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Nepeapaua cUrHanoe
NO 3AEKTPUUYECKUM
M onTuueckum Tpaktam CKC

2.1. nepeAaqa INEKTPUUYEeCKUX CUTHanoB
no BUTbIM napam

2.1.1. Cnoco6bl nepepauv MHPopMaUMM NO BUTbIM napam
Cy1ecTByeT ABa crocoba Irepeaady CUTHAIOB 10 BUTHIM MapaM: HecOaTaHCUPOBaHHBIM
(HEcUMMeTpUYHBIE 1IeTM) W OalaHCHBIN (CMMMeTpUYHbIe liernu). Kabenn Ha ocHOBe
MEIHBIX BUTHIX Tap, mpuMeHsiemble B CKC, mO3BOJSIIOT CTPOUTh KaK CUMMETPUYHBIE,
Tak 1 HecuMMeTpuuHble 1enu. Bee Buabl JIBC ncnomnb3yioT 6asaHCHYIO Mepeiayy CUr-
HAJIOB TI0 BUTHIM ITapaM. HecuMMeTpUyHBIe TIETTH TPUMEHSTIOTCS IJIST TIOCTPOEHMST CHC-
TEM TOXAPHBIX M OXPAHHBIX CUTHAIU3AIMN W Ul TTepelad MOCTOSTHHBIX ITUTAIOIINX
HanpsckeHuil, Harpumep ot YATC k tenedoHaMm Ha pabouymx MecTax.

ITpu HecOanaHCUPOBAHHOU Mepeaade UCIOIb3YETCS HECUMMETPUYHAS 1IETlb, TO €CTh
OJIVH 13 ITPOBOJHUKOB 3a3€MJISIETCSI C OIHOM WJIU C IBYX CTOPOH. CUTHAIBI MTepeatoT-
CsI IO OCTaJIbHBIM MTPOBOJHUKAM U U3MEHSIIOTCSI OTHOCUTENbHO 3eMiid. [1o cBoeii nmpu-
pozie HECUMMETPUYHBIE IIETTM OY€Hb YYBCTBUTEIbHBI K BHEITHEMY 2JIEKTPOMarHUTHO-
My uznyderHuto (DMU). U3 puc. 8 BUIHO, YTO Ha BXOJe MpUEMHUKA HA CUTHAIHLHOM
IIPOBOAHMKE IIPUCYTCTBYET CyMMa HampspKeHuii curHana U, 1 HaBogok U, OT BHEII-
Hero DMMU. Toku HaABOOK Ha 3a3eMJISTIONIEM ITPOBOJHUKE CTEKAIOT Ha 3€MIIIO, TTODTO-
My Ha HeM U, paBHO Hy/110. Kpome TOro, CUTHaJIbHBIA IIPOBOJ ABIAETCH UCTOYHUKOM
U3TY49EeHUS JIEKTPOMATHUTHON 9HEPTUM BO BHEIITHEE MPOCTPAHCTBO. DTO MPUBOJIUT K
3HAYMTEILHOMY 3aTyXaHWIO CHTHaja B IIpOIlecce ero pacrpocTtpaHeHus. HekoTopoe
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Puc. 8. HecummeTpuyHas 1emnb



YIIy4IIeHHE XapaKTepUCTUK HECUMMETPUYHBIX IIeTIeil TOCTUTaeTCsl B CIydae MCIIONb-
30BaHUS OOIIEr0 3a3eMJICHHOTO 3KpaHa, OJTHAKO TaKOe pellleHNe CYIECTBEHHO ITOBBI-
I1aeT CTOUMOCTb M TPYIOEMKOCTh MOHTaXa KaOeJIbHON CHUCTEMBI.

Eie omHUM HETOCTATKOM HECHUMMETPHYHBIX IIETIel SIBJIIETCS OTCYTCTBUE TaJibBa-
HUYECKOM DPa3BsSI3KM IepelaTynka W IpueMHuKa. [Ipu HEMCIpaBHOCTSIX B CUCTEME
3a3eMJICHUST WU B 3alIUTHOM M3OJISIIIUM CETEBOTO 0OOPYIOBAHUS BHICOKOE HATIpsIKe-
HUE OT CUCTEM D3JIEKTPONUTAHUSI MOXET IIOIacTh KaK Ha 3a3eMJISTIONIWI, TaK W Ha
CUTHAJIbHBIN TTPOBOJ, YTO YaCTO COIPOBOXIAETCS BBIXOJIOM W3 CTPOS MPUEMO-TIepe-
JAIOIIMX YCTPOMCTB HA OMHOM WJIM OOOMX KOHIIAX JIMHUM CBSI3U.

JIOCTOMHCTBOM HECUMMETPUYHBIX IIeTIel SIBISIETCS TO, YTO IS Iepeaayn N curHa-
JIoB TpebyeTrcs TobKOo N+1 npoBogHUKOB (N CUTHAJIBHBIX TUTIOC ONMH OOIIUM 3a3eM-
JISTIOIIMIA).

HecuMmmerpuuHble ey MPUMEHSIOT IJIsSI Tlepelad HU3KOYaCTOTHBIX CUTHAJIOB
Ha KOpoTkHe paccTossHus. [IIMpoKo M3BECTHBHIM INPUMEPOM TaKOW IIEITH SIBJISIETCS
untepdeiic RS-232 (V.24).

CxemMa CUMMETPUYIHOM 1IeTIH, B KOTOPOIl UCTIOIb3yeTCsl OaTaHCHBIN TTPUHIINAI TTepe-
Iaa nHGopMaIuy, n3oopaxeHa Ha puc. 9. B cMMMeTpUYHBIX LIETISIX MPUEMHUK U Tie-
peaTunK TaIbBaHUUYECKU Pa3Bsi3aHbl IPYT OT Jpyra COTJacyloIIMMu TpaHchopMaTopa-
mu. Bo BropruHbIE OOMOTKM TIepe1aeTcsl TOJIBKO pa3HOCTb ITOTEHIIMAIOB Ha TIEPBUYHOMN
obmoTke. U3 puc. 9 BUIHO, YTO TOKM HABOAKM B TOJHOCTHIO CUMMETPUYHON IIeTH
IIPUBOAAT K NPOTUBO(AZHOMY M3MEHEHMIO HanpstkeHus U, Ha IEPBUYHON OOMOTKE
TpaHcopMaropa IIpUEeMHUKA, TaK YTO PE3YJIbTUPYIONINI MEIIAIONIWi CUTHAJI He TIepe-
JaeTCs BO BTOPUYHYI0 0OMOTKY. [TloaTOMy B OT/IMune OT HECUMMETPUYIHBIX IIeTIeil CUM-
METPUYHBIC 3HAYUTEIHHO 00Jiee YCTOMYMBBI K BHEITHUM MEIIAIOIIUM BIUSHUSIM.

Humearkne S
-‘*-\;H'x ;.
ST H e R Y
— — - i
5 xﬁ}{{_.—r -H-\'\-\{,.-'# : E !
i L ‘:__,.,-F" v E Y mmm: !
TR A Mﬂ-\.-..-\..."' \“-'\..\,.. =
= I:.l,: -4 f..'_-:_-bh —_

L= R R
L S R SRR
Puc. 9. CummeTpuyHasi uernb

CooTBeTcTBeHHO, DMMW IIpOBOAHMKOB UMEET PaBHBIE MO BEJIMYUHE U IIPOTUBOIIO-
JIOXHBIE TI0 HANpPaBJIEHUSIM BEKTOPbI DJIEKTPOMArHUTHOTO TOJISI U3-3a MPOTUBOIIO-
JIOXKHOTO HampaBjeHUsI TOKOB B HUX. [[03TOMy B uACaIbHON CUMMETPUYHON IENU
CyMMAapHBbI€ BEKTOPBI HATIPSKEHHOCTU U3JIy4YaeMOT0 JIEKTPOMATrHUTHOTO MOJISI PaBHBI
HyJI0 U u3nydyaeMoe OMMU oTcyTCTBYET.

CuMMeTpUYHbIE LIEMU MO3BOJISIIOT MepelaBaTh 3HAYUTEIbHO 0oJiee IMPOKOIOJIOC-
HbI€ CUTHAJIBI 10 CPABHEHUIO C HECUMMETPUYHBIMU M TI03TOMY aKTUBHO MCTIOJIB3YIOT-
cst mois moctpoeHust CKC.

OCHOBHBIMU HEJOCTATKAMU CUMMETPUYHBIX 1eTiell ¢ OaJaHCHON mepenavyeit siBJsi-
10TCSI, BO-TIEPBBIX, HEOOXOAMMOCTD MCIIOIb30BAHUS JUISl IpUEMa U Tepeaadyu N cur-
HasoB 2XN IIPOBOIHMKOB (Ha KaXIbIil CUTHAJI Ba MPOBOJIA) M, BO-BTOPBIX, HEBO3-
MOXHOCTb Iepeladyil TIOCTOSTHHON COCTaBJISIIONIell cUrHaia.
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2.1.2. NepBUuHbIEe 3NEKTPHUECKHE NapaMeTpbl BUTOM napbl

Buras napa siBisieTCsl TMIIMYHOM LETBIO ¢ PACIPENEIEHHBIMUY TapaMETPaMU U €€ AaJlb-
HEWINI aHaIu3 IMIPOBOAUTCS Ha OCHOBAHUU SKBUBAJICHTHOM CXEeMBI, U300pakeHHOM
Ha puc. 10a. B HEKOTOpPBIX Cilydasix MPUMEHSIOT YIPOILIEHHYI0 cxeMy puc. 106, KoTo-
past MO3BOJISIET YIIPOCTUTh HEKOTOPBIE PACYETHI ITIPA COXPAHEHUM MTPUEMIIEMOI TOYHO-
CTU aHaIM3a. DIEKTPUUECKUE CBOMCTBA BUTOM Maphl, KaK U JIIO00 Apyroii Hampapis-
IOLLE CUCTEMBI SJIEKTPOMArHUTHBIX KOJIEOAHUI, TOJIHOCTBIO XapaKTEPU3YIOTCS €€ TEp-
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Puc. 10. DkBUBaIEHTHASI CXeMa 3JICMEHTAPHOTO YJaCTKa 3JIEKTPUIECKOTO KaOesIst THITa BUTOM Maphl:
a) OCHOBHasI; 0) ympoIleHHast

BUYHBIMU ITapaMeTpaMU: COMPOTUBJICHNEM R M MHAYKTHMBHOCTBHIO L IIPOBOMHUKOB, a
Takke eMKocThio C 1 mpoBoauMocThio G uzossiiiuu [18]. ITapamerpsr R u G o6ycnas-
JIMBAIOT IIOTEPU SHEPTUM: TIEPBBI — TEILIOBBIC ITOTEPU B IIPOBOE U 9KpaHe (IIPU ero
HaJIU4IUK), BTOPOil — TmoTepu B m3oisiuu. Ilapamerpsl L u C onpenensioT peakTUB-
HOCTb BUTOM IIapbl KaK HAIIPaBJISIOIIEH CUCTEMBI W, CIIEIOBATECIBHO, €€ JaCTOTHBIC
cBoiicTBa. KOHKpeTHBIe 3HAYCHUST ITEPBUYHBIX ITAPAMETPOB 3aBUCST OT KOHCTPYKIIAN
KabeJss M, B YaCTHOCTH, OT TEOMETPHH OTHCIBHBIX €T0 KOMIIOHEHTOB, UX B3aMHOTO
pAcCIIONIOXeHUsI, MaTepralla IIPOBOTHUKOB, U30JISIIMY M BHEITHUX ITOKPOBOB M T.JI.

2.1.2.1. EMKoCTb

KoHCcTpykTUBHO BuUTas Iapa MpeaCcTaBIsieT co0O0i IBa MPOBOJHUKA, OTIEJIEHHBIX IPYT
OT Jpyra CJIO€M TBEPAOW M30JISILMU M BO3MYIIHBIM MPOMEXYTKOM. Takasi CTpyKTypa
MOXET pacCMaTpUBAThCSI KaK KOHACHCATOP, IMI€ POJIb OOKJIAJ0K BBIMOJHSIIOT IIPOBOJI-
HUKM, a (PYHKIIUM AUDJIEKTpUKA — PACHOJIOKEHHBIC MEXAYy HUMHU M30JISIIMOHHBII
MaTepuai U BO3IyX, U 00JIalaeT 3HAYUTEIbHOU €MKOCThIO, BeTMUMHA KOTOPOU JIMHEN -
HO BO3PACTAET 10 MEPE YBEJIMYCHUS UTMHBI. DIIEKTpUIeCcKasi EeMKOCTb MEXy ITPOBOJI-
HUKaMU BUTOW Mapbl OTPAHUYMBAET IIMPUHY MOJIOCH TTPOITyCKaHUSI KaOesl U TIPpUBO-
JIUT K UCKAXEHUSM BBICOKOYACTOTHOU YacTH CIIEKTpa IEPeaaBacMOro CUTHAIA.

BenuuuHa ynenpHO eMKOCTU UAEATbHOUM BUTOM IMaphl COCTABISET

C= 27.9¢ n®/m,
T, 2D 2
In
TIC € — OTHOCUTCIbHAA JUIJICKTPUYCCKAs IPOHULIAEMOCTh MaTCpurajia U30JIALNN,
D — paccrosgHue Mexay IpOBOAHUKAMU Maphl;
d — nuamMerp IpPOBOJHMKA.

EMmkocth He 3aBUCUT OT 9acTOTBL. OgHAKO M3-3a OCOOCHHOCTEM METOIOB, IIpHMeE-
HSIEMBIX B MpoOIIecce €€ OMpeAeICHNUs, IIPM YKa3aHUM BEJIMUUMHBI EMKOCTHU YacTO IpH-
BOJUTCS ¥ 3HAYCHNE YAaCTOTHI CUTHAJIA, HA KOTOPOU MpOBOASTCS n3aMepeHust. [1o ctan-



napty TIA/EIA-568-A s kabeneit kateropun 3 Ha mpauHe 100 M eMKOCTD He JOJIKHA
npeBbImath 6,6 HO, a g Kabeneir Kareropuit 4 u 5 — 5,6 H®. Hekoropeie GhUpMEI
BBIITYCKAIOT IO CBOUM COOCTBEHHBIM TY Kabenu ¢ CyIeCTBEeHHO MEHBIIEe eMKOCThIO.
Tak, HarpumMmep, Kabeau TuoB 8606 u 8312 amepukanckoit koMmanuu Quabbin nMe-
0T 3HaYeHne eMKocTu Ha mimHe 100 M coorBeTcTBeHHO 3,81 1 3,90 HD.

VkaxeMm Takxke, YTO IPUMEHEHNE dKpaHa YBEJIUIMBAEeT eMKOCTh BUTOM Taphl TIPH-
MepHo Ha 30% [19].

2.1.2.2. AKTUBHOE CONPOTUBAEHUE
AKTUBHOE CONIPOTUBJIEHUE 3aBUCUT OT MaTepuajia MpOBOJA, €ro JUIMHBI U CEUYEHUsI, a
Takxe oT TeMnepaTypbl. [IpoBogHUKY BUTHIX T1ap, mpuMmeHseMblx B CKC, usrorapim-
BalOTCSI M3 MenM, obJamamlieil HU3KUM YACJIbHBIM COMPOTUBIeHHEM. YeM MeHbIe
ceueHHe IpoBOJA, YeM OOJbIlle ero JJIMHA, M YeM BBIIIe TeMmIlepaTypa, TeM BBIIIE
aKTUBHOE COIPOTUBJIEHNE M, COOTBETCTBEHHO, 3aTyxXaHWe BUTOM Mmapbl. COrJIacHO Tpe-
6oBanusM crannapra TIA/EIA-568-A mipu Temmepatype 20°C cOnpOTHBIEHHE TTOCTO-
SIHHOMY TOKY JII0O0TO MMPOBOAHMKA BUTOM Maphl 1uHoi 100 M He OIKHO MPEBBIIIAT
9,38 Om. s ympolneHus: mpoliecca SKCIEPUMEHTAIIBHOTO OTIPEACICHUST BETUUYUMHBI
conpotuBieHus B TexHuke CKC ero oObIYHO M3MEPSIIOT «I10 HIIeiipy», TO ecTh C
OJTHOTO KOHIIa MPY 3aMKHYTOM HaKOPOTKO JaJTbHEM KOHIIE BUTOM Iaphl.
C yBennueHNeM YacTOThl CUTHaJIa aKTUBHOE
h COIPOTUBJIEHUE MTPOBOIa BO3PACTAET. DTO BBI3-
BaHO T€M, YTO, BO-TEPBBIX, B PE3yIbTaTe IO-
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HME TOKa K IOBCPXHOCTHU ITPOBOJHHMKA M, BO-

._% 7 - BTODPHIX, TOK IIPOTE€KaeT B OCHOBHOM IIO
. T S ITOBEPXHOCTH, OOpAIlleHHOW KO BTOPOMY IIPO-

i‘l’ / L BogHUKY (3bdekT 6ausoctu). Oba stu 3¢ dek-
p Ta TIPUBOIST K YMEHBIIEHUIO 3(D(HEKTUBHOTO Ce-
YeHUST TIPOBOTHMKA M, B KOHCUYHOM HTOTE, K
YBEJIMYEHUIO COMTPOTUBIeHUS. IS MUHUMM3a-
IIUU BPEIHOTO BAUSHUS 3TUX 3(PDHEKTOB B TO-
PU30OHTAIBHBIX U MATUCTPATILHBIX KaOeJIsIX TIpo-
BOJIHUKHM BUTHIX ITap BHITIOTHSIIOTCS B BUIE MO-
HOJIUTHOTO TIPOBONIa, a HE CKPYYCHHBIMU U3
HECKOJIbKUX TOHKHMX MPOBOAOB. [IpmMeHeHNEe TTPOBOTHUKOB M3 HECKOJBKUX TOHKUX
MPOBOIOB BO3MOXHO TOJBKO B COEAMHUTETbHBIX IIHYpax, rae TpeOyeTcsl B MEepBYIO
ouepelb BHICOKAsI TMOKOCTh M YCTOMYMBOCTh K MHOTOKPATHBIM M3rubaM, a MOBBIIIEH-
HOE 3aTyxXaHUe CKa3bIBaeTCSI HE CTOJIb CWJIBHO M3-3a HEOOJbIION OOIEeN NTUHBI.

HeobxomuMocCTh yueTa BIMSHUS ITOBEPXHOCTHOTO 3¢ deKTa Ha BeIMYNHY aKTUBHO-
IO COIPOTHUBJICHUS Kabess MPUBOIUT TaKKe K TOMY, UYTO Kabesld, OpUeHTHPOBaHHBIE
Ha pabOTy Ha BBICOKMX YaCTOTaX, BCETHIa MMEIOT MPOBOXHUKHU OOJBIIIETO ATUaMeTpa C
OOJIbIIIEN TIIONIAAbIO IOBEPXHOCTHOTO CJIOSI U, COOTBETCTBEHHO, MEHBIIIMM 3HAYCHU-
€M YBEJIMYEHUsI COMPOTUBIIEHUS IO Mepe POCTa YacTOThl. Tak, HalpuMep, TUITOBBIM
IMaMeTpOM IIPOBOJHMKOB KabeJieil KaTeropuu 5, paboTaronux Ha yactorax g0 100 MI,
spasgercs 0,51-0,52 MM, Torma Kak y 600-MerarepiieBbIX Kabeeit tmaMeTp TPOBOTHM -
Ka yBeJInImBaeTcs mpuMepHo 10 0,6 MM.
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Puc. 11. YacroTHas 3aBUCUMOCTD
MEePBUYHBIX TTaAPAMETPOB
CUMMETPUYHOTO SJICKTPUIECKOTO

2.1.2.3. UHAYKTUBHOCTb

Burast mapa cocTouTt u3 ABYX M30JIMPOBAHHBIX ITPOBOIHUKOB, KAXIbIN M3 KOTOPHIX TIPU
MPOTEKAaHWU Yepe3 HEro TOKa HaKaIUIMBAeT SHEPTUIO, TO €CTh 00JIaJaeT CBOMCTBOM MH-
IYKTUBHOCTU. HIYKTUBHOCTb BUTOM ITaphl COCTOUT U3 PsZla COCTABJISIIOINX.

-oo-oo-oco-co-cc-oo-ooo-co-co-oc-oo--



Brewnas undykmuenocms L, OIPENENAETCA TeOMETPUEN MPOBOAA M MATHUTHBIMU
CBOMCTBAMHU MaTtepuaja IMPOBOIHMKA. B CBSI3M ¢ TeM, YTO Meab He SIBIsIeTcs heppo-
MarHUTHBIM MaTepUaJIOM, 3Ta COCTABIISIIONIAS 3aBUCUT TaKXKe OT CUJIBI IIPOTEKAIOIIETO
ToKa. M3 ompemencHUs BHENIHEW WHIYKTWUBHOCTH CJICAYEeT, YTO OHA HE 3aBUCUT OT
YaCTOTHL.

Buympennas undyxmuenocme L, ONpenesseTCs MaTHUTHBIM II0JIEM, CO3JaBa€MbIM TO-
KOM, TIPOTEKAIOIIMM I10 TIPOBOAHUKY. [1o Mepe yBeTuIeHHsI YaCTOTHI 3a CUYET ITOBEPXHOCT-
Horo 3 dekTa MPOUCXOIUT YMEHBIIIEHUE 3TOU COCTABIISIONICH.

Hndyxmuenocmo 06004k L, TIPOSBIAETCS TOJIBKO B 9KPaHMPOBAHHBIX KOHCTPYK-
IMSIX 33 CYET 3HAYUTEIHLHOTO BIUSHUS METAUIMICCKUX SKPAaHOB Ha MarHUTHOE ITOJIE
MMPOBOJHUKA. DTa COCTABJITIONIAS UMEET 3aMETHYIO YaCTOTHYIO 3aBUCUMOCTb.

Pesynmsrupytoinast MHIYKTHBHOCTB OITPENEIISIeTCSI KAK CyMMa OTIETBHBIX COCTABIISTIONINX:
L=L,+ L, + L; u mo Mepe yBeJUYEHMsI YACTOTBI MMEET TEHICHIIMIO K YMEHBILEHHIO.

2.1.2.4.NpoEBOAMMOCTb H3ONALUH

IIpoBOAMMOCTD M3OJISILIMU SIBJISIETCS MEPOU KauecTBa MaTepuasa W IMPOIIECCOB M3ro-
TOBJICHUS U30JISIIIMOHHBIX IIOKPOBOB OT/AEJIbHBIX TPOBOJAHUKOB. Pe3ynbTupytoiias npo-
BOJIMMOCTD M3OJISIIIUM BUTOM ITapbl MOXET OBITh 3aIicaHa B BUJE CYMMBI IBYX COCTaB-
mwomux: G = G + G, rae G yIUTHIBAET TOKU YTE€YKM, CBA3aHHBIE C HECOBEPILUEH-
CTBOM [JUBJIEKTPUKA, a G; yYUTBHIBAET 3aTPAThl SHEPTUU Ha JUBJIEKTPUYECKYIO
TOJISIPU3ALIHUIO.

ITon nmonsgpuzaiueii TOHUMAETCs IEPEOPUEHTAINS CBSI3aHHBIX TUTIOJNIEN, UMEIOIIUX~
csl B IURJIEKTPUKE, TOJ] JAeUCTBUEM 3jieKTpoMarHutHoro noss. [lepemeHHoe 351eKTpo-
MaTrHUTHOE II0JIe BBI3BIBACT BUOpAIIMIO JUIIOJCH, KOTOpasl MPUBOIUT K ITOBBIIICHUIO
TeMIepaTypsl TuajieKTpuka. Harpes nuanekTpuka, B CBOIO o4epeb, objieryaeT Bubpa-
IIUIO 1 TIOBBIIIAET IIPOBOMMOCTD, YTO COIPOBOXKIAETCS POCTOM 3aTyXaHMSI CUTHAJA.

OcobeHHO MHOTIO IUITONel, 00pa30BaHHBIX aTOMaMM XJIOpa, CONEPXKUTCS B MOJIU-
BUHUWIXJIOPU/IE, KOTOPBIN SIBJISIETCS TUIIOBBIM M3OJISILIUOHHBIM MaTepUasioM AJisl Kabe-
Jeit kateropuu 3. B Kkabenrsix kaTeropuu 5 B KaueCTBE U3OJISILIMM OOBIYHO MPUMEHSIET-
csl TIOJMIUATUIIEH MW Te(hJOH, pacCesiHUE DHEPTUU B KOTOPBIX OTHOCHUTEJIBHO Mallo.
Eie 6osiee HU3KUIT YpOBEHDb TTOTEPh 0OeCTIEUNBAETCS B CIydae MCITOJIb30BaHUS B Ka-
YeCTBE M30JIUPYIOIINUX ITOKPHITUI TaK Ha3bIBAEMBIX BCTIEHEHHBIX MaTepHUaIOB, B KOTO-
PBIX 32 CYET MHOTOUYMCIEHHBIX BHYTPEHHUX BO3AYIIHBIX BKJIIOUEHUI PE3KO YMEHbIIIA-
€TCSI KOJIMYECTBO IUIIONEH.

ITpoBoguMoCTh U30sIIIUM U3MepsieTcss B CumeHcax. JocTaTOYHO YacTo MOJIb3YIOT-
Cs TaKXKe TTapaMeTPOM COIIPOTUBIICHUST M3OJISIIINU, SBISIOIIAMCS OOpaTHON BEIWYU-
Hoii mpoBogumocty: R . = 1/G. Tumosble 3HaY€HMs 3TOM BEIMYMHBLI HAXOAATCA B
IHaIa3oHe OT COTEH MeraoM JO0 €IWHUI] TUTAOM.

HanpstkeHue uCnbpITaTeIbHOTO CUTHAJIa B TIPOIIECCE OIpPEAeIeHUs] TIPOBOIUMOCTHU
WIN COTIPOTUBJICHUS U3OJSIIIUU MOXET JOCTUTATh HECKOJIbKUX ThICSY BOJBT. Ciuiii-
KOM HM3KO€ COTIPOTUBIIEHNE U30JISIIUU C OOJIBIIION A0JIe JOCTOBEPHOCTU CBUACTEIb-
CTBYET O TUIOXOM KadecTBe 3a[eJIKU IPOBOIHUKOB B KOHTAKThI PO3ETKU WU O TIO-
BpEeXJIeHUU Kabes.

2.1.3. BropuuHblie napamMmeTpbl kabeneli Ha OCHOBe BUTOM mapbl
Bropuunbie mapaMeTphl BUTOI Haphl pacCUMTBHIBAIOTCS HAa OCHOBE IIEPBUYHBIX WU,
YTO OBIBAET 3HAYUTEIHHO qauie, OIpeaciraroTCsa SKCIICPUMEHTAJIBHO. BTOpI/I‘IHI:IC na-
pPaMETPbl HOPMUPYIOTCA B TEXHUYCCKUX YCJIOBUAX HAa BUTYIO IIapy U IIO3BOJIAIOT IIPO-
CTBIMU CpCACTBaMU BBIIIOJTHUTH I/IH)KCHepHHﬁ pacyeT JMHUA CBsA3U, IIOCTPOCHHBIX Ha
OCHOBC CUMMCTPUYHOTO Ka6CJ'I$I, 1 OIICHUTDL €€ MPUTOOAHOCTD IJIA II€peaadyn CUTrHaJIOB
TEX NJIN UHBIX HpHJ’IO)KeHHﬁ.



2.1.3.1. BornHOBOE CONpPOTUBAEHHE

ITox BOJTHOBBIM CONIPOTUBIIEHUEM, I UMIIEIAHCOM, B KaOEJbHON TeXHUKE MTOHUMA-
€TCSl COTMPOTUBJIEHNE, KOTOPOE BCTpeUYaeT JIEKTPOMATHUTHAS BOJIHA TIPU pacIIpocTpa-
HEHUU BIOJIb 11000 OTHOPOIHOM (TO eCTh 0€3 OTpaxkeHMIT) HallpaBJISIIOLIel CUCTEMEI,
B TOM 4ucjie W BUTOU Tapsl. OHO CBOMCTBEHHO NAHHOMY TUIY KaOeNlss U 3aBUCUT
TOJIBKO OT €O MEePBUYHBIX ITapaMETPOB U 4acTOThl. BOoJIHOBOE cONpoTUBIIEHNE CBS3a-
HO C MEPBUYHBIMU MapaMeTpaMu CJIEAYIOIIUM MPOCTHIM COOTHOILICHUEM:

_|R+jwL
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BoJiHOBOE CONPOTHRIIEHNE YUCICHHO PABHO BXOTHOMY COIPOTUBIICHUIO IUHUY Oec-
KOHEYHOU IJIMHBI, KOTOpasi UMeeT OKOHEYHYIO Harpy3Ky, paBHYIO €€ COGCTBEHHOMY
BOJTHOBOMY COTIPOTUBJICHUIO. OHO M3MEPSICTCS B OMaX U OIPeeIsieT KOMTUMIeCTBEHHOE
COOTHOIIIEHNE MEXAY SJIEKTPUICCKON M MAaTHUTHOM COCTABJISAIONIEH 3JIEKTPOMAaTHUT-
HOW BOJHBI, pacIpOCTpaHSIIONIEICsT TI0 JTaHHOU JUHUU. AHaIU3 Gopmynsl 3 u puc. 10
IMOKA3bIBACT, YTO SKCICPUMEHTATHHO BOJHOBOE COIMPOTHUBICHUE MOXKHO OIIPEACTUTH
METOJIOM XOJIOCTOTO XOJa X KOPOTKOI'O 3aMBIKAHMSI B COOTBETCTBUM CO CIICAYIOIIUM
COOTHOIIICHUEM

Z=4l2,Z, » “4)

L€ Z, U Z, — COIPOTUBJIEHUE BUTOM MAphl IIPU XOJIIOCTOM XOZI€ M KOPOTKOM 3aMbl-
KaHUU Ha JaJbHEM KOHIIE, COOTBETCTBEHHO.

B o6uem ciydae, kak 3To cienyet u3 (opMyJibl 3, BOJHOBOE CONPOTUBICHUE SIBJIS -
eTCsl KOMIUJIEKCHON BeTMUYMHOU. MoyJib 3TOr0 ImapamMeTpa, paBHbIA Ha 3BYKOBBIX Ya-
crortax mpuMepHo 600 OM, MmagaeT 1Mo Mepe pocTa YaCTOTHI M Ha BHICOKMX YaCTOTaX
(711 COBpEMEHHBIX KOHCTPYKIIMI 3TO 4acTOThl cBhiie 1 MI'1) ctpemurcs Kk pukcu-
POBaHHOMY aKTMBHOMY COINPOTHUBJICHUIO:
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B cooTBeTcTBUM C JEUCTBYIOIIMMU PENAKIMSIMU CTAaHOAPTOB HAa YacTOTax CBBIIIE
1 MTI'u u BIUJIOTH A0 BEpXHEW IPaHUIHON YAaCTOThI KOHKPETHOTO Kabessi BOJIHOBOE
COTIPOTUBJICHUE He MOKHO ommmdaThes oT 100 Om Gomee yeM Ha + 15%. OTkiroHe-
HUSI, BBIXOASIIME 32 YKa3aHHbIE TPAHUYHBIC 3HAYEHUSI, CBUACTEIbCTBYIOT O HEKaue-
CTBEHHOM 3aJieJIKe MPOBOJAHUKOB B KOHTAKTHl pazbeMa. JIpyroil BO3MOXHOUN MpUYu-
HOWl M3MEHEHUSI EMKOCTH SIBJISIIOTCSI UpE3MEPHBbIE MEXaHWUYECKME HATPy3KU BO BpeMsI
MPOKJIAJKY (IaBjieHue, U3Tuob, pacTskeHUe, IepeKpyInBaHue).

