUEHHE IHUCIIEPCUU
OINITUYECKOTO BOJIOKHA Gg, IIC/HM'KM.

9. IlosicuuTe, 4TO TaKOE AUCIEPCHUS ONITUYECKOTO BOJIOKHA?

Crmcok PEKOMCHAYEMBIX HCTOUYHHUKOB

1. Onruyeckre TEICKOMMYHHKAIIMOHHBIC CUCTEMBI. YueOuuk utst By30B / B.H. T'opauenko,
B.B. Kpyxmanés, A.Jl. Mouenos, P.®. [llapadyraunos. [Tox pea. mpodeccopa B.H.
l'opauenko. - M.: [N'opsiuast muaus - Tenexkom, 2011.

2. T'opmuenko B.H., Tepeukuit M.C. MHorokaHaJibHbIE TEJIEKOMMYHUKAIIMOHHBIE CUCTEMBI.
VY4eOHuk 11t By30B. M.: ['opsiuast munus - Tenexom, 2013.

73



[IpakTueckoe 3ansitue 11

TexHOJIIOTHSI CIIEKTPAIIBHOTO Pa3/IeICHUsI.
3amanue:

1. I3y4nTh TEXHOJIOTHIO CIIEKTPATIBHOTO pa3esieHus], CIIEKTPaIbHOE PACIIONOKEHHUE KAHAJIOB.
2. O3HaKOMHUTBCA C TMapamMeTpaMu JIMHEHHOro TpakTa W MapameTpaMu HHTepdercoB
MYJIbTUIIEKCUPYEMBIX TTOTOKOB.

Kpartkue Teopernueckue cBeieHus

YBenuueHue NponycKHON CIOCOOHOCTH BOJIOKOHHO-ONTUYECKUX JTUHUNA MOKET
OCYILECTBIIATHCS IBYMsI ITyTAMU:

1) 3KCTEHCHBHBIM, BKJIIOYAIOIIUM B C€0sI HCIIOIb30BAHNE TaK HA3bIBAEMbIX «TEMHbIX
BOJIOKOH», T.€. Hencnoiab3dyeMbelx OB onTrueckoro kabens, myTeM NOJKIUYEHUS K HUM
COOTBETCTBYIOLIETO 000PYI0BaHUsI CUCTEM IIepeadm, WK IPOKIAJKy HOBOI'O ONITHYECKOro Kabes;
BO3MO>KHOCTH 3TOT'0 ITyTH BECbMa OIPaHUYEHBI U, KaK JIF000M 3KCTEHCUBHBIN MyTh, OH
IKOHOMUYECKHU OECIIEpPCIIEKTUBEH;

2) NHTEHCUBHBIM, IIPU KOTOPOM IOBBIILIEHUE MPOIYCKHOI ciocoOHocTH OB nocturaercs
YBEJIMUYEHUEM UUCIIA ONTHYECKUX KAHAJIOB, OPraHU3yEMBbIX Ha Pa3IMYHbIX JUIMHAX BOJH B
COOTBETCTBYIOLMX OKHax mpo3paynHoctu OB.

[TpuHIMD crieKTpaiabHOro paszencHus g N-KaHaabHOM CUCTEMBI epelaul IPeCTaBIeH Ha
pucynke 11.1.

My |
I
2

v/

\

\

{

\ﬁ- -'

A
Pucynok 11.1 - [IpuHuMn cnekTpaibHOTO pasjeneHus A N-KaHalbHOM CUCTEMBI Iepeadn

