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1 CoBpemeHHas anekTpunyeckas cBsisb. [locTtpoeHue
ceTeun 3NeKTPOCBA3U

1.1 EanHan ceTb anektpocBa3n P®. Knaccudukauuma
noacucTem

B HacToswwee Bpems B cooTBeTCTBUM C NpUHATBIM B 2003 r. 3akoHOM «O cBsA3n»
ceTeBOM OCHOBOW POCCUMCKUX TerleKOMMYHUKauun asnsetca EanHas ceTb anekTpo-
cesasm (ECI).

ECO obbeguHseT Bce ceTu 3NEeKTPOCBSA3M, PACMoOSIOKEHHbIE HA TeppuTopum
Poccun. OHa npegHasHaveHa ans yaoBneTBOpeHus notpebHocTen HaceneHus, op-
raHOB roCyfapCTBEHHOW BfactTu U ynpasneHus, 060opoHbl, 6e30nacHOCTHN, OXpaHbl
npaBonopsagka, a Takke XO3aNCTBYOLLMX CyObEKTOB B YCyrax afiekTpOCBA3N.

"eHepanbHOM Uenbio pa3sutus ECO aBnseTcs cnocobcTBoBaHne npeobpaso-
BaHUIO POCCUMICKOro obLuecTBa B BbICOKOPA3BUTOE MOCTUHAYCTPUanbHOE 3NEKTPOH-
HOe 00LecTBO, YTO XapakTepusyeTca npeobpasoBaHMeM ceTel CBA3N B MHE(OKOM-
MYHWKaLWNOHHbIE CETW.

Cnepnyet oTnnyaTb CETU 3NEKTPOCBA3N OT MHPOKOMMYHUKALMOHHBIX CETEMN:

e cemb C853U (U MeNleKOMMYHUKaUUOHHasi ceme) — 3TO TeXHonornye-
ckasi cuctema, Kotopasi COCTOMT U3 NMHUA MU KaHarnoB CBA3WU, Y3r0B, OKO-
HEeYHbIX CTaHUW M npegHasHadyeHa Ana obecneveHus nonb3oBaTenemn
3NEKTPUYECKON CBA3bIO C MOMOLLbI aBOHEHTCKMX TEPMUHANIOB, MOAKMO-
YaeMbIX K OKOHEYHbIM CTaHLUMAM;

® UHQOKOMMYHUKaUUOHHasi cemb — 3TO TeXHorormyeckasa cucrema, KoTo-
pas BKkroyaeT B cebs, KpOMe ceTu CBA3W, TakkKe CpeacTBa XpaHeHus,
00paboTkn 1 nomcka MHpopmMaunmn 1 npeaHasHadeHa gna obecneyeHns
nosib3oBaTesien 3NeKTPUYECKON CBA3bI0 N OOCTYNOM K HEOBXOANMOW NM
MHdopMaLunn.

B HacTosilee Bpemsa B Poccum TenekoMMyHUKaUnoHHbIe ceTn npeobpasytotca
B MHPOKOMMYHUKALIMOHHbIE.

ECO copgepxut B cebe MHOXECTBO CETEN, pasnuyatroLNXCA MO Ha3HAYEHMUIO,
TMNam, XxapakTepucTMkam 1 pasmepam.

PaanunyHble cnocobbl knaccudukaumm ceten ECO npuBeaeHbl Ha pucyHke 1.1.

lpu deneHuu Ha kamezopuu cetn ECO pasbuBaloTca Ha ABa nogsuaa: ceTu
cBs3un obuero nonb3oBaHusa (Ol1) n cetn orpaHmnyeHHoro nons3oaxus (OrlT).

Cemsb ces3u obwezo nonb3ogaHusi (OlN) npegHasHavyeHa OAna npefocTaBeHns
yCrnyr anekTpocBAaA3n nobomy nonb3oBaTento Ha Tepputopun Poccuinckon depepa-
uumn. Cetb cBaaun Ol BknoyaeT cetu ¢ reorpadgunyeckon (ABC) n Hereorpaduyeckon
(DEF) cuctemon Hymepauun. CeTb cBssm Ol npeactasnset cobon KOMMmeKkc B3am-
MOLEMNCTBYIOLLMX CETEN CBA3M, BKMKOYAs CETUM CBA3U ONs pacnpoCTpaHeHus npo-
rpaMm TENEBU3NOHHOIO M paguoBellaHus. Cetn obuwiero nonb3oBaHMs Poccnmnckon
degepaumv UMeOT NPUCOEOUHEHNE K CETSIM CBA3WN 00Lero nonb3oBaHUs MHOCTPaH-
HbIX FOCYAapCTB.
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BbideneHHble, mexHooau4yeckue, a TaKke cemu ces3u crieyuasibHo20 Ha3Ha-
YyeHuss obpasyloT rpynny ceten orpaHnyeHHoro nonb3oBanus (Orl1), Tak kKak KOHTUH-
FEHT UX NONb3oBaTeNEN orpaHNYeH KOpNnopaTUBHBLIMU KITMEHTaAMM.

Cetn cBasun EC2 PO
| , |

CeTw obwero i Cetn
| TpancmoptHble cetn ||| [MepBuuHbIE ceTH i ) " MecTHble ceTH
NOABL3OBAHWA : ] i dwmkeposaHHo#
' ' i cBAzM
Beipenenume cetm Cetm goctyna BropuuHee cetn CeTv nogsIkHON 30HOBBIE CETU
CBA3M

TexHonorvueckmne Marmc‘rpaanble

i Mo dyHKUMOHaNBHOMY ||| Mo cnocoBam Mo Tuny aboHeHTCKKX
cetu ; ; i ceTu
NpUSHaRY opraHMaaummi Kasanoe || i TEPMAHANOB
{| Cetn cneunansHoro ; ; MemayHapogHsie
HazHa4YeHuA MowocepeucHble ‘ MposogHbie cetn ‘ cetn
n ; ceTH ; ;
O KaTeropuam : : i Mo TeppuTOpMansHoMY
i Paguocetn i
MynbTicepencHbie IR gl
cetu ‘ CmewaHHble ceTh ‘
Mo umeny enywb i MNo xapakTepy cpedbl
............ anexTpoceAsn T .

PucyHok 1.1 — Knaccudumkaums ceten ces3m ECO PO

BbideneHHble cemu cgsi3u — 3TO CeTW, NpeAHasHadeHHble ANna npegocTasre-
HUA yCryr orpaHM4YeHHOMY Kpyry nosfib3oBaTtesien. Takme cetm MOryT B3auMopewn-
CTBOBaTb MexXay cobOn, HO He UMEIT NPUCOEAUHEHNS K ceTaM obLuero nornb3oBa-
Hna ECO, a Takke K ceTam cBA3n obLero nonb3oBaHUA WHOCTPaHHbLIX rOCyaapCTB.
BblgeneHHasa ceTb MOXeT ObiTb NpMcoeanHeHa k cetu obuero nonb3oBaHnss ECO ¢
nepeBO4OM B KaTeropuio cetu obLiero nofb3oBaHWs, €CnNn OHa COOTBETCTBYET ee
TpeboBaHUAM.

TexHonoau4deckue cemu ces3u npegHasHadeHbl Ana obecnevyeHns NPou3BOA-
CTBEHHOW OeATEeNbHOCTU OpraHu3aunin 1 ynpasneHnsa TEXHONOrm4yeckumMm npouecca-
mMu. [pn Hannumm cBOBOAHBIX PECypCoB 3TU ceTeBble pecypcbl MOryT ObiTb NpuUco-
e[NHeHbI K ceTn obuero nonb3oBaHna ECO ¢ nepeBofoM B KaTeroputo ceten obue-
ro Nosib30BaHMs 1 UCMNOMb30BaHbl AN NPeoCTaBNeHns BO3Me3AHbIX YCnyr nobomy
nonb3oBaTenN:o.

Cemu ces3u crieyuanbHO20 Ha3HadyeHUs NpefAHasHayeHbl Ans obecneyeHus
HY>K[, rOCy0apCTBEHHOro ynpasneHuns, 060poHbl, 6€30NacHOCTM U OXpaHbl NPaBomno-
pagka B Poccurckon ®epepaunn. Takme ceTu He MOryT MCMNONb3oBaTbCA AS1 BO3-
Me3[HOro okasaHus yCryr CBsi3u, €CNu MHOe He NnpeaycCMOTPeHO 3akoHoaaTerb-
ctBom Poccuiickon ®degepaumm.

lMo ¢pyHKyuoHanbHOMYy npu3sHakKy cetn EC3 pasgensaiTca Ha ceTu goctyna m
TpaHCMNOpPTHbLIE CETH.

TpaHcropmHoU ABNSETCH Ta YacTb CeTU CBA3W, KOTOpas BbIMNOMHAET OYHKLMM
nepeHoca (TpaHCNOPTUPOBaHMSA) MNOTOKOB COOOLLEHMIA OT UX UCTOYHWKOB U3 OOHOW
ceTu JocTyna K nonyvarensm coobLieHnin apyron cetu goctyna nytem pacnpegene-
HUS 3TUX NOTOKOB MeXAy CeTaMu AocTyna.
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Cembro Oocmyrna ceTn CBA3W SBISIETCA Ta ee 4acTb, KoTopas CBA3bIBaeT UC-
TOYHUK (NPUEMHUK) COOBLLIEHMI C Y3NTOM A0CTYna, ABNALWMMCA rPaHUYHbIM MexXay
CeTblo JOCTYyNa U TPaHCNOPTHOWN CETbIO.

Mo muny npucoeduHsieMbix aboHeHmMckux mepmuHanos cetn EC3O pasge-
naTCA Ha:

e cemu ¢hukcuposaHHoU ces3u, obecneymBaroLmMe NPUCOEQNHEHME CTaun-
OHapHbIX aDOHEHTCKNX TEPMUHANOB,

e cemu rnodsuxHol ces3u, obecnevnBaroLLne NpucoeanHeHne NOABMKHbIX
(nepeBO3NMbIX NN NEPEHOCUMbIX) aOOHEHTCKUX TEPMUHANOB.

Mo cnocobam opzaHu3ayuu KaHasi08 CETU TPaaUUMOHHO pa3fensTcsa Ha
NepBUYHbIE U BTOPUYHbIE.

lMepsuyHas cemb npepncrTaBnseT coboM COBOKYMHOCTb KaHanoB W TPaKTOB ne-
penayn, obpasoBaHHbIX 060pyAOBaAHMEM Y3NOB U NUHUIA Nepeaaymn (MM U3n4ecKkmnx
uenen), CoeauHSIOWNX 3TU y3nbl. [1lepBuyHasa ceTb NpeaocTaBndeT KaHanbl nepeaa-
4n (pmsmyeckme Lenn) BO BTOPUYHbIE CeTu ANnd obpa3oBaHUsA KaHanoB CBA3MW.

Bmopu4Has cemb npeacTtaBnseT cobon COBOKYNHOCTb KaHanoB CBA3W, o6pa3sy-
eMblX Ha 6Ga3e NepBMYHON CeTU MyTeM UX KOMMyTauuu (MapLupyTmsaumm) B ysnax
KOMMYyTaumMm 1 opraHusaLumm CBs3n Mexagy abOoHEeHTCKMMM YCTpOMCTBaMM Nosib30Ba-
Tenemn.

PucyHok 1.2 - BTopuyHble ceTu cBA3n: 1 — cuctembl nepegaym nepBUYHON CeTH;
2 — y3nbl KOMMYyTaUNN BTOPUYHBIX CETEN; 3 — OKOHEYHbIE MYHKTbl BTOPUYHbIX
ceTen; 4 — abOHEHTCKME KaHarbl Un NIMHUK; 5 — To4kK, 0603HavatoLWme rpaHnLbl
nepBUYHON CETU

Mo meppumopuanbHOMy OesleHUro CeTN pa3fensaTcs Ha

e MasucmpalibHyt0 cemb — 3TO CeTb, CBA3bIBAOLLAs Mexay cobomn y3nbl
ueHTpoB cybbektoB Poccunckon dPepepauumn mn ysnbl ueHTpa Poccun-
ckon ®enepaumn. MarnctpansHas ceTb obecnevmBaeT TPaH3UT NOTOKOB
COOBLLEHNN MeXay 30HOBbLIMU CETAMMU U cBA3aHHOCTL ECO — cTparteru-
YeCKM BaXKHbI KOMNOHEHT ECDJ;

e 30HO8bI€ (UnU peauoHalbHble) cemu — CeTn cBs3u, obpasyemble B npe-
Aenax TeppuTopun 0gHOro Unm Heckonbkux cybbektoB Pepepaumm (pe-
rMMOHOB);

e MecmHble cemu — CeTu CBA3u, obpasyemble B npedenax agMuUHUCTpa-
TMBHOW MW onpeaeneHHon No MHOMY MPUHUMNY TEPPUTOPUN N HE OTHO-



YnpaBneHne AUCTaHUMOHHOIO 06y4eHMA 1 NOoBbILWEHNA KBaANPUKaLNM

Hanpasnsatowme cpeabl 31eKTPOCBA3N

cAWMecs K permoHanbHbIM ceTsM cBs3n. MecTHble ceTn noapasgenstoT-
CSl Ha ropoACKMeE U CENbCKUE;
e MexOyHapoOHasi cemb — CeTb OOLLEero nosib3oBaHusl, NpucoegMHeHHas
K CeTAM CBS3N MHOCTPAaHHbIX rOCYAapcCTB.
Mo yucny cnyx6 anekmpocesi3u cetn bbiBatoT:
e MOHOCEpBUCHbIe, NpefHa3Ha4YeHHble AN opraHu3auuy ogHoW cryX6bl
3MEeKTPOCBA3N (Hanpumep, pagnoBeLLaHns);
e My/nbmucepeucHble, NPegHa3HavYeHHble Ans opraHM3aumm AByx n bonee
cnyx6 anekTpocssasu (Hanpumep, TenedoHHOW, (PaKCUMMUNBHOW U He-
CKONbKUX MYNbTUMEOUNHBIX CNYX0).
Mo xapakmepy cpedbl pacrnipocmpaHeHuUsi CeTU pa3fensarTca Ha rposoo-
Hble, paduo- n cMewaHHsle. B cBOK oyepenb, pagnoceTn pasgensaTca Ha ChyTHU-
KOBble N Ha3eMHbIe.

1.2 OCHOBHbI€ TUMNbI HaNpPaBNAKLWMUX IMHUNA CBA3U

HenpemMeHHbIM U OAHUM N3 Hanbonee CNOXHbIX U AOPOroCTOSALMX INEMEHTOB
CBSA3M ABMFAOTCA JIMHUM CBA3WU, NO KOTOPbIM nepenarTcs MHAPOPMaLMOHHbIE 3rieK-
TPOMarHuUTHbIE CUrHanbl OT OAHOro aboHeHTa (CTaHuuKM, nepefartynka, pereHepaTo-
pa u T.4.) K Apyromy (CTaHuuu, pereHepatopy, NPUeMHuUKY n 1. A.). APPEKTUBHOCTb
paboTbl CUCTEM CBSI3M BO MHOIOM NpegonpenenseTcs

e Ka4yeCTBOM JIMHUI CBA3N, X CBOMCTBAMU N NapamMeTpamu;
e 3aBUCUMOCTbIO 3TUX BENUYUH OT YacTOTbl U BO3OEWCTBUA PasfIMYHbIX
hakTopOoB, BKMOYaa Mellaruwme BANAHUA CTOPOHHUX 3NEKTPOMarHuT-
HbIX NOJSIen.
PasnuyalotT gBa OCHOBHbIX TUMa NIUHUIA CBA3W:
e NMHWUKM B aTMOcdepe (pagnonnuHnn);
e HanpasnsgloLwue NMHUK nepegaydn (NMMHUM CBA3N).

lMocneaHnn TN NUHUIN CBSA3K U ABMASETCA NPegMeToOM U3yYeHUs OUCLMMANHBI
«Hanpasnstowume cpeapbl anekTpocsasny. OTANYUTENBHON €ro 0COBEHHOCTLIO ABMS-
€TCs TO, YTO pacnpoCTpaHeHne CUrHanoB OT OAHOro aboHeHTa K ApyroMy OCyLLEeCTB-
ngeTcsa TONbKO No cneunaribHO CO34aHHbIM LiEeNaM U TpakTam.

K OocToMHCTBaM HanpaBnsaoWmUX AUMHUA CBA3UM MOXHO OTHECTU TO, YTO OHMU
obecneynsator:

e Tpebyemoe Ka4yecTBO Nepenayn CUrHanos;

e BbICOKYI CKOPOCTb nepeaayu;

e OONbLUYO 3aWUNLLEHHOCTb OT BIANAHUSA CTOPOHHUX MNOSIEN;
e 3a[laHHYIO CTeNeHb 3NEeKTPOMarHMTHOM COBMECTUMOCTY;
e OTHOCUTEIbHYI NPOCTOTY OKOHEYHbIX YCTPOWUCTB.

HepoctaTtkm HanpaBnsawWmMxX NIMHUA CBA3UM ONpeaensioTCs BbICOKOWM CTOMMO-
CTblO KanuTaribHbIX W 3KCMryaTauMOHHbIX PacxodoB, a TaKKe OTHOCUTENbHO Anu-
TeNbHbIMW CPOKaMWN YCTaHOBIIEHUSI CBA3W.

JINHUM CBA3M He NPOTMBOMOCTABMSAKTCA PaANONUMHUAM, a OOMONHAKT UX B
ECO. lNMpumepom aTOro sIBRAsiETCS TO, YTO BO BCEX paguonepeaarolimx u pagmonpu-
€MHbIX YCTPOMCTBAX MCMNOSb3YTCA NPOBOAHbLIE NIMHMM CBA3WN, C NMOMOLLLI KOTOPbIX
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OCyLLleCcTBNAeTCA nepefaya 3MeKTPOMarHUTHbIX CUrHanoB MeXay 3feMeHTamMn u
6riokamu 3TUX YCTPONCTB.

Mo NuHWAM cBA3M NepefaroTca curHanbl OT MOCTOAHHOIO TOKa 4O OMTUYECKOro
AnanasoHa 4acTtoT, a pabouunn ananas3oH OfWH BONH npoctupaetca ot 0,85 Mkm oo
COTEH KUITOMETPOB.

Pasnu4yatoT Tpn OCHOBHbLIX TUNA FIMHUNA CBA3MU:

e KabenbHblE;

e BO3[YLUHbIE;

e BOJIOKOHHO-OMTUYECKME.

KabenbHble 1 BO3OyLUHbIE NIMHUN OTHOCATCA K NPOBOAHBIM NIMHUAM, Y KOTOPbIX
HanpaenawLWmne cucteMbl 06pasyloTCs CUCTEMaMU «NPOBOAHUK—ONINEKTPUKY», a
BOJIOKOHHO-OMNTMYECKME NPeacTaBnalnT Ccobon  OManeKkTpuyeckue BOSTHOBOAbI,
HanpasnsawLWwasa cMcTtema KoTopbIX COCTOUT U3 AUIANEKTPUKOB C pasfiMyHbIMU Nokasa-
TensaMu NpenomsieHus.

[MpoBoAHbIE NMHUKN CBA3KM paboTaloT B KAMOrepLueBoM M MerarepueBoM guana-
30Hax 4actoT. KabenbHble nuHUM obecneumBatoT HaZEXHYI0 1 NOMEX03aLLULLEHHYIO
MHOroKaHasnbHyl0 CBSA3b Ha Tpebyemblie paccTosiHuA. Mpu opraHmsaumm cBA3U UC-
NONb3YTCA KOaKCcManbHble U CUMMETPUYHbIE Kabenw.

BoagywHble nuHum wnpoko mucnosb3doBanuck B 30—40-x rogax. [JaHHble nvHun
OTHOCATCH K CUMMETPUYHbIM LenaMm. Mo cpaBHeHWO ¢ gpyruMu TUNammn Hanpasns-
HOLLUUX NIMHUIA BO3OYLUHBIM JIMHUAM NPUCYLLM cneayowmne HedoCTaTKu:

e HM3Kas NMpornyckHasi CNOCOOHOCTb - 12 KaHanoB TOHASNIbHOW YacTOThl U3-
3a mManoro 4actotHoro guanasoHa (oo 150 kl'y), KOTOpbIM MOXET ObITb
a(pPeKTUBHO NCMOMb30BaH;

e He[oCTaTO4YHas NOMeX03aLULLEHHOCTb OT B3aMMHbIX MOMEX;

e NOABEPXEHHOCTb aTMOCHEPHO-KNUMATUYECKUM BO3OENCTBUSAM.

OTN HeJOCTaTKN OrpaHMYUBaOT UCMNONb30BaHWE JAaHHOrO TUMNa NUHUMN.

BONOKOHHO-ONTUYECKME NIMHUKN CBA3M NPEeaCcTaBnsalnT cobon cucTembl Angd ne-
pefayn CBETOBbIX CUrHanoB MUKPOBOSHOBOro AmanasoHa BonH (A=0.8... 1,6 mkm) No
ONTUYECKMM Kabensm u ABNSATCA Haubornee nepcneKkTUBHLIMU C TOYKM 3PEHUS
AanbHenwero pa3sutusa ECO P®. [loctonHctBamm BOJIC asnatoTca

e HU3KME NnoTepu;

e Oonbluasi NponyckHas cnocobHOCTb;

e Marnble Macca 1 rabapuTHble pa3mepbl;

e OKOHOMMS LIBETHbIX METaIMOB;

e BbICOKas CTeNeHb 3aLUMLLEHHOCTU OT BHELLHUX U B3aNMHbIX MOMEX.

Kpome BbllenepevmcneHHbiXx CUCTEM Nepeaym CyLLeCTBYIOT Takke

e cBepxnpoBogsLme kabenu;

e BOJTHOBOAbI;

e JIMHUN NOBEPXHOCTHOW BOSHbI;

e [IN3MEKTpUYEeCcKne BONHOBOAbI;

e JleHTOYHble Kabenu, NoNoCKOBbIE NMUHUY;

e pagmno4vacToTHble Kabenw.
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BonHoBoa npeactaensieT cobon Nony MeTannmyeckyro
Tpyby Kpyrnoro vunm npsiMOYrofilbHOro CeYeHWsi, U3roTOBMEH-
HYIO M3 XOPOLLO NPOBOASALLEro maTepuana.

CeepxnpoBoaswimn kabenb UMeeT KOaKkcu-
anbHYK KOHCTPYKUMIO BecbMa Manbix rabapur-
HbIX pa3mMepoB, NMOMELLEHHYIO B YCMOBUSA HU3KUX OTpULATESbHbIX TEM-

nepartyp.

JInHMA NoBEPXHOCTHOW BOSHbI NpeacTaBnsieT cobon OANHOYHbIN Me-
Tannmyecknin NpoBof, MOKPbITbIN BbICOKOYACTOTHOW M3onaumen (nonm-
STUNEHOM).

[AnanekTpnyecknin BOTHOBOA — 3TO CTEPXEHb KPYrio-
ro UM NPSIMOYrosyibHOro CeYeHNs, BbIMOMHEHHbIN N3 BbICO-
KOYaCTOTHOro matepuarna (nonvatuneHa, ctupodnekca).

MonockoBast NMHMA COCTOUT U3 MIIOCKMUX NEHTOY-

HbIX MPOBOAHWKOB C PAaCMONOXEHHOW MexXay HUMMK

n3onaumen. PasHOBMOHOCTbIO 3TOW NWHUK siBnsieTcs kabenb, co-
L=R=I=I=! aepxawmmn 6onbLLoe YNCHO NPOBOLHMKOB, PACMONOXEHHbIX B O4HOWM
NSIOCKOCTW.

PaguovacTtoTHble kabenun MMeoT KoakcuanbHy, CUMMETPUYHYIO U cnvpanb-
HYH KOHCTPYKLMIO.

[OnanekTpuyecknun BONMHOBOA, MOJIOCKOBAs IMHMSA, PagMO4vacTOTHbIN Kabenb
MMEIOT FoKanbHOEe HasHavyeHMe M UCMONb3YKTCA B KavyecTBe (hmaepoB nepenayu
9HEPrun Ha KOPOTKME PACCTOSIHUA OT aHTEHH K annapartype.

JInHNA NOBEPXHOCTHOW BOSMHbI NpefHa3Ha4vyeHa rnaBHbiM o6pa3om nda yCTpoun-
CTBa TENEBU3NOHHLIX OTBETBIEHM OT MarmctparnbHbiX KabenbHbIX N paguopenen-
HbIX NIMHUIA HeBonbLon NpoTsikeHHOCTM (80 100 Km).

OcTarnbHble Hanpasnawwme CUCTEMbl BMECTe C BO3AYLUHbIMU FIMHUAMMU, CUM-
METPUYHBLIMN U KOakcnarnbHbiMK kKabenammn n BOJIC npumeHsioTca ans opraHmsauum
MarmcTpanbHOM BbICOKOYACTOTHOM CBA3M Ha OGonblune paccTosiHUs Ons nepenaqu
pasnn4YHbIX BUOOB MHpopMaLmn.

HanpaBnstowme cncteMbl MOryT ObiTb KnaccuduumMpoBaHbl B NEPBYO ovepeab
No ANIMHE BOSHbI M YaCTOTHOMY AMana3oHy MX UCMOMb30BaHMWs, Kak NoKa3aHo Ha pu-
CyHke 1.3, rae ncnonb3yoTcsa cnegyowme ob03HavYeHus:

BJ1 — Bo3gywHasa nnuHus,

CK — cuMmmeTpuryHbIN Kabenb,

KK — koakcmnanbHbIl Kabernb,

JINB — nnuHMs NOBEPXHOCTHOW BOJIHBbI,

MJ1J1 — nonockoBasa NeHToYHas NUHUA,

MB - meTannunyecknin BosIHOBOA,

[B — onanekTpuyecknin BONTHOBOL,.

YacTtoTHaa knaccudukauus HanpaBndawwWmMX cpeq npeactaBneHa B Tabnu-
ue 1.1. BosgywHble nnHUM ncnonb3ytotes B AnanasoHe o 0,1 My, cuMmmeTpuyHble
kabenn — po 1 My, a koakcmanbHble kabenn—ao 100 MMy ana marncTpanbHown
cBa3uM n go 1 Ty gns ycTponcTs aHTEHHO-(bmAepHbIX TpakToB. CBepxnposoasiume
kabenn nmMerT NPenMyLLEeCTBEHHO KOAKCUanbHY KOHCTPYKUMIO U NpedHasHayeHbl
A7151 ICNONb30BaHNA B YaCTOTHOM AnanasoHe KoakcuanbHbix cuctem (o 1 Mwu).
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PucyHok 1.3 — HacToTHble Anana3oHbl UICNOSb30BaHUSA HANpaBnsoLWmMX CUCTEM

nepegauu

Tabnuua 1.1 — YactoTHas knaccudumkaumna HC

Hanpasnatowas cuctema YactoTa, 'y [1TMHa BOMHbI
B 0...10° KM

CK 10° 100 M

KK, NNB, PK 10° M

KK, CMNK; NK, PK 10° AuM

B, 1B 10™...10™ MM

OK 10™...10™ MKM

MosiBneHne n paspabotka HoBbix HC nepegauun, Takux kak BOSTHOBOAbI U CBe-
TOBOAbI, CBA3a@Hbl C OCBOEHNEM Boriee BbICOKMX YacTOT MUMMMETPOBOro U onTuye-
CKOro Amvana3oHoB. BornHoBoAbI MeXayropogHON CBA3N npegHasHaveHbl Ans paboThbl
Ha yactoTtax o 100 My (MMnnumeTpoBbIe BOMHbLI), @ CBETOBOAbI UCMONb3YIOT Ya-
ctotbl 100000 My (onTuveckmt guanasoH BornH  0,85...1,55 mkm). OcsavBatoTcs
TakKxe BOSHbI 2...6 MKM.

Uem Gonee BbICOKMIM AMana3oH 4acToOT MOXHO nepefatb no HC, Tem 6onblue
MOXHO obpasoBaTb KaHanoB CBA3WU, U TEM 3KOHOMUYHee nepedadva. ATO HarnsgHo
unncTpupyeTcs Tabnuuen 1.2, B KOTOPOM yKazaHO YUCHO KaHanoB, OpraHn3yemblX
C nomoLbio pasnnyHbix HC.

CeeToBOAblI 1 BOMHOBOAbI, UCMOMb3YIOLWNE OYEHb BbICOKME YacCTOTbl, MPUHLMK-
nManbHO NO3BONAT 0bpa3oBbiBaTb OrPOMHOE 4MCrO KaHanoB. KoakcuanbHble Ka-
6enu Tarke NpurogHbl Ana nepegady 6onbLWOro noToka uHgopmaumu. CyuecteeH-
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HO MeHblle Aunana3oH YacToT CUMMETPUYHbIX kabenemn, 1 o4eHb mana nponyckHas
CNOCOGHOCTb BO3AYLUHBIX NIMHUIA CBSI3W.

Tabnuua 1.2 — KaHanbl, opraHndyemMble no HanpaensoLwumM cuctemam

Hanpaenstowas cuctema Mactora, |[nuHa [Bo3moxHoe 4uc-CyluecTtByroLlas
My BOSIHbI N0 TenedoHHbIXCUCTEMA CBA3N

KaHanoB

BosaywHble nuHum 10° KM 10 B-12

CuMMeTpuYHbIN kabenb  [10° 100m 100 K-60n, K-1020c

KoakcuanbHbin kabernb 10° M 1.000- K-1920, K-3600
10.000 K-5400, K10800

BonHoBsoa 10"-10"  |um 100.000 -

OnTuyeckuin kaberns 10™-10" |mkm  |ponee 100.000 |CTM1-CTM256

1.3 AHanorosblie U UNPpPoOBbIE CUCTEMbI Nepeaayun

Ha nnHmnax cBasm opraHu3yoTcs aHanorosble U LMPPOBbIE CUCTEMBI Nepeaaym
UHpopmauun. AHaso2oeble cucmemMbl OCHOBaHbl Ha YaCTOTHOM pasfeneHnun cur-
Hanos, C NOMOLLbIO 3NEeKTpUYecknx punbTpoB BeCb NepefaBaeMbli CNEKTP AennTcs
Ha 4YacTOTHble nosiockl. B kayecTBe 6a30BOro NPUHAT TENEedOHHbIN KaHas LWMPUHON
4 kl'u—~kaHan ToHanbHon YacTtoTbl (TH). Yem Wwmnpe nonoca 4acToT, KOTOPYH MOXHO
nepegasaTtb NO NUHUN CBA3N, TeM BONbLLE MOXHO MOMYYMTb KaHANoB U AeLleBne nx
CTOUMOCTb.

Hueppoesie cucmembi nepedavyu OCHOBaHbl Ha BPEMEHHOM pa3feneHuu Ka-
HanoB. 34ecb nepegava Mo JIMHUKM CUTHANOB PasfiyHbIX COOBLLEHMI OCYLLEeCTBSA-
eTCH nooyepeaHo, T. e. CO CABUIOM BO BpeMeHU. B aTom cnyyae no nuHuu pacnpo-
CTPaHAITCA UMNYMbCbl ONpedenieHHoON NocneoBaTenbHOCTU U ANMTENbHOCTU, 06-
pasyoume umdpoBble curHanel. [na atoro Bce BUAbl MHGOPMaLUK npeasaputesib-
HO KOAMPYHOT. B cOBpeMeHHbIX LMAPOBbIX CUCTEMAX CBA3WM Hambonbluee pacnpo-
CTpaHeHue nony4yuna umnynbcHo-kogosas moaynaumna (MKM) ¢ umnynscamm Mukpo-
CEKYHOHOMW 1 HAHOCEKYHOHOW ANUTENbHOCTN.

[OCTONHCTBOM LMPOBBLIX CUCTEM Nepefayn ABISAIOTCA:

e Oonblias 4anbHOCTb CBA3Y;

e obnervyeHHble TpebOBaHMSA K 3aLMLLEHHOCTU LEenewu;

e BO3MOXHOCTb CO3[aHUs €ANHON UHTErpanbHON CUCTEMbI CBA3MW;

e MpOCTOTa TEXHONOrMN nponssoacTea annapatypbl LICIT;

e BO3MOXHOCTb HEMNOCPELCTBEHHOINO BBOAA M CKOPOCTHOM 06paboTkM nm-
NynbCHOW MHdOpMaLUK ¢ nomoLbio OBM;

e aBTOMaTU3aULMA Nepefayn OaHHbIX.

HepocTtaTtkom sBNsieTCa paclumpeHme nonockl YyacTtoT Oo 64 kl'y Ha Tenedon-
HbI KaHan (npu yactoTHown cucteme 4 klu).

Haunbonblee npumeHeHne NonyyYnsiv aHanorosble CUCTEMbI Nepeaaydn no Koak-
cnanbHbiM kabenam tunos K-1920 n K-3600, K-5400. Mo manorabapuTHbIM KOakcu-
anbHbIM Kabenam wmpoko ncnonedyetcsa cuctema K-300.

12



YnpaBneHne AUCTaHUMOHHOIO 06y4eHMA 1 NOoBbILWEHNA KBaANPUKaLNM

Hanpasnsatowme cpeabl 31eKTPOCBA3N

OcHoBHOM cucTeMon nepefadn nNno MexgyropoaHbiM CUMMETPUYHBLIM Kabenam
asnsetca cuctema K-60. MNMpumenseTcs Takke cuctema K-1020.

Ha kabenbHbIX NMHUAX 30HOBOW (BHYTPMOOMNACTHOM) CBA3N MPUMEHSIOTCH CU-
cTembl Ha 60 KaHanNoB N0 CMMMETPUYHBLIM Kabensam n 120—420 kaHanoB NoO 0gHOKO-
akcnanoHoMmy kabento. Cenbckas cBA3b 6asvpyeTcs Ha Ucnonb3oBaHMM obneryex-
HbIX NSIaCTMaccoBbIX kabenen n cuctem nepegaym Ha 6 n 12 kaHanos.
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2 OCHOBHbIE MOJIOXEeHUA INEeKTPOAUHAMUKN
HanpaBNAOLWNUX CUCTEM

2.1 XapaKkTepuCTUKN 3NIeKTPOMarHMTHOro noss

Kak 1M3BeCcTHO M3 Kypca 9neKkTpoAMHaMWKU, OCHOBHbIE 3aKOHbl Teopun nepe-
MEHHOro 3NeKTPOMAarHUTHOro nNonsa oopMynMpyroTca B Buae ypasHeHun Makceenna.
Mcnonb3oBaHne AaHHbIX COOTHOLUEHWA NO3BONSAET NPeasioXUTb MeTodbl U pacyeT-
Hble COOTHOLLUEHMS AN onpedesieHns KOHCTPYKTUBHbLIX NapameTpoB N TEXHUYECKUX
XapaKTePUCTUK HanpaBnsoLWmMX CUCTEM IIEKTPOCBA3MN.

Yale Bcero npu pelleHnmn 3agad anekTpoanHamMukn ucnonbsyeTcs gudpdepeH-
unaneHas gopma ypaBHeHu Makcsernna. HanoMHuMm, Kak BbIrnagaT AaHHble ypaBs-
HEeHNSA:

_ - _ 2D
10t H = jypog + Jenewy = OF +E’ (2.1)
rot E=—8 (2.2)
ot
divD=p, (2.3)
divB=0. (2.4)

MepBoe ypaBHeHne MakcBenna sBnsieTca o606LWweHnemM 3akoHa NOSIHOMO ToKa m
yTBEPXAAET crnegylouiee: ecnm B HEKOTOPOW TOYKE MPOCTPaHCTBA CyLLEeCTBYET ne-
peMeHHoe none, co3gatouee TOKM NPOBOAMMOCTM U CMELLEHUSA, TO B OKPECTHOCTH
9TOM TOYKM BO3HMKAET NEPEMEHHOE BUXPEBOE MarHMTHOE nosie, Co3g4aBaemMoe 3TUMM
TOKaMMW.