2.1.3.2. 3atyxaHnue
IIpu pacnpocTpaHEeHUU JEKTPOMArHUTHOTO CUTHAJIA MO BUTON Mape OH MOCTENIEHHO
TepsIeT CBOIO DHEPruio. DTOT 3(PpdexT HazbiBaeTcs OcCiabIeHUEeM, WA 3aTyXaHUEM.
3aTyxaHue MPUHSITO OIIEHUBATH B AeInbeIax KaK pa3HOCTh MEXIy YPOBHSIMU CUTHA-
JIOB Ha BBIXOJIE IIepeAaTyrKa U Ha BXOJe NIpUEeMHUKA. 1 nenuben coOTBETCTBYET U3ME-
HEHUIO MOIIHOCTH B 1,26 pa3a miau HampstkeHust B 1,12 pasa. Boiee mompo6HO 3Ta
eAMHNIA U3MEPEHUII pacCMOTpeHa B pasnesne 12.2.

B xaGenbHOI TeXHUKE pa3inyaloT COOCTBEHHOE U pabouee 3aTyxaHue kadens. Ilon
COOCTBEHHBIM 3aTyXaHUEM KaleJssi TOHUMAETCSI €ro 3aTyXaHue Ipu padoTe B UIEAIb-
HBIX YCJIOBUSIX. MAeaJIbHBIMY YCIIOBUSIMU B JAHHOM CJIy4ae CUUTAETCS CTPOrO€ PaBEH-
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CTBO BBIXOJHOTO CONPOTHBIIEHUSI MCTOYHUKA CHUTHAJIa M COIPOTUBJICHUS HATPY3KHU
BOJIJHOBOMY COIIPOTHUBJIEHUIO KabOeysi BO BceM pabodyeM auara3oHe 4acToT. B 00600-
IIEHHOM BHJI€ BEJIMIMHY COOCTBEHHOTO 3aTyXaHMS TEOPETUIECKHM MOXKHO OIPEIeIUTh
Kak peaJbHYIO 4aCTh TaK Ha3bIBAeMOTro KO3 (UIIMEHTa PacIIPOCTPaHEHUS Y, KOTOPBI
CBSI3aH C IEPBUYHBIMU IapaMeTPaMU CJICAYIOIINM IIPOCTHIM COOTHOIICHUEM:

¥y =R+ jwl)(G + juC) (6)

DKCIEPUMEHTAIBHO COOCTBEHHOE 3aTyXaHue Kabessi MOXHO HAalTU Ha OCHOBaHUU
€ro ompeleNieHUs] KaK Pa3HOCTh YPOBHEH BXOJHOTO U BBIXOJHOTO CHUTHAJIOB B TOM
ciIydae, eCii COIPOTUBICHNE NCTOYHMKA CUTHANIA U HATPY3KU PAaBHBI MEXIy cO0OI U
PaBHBI BOJIHOBOMY COIIPOTHUBIICHUIO Kabelisi. B mporiecce peaqbHOM SKCIUTyaTalliy 3TO
YCJIOBHE BBITIOJHSIETCSI HE BO BCEX CIIyYasiX, YTO OOBIYHO COMPOBOXKIAETCS YBEIUUEHM -
eM 3aTyxaHusd. Takoe 3aTyxaHue Ha3blBaeTcs pabounM. V3 N3710X€HHOTO ClIeAyeT Bax-
HBIl MPaKTUYECKUI BBIBOJI O TOM, YTO JUISI MUHUMU3ALUN PAOOUYEro 3aTyxXxaHUsl U €ro
TIPUOIKEHUS K COOCTBEHHOMY COIPOTUBJIEHNE NCTOYHMKA CUTHAJIA U HATrpy3Ka I0JI-
KHBI OBITh PAaBHBI BOJIHOBOMY COMIPOTHUBIECHUIO. 10 TEpPMUHOIOTUH 3MEKTPOTEXHUKU
5TO TOJOXEHWE O3HAYaeT, UTO MOJIKHA OBITh obOecliedeHa COIJIacOBaHHAs Harpyska
KaK MCTOYHUKA CUTHAaJA, TaK U CaMOro Kabeisi. BeIMOJIHEHUIO TAHHOTO YCIOBUS Cy-
L[ECTBEHHO MMOMOTaeT HATUYMe 0OCYXIABIIUXCS BBIILIE JOCTATOYHO XECTKUX HOPM Ha
JIOTTYCTUMBbIE OTKJIOHEHUSI BOJTHOBOTO COMPOTUBJIEHUSI OT HOMUHAJIBHOTO 3HAYEHUS BO
BceM paboyeM YaCTOTHOM [IMalla30He BUTOM Maphl, a TakKe MPsSIMOM 3aIllpeT cTaHAap-
ToB CKC Ha ncnosip3oBaHrEe B COCTaBE OIHOTO TPAKTa 3JIEMEHTOB C Pa3IUMYHBIM BOJI-
HOBBIM COIIPOTUBIICHUEM.

N3 dopmyisr 6 ciemyeT, 9TO 3aTyXaHUE SBISICTCS YaCTOTHO3aBUCUMON BETMIMHOMN
U, KaK BCE BXOMASIIME B HEro MapaMeTphl, 3aBUCUT OT MJIUHBI. Pe3ynbTaTel aHaiu3a
bopMyIBl 6 TTOKA3BIBAIOT, YTO 3aTyXaHME, BEIpaKeHHOE B AeuOerax, CBSI3aHO C -
HOIl BUTOH Iaphl JMHEWHON 3aBUCUMOCTBIO Ha BCeX 4acToTax. [l yIpoIleHUs BbI-
TIOTHEHUSI MHXXEHEPHBIX PaCYeTOB YIOOHO MOJIb30BAThCS ITapaMeTpoM KoadduureHTa
3aTyXaHMsl, WU TIOTOHHOTO 3aTyXaHUs O, KOTOPBII YMCIEHHO paBeH 3aTyXaHUIO Kabe-
711 GUKCUPOBAHHON AJMHBI (IPUMEHUTENBHO K KabeIio TUIa BUTOM Mapsl, IPUMEHSI -
emomy B CKC, sro 006bryH0 100 M, B TEXHUKE CBSI3M 4Yallle UCITOJIB3YETCS 3aTyXaHuUe
Kabeysi KAJIOMETPOBOW IUTMHBI — OTCIOJA TEPMUH «KWIOMETPUUYECKOE 3aTyXaHUE»).
Benuuunsl koadduimeHTa 3aTyxaHus o, JIUHB L 1 3aTyxaHust A CBSI3aHBI MEXITY
c000Ii ClIeAyIOIUM MTPOCTHIM COOTHOIICHUEM:

A [1B] = a [xB/100 M] * L [m]/100 (7

Yem MeHbIIIE BeJIMYMHA 3aTyXaHUsI, TeM 00Jiee MOIIIHBIM SIBJISIETCS] CUTHAJ Ha BXOJIE
TMpUEeMHUKA U T€M YCTOWUYMBEE MPU MPOUYUX PABHBIX YCIOBUSX OKAa3bIBAETCS CBS3b.
3aTyxaHue BbI3BIBAETCS B IIEPBYIO OYepelb aKTUBHBIM CONPOTUBIEHUEM U TIOTEPSIMU B
IUBJIEKTpUYecKon nu3omsiiuu. OTnpeneeHHbIN BKIa B 3aTyXaHe BHOCSIT TaKXKe U3y~
YeHUE DJIEKTPOMATrHUTHOU SHEPTUM U OTPakKeHUSI.

JI100011 TIPOBOJHUK, TI0O KOTOPOMY T€UET TIEPEMEHHBIN TOK, SIBJISIETCSI ICTOYHUKOM W3-
JIydeHUusI B OKpyxarolee MpoctpaHcTBo. OHO OTOMpaeT y CUTHalIa SHEPIUIO W BeAeT K
BO3PACTAaHMIO 3aTyXaHUS CUTHAJIA. DTO SIBJIIEHUE PE3KO BO3PACTAET C YBEIUUEHUEM YacTO-
Thl curHaia. [Ipu A < a, rme A — IIMHA BOJHBI 3JIEKTPOMAarHUTHOTO CUTHAIA, 4 — pac-
CTOSTHME MEXIY IMPOBOAAMHM, OOJIbIIIAs YaCTh SHEPTUY UIET HAa U3TYYCHUE B OKPYKaIOIIee
MPOCTPAHCTBO U IIepeadya CUTHajJa B HEOKPAHMPOBAHHONW HAIPaBJSIIONIEN CUCTEME CTa-
HOBUTCSI HEBO3MOXKHOM. JIJISI CTAaHZAPTHOI BUTOM IIaphl BEJIMYMHA ITapaMeTpa a MMeEeT
3HaYeHUE MOopsaKa 2 MM, TO €CTh KpUTAUYECKAs YacToTa Jjist Hee OyzaeT paBHa 15 I'T1, uto



TIPUMEPHO Ha J[Ba MOPSIIKA TIPEBBIIIAET BEPXHIOI padOUyI0 YaCTOTY CAMBIX COBEPIIIEHHBIX
Ha CETONHSIIHUN JeHb HEOKPaHUPOBAaHHBIX BUTHIX Map (0 150 MI'r). C pocToM 4acToThI
TOTEPU Ha 2JIEKTPOMATHUTHOE M3MydYeHMHe Bo3pacTaioT. JJisi MUHUMU3AlUMU TOTEPh Ha
U3IydeHNe TIPUMEHSIOT OAIAaHCHYIO Tiepeauy U CKPYTKY IIPOBOJIHUKOB B TIAPHI.

Kaxk 0bUTO OTMEYEHO BBIIIIE, B UACAIBHON CUMMETPUYHON LTI 3JIEKTPOMATHUTHOE
HU3JIy4yeHrue OTCYTCTBYyeT. Ha mpakTuKe TaKMX MOCATbHBIX CUMMETPUUYHBIX ILIEeTeil He
cyiecTByeT. Jleso B TOM, YTO B TaKOH 1€ MPOBOAHUKU TOJKHBI OECKOHEYHO TLIOT-
HO MpwieraTh IPYyr K APYry U B Tpelese ObITh CTSHYTBIMU B OECKOHEYHO TOHKYIO
JIMHUIO, CyMMAapHBIA MPOTEKAIONINI TOK Yepe3 KOTOPYIO paBeH Hymo. [IpoBogHUKY ¢
MEHBIIIUM TUAMETPOM U OoJiee TOHKOU M3OJISIUEN IOTHEe MPUJIETAIOT APYT K IPYTY.
OnHako Ype3MepHOEe YMEHBIIEHNE CEYeHUsS IMPOBOTHMKA W YTOHBIIEHHE WU3OJISIINU
BEZIeT K TOBBIIICHUIO 3aTyXaHUS 3a CYET POCTa AKTUBHOTO COTIPOTHUBIICHIS U YBEIIYe-
HUSI POBOAMMOCTH U30JUPYIOLIUX TOKPOBOB.

W3 sxBUBaIeHTHOI cxeMbl puc. 10 MOXHO CeNaTh BBIBOJ O TOM, UTO 3aTyXaHUE C
POCTOM YacTOThl UMEET TEHIEHIIMIO K POCTy. DTO OOYCIOBIEHO KaK POCTOM COIPO-
TUBJICHUS TIPOIOJIFHON BETBU 3a cueT dJeMeHTa L u Bo3pacTaHUs aKTUBHOTO COIIPO-
TuBJIeHUS R 3a cueT sBIeHUN ITOBepXHOCTHOrO 3(pdekra u 3¢pdexra 01U30CTU, TaK U
TafieHueM COIIPOTUBIICHUS TTOTIEPEYHO BETBU, KOTOPOE 00YCIIOBIEHO TIIaBHBIM 00pa-
3oM HasimameM eMKocTtH (asmeMeHT C). [To craamapty TIA/EIA-568-A Ha mure 100 M
u nipu temrneparype 20°C yactoTHas xapaktepuctuka A(f) MaKCUMaJIbHO JOMYCTUMOTO
3atyxaHust HaunHasg ¢ 0,772 MI'n nna kaGeneit kareropuii 3, 4 u 5 ompenensiercs
COIJIACHO CJIEAYIOIIEMY BBIPaXeHUIO:

A(F) =k 4Ky T +hgl £ a8 ®

roe: A, nb — MAaKCHUMAaJIbHO JOITyCTUMOE 3aTyXaHUE;
f, MI'm  — vacrora cuTHaia;
k,, k, ¥ k;— KOHCTaHTBI, OnpefenseMble B 3aBUCUMOCTY OT KATETOPUU KabeJis
mo Tabmu. 13.

KpyTusna wactoTHo#l xa-

Tab6mna 13. KoHcTanThl 17151 GopMyITsI 8 PaKTepUCTUKMN 3aTyXaHUs Ka-

Kareropust k, k, k, Oenst KaTeropuu 5 COOTBET-

Kabest cTByeT npumepHo 5-15 nb Ha

3 2.320 0.238 0.000 JeKaay B 3aBUCHUMOCTH OT 4Ya-
CTOTHOTO AUaIla3oHa.

4 2,050 0,043 0,057 Kpome aHanutryeckoro 3a-

5 1,967 0,023 0,050 IaHUSl BEJIMYUHBL 3aTyXaHUS

cranmapt TIA/EIA-568-A om-
penessieT 3TOT ImapaMeTp TakkKe B TaOJIMYHOUN (hopMe C paclIMpeHueM HOPMUPYEMBIX
3HAYEHUH B 00JIACTh HIDKHUX YaCTOT. DTO OBIBAET MOJIE3HBIM IIPU BHITTOJTHEHUH MHXE-
HEPHBIX PACUETOB TPAKTOB CBSI3U, ITpeAHA3HAYCHHBIX JIJII TTOAAEPKKU PaOOTHI HEKOTO-
PBIX HU3KOCKOPOCTHBIX IPWIOXEHUI, a TAKXKE MTO3BOJISIET CPa3y Ke MOIyYUTh HEOOXO0-
IuMyIo nHGopMaIio 6e3 BHITTOJTHEHNST BEIYUCICHUN.

Ha puc. 12 moka3aHbl YaCTOTHBIE 3aBUCUMOCTH TIPENETHHO TOMYCTUMBIX 3aTyXaHU
Kabesieil pa3MUUHBIX KaTeropuii, BEIYMCICHHBIE TI0 (hopmyste 8.

Annpokcumaiius o ¢gopmysie § okazaiach O4€Hb yIA4YHOU, MOITOMY NOCTATOYHO
YacTO UCTIOJIb3YeTCSI MHOTUMU TTPOU3BOIUTENISIMU KaOeTbHON ITPOMYKITUM ST OTIHACA-
HUS XapaKTepUCTUK cBomx manenuid. [Ipm 3ToM mpuHUMAIOTCS COOCTBEHHBIE 3HAUYE-
HusL K03(hGuuueHToB k,-k;, a 061aCTh NEACTBYA PACIPOCTPAHAETCSA Ha YaCcTOTHI 10 400
u paxe 550 MIx [35].
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i A (ab) 2.1.3.3.Nlepexoanoe
3aTyxaHue

Ipu nepenaye CUTHANIA YACTh ETO
SHEPIUU BCIEICTBUE HEMIEAIb-
HOCTU OaJlaHCUPOBKU BUTON
——Ki3]  Iapbl IEPEXOIUT B NIEKTPOMATr-
_':_’::: HUTHOE W3JIyYeHUE, KOTOPOEe
P BBI3BIBAET HABEJEHHBIE TOKU B
kel coceHMX Tapax. DtoT 3ddeKT
; HAa3bIBAETCsl MEPEXONHBIMU Ha-
Bonkamu. HaBonxkm, HakiampIBa-

. — e —
A el £ Ton T SICh Ha TIOJIE3HbIE CUTHATIBI, TIe-

e
peraBaeMble IT0 COCEHUM I1apam,
& " mt MEW) yrpasor pob momex, KoTopbie
MY 3HAYUTEIILHOM YPOBHE MO-
Puc. 12. MakcuMaabHO OOITyCTHMOE 3aTyXaHHe YT IIPUBOIUTH K OLIOKAM IIPH-
IUIsT Kabeieit kateropuii 3, 4 u 5 Ha mmHe 100 M eMa 1 B KOHEYHOM WTOre CHI-

u nipu t = 20°C o cranmapty TIA/EIA-568-A
KArOT Ka4eCTBO CBSI3U.

PasznocTh MeXIy YpOBHSIMU
TepeaBaeMoro CUMTHaja M CO3JaBaeMON MM TIOMEXM Ha COCETHEN Iape Ha3bIBaeTCs
TIePeXOIHBIM 3aTyXaHueM. B 3aBUCMMOCTH OT MecTa 1 METO/la U3MEPEHMST 3TOTO Tapa-
MeTpa pa3InyaloT HEeCKOJbKO BHUJOB IEepeXOoqHOro 3aryxaHusi. CHayaja pacCMOTPUM
Pa3HOBUIHOCTY TIEPEXOMHOTO 3aTyXaHUS B 3aBUCUMOCTH OT MecTa ero usmepenusi. Eciu
WCTOYHMK CUTHAJa M TOYKA M3MEPEHUSI HAXOASATCS Ha OJHOM KOHIIE, TO TOBOPST O
TIePEeXOIHOM 3aTyXaHWU Ha OJIVDKHEM KOHIIE, €CJIM Ha Pa3HBIX — TO O TMIEPEXOTHOM 3aTy-
XaHUM Ha nainbHeMm Kodue, puc. 13. B texnuke CKC mepBoe m3 HUX TpagulIMOHHO
MMeeT 3aMMCTBOBAHHOE M3 aHTJIOSI3BIYHON TeXHUUYeCKOM nteparypsl o003HaueHrne NEXT
(Near End Crosstalk), a Bropoe FEXT (Far End Crosstalk)’. B oTedecTBeHHOM TeXHU-
YECKO JMTepaType, MOCBSIIEHHON KabelasiM TopoJCKOi, 30HOBOI U MEXIYTOPOIHON
CB#I3M, aHAJIOTMYHBIE IIAPAMETPLI 0003HAYAIOTCA COOTBETCTBEHHO A 1 A,

LA A T R o4
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e e B 1=l=k=1,
a) 0)

Puc. 13. IlepexonHble HaBOAKYM Ha OJMKHEM (a) M Ha najgbHeM (0) KOHIIAX COCeAHel Mmaphl.
(Yepes I; 0603HaYEHBI TOKM HABOJOK, CO30aBAEMBIE PA3IMIHBIMU YIACTKAMHU BIUAIOIIEN
BUTOI TIApbI)

7 ByKBa X B 2THIX a66peBI/IaTyan IosgBMWJIaCh M3-3a TOro, 4YTO0 €€ MOKHO BOCIIpMHUMATD KaK 3HaK

KpecTa, TO eCThb IMo-aHTuicku «Cross».



UYewm Bbre 3Hauenne NEXT u FEXT, TeM MeHbIIMii ypoBeHb MMEET HaBOIKa B
COCEIHUX Tapax, U, COOTBETCTBEHHO, TeM 0ojiee KaueCTBEHHBIM SIBIIsieTCsl Kabenb. C
MPAaKTUYECKON TOUKU 3pEHUSI MPEACTABIsIeT MHTEPEC YACTOTHASI 3aBUCUMOCTb TEpe-
XOIHOTO 3aTyXaHUs Ha OMMXHEM M JaJbHEM KOHIIAX, a TakKXe 3aBHCHMOCTb STHX TIa-
paMeTpoB OT JJIWHBI JTUHUM.

Bimstionias mapa u mapa, mogBepKeHHasT BIUSHUIO, IIPOJIOKEHBI TapaJUIeTbHO JPYT
NPTy TIOJ OOIIIel 3alUTHON O0O0JIOUKOM. 3a CYET 3TOr0 MX MPOBOIHUKM MOTYT pac-
CMAaTpUBAThCS KaK OOKJIAAKM KOHJEHCATOpa. DTO O3HAYaeT, YTO C POCTOM YaCTOTHI
mepexomqHoe 3atyxaHue magaet. Craamapt TIA/EIA-568-A HopMUpyeT MUTHUMATHHBIC
3HAUYECHMUS TIEPEXOAHOrO 3aTyXaHUsl Ha OMMXKHEM KOHILe Tipu JiuHe kabens 100 m. s
orpeaeeHuss MUHUMaIbHO fgormyctuMoro napamerpa NEXT Ha wacrortax, mpeBblila-
fommx 0,772 MTI'11, ucromib3yercs cleayloliee animpoKCUMUPYIOIee BhIpakeHUeE:

NEXT(f) = NEXT(0,772) — 15 1g (£/0,772), )

rae: NEXT(0,772) — MUHUMAaJIBHO JOIYCTUMOE TIEPEXOMHOE 3aTyXaHUe Ha OIMKHEM
KoHIIe Ha yactote 0,772 MI'1, KoTopoe 1151 Kabeseil Kareropuit
3, 4 u 5 npuHUMaeTcs paBHBIM 43, 58 1 64 1B COOTBETCTBEHHO;

f, MI'ng — YacToTa CUTHAaJIA.

W3 dopmynsl 9 ciemyer, 9TO KpyTU3HA M3MEHEHUS MUHUMAJIbHO JOITyCTUMON Be-
JnuruHbl NEXT nocTosiHHa BO BCeM YaCTOTHOM Juana3oHe U paBHa 15 n1b Ha nexany.

Cpaszy Xe OTMETHM, YTO YKa3bIBaeMylo B cTaHHapTe [4 | 1 HEKOTOPHIX IPYrUX Myo-
Jukanusx, Harpumep B [30], pa3MepHOCTb BETUIMHBI IIEPEXOTHOTO 3aTyXaHUs Ha OJIVK-
HeM KoHIIe kKak 1b/100 M ciemyeT TpaKToBaTh KaK BEJIMIMHY ITEPEXOTHOTO 3aTyXaHUs,
usMepsiemyto Ha minHe kabemst 100 M. Kakue-1mbo mepecuyeTsl Ha MEHBIIYIO JJIUHY
TpU 5TOM HeIOIMycTUMBL. To ecTh, ecnu, Hanpumep, Ha ayrHe 100 M NEXT = 40 b,
To 1 npu uuHe 50 M mapametrp NEXT Oyzaer coctaisath Te xe 40 nb.

JIOTIOTHUTENBHO CTaHIAPT (PUKCUPYET MUHUMAIBHO AomycTuMoe 3HaueHue NEXT
Ha yacrorax MeHee 0,772 MI'1, yro GbIBaeT HEOOXOAUMO JIJIT HEKOTOPHIX MPUIOXKE-
Huii. HopMupyemble 3HaUeHUSI B 9TOM CiIydae MPEACTaBISIOTCS B TaOIuIHON hopMme.
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Puc. 14. MunumansHo gonycrumsble 3HaueHust NEXT st kabeneit kateropuit 3, 4 u 5 Ha
mmiHe 100 M o cranmapty TIA/EIA-568-A
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PesynbraThl pacueToB 1o (popmyite 9 npuseaeHbl Ha puc. 14. CyMMupoBaHHE OTAEIb-
HBIX COCTaBJISTIOIIMX OMHON YaCTOTHI MEPEXOAHON MOMEXU Ha OJVDKHEM KOHIIE TTPOUC-
XOAUT C pa3IMuHbIMU hazamu (110 HamnpsekeHuo). [loaToMy peanbHbIi rpaduK 4acToT-
Hoil 3aBucuMocTu BenuuuHbl NEXT umMeer Bux 1rymMmooOpa3HOW KpPUBOU C PEe3KUMU
TepernagaMy BeTUIMH TIEPEXOJHOTO 3aTyXaHus Ha OMu3kux yacrtorax. CTaHIapThl HOP-
MUPYIOT TOJbKO MUHUMaJIbHYIO BenuuHy napamerpa NEXT, u kabens cuuraercs co-
OTBETCTBYIOLIUM TPeOOBaHMSIM CTaHAAPTA, €CJIU BO BCEM paboyeM YaCTOTHOM JIUAIia3o-
He peanbHas BeauurHa NEXT He mamaer HUXe OnpeieIeHHOIO HOpMaMU 3HAYEHUSI.

TunoBasi 3aBUCUMOCTb MEPEXOAHOTO 3aTYXaHUS
A Ha OJNIMKHEM U JajbHEM KOHLIAaX OT UIMHBI JIMHUU

mokaszaHa Ha puc. 15.

,/}/ FXi IepexomHoe 3aTyxaHue Ha OJIKHEM KOHIE C
- yBeIMYeHUEM UTMHBI JIMHUU CHadaja HeCKOJIbKO
\ YMEHbIIIaeTcsI, a 3areM crabunusupyercs. Kaue-

e CTBEHHOE OOBSICHEHHE 3TOro 3(@deKkra coCTOUT B
TOM, UTO HAaUMHAasI C OINpeNeJIeHHON IMHbBI TUHUU
TOKM TIOMEX C OTHAJIEHHBIX yYYacTKOB (Hampumep,
yyacTku 3 1 4 Ha puc. 13) npuxomsaT Ha OIVDKHUI
KOHEII HACTOJIBKO OCIa0JIeHHBIMU, YTO TTPaKTHUIEC-

# XU He yBSJIMIMBAIOT B3aMMHOTO BIUSHUS MEXITY
Puc. 15. 3aBUCHMOCTD ITepeXOTHO- nernsaMu 1 BesmurnHa NEXT octaeTcs ITOCTOSTHHOIA.

TO 3aTyXaHHs Ha GIIKHEM U K nogo6HOMy BBIBOLY MOXHO NPUATU U aHAJIUTU-
IalbHeM KOHILAX OT JIMHBI imHuu  4Yecku. B [21 ] mokaszaHo, 4yTo aHaIM3upyeMast 3aBU-
CHUMOCTb OTUCHIBaeTCS (hopMyIoit

¥

1-e™
NEXT=NEXT (Io) +10lg————,
1_e—4d|0
rme a — K03bOULMEHT 3aTyXaHus,

NEXT(/,) — nepexonHoe 3aTyxaHW€ IIPU JJIMHE JIMHUA [,
— paccTosiHME OT KOHIA yJacTKa /.

N3 BolieusnoxeHHoro cienyet, yrto 3HaueHus NEXT mis aByx KOHIIOB OJHOM
TMapel MOTYT CYILIECTBEHHO Pa3IMyaThcsl MEXIY COOOH, MO3TOMY BCE CTaHIAPTHI IIpe-
JyCMaTpUBAIOT €T0 MU3MEpPEeHUe ¢ 00eUX CTOPOH.

JUTst yIryqimreHusT TapaMeTpoB TIEPEXOHOTO 3aTyXaHWsI B CUMMETPUIHBIX KaOersx
TIPUMEHSTIOT Pa3JIMIHBIN ITar CKPYTKY BUTHIX map. KpoMe ocabieHusI 3JIeKTPOMAarHUT-
HOU CBSI3U OTHEJTBHBIX AP TaKOe PelleHre He MO3BOJISIET UM IUIOTHO MPWJIETaTh APYT K
JIpYyTy IO BCel JIMHE, YTO HOIONHUTENIFHO YBEIMINBACT IIEPEXOIHOE 3aTyXaHHe.

N3BecTHO, YTO ceTeBOe 000PYIOBAHME PA3TIMYHOTO HA3HAYCHIUS IT0-Pa3HOMY UCIIOb-
3yeT CUMMETPUIHBIN Kabellb Kak cperny mepenadu. [109ToMy B 3aBUCMOCTH OT IIPUJIO-
XEHUS W METOJa VICTIONHh30BaHMS KabeliT HOPMUPOBAHUE BEJIMIMHEBI TTEPEXOMHBIX TI0-
MeX, WIA TIePEXOTHOTO 3aTyXaHWsI, BEITIOTHSICTCS Pa3IMIHBIM 00pa3oM.

Hau6onee nonynsipusiMu JIBC B HacTostiiee BpeMst SIBIsTIOTCST ceTu Ethernet B Ba-
puanTax 10Base-T u 100Base-TX. IIpu ucnonp30BaHUU MOJTHOMYIUIEKCHOTO pexkuMa
TepenaTivk U MPUEMHUK 3TON ammapaTypsl paboTaioT OZHOBPEMEHHO KaXIBIA IIO
CBOEI BUTOI mape oAHOTO Kabessi. DTOT cilyyail B CXeMaTUYEeCKOM BUJE U300paXeH Ha
puc. 16. I[Ipu 3ToM OCITaGICHHBIN TTOCIIe TTPOXOXKICHUS 10 BUTOM TTape mHOOpMaIm-
OHHBIU CUTHAJI Ha BXOJe MIPUEMHUKA TTOIBEPTaeTCsT BO3ACHCTBUIO MOIITHON TIepeXo-
HOIi TOMeXH, CO3AaBaeMOi pabOTaIOIIUM Ha 3TOM Xe KOHIIe IepenaTankoM. [Tostomy
JIOCTaTOYHO HOPMUPOBAThH CIEAYIOLIUN MTapaMeTp:



NEXT = P, — maxP,,

rme P, — ypoBeHb curHaia,
P — ypoBeHb co3maBaeMOi UM IIEPEXOTHOM ITOMEXU.
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Puc. 16. K ompenenenuto NEXT

Bennmunna maxP Oepercsa ¢ pacyeToM Ha HAMXyALIMKA CIydai, TaKk Kak 3apaHee
HEM3BECTHO, KaKMe NIBe IMaphl OyAyT MCITOIh30BaThCS CETEBHIM OOOpYIOBaHUEM JUIS
opraHmu3anuu MHHOPMAIIMOHHOTO OOMeHa.

Tenepp mepeiiieM K pacCCMOTPEHUIO BUJIOB TIEPEXOMHBIX 3aTyXaHUU B 3aBUCUMOCTU
OT MeTo/a ux usMepeHusi. Heo6xoquMocTh BBeIEHHST TaKOW KiIacCUPUKaIMy 00yCIOB-
neHa OByMs akropamu. Bo-TepBbIX, B IOC/IeAHEe BpeMs MPU TMOCTPOSHUM CETEBOTO
000pyIOBaHUS YeTKO 0003HAYMIIACH TEHACHITUS MCITOJIb30BAHUS UM JUIS TIepeaayr WH-
dopMalMy B MOTHOAYIIIIEKCHOM peXXUMe OTHOBPEMEHHO HECKOJIBKUX Mmap. Bo-BTOpHIX,
CHUTHAJIBI HECKOJIbKUX TPUJIOKEHUI BCe Yallle TepealoTcsl OMHOBPEMEHHO U HeKOoppe-
JIMPOBAaHHO JIPYT C IPYTOM B OJHOM MHOTOITApHOM Kabese. B maHHO# cuTyalium HOpMH-
poBaHue Tosbko mmapaMmerpa NEXT okasbiBaeTcs HEIOCTaTOYHBIM, TaK KaK Ha MPUEM-
HUK B MOMEHT TOCTYIICHUSI Ha HETO I0JIe3HON MHGOPMAIIU OMHOBPEMEHHO AEMCTBY-
€T HECKOJIBKO MICTOYHUKOB TToMeX. [J1s1 ydeTa 3Toro o0CTosSITeNNbCTBA UCTIONb3yeTCs Ooiee
CJIOKHAsI pacyeTHast cxema, KOTopasl IUIsl YeThIpeXIapHoro Kabeirsi uMeeT BUI, n300pa-
JKeHHBIN Ha puc. 17 (moMexu oT BCeX IMap BO3ACHCTBYIOT Ha OAHY), U MEPEXOIHOE 3aTy-
XaHWe HOPMMPYETCS IO MOJIEJIM TaK Ha3bIBAEMOW CyMMAapHOU MOIITHOCTH (power sum)

II—] NEXT;
PS-NEXT=10lg ) 10 10 -
i=1
rae NEXT, — semnmuuna NEXT s i-if mapsi,
n — KOJIMYECTBO Iap B Kabee.