Kaxxnomy kaHamy OTBOJUTCSI CIIEKTPAJIbHBIN y4acTOK C IIMPUHON crekTpa Alx, B KOTOPOM
uH(poOpMalrsg MEPEHOCUTCS C MOMOIIbI0 MOAYJIMPOBAHHOM omTHyecko Hecymiell. Bemuumna Al
paBHA CHEKTPAIbHOMY PACCTOSIHUIO MEK/ly HECYLIMMU JIBYX COCEHUX KaHAJIOB. SICHO, 4TO MIMPHUHA
CHEKTpa M3JIy4YeHHs HECYIIUX He JIOJDKHA MpeBbIIaTh AAx (Ha PUCYHKE CHEKTpPhl TaKUX HECYIIUX
NOKa3aHbl B BHJE CIUIOIIHBIX JMHUH — 1), Tak Kak B MPOTHBHOM cCiydae (CHEKTphl B BUJE
OYHKTUPHBIX JUHUA — 2) MEeXIy KaHajgamu OyIyT BO3HHMKATh MOIIHBIE NEPEXOJHbIE MOMEXH
(3amTpuxoBaHHas 001acTh — 3).
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OnTHyeckre HeCcylMe B KaXKJIOM KaHaje T'€HEPUPYIOTCS HE3aBUCHUMBIMU HCTOYHHKAMH
ONTHYECKOTO HM3ITYYCHHS] U MOITOMY MOTYT MOIYIUPOBATHCSA IU(MPOBBIMU CUTHAJIAMH PA3TUYHBIX
texHonoruilt (ATM, CLIU, IP u np.), HE TpeOys B3aUMHOW CUHXPOHU3ALUH.

OOpa3yeMbple TIpU 3TOM ONTHYECKHE KaHAJIbI MOTYT CUUTATBCA «IPO3PAYHBIMU» U
UCTIOJIB30BAThCS IS IIepeHoca Jito0oii nHpopManuu.

Onrtuueckum kaHaioMm (optical channel) moHMMaeTCss KOMIUIEKC TEXHMUYECKHX CPEICTB W CPEIbl
pacnpocTpaHeHus, 0O0ecleunuBalolMil nepeadyy ONTHYECKOro CUTHAlla B JMaria3oHe JJIUH BOJIH,
XapaKTepHOM [Tl TaHHOTO KaHaua.

[lepBrie peanuzanuu Texnonorun WDM mpencraisuin co0oil cucTeMbl Ha JIBa ONTHYECKUX
kaHana ¢ anuHaMu BoiaH 850 u 1310 am w/mnu 1310 u 1550 um. [1o Mepe OCBOECHHUSI TPETHETO OKHA
npo3paydHoctd (1550 HM) nDosiBWIMCH CHayala YeThlpeXKaHAJIbHbIE CHCTEMbl IEpEeNaud C
paccrosiHueM Mexay kaHaimamu AAk = 8... 10 HM U 3aTeM BBICOKOCKOPOCTHBIC CHUCTeMbI Ha 8-16
KaHaJoB, C mepemaveid mo kaxaomy u3 Hux curHaioB CIIU co ckopocteio nmo 2,5 I'dut/c u
CHEKTPaJIbHBIM UHTEPBAIOM MEXIy HUMU ALK = 1,6 HM U MeHee.

Juamazonsl cucteM nepenauu ¢ Texnonorued WDM mnpencrasienst B Tabmune 11.1.

Ta6muma 11.1 - JInama3onsl cucteM nepefadu ¢ Texnosorneit WDM

uanazox HanmeHoBaHNE Cnextp, HM

O-mianazon  |Ocroesoi (0 — Onginal) 1260 ... 1360
E-muamazon  |Pacomipenssdi (B — Extended) 1360 ...1460
S-muamazon  |Koporkoeomsoesndl (5 — Short wavelensth) 1460 _._ 1530
C-muanazon  |Cragmapteenl (C — Convenfional) 1530 _._ 1365
L-muamazon | JIminuoeomgoesni (L — Long wavelensth) 1565 .. 1625
U-mianazon |(CeepxmymiHHoBIHOEBEIN (U — Ultra-long 1625 ...1675

wavelength)

CyMMapHO IIMpPHHA CHEKTpa, OXBAaTHIBAIOIIETO BCE IIECTh JAMANA30HOB 3TOM TaOJIHUIBL,
coctaBisieT 415 am. B mepecuere Ha yacToTy 3T0 naet nojocy nopsaka 60 TI'm, u, ciegoBaTenbHO,
noTeHuuanbHas npomyckHas cnocooHocts BOCII-CP moxet coctaButh 60 TOuT/C.