BTopoe ypaBHeHne MakcBenna asnsetcsa 0606LeHHbIM 3aKOHOM 3rekTpomar-
HUTHOW MHAOYKLUMM U yTBEPXOaeT, YTO eCNn B HEKOTOPOW TOYKEe MPOCTPaHCTBa Cylue-
CTBYET NnepeMeHHOe MarHUTHOe Mosie, TO B OKPECTHOCTU 3TOW TOYKM BO3HMKAET ne-
peMEeHHOe BUXPEBOE 3NeKTpuyeckoe none.

TpeTbe ypaBHeHve MakcBenna: AnBepreHuus (M3MeHeHue) BeKTopa anekTpu-
YeCKOW WHAOYKUMM D OTNM4YHa OT Hyns B TeX TOYKax NMPOCTPaHCTBA, rAe UMEHTCS
cBoboaHble 3apsabl. B cnyyae rapmoHunyeckux konebaHuin cooTBETCTBYOLLEE OBU-
XEeHVe 3apaaoB B ANANEKTPUKE OTCYTCTBYET, NO3ITOMY NPUHUMAOT p=0.

YeTBepToe ypaBHeHne MakcBenna ykasbiBaeT Ha HENnpepbiBHOCTb NIMHUA BEK-
TOpa MHAYKUUN MarHUTHOIO MOMs: B NpUpoae OTCYTCTBYIOT MarHUTHbIE 3apsaabl U Cu-
noBble NNHUK 06a3aTeNbHO HENPEPbIBHBI, T.€. MO0 3aMKHYTbI, NMMGO nayT n3 Gecko-
HEYHOCTM B BECKOHEYHOCTb.

OneKkTpoguHamMuyeckne CBOWCTBA MaTepuanbHOW cpedbl XapakTepusyrTcs
cnegylownMm AByMS ypaBHEHUAMUN:

D= saE = SOSE, (2.5)
B=p,H =ponH, (2.6)
rne &, — abConioTHas AManekTpuyeckast NPOHULLAeMOCTb Cpeabl;

& - OTHOCUTeSbHas AMaNeKTpUIeckast NPOHULLAEMOCTb;

£0=8,85-10""? d/M — AMaNeKTpUYEcKas NPOHULIAEMOCTb BaKyyMa;

1, — abconoTHasi MarHUTHas NPOHMLIAeMOCTb cpeabl;
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L - OTHOCUTENbHasa ANaneKkTpuyeckas npoHNLaemMocTb;
u0=47t-10'7 I'a/m — MarHMTHasa NOCTOAHHAaA.
[Mpn nccnegoBaHMAX YacTo NOSb3YTCA NMOHATUEM KOMIMIEKCHOW OUaneKTpuye-
CKOW NPOHNL,@aeMOCTU cpeabl:
Ska=8a—%=8a(1—i-tg6). (2.7)
Kpome TOro, ucrnonb3yetcs noHATUE yrna OU3NeKTPUYeCcKUX notepb, KOTOpbIv
TeMm Bonblue, YemM 3HaUMTENbHEE A0S NEKTPOMArHUTHON 3HEepPrumn, KotTopasa pacce-
MBaeTcsa B BuAe TensioTbl Npu NpoTekaHUu TOKOB MPOBOAMMOCTU. B crnipaBOYHbIX
Tabnuuax o6bIYHO NPUBOANTCA 3HAYEHMSA €ro TaHreHca:
tgd=——. 2.8)
WE
[N XOpoLUMX AWSNEKTPUKOB Ha yactoTax CBY-ananasoHa 107<tgd<10™. Ecnm
tg8>10'3, TaKoW ONIANEKTPUK MPUHATO CHUTATb NITOXUM.
K OCHOBHbLIM XxapakmepucmukaM 3/1eKMPOMa2HUMHO20 MOJiIsi OTHOCATCSH
cnegyoLwmne noHATUSN:
1 Koaghpuyuenm pacnpocmpaHeHuUsi y xapaktepusyeT NU3MEHeHNe aMnnnTy-
Obl U dasbl BeryLen anekTpoMarHMTHON BOSHBbI.

v =ik =io g1, (2.9)
rae k=, l, - BOMHOBOE YMCIIO.

KoadhdumumneHT pacnpocTpaHeHus sBAAeTCA KOMMMNEKCHOW BENMYMHOW U Ong
NNOCKMX OAHOPOAHbLIX BOSIH Ha 3a4aHHOW YacToTe onpeaensieTcsl TONbKo napameT-
pamu cpeabl &, p.

2 KoagppuyueHm 3zamyxaHusi o onpegenseT yMeHblUeHne aMnnnTyabl ariek-
TPOMarHMTHON BOSHbI NPU NPOXOXAEHUN OOHOrO MeTpa NyTU U U3MepsieTcs B Hene-
pax Ha meTp (Hn/m) nnn geumbenax Ha meTp (ob/m). JaHHas BenuynHa paBHa Oewn-
CTBUTESIbHOW YacCTu v:

. O [egn . 8
— ./ C — . 24" gin =, 2.10
O = /€l SIN— = o sin ( )

Henepbl moryT 6bITb NepeBeneHsbl B geunbensl no ¢gopmyrne 1 Hon=8,686 1b.

3 KoaghpuyueHm ¢ha3sbi 3 nokasbiBaeT M3MEHEHNE hasbl BOSHbI NMPU MPOXOX-
AeHuu ogHoro meTpa nyTu. ismepsietca B paguaHax Ha MeTp (pag/m) u paBeH MHU-
MOW YacTun KoadppmUMeHTa pacrnpoCTpaHEHWS:

0 [ €410 )
=,/€ cos— =, [—%+— cos—. 2.11
B kalt B 0S5 2 ( )

4 ®a3zoeass CKOPOCMb vy — CKOPOCTb NepemMeLleHns ppoHTa rapmMoHU4YecKomn
BOMHbI BOOSb HaNpaensowen cpeasbl.
1

vd’:%:—/' 212
coso 2

5 [lnuHa 80JIHbI ). — pacCcTosAHNe, NPONAEHHOE BOMHON 3a nepuoa KonebaHus:
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_E_ 2r

P wwf‘g”—”cosé (2.13)
cosd 2

6 pynnoeasi cKOpocmb v, — CKOPOCTb pacrnpocTpaHeHns Makcumyma ornba-
tOLLEN rpynmbl CMEXHbIX MO YacTOTe COCTaBNSAOLWMNX CIIOXHOro konebaHus, T.e. CKo-
POCTb, C KOTOPOW pacnpoCcTpaHseTcs BCA rpynna BOSH
dvd)
n

7 BosiHoeoe (xapakmepucmu4yeckoe) cornpomuersieHue Z, — COnpoTUBIIEHNE,
KOTOpOEe BCTpeYaeT 3MeKTpOMarHMTHasi BOMHA NpU pacnpoCTpaHeHMM BOOMb OOHO-
poOHON NuHMM 6e3 oTpaKeHus, T.e. Npu YCrOBWUW, YTO Ha Npouecc nepenadn He
BNUSIIOT HECOMMAaCOBAHHOCTM Ha KOHUAX NUHUK. ImeeT pasmMepHOCTb CONPOTUBIEHMS

(Om).
zg=\/“a =\/“a COSS(cosgnsmgj. (2.15)

€ka €4

A

Vop =V =M (2.14)

2.2 aneKTpOMaFHMTHbIe npouecchbl B npoBOAHUKAX U
ANI3JTeKTPUKax

Yacto ansa ynpolieHnss aHanusa ucnonb3yeTcs NoHATME uaearnbHOro npoBof-
HVYKa W naeanbHoro Auanektpuka. WaeanbHbln NpoBOAHWK — cpefa ¢ 6eCKOHEeYHo
BonbLon yaenbHOW NPOBOAMMOCTbIO (G —> o uNu tgd >>1). NoeanbHbln Ananek-

TPUK — cpeaa, He obnagatowlasi NpoBoAMMOCTbIO (=0 unu 1gd ~1). B ngeansHom
NPOBOAHMKE MOXET CYLLECTBOBATL TOMLKO TOK MPOBOAMMOCTU [, =GE', @ B naeanb-
HOM OM3NEKTPUKE — TOSNbKO TOK CMeLleHns 1., =ioe k.

B peanbHbIx cpegax MMeeTcst Kak TOK NMPOBOAMMOCTU, Tak U TOK cMeLleHusl. B
3TOM CIly4ae NpUHATO cyMTaTh Cpeay NPOBOASLLEN, €Cru

I, g,
$_T<O’1- (216)
[VanekTpuk xapakrepusyeTca HepaBeHCTBOM
I e
o= _t>10. (2.17)
np ©

MeTannbl npakTU4eckn BO BCEM [uanas3oHe 4acToT ABNANTCHA NPOBOAHUKAMW.
OunanexkTpukn (NONUCTMPON, MNONUITUNEH U MP) Ha BCEX YacToTax OEeWCTBYIOT Kak
nsonauna ¢ npeobnagaHnem TOKOB cMmelleHns. EctectBeHHble cpeabl (MoyBa, BoAa,
nen) obHapyXxmBalT NPOBOAHWKOBbLIE CBOWCTBA B 06MacTM HU3KUX YacToT (f<fy), a
BblLLe — ENCTBYIOT KaK AN3NEKTPUKN.

Huxe npuBegeHbl McxogHble OpMyInbl ANS onpedeneHns AnaneKTpu4ecKmx
XapakTepuUCTUK ON3NEKTPUKOB N NPOBOAHUKOB.

1 Quanekmpuku 6e3 nomepb (tgd =0, 0=0). JaHHbIM1 cBOMCTBaMM obnagaet

BakyyMm. COOTHOLUEHUS ANsi pacydeTa OCHOBHbIX XapaKTepPUCTUK 3MeKTPOMarHUTHOro
nons B Bakyyme NpuBOAATCS K BUAY:
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Y =i =io\e,l, =iBoEH , (2.18)
1 c

Vo =Vep = T T 2.19

A A ST (2.19)
21 ko

A= = ; 2.20

(D\/ga“a 8 ( )

\/E \f 376 7( (2.21)

roe  Po — kKO3 UUMEHT (hasbl B BaKyyMe;
Z=1201=376,7 (Om) — XapaKTepucTnyeckoe COonpoTUBIIEHMNE MIIOCKON BOSHbLI B
BaKyyMme;
¢=300000 xm/c — CKOPOCTb CBeTa B BaKyyMme;
Ao — ONHa BOMNHbI B BaKyyMe.
Takum o6pasom, nrockMe ofHOpOAHble BOSHbI B AnanekTpuke 6e3 notepb
UMEIT criegyroLuime CBOMCTBa:
e OTCYTCTBME 3aTyxaHus;
e HEe3aBMCUMOCTb CKOPOCTU pacrnpoCTpaHeHusi OT 4acToTbl (HeT gucnep-
cun);
e PaBEHCTBO CKOPOCTEW pacnpoCTpaHeHUs BOJSIHbI U CBETA;
e HEe3aBMCUMOCTb XapaKTepUCTUYECKOro COMPOTUBIEHNSA OT YacTOThl,
e OTCYTCTBME BPEMEHHOro oa3oBOro casura Mexay CocTaBnsaowmMMn nons
E, H,.

2 [lusnekmpuku ¢ MasnbimMu nomepsmu (tgd <1072 ): Bce AUSNEKTPUKM, NCTOMb-

3yemble B TexHuke CBY (nonnatuneH, dptoponnacTt, kepamuka u ap.). Ana atux cpeg
Takxke cnpaseanuebl opmynsl (2.18)-(2.21). NockonbKy tgd - KOHeYHas BenuynHa, B
ocTarnbHbIX pacyeTax Heo6X0AMMO y4UTbIBaTb NOTEPU B 3TUX cpedax. JuanekTpuku,
KOTOpble UCMNOMb3YITCA B kKabensax CBA3N, He SABNSITCA AUCNEeprupyrowmnMmn cpeaa-
MW, T.K. UX NapamMeTpsbl g, U i, crnabo 3aBUCAT OT YacTOThI.

3 Huanekmpuku ¢ 6onbwumu rmomepsmu (tgd ~ 1): okcuabl MeTarnmnos u gpyrve
coefVHeHus. ABRAITCA ANCNEPTUPYIOWMMIN COEANHEHNSMN U, cnedoBaTernbHO, BCe
OCHOBHbIE XapaKTEPUCTUKN INIEKTPOMArHUTHbLIX BOSIH 3aBUCAT OT YacToTbl. Koaddu-
UMEHT 3aTyxaHus umeeT oveHb 6onbluoe 3HayeHue. He ncnonb3yrTcs B 9MNeKTpo-
CBA3MN.

4 Memannbl (tgd>>1). N pacdeTa OCHOBHbIX XapaKTEPUCTUK 3rekTpomar-

HUTHOIO NoJfid Ncnonb3yroTcda cheayrLlimne COOTHOLLEeHUA:
y=(+inf 1o, (2.22)
a=B=ynfn,o, (2.23)

_0_y | mS 2.24
' p HqO (2.24)
p=2T g | ™ (2.25)

B fuqo '
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Z, = JioHa = (14) "L Ha (2.26)
(e} (@)

Takum o6pa3om, aneKTpoOMarHUTHOE Mofe B MeTannax umeeT cnegylowme oc-
HOBHble CBOWCTBA:

e KO3(hpMUMEHTbI hasbl U 3aTyxaHUSA paBHbI MeXay CoboMu;

e peakTMBHas W aKTMBHAsA COCTaBMAOLWIMNE XapaKTEepUCTUYECKOro cornpo-
TMBIEHUSA paBHbl MexXay cobowu;

e BekTOp H oTcTaeTt no ¢pase ot BekTopa E Ha yron, pasBHbinn 45°;

e OCHOBHbIE XapakTEPUCTUKN MO abBCOMOTHOM BENNYMHE HA HECKOSbKO MO-
PAOKOB OTNIMYAOTCA OT COOTBETCTBYIOLIMX B ANSMNEKTpPUKaxX (3aTtyxaHue
BonbLue, ocTanbHOE — MEHbLLE);

e amMnnuTydbl BOMH BAONb HanNpaBfeHUsi pacnpocTpaHeHnsa BbICTPo
YMEHbLLATCS.

2.3 NoBepXHOCTHbIU 3hpcheKT

[MepemeHHOe anekTpoMarHUTHOe Mosfe BHYTPU MeTanna, a cnegoBaTenbHo,
NNOTHOCTb TOKOB MPOBOAMMOCTU BbICTPO YObIBAEeT No Mepe yaaneHus OT NoBEPXHO-
CTN. JTO co3gaeT KoHUeHTpaumto TokoB CBY y noBepxHocTM meTanna. Takoe saBne-
HWe Ha3blBaeTCs NMOBEPXHOCTHbIM 3(ppeKkToM (CKUH-apdeKTOM), ero cxema nokasa-
Ha Ha pucyHke 2.1. Ha ocHoBaHUW ero aHanusa MOXHO caenaTtb crnegytoLlne BbIBO-

Obl:

1

54
i

PucyHok 2.1 — [poHuKHOBEHME NoNA B Tore MeTanna

1 OkeusaneHmHas enybuHa 6 — Takas rnybuHa NPOHNKHOBEHMWS NONS B NPOBOA-
HWK, MPY KOTOPOW HaNpPs>KeHHOCTb MNOoNSA yMeHbLUaeTcd B e=2,718 paa:

0= 2 nnu O:Q, (2.27)
\ op 0 |k|

rae |k|=/op,c — KO3MOULNEHT BUXPEBLIX TOKOB.

MybuHa NPOHMKHOBEHWSI 3aBUCUMT OT 4acToTbl: 4YeM Oornblue YacToTa, Tem
MeHbLUe rnybuHa npoHukHoBeHus. Ha yactotax CBY rnybuHa npoOHUKHOBEHMS B Me-
Tannax He3HayuTernbHa, U YMEHbLUAETCH C YBerMYeHNneM npoBoaUMOCTU U MarHuT-
HOW MPOHULIAeMOCTM MaTepuana.

Tabnuua 3Ha4YeHNn KOIPPULMEHTOB BUXPEBBLIX TOKOB M SKBMBANEHTHOW rnyou-
Hbl NS HEKOTOPbLIX NPOBOAHMKOB NpUBEAEHa HUXE.
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Tabnuua 2.1 — MNapameTpbl HEKOTOPbIX MPOBOAHNKOB

MeTann o, OM-MM*M | o, CM-M/MM® | k, 1/mm 0, MM
Meab 0,0175 57,00 1 21,2110°,[f 66,68/
AnmommHnn | 0,0291 34,36 1 16,35'10'3\/7 86,44/\/7
Cranb 0,1390 7,23 100 76,5'10’3\/7 18,7/\/7
CBuHeL, 0,2210 4,52 1 5,9710°,/1 236,7/./f

Hanbonbwen rnybnHon npoHnKHoBeHNA obnagaet ceuHel,. [pu aTom ¢ yBenu-
YeHMeM 4acToTbl rNybuHa NPOHNKHOBEHNSA YMEHbLLAETCS.

Ha pucyHke 2.2 npegcraBneHbl KpUBble 3aBMCUMOCTU NMPOHUKHOBEHUS TOKa B
MeTarsns OT YacToThl.

8, mar

0,55 —\

i N A
828 ¢

0,74

H : -
0,20 ‘:::_ & ,
016 . fe

T
U, /7 ..\' ;&.‘
0.08 P J
0,0-5 = \:"‘"—-M r/
0 100 200 760 00 F Kl

PucyHok 2.2 — YacToTHas 3aBUCUMOCTb NMPOHUKHOBEHUS 3MNEeKTPOMarHMTHOro
nonsg B Tonwy metanna: 1) aniomMuHus; 2) meam; 3) ctanm

Hanbonee yacto B kabenax ucnonb3yeTcs MegHbl NpoBOAHMK. VIHXeHepHas
dopmyna ansa pacyeTa rinyduHbl NPOHUKHOBEHWUSA MOMS B TAKOW MPOBOOHUK:
66,68

Oou = e =3,9/A[n] . ,
m [] (2.28)

2 [NlosepxHOCMHOe corpomusesieHue MeTanna Z; paBHO €ro xapakrepuctuye-
CKOMY COMNPOTUBIIEHUIO Z;:

Z,=27,= (1+i)1/“f% :%. (2.29)

3 AkmueHasi cocmaernisouas noeepxHOCmMHoO20 cornpomuerieHusi R, paBHa

lop, 1
R, = =— 2.30
s 26 cO ( )

N paBHa peakTUBHOW COCTaBNAOLLEN X;.
4 [MoBepXHOCTHbIN 3(PPeKT yMeHbluaeT 3(pdpeKkTMBHOE ceyeHre NPOBOOHMKA,
ABMIASACH NPUYNHOW YBENUYEHNSA €ro akTUBHOIO COMPOTUBIEHUS U 3aTyXaHUS.

5C yBENMMYEHNEM HaCTOThbl MOBEPXHOCTHOE COMPOTUBIIEHNE YBENTMYNBAETCA, a
BHYTPEHHAA MHOYKTUBHOCTb
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Lj=—t=—0 (2.31)

yMeHbLlaeTcs.

[MoBEpXHOCTb He ABMSETCS COBEpPLUEHHO Maakon u obnagaeT LepoxosaTo-
CTbto. Mepon LwepoxoBaToCTh sABnAeTca apPekTnBHAA cpefHekBagpaTUYHasa BbICO-
Ta HeO4HOPOAHOCTUN NOBEPXHOCTU A. Ha HM3KuX YacToTax rinybuHa NpOHWKHOBEHUS,
obycrnoBneHHasa NOBEPXHOCTHbIM ahheKTOM, NpeBOCXOAuT /. Ha BbICOKMX — TOK Bbl-
HY>XOeH cnefoBaTb BAOSMb BCEX HEPOBHOCTEW, YTO NPUBOAUT K YBENUYEHUIO COMpPO-
TUBIEHUS.

2.4 HanpaBnsiemble 351eKTPOMarHUTHbIE BOJIHbI

HanpaBnsgemble BOSHbI MMEKOT MECTO B NUHUSAX nepedadn. Nx ceonctea onpe-
OensTca X CTPYKTYPON U CBOMCTBaMU cpefibl, B KOTOPOM OHU PacnpoOCTPaHATCS.

HanomMHuM, 4TO CTPyKTypa 9MneKTpOMarHUTHOro nonsd HaxoguTcsa yYepes pelle-
HWe BOJSTHOBOrO ypaBHEHUS AN O4HOM M3 NPOLOSbHbBIX COCTaBAKOLWMX. 3aTem Yepes
ypaBHeHna Makceenna HaxogsaTca nonepeyHble COCTaBMAOWME ANIEKTPOMArHMTHOro
nons.

B peanbHbIx NuHMAX nepefadn Bce MHOroobpasne TMMNOB BOSIH MOXHO pasfe-
NUTb Ha 4 OCHOBHbIX TUNA:

e T — nonepeyvHo-afieKTpoOMarHMTHasa — anekKTpoMarHMuTHas BoSfiHa, BEKTopa
HaNPS>KEHHOCTN 3NEKTPUYECKOro U MarHUTHOrO MOSfien KOTOPOW nexar B
NSIOCKOCTWN, NEPNEeHANKYNSPHOM HanpaBneHuto pacnpocTpaHenus (E.=0;
H, = 0). CywecTtByeT TONbKO B NUHUAX, COOEPXalLUMX He MeHee OBYX
N305IMPOBAHHbBIX NPOBOAHUKOB Mo pasHbiMU noTeHumanamu. Mcnonbay-
eTcsa npu nepegadvye 3HEPrMM B OrpaHUYEHHOM AuanasoHe 4acToT Mo
NPOBOAHbLIM CUCTEMAaM, rae onpedensitowmMmMm ABna0TCS TOKM NPOBOAM-
MOCTW: Npu nepegaye Nno CUMMETPUYHBIM N KOaKCUasbHbIM LensiMm 1 no-
FIOCKOBbIM FIMHUAM,

e [E — anekTpuyeckass unu nonepedHo MmarHutHasa (TM) BonHa — anekTpo-
MarHuTHas BOJSIHA, BEKTOP HaMpPsXKEHHOCTU 3IEKTPMUYECKOro nonsa KOTo-
pON MMEET NONepeyHyd U NPOLOSIbHYIO COCTaBNsAKLWME, @ BEKTOP Mar-
HUTHOrO MOMNS NEXWUT B MFIOCKOCTWU, NEePneHOMKYNSAPHON HanpasfeHuto
pacnpocTtpaHeHus (H, = 0),

e H — marHuTHas unu nonepeyvHo anekTpudeckas (TE) BonHa — 3NeKTpo-

MarHuTHas BOJSIHA, BEKTOP HanpPs»KeHHOCTU MarHUTHOro Mons KOTOPOW
MMeEeT MOMepeyYHyo U NPOAOSNbHYK COCTaBMAKOLWME, @ BEKTOP ANEKTPU-
YeCcKoro nons NeXuT B MNAOCKOCTU, NepneHOuKYNspHON HanpaBrneHuto
pacnpocTtpaHeHus (E.=0),
E- v H-BonHbl BO30GyXaaloTCsl B BbICOKOM Auanas3oHe 4acToT, rae onpe-
AenswmMMmn ABSTCA TOKM cMeLleHnd. McnonbayoTeca npu nepegaye
9HEPrun No MeTanIMYecKMm U OUINEKTPUYECKMM BOSIHOBOL4AM W OOHO-
NPOBOAHLIM (HanpMmep, BOSTHOBOAAM) JIMHUAM,

e HE v EH — rmbpungHble CMeLLaHHbIe BOSHbI — 3NIEKTPOMArHUTHbIE BOJIHbI,
BEKTOPbI 3MEKTPUYECKOrO M MarHUTHOrO Mofnen KOTOpbIX UMEKT OTinNY-
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Hble OT Hyns nonepeyHble U NPoAoSNbHble cocTaBnsawwme. JaHHbIn TMN
BOJIH MOXET paccMaTpuBaTbCs Kak cynepnosnunsa E- n H- BornH.
OcCHOBHbIe TUNbI BOMH B HanNpaBnsoLWmx cpegax npuseaeHbl Ha pucyHke 2.3.

EH wu HE
E e E,#0 H,=0 H,+0
YUY H,=0  E, =0 E,#0

PucyHok 2.3 — BsamHoe pacnosioXXeHne KOMMOHEHT BEKTOPOB MNosis
B Hanpasnswowen cucteme: 1) T-sonHa; 2) E-sonHa; 3) H-sonHa; 4) HE-BonHa

2.5 UcxopHble NMPUHUMMNDbI pac4yeTa HanpaBnAaAwWNX CUCtemMm

Bo MHOrmMx npakTudeckmx crnyyasx mckatb TOYHble pelueHus 3agadv Ha 6ase
9NEKTPOANHAMUKN CNOXHO U HelenecoobpasHo. B aTom cnyvyae npumMeHsTca npu-
BGrnvxXeHHble MeToAbl pelleHns, B TOM YuChe MeToabl TEOPUM SNEKTPUYECKUX Lenen
N reomeTpuyeckon onTukn. B nepBom crnyvae coBepluaeTcs nepexoq OT BOSIHOBbIX
npoueccoB K konebaTtenbHbIM (A>>D), a BO BTOPOM — K Jly4€BbIM (FrEOMETPUYECKUM)
npoueccam (A<<D).

B 3aBMCUMMOCTM OT COOTHOLLEHUS AMMHBbI BOSIHbI A U NMONepeYHbIX reoMeTpuye-
CKMX pasmMepoB D CUCTEMbI MOXHO pas3fenvTb Ha TpY pexnma nepegaqu:

1 keasucmauyuoHapHbIl npu A>>D. COOTBETCTBYET HM3KOYACTOTHOMY AManaso-
Hy (A—o). lNepenava BegeTca Ha T-BonHe. BorHoBble ypaBHEHMSA 3NEKTPOMArHUTHO-
ro Nons BbIPOXAAKTCHA B YPaBHEHUS 3NEKTPOMArHMTOCTaTMKN U peLlarTca ¢ NoMo-
wbto 3akoHoB Oma n Knpxroda n tenerpadHbix ypaBHeHUn Teopun uenen. Cnpa-
BEASIMBO AN 4acToT MeTpoBoro avanasoHa (10%...10° T'm). B aTom pexume ocy-
LiecTBNAeTCA nepegadya no ABYXNPOBOAHbLIM BO34YLUHbIM VMHUSAM, CUMMETPUYHOMY
kabento, NONOCKOBbLIM NIMHUSM, NEHTOYHOMY Kabenio 1 KoakcnanbHoOMy Kabento;

2 anekmpoduHamuyeckul (pe3oHaHCcHbIU) npu A= D. COOTBETCTBYET BOJSTHOBLIM
npoueccam, ONMCbIBaeMbIM MOSTHbIMU ypPaBHEHMAMMU 3anekTpoguMHamuku. Nepepada
Ha E- u H-BonHax. Vcnonb3yTca Hanpasnsowme CUCTEMbl Creaylowwmx TUMNoB:
BONTHOBOAbI, JMHUN MOBEPXHOCTHOW BOMHbI, KOakcuanbHble kabenn Ha CBM
10'...10" T'y (CAaHTUMETPOBLIN M MUINMMETPOBbLIN AMaNa3oHbl), OAHOMOAOBbLIE CBe-
TOBOAbI (MUKPOHHbIE BOJSHbI). OTOT pexunm Hambonee CNOXeH ANS UCCrneaoBaHus,
T.K. 30€Cb UMEKT MECTO PE30HAHCHbIE MPOLECCHI;

3 keasuonmuyeckut npu A<<D. OxBaTbIBaeT Jly4eBble MNpoLecCbl reomeTpuye-
ckon (A—0) n BonHOBOM ONTUKKU. HanpaBngaLwmne CUCTEMbI: Na3epHble CUCTEMbI, AN-
3NneKTpuyeckne BONHOBOAbI, CBETOBOAbI HA CMELUaHHbIX TMOPUAHbBIX BOSTHAX B ONTU-
yeckom ananasoHe 10"...10" 'y (MUKPOHHbIE BOMHbI).
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3 KOHCTpYKUMA CUMMETPUYHBLIX Kabenen cBA3Mn

3.1 TokonpoBoAasiLUE XUMbl N UX N30NALUA

CummeTpuryHaga napa npeacrtaBngaeT cobown ABa N30NMpOBaHHbIX NMPOBOAHMKA C
O[ANHAKOBbIMW KOHCTPYKTUBHBIMWU U 3NEKTPUYECKUMN CBOUCTBAMM.

MpoBOOHMKM MM TOKOMPOBOASALLME XUMbl AOMKHbI OobnagaTb cnegylowmmMmm
CBOVICTBaMMU:

e BbICOKOM 3NEeKTPUYEeCKON NPOBOAUMOCTbIO;
e DonbLLOW rMBKOCTLIO;
e [OCTATOYHOMN MEXaHN4eCKOM MPOYHOCTbIO.

B cMMmmeTpuyHbIX Lenax ans kabenbHbIX Xnn npUMeHSeTcs B OCHOBHOM Msirkas
nposorioka n3 mean mapkm MM (oToxokeHHas mMsarkasi Mefb) C yaerbHbIM CONpoTUB-
nexHvem p = 0,0175 OM MM*/M. dnameTp npoBogHMKa 3aBUCUT OT obnactn npumMmeHe-
HUA Kabens:

e 55 BbICOKOYACTOTHbIX Kabenem yvaile BCero MCNonb3ylT MPOBOOHUKM
anametpom 0,9; 1,05; 1,2 mm;

e [ansa kabenen ropoackux TenedoHHbIX ceTen - guametpom 0,32; 0,4; 0,5;
0,7 Mmm.

[na npegoxpaHeHns TOKOHECYLUMX XXMM OT COMPUKOCHOBEHMS Mexay cobow
npumMeHsieTca nsonauusa. Kpome Ttoro, oHa no3BosiseT CTporo omMkcupoBaTb pacno-
NOXeHWe Xun B rpynne no Bcen anvHe kabens.

M3onaunoHHble maTepuarbl xapakTepusyTca cnegyowumMm napaMmeTpamu:

e 3MEKTPUYECKON MNPOYHOCTbIO E,, — MUHUManbHOW HanpsXeHHOCTbIO
3NEKTPUYECKOro Noss, Npy KOTOPON NPOUCXOAUT NPOoBOn N30NALMK;

e yAaeribHbIM 3IIEKTPUYECKUM COMPOTUBIEHNEM MPU MOCTOAHHOM TOKE p,
XapaKTepusyoLmMM TOK YTEYKN ONINEKTPUKA;

e [OU3NEKTPUYECKON MPOHULLAEMOCTbID €, XapaKTepusylowlen cTeneHb
CMeLleHus 3apagos (nonapusauum) B AN3NEKTPUKE Npu BO3AEeNCTBUM Ha
Hero aneKTpu4ecKoro nosns;

e TaHreHcoMm yrrna AN3neKTpu4ecknx rnotepb tgd, xapakrepusyrLwmm noTte-
pU SHEPruu B OUINEKTPUKE.

MaTtepuanbl, M30nMpyloLWmMe TOKOHECyLMe Xunbl B Kabene cCBA3W, AOSMKHbI
MMEeTb BbICOKOE yaernbHOe 06bEMHOE COMPOTMBIIEHNE, Masble AN3ANEKTPUYECKME NO-
TEepW, HU3KOE 3HaYEeHWe OMINEKTPUYECKON MPOoHMLAeMoCTn, obnagatb 3nacTUYHO-
cTbto. Kpome TOro, OHM OOSMKHbI NEerko nogaaBaTbCA TexHonornyeckon obpaboTke,
ObITb CTOMKMMUW K CTAaPEHUIO.

Mo 3NeKTpoM3OoNSAUMOHHBIM XapakTepucTukam >xenatenbHo, 4ToObl nsonauus
npubnuxanack K cBoncTBam Bo3agyxa (tgdo =0, € = 1, p = ), KOTOPbIA ABNSETCHA NpakK-
TUYECKN naeanbHbIM ONANeKTpukoMm. B kabenax cBa3u B kKayecTBe nsonaumm npume-
HAKOT KOMOMHUPOBAHHbINA OUANEKTPUK, COCTOSALLNA U3 BO3AyXa U TBEPAOro matepua-
na, 4YTo NO3BONSET BbIMNOMHATL YCNOBUE CUMMETPUN Lieneun.

Haunbonblee npumeHeHne B KayecTBe MU30NSAUMOHHONo Matepuana B kabensx
CBA3KN nony4mnu kabenoHas Gymara, nONUCTUPON, NONUITUMNEH U Apyrine nonmMmepu-
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3aUMOHHbIE MnacTMacchbl. XapakTepPUCTUKM OCHOBHbLIX KabenbHbIX AN3NEeKTPUKOB
npuBegeHsl B Tabnuue 3.1.

Tabnuua 3.1 - OCHOBHblE XapaKTEPUCTUKM KaberbHbIX ANANEKTPUKOB

OunanekTpuk MNoTHOCTD, € U, tgd-10™
ricm® kB/MM | mpu yacTote 1 MI'y
kabenbHas Gymara 0,7 2...2,5 5 400
nonmcTnpon 1,05 2,5..2,7 |40 2
NONUATUNEH CNIIOLLIHON 0,92 2,2..2,3 30 3
NOSINATUNEH NOPUCTLIN 0,47 1,45...1,506...10 5
NOSIMBUHUNXNOPUA 1,26...1,40 3...6 30 400

Haunbonee wmnpokoe npumeHeHne B CUMMETPUYHBLIX Kabenax CBA3W MosyyYnnu
cnegyowme TUnbl 30NAUMK, NoKasaHHble Ha pUcyHke 3.1 (CeYeHUss HEeKOTOpPbIX TU-
MOB M30MALMM NPUBEOEHDLI HA PUCYHKE 3.2):

A)
PucyHok 3.1 — Tunbl n3onauum XxXmn CMMMETPUYHbIX Kabenen cBaA3n

a) 0)
PucyHok 3.2 — CeueHune HEKOTOpbIX TUMOB n3onauumn a) TpybyaTtas, cnioLiHas,
nopuctas; 6) kopaenbHas
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TpybyaTas, BbINOMNHAETCH B BUAe BYMaXXHOM NEHTbI, HAaNOXeHHOW B BUAe
Tpy6kn (pucyHok 3.1, a, pucyHok 3.2 a), bbiBaeT u BymaxHo-nopucras
n3onsumsa, npeacraesngoLlaa cobom ogHOpPOaAHbIV crion bymaru;
KopAenbHasi, COCTOUT U3 KOpAens, pacrnofioXXeHHOro cnMpanbHO Ha npo-
BOOHUKE, W NEHTbI, KOTOpas HakragblBaeTca nosepx Kopaens (pUCcyHoK
3.1, 6, pucyHok 3.2 6);

CMMOLWUHag, BbIMNOMHAETCS U3 CMMOLWHOro Crnog nnacrTmaces! (pucyHok 3.1,
B, PUCYHOK 3.2 a);

nopucTas, BbINOMHAETCA U3 CNIIOLWHOro Crios neHonnacra (pucyHok 3.1,
B, PUCYHOK 3.2 a);

BGannoHHas, npeacraBngeT cobon TOHKOCTEHHYHO MilacTMaccoByl TpyO-
Ky, BHYTpY KOTOpown cBOGOAHO pacnonaraetcs NpoBOAHUK, Tpybka nepu-
O4MYECKN NO cnvpany 06XnUMaeTcs U HagEeXHO YAEPXMBAET XUNy B LiEH-
Tpe nsonauum (pucyHok 3.1, r, o).