Puc. 17. K omnpexnenenuio PS-NEXT

B ommume ot mapamerpa NEXT Benmmnunna PS-NEXT He u3Mmepsiercss Hemocpea-
CTBEHHO B IIPOIlecce TECTUPOBAHUS COBPEMEHHBIMU U3MEPUTEIBHBIMU IpUOOpaMU, a
paccunThBaeTcs 1Mo usMepeHHbIM NEXT, oTaenbHbIX map.

....................................m



M33-3a pa3HOro paccTosiHUSI MEXIy TTapaMu, Pa3IWyHOro I1ara CKpyTKy U T.J. pas-
HocTh Mexy BenmuuHaMu NEXT u PS-NEXT koHcTpyKIuii cienuanbHO pa3paboT-
KM OKa3bIBaeTCsl paBHOM He 4,8, a mipuMmepHO 2 nb. 17151 OLIeHKH B TIEpBOM TIPpUOJIIKE-
Hun BenuuuHbl PS-NEXT B TOM ciydae, ecid OoHa HE NMPUBOIUTCS B MACHOPTHBIX
JAHHBIX Ka0eJsl, MOXHO TOJb30BaThCS CIEAYIONUM SMITUPUICCKAM COOTHOIIEHUEM:

PS-NEXT = NEXT — 3 nb.

IIpu ogHOBpeMEeHHON Tiepenaye U mpueMe MHGOPMAIIMKU IO BCEM YEThIpEM Iapam
JIOTIOJIHUTEIHHO K MEePEXOAHBIM ITOMeXaM Ha OJTMXKHEM KOHIIE HEOOXOAMMO YUUTHIBATh
TMOMEXHU Ha JaJibHEeM KoHIEe (puc. 18). DTOT y4eT OCYHIECTBISIETCSI HOPMUPOBAHUEM
BEJIMIMHBI TIEPEXOAHOTO 3aTyXaHUs Ha NaTbHEM KOHIIE:

FEXT = P, — maxP ,
rae P — ypoBeHb IepexoqHO MOMeXH Ha JadbHEM KOHIE.

YacToTHasi 3aBUCUMOCTh
napamerpa FEXT neiictBy-
FOIIMMU PeaKITUSIMU CTaH-
IapTOB HE HOPMUPYETCSI.
YKaxeM TOJIBKO Ha TO, YTO
Mo Mepe pocTa 4acTOThI
BEJIMYMHA TIEPEXOHOTO 3a-
TyXaHUS Ha JTaJIbHEM KOH-
Ile YMEHBIIAeTCs.

I'padpuk 3aBUCHUMOCTH

Puc. 18. K onpenenenuto PS-FEXT MEePEXOIHOI0 3aTyXaHMsI Ha

JlaJIbHEM KOHIIE OT JUTUHBL

JINHUU HOCUT 3KCTPEMAJIbHBIN XapakTep. BHauasne, moka IjIMHA JIMHUUA Maja, YBEJIU-

YeHUE €€ MPOTSKEHHOCTH YBEJIMYMBAET MOIIHOCTH MoMexu. [lo Mepe yBenmwdeHwUst

JIUTMHBI HAYWMHAET TPOSIBIISITHCSI POCT 3aTyXaHUSI TTIOMEXOBBIX cocTapisommx 1 FEXT
MOHOTOHHO BO3pacTaer.

AHaJIOTUYHO TIEPEeXOTHON MmoMexe Ha OJIMKHEM KOHIIE MOXET HOPMUPOBATHCS TaK-
Xe 3HaUYCHUE CyMMAapHOM IePEXOJHON IIOMEXU Ha JAJIbHEM KOHIIE:

n=l pExT,

PS-FEXT=101g) 10 10

i=1

OTMeTUM, YTO TIEPEXOJHAs TOMEXa HAa JAIbHEM KOHIIE OKa3bIBACTCSI OOBIYHO MEHb-
1Iell 0 CPaBHEHUIO C IIEPEXOIHON IToMeXol Ha OxkHeM KoHie. OnHaKko B OTIMYUE
OT ITOMeX Ha OJIKHEM KOHIIE 3TU IIOMEXOBBIE COCTABIISIONINE JOCTATOYHO YaCTO CYyM-
MUPYIOTCSI CUH(}DA3HO WU C HEOOJBIION pa3HOCTHIO (a3, YTO MOXKET TOMOJHUTEIBHO
YBETMIUTH WX MOITHOCTH [6].

W HakoHeI, HEKOTOPHIEe TPOM3BOANTEIN HAUNMHAIOT HOPMUPOBATh TaK HA3BIBAEMYIO
mobanbHylo Tiepexonnylo nomexy GXT (global crosstalk) [23], koTopas paBHa cymme
HaBeJCHHBIX ITePEeXOJHBIX ITOMeX Ha 000MX KOHIIax Kabens.

B Hacrosmuit MOMEHT OpUIIMATBbHBIMU PEIAKIIMSIMU CTAHAAPTOB 33a4AI0TCS TOIBKO
BesmunHbl NEXT u PS-NEXT (mociiengHee 3Ha4eHUE IIPUBOAUTCS UISI MHOTOITAPHBIX
1 KOMOMHUPOBAHHBIX Kabeseit), HopmupoBka BeauunuH FEXT u ocobenno GXT mpo-
W3BOIUTCSI OTPAaHUYEHHBIM KOJIM4yecTBOM GupMm (Hampumep, KoHiiepHoM Alcatel). B
HOBBIX PeIaKIWIX CTAHAAPTOB ITepeYeHh HOPMUPYEMBIX ITAPAMETPOB TTEPEXOTHBIX TT0-
MeX CYIIECTBEHHO PAcCIIMpPEH 3a CYET BKIIOYEHUS B CIMCOK KOHTPOJUPYEMBIX BEJIH-
yuH PS-NEXT, FEXT u PS-FEXT (ta6a. 10).



2.1.3.4. 3awMueHHOCTDb

s olleHKM KayecTBa Iepeaayu MHGOpMAIlMU B TEXHUKE TTPOBOTHOM CBSI3U IIMPOKO
WCITOJIb3YEeTCsI TapaMeTp 3allUIIEeHHOCTH OT IMOMEX, WIH IPOCTO 3alIUIEHHOCTH, KO-
TOPBIN TIPENCTaBIsIeT COOON pPa3sHOCTh MEXIY YPOBHSIMU ITOJIE3HOTO CUTHAJIA U TIOME-
XM B paccMaTpuBaeMoii Touke [18]. JIiast pacueTHO Momeau puc. 16 ypoBeHb cUTHajIa
cocrapiuser P, = Prlep — A, a ypoBeHb II€PEXONHOM MoMeXu paBeH P = Pnep — NEXT.
3aluIEeHHOCTh COINIACHO OTpe/e/IeHUI0 OyneT paBHa

ACR = NEXT — A (10)

TO €CTh 3aBUCUT TOJILKO OT BEJIMYMH 3aTyXaHUs U MEPEXOAHOTO 3aryxaHus, puc. 20.
Wcnonp3oBaHHas s 0003HAYEeHMS 3aluineHHOCTH abOpeBuatypa ACR o3Hauvaer
Attenuation to Crosstalk Ratio. Ctporo roBopsi, B JaHHOM CJIydae CjIelyeT TOBOPUTH O
«3alUIIEHHOCTU OT TepexogHoil momexu». OnHako TpakThl CKC u mcnonb3yroiiue
UX TpUEMOIIepeaTINKN CETEBOM ammapaTypbl pa3IWIHOTO Ha3HAYEHUsS ITOCTPOEHBI
TaKUM 00pa3oM, YTO IPYTHe BUABI IOMEX OKA3bIBAIOTCS MpeHeOpexxuMo ManbiMu. [1o-
STOMY OOBITHO OTIEPUPYIOT MOHITHEM IIPOCTO 3AIMUINEHHOCTH, a KaK HATOMIUHAHKE O
TOM, YTO ITOJ STUM ITOHUMAETCS 3alUIIeHHOCTh OT MEPEXOMHBIX TTOMEX, CIYKUT UC-
nmojb3oBaHue abopeBuatypsl ACR.

ITapamerp ACR ompezessieT BeIMUUHY MPEBBIIIEHUS TIOMEXH TTOJIE3HBIM CUTHATIOM U
TIO3TOMY SIBJISIETCST MHTETPAJILHOM XapaKTepUCTUKOM KadecTBa Kabesst. ITo Mepe yBenm-
geHUsT BemmanHBI ACR TIpyt Mpovrx paBHBIX YCIOBUSX HAYMHAET BO3PACTATh OTHOIIICHIE
CUTHAJI/IIIyM, U, COOTBETCTBEHHO, pacTeT ycToMunBOCTh cBsI3u. Tak kak NEXT u A 3a-
BUCAT OT YaCTOTHI, IPIYEM C POCTOM JaCTOTHI MX MOMIYJIN MEHSIIOTCS B TIPOTUBOTIONIOX-
HOM HarmpapieHuu, To ucxonas u3z dopmyinsl 10 mapamerp ACR Takke sSIBISIETCS 4aCTOT-
Ho3aBUCUMBIM. KpyTu3Ha 4YacTOoTHOH xapakTepucTtuku mapamerpa ACR s Kabeneit
kateropun 5 cocrasusger 20-30 nb Ha gekamy, puYeM KOHKpPETHOE 3HAYeHHUE STOTrO
rmapameTpa OIpeesieTcsl YaCTOTHON xapakTepuctukoi 3atyxanus. Cranmapt [SO/IEC
11801 pernmameHTUpyeT MUHUMAIBHO AomycTuMble 3HaueHUs1 ACR st kabeneit karero-
pun 5 Ha gacrorax 20 MI't u Bemme. TIA/EIA-568-A criennanbHO He OrOBapyBaeT IIpe-

nenbHbIX 3HaueHnit ACR

ACR. 1B HAa pa3HbIX 4acTOTax, Ofl-
i HAaKO OHU MOTYT OBITh
BBIYMCIIEHBI TI0 (hopMy-
se 10. Pe3ynbraTsl 3THX
pacdeToB I Kabeeit
kareropuit 3, 4 u 5 Ha
mmmHe 100 M mpeacTas-
JeHsl Ha puc. 19. U3
pUCYHKa BUIHO, YTO B
XyIOIIeM ciydae CUTHAJ
Ha BXoje IIpUEeMHHKA
IOJIXEH IIPeBBIIIATH
IIyMbl HaBOJOK OT CO-
cellHEel Mapbl HE MeHee
yeMm Ha 10 gBb, 9Tro 3K-
{ My BUBQJICHTHO OTHOIIE-

HMIO CUTHaJI/1IyM B 3,16

2 " M1

a3 10 HaIpSIXEHUIO
Puc. 19. PacyeTHble 3HAYEHUS MUHMMATILHO JOITYCTHMBIX p 10 p
peamunH ACR no pannbiv crangapra TIA/EIA-568-A s win B pa3 1o Momi-
kabeneit kateropuii 3, 4 u 5 Ha nnude 100 M HOCTH.

....................................m



Benenue napamerpa ACR 1103BOJISIET KOHKPETU3MPOBATh TTOHITUE BEpXHEH rpaHUI-
HOM 9acTOTHI KaK JII0OOT0 KOMIIOHEHTA 3JIEKTPUYECKOTO TpaKTa Iepeaadn, Tak U CaMoro
TpakTa B 1ejioM. ComTacHO KJIaCCUYECKOMY OIpeNeICHUIO IOl 9TUM ITapaMeTpOM TTOHU-
MaeTcsl YaCToTa CMHYCOMIAILHOTO CUTHAJIa, Ha KOTOPOi KO3(MUIIMEHT mepenadn, paB-
HbI 1,0 HA HM3KKMX YacToTaxX, cTaHoBUTCS paBHBIM 0,707. BcrioMHUM, OmHAKO, YTO OC-
HOBHBIM BUIOM IToMeX B anekTpuiueckux TpakTtax CKC sSBISIOTCS IepexoaHble HaBOIKH,
a COOCTBEHHBIE IITyMbI TIPUEMHUKA SIBJISIIOTCST TIpeHeOpexxnMo MaibiMu. OTcrofia Clieyer,
YTO B KAYECTBE MEPHl BepXHEU TPAaHUIHON YaCTOTHI YIOOHO MIPUHSATH TO €€ 3HAYeHUE, Ha
KOTOPOM BEJIMYMHA 3alUIIIEHHOCTH OT MEepeXoqHoi momexu (To ecth napamerp ACR)
CTaHOBWTCSI paBHOM 3apaHee 3aJaHHOMY 3HaueHu10. iHaue ToBopsI, HAJTMIKe 3HAUYUTEITb-
HBIX PE3ePBOB IO 3aAIMIIEHHOCTH OT COOCTBEHHOM MOMEXH, XapaKTepHBIX IS SJIEKTPU-
yeckux TpaktoB CKC, mo3BosSIeT 3a CUET U3BECTHBIX B PAAMOTEXHUKE U TEXHUKE CBS3U
TIPUEMOB CYIIIECTBEHHO PaCIIMPUTh IT0JI0CY IPOITyCKAHUS IO CPAaBHEHUIO C TEMU 3Have-
HUSIMU, KOTOpBIE CIIEAYIOT M3 KJIacCHYecKoro ompeneneHus. Ha mpakTuke mon 3TUMU
TpreMaMu TIOHUMAaeTCs TpeabICKaXkeHne (YMEHbIIIEHNE YCUJIEHUST Ha HIDKHUX 9aCTOTax)
¥ KoppeKIus (YBeJIMIeHUe YCUISHHST Ha BEpXHUX YacTOTax), CM. Takke maparpad 2.3.3.3.

B cootBercTBUM C U3N10-

FENT 4 SKEHHBIM BBIIIIE CUUTACTCS,
A - T ; YTO Kabesb (KakK, BIIPOYEM,
o) Y pas3beM, ITHYP U BECh TPAKT

e ./ IEJTMKOM) 00eCTIeYnBaeT yC-

P e [ ¢ TOMYMBYIO ITOJTHOIYIUICKC-

- it —-'-'—j!%? a HYIO paboTy n£o6or0 TpiIo-

: it v JKCHNSI € TAKOM BEpXHEH rpa-

_-iw.?"'-' i ‘; i HUYHOU YaCcTOTOU, Ha

//_‘_,ﬁ" 3 xortopoti mapametp ACR co-

e A i’l crapisier 10 nb. Dto mono-

: 1 % JKEHUE OTHEbHO BBIIEJICHO

& “Ff  mapuc. 20. VckmoueHueM 13

Puc. 20. K onpenenenuio napaMerpa 3alllulIeHHOCTU JAaHHOTO IpaBuJja SBJISIOTCSI

Kabenmu kareropuu 4, y Ko-
TophIx Ha Yactore 20 MI'm Besmmamaa ACR pasaa 26 1b. [Ipu 5TOM BepXHIO TPAHUTIHYIO
YaCTOTy MPWIOXKEHUS HE CJEAYET IyTaTh ¢ MAKCUMAIBHON YacTOTON Kabessi, Ha KOTOPOii
M3TOTOBUTENh CEPTUMHUITUPYET €To IMapaMeTphl, TaK KakK 3adacTyio Ha Heil 3HadeHnss ACR
TIOJTYJaIOTCSI OTPUIIATETLHBIMU (OCOOEHHO SIPKO 3TO MPOSIBIISIETCST TSI HEOKPAHUPOBAHHBIX
KOHCTPYKIIUI ¢ oTHOCUTEIbHO HeBbIcOKMM NEXT). HeobxomumMocTh cepTudrKaiiy mapa-
METPOB KabeJsisl Ha 9TUX YacTOTaX BO3HUKAET JJISI OLIEHKM BO3MOXKHOCTH €Tr0 MCIOJIb30Ba-
HUS UTST TIOJTYAYTUICKCHOM YJTM OTHOHAIIPABJICHHO! (CUMITIEKCHOI) Mepeaayr KaKuX-I100
CHUTHAJIOB, HaIllpUMep TeJIeBU3MOHHBIX, KOTNa ITOHSATHE TePEXOTHOM ITOMEXH 1, COOTBET-
CTBEHHO, 3AIIUIIICHHOCTH OT Hee 3JIeMEHTApHO TePSIeT CMBICIL.

B cny4yae BHICOKOCKOPOCTHBIX MPWIOXEHU, KOTOpbIE B Mpoliecce paboThl UCITONb-
3YIOT ISl Tiepenayn MHGOpMalMy BCe BUTHIE Mapbl U OAHOBPEMEHHO B JABYX HaIpaB-
JIEHUSIX, HOpMUpPOBaHUe ToJbKO BeaMuuHbBI ACR oKa3bIiBaeTcst HeoCTaTOUHBIM. [[jst
pacueTa IIOMEXOBOM COCTaBJISIONIEI, CO3JaBacMOli HaBOJKAaMM Ha HaJIbHEM KOHIIE,
ucrionbp3yercs aHasorndyHast ACR BenrnuuHa:

ELFEXT= FEXT — A (11)
ITpumensieMoe miist o603HaueHust aToro mapamerpa cokpamieHue ELFEXT o3naua-

et (Equal Lewel for Far End Crosstalk — 3KBUBaJICHTHBII YPOBEHB IIEPEXOIHOTO 3aTy-
XaHUS Ha JaJIbHEM KOHIIE).



Heob6xonuMocTh yueTa ocoOeHHOCTEN (DYHKIIMOHUpPOBAHUS MHTEpPGEcCOB CBEpX-
BBICOKOCKOPOCTHBIX JIBC mMpUBOIKT K MCITOIH30BAHUIO MOIENIE CYMMAapHOM MOIITHO-
CTU U, COOTBETCTBEHHO, HOPMHUPOBKE TaKXKe ITapaMeTPOB

PS-ACR = PS-NEXT — A
PS-ELFEXT = PS-FEXT — A

TpeboBaHUs K BeIMYMHAM 3TUX IapaMeTPOB, KOTOPBIE IPEAINOJaraeTcs BBECTU B
HoBble penakiuu craHgapToB CKC, npuBogsrcst B ta6a. 10.

2.1.3.5. OTHOCHMTEeAbHaA CKOPOCTb pacnpocTpaHeHusa curnanos (mapamerp NVP)
M 3aAepPXXKa NPOXO0)XKACHHUA CUrHanoB (napametp delay)
ITapamerp NVP (ot anri. Nominal Velocity of Propagation) siBisieTcst mepoit 3amen-
JIECHUSI CKOPOCTU PACIIPOCTPAHEHUSI 3JEKTPOMATHUTHON BOJIHBI BIOOJIb BUTOM Maphl.
OH YUCJIEHHO paBeH OTHOUIEHUIO (haKTUUECKOU CKOPOCTU PACIIPOCTPAHEHUSI K CKO-
POCTH CBETa B BaKyyMe€ U BBIpaXaeTcsl B BUAE JECATUYHON OpoOU WM B MPOLEHTAX.
JocTaTouHO penko Uisl ero 00O3HAuYeHUs] MPUMEHsIeTCsl Takxke cokpauieHue VOP
(velocity of propagation). HeobxomuMocTh ero y4yeTa cBsI3aHa C TeM, YTO KOHEUHas
CKOPOCTb PaCIIPOCTPAHEHUS IPUBOJUT K TOSIBICHUIO JOBOJIBHO 3HAYUTEIBHON 3a/1ep-
KKW TIPOXOXACHUSI CUTHAJIOB, YTO MOXET OBITh KPUTUYHBIM JJIS HEKOTOPBIX TTPUJIO-
xeHuit, HapuMep it cereil Fast Ethernet.

CraHgapThl 3a/1al0T TOJIb-
KO caMble 001111e TpeOOBaHUS
K BeauunHe NVP (ta6n. 14),

Ta6amua 14. [Tapamerp NVP st BUTBHIX mTap
kateropuii 3,4 u 5

NVP a UX PeJIaKIIny, TeUCTBYIOIINE

Hacrora, Ha cepeauHy 1999 ropa, He

MT'u Kar. 3 Kar. 4 Kar. 5 OTIPENIEIISIIOT METOJ M3Mepe-
1,00 0,4 0,6 0,65 HU 3TOTO ITapamMmerpa.

10,00 0.6 0,6 0,65 Beauunna NVP Buroit

mapel B OOIIIEM CITyJae 3aBU-

100,00 N N 0.65 CUT OT IUaMeTpa MPOBOIHMU-

KOB, PacCTOSHUS MeEXIY
HUMHU U OT TUIa qusaekTpuka. s kadeneit, npumeHseMbix B CKC, onpeneisiommnm
(dakTOpOM SBIISIETCST MaTepral U3OJSIIUN. DTO OOYCIOBIEHO TEM, YTO TUAMETP IIPO-
BOIHUKOB M TOJIIMHA U30JIIIIMOHHOTO TTOKPOBA JOCTATOYHO KECTKO 3aTaHbl CTaHIAP-
TaMu, a JJjis ImojaydeHus: Heobxomumoro ypoBHsI NEXT NMpoBOAHUKM IIJIOTHO CBUTHI
opyr ¢ apyroMm. Tak, Hampumep, Il IPOBOJHUKOB C IOJUITWIEHOBOU M30JsILMEn
NVP cocraBaster 0,65-0,7, ¢ usonsamueir u3 tepaona — 0,69-0,73, a mpuMeHeHHUE
MMOTMBUHWIXJIOPUIHBIX MAaTepPUAIOB yMeHbIIaeT ero sHadeHue mo 0,60-0,64. Kak u
GOJBITMHCTBO TIEPBUYHBIX M BTOPUIHBIX ITapaMeTpoB BuTOM napsl, NVP uMeer orpe-
NEJIEHHYIO 3aBUCUMOCTH OT YacCTOThI (3TO CIEAyeT Naxe U3 AaHHbIX Tabiy. 14). Ilpu
tunmmyHOM 3HaueHU NVP B muamaszone 60-75% minst cermenta B 100 M BpeMs 1Ipo-
XoxaeHus curHaia coctaBisieT 370-550 He. 3nHauenue NVP MeHseTcd B 3aBUCUMOCTI
OT COCTOSIHUSI M3OJISIIIUU XWI Kabessi U TeMIlepaTypbl OKpyKalolleit cpeibl He Oosee
yeM Ha 3% OT HOMHHAJIBHOTO 3HAYCHMS.

KoHeuHast CKOpOCTh pacIpOoCTpaHEHMS 3JIeKTPOMArHUTHOM BOJHBI IO BUTOM ITape
BBI3BIBACT TAKKE 3a€PKKY ITOCTYILICHNST CUTHAJIA Ha IIPUEMHUK TIOCJIe ero ITogadr Ha
BXOJ IUHUU. J[JISI COBPEMEHHBIX BHICOKOCKOPOCTHBIX CETEBbIX MHTEPGDEICOB BeIUUM-
Ha TaKoil 3alepXKM OKa3bIBAeTCsI TOCTATOYHO 3aMETHOM Jaxke IPU Te€X OTHOCUTEIHLHO
KOPOTKHUX Tpaccax, KOTOpble XapaKTepHblI JJisi TopusoHTaldbHOU monacuctemsl CKC.
BenuuuHa 3agepxku (rmapametp delay) siBisieTcss KpUTUYHOM JUIsI HEKOTOPBIX TIPUIIO-
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JKEeHUI, aKTUBHBIE YCTPONCTBA KOTOPHIX MCITOJIB3YIOT KabeJbHbIE TPACCH KaK MOHOKA-
HaJl B Mpoliecce peanusainuu uH@opMmaimoHHoro ooMeHa. Haunbornee xapakTepHbIM
MIPUMEPOM TaKUX IPWIOXKEHUN SIBJISTIOTCS Bce pa3zHOoBUIHOCTU Ethernet mpu pabore B
TTOJTHOAYIUIEKCHOM pexXuMe. 3HaueHHe 3aJepKKU, MPSIMO CBSI3aHHOE CO 3HAaYeHUEM
napametrpa NVP, sgBisieTcs 4acTOTHO3aBUCHMOM BEJIMYMHON M COIJIACHO IIPOEKTaM
HOBBIX pemakiuii ctaHgapToB Ha CKC He IOKHO IIpeBHIIIATH

delay =534 +36//f, 1c/100 m

B auamna3oHe yactoT oT 1 MI'I 1o BepxHeil TpaHUYHOI YacTOTH Kabens, mpudyeM f B
9TOM COOTHOIIIEHUU 33JaeTCsl B Merarepiiax.

2.1.3.6. Pa36poc 3aaep)xeK NPOX0)XAE€HHUA CUrTHAAOB NO BUTbLIM napam

(napameTtp skew)

B kabensx, comepxkarnmx
HECKOJIbKO BUTBIX IIap,

b ey o e e R 2 KaXxnasg WX HHX OymeT
3 XapaKTepu30BaTbCs MH-
e o B e e S JUBUIYATLHBIM BpeMe-
s HEM TIPOXOXJIEHUS CHUT-
b, - el R R T T HaJa OT IepefaTivka K
= ; . npueMHuKky (puc. 21).
L e T T e T T i it . Pa30pOC BpEMeH TIpO-
= Zod XOXJIEHUST BBI3BIBACTCS
Puc. 21. K onpexaeneHuro napamerpa skew JBYMsI OCHOBHBIMU IIpU-

YIMHAMU:

e Pa3bpOCOM CKOPOCTEH PacIpOCTpaHEHUS JEKTPOMArHUTHOM BOJHBI IO BUTBHIM ITa-
pam, 4To, KaK 3T0 ObUIO yKa3aHo B maparpade 2.1.3.5, Haubosnee CUIIbHO MPOSIBIISIET-
Cs1 B CITyJae MCIOJIb30BaHUST Pa3IMIHBIX MAaTePUAJIOB M30JISIIIMOHHBIX TTOKPOBOB;
*  Pa3HOCTHIO BJIEKTPUUYECKMX JJIMH BUTHIX Iap, OOYCIOBICHHON pa3IMYHBIM Ia-
TOM CKPYTKHU.
MakcumanbHasi pa3HOCTh 3aflepKeK MPOXOXACHUS MEXIY BCeMH IapaMu 0003Ha-
yaercs mapaMeTpoM skews. MaTeMaTU4ecK OHO MOXKET OBITh BHIPAXEHO CIIELYIOLIIM
obpa3oM:

skew = max [t - t; |,
i,j=1,n

rme n — KOJMYECTBO Iap B TeCTHUPyeMOM Kabejie (B MOTABIISIIONIEM OOJIBIIMHCTBE
ciy4yaeB n = 4),
t, — MOMEHT NPUXOAA UMITYJIbCOB Ha NAJILHUI KOHELl BUTBIX I1ap TP yCIOBUU
OITHOBPEMEHHOM MOAaYM 30HAMPYIONINX CUTHATIOB Ha BCE Maphl.

ITone3HOCT HOPMUPOBKHU 3HAYEHUI skew OOBSICHSAETCS TNIAaBHBIM 00pa3oM clieny-
IOIIMMU IByMSI TPUYUHAMU.

Bo-niepBrIX, 000pyIOBaHE HEKOTOPHIX BEICOKOCKOPOCTHBIX JIOKATBHBIX CETel, TaKUX
kak 100VG-AnyLAN, 100Base-T4 wu 1000Base-T ucrnons3yeT ajisl nepegayd CUTHAIOB
BCe YeThIpe Mapbl OTHOBpeMeHHO. Ha mepemarolieil CTopoHe CUTHAI pacIipeAessieTcs o
YEThIPEM Mapam, a Ha MPUEMHOI OISITh cOOMpaeTcsi B UCXonHbIi Bu. HopmansHoe hyHK-

8 B HEKOTOPBIX OTEYECTBEHHBIX XYPHAIBHBIX MYOIMKALMAX 9TOT TApaMETP HasbBaeTcs «(has3o-
BBIM TIEPEKOCOM», «CMEILIEHUEM 33JePKKU», «[IEPEKOCOM 3aIePKKU».

mnconcono..o..o.o..o....o..o.o..o..o.



IIMOHUPOBAHNE TAaKOW CXeMBI Tleperayn MHGOpPMAIlMd BO3MOXHO TOJIBKO B TOM CJIydae,
€CJIM CUTHAJIBI TI0 BCEM UYETBIPEM ITapaM JTOCTHTAIOT IIPUEMHHMKA OJHOBPEMEHHO WJIU I10
KpaifHeil Mepe ¢ He OueHb OOJIBIIMM pa3opocoM. I1pu HapyIIeH 3TOTO YCIOBUSI BO3ZMO-
JXKeH cOO0¥ CHHXPOHU3AIIK M BOCCTAHOBJIEHNE NCXOMHOTO CUTHAIA Ha IIPUEMHOM CTOPOHE
cTaHeT HeBO3MOXHBIM. Hampumep, mis cereir 100Base-T4 3HaueHne mapameTpa skew He
JIOJDKHO MIpeBBIIIaTh 50 HC Ha MAaKCUMAJIbHOM UIMHE CErMEHTA.

Bo-BTOpBIX, MPUHITAT IEMNCTBUSI TOPTATUBHBIX KaOEJIHHBIX CKAHEPOB IIPU U3Mepe-
HUM JJTMHBI KaOEJIbHBIX CETMEHTOB OCHOBAH Ha U3MEPEHUU BPEMEHU 3aJI€PXKKU MEXITY
TOCBUTKONM KOPOTKOTO 30HIMPYIOIIETO UMITYJIbCA U MPUXOJOM OTPAKEHHOTO CUTHAJIA.
ITpu HaMIuM 5Toi MHOOPMAITMY U U3BECTHOM CKOPOCTH PacIIPOCTPAHEHUS JIEKTPO-
MAarHUTHBIX BOJTH IO Ka0eJ0 MOXHO BBIYUCIUTDH €T0 JUIMHY. Ecim cKopocT pacrpo-
CTpaHEHMs I10 TlapaM OyayT pa3lIMYHbI, TO CKaHep OyaeT BbIIaBaTh pa3HbIe 3HAYSHUS
IUTAHBI Ka0eJisl TI0 pa3HbIM BUTBIM TIapaM.

