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Bsenenue

Xapakrepuctuka cereit ATC Ha Kelle3H010p0KHOM TPAHCIIOPTE.

HCpBI/I‘IHaﬂ " BTOpUYHAs CCTh CBA3U. Kanaisl TeneMexaHuku

Jlnst obecriedeHust OOJIBIITON MPOITYCKHOM CIIOCOOHOCTH %/J] YYaCTKOB MPU OJJTHOBPEMEHHOM
MOBBIIIEHUH 0€30MaCHOCTH JABMKEHUS He00X0IuMa CII0KHAs Pa3BETBICHHAS CETh CBS3H.

BriepBble moa3eMHBI Kabenb CBS3M € HM30JIMENd W3 rytrornepud Obul mposnoxkeH I1JI.
HIwmaroM (pycckuii yuensiit) B 1851 r. Bmoms /1 noporu [letepOypr-Mocksa.

B 1854 nmomzemubIil kabens ObLT 3aMEHEH BO3AyIIHOM Tenerpaduoi nuuuei. [To3xe Ha x/1
CTalld IPUMEHATH U TenerpadHyo CBs3b, KaK MO BO3AYLIHBIM, TaK U KaOETbHBIM JTUHUSIM.

B Hacrosiee BpeMs Bce MMpe MPUMEHSIOTCS BOJIOKOHHO-ONTUYECKHE Kabenu Uit udpo-
BBIX CHCTEM Iepeaud HHPOPMAaLIUH.

Buenpenue Ha TpaHCIIOPTE CHUCTEM MEPETOHHOTO PETYJIMPOBAHMS IBUXKEHUS TOE3/10B MPHU-
BOJUT K HEOOXOJUMOCTH yBEIMYEHUS YMCIA LIETed Al yCTPOMCTB aBTOMATHKH M TEJIEMEXaHUKU.
Baenpenue u pacrpocTpaHeHHUE JIEKTPUUECKON HEHTPAIN3alMU CTPEJIOK U CUTHAJIOB HA CTAHIUAX
00yCIJIOBMJIO UCTIOJIb30BaHUE BECbMa PA3BETBIECHHBIX KAOEIbHBIX CTAHIIMOHHBIX CETEH:

- KaOeJpHBIX JUHUHN CBETODOPOB;

- KaOeNnpHBIX JIMHUN CTPETIOK;

- KaOeNbHBIX JIMHUHA PENTbCOBBIX IIeTIel

a) JJMHUM MMUTAOLIUX TPaHCHOPMATOPOB,
0) kabenbHasI CETh peJICHHBIX TPaHCHOPMATOPOB.

CrnenyeT Takke OTMETUTH, UTO DJIEKTPOCHAOKEHUE MEPETOHHBIX YCTPOHCTB aBTOMATHKU U
TEJIEMEXaHUKHU U JAPYTUX JTUHEHHBIX MOTPEOUTENCH Ha MeperoHax U MajlbIX CTAHLUSAX OCYIIECTBIIS-
€TCsI C MOMOIIBIO CHEIMAIbHBIX BEICOKOBOJIBTHBIX JTUHUNA. K TaHHBIM JTMHUAM OTHOCSATCS:

- BBICOKOBOJIbTHO-CUTHAJIbHBIE JTMHUH aBTOOJIOKUPOBKH;

- BBICOKOBOJIBTHBIC JJMHHUH MPOJOIBLHOTO 3JIEKTPOCHAOKEHUSI TOTpeduTenei;

- TaroBas 1ens 3,3 KB nocrosinHoro Toka u 27,5 KB nepeMeHHOTo TOKa.

[lepeuncnennble TUHUM, BKJIIOYAsl KaOEIbHbIE W BO3AYIIHbIE JIMHUU CBSI3U U aBTOMAaTHUKH,
pacrosiararoTcs B mpejiesiax OTBeIeHHOH 1oJIockl = 100 M B OKpECTHOCTH K//1 TIOJIOTHA.

VYkaxeM KOpOTKO Ha3HauU€HHE U YCTPOMCTBO JIMHUM /11

a) Cetu cBsI3U



Cetb cBsa3u MIIC Bkitoyaet B ce0si MEPBUUHYIO CETh JTUHUI M Y3JIOB CBSI3U, a TaK)XE BTO-
pHUYHBIE CETH CBSI3U.

[lepBuyHast ceTh JIMHUIA U y3JIOB CBS3H JaeT BO3MOKHOCTH cBsizu MIIC co Bcemu ympaBie-
HUSIMU JO0POT, a Yepe3 HUX — C OTACICHUSIMHU U BaXKHEHIIIUMHU K.J1. CTAHIIUSIMH.

Ko BTOpHYHBIM CEeTSIM OTHOCAT CETH MHOTOKaHaJIbHOU TenedoHHO u TenerpadHoil cBs3y,
CeTH ONEPaTUBHO-TEXHOJIOTUYECKOH CBSI3M, CETH Iepeladyd IaHHBIX aBTOMATUYECKOH CHCTEMBI
yIpaBJICHUS KeJIe3HOI0pOKHBIM TpaHcmopToMm (ACYIXKT).

Bropuunsie cetu cBs3u aensatcs Ha Maructpanbhbie (0T MIIC no ynpaBneHus 10por u 1o-
CIIETHUX MEXIY CO00ii), JOPOXKHBIE (OT YNPABICHHUM AOPOT A0 MOAYUHEHHBIX U MOCIEIHUX MEXKIY
co0OM) M OTAENCHUECKUE, COCNUHSIOMINE OTIACIECHUS JAOPOT C BXOIAIIMMHU B HUX CTAHIMSIMU U
CTaHLIMU MEXAY COOOM.

B cucremy onepatuBHO-TEXHOJIOTUYECKOM CBA3U BXOISAT:

- moe3aHas aucnerdepckas (I1JIC) — cBsa3b, B KOTOPYIO BKIIOUYEHBI TeIE(OHBI JEKYPHBIX

10 CTaHIUAM U B feno Ha yyacTkax B 100-200 km;

- mnoe3nHas MexcrtaHuvoHHas (MDJKC), casbiBaromas AeXypHBIX 0 ABYM COCETHUM
CTaHIIHSM;

- moctanmuonHas (I1C), ucnons3yemasi paOOTHUKaMH CTAHIIMH JIJIs1 IEPETOBOPOB;

- nuueiHo-miyTeBast (JIIIC), coyxkaras Ass neperoBopoB TUHEHHBIX paOOTHUKOB JAUCTaH-
UM ITyTH MEXTY COOON U ¢ PyKOBOJCTBOM JIMCTAHIIUY;

- mneperonHas (III'C), obecrneunBaromniasi BO3MOKHOCTh BKJIIOUEHHUSI B HEE MEPEHOCHOTO
TeneoHHOro anmnapara AJis CBsI3u OpUraabl OCTAaHOBUBIIETOCS HA NMEPETOHE MOe3/1a WIH
PEMOHTHBIX MyTEBBIX OpHTraj.

[To xaHanmam TeleMEXaHWKH TEPeNalOTCs CUTHANBI JAUCIETYCPCKON IEHTpaTn3aliuu, JHC-

METYEPCKOTO KOHTPOJIS U IPYTHX CHCTEM aBTOMATHUKHU M TEIIEMEXaHUKH.

Ha Bo3aymHpIX TUHUSAX UCTIONB3YIOT Tosiocy 9acToT oT 0 mo 150 kI’ (16 TenedoHHBIX Ka-
HAJIOB TOHAJIBHOM YacTOTHI 1O OAHOM mape nmpoBoaoB (1 kanan 4,5 k['11)), HA CHMMETPUYHBIX Kade-
75X Ucnotib3ytoT nosiocy ot 0 1o 34 MI'ny (480 kaHasoB 1Mo ABYM IMapaM Kujl, HaXOSIIUMCS B pa3-
HBIX Kabensix). KoakcnanbHbie kKabenu ymioTHSOT B auanazone g0 60 MI't (10 800 Ten. kananoB
10 JIByM KOaKCHaJILHBIM TIapaM B OJTHOM Kabere).

[Ipu ucmonb30BaHUK ONTHYECKOTO TUANa3oHa BO3MOXKHA OpTaHM3aIUs COTEH ThICAY Tele-
(OHHBIX MU COTEH TeJIEBU3MOHHBIX KaHaoB (1 Tenes. kanan ~ 6 MI'm).

VYBenmnuenne od0beMa WHPOpPMALNH, TIEpelaBaeMO 0 JIMHUSM Ha K.JI., 0COOEHHO IU(po-
BOH, TpeOyeT HENPEPHIBHOTO YCOBEPILICHCTBOBAHMSI IMHUI aBTOMATUKHU, TEIEMEXaHUKH U CBSI3U.

OTU TUHUU JTOJKHBI YIOBJIETBOPSTH HE TOJBKO MOTPEOHOCTH Tene(OHHOM CBS3H, HO U TO-
TpeOHOCTH B Tiepenave JAHHBIX I BBIUYHUCIUTEIBHBIX IIEHTPOB, KOJOB YMPABICHUS U KOHTPOJIS

YCTPOMCTB aBTOMATUKHU U TEJIEMEXaHUKH.