HaunbGonbllee npyumeHeHne B HacTosiLLiee BpeMsi UMEIOT criegyloline Buabl U3o-

nauuum:

ans kabenen ropofckon 1 cenbCckon CBA3N - TpybyaTas, BbINOSHEHHAS B
BMAe OOMOTKM ByMaXkHbIMKU NeHTamu, CnfowHas NonuaTuneHosas, no-
puctas BymaxHas (04HOPOAHbIN Crion Bymarun) unv NonuaTUeHoBas;
ANS CUMMETPUYHbIX Kabenen mexagyropogHenW CBSA3W - KOpAerbHO-
cTupodpnekcHasn, 6annoHHas, kopaenbHo-TpybyaTas unm nopuctas u3
nonuaTturneHa.

B nocnegHue rogbl nosnyymna WMpokKoe pacnpocTpaHeHne TpexcriomHas nnex-
KO-nopucrasa nonnatuneHoBasa nsonsaumda. Ha pucyHke 3.3 nokasaHO nonepeyvHoe ce-
YeHne U30NMPOBAHHOWN XUIbl. M30M8UmMsa XUnbl COCTOUT N3 TPeX KOHLUEHTPUYECKUX
CITI0EeB MONUaTUIEHA HU3KOM MMOTHOCTU. HapyXHbin 1 U BHYTPEHHU 2 crion npeg-
CTaBnAOT CMNSIOWHOE MNSIEHOYHOE MNOKpbITUEe. Mexay HUMKU pacrnofioXXeH OCHOBHOM
NPOMEXYTOYHbIN CNON 3, UMEOLNI BCMEHEHHYIO (MOPUCTYIO) CTPYKTYPY.

1
2

3
4

PucyHok 3.3 — TpexcronHas nneHko-nopmucTasa nonuaTuneHosas n3onauus

M3onsaumnsa Xun cooepXuT Kpacawmin NUrMeHT, BBEAEHHbIN B Hapy)XHOe nre-
HOYHOE MOKpbITHE.

3.2 CKpyTKa B rpynnbl. [locTpoeHue kabernbHOro

cepaeYHuKa

OTaenbHble M30NMPOBaHHbIE XKUMNbl CKPYYMBAOTCSA B rpynnbl. B pesynbtaTe Xu-
Nbl Lenu CTaHOBATCS B OAMHAKOBbIE YCIOBMWS MO OTHOLLEHWIO APYT K APYTY, SNeKTpo-
MarHuUTHble CBSI3U MeXAy LensiM1 CHUXAKTCS, U MOBbILLAETCS 3aLUULLEHHOCTb UX OT
B3aMMHbIX 1 BHELWHMX Nomex. Kpome Toro, ckpyTka »un npuaaet rubkocTb kabento.
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CyLliecTByeT HECKOMbKO CrnocoB0OB CKPYTKW XWUIT B rpynnbl, NOKasaHHble Ha pu-
CyHke 3.4:

CKpyTKa napHas I (a);

CKpyTKa 3Be3gHas 3 (6);

CKpyTKa aBonHas napHas A1 (B);
CKpyTKa aBonHas 3se3gHas O3 (r).

(®)
AQON
OO ‘°%g;

a) 6) B)
PucyHok 3.4 — Tunbl CKPYTKM XXNN

Haunbonee akoHoMunuHOW, obecneymBaiollen nyyllyto CTabunbHOCTb MO 3riek-
TPUYECKMM MapameTpam, SBnseTCca 3Be3fHas CKpyTka. OTa CKpyTKa nony4yuna npe-
NMYLLLECTBEHHOE MPUMEHEHMNE B BbICOKOYACTOTHBIX CUMMETPUYHbBIX Kabensix cBA3u.
MapHasa ckpyTka ABnsieTca Havbornee nNpocTov B NPOU3BOACTBE U MPUMEHSAETCS B
OCHOBHOM MpU U3roTOBMEHWUU rOPOACKUX TeNedOHHbIX kabernen.

Ckpytkun O n O3 He nonyy4nnu LWMPOKOro NPpUMEHEHUS B CYLLECTBYIOLLNX KOH-
CTPYKUMSIX CUMMETPUYHBIX Kabernen CBA3N U3-3a yBennyeHns Konmyectsa onepaumm
CKPYTKM.

CKpy4yeHHble B rpynnbl U30IMPOBAHHbLIE XWilbl CUCTEMATU3MPYIOT NO onpeae-
NEHHOMY 3aKOHY N 06beanHAIT B 00 M KabernbHbIA CepaeYHuK.

PasnuyatoT ABe pasHOBUAHOCTU KabenbHOM CKPYTKU (pUCYHOK 3.5):

e OOHOPOLHYIO, OTNMYUTESNBbHBIM MPU3HAKOM KOTOPOW SBNSETCA OAMHAKO-
Bas CTPYKTypa W OOMHAKOBbIM OuaMeTp BCex 00pasylolmx cepaeyHuK
aneMeHTapHbIX rpynn (a);

e HEOOHOPOAHYIO, NPU KOTOPOW cepAedHuK kabenst obpasoBaH u3 rpynmn,
pPa3HOPOAHbLIX MO CTPYKTYpE MU MMEKLLMX HeoaMHaKoBbLIN anameTp (6).

PucyHok 3.5 — OgHopoaHas (a) u HeogHopogHas (6) ckpyTka B cepaeyHuke

Hanbonbliee pacnpoctpaHeHne nony4dmnna ogHopoaHas CKpyTKa.
B 3aBucMMoCTu OT xapaktepa o6pa3oBaHus cepaeyHnKa pasnmyatoT NOBUBHYIO
N NYYKOBYIO CUCTEMBI CKPYTKM (PUCYHOK 3.6).
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PucyHok 3.6 — Cuctembl CKpyTKM: a) noBMBHas, ©) nyykoBas

[Mpy ny4ykoBOW CKpyTKe rPynnbl CHa4ana CKpy4uBaltOTCHA B My4vKu, coaepxaiume
MO HECKONbKO OeCATKOB rpynn (Hambonee pacnpocTpaHeHbl nyydkn m3 50 n 100
rpynn), nocne 4ero ny4ku, CKpyumBasicb BMecte, obpasytoT cepaeyHuk kabens. Myy-
KOBasi CKpyTKa B OCHOBHOM NpuMeHsieTcs Ans kabenen ropoackux TenedoHHbIX ce-
Tewn.

B cepaeyHuke NOBUMBHOW CKPYTKWU rpynnbl pacrnonaratTcs nocrnegoBaTesibHbIMU
KOHLEHTPUYEeCKMMN MNOBMBaMW, HaknadblBaeMblMWU OAVMH Ha OPYron noBepx LEeH-
TpanbHoro. MNpun 9ToOM CMeXHble NOBMBbI AOMKHbI UMETb B3aMMHO MPOTUBOMOOXHbIE
HanpaeneHus ckpyTkn. [ins obneryeHnsa pasgenku kabens npu ero MoHTaXe Kaxabln
NOBMB cepAedHnka obmMaTtbiBaeTCca MO OTKPbITOM ChMpanu xnonyaTtobymaxkHoW mnm
KanpoHOBOW Mnpsiken. B Kaxxgom noBuBe eCTb KOHTPOJSIbHbIE TPYMMbl, pacuBeTka Ko-
TOPbIX PE3KO OTNMYaeTCs OT pacLBeTKM BCEX OCTalbHbIX Pynn, pacrnonoXeHHbIX B
AaHHOM MNoBMBeE.

3.3 3aWwmTHbIEe 06O0STI0OYKU U NOKPOBbDI

CepaoeyHuk kabens NoKpbIBaT NMOSAICHOW M30MALUMEN N 3aKMO4aT B repMeTny-
Hyt0 060M0UKy, NPEeLOXPAHSIOLLYIO0 N30NALMIO XXMM OT BNarv n 3awuwiaroLlyto kabenb
OT MEeXaHW4YeCKMX BO3AEWNCTBUIA, KOTOPbIE MOTYyT BO3HUKHYTb B NpoLEecce TpaHCnop-
TUPOBKM, MPOKMaAKN U 3Kcnnyataumm kabens. BnarosawutHole kabernbHble 060Mn04-
K/ B 3aBMCMMOCTM OT MaTepuana, Ucrnonb3yemoro Ans ux U3rotoBreHus, pasgens-
IOTCS Ha TPWU OCHOBHbIE rPYNMb:
e MeTannun4yeckue;
e NNacTMaccoBbl€;
e MeTannonsacTMaccoBble.
K meTannnyeckum obonoykam OTHOCATCS CBUHLOBbIE, antOMUHUEBBLIE U CTalb-
Hble. CBMHLOBbIE 060SI0YKM HaKNaabIBaKOTCA Ha cepAeYHUK METOAOM OnpeccoBaHUA
B ropsiiem Buge. Ytobbl cBMHUOBas 06onoyka nmena 6onbLlyo TBEpAOCTb U BUOPO-
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CTOWMKOCTb, €€ U3roTaBNMBalT U3 ferMpoBaHHOro ceuHua ¢ npucagkon 0,4...0,8 %
CypbMbl.

AntomuHueBble 060NOYKN BbINPECCOBBIBAIOT B rOpsiieM BUOE WU M3roTaBnu-
BalOT M3 JIEHTbl CO CBapHbIM MPOAOSIbHBIM LUBOM MNPW MOMOLLM aproHHO-4YroBow
CBapKM WNN CBapKM TOKaMWU BbICOKOW 4YacTOTbl. AnOMMHMEBbIE ODOOMOYKM nerkue,
Aeluesble 1 06nagatoT BbICOKUMU SKpaHMpyowmMmn ceorcteamn. OgHako OHU CUrb-
HO NoABepXXeHbl ANEKTPOXMMNYECKON KOPPO3UKN, NOITOMY MX 3alLuLLaoT NonuaTune-
HOBbIM LLUTAHrOM C NpeABapuUTENbHO HANOXEHHbIM Croem buTtyma.

CtanbHble 060N04KM N3roTaBnMBalT NyTeMm cBapku. [Ana nosbleHNa rmbKocTu
MX roppupyroT, a ¢ uenbl 3awuTbl OT KOPPO3UM MNOKPLIBAOT MOMNITUNEHOBLIM
LUSIaHrOM.

M3 nnactmaccoBbix 06onovyek Hambonbllee NpMMEHEHWE MOMy4YMnn NoNnaTK-
NEeHoBbIE M NonNuBMHUNXNOpUAHbIE. [MnacTmaccoBble 060MIOYKM cCoYeTaloT BRaro-
CTOMKOCTb, CTOMKOCTb MPOTMB KOpPPO3uW, npuparT kaberno rmbkocTb, Nerkoctb U
BubpocTonkocTb. OgHaKo Yepes nnacTMaccy NocTeneHHO NPOHWKaKT BOASHbIE Ma-
pbl, YTO MPUBOAMUT K CHUXKEHUIO COMPOTUBMEHUA u3onsaumm kabensd. MNoatomy nonu-
STUNEHOBbIE 0DOMOYKM UCNOMb3YITCA B Kabensax C nonuaTUNeHOBOW M30nsumen
xun. MNMonmeBuHunNxnopugHole 060N04KM NO NPUYMHE HU3KOW BRAroCTOMKOCTM nNpume-
HSAKOTCA B OCHOBHOM B CTAHUMOHHbIX Kabenax. [JoCTOMHCTBOM NOSIMBUHUNXMOPUAHBIX
obonoyek aBnsieTcs Gonbllas OrHeCTOMKOCTb. MNPUMEHATCA Takke NONMITUNEHO-
Bble 060M04KN, HE NOAAEPXKNBAIOLLME TOPEHME.

N3 meTannonnactmaccoBbix 060504eKk B kKabernbHON TeXHUKe HaxoauT npume-
HeHVe aniomMononuaTuneHosas obonoyka, npeacraesnsowas cobor NONUITUNIEHO-
BYIO TPYyOKy, METannn3npoBaHHy BHYTPU CRoeM antoMUHNEBOW (POSbIN.

Mpu npoknagke kabenen HenocpeaCTBEHHO B 3eMfe Unu B Boge OHW 0bs3a-
TEeNbHO CHabXalTCA LOMOMHUTENBHON 3alUMTON. 3aluuTa BKIIOYaeT noayLky, 6po-
HEBOW MOKPOB M HapYXHbI NOKPOB. NMoaylika 6GpoHNpoBaHHbIX kabenen 0Bbl4HO CO-
CTOMT U3 NOCneaoBaTeNbHO HANOXEHHbIX CrIOeB BUTYMHOro cocTaBa U NPONUTaHHOM
kabenbHOM nps>ku (oXyTa). BpoHEBOM MOKPOB BbINOMHAETCA M3 CTanbHbIX NEHT,
MAOCKOW UMK KPYrfon CTanbHOW NpoBonoku. MNMoeepx 6poHM Ha kabenb HaknagbiBa-
€TCH HapYXHbI MOKPOB, COCTOSALLMIA N3 NPONUTAHHON BUTYMOM KabernbHON NPsiKu.

B kabenax c anioMuvHMEBBLIMM U CTalnbHbIMW 0BONIOYKaMKU, KOTOPbIE CUIBLHO
noABepXeHbl KOpPpOo3uu, NPUMEHSAIOTCA YCUMEHHbIE 3alUMTHbIE MOKPOBbI M3 BA3KOMO
noakneneatroLwero GUTYMHOro Cnos 1 NONM3TUIIEHOBOIO LUMaHra.

3.4 MapkupoBKa CUMMETpPUYHbIX Kaberewu

Ansa ypobctBa knaccudukaumm 1 nonb3oBaHUsA kabensim npuceanmBaeTca onpe-
AeneHHoe ycrnoBHoe 0b03HavyeHne — Mapka: cuctema ycroBHbIX 0603Ha4YeHun, oT-
paxaroLwmx npu nomoLum 6yks 1 LMEP OCHOBHbIE KNAacCUUKALNOHHBIE NMPU3HAKN Y
KOHCTPYKTMBHbIE 0COBEHHOCTUN Kabens.

MepBble ogHa unu ase 6ykBbl oNpeaensoT HasHavyeHne Kkabens:

e ropoackue TenedoHHble kabenu obosHavatoTcs Oykson T;
e MaructparbHble CMMMeTpUYHbIe - BykBamn MK.
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Mocnepytowme ogHa nnu ase 6ykBbl 00603HA4YalOT OCOBEHHOCTb KOHCTPYKLMK
nnu matepuan n3onsaumm kabens:
e 3Be3aHas ckpyTka HY kabens obosHavaeTcs Obykson 3;
e KOPAENbHO-NONNCTMPONbHAas (CTupodnekcHas) nsonaumna — C;
e nonuatuneHosas usonauuna — [1;
e TpybyaToO-nonmatTuneHosas — T.

BymaxHas nsonauma B Mmapke He nmeeT 6ykBeHHbIX 0003HaYeHNI.

MocnegHue ogHa vnn gBe GykBbl Mapkn kabens o6o3HayaloT poa 3aLMUTHOro
NOKpOBa:

e rofbli OCBUHLOBaHHLIN Kabenb 0603HavaeTcs Oykson I

e anwomMmunHueBas obornoyka obo3HavyaeTcs GykBou A,

e cTanbHasa obonoyka 6ykson C nnu Cr;

e OykBa b — GpoHMpoBaHue kabens ABYMSA CTanbHbIMU FIEHTAMWN C HAPYX-
HbIM J)KYTOBbIM 3aLUUTHBIM MOKPOBOM,;

e K — OpoHupoBaHune KpyrnbIMU OLMHKOBAHHLIMU MPOBOSIOKAMU C HapyX-
HbIM NMOKPOBOM;

e Bl — 6pOoHMpPOBaHHbIN rofbil, T.€. 6€3 HapY>XHOro 3aLUUTHOrO NOKPOBA.

Mpn HanMyYUMM NPOTUBOKOPPO3MOHHBIX U3ONUPYIOLLMX MOKPOBOB B NOAOPOHEBOW

nogyLuke K 0603Ha4veHuto npnbasnaoTcs GykBbI:
e 11— CrOW MOMMBUHUIXNOPUOHBIX UK APYINX NNACTMaCcCOBbIX NTEHT;
e 21 — [Ba Cfos NEHT, MeXay KOTOPbIMU HamnoXeHbl GuTym u Kpenupo-
BaHHasa bymara;
e M — MONM3ITUNEHOBbIN LUNAHT;
e B — MONIMBUHUIIXIIOPUOHBIN LLUMAHT.

Mpn HannumMm HapyXHbix NokpoBoB OGykBbl LN 0603HavyaloT NONUATUIEHOBLIN
wnaHr unu LWWe — nonuBmHUNXNopuaHbiv WwnaHr. B KoHue mapku kabens ykasbiBaloT
4YUCIO XUM B rpynne, YMCno rpynn B CepaeyHuKke n gnameTp Xxun. Hanpumep, yeTbl-
pexyeTBepPOUHbIN Kabenb ¢ guameTpom xun 1,2 mm nmeet obosHadeHne 4x4x1,2;
NATUCOTNAPHbLIA rOPOoACcKon Kabenb ¢ xunamn gunametpom 0,4 Mm umeeT umdpoBoe
obo3HauyeHune: 500x2x0,4.

Beuay pasHoobpasvs TMNOB BbiNyCKaeMbIX MPOMbILLNIEHHOCTLIO Kabenen ogu-
HakoBble OyKBbl B MapKMPOBKE MHOrA4a UMEIOT pasHbln cMbicr. Hanpumep, 6ykson 3
obo3HavalTCa 3Be34Hasd CKpyTka B HM3KOYACTOTHLIX Kabensix, a Takke kabenu 3o-
HoBOM cBA3N, BykBoM C — «CBA3b», «CTUPOreKe», «ctanb» 1 T.n. Noatomy npwm
HeobXxo4MMOCTUN 3HaYeHUs1 BYKB B KaKOOM OTAENMbHOM CIly4ae MOXHO YTOYHUTb MO
FOCT nnn TexHM4eckMM ycnoBusM Ha kabenu.

3.5 Kabenun tuna MKC

K kabensm Buga MKC oTHocaTcA cnegyowime Tunbl kKabenen:
e MKC 4x4, MKC 7x4 c kopAenbHO-NOSIMCTUPOSIbHOM U30MSUMEN XUN B
CBMHLIOBOW 060M0YKE;
e MKCA 4x4, MKCA 7x4 1O e B antoMMHMEBOWN 0DOMNOYKE;
e MKCCT 4x4, MKCCT 7x4 TO e B cTanbHON rodopmpoBaHHON 060moukKe.
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Kabenu ¢ antoMmHneBon 060M104KON MMEIOT NOBEPX armtOMUHUA aHTUKOPPO3UN-
HbI 3alMTHbIA NOKPOB B BMAe OMTyMa M NONMUITUIEHOBOrO LWNaHra. Takue kabenu
MMerT B HasBaHWW gononHutenbHble Byksbl AL n mapkupytotca MKCALLN, MKCA-
Bnlln, MKCAKnLUn n T.4. TonwmHa antoMmMHMeBOM 060M0YKM NPU BbICOKOYACTOTHON
ceapke 1,0 mm, npu npeccoBaHun 1,3 Mm.

Ha nepBuyHOM MarucTpanbHOW ceTu cBA3M Poccmn npoTSXKeHHOCTb NNMHUK Ne-
pegayv no kabenam suaa MKC coctasnseT npymepHo 63% obLien NpoTAXEHHOCTH
mMaructpanbHbIX NuHUA CHIT, Ha BHYyTpu3oHoBon cetn — 20%, Ha coeguHUTENbHbIX
nmHuax N'TC — 10% o1 obuiero o6bema Bbinycka kabenen suaga MKC.

MapameTpbl kabenen MKC B gMana3oHe 4acTOT aHanoroBbiX CUCTEM Nnepeagaymn
00 500 k'y 1 undposbix cuctem nepegayn go 34 My perynupyet FOCT 15125-92.

KoHCcTpykuma Hambonee pacnpoCTpaHEHHbIX CUMMETPUYHbLIX Kabernem Tuna
MKC 4x4x1,2 npuBegeHa Ha pucyHke 3.7.

HapPYXHbIA NOKPOB (OXYT);
©poHenpoBOoKa;

ABe NeHTbl erI'IMDOBaHHOVI 6ymarw;
CBUHLIOBas 060104Ka;

noayLuka,

OBe OpoHeneHThl;

MeaHas nposonoka D=0,9 mwm;
NONMUCTUPOJIbHAA NeHTa,

9. Kopgenb D=0,8 mwm;

10. uBeTHas x/6 npsixka;

11.  kopgenb D=0,4 mwm;

12. TOKOHecyLwas xuna D=1,2 mm;

13.  ueHTpupytowunn kopgene D=1,1 mm;
14. nonuCTUpOsibHadA NeHTa;

15. noscHas nsonsaums.

PucyHok 3.7 — CummeTpudHbin kabenb Tuna MKC 4x4x1,2

© N ORAWON =

Kabenn MKCI™ — ato BY-kabenn B cBnHU0BON 0605ouke 6e3 3amMTHOro Nokpo-
Ba. OHM NpUMeEHSTCA ANS NPOKNaaKM B TenedOHHON KaHanu3auuu, Konnekropax v
TOHHensX, Ha BBOAAX B NMOMELLEHNS YCUITUTENbHbIX CTaHLMN.

Kabenn MKCB — 6poHMpOBaHHbIE CTarnbHbIMWU NIEHTaMW, C Hapy>XHbIM MOKPO-
BOM. [MpumeHsATCA ANa NPoKNagkm B rpyHTax BCEX KaTeropum v npu nepeceyeHmnm
HEeCyaOX0OHbIX, HECMNMaBHbIX PeK C He3aboNno4YeHHbIMM N YCTONYMBBLIMU MOMOrMMMN
Geperamu.

Kabenn MKCK — GpoHupoBaHHbIE€ KPYrfbIMU CTarlbHbIMU OLMHKOBAHHbLIMU NPO-
BOMIOKaMu, C Hapy>XHbIM NOKPOBOM. MpoknaabiBatoTCa Npu nepeceyeHnm ropHbIX pek,
CyOOXOAHbIX U CnNaBHbIX pek (BKMYas 3ab0foYeHHble NONMbl 3TUX PEK), a Takke
NPOKnaabiBalOTCSA B rPyHTax, NOABEPXKEHHbIX MEP3IOTHLIM AedopMaumnsMm.
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4 MNapameTpbl Nepeagayn CUMMeETPUYHBLIX Kabernen

4.1 3neKTpOMarHMTHbIe npoueccbl B CUMMETPUYHbIX
Kabensax
B cBA3M ¢ 0COBEHHOCTAMM KOHCTPYKLUUN CUMMETPUYHBIX Kabenen npu npoxox-

OEHUN 3MeKTPUYeCcKoro curHana rno npoBOoAHUKaM BO3HUKaET BHELLHee anekTpomar-
HWUTHOE Norie, Kak NoKa3aHo Ha pPUCYHKe 4.1.

PucyHok 4.1 — OnekTpomMarHMTHoe rnose CUMMMETPUYHOM Lienu

Mog pencTBneM nepemMeHHOro nosis NPoUCXoauT nepepacrnpegenieHve anek-
TPOMarHUTHOM SHEPrUN MO CEeYEHU0 NMPOBOAHUKOB, NPU 3TOM B CUMMETPUYHOW Lienn
HabngarTca cnegyowme SBneHus:

e [OBEPXHOCTHbIN 3(PeKT;

e 3¢deKkT 65M30CTN coceaHNX NPOBOAHMKOB;

e BO3JENCTBME HA NapamMeTpbl LEnu OKpyXKalLlmx MeTanndeckux macc
(cocegHMx NPOBOOHUKOB, 3KpaHa, OpoHM).

B cummeTpuyHbIX KabenbHbIX Lensax OeNCTBYKT BCe Tpu hakTtopa OAHOBpe-
MeHHO. B BO34yLUHbIX NMNMHUAX, KOTOPbIE TaKkKe ABMSATCA CUMMETPUYHBIMU LIeNSMU,
NpoBO4a pPacnosioXeHbl CPaBHUTENBHO Aaneko Apyr OT Apyra, a HapyXHble meTan-
nnyeckne 0OONOYKM OTCYTCTBYIOT, CreAoBaTeSIbHO, YYMTbIBAETCHA NULb MOBEpPX-
HOCTHbIN 3pEKT.

Sppekm 6ruzocmu cBA3aH C B3aUMOLAENCTBMEM BHELLHMX nonen. Kak BMaHoO
N3 puUCyHKa 4.2, BHellHee none H npoBOAHWKA a, Nepecekas TOorly NpoBOAHUKA b,
HaBOAWT B HEM BUXPEBbIE TOKW. Ha NOBEPXHOCTU NPOBOAHMKA b, 0GpaLLEeHHON K Npo-
BOOHWKY a, OHM COBMagatT MO HanpasBSieHUIO C NPOTEKaKLWMM MO HEMY OCHOBHbIM
TOKOM (/+1;;), HA NPOTMBOMOJSIOXKHOM MOBEPXHOCTU MPOBOAHWKA b OHW HanpasfieHbl
HaBCTPeYy OCHOBHOMY TOKY (/-I;). AHanorn4yHoe nepepacnpegeneHme npoucxoanT B
NPOBOOHUKE a.

Mpn B3aMMOOENCTBMN BUXPEBLIX TOKOB C OCHOBHbBIM MAIOTHOCTb Pe3ynbTUpYyo-
LLlero Toka Ha obpalleHHbIX Apyr K Apyry NOBEPXHOCTSAX NPOBOAHMKOB a U b yBenu-
4YMBaETCH, a Ha OTAAaNeHHbIX — YMeHbLUaeTca. OTO sBneHne («conmxeHne» TOKOB B
NPOBOAHUKAX a U b) HOCUT Ha3BaHue aghgpekma bruzocmu. N3-3a HepaBHOMEPHOro
pacnpeeneHnsi NAoTHOCTM TOKa YBENIMYMBAETCS aKTMBHOE COMPOTUBIIEHME LEenu
nepemMeHHOMY TOKY.
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be3 yuera
sbdexra 6nH30CTH

PucyHok 4.2 — 3ddekT 65mM30CT B CUMMETPUYHBIX JIMHUSAX

OhbekT 6rmM3ocTn Tarke NPAMO NPOMNOpPLMOHaNeH cneaywmm napameTpam:
e 4acToTe;
e MarHMTHOM NPOHULLAEMOCTN;
e NPOBOAMMOCTY;
e MameTpy NpoBOAHMKA.

Kpome Toro, appekt 3aBUCUT OT pacCToAHUA Mexay nposBogHuKkamun. C yMeHb-
LUEHNEM 3TOr0 paccTosiHusa aencteme adpdpekta 6nNM3oCcTn Bo3pacTaeT B KBagpaTe.
Ecnn no aBym cocegHyM NPOBOAHMKAM TOKM NPOXOAAT B O4HOM HanpaBfieHuu, TO
nepepacnpegeneHme ux NANOTHOCTU U3-3a B3aUMOOEWCTBUSA BHELLHMX dnekTpomar-
HUTHBIX NONEN NPUBOAUT K YBENMYEHMIO MNAIOTHOCTU TOKOB HA B3aMMHO OTAaNEeHHbIX
NMOBEPXHOCTSAX MPOBOAHMKOB a U b.

Ha pucyHke 4.3 nokasaHo pacrnpegenieHve ninoTHOCTU TOKOB B MPOBOOHMKAX
CUMMETPUYHOW LIENN, KOraa TOKWU B NPOBOAHMKAX a U b HanpaeneHbl NPOTMBOMNOMOX-

HO (@) 1 B 0aHY CTOPOHY (6).

AYERE LY
O G®

PucyHok 4.3 — PacnpegeneHne nnoTHOCTU TOKa B MPOBOLHMKAX CUMMETPUYHOM Lienu

PaccmoTpum go30eticmeue okpyxarouwux Memasiyiudeckux Macc Ha napameTpbl
uenu.

MarHuTHoe none H, co3gaBaeMoe TOKOM, MpoTekalwuM Mo npoBoAdam Lernwu,
HaBOAUT BUXPEBbIE TOKN I, B COCEQHUX MPOBOAHMKAX Kaberns, okpyxarLweM aKkpaHe,
MeTannmyeckon ob6onoyke n BpoHe, Kak NokasaHo Ha puUcyHke 4.4.

Mpoxoasa No mMeTannMyecknm Yactam kabens, BUXpeBble TOKM HarpeBalT UX U
cO34aloT JONOSTHUTESNbHbBIE TEMMOBbLIE 3HEpPrun. [pyrumn cnoBamm, NPOUCXOANT «3a-
Gop» HeKOTOpOM LONV nepenaBaemMon IHEPruu, Npu 3TOM CUflbHEE BO3OEWNCTBYHOT
6nM3Ko pacnonoXeHHbIe K paccMaTpMBaeMon Lenn Metannnmdeckne 4Yactu kabens.
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Kpome TOro, BuxpeBble TOKM CO34al0T none obpaTHOro AenCTBUSA, KOTopoe BO3aen-
CTBYET Ha NPOBOAHWKM Lienn N U3MEHSIeT UX NapameTpsbl.

PucyHok 4.4 — BuxpeBble TOKU B OKpy>KatoLLen meTtannuyeckon o6onoyke kabens

PacnpegeneHne mMarHMTHOro nosis CUMMETPUYHOW LIEMKU MOKas3aHO Ha PUCYHKe
4.5.

PucyHok 4.5 — MarHuTHOe none cMMMeTpUYHON Lenmn

Bcneacrtene KOHCTPYKTMBHBLIX OCOGEHHOCTEN CUMMETPUYHOM LENU MarHUTHble
nonsi ee MPOBOAHMKOB Ha MPSIMON, COEAMHSIIOLLEN LEHTPbl NPOBOAHMKOB, pPaBHbI

mMexay coGoii: H(upn r)= H(lf)(npn a-r).

4.2 MepBUYHbIE NapamMeTpbl Nepegayu

KayecTBO nepenayun no fiMHENHbIM LieNaM CBA3U U UX SNEeKTpUyeckme CBOUCTBa
MOMHOCTBIO XapaKTepU3yTCHA NePBUYHLIMU NapaMeTpamu:
e QaKTMBHbIM COMPOTMBIIEHUEM LIENU NEePeMEHHOMY 3MEKTPUYECKOMY TOKY
R, OmMm/kMm, KOTOpOE CKnagblBaeTcsl U3 COMPOTMBAEHUA OBYX TOKOMPOBO-
AALLMX XU U NOTepPb, KOTOpble 0OYCrOBNEHbl BUAHWEM 3feKTpomar-
HUTHOrO NONs paccMaTpyMBaeMoun Lenn Ha coceaHne NPoOBOAHWKU U OpY-
rme meTannmMyeckme 4YacTu KOHCTPYKUnn kabens;
e VHAOYKTUBHOCTLIO L, [H/KM;
e emMkocTbio C, ®d/km, KOTOpass aHanorm4yHa emKoCTM KOoHAeHcaTopa, rae
ponb OOKNagoK BbINOMHAKOT TOKONPOBOAALLME XUMbl, a ANINEKTPUKOM
CNYXUT U30NuUpyoLwmnn nx matepman. JJaHHbl nepBUYHbIA NapameTp ne-
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pefadn xapakrtepusyeT CnocobHOCTb nonspusaumm U BefIMYUHY TOKOB
CMeLLeHUs B U30NSALUn CUMMETPUYHbIX Lenen;

e NPOBOAMMOCTbLIO uzonaumn G, CM/KM, xapakTepusyeT noTepu SHeprum B
n3onauun NPoBoAOB kabens.

Mo duaundeckon npupoae napameTpbl Lenn aHanornyHbl napameTpam koneba-
TenbHbIX KOHTYPOB, COCTaBMIEHHbIX UX 3NeMeHTOB R, L, C, C TOWN pa3HULUEN, 4YTO B Le-
NsIX CBSA3M 3T NapameTpbl paBHOMEPHO pacnpenerneHbl no BCen AfIMHE JIMHUN.

UpeanbHas cummeTpuyHas uenb. PaccMOTpuM npouecc nepegayn aHeprum
Nno CUMMETPUYHOMN Lenu naearnbHOM KOHCTPYKUUK, T.€. HE UMeLLen noTepb B Npo-
BOAHMKaxX 1 6e3 yyeTa B3anMoLeNCTBUS SNEKTPOMArHUTHbIX Nofien NPOBOAHNKOB.

[MepBuYHbIE NapamMeTpbl CUMMETPUYHOW Lienu B naearibHOM Criyvyae BblYMCs-
toTCA No popmynam:

R=0, (4.1)
L=tep 4", (4.2)
n r
TE
C:—a’
e (4.3)
r
TG
G=——
nd=" (4.4)

CuMMeTpUUHasa uenb € y4eToM notepb. B peanbHbiX ycnoBuax kabenbHble
NPOBOAHMKN UMEKT KOHEYHble 3Ha4YeHWs MPOBOAMMOCTU, a criefoBaTenbHO, U Ten-
NoBble NOTEPU Ha BUXPEBbLIE TOKMW.

B naHHOM crniyyae nepBuYHble NapameTpbl CUMMETPUYHOW LIENU BbIYUCASOTCA
cnegyowmnm obpasom.

1) AkmusHoe conpomuserneHue cummempu4yHou kabenbHoU uernu nepemMeHHomy
moky. Npun pacyeTe AaHHbIM NapameTp ygobHo npeacTaBnsTb B BUAE CyMMbl COMPO-
TUBMNEHNSA NMOCTOSAHHOMY TOKY M COMPOTUBIIEHUS, BbI3BAHHOIO M3MEHEHNEM 3NEKTPO-
MarHUTHOro NoNs NepeMeHHOoro Toka. [laHHas BenuumMHa B obLiem criyvyae BblYUCs-
eTcsa no opmyne:
pGkr)(d | a)?
1- H(kr)(d | a)?
roe Ry — 9nekTpuyeckoe conpoTMBEHME Lienu NOCTOAHHOMY TOKY, OM/KMm;

¥ - KO3PMUUMEHT YKPYTKN, paBHbin 1,02.. 1,07 B 3aBUCUMOCTM OT gMameTpa Ka-
Gens;

F —koa(ppmumeHT yyeTa notepb B NPOBOAHMKE BCMeACTBME MOBEPXHOCTHOMO
ahekTa (TabnuyHoe 3HayeHue);

p —KO3(PULMEHT y4eTa NoTepb B NPOBOAHUKAX BTOPOW Mapbl OAHOW YeTBEpPKU
(p=1 ANa napHOW CKPYTKW, p=5 AN 3Be34HOU, p=2 AN ABOWHOW NapHOW);

G — Ko3a(hpnumneHT yyeTa notepb B NPOBOAHMKE Bcrneacteme adpdekta 6nmso-
cTn (TabnmyHoe 3Ha4YeHune);

d — pMameTp ronoro NpoBoAHMKA, MM,

H — koappuumeHT yyeta notepb B NPOBOLHUKE BCNeACTBME NOBTOPHOrO Aeu-
cTBus adhdpekTa 6rm3ocTu (TabnmyHoe 3HavyeHune);

R =2Ryy| 1+ F(kr)+

Ry, (4.5)
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k — koappnumneHT notepb Ana metanna (KodaddUUNEHT BUXPEBLIX TOKOB, pac-
CMOTPEHHbIN B Nekunn 2), MM'1;

r — paguyc ronoro NpoBogHuKa, MM;

Ry — gononHuTenbHOe COonpoTUBIEHWE BCNeaCTBME MOTEPb Ha BUXPEBbLIE TOKM
B OKPY>XaloLLMX MeTanmyecknx Mmaccax.