[eiicTBytonue peqakiini CTaHAAPTOB HE MPEIbSIBISIOT CIIEIIUANBHBIX TPpeOOBaHUIA
K BeJMunHe skew, IMO3TOMY JaHHBIN MapaMeTp HOPMUPYIOT B TEXHUYECKUX YCIOBUSIX
Ha CBOIO TIPOAYKIIUIO TOJBKO HEKOTOpHIe MpousBoauTeau. Ilpeamnonaaraercs, 4To HOp-
MHUpPOBaHWE BEJIMYMHBI PA3HOCTH 3alepXeK OyIeT MaHO B HOBBIX PeNaKIIMsIX HOpMa-
TUBHBIX JOKYMEHTOB (CM., B YaCTHOCTH, Tabs. 10). Ha ocHOBaHUM 3TOTO CIIMCOK ITPO-
U3BOAUTEINEH, YKA3bIBAIOIIUX €r0 B CONMPOBOIUTEIBHON TOKYMEHTAIIMUA CBOUX Kabe-
JIeH, TIOCTOSTHHO PACIINPSIETCA.

OmBIT MOKA3bIBAET, UTO €CJIM BCE Iaphl M3TOTOBJIEHBI U3 OHUX U TEX Xe MaTepua-
JIOB, TI0 OTHOM W TOM € TEeXHOJOTUU U B €UHOM TEXHOJOTUYECKOM ITUKJIIE, TO pas-
Opoc 3amepkeK paclpoCTPaHEHMS IO HUM CUTHAJIOB Oy/eT BechMa MaJj (Kak IpaBuio,
meHee 10 Hc). B mocnenHee BpeMsi HEKOTOpbIe TTPOM3BOIUTEIN CTAIX BBITyCKATh Ka-
0er, B KOTOPBIX C II€JIbIO ITOBBIIICHUS TTOXApHOW 0e30MacHOCTU M3OJISIIUS OTHOM
WJIM JBYX Tap U3TOTOBJIEHA U3 Te(IOHA, a OCTAIbHBIX — U3 APYTUX M3OJSIIMOHHBIX
MaTepuagoB. XOTS NEKTPUIECKIE XapaKTePUCTUKM TaKuX Kabeneit (hopMaIbHO COOT-
BETCTBYIOT TPeOOBAaHUSIM KaTeropuu 5, skew mMoxeT mocturath 60 He 1 6osee. B sTol
CUTYAITUU JaXe MUHUMAJIbLHO TapaHTUPOBATh KOPPEKTHOCTh PYHKITMOHUPOBAHUS «4e-
TBIpEXTIApHbIX» UHTEPDENCOB HE TIPENCTABISIETCS] BO3ZMOXKHBIM.

BiusHue Ha BeIMuMHY skew pa3IMYHOTO I1ara CKpyTKU Tap Kabeist MeHee 3HauM-
TeJHHO U, KaK MpaBWIO, He mpeBbImaeT 10 He.

Bo3moxHOCTh M3MeHeHUs mapameTpa NVP 3a cuer m3MeHeHUs Imara CKpyTKUA U
BBIOOpA MaTepuaja M30JSIUU UCIIOIb3YeTCs] B HEKOTOPBIX KOHCTPYKIIUSIX TOPU30H-
TaJbHBIX Kabeseil i1 MUHUMU3AIUYU BeIUYMHbBI skew. B aTux uzgenusix uzossiueit
U3 «OBICTpOTO» TedoHA MOKPHIBAIOTCS MPOBOAHUKU TEX Map, KOTOphbIe MAIOT Hau-
Oosblliee BpeMsl 3aepXKu [24].

2.1.3.7. CTpyKTypHbI€ ¥ 00bluHbIE BO3BpaTHbIE NOTEPH
B snexTpuueckoMm KabeIbHOM TpaKTe BeJIMUMHA pa3dpoca 3aJepKeK OIMpeesieTcsl B 0C-
HOBHOM KabeJieM U IO03TOMY BIIOJHE JAOCTAaTOYHO HOPMUPOBATH TOJIBKO €€ 3HAYEHMUE.
Hopmuposka nmapameTpa skew Bcero TpakTa MCITOJb3yeTcsl Ha MPaKTUKE CPAaBHUTEILHO
penko. B kauecTBe mpuMepa oTMeTUM KoMItaHuio Molex, B kabenbHOI cucteme Molex
Premise Networks (panee Mod-Tap) KoTopoii 3a cueT MpUMEHEHUsI CIeITUATbHOTO Kabe-
JIST TapaHTUPYeTCs MaKCUMaJTbHasI BeIMIMHA pa3dpoca 3amepkeK He BbIire 35 He [26 ].
Panee MBI paccMaTpuBaJIM UICATBHYIO OJHOPOAHYIO TUHUIO, B KOTOPOU CUTHAJI HE
WCIIBITHIBAJI OTPaXXKeHUI. PeanbHast TUHUS Bcerna UMeeT 0ojiee WIM MEHee CUJIbHbIe
HEOJHOPOJHOCTU, KOTOPbIE MPUBOJIST K MOSIBJICHUIO OTpaxkeHuil. OCHOBHBIMU UCTOY-
HUKaMU HEOTHOPOMHOCTEH SIBIISIIOTCSI TTPOU3BOJCTBEHHBIE M DKCILTyaTallMOHHBIE Je-
dekThl Kabesst, pa3beMHBIE COEAUHUTENN U OKOHEYHbIE HATPY3KU C COMPOTUBIIEHUEM,
OTJIMYHBIM OT BOJIHOBOTO. DJIEKTPOMAarHWTHasl BOJIHA, BCTpevasi TakKue HEOIHOPOIHO-
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6eIT0, YaCTUIHO OTPAXKAaeTCsT OT HUX U BO3-
Bpaiaercss K Hadany. Ilpym Hanuuuu He-
CKOJIBKUX HEOTHOPOIHOCTEH BOJIHA IIPEeTeP-
IeBacT CepHUI0 OTpaxeHuit. PesyiapTaToM
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Puc. 22. Bo3HUKHOBEHME TIOMYTHOTO CYMMBI OTPaXXEHHBIX BOJIH, W IIOIIyTHOTO,
1 06paTHOTO MOTOKOB SHEPIUH BO3HUKAIOIIIETO B PE3YJbTaTe IBOMHBIX OT-
PaXKeHUM.

OOpatHbIit MOTOK MPUBOAUT K KOJIEOAHUSIM BXOJTHOTO COIIPOTUBJIEHUSI. DTO 3aTPyAHSI-
€T COIIACOBaHME C alllapaTypoil Ha KOHIIAX JIMHUM, YTO COMPOBOXIAETCS POCTOM pabo-
Yero 3aTyXaHWs U MPUBOANT K MCKAXKECHUSIM TiepeaBaeMoro curHaia. [1omyTHEIN TTOTOK
TaKXe McKaxaeT popMy MepenaBaeMoro CUrHajla M CO3AaeT noMexu nepegadyu. Oco0eHHO
3aMETHO ero BJIMSIHME Ha KaueCTBO TEJIEBM3MOHHOTO M300paxkeHUs. [[1s HOpMaJbHOM
Tepenayy TeJIeBU3MOHHBIX ITPOrpaMM MOIITHOCTD TTOITYTHOTO TTOTOKA He JOJIKHA IPEeBbI-
mathb 1% ot ocHoBHOTO [18].

NHTEeHCUBHOCTh OOPAaTHOTO OTPAaXEHUS 3JIEKTPOMATHUTHBIX BOJIH B MeCTaxX He-
OJHOPOJHOCTU BOJIHOBOTO COIPOTUBJIEHUSI XapakTepusyeTcss mapametrpom SRL
(Structural Return Loss), KOTOphIi omnpeaesieTcsl Kak OTHOIIEHWE MOIIIHOCTA OCHOB-
HOTO CUT'HajJla K MOIIHOCTU OOpaTHOTO MOTOKa 3Hepruu. Yem Bhilie 3HaueHUe SRL,
TeM MEHBIIIYI0 MOITHOCTbh MMEIOT OOPaTHBIN M, COOTBETCTBEHHO, MOMYTHHIN MOTOKU
9HEPTUM U TeM 0oJiee KaYeCTBEHHBIM SIBJISIETCSI KaOeb.

DTOT mapaMeTp 1U3-3a CBOSU MaJOCTH HOPMUPYETCS B JIOTAPU(PMUICCKUX eIMHUTIAX
U B CTaHAApTax yKasbplBaeTcs Wi IuHbl Kabenss 100 M. Hanpumep, 1151 TOpU30HTAIb-
HOTro Kabessl KaTerOpuu 5 B HAUXYJUIUX YCIOBUSX €ro 3HaueHue 1o vyactor 20 MI'n
JIOJDKHO cocTaBisiTh He MeHee 23 nb. B moioce yacror 20-100 MI'1T MUHUMATBEHO
JomycTrMasi BermunHa mmapaMmerpa SRL paccuutbiBaeTcs mo (opmyie:

SRL = 23 — 101g(f/20), nb, (12)
roe f — gactora B MI'.

Hopma Ha SRL mgoimxHa coOitomaThest ISk BCexX Imap.

N3 dopmynsr 12 cienyeT, yTo Ha BepxHell TpaHUYHOM yacToTe mapamerp SRL mist
KabeJjieil KaTeropuu 5 MOJIKEH COCTaBJIsITh He MeHee 16 nb.

WHorma nmpuMmeHsieTcst 60jiee CIOXHOE ONMMCaHNe MUHUMAJIBHOTO 3HAYCHUSI BEJIM-
YUHBI CTPYKTYPHBIX BO3BPATHBIX ITOTEPh, (POpMa KOTOPOTO OCHOBaHa Ha (opmyire 12.
B xauectBe mpumepa B TabJ. 15 mpuBefeHa yacTOTHAsI 3aBUCUMOCTh TtapameTpa SRL
1151 Kabeneir ¢pupmer Siemon.

AHanu3 1 HOpMUPOBaHUE paccMaTpuBaeMoro 3 dexra MOryT ObITh pacIipocTpaHe-
HBI TaKKe Ha BECh DJIEKTPUUYECKUI TPAKT IEIMKOM, TO €CTh Ha KabeJib C yCTAHOBJIEH-
HBIMHM Ha €ro KOHIIaX pa3beMaMM U ITOAKITIOUEHHBIMU IITHypaMu. B aToM cirygae roBo-

PSIT TIPOCTO O BO3-

Ta6mmua 15. YacToTHas 3aBUCHMOCTD BEITMYMHB MHHUMATBHEIX cTpyK- BPATHBIX IIOTEPAX

TYPHBIX BO3BPATHBIX MOTephb Kadeseit ¢hupmbl Siemon [10] RL (return loss),
KOTOpBIE OIpene-
Ea0aaToee 54 € 6 Ea0aaroey 7 JISTIOTCST ADCOIIOT-
1<f<10, TAS 20 +5Igf, 8A |100< f<300, A6 21 4A HO aHAJOTMYHO.
10<f<20, TAO 25aA 300< f<600, FAG 21 - 10Igf /300, 4A




M3BecTHO, uTO BeanunHA KO02(hOUIIMEHTA OTPAXKEHUS B TOUKE C PA3TIUYHBIMU BOJ-
HOBBIMY COIIPOTUBJIEHUSIMU Z, U Z, PaCCUUTHIBAETCS Kak [1]:

R=—20lg 2L " %2
Z,+7Z, (13)

HeiicTByromumu penakiusmu ctannaproB B CKC pomyckaercsi npuMeHeHue Kade-
neit ¢ BoaHOBBEIM compoTunieHueMm 100, 120 u 150 Om. IToacraBisis mapsl 3THX 3HAUE-
HUIl ¢ MUHUMAJIbHOU pa3HocThIO (Hampumep, 100 u 120 Om) B popmyny 13, nonydaem
HOMHHaJIbHOe 3HaueHue mapamerpa RL B 11,4 nb, uro cymectBeHHO MeHbIne 16 1b
U HE TMO3BOJISIET O0ECIEeYUTh TpeOyeMble MapaMeTpbl TpakTa mepegayu curHaia. Ha
OCHOBAaHUHU 3TOTO ACUCTBYIOIINE PENAKIIMU CTAHIAPTOB 3alpellaloT CMEIIUBATD B Of-
HOM TpakTe dJIEMEHTHI C Pa3IMYHBIM BOJTHOBBIM COIIPOTUBIICHUEM.

2.1.3.8. ConpoTMBA€HHE CBA3U

ComnporuBieHue cBsa3u (0T aHIII. transfer impedance, HeM. Kopplungswiderstand) siB-
JIIeTCsl MEpoil KauecTBa UCIIOJIHEHUSI dKpaHa y 9KpaHUPOBAHHOTO Kabesi. DTOT mapa-
METp OIIpeNe/IAETCA KaK OTHOIIeHNe HanpskeHua U,, HaBeIeHHOTO TOKOM I, B aKkpa-
HE, HOpMUPOBAHHOTO K €IWHUIIE IJIUHBI Kabenst (puc. 23):

gz ,MOM/M
Rk = .

HcTopuuecku 3Ta BeIMYMHA
TMIPUMEHSIIACH JINIIb K KOAKCHAIIb-
HbIM KabeynssM. C TOYKM 3peHUst
TEOPUU TIOMEX IKPAHWPOBAHHYIO
CUMMETPUYHYIO BUTYIO Mapy yao00-
HO AHAJIU3UPOBATh KAK KOAKCHU-
aNbHBIN Ka0esib, NIpUYEeM 3KpaH
WTPAET POJIb BHEIIHETO TPOBO-
HUKa, a caMa BUTAas Iapa paccMar-
pUBaeTcd KakK BHYTPEHHMI IpO-
BOJIHUK, TO €CTh BCS LIENb MpPe-
Tabauna 16. ConporusieHue cBs3uU A1 Kabeyeil u CTaBISIET COOO0I HECUMMETPUYHYIO

KOMMYTallTUOHHBIX ITHYPOB C BOITHOBBIM KOHCprKL[I/HO.

comnporuiieHueM 100 Om .
JlelicTByIOIIIME pENaKIINKU CTaH-

!

[ il

Wil e, et i s A e R

Puc. 23. K onpeneneHu1o conpoTUBIEHUS CBSI3U

o _ JIAPTOB HOPMUPYIOT BEJIMIKMHY COITPO-

xXanotoa, NIr1or1oeaealganayce, 1 i/l TUBJICHUS CBSI3U KaK IS Ka6eﬂeﬁ TaK

=~ 2 >

T Ao Eaaaeu 100 M JUIE KOMMYTAI[MOHHBIX M3IeIUi
1 >0 o (tabm. 16). M3 aHanm3a ornpeaecHus

JAHHOTO I1apameTpa U puc. 23 cie-
JIyeT, 9T0 6oJice KaueCTBEHHBIM SIBIIIETCS] 9KpaH ¢ MEHBIIMM COTIPOTHBIIeHEM CBs3u. Ha
TpakTUKe B CIIydae COOIONEHUS TPaBMJI IIPOKIANKN M MOHTaXXa OOBIYHO JTOCTUTAIOTCS
CYIIIECTBEHHO JIydIlle 3HAYCHMS COIPOTUBIICHMS CBSI3M. Tak, HalpuMmep, Ha 9acTOTe
10 MI' it OOGBIYHBIX TICHOYHBIX 9KPAHOB BEJIMUYMHA 3TOTO ITapaMeTpa paBHA IpU-
mepHo 30 MOM/M, Torza Kak Juii KOMOMHMPOBAHHEIX 3KpaHoB R, < 25 MOm/M [19].

2.1.3.9. llym oT BHELWHHUX UCTOUYHHUKOB SAEKTPOMAarHMTHOro U3AyUYEeHHA

BcnenctBue HenpeaTbHOCTH OaIaHCUPOBKU B BUTHIX TTapaX MOTYT BO3HMKATh HABOAKU
OT BHEIIHMX MCTOYHUKOB 3JIEKTPOMAarHUTHOTO u3jiydeHUs. MMeeTcsi 1Ba OCHOBHBIX
BUJA BHEIIHUX HABOHOK:
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«  DrnexrpomaruutHas uarepdepeniusa EMI (Electromagnetic Interference). st Hee
XapakTepHbl HU3KME YacTOTHI M BBICOKME AMIUTATYOLI. DTy HABOAKY CO3MAIOT B
OCHOBHOM 3JIEKTPOMOTOPHI, CTApTEPHI (hIIyOPECIIEHTHBIX JIAMII I CUJIOBBIE KaOelu.

» PanuouactorHas unrepdeperuus RFI (Radio Frequency Interference). s Hee
XapaKTepHBI BHICOKHME YaCTOTHI U HU3KWE aMIDTUTYIbl. OCHOBHBIMU MCTOYHMKA-
MM HaBOJIOK 9TOTO BUJIA SIBJISIIOTCSI COTOBbIE panuoTenedOHbl, IepeaTIuKU CU-
CTEM palUOBEIaHUs W TEJeBUIACHMS, a TAKXKe UCTOYHUKM MUTAHUS C BBHICOKO-
YaCTOTHBIM IIPe0Opa3oBaHUEM.

B 1mesoM BUTBHIE TMapbl BechbMa YCTOMYMBBEI K MEIIAIONIAM BO3IEHUCTBUSAM TaKOTO

Buza. [loaToMy cTaHmapThl He MPeayCMaTPUBAIOT CHEIUATbHBIX TPEOOBaHUI K YPOB-
HIO IlIlyMa, HABEJIEHHOTO BHEITHUM 3JIEKTPOMATHUTHBIM U3JTYYEHUEM.

2.2. NNepepaua curHanos
Nno BOAOKOHHbIM CBETOBOAAM

B BOJIOKOHHO-ONITUYECKMX KAaOEITbHBIX CUCTEMAaX CUTHAJIBI TIePeaaloTCsl HECYIeil oIl-
TUYECKOTO (0OBIYHO OIIKHEero MHMpaKpacHOro) Aualia3oHa BOJIH IIO0 CBETOBOAAM U3
CBEpPXUYMCTOTO KBapIleBOTO CTeKJIA. YIIPOIIeHHAs! CTPYKTYpHasl cXeMa BOJIOKOHHO-OII-
tnyeckoit muHum cBsa3u (BOJIC) moka3zaHa Ha puc. 24. DIeKTpUIeCKU CUTHAJ IIO0-
CTyIaeT Ha BXOJ ONTUYECKOTO MepelaTyuka U MOAYIMPYET MHTEHCUBHOCTh BBIXOJTHO-

anekmpuyeckull cugHarn

Onmuyeckut ceemogod o Onmuyeckut
nepedamyuk v PpUEMHUK

onmu4eckuli cueHasn

Puc. 24. YupouienHas cTpykTypHasi cxema BOJIC

TO CUTHaJIa M3JIy4daTeid. OnTuyeckuii curHai PaCpoCTpaHAgACTCA II0 BOJIOKOHHOMY
CBCTOBOAY M IIOCTYIIACT HA BXOJ OIITHMYCCKOIO ITPpMECMHUKA, KOTOprI7I OCYHICCTBIIACT
€To JIEMOOYJIAINIO 1 BOCCTaHABIMBAET WCXOIHBINA SJICKTpI/I‘{CCKI/Iﬁ CHUTHaJI. HJ’IH obecme-
YECHUS BOSMOXKHOCTH HOpMaﬂbHOﬁ SKCILTyaTallun ONITUYECKUIA InepeaaTymK 1 InpuemM-
HUK CHa0XaloTCs PO3CTKaMM OIITHUYCCKUX Pa3bEeMOB. Cxema yIipaBJI€CHUA WU U3J1y4a-
TCJIb OIITUYCCKOro InepeaardymkKa, a TakKxXe (I)OTO,I[I/IO,H 1 YCUIINUTCIIb (I)OTOTOKa CO CXxe-
MOM COINIaCOBAHUSI ONTUYECKOIO IIprUEMHHUKA B IIOJABJISIOIICM OOJIBIIMHCTBE ciIydyacB
HWHTETPUPYIOTCA B OJHOM KOPITyCE.

2.2.1. MNMpouecchbl pacnpocTpaHeHUA U3AYYEHUA
B BONOKOHHOM cBeTOBOAE
BoJIOKOHHBIN CBETOBOJ TIPEACTABISIET COOOM TOHKOE CTEKISTHHOE BOJOKHO LIMIWUHI-
puueckoit GopMbl, IO KOTOPOMY ITPOUCXOIUT Tepeaya 3JIEKTPOMATHUTHOTO U3JTyde-
HUS ONTHUYECKOTO (OOBIYHO OJIMKHETo MH(GPAKpaCHOTO) Muara3oHa JJIMH BOJIH, COOT-
BETCTBYIOIIETO yacTotaM 10141015 T'o.

ITpuHIUIT NeicTBUS BOTOKOHHOTO CBETOBOJA OCHOBAH HA MCIIOJNIb30BAHUYU M3BECT-
HBIX TIPOIECCOB OTPAXEHUS U MPEJIOMIICHUS ONITUYECKON BOJTHBI HA TPAaHUIIEC pa3liesira



JIBYX Cp€a C pa3IMYHbIMU OIITUYCCKUMU cBoiictBamu. ONTUYECKHE CBOMCTBA MaTepu-
aJjla 3aBUCAT OT ITOKa3aTeJsd IIPECJIOMIICHUSA 1. Cpe;[a ¢ OOJIBIIIMM TTOKa3aTesIeM IIpeIOM-
JIGHUSI Ha3bIBAeTCSI ONTUYECKU 00Jiee IUIOTHOMA.
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n2 nz nz

v

n ny nu

On ¢orp On ¢orp bn ¢orp

a) 6) B)
Puc. 25. ITageHune cBeTOBOU BOJHBI Ha TPaHMILy pas3zielia IByX Cpej:

a) npu ¢, < ¢, 6) mpu ¢ = 0, B) TPU Gy > by,

[pu mameHNY JIyda Ha TPAHUITY pas/iesia IBYX Cpell B 00IIeM cirydae TOSBISIeTCS TIpe-
JIOMJICHHAsI ¥ OTpaxkeHHasi BoJIHBI (puc. 25). CoriacHo 3akoHy CHesutiyca, yroj najaeHus
$,, CBSI3AH C YIJIAMU OTPAXKEHMS ) W IPETOMICHUS ¢, ) CIICAYIOLMM COOTHOLICHHUEM:

o, = ¢0Tp; n xsing, = n2><sinc1)Hp

Ecnu j1y4 BHIXOOUT M3 ONTUYIECKH OOJIEe TUIOTHOM CPEbl B MEHEE TUIOTHYIO (1,>1,),
10 ¢,,, > ¢,,. ITo Mepe yBenMIeHNs yIia MafeH st MOXKHO JOCTUYb TAKOTO COCTOSTHU,
KOTIJa MPEeJOMJIEHHBIN JIyd HAaUYMHAET CKOJIb3UTh MO TpaHMIlE pasfena ABYyX cpena Oe3
repexoyia B ONTUYECKH 0oJiee TUIOTHYIO cpeny (puc. 256). Yrom nageHus, Ipu KOTOPOM
HabmogaeTcst Takoit 3(GhEKT, HA3bIBAETCSI NPEOeAbHbIM YeA0M HOAH020 BHYMPEHHE20 Om-
paxcenus ¢ . . JIa Bcex yIIIOB HafieHMsI, KOTOPhIE IPEBBINAIOT MPENEIbHEIN, OyaeT
UMETh MECTO TOJIBKO OTpaxkeHue, a IpeJoMJIeHHAas BOJIHA OYyIeT OTCYTCTBOBATh
(puc. 258). DTo sBIECHUE, HA3BIBAEMOE NOJIHbIM GHYMPEHHUM OMpaxdceHuem, MOJI0KEHO
B OCHOBY Ilepefady ONTUYECKOTO M3IYISHUS 10 CBETOBOY.

KOHCTPYKTHBHO BOJIOKOHHBIE CBETOBOIBI OOBITHO MMEIOT KPYIJIOE TTOTIEPEeTHOE Ce-
YeHWe U 00pa30BaHBI ABYMSI OCHOBHBIME 3JIeMEeHTaMHU. B 1ieHTpe pacmomaraercs cepd-
yesuHa W3 ONTUYECKU OoJiee TUIOTHOIO CTEKJa, €€ OKPYXKaeT 00040¥ka W3 CTEKJIA C
MEHbIIEH ONTUYECKOM IIOTHOCTHIO?. JIMaMeTPhl CEPALEBUHEL U OOOIOYKU IIPUHSATO
U3MEpATh B MUKPOMETPAX M YKa3bIBaTh B TEXHMYECKUX XapaKTepUCTHKAaX BOJOKHA B
SIBHOM BHUJIe Yepe3 3HaK KOCOM YePThI CIEAYIONIUM 00pa3oM: «IUaMETpP CepIIIeBUHEI»/
«TMaMeTp 000JI0YKM». B COOTBETCTBUM C 3THM TIpaBIIoM 62,5/125 0603HaYaET CBETO-
BOJ C IUAMETPOM CEPALIEBUHBI B 62,5 MKM U ¢ 00O0JIOUKOM AUAMETPOM 125 MKM.

Ha rpanune pasnena cepIueBUHBI U 00OJOUYKU MTPOUCXOIUT OTPakKeHUE OMTHUYEC-
KUX JIy9eil, KOTOpbIe pacIipoCTPaHSIOTCS BAOJb OCU CBETOBONA. TakuM obpa3oM, cepa-
LIeBUHA CIIYXUT ISl TiepeJayy 3JIeKTPOMarHUTHOM SHEepruu, a 000J04YKa IMpeIHa3Ha-
YeHa JUISl CO3MaHMsT YCIOBMI OTpakeHMsT Ha TpaHUIIe pasfiesa ABYX Cpell — CepIleBH-
HBI ¥ 000JIOUKM U 3aIUTHl OT M3TyJEHUs SHEPTUU B OKPYXKAMOIIYIO CPEy.

9 B HEKOTOPBHIX COBPEMEHHBIX M3IAHMAX BCTPEYAIOTCS HE COBCEM KODPEKTHBIE HA3BAHMS 3THX
9JIEMEHTOB, TaKHe KaK «sIIpo» U «Oydep», MOTyICHHbIE MPSMBIM MEPEBOJIOM C aHTIMICKOTO
s13bIKa. [1paBMIIBHBIM SIBIISIETCS] MCTIOTB30BAHIE TEPMUHOB «CEPAIIEBIHA» U «O00JI0UKA», YIIOT-
pebIIsieMbIX B OT€UECTBEHHOI HayYHO-TEXHUYECKOI JIuTepaType ¢ ceperHbl 80-X romos.
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I/IsnyquHe BHEIIIHETO UCTOYHMKA, [1aAI0I[ee HA BXOIHOMN TOPECII BOJIOKOHHOTO CBE-
TOBOJIA, BO36y}KI[aCT B HEM HCECKOJIBKO THUIIOB BOJIH, KOTOPBIC HAa3bIBAIOTCS Mmodamu. B
CBOIO O4Y€PEOAb, MOABI ACJIATCSA HAa Hanpaeisemovle, eblmeKarouiue u usaydaemsle.

K Hanpaeasiemobim Mo0am OTHOCSITCS Ta-
/V
4 ~
3 n2
% \iﬁonoqxa

KHe MOJIbI, KOTOPbIE PACIpPOCTPAHSIOTCS
BIOJb CEPALICBUHBI BOJIOKHA M OOecIedn-
BaoT nepefady uHdopManuu (ryuu 1 u 2

oo Ha puc. 26) HampasnseMbie MOIBI CUUTA-

) JOTCSI OCHOBHBIM THUTIOM 3JIEKTPOMAarHUTHOM
z sovouceuna BOJIHBI M BO3OYXXIAIOTCSI TEMU JIydaMH, KO-
/ TOpBIE TAJAI0T Ha TOpEl| BOJOKHA IIOJ YT-

n, JIOM, He MPEBBIIIAILIUM MPeIeTbHBIN YTol

obosioyka

©,, Has3bIBaeMblil anepmyphbim yeaom. Oc-
HOBHBIE THUIIBI COBPEMEHHBIX CBETOBOIOB
WMEIOT arepTypHBIA YTo B Iipenenax ot 11,5
1o 17 rpamycoB.

Jly4n, KOTOpbIE afaloT Ha TOPEL BOJOKHA IO YIJIOM, IPEBBIIAIOMIMUM O ,, JOCTH-
TaloT IpaHULIBl pa3fiesa CepAlleBUHA-000JI0uKa U 33 CUET MPEJOMJICHUSI B 00OJIOUKY
TEPSIIOT YacTh SHEPIMH, IIPU 3TOM CHJIBHO 3aryxas (JIyd 3 Ha puc. 26). DTU MOIBI
Ha3BIBAIOTCS 8bIMEKAIOUUMU.

Haxonen, npy nageHuu Jydeil MOJ yIlaMu, CyHIECTBEHHO NPEBLIIIAIIUMU O,,
YacTh U3 HUX OCTUTAET BHELIHEHN MOBEPXHOCTU OOOJIOYKHU U U3IYYAETCSI B OKPYXKat0-
1Iee MPOCTPaHCTBO (JIy4 4 Ha puc. 26). Takue MOABI Ha3BIBAIOTCS uzayuaemvimu. 3imy-
YaeMble MOJIbl BOZHUKAIOT TAKXKE B MECTaX HEPETyJISIpHOCTe! cBeTOBO/IOB. [losiBieHue
BBITEKAIONIUX W M3TyIaeMbIX MOJ IIPUBOAUT K POCTY ITOTEPh U MCKAXKEHUSIM TIeperaBa-
eMoli MHMOPMAITUH.

Puc. 26. IIpoxoxneHue nydeit
B BOJIOKOHHOM CBETOBOJIE

2.2.2. TUnbl BONOKOHHbLIX CBETOBOAOB

JlnameTp 000JIOUKM HanboJiee pacIpOCTPAaHEHHBIX CBETOBOIOB COCTAaBIISIET 125 MKM.
CepaiieBUHBI UMEIOT 0oJiee pa3HOOOpAa3HbBIN CIIEKTp IHaMeTpoB. B 3aBucuMocTd OT
JIMaMeTpa CEPAIIEBUHBI ONITUYECKUE BO-
JIOKHA JeJISITCSL Ha JIBE TPYIIIBI: 00HO-
M0008ble I MH020M0006bie, TIPUYEM T0C-
JIeAHUE MOTYT OBITH CTYIIEHUAaTHIMU U
rpagleHTHBIMU. B MHOIrOMOJOBEIX CBe-
TOBOJAX IUAMETP CEPALIEBUHBI JOJDKEH
OBITH MHOTO OOJIBIIIE JIMHBI BOJHEI OII-
TUYECKOI HeCyIIei, a YCIOBUSI TTOJTHO-
IO BHYTPEHHETO OTpPaXE€HUS IOJIKHBI
BBITIOJIHATHCS JJI1 HECKOJIBKHUX THUIIOB
BOJIH (MOJI), KOJIMYECTBO KOTOPHIX B Ce-
PUIHBIX BOJIOKHAX OOBIYHO COCTaBJISI-
et ot 1000 mo 2000.