IIpu cTpouTensCTBE M 3KCIUTyaTallMy JIMHUNA CBSA3HM Ha K/J] IPUXOAMTCSA pelaTh psj Hpo-
6nem. IlockonbKy, Kak ye 0TMEYajocCh, TMHEHHBIE COOPYKEHHUSI PACIIONIOKEHBI Ha OrpaHUYEeHHON
TEPPUTOPUH, TO BO3HHUKAET HEOOXOJUMOCTh Pa3padaThIBATh MEPONPUSTHUS MO YMEHBIIECHUIO B3a-
uMHoro BiaustHus. 1o 3Tol npudnHe nenecooOpa3Ho NepexoanTh Ha KaOelbHble TUHUHU, K TOMY XK€,
Ka0eNbHbIe JTUHUN 00J1a1al0T 00JIbIIEei IPOMYCKHONW CITIOCOOHOCTBIO, YeM BO3AYIIHBIE U OHU Ooee
HAJICXKHBI [IPU DKCILTyaTal|u.

JIuHelHbIe COOPYIKEHUsI — 3TO Jloporue ycrpoicrsa. [1oaToMy npu npoekTUpoBaHUM HEOO-

XOJMMO COYETaHHE YKOHOMHUYECKON 1eNIeCO00Pa3HOCTH € TIPAKTUIECKOH MOTPEOHOCTHIO.



I'nasa |

OCHOBEI QJICKTPOAWMHAMMWKU HAITPABJIAOIINX CUCTCM

[1,2,3,24,26,28, 15, 23]

1.1 Tunsl HaNPaBIAIOUIMX CUCTEM U UX MPOIMYCKHAsl CIIOCOOHOCTb

Hanpapnsromymu cucteMaMy Has3bIBalOT yCTPOWCTBA, KaHAIM3UPYIOIIME 3JIEKTPOMAarHUT-
HYIO SHEPTHIO B 33JITaHHOM HaIlpaBJICHUU.

DneKTpOMarHuTHasl SHEPIus — 3TO SHEPTHUs, CBSI3aHHAs C AIEKTPOMAarHUTHBIM M0JIEM, KOTO-
poe orpeaensieTcs: Kak 0CoObI BUI MaTepuH, 00JaAaroiel Maccoil (Mpu ABUKEHUH ), UMITYJILCOM U
MPOSIBJISIOIEECS B CHJIOBOM BO3JICHCTBHM HA 3apsiibl U DJIIEKTPUUECKUE TOKH.

Hanpapnsromuymu cucreMamu, KaHAIM3UPYIOIMIMMHU 3JIEKTPOMAarHUTHOE I10JI€, HECYILEro
nH(OpPMAIIMIO B BUJIE CUTHAJIOB (MOIYJIMPOBAHHBIX IO YACTOTE, aMIUIUTY/E U T.J.) SABISAIOTCA IETH
BO3AYIIHBIX U KaOENbHBIX MPOBOJIHBIX JIMHUH, METANTMYECKUE U TUDICKTPUUYECKUE BOIHOBOJBI
(OTKpBITBIE U 3aKPBITHIE), HATIPABIISIFOIINE TOBEPXHOCTHU U T.[.

Hanpagsnsromue cucteMbl MOXKHO pa3ieauTh Ha ABE TPYIIIbL:

1. Hampapnsoiue cucTeMbl, B KOTOPBIX MPOLIECC PACIPOCTPAHEHUSI CUTHAJIOB MTOAYUHSIET-
csl Tenerpa(HbIM YpaBHEHUSAM. DTH CHCTEMbI HA3bIBAIOT LIETISIMU. B TaHHBIX CUCTEMaXx BBIMIOJIHSET-
csl ycioBue A>>D, ryie A — IJMHa BOJIHBI KOJEOAHWH TOKAa WM HamnpsbkeHus, D — XapakTepHbIH
pa3Mep CHCTEMBI — Halle BCEro MONEPEUHBIN pa3Mep.

2. Hamnpapnsiolue CUCTEMBbI, B KOTOPBIX UMEET MECTO yCIoBUE A=D.

PaccMoTpuM KpaTKo KaXkyro TpyMIly:

OOmuit npyU3HAK CUCTEM NEPBON IPYMIbI — 3TO HAIMYUE HE MEHEE YEM JIBYX IIPOBO/IOB.

CummeTpuyHas ABYXIPOBOAHAS 1enb (puc. 1.1). DTa cucrema pacmpocTpaHeHa Ha BO3-

AYLIHBIX U KaOEeJIbHBIX JIMHUAX.

Puc. 1.1



Hecummerpuynas niens (puc. 1.2). BropsiM IpoBOIOM 3/1€Ch YaCTO CIYXKHT 3€MIISL.

Puc.1.2

HckyccTBenHble (haHTOMHBIE) WM HaJoXKeHHbIe 1ienu (puc. 1.3. a, 6).

=

2

Puc. 1.3

Ha puc. 1.3 (a,6) uenu 1 u 2 — 3T0 OCHOBHBIE 1IEMH, IIETIh 3 — HCKYCCTBEHHAs, 00pa3oBaHHAas ABYMS
MIPOBOJAMH, POJIb KOTOPBIX urpatoT uenu 1 u 2. Ha puc. 1.3 (6) uenb 1 — ocHOBHasA, 2 — UCKYCCT-
BEHHasl IBYXITPOBO/IHAA 1I€TIb B KAYECTBE MTPOBOJIOB UCIIONIB3YETCS Lenb | 1 3emisl.

Hecummerpuynas nonockoBas nuHug (puc. 1.4 (a)) U cuMMeTpUYHas MOJIOCKOBAs JIMHUS

(puc. 1.4 (0)).




o

a) 0)
Puc. 1.4

[[IuprHa BHEMIHMX MOJIOC JTOJDKHA OBITH HE MEHee, 4eM B 2,5-3 pasa Ooblile BHYTPEHHEH, IO-
CKOJIbKY, TOJIBKO B 3TOM cllydae moJjie OyJeT COCPEAOTOUEHO BHYTPH CTPYKTYPHI.

KoakcuanpHast munus (puc. 1.5). DTa 1uHUS MOXKET OBITh NOJTYYeHA U3 CUMMETPUYHOH I10-

nockoBo# (puc. 1.4 (6)), ecu 3aMKHYTh BHEIITHUE TIOJIOCKH.

6~

Puc. 1.5

Tpexdasznubie nienu, Bo3AymHbIE U KabenbHbIe (pHC. 1.6).

Puc. 1.6

OTH yCcTpOWCTBA YaCcTO UCTIONB3YIOTCS, KaK JIMHUHU AJIEKTporepeaay.
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BTOpaSI rpymniia — 5TO HallpaBJIAOIUEC CUCTEMbI, XapaKTCPHBIM OTJIMYHUEM KOTOPBIX SABJIACT-
CA HAJIMYMUEC OAHOT'O HAIPABJIAIOMICTO 3JICMCHTA.

Meramnaeckre BOTHOBOABI (puc. 1.7 (a, 0)). DTH cHCTEMBI TIPEIICTABIISIIOT U3 CE0sl TOJIbIe

TPpyOBI Pa3IMYHOTO MONEPEYHOTO CEUCHHUS.

Puc. 1.7

JlusnekTpudeckue BoIHOBOBI (puc. 1.8).

Puc.1.8

Ot yCTpOfICTBa, MNpEACTABJIAOIINUC U3 cebst JJIMHHBIC CTCPIKHU, BBIITIOJIHCHHBIC U3 JTUBJICK-

TpHKa ¢ £,>0, &, — AMAIEKTpUYECKAsE TPOHULIAEMOCTb.

11



JIMHMY TOBEPXHOCTHOM BOJHBI (puc. 1.9).

Puc.1.9

JlaHHas cucTeMa MpeACTaBiIsIeT U3 ce0sl METAIIIMUECKUI POBOJ, MOKPBITHIM CII0eM JAU3JIEK-
TPUKa, OHA HOCUT Ha3BaHue JUHUHU ['y0o0.

OnTuyeckre BOJHOBOJIBI MM CBETOBOAHI (puc. 1.10).

Puc. 1. 10

Ontuyeckue BoHOBOABI (OB) mpencTaBisiioT u3 ce0s1 KOHCTPYKIIMIO, COCTOALIYIO U3 JIByX
TMBJICKTPUKOB, YaCcTO IMJIMHAPHYECKONW (OPMBI ¢ pa3IMYHBIMH JUAJIEKTPHYECKUMH MTPOHUIIAEMO-
crsimu. Ha puc. 1.9 neHTpanbHbIi OWIMHIDP — CEPALIEBUHA, UMEET &,;, BHEIITHUN IMUIMHIP — 000-
J0YKa, UMEET &,2, IPU ITOM 00SI3aTEIBHO BBIIOJIHAETCS YCIOBUE €47> €.

JIBYXIpOBOAHBIE LENH IUPOKO UCIOIb3YIOTCS Ha BO3IYIIHBIX U KaOenbHbIX JUHUAX ATC.
OpHonpoBOAHASI HECHMMETPHUUHAS L€ — TO TATOBas JIMHHUS.

[TosiockoBble TUHUM MCNONB3YIOTCS B paguorexHuueckux CBUY-ycrpolicTBax: meuyaTHbIE

IJ1IaThI, IIJIOCKHUE Ka0enm u ap.

12



KoakcnanpHble 1enu Mo3BOJISIOT CO3/1aTh OOJBIIME MyYKH KaHAJIOB M NMPUMEHSIOTCS B Ma-
THCTPAJIBHBIX KaOeIsx.