Ha ceronnstiiianii nens Texnonoruss WDM mno3BossietT opranuzoBath B og4HOM OB cBbitie 100
ONTUYECKUX KAaHAJIOB MPU Pa3HOCE ONTHUYECKUX HECYHIMX KAaHAJOB JIPYr OT Jipyra BCEro Ha JOJH
HaHoMmeTpa. Takas TeXHOJOTrHs Ha3blBaeTCs IUIOTHBIM BOJHOBBIM, MyJbTUIUIEKcHpoBaHHeM (Dense
WDM — DWDM). Ona no3BoJsieT JOCTHYb CYMMapHOW CKOpOCTH nepeaayu 1no ogaomy OB cBeiie
1 TOuT/Cc, YTO MPAKTUYECKU HEBO3ZMOKHO JOCTHYb B OJJHOBOJIHOBBIX CHCTEMAX.

Texnonorus WDM umeet psn npoOieM, CBA3aHHBIX C HENMHEHHbIMM 3¢ dekTramu, cpenn
KOTOPBIX MOKHO BBIEIUTH:

— YETBIPEXBOJHOBOE CMEIIECHHUE;
— BBIHY)XJICHHO€ KOMOHWHAIIMOHHOE (PaMaHOBCKOE) paccesiHue;
—  (ha3oByrO KPOCC-MOIYIISITHUIO.

1. YersipexBonnoBoe cmemenne (UBC, Four-Wave Mixing — FWM) mnpuBomut
MOSIBJICHUIO HOBBIX CHEKTPAJbHBIX COCTABISAIOMUX. [IpU MOCTHIKEHUM KpPUTHYECKOTO YPOBHS
MOIIHOCTH MHOT'OKAHAJIbHOTO CHUTHaJa (CyMMa MOIIHOCTEH CHUTHAJOB OINTHYECKUX KaHAJIOB)
HelMHeHHOoCTh OB NpuBOANT K B3aMMOJIEHCTBUIO TPEX BOJIH C YaCTOTaMU ®i, wj, Wk. B pe3ynpraTe
Yero MOSIBJIIETCS YeTBEpTas BOJHA HA YaCTOTaX i @ + wk € Win 2mi + wj, T.e. KOMOWHAIIMOHHbIE
NPOAYKTHl HeMuHeHHOoCcTH3-ro nopsaka. HekoTopble n3 3THX MPOJYKTOB MOTYT MONacTh B pabouue
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IIOJIOCHl ONTHYECKHX KAaHAJIOB M IPUBECTH K IOMEXaM HEJIMHEHHOTO IPOMCXOKICHUS, KaK B
knaccuueckux CII ¢ YPK. Yuneno Takux npoayKTOB HETMHENHOCTH
N3N ~1)
N= —
rae N — uucio ontuueckux kaHanos. Hanpuwmep, B 16-kananbHoM cucteme WDM Bo3Hukaer 1920
KOMOMHAIIMOHHBIX IPOAYKTOB.

2. BeiHyx)IeHHOe KoMOuHanuoHHOe (pamaHoBckoe) paccesnue (BKP, Stimulated Raman
Scattering — SRS) mposiBiisieTcst B mepeKadyke dHEPIHH OT CHUTHAjda C MEHBIIEH JJIMHON BOJIHBI K
curHany ¢ Oonbmed nnuHOM BojHBL. [lpuumnoit BKP sBiseTcss B3amMmoaeidcTBHE ONTHYECKOTO
U3IY4YEeHUss C KoseONmomuMucs Mosiekyiaamu ksapua (¢ononamu) OB, mnpuBonsmee K ero
paccesHUIo, NPU KOTOPOM 3HEPrus MepekauyuBaeTcs OT OJHOW BOJHBI K ApYrod. DPpQPeKTUBHOCTDH
Ipolecca YBEJIWYUBAETCSI C POCTOM MOILIHO-CTH M3JIY4YE€HMs, 3aBUCUT OT PA3HOCTU YacTOT HU
JIOCTUTaeT MaKCUMaJIbHOIO 3HaueHus npu pasHoctu 13,2 TI'u. BKP npuBoauT k mnepekpecTHbIM
OMeXaM MEXy KaHaJIaMHU M, YTO 0COOEHHO Ba)XKHO, K HEPABHOMEPHOMY PACIIPEICIIEHUI0 MOITHOCTH
1o criekTpainbHoMy auanazony DWDM-cucrembl: Ha 0JHOM KOHIIE MHTEpBajia (B 00JaCTH IITUHHBIX
BOJIH) CHTHAJIbl YCHJIMBAIOTCS OOJIbIIE, YEM HYKHO, a Ha JAPYroM (B 0OJIACTH KOPOTKUX BOJIH) —
«HCTOILAIOTCS.