Mpwn aTtom
4l 4000p
nd?>  nd?
roe p — yAaenbHOe CONpOTUBIEHNE MeTarna npoBoaHuKa, OM-MM?/M;

[ — OnvHa npoBOAHMKA, KM.

Ry Ha yacTtoTtax 200kly 3agaHo TabnuyHo. MNepecyeT Ha gpyrue 4acToTbl OCy-
LecTBnaeTcsa no oopmyrne

Ry=p , (4.6)

S [xl']
R, =R L= 4.7
w =Ry 2009755 (4.7)
Onsa pacyeTta Ry MoxeT 6biTb MCNONb3oBaHa NpMbnvkeHHas dopmyna
Ry = 0,085 L LE4] (4.8)
(n+2)

roe n — Yncro YeTBepokK B Kabene.

[ns HA3KOYACTOTHBLIX CUMMETPUYHBIX Kabenen conpoTUBNEHME 3a cyYeT adhdek-
Ta GrIM30CTN MOXHO HE yYnTbiBaTb M PacCYMTbiBaTb 3HAYEHUE aKTUBHOMO COMPOTMB-
neHuvs uenu no opmyne

R =2Ryy[l+ F(kr)]+R,,. (4.9)

ConpoTuBneHne NpoBoAOB NpU TemnepaType ¢, OTIINYHOW OT 20°C, paccyunTbl-

BaeTcsa no goopmyne
R, = Ryo[1+ o (- 20)]. (4.10)

TemnepatypHble KOIMMPUUMEHTHI CONPOTMBMEHUSA o 3ajatoTcs TabnuyHo.
M3meHeHne TemnepaTypbl OKpyXaroLlen cpedbl BHOCUT Haubornbluee U3MeHeHne B
COMpoTMBIIEHNEe NOoABECHbLIX Kabenen, Tak Kak Temnepartypa Ha rnybuHe npoknagku
kabensa npakTU4ecKkn ocTaeTca HEM3MEHHOW B TedeHue roaa.

2) WHOykmueHOCMb CKNnagblBaeTCA U3 BHYTPEHHEN WHOYKTUBHOCTU KaXKOoro
NpOBOAHMKA L, N BHELLUHEN MEXNPOBOOHUKOBON MHOYKTUBHOCTU L, 0OYCrNOBNEHHON
BHELUHUM MarHMTHbIM NOTOKOM. [laHHasa BenuynHa paccymTbiBaeTCs no oopmyne
—r 4

+urQ(kr)]10 , (4.11)

r

a

L=Ly, +2L, = x[4ln

roe u, — OTHOCUTENbHAs MarHUTHas NPOHULLIAEMOCTb;

O(kr) —KO3PULNEHT, YYNTbIBAOLLMA BbITECHEHWE MarHWTHOro nons u3 npo-
BOAHWKa BCNeaCTBME NOBEPXHOCTHOrO adodoekTa (TabnmyHoe 3HayeHue).

BHewHAA WHOYKTMBHOCTb MMmeeT Haubonblwee 3HadveHue (nopsigka 60-90%).
BHYTpEeHHAS WHOYKTMBHOCTb NO abCOMOTHOM BENWYMHE 3HAYUMTENbHO MEHbLUE
BHELUHEWN N C POCTOM YaCTOTbl CYLLIECTBEHHO CHMKaETCS.

3) EMkocmb B peanbHOM Lienn paccyntbiBaeTcsa no popmyne:

xsrlo_6
’ 412
3611{61\”} (4.12)

r

C=
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roe & — OTHOCUTENbHAas AN3neKTpudeckasi NPoOHNLAeMOoCTb;
y — NONPaBOYHbIN KOIPDULNEHT, XapakTePU3yoLLNn 6rIM30CTb MeTanIMYecKnx
3NEMEHTOB, NPUBEAEHHbIN B Tabnuue 4.1.

Tabnuua 4.1 —KoabpmumneHT y Npu pasHbIX TUMNAx CKPYTKK
Tun CKPYTKMK MonpaBo4HbIN KO3adPULMEHT

MapHas (dy+dy—d) —a?

Y (dy+dy-d)? +d?

3Be3gHan (d3+d1—d)2—a2
Vs =

(d, +d; —d ) +a?

/lBOlHaA napHas (O=65dnn +d, _d)z .
Van =

0.65d +d; —df +a°
(0.654, )

3aechb dy, d;, d; — COOTBETCTBYHOLLME AnaMeTpbl rpynmn.

4) lNposodumocmpb U30/1A4UU CKIaabiBaeTca M3 NPOBOAMMOCTU U30MSUMn No
MOCTOSAHHOMY TOKY Gy Y MPOBOAUMOCTU U30NALMM NO nepemeHHomy Toky Gr. B ob-
LLieM cryvae paccumTbiBaeTcs no popmyne

G=G0+Gf=RL+mCtg8, (4.13)
u3
raoe Ry, — conpoTuBneHne nsonaumm kabenbHon Lenu, HOPMUPOBAHHOE BENTMYUHOWN

10000 MOm-km gna mexayropogHux kabenen n 2000 MOm-km gns ropogckux;

® — KpyroBas yacrtoTa (o=2nf).

Ansa cummeTpuyHbIX Kabenen senuynHa Gy 04eHb Mana no cpasBHeHUo ¢ Gy, U
e MOXHO npeHebpeuyb.

4.3 OCHOBHbI€ 3aBUCUMOCTU NEePBUYHbIX NapaMeTpoB
CUMMEeTpPUYHOro Kabens

pacrk 3aBUCMMOCTM NEPBUYHBIX MAPAMETPOB OT YacCTOThbl, PACCTOSAHUS MeXay
NPOBOAHUKAMU 1 AMAMETPOM NPOBOAHMKA NPEACTaBMEH Ha pUCyHke 2.5.

A R,L,C,C/ & ARLCG PR ® A
; ;
R
L g f
fxTn r I
a) 6) B)

PucyHok 4.6 — 3aBUCMMOCTM NEPBUYHLIX NapamMeTpoB CUMMETPUYHON Lienu
OT @) YacToThl, 6) paccTosAHNA Mexay NPOBOAHMKaMM, B) AnameTpa NpoBOAHMKA
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C yBenunyeHnem 4actoTbl (CM. PUCYHOK 4.6, a) 3HavyeHuss napameTpoB R u G
BO3pacTaloT 3a CHeT NoTepb B NMPOBOAHMKAX Ha BUXPEBbIE TOKM U B U30NAUUN Ha OU-
SNEeKTPUYEeCKyo nonapusaumio, a L yMeHbLlaeTCHd, Tak Kak M3-3a MOBEPXHOCTHOro
a(pekTa yMeHbLLIaeTCA BHYTPEHHAA UHAYKTUBHOCTb MPOBOAHUKOB. C OT 4YacTOThbl He
3aBUCUT.

Mpn yBENMYEHUN paccTosHUA MeXAy NpoBOAHMKAMM (CM. pUCYHOK 4.6, 6) 3Ha-
YyeHuns napameTpoB R, C, G yMeHblaTcA, a L Bo3pactaeTt. CHmkeHne R obycnos-
NEHO yMeHbLUeHNEM noTepb Ha addekT 6nm3ocTn. PocT L cBs3aH C yBeNMYEeHMEM
nnowaan KoHTypa, NPOHN3bIBAEMOro MarHMTHbIM MOTOKOM. C yMeHbLUaeTCs, TaK Kak
NPOBOOHUKKN yAAnNATCA ApYr OT Apyra Y yMeHbLUaeTCa ux B3aMMmoaencTBume.

C yeBennyeHnem gnameTtpa NpOBOAHUKOB (CM. PUCYHOK 4.6, B) 3Ha4YeHUs napa-
meTpoB C n G pacTyT, a L ymeHbllaeTcs. IameHeHne R MeeT CIOXHbIN XapakTtep,
4TO O0BYCNOBMEHO TEM, YTO C YyBENUYEHUEM OuamMeTpa NPOBOAHWKA COMPOTUBIIEHME
NOCTOSSHHOMY TOKY Pe3KO YMEHbLLAeTCsl, a CONpOTUBIIEHME 3a CHET NOBEPXHOCTHOIO
achbdpekTa n acbdekta 6nm3octun pacrtet. [NoaTomy BHavane R CHWxKaeTca pesko, a 3a-
TEM CHWXeHue 3ameanseTcs.

TeopeTnyeckn OT TemnepaTypbl 3aBUCAT BCe YeTbipe MNMepBUYHBLIX NapameTpa.
OpHako npakTuyecku criegyeT yuuTbiBaTh MWL TEeMNepaTypHyl 3aBUCUMOCTb ak-
TUBHOIO CONPOTUBIIEHNSA, rpacouKk KOTOPOWN NpeacTaBneH Ha pUcyHke 4.7. IameHeHue
oT TemnepaTtypsbl L, C, G HE3Ha4YNTENbHO.

J} R, OM/xm

t,°C

—
PucyHok 4.7 — TemnepaTtypHasi 3aBUCMMOCTb aKTUBHOIO COMPOTUBIIEHMUSA

Kpome Toro, napametpbl R U L 3aBUCAT OT mMatepuana npoBOOHMKOB: R OT
yOEeribHOro 3SIeKTPUYECKOro COMpOTUMBIMEHUA p, BHYTPUNPOBOLHUKOBAA WHAOYKTUB-
HOCTb L, — OT p. MNapameTtpbl C 1 G 3aBUCAT OT Tuna usonaumm. Emkocte C npamo
nponopumuoHansHa BenuynHe ¢,, a NPOBOANUMOCTb M3onaumMm G — TaHreHcy yrna gu-
3NEeKTPUYECKMX NOTEpPb.

4.4 BropnyHble napameTpbl nepegaym

BTopuyHbiMM NnapameTpamu nepenayn cHNTaoTCA CrieayoLme BeNMYNHbI:

e BOJIHOBOE COMpOTMBIiEHne, Zs, OMm;

e KO3(hpuumneHT 3aTyxaHua o, Hn/m vnn gb/m. OnpegensieT ganbHOCTb
CBSA3MU;

e KoahpuumeHT hasbl B, pag/m. ObycnaesnmBaeT CKOPOCTb pacnpocTpa-
HEHWS1 AHEPrnn Mo NNHUK;

e KO3(ppMUneHT pacnpocTpaHeHns y= a+if;

e CKOPOCTb pacnpoCTpaHeHUs1 3NEeKTPOMarHUTHOM 3HEPTNN v, KM/C.
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Mpy pacuyeTe AaHHbIX NapameTpoB AN CUMMETPUYHOW Lienu BCSl YacToTHas
obnactb genuTcs Ha Heckornbko nogobnactei. B 3aBucMmocTn ot o6nactu npume-

HAIOTCA pasnuyHble popMyrbl pacyeTa napameTpos.
1) BorHoBoe conpoTueneHve

e Mpu NOCTOSAHHOM Toke (/=0 ')
Ry
— =\RoRy; ;

e B Juanas3oHe HU3KMX YacTOT 40 TOHaNbHOM YacToThl, <800 I'iy

e _\/R+i(oL _l,\/R—i(oL_
¢ 20C 20C '

e B TOHanbHOM guanasoHe (=800 I'u)

Z, - / R 45
oC

e B obnactu BbICOKMNX YacToT (f>40 kI'm)

s

e Ha NMPOMEXYTOYHbIX YacTOTax — Mo NosiHou opmyne

Z, - / R+ioL
G+ioC '
2) KoacppuumeHT 3atyxaHus (Hn/km)
e Mpw NOCTOAHHOM TOKe (f=0 u)

(1:11R0G0 ;

e B Juanas3oHe HU3KMX YacTOT 40 TOHAaNbHOM YacToThl, <800 I'iy

- /OJ_CR(R_(,)L);

e B TOHanbHOM guanasoHe (=800 I'u)

/ (DCR

e B 00MnacTM BbICOKMX YacToT (f>40 k')

e

o=—,—+—,—;

2VL 2\C

e Ha NPOMEXYTOYHbIX YacToTax — No NofHou popmyrne
o= \/% [\/(Rz +o’L? )(G2 + wZCz)— (wZLC - RG)} .

3) KoadhpuumeHT dasbl
e Mpu NOCTOSAHHOM ToKe (/=0 ')

p=0;
e B uanas3oHe HU3KMX YacTOT 40 TOHaNbHOM YacToThl, <800 I'iy
B _ oCR (R + L)

e B TOHaNbHOM [uana3oHe (f=800 I'n)

(4.14)

(4.15)

(4.16)

(4.17)

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)

(4.23)

(4.24)

(4.25)
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5 KOHCTpyKUMA KoaKcuanbHbIX Kaberen cBA3U

5.1 KOHCTpyKLuMs NPOBOAHUKOB KOaKcuanbHbIX Kabenewn

OCHOBHbIMM 3rIEMEHTaMM KoaKcuanbHOro kabensa ABMASOTCA napa NpPOBOAHU-
KOB, n30nsums n 3awmtHas obonoyvka. KOHCTPYKTUBHOM OCOBEHHOCTBIO NPOBOAHMKO-
BOM Napbl SBNSETCA UX COOCHOE (KoaKcuasibHOE) pacnosioXXeHue: OOUH MPOBOLHUK
BHYTPW ApYroro, TakK, 4To reoMeTpu4eckne LLeHTpbl MPOBOAHNKOB COBMELLEHbI.

B 3aBucumocTn o1 gMameTpoB BHYTPEHHEro U BHELLHEro npoBOAHMKA U UX CO-
OTHOLLEHUS KOaKcuarbHble napbl AeNATCA Ha HECKONbKO pasHbIX TUNOB, Hanbornee
pacrnpoCcTpaHEeHHbIMU N3 KOTOPbIX ABIISAIOTCA:

e Manble C gMaMeTpoM BHYTPEHHero npoBoAdHWKa 1,2 MM, BHELWIHero —
4,6 mm (0Bo3HaveHune 1,2/4,6 mm);

e cpefgHue — 2,6/9,4 mwv;

e Gonbwue — 5/18 mm.

Kabenu cpegHero tuna 2,6/9,4 MM HaxoassT NPUMEHEHNE B OCHOBHOM Ha Maru-
cTpanbHbIX NNHUSX. Kabenn manoro tmna — manorabaputHble — NCNONb3YTCA B OC-
HOBHOM Ha BHYTPWU3OHOBLIX CETAX CBA3N. Kabenu 6onblworo tTmna ncnonb3yTcs Ha
NOABOAHbIX KaBeNbHbIX NMMHUAX.

BHYTpeHHU NPOBOOHUK BbLINOMHAETCA W3 MeTanna, UMEKLWero BbICOKYHO
yOenbHy0 NpoBoAMMOCTbL (Marioe conpoTusneHve). Yaile Bcero B 9TUX LENsxX UcC-
nonb3yeTca Medb — Kak U Ang CMMMETPUYHbIX Kabenen — markasi, OTOXKeHHaa Mmap-
kn MM c yaenbHbIM conpoTuBnenmem p= 0,0175 Om'mMm>/M. MHOrOa ucnonbayeTcs
anwoMuvHMA, obnagarowmn  yaenbHbiM conpoTtuerneHnem B 1,65 pa3 Gonbliunm:
p=0,0295 Om-MM*/M. BHyTpeHHUn NpoBOA KoakcuManbHOro kabens nmbo BbINOMHSET-
CSl CNOLWHbIM, NMMBO CBMBAETCA U3 HECKOSTbKMX NMPOBOAHMKOB, Kak Moka3aHo Ha pu-
cyHke 5.1.

PucyHok 5.1 — KOHCTpyKUMA KoakcuanbHOro kabens a) ¢ uenbHbIM LeHTpanbHbIM
NPOBOAHMKOM, 6) C MHOFOXWNbHbLIM LIEHTPanbHbIM NPOBOAHNKOM

Ha pucyHke uucpamn nokasaHbl cnegyrolime anemMeHTbl KOHCTpykuun: 1 —
BHYTPEHHUIN NPOBOAHMK, 2 — N30MNAUMS; 3 — BELUHUI NPOBOAHMK; 4 — 3amTHasa 0bo-
nouka.

BuTton npoBog npumeHseTca B Tex kabensax, KoTopble MO YCrOBMSM 3KCnryaTa-
LUUKN OOSMKHBbI MMETb NOBbIWEHHYI0 MMBKOCTb. [pn aTOoM OH obnagaet 6onbwmMmK no-
TepsiMU, YeM CNIIOLHOM NPOBOAHUK, NMOCKOSbKY MPU TOW Xe nnowaan nonepevHoro
ceyeHuns nmeet Gornbluee CONPOTMBIIEHNE HA EOUHULY ANWHBI.
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BHewHnn npoBogHWK TaKxe M3rotaBnmuBaeTca U3 mMeau unn antoMuHus. lNpu-
MEeHeHne oboux MegHbIX NPOBOAHWMKOB ABNSETCA HaUyYlWMM BapuaHTOM C TOYKM
3peHUst XapakTepuCTUK nepefayun, OAHaKO AOoCTaToYHO AoporuMm. Kcnonb3oBaTb
antoM1HEBbIE NPOBOLAHWKM BMECTO MeAHbIX HAMHOro AelleBrie, 0O4HaKo 3TO NpUBO-
ONT K 3Ha4YUTENbHOMY YXYALIEHWO NapaMeTpoB nepefayn curHana: B kabensax
cpegHero Tuna npy MCNONb30BaHUW B KayecTBe maTtepuarna oboux NpOBOAHWKOB
antoMUHNSA COMPOTUBIIEHNE Lenn 3reKTpu4eckoMy TOKy Bo3pacTtaeT Ha 29%. Kowm-
NPOMWUCCHBIM ABNAETCA BapwuaHT, Korga MmatepuanomM BHYTPEHHEro NpOBOAHMKA CIly-
XWUT Medb, @ MaTepuarnom BHELIHero — anioMuMHuin. B aTom cnyyae yoaetcs obuvTb-
CSl CHUXKEHMSI CTOMMOCTHK Kabensa no cpaBHeHUIO ¢ kabenem, umetrowmm oba megHbIX
NPOBOAHMKA, 32 cYET HeOOMbLUOro yXyALeHNa napaMmeTpoB nepegayn: conpoTmene-
HVYe Lenu aneKkTpMyYeckoMy TOKY BO3pacTaeT Bcero Ha 6% (ans kabenen cpegHero
TMna).

B anekTpnyeckomM OTHOLLEHMW Haunyywen popMon BHELUHEro NpoBOLHMKA KO-
akcmanbHoro kabens sBnseTcs ogHopogHasa no BCcew AnnHe Tpybka, 0OAHAKO U3roTo-
BUTb JOCTATOMHO AMNWHHBLIA MMBKMA Kaberb CO CNAOWHbLIM LMANHAPUYECKUM BHELU-
HAM NPOBOAHWKOM KpanHe 3aTpyaHUTENbHO. [1pOMbILINEHHOE NPUMEHEHNE UMEIOT
cnegylowme KOHCTPYKTUBHbIE Pa3HOBUMAHOCTU TMOKMX BHELUHWMX MPOBOLHMKOB KOAK-
cuanbHoro kabens, npuBeaeHHbIe Ha pUcyHke 5.2:

e C NpPOAOSbHbLIM LLUBOM TUNA «MOSTHUA» (a);
e JEHTO4YHbIN (O);

e rodpMpoBaHHbIN (B);

e onneto4yHoro Tuna (r).

B

e, Om

PucyHok 5.2 — KOHCTpyKUMA BHELLHEro NnpoBOAHUKA KoakcuanbHOW napbl

BHewWwHnn NpoBOAHMK CO LUBOM TUMNa «MOJSIHUSA» NpeacTaBnsieT cobon Henpe-
PbIBHYIO LIMNUHOPUYECKYHO TPYOKY C OAHMM NPOAOMbHbIM LWBOM. s N3roToBneHus
ncnonb3yetcsa MegHasa neHta tonuwuHoun 0,25-0,3 MM, Ha Kpasx KOTOPOW pacnono-
XEeHbl CMELLEHHble ApYyr OTHOCUTENbHO Apyra 3ybbs. [Npu nsrnbe neHTbl 06pasyeTtca
XECTKUN N YCTOMYUBBLIA LMNNHAP C BbICOKOW 3M1IEKTPUYECKOM OOHOPOAHOCTLI0. [aH-
Hasi KOHCTPYKUMSA BHELLUHEro NpoBOAHWKA HaluMa LWMPOKOEe MpUMEHEHUE B MarblX U
CpeaHnxX KoakcuarnbHbIX napax. Ee ncnonb3osaHue B 60MbLINX KOAKCUarbHbIX napax
3aTPYAHSETCS U3MULLHEN KEeCTKOCTbIO KOHCTPYKLNN.
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Mpy N3roToBMEHMM NIEHTOYHOrO MPOBOAHMKA (PUCYHOK 5.3) No gnuvHe kabens
BCTbIK APYr K APYry HaknagblBaTCA MO BUHTOBOW cnvpanu ¢ 60MblwmM WwaroMm mea-
Hble NEeHTbl NPAMOYrofibHOro (a) nnu dacoHHoro (6) cedeHus. N3BECTHbI Takke KOH-
CTPYKUUWN BHELUHEro NpoOBOAHWKA M3 KPYrfblX MeTannuyeckux nposonok (B). Cyuue-
CTBEHHbIM HEAOCTaTKOM BHELLUHEro NpoBOAHWKa TAKOro TUMNa SABMASETCA HeyCTOM4YU-
BOCTb 3JIEKTPUYECKMX NMapamMeTpoB B rnpoLecce AnMTeNbHON SKCnyaTauun.

a) 0)
PucyHok 5.3 — KOHCTpyKLMS BHELLIHMX MPOBOAHUKOB KOaKCMarnbHbIX kKabenen ns mea-
HbIX NEHT NN NPOBOSIOK

"obpmpoBaHHbIN BHELUHUA NPOBOLHWK U3rOTOBNAETCS U3 roppupoBaHHOM MO
BMHTOBOW CNMpanu NeHTbl U UMeeT OAMH NPOAONbHBIN LWOB. M3BECTHbI Takke Gec-
LLIOBHbIE KOHCTPYKUMW. B kayecTBe maTepmana obbI4HO MCMONb3YeTCs antOMUHNIA.

(MaBHOE OOCTOMHCTBO ropMpOBaHHOIO MPOBOAHUKA - €ero BblCOKas MOKOCTb.
[nsa 3awmTbl OT B3aMMHbIX NOMEX Takon NPOBOAHMK OObIYHO CHabaeTcs 4ONOSHK-
TenbHbIM 3KpaHOM. B MaructpanbHbIx kabensx aKkpaH BbIMOMHAETCH Kak npasBuro B
Buae OBMOTKM M3 OBYX CTasnbHblX NeHT TonwwmHon 0,15-0,20 mm n wwmpuHon 10-
15 MM, HaknagblBaeMblX C NEPEKPbITUEM HA BHELLHUA NPOBOOHUK.

5.2 Tunbl n3onaumm KoakcuanbHbIX Kabeneun

N3onsums B koakcmanbHOM Kabere HaxoouTcs Mexay ABYMS NPOBOAHUKaMU U
BbINOSTHAET crieayowme PyHKUMK:

e npegoxpaHeHue NPOBOAHMKOB OT COMPUKOCHOBEHUSA Mexay cobou;
e (buKcauunsa NonoXeHnss NPOBOAHUKOB MO BCeN ANUHe kabens.

OCHOBHOM XapakTepUCTMKON U30NAUUN ABMSETCHA BeNMYMHA ee AnanekTpude-
CKOW NPOHNLAEMOCTU € U TAHreHca yrra AManeKTpu4eckmx notepsb tgo.

B kayecTBe n3onsaumMm MoxeT BbICTynaTb Kak CMfOWHOW MaTtepuan (Hanpumep,
Cnow neHonnacra), Tak n ero kombuHauums ¢ Bo3gyxom. B nocnegHem crnyyae roso-
PAT O KOMBUHMPOBaAHHOM AuanekTpuke. KomMObnHMpoBaHHaA M30MsLUMs B CBOKO OYe-
pedb OEenUTCA Ha BO34YLLUHO-MNAcTMacCoBYHO U BO3A4YLIHO-kepamuyeckyto. COOTHO-
WweHne obbemoB ananekTpuka Vs n Bo3gyxa Ve B cyllecTByOLWMX kabensax ¢ komou-
HUPOBAHHOW U30MIALMEN cocTaBnseT

Vo 1 1
Z—ET%- (5.1)

Ecnu usonauua koakcuanbHOW napbl KOMOMHMPOBaHHAA, TO BMECTO AWU3rek-

TPMYECKON NPOHULIAEMOCTU MUCMOMb3YeTCHA ee 3KBMBArEHTHaa BenuyuMHa, kotopas B

obLem criyyae paccumTbiBaeTcsi No hopMyne:
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81S1 + 82S2
gy =22 (5.2)
Sl + S2
roe &€ N & — OTHOCUTEIbHbIE OUIJIEKTPUYECKME NPOHNLUAEMOCTN NEPBOro N BTOPOro

ON3NEKTPUKOB;

S1, S» — nnowaau NnonepevyHoro ce4YeHnsa nepBoro U BTOPOro ANaneKTpuka.

ﬂpM 9TOM BMECTO TaHreHca yrna ﬂMGﬂeKTpMHeCKOVI NPOHNLUAEMOCTUN TaKXKe NcC-
nonb3yeTCd ero sKkBMBasieHTHaaA BeJfiM4nHa, paccymTbiBakoadaca no cpopmyne:
Sltg61S1 + Sztg62S2

8151 + 8252 ’

roe tg81 n tg82 - TAHFeHC yrra AnaneKkTpn4ecCknx notepb nepBoro N BToOporo Ananek-
TPpUKa.

Hanbonee LLUNPOKOE MNMpunMeHeHne B KOoaKCUallbHbIX kabenax cBs3n nony4ymnun
cnepywouime Tunbl N3onAaunmn, Nnoka3aHHble Ha PUCYyHKe 54

tgd, =

(5.3)

A) e)

PucyHok 5.4 — KOHCTPYKUMA N30MN5LMM KOaKCuarbHbIX Kabenen ceaau

e wanboBas - wWanbbl N3 TBEPOOro ANANEKTPUKA, KOTOPbIE HAaCaXXMBaKTCA
Ha NPOBOLHMK Yepe3 onpeaeneHHbie NpoMexyTkm (20-60 mm);

e GanoHHas - TOHKOCTEHHasa nracTmaccoBas Tpybka, BHyTpU KOTOPOWN CBO-
6oaHO pacnonaraeTcs NPOBOAHMK. Tpybka nepuogmMyeckn B TOYKax UNn
no cnupanu obxmMmaeTca AN yaepXaHus Xunbl B LEHTPE N3onaunm;

e cnupanbHasa (renvkouvpaanbHasl) — paBHOMEPHO pacnpegeneHHas no
ANWHE NPOBOAHMKA NnacTMaccoBas cnuparb, MMeroLas npsiMoyrofibHoe
ceyeHue;

e nopucTas, obpasyoLasaca n3 cnos neHonnacra;

e KOpAenbHasi - HATb CNUparibHO PacrofioXKEeHHOro Ha NPOBOAHUKE Kopae-
N4, N NEHTbl, KOTopas HakraabiBaeTCcs NoBepX Hero.

B wanboBon usonauum BHYTpeHHee OTBepCTUe LwWanbbl COOTBETCTBYET Aua-
METpY BHYTPEHHEro npoBOAHMKA, @ HAPYXHbIA OMaMeTp — BHYTPEHHEMY AnameTpy
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BHELLHEro npoBoAHuMKa. [ns u3rotoBneHunsa wanbbl Yawe BCero npUMMEHSIIOT Nonu-
9TUNEH, pexe — KepaMuKy 1 NONUCTUPON.

BHyTpeHHee oTBepcTue Wwanb obblMHO AenaeTcs HECKOSbKO MEeHbLUE AnameTpa
BHYTPEHHEro NPOBOAHMKA, TEM CaMbIM 3a CHET TPeHUs Wwarnba eCcTko ukcnpyeTcs
Ha csoeM mecte. Lanbbl nmetoT GokoBble Hagpesbl, B Lenax npuaaHvs kabento
NPOYHOCTU LWandbl HageBalTCs TakMM 0B6pasoMm, YTO Hagpesbl NepUoauyeckn Me-
HSAIOT CBOE nonoXxeHue Ha 180°.

Ana wanboBon M3onsaumm BENUYNHBI IKBUBANEHTHOW OUINEKTPUYECKON MPOHU-
LAaeMOCTM M TaHreHca yrna guanekTpudeckmux noTepb MOXHO paccyuTaTb Mo creay-
LM popmyrnam (CM. PUCYHOK 5.5):

(m m m/‘
k RN

— q—E—b —

PucyHok 5.5 — K Bbl4MCNEHMIO 3KBMBANEHTHbIX XapakTePUCTUK LWanboBON N3onaumumn
KoakcmanbHoro kabens

ggb+eya
=, 54
? a+b (54)
€9tg0ya + €,4tgd b
tgd, =
€0, 6.b+ 0 (5.4)

roe a — TonuwmHa wamnbbl, MM;

b — paccTosiHne mexay wandamn, mm;

€,— OTHOCUTESbHAsA OM3NeKTpuYeckas NpoHNLaeMoCcTb BO3ayXa;

€y — OTHOCUTENbHAA AN3NEeKTpu4eckas NPoHMLAEMOCTb MaTepuana wamnbsl.

tgd, - TAHIEHC yrna OUAaneKkTpMYecKknx notTepb Matepmana wanobl;

tgd, - TAHIrEeHC yrra AnaneKkTpu4ecknx notepb Bo3ayxa.

B nsonaumm cnupanbHOro Tvna war HanoXxeHus cnmpann n TofwmHa TBepaoro
ONaneKkTpuka paccumtaHbl Ha obecneveHne OnTUMarbHbIX MEXaHUYECKUX U 3reK-
TpUYeCKNXx xapaktepuctuk. Hanpumep, B kabene tvna 2,6/9,4 MM Lwar BUHTOBOW
cnupanun 15-20 mm, a TonwmHa guanektpuka 1,2-2,0 mm.

[JoCcTOMHCTBaMM cnvpanbHOW M30NAUUMKM ABNSAOTCS BbICOKME 3neKTpuUyeckme
ceBoncTtBa. [unanekrpuyeckas npoOHULAEMOCTb TakOW U30NALMUN aHanormyHa guasnek-
TPMYECKON MPOHMLLAEMOCTU LWanboBOM MONMITUNEHOBOW U30MSUMM U COCTaBnseT
1,08-1,10. BuHTOBas cnupanb obecneynmBaeT XOpoLyk rMOKOCTb, OAHOPOAHOCTb
napameTpoB N HAOEXHOCTb LIEHTPOBKM MPOBOAHMKOB KOAKCMasribHOM Napsbl.

5.3 Bnabl KoakcumanbHbIX Kabenewn cBA3n

MapkmpoBKka KoakcuanbHbIX kabenen CBSI3W OCYLLECTBSIETCS MO anroputMmy,
aHanorMYyHoOMy MapKMpoOBKE CUMMETPUYHbIX kabenen.
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KoakcumanbHble kabenu ans nepBUYHON MarmctpanbHOW ceTu cBdA3n Poccum
YHUUUMPOBaHbI U coAepXaT CTaHAapTHble KoakcuanbHble napbl 2,6/9,4 MM,
1,2/4,6 mm 1 2,1/9,7 MM HE3aBMCUMO OT TUNA U Mapkn kabens.

B akcnnyataumm B OCHOBHOM HaxoOATCH ABa TuMa KOHCTPYKUUW KOoaKCuamnbHbIX
kabenewn cBA3w:

e T1una KM-4 c 4 cpegHMMU KOakcuanbHbIMW napamu;
e Tuna KM-8/9 ¢ 8 cpegHumn n 6 manorabapuTHbIMK KOaKCuanbHbIMK Na-
pamun. Takon kabenb Ha3bIBaeTCcs KOMOMHUPOBAHHbLIM.

KoakcmanbHbih kabenb Tuna KM-4 n tuna KM-8/6 npegHasHaveHbl Ansi MHOro-
KaHanbHOW CBA3N U TeneBuOeHUs C YNNOTHEHMEM B AuanasoHe vacTtoTt o 25 MITu,.
Ero cepaeyvHuK CKpydeH M3 4YeTblpex CpedHux KoakcuanbHbix nap 2,6/9,5 n natu
3Be3HblX YeTBEpPOK. B koakcuanbHbIX Napax NpoBOAHUKN MeaHble. 3onauusa ns no-
NM3TUMNEHOBBIX Wand TOMNWMHON 2,2 MM C paccTositHueM mexagy HuMn 25 mm. CTpyk-
Typa KoakcnanbHoro kabens tmna KM-4 npuBegeHa Ha pucyHke 5.6, rae umdppamum
0603HayeHbl
OpOoHENpPOBONOKa;

HapYXHbIA MOKPOB (4XYT);
noayLuka;

ABe usonupyoLimne o60noYku;
CBUHLOBasA 060Mn04kKa;
nosicHasi usonauus

o gk 0w =

KME-4
PucyHok 5.6 — Kabenb Trina KM-4

Mo kabento KM-4 mMoxHO opraHusoBatb aBe cuctembl K-1920 ¢ pacctosiHuem
Mexay ycevnutenamm 6 km unu ase cuctemol K-3600 unn K-5400 ¢ pacctosHuem
mMexgy yeunutenamu 3 kM. Bo3aMOXHO Takke npuMeHeHne LUngpoBbIX CUCTEM Nepe-
aadn IKM-480 n KM-1920.

CTpykTypa KOMOMHMPOBAHHOrO koakcuanbHoro kabena KM-8/6 npueegeHa Ha
PUCYHKe 5.7.

Ha pucyHke 5.7 ncnonb3ytoTcs crneayrowme undposble 0603HaYeHUs:

1. CcBMHUOBasi 000MN0oYKa;

2. nosicHas n3onauus;

3. B6poHENnpoBOIIOKa;

4. HapYXHbIV MOKPOB (OXYT);
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5. noAayLuka.
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PucyHok 5.7 — Kabenb Tuna KM-8/6

KomBurHMpoBaHHbIe kKoaKcuarnbHble kabenv No3BoNatoT:

e OpraHM3oBbIBaTb MOLUHbIE MY4YKN TENEOHHbIX KaHanoB U TeNneBM3NOH-
Hyl0O nepegady Ha OonbluMe pacCTOAHMA MO KOaKCuarnbHbIM Mapam
2,6/9,5 mm ¢ nomoLubto cuctem nepegaym K-1920 n K-3600;

e obecneunBaTtb pacnpegenuTenbHble KaHanbl AN CBA3WM Mexay ropoa-
MU 1N NPOMEXYTOYHLIMU NMYHKTaMW, PacnOfNOXEHHbIMW NO MarucTpanu, rno
KoakcuanbHbIM napam 1,2/4,6 mm ¢ nomoLubto cuctembl K-300 1 cuctemsol
NKM-480;

e obecneymBaTb BblaeneHne HeobxXxoauMMOro 4mcria KaHanoB B noOom
NyHKTEe Tpacchbl ¢ nomoLbio cnuctem nepegadn K-300 n K-24;

e OpraHuM3oBbLIBaTb CrYXeOHYI CBA3b M TenecurHanu3auui no CUMMET-
PUYHBIM Napam n YeTBepKaMm.