BosHOBOIBI Yale BCETro MCHOIB3YIOTCSA B PATUOTEXHUYECKUX CHCTEMax (paJaHoJIOKaIlHOH-
HBIX YCTaHOBKaX, paMOpeIeHHBIX JINHUSIX H Ap.)

CBeToBOABI MpeaHA3HAUEHB! I Mepenayn OoybmMux 00beMOB HH(poOpMaMU Ha OoJbIINe
paccTosiHUsA. YKaXeM JMaIla30Hbl YaCTOT, B KOTOPBIX HAIPABISIONIME CUCTEMbI paboTaioT Haubo-

nee adpdexruBHO (puc. 1.11).

3 6 9 12 14
fry[10 10 10 10 10

(? 2 -1 -4 -6
a,m | 3x1 I3x10 3x10 3x10 3x10

BO3OYLWIHAA JTMHNH

|  cummeTpuyHbIA kKabenb

| |  koakcwmanbHbiih kabenb

i norockoBas NMHUA

[ ] nwHuA noBepxHOCTHOI BOMHEI

MeTannM4eckuin BONHOBOA I

Puc.1.11

1.2. OcHOBHBIE ypaBHEHHUS JIEKTPOMArHUTHOTO TOJISI.

BosHoBbIE ypaBHEHUS

[lepenaua nHpOpMAIK TIO HAMIPABISIONIAM CHCTEMaM OCYIIECTBIIIETCS C TIOMOIIBIO JJIEK-
TPOMarHUTHBIX KoJieOaHMii, BO30YK/IEHHBIX B JIaHHBIX CHCTEMaX. DJIIEKTPOMAarHUTHBIE KOJeOaHUs
MIPEJICTABIISIOT U3 ce0s1 M3MEHSIONIUECS BO BPEMEHHU U MTPOCTPAHCTBE 3HAUCHUS TOKA M HAMIPSHKCHUS
B MMPOBOJHUKOBLBIX CTPYKTYpax HIIN KOJI€63.HI/I$I QJICKTPOMArHUTHOI'O IOJIA B BOJITHOBOAAX U JUIJICK-
TPUYECKUX HANPABIAIOLINX CTPYKTYpax.

Hcrounmkom Bo30yX)aaeTcs 2JIEKTPOMarHuTHOE TI0JI€ B HAMPABIIAIONICH CTpyKType. B 3aBu-
CUMOCTH OT BHJa HAIPaBISIOMIEH CTPYKTYpbl (DOPMUPYIOTCS OINpeeJCHHbIE THIBI AJIEKTpoMar-
HUTHBIX BOJIH, pACTIPOCTPAHAIOIINXCA BAOJIb CTPYKTYPHI.

Bce anekTpomMarHuTHbIE IPOLECCH B IPUPOAE, B TOM YUCIIE, U PACIPOCTPAHEHUE DIIEKTPO-
MarHUTHBIX KOJeOaHUi B HANPaBJISAIONIMX CUCTEMAaX MOJYUHSAIOTCS OCHOBHBIM YpPaBHEHUSIM, KOTO-

PBIC ABJIAIOTCA TeOpeTHqCCKOﬁ OCHOBOM QJICKTPOANHAMHKH, UMCIOIITUM BUI (CI/ICTeMa CI/I)
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— - oD

rotH = j+—, 1.1
I+, (1.1)

rwfz—ég, (1.2)
ot

divB =0, (1.3)

divD = p, (1.4)

Qﬁ+wﬁ=0, (1.5)

ot

VYpasuenus (1.1) u (1.2) — 3T0 ocHOBHBIC ypaBHeHHs MakcBema. Ypasuenus (1.3), (1.4),
(1.5) sBasrores cneacTBueM ocHOBHBIX (1.1) - (1.2).

VYpasHenue (1.3) yka3pIBaeT Ha HENPEPHIBHOCTh MATHUTHOTO T0JIs, T.€. €r0 CUJIOBBIE JIMHUU
SIBIISTIOTCS] 3AMKHYTBIMH TI€TJISIMU FJTH OHO BBIpaXKaeT ()akT OTCYTCTBHS B MPUPOJIEC MarHUTHBIX 3a-
psanoB. Ypasuenue (1.4) — ato Teopema I'aycca. CootHomenue (1.5) HOCHT Ha3BaHWE ypaBHEHUS
HEMpPEePBIBHOCTU U OTpaXkaeT 3aKOH coxpaHeHwus 3apsaa. 13 ypaBuenus (1.4) cnemyer, 4To CHIIOBBIE
JMHUY 3JIEKTPUYECKOTO TOJI1 HAYMHAIOTCS M 3aKaHYMBAIOTCS Ha 3JeKTpuueckux 3apsaax. B (1.1)-

(1.5)

— A| = B
H - HAIIPAKCHHOCTb MAIrHUTHOT'O ITOJISA |:— , E - HAIPs’KCHHOCTD 3JICKTPUYCCKOTO IMOJIA | — |,
M M

= B6 | — K
B - uHAYKUMS MarHUTHOTO TOJISt {—2 , D - uHAyKuMs (CMEIIEHHE) DIEKTPUYECKOTO OIS | — |,
M M

- A
j - 00beMHas TUIOTHOCTh TOKa TPOBOIUMOCTH {—3 , p — 00BEMHas IIIOTHOCTh CBOOOHBIX
M

K
3apsiioB | — |.
M
VYpasuenus (1.1) u (1.2) sBnsarorcs HenoysHbIMU. [1lo3TOMY K HUM HOOABISAIOTCS, TaK Ha3bI-

BaeMble, MaTepuanbHble COOTHOLIEHHs, cBs3pBatonue D ¢ E, H ¢ B u j ¢ E . Jlna usorpon-

HBIX CPpEa UMEEM

D=¢E, (1.6)
B=uH, (1.7)
7 =oF. (1.8)
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D
3,[[60]5 g, - a0CcoJIroTHAs AUDJICKTPUYCCKass MPOHUIACMOCTb CPeaAbl, —; U, - a0bcoJroTHAs
M

IH Cwm
MarHuTHas MMPOHUIIAEMOCTb CPElIbl, — ; O - yJeIbHas POBOUMOCTD CPEIbl, —.
M M

Ilapamertpel &, = £,6,, U, = HoM, , TAE &,, M, - OTHOCUTEIbHBIC AUDICKTPUUECKHAE U Mar-
HHUTHBIC HpOHI/IIIaeMOCTI/I,
10° @

T
= —, My =47 107, —.
367 M Ho M

&y

Ha psaay ¢ ypaBaenusmu (1.1) - (1.5) B nuddepenuuansHoit popme 4acTo UCHOIB3YIOTCS

ypaBHEHHS B MHTETpaIbHOM popme:

§17d5:! j+aa—? s, (1.9)
_ 0 r— —

§Ed§=—5£3ds, (1.10)
BdS =0, (1.11)
!

§5d§:q, (1.12)
N

oq ==

E+§jd5 =0. (1.13)

N

3nech dS = dSn,in - HoOpMalb K MOBepXHOCTH. B jeBoii wactu ypasuenuii (1.9) u (1.10) 3amucaHsI

LUPKYJIALIUN COOTBETCTBEHHO BEKTOPOB // M E 10 3aMKHYTBIM KOHTYpaM, B IIPaBOM — IIOTOKU CO-
OTBETCTBEHHO BEKTOPOB ITOJIHOI'O TOKAa U MarHUTHOTO IIOJIS1 YePe3 MOBEPXHOCTH, OIUPAIOIINECS HA
JaHHbIe KOHTYpHI. B neBoii yactu ypaBHenuit (1.11) u (1.12) cTtosT notoku BekTopoB B u D uye-

pe3 3aMKHYTYIO [TOBEPXHOCTb, ¢ — MOJHBIN 3apsa]l B IPOCTPAHCTBE, OKPYKEHHOM MOBEPXHOCTHIO S,

§]_'dS - TOTOK BEKTOpA j uepe3 3aMKHYTYIO TOBEPXHOCTb.
N

[Ipu pemienun cucrems! (1.1)-(1.5) 10KHBI OBITH YUTEHBI TPAHUYHBIE U MPEAEIbHBIE YCIIO-
BHA. B yacTHOCTH, eciau UMeeTcs TpaHuLa pasziena MexXAy ABYMs CPENaMHU, TO
D,-D,=0,,.E,—-E, =0,
B, -8B, :O’Htgl -H,=J

g

(1.14)

noe.
3necs D, B, — HOpMaJIbHbIE COCTaBIAIOIINE BEKTOPOB B u D k rpanuue, £, u H,, — xaca-

TEJIbHBIE COCTABJIAIOLIME BEKTOPOB H M E K IpaHuUlE pa3leia. Onos U Jyps —COOTBETCTBEHHO IIO-
BEPXHOCTHAs IJIOTHOCTD 3aps/ia U TOKa HA TPaHHUIIE.