3. ®a3zoBas kpocc-moaysnusa (PKM, Cross-Phase Modulation — CPM) nposiBiisieTcst B TOM,
YTO CUTHAJ OJHOTO KaHaia MOIYJIHMpYET Mo (a3ze CUIHAJIbl B cOCeIHUX KaHayax. Pu3mka mnporuecca
OKM 3aknroyaercss B CIEAYIOLIEM: IIPU PACIPOCTPAHEHMM ONTHUYECKUX CUTHAJIOB Pa3JIMYHBIX
KaHajoB 1o onHomy OB, mokasarens npeaoMIIeHUs] KOTOPOrO 3aBUCUT OT MHTEHCUBHOCTH CUTHaja
(@ddexr Kappa), BO3HUKAIOT 3aBUCHMBIC OT BpeMEHH (Da30BBIC CIABUTH B COCEIHHX KaHalax. JTH
(da3oBble CABUIM PABHOCWJIBHBI YacCTOTHBIM CJABHUIaM, IMPUBOJAAIIUM K YIIMPEHUIO WU JPYTUM
HCKaXEHUSAM MMITYJIbCOB.

ITpy o4eHb BBICOKOM MHTEHCHBHOCTH JIA3€PHOTO M3IIyYEHHUS! CUTHAJ MOXKET MOJIYJIUpPOBATH
CBOIO cOOCTBEeHHYIO (pa3y, T.e. OyneT umeTh MecTo ¢azoBas apromonaysanus (Self Phase Modulation
— SPM). Takast MoIynsiusi pacIIUpseT CIEKTP CUTHAla M YIIUPSET WM CKUMAeT CUTHAJl BO
BPEMEHM B 3aBUCUMOCTH OT 3HAaKa XPOMAaTHYECKOW JUCHEPCHH  (TOJOXKHUTEIBHOTO WM
oTpuLaTeNbHOr0). B XBocTe BosHOBOro auamnasoHa cucreMbl DWDM Bo3Hukaer casur k Oosee
KOPOTKHMM JJIMHAM BOJIH, a Ha MepeJHeM — B 00JacTh JUIMHHBIX BOJIH, YTO MOXKET HPUBOJUTH K
MHTEp(EPEeHIINN CUTHAJIOB COCEHUX KAHAJIOB.

K nacrosmemy Bpemenn MCD-T pa3zpaboTaH 1enblil psii peKOMEHAalUni, KacatoluXcs
texHosnorun WDM u ee mpumeHeHHsI Ha TpaHCHOpTHBIX ceTsax (G.692, G.694, G.695 u nap.),
MO3BOJIAIOIIMX CTaHaapTusupoBars anmnaparypy BOCII-CP, BeimyckaeMyro pasiInyHBIMU
IPOU3BOIUTENSAMHU, U 00ECIEUnTh €€ COBMECTUMOCTb. B COOTBETCTBHM C CYIIECTBYIOLUIMMU Ha
HacToAMN MOMEHT pexkoMmeHpauusaMu MCO-T 1o pa3sHECEeHHIO ONTHYECKMX KAaHAJIOB MOYHO
onpeaenuTs aBa kinacca WDM cucrtem:

1) rpy0oro cnekTpaibHOro MYJbTUIUIEKCUPOBaHUS Ha ocHoBe TexHojorun CWDM
(Coarse Wavelength-Division Multiplexing, G.694.2);

2) IJIOTHOTO CHEKTPAJIbHOTO MYJIbTHILUIEKCUPOBaHMS Ha OCHOBe TexHonornu DWDM
(Dense Wavelength Division Multiplexing, G.694.1

B cucremax CWDM wucnonbs3yrores Bce auana3oHbl kpome U. B COBOKYNHOCTH OHH
OXBaTBIBAIOT 00sacTh 0T 1260 no 1625 HM, B koTOpoi pacnoiaraercs 18 xananoB ¢ marom 20
HM. HoMuHanpHble 3HA4YEHUs LEHTPAIbHBIX [UIMH BOJIH KaHAJOB (HECYIIMX) NPUBEACHBI B
tabnuue 11.2.
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Ta6muma 11.2 - HomuHanbpHbIC 3HAYCHHSI [ICHTPATBHBIX JUTHH BOJIH KAaHAJIOB