Kpome BbillenepeyncrneHHbIX MarmctTpasnbHbiX kKabenen B NepBMYHON CETU CBS-
3u Poccuinckon ®efepaumm ncnonb3yroTcs ManorabapuTHble KoakcuarnbHble kabenu
Tvna MKT-4. OHn npegHasHaveHbl ANA UCNONb30BaHNA B aHANoroBbIX cucTemax ne-
pegayn B gmanasoHe 4actot oT 10 MI'y n undpoBbIX CUCTEMAX CO CKOPOCTbIO Nepe-
agadn 34 n 140 MouTt/c. B 3aBuCMMOCTN OT TUNa MeTannuyecknx obonovyek kabenwu
pasgendaiwTcs Ha ABe rpynnbl:

¢ MKTC-4 B cBUHLOBOW 0O0MNOYKE;

e MKTA-4 B antoMnHneBon o60MoYKe.

CTpykTypa manorabapuTHOro koakcuanbHoro kabensa tuna MKT-4 npuBegeHa
Ha pUCYyHKe 5.8.

Ha pucyHke undpammn o603HaveHbI

1. MOSsICHast U30NSAUNS;
2. cBuMHUOBasa 06004Ka;
3. ABe BPOHENEHTHI;

4. HapyXHbIA NOKPOB;

5. BGpoHEenpoBOsIOKa.

ManorabaputHble KoakcuarnbHble Kabenu npegHasHayeHbl Ans CTpouTenbcTBa
KabernbHbIX Maructpanen orpaHU4YeHHOW MNPOTSKEHHOCTWU, POKaLHbIX NIMHUIA MeXay
MarmcTpansimn, yCTponcTBa rnyboKkMX BBOLOB paguoOpenenHbiX NMHUA 1 obecneve-
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HUA obnacTHbIX cBA3en. [JOCTOMHCTBaMKM 3TUX kabenen ABNAKTCA NpoCToTa KOH-
CTpyKuun, neuwieBn3Ha U TEXHOJIOMTMYHOCTb UX N3FrOTOBJIEHUA.

METCEn-4

e
NS e
e L L T

MKTCEI -4
PucyHok 5.8 — Kabenb Tuna MKT-4
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6 MNMapameTpbl Nepenayn KoakcuaribHbIX Kabeneu

6.1 AnekTpoMarHnTHbIE NpouecChbl B KOAKCUasnbHbIX
Kabensax

KOHCTPYKTMBHOWM OCOBEHHOCTBI KOaKcuanbHOro kabensi sBMsieTCs COOCHOe
pacronoXeHne BHYTPEHHErO M BHELUHEro NPOBOAHMKOB. Takasi KOHCTpyKuusi oBy-
crnaBnuBaeT obecneynBaeT BO3MOXHOCTb Nepeaaym LMPOKOro CrnekTpa YyacToT.

PesynbTupytoliee MarHUTHOE Nofe KoakcuanbHOW napbl NPpeacTaBneHo Ha pu-

CyHKe 6.1, roe Takke npuBeAeHbl HANPSXXEHHOCTU MarHUTHOrO Mons H(‘; 7 Hé’, KaK-

[0ro NpoBogHuKa (a 1 b) N0 OTAENBbHOCTH.

a
:/

™ .

Mone nposogHuka “a” ‘ TN@

Hﬁ

Mone nposogHuka 6" @

None xa6ens il H @

PucyHok 6.1 — MarHuTHOe none KoakcuanbHOW uenu

B meTannuyeckoi Tonie BHYTPEHHEro NPOBOAHNKA MarHUTHoe none Hg BO3-
pacTaeT, a BHE ero — YMeHbLIAETCs M0 3aKOHY
a
Hy=1/2mr, (6.1)

roe r— paccTtosiHMe OT LieHTpa NpOBOAHMKA;
I — TOK B NpOBOAHUKE.

Mone H(]; BHELLHEro NPOBOAHMKA b BHE €ro BblpaXkaeTCsl TakuM XXe ypaBHEHU-

€M, KakK 1 ansa cnjiiowHoro npoBoaHuMKa
HY=1/2nr, (6.2)

TOJIbKO r — pacCToAaAHME OT LUEeHTpa noJioro npoBoaHUKa.

nOCKOJ'Ibe LUEeHTPbl CNJIOLLIHOIo " noforo npoBOoAHMKOB HaxXogATCAd B OLI,HOVI n
TOW Xe To4ke (I'IpOBO,D,HI/IKVI COOCHbI), TO Npun onpegeneHnn BHEWWHNX MarHUTHbIX NO-
nen koakcmanbHOro kabensa napameTp r ansa o6omx NPOBOAHUKOB NPUHMMAETCS 0au-
HaKOBbIM U NCHUCIAETCA OT LUEeHTpa NpOBOOHUKOB.

Tokn B NpOBOAHMKAX a U b paBHbl MO BENMYNHE M OBpaTHbLI NO 3HAKYy, MarHUT-
Hbl€ NOoJ1d BHYTPEHHEro N BHELWHEro npoBoaAHNKOB B nobon Touke NpoCTpaHCTBaA BHE
KoakcmanbHomn napbl TakKke 6y,D,yT paBHbl 1 HanpaBlieHbl B pa3Hble CTOPOHbI, Cneao-
BaTenbHO, pe3ynbTupylowee MarHUTHOE None BHE KoakcuanbHOW napbl 6ygeT paBHO
HYIH0:

Hy=HE&+HY)=1/2mr+(~1/21r)=0. (6.3)

¢
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3 aToro cneagyet, 4TO CUMOBbIE NIMHUM MArHUTHOrO MOMS pacnonaratTCcs BHYT-
Py KoakcuanbHOW Napbl B BUAE KOHLUEHTPUYECKMX OKPY>XXHOCTEWN, a8 BHE KOaKCUasibHON
napbl MarHUTHOE NoJie OTCYTCTBYET. QNEKTPUYECKOe nosie BHYTPU napbl 3aMblKaeTcs
No paguanbHbIM HanpasrneHnsM Mexay NpoBogHUKamMu a n 6, 3a ee npegenaMmm oHo
PaBHO HyNI. DNEKTPOMarHMTHOE NoJsie KoakCcuarnbHOW Lenn n3obpaxeHo Ha pUCyHKe
6.2.

PucyHok 6.2 — OnekTpomarHMTHoe none KoakcuasnbHOWN Lenu

OTcyTCTBME BHELUHErO 3NEKTPOMarHUTHOro nons obycnaenvBaeT OCHOBHbIE
OOCTOMHCTBA KOaKcmarbHbIX Kabenen, a UMEHHO:
e LUMPOKUK AnanasoH 4acTorT;
e OONbLLOE YMCNO KaHanoB.;
e 3aLMUIEHHOCTb OT MNOMEX;
e BO3MOXHOCTb OpraHu3aumm ogHoKkabenbHON CBA3N.

PaccmoTpum gencreme rnosepxHocmHoz20 aghghekma v aghghekma brusocmu B
KOaKcuarnbHbIX napax.

PacnpegeneHve nnoTHOCTM TOKa BO BHYTPEHHEM MPOBOAHUKE onpeaensercs
NUWb OEeACTBMEM NOBEPXHOCTHOro addekta (pucyHok 6.3). Cunosble NUHUK BHYT-
PEHHEro MarHUTHOro nosis, nepecekas TOMLYy NPOBOAHWKA, HAaBOOAT B HEM BUXpe-
Bble TOKW. HanpaBneHue BMXPEBbLIX TOKOB — NPOTMB HarnpasfeHns BpaLLleHUs pyKo-
ATKN BypaBymka (3akoH JleHua). BuxpeBble TOKM I, B LEHTPE BHYTPEHHEro NpPoBOA-
HWKa NMeT HanpaBneHne, obpaTHOe ABMXEHMIO OCHOBHOIO TOKa, NpOTEeKatoLwero no
NPOBOAHMKY, @ Ha Nnepudepun Ux HanpasreHnsa coBnagatoT.

Maznumnoe Aoqe

Buxpetare
aone Ly

Ton I nou omeymembuy

g
o DOVLLINOEMARZO 3 PPERIE

8
I
PucyHok 6.3 — PacnpegeneHune nioTHOCTU TOKa BO BHYTPEHHEM NPOBOAHMKE

O6paTtHasa kapTuHa nepepacnpegeneHus nnoTHOCTU ToKa 3a CYeT MNOBEepPXHOCT-
HOro adppeKkTa NPONCXOANT BO BHELUHEM NPOBOAHUKE (PUCYHOK 6.4): NAOTHOCTb TOKa
yBENMUYMBAETCHA B HANpPaBieHUM K €ro BHyTPEHHEN noBepxHOCTU. Ecnn Obl BHYTpPEH-
Hero NPoBOAHMKa He BbINo, TO NePEeMEHHbIN TOK, NMPOX0Asa MO BHELIHEMY NPOBOLHM-
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Ky, BCNeACTBME MOBEPXHOCTHOrO 3ddheKkTa BbITECHSANCA Obl HA BHELUHIOK MOBEpPX-
HOCTb.

PucyHok 6.4 — PacnpeneneHue nioTHOCTU TOKa BO BHELLUHEM NPOBOAHUKE

BcneactBne 0COGEHHOCTN KOHCTPYKUMWU, TOKWM B NPOBOAHWKAX a W b Kak Obl
CMeLLaTCA U KOHUEHTPUPYHOTCH Ha B3aMMHO obpalleHHbIX MOBEePXHOCTAX MPOBOA-
HWKOB (PUCYHOK 6.5). YeM BbiLe YacToTa ToKa, TeEM curibHee aPdEKT CMeELLEHUS, U B
pes3ynbTaTte 3Heprna cocpefoTaynmBaeTcs BHYTPU KoakcuManbHOro kabens B Ananek-
TpYKe, a NPOBOAHUKN 33a4al0T NULb HarnpasfeHne pacrnpoCTPaAHEHWUIO BOSH 3riek-
TPOMarHUTHON 3HEepPruu.

N

N/

Py

f

PucyHok 6.5 — KoHueHTpauusa TOKOB Ha B3aMMHO obpalleHHbIX Apyr K Apyry
NOBEPXHOCTAX NPOBOLHMKOB

MeLuatoLee snekTpoMarHUTHOE Mosie BbICOKOW YacToThbl, co3gaBaemoe cocef-
HUMU LenaMn nepegaydv unv pyrmMm UCTOYHMKaMM noMmex, BO3AeNCTBYET Ha BHELL-
HUA NPOBOAHMK KOaKcuanbHOW napbl, U BCneactsne noBepxXHOCTHOro addpekra Oy-
AeT pacnpocTpaHATLCA He NO BCEMY CeYeHUIo kKabens, a NuLb MO ero Hapy>HoW Mo-
BEPXHOCTU, NPUYEM YeM BbilLe YacToTa ToKa MOMEX, TEM Ha MEHbLUYO rNyOuHy OH
OGyneTt npoHukaTb. Takum obpas3om, BHELUHWM NPOBOLAHMK KOaKCManbHOW napbl Bbl-
NONHSAET ABe PYHKUUK:

1. gaBnsieTcs o6paTHbIM NPOBOAHMKOM LieNy nepenaydu;
2. 3awmwaet (9KpaHupyeT) nepepady, Beayllyocs no kabent, OT
MeLlaoLWnX BIUAHUA (PUCYHOK 6.6).

Takum obpa3om, OCHOBHbIE NpenmyLLecTBa KoakcnansHoro kabens - manoe 3a-
TyXaHWe 1 BbICOKas NOMeX03aLUULLEHHOCTb - OCOBEHHO APKO MPOSBNSATCA B BbICO-
KOYaCTOTHOW 4acTu nepefaBaeMoro Crnekrpa 4yactoT. JTo obycrnasnueaeT UX npu-
meHeHue B annapaTtype YKB n CBY grnanasoHoB. [Mpy NOCTOSAHHOM TOKE U Ha HU3KNX
yacToTax, Koraa TOK NpakTUYeCKN NPOXOAUT NO BCEMY CEYEHUIO MPOBOAHMKA, AOCTO-
nHcTBa aToro kabens nponagatoT. bornee Toro, koakcuanbHas Lenb Kak HeCUMMET-
pUYHas OTHOCUTENbHO APYrMx uenen n 3emnu (T.K. NapameTpbl NPOBOAHUKOB a U 6
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pasnnyHbl) B HU3KOM AManasoHe 4acToT MO 3alMLEHHOCTM OT NoMeX yCTynaeT CUM-
METPUYHBLIM Kabensm.

mmwes DOOOYUY Mok
T MOK lomex

PucyHok 6.6 — Pabo4unin TOK 1 TOK MOMEX B KOaKCUanbHOW Lenu

OrieKTpOMarHMTHoOe Mnosfe KoakcuasribHOW Lenu uaeasibHOW KOHCTPYKUUU umeeT
TONbKO TPN HEHYNEBbIX cocTaBnAlwWmX: E,, E. n H,, KaK nokasaHo Ha puUCyHKe 6.7.

PucyHok 6.7 — CocTtaBnsatoLme snekKTpoMarHUTHOrO Nosis KoakcuansHOW uenu

CnepoBatenbHO, IMHAM MarHUTHOW MHAYKLMW pacnonaratTCs KOHLEHTPUYECKU
BOKPYT OCH z.

PaguanbHas cocTaBnsitowas anekTpuyeckoro nons E, obycnaenueaeTcst Hanu-
4ynem ToKa CMeLLEHMUS B AMANEKTPUKE 1M CoBMagaeT Mo HanpaeneHuto C ero BEKTOPOM
nnoTHocTu. lMpodonbHas coctaBnsowasl £, xapakrepusyeT TOK MpOBOAUMOCTU B
NPOBOAHMKAX, HAaNpaBIeHHbIX BOONb kKabens.

6.2 lNepBUYHbLIE NapamMmeTpbl Nepeagayn

MpeanbHbIn KoakcuanbHbIA Kabenb. PaccMoTpuM nepegavy aHeprum no Ko-
akcmanbHon nape 6e3 notepb B NpoBoAHUKaX. [lepBMYHbIE NapaMeTpbl Nepeaayn B
AaHHOM criydae paccymTbiBaloTCA No hopMyram:

R=0, (6.4)
Ky "
L="%In-*>
o, ) (6.5)
2me
Cc="-4
' (6.6)
ra
G- 2no
lan (6.7)

Ta
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dopmynon (6.5) onucbiBaeTCA BHELIHAS MEXMNPOBOAHMKOBAA WHAYKTUBHOCTb
KOakcmanbHoro kabens.

KoakcumanbHbIN Kabenb ¢ y4eToM NoTepb. B peanbHbIX YCOBUAX NPOBOAHU-
KA MMEIKOT KOHEYHYI MPOBOAMMOCTb M CO34al0T LAOMNOSTHUTENbHbIE NOTEPU IHEPTrUn
Ha mkoyneso Tenno. Kpome Toro Heo6XO0AMMO y4eCTb BHELLHIO MEXNPOBOAHMKO-
BYIO MPOBOAMMOCTb.

1) AkmusHoe cornpomusneHue yenu nepemMeHHoMy mokKy npeacrasnseT cobomn
CYMMY COMNPOTUBNEHNA BHYTPEHHETO NPOBOAHMKA @ U BHELLHEro NPOBOAHUKA b:

R=R,+R;. (6.8)

B ananasoHe yactoT oT 60 KI'y 1 BbiWwe, B KOTOPOM Hanbonee 4acTto UCNosb3y-
I0TCA KOaKcuanbHble Kabenu, ans pacyeTta AaHHbIX NapaMeTpoB MPUMEHSIOTCS CO-
KpalLleHHble hopMynbl:

R, - 2k, _ 2k, , (6.9)
4nr,c, 2ndo,
Ry = V2ka _ N2k (6.10)

- 47try, oy - 2nDG), |
roe  k,, ky — KOA(PPUUNEHT BUXPEBBIX TOKOB BHYTPEHHENO N BHELLUHErO NPOBOLHUKOB
COOTBETCTBEHHO;
Fa, ¥y — PAANYCbI BHYTPEHHETO U BHELLHEro NPOBOAHMKOB COOTBETCTBEHHO, MM;
d, D - anameTpbl BHYTPEHHEro U BHELUHEro NPOBOAHUKOB COOTBETCTBEHHO, MM;
G4, Op — NPOBOAMMOCTM METanNoOB BHYTPEHHENO N BHELLUHEro NPOBOAHNKOB COOT-
BETCTBEHHO.
CnepoBaTenbHO, B obLWeM crnyyae akTMBHOE COMNPOTMBIIEHUE LEenu nepemMex-
HOMY TOKy npu yactoTte o1 60 k'Y

R:Q[ ko Kb J:*@‘( ko, Kb ] 6.11)

4n\r,6, 1Oy 2n \do, Doy
B cny4ae, korga maTtepuan npoBOAHMKOB OOUHAKOBbIN:
2k( 1 1 2k(1 1
Rz—\/_ —+— :_*/_ (—+—j. (6.12)
4nol\r, n 2no\d D

B yacTHbIX cnyyasix UCNOMHEeHNsi NPOBOAHMKOB KOaKcuarnbHOW Lenu ans pacye-
Ta Mcnonb3ylTcs cneayowmne opMyrbi:
e Ons 060MX MeaHbIX NPOBOAHWNKOB:

1 1
R =0,0835 —+—1; 6.13
7(5+3) 6.13)
e n4d obounx antoMmMHNEBbLIX npoBOAHUKOB:
1 1
R=0,108 —+—; 6.14
7(5+3) 614
e 514 BHYTPpeHHero npoBoaHuKa, BbINMOJIHEHHOIo N3 megu, a BHeELWHero — n3
aNntoOMUNHNA:
0,0835 0,108
R:,/f( e J (6.15)

Mcnonb3oBaHne meaun B Ka4ecTBe Matepuana M3rotoBneHns obomx npoBogHU-
KOB NPUBOAMT K 3HAYMTENbHOMY yaopoxaHuio kabenda. OgHako, B kabene ¢ AByms
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antoMUHNEBLIMU NPOBOAHWKaMW COMpPOTUBIEHUe Bbilwe Ha 29%, yem B kaberne c
OBYMS MeOHbIMW MpoBOAHWKamMu. Ecnu coenaTb antoMUHWEBBIM TOMBKO BHELUHWUN
NPOBOAHUK, TO CONPOTUBIIEHME BblipacTeT Bcero Ha 6%. NocnegHui BapuaHT aBns-
eTcs bonee NpeanoYTUTENBHBIM.
B HuskouyactoTHOM pguanasoHe (f<60klL) pacyeT akTUBHOro CONPOTUBIIEHUS
BHYTPEHHEro U BHELLHEro NPOBOAHMKOB NPUXOOUTCA BECTU NO NOSMHbIM (hopmMmynam:
e [515 BHYTPEHHEro NpoBoAHMKa:

Ry = Rog[l+ Flkar, )], (6.16)
roe Ry, — dNeKTpuyeckoe COnpoOTUBNEHME BHYTPEHHEro MpOBOAHUKA MOCTOSIHHOMY
TOKYy, OM/KM;

F — koappmumeHT yyeTa notepb B NPOBOAHMKE BCrEACTBME NOBEPXHOCTHOMO
ahbdpekTa (TabnnyHoe 3HaveHune);
e [1NS BHELLUHEro NpoBOAHUKA:

B 10° kp shu+sinu 4ry +t
b_-2nlb6b :Z;chit—cosu__80%-+tﬁb ’
rge ¢ — TOolWWHa BHelwHero npoBoAHUKA,

7, — BHYTPEHHUIN paanyc BHELUHEro NpOBOAHUKA;

u =2kt (6.18)

ConpoTtuBreHMe BHYTPEHHero nNpoBoAHMKa MOCTOAHHOMY TOKY pacCyuTbiBaeT-

C4, KaK 1 A58 CUMMETPUYHOM Lienu, rno popmyne
~4000p,,

ndaz .
e p.— yAenbHOe COMpOTUBIEHNE MeTarna BHyTPEHHEro NPoBoAHMKa, OM-MM?/M.

Ecnu Heobxoanmo paccyuMtaTb COMPOTUBMEHME MOCTOSSHHOMY TOKY BHELLHEro

NPOBOAHMKA, NOBEPX KOTOPOro HANOXEH 3KpaH U3 NeHT, NpuMeHsaeTcsa popmyrna

R R
Rop =—"—>—, (6.20)

M )
roe R, —COMpOTUBMEHME BHELIHEro MegHoro NnpoBogHUKa,

R, —conpoTunBneHne aKkpaHa.

R (6.17)

Roq (6.19)

Mpn aTom
_1000p,,
M _-n(l)4—r)t’ (6.21)
roe p., — yaenbHOoe COnpoTUBIIEHNE Mean, OM-MM?/M:;
T - TONWMHA BHELLHEro NPOBOAHMKA, MM;
D — BHYTPEHHUIN OMaMeTp BHELLUHEro NPoOBOAHMKA, MM.
1000
R, P (6.22)

n(D+t+A)AR]
rae p, — yAenbHOe CONpOTUBIEHUE MeTanna KpaHHbIX NeHT, OM-MM?/M;
A - TONLLMHA 3KPAHHBIX JTIEHT, MM;
1 — YACIO 3KPAHHbIX NEHT.
2) MlHOykmueHocmb B obLueM criydae COCTOUT U3 HapYXHOW MEXMNPOBOAHUKO-
BOW MHAOYKTUBHOCTU U BHYTPEHHEN NHOYKTUBHOCTU KaXXO0ro U3 NpoBOAHWNKOB:
L=L,+Ly+Lg,. (6.23)
B ananasoHe yactot ot 60 Kl'y v BbIWwe
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\/Euaa _ \/Euaa

= = , 6.24
“ 4nr,k,  2ndk, ( )
roe |, — abconoTHaa marHuTHas NPOHNLAEMOCTb,
V2 V2
Hab N4Hgp (6.25)

b dmnk,  2nDk,

Ly, = 21{1’)) 1074 = 211{%) 1074, (6.26)

Va
B pesynbTate obuwasi dopmyna Ans pacdeta MHAYKTMBHOCTM KOaKCManbHOW

Uernn Ha BbICOKMX HYaCTOoTax

Lo Y2(LHaa 1 Hap) (1 1074 =
An\r, k, n kp 7,
_| Y21 Haa 1 Hap +2ln(2j 1074
2n\d k, D k d
B cnyyae, korga matepvan NpoBOAHUKOB OAVHAKOBbIN:

I :{@£L+Lj+ 21n£ﬁﬂ.10—4 _ {@(l+ij+2ln[§ﬂ-lo_4. (6.28)

(6.27)

dnk \r, n v 2nk \d D

a
B YyacTHbIX cny4asix UICNOMHEHMs NPOBOAHUKOB KOaKcUanbHOW Lenu ans pac4ye-
Ta UcnonbaylTcsa crneayowme hopMynbi:
e Ons 000MX MeaHbIX NPOBOAHWNKOB:

(13301, 1), (2] 104,
L_{\/?(djLD}Lzln[dj:l 1077; (6.29)

e Ons 06oMx antoOMUHUEBLIX npoBOAHUKOB:

(1721 1) 2] 04,
L—liﬁ(d+Dj+21n(dﬁ 107 (6.30)

e [NA BHYTPEHHEro npoBogHMKa, BbIMOJIHEHHOIO N3 Meaun, a BHELWWHEero — n3
aANMtOMUHNA:

_|[1333, 172 ), (DY) oea
L—K\/?d+\/7Dj+2ln(dﬂ 10, (6.31)

B HuskoyactoTHOM pgumanasoHe (f<60klL) pacyeT akTUBHOrO COMPOTMBIEHUS
BHYTPEHHErO U BHELLHEro NPOBOAHMKOB NPUXOOUTCA BECTU NO NOMHbIM hopmynam:

1 -

L, :EurQ(kr)-IO 4, (6.32)
rae W, — OTHOCUTENbHaA MarHuTHas NPoHUL@eMoCTb MaTepuana BHyTPpEeHHero npo-
BOOHWKA;

3 103 kp shu—sinu
b 217,62 chu —cosu

I (6.33)

Ly, =2, In"t.107% =2p, 1{%} 1074, (6.34)

a
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BHeLWHsa MexnpoBOOHMKOBAs MHOYKTUMBHOCTb HE 3aBMCUT OT 4acToTbl. BHyT-
PEHHSS MHAYKTMBHOCTb MO abCOMOTHOM BEMMYNHE 3HAYUTENBHO MEHbLLE BHELUHEN U
C POCTOM 4acTOTbl €e OTHOCUTENBbHOE 3Ha4YeHMe CyLLeCTBEHHO CHUXKAETCS.

3) Emkocmb:

B 8,,-10_6 B sr-lo_6

C= = ,
181{@] 181n(§} (6.35)

a

roe & — OTHOCMTENbHasa ANAneKkTpuyeckasa NpoHMLAEMOCTb ANINEKTPUKA.
4) [Mposodumocms u30sayuu B obLLEM BUAE paccymTbiBaeTca No hopmyne

1
G=—+wnCtgd, (6.36)
Ru3
raoe Ry, — conpoTuBneHne nsonaumm kabenbHon uenu, HOPMUPOBAHHOE BENMYNHOWN

10000 MOM-Kwm;

® — KpyroBasi yactoTa (o=2nf);

tgd - TAHreHc yrna ananekTpuyecknx noTepsb.

[MepBbIM cnaraembiM, ONUCHIBAOLMM NPOBOAMMOCTb, OOYCMNOBIIEHHYIO YTEYKON
TOKa B CUITy HECOBEPLLUEHCTBA M30MauMn, B amnanasoHe YactoTt 6onee 60 kI MOXHO
npeHebpeyb.

PaccmoTpum 3aBUCMMOCTM NapaMeTpoB Nepeaayvn koakcuanbHOro kabens.

Ha pucyHke 6.8 npuBeaeHbl YaCcTOTHbIE 3aBUCMMOCTU NnapamMeTpoB Koakcuarb-
Horo kabens.

RL.CE
4

Sl

' ' £y
PucyHok 6.8 — HacToTHas 3aBUCMMOCTb NEPBUYHbLIX NapaMeTpoB nepenayu
KoakcmanbHoro kabens

C pocToM YacToTbl aKTUBHOE COMPOTUBIIEHME BO3pACTaET 3a CYET MNOBEPXHOCT-
Horo adpdpekta n agpdpekta 6nmnsoctn. Hanbonbllee yaenbHoe 3HadYeHWe MmeeT Co-
NpPOTUBNEHME BHYTPEHHEro NpoBOAHUKA, ero 3HaveHne Gonblie R, B 3-4 pasa. UH-
OYKTUBHOCTb C yBENUYEHMEM YacTOTbl YMEHbLUAETCA U3-3a YMEHbLUEHUS BHYTPEH-
HEen MHOYKTUBHOCTU NPOBOAHMKOB 3a CYET NOBEPXHOCTHOro adpdpekra. BHeWHAS vH-
OYKTUBHOCTb HE MEHSIeTCA C U3MEHEHWeM 4acToTbl. EMKOCTb He 3aBUCUT OT 4acTo-
Tbl. [TPpOBOANMOCTb N30MAUMM JIMHEWHO BO3pacTaeT C POCTOM 4acTOThl, ee BennynHa
B MEepBYO oyepenb 3aBMCUT OT KayecTBa AMANEKTPUKa, UCMONb3yeMoro B kabene m
XapakTepusyemMoro BeriM4nHOM yrna OU3NeKTpUu4eckmx notepb.

Ha pucyHke 6.9 nokasaHo U3MeHeHne NepBUYHbIX NapaMeTpoB C yBeNIMYEHNEM
COOTHOLIEHNSA paiyCcoB BHELUHErO U BHYTPEHHEro NPOBOAHUKOB KOAKCUANbHOro Ka-
Gens.
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4L00
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| iz
PucyHok 6.8 —3aBNCMMOCTb NEPBUYHBIX NAapaMeTPOB Nepenayn KoakcmanbHOro
kabensa oT COOTHOLLEHUIN MaMeTPOB NPOBOAHMKOB

Mpw yBENMYEHUN ITOrO COOTHOLUEHUS BO3pacTaeT WMHAYKTMBHOCTb kabens, u
CHWXXaKTCSA eMKOCTb Y MPOBOAUMOCTb M30NsUUN. AKTUBHOE CONPOTUBIIEHNE 3aBUCUT
He OT OTHOLLUEHWU AMamMeTpPOB NPOBOAHMKOB, @ OT abCONIOTHBLIX 3HAYEHWIA PaanyCoB
3TUX MPOBOAHWUKOB: YEM TOSLLE NPOBOAHMKW, TEM MEHbLUE aKTUBHOE COMpPOTUBIIE-
HYe.

6.3 BTtopuyuHble napamMeTpbl nepeaayu

KoakcmanbHble Kabenu npakTU4eckm MUCMNOoNb3ylTCA Ha 4YacTtoTax CBbllle
40 kl'y, rae R<<oL n G<<oC, NO3TOMY BTOPWU4YHbIE NapameTpbl 0ObIYHO PaACCHUUTbI-
BaKOTCS NO YNPOLLEHHBbIM POpMYyaMm.

1) BornHoegoe conpomusrieHue npu f>40kl u;:

L
Ha yacTtoTtax cBbiwe 2 MI'y,
1 1) D
Z,=—Z7Zy |~ 1n—, .
o =5 20y I (6.38)

roe Zp=376,6 Om — BONITHOBOE COMNPOTUBIIEHME BO3ayXa.
2) Koagppuyuenm 3amyxaHusi — Cymma 3aTyxaHui B MeTanne u B JU3NeKTpuKe.

Mpu 5400y
R[C G [L R[C G [L
SR E S S () =869 2 S+ L (a); .
@=7\z T2 Hne)=8 {2 L' c}(ﬂ ) (6:39)

Ha BbICOKMX YacToTax (f>2MIl'y):

B 6,05 f8,, 1 1 -3 -5
a_m—D[EJFB)IO +9,08/ /e, tg5-10™> (uB/xm). (6.40)

B npaktuyeckn mcnonb3yemom crnekTpe 4acToT nepefaydy no KoakcuarnbHbIM
kabenam BenuuMHa NoTepb B ANANEKTPUKE HE3HauMTenbHa n gocturaet 2-3% oT Be-
NMYUHBI NOTEPb B MeTanne.

3) KoagppuyueHm ¢pasbl B 06nacTu 4acToT, Ha KOTOPbIX OCYLLEeCTBNAeTCs ne-
pefadva no koakcmanbHoMy kabento (£>40IL) MmoxeT OblTb paccynTaH No cneayoLen
dopmyne:

B=wLC; (6.41)

Ha BbICOKMX YacToTax (f>2MIl'y):
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B=oyhgeq (6.42)

nnu

B= mﬂ ) (6.43)
C
4) Ckopocmb pacripocmpaHeHusi 3ieKmpomazHUmHou aHepauu npu >400ly,

1
y= \/; (6.44)

v :E- (6.45)

Ha BbICOKMX YactoTax (f>2MIl'y):

6.4 OnTUManbHble COOTHOLUEHUSA AUMaMeTPOB NPOBOAHNKOB
KOoaKcuanbHOM uenm

OT COOTHOLLEHNST AMaMeTpOB NPOBOAHUKOB KOAKCUarbHOW napbl BO MHOIOM 3a-
BMCUT obnactb npuMeHeHus kabenen atoro Tuna. OnTManbHOEe COOTHOLLEHME pa3-
MEpOB KOaKCMarnbHOWM Napbl MOXET MEHSITbCS, ecnn kabernb HeobXxoanmo NomnyYnTb C
MWHMMAarnbHbIM 3aTyxaHueMm; no kabento Heobxoanmo obecneunTb nepepady Gonb-
LLIOW MOLLHOCTM Unn co3aaTtb kabenb Ha MakcumarnbHOe HanpsiKeHue.

[ng kabensa ¢ MuHUMarnbHbIM 3amyxaHuem TpebyeTca cobnogeHne CoOTHOLLe-

HUNA
e eClnn martepwuan nposogHUKOB Oﬂ,MHaKOBbIVIZ
D . d
In==1+<, (6.46)
d D

OTKyda crieayeT, YTo OnTUMaribHOe COOTHOLLUEHME ANaMETPOB NPOBOAHUKOB AOMKHO
ObITb

D_s6. (6.47)
d
e eCnu maTepuarn NPOBOJHUKOB Pa3HbIiA:
D d Gd
m2 o144 [9d 4
d_ "D\op (6.48)

Mpy NpUMEHEHNN B KOHCTPYKLMAX KOAKCUarbHbIM Kabenewn pasnuyHbiX TUMOB
N30NAUUMN MOXET MEHATLCH 3HAYEHUE IKBUBANEHTHOM OUINEKTPUYECKON NpoHULIae-
MOCTW, Torga npu cobniogeHnn cooTHoweHus D/d =3,6 ByaeT MeHATbCS 3HadYeHue
BOMHOBOro conpotmeneHus. [na obecneyeHns Tpebyemoro BOHOBOrO CONpoOTMBIe-
HWSA COOTHOLLEHE AnaMeTpOB NMPOBOAHUKOB onpeensieTcsa no opmyrne

V4
D_ e (6.49)

—=e

d
OnTumanbHasi KOHCTPYKUMS kabens no 3neKTpuyecKkorM MOLLHOCTU HaxoAauTCs

N3 yCroBws
D
In—=1, 6.50
n— (6.50)

oTKyada cnegyet
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§=e=2,718. (6.51)

MakcumarnbHasi MOLWHOCTb MOXeT ObITb NnepeaaHa no kabento npu cooTHoLe-
HUK

D I
m2=1 52
n2- (6.52)
oTKyaa crnepyeT
D _i6s. (6.53)
d

Onsa mexayropodHbix kabenen cessm Heobxoammo obecneynTb HanborbLyto
AanbHOCTb CBSI3N M B pacdeTax UCXOOAT U3 YCrOBUS ONTUMAnbHOMO Mo 3aTyxaHuto
COOTHOLLEHUA D/d=3,6 C y4eTOM NonyYyeHUss HOPMUPOBAHHOW BENUYUHBI Z=75 OMm.

YcnoBusi MakCMMarnbHOW MOLLHOCTM UMW 3IIEKTPUYECKON MPOYHOCTU OObIYHO
peanuayloTcsl B KOakCUarbHbIX pagmModacToTHbIX Kabenax puaepHoOro HasHayveHus.

3HayeHus1 BOSTHOBbIX COMPOTUBIIEHUM MPWU OMNTUMAsbHbLIX COOTHOLUEHUAX Aua-
METpPOB npeacTasneHbl B Tabnuue 6.1.