VYpaBHeHust MakcBeina Ui M30TPOIHBIX Cpefbl (€=const, =const) N Ui TapMOHUYECKUX

xonebanuii (E = E,e'”,H = H,e'” ,@ - KpyroBas 4acToTa, { — BpeMsi) UMEIOT BUL;
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rotH = oF +iwe E = iwe, E, (1.15)

rot E = —iou alj, (116)
divH =0, (1.17)
divE = L ¢ (1.18)

&

a

.O
rae €, =&, —1— - KOMIIJICKCHAs AUDJICKTPUYICCKAsI IIPOHUIIACMOCTb CPCbI,

@
Jn- 2
£, =&, (1 - iij =g (1-itgd)1gd = P4 ,0 - yroi HoTeps.
s o
@ Re—
ws

a

Ecmu ot ypaBuenus (1.15) B3atb 70t u yuects (1.16), TO momydum
rotrotH = iwe, (—ia),uaﬁ)
WA
graddivl — AH =iwe, (— iou, H )
yuuThIBas, uto divH =0, momyunm
AH —k*H =0. (1.19)

3nech

k:i\/ia),ua(a+ia)5a). (1.20)
Ecnu Ha o0e yactu ypaBHenus (1.16) noaeiictBoBaTh onepaTtopom rot , moactaButh B (1.15)
U YYECTb, UTO £,=CONSt, IOITy4UM
AE —k°E =0, (1.21)
3aeck A — onepatop Jlammaca.

VYpasaenus (1.19) u (1.21) HOCAT Ha3BaHUE BOTHOBBIX.

1.3.  BoaHoBbIe nporieccsl B CBOOOIHOM U30TPOITHOM IPOCTPAHCTBE.

IInmockue BOJHEI

B xauectBe npumMepa NPUMEHEHHUS BOJHOBBIX YPaBHEHUN PacCMOTPUM MPOCTEUIINNA BOJIHO-
BOI1 npoliiecc B CBOOOJHOM OJIHOPOJAHOM HU30TPOITHOM IPOCTPAHCTBE.
B stom ciyuae pemenne ypaBuenuid (1.19) u (1.21) MOXXHO HCKaTh B BUJIE

H =H,e"“ 7 E = E ™" (1.22)
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31ech z — KOOpAMHATa BJOJIb KOTOPOM HaOJt0jaeM 3JIeKTpOMarHuTHbIN mpouece, H, - He-

u3BeCcTHas (QyHKUUA-aMIUIUTY/1a, Y TaKXKe HEU3BECTHBIN MapameTp — KO3PUIIMEHT pacrpocTpaHe-

Hus. [loactasnss (1.22) B (1.19) u (1.21), nonyuum

y' =k’
W
7., = tik,
rae k naercs Beipaxenuem (1.20).
[IpencraBum
k=a+if (1.23)
u oacTtaBuM B (1.22), momyuum
E, :Ee_”‘zei(“’tiﬁz),ﬁl = He “e' @) (1.24)

CootHomrenus (1.24) — 3To MIOCKKWE HEOTHOPOIHBIE BOJHBI, PACIIPOCTPAHSIOMIUECS B IBYX
MIPOTUBOIMOJIOKHBIX HAMPaBICHUSIX.

PaccMOTpUM OCHOBHBIE CBOMCTBA M XapakTEPUCTUKHM BOJHOBOro mporiecca B Bujae (1.24).
MHorue U3 HUX SBISIFOTCS OOIIMMU JUIs IPYTHX HANPAaBISIOMIMX CUCTEM M BOJIH, PACIPOCTPAHSIO-
LIUXCS B HUX.

W3 (1.24) Buano, uto aeiictButenbHas yacThb (1.23) — o cBsizaHa ¢ ociabieHueM BOJIH. DTOT
napaMeTp HOCUT Ha3BaHUE KOA(PUIMEHTa OCIa0ICHHS.

Muumas vacth £ B (1.23) HazwiBaeTcs kodddunmeHToM (ha3pl U XapakTepu3yeT MPOCTPaH-
CTBEHHBIN MacIITad U3MEHEHUS 3JIEKTPOMArHUTHOTO MOJISI.

B (1.24) mHOXHTENH € yKa3bIBAET HA TO, YTO B CPE/iax, B OOIIEM ClTydae, BOJHbI 3aTyXaOT

I10 SKCIIOHEHIMAJILHOMY 3aKOHY. BrlpakeHue

ot * fz
Ha3bIBaeTCs (a3oii BOMHBL Haliem moBepXHOCTh, HA KOTOPOH (ha3a MOCTOSHHA, T.C.
ot * [z = const . (1.25)

Otcrona cnenyet, yTo 3TO OyaeT miaockocThb. [losTomy BosHb! (1.24) Ha3bIBarOTCS MIIOCKU-
mu. U3 (1.25) Takke cieayer, 4To MIOCKOCTH C ONpeIeNICHHBIM 3HaueHueM (a3bl ABUTAIOTCS BIOJb
OCH Z C OTpeAeNeHHONW CKOPOCThIO, KOTOPYIO Haiaem, ecinu npoauddepeniupyem (1.25) mo Bpe-
MEHHU:

dz
d1

w* f—=0.

Orcroma

dz

- (1.26)
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Ckopoctb Vy HasbiBaeTcsi (pa30BOM CKOPOCTBIO BOJIHBI B cpejle. XapaKTEpUCTUKU CPEJIbl
BXOJIAT B TapaMeTp f.

Jliis nepenaun MHGOPMAIUU MIPUMCHSIFOTCS CJIOKHBIC CUTHAJIBI — KOJICOAHHS CO CIIONKHOU
BPEMEHHOW 3aBUCHMOCTBIO. DTH KOJICOAHUSI MOKHO TPEACTABUTh, KaK CYNEPIO3HIINI0 TapMOHHYE-
CKUX TUIOCKHMX BOJIH C Pa3jIMYHBIMU 4acTOTaMHU. B pe3ysibraTe peanbHblii CUTHAJ HECYIIHid HH(OP-

MaIHIo, MPEACTABISAET OO0 IPyIITy BOJH U MO3TOMY XapaKTepPH3YEeTCs TPYIIIOBOM CKOPOCTBIO:

v, = 20 (1.27)
op
HMmeeT MeCTO COOTHOILIIEHHE
d qu

r/ie A — JUIMHA BOJIHBI 3JICKTPOMArHUTHBIX KOJIeOaHUH.

N3BecTHO, 94TO KOJMYECTBO MHPOPMAIUH, TIEPEIaHHOE TI0 KaHATY CBSI3U (B JAHHOM CITydae
B CBOOOJHOM MPOCTPAHCTBE) MPOTOPIIMOHATBHO YACTOTE SJIEKTPOMArHUTHBIX KOJICOaHMIA.

W3 (1.24) BumHO, YTO MPOITyCKHAsI CIIOCOOHOCTh CBOOOJHOTO MPOCTPAHCTBA OMPEICIACTCS
napameTpoM o. Ero sBHOE BbIpaKCHUE NUMEET BHU]T

2

o o 1 o
a=w"u,E, |1+ ——1| sin| —arctg——|.
we, 2 we

a
Ecnu yuects, 4TO 4, &,,0 MOTYT 3aBUCETh OT YacCTOThI KOJIEOAHUH, TO o CJI0KHBIM 00pa3oM

3aBUCHT OT 4acTOThl. Bo Bcsikom ciydae nipu o =0, a=0, T.e. cpena Oyaet npospaunoii. C poctom ¢

ocia0aeHue YBCINYNBACTCA. HpI/I KOHCUYHBIX ¢ Yall€ BCCro a pacTeT € YBCIIMYCHUCM YaCTOTHI.
1.4. PaCHPOCTpaHeHI/IC BOJIH B JUIDJICKTPUYCCKUX W NPOBOIAAIINX Cpeaax

Kaxk MbI yxe BU€NH, HAMTPABJISIONINE CUCTEMBI MOTYT OBITh METAJUTMYECKUMU (OTHO U MHO-
TONMPOBOAHBIC JIMHUU U T.J.) U JUJIEKTPUUECKUMH (JIUIICKTPHUUECKHE BOJHOBOBI, CBETOBOIBI U
T.1.). [IoaTOMy KOPOTKO paccMOTpUM OCOOEHHOCTH PACHpPOCTPAHEHHUS BOJIH B AUDJICKTPUUECKUX U
MPOBOJAIINX Cpeax.

[Ipexnae Bcero yTO4HUM MOHSTHE TUAICKTPUUECKUX M TPOBOIAIUX cpen. OOpatumcs K
BoIpakenuto (1.20) mst k, B KOTOpO€ BXOAST MapaMeTphl CPEIbI.

Ecmu 0>>we,, TO cpena cuuTaeTcs npOBozLﬂmeﬁ, €CIIN 0<<W&,, TO Cpella — IUDIICKTPHUK.

YuuteiBas 3TH KpUTCpUH, B CIIy4ac UACAIIbHOI'O AU3JICKTPUKA NMECM

k=a+iff=iou,c,,a=0,f=wu,:,.