JlsHa BOJIHBI, HM

1270 1290 1310 1330 1350 1370 1390 1410 1430

1450 1470 1490 1510 1530 1550 1570 1590 1610

I'pyboe crmekrpanbHoe myabTHILIeKcupoBanne — CWDM (Coarse Wavelength Division
Multiplexing) — sBisercss TEXHOJOTHEW Mepefaydl JaHHBIX, IMO3BOJISIONICH OJHOBPEMEHHYIO
nepeaavy pa3iMuHbIX MPOTOKOJIOB IO OJHOM mape ontuyeckux BojokoH. CWDM 0Oa3supyercst Ha
UCITIOJIb30BAaHUHU ONTHYECKUX KAaHAJOB, OTCTOSAIIMX APYr OT jApyra Ha paccrosaun 20 um. [lpu
pacuIMpeHny auana3oHna BHU3 10 1270 HM YUCIIO BO3MOXKHBIX KaHAJIOB MEpeaudl yBEINUNBACTCS J10
18. OnHaKo B 3TOM Cily4ae BO3HUKAIOT JIBE MpoOsieMbl. Bo-mepBrix, Ha 6ojiee KOPOTKUX UIMHAX BOJH
MOTepU HA H3IyuYEHUE MOYTH BJBOE OOJblE, a MOTOMY MAaKCHUMAajJbHO JOIYCTHMOE PaCcCTOSIHHE
nepesayd 3aMeTHO COKpAIIAaeTCs; BO-BTOPBIX, NMPUXOIUTCS HCIOJIb30BaTh CHEIMAIbHBIE BOJIOKHA.
[ToaToMy Ha MpPaKTUKE YMCIIO BO3MOKHBIX KaHAJIOB Mepeiayl He MPeBOCX0auT 16.

[TnotHoe cnektpanbhoe yruiotHenne DWDM (dense wavelength-division multiplexing) —
3TO COBPEMEHHAs TEXHOJOTHS Iepefadd OONBIIOr0 YWCIIa ONTHYECKUX KaHAJIOB IO OJHOMY
BOJIOKHY, KOTOpasi JISKUT B OCHOBE HOBOT'O IMOKOJICHHS CETEBBIX TEXHOJIOTHWH. B HacTosmiee Bpems
TEJIEKOMMYHHUKAIIMOHHAsT MHIYCTPHUS TpeTepreBaeT OecrpereleHTHRIE W3MEHEHHs, CBS3aHHBIC C
NEePeXoJ0M OT TOJIOCO-OPHEHTHUPOBAHHBIX CHCTEM K CHCTEMaM Nepefayd JaHHBIX, YTO SBIISETCS
cnencTBueM OypHoro pasBuTus Internet-texHomnoruit u pasHOOOpPa3HBIX CETEBBIX MpuiIokeHuid. C
KpPYIHOMACIITaOHBIM Pa3BEPTHIBAHUEM CETEH IMepelay JaHHBIX MPOUCXOIUT MOAU(HUKAILUS caMOi
apXUTEKTyphl ceTeil. MiMeHHO mo3ToMy TpeOyroTcs (yHIaMeHTadbHble M3MEHEHHUS B MPHUHIIMIIAX
MPOSKTUPOBAHUS, KOHTPOJS W YIOpPaBICHUS CETIMU. B OCHOBE HOBOTO TIOKOJEHUS CETEBBIX
TEXHOJIOTUH JIe)KaT MHOTOBOJIHOBBIE ONTHYECKHE CETH, Oa3upyIOUIMecs Ha IUIOTHOM BOJHOBOM
mynerumiekcupoBannn DWDM (dense wavelength-division multiplexing).