Tabnuua 6.1 - OnTManbHble COOTHOLLUEHNA AUaMeTPOB NPOBOOHMKOB

D L y
7 Z,= C CBowcTBa KOHCTPYKLUMU
3,6 76,6 MuHuMym 3aTyxaHus
Ie,
2,72 59,9 MakcnmyMm anekTpu4ecKkom NPOYHOCTU Ha Npobon
Jes
1,65 30 Makcnmym nepefgaBaemMon MOLLLHOCTU
Jes
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7 PnsnyeckKkme ocHOBbI Nepeagavym curHana no
ONTUYECKUM Kabenam

7.1 BonokoHHbIN cBeTOBOA4. OgHOMOOOBbLIE U
MHOromMogoBble BOJIOKHA

OCHOBHbIM 311IEMEHTOM ONTUYECKOrO Kaberns ABnseTCA BONTOKOHHbIN CBETOBOA —
KPYrnbli CTEPXXEeHb M3 OMTMYECKM MPO3PayvHOro AUANEKTpuKa, CTPyKTypa KOTOPOro
obecneuymBaeT pacnpocTpaHeHne BOOMNb HErO CBETOBbIX BOMH. M3-3a Manbix pasme-
POB MOMNEPEYHOro CeYeHUs BOMOKOHHbIX CBETOBOAOB MX OObIMHO Ha3bIiBAKOT onTu4e-
CKMMUW BONOKHaMM.

OnTuyeckoe BOMOKHO, Kak MpaBuio, UMEET OBYXCITIOMHYK KOHCTPYKLMIO U CO-
CTOUT M3 cepaueBMHbl M 060MN0YKKN, KaKk NOKa3aHO Ha puUCyHKe 7.1, C pasHbiMK Noka-
3atenamm (KoaddurumeHTamm) NpenoMneHns ny 1 n,.

JALJHTHOE ITOKPAITHE

T

CEFJIEBHHA, ny

OFQIOYRA, n,

PucyHok 7.1 — KOHCTpPYKUMS ONTUYECKOro BOJTOKHA

MNon nperomMneHueM TOHUMAKT U3MEHEHUe CKOpOoCmuU pacrnpocmpaHeHusi
ceema rpu ez2o repemMeweHuU u3 oOHoU cpedbl 8 Opyayro, YTO C TOYKU 3pEHUs BOJ-
HOBOM TEOPWUWN MPUBOOUT K U3MEHEHUIO HanpaeneHus ABwxkeHus. MNokasaTtenb npe-
NIOMIIEHUS BblYUCASIETCS MO hopmyne

n="<, (7.1)
\ %

roe ¢=300 000 km/c — CKOPOCTb CBETA B BaKyyMme;

v — CKOpPOCTb CBETa B Marepuarne.

Ha BbICOKMX 4acToTax, XxapakTepHbIX AN nepeaayn no onToBOJSIOKHY, Mokasa-
Tenb NPenoMieHns MOXeT Takke ObiTb BblpaXKeH Yepe3 OTHOCUTENbHYI0 OUaNeKTpu-
YeCKYI M MarHUTHYO MPOHULIAEMOCTH &, U [,

n=\W,E, . (7.2)

CepaueBnHa ONTUYECKOrO BOMIOKHA BbINOMIHEHA U3 onmuYecku 6onee niom-

HO20 Mamepuarna - cpedbl c boree 8bICOKUM 3Ha4YeHUEeM riokasamerisi ripersiomsie-
Hus. Tlo cepaueBnHe nepefaeTca OCHOBHAs YacTb ONTUYECKOW MOLLHOCTY cuUrHana.

O6orno4yka BbINOMHAETCH U3 ONTUYECKUM MeHee MNMOTHOro Marepuana u Cryxut

ANSA CO3[4aHuA MyYLIMX YCIOBUM OTPaXEHUS Ha rpaHuue «cepaueBnHa-obonoukay,

3aWwnTbl cepaueBnHbl OT MEXaHUYeCKMX MOoBpeXaeHUn, a Takke Ansa 3awmTbl OT U3-
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Ny4YeHU SHeprum B OKpyxatowee NpOCTPaHCTBO M MOTMOLWEHNS HexenaTerbHOro
n3nyyeHnst nasHe. OBonoyka MMeeT O4HO UIM HECKOSbKO 3aLMTHBIX MOKPLITUN.

CepauesnHa 1 obonoyka ONTOBOJSIOKHA BbIMOMHAOTCA M3 KBApLIEBOro CTekna,
YUCTOrO UMM C NPUMECAMUN XUMNYECKMX NTIEMEHTOB U UX COEOUHEHNIA.

CBeT No cBoen npupoae SBMSETCS 3MEeKTPOMarHUTHOW BOSTHOW, MMEIOLLEN
SNeKTpuYeckyto £ N MarHutHyto H cocTtasnswowme. PasnunyHble KOMOMHaUMM 3Tux
BEKTOPOB NpeacTaBnsaioT cobon TUNbl BOSH, KOTOPble Ha3biBAOTCA MOAaMW. Takum
obpa3om, Moda — amo 00Ha U3 cocmassislWux ceema, pacrnpocmpaHstou,e20cs 8
B0JIOKHE, KOmopasi coomeemcmeyem orpedesieHHoOMy mury KonebaHul unu onpe-
OerieHHOU mpaekmopuu rpoxoxXO0eHuUs Jlyya.

MO BONOKHY MOryT pacrnpoCTpaHATLCA Kak ogHa moaa (0OHOMOO08bIU PEXUM),
Tak n MHoro - go 100 000 — mog (MHo2oMOd08hkIU pexum). Pexum nepegaym BnuseT
Ha gucnepcuio, a cnefoBaTtenbHO, M Ha MPOMNYCKHY CNOCOBHOCTL BOSOKHA. Yucno
MOZ, 3aBUCUT OT pa3mMepa U CBOWUCTB BOSIOKHA.

BonokoHHble cBeTOBOAbI OENATCH Ha ABE rpynnbl: MHOrOMOAOBbIE U OAHOMO-
AoBble (PUCYHOK 7.2). B KOHCTPYKTMBHOM MfaHe OHM pasnuyarnTcs OuaMeTpoMm

cepaueBuHbI.
MHOTOMGMORO® BONOKHO  DRHOMOROROE BOAOKHD

G215 MEm 50wk P M
6150125 50128 a5

PucyHok 7.2 — OgHoMOg0BblE U MHOFOMOZAOBbIE BOSIOKHA

HdnameTp cepgueBUHbI OAHOMOAOBOrO BOJSIOKHA MEHbLUE WKW COU3MEPUM C
AJIMHOW BOMHbI (d<\), MHOrOMOA0BOro — 6onbLue AfnHbl BOMHbI (d>A). MNMpakTnyeckn
anameTp cepiueBuHbI cBeToBoda coctaBnseTr 8-10 mm y ogHomMoAoBbiX 1 50 unu
62,5 MM Yy MHOroMo40BbIX CBETOBOAOB. [InameTp 000N0YKM ONTUHECKOTO BOSTIOKHA OT
rpynnbl HEe 3aBUCUT U cocTaBnseT 125 MKM, a AuamMeTp BOSIOKHA MO 3aLUTHOMY MNo-
KpbITUO — 250 MKM.

OnTnyeckne BOMOKHa TaKXe pasnuyaloTca No rnpoghusiro rnokaslamersns npe-
JIOMJIeHUSI — 3aKOHY U3MEHEeHUSs rokalamersis rpesiomneHuss e0osb paduyca cepo-
uesuHnl. Mo gaHHOMY nokasaTemnto OHW OEenATCA Ha CTyneH4yaTble W rpagueHTHbIe
(pmncyHok 7.3).

B cTyneHuyaTbIx BONOKHaxX nokasaTtenb NperioMneHns B cepaLeBuHe NOCTOSHEH,
N UMEEeTCs pe3kun nepexopn OT n; cepAueBUHbI K 7, 060M04kW. [pagneHTHbIe onTuye-
CKMEe BOSIOKHa MMEKT HENpepbIBHOE NNaBHOE M3MEHEHNe nokasatens NpenomMnieHus
B CepaueBuHe NO paanycy BOMOKHA OT LeHTpa K nepudepun.

B cTyneHyaToM MHOromMoJ0BOM OMTOBOSIOKHE Jly4n Pe3Ko oTpaxkatTcs OT rpa-
HUUbI «cepaueBnHa-obonoyvka». MNMpu aTOM NyTHM CrneaoBaHnsA pasnuyHbl, U NO3TOMY
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OHU MPUXOOAT K KOHLUY NTMHKUKN CO COBUTOM BO BpeMEHU, YTO NpUBOAUT K UCKAXXEHUIO

PucyHok 7.3 — lNpodunn nokasatens npenioMmneHmst a) OAHOMOAOBOE CTYMNeHYaToe;
6) MHOroMOZ0BOE CTyneH4yaToe; B) MHOrOMOA0BOE rpagneHTHOEe ONTOBOJTOKHO

B rpagneHTHbIX CBETOBOAAX My4n pacnpoCTpaHATCs MO BONIHOOOpasHbIM Tpa-
€eKTOpUsIM, NMO3TOMY MCKaXXEHUIN B HUX MeHbLUe. B Hamnyylwmx ycnoBusix HaxoauTcs
oOHoOMo[oBas nepefaya, Tak kak 34ecb pacnpocTpaHseTcs NLWb OaWH Fy\.

7.2 JlyyeBOM aHaNM3 pacnpocTpaHeHUst U3riy4yeHus B
ONTUYECKOM BOJIOKHE

B reomeTtpuyeckon onTuke CBETOBble BOMHbI M300paalT nyvyamu, pacnpo-
CTPaHSAILWMUMUCH OT UCTOYHUKA. B onTnyeckn oagHOPOAHbIX cpedax nyyn npsmMonu-
HenHbl. [pn NageHun CBeTOBOW BOSHbLI MO YoM ¢, Ha MAOCKY0 rpaHuuy pasgena
OBYX OMTMYECKU MPO3padHbIX AUINEKTPUKOB B OOLLEM crnydyae nosiBNAOTCA OTpa-
)XeHHas BONHa C Yrrom ¢, U NpenomMneHHas (npowezLias) ¢ yrinom ¢, BOmHa.

Mo 3aKOHaM reomMeTpUYeCKon ONTUKK (PUCYHOK 7.4)

I1penomneHHBIH
yd "
%= 90° Jly4, npenomneHHbIH
n,=n, ">, BJONb NOBEPXHOCTH
n "
Manarowmin OTpaxeHnbii [azaoumii OTtpaxeHHbIH
yd4 y4 ay4 ny4

a) 0)
PucyHok 7.3. 3akoHbI reoMeTpuyYecKkon ONTUKK: a) NpernomMreHune riyda Ha pasgene
rpaHuLbl cpeq; 6) nonHoe BHYTPEHHEeEe OTpaXeHune

e Yron nageHusi paBeH yriy OTPaxeHWUsi (3aKOH oTpaXKeHus):

Qo =0y, (73)
e CBs3b YINOB NPENOMIeHNs U nageHns (3akoH CHennuyca):
n SN Q@ =1 SN @y, . (7.4)
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Yron nageHuna 6, npy KOTOpoM yron npenomMmnenus paseH 90°, To eCTb Npenom-
NEHHbIN NyY pacnosiaraeTcs BAONb rpaHuLbl cpen, He nepexoada B 060n04Ky, Hasbl-
BaeTCA KpUMU4YeCKUM y2/710M MOJTHO20 8HYMPEHHe20 ompakeHusi (PUCYHOK 7.4).

PucyHok 7.4 — TpaekTopus ny4en B CTyeH4aTOM ONTOBOJSIOKHE

Yron nonHoro oTpaxeHns HaxoamTcsa U3 yCrnoBus
i)

sinf=—=,
" (7.5)
TO ecTb
0 = arcsin 2 . (7.6)
n

Ecnu ¢,>6, TO CBET NONHOCTLIO OTPaXXaeTcs B MCXOAHYIO cpeay, He MPOHUKas B
Apyron matepuan (ecTb TOMbKO OTpPaXeHne, HO HET NPENoOMIEHMS).

PaccmoTpum ONTOBOMOKHO CO CTyneH4yaTbiM npodunem nokasatensd npenom-
NeHns: n; — NokasaTenb NPenoMieHnss CepALEBUHbI, 1, — 0B0NOYKN, 13 - 3aLUTHOMO
NOKPbLITUS: 11>ny>n3.

MMy4YoK CBETOBbIX Nly4en OT TOYEYHOrO UCTOYHUKA Ha TOpLie ONTMYECKOro BOJSOK-
Ha npeobpasyeTcd B ABa TUNa fnyden (PUCYHOK 7.5): MepuanoHarbHble, KOTopble ne-
pecekaloT OCb BOJIOKHA, 1 KOCble, KOTOPbIE 3Ty OCb HE NepecekatoT.

of
7 \
2 \\ /
NN
6)
PucyHok 7.5 — PacnpocTpaHeHre no cBeToBoAy a) MepuanoHanbHbIX 6) KOCbix

nyyeu

YacTb MepuanoHarnbHbIX U KOCbIX fly4eln, UCMbITbiBas NOSTHOE BHYTPEHHEE OT-
paXeHne B MecTax nageHus Ha rpaHuly «cepgueBuHa-o6omnovkay, pacnpocTpaHs-
eTcs 3ursaroobpasHo BAOMb OMNTOBOSIOKHA.

Ha pucyHke 7.6 npeacrtaBrneHa TpaekTopus MPOXOXOAEHUS MepuaMOHarbHOro
ny4a B ONTOBOJSIOKHE.

B 3aBucumocTu oT yrna nageHus nyden, obpasyemble MU MoAbl OeNSATCHA Ha
Hanpasnsemble (1), Moabl 060n04KkK(2) 1 BbiTekatowme (3) moabl.

Jlyun, BCA 3HEprus KOTopbIX Cpasy Xe U3ryvaeTcs B OKpyXawLliee npocTpaH-
CTBO (3aWnUTHYO 0BOMNOYKY) U HE pacnpOCTpaHAETCs BAOMb OMNTOBOSIOKHA, Ha3blBa-
I0TCA U31yyaeMbiMu Modamu. Jlyumn, TpaekTopun KOTOPbIX NMOSIHOCTLIO Nexar B cepa-
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LieBUHEe, Ha3blBalOTCA HarpaensieMbiMu mMmodamu. Jlydn, 3Heprust KOTOPbIX YaCTUYHO
pacnpocTpaHsieTcs BAOMb ONTOBOMOKHA, @ YaCTUYHO NepexoauT B 060M0YKy U 13ny-
YyaeTcs B OKpy»KatolLLiee NpOCTPaHCTBO, Ha3bIBATCH 8bimekarouumMu modamu. Beite-
KatoLme Moabl 06pasyroTCs B NEPBYIO 04epeb 3a CHET KOChIX Nyyei.

3
é 2
——i 11 \
Z ™z
A NN A AN
a) 0)

PucyHok 7.6 — PacnpocTpaHeHue nyyen B a) ctyneHyaTtom u 6) rpagmeHtHom OB

OaHMM 13 BaXHEMWMX napaMeTpoB, XapaKTepu3yloLlnx BOSIOKHO Kak nepeaa-
OLLYI0 cpedy, SIBNAETCA OTHOCUTENbHasi pPa3HOCTb MNoKasaTenen npenomiieHus
cepaueBuHbl 1 0600YKHU:

2 2
nm —n m-—-n
A= 2~ 2 (7.7)
2 n
n 1
[ns ogHOMOOO0BbIX ONTUYECKUX BOJNOKOH A~0,3%, a AN MHOroMo4oOBbIX 3Ha4e-
Hue A HaxoauTcsa B npeaenax 1-2%.
MakcumanbHbIA yron BBOAA flyda B ONTOBOJSIOKHO, NPU KOTOPOM NyY yAepXusa-
eTCH cepAueBUHON, XapaKTepuayeTcsa yucsioeol anepmypou:.

NA:sin():\/nlz—nf . (7.8)

3Ha4veHne YNCNoBOW anepTypbl yKa3biBaeT Ha TO, Kak CBET BBOAUTCS B BOSTIOKHO
N pacnpocTpaHsaeTcsa no Hemy. BONokHO ¢ 60MnbLUMM 3HAaYEHNEM YUCIIOBOW anepTypbl
XOpOLIO NPUHUMAET CBET, a B BOJSIOKHO C MarblM 3HAaYE€HWEM MOXHO BBECTWU TOJSIbKO
y3KOHanpaBneHHbIN Ny4oK cBeTa.

Ecnu umetotcs ABa BOMOKHA C OOHUM U TEM Xe OMaMeTpOM CepAaueBUHbBI, HO C
pasnUYHbLIMKU YMCNOBLIMU anepTypamun, BONOKHO ¢ Bonbluen aneptypon byaet npu-
HUMaTb Bonblue CBETOBOW 3HEpPrnm oT MCTOYHMKA cBeTa. Ecnn ecTb ABa BOMOKHA C
OQMHaKoBbIMW anepTypamMu, HO pPasfUYHbIMX AnameTpamu, BOMOKHO C 60nbLUvM
anameTpom npumeT 6onblue CBETOBOW 3Heprun. BonokHa 6onblummu aneptypamm m
AnameTtpamu 6onblle NoAXoaAT ANs HeLOPOrnx nepenaTynkoB, TakMX Kak CBETOAM-
ofbl, KOTOPble He CNOCOOHbLI KOHLEHTPUPOBATb BbIXOOHYH) IHEPrU0 B Y3KUN KOre-
PEHTHbIN NYYOK, KaK fla3epsbl, U U3ny4atoT nog 60nbLwnm yrinom.

B rpagveHTHOM ONTOBOMOKHE MpOoduib MOoKasaTens nperoMneHna saBnsaetcs
MOHOTOHHOW yObiBatoLen oyHKUMEN pagnyca B npegenax cepaueBuHbl:

n(r)=n1 I—A(L)q , (7.9)

a
roe r— TeKywun pagnyc;
a — paguyc cepaueBuvHbl;
ny — nokasartesib NPenomMsieHns B LLEHTpe cepaueBUHbI;
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g — napameTp, onpegensawowmnn gopmMmy nNpoduns npenomreHns (g=«< - CTyneH-
YyaTbln Npodunb; g=2 — napabonuyecknin; g=1 - TpeyronbHbIN)

[Onsa rpagneHTHOro BOSIOKHA MCNOMb3yeTCcA MOHATUE FoKalbHOW 4YUCNOBOM
anepTypbl, 3Ha4YeHNe KOTOPOW MakCMMarbHO a OCUM W NagaeT OO HyNs Ha rpaHuue
cepaueBvHbl 1 060OYKHU:

NA(r)= nlz(r)—ng : (7.10)

7.3 BonHoBOM aHanu3 pacnpocTpaHeHUs U3ry4eHus B
ONTUYECKOM BOJIOKHE

IlyyeBoe npepcraBneHne HarnpasnsgeMbiX MOA, XOTb U ABMAETCHA HaArnsgaHbIM U
NPOCTbIM, HE YyYNTbIBAET CBONCTB CBETA KaK 3reKTPOMarHUTHOM BOMHbI U BO MHOTUX
cny4asix He no3BonseT MoMy4uTb MNpaBurbHble pesynbTaTtbl. CornacHo BOMHOBOM
Teopuu CBeT npeacrasnseT cobon anekTpoMarHuTHoe konebaHue oveHb BbICOKOM
yactoThl (10'-10" T'u), u cnegoBaTenbHO, NPOLECC MEPeaayn CBETOBbIX CUrHANOB
MOXeT paccMaTpMBaTbCs KaK NpoLecc pacnpocTpaHEHNSA SNeKTPOMarHUTHbIX BOSH.

C TOuKkM 3peHns BOSTHOBOW Teopun Moda — 3mMo murl 80JIHbI, KOMOPbIU Xapak-
mepu3yem pacrpedesieHue r1071s, Mo ecmb YUC/1I0 MaKkCuMyMo8 U MUHUMYMO8 MOJIs
8 rorNepeyHoOM CeYeHUU OornmoeosiokHa. B nekuun 2 ObinnM pacCMOTPEHbl TUMbI
HanpasnseMblX 3N1eKTPOMarHUTHbIX BOMH (MO), U3 HUX MO BOMHOBOAY NepeaarTcs
moabl Tuna E, H, EH v HE. OCoOBEeHHOCTb CTPYKTYpbl 3MEKTPOMArHUTHOro noss
HanpaBnseMbIX MO XapakTepusyeTcs uHgekcamu n u m (Hanpumep, E,, wiv H,,).
NHoekc n=0,1,2... xapaktepusyeT asumMyTarbHble CBOWUCTBA BOSHbI, T.€. YACNO MNOSI-
HbIX U3MEHEHUI NOSIS MO OKPYXHOCTU, a m=1,2... — pagunarbHble, T.e. YACNO U3MEHe-
HWUW NOns No AnameTpy.

Uucno HanpaBnsemblx Mog N onpefenseTrcs CTPYKTYPHbIMM MapamMeTpamu
ONTOBOSOKHA (11, 1z, @) U ANNHOW BOSTHbI NPUMEHAEMOrO U3NYyYeHNS:

2
Y (7.11)
2
V=2% nt —n3 =2%NA. (7.12)

BennunHa V7 HasbiBaeTca HOpMuUpoeaHHOU 4Yacmomou. Ee nameHeHue, TO
€CTb M3MEHEeHMWEe COOTHOLUEHUS MexXxay CTPYKTYpPHbIMM napamMeTpaMm OnTUYeCKOro
BOJSIOKHA M ONWHOW BOJSHbI, MPUBOANT K U3BMEHEHUIO YnCna Hanpaensemblx mogd. [lo-
SIBAIEHNE UM NCYE3HOBEHNE KaXXOOW HOBOW MOAbl MPOUCXOAUT MpU CTPOro onpege-
NEHHbIX 3HAYEHNAX HOPMUPOBAHHOM YacCTOTbl, KOTOPbIE HAa3bIBAKOTCH KpUMUYECKUMU
n obosHavatotca V,,. Ycnosue

V=V, (7.13)
ornpenensieT rpaHuLy nOABNEHUS UMW UCHE3HOBEHMS HanpasiieMoOn MOAbl C UHOEK-
coMm nm. B npeacraBneHnsx reoMmeTpmyecKkon OnTUKN AaHHOE YyCnoBMe COOTBETCTBY-
€T ycrnoBuio ¢,=0 gna nyden, obpasyowmnx moay. MNpun V>V, (¢, >0) ny4n npetepne-
BalOT MNOJSIHOE BHYTPEHHEEe OTpaXkeHue U pacrnpoCTPaHAKTCA BAOMb CepAUeBUHbI, a
npn V<V, (¢;<6) Nyum npenomnsatoTca B 060n04Ky 1 Moaa ncyesaer.
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B Ttabnuue 7.1 npuBeneHbl KpUTUYECKNE 3HAYEHUS HOPMUPOBAHHOM YacTOTbl
ANs1 HEKOTOPbIX HanpaBnaemblix Mog. U3 aton Tabnuupbl BUAHO, 4TO 0coboe nonoxe-
HWe cpegu HanpaBndemblX MO4 3aHUMaeT moda HE;, Y KOTOPOW KpUTuUYeckoe 3Ha-
YeHne HOPMMPOBAHHOW YaCTOTbl PaBHO HYIIHO.

Tabnuua 7.1 — Kputnyeckme 3HayeHmMss HOpMUMPOBAHHOW YacTOTbl

n 3HadeHue V,,, Npu m Twn HanpasngemMon Moabl
1 2 3

0 2,405 5,520 8,654 E H

1 0,000 3,832 7,016 HE

1 3,832 7,016 10,174 EH

2 5,136 8,417 11,620 EH

2 2,443 5,635 8,661 HE

lMockonbKy gaHHoe ycriosue (/>0) BbINONHsAeTCHA Bcerga, moaa HE, CylwecTBy-
€T W pacnpocTpaHaeTcs nNpu nobon ONnHE BOSMHbI U CTPYKTYPHbIX napameTpax. OHa
Ha3blBaeTCA OCHOBHOU wunu ¢yHOameHmarsbHoU n obpasyeTcsa fnyyYoMm, HanpaBeH-
HbIM BOJSIb OCW ONTOBOSIOKHA. Bce ocTanbHble Hanpasfsemble MOAbl Ha3blBaOTCA
8bICLIUMU.

B kabensax cBA3M NPUMEHSAOTCS B OCHOBHOM crnaboHanpaBnsaooLmne ontTmyeckme
BOJIOKHA, Yy KOTOPbIX NoKa3aTenn npenioMneHnsa cepaueBmHbl U 060M104KM OTNNYaoT-
ca MeHee, YyeM Ha 1%, T.e. ni=n,. NogobHoe NnpubnmxeHne NPUBOAUT K BO3HMKHOBE-
HuUto 6onee Yem 0gHOM MOAbI C OAMHAKOBLIMW CKOPOCTSIMWU pacnpocTpaHeHnsa n cob-
CTBEHHbIMW 3HA4YeHUsIMU. OTO MO3BOMSET COCTaBUTb JIMHENHYIO KOMOWHaLMIO ru-
OpuaHbIX MOA, KOTOpasi UMEEeT JIMHENHYK NONApu3auuio U ABMASETCA npeumylle-
CTBEHHO MOMEPEYHON, N NepenTn HenocpeacTBEHHO K JIMHENHO-NONAPU3OBAHHBLIM
mMoaam LP,,. CTpyKTypa NIMHENHO-NONAPU3OBAHHbLIX MO, UMEET crneayoLwmnn BUua:

LP01 — HE11

LPy — Eo, Ho1, HE>,

LP21 — EH11 , HE31

LP02 — HE12

AMNNNTyga anekTpu4eckoro nonga Anga JIMHENHO-NONAPU30OBaHHbLIX Hanpasnse-
MbIX MO, ONTOBOJSIOKHA NpeacTaBneHa Ha pucyHke 7.7.

n=0, m=1 n=1, m=1 n=2, m=1 n=0, m=2
n=3, m=1 n=1, m=2 n=4, m=1 n=2, m=2
. . ®
.- 21 > - LR
- a -
n=0, m=3 n=5,m=1 n=3, m=2 n=1, m=3
3 -
'’ . ,
L] = - i A - 1 )
v ) F

PucyHok 7.7 — AMNnuTyga anekTpuyYeckoro nons NMHEMNHO-NoNsipu3oBaHHbIX
HanpasrseMblX MO B ONTOBOJSIOKHE
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PucyHok 7.8 — TpexmepHble NOBEPXHOCTU pacnpenesieHna n pacnpegeneHus
WHTEHCMBHOCTW NOJiIe OCHOBHOW MOAbl U MOJ, BbICLUMX MOPSIAKOB

da3oBble CKOPOCTM HanpaBnsieMbIX MOA BCErga HaxogaTcs B npeaenax
nils\;qbsé. (7.14)

Mpn yMeHbLIEHNN V' A0 KPUTUYECKOTO 3HAYeHUs ¥, nonie Moabl NOSIHOCTBLIO Ne-
pepacnpegenseTca B 060no4ky, npu 3ToM hasoBas CKOPOCTb MOAbl onpeaenseTcs
napameTpamu o60MoYKkn vy=c/n,. Npn yBenuyeHun ¥ no cpaBHeHuto ¢ V,, none mo-
Obl Bce OOnblUe KOHLEHTPUPYETCHA B cepeauHe U (ha3oBasi CKOPOCTb CTPEMUTCS K
3HaYEHWUIO vy=c/n.

Mpn 3agaHHbIX CTPYKTYPHbIX MapameTpax OMTOBOSIOKHA MOXHO onpeaenvTb
OJIUHY 80JIHbI OMCeYKU — MUHUMAasbHYt0 OfIUHY B0JIHbI, MpU KOMOopoU 8 Ornmoego-
JIOKHe pacripocmpaHsiemcsi moJsibko 0OHa Mooa:

c=%\/nf—n§ =2,6lavnf —n3 . (7.15)

Ecnn paboyas gnuHa BOSMHbI MEHbLUE ANWHbI BOMHbI OTCEYKU (A<A.), ONTOBO-
NOKHO CTaHOBUTCHA MHOTOMOJOBbIM.

Kputnyeckass AnnHa BOMNHbI — BEPXHUIN Npeaen ANWH BOMH, NpU KOTOPOM Mpo-
NCXOANT pacnpoCcTpaHeHne onpeaernieHHoW MoAbl MO OMTMYECKOMY BOJIOKHY - pac-

cunTbiBaeTcsa no oopmyre
md
Ny = Vit —n3 mkwm, (7.16)

nm "M
roe d— guameTp cepaueBUHbI ONTUYECKOro BONOKHA;
P,,, — 3Ha4yeHus kopHen PyHKunn beccena ans pasnuyHbIX TUNOB BOSH;
n) — NoKasaTtenb NPenoMneHns cepaueBuHbl;
n, — NokasaTtenb NPeNnoMNeHns 060N0YKM.
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P,,, COOTBETCTBYET 3Ha4eHuto V,,, B Tabnuue 7.1.

B cooTBeTCTBUM C ASIMHOM BOSMHbI MOXHO HaWTU KPUTUYECKYIO YacTOTy, KOTopas
yCTaHaBnMBaeT HWKHUW npeaen 4acToT, Npu KOTOPbIX MPOUCXOAUT pacrpocTpaHe-
HMe MoAbl MO ONTUYECKOMY BOJSTOKHY:

P

nm "€

Jo=—F—= T, 7.17
ﬂd\/nlz —n% ( )
e c¢— CKOpOCTb CBETA.

PacnpegeneHne mog B ONTOBOSIOKHE 3aBUCUT OT npodmnsa nokasartensa npe-
nomneHus. B obwem Buge 4ncno mog onpeaenserca no oopmyrne

e

' 7.18

2[1+2j ( )
q

B yacTHbIX crnydaax gaHHaa dopmyna MmeeT crneayrowmin Bua:

e [ONs CTYNEHYaTOro ONTOBOJSIOKHA (g=o)

N=

2
NV (7.19)
2
e N5 napabonmMyeckoro oNTOBOJSIOKHA (q=2)
2
N = e (7.20)
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8 XapaKkTtepucTUKM 1 napameTpbl nepeagaym
ONMTUYECKUX BOJIOKOH

8.1 KoadhhunumeHT 3atyxaHus

3aTyxaHune B onTtnyeckom kabene — aTo Mepa ocnabneHna onTUYEeCKon MOLLHO-
CTW NpU pacnpocTpaHeHnn curHana B BonokHe. CTpykTypa notepb, 06yCnoBreHHbIX
3aTyxaHMeM B onTu4eckom kabene, npmeBeaeHa Ha pucyHkax 8.1 n 8.2.

3aTyxaHue, o

CobcTBEHHbIE NOTEPU, A KabenbHble notepwu, a,
|
| | 1
NoTepu Ha MoTepu Ha
MoTepu Ha
norsoLeHme B nornoLeHue B
paccesHue, a,

MmaTepuane, Oy npumecsax, o,

PucyHok 8.1 — CTpykTypa notepb B OMNTOBOSIOKHE

p p
e
AN
.y / - = -ti_a Lo S
1 T ol
&=} ] =
= -

i_

Y J :

PucyHok 8.2 — OCHOBHblE MEXaHN3Mbl MOTEPb B ONTUYECKMX BOSTOKHAX

OnTrnyeckne BOMOKHA MCMNOSb3YIOT KBapLEBOE CTEKMNO C pasfnyHbIMU MpUMecs-
MU. 3aTyxaHue B 3TOM MaTtepuare MMeeT MUHUMasbHblE 3HAa4YeHUsA (OKHa npo3paud-
HOCcTM) Ha 4YacTtoTtax 700...1700 HM n cknagbliBaeTCcsl U3 NOTEPb Ha MOrfoLEeHne B
mMaTepuane (ynbTpaguoneToBoe M UHMpaKpacHoe MOorroweHne) n notepb Ha no-
rnoLeHne nNpuMecsmu.

[Ona pacdeToB KO3(OMPUUMEHTOB 3aTyxaHWUs, CBA3aHHbLIX C MHAPaAKpacCHbIM "
ynbTpadnoneToBbIM MOrMoLWeHNEM MOXHO UCMONb30BaTh Criegyowme annpoKCUuMm-
pyloLLme BblpaXeHus:

21,9 ]
+12,4
’ 8.1
Oy = 10(”’”’”‘4] , (8:1)
2
o IOK[MKM] (8.2)
YT 9154

Torga notepu Ha nornoweHne B matepuane MoryT ObiTb BblYMCEHbI NO hop-
myne
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Oz = Oyype + Oy« (8.3)

[Mpumecn nornowjatoT CBET Ha onpeferneHHbIX ANUHAxX BOJSH, Npuyem aaxe
KparvHe manas KOHUeHTpauus npumecer npuBOaUT K MOSIBIIEHMIO «BCMNIIECKOB» Ha
KpuBoM notepb. Hanbonee 3ameTHOe nornoweHve cooTBeTCTBYeT npumecam OH
(MOHaM rMAPOKCUNBHLIX FPYMM) — Tak Ha3blBaeMbli BOAHbLIV MUK B paioHe A=1383 um
NPUCYTCTBYET Y BOnbLUEN YacTM ONTUYECKMX BOJIOKOH. B Takux BonokHax obnactb
crekTpa B panoHe BOAHOro nvka NpakTUyYeckn He Mcnonb3dyeTcs u3-3a 6onbLunx no-
Tepb.

[MoTepun Ha nornoLeHne Kak cymma notepb Ha NornoLleHne Mmatepuanom u no-
Tepb Ha NpMMecn MoryT BbITb HangeHbl No hopmyrne

o, = 8,60 18O (8.4)
Mrm]
roe tgd - TaHreHc yrna AManekTpu4ecknx notepb mMatepuana cepiueBUHbl onTuye-
CKOro BOJIOKHA.

CoBpeMeHHble TEeXHONOorMM NO3BONAT MOMYYMTb KBapueBble BOJSIOKHA C MO-
AaBneHHbIM BoAHbIM nukom (LWP, Low Water Peak), npudem gons npuMeHeHus
LWP-sonokoH B 2010 rogy coctasuna 6onee 90% ot obwero mmposoro obbema
NMPUMEHEHNSA OMNTUYECKUX BOJSIOKOH, @ BCE U3BECTHblE HA POCCUNCKOM PbIHKE MPOU3-
BOOMTENIM B HaCTosLlee BpeMs BbinyckaloT Tonbko LWP-onokHa. lNpumeHeHune
LWP-BOMOKOH NpUBENO K NepecMoTpy 3HAYEeHUN CrekTpasibHbIX AMana3oHOB B UH-
TepBane anuH BonH 1280...1675 HM. MexayHapoOHbIM COK30M 3EKTPOCBA3N
(MC3, ITU-T) yTBepxaeHbl HOBble CheKkTparnbHble guMana3oHbl B MHTepBane AfvH
BonH 1280...1675 HM, npuBeaeHHbIe Ha pucyHke 8.3 n B Tabnuvue 8.1.