ITokazaTens mpeomieHUs 000JI0Y-
KM, KaK IPaBWIO, UMEET ITOCTOSSHHOE
3HAYEeHME, TOTIA KaK IOoKa3aTeib Ipe-
JIOMJICHUSI CEpALIEBUHBI MOXET OCTa-
i BaThCS ITOCTOSIHHBIM VUTH K€ U3MEHSITh-
csI BJIOJIb €€ pajinyca o OmpeeeHHO-

Puc. 27. PacnipocTpaHeHUe CBETOBBIX JIyueit

B CBETOBOJAX:
a) CTyIeH4aToM; 0) TpaIueHTHOM; B) OJJHOMOIOBOM

MYy 3aKOHY, KOTOprP'I HOCUT Ha3BaHMEC
I’lp0¢uﬂﬂ nokasamensd npeaomaeHu.



IIpocreiiiiuM TUIIOM BOJOKOHHOTO CBETOBOJA SIBJISIETCSI TaK HA3bIBAEMBII cmyneH-
yamulll CBETOBOM. B HeM ToKa3aresb MPeJOMIIEHUST CEPAIEBUHBI OCTAETCSl TOCTOSH-
HBIM BIOJIb €€ paauyca. B cTynmeHYaThIx MHOTOMOJOBBIX BOJIOKHAX TPAEKTOPUU Jydeit
OTHEIbHBIX MOA MMEIOT BUI 3Ur3aroo0pa3HbIX JMHUK (puc. 27a).

Ot ipoduts mokazaTesst MPeJIOMIIEHNST B 3HAYUTEILHOM CTETIEHN 3aBUCSIT YaCTOTHEIE
CBOICTBa MHOTOMOJIOBBIX CBETOBOIOB, ITI0O3TOMY Ha IPAKTHKE YaCTO MPUMEHSIOT OTIINI-
HBIE OT CTyINeHYaThix npodwin. Tak, HanpuMep, B epadueHmHomM CBETOBOJE MOKAa3aTellb
TIPEJIOMJIEHUS 32 CUET U3MEHEHUsI KOJIMYECTBA JIETUPYIONIUX T00aBOK, IJIABHBIM 00pa3oM
TepMaHusl, IUIABHO CHIKAETCS IO Mepe YAAIEHMSI OT OCH M0 3aKOHY, OJIM3KOMY K KBajipa-
TUIHOI mapaboje (puc. 270). B Takux BOJOKHAX TPaeKTOPUU PaCIIpOCTPaHEHUS OOJIb-
IIMHCTBA JIy4eil MPeACTaBIsIIOT coOoii 11aBHble KpuBbie. B CILIA mjist rpaieHTHBIX CBe-
TOBOIOB Ham0oJjiee IOIMYJISIPHBI CEPALCBUHBI ¢ quaMmeTpoM 62,5 MKM, a B EBpore u B
Poccuu yacto KUCIob3yl0TCsT TAKXKE BOJIOKHA C AMAMETPOM CEepAUEBUHBI S0 MKM.

B omHOMOIOBBIX CBETOBOJAX AUAMETP CEPALEBUHBI (7-10 MKM) COU3MEPUM C JJIMHON
BOJIHBI 4 32 CYET DTOTO B HEM CYIIECTBYET TOJIBKO OJTHA HampasisieMasi Moaa (puc. 278).

2.2.3. Aucnepcusa 3NEeKTPOMArHUTHOro U3AyUYEeHHUA
HO}I )IPICHepCI/Iefl IIOHUMAIOT YBCINMUYCHUC JIUTCIbHOCTHU OIITUYCCKOTO UMITYJIbCa IMpU
IIPOXOXKICHUMN MM BOJIOKOHHOTI'O CBETOBOIA onpex[eneHHoﬁ JIUINHBI, 00BIYHO 1 KM.
,Z[I/ICI'IepCI/ISI, OITpCACIAIONIAas II0JIOCY ITPOITYCKaHMS CBCTOBOIA, BO3HMKACT M3-3a pac-
CEAHMA BO BPEMCHU CIICKTPAJIBHBIX 1 MOOOBBIX COCTABJIAIOIIMX OIITUYCCKOIo CUrHaja. Ha-
JIMYUEC 3TOTrO 3(1)(1)61('1‘& TIPUBOIUT K YBEJIMYCHUIO JUTUTCIIbHOCTH OIITUYECKOI0 UMITYJIbCa B
TpoIIecce €ro MPOXOXIEHUS IO ONTUYECKOMY Kabemto (puc. 28), MOSIBIEHUIO MEXCUM-
BOJIbHOM MHTEp(EPeHINM (HATIOXKEHUIO (PPOHTOB IBYX COCEAHUX UMITYJIHCOB IPYT HA ApY-
ra) ", B KOHCYHOM CYETEC, K YBCJIMUCHUIO BEPOATHOCTU OLIMOKH IIPMHUMACcMOI'0 CUrHasia.

c68emogod

Z

Z

Puc. 28. IIpoxoxaeHue ONTUIECKOTO UMITYJIbCA 110 CBETOBOLY

Paznuyator nBa Buga nmucrnepcuu (puc. 29).

Xpomamuueckas ducnepcus. OHa 00YyCIIOBJIEHA 3aBUCUMOCTBIO YCIIOBUI pacipocTpaHe-
HUSI CBETa 10 BOJIOKHY OT JJIMHBI BOJIHBI. XpOMaTUUYECKasl AUCIIEPCUST BO3HUKAET U3-3a
KOHEYHOU CIIEKTPAJIbHOM IMAPUHBI ONTUYECKON HECYINEH BBIXOMHOTO CUTHAIA MEpenat-
YUKa U UMEET JIBE COCTABJISIIONINE: MAaTEPUAIBHYIO U BOJTHOBOIHYIO. Mamepuanshas ouc-
nepcus 00yCIIOBJIEHA 3aBUCUMOCTBIO TTOKa3aTelIsl TIPEeJIOMJICHUST CEPAIIEBUHBI M 000JI0UKHU
OT JJIMHBI BOJIHBI. B04H0800Has duchepcus OTIPENENSIeTCS 3aBUCMMOCTBIO YCJIOBMIL pac-
MPOCTPAHEHUST MOJbI OT JUIMHBI BOJHBL. CTeIleHb BIMSIHUSI XpOMATUYECKON AUCIIEPCUN
Ha YaCTOTHBIE XapaKTePUCTUKM KaHa-
Jla 3aBACHUT B MEPBYIO OYEpEIb OT
CITIEKTPAIIbHBIX CBOMCTB MCTOYHUKA
MM | SM n3aydeHust. {7151 1a3epHbIX UCTOYHM-

Jlucniepcust

KOB 6)'[8.1'0,[[3.1)5[ y3K0ﬁ I10JIOCE 4aCToOT
MexmonmoBast XpoMaTtuieckast o .
n3jayqya€MoOM HECYHIEUW OUCIICPCUA
| CKa3bIBaeTcs B MEHbIIIEH cTerieHu. B
HCKOI'CPCHTHBIX UCTOYHUKAX (CBETO—
MarepunanbHast BosHoBoaHASE .
ILI/IOIIaX) I10JI0Ca HECYHICU CYHICCTBCH-

HO IIVPE W XpOMaTU4ecKas AUCIEP-
Puc. 29. Cocrasnsmonue Iucrnepcun CUs1 IPOSIBJISIETCST 3HAYMTEJIbHEE.
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Meascmodosas ducnepcus. OHa BO3HMKAET TOJIBKO B MHOTOMOJIOBBIX CBETOBOJAX M3-3a
HaJIMYUSI B HUX OOJIBIIIOTO YMCJIa MOJ C Pa3IMYHBIM BpeMEHEM paclpOoCTpaHEeHUs 3a
CUeT pa3dpoca YIriIoB OTPAaKEHMS U, COOTBETCTBEHHO, PA3IMYHON JUIMHBI MyTH, KOTOPBIH
OTZENbHBIE MOJBI IIPOXOIAT B CEpPALIEBUHE BOJIOKHA. DTOT 3(DHEKT JEMOHCTPUPYIOT
puc. 27a u 276. I3 HUX BUAHO, YTO TPAJMEHTHBIN CBETOBOJ, 00JIaflaeT CBONCTBOM yIEp-
JKaHWST MOJT BOJIM3M IIEHTpA CEpAIIeBUHBI. JIydn, KOTOpbIE pacIpOCTPAHSIOTCS JajIbIlle
OT IIEHTpa, TPOXOASAT OOJBIIUI IMyTh, OAHAKO B MaTepuaje C MEHBIIEH ONTUYECKON
TUTOTHOCTBIO, TO €CTh ¢ 0oJiee BBICOKOM CKOpocThlo. Kpome TOro, mo cpaBHEHUIO C
BOJIOKHOM CO CTyNEeHYaThIM MpoduiieM IToKa3aTessl MPeOMJICHUS B HEM CYIIECTBYET
MeHbIIIee KoaudecTBO MoA. CoBMeCTHOE NeHCTBUE ITUX TpeX (haKTOPOB MPUBOIUT K
TOMY, YTO TPAIUEHTHBIN CBETOBOJ MMEET JIy4Ille YaCTOTHbIE CBOMCTBA, U IIIMPUHA €T0
TOJIOCHI TPOIYCKaHUs 0ojiee 4eM Ha TOPSIIOK IPEBBIIIAET aHAJOTUYHBIN ITOKa3aTelb
CTymneH4YaToro BosiokHa. OMHOBPEeMEHHO TPaJMEHTHBIC CBETOBOBI ITOUYTH HE OTIMYAIOT-
Cs OT CTYIIEHYATHIX TT0 TAKUM SKCIUTyaTallMOHHBIM TTapaMeTpaM, KaK yaeTbHbIE TIOTEPH,
3¢ (PEeKTUBHOCTh BBONA M3IYYCHUSI, CIOXHOCTh CPAIlIMBAHUS W T.O., M 32 CYET BTOTO
MPaKTUYECKH TTOTHOCTHIO BBITECHUIU TOCIETHUE U3 00JIacTeil MacCOBOTO MCITOJIb30Ba-
Hus1. [1oaTOMY HIDKE TTOJ MHOTOMOJOBBIMYU CBETOBOJAMU MBI BCeTa Oy/leM Mmoapasyme-
BaTbh TOJIBKO BOJIOKHA C TPAAMEHTHBIM MpodIieM MoKas3aTessl IpeoOMIeHMUS.

Pesynbrupyioniee 3HaUYCHUE PACHIMPEHUS MMITYJIbCOB 3 CUYET MEXMOMOBOM T, ,
MarepralbHOM T, ¥ BOJIHOBOAHOMW T NUCIEPCUU ONpenenseTcs 1o Gopmyie [27]

1= (TMOL[2 + (TMaT+TBB)2)1/2’

C y4yeToM peajlbHOTO COOTHOIICHMST BEJIMYMH OTAEIBbHBIX COCTABIISIIONINX TUCIIEP-
CUU JUISI MHOTOMOJIOBBIX BOJIOKOH MOXHO CUMUTATh T = T a JUIsl OTHOMOJIOBBIX BOJIO-
KOH T =T, +T,.

711 OMTHOMOIOBBIX CBETOBOJOB MapaMeTp MUCIIEPCUM YUUTHIBAET €€ 3aBUCUMOCTH
OT CIIEKTPaJIbHBIX CBOICTB MCTOYHHMKA M3IYICHUS M ITOATOMY MMEET pasMepHOCTb
ic/HMxkM. CoBpeMeHHbIe BOJIOKHA UMEIOT BETUIMHY IMCIIEPCUN B Mpeaeirax oT 3 10
15-18 nc/am*kM. BomHoBogHas T, M MaTepuajibHasd T, COCTaB/IAIOLINE XPOMATUYEC-
KOl mucrmepcuu B paitoHe mauH BoiaH 1200-1600 HM MMeEIOT, KaK IPaBUJIO, IIPOTHBO-
TOJIOXKHBIE 3HAKM. TakK KaK BOJTHOBOIHAS IMCIIEPCHUS 3aBUCUT OT MpoQ Uil roKasare-
JISI TIPEJIOMJICHUST, TO, BapbUPYsI 3TOT ITapaMeTp JUISI OMHOMOJIOBBIX CBETOBOIOB, MOX-
HO Ha 3apaHee 3aJJaHHOM JUIMHE BOJHBI WIM XX€ B OIPEACICHHON CIIEKTPaJIbHOM I10JI0Ce
TOJTYIUTh HYJIEBYIO WX OJIM3KYIO K HYJIEBOU AucIiepcuio. [103ToMy I OMHOMOIOBBIX
BOJIOKOH BMECTO aOCOJIOTHOM BEJIMYMHBI AMCIEPCUM WHOTIA YKa3bIBAIOT 3HAUYEHUE
BOJIHBI HYJICBOM TUCIIEPCUM U KPYTU3HY CIIEKTPaJIbHON XapaKTePUCTUKU TUCIIEPCUU B
OKPECTHOCTSIX 3TOU JUIMHBI BOJHBI (U1 CEPUITHBIX CBETOBOAOB 3TU ITapaMeTPhl OObIU-
Ho cocTaBysor 1300-1310 HM u 3,5 1c/HM2XKM COOTBETCTBEHHO).

YacTOoTHBIE XapaKTepUCTUKA MHOTOMOJIOBBIX BOJIOKOH M3-3a IIPe00IaIaroliero BiIms-
HUSI MEXMOJIOBOM COCTABJISIONIEN AUCHEPCUN MAJIO 3aBUCIT OT CIIEKTPAJIBbHBIX CBOMCTB
WCTOYHUKA M3TydeHus. [109ToMy X ymoOHO OIIEHMBATh SKBUBAJIEHTOM TUCIIEPCUU B Ya-
CTOTHOU 00JIaCTU, HA3bIBAEMbIM KO3 QUUUEHMOM WUPOKONOAOCHOCMU Y UMEIOIIINUM pa3-
MepHocTh MI'TIxkM. B 3aBUCMMOCTH OT IJTMHBI BOJIHBI TUTIOBBIE 3HAUEHUS KO3(hPUIIMEeH-
Ta IUPOKOMOJIOCHOCTH ISl COBPEMEHHBIX CBETOBOJOB coCTaBJsIIOT 200500 MItixkm.

Dusngecknii CMBICT TaHHOTO Ko3dduimeHTa CAeayIonuii: 3TO MHUPUHA TOTOCH
MPOIMYCKAHUS ONTUYECKOTO Kabes ;yimHoil 1 kM. B oTimume oT 31eKTpuyecKux Tpak-
TOB TiepeJayy B ONTUYECKUX TpaKTax M3-3a HaJW4YUs TaK Ha3bIBa€MbIX KBaHTOBBIX
IIIyMOB YPOBEHb COOCTBEHHOI ITOMEXM Ha BXOJIe IIPUEMHUKA OKA3bIBACTCSI JOCTATOYHO
BBICOKUM. ITo3TOMY B TeXHUKE ONTUYECKOU CBSI3M ITOJB3YIOTCS KIACCUIYECKUM OIIpe-
NleJIEeHnEeM, TIOHUMasI TOJl BepXHE rpaHUYHON YaCTOTOM, OTIpeAeISIONIeH MUPUHY T10-
JIOCHI TIPOTTyCKaHUS Kabessi, Ty 4acTOTy, Ha KOTOPOoil KO3 UIIMEHT Nepeaadyu CTaHO-
BUTCST paBHBIM 0,707 OTHOCUTEIHLHO 3HAYEHUS Ha HU3KUX YacTOTaX.

Mo’



Ha 3apaHee 3aJlaHHOI JUIMHE BOJHBI WIM X€ B OINPEAEIEHHON CIEKTPaTbHOI MoJjioce
TOJIYYUTh HYJIEBYIO WX OJIM3KYIO K HyJIeBOI Auctepcuio. [ToaTomMy At OAHOMOIOBBIX
BOJIOKOH BMECTO aOCOJIIOTHOM BEJIMYMHBI TUCIIEPCUU WHOTAA YKa3bIBalOT 3HAYeHUE
BOJIHBI HYJIEBO! OUCTIEPCUM U KPYTU3HY CIIEKTPAJIbHON XapaKTepUCTUKU IUCIIEPCUU B
OKPECTHOCTSX 3TOW JUTMHBI BOJHBI (IIJI1 CEPUITHBIX CBETOBOJOB 3TU MapaMeTphl O0bIU-
HO cocTaBaoT 1300-1310 HM u 3,5 11c/HMZXKM COOTBETCTBEHHO).

YacToTHBIE XapaKTePUCTUKA MHOTOMOJOBBIX BOJIOKOH M3-3a MPeo0Iaalolero Biusi-
HUSI MEXMOJIOBOM COCTABJISIONIEN AUCHEPCUN MAJIO 3aBUCIT OT CIIEKTPAJIbHBIX CBOMCTB
UCTOYHUKA n3imydeHus. [1loaTroMy ux ymoOHO OlIeHMBATh SKBUBAJIEHTOM JAMCIIEPCUM B Ya-
CTOTHOU 00JIaCTU, HA3bIBAEMbIM KOIDOUUUEHMOM WUPOKONOAOCHOCMU VI UMEIOIIIUM pa3-
mepHocTh MI'TixkMm. B 3aBucuMocTu ot
JUTMHBI BOJIHBI TUTIOBBIE 3HAYEHUST KO3 -

(uIMEHTAa IMPOKOITOJOCHOCTH st co-  Tabmuna 17. CoOTBETCTBUE YPOBHEH U MOIIHOC-
BPEMEHHBIX CBETOBOJOB COCTABISIOT Tell ONTUMECKHUX CUTHAIOB

200+500 MTI'rxxm. Vposeus, Momumocts | YpoBeHb, MOIIHOCTE
dusnuecKuii CMBICT JaHHOTO KOd(- ABM Abm
(ULMeHTa CIIeIyIoWMil: 5TO IIMPHUHA 0 1 MBr -30 1 MxBr
-10 100 mx BT -33 500 uBT
IIOJIOCHL IPOIYCKAHUSA OITUYECKOTO 13 50 vxB 2 100 HBT
Kabenss mmHOoM 1 kM. B oriauume ot 20 10 MxBT -50 10 kBT
9JIEKTPUYECKHUX TPAKTOB Iepemadyu B 23 5 MKBT 60 1 uBr

ONTUYECCKUX TPAKTaX M3-3a HAJTUIUS TaK
Ha3bIBa€MBIX KBAaHTOBEIX ITYMOB YPOBeHb COOCTBEHHON IMMOMEXHW Ha BXOJe IIPUEMHUKA
OKa3bIBaeTCS JOCTATOYHO BHICOKMM. I[103TOMY B TeXHHMKE OITHYECKON CBS3H ITOJB3Y-
JOTCS KJIACCMIECKUM OITpe/ieJIeHHEeM, TTOHUMAs IO BEpXHEW TPaHWYHOM YacTOTOM,
OIIpeICIITIONIEH IITMPUHY TOJIOCHI MPOIYCKAHUsSI Kabesi, Ty 9acTOTy, Ha KOTOPOi KO-
9(ULKMEHT Iepenadyn cCTaHOBUTCS paBHBIM 0,707 OTHOCUTEILHO 3HAYCHUSI HA HU3KUX
JacTOTax.

2.2.4. 3atyxaHue CUrHaAOB B CBETOBOAAX

2.2.4.1. EAMHHMUDBI H3MEpPEeHHs ONTHYECKONH MOLUHOCTH
IIpu pacuere rmapaMeTpoB JIMHEIHO-Ka0EIbHBIX COOPYKEHU ONTUYECKON JUHUY CBSI3U
WU3-32 9KCIIOHCHIIMAJIIBHON 3aBUCUMOCTU MOIIHOCTH CUTHAajla OT PACCTOSIHUSI YIOOHO
MOJIL30BAaThCS JIOTapU(DMUIESCKIMI eTUHUIIAMU, TIEPEXO K KOTOPHIM II03BOJISIET CBECTU
OCHOBHBIE pAacCyYeThl MOIIHOCTE! CUTHAJIOB K ONEpALMSIM CJIOXECHUS W BBIYMTAHMUSI.

B xauecTBe HyJIEBOro YpOBHSI B T€XHUKE ONTHUUYECKOU CBSI3M NMPHUHSATO 3HAYEHUE
1 MBT, KOTOpOE TTPMMEPHO COOTBETCTBYET MAaKCHMMAJIbHON MOITHOCTU U3JIYICHUS TH-
MUYHOTO ITOJIYIIPOBOAHMUKOBOTO JiIa3epa U CBETOAUOAA, a IO YPOBHEM MOII[HOCTHU II10-
HUMAETCS BEJIMYMHA

p = 101g(P/1 MBT) [n1bMm],
rae P — MOIIHOCTh ONTUYECKOTO CUTHAJIA.

B Tabn. 17 maHo COOTBETCTBHME YPOBHEH M MOIIHOCTEH OINTUYECKUX CUTHAJIOB B
TUIWIHBIX TSI BOJJOKOHHOM ONITUKHW JUAara30HaX UX N3MEHCHMS.

2.2.4.2. MexaHu3Mbl NOTEpPb

OnTuyecKuit CUTHAJ B TIpoIiecce PACTIPOCTPAHEHUS O BOJOKHY ITOCTETIEHHO TEpsieT
CBOIO 9HEpPruto. DToT 3(pdekT Ha3pIBaeTcs 3aTyxaHueM. OT BEIMUUHBI 3aTyXaHUS 3aBU-
CHAT MaKCHMaJIbHasl JAJIBHOCTh CBSI3W MEXIy IBYMsI MpHeMOIlepeIaTInKaMu. B Bojo-
KOHHO-OIITHYECKOM TEXHUKE CBSI3U 3aTyXaHUE MPUHITO U3MEPSITh B IelMOEIax.

-oo-oo-oco-co-cc-oo-ooo-co-co-oc-oo--



3aTyxaHue B BOJOKOHHBIX CBETOBOAAX OOYCJIOBJIEHO TOTEPSIMU Ha paccesiHue U
MOTepsIMU Ha IIOTJIOLIECHUE.

Ilomepu na paccesnue 06yCIOBIEHBI QIYKTyallMSIMU CPEeIHEN TUIOTHOCTU U CBSI3aH-
HBIMU ¢ HUMU (QIIYKTyaIusIMU I0Ka3aTesIsl PeIOMIICHUS MaTepraia cepaieBuHbI. [1pu
TOMaJaHNY ONITHYECKUX JIydeil Ha 3T HePeTYJSIPHOCTH OHM MEHSIIOT CBOE€ HallpaBJie-
HHUE pacIpOCTPaHEHMSI M BBICBEUMBAIOTCS B OKpyKalolllee MPOCTpaHCTBO. BemmumHa
MOTeph Ha paccesiHue, Ha3bIBaeMOE PEJIEeBCKUM, PacCUMUTHIBaeTCs 10 opmyie [27]:

ap = K /A [nB/xu],

hyi (N Kp— K03 PULMEHT paccestHUs, paBHbIA st kBapua 0,8 MxM*xnb/KM;

A — JJIMHA BOJIHEI B
a, 1B/xm MKM.

Ilomepu na noesoweHue
BbI3BaHbl MHGpPaKpaCHBIM
MOMJIOIIEHUEM U CTAHOBSIT-
csl 3aMeTHBl mpu A > 1,7
MKM. BermanHa 3THX motepb
paccuuTheiBaeTcs o Gopmy-
e [27]:

o, = C*e* [1B/km],

e st kBapia k = 0,8x10-
6 M, C = 0,9 — HOCTOSIHHEIE
K03 OULIIEHTHI.
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ITotepu Ha peneeBckoe

Puc. 30. 3aBucUMOCTD 3aTyXaHUSI KBapLEBOTO BOJO- paccesiHue (KkpuBast 1 Ha puc.

KOHHOI'O CBETOBOJA OT IJIMHBI BOJHBI 30) 1 MHGPAKPACHOE TIOTIIO-

meHue (KpuBas 2 Ha puc. 30)

OIIPeNeISIIOT HIDKHUH IIpeIes IoTeph BOJIOKOHHOTO cBeToBoaa. Kak BumHo u3 puc. 30,

HWXKHUIA TEOPETUYECKUN IIpe/iesl MOTePh B KBAPLIEBOM CBETOBOJE HAXOMUTCS B pallOHE

IUTAHBI BOJTHBI 1,4 MKM. MUHMMAaIbHas BEJIMYUHA MOTePh HUKOTAA HE TOCTUTAETCS T10
JIBYM OCHOBHBIM IPUINHAM:

e B IIPOIECCE U3TOTOBJIEHUSI ONTUYECKOTO Kabessi BO3HUKAIOT TaK Ha3blBaeMbIE
KabenbHBIE MMOTEPU, KOTOPBIE OOYCIOBJIEHBI NehopMalMsIMU BOJOKHA TIPU Ha-
JIOXEHUU TOKPHITUI U 3alIUTHBIX 000JI0UEK, a TaKXKe CKPYTKOW 3JIEMEHTOB Ka-
0OeJIbHOIO CepaeUHMKa;

e MaTepuas CEepAIEBUHBI CBETOBOMA M3-3a KOHEYHOU 3(GHEKTUBHOCTH OYUCTKU
CONIEPKUT aTOMBI U MOJIE-

KyJIbl mpuMeceil, pe3o- Tabauma 18. Tumosble 3HaYeHUS 3aTyXaHUH
HaHCHOE B036y)KI[eHI/Ie OIITUYCCKUX CUTHAJIOB B OKHaX IPO3pavyHOCTH

KOTOPBIX NPUBOIUT K Pe3- = TIMiHa BORHEL, MIM THHOBOG
KOMY BO3PACTAHMIO TMO- || o Y Mo [Maron.  |3aTyxanue,
TEpb Ha OIIPCACICHHBIX  |yqery ManpHas  |paneHas |vansmas  |AB/KM
ITMHAX BOJH. B nuamnaso- 1 790 850 910 2-3

He (1,8—1,7 MKM Haubojb- |5 (MM) _ |1285 1300 1330 0,7-1,5
WMl BKIaX B BETUYUHY  [3 (SM) 1288 1310 1339 0,4-1,0
TIOTEePHb BHOCST Mapbl BOALL |3 1525 1550 1575 0,2-0,4




¥ METaJUTBI TIepBO¥ TpymITsl [lepnoanyeckoit CUCTEMBI 3JIEMEHTOB (HUKEIh, Xe-
7130, XpOM | 1p.). JJIsT MoxydeHus] IpUeMIeMOTO YPOBHS IOTeph KOHIIEHTpPA-
LU TIpUMECE He JOJDKHA IpeBbImarh 1072,

Takum o6pa3om, o61acTh 3¢ (GEKTUBHOTO MCIOJB30BAaHUSI KBAPIEBBIX BOJIOKOHHBIX
CBETOBOIIOB OTPaHMUYCHA JMATA30HOM BHIUMOTO U OIDKHETO MHGPAKPACHOTO JTUAIIa30-
HoB (UK) mmun BonH. s cpenHero n ganpHero MK nuarazoHoB HeOOXOIMMBI HOBBIE
MaTepuabl.

Ha puc. 30 B Bume KpuBoii 3 mokazaHa CIIEeKTpaJIbHasl 3aBUCUMOCTh KO3 pUIIneH-
Ta 3aTyXaHUsI PEATHHBIX CBETOBOMOB C yUyeTOM (hyHIaMEHTAJTbHBIX M JTOTOJIHUTEb-
HBIX TIOTePb, BBI3BIBAEMBIX IMpuMecsaMu. M3 rpaduka mMOHITHO, 4TO paboTa IO BO-
JIOKOHHO-ONTHYEeCKNM KabessiM 3d(GeKTUBHA He Ha BCeX JUTMHAX BOJH, a TOJIHKO B
OIpe/IeJICHHBIX yJacTKaxX CIIEKTpa, I/ie HabIIomaroTcs MUHUMaIbHbIe TToTepu. O6-
JIaCTM MUHUMAJIBHBIX ITOTePh MOTYYUIN Ha3BaHUE 0KOH npo3paunocmu. JIs KBaplie-
BBIX CBETOBOJOB INMPAKTUUYECKUI MHTEpeC MPEeACTaBISIOT TPU OKHA MPO3PAaYHOCTH.
3HaveHMs IpaHUI] OKOH Ipo3padyHocTu omnpeneineHsl B ctapgapre ISO/IEC 11801 u
mpuBeaeHbl B Taba. 18. XapakTepucTUKu MOJTYNPOBOIHUKOBBIX U3Jlyyaresieil u ¢o-
TOTIPUEMHUKOB ONITUMU3UPOBAHEI T PAOOTH B 3TUX OKHAX.

W3 puc. 30 u Tabi. 18 BUIHO, YTO MEPEXO/ U3 IEPBOTO BO BTOPOE OKHO MTPO3PAYHOCTHA
JIaeT CYIIECTBEHHBIM BBIMTPHIII 1O BETWUYMHE 3aTyXaHWs, TOrJa Kak paboTa B TPEThEM
OKHE OOJIBIIOTO BHIMTPHIIIA HE MPUHOCUT. Kpome Toro, 1o Mepe yBeJIWudeHUs paboueit
JUITMHBI BOJIHBI HAUMHAET OBICTPO PACTU CTOMMOCTH aKTUBHBIX ONTORJIEKTPOHHBIX KOMITO-
HEHTOB. B JTMHMSIX ONTHYECKOI CBSI3N JIOKATBHBIX CETei, I 00CTyKMBaHUS KOTOPHIX B
OCHOBHOM WCITOJIB3YIOTCSI BOJIOKOHHO-ONTAIECKHME TPAKTHI MATACTPATTBHBIX ITONCUCTEM
CKC, u3-3a CpaBHUTEIFHO MaJlOi TPOTSZKEHHOCTH KaOEeNbHBIX TPAcC CTOMMOCTH OKO-
HEYHOI anmapatypbl SIBJISIETCS OTHOCUTENIbHO OO0JbllIoi BetuunHOM. [loaTomMy ¢ yyeTtom
TIePEUNCIIEHHBIX BhIlE 00CTOSITEhCTB B TexHuke CKC B momapisiioleM OOJBIITMHCTBE
CJIyyaeB MCITONIB3YIOT MEPBOE M BTOPOE OKHA Ipo3pavyHOCTU. HOpMUpOBKa IMapamMeTpoB
OTHOMOIIOBBIX CBETOBOJIOB, MCITONB3YEMbIX TIPY CO3MAHUY ITTOICVICTEM BHEIITHUX MaruCT-
paJteii, BBITIOTHSIETCS M3 cOOOpakeHUH mpearochiiok npuMeHeHnst B CKC omHOMOIOBBIX
ONTHYECKMX Kabeseil, pa3paboTaHHBIX JISI TOPOACKUX W MEXIYTOPOMHBIX CETEH CBSI3H.
JIvHuM nmanbHel CBSI3W, CTOMMOCTH KOTOPBIX OIPEIEIISIETCS] B TIEPBYIO OYepeb TMHOM
yyacTka pereHeparuu, paboTaloT B OCHOBHOM BO BTOPOM M TPETheM OKHaX MPO3pavHOC-
TH, TIIe KPOME HU3KOTO 3aTyXaHUs JOCTUTAETCsT TAaKKe Maylas BeTMUMHA TUCTIEPCUM.