CamBIM Ba)XHBIM IapaMETPOM B TEXHOJIOTWH IUIOTHOTO BOJIHOBOTO MYJIbTHILICKCHPOBAHUS
SBIISIETCS  PACCTOSIHME MEXAYy COCeAHMMH KaHajdamu. CTaHgapTH3alus MPOCTPAHCTBEHHOTO
pAacIoNoKeHHsI KaHAJOB HY)KHa MOTOMY, YTO HAa €€ OCHOBE MOXKHO OyJleT HayMHaTh IpPOBE/ICHHE
TECTOB Ha B3aMMHYIO COBMECTUMOCTh OOOPYAOBaHHUS pa3HBIX NpousBoauTened. Pexkomennarmeit
ITU-T G.692 ompeneneHbl: YacTOTHBIN IJIaH C Pa3HECEHHEM YacTOT MEXJYy COCETHUMHU KaHallaMHu
100 I'Tr ( 0,8 HM), B COOTBETCTBUHU C KOTOPOM MJisi Tepefaud JaHHBIX HpumMeHsercs 41 BoiHa B
nuamnaszone ot 1528,77 um (196, 1 TT'n) no 1560,61 um (192,1 TT'11), ¥ 9acTOTHBIN IJIaH C IIArOM B
50 I'T1 ( 0,4 HM), TO3BOJISIONININ TIEpeIaBaTh B 3TOM ke Auanazone 81 miuHy BosiHbL. HexoTopeiMu
KOMIIAaHUSIMU BBIITyCKAaeTCs Takke 000pyAOBaHME, CIIOCOOHOE paboTaTh C YAaCTOTHOMW CETKOW C
marom 25 I'T1y (Ha3siBaemoe High-Dense WDM, HDWDM).

Peanm3arus gactoTHbix 1aHoB ¢ marom 50 I'T'm u 25 I'Tn npeabsBiser ropa3go Oonee
JKecTkue TpeboBaHus k obopyaoBanuro DWDM, ocoGeHHO B TOM ciy4ae, €CiM Kaxkaas BOJHA
MEPEHOCUT CUTHANIBI CO CKOpPOCThio Moy ity 10 I'6ut/c u Boimie (STM-64, STM-256 unu 10GE).
OTO CBs3aHO € TEM, 4YTO IIMPHHA CIEKTpa IepeJaBaeMoro CurHaia (IpU MOTEHIUAIBHOM
koaupoBanun NRZ, npumensemom B cucremax SDH u 10GE) mnpomopunonansbHa wyacToTe
MOJYJISIIIAH, TTO3TOMY CIieKTp curHasma STM-64 mpumepHO B 4eThIpe pa3a IIMpe CHEKTpa CHUTHAa
STM-16. Teopernueckn 3a30pbl Mexy coceqHuMHu BoiHaMu B 50 I'T'm u maxe 25 I'T1p mo3BossitoT
nepegaBaTh AaHHbIE cOo ckopocTsaMu 10 ['OuT/C, HO MPHU 3TOM HYKHO 00ECTIEYUTh BHICOKYIO TOUHOCTb
9YacTOTHl 1 MUHUMAIIbHO BO3MOXKHYIO ITUPUHY CIIEKTpa HECYIICH BOJIHBI, a TAK)KE€ CHU3HUTH YPOBEHBb

IIYMOB, 4YTOOBI MUHUMH3HPOBATH 3P PEKT MEePEKPBITUS CIIEKTPa, MOKa3aHHbIM Ha pucyHke 11.2.
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STM-64 WHTEpeane 100 Ty, STh-16 npW wHTEpEANE 100 1T,

AWAN|

STM-64 npd MHTEpEANE 50 T STM-16 npy MHTEpEANE 50 ML

Pucynok 11.2 — IlepekpbiTHe clieKTpa COCEAHUX JJIUH BOJIH

AJId pa3HbIX YaCTOTHBIX IVIAHOB U CKOpOCTGfI nepeaayn JaHHbIX

Peanuzanus Toi wiM MHON CETKH YaCTOTHOTO IJIaHA BO MHOTOM 3aBHCHT OT TPEX OCHOBHBIX
(hakTOpoB:

—  THII UCTIOJIb3YEMBIX ONITUYECKUX YCHIIUTENEH (KPeMHUEBBIA Wi (TOP-IIUPKOHATHBIN);
—  CKOpOCTh nepeaaun Ha kanain — 2,4 ['out/c (STM-16) uiu 10 I'6ut/c (STM-64);
—  BIIMSIHUE HEJIMHEHHBIX 2P PEKTOB.