Cpena B naHHOM citydae OyJet npo3pauHoii. @a3oBasi CKOPOCTh BOJIH B Cpee
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o9 1 _ 1 1 _ C =£
’ B \/‘C"a'uu \/g»~ﬂ;~ \/goluo \/8rll’lr n’

1
C - ckopocTth cBeTa, C = —— - COOTHOIlIEHuE MakcBelia.
V gO/u 0
\EM, =n - KO3(DPULUEHT MPEeTOMIIEHUS CPEbI.
Cpenpl 1 HAIPABIISAIONINE CUCTEMBI, B KOTOPBIX PACIPOCTPAHSIETCS AICKTPOMArHUTHOE TI0JIe
XapaKTepU3yeTCsl BOJHOBBIM COMPOTHBICHUEM. DU3HUECKUN CMBICT BOJHOBOTO CONPOTHBIICHUS
3aKJIIOYAeTCsl B TOM, YTO CPENbl, B TOM YHCIIE, HAMPABJISIONINE CTPYKTYPhl OKA3bIBAIOT COMPOTHUB-

JICHUC BOJTHOBOMY IIPOLECCY. 0611.166 OnpeaACJICHUEC BOJITHOBOT'O COIIPOTUBJICHUA CJICAYIOLICC

rae £ u H, COOTBETCTBEHHO, 2JIEKTPUYECKOE M MAarHUTHOE I10JIS B HAIIPABIAIOIINUX CTPYKTypax. B

YaCTHOCTH, B CJIydac IJIOCKHUX BOJIH, BOJTHOBOC COIIPOTUBIICHUC CBO6OI[HOFO IMPOCTPAHCTBA €CTh

E
Z, =—= Ha
H, g,
Jns Bakyyma =1 u,=1, mostomy Z , = Ho — 377 Om

B cnyuae npoBogsiieit cpeabl

K=a+if = iou,c=1+i) %.

Otcrona

a=p= [T = [alp,o.0=24.

Taxkum oOpazoM, B poBogHUKE o # 0, MOATOMY BCErzia BOJIHBI (T10JIe) 3aTyXaloT MO MEpE
pacIpoCTpaHEHUs B CPEIE [0 3aKOHY € .

BBoaurcs BenmuunHa 3 HeKTHBHOM TiTyOUHBI IPOHUKHOBEHUS TIOJISI B METAJLT - CKUH-CJIOH.
Oto ry0MHA, Ha KOTOPOM aMIUIMTY/a 3aTyXaeT B e pa3. HeTpyHO mokasaTh, YTO TOJIIIMHA CKHH-

CJIOSI MOXKET OBITh MOJICUNTAHA CIIEYIOIIMM 00pa3oM:

Hanpumep st Memu o = 57 Cm/mm? (p =0, 0175 Om Mmm*/M), i1, = 1, 0 = 66,7/ f, MM.

BomroBoe COIIPOTUBJICHUEC MMPOBOAAIINX HCOIPAHUYCHHBIX CPC/ B CJIydac IMJIOCKUX BOJH

MaJio:




dazoBas CKOpPOCTb IJIOCKOM BOJIHBI B HpOBO,Z[HIlICﬁ cpenc

% o 2a).

(/) = —_—=
B \uo
Kaxk Bugno (ba30}3a51 CKOPOCTh B JJAaHHOM CJIy4dae 3aBUCHUT OT YaCTOTHI, YTO BCEraa MpPUBOAUT

K JUCIICPCHUU PpaCIPOCTPAHAIOMICTOCA CIIOKHOI'O0 CUTrHaJIaA. OTuM npoBoaAIME CPEAbl CYHIECCTBCHHO

OTIIMYAIOTCS OT HEMPOBOIAIINX.
1.5.  bayaHc 31€eKTpOMarHUTHON SHEPTUU

OcTaHOBUMCSI KOPOTKO Ha 3aKOHE COXPAHEHMS 3JIEKTPOMArHUTHON SHEPIruu. 3anac SHEPruu

QJICKTPOMATrHUTHOI'O I10JIA B 00BeMe VHSOTpOHHOﬁ OI[HOpOI[HOfI Cpeabl €CThb

2 72
W=W,+W, =j(gaE—+yaH—)dV.
AP 2

N3 ypaBHeHnss Makcgeiia MOYKHO 3aIMCcaTh, YTO
2 72
—83 g, £, U, H—]a’V = I[Eﬁ]d§+ jaEZdV. (1.29)
4 2 2 % v

Oto Teopema YMoBa-lloliTuHra, onuceiBaromiasi 6ajaHc 3HEPTUU 3JIEKTPOMArHUTHOTO MO
B 00Beme V.

[TepBoe cmaraemoe B mpaBoit yactu (1.29) omuchiBaeT MOIIHOCTh U3Ny4YeHUs U3 o0bema V,
MPOXOSIIETO Yepe3 MOBEPXHOCTh, OKPYKAIOIIYI0 V. DTOT MOTOK HOCUT Ha3BaHue Bektopa [loi-
TUHTA:

7 =[EH| (1.30)

Bropoe ciiaraemoe CBS3aHO C TETUIOBBIMH ITOTEPSIMH B 00BbeMe V.

B paccmaTtpuBaemom obobeMe V' MOKET UMETh MECTO MPUTOK SHEPTUU OT CTOPOHHUX UCTOU-

HHUKOB, PACIIOJIOKCHHBIX B TAHHOM o0BeMe. DTta OHEPIUA MOXKECT OBITE OILICHCHA KaK

W, =] jo BV,
14

e j, - 0ObEMHAs MUIIOTHOCTh CTOPOHHUX TOKOB. C y4eTOM CTOPOHHMX HCTOYHHKOB TeOpeMa
YmoBa-IlolTUHra npuHUMAaET BU
[7,,Edv =2 [oEav + [[EHS. (1.31)
vV at vV N
[Ipu rapmoHnveckux KoieOaHUsAX YacTO ONMEPUPYIOT CO CPEIHMMU 3a NEPUOJ 3HAUCHUSIMU
MOIITHOCTEH. Ycpeanss 3a nepuoa Beipaxenue (1.31), momydnm
1 - = 1 —— 1 ——1 =
R[], E*dV =_Re[EE"dV +_Re[[EH" 5.
2y 2y 2

N
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3B63H0ﬁ 0003HaYEHO KOMIUJICKCHO-COIIPSIZKECHHOC 3HAUCHUC BCKTOPOB. CumBon Re o3HayaeT HEOO-

XOAUMOCTB BBIYHCICHUA BGH_IGCTBCHHOP'I 9aCTHU COOTBCTCTBYIOLIUX BBIpa)KeHHﬁ, CTOAIIMX CITpaBa.

1.6. DnexkTpoMarHuTHBIEC BOJIHBI B IMHUAX MEpeaadn

Hampasnsromuye cucTeMbl — 3TO Yallle BCETO Cpellbl HEOTPaHWYCHHBIE B OJHOM HaIlpaBlie-
HUW U OTPAaHWYCHHBIC B MOTICPEYHBIX K JAHHOMY HampaiieHuIo. [IoaToMy nx aHanmu3 yao0HO mpo-
BOJWTH B LMJIMHJPUUECKON cucteme KoopauHar. [lycTh och z HampaBieHa BIOJIb JUHUH, KOOPIH-
HaTHI 7 U ¢ GUKCUPYIOT MOJIOKEHUE TOUKH HAOJIOICHHUS B IOTIEPEYHOM TIIOCKOCTH.

BomnnoBeie ypaBHenust (1.19), (1.21) gomkHbBI OBITH 3aMKCaHbl B IWIMHIPHUYECKON cHCTEME
koopauHat. CTpyKTypa MMoJiel B JAHHON CUCTEME COCTOMT M3 BEKTOPOB HAIPSHKCHHOCTECH JIEKTPH-
YECKOr0 M MarHUTHOT'O I0JI€H MMEIOIIMX KOMIIOHEHTBI COOTBETCTBEHHO £, E,, E, u H., H,, H,. Ta-
KM 00pa3oM, BEKTOpHbIE ypaBHeHUs (4) u (5) pacnagaroTcs Ha 6 CKaISIPHBIX YPaBHEHHM, KOTOPBIC
HY>XHO pelaTh C COOTBETCTBYIOLIUMHU TPAaHUYHBIMH YyciaoBUsSMH. OJHAKO MOXHO IOKa3aTh, YTO

JIOCTAaTOYHO OIPENEIUTh PACIPEAEICHUE B CUCTEME IIPOJOJIBHBIX KOMIIOHEHT F. u H, u3 ypaBHe-

HUH
AE.—K°E_ =0, (1.32)
AH.—k*H_=0. (1.33)
OcTanbHble KOMIIOHEHTHI BEKTOPOB E u H B CUIIy ypaBHEHMN MakcBesuia BBIPaKaroTCs
yepes E; u H..

VYpasuenue (1.32) ananoruyso u (1.33) B UMAUHAPUYECKON CUCTEME KOOPIMHAT UMEET BUJI:

10( ¢, 1 0°E. O°FE,

+— +
ror\ or r’ op® 0z’

—K*E_ =0. (1.34)

PaCHpOCTpaHeHI/Ie BOJIH B HAIIPpaBJIIIOIMHUX CUCTEMAX IMMPOUCXOAUT BAOJIb OCH Z, ITOITOMY

pEIIEHUE JaHHOTO YPaBHEHHUS LIEJIeCO00pPa3HO UCKATh B BUJIE
— e
E =E e”.

[loxncrasnss B (1.34), nonyuum

O°E., 10E, 10E
04—y —— D4 g% =0, (1.35)
or r or r- Op
& =y’-k, y — k0>)DHUIMEHT pacTIpOCTPaHEH S BOH BIOIb JINHHUHL.

HOHepC‘lHLIe COCTaBJIAOIIUEC BEKTOPOB E u H HaxoasTcs U3 COOTHOIICHUM:

oF j oH oH ] OE
E, — _Lz y z0 + la)ﬂa z0 ,Hr — Lz —y z0 + la)gk z0 ,
g or r  op g or r o op (136)
OF OH OH OF '
0 :LZ Z—Z()+la)/«la 20 ’H(p :_Lz Z 20 _|_la)€’< z0
g \r op or g’ \r op or
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Takum 00pa3zom, B 3aBUCHMOCTH OT THUIIa HAIMPABIISIIONICH CHCTEMbI B HEH MOTYT BO30YXK-
JaThCsl TOJS M BOJIHBI OTJIMYAIOLINECSs HAOOPOM KOMIIOHEHT BEKTOpPOoB E u H , cieoBaTelbHO
KapTUHOM CUJIOBBIX JIMHUH.