2.3. Nepepaua undpposou unpopmauum
no 3AEKTpHUYeCKMM U onTuueckum Tpakram CKC

CKC cosznaetcst uist obecriedeHus pa3InyHON CEeTeBOM almapaTyphl Cpeoil mepeaadyn
nHbopmanmu. [Ipu BEIGOpEe IPUHITAIIOB IIOCTPOSHUSI STOU alapaTypsl U UCIIOTb3ye-
MBIX TIPH €€ CO3TaHUU CXEMOTEXHIYCCKUX PEIICHUI pa3paboTINKK 00s13aTeIbHO YU~
TBHIBAIOT OCOOEHHOCTH OIITUUYECKUX Kabesel 1 Kabeleil M3 BUTHIX ITap KaK HaIlpaBIIsIO-
el CUCTEMBI 3JIEKTPOMATHUTHBIX KOJIe0aHUil. DTO MO3BOJISIET CYIIECTBEHHO YIIyd-
LIUTH XapaKTePUCTUKN 000PYITOBAHMUS 110 JAIBHOCTH CBSI3U, TIPOITYCKHOM CIIOCOOHOCTU
U TIOMEXOYCTONIMBOCTH.

2.3.1. AvHeHHble KOAbI CEeTEBOM annapartypbl

2.3.1.1. Tpe6oBaHuA K KOAAM

....................................m



PaccmoTpuM mpoun3BosibHYIO 1IMGPOBYI0 UHGOPMAIIMOHHYIO TTOCBUIKY, KOTOpasi oopa-
30BaHa MOCJENOBATEILHOCTBIO OTIENbHBIX OMTOB. KaXplil Takoit OUT MpeacTaBisieTcst
B CETEBOM YCTPOICTBE MPSIMOYTOJIBbHBIM MMITYJIbCOM utuTenbHoctsio T,/2, tne T, —
JUIUTETbHOCTh TAKTOBOTO MHTEPBaJa. AMIUIUTYIa UMITYJIbCA B COOTBETCTBUU C MPUHITU-
nmaMu 1UGPOBOrO MPEACTABICHUS CUTHAIOB MOXET MPUHUMATh TOJIBKO OJHO U3 JBYX
(bukcupoBaHHBIX 3HaUeHMIl: jorudeckuii 0 KOIUpyeTcs, HAapUMeEDP, MOJIOXUTETbHBIM
HAaIpsDKeHUEM CUTHaa, a Jiormdeckas 1 — ero orcyrctBueM. I[lepegada Takux saeMeH-
TapHBIX TTOCHUIOK Yepe3 KaHal CBSI3U BBITIOTHSIETCS TIOCIIeI0BaTeIbHO C TAKTOBOI Yac-
toroit £ = 1/T,. HanGosee mMpocThiM CIIOCOOOM JOCTABKM PacCMaTpUBAEMOIA 1OCIEN0-
BaTEJIbHOCTU OT TepeNaTyuka K MPUEMHUKY SIBJISIETCSI HEITOCPEACTBEHHAs ee Tiepeaaya
B JIMHUIO 0€3 NMPUMEHEHUSI KaKUX-JI10bo MpeaBapuUTeNbHBIX Ipeodpa3oBaHuit. I1omoo-
HBII CIIOCOO MPeCTaBIeHUsT CUTHAIA TTOJIyYMJT Ha3BaHUE «KOIUPOBaHUE Oe3 BO3BpaTa K
Hymo», iu KoagupoBaHusgs NRZ (ot anrin. — Non Return to Zero). TepmuH «6e3 Bo3-
BpaTa» B JJAaHHOM CJIydae O3HAvaeT, YTO Ha MPOTSKEHUU BCETO TAaKTOBOTO MHTEpBaia
He MPOUCXOJUT U3MEHEHUS YPOBHSI CUTHAJA.

B cuny ompenenieHHBIX MPUYKUH, KOTOPBIE MOJPOOHO OOCYXKIAIOTCS HUXE, TPUME-
HeHue NRZ-konupoBanus ains nepeaauyu uHbopmanuu no tpakram CKC sBisercs
HEONTUMAIBHBIM U B COCTaB CXeM IepelaTuuka BBOAUTCS Koaep. B dyHkumm sroro
YCTPOMCTBA BXOAUT BBIMIOJIHEHUE TTIPeIBAPUTEILHOTO MPeo0pa3oBaHus CUTHaIA, KOTO-
poe 3aKiIoyaeTcs B 100aBIeHUU K UCXOJHOU MH(POPMALIMOHHON MOCIeI0BATeIbHOCTH
HOBBIX UMITYJIbCOB, U3MEHEHUHU TOJISIPHOCTH U JUTUTEIbBHOCTA MCXOAHBIX ITOCHUIOK. 3a
CYET 3TOr0 JUHEWHBIN CUTHAI CYIIECTBEHHO JIyullle afanTUPOBaH K YCIOBUSIM Iepe-
a4y B IUHUU CBSI3U. B Xone majibHENIIEro paccCMOTpEeHUs IIpearnoaaraercs, 4To ¢hop-
Ma UMITYJIbCa KOJAEPOM HE MEHSIETCSI M OCTaeTcs MPSIMOYrojbHOW. Takum obpasom,
KOJ B JIMHUY MOXET CYIIIECTBEHHO OTJIMYAThCS OT KOJIa MCXOAHOW LU(POBOI mocie-
noBaresibHOCTU. Ha mprieMHOM KOHIIE JEKO/Aep OCYIIECTBISIET 00paTHOE Mpeodpa3zo-
BaHME M BOCCTAHABJIMBAET UCXOMHOE COODIEHUE, KOTOPOE MOCTYNAET B MPUEMHUK.

K nuHeiHbIM KOaM MPEeabsBISIETCS PsI TPEOOBAHUI, OCHOBHBIE U3 KOTOPBIX MO-
TYT OBITh C(POPMYIMPOBAHBI CIAEAYIOIUM OOpa3oM:

e DHEPreTMYECKUil CHEeKTp JUHENHOro Koja MOJKeH MMETh MUHUMAIbHOE COAEP-
xanue BY- u HY-cocrapmstommx.
IIpu 3TOM XeaaTeabHO, UYTOOBI OC-
HOBHAas [OJISI HEPTETUYECKOTO
crexTpa Obljla COCPeJOTOYeHa B OT-
HOCUTEJIBHO Y3KOM YaCTOTHOM JMa-
Ma3oHe, Tak Kak 3T0 00ecreynBaeT
YMEHbIIIEHUE UCKaXKE€HUN CUTrHaja
MpY OTPAaHUYEHHOU LIUPUHE T0JIO-
Chl TIPOMYCKAHUSI JIMHEMHOTO Tpak-
Ta;

e CTAaTHCTUYECKUE XapaKTePUCTU-
KM CHUTHaja JOJIKHBI 00ecHedYuTh
" yCTOWYMBYIO pabOTy MPUEMHBIX yC-
TPOMCTB, a TaKXe BO3MOXHOCTbH
KOHTpOJISI OIIMOOK B pereHeparo-
,=0,6f  pax;
e KOJ He JOJIXEeH HajaraTh orpa-
»{  HUYCHWI Ha IlepefaBaeMoe coob1e-
HUE U IOJDKEH 00ecTieunTh mepeaa-

s h
I

N

T

a ™
1l
~

Puc. 31. ®opma curHanza Ha BBIXOIE
HM3KOYaCTOTHOTO DWJIBTPA MPU PANTAIHOM IMUPIHE
MTOJIOCHI TIPOITYCKAHUST



4y 1106011 MOCAeI0BATeIbHOCTH HYyJIeH U eIMHUI] HCXOTHOTO COOBIIEHMS;
*  YCTPOMCTBa KOAMPOBAHMS U IEKOAUPOBAHUS JIMHEIHOIO CUTHAJIA, a TAKXKE CXEMBI
BBIIC/ICHUSI TAKTOBOM YaCTOTHI JOJDKHBI MMETh MaKCHMAJIbHO IIPOCTYIO KOHCT-

PYKIIHIO.

2.3.1.2. CBA3b TAKTOBOM YaCTOTbl UM(PPOBOro CUrHaAa C NOAOCOM NPONYCKaHUA

KaHana CBA3M

OcHoBHasI Macca arraparypbl, Kotopast padoraer 1o snekrpuiyeckuM Tpakram CKC, uc-
TOJIB3YET ISl OpraHu3aluy MHGOPMAIIMOHHOTO OOMeHa ITUMPOBbIe CUTHAJIBL. BOoJbIIMH-
CTBO IIapaMeTpOB TpakTa Iepemadr 3nmekrpuueckux mnoacucteM CKC TpaauiiioHHO IS
KabeJbHOM TeXHUKW HOPMUPYETCS] B YaCTOTHOM 00JIacTH, TO €CTh 3HAYEHWs, HarlpuMmep,
3aTyXaHUsI U TIEPEXOIHOTO 3aTyXaHUsI YKa3bIBAIOTCS Ha OIpeeieHHOM yactore. JInHum Bo-
JIOKOHHO-ONTUYECKO! CBSI3U M3HAYATBHO CO3AaBAINCH B OCHOBHOM IS Tiepenauu 1udpo-
BbIX curHaioB. [1oaTOMy MHOTME MapaMeTphl 33Aal0TCsl BO BpEMEHHOM 00JIacTU, HANpH-
Mep, IUPOKOIOIOCHOCTb OMHOMOJIOBBIX CUCTEM OIMMCHIBATIACH TTApAMETPOM JVCIIEPCUU (CM.
maparpad 2.2.3). TeM He MeHee U 31eCh TOCTAaTOYHO IIMPOKO UCTIONB3YETCSI HOPMUPOBKA B
YacTOTHOM ob6jacti. HampuMep, B MHOTOMOIOBOI TEXHMKE IIMPUHA TIOJIOCHI TPOITyCKa-
HUSI PACCUMTBIBAETCST Yepe3 KOADMUIIMEHT IMPOKOIOIOCHOCTH.

JJ151 BBITIOJTHEHUST PA3IMYHOIO POJa MHXKEHEPHBIX PACUETOB U OLIEHKU BO3MOXHO-
ctu ucnonbzoBaHust TpaktoB CKC cereBoii ammapaTypoil pa3iMyHOrO Ha3HAYEHUS
HeobxonuM 3D GEeKTUBHBIN MEXaHU3M, TIO3BOJISTIONINI OJJHO3HAYHO CBSI3aTh MEXIY CO-
0011 CKOPOCTh Mepeaaun MHGOPMaIlMK, TAKTOBYIO YACTOTY JIMHEMHOTO CUTHAIA U Tpe-
OyeMy10 IIMPUHY TTOJOCH MPOIYCKAHUST TPaKTa.

JorycTtum, 4To 1o JMHUU CBSI3U nepeaaetcs udpoBoii curHan f(t) B Buage peryusip-
HOI TOCJIeN0BATEIbHOCTU MPSIMOYTOJIbHBIX UMITYJIBCOB C €AUHUIHON aMIUTUTYAONU U
ckBaxHOCTBbIO Q = 2 (puc. 31). DTOT curHa; NpeacTaBiisieT coO0il MePUOANIECKYIO
GyHKIIMIO BpeMEHN U MOXET OBITh pa3jioxeH B psn Pypbe, KOTOPHIN B TaHHOM CIIy-
yae UMeeT BUJ:

00

f(t)y=1/2+ Zak cos 2kpf+t,
re a, =sin(pk/2)/(pk/2)

W3 mpuBeIeHHOTO COOTHOIIEHUST CJIEAYET, UTO IS BOCCTAHOBJIEHUS CUTHAIA Ha TIPHU-
€MHOM KOHIIEC BITOJTHE JOCTATOYHO IT€PBOM TapMOHUKM MCXOJIHON CUTHAJIBHOM ITOCie-
noBaTeabHOCTH. OTCI0[]a HEMEUIEHHO JOTIOJHUTENBHO MOIYyYyaeM BaXKHBIM MpakTUYec-
KU1 BBIBOI O TOM, YTO CKOPOCTh mepenayn 1nudpoBoii nH(popMaIuy 1Mo OJHOW BUTOM
Imape B OHOM HAamNpaBJIeHUM MOXET BIBOE MPEBHIIIATh TAKTOBYIO YaCcTOTy. DTO Heode-
BUIHOE Ha MEepBHIN B3I MOJOXEHNE CIeAyeT U3 TOro (pakra, 4To JABa Meperaga UM-
mynbca nudpoBOro curHana (MM OTCYeTa, [0 TEPMUHOJIOrMM TeopeMbl Haiiksucral®),
HeoOXOoAMMBIe JUISI TTIOJITHOTO BOCCTAHOBJICHUSI €0 (pOpMBI, IIPUCYTCTBYIOT Ha IOJIOBUHE
IUTUTEIBHOCTU TaKTOBOTO MHTepBasa. [Ipu 3TOM BTOpas MOJIOBUHA MCIIOIB3YETCS TIPO-
CTO KaK 3alllUTHBI UHTEPBAJI U CIYXKUT IJIST OTIEJICHUSI OMHOTO MMITYJIbCca OT JAPYToro.
TakuM 00pa3oM, TEOPETUIECKM IS BOCCTAHOBJIEHMSI CUTHAJIa Ha TIPUEMHON CTOPOHE
BEepXHSIST TpaHWYHAS YacTOTa KaHajla CBS3U JOJDKHA COCTaBJISITh HE MEHee ITOJIOBUHBI
CKOpoCTU MoayJsiiuuy udposoro curHaia. Ha puc. 31 gaHHOe mosioxkeHre MTpOWLTIoC-
TPUPOBAHO B BUJE SITIOP HAIPSDKEHU CUTHAA IMOCIEI0BATEIbHOCTU TIPSIMOYTOJIBLHBIX

10 B oTeuecTBEHHOI HAYYHO-TEXHUYECKOM JTUTEPATYPE OHA HA3BIBAETCS TeopeMoii KoTensHuko-
Ba, nHorga — teopemoii KorenbHukosa-Haiiksucra.

....................................m



Tadomuua 19. O0mKe cBOMCTBA pa3IMIHBIX METOAOB 00ECIIEYeHMST TAKTOBOM

CUHXpOHU3aIUN

Meron Crapt- ITo BBImETEHHO- ITpemonpene- CaMOCUHXpO-

CTOITHBI My KaHay JIEHHBIE CUHXPO- HU3ALUU
TIOC/IEI0BATEIEHOCTH

Bun AcUHXpOHHBIN | CHUHXPOHHBIH CUHXpOHHBI CUHXpOHHBIN

Db bheKTUBHOCTD Huskas Husxkas Bricokast Cpenusist

MCTIOJIb30BAHUS (Tpebyer

10JIOCHI [TPOITYCKaHUS BBIJIEJICHHOTO

KaHaJsla CBSI3U KaHaa)

CJI0XHOCTD Huskas Huskast Bricokast CpenHsist —

CXEMOTEXHUYECKUX HH3Kas*

peleHnt

CKOpOCTB BXOXIEHUS Bricokast Bricokasi Cpennsist Bricokast —

B CUHXPOHU3M cpenHss®

[TomexoycToituMBOCTD Beicokast Beicokas Cpennsis Beicokast

* B 3aBUCUMOCTH OT BUIA IPpUMCHACMOI'O KoJda

WMIIYJIbCOB CO CKBaXXHOCTbI0O Q = 2 TIpW pa3iIWYHON IIMPWHE TOJOCH IPOITYCKAHMS
HU3KOYaCTOTHOTO (DIIBTpa MEPBOTO TOPSIKA, KOTOPHIM MOAEIUPYETCS KaHall CBSI3U C
KOHEYHOU IIMPUHON TOJIOCKH TIPOMyCcKaHusI. BUIHO, 4TO TIpU BepXHE rpaHUYHON Jac-
ToTe GuIbTpa, 6;aM3Koi K f, = f /2, KoppekTHas paboTa AeKonepa CTAHOBUTCS NPUHLIM-
NMAJIbHO HEBO3MOXHOM. IIpn ymeHbienun f, Hike f Hapsany ¢ «3aBajloM» TIEpeIHEro 1
3aTHETO (PPOHTOB MMITYJILCOB HAUYMHAETCSI TAKKE 3aMETHOE YMEHBIIICHUE WX aMIUTUTYIbI
(MHEpPTHOCTH (DUJIBTPA HACTOJIPKO BBICOKA, YTO €r0 BBIXOMHON CHUTHAJI HE MOXET JOCTUT-
HYTh CBOEr0 MaKCHMMAJIbHOTO 3HAYEHWsI 32 BpeMsl HaXOXICHUS BXOIHOTO CUTHaja B CO-
CTOSTHUM BBICOKOTO YPOBHST). DTO TIPUBOIUT K YMEHBIIICHUIO OTHOIIEHUST CUTHA/IIIYM U K
TAJICHUIO TIOMEXOYCTOUMBOCTH. [IJIs1 yCTpaHEeHUs 3TOTr0 HexenaTeIbHoro 3¢ dexra Ha Ipak-
THUKE PACIIUPSIOT TOJIOCY IIPOIYCKAHUS TPAKTOB JEKTPUUECKUX U ONTHYECKUX CHCTEM
CBSI3M Ha BUTHIX Mapax MAKCUMYM B JIBa pa3a OTHOCUTEJILHO TEOPETUUECKOTO MUHUMYyMA.

2.3.1.3. Cnocob6bl o6ecneyeHusl TAKTOBOM
CHHXpPOHU3auum B uuPPOEBOIH ceTeBOM annaparype
OpnHoit 3 mpo06JieM, BOZHUKAIOIINX TP Tlepeade CUTHAJIOB IT0 U(PPOBBIM KaHAIaM
CBSI3U, SIBJISIETCS HEOOXOAMMOCTh OOecCIleueHMs] CMHXPOHHOM ITOOMTHOI pabOTHI IIe-
penaTyuka U MpueMHUKa (WIM TaKTOBOM cMHXpoHM3anuu). OHa Heooxomuma IS mpa-
BWIBHOTO OTIpeeIeHUs] IPUEMHUKOM MOMEHTa BpeMeHU, B KOTOPHIN OH JOJIKEeH IPO-
W3BOJIUTH CTPOOMPOBAHNE BXOJHOTO CUTHAJIA U AEKOIMPOBAaHUE MOTYYeHHON MHMOP-
Manuu. B 3aBUCMMOCTM OT TIpUHIIMIA peaju3aluy pas3invyalT aCMHXPOHHYIO U
CUHXPOHHYIO TaKTOBYIO CMHXPOHM3AIIMIO, KOTOpas MOXET OBITh peaqn3oBaHa pas-
JUYHBIMHA MeTofamMu. OO6IIMe CBOMCTBA 9TUX METOAOB CUCTEMATU3UPOBAHKI B Ta0. 19.
B acunxponnbix cucreMax TaKTOBBIE TeHEPATOPHI IPUEMHUKA U TIepeaTInKa padoTaioT
MPUMEPHO Ha OAMHAKOBBIX YACTOTAX, OMHAKO (DYHKIIMOHUPYIOT TIOJTHOCTHIO HE3aBUCUMO
JIPyT OT Apyra, a CUHXPOHMU3AIMsI O0ECIIeYMBAETCsl 32 CUET BBEIACHUS JTOTIOTHUTETBHBIX
UMITY;TbcOB. OfIMH 13 BO3MOXHBIX M HanOoJIee YacTo TIPUMEHSIEMbIX Ha MPAKTUKE ajro-
PUTMOB BBITIOTHEHUSI aCHHXPOHHON TaKTOBON CMHXPOHU3AIIUN PEATTM3YETCS CIETYIONIM
obpazoMm. HemocpeacTBeHHO Tepei HauaIoM Tiepenaur JaHHbBIX B KaHAJT CBSI3U TTepeaaeT-
Csl OMMHOYHBIN CTapTOBBIN MMIyJkC. [locie momyyeHus: 3TOro UMITyJIbca IPUEMHMK Ha-
YUHAET MpOoIlecC IpreMa U TEKOAUPOBAHMS MO/ YIIPABICHUEM CBOETO BHYTPEHHETO TaK-
TOBOTO TeHepaTopa. M3-3a pa3HOCTH YaCTOT 3aaIOIINX TeHepAaTOPOB IMPUEMHUKA U TIepe-
JMaTYnuKa JaHHas IIpolleypa MPOTeKaeT 3a OTHOCUTETHbHO HEOOJBIION MPOMEXYTOK
BPEMEHM U COITPOBOXKIAETCS 0OPaOOTKON OIMpeIeIeHHOTO KOJIMYECTBA TOChUIOK TUMpO-
Boro curHaia. [TocieqHUM B TiepeiaBaeMoil B KaHaJI CBSI3W UMITYJILCHOM TOCIe0BaTeNh-



HOCTH BCETJA IMIPOXOIUT CTOIIOBBIA UMITYJIBC, MPU MOTyYEHUU KOTOPOTO IMPUEMHHUK IIpe-
KpallaeT rpoiiecc aekoapoBanust. OuepemHast IIoCc/Ie0BaTeIbHOCTh JAHHBIX MOXET ObITh
TepeaaHa mocJje naysbl OOJbIIel NI MEHbIIEH JTUTEIBHOCTHY (3alllUTHOTO MHTEpBAIa) U
TaKXe JTIOJKHA COIPOBOXKIATHCS CTAPTOBBIM M CTOIIOBBIM CUTHasIaMU. [1om0OHBIN TTpUH-
1IUIT UCTIOJIb3yeTcsl B paboTe uHTepdeiica RS-232 B acuHxpoHHOM pexume. PaHee Takoit
METOJ TIepefad IMUPOKO MCIIOIB30BAJICS TaKKe B HU3KOCKOPOCTHOM Tenerpacuu, Tie
OBLT M3BECTEH 110l HA3BAaHUEM CTapT-CTOITHOTO METO/IA.

B rpynny cunxpoHnHbix METOIOB TaKTOBOUW CMHXPOHU3ALIUU BXOJSIT:

e CHUHXPOHU3AIWS MO BBIICIEHHOMY KaHaTy;

e MpemoIpeeeHHbIE CUHXPOIOCIEIOBATEIbHOCTH;

*  CAaMOCHHXPOHU3AIIMSI.

CHMHXPOHHM3AIMS 10 BbIIEJIEHHOMY KAaHAJY 3aKJII09aeTCsl B MCITOJIb30BAaHUM TIepeIaTIy-
KOM ¥ TIPMEeMHUKOM OIHOTO OOIIEro TaKTOBOTO TeHepaTopa C Iepeadeil ero CHHXPO-
CHUTHAJIOB TI0 BBHIIEJIEHHOMY TapajUIeIbHOMY KaHaTy. DTO CITOCO0 IMMMPOKO TIPUMEHSIET-
csl B KaHAJIaX CBSI3M HEOOJBIION MPOTSIKEHHOCTH, HAIpUMep B Pa3IMYHBIX BapraHTaX
cuHXpoHHOTO MHTep(deiica RS-232. OgHako 1151 GOJBIIMHCTBA BBICOKOCKOPOCTHBIX CH-
creM cBsizu, pabotaromux 1o KaHajgam CKC, ucronb3oBaHue IIsI CHHXPOHM3AIUN CO-
CeIHUX BUTHIX Iap WIM ONTHYECKHMX BOJIOKOH OKAa3bIBAE€TCSI SKOHOMUYECKU HEIeJIeco-
o6pa3HeiM. KpoMe TOro, Ha UIMHHBIX JUHUSIX MOTYT BO3HUKHYTH JOIOJTHUTEIbHBIE
TEXHWYECKUE TPYAHOCTH, CBSI3aHHBIE C HEHYJIEBOM PAa3HOCTHIO 3aIePXKEK MPOXOKICHUS
KabeJIbHOTO TpakTa UH(POPMAIIMOHHBIM U CUHXPOHU3UPYIOIIUM CUTHAJIaMU (skew).

IIpenonpeneneHHbie CHHXPONMOCIENOBATENLHOCTH (CUHXPOKOMOWHAIINN) TIEPUOIAYEC-
KJ BCTaBIISIIOTCS B CUTHAJ Ha TepefalolleM KOHIIE MEXIy ITOChUTKAMU NaHHBIX. YCT-
POMCTBO BBIIEIEHUST TAKTOBOM YaCTOTHI IIPUEMHMKA HACTPOSHO Ha TIPHEM TaKOW CHH-
XpOTOCIIENOBATEILHOCTY U MCITONB3YeT Pe3yabTaT ee 00pabOTKY ISl IIOCTOSTHHOM IO/~
CTPOUMKM CBOEro BHYTPEHHETO TAKTOBOTO TeHeparopa. DTOT METOA Ype3BbIYAHO
3¢ dexTUBEH B CMBICIIE MCTIOIL30BAaHUS TTOJIOCH TIPOITyCKAaHMS KaHalia CBSI3W, OIHAKO
TpeOyeT JOCTATOYHO CIIOXHBIX CXEM BBIIEICHUST CUHXPOKOMOMHAIIMI M3 HEIIPEPHIBHO-
TO TTOTOKA JAHHBIX C WX TOCIenyoIeil 00paboTKO 1 He 00ecreunBaeT BHICOKON CKO-
POCTH BXOXIEHHUSI B CMHXPOHM3M, OYCHb BaXKHOM JIJIST OOJIBIIIMHCTBA THUIIOB CETEBOM
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Puc. 32. lludposbie Koabl:

a) 6e3 Bo3Bpara K Hymo 1o ypoBHO (NRZ);
0) 6e3 Bo3Bpara K HyJI0 ¢ MHBepcueit Ha exuHuLax (NRZI); B) c Bo3Bparom k Hymo (RZ);
T) MaHYEeCTePCKUii; 1) nuddepeHunaTbHbIl MaHUYECTePCKUil; €) 0itouHbIi Kog 4BSB + NRZI
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armmapatypsl JIBC. OH 1mMpoko mpuMeHsieTcsl B U POBBIX cCUCTEMaX TeJe(OHHOM CBsI-
31 U APYroro o00pyIoBaHUsl, KOTOPOE YCTAHABIMBAETCS Ha CETSIX CBSI3U OOIIETO MOTb30-
BaHUSL.

MeToa caMOCHMHXPOHH3AIMM TAaKKe OCHOBAaH Ha MPUMEHEHWM IBYX Pa3HBIX TAaKTOBBIX
TeHepaTopoB B IepeaaTdnke W B IIPUEMHHMKE, OMHAKO He IpeaycMaTpUBaeT BBIACICHUS
OTIETBHBIX CUTHAJIOB TSI X CUHXpoHM3aIuy. OCHOBHAsI HIesl €r0 peain3alliy 3aKiroda-
€TCSI B TOM, YTOOBI IIPUIaTh TAKOW BUJI CAMOMY JIMHEITHOMY CUTHAJY, KOTOPBIi TTO3BOJISI-
€T MPUEMHUKY TOCTOSTHHO TTO/ICTpanBaTh YaCTOTY CBOETO TAaKTOBOTO IeHepaTopa IO Ya-
CTOTYy CHUTHaJa, KOMIICHCUPYSI TEM CaMbIM B3aMMHBIN JApeii¢) 4acTOT CMHXPOCUTHAJIOB.
151 aTOr0 anroput™ (GOpMIPOBAHMUS TMHEHHOIO KOAa BRIOMpPAETCs TAKM 00pa3oM, YTOOKI
CUTHAJT B JIMHUU MMeEJI 9aCThIe JOCTATOUHO PETYJISIPHBIE CMEHBI COCTOSTHUST MEXKIY JIOTH-
yeckumu 0 u 1. JlaHHbIE MepeXo/ibl SIBISIOTCS TEM YIIPABJISIONIMM BO3IEUCTBUEM, KOTO-
pO€ OCYIIECTBJISIET TTOICTPOMKY YaCTOThI TAKTOBOTO TeHeparopa npueMHuka. Iloxyuus-
mue mmpokoe pacnpocrpaHerHue B JIBC kompl, peanusyroliue paccMaTpUBaeMblii IPUH-
AT, HAa3BIBAIOTCS CAMOCUHXPOHU3UPYIOIIMMU. B OT/IM4me OT CTapT-CTOMTHOTO MEXaHN3Ma
Takol croco® o0ecreyeHrs] CMHXPOHU3AIMU He TpeOyeT HAIMYUS 3alllUTHOTO MHTEepBaIa
MEXJIy OTIETbHBIMU OJIOKAMU JaHHBIX, YTO TTO3BOJISIET Oosee 3¢h(PeKTUBHO UCIIOIB30BATh
TPOITYCKHYIO CITOCOOHOCTDh KaHasa cBsi3u. OT MeTona MpeolpeaesieHHbIX CUHXPOITOCTIe-
JIOBATEJIbHOCTEN pacCMaTPUBAaEMbIii METOJ BBITOIHO OTIMYAETCS BBICOKON CKOPOCTHIO
BXOXJIEHUSI B CHHXPOHU3M TIPUEMHMKA U TIepeaaTInKa.

2.3.2. KoAbl HU3KOCKOPOCTHBIX 3AEKTPUUECKMX CUCTEeM

Ha puc. 32 moka3aHbl IpuMepbl HEKOTOPBIX TUIIOB JMHENHBIX CUTHAJIOB IIPU KOTUPO-
BaHUU KOJAaMU PA3JIUYHBIX BUIOB UCXOJHOTO IUGPOBOTO COOOINEHUS JIUHOM 1 GaitT
(11001010 B ABOMYHOM KOJIE).

2.3.2.1. Koabl 6e3 Bo3BpaTa K HYAIO

Kon 0e3 Bo3BpaTa K HyJio no yposHio (puc. 32a). Kom NRZ, ocHoBaHHBII1 Ha ITOC/IE0Ba-
TeJIbHOI 0e3 KaKHX-JIM00 IpeIBapuTeIbHBIX IIPpeo0pa30BaHUil mepenade OTAeIbHBIX OM-
TOB MCXOIHOTO COOOIIEHUS B KaHAJl CBS3U, SIBJISIETCSI MIPUMEPOM IIPOCTEMIIEN pean3a-
LMY MOAYJISIIIUYA YPOBHEM CUTHaIa. Ero OCHOBHOE MPEeUMYyILECTBO — MPOCTOTA peain3a-
UM Y1 MUHUMAaJIbHAasi TIOTPEOHOCTh B IIMPUHE TIOJIOCH! TIPOIyCKaHUs KaHayia. [J1aBHbIM
HenocTaTkoM NRZ-KonmupoBaHMSI CUYUTAETCS CIOXHOCTh CUHXPOHU3ALMHI. DTO 00YCIOB-
JIEHO T€M, YTO Ha UIMHHBIX MOCIEAOBATEIbHOCTSIX CIEAYIOIIUX TOAPSI APYT 32 IPYTOM
HyJIEW ¥ €AVHUL TIOICTPOIKA TAKTOBBIX T€HEPATOPOB MIPUEMHMKA HEBO3MOXKHA.