B 6onbmnncTBe cnyyaeB, WDM Haubosee 5KOHOMUYHOE pellleHre MPU HEXBATKE BOJIOKHA B
Kabere, maromiee BIMTPHIN BoJoKHA 2 K 1 nin 3 x 1 3a cuer oObeaunenus e BosH 1310 HM, 1550
oM 1 1490 HM B ogHOM BOJIOKHE. B cirydae, korma tpeOyercs O0bIlie KaHAIOB JUIS PACIIUPCHHS
E€MKOCTH CYIIECTBYIOIICH BOJOKOHHO-onTH4Yecko wuHpacTpykrypel, CWDM obGecnieunBaer
s (heKTHBHOE PEIIeHUE /ISl ONMTHYECKUX TPOJICTOB HeOONbImoi amuHbl (10 80 KM). 32 HEBBICOKYIO
croumocte CWDM mMosker obecniednTs yBEIMUEHUE EMKOCTH CyILECTBYoLero BojokHa 18 k 1. C
TEKYLIUMH XapaKTePUCTUKAMHU MOTEPh ONTHYECKOrO CUTHala B OKHax mpo3padyHoctd 1310 HM u
1490 am npunoxenus WDM u CWDM nHaunyummiM o6pa3oM NOAXOIAT Al KOPOTKUX PACCTOSHUH.
Tam rae Tpebyercs BbICOKasi eMKOCTh WM Tlepesiauya Ha OoJbIine paccTosHus, pemenuss DWDM —
NPEIMOYTUTENLHBIA METOJ JUTsl YBETMUEHHUSI eMKOCTH BOJOKHA. C ee BBICOKO-TOYHBIMHU JIa3€PaAMHU,
ONTUMU3UPOBAHHBIMU ISl paboThl B okHe 1550 HM (11 yMeHblIeHus noteps), cuctemsl DWDM
SBJISIIOTCS WJICaIbHBIM peleHueM s Oonee TpeboBarenbHbiX ceTeil. Cucremsr DWDM moryt
ucnonb3oBath EDFA s ycunienus Bcex niauH BoiH B DWDM okHe u yBenuueHue JIMHBI epeaadn
10 500 kM.

Omnpenenuts cKopocTH nepeaayn LudpoBoro noroka npu wucnons3oBaHun CWDM u
DWDM. Ucxoansie ganubie: Ny cwom -16; N, pwom -88; STM-16 cwom; STM-64 pwowm.

OnpenenuTh YKUCIO KaHAJOB B OKHAxX Mpo3padyHocTH npu AAk = 8 HM. CKopocTH nepenayu
uugposoro noroka 2,5 u 10 ['out/c.

1. Temy, nocTaHOBKY 3a7a4H.

2. Kparkue TeopeTuieckue CBEICHUS.
3. Ctpyxtypsl STM-16 u STM-64.

4. PacueTsl.

5. BeiBoIBI.
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KonTposibHbIE BOPOCHL:

[lepeuncnure quana3oHsl cucteM nepenadu ¢ Texuonoruein WDM.
Kakue nmapameTpsl CTBIKOB JIMHEHHOTO TpaKTa YYUTHIBAIOTCA Ha nepenaye?
Kakue nmapameTpsl CTBIKOB JIMHEHHOTO TpaKTa YYUTHIBAIOTCA Ha nepenayde?

E A

Kakue paccTosHus MeXIy ONTHYECKMMM KaHallaMd HMEIOT MECTO B ONTHYECKUX
MYJbTUILIEKCOpax?

5. Kakue 0CHOBBI HCTIONB3YIOTCSI B IPUMECHOM BOJIOKHE?

6. IlpuBeauTe OCHOBHBIE JIEMEHTHI JIa3epa C MEePEeCcTPanBaeMOil NJTMHON BOJIHbBI U3TYYCHHUS.

Crucox PCKOMCHAYCMbIX HCTOYHHKOB

1. Onruyeckue TeICKOMMYHHUKAIIMOHHbBIC CUCTeMbl. YueOuuk jutst By30B / B.H. T'opauenko,
B.B. Kpyxmanés, A.Jl. Mouenos, P.®. [llapadyraunos. [Tox pea. npodeccopa B.H.
I'opauenko. - M.: N'opsiuas muaus - Tenexkom, 2011,

2. I'opmuenko B.H., Tsepeukuit M.C. MHOrokaHajibHbl€ TEIEKOMMYHUKALIMOHHBIE CUCTEMBI.
VYueOuuk 115t By30B. M.: ['opsiuast nunus - Tenexom, 2013.

79