PaznuyaroT crnegyromnine OCHOBHBIE TUIIBI KOJIEOAHUN MIIU MOJIBI:

1. TEM, T — nonepeuyHo 31€eKTpOMaruuTHele, £.=H,=0

2. TM, E — snexTpudeckue uin nornepevyHo Maruutuele, H.=0, E#0

3. TE, H — mMarautHble WK NONEPEYHO deKTpuueckue, H.#0, E.=0

4. EH, HE — ruGpuaHble uiu cMeniaHHbIe.

Bonuer TEM nerko Bo30y’kIaroTcs B HANpaBIISIOUIMX CUCTEMax MepBoil rpymnmsl. Hampu-
Mep, B IBYXIIPOBOJHBIX JHHHSIX, CBOOOJHOM MPOCTpaHCTBE. KapTHHA CHIIOBBIX JTUHHUHN B JTaHHOM

Clly4ae BBITJIUT CIAEAYIOLUUM 00pa3oM:

T

Puc. 1.12

Ha puc 1.12 (a, 6) noka3anbl cujoBble JHUHUHU, COOTBETCTBYIOUMe TEM Monam B cBOOOA-
HOM MIPOCTPAHCTBE U BOJIHM3H JBYXIPOBOJHOH IIETIH.

Bonuel E u H B030yxnarTcst B cucteMax BTOPOHM TPYMIbI, HAPUMEP, B METAJUTMYECKUX
BOJIHOBOJIaX.

B cBeToBO/aX BO30YKAAI0TCSI CMELIAHHBIE MO/IBL.

PaccMoTpuM cBOiCTBA pa3iIMyuHbIX MO,

1. Ilycts umeem B cucreme TEM-Bosnbl, Toraa u3 (1.36) ciemyet, uro mnst HuX g=0 uim

KO3 QUIHUEHT pacpoCTpaHEeHHs paBeH

y=tx =t\iou(c+ivs,) =a+ip,

T.€. OyZIeM UMeTh MJI0OCKUE HEOJHOPOIHBIE BOJIHBI. Ecnu cpena 6e3 moteps, T.€. 6=0, Toraa
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y==%ip,p=o\Ju,e,, a=0,
U Mbl UMCEM paCHpOCTpaHCHI/IC I10JI1 BAOJIb JIMHUU B BUJC ITJIOCKUX He3aTyxan1uHx BOJIH.

Bomnnoseie conporusnenus TEM-BosHam

o,
7" = |12 5 cpene 6es moteps 27, = |2
’ o tiwe, ’ &,
®dazoBas ckopocTh T-BOIH
o C 1
Vy=—=—,n=4¢eu,,C=
B n VHeE
I'pynnoBas ckopocTh
dv C
V,=V,-A—t=v, ==
dA n
2. Ilycth umeeMm cucteMy, B KOTOpoi Bo30yxkaeHbl Bonubl Tumna E unu H. Torna g=0 u no-
TOMY

Ecnu o=0, T0

I+

}/:

A — nnvHa BOJHBI B (Cpejie) TUHUH.

27
Bunno, uto ecnun g > 7, TO Y - BEUICCTBEHHO M BOJIHBI B CHCTEME OyIyT 3aryxaTh. Eciu

27
g< 7 , TO Y - MHUMOE, TOoTJia OyIeT UMETh MECTO PacIPOCTPAHCHUE BOJIH.

Jns Boad tun E u H cyiiecTByOT KpUTHUECKUE YaCTOTHI WJIM JUTMHBI BOJIH, TMPH KOTOPBIX
27 C

y=0,te. g=—,4 =—
;LKP ' pr

Koadduuuent pacnpocrpanenus E u H BoH MOXXHO nepenucarh B BUzE

s J,p - 4aCTOTa OTCEYKH.

2

fo

=+iB.[1—-
y=xip F;

Orcroga BUIHO, YTO NpH f=fy,, y=0. Ecim A>4,, BoIHBI B cucTeMe OyAyT 3aTyXaTb, IIPH
A<A,, OyIeT uMeTh MeCTO BOJIHOBOM mpouecc. Takum o0pa3oM, MPOMyCKHas CIIOCOOHOCTh MOJ B

cucTemax, rae Bo3oyxaatorcsa E unu H BonHsl onpenenseTcs A,
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BonnoBoe conpoTuBieHue asis BoaH Tuna E ecthb

ZE_ 7/

iws,

IIpu o=0
2
7zt =77 1—(&J .
6 6 f

Z[J'IH mpuMepa 1noKaxeM, Kak MOXKCET OBITH BEIITOJIHEH pacucT BOJITHOBOT'O CONTPOTUBIICHUS IJIA

H Bonnsl (E.=0). U3 (1.36) umeem

_iou, OH £ _iwu, OH .
g’r 09 g or’
y OH y OH .

H=-L% g -7 %%
' g or ? g’r Op

E =

B My g 10y
Ve 4

ZH _ VE’Z +E; _ ia)lua _ ZBT
2 2 2
,/HF+H¢ /4 1_(&]

/

ITo onpenenenuto

3asucumocts Z. ,ZFZ.” or wactoTsl nokazana na puc. 1.13

Zs
l
H
zT Zyg
B —
0 K —
Puc. 1.13. f
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®da3oBas ckopocth moa thna E wim H

I'pynmoBast ckopocTb

p

1.7. Pesxxumebl nepeaayn CUraajioB 110 HAlIpaBJIAIOMIUM CUCTEMaM

B 3aBrcuMOCTH OT UCHOJIB3YEMBIX YacTOT, a TAKXKE CPE/Ibl, B KOTOPOM MTPOUCXOJUT PacIpo-
CTPaHEHUE JIEKTPOMAarHUTHON 3HEPIUH, BBIIEISIOT IIATh PEKUMOB ITEpEAayuH.
1. CtaTudeckuid pexxuM. ITOT PEKUM OTHOCUTCS K IIPOLIECCAM JIEKTPOCTATUKU U MAarHUTO-
CTaTUKH. YpaBHEHUsI MakcBea s JaHHOTO peXuMa UMEIOT BUI:
rotH = 0;r0tE =0;D = ¢ E.
divD = p;divB =0;B = u H.
B TexHuke nUHUI CBSA3M Ha OCHOBE JAHHBIX YPABHEHWMH OIpPENEISIOT eMKOCTh IPOBOJHU-
KOB.
2. CraunoHapHblid pexuM. JlaHHBIA pEeXUM OTHOCHUTCS K CIydaro Mepelayd Mo MpOBOJHU-
KaM TIOCTOSIHHOTO TOKa, KOTOPBI BO30Y>KAAaeT MarHUTHOE Tojie. YpaBHEHUs MakcBeiuia B 3TOM
ClIy4ae eCcTh
rotH = j = oE;rotE =0.
divD = p;divB = 0.
3. KBazucrauuoHapubslii pexxuM. [Ipu 3ToM pexxume B ypaBHEHHSX MakcBeila HE YUYUTHI-

BaIOT TOKH CMEIIEHUS, CUUTAas UTO jnp > jm. OTO NEHCTBUTENBHO, KOTIa 0>€,. TakuM o0pa3om,

ypaBHeHUs MakcBesia UMEIOT BUJ:
rotH = oF;rotE = —icou H.
divD = p;divB = 0.

DTOT peXHUM CIIPaBEAJIMB B TOM cliydae, koraa A>D, tie A — onuna 8oinsl, D — monepedHbIit
pasMep HampapIsioleil cuctemsl YcinoBue A>D U 0>&, XOPOUIO Pean3yloTcs B ClIy4ae MpOBO/I-
HBIX CHUCTEM (BO3YIIHBIC JUHUHA, CAMMETPUYHBIC KOAKCHAIBbHBIE KaOeln) B IUana3oHe 4acToT J0
10°T'm.

4. BoTHOBOM M KBa3HMONTHUYECKHUN PEKUMBI. DTH PEXKUMBI XapaKTEPHBI JJIsl IPOLECCOB B JU-

QJICKTPUKE U CBO6OI[HOM MMPpOCTPAHCTBE, KOrla TOKHU CMCIICHUA NTOMUHUDPYIOT HAJl TOKaAMU IIPOBO-

25



= — 12
AUMOCTHU (]c,w >> .]/np u C()&'a>>0). 9T10T PEXKHUM OXBATBIBACT JUAIIA30H 4aCTOT T0 10 “ u BoIIE. B

3TOM CJIy4ae BBIMIOJIHSAETCS ycaoBue A<D.
YpaBHeHus MakcBesa UMEIOT BUJT
rotH = ia)gaE;rOtE = —ia),uaﬁ.
divD = p;divH = 0.
5. DnexTpoauHaMuuecKuil pesxkuM. OXBaThIBa€T 00JACTh BHICOKUX U CBEPXBBICOKUX YACTOT.
B sTOoM pexkume ocylecTBiIseTcs nepeiada mo BOJIHOBOIAM, CBETOBOIAM, PAIUOYaCTOTHBIM JIMHU-
M. [{ns 3TOro pexxrma XapakTepHbl PE30HAHCHBIE SIBJICHUS. 3[€Ch JJIMHA BOJIHBI MEHBILIE WU CO-

U3MEpHMa C MOMNCPCUHBIMU pa3MCPaMH HAIIPABJIAIOIINUX CHUCTCM. ypaBHGHI/ISI MakcBesia UCIoJIb-

3ytoTcs B mostHou hopme (1.15), (1.16), (1.17), (1.18).
1.8. Ocob6eHHOCTH JEKTPOMArHUTHBIX MPOIIECCOB B HAMIPABIISIFOIIMX CUCTEMAaX

1. Bce nanpapnsomnme cucteMbl 00JaAar0T noTepsiMu. B ob1ieM ciyyae A CUCTEMBI, CO-
JepIKaIeld TPOBOSIINE SJIEMEHTHI, AUJICKTPUKHU (U30JISLUS, 3alIUTHBIC MOKPHITHS), KOdhuiu-

CHT IIOTEPb MOXKHO IIPEACTABUTH KAK

a= anp + a()uaﬂ + au3ﬂ .