Kon NRZ 06b14HO ucmonbiyeTrcsi B IM(POBBIX MUKPOCXEMaX CETEBOrO 0OOPYIOBAHUSI.
CHUHXpOHM3AIMST STUX YCTPOICTB 00ECIIEYMBACTCSI OAKIIOUEHUEM K OOIIE IIIMHE CUHX-
poHM3anmu cereBoro nHTepdeiica. B kaHanax cBs3u kom NRZ o0braHO TIPUMEHSIETCSI TaM,
TJIe OpraHM3aIvs BhIICICHHBIX JIMHUH CUHXPOHU3ALMK He BBI3BIBACT IPO0JIeM, HAaIIpuMep
st peaym3aiuy uHTepdeiicoB V.24 (RS-232). Ormerum, uto Kox NRZ umeer mocTostH-
HYIO COCTaBJISIIOIIYIO, TO €CTh ISl €r0 MepeAayy JUHUS CBSI3U JI0JDKHA TIPOITyCKaTh CUTHA-
JIbI ¢ HyJIeBOI yacToToil. OMHUM U3 YCIOBUI pealn3aluy OaJlaHCHOM Tiepeiauy 10 BUTHIM
Tapam SIBJISIeTCsI IpUMEHEHE B IpUeMOTIepelaTYhKaX CETEBOI0 000PYIOBaHUS pa3BsI3bIBa-
IOLIMX COITIACYIONIMX TpaHC(HOPMATOPOB, Tepeada MOCTOSIHHON COCTABJISIIONIEH CUTHAIa
yepe3 KOTOpble HEBO3MOXKHA. JIJIsT yCTpaHeHUST 3TOr0 HEOCTaTKa B CUMMETPUYHBIX TIETISIX
ucronb3yercss Monudukaims Koma NRZ, momyduBinas HazBaHUe TOSIPHOTO Kofa 6e3
Bo3Bpata K Hymo (PNRZ — Polar Non Return to Zero). B Hem oruueckast 1 komupyertcst
OTpUIIATETLHBIM HAIIPSDKEHUEM, a Jlormdeckuil 0 oioxuTeTbHBIM. OTHAKO U B 9TOM CITy-
yae M3-3a HEBO3MOXHOCTH TIepefayy MTOCTOSTHHOW COCTaBJIsitolei curHail B Koge PNRZ
Ha JUIMHHBIX TIOCIEA0BaTeIbHOCTSIX HYJIEH 1 €IMHUIL CTPEMUTCS K HYITIO, TO €CTh HUCITBITHI-
BaeT CWIbHBIE UCKAXXEHUS 1 TMPAaBUJILHO TIepeiaBaThCsl HE OYIIET.



Kon 0e3 Bo3Bpara K Hymo ¢ uaBepcueil Ha emuanax — NRZ-I (Non Return to Zero, Invert
on ones), puc. 336. Kon NRZ-I sBnsieTcst mpocteifiiieit peamzaiiei IpyuHIUIA KOIUPOBa-
HMSI CMEHOH YPOBHSI cUTHaJIa Wi TuddepeHIManbHOro KonupoBaHusi. CUTHaI Ha MPOTS-
JKEHUU BCETO TAaKTOBOTO MHTEPBaJIa HE MEHSIETCS, TIpU 3TOM Jiormdeckue 0 1 1 KomupyroTcst
OTCYTCTBUEM U HAIMYMEM CMEHBI YPOBHS CHUTHAIA B Havyale MHTEpPBaJla COOTBETCTBEHHO.
IIpumenenue nuddepeHIMaTbHBIX KOIOB IaeT ONpeAeIeHHbIe MPEMMYIIECTBA TIPU Opra-
HM3AIMK KaHaIa CBSI3U B CJIOXKHOI ITOMEX0BOI o0cTaHOBKe. B 3T0i1 cuTyarum onpeneneHue
CMEHBI YPOBHSI CUTHAJIA OKa3bIBaeTcsl OoJiee HaIeXHbIM, YeM CpaBHEHUE €r0 aOCOTIOTHOTO
YPOBHSI C TIOPOTOBBIM 3HAYE€HUEM, BBIIIOJIHSIEMOE KOMIIApaTOPOM.

W3 onurcaHHOTO BHIIIE aJropuTMa (OPMUPOBAHMS JIMHEHMHON KOIOBOM ITOCIeI0Ba-
TEJIbHOCTU SIBCTBEHHO CJIEAYeT, 4TO ucnosb3oBaHue koga NRZ-I naubonee s3pdek-
TUBHO B T€X CIy4asix, KOTIa BEPOSATHOCTh P MOSIBJIEHUST OMHOTO JIOTMYECKOTO CUMBOJIA
B TaKO# MOCJIEAOBATEIbHOCTU CYLIECTBEHHO MPEBBIIIAET BEPOSTHOCTD MOSIBICHUS IPY-
roro, HaipuMep P(1) >> P(0). B paccmaTpuBaeMoM citydae IoTepsi CUHXPOHU3AIIUT
MOXET MPOU30UTU TOJBKO Ha JUIMHHBIX MOCJIEAOBATEIbHOCTSIX HyJeil. st ycTpane-
HUS 3TOTO HEIOCTaTKa MCIOJb3YeTCsl TaK Ha3bhlBaeMOe CKpeMOJIMpoBaHUE, OCHOBAaH-
HO€ Ha MpephIBAHUU TaKUX II0CJIEIOBATEILHOCTEM M30BITOUHOM JIOTMYECKON €OUHU-
meii. Ha mpakTuke MpUMEHSIOTCS KaK IIporpaMMHBIe, TaK U anmapaTHbIe pean3alu
ckpeMmbiiepa. IIporpammHas peanusanusi ckpemOiaepa OOBIYHO BO3Jlaraercsl Ha IMpo-
TOKOJI 60Jiee BBICOKOTO YpOBHSI. [IpuMepoM MOXET CIIy>KUTb MPOTOKOJI KOTUPOBAHUSI
SDLC/HDLC kxogom NRZ-I. AnmapaTHbiii ckpeMOiiep, ucnoib3yemslii B ceTsix CDDI
(TP-PMD) u 100Base-TX, 6ojee mogpoOHO pacCMaTpUBACTCS HIXKeE.

2.3.2.2. Koabl ¢ BO3BPaTOM K HYAIO

s ycTpaHeHUsI OTMEUYEHHBIX BBIIIE HeAocTaTKOB KogoB NRZ u PNRZ ucnomnnsy-
10TCSI 60JIee CIIOXKHBIE MPUHIUIIBI KOTUPOBAaHUS, KOTOPble OCHOBaHBI Ha 100aBlIeHUU
HOBBIX UMITYJIbCOB K UCXOJHOM MOCIEN0BATEIbHOCTH, a TAKXKE BO3MOXHOI MHBEPCUU
OTIEJIbHBIX 3JIEMEHTOB 3TON MOCIEAOBATEIbHOCTU MO CIEHUATBHO NOJOOpaHHOMY ajl-
roputMy. COBOKYITHOCTh 3TUX IIPHUEMOB ITO3BOJISIET ONTUMAIBHBIM 00pPa3oM COTIAaco-
BaTh CBOICTBA CUTHaJa C TapaMeTpaMy KaHaja CBSI3M 10 TOMY WJIA UHOMY KPUTEPUIO,
YTO CONPOBOXIAETCS YBEIUYCHUEM ITOMEXOYCTONUYMBOCTU, O0ECIEUNBAET HANLEKHYIO
paboTy Lienell TAKTOBON CMHXPOHM3AIMHU, TTO3BOJISIET OoJiee IMOTHO MCIIONb30BaTh MO-
TEHINAIFHYIO MPOITYyCKHYI0 CIIOCOOHOCTh KaHajla CBSI3W W YBEJIWYUTH 32 CUET ITOTO
OBICTpOmelicTBIE ceTeBOll ammapatypsl. OCHOBOU MOJIOXUTENBHOTO dddeKTa SBIIeT-
cs BBEJICHNE B JTMHEUHBIN CUTHAJ OTIPE/IeJICHHON M30BITOYHOCTH. BHEITHe OHa BhIpa-
KaeTcs B TOM, YTO TaKTOBad 4acToTa f, JIMHEHHOro CUrHajla BO3PAcTaeT IO CpaBHe-
HUIO ¢ MH()OPMAaUMOHHOM’, TO ecTb f > f .

Kon ¢ Bo3sparom Kk Hymo — RZ (Return to Zero), puc. 32B. Kon RZ ucnomns3yer
WMITYJIBCHI Pa3HOM MOJISIPHOCTH VIS TIpeacTaBieHus Jormdeckux 0 m 1 ¢ Bo3BpaToM K
CpeIHEMY YPOBHIO B CepeAMHE TaKTOBOTO MHTEpBajia. DTOT KOA OTHOCHUTCS K KJIaccy
CaMOCHHXPOHU3UPYIOLIUXCS, TaK KaK 00eCIeYnBaeT TapaHTUPOBAHHYIO CMEHY YPOB-
HSI CUTHQJIa Ha KaXJIOM TaKTOBOM MHTepBajie. IpyruM ero mpeuMyiecTBOM SIBJISIETCS
OTCYTCTBUE MOCTOSIHHOI COCTaBJISIIONICH CUTHAJA, YTO JeJIaeT BO3MOXHBIM €ro Mmpu-
MEHEHUE B CUCTeMax CBsI3U ¢ OajlaHCHON mnepefaveil. OqHako Npu nepenaye Kaxiaoro
OWTa CUTHAJ IBaXIbl MEHSET CBOM YPOBEHB, YTO NMPUBOIUT K YABOCHHUIO TAaKTOBOM
YaCTOTHl U, COOTBETCTBEHHO, YIBOCHUIO HEOOXOAMMOI IIMPUHBI IOJIOCH 4acTOT Ka-
Haza 1o cpaBHeHUIo ¢ NRZ-konoMm. [Ipumenenune RZ-xonoB TpedbyeT hopmupoBaHuUs
1 00pabOTKM TPEXYPOBHEBBIX CUTHAJTIOB, YTO HECKOJIBKO YCIOXHSIET CXEMOTEXHUYEC-
KW€ pEeUIeHUs] MPUEMOIIEPEAATYUKOB IEKTPUUYECKUX CUCTEM U IO PACCMOTPEHHBIM
Jajee MpUYUHAM TTPAKTUYECKU HE TO3BOJISIET MPUMEHSTh €0 B TEXHUKE ONTUYECKOMN
CBSI3U.
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Manuectepckuii (Manchester) kox (puc. 32r). DTOT CaMOCUHXPOHU3UPYIOITUIACS KO
0e3 MOCTOSIHHON cocTaBiisiioniell GopMUPYeT CUTHAI TOJIBKO C ABYMSI YPOBHSIMU U
OIpeieNisieT 3HaUeHNe OUTa HAallpaBJIeHUEM CMEHBI YPOBHS CUTHAJA Ha CEpeIUHE TaK-
TOBOTO MHTepBaja. Jlormueckuit 0 KogupyeTcss CMEHO YpOBHS CUTHAJIa OT HU3KOTO K
BBICOKOMY, a JIOTUYecKasi 1| — OT BBICOKOTO K HU3KOMY (TO €CTh Ha TAKTOBOM HHTEp-
Basie T, BCErna MpUCYTCTBYET MMILYJIbC JIUTeNbHOCTRIO T, /2, mpudyeM pu nepenayde 0
OH HaxOIUTCS B IIEPBOI IOJIOBIHE 3TOTO MHTEPBaja, a IIpu repenade 1 — BO BTOPOI).
IIpu mepexonme OT HySI K €IWHUIE WM 00paTHO M3MEHEHUS YPOBHS HE MPOUCXOMMNT.
OTcyTcTBYE U3MEHEHUS YPOBHS CUTHAJA B CEpeIHE TAKTOBOTO MHTEPBAJa UCIIONb3Y-
€TCsI B KauecTBe MpU3HaKa cpabaThIBAHUS PEIIAIOIIETO YCTPOMCTBA AeKOoAepa B HEKO-
TOPBIX TUMAaX MpUeMHUKOB. Ko paccMaTpuBaeMoro Buja 3a CYET HAJIMYMS TapaHTU-
POBaHHOTO Tepenana B CepeJMHe TAKTOBOI'O MHTEPBaja CYIIECTBEHHO YIIPOIIAeT CXe-
MBI CHHXPOHU3AIIUY IPUEMHUKA, ¥ €70 CUTHAJ HE UMEET IIOCTOSTHHON COCTaBJISTIONIEH.
OpHaKo ero mMpuMeHEeHUEe TakKe IMPUBOIUT K YABOCHUIO TAKTOBOI YAaCTOTHI OTHOCH-
TeabHO NRZ-K010B.

IIpocToTa cXeMOTEeXHUYECKOH peain3alliy MPUEeMHUKOB U MIEPeIaTINKOB C MaH4e-
CTEPCKUM KOAMPOBAHUEM IIPUBEJIA K OY€Hb IIUPOKOMY UX PACIIPOCTPAHEHUIO Ha TIpaK-
TuKe. Tak, HampuMep, MaHYECTEPCKOE KOJUPOBAHME MCIIOJIB3YETCSI BO BCEX PA3HO-
BuAHOCTSIX MHTepdeiicoB cetu Ethernet co ckopocThio mepenaun gaHHBIX 10 M6ur/c
(10Base-5, 10Base-2, 10Base-T m FOIRL). [Ing HuX TakTOBasi 4acTOTa JIMHEHHOTO
curtHaia cocrtasisieT 20 MI'. Kak Gbuto ITOKa3aHO BBIIIE, ST BOCCTAHOBJIIEHUS CHUT-
HaJla HAa TIPUEMHOI CTOPOHE BEPXHSISI TPAaHMYHASI YACTOTa KaHaJla CBSI3M JIOJKHA CO-
CTaB/SITh HE MEHEE IOJIOBUHBI TAKTOBOW YacTOTHl LUGPOBOTO JIMHEHHOTO CUTHAJIA.
Kanainsl cBsi3u kareropuu 3, Ha KOTOpbix paboraer cetb Ethernet 10Base-T, umeror
BEPXHIOI TPaHUYHYIO yacToTy 16 MI'1, uto B 1,6 pa3za mpeBHIIAET TCOPETUUICCKUIA
MHMHUMYM. Bce yacToTHBIE cocTaBlstolue cbire 16 MI'1T paccMaTpuBaiOTCs Kak IMo-
MEeX{ U MOJABJISIIOTCS HU3KOYACTOTHBIM (DWIBTPOM Ha BXOZE NMPUEMHUKA.

Juddepenunansubiii Manuyectepekuii (Differential Manchester) kon (puc. 321), kak
9TO CJIENyeT U3 er0 Ha3BaHUsl, SIBJSIETCS PA3HOBUAHOCTBIO MaHUecTepckoro kona. Ce-
peauHy TaKTOBOTO WHTEPBAJIA JJMHEHHOIO CUTHAJIA OH MCIIOJIb3YET TOJbKO JUISI CUHX-
pOHM3allNU, U Ha HEW BCErna MPOUCXOAUT CMEHa YpOoBHs curHaia. Jlormyeckue 0 u 1
TepenaloTcsl HAIMYKMEM WIM OTCYTCTBMEM CMEHBI YPOBHS CUTHAaja B Hayajle TaKTOBO-
To MHTepBaja, COOTBETCTBEHHO. PaccMaTpuBaeMBlil KOJ UMeET Te Xe caMmble IpeuMy-
LIECTBa U HEJOCTATKM, YTO ¥ MaHYecTepckuil. [IpuMepoM cUCTeMBI Iepeaadn JaHHBIX
¢ nuddepeHIIMATPHBIM MAHYECTEPCKUM KOIUPOBAHUEM siBIsieTcsl ceTh Token Ring 4
u 16 Mb6ut/c. 16-MeTaOUTHBIN BapyaHT 3TOM CEeTHM paboTaeT IO KaHajaM CBSI3W Ha
OCHOBE BUTHIX Map KaTeropuu 4 ¢ BepxHeil rpaHndHOM yactoroit 20 MTI'1, uro Bcero B
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Puc. 33. CereBoii unrepdeiic 100Base-T4:

a) cxeMa B3auMojeicTBust; 6) KogupoBanue 8B/6T



1,25 pa3a mpeBbllIaeT TeopeTudecknii MUHUMYM. CTOJIb MaJIbIil 3amac TpedyeT JocTa-
TOYHO CJIOXKHBIX CXeM 00paOOTKM CHUTHAJIA, YTO HE B MOCJEAHIO OYEPEIb ONpeaes-
€T BBICOKYIO CTOMMOCThH CETEBOTO OOOPYIOBAaHUS STOTO CTaHAAPTA.

2.3.3. 0cCO6eHHOCTH UCNOAbL30OBaHUA KabeneW U3 BMTBLIX nap
BbICOKOCKOPOCTHBIMM CEeTeBbIMH YCTPOMCTBaAMM
K BBICOKOCKOPOCTHBIM CETEBHIM YCTPONCTBAM B TAaHHOM CJIy9ae OTHECEM CETeBBIC
untepdericsl JIBC co ckopocthio nepemgauun 100 u 1000 Mour/c. Ilo cpaBHeHUIO C
HM3KOCKOPOCTHBIMYM aHAJIOTAMU OHU MMEIOT JBE OCHOBHBIE OCOOEHHOCTH:

e ILIMPOKOE MPUMEHEHUE MPOLEAYp MapaUIebHOM mepenadyn NHOOPMAIMOHHOTO

ITOTOKA IO HECKOJIBKUM BUTHIM IapaM OIHOBPEMEHHO;

e  JCIOJB30BaHME MHOTOYPOBHEBOTO KOAMPOBAHUS.

IIpu 3TOM B KaXI0M KOHKPETHOM CIIydae IMIPUMEHEHNE STUX IMPUHITUIIOB T pea-
JTm3anuu uHTepdeiica UMeeT CBOM OCOOCHHOCTH.

2.3.3.1. Cxema kopupoBaHua ceTtu 100Base-T4

HNutepdeiic Tuna 100Base-T4 pa3pabarbiBasicsl ¢ yueTOM BO3MOXHOCTEN UCITOIb30Ba-

HUS CYILIECTBYIOIIEeH KabeabHOU MpoBOAKMU KaTeropuu 3 s nepegauu 100-meradur-

HBIX CUTHAJIOB B ITOJIYAYIUIEKCHOM pexkuMe. CTpyKTypHasi cxema B3auMOJIEUCTBUS IBYX
ceTeBbix mHTep(deiicoB 100Base-T4

PR R g g et n3obpaxeHa Ha puc. 33a. B obopyno-

: BaHWU pacCMaTPUBAEMOTO CTaHAApTa

f
S i !
a) %_I“‘“”?“’“ e & TE IUTS TIepeiady MHGOPMAIUU B KAXKIbIit
i e ! "7 KOHKPETHBI MOMEHT 3a€CTBOBAHbI
6) ! i E OIHOBpeMEeHHO Tpu maphl. [lapsl 1 u
i P L“ | E““ 2 IPUMEHSIIOTCS IS OTHOHAIIPABJIEH-
B) [ i e e _ . HOIl Tmepenayu CHUTHAJIOB, 4TO obec-
|_| E i ﬂ I_z i ﬂ |_ IIEYMBAET BO3MOXHOCTb (DYHKIIMOHU-
o o - pOBaHUSI MexaHuU3Ma OOHapYXKEeHUS
Puc. 34. Cxema komgupoBanust MLT-3: KOJUIM3UI, TOT/Ia KaK mapsl 3 u 4 Mo-
a) curnan B koge NRZI; 6) curnan B kome MLT-3; TIYT paboTath B pexXuMe JByHATPaB-
B) CUTHAJI TAKTOBOTO TeHEPaTopa JIeHHOU nepenaun. Hanmpasnenue ne-

pemady MaHHBIX TI0 3TUM TIapaM B TaH-
HBII KOHKPETHBII MOMEHT BPEMEHU OIpeleseTcs] YIPaBISIOUMMHU CUTHAIAMU.
Hcnonp3oBaHKe Tpex BUTHIX ITap ONHOBPEMEHHO MO3BOJIAET IIepeaaBaTh Mo KaxX a0 u3
HUX UHGOPMAIMOHHBIN MOTOK co cKopocThio 100/3 = 33,33 Mout/c. s yMeHbIe-
HUSI TaKTOBO YACTOTHI TIPUMEHSETCS (OPMUPOBAHWE JIMHEHHOTO CHUTHANA C TPEXy-
poBHEBEIM KooM 8B/6T. CoriacHo aaropuTMy ero peaanu3aniy B Kojepe TepeaaTdu-
Ka 000U TTOCTYIAIOIINIA Ha HETO 8-OMTOBBIA CHMBOJI B COOTBETCTBUM CO CITEIIMAITb-
HOI KOIOBOI Tabiaulelt mpeodbpa3yeTcsl B IIECTh TPEXyPOBHEBBIX CUMBOJIOB, KOTOPHIE
MOMApHO TepeNaloTCsl 10 TpeM BUTBHIM IapaM. B pe3ynbTare 3TOro TakToBasi 4acTOTa
JIMHEHHOrO CUTHAJa CHIXaetcd 10 3HaueHus (100/3)x6/8 = 25 MTI'. MuHuManbHast
IIMPUHA KaHajla CBSI3U IUIS Tiepeiady MUGPOBOTO CUTHAJA C TaKOM YacCTOTOU COCTaB-
jstet 12,5 MI'm, uro B 1,28 pa3a MeHbIIIe IIIMPUHBI TTOJIOCHI IIPOTTYCKAHUS CTaHAAPTHO-
ro KabenpHOro Tpakrta Kateropuu 3 (16 MI'm).

2.3.3.2. Cxema kopuposanua TP-PMD u 100Base-TX

CxeMbl KOIMPOBAaHUS JMHEWHBIX CUTHAJOB ceTeBbIX MHTep(deiicoB TP-PMD u
100Base-TX MOJHOCTBIO UAEHTUYHBI APYT APYTY U UCIOIB3YIOT TPEXYPOBHEBBIN CUT-
Han tunta MLT-3. TIpu 3TOM Tiepegava BBITIOTHSIETCS TOJIBKO MO JBYM BUTHIM ITapam
KaTeropuu 5 U MOXET BECTUCH B TTOJTHOIYIUIEKCHOM PEXUME.
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OCO0OEHHOCTBIO KOJIEPOB pacCMaTPUBAEMbIX MHTEP(EICOB SIBISIETCS TO, UTO pa3pado-
TaHHBII cHavasia ceteBoii uHTepdeiic TP-PMD noskeH ObUT 00eCIeYnTh COBMECTUMOCTD
¢ ypoBHeM PHY cnemmdukarmu FDDI, Ha KOTOpoM UCHONB3yeTCsl paccMaTpUBAEMOE
nJajee OmoyHoe KomupoBaHue thia 4B5SB. TakuM obGpa3oM, Ha BXOI JUHEHHOTO Koaepa
MLT-3 B aTtux unTepdeiicax Bceraa MOCTyMaeT CUTHAM ¢ TAKTOBOM yactoToit 125 MI'w.

Kog MLT-3 (Multi Level Transmission) peanusyercs aHajiorndHo kony NRZ-I u
o6o3Havaetcs uHorga MLT-3 + NRZ-1. i3meHeHue ypoBHS TMHEHOTO CUTHAJIA TTPO-
HUCXOJUT TOJBKO B TOM CJIyyae, €ClIu Ha BXOJ Kojepa MOCTYIaeT eAUHUIIa, OIHAKO, B
ommuue ot Koga NRZ-I, anroputm dbopMupoBaHusi BBIOpaH TaKUM 00pa3oM, YTOOBI
JIBA COCEHMX M3MEHEHMS BCETIa UMEU IIPOTUBOIONIOXHbIe HanpapieHus. @opmaib-
HO Kox MLT-3 saBisercss IBOMYHBIM, OMHAKO IIPUMEHEHHUE IJISI €r0 IIOCTPOSHUS OIIM-
CaHHOTO BBIIIIE aJITOPUTMA TIO3BOJISIET TOJMYIUTh CUTHAJ C TPEMSI COCTOSTHUSIMU U TI0-
CTOSIHHOW COCTaBJISIIOLIEN, MaJlo OTIMYAIONIEICS OT HyJIS JaXe B caMbIX HebJarom-
PUSITHBIX cUTyalusx. YToObl MOJYEPKHYTh 3Ty 0COOEHHOCTb, Koabl Buaa MLT-3 unorma
BBIACJISIIOT B OTAEJIbHBIN MOAKIACC O] HA3BAaHUEM KBAa3UTPOUYHBIX.

Panee 6b110 oTMeueHo, uTo Kog NRZ-I He nmo3BossieT ob6ecneynTsh yCTOMUYUBYIO CUH-
XpOHM3AIMIO 0e3 IPUMEHEHUS CIIeHUaTbHBIX Mep. B TaHHOM KOHKPETHOM ciIydae 3TH
MepBI CBOASTCS K IPUHYIUTEIHPHOMY BBEIEHUIO BO BXOIHOI CUTHAJ KOZAEpa CUTHAJIOB
JIOTUYECKON €IMHULIBI TTPU OOHAPYKEHUHU JJTMHHBIX TIOCIeI0BaTeIbHOCTEN HyIel. B uH-
tepdeiicax TP-PMD u 100Base-TX nanHast GyHKIMST pealu3yeTcsl C UCIIONIb30BAHUEM
anmnapaTHOro ckpemoiyiepa. TeXHMYecKu 3TO YCTPOMCTBO MPEACTaBISIET COOOI CIBUTO-
BBIIl PETUCTP U Te€HEpUpyeT KBa3UCIyYalHYIO MOCIEAOBATEIbHOCTh B COOTBETCTBUU C
MOPOXIAIOMMM MonuHOMOM Bua x!! + x°. BXOAHBIM CUIHAIOM DPETHCTPa SIBJISETCH
caMa MHOOPMAIIMOHHAS TTOCIEA0BaTENbHOCTh. CKpeMOJIEp YCTaHABIUBAETCSI HA BXOIE
komepa MLT-3. B nmpueMHUKe Ha BBIXOIE JeKOIepa BKIIOYAETCS OeCcKpeMOjep, KOTo-
PHBIIi BOCCTAHABIMBAET MCXOAHBIN BUI MHGOPMAITMOHHOTO curHaIa. CHHXPOHU3ALINS UX
paboThl 0OecTieYnuBaeTCsl C IMOMOIIBIO CUTHATIOB COCTOSSHUS JUHUU. CKpembiep ycT-
paHSIET BHIOPOCHI HA YHEPTETUYECKOM CIIEKTPE JIMHEMHOTO CUTHAJIA, YTO JaeT BO3MOX-
HOCTb TOJIyYEHUSI TIPUEMIIEMOTO YPOBHS

MEPEXOHOTO 3aTyXaHusi 0e3 MCIIOJIb30- (el

o o TN
BaHUsSI SKPaHUPOBAHHOI BMTOM IIapHI. J7 g
Eile OmHO CIIEACTBUE HCIIOJIb30BaHUS a-mm-*bwmmm«;wg* -

3TOTO YCTPOMCTBA — MMHUMM3AIIMS OT- L
KJIOHEHUS OT HyJISI TIOCTOSTHHOM COCTaB-
JIIONIEN JIMHEHOIO CUrHajIa.

IIpuMeHeHUE TPEXypPOBHEBOTO KOIM-
poBaHusi MLT-3 mo3BoisieT BABOE
YMEHBIIIUTh TAKTOBYIO YacTOTY JIMHEM-
HOTO CUTHAaJIa, KOTopas cocTanisier 125/
2 = 62,5 MTI'11. BTo 3HaYeHHE C OMpee-
JICHHBIM 3aIlacOM COOTBETCTBYET Tapa-
MeTpaM 3JIEKTPUIECKOTO JUHEWHOTO
TpakTa, KOTOPhIE MOTYT OBITH TOJyYe-
HBI TIPU €r0 MOCTPOSHUM C MOMOIIBIO
3JIEMEHTOB KaTeropuu 3.

CpaBHeHHUE CeTeBBIX MHTepdeiicoB
100Base-T4 u 100Base-TX mokassiBaer,
YTO TIPU OJWHAKOBBIX CKOPOCTSIX TIepe-
nmagu (100 Mour/c) mepexon 100Base-TX
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Puc. 35. YopolieHHast CTpyKTypHasi cxema
nepenatunka 1000Base-T



e  BO3MOXHOCTb peaJM3alliy ITOJTHOMYIUIEKCHOTO peXXruMa paboOThl CETEBOTO WH-
tepdeiica 100Base-TX, yTo pakTHUECKM 5KBUBAJIEHTHO YBEJIMYEHUIO TIPOITYCK-
HOM CITOCOOHOCTHM KaHayia CBSI3M BIBOE;

e CYIIECTBEHHOE YIPOIIEHUE CXEM DJIEKTPOHHON OOpabOTKU CUTHAJIOB 3a CYET
OTKa3a OT YCTAaHOBKU JIBYHAIIPaBJICHHBIX YCWINTENEH, 1IeTIeil MyJIbTUILIEKCHUPO-
BaHUSI U IeMYJIbTUIUICKCUPOBAHUS U T.[I.; TI0 HEKOTOPBIM OIIEeHKaM, CJIOXHOCTD
peanu3aium 3a cueT 3Toro yMmeHbImaercs Ha 80-90% [15];

e OTCYTCTBHE ITOTEPH ITOMEXOYCTOMUMBOCTH, BBI3BIBAEMBIX OTJIMYHBIM OT HYJIST 3HA-
YeHHEeM ITapaMeTpa skew.

VYKazaHHBIE OOCTOSITENILCTBA HE B MOCJEIHIOI OYepPeab CITIOCOOCTBYIOT 3HAUUTENb-

HO 0OoJjiee MMUPOKOMY pacIpOCTpaHEHMIO Ha TpakTuke uHtepdeiica 100Base-TX.

2.3.3.3. TexHuueckue pewenuna 1000Base-T
IIpoexT cTaHmapTa CeTH CO CKOPOCTHIO Mepeauu JaHHbIX B 1 ['0UT/C 110 4yeThIpeM HeIK-
paHupoOBaHHBIM BUTHIM TTapaM — Gigabit Ethernet 1000Base-T — pa3pabaTsiBaeTcs mof-
xomureroM IEEE 802.3ab. [Ipunsarue cranmapra oxuaaercss BO BTopoM kBaprtaie 1999
roga. CeTb J0JXKHA paboTaTh B MOJTHOAYIUIEKCHOM pexXuMe 1o KaHary miHoi 100 M ¢
BEPOATHOCTBIO omOKM He 6onee 10710, B HacTosiee BpeMs MMeETCH Psj IIPEIOXKe-
HUH TI0 YIOBJIETBOPEHUIO 3TUX TPeOOBaHWUI, HAMOOJbIIIEE PACITPOCTPAHEHUE U3 KOTO-
PBIX MOJTYYUSIU TEXHUYECKUE PELIeHUsI, OCHOBAaHHbIE Ha cxeMe KomupoBaHusi PAM-S.
st obecriedeHUsT BO3MOXHOCTH Ilepenadyr MH(GOPMAIIMOHHOrO II0TOKA CO CKOPOC-
1h10 1000 MOwMT/C 110 3MexkTprmyeckuM Tpaktam CKC kateropuii 5 u 6 mipu pa3paboTKe
cereBbix uHTepdeiicoB 1000Base-T ucnonb30BaH CIeaAyONMI KOMILUIEKC MEPOTIPUSITUIA:

e I Tepefauu 3aJefiCTBOBAHbI BCE YETHIPE Mapbl OMHOBPEMEHHO, IIPUYEM IIe-

penayva 1mo Kaxaoil mape BeJeTcs cpa3y B IBYX HAIlpaBJICHUSIX;

e B COCTaB MPUEMOIIEPENATUUKOB BBEACHBI JOMOTHUTEIbHBIE Y3IIbI MUHUMU3AIIUN

OIPEIeIEHHBIX BUJOB IIOMEXOBBIX COCTABJISIOININX;

e HCIIOJB30BaH CIEIUATbHBINA aJITOPUTM CHHXPOHU3AIINH CETEBBIX MHTEP(PEIiCOB;

¢ TMPUMEHEHO ISITUYPOBHEBOE KonupoBanue PAM-5.