J
O E SCLU

] 1 ] Ll 1

&
25 E‘ -
"BoaaHbie" nkkK

s 2
-
Lo
R4
=
o
4
s 1
C

0.5 "'-‘. —— 1 OTE&PW

e -.
s PaneeBckoe sss===s= PINEEBCKOS PACCEAHNE
pacceAHWe
0 1 1 1 = w» == WHcppaKpacHoe NOrNolWeHue

800 900 1000 1100 1200 1300 41400 1500 1600 1700
AnwHa BonHbi, HM

PucyHok 8.3 — CnekTp noTtepb 1 NOSIOXEHNE OKOH NPO3payHOCTM B KBapLEBbIX
ONTUYECKMUX BONOKHaX

Tabnuua 8.1 - CnekTpanbHble Agnana3oHbl AN O4HOMOLOBLIX BOMTOKOH

[OuanasoH | VIHTepBan AnvH BOSH, HM HanmeHoBaHne gnanasoHa
[MepBbIN 780...860 [MepBbIn
O-ananasoH 1280...1360 OcHoHowu (Original)
E-nnanasoH 1360...1460 PacluvpeHHbin (Extended)
S-ananasoH 1460...1530 KopoTtkosonHoBbIv (Short wavelength)
C-pnanasoH 1530...1565 CranpgaptHbin (Conventional)
L-gnanasoH 1565...1625 AnuHHoBONHOBLIN (Long wavelength)
U-gnanasoH 1625...1675 CeepxanuHHbin (Ultra-long wavelength)
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Ha HayanbHOM 3Tane pa3BUTUSA ONTUYECKME BOSIOKHa paboTanu B Tpex OKHax
Npo3pavYHOCTU:

- nepBoe ncnosb3oBanock B 1970x rogax B nNepBbiX JIMHUSX CBA3M HA MHOTOMO-
O0BbIX BOJIOKHax. Torga nonynpoBOOHUKOBbIE UCTOYHUKU U3MYYEHUS BbIMyCKanuchb
TONbKO Ha AnuHy BonHbl 850 HM. B HacTosiwee Bpema n3-3a 60MbLION BENNYMHbBI NO-
Tepb B BOJSIOKHAX 3TOT AManasoH UCMNOMb3YeTCHA TOMbKO B FIOKalIbHbIX BbIYUCIUTESb-
HbIX CeTaXx;

- BTopoe (O) crano ucnone3doBatbcs B 1980x rogax B NUHWUSX JanbHEN CBA3N
nocne TOro, kak 6biny paspaboTaHbl WCTOYHUMKU W3MNYYEHUS Ha [OfVHY BOJHbI
1310 HM. B HacToswee BpeMsa UCMONb3yeTcs NpeumMyLecTBEHHO B rOPOACKUX U 30-
HOBbIX IMHUSX;

- TpeTbe (C) 6o ocBoeHo B Havane 1990x roqos. OHO xapakTepusyeTcs Mu-
HUManbHbIMW NOTEPAMM Ha AnuHe BonHbl 1550 HM. Hanbonee wmnpoko ncnonb3yeT-
CSl B MaructpanbHbIX NUHUSX;

- yetBepToe (L) n natoe (S) 6binn peanusoBaHbl 6narogaps ycnexam B TEXHO-
nornM NpovsBOACTBa OMTOBOJIOKHA, NPW KOTOPOW NOTEpU B BOAHOM MUKE Ha ANvHE
BonHbl 1390 HM ObInNK cHMXeHbl Ao 0,31 ab/km.

Mukpockonuyeckue U3MEHEeHWA B COCTaBe CTekna npuBOAAT K onykTyauusm
nokasartens npenomMreHna Ha pacCcTOSHUSAX, COMOCTaBUMbIX C OfIMHOW BOJSTHbI U3MY-
YyeHus. Hannume Takmx NpPoOCTpaHCTBEHHbIX PIyKTyauun Bbi3blBaeT paccesiHie cBe-
Ta, U3BECTHOE KaK paneeBcKoe, KOTOPOe NPUBOAMT K BbIBOAY YaCTU IHEPrun nsnyye-
HWUS U3 cepaueBnHbl B 060S0YKY, a crieoBaTeribHO, K NOTepsMm.

MoTepu BCReacTBME PINEEBCKOTO PacCesHUS MPOMopLUMoHanbHbl A4 u moryT
ObITb HangeHbl No opmyne:

3
o, =4,34-8i4(n12—1)3kT-1o3, (8.5)
3N
roe k=1,38-10% Jix/K — noctosiHHas BonbumaHa;

7=1500 K — TemnepaTtypa 3aTBepaeBaHnNA CTEeKIa Nnpu BbITAXKE;

B=8,1-10""" M’xH — k03(PDULMEHT CKUMAEMOCTM cTekna (ans keapua).

Kpome Toro, MOXHO MCMonb30BaTh YNPOLEHHY0 dhopMyny

S S 8.6
TI T (8.6)
roe K — KoadduumeHT paccedaHnd, ons keapua pasHbiv 0,8 (MKM4',£I,5)/KM.

HononHutenbHoe 3aTyxaHue, o6ycrnoBneHHoe KabernbHbIMU NOTEPAMU, COCTOUT
N3 CyMMbI CrieyoLwmnx napumnarnbHbiX KO3 MULNEHTOB 3aTyxaHus:

e 3aTyxaHue BCrneacTBME NPUITOXKEHUS K ONTUYECKOMY BOJIOKHY TepMoMe-
XaHMYeCKNUX BO3OENCTBUIN B NpOLIECCE M3roTOBMNEHNS kabens;

e 3aTyxaHue BCneacTBME TemrnepaTypHOW 3aBUCUMOCTU KOIddULMeHTa
npenomneHs Matepuarna OnTOBOSOKHA;

e 3aTyxaHue BCreacTBME MUKPOU3rMOOB ONTOBOSIOKHA;

e 3aTyxaHue BCreAcCTBME HapyLleHUs MPSIMOSIMHEMHOCTU OMTUYECKOro BO-
NOKHa (CKpyTKa);

e 3aTyxaHue BCreAcTBME KPYyYEeHUSI OMTMYECKOro BOJSIOKHA OTHOCUTENBbHO
ero ocu (oceBble HanNPsSXKEHUSI CKPyYUnBaHNS);
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e 3aTyxaHue BCIeacTBME HEPaBHOMEPHOCTWU MOKPbITUA OMNTUYECKOrO BO-
NOKHa;
e 3aTyxaHue BCneacTBMe NoTepb B 3alUTHON 060N0YKe ONTOBOSOKHA.
dopmumpoBaHue Mmkponsrnba BONOKHA NOACHAET PUCYHOK 8.4.

TTommmepHoe 3aiuTHOE
HOKpPHITHE (MOAYIB)

PucyHok 8.4 — dopmumpoBaHmMe MUKpouasrnda onTMYeCcKoro BOIokHa

OB

B page cnyvyaeB MMKPOM3rmbbl MOryT 3HAYUTENBbHO BAUSATL HA MPUPOCT Ok. 3Ha-
YeHne NoTepb Ha OAHOM MUKPOM3rnbe MoxeT nameHaTbes B npegenax 0,01...0,1 ab.
3aBMCUMOCTb MpUpaLLEHNS 3aTyXxaHUa OT MUKPOU3rMOOB MOXHO onpenenntb M3 Bbl-
paXKeHWs:

4 3/2
L yuxpo = k3NHy3 %(&j , (8.7)
Nb° \ E.
roe k;=0,9...10;

Ny — YMCIIO HEOOHOPOOHOCTEN B BUAE BbINYKNOCTEN CO CpeHEN BbICOTOM Y, Ha
eavHULY OSUHbI;

a — paguyc cepaueBuvHbl;

b — pnameTp onNnTUYECKON 0BONOYKM;

A - OTHOCUTENBbHOE 3HAYEHME NoKa3aTens NPeoMIIEHNS;

E,n E. — mogynu FOHra o60no4km n cepaueBuHbl COOTBETCTBEHHO.

Mpn cTponTENBbCTBE M 3KCNyaTauMm ONTUYECKUX KaberbHbIX JIMHUA BO3MOXHO
nosiBNeHne Tak HasblBaeMbIX 3KCMfyaTauMOHHbIX NoTepb. [pexae Bcero, OHW CBSA-
3aHbl C Makpomsrmnbamm onNTUYECKOro BOSIOKHA (pagauyc KpyBM3HbI n3rmba R>>1 mm),
KOTOpble HEN3BEXHO BO3HMKAKOT NPV NPOKagKe ONTUYECKOro BOMOKHa. [pyrasa npu-
YMHa IKCNIyaTauMOHHbIX NOTEPb — MNOCTEMNEHHOE YBENMYEHNE COOBCTBEHHbIX NOTEPb
ONTMYECKOro BOSIOKHA.

MoTepn Ha Makpomsrmbax obycnosreHbl npeobpasoBaHMeM HanpaBnAeMblX
MOZA B MOAbl M3MyYEHUS, Kak nokasaHo Ha pucyHke 8.5. 3T noTepu pes3ko Bo3pac-
TalT N CTAHOBATCA HEAONYCTUMO BONbLUMMMU, Kak TOSMbKO paguyc m3rnba ymeHblua-
€TCA A0 KPUTMYECKOro 3HayeHusi, KOTopoe AN TUMUYHBIX ONTUYECKUX BOSOKOH CO-
CTaBNseT HECKOSIbKO CAHTUMETPOB.

&7 >

PucyHok 8.5 — MexaHnam notepb Ha Makpouarmbax onTU4YeCKoro BOsIOKHa
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MpupocCT 3aTyxaHns 3a cHeT Makpou3rnbos onpeaenaeTcd no opmyne:
d m
R-(N4)

OCHOBHOM NPUYMHON NOCTENEHHOrO YBENMYEHNS COBCTBEHHBIX NOTEPb ONTU4Ye-
CKOro BOJIOKHA SIBNSAETCA Bnara, NpoHuKawLlaa B ontuyeckun kabenb. MNog ee Bo3-
OENCTBMEM NPOUCXOAUT MOMYTHEHWE CcTekna n obpasoBaHMe MUKpPOTpeLlmH. [ns
3aWnTbl OT BriarM NPUMEHNATCA BnarosawmTHble 060no4kn n rugpodobHoe 3anon-
HeHue.

Ha yyacTke CpOCTKM ONTUYECKUX BOSIOKOH 3aTyXaHWe MOXeT AocTuraTb Benu-
4YMH BONbLUMX, YEM B CaMOM OMTMYECKOM kaberne. Ha BenuunHy 3atyxaHus B CPOCTKE
Gonbloe BnMAHME OKa3blBaeT MONepevyHoe CMeLLeHNe N cMmelleHne ocen. Ha pu-
CyHke 8.6 npuBefeHbl BO3MOXHble BapuaHTbl Ae(EKTOB COMPSKEHUS OMTUYECKUX
BOJIOKOH:

e paguwaribHoe CMeLLeHue;
e YIrOBOE CMELLEHVE;
e 0CeBOEe CMeLleHue.

O yarpo = —101g| |1 - (8.8)

a) 0) B)

PucyHok 8.6 — Bo3amoxHble AedeKTbl Mpyu CPOCTKE ONTUYECKNX BOSTOKOH:
a) pagmanbHoe cMmelleHune; ©) yrnoBoe CMeLLEeHNE; B) OCEBOE CMELLEHME.

Mpn pagvanbHOM CMeELLEeHUW OOMOMHUTENbHbIE MOTEPU PacCYUTLIBAOTCA MO
dopmyne

d
45 =10lg——, 1B, 8.9
5 =10lg——. (8.9)

roe d— ouameTtp cepueBUHbI OMTOBOSIOKHA;
0 - paguanbHOe cMeLleHue.

Mpw yrnoBoM CMeLLeHMM AOMNOSHUTENbHbIE NOTEPU paccyUTbIBAOTCS MO dop-
myne

Ay =101g—4_ 15, (8.10)
6,-6
roe 64— anepTypHbIM Yron BOJIOKHa;
0 - yrnoBsoe cMmelleHue.
[Mpn oceBOM cMelleHUN OOMNOSTHUTENbHbIE NOTEPU pPacCUUTbLIBAKOTCA NO op-
Myne
2d

dg =10lg— =2 4
S g _S1g0,

B, (8.11)

roe S - oceBoe cMmelleHue.
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8.2 Alucnepcusn

[MockorbKy NO ONTOBOJSIOKHY NepefaeTcs He NPOCTO CBET, a MOMe3HbIA curHan,
HeobXxo4MMO yMETb OLE€HUTb, HACKOSIbKO MMMYIbCbl U3MEHUNM CBOKO hOpMY B Mpo-
Lecce pacnpoctpaHenus. [ucnepcusa npegcraBnaeT cobon paccesiHue BO BpeMEHM
crnekTparbHbIX U MOAOBbIX COCTaBMAOLWMNX ONTUYECKOro CUrHana, Kotopoe nNpuBoauT
K YBENUYEHUIO ONUTENbHOCTU (YWMpeHuto) uMmnynbca. Npu goctaTtoyHo 60sbliom
YLUMPEHUN UMMYIbChbl HAYUHAIOT NEPEKPbLIBATLCS, TaK YTO CTAHOBUTCS HEBO3MOXHbIM
nx BblgeneHue npu npueme. Takum obpasom, gucnepcusa Bnedvet 3a cobon ysenunye-
HWe ownBOoK NpU NpMeme curHana, Kak nokasaHo Ha pucyHke 8.7.

BX

_HEH_._

PucyHok 8.7 — [lucnepcusa B oNTOBOSIOKHE

[vcnepcns UMeeT pa3aMepHOCTb BPEMEHU U OnpeaensieTcsi no opmyre:

T(L): t62’blx_t62x ) (8.12)
roe L — AnvHa kabens;
tsx — ONUTENBHOCTb UMNYMbCa Ha BXoAe kabens;
lewx — ONMTENBHOCTb MMMNYIbCa Ha BbIxoge Kabens.
O6bI4HO aucnepcrs CHNCNSETCH B pacyeTe Ha L=1km U namepsieTcs B Nc/km.
Aduncnepcnsa He TONMbKO OrpaHMYMBaEeT YacTOTHbIM [Manas3oH MCMNoNb30BaHUA
CBETOBOJOB, HO W CYLLECTBEHHO CHMXaeT arnbHOCTb nepenadn no onTu4eckomy Ka-
Bento, Tak Kak YeM ANUHHee NUHKUA, Tem BornbLue npossnseTca gucnepcus n 6onblue
yLUMpeHne UMnynbCcoB.
Pasnuuatot cnegytowime MexaHn3mbl BO3SHUKHOBEHMS OMCNEPCUN:
e Hanuume 60ONbLLUOrO Yncna Mo, BPEMSA pacnpoCTpaHEeHUs KOTOPbIX pas-
NMYHO (MeXmMogoBas AUCMNEPCUS T,,). [aHHbI BUO AncCnepcun xapakre-
PEH TONbKO AN MHOrOMOLOBOMO BOSOKHA;
e HEKOrepeHTHOCTb UCTOYHMKOB M3My4YEHUS N NOSIBNIEHNE cnekTpa (xpoma-
TUYEeCKast AUCNEPCUS Tyy,,). XpOMaTUHECKasa AUCTIePCUsa B CBOIO ovepeb
AenuTca Ha

o MaTepuarnbHyl AUCNEPCUD T,.,, KOTOpasa obycrnosrneHa 3aBuCK-
MOCTbIO NoKasaTtens nperioMneHnsa ot ANnHbI BOSHbI;

O BOJMMHOBOAHYI ANCNEPCUIO T,, OOYCNOBMNEHHYIO NpoOLEecCCaMn BHYT-
pU MOAbl U XapaKTepusyroLLyOCs 3aBUCUMOCTbIO KO3duumeHTa
pacnpocTpaHeHns MoAbl OT AJIMHbI BOSHbI;

o NpOMUNbHYO ANCMEPCUI0 T,,, OOYCMOBMEHHYIO OTKIOHEHUAMWU B
KOHCTPYKUMN peanbHOro onTUYeCKOoro BOSIOKHa OT naeana.

PesynbTupytowasa aucnepcus t onpegensercs Kak
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2 2 2 2
T =Thoo t Txpom = Thoo (TMam TTgs t+ Tnp)z . (8.13)
[MpUYNHOM BO3HUMKHOBEHUSI MexmModoeol ducrepcuu B MHOTOMOAOBLIX BO-
NOKHaxX ABNSIeTCS pasHuua BO BPEMEHWU pPacrnpOCTPaHEeHUs fiyvyen no camomy KopoT-
KOM 1 caMOMYy ANMMHHOMY NYTU, Kak NOKa3aHo Ha pucyHke 8.8.

Mpodmne
Bxoanoi BuixoaHon nnnxad;aruna
MIYRBL: HHNyNLC Npenoxnesus
—

Muoromonoeoe OB co crynenyareim NN

ArCnepcKs

Muoromogoeoe OB ¢ rpagueHTHeiM TN
Pl/lcyHOK 8.8 — MexmoaoBas aucnepcunda B MHOromoaoBOM ONMTOBOJIOKHE

BenuunHa mexmoposon aucnepcmMmM B MHOrOMOZOBOM OMNTOBOSIOKHE BbIYUCHS-
eTcs no criegyrowmnm dopmynam
e B BOJIOKHE CO CTyneH4aTbiM npodunemM nperioMmneHns

mAr o p<r,
Tho0 cm(L): nCA (8.14)
A2 JLL.,L>L,;
C
e B BOJIOKHE C rpagneHTHbIM I'IpO(*)VIJ'IeM npenomMmneHuns
2
”12A L, L<L,
Tyo0 2p (L): ACZ (8.15)
M= JIL, L>1I.,
2c

roe L. — AnvHa CBA3M Mop, paBHas 5-7 KM Ang cTyneH4yaToro MHOromMogoBOro BO-
nokHa n 10-15 KM ansa rpagMeHTHbIX BONTOKOH.

XapakTep BAUSIHUS OJIMHbI BOSIOKHA Ha MEXMOAOBYH OMCMNEPCU0 MOoKasaH Ha
pucyHke 8.9.

& TMBI[

Jz

A L
PucyHok 8.9 — 3aBMCMMOCTb ANVHbI BONOKHa OT MEXMOA0BOW Ancnepcum
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MexmogoBasi Avcnepcusi BO3pactaeT C yBenuyeHneM AnnHbl BorokHa. OgHako,
3TO CnpaBeanvBoO TOMbKO ANS WAeanbHOro BOJIOKHA, B KOTOPOM B3auUMOAENCTBUE
Mexay moaamy OTCYTCTBYeT. B peanbHbIX YCRoBMSIX HanMyne HeoOoHOPOAHOCTEMN,
KpydeHne u n3rmb OnNTOBONIOKHA MPUBOASAT K MOCTOSIHHbIM MepexodaM 3Hepruv 13
OOHMX MOA B Apyrue, B CBSI3U C YEM AUCMEPCUs CTaHOBUTCS MPOMOpPLMOHAanbHOM

JL . 3710 BAUsIHWE NPosBNSETCS He cpasy, a Nocne NpoxXoX4eHUs CBETOBOW BOTHOW
onpeneneHHoro paccTossHNA — AfIMHbl YCTaHOBUBLLENCS CBA3WM MOA, KOTOPOE NPUHK-
MaeTCs paBHbIM 5-7 KM AN CTyneH4yaToro ontoBoriokHa u 10-15 kM gng rpagueHT-
HOrO.

MexmogoBas ancnepcus MoxeT ObiTb YMEHbLUEHa 3a cyeT Bblbopa npodunsa
nokasartens npenomMmneHns onToBOSIOKHA. [py onTMManbHOM 3Ha4YeHUU nokasaTesns
CTEMNeHn g OKONooceBble My4n NPOXOAAT MEHbLUMIA reOMEeTPUYEcKUn NyTb, HO pac-
NPOCTPAHSATCA B cpede € BonblMM 3Ha4YeHneM nokasatensa npenomneHus (T.e. ¢
MEHbLLUEN CKOPOCTLI), a NepudepumrHbie ny4n NpoxoasaTt 6onee ONUHHLIN NyTb, HO B
OCHOBHOM B cpefle C MeHblUMM nokasaTernieMm npenomMmnenus. B pesynbtate Bpems
pacrnpocTpaHeHus fyden No oNnTOBOJSIOKHY BblpaBHMBAETCA.

CywecTtByeT onTMMarbHbIM NPOdUIb Nokasatend npefioMneHus, nNpyu KOTOpoMm
MeXmoaoBasi Aucrnepcus MMHUMarnbHa:

Gopt = 2(1-A). (8.16)
Mpn 3TOM yLLIMPEHUE NMMYSTLCOB MUHUMASTLHO W onpeaensaeTcsa popmyrnon
2
mA
Tnoo opt(L):;g—cL- (8.17)

Xpomamuyeckasi ducrnepcusi Bbi3BaHa 3aBMCUMOCTbIO TPYMNMOBOW CKOPOCTM
MOAbl OT ANWHbI BOSTHbI U LUMPUHBI CMEKTPa 4YacToT UCTOYHUKA n3rnydvyeHus. [aHHbIn
BMA OUCMNepcun UMeeT MecTo Npu pacrnpoCcTpaHeHUU CUrHanoB Kak B O4HOMOZOBOM,
Tak U B MHOrOMOJOBOM BOJIOKHE.

Moo mamepuanbHOU ducnepcuel NOHUMAETCA 3a8UCUMOCMb roKa3amersisi
rpesiomseHusi cepOuesuHbl OrNMOoBOSIOKHa om OrlUHbI 80J/1HbI, KOmMopas cyuecmay-
em He3asucumMo om muria 80JI0KHa.

Bo3HKHOBEHWE ancnepcum B maTepmane OnTOBOSIOKHa 0OyCnoOBMEHO TeM, YTO
MCTOYHUKN MN3NYyYeHUs (POPMUPYIOT CBETOBblE MMMNYIbCbI, KOTOPblE UMEKT Herpe-
PbIBHbIA BOMHOBOW CMNEKTP onpefeneHHON WUpUHbl AL. PasnuyHble crnekTpanbHble
KOMMNOHEHTbl MMMyNbCa PacnpoOCTPaHAKTCA C PasHbIMU FPYNMNOBbLIMU CKOPOCTAMMU U
NPUXOAAT B OnNpeaeneHHy0 TOYKY B pa3Hoe BpeMs. OTO NPUBOAUT K YLUMPEHUIO UM-
nynbca Ha BbIXOAE W MpU OnNpefenieHHbIX YCMOBUAX — K UCKaXEHUI0 ero opmbl.
YwupeHne uMmnyrnbca npu matepuansHON ANCNEePCUN MOXHO paccumTatb no oopmy-
ne:

Tyiam = AN L-M (1), (8.18)
roe A\l - WMpUHa cnekTpa uanyvyeHus uctodHuka (1-3 Hm ansg nasepa n 20-40 Hm
Ans cBeTomsnyyarowmx aMoaos);

M(\) — yoenbHaa matepuanbHasg agucnepcus.

B ontoBonokHe BonHa pacrnpocTpaHaeTcs B ABYX cpedax: YacTUYHO B cepAue-
BMHE, a YacTU4HO — B 0bonoyke. NokasaTens NpenoMneHnsa NnpuHMMaeT HeKoTopoe
cpefdHee 3HaveHMe Mexay nokasaTtenem npenioMneHns obosioukM n cepaueBuHbI.
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OTOT cpedHun nokasatenb MOXET U3MEHATHCH, T.K. NPU U3MEHEHUU ONVHbI BOMHbI
MeHsieTca rmybuHa NPOHWKHOBEHUSA MNONS B KBApLEBY OOOMOYKY. YWMpeHne um-
NynbCOB NPV 80JIHOBOOHOU ducnepcuu onpeaensieTcs Kak

Ty = AL-L-B()), (8.19)
roe B(MA) —yoenbHas BONHOBOAHAas Aucnepcus.

Mpn oTcyTCcTBUM 3HaAYeHUn B(L) OueHKa BOSIHOBOLHOW OMCnepcun npoBOAUTCA
no popmyrne

AL 2nAL
Teg =7 "~ -
A c
lMpogunbHasi ducnepcusi NPoOSABNAETCA B peanbHbIX ONTUYECKUX BOJSOKHAX,
Kak OAHOMOAOBbIX, TaK U MHOromMoAoBbIX. K OCHOBHbIM MpUYMHAM BO3HWKHOBEHUS
9TOro BMAa AuCnepcum OTHOCATCA nonepeydHble U NpoAoSibHbIE Marnble OTKITOHEHUSA
reomMeTpu4ecknx pasMepoB M OpMbl BOSIOKHA, Hanpumep Hebonblaa annunTuy-
HOCTb NMOMNepeYHOro cevyeHns BOJTOKHA.

B psige cnyyaeB npodunbHaa gucnepcuna MoXeT okasaTb CyLEeCTBEHHOE BNus-
HWe Ha obuwyo aucnepcuio. [Nsa MHXEHEepHOro pacdeta BeSIMYUHbBI YLWMPEHUS UM-
NynbCOB M3-3a NPOPUNBLHON ANCNEPCUN MOXKHO UCMOSNb30oBaTb hopMyIy

Ty =Ak-L-T1(1), (8.21)
roe [1(\) —yoenbHasa npoduribHas gucnepcusi.

[Auncnepcua B OCHOBHOM oripeaernsieT WUPUHY Nonockl nepegaBaeMblX YacToT U
COOTBETCTBEHHO YUCIO KaHasoB nepeagayvv nHopmaumn.

MHoromooBble CBETOBOAbI XapaKTepu3ykTCs NOSIOCOM NPOMyCKaHUSA 4acToT -
AnanasoHOM 4acToT, B npeaeniax kKotoporo 3HayeHme AYX 6ornblie unm paHo nono-
BMHE MaKCMMarnbHOro 3Ha4YeHus. ATO COOTBETCTBYET CHMKEHUIO YPOBHS OMTUYECKON
MOLLIHOCTU CMrHana Ha rpaHuuax nosochl nponyckaHusa Ha 3 ab.

[Mpn pacyeTe NONoCckl NPONYCKaHNA MOXHO UCMOSb30BaTb hopMyIy

o () =22,
Tc]
roe T - ylwupeHue MMnynbCcoB, BblI3BAHHOE AUCNEpPCUEN.

Kpome TOro, ncnonb3yerca NOHATUE KOIPULMEHTA LLUMPOKOMOSIOCHOCTU (HOp-
MUPOBaAHHOW MOSOChI MPOMYCKaHUs), KOTOPbIA paBeH Mofoce nporyckaHus OnTOBO-
nokHa anuHoun 1 km 1 Bolpaxaetcs B MMy x kM. KoadppunumeHTbl LLMpOKOnonocHOCTH
COBPEMEHHbIX MHOTOMOOBbIX ONTUYECKMX BOSTOKOH gocTturatoT 0,5...1 Ty X Km.

(8.20)

(8.22)

8.3 OCHOBHbIe 3aBUCUMOCTU XapaKTePUCTUK ONTUYECKUX
BOJIOKOH

Ha pucyHke 8.10 nokasaH xo U3MeHeHUs1 BOSTHOBOLHOW, MaTepuarnbHoOu U pe-
3yNnbTUPYHOLLEN OMCNePCUin B 3aBMCUMOCTIN OT OJIVH BONH n3nyyatens. Kak BugHo 13
PpUCYHKa, C yBENUYEHNEM ANNHbI BOMHbI T, YMEHbLUAETCA U NPOXOAUT Yepes HyIb,
nocne 4ero NpuHUMaeT oTpuuaTenbHble 3HadeHus. B gmanasoHe 1300...1600 Hm
BOMHOBOAHAs U MaTepuarbHasa AUCNepcus HaxogaTcs B NpoTuBodase v B3anMHO
KOMNEHCUPYIOT Apyr Apyra, no3ToMy Kak BMAHO M3 pucyHka 8.11 B obnactu

75



YnpaBneHne AUCTaHUMOHHOIO 06y4eHMA 1 NOoBbILWEHNA KBaANPUKaLNM

Hanpasnsatowme cpeabl 31eKTPOCBA3N

1300...1400 Hm obecneunBaeTcs HambonbLuasi NPONyckHas CnocobHOCTb BOJSTHOBO-
Aa.

Mpn atom BO6NM3N A=1350 HM NPOMCXOOUT B3aMMHasa KOMMeHcaumst matepuarnb-
HOW M BOMHOBOAHOW AUCMEPCUN (T,um>-Tss), U PE3YNbTUPYIOLLASA AMcrnepcus npubnu-
XaeTtcsa K HyneBoMy 3HayeHuto. [NosTomy BonHa 1350 HM nonyyuna wMpoKoe npu-
MeHeHne B OAHOMOOBbIX cucteMmax nepegadv. OgHako nyywMn XxapakTepucTuka-
MKW 3aTyxaHusi obnagaet BonHa AnuHon 1550 HM, 1 ANA OOCTUXEHUS MUHUMYMa
aucnepcum B 3TOM Cryvae NpuUXOAUTCHA BapbuMpoBaTb MpodurieM rnokasatens rpe-
NIOMIIEHUSA N AUaMeTPOM CepaLEBUHbI.

T, 7cAKrr- mng) AF, Wly-an
5860 ¢ 4
my
o
7000 | 600 ¢
2000 } wo b
000
2 208 -
-1000 } i L 1 i 1
000 Q6 48 L0 L2 ¢ [6A,mx
PucyHok 8.10 — 3aBucmmocTn matepuanbHom, PucyHok 8.11 — 3aBucmmocTtb
BOJNTHOBOAHOW U pe3ynbTUpyroLen Ancnepcun NPOMYyCKHOM CNOCOBHOCTU

OT ANMNHbI BOJHbI BOJIHOBOAA OT AJIMHbI BOJIHbI

LnpuHa cnektpa uanyyeHms Al CyLLEeCTBEHHO BIIMSET Ha AMCMNEPCUOHHbIE Xa-
PaKTEPUCTMKM T 1 MOMOCY NponyckaHua AF ceeToBofa (pUCyHOK 8.12).

AaF, Mig-xn
(]
e

aA=/
200 422
M I dd=J

S 2 X W 0ixn

PucyHok 8.12 — 3aBucMmocTn matepuanbHOn, BONTHOBOLHOM N pe3ynbTUpYOLLEN
Ancrnepcun ot ANUHbI BOSHbI

fABneHve aucnepcun nNpuBOLMT KaK K OrpaHUYEeHMo MPOMyCKHOM CNOCOBHOCTM
onTuyecknx kabenen AF, Tak U K CHUXKEHUIO AanbHOCTU Nepeaadn no HUM [, Kak no-
KasaHo Ha pucyHke 8.13.

CpaBHuBasa gMCNepCUOHHbIE XapaKTEPUCTUKN PasnUYHbIX naeanbHbIX CBETOBO-
[0B, MOXHO OTMETUTb, YTO MyYLIMMU ABASIOTCA OOQHOMOOOBbLIE CBETOBOAbI, rAe npu-
CYTCTBYET TOMbKO XpOMaTuyeckasi OMCNepCusi, BENUYMHA KOTOPOW He npeBblaeT
HeCKONbKOo nukocekyH B ananasoHe 1200-1600 Hm.
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N3 MHOromMoaoBbIX CBETOBOAOB HAaMMyYLWMMW XapakTepucTukamu obnapatoT
rpagueHTHble CBETOBOAbI C MIlaBHbIM MapaborMyeckum 3aKOHOM W3MEHEHWst Npo-
dvns nokasaTtens npernomMreHns. B HUX npoucxoauTt BblpaBHUBaHWE BPEMEHMU pac-
NPOCTpaHEeHWs pasnmyHbIX MO W onpeaensiolen sBnseTcs matepuarnbHas gucnep-
cusi. Mo abcontoTHON BENUYMHE AMCNEPCUSt B TAKMX BOMOKHAX YMEHbLUaeTcsl C yBe-
NMYEHNEM ANVHbI BOSHBI U kKonebnetcsa B npegenax 1...2 HC/kwm.

4F 1
A
{
4F
l -

T

PucyHok 8.13 — BnuaHue gucnepcumn Ha xapaktepucTuku csetosoaa AF, [

Hanbonee cunbHO ancnepcuna npoAendeTca B CTyneH4YaTbiX MHOromMoaoBbIX
CBETOBOOOB, YTO NPUBOAUT K YMEHbLUEHNIO UX NCNOJ1Ib30OBAaHUA Ha LI,I/ICprBbIX BbICO-
KOCKOPOCTHBbIX JTIMHUAX CBA3N.

8.4 NMapameTpbl Nnepeagaun

Koagppuyuenm pacnpocmpaHeHusi B pag/kKm SBNAETCS BaXHENWMM napa-
MEeTpOB, onpegenswwmMm opMy curHana, Ka4ecTBO U CKOPOCTb nepefayun no nu-
HuW. [Insa ero pacyeTta ucnone3yetca oopmyna

2 2
LY 1{&) -2 (8.23)
c f m
nnu
(8.24)
roe f— pacyeTtHas vacrtora.
B npegenbHbix cnyyvasx popmyna (8.23) npeobpasyeTcs kK Bugy
e pW KPUTUYECKOWN YacToTe (f—f))
=0 (8.25)

e pu BONbLUNX pacHETHbIX YacToTax (f—ox)
p= imo=21 (8.26)
C C

®Pa3zoeass ckopocmsb v, KM/C - CKOpOCMb nepemMew,eHUs 80071k fTUHUU ¢hpoHmMa
ornpederieHHOU 80/1HbI — onpefendeTca no gopmyne
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9 NMNapameTpbl nepegavYn onTUYECKNX BONTOKOH

9.1 Knaccudmkaumsa ontuyeckux kabenemn

OnTuyeckne kabenn cesasm (OK), B oTnnumMe OT anekTpuyeckux kabenewn, HeT
HeobXxooMMOCTN OenuTb MO NPUHUUNY WX NPUHAONIEXHOCTM Ha MaructpasnbHble,
BHYTPU3OHOBbIE, U T.4., TaK KaKk B COBPEMEHHbIX ONTUYECKUX Kabenewn, BHe 3aBUCK-
MOCTM OT MX MPUHAAMNEXHOCTU K TEM UIM MUHBIM CETSM, UCMNOMb3YTCA OQUHAKOBbIE
ONTUYECKME BOJIOKHA, Yalle BCcero — OAHOMOOBbIE.

OnTuyeckne kabenn knaccudUUUPYOTCH NO Ha3HAYEHUIO Ha [Be OCHOBHbIE
rpynnbi:

* NIMHENHbIE — O11F NPOKMaAKM BHE 34aHWUN (ONA HapYXHOW MPOKMaZKM U 3KC-
nnyarauun);

* BHYTPUOOBHEKTOBbLIE — A5l NPOKNaAK/ BHYTPU 30aHUN (ANA BHYTPEHHEN npo-
Knagku n akcnnyartaumm).

OnpegensiowMMm QakTopoM MPUMEHEHUST JIUHeUHbIX onmuYeckux Kabenel
Ha CeTaX CBA3M ABMAKTCH YCNOBUS UX NPOKNaaKM n akcnnyataumu. JInHenHble onTu-
Yyeckune kabenu no3BonAT co3faBaTb CETU BO BCEX Cpedax: Ha Cylle, B BOAE U BO3-
ayxe. C y4eTOM 3TOro fiMHenHble ONTUYecKne kabenm MOoXHO KrnaccuduumpoBaTb Ha
TPW rpynnbl: NOA3eMHble; NOABECHbIE; MOABOAHbLIE.

BHympuobbekmoesbie onmu4eckue kabenu no yCrioBUAM NpUMEHEHUsT MOX-
HO KnaccuduumMpoBaTtb Ha ABe rpynnbl: pacnpegenurenbHble; CTaHUMOHHbIE (MOH-
TaXHble).

YcnoBus Npoknagku n akcnnyaTtaumMm onTUYECcKUx Kabenem B O4HOW U TOW e
cpefe Janeko He OAMHaKoBbl, NO3TOMY LienecoobpasHo kraccuguumpoBaTtb kabenu
1 NO BapuaHTam MX NPUMEHEHMS.

Knaccudumkauma ontudeckux kabenem no HasHavyeHuto, YCroBmsM U BapnaHTam
npuMeHeHna npeacrasneHa Ha pucyHke 9.1.