OCnp - KOB(I)(I)I/II_II/ICHT YUUTBIBACT NOTCPHU HA TCIJIO U3-3a OMUYCCKOTO COIPOTUBJICHUS. Ot

MOTEPU MPOMOPLUOHATIBHBI 4/ f .
a,,,, - TOTEPH, BO3HUKAIOUINE U3-3a MOIAPU3ALUM IUIEKTPHKA, IOMEILIEHHOTO B 3JIEKTPO-

MarHuTHOE T0JIe. OTH IMOTEpHU paCTyT JIMHEMHO C YaCTOTOM.

auw - (baKTOp, qu/ITLIBaIOH_[I/Iﬁ IMOTCPU HA U3JIIYUCHHUC. BTI/I noTepu HpOHOpHI/IOHaHLHBIfZ
(puc. 1.14).
a A aum
a,,
adua't
0 —
f
Puc. 1.14
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B paznuyHbIX cucTeMax MOTYT MPUCYTCTBOBATH UM OTCYTCTBOBATh WM MPEBATUPOBATH T
WJIM UHBIE IOTEPH.

2. Ilpu mepeMeHHOM TOKE HaOIIOJaeTCsl TIOBEPXHOCTHBIN (P (GEKT — HepaBHOMEpPHOE pac-
npesieJieHle MIOTHOCTH TOKa IO MOIMEPEeYHOMY CEYEHHIO MPOBOAHHUKA. ITOT 3(PPEeKT MPUBOIUT K
YBEJIMYEHUIO COMIPOTUBIICHUS MPOBOIHUKA.

3. Nmeet mecto 3P dexT O6a130CTH, MPU KOTOPOM MHAYIHPYIOTCS 3apsSabl B OHOM HPOBO/I-
HUKE M3-3a 3apsAJ0B B APYyroM (mepepacnpesesieHue INIOTHOCTHU 3apsA0B B OJIM3KO pacoyioKEHHbIX
3apsKEHHBIX MPOBOJHUKAX). DTOT 3(Q(EKT Takke MPUBOAUT K YBEIUUYEHUIO CONMPOTUBIICHUS MPO-
BOJIHUKA.

4. N3BecTeH 3PPeKT CBEpXIPOBOIUMOCTH. ITO MEPEXO/1 BEIIECTB B CBEPXIPOBOJISILEE CO-
CTOSIHHE, TP KOTOPOM HCYE3aET CONPOTUBIIEHHE JEKTPUUECKOMY TOKY. DTOT mepexoa y 23 me-
TaJJIOB OCYIIECTBIISACTCS MPHU T=4+10° K, T.c. MpU OYEHb HU3KUX TeMmreparypax. EcTe cBepxmpo-
BozHukn ¢ T=170" K — a10 KEpaMHKH, BEICOKOTEMIIEPATYPHBIE CBEPXITPOBOIHUKH [33].

[Ipn ananu3e mpoOLECCOB PAcCHpPOCTPAaHEHHUS MO HAMPABIAIOIIMM CHUCTEMaM HEOOXOAMMO
YUUTHIBaTh 3P(HEKT SKpaHUPOBAHUS, KOTOPBIHM MOJE3€H NMPU YMEHBIIEHUU B3aUMHOTO BiusHUuA. OH

XapakTtepusyercs Ko3(pPpHUIueHTOM SKpaHHUPOBAHUS:

EJ _ Ho
> E H
NN 3aTyX3HI/I51
A, =201 RS
, g

2
DKpaHupylolee IeHCTBUE TeM CUbHEe, YeM OoJibllie MPOBOJIMMOCTh SKpaHa, YeM OH TOJI-

oie, 4yem 0oJIbIIIEe €ro MarHuTHAs IMPOHUIACMOCTD [Li; 1 UEM 0OJIbIIIE YacTOTA ITOJIA.

1.9. Ilonnoe BHYTPCHHEC COIIPOTUBJIICHUEC OJUHOYHOT'O ITPOBOIA

Kpyrnblii mpoBOAHMK SIBISETCS DJIIEMEHTOM MHOTHX HANPaBISIONIUX CHCTEM: MHOTONPO-
BOJIHBIC JIMHUH, CHMMETpPHYHbIE Kabenu, KoakcuaibHble mapbl U ap. [losToMy mccrnenoBanue ero
ANIEKTPOIMHAMHYECKUX CBOWCTB BEChbMa Ba)KHO, KPOME TOTO, MOJTYYEHHBIC TPH 3TOM PE3YJIbTaThI
noTpeOyroTcs B AaJbHEUIIIEM.

[lycth nMeeM yeMHeHHBIH KpYyTiblid IpOoBOJI, OeCKOHEUHOU unHBI (puc. 1.15).
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P(r,@,2)

Puc. 1.15

1
Pa,Z[I/ch IIpOBOJHHKA @, YACIBbHOC CONPOTHUBICHUEC O, =—, O - IPOBOAUMOCTbD, [, — Mar-
O

HUTHAas IPOHULIAEMOCTh. ONIpeeuM BEIUYUHY

Z=R+ioL, (1.37)
rae R — oMu4eckoe CONpOTUBIIEHUE, @ - KPYToBasl 4acTOTa, L - BHYTPEHHAsI MHAYKTUBHOCTb. BHYT-
PEHHSS MHAYKTUBHOCTD CBSI3aHA ¢ BHYTPCHHMM MAarHUTHBIM II0JIE€M. DTO BBEJECHHUE MTO3BOJIAET pac-
CMaTpHUBATh I0JI€ TOJIBKO BHYTPH IIpoBoAa. ONpenennum 3IeKTPOMarHuTHOE 10Ji€ BHYTPU IIPOBOAA.

Ji1st 5TOr0 HeoOX0AUMO peraTh ypaBHeHHs: MaKkcBeia Uik BOJIHOBBIE ypaBHeHus (1.35):

O’E. L oE, +i62EZ

+o’E =0. 1.38
or* ror r* o’ & o (138)

9

3necw g°=y’-k, k = i\/ia),ua (U + ia)su) . J1ns mpoBOAHMKA BBHITIOIHSIETCS YCIOBHUE |k| >> |;/

IIO3TOMY MOKHO ITOJIOXKHUTH
2 2
g = —k 5

Lo,
Po

roe k=+

4

Janee cuntaem, 4yTo MoJje B MPOBOJHUKE CUMMETPUYHO 1O ¢, TOT1a =0. Teneps ume-

€M ypaBHEHHE

4

or* r or

2
OE, 1%, +(k) E. =0. (1.39)

z

Lenecoobpa3Ho paccMOTPETH ABa CIydas:
1. CunbHbI CKUH-2)(GEKT (BBICOKHE YaCTOTHI).
[Tpu 3TOoM mone cocpenoroueHo BOIM3M MOBepxHOCTH. [loaTomy B (1.39) MokHO mpeHeO-

1 6E,
PCUYb WICHOM —a— , TOIrJa UMCEM
r r

0’E
or’

- L (kP E, =0. (1.40)

z
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PemenuneM 3toro ypaBHeHus ABAAIOTCA QYHKIMU:
E.(r)=Ae" + 4, ,r<a. (1.41)
ITockoneky moje B NPOBOJAHUKE KOHLEHTPUPYETCA y MOBEPXHOCTH, TO B (1.41) monoxum
A,=0, Torna

E.(r)=A4e",r<a.
Ompenenum 4. Ionoxum E, (a) = A", orcroma 4, =E. (a)el“'. Teneps

E.(r)=E. (a)ek(r_”).
YuuThiBas, uTo j = OF , MOKEM HalHcaTh

) 0D
E@) )

Orcrona nipu r=a, j(a)=j(a), npu r=0, j(0)=j(a)e'k“zj(a)[1—ka+...]<j(a). Pacnipenenenune Toka 1o

m.e.j(r)=j.(a)= e ).

MONEPEYHOMY CEUEHHIO NTOKa3aHo Ha puc. 1.16.

)

Puc. 1.16
Habmronaercst yBenndyeHne MIOTHOCTH TOKA MO Mepe MPUOIMKEHUS K MOBEPXHOCTH. DTO U
€cTb CKUH-3((eKT.