VYrpouieHHas cxeMa rpueMornepeaaTyruka nepsoit napsl cetu Gigabit Ethernet 1300-
paxeHa Ha puc. 35.

Hanumune BeICOKMX CKOpoOCTeii nepenauyu nHGpOpMaIuy JUKTYET OUEHB XKEeCTKHE Tpe-
O0oBaHus K cuaxpoHusanuu nHTepdeiicoB 1000Base-T. [Ii1st ee obecredyeHNs OHU BCe-
rna GyHKIIMOHUPYIOT B pexxume Master-Slave. Ilepen HauasioMm paboThI ¢ UCIIOIB30BA-
HUEM paclIUPEeHHOTO MexaHu3Ma Autonegotiation omnpenessieTcsi COOTHOIIEHUE TTPU-
OPUTETOB CBSI3bIBa€MbIX YCTpoiicTB. [1o pesynbraTaM cpaBHeHUs uHTepdeiic ¢ bomee
BBICOKMM IIPUOPUTETOM (KaK IPaBUJIO, B €r0 POJIM BBICTYIIA€T KOMMYTHUPYIOIINAI KOH-
IeHTparop) OepeT Ha ceds PYHKIIMM MacTep-yCTPOMCTBA CUCTEMbl CUHXPOHU3AIIUH,
TOACTpanBast IO YaCTOTY CBOETO TAKTOBOTO reHepaTopa paboTy IepenaTinka Ha Jaib-
HeM KoHIIe. B Tex ciryyasix, Korma IpuOPUTETHI CBSI3BIBAEMBIX YCTPOMCTB OMMHAKOBHI,
BOIIPOC O BBIOOpE MacTEp-yCTPOMCTBA pellaeTcs Xpeduem.

BxomHo# TOTOK maHHBIX co cKopocThio 1 I'ouT/c pacripenesnsieTcsi paBHOMEPHO 10 BCeM
YETHIPEM TTapaM, TO €CTh IT0 KaXKIO U3 HUX JaHHBIE TIepearoTCcsI CO CKOpocThio 250 Mout/c.
st obecriedeHrst BO3MOXKHOCTH JIBYHAIIPABJIEHHOM Iepeaun B cxeMe uHTepdeiica ycra-
HaBJIMBAIOTCS Pa3BsI3bIBAIOIIME yCTpoicTBa (muddepeHnnanbHas cucteMa). KoHeuHast
3¢ HEeKTUBHOCTD €ro (hYHKIIMOHMPOBAHUS MPUBOAUT K TOMY, YTO B MPUEMHMK HapsIy C
CUTHAJIOM OT TiepeJaTurKa ¢ JaJTbHEr0 KOHIIA TIOCTYIIAeT TakKe CUTHAJ TepeaTynKa OmmK-
HETO KOHIIA (9XO-CUTHAJT), KOTOPBIii SIBJISIETCS TOMeXOH. [T MUHMMM3ALMUA €T0 BPETHOTO
BO3MIEHCTBUSI OCJIA0JIEHHBIN B OMPENEIEHHOE YMCIIO pa3 IepelaBaeMblii CUrHa, 00pabo-
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TAaHHBIA B AaHAJOTOBOM M IIU(PPOBOM
¢ubTpax (dpoBOii CUTHAILHBIN IIPO-
1IECCOP) TIPOCTO BBIUUTAETCS M3 CMECHU
BXOIHBIX CUTHAJIOB IIpUEMHIMKA. Besmram-
Ha OCJTabJIeHMs] BBIYMCIISIETCST B IIPOLIEC-
ce HACTPOMKM KaHaJla CBSI3W Tepei Ha-
YajioM pabOTHL.

TouHo 1O Takoil Xke cxeme paboTa-
JOT IIOJABUTEIM TIEPEXOIHBIX ITIOMEX Ha
OMIDKHEM KOHIIe, MPUYeM HacTpoiiKa
BBITTOJTHSIETCSI THAVMBUAYAIBHO TS KasK-
Puc. 36. Cxema nsATMypOBHEBOTO JIOH BIMSIONIEH Taphel. B obmieit ciaox-

Konuposanust PAM Hocty B uHTepdeiice 1000Base-T mpu-
MeHsieTcst 4x3 = 12 6JIOKOB IMOAaBUTe-

JIel TIepeXOMHBIX TTIOMeX Ha OJIMKHEM KOHIIE.

3aTyxaHue BUTOU Mapbl 3aBUCUT OT €€ JJIMHBI U BO3PACTAET C YACTOTOM. JJis1 Kom-
TIEHCAITNY OOJIBIIOTO 3aTyXaHUs BRICOKOYACTOTHBIX COCTABIISIONINX, KOTOPHIE IPUBO-
ST K «3aBUIMBAHUIO» (DPOHTOB MepeJaBaeMbIX UMITYJIbCOB, BO3MOXHO [[Ba MOIXOA:
YBEJIMYEHUE aMILTATYAbl BHICOKOUACTOTHBIX COCTABIISIIONIMX B MepenaTunke (peabic-
KaxXXeHWe) WM YMEeHBbIIEHUe YCUJIEHUS Ha HU3KUX YacTOTax B MPUEMHUKE (KOppeK-
ust). HegoctaTkoM TepBOTO MOAX0A SIBJISIETCS POCT BEJTWIMHBI U3TYISHUS U CHUXE-
HUE TIEPEXOJHOTO 3aTyXaHUsl, BTOPOI MOAXOM COIMPOBOXIAETCSI CHUXEHUEM OTHOIIIE-
HUS CUTHAJIA K IIyMy. 7151 yCTpaHEeHUST OTPUIIATETHHBIX TIOCTIEACTBUIN 3THX d(PheKTOB
B mpuemMHuKe TpaHcuBepa 1000Base-T ucrionp3oBaHa Tak Ha3bIBaeMasi IMHAMUYIECKast
Koppekuusi. [IpuHIUII ee AeficTBUSI OCHOBAH Ha BhIOOpE K03 GbUITMEHTa YCUISHUS Ha
HU3KMX YaCTOTaX B 3aBUCUMOCTH OT YPOBHSI BXOIHOTO curHaa. CorjiacoBaHue MPou3-
BOJUTCSI aBTOMATUYECKM, JUISI YIIPOIIEHUSI CXeMbl KOPPEKIIMKU BbIOpaH 20-MeTpOBBIit
JIVCKPET JJIMHBI KOPPEKTUPYEMOM JTMHUM.

MuHUMU3aNUsS YPOBHS TEPEXOMHBIX IMOMEX B KOMOMHWPOBAHHBIX TpaHCHBEpax
100/1000Base-T mpousBoauTCsl ¢ TTOMOIIBIO TaK Ha3biBaeMoro partial response filter.
DTO YCTPOMCTBO YCTAHABIMBACTCS Ha BBIXOJEC TPAHCHBEPA U BBHITIOJNHIET CYMMHUPOBa-
Hue 3/4 9acTu HOBOTO UMITyJIbca ¢ 1/4 yacTbio npeasiaymiero. Ero Haxuuue mo3BoJsieT
npuoau3uTh popmel criekTpoB nHTepdeiicoB 100Base-TX u 1000Base-T u npuMeHUTH
BBIXOJHON MUMITYJILCHBIN TpaHCchOpMaTOp, XapaKTEPUCTUKN KOTOPOTO ONTUMU3UPOBA-
HBI JUTSI TIOJIYYEHUST MaKCUMyMa TEePEeXOAHOTO 3aTyXaHUsI.

7151 yMEHBIIICHUST TaKTOBOM YaCTOTHI IO BEJIMYMH, ITO3BOJISIIONIMX TIepeaaBaTh MH-
¢opmaIrio o BUTHIM ITapaM KaTeropuu 5 1 6, TaHHbIE B IMHUU TIPEICTABIISIOTCS B TaK
Ha3bIBAEMOM Enhanced TX/T2-xone.
B Hem mepenaBaeMblil cUTHal UMeeT HAOOp W3 MATU (DUKCUPOBAHHBIX YPOBHEH
{=2, —1,0, +1, +2} (xox PAM, puc. 36). YUeTbipe 13 HUX UCIIONB3YIOTCS IJIsT KOTUPOBa-
HUs MHOOPMAIIMOHHBIX OMTOB, a IATHIM MpeaHa3HauYeH i Koppekuuu omubok. Ha
Habope U3 YeThIpeX (PUKCUPOBAHHBIX YPOBHEN OJHOM MOCHUIKOW MOXHO 3aKOJIUPOBAThH
cpasy aBa UH(POPMAITMOHHBIX OUTA, ITOCKOJIBKY YMCIO BO3MOXHBIX KOMOUHAIIMH U3 Ye-
ThIpeX 1o aBa paBHo yeTbipeM — 00, 11, 01 u 10. Takum ob6pazom, curHai B koge Enhanced
TX/T2 umeer TakTOBYIO yactoTy 125 MI11, yTo B 2 pa3za HMXE TaKTOBOM YaCTOTHI OT-
JIEJIbHBIX COCTaBJISIIONIUX MHGOPMAIIMOHHON TocenoBaTeabHOCTH. [lepenaBaembie of-
HOBPEMEHHO T10 BCEM TapaM KabeJsl YeTBepKU ISITepUIHBIX 3HAKOB IIPEICTABIISIOT CO-
00i1 HefeIMMYIO eAMHUILY UH(pOpMaIuK pa3MepoM B ofuH Oaiit. [1pu TakToBOI YacToTe
f. = 125 MI'1 o BceM YeTIpEM IapaM Kabes mepenaeTcss MH(POPMalMOHHEIA OTOK
125 MTI'11 x 2 6uta/mapa x 4 mapsl = 1000 Mowurt/c.



ITonoca mporyckaHust KaHaja CBsI3U ISl 6€301IMO0YHOTO TIpUeMa TaKoW MOCIen0-
BaTeJILHOCTH cornacHo maparpady 2.3.1.2 noikHa cocTaBiATh He MeHee f; > f /2 =
125/2 = 62,5 MI'u. Hanee B maparpade 10.2.1 mokasaHo, 4TO IIMPHUHA ITOJIOCHI IIPOITYC-
KaHus KaHaia Kareropuu 5 o kpurepuio ACR = 10 nb cocrasisier npumepHo 70 MI'w.
Taxum o6pa3zoM, curHajbl ceTeBoro nHrepdeiica 802.3ab B IpuHIIMIIE MOTYT Tiepea-
BaThCS M0 KabelbHOU cucTeMe KaTeropuu 5. [Ipw 3TOM BepXHsIST TpaHUIHAS 9acTOTa
9TOTO KaHaja MpPeBBIIaeT TEOPETUIECKOe MUHUMAIbHOE 3HaUeHUe BCero Ha 12 mpo-
1LIEHTOB, TO €CTh JUISl peajiM3allii 3TOr0 MH(GOPMAIIMOHHOTO OOMeHa MOTpedyrTCs
WHTePGhENCH ¢ OUeHb CIOXHBIMU CXEMHBIMM PEIIEHUSIMA M, COOTBETCTBEHHO, BBICO-
KOH cToMMOCTBI0. CPOK CIIy>KOBI CETEBOIO 000PYIOBAHUS CYILIECTBEHHO YCTYIIAET CPOKY
ciyxx661 CKC (1ab. 1). [TosToMy 00I11eli TEHICHIIMEN SIBJISIETCST YASIIEBICHUE CXEM-
HBIX PEIIeHU ¢ COOTBETCTBYIONM YICIICBICHIEM CETEBOU ammapaTypbl M KOMIICH-
caleil MoTepb MOMEXOYCTOMYMBOCTU 3a CUET YIYUIIEHUsS MapaMeTpoB KaOeabHOU
CHCTEeMEI. YKa3aHHOE€ 0OCTOSITeILCTBO SIBIJIOCH OMHOM M3 IIPUYMH Havala pa3paboTok
2JIEKTPUYECKUX KaOeIbHBIX CUCTEM KaTteropuu 6 u 7.

OIHOBPEMEHHO CTPEMJIEHHE K COXPAHEHUIO XOPOIIO OTPAOOTAHHOTO IIPOU3BOICTBA KOM-
TIOHEHTOB KaTeTOpUH 5 MPHUBEJIO K pa3pabOTKe KaTeropuu Se. DTOT cTaHmapT (puKcupyer
Jie-10pe TOCTUTHYTHII Ha CETOMHSIIIHUN IeHb JIe-(HaKTO YPOBEHb TEXHUKU. DTO MO3BOJISIET,
B YaCTHOCTH, PACIIMPUTH TOJIOCY YACTOT KaHaja mpuMmepHO 1o 85 MI1 mo Kputepuio
ACR = 10 gb. OmHOBpeMEHHO 3TOT CTaHIAPT 3aJaeT JOIOJIHUTEIbHBIC ITapaMeTPhl TUIIA
ELFEXT, cobmoneHre KOTOPBIX SIBJISIETCSI HEOOXOMUMBIM YCIIOBUEM YCTOMYMBOU pabOThHI
tpaHcusepoB 1000Base-T o cumMeTpuyHOMY Kabelio.

IIsarerit n3bsITOuHBlM ypoBeHb Enhanced TX/T2 koga ucnonb3yeTcst Al MOCTPOE-
HUSI ME€XaHu3Ma Koppekiuu omnbok. OH peanusyetcst KogepoM Tpesuiica u AeKoae-
poM Butepou. [IpuMeHeHUe MeXxaHM3Ma KOPPEKIIMU OIMUOOK IO3BOJISIET YBEJIUYUTD
ITIOMEXOYCTOMYMBOCTD ITPUEeMHUKA B 6 1b.

2.3.4. 0co6€HHOCTH AMHEHHDBIX KOAOB ANA ONTHUYECKUX KAHANOB CBA3H
IIpu BEIOOpPE KOmOB I Iepegadyd MHOOPMAIIUMHU II0 ONTUYECKUM KaHajaM CBSI3U He-
00XOIMMO YUYMTHIBATh CIEAYIOIINE OCOOEHHOCTH 3TOM Cpeabl Iepeaadr U 3JIeMeHTHOM
0a3bl ONTUYECKUX TTPUEMOITePEIaTINKOB:

e JIMHEWHBIA CHUTHAJI MOXET IPUHUMATh TOJHKO HYJIEBOE WJIM TOJIOXUTEIHHOE
3HaYeHMe («OTPUIIATEIbHBI» CBET HE CYIIECTBYET), TO €CTh B JIMHUU BCETAA
OyIeT MPUCYTCTBOBATh ITOCTOSIHHASI COCTaBJISIONIAS;

e JIMHUM ONTUYECKOU CBSI3U UCIIOJIB3YIOTCS IJIS Mepeladyd BBICOKOCKOPOCTHBIX
CUTHAJIOB Ha OOJIbIIIME PACCTOSIHUSI, TO €CTh TpeOOBaHUSI MUHUMAJIBLHOTO pac-
IIMPEHUST TIOJIOCH YaCTOT UCXOMHOTO COOOIIEHUSI MMEIOT 0oJjiee BakHOE 3HAYe-
HUE TI0 CPABHEHUIO C JIEKTPUICCKUMU CUCTEMaMU;

¢ O0COOEHHOCTU 3JIEMEHTHOMN 0a3bl, UCTIOIB3YEMOM JJISI TIOCTPOEHUST OINTUYECKUX
KaHaJOB CBSI3M, B YACTHOCTU 3aMeTHas BpPeMEHHas M TeMIlepaTypHasi HecTa-
OUJIBHOCTh MOIITHOCTHU BBIXOJHOTO CUTHAJIa ONTUYECKUX U3JTydyaTesieit (0coOeH-
HO TIOJIYIIPOBOJHUKOBOTIO Jia3epa), He IO3BOJISIIOT IIIMPOKO MPUMEHSITh MHOTO-
YPOBHEBBIE CXeMBbI KOJTUPOBAHMUS,;

e COBpEMEHHBIE ITOJIYIIPOBOJHUKOBBIC U3IyYaTeIM HE MOTYT T€HEPUPOBATh YHCTO
MOHOXpOMAaTUYECKOe U3JIyueHue. B cuily 3TOro B MmojaaBisitolieM OOJIBIIIMHCTBE
JIMHUIA ONITUYECKOU CBS3UM MCIIOIb3YeTCS] MOMYJISILMS UHTEHCUBHOCTU (MOIIHO-
CTU) U3JTyYEHUS U IPUMEHEHUE AUCKPETHOU (ha30BOI M YaCTOTHOW MOIYJISIIMU
WU3JTyYEHUS SIBJISIETCSI HEBO3MOXKHBIM;

e 3HAYUTEILHO OOJIee BHICOKAsI CTOMMOCTh CBETOBOJIA TI0 CPABHEHUIO C BUTOM I1a-
poit (mpumepHo 30 IIeHTOB BOJOKHa 62,5/125 mpoTuB 6 IIEHTOB BUTOM Iaphbl
KaTeropuu 5) aenaeT 3KOHOMHYECKHN HeIeIeCO00pa3HBIM MCIIOJIh30BAHUE IIH-
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Ta6mmna 20. Cxema koguposanus 4B5B POKO IMPUMEHSIEMOTO B 3JIEKTPUIEC-

CumBon | /Isonunsrit | [Ipencrasnenve curnansioro| KUX CUCTEMaXx IMPUHIIUIIA pacIiapai-
Grnoka KOZ Grroxa JieTuBaHus MHOOPMAIIMOHHBIX T10-
JAHHBIX JECATHYHOE | JIBOWMHOE TOKOB M UX IIepeaady 0 OTAEIbHBIM
0 0000 30 11110 MOAKAaHAJaM C MEHbIIEH CKOpOC-
1 0001 09 01001 ThIO"
2 0010 20 10100 ’
L] -
3 o011 5T 10101 . (3)1_'[3’)1:1‘ICaCKa$[ ceTzBaﬂaan?::aTg_
1 0100 o 01010 pau HaJIM4Us TaK Ha3bpIBaeM
5 0101 11 01011 T'O KBAHTOBOI'O IIIyMa 06HaﬂaeT cy-
6 0110 14 01110 IIECTBEHHO MCHBIIUM OHEPIeTU-
7 0111 15 01111 YyecKMM moTeHIuaisom. Tak,
8 1000 18 10010 HampuMep, corjacHo Tabi. 25
9 1001 19 10011 SHEPTETUYECKUIA MTOTEHIIMA CETE-
‘g }g%? ig :gﬂ? BOro nHTepdeiica, UCHOIb3YIOIIE-
TO B Ka4eCTBE CpeJbl Ilepeaur BU-
C 1100 26 11010 PEARL TIEpEn
TYI0 Mapy KaTeropuu S5, JOJKEH CO-
D 1101 27 11011
E 1110 5] 11100 craBiaTh He MeHee 24 nb, Torma
F 111 29 11101 KaK JUIsl ONITUYECKUX UHTEp(PeitcoB

TUIIOBOE 3HAYEHUE 3TOTO MapaMer-
pa paBHo 11 nb, To ecTh Ha 13 b MeHbIIe. DTO OOCTOSITEILCTBO IPUBOAUT K
TOMY, YTO B ONTHUYECKMX CUCTEMAX IPAKTUYECKU HE MPUMEHSETCS IBYHAIl-
paBjieHHas nepenadya UHGOPMAIIMOHHOTO CUTHAJA TI0 OJJHOMY BOJIOKHY U Ka-
HaJ CBsI3U 00pa3yeTcst IBYMSI CBETOBOJAMMU, MO KaxXAOMY U3 KOTOPbIX HH(DOP-
Mauusl nepenaercsi B OAHOM HaIlpaBJICHUU.

B ontuyecKux crcTeMax CBSI3M CO CKOPOCTBIO Mepenayn nHdopmaimu 1o 16 Mour/c,
KaK IpaBUJIO, IPUMEHSIETCSI CAaMOCUHXPOHU3UPYIOLIEECS MaHYECTEPCKOEe KOAMPOBa-
HUE, TaK KaK LIMPOKOII0JIOCHOCTh COBPEMEHHBIX ONITUYECKUX KaOeeil BIIOJIHE IT03BO-
JisieT opraHuzauuio Hopmupyemblx craHgaptramu CKC kabenbHbIX Tpacc IJIMHON A0
3 km. Ilpu ckopoctsx nopsiaka 100 Mout/c 1 Bblle HIMPOKOIIOIOCHOCTh MHOTOMO/IO-
BOTO ONTHYECKOTO KaOelsi OKa3bIBACTCSl YK€ HEJOCTATOYHON M UCIIONb3YIOTCS Oojee
SKOHOMUYHBIE B CMBIC]IE TpeOyeMOro YacTOTHOTO Quamna3oHa OJouyHble Konbl. Bos-
MOKHOCTb IIPUMEHEHHUSI 3TOTO KOOUPOBAaHUS OOOCHOBBIBAETCS TEM, YTO CTA0OMIIBHOCTD
YacTOTHI TAKTOBOTO TeHEepaTopa, peaJu30BaHHOTO HAa COBPEMEHHON 2JIeMEeHTHOI bOa3se,
JIOBOJIBHO BBICOKA. DTO MO3BOJISIET BHIIIOIHSATH HOJCTPOIKY HE IO KaXIOMYy CUTHAIIb-
HOMY OUTy, a pexe.

Koa 4B5B sBisieTcss npuMepoM OJOYHOTO CAMOCHUHXPOHU3MPYIOIIETO KOAWPOBA-
Hus1, KoTopslii ucnionb3yercst B cuctemax FDDI u Fast Ethernet 100Base-FX. Cornac-
HO QJITOPUTMY €r0 peaju3alliy, KaXAble YeThIpe BXOAHBIX MH(MOPMAaLMOHHBIX OUTa
KOIMPYIOTCS IIAThIO JIMHEHHbIMU. [IpaBuia KooMpoBaHUS 3aJal0TCS ¢ IIOMOILIBIO TaK
Ha3bIBaEMOW KOLOBOM Tabiuubl. Bux KogoBoil TabuuILbl MOXET OBITh CAaMbIM PA3Iny-
HBIM B 3aBUCUMOCTHM OT ITOCTaBJIE€HHOW 3amayu U TpeOyeMbIx CBOMCTB kona. Tak, B
cucteme FDDI nist obecrieueHus1 yCTOMUYMBOCTUA TAKTOBOM CMHXPOHM3AIUM M MUHU-
Mu3auuu GIyKTyaluii cpeHel ONTUIECKONW MOIITHOCTY JIMHEMHBIN CUTHAJ TIPU TIepe-
Jlaye JaHHBIX BCErla MUMeeT He MeHee IBYX U3MEHEHU! B KaxaoM 6oke. Cxema 6104-
Horo kogupoBaHus cucrembl FDDI npuBenena B ta6:a. 20.

JIuHeliHBII CUTHAT NTPU OJI0YHOM KOTUPOBAHUM 00JagaeT U30BITOUHOCTHIO 110 CPaB-
HEHUIO ¢ UHPOPMALIMOHHBIM. VI30BITOYHOCTD UCIIONIB3YETCS A1 YBEIUUEHUST TTOME-
XOYCTOMYMBOCTA M OOHApyXeHUs OLIMOOK, TaK KaK YacTh KOJOBBIX KOMOWHAIIMI
IIpY 3TOM OKa3bIBaeTcs 3ampelieHHOH. IIpu Mx oOHapyXeHHMM BBIAAETCS KOMaHZa
VIOLATION, o3Havaromiass ooHapyxxeHue ommoku [29].



B cpaBHenun ¢ RZ n maHdyecrepckuMu Kogamu kogupoBanue 4B5B obecrieunBaer
TaKTOBYIO 4acCTOTY HE B [IBa, a TOJbKO B 1,25 pa3a mpeBHIIAIOIIYIO TAKTOBYIO YaCTOTY
MHAOPMAITMOHHOIO CUTHAJIA. DTO IIO3BOJISIET HAMHOIO Ooiee 3(p(PeKTUBHO MCIIOIb30-
BaTh MOJIOCY MPOIYCKAHUS IUHUU CBSI3U.

Koa 8B10B spisieTcst ApyruM MpuMepoM OJIOYHOTO KOJa, KOTOPbI M3HAYAJIbHO
ucnonb3oBajics B anmnaparype Fibre Channel 1 oTcroma ObLJT 3aMMCTBOBAH JUIST TIPU-
meHeHUus B ceTsx Gigabit Ethernet 1000Base-SX (MHoromomoBasi OINTHUKA) U
1000Base-LX (MHOTOMOIOBAsT MM ogHOMOAOBas ontuka). B kome 8B10B mist mpen-
cTaByieHUs § OUTOB JaHHBIX Ucnoib3yeTcs 10 curHanbHbIX 6uTOB. HezakonupoBaH-
Has nHGopMaIUsI COCTOUT U3 BocbMU MHPopManmoHHbIX 6utoB A, B, C, D, E, F,
G, H u xoHTponbHOTrO OuTa Z. DTU OUTHl KOAUPYIOTCS C MOMOUIBIO TAaOJMLBI B
ouTHl a, b, c, d, e, i, f, g, h, j necaTuburoBoro cumBojia. KoHTpoOJbHBIN OUT TPUHU-
MaeT 3HaueHue D* i1 CMMBOJIOB, MPEACTABISIONINX MCXOAHBIE NaHHBIe, 1 K —
IJIsI CTIeMaIbHBIX CUMBOJIOB. Kaxkmoil BXOTHOM TTOCIeq0BaTe IbHOCTU U3 8§ HHMOP-
MAaIlMOHHBIX M OJHOTO KOHTPOJBHOTO OWTa CTAaBUTCS B COOTBETCTBUE Ha3BaHUE,
cocTaBieHHOe 1o dopmyse Zxx.y, riae Z — KOHTPOJBHBIN OUT, XX — AECATUIHOE
YuCio, cocTaBlieHHOe u3 msaTu rmociaenuux outoB D, E, F, G u H, u y — necaruu-
HOE YMCJIO, COCTaBIIEHHOE M3 Tpex MepBbix outoB A, B u C. Hanpumep, cnenuans-
Hbli (Tuna K) mectHagumatepuuHbiii cuMBoil «BC» HasbiBaercs K28.5. I[IpueMHUK
NeKOIUPYET MOJIyIeHHYI0 nHbopMaluio 6jiokamu mo 10 6uT, mocjie 4ero CUMBOJIBI
tuna D* nmpeoGpa3yioTcs B oaHy U3 256 BOCBMUOUTOBBIX KOMOMHAIIMI, @ CUMBOJIBI
tuna K ucnonb3yrorcs Ajist ynpaBieHUs IpOoTOKoJAoM. CUMBOJIBI, HE OTHOCSIIMECS
k Tunny D* wiu K, paccmaTpuBaloTcsl Kak OIIMOKU MPOTOKOJA.

Kaxnerit cumBon Tuma D* wim K nuMeeT 1Ba HeoO0s13aTeIbHO pa3IMYHBIX MepeaaBa-
€MBIX KO/Ia, KOTOPBIE 3aBUCAT OT HAYAJILHOTO 3HAUeHUsI HEUeTHOCTU cuMBoJa (Running
Disparity, RD). [lns KaxXaoro cjieayrmollero nepeaaBaeMoro CMMBOJIa MepenaTdyuk 1
MPUEMHUK BBIYUCIISIIOT HOBoe 3HaueHne RD Ha ocHOBe cOalaHCUPOBAHHOCTU HYJEH
¥ eAWHUII B TTOA0JIOKAaX (TIepBbIe 1IECTh OUT M MOCJIEeIHNE YeThIpe OUTa) IepeIaHHOTO
TOJIBKO YTO CMMBOJIa. MeXaHu3M BEIYUCIeHUs apaMeTpa RD obecrieunBaeT Haau4ame
JOCTATOYHOTO KOJIMYECTBA CMEH YPOBHS CUTHAJA JIJIST CHHXPOHMU3AIIMH TTepeaTIuKa 1
MIpUEeMHUKA.

2.4. BoiBOADI

Ammaparypa, IpuMeHsIeMast JIUIST IIOCTPOCHMST JIOKAJTBHBIX W KOPIIOPATUBHBIX CeTel, 1
aIrmapaTypa CeTeil CBSI3W OOIINEero IMOJb30BaHMS MPUMEHSIOT OMUHAKOBBIC TTPUHIIVITEI
nepenaun uHGopmamuu. [103TOMy B CTPYKTypUPOBAHHBIX KaOeIbHBIX CUCTEMaX KOH-
TPOJUPYIOTCS U CTAHIAPTUUPYIOTCS B OCHOBHOM T€ Xe TapaMeTphl, YTO M B DJIEKT-
PUYECKUX M ONITMYECKUX CETSIX CBA3M MacITaba ropona u Beie. HopMupoBanue Tpa-
TMUATIMOHHO JUTSI KaOeIbHOUM TEXHWKW BBITOTHSIETCS IO OCHOBHOM Macce XapaKTepHC-
TUK B YACTOTHOU 00JacTH.

Pa3imaust B KOHTPOIMPYEMBIX XapaKTePUCTUKAX IIETUKOM W TTOJTHOCTHIO OTIPEIeIs-
10TCsl TexHUYeckuMu ocoobeHHocTssMu TpakToB CKC, ocHoBomoaraommmMu u3 KOTo-
PBIX SIBJISTIOTCSI OTHOCHUTEJILHO HEOOJbIINEe IJIMHBI KaHAJIOB B COYETAHUU C BO3MOXK-
HOCTBIO TIOMIEPKKU BBICOKMX CKOPOCTe MHMDOPMAIIMOHHOTO OOMEHa, XapaKTEePHBIX
IUTSI COBPEMEHHBIX CETEBBIX MHTEP(hEUCOB.

OCHOBHBIMU TIapaMeTpaMU, KOTOPHIE 3aMal0TCS CTaHAApTaMU W KOHTPOJIUPYIOTCS
B 2JIEKTPUYECKMX TPAKTaX, SIBISIIOTCSI 3aTyXaHWE U MEePeXoAHoe 3aTyxaHue. HacroT-
HBII AUana3oH WX HOPMUPOBAHUS OIPEACISIETCS KaTeropue MOCTPOCHHOMN JIUHUM.

B HoBe#1IMX nepcreKTUBHBIX TPUIIOXKEHUSIX ¢ MHOOPMAIITMOHHOM MTPOITyCKHOM CITO-
cobHocThi0 100 MOUT/C 1 BBIIIE IIUPOKO MPUMEHSETCS MPUHIIAI OJHOBPEMEHHOI
repenayr o61Iero MHGOPMAIIMOHHOTO TTOTOKA IO YETHIPEM BUTHIM ITapaM CTaHIapT-
Horo ropusoHTangbHoro kabenst CKC. DT1o 3actaBisieT Kak CyIIECTBEHHO PaCIIUpPSITh
CIIMCOK 00513aTeJIbHBIX KOHTPOJUPYEMBIX TapameTpoB (delay, skew u T.1.), Tak U MO-
JNIEPHU3UPOBATh MPUHIIMIIEI 1 METOJAVKU OIpPEAeSIeHUs 3aJaHHBIX paHee XapaKTepuc-
TUK (MOJEIb CyMMapHON MOIIIHOCTH).