Ontnyecknn kabenb — 3TO CroOXHas onTo-m3nyeckasd cuctema, B KOTOPOW
Hanbonee ysA3BMMbIM 3N1IEMEHTOM SIBNSAETCHA KBapLEBOE OMTMYEeCKoe BOMOKHO, MO-
CKOSbKY OHO YyBCTBUTENBHO K TakUM (pakTopam Kak:

e MexaHu4yeckue Harpysku (pacTsxeHuwe, coaBnuBaHue, U3rnbbl, CKpyyu-
BaHwe, yaapsbl);

e rnepenajgsl TemnepaTtypsbl;

e XMMWYECKMEe BO3OENCTBUS;

e BIMsIHME Bnarv u sogopoaa.

OCOBEHHOCTN KOHCTPYKUMM OMNTUYECKMX Kabenewm pasfiMyHOro HasHayYeHus
onpenensoTcs COOTBETCTBYHOLWUMU (DaKTOpaMmn, BO3AENCTBYIOLWMMIN HA OMNTOBOJIOK-
HO B NPW pasnunyHbIX YCNoBuUsX npoknagaku. OCHOBHbIMU KOHCTPYKTUBHBIMWU 3f1IEMEH-
TaMu OnTMYecKoro kabens ABNAITCA:

e ONTMYECKOEe BOSIOKHO;

e ONTUYECKME MOAYNU;

e ONTUYECKME CepPAEYHVKM;
e CUMOBblE 3MEMEHTHI;

e mapodobHble maTepuansl;
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e OpoOHS;
e o0bonouyka.

KnaccHHkaing onTHYeCKHX Kabe e
]

TTo nasnavuernuro

/’ \

Jluneiinnie kabenu BuyTtpHobrexTOBHIE Kabenu
I I
Yenoeun npoxnaoxu Yenoeus npumenenusn
= | T~ P .
IMonBecHuie HMon3zeMunie IoaBoansie PacnipenenurensHeie CranunonHsle
kabenu Kabenu Kaberm kabemn kabenu
] ] ] ] ]
Bapuanmu: Bapuarmu Bapuarmu Bapuanmu: Bapuanmue:
npumereHus npumeneHun npumeHeHus npumMeHeHuA npumeneHus
l |
Jns npoxsianku Jns MoHTaXa
BHYTpH 3JJaHHH anmaparypsl
I 1
Ha onopax Ha onopax an.x.A. Ha peunbix nepexonax u Ha GeperoBrix 1
JI311 1 FOPOACKOTo rTy6OKOBOMHBIX y4acTKax MOPCKHX y4acTKax
3JIEKTPOXO3ANCTEA BOZIOEMOB
| 1
B rpynTe B kabenbHoii B Tonnensx,
KaHAJIN3aLHK KOJUIEKTOpax

PucyHok 9.1 — Knaccudukaumsa ontuyeckmx kabenew

B pa3nuyHbix kabenax oTAenbHble 3MeMeHTbl MOryT OTCYTCTBOBaTb, UCXOASA U3
Ha3Ha4YeHWs 1 YCNOBUIA NPUMeEHEHNs Kabens.

9.2 OnTHU4YecKun moaynb

OnTuyecknn mogynb (OM) npeactaBnseT cobor camMOCTOATENbHbLIN KOHCTPYK-
TMBHbIA 3NeMeHT kabens, cogepxawun ogHo 1 6onee onTnyeckmx BONokKoH. Mogynb
BbINOSTHAET PYHKUUKN 3aLUTHOMO fieMeHTa, YMEHbLUAeT ONacHOCTbL 00OpbiBa onTuye-
CKOro BOSIOKHa M obecneymBaeT CTabunbHOCTb ero paboTbl Npy BO3AENCTBUM MNPO-
OOSNbHbIX N MONepeYHbIX Cus.

e OnTu4eckne mogynu AenaTcsa Ha
e TpybuyaTbl€;

e NpopUNMPOBaHHbIE;

e JIEHTOYHbIE.

B tpybyaTtom onTuveckom moayre, npumepbl KOTOPOro npuBeAeHbl Ha PUCYH-
ke 9.2, onTMyeckMe BOMOKHA MOryT cBoboaHO yknaabiBaTbca nnbo 6e3 ckpyTkm (a),
nnBo nNyTemM CKPYTKM BOKPYr LIEHTPanbHOro CUoBoro anemeHTa (6), nnbo pasme-
waTtbca B NnoTHoM 6ydepHom nokpbiTun (B). MNOTHLIN BydepHbIn Crov yBenuynea-
€T COMpOTUBNSAEMOCTb ONTUYECKOrO BOSIOKHA K CXXaTuIo 1 n3rnbam.
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PucyHok 9.2 — Tpy6uaTbln onTuyeckun Moayrb

Ha pucyHke 9.2 BBeaeHbl cnepywowme obosHavyeHunsa: 1 — Tpybka; 2 — Bogo-
BGrokupywme HUTU nnn rapodobHbIN KomMnayHa; 3 — ONTOBOSIOKHO B 3aLUMTHOM MO-
KpbITUW; 4 — LeHTpanbHbIA CUITOBOM 3NIEMEHT; 5 — NNOTHbLIN 6ydepHbIA CIOMN.

B npodunupoBaHHOM onTn4yeckoM Mogyne OAHO WM HECKOMbKO ONTUYECKUX
BOMIOKOH CBOGOAHO yKnagbiBalTCA B cnvpaneobpasHble nasbl V-ob6pas3Horo Tvna,
npopesaHHble NoNMMEPHOM cTepXHe. CUoBOM 3reMeHT B LIeHTpe NpodunmpoBaH-
HOro cTepxxHs obecneymBaeT HeOOXoANUMbIE MEXaAHUYECKME NapameTpbl U CTOMKOCTb
K TemnepaTtypHbIM uamMeHeHuaM. Npumep npodunMpoBaHHOIO ONTUYECKOro MOAYINS
npuBeneH Ha pucyHke 9.3, rae undpamm o6o3HayeHbl 1 - ONTOBOMOKHO B 3aLLUTHOM
NOKPLITUWN; 2 - LLeHTparbHbI CUIOBOW 3NEeMEHT; 3 — NEHThI; 4 — CTepXXeHb Npodounu-
POBAHHOMo TUNa co cnupaneobpasHbiMK F-06pa3HbiMn Nasamu.

PucyHok 9.3 — NpodunmnpoBaHHbIN ONTUYECKUA MOAYIb

B neHTo4HOM onTuyeckoM moayne Aga u 6onee onTMYecKUX BOSIOKHa pasme-
LaTCA B NIMHENHbIN psag, 0bpasysa NMHENHbIN 3NEMEHT, Kak NoKasaHO Ha pUCYHKe
9.4. dukcauma onNTOBOSIOKHA B NIMHENHOM 3fIEMEHTE MOXET OCYLLECTBIIATLCA C Mo-
MOLLbIO MOMMMMEPHOro MaTtepuana no AfnHe dneMeHTa, BbIMOMHAKLWEro (yHKLUN0
BTOPMYHOIO 3aLLMTHOrO MOKPbLITUSA (a), NN aAre3MBHOIO Crosi U HanoXeHHbIX NOBEPX
CUHTETUYECKMX NeHT (6). M3 onTnyecknx moaynen NeHTOYHOro Tuna MoXeT co3aa-
BaTbCA MaTpuua (eauMHUYHbIN 6510K) ¢ onpeaeneHHbIM YUCIOM ONMTUYECKUX BOJTOKOH,
KOTOpbI 3aTeM pasmeliaetca nmbo B nonumepHon Tpybke, nmbo B nasax cnupa-
neobpasHoro NpouIMPOBAHHOIO AfieMeHTa (CTEPXKHS).

I 2 I 3 4

! i

a) ©)

PucyHok 9.4 — JleHTO4YHbIN ONTUYECKMIA MOAYITb @) C MONMMMEPHbIM 3aLLUUTHBIM
maTepuarnom; 6) ¢ 4ONOMHUTENbHbLIM 3aLLMTHBIM MOKPbITUEM U3 aAre3UBHOIO CIos U
CUHTETUYECKUX NEHT

Ha pucyHke 9.4 BBegeHbl cnepywowme obosHavyeHusi: 1 — ONTOBOSIOKHO B 3a-
LLNWTHOM MOKPbITUU; 2 — NONIMMEPHbIN MaTepuarn; 3 — aAre3anBHbIA CNon; 4 — CUHTETK-
yeckas neHTa.

B nuHenHbIx onTnyeckmx kabensix oTe4eCTBEHHOro NPoOn3BOACTBAa B OCHOBHOM
NPUMEHSAIOTCA ONTUYECKME MOAYNN CO CBOOOAHOM YKNaAKOW ONTUYECKOro BOSIOKHA
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(cMm. pucyHok 9.2, a). Tpybkn moaynsa narotaBnmealoTcsa M3 nonudytTuneHTepedTana-
Ta, nonvkapboHaTa, nonnamuaa.

9.3 OnTnyeckumn cepaevyHUK

OnTuyecknin cepaeyvHnK MoxeT POPMUPOBATLCHA Kak U3 OAHOro LEeHTpanbHOro
ONTUYECKOro MOAYIS, Tak U U3 HECKONBKMX ONTUYECKUX MOZYyNen Unu ny4ykos mMoay-
Nen, CKPYYEHHbIX BOKPYr LeHTpanbHoro cunoBoro anemeHrTa (LC3). LleHTpanbHbIn
CWUMNOBOM 3NEMEHT NPUHUMaET Ha cebs MexaHu4Yeckue Harpysku npu npoknagke on-
THUYeckoro kabens.

OnTrnyecknin cepaeydHuK BbINOSTHAET criegyrouime OyHKUnK:

e OBbILIAET MEXAHUYECKYIO MPOYHOCTb Kabens;

e 3aliMiaeT OMTOBOJSIOKHO OT M3rMOOB M OT HArpy3oK Ha pacTsXeHue u
CAaBnvBaHue B Npeferniax, He OKa3bIBalOLMX BUSHUA Ha NnepeaaToyHble
napameTpbl.

OnTu4yeckne cepaeyHUKN MOryT cogepaTtb AOMOSTHUTENbHbIE 3fIEMEHTbI, Takue
Kak Kopaenu 3anofHeHUsi, MedHble XWUIbl, Napbl UM YeTBEPTKMU U3 MEeOHbIX XWII.
OOGbI4HO NMOBMB ONTUYECKOrO cepAevHuKa U3 3NEeMEHTOB CKPenmnsaeTCs HUTAMU Unu
ckpennswowen neHTon. KOHCTpPyKUMSA OMNTUYECKOro cepaedvHuka onpegendeTcs
PYHKUNOHANbHBIM Ha3HaYeHNeEM 1 YCNOBUSMN NPUMEHEHNSA ONTUYECKOro kabens.

MprMepbl KOHCTPYKLMA ONTUYECKNX CEPOEYHMKOB ONTUYecKnx kabenewn, obpa-
30BaHHbIX U3 ONTMYECKNX MOLYNEN PasfnMyYHOro Tvuna, Ans NOABECKM UM NPOKaaKu
B rPYHTE M BHYTPU 30aHUIN NpUBEAEHbI Ha pucyHke 9.5.

B)
PucyHok 9.5 — npumepbl KOHCTPYKUNIA ONTUYECKUX CEPLAEYHUKOB NOA3EMHbIX U
NoABECHbIX ONTUYECKUX Kabenen 3 onTU4YecKnx Moaynen pasnuyHoro Tmna:
a) Tpybyartoro; 6) npohmnnMpoBaHHOro; B) NEHTOYHOrO

Ha pucyHke 9.5 undppammn 0603HayeHbl 1 — LleHTpanbHbIA CUITOBON SNEMEHT; 2
— ONTUYECKNIN MoAyMb TpybyaToro Tuna; 3 — 3aluTHOE NOKPLITUE; 4 — NONIMMeEpPHas
Tpybka; 5 — onTu4eckme BOSIOKHA B 3aLLUMTHOM MOKPbLITUK; 6 — rmapodobHbIN 3anon-
HUTENb; 7 — ONTUYECKNN MOAYNb NPOUIMPOBAHHOIO TUNa; 8 — cTepxeHb Npodunun-
pOBaHHOro TUNa; 9 — eANHNYHLIN 610K (MaTpMLa) U3 NEHTOYHbBIX ONTUYECKUX MOAY-
nen; 10 - NEHTOYHBLIN ONTUYECKUIA MOLYIb.
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9.4 dnemMeHTbl U3ONALMKN U YCUTTEHUA

[nsa 3awmTbl ONTUYECKOro BOSIOKHA OT Brarn B ONTUYECKUX Kabenax NnpuMeHsoT
2udpogobHble 3anonHumersnu. B aTom kayecTBe NpeMMyLLECTBEHHO UCMONb3YHOT-
cs rmapodobHble reneobpasHble koMnayHAabl. 3anofHUTENN Ha OCHOBE MOPOLUKOOO-
pasHbIX MaTepuarioB, HUTU U NEHTblI MPUMEHSIOT 3HAaUYNTENBHO pexe. Takue 3anors-
HUTENWN BbINOMHATCA, B OCHOBHOM, Ha OCHOBE pacnyLlleHHOMW uenmnonosbl, pasby-
XatoLLen npu KOHTaKTe ¢ BOAOW 1 obpasylowen «npobky» ons ganbHenLwero ee pac-
NPOCTPaHEHMS.

MMapodobHbIe 3anNONHUTENM NO HA3HAYEHUIO OENATCA Ha

e BHYTPMMOAYJIbHbIE, KOTOPbIE NPUMEHSAIOTCA AN 3anoSIHEHNSA ONTUYECKNX
Moaynewu;

e MeXMoAyrbHble, KOTOpble UCNONb3YKTCA ANS 3anosiHeHns cBobogHOro
NpoOCTPaHCTBa B cepAeyHMKax onTudeckoro kabens n B 6poHenokpoBax,
BbIMOMHAEMbIX U3 CTarbHbIX MPOBOMIOK UMW CTEKMOMNIaCTUKOBbLIX CTEpPX-
Hewn.

K BHYTpMMOAYNbHbLIM 3anofHUTENAM NpeabABASTCA 3HaYNTENBLHO Bonee Bbl-
cokme TpeboBaHusA. TN 3anONHUTENN UMEKT MEHbLUYIO BA3KOCTb MO CPaBHEHUIO C
MEXMOAYMbHbIMU 3aNONIHUTENAMMU, MOCKOMBbKY NOMUMO 3a4adn 3alimMTbl ONTOBOSIOK-
Ha OT BNarv JOJXHbl BbIMNOMHATb Takke OYHKUMIO aMmopTu3aTopa Afs BOSIOKHA npwu
MeXaHMYeCKNX BO3AENCTBUSX Ha kKabenb, a Takke YHKUUIO CMa3Kkn, YMEHbLUAoLEen
TpeHne Mexay BONIOKHOM U CTEHKOW ONTUYECKOro Moayns.

OcCHOBHbIM MaTepuarnom Ans CKpenneHusa anemeHToB cepgedvHuka OK nosuB-
HOW CKPYTKM ABNSiEeTCS nonuatuneHTepedtanaTHasa neHta. OHa obecneynBaeTt uk-
caumio 3NIEMEHTOB KOHCTPYKLUUWN cepaeydHMKa OO HaNOoXeHUs NonuMepHon obosioukm
N NpefoTBpaLlaeT BblTeKaHne 13 cepaeyvHuka rmapodobHOro 3anonHUTens.

Ansa ycuneHus onTu4eckoro kabensi CNonb3yTCH cusioeble 351IeMeHMmbl:

e LieHTpanbHbIX, pacrnonarawLlumncs B LLEeHTpe ONTOBOJIOKHA;

e nepudepunHbIn.

B kayecTBe UEHTpanbHOro CUNOBOro anemeHTa kabens NoBMBHOW CKPYTKU UC-
NONb3yeTCHA CTEKMNOMMAaCTUKOBbLIN CTEPXEHb, CTanbHas NPOBOSIOKa UM TPOC C Monu-
MEpPHbIM NOKpbITMEM. [Nna n3rotoBneHus kabenen ang Npoknagku B rpyHTe B Kaye-
ctBe LIC3 npenmyuleCTBEHHO UCMONb3YIOTCHA CTEKNOMNIIAaCTUKOBLIA CTEPXEHb C Le-
Nbl0 NOBbIWEHNA CTOMKOCTU Kabens K BHELIHWM 3NEeKTPOMarHUTHbIM BO3AENCTBUSIM.
CTteknonnacTukoBble NPYTKW, apaMyiHble HUTU (KeBnap, TBApOH N Ap.) NPUMEHSIIOT,
B OCHOBHOM, B KayeCTBE CUIIOBbIX 3fIEMEHTOB AN3NEKTpU4ecknx kabenen, npegHa-
3HaYeHHbIX Ans noaBeckn Ha onopax J13I, onopax KOHTAKTHOW cCeTn U aBTOONOKK-
POBKW 3MeKTPUdULNPOBaHHbIX Xere3HbIX JopOor, a Takke Anga kabenen, npegHasHa-
YeHHbIX A48 NPOKNaAKM B YCNOBUSAX CUIbHbBIX 9NEKTPOMarHUTHbIX BO34ENCTBUN.

LleHTpanbHble cunoBble anemeHTbl obecnevmBatoT Gonbllyo rMbkocTb, a ne-
pucepuiiHble — BGOnNbLUYI0 CTOMKOCTb Kabensa K yaapam u pacTsarvsatolLmMm Harpys-
KaMm.

Ansa 3awmTtbl onTnyeckoro kabensa oT MexaHU4YeCcKNX NOBPEXAEHU Ha cepaeyd-
HMK MOXET HaknaabiBaTbCst 6POHST N3 KPYITbIX OLMHKOBAHHbLIX MPOBOSIOK UMW MPOBO-
NOK U3 HepXXaBeroLLen cTany B OQUH UNN HECKONbKMX crnoes. Hanpumep, B kabensx
ONa NPOKNagKu Yyepes CyaoXoOHble PeKU UCMONb3yeTCca ABYXCNOWNHAA KPYrionpoBo-
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noyHas 6poHs. MNpumeHsaeTca Takke BGPOHA U3 NPOAONBHO HANOXEHHOW CTanbHOW
roppupoBaHHON NeHTbl (NeHTa Zetabon), obecneuvmBarollasa 3awuTy OT rPbI3yHOB,
MeXaHU4YeCKux BO3A4eNCTBMA U nonepeyHon andpdysmm snarn. CtanbHas neHTa ums-
rotTaBnNuBaEeTCH N3 HU3KOYrNepoaucTon ctanm n UMeeT XpOMOBOE NOKPbITUE, KoTopoe
HaAHOCUTCSA 3MNEKTPONMTUYECKUM nyTeM. Ha neHTy ¢ obenx CTOpOH HAHOCUTCS NONu-
MepHoe MNoKpbiTe. B npouecce HaHeceHWA HapyXHOW O0BOMOYKM MONIMMEPHOE Mo-
KpblTUE CTanbHOW NEeHTbl pacnnasnseTcs, obpasys HagexHoe cuenneHne mexay
CTanbHOW NIEHTON N HaPYXHOW NOSIMMEPHON 0BONOYKON.

B AananekTpuyecknx ontudecknx kabensix, He coaepxalimx MeTtannuyeckue
anemMeHTbl, 6poHs MOXET ObITb BbINOMIHEHA M3 BbICOKONPOYHbLIX apaMULHbIX HATEN U
CTEKINONaCTUKOBBLIX NPYTKOB.

MoBepx GpPOHENOKPOBOB HaKnaablBalOTCA 6HeWHue rniacmmaccoeblie 060-
JI0YKu, 3awwmaouime kabenb OT BHELWHMX BO3gencTeun n snarn. Mexay 6poHeno-
KPOBOM W nfiacTMaccoBon 060Mno4Ykon Anga npegoTepalleHns pacnpocTpaHeHus Bra-
M no onTu4eckomy kabento BBOAUTCH rMapodOOHbLIN 3anonHUTENb UM BogoOMNOKM-
pyrowasa neHta. [na narotoBneHus obonoyek yawe Bcero NpUMeHATCa nonnaTtune-
HOBble KOMMNO3ULUUKN, B KOTOPble BBOASAT pa3fvyHble KOMMOHEHTbI, CnocobCTByOWNE
NOBbILLEHUIO CTOMKOCTU MaTtepuaria K CTapeHuto, K CONMHeYHon pagwauuu mn gp. B
YaCTHOCTK, MOBbILWEHWE CTONKOCTU MNOMMITUIIEHA K CONTHEYHOW paguaumm obecnedn-
BaeTCs 3a CYeT BBEAEHWS ra3oBov caxu B obbeme okono 3 %, B CBA3M C 4eM
Hapy>XHble MONMATUNEHOBbIE ODOMOYKM OMNTMYECKMX Kabenem uMeET npenmyLlle-
CTBEHHO YEpPHbIN LBET.

OaHMM 13 HegoCTaTKOB MNOMNUATUIEHA SABMSETCH €ro roptovectb, MO3TOMY ONTU-
yeckne kabenu C MOMUITUNEHOBBIMW OBOMOYKaMU UCMNOMNb3YITCA TOMbKO ANd
Hapy>XHOW Npoknagku. MNpuUMeHaTb X BHYTPWU 30aHWA, B KONMEKTopax U TYHHEnNsX
Henb3s No coobpaxeHnsm noxapobesonacHocTu. [Na NpoKnagkM BHYTPU nomelle-
HWI, KONMNeKTopax, TYHHenNaX ucxogsa n3 TpeboBaHuin noxapobe3onacHOCTU UCNOofb-
3yl0TCA onTuveckne kabenu ¢ obonoykamum u3 NONUITUNEHOBLIX KOMMO3ULUA, HE
noagep>K1BatoLLMX rOpeHne, a Takke ¢ 060M104KamMn 13 NOSIMBUHUNXIOPUAHOrO nna-
cTukara.

9.5 MapkupoBKa onTu4yeckux Kabdenen

Ha cetn cBa3n PP B OCHOBHOM NOCTynaeT onTUYeckni kabenb oTe4ecTBEHHOroO
npousBoACTBa. BonbWNHCTBO kaberbHbIX 3aBOAOB NpUAEPXKMBAETCA cTpaTernn Bbl-
nycka, Npu KOTOPON NOTpebuTento npeanaraeTca Ha BbIGOP KOHCTPYKLUMM C HECKOMb-
KuMK 6a30BbIMW BapnaHTaMn CepAeYHUKOB, OPOHN, BHYTPEHHUX U HapyXHbIX 060s0-
yek.

Bbinyckatotca kabenu pasnnyHoro HasHaveHust (fIMHEeWHble, BHYTPUOOBEKTO-
Bble) W ON1S pasfiMyHbIX YCNOBUIM NPOKNaAKNU U aKcnnyataumm (NoasemMHble, noaBoa-
Hble, NOABECHble, ANS MPOKaAKu BHYTPU 30aHuK, pacnpegenutenbHble, CTaHLMOH-
Hble).

YHudmkaums BbinyckaeMbiX Kabenen saknoyaeTca npexae Bcero B yHuUdumka-
uuun cepaedHuka. NpumMeHsTCa ABe KOHCTPYKUUKL
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e B LEHTpPE ONTMYECKOro cepaeyHuKka pacrosioXeH LeHTpanbHbIA CUITOBOM
3NIEMEHT 1 HECKOSbKO 31IeMEHTOB NOBMBA — ONTUYECKUX MOAYNEN U KOp-
Jenemn 3anornHeHus;

e B LIEHTPE CcepAeyHuKa pacnosiokeHa nonumepHasi Tpybka ¢ OnTOBOSOK-
HOM, BbINOSTHSAOLAA POSib LEHTPanbHOro OnNTU4eCcKoro MoAyrnsi.

Bcemun 3aBogamu BbINycKaTCA KOHCTPYKUUM C MHOrOMOAYJTbHbIM CepaevYHUKOM
nNoBMBHOro TMna. [Ansa takmx kabenen xopowo otpaboTaHa TexXHOMNorMs MoHTaxa. B
MHOroMoyJSfIbHOM ONTUYECKOM CepaeyYHUKe MOXET ObiTb OT 2 40 18 oNTU4EeCKnX Mo-
aynen, a B KaXaoM M3 HUX OT 2 A0 24 ONTUYECKMUX BOJSIOKOH, @ BCEro MHOroMoayJsib-
Hble ONMTUYECKME CEPAEYHUKM MOTYT cogepXaTb 40 288 oNTUYECKNX BOFIOKOH.

KabGenu ¢ ueHTpanbHbIM ONTUYECKMM MoAyNeM coaepxat oT 2 oo 48 ontude-
CKMX BOJIOKOH. Takme KOHCTPYKLMU B COOTBETCTBUN C TEXHUYECKUMU YCITOBUSIMU pac-
CcYMTaHbl Ha JonycTuMble pacTarnearowwme yeunus ao 20 kH.

Mpenenbl AONyCTUMbIX pacTArMBaloWmMX U pasfasnvBaloWnX YCUNMMN 3aBUCAT
OT MapoK kabens n onpenenarTcs MatepuanomM 1 nnowanbio cevyeHmst 006onoYek n
MeTannmMyecknx anemeHToB. Mo TpeboBaHUIO 3akasymka 3aBOAbl MOTYT BbIMyCKaTb
kabenb c nobbiMM NapameTpamMn, HO HE XyXe TeX, YTO YyKasaHbl B TEXHUYECKUX
yCrOBUSIX.

Mo KpuTepuo «O4ONYyCTUMOE pacTarMBarollee ycunue» Ans npoknagkm u akc-
nnyatauun Ha MmarmctTpasnbHON CETU CBA3M C Y4ETOM KNMMaTUYECKUX YCNOBUN MOXHO
BblAENUTL 4 TMNa NOA3EMHbLIX 1 NOABOAHLIX Kabenen:

e TuUN 1 — He meHee 80 kH;
e TUN 2 — He meHee 20 kH;
e TUN 3 — He MeHee 7 KH;

e TUN 4 — He meHee 2,7 kH.

MapkmpoBka onTu4eckux kabenen npencraenseT cobon abbpeBnaTypHyro 3a-
NMNCb OCHOBHbIX NApaMeTpOB kabens, Taknx Kak:

e HasHayeHue n obnacTb NPUMEHEHNS;

e KOHCTPYKUMS cepaeydHuKa;

e MaTepuan NPoOMeXyTOYHOM U HapPYXHOW 0BonoyYex;

e TuUN OpOHY;

e YUCMO ONTUYECKUX MOAYIIEN U ONTUYECKNX BOSTOKOH;

e BenMyMHa Ko3IPULMEHTa 3aTyxaHnsl Ha OMOPHbIX AfIMHAX BOJH;

e BENUYMHAa gucnepcuu;

e [0OMyCTMMOE pacTarnsaroLlee ycunme un ap.

B onTudecknx kabensax oTte4ecTBEHHOro NPOU3BOACTBA OTCYTCTBYET YHUMKa-
una mapkupoBkn. Hanbonee 6nmsko k yHudpumkaumm mapkuposkn 3A0 «Camapckas
onTuyeckas kabenbHasa KOMNaHus». PaccMOTpUM NPUHLMN MapPKUPOBKM JTUMHEMHbIX
onTMyecknx kabenen aToro 3asoga Ansi PasnuyYHbIX YCNOBUIN MX NPOKNALKMK.

1. OnTnyecknn kabenb NMHENHbLIN ONst NHEBMO3a4yBKMN B 3aLUMTHbIE NfiacTmac-
coBble Tpybbl — OKJ1-01-6-48-10/125-0,36/0,22-3,5/18-2,7.

e OK — onTtnyeckun kabenb;

o Jl — nNnHEenHbIN;

e 01— LIC3 n3 creknonnacTtuka,;

e 6 — KONMNYECTBO ANIEMEHTOB B NOBUBE CEPAEYHUKA;
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e 48 — konuyectBo OB;

e 10/125: uncnutens — AnameTp cepaueBuHbl ogHomogosoro OB po
10 MKM, 3HamMeHaTenb — AnameTp oTpaxarLien o60noyKu;

e 0,36/0,22: yncnutenb — koappuumneHT 3atyxaHna B Ab/kM Ha anvHe
BonHbl 1310 HM, 3HameHaTenb — Ha 1550 Hwm;

e 3,5/18: uncnutens — gucnepcus B nc/Hm-km Ha 1310 HM, 3HameHaTenb
— Ha 1550 HmMm;

e 2,7 — cTaTuyeckas pactarmparollasa Harpyska B KH.

2. OnTuyecknn Kabenb NUHENHBLIN ANS NPOKNagku B TenedOHHOW KaHanuaa-
umm — OKIJ1CT-01-8-64-10/125-0,36/0,22-2,7.

e CT1 — cranbHas rogpupoBaHHast obonoyka ¢ BOAOONOKMPYIOLLIEN NEHTOM
nopg Hewn; octanbHble 0003HaYeHWs1, TakMe Xe Kak 1 B NepBOM Kabene.

e Ontnyecknin kabenb NMHENHbIA ONA NPOKMAAKA HEenocpeacTBEHHO B
rpyHT — OKIJ1K-01(02)-8-96-10/125-0,36/0,22-3,5/18-20.

e nocrneaHsa K — 6poHa 13 Kpyrnbix CTanbHbIX OLMHKOBAHHbIX MPOBOSIOK;

e (02) — ueHTpanbHbIA CUIOBOWN ANEMEHT U3 CTanbHOrO TPOCUKA, NOKPbI-
TOro NONMMepPHoO 0600YKON;

e OcCTanbHble 0603HAYEHNA TaKme Xe, Kak 1 B NpeablayLmx kabensx.

4. Ontnyecknin kabenb ANINEKTPUYECKNIA CAaMOHECYLLUMA AN NOABECKM Ha OMo-
pax KOHTAKTHOW CETW >Xene3HbIX A0OPOr U ropofckoro anektpoxosamcrtesa — OKJTDK-
01-6-24-10/125-0,36/0,22-3,5/18-10:

e OykBa )X — kabenb 4na nogBeCcKN Ha XenesHblx Joporax;
e OCTaNnbHble 0603HaYEeHUs Takue Xe, Kak 1 B NpeablayLmx kabensx.

5. OnTuyecknin kabenb, BCTPOEHHbIM B rpo303amnTHbIn Tpoc J13IN HanpsikeHu-
em 35 kB u Bbilwe — OKI'T-MT-36-10/125-0,36/0,22-45:

e [T — kabenb, BCTPOEHHbIV B rPO30TPOC;

e MT — oOAgHOMOAYMbHbLIM ONTUYECKUM CepaedHnK TpybyaTtoro Tuna
MaxiTube, pacnonoXeHHbIN B LeHTpe Kabend, B KOTOPOM pa3MeLLatoTCs
OB;

e ocTanbHble 0603HAYEeHUA TakuMe Xe, Kak U B npeablaylmx onTUYEeCKuX
kabensx.

6. OnTuyeckmi kabenb ANA BHYTPUOOBLEKTHOW MPOKMAAKW NPU MOBbILLEHHbIX
TpeboBaHuax noxapHon 6esonacHoctn — OKIJ1-H-01-6-48-10/125-0,36/0,22.
e OykBa H — HapyxHaa o60no4ka, BbINOMHEHHAs M3 KOMMO3ULMK NOMK-
3TUNeHa, He NoadepXuBaloLLee ropeHue;
e ocTanbHble 0603HAYEHUA TakMe Xe, Kak U B npeablgylmx OnTUYECKMX
kabensax.
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MpumMepHble BONPOChLI TEOPETUYECKOWN YacTH
3K3aMeHa no gucuunnuHe «Hanpasnsawowme cpenbl
3M1IeKTPOCBA3U»

Tema: EanHasa CeTb anekrpocBsasu PP

Knaccudumkauma nogecnctem ECO P®. OCHOBHbIE TUMNbI JIMHWUA CBA3W (BO3AYLU-
Hble, KabernbHble, BOSIOKOHHO-ONTUYeckme). NpumMmeHeHne, JOCTOMHCTBA U HegocTaT-
Kn. Hanpaenswwme cuctembl nepefayum, Mx YyactoTHas knaccudpukaums. AHanoro-
Bble 1 UMPOBLIE CUCTEMbBI NEpeaayn.

Tema: OnekTpoAHaAMUMKa HaNnpaBnsOLWMUX CUCTEM

YpaBHeHuss MakcBenna, anekTpoavHamuyeckme CBOWUCTBa MaTepuanbHOW cpe-
Obl, KOMMMeKcHas AuanekTpuyeckas npoHuuaemMocTb. OCHOBHblE XapakKTepUCTUKU
SNEeKTPOMarHUTHOro nons. Tokn NpoBoAMMOCTU U cMmelleHns. CBOMCTBA ANINEKTPU-
koB. CBornctBa MeTannoB. [MoBepxHOCTHbIM 3addekT. Hanpasnsemble anekTpomar-
HUTHbIE BONHBbI. [pMHLMNLI pacdeTa HanpaBnsAwLMX CUCTEM.

Tema: CuMMeTpUYHbIe Kabenu

TokonpoBogsLme Xunbl N UX N30NAUna. Tunbl CKPYTKU, NOCTPOEHNE KaberbHO-
ro cepagednHuka. Xapakrepuctuka kabenen tuna MKC. OnekTpoMarHMTHblE NPOLECCHI
B kabene. NepBuyHble NapamMmeTpbl Nnepegayn naeanbHoro kabens. NepBunyHbIE Na-
pamMeTpbl nepefayn peanbHoro kabensi. OCHOBHbIE 3aBMCUMOCTU NEPBUYHbLIX Napa-
MEeTpPOB nepeaayvn. BTopuyHble napameTpbl nepegaydu.

Tema: KoakcuanbHble kabenu

KoHCTpyKUuua NnpoBOAHMKOB. Tunbl N30M8UMU. SKBUBASIEHTHbIE XapaKTepUCTUKK
nsonaunn. Xapakrepuctuka kabenen tuna KM-4 n KM-8/6. Xapaktepuctuka kabenewn
Tvna MKT-4. OnektpomarHutHble npouecchl B kabene. NepBuyHbie napameTpbl ne-
pegayv ngeanbHoro kabens. MNepBu4yHbie NapameTpbl Nepegayvn peanbHoro kabens.
OCHOBHble 3aBUCMMOCTW NEPBUYHbLIX NapamMeTpoB nepenayn. BropuyHble napamet-
pbl nepegayn. OnTuMarnbHble COOTHOLLIEHUS AMaMeTPOB NPOBOAHUKOB.

Tema: ONTOBONIOKOHHbLIE Kabenu

BonokoHHbin cBeToBoa. OgHOMOLOBLIE MU MHOrOMOAOBbLIE BOJSIOKHA. JlyveBou
aHanu3 pacrnpocTpaHeHust U3ryyYeHna B onTM4eckomMm BorHoBoae. BonHoBow aHanus
pacrnpocTpaHeHUs U3Ny4YeHna B ONTUYECKOM BomnHoBode. [loTepu Ha nornolleHue.
OkHa npo3padHocTu. NoTepun Ha paccesiHue. [loTepu Npu CpPOCTKE ONTUYECKNX BOSO-
KOH. MexxmopgoBaga gucnepcusi. Xpomatmnyeckas gucnepcnsa. OCHOBHblE 3aBUCUMOCTH
XapakTepUCTUK OMNTUYECKMX BOSOKOH. lNMapameTpbl nepegadn onTUYECKUX BOSIOKOH.
Knaccudumkauma ontmyecknx kabenen cBsasn. [1oCTpoeHWe ONTUYECKOro MOAyIs.
[MocTpoeHne ONTUYECKOro cepaeyHuKa. SNeMeHTbI 3alnTbl U YCUNEHNSA ONTUYECKNX
kabenen. MapknpoBka onTnyeckmnx kabenen.
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