[TonHbIl TOK B IPOBOJHUKE €CTh

2z a a ka
J= J.dgoj-j(r)rdr = 27zj(a)e"k”jrekrdr = 277(0)—{2 —kL+ } ~ 27;]’(61)
0 0

0

371€Ch yYTEHO, UTO

ka
_L+e :—L+L(l+ka+...)z0, HOCKOJIBKY |ka| «<lue“xl-ka=l.
ka ka ka ka

TOr'J1a HOJIHBIN TOK €CTh

7 _25/(a)

K . S = 7[612 - IJIo1aab MonepeyYHOro CCUCHUs.
a

Z:g:Roj(a)S:aRo (1+1),| 2T — R, +iaL.
J J 2 2

HpI/IpaBHI/IBaH HeﬁCTBHTeHLHBIe 1 MHHUMBIC YaCTH, MOJIyUYUM

Nmeem
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R R
R=220 [P B [T (1.42)
2\ 2 2 \ 20

- COIMPOTHUBJICHUEC ITOCTOSIHHOMY TOKY.

3necy R, = 5
o

U3 (1.42) cnenyeTt, 4TO aKTUBHOE COMPOTUBIIEHUE PACTET C YACTOTOM, & MHAYKTUBHOCTh T1a-
naet. GU3UYECKH ITO CBOMCTBO OOBSCHACTCS TEM, YTO IUIOTHOCTh TOKA BBIPACTAET y MOBEPXHOCTH,
MO3TOMY IUIOIIA/b MONEPEUYHOr0 CEYEHMs uYepe3 KOTOPYIO MPOTEKaeT TOK yMeHbluaeTrca. OTcrona
UMEET MECTO POCT CONPOTHBIICHUS MPOBOAHUKA. VHAYKTUBHOCTh YMEHBIIAECTCS C YaCTOTOM, IO-
CKOJIbKY MarHUTHOE 10JjI€ "BbITAIKUBAETCA" U3 IPOBOIHUKA.

2. Cnabp1ii TOBEPXHOCTHBIN P HEeKT

B stom cnyuae ypaBHenue (1.39) HykHO paccMaTpuBaTh B mojHoOU (opme. Ero pemenue
eCThb

E.(r)= AJ,(ikr)+ A,N(ikr),
J,(ikr), N(ikr) - dysximn Beccens u Heiimana. ITpu r=0 N(ikr) — oo, mostomy monoxum 4;=0,

HOJIyYUM
E.(r)=4,J,(ikr).

Onpenenum 4; Umeem

E, (a) =4J, (ika), orciona A, = EZ—(a)

J,(ika)
Torna
B.0)- Bl
Nmeem
E.(r) _ J(r) _ S, (ikr)
E.(a) jla) J,(ika)
Orcrona

)= o) 2]

J, (ika)
Tenepb HY)KHO NPOMHTETPHPOBATH MO MONEPEYHOMY CEUEHHIO U ONPEJIEIUTH MOIHBIH TOK.

Ho MbI Haiinem ero, UCNOJb3ysl ypaBHEHHE:

§ Hde = J
unu (1.43)
§H¢ad(p =J

Haiinem H, u3 (1.36):
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oo L OE ik J, (ikr)
* o, or " iou, J,(ika)

OmnpenenuM NOJHBIN TOK, MpouHTErpupoBas (1.43) Mo KOHTYpy, NPOXOJAIIEMY O MOBEPX-

HOCTH:
J = 2t (a)= . (a) 2 Lo (ka)
? a)ﬂu "]0 (lka)
[TonHOE BHYTPEHHEE COMPOTHBIICHHE CIHHHUIIBI IJTHHBI IIPOBOJIA:
7= E, (a) =— k JO,(ika) , TaK KaK k = ,/iou o .
J 2mac J, (ika)

HOCJIGIIHGG BBIPAKCHUC MOKHO IIPECACTABUTL B BUJC

Z R +l,L'OcoL _ ik J, (ika)
R, R, LR, 2 J, (ika)

: 1
3necy L, = 8ﬁ - BHYTPEHHsIS HHIYKTHBHOCTH MIPOBOJIA IIPH MOCTOSHHOM TOKE. R) = —
T m- o

- COIIPOTHBIIEHHUE MOCTOSTHHOMY TOKY. BBosATCA mapamerpsr:

R L
k =—:k, =—,roe
1 RO 2 L

0

2 J, (ika)
B 8i [ ika J,(ika))| »
f2 = I’{(ka)z (‘TJO'(ika)]] = 470(x)- 10"

31ech x = |ka| .

Oynkuun [1+F(x)] u Q(x) Tabynupyrorcsi. KauecTtBeHHOE TOBeAeHNE STHX (PYHKIUI MOKa-

3aHO Ha puc 1.17.
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1+F(x]

0(x)

0 2 4 6 8 X

Puc. 1.17
IIpu x > 10,

1 ()= 2241 () 22

Takum 06pa3om, Kak U MPH CHILHOM CKHH-3()()eKTe B JaHHOM cllydyae, TaKKe HaOJItoaeTcs

POCT OMHUYECKOT0 COMPOTUBJIEHUS C YACTOTOM M YMEHBLIEHUE UHTyKTUBHOCTH.
1.10. YpaBHeHnus nByxnpoBogHou quHuu [15, 28, 6, 7]

OnHoit n3 HanboJIee pacIpOCTPAHEHHBIX HAMIPABJISIONINX CUCTEM SIBIISIETCS IBYXITPOBOTHAS
nunus. TeopeTndeckoil OCHOBOW HCCIIEI0OBAaHUSI MEXaHHU3Ma Nepeaun 3JIeKTPOMAarHUTHOM SHEPrUn
[0 JIByXIPOBOJHON JIMHUU SIBIAIOTCS TeserpadHble ypaBHeHUs. Teopus, IOCTPOCHHAs HA OCHOBE
TesnerpadHbIX ypaBHEHHH, SIBIISICTCS TPUOJIMKEHHOM, OHA BEpHA B TOM Ciy4ae, KOT1a MOXHO TIpe-
HeOpeub MOTepPsIMUA Ha M3JIyYCHHUE, T.€. B TOM Cjydae, KOrja MoIlepevyHble pa3Mephl JIMHUH 3HAYH-
TEJIbHO MEHbIIIE UTUHBI BOJHBI KOJIEOAHUH 3JIEKTPOMAarHUTHOTO TIOJISl B JIMHUU.

[IpuBenem BbIBOJ TenerpadHbIX ypaBHEHUH, MCHONB3Yys ypaBHeHUss MakcBeiia B ¢opme
(1.10).

PaccmorpuM GeckoHEYHO Mallblii y9acTOK JIBYXITPOBOJHOM OJIHOPOJIHOM JJIMHHON JIMHUH

(puc. 1.18) [15, 28].
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J(x, ¢
(x L 1 Vv // 9 J(x,t)+ —dh
————————————— in
| N
| \!
I I
I I
Ulx, ¢
G0 : : U (x,t)+ d>
I dx I
3 4

Puc. 1.18

VYyacTok nuHUHM Xapaktepuszyercs napamerpamu Ldx, Cdx, Rdx, Gdx, L, C, R, G — noros-
HbIC 3HAYCHUSI UHAYKTUBHOCTH TPOBOJIOB, EMKOCTH JIMHUU, OMUYECKOTO COIIPOTHBIICHHS TIPOBOIOB
nu HpOBOI[I/IMOCTI/I HN30JIA0UHN.

[1o npoBomam npotekaeT Tok J(x, 7). B Touke 1 konTypa 1, 2, 3, 4 Tok umeet 3HaueHue J(x,

oJ
f), a B TOUKE 2 TOK MEHSETCS Ha BeIU4UHy dJ = 6—dx . Hampskenune mexnay toukamu 1 u 2,
X

COOTBETCTBEHHO, U(X, f), a MeXAy TOYKaMH 2 W 3 M3MEHSIETCS, COOTBETCTBEHHO, Ha BEIUYHHY

dU = a—Ua’x .
ox
[Tpumennm ypasaenue (1.10) x koHTYDPY 1, 2, 3, 4.
2 3 4 1
J.Ede = JRdx ,IEde = U(x,t)+ o dx,IEde = JRdx ,J.Ede = —U(x).
d 2 > Oox 2 2 f
— oU
Torna §E de = a—dx + JRdx . Pacninmem MpaByIo 4acTh (1.10):
X

J-BdS = Bydxdy = A® = Ad—de =Q,dx.D, = Ad_(D - MarHUTHBII NOTOK HA €IUHMIY JUIMHBL B KBa-
< X X

3UCTAllMOHAPHOM MPUOIUKEHUHM MOKeM HanucaTh @p=JL.
[IpaBy10 yacTh OKOHYATENBHO 3AMUIIEM

o BdS = a—Jde.
ot ot

VYpasnenue (1.10) npuHumMaeT Bua

a—U+L6—J+RJ=O. (1.44)
ot ot

OKpyXUM 4YacTh MPOBOJAA MMJIMHIPUYECKON TOBEPXHOCTBIO U K 00BeMYy V' mpuMeHueMm

YpaBHEHHE HENPEPHIBHOCTHU:

a—lovtolivj_'=0.
Ot
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B unTterpansHoii popme

0 R
5!pdV+§dezO,

HO 2 I pdV = %¢ = —M = Cdxa—U . PactiuceiBas §jd§ , IPUXOJIUM K YPAaBHCHUIO
Oty ot ot ot
a—J+C6—U+UG:O. (1.45)
ox ot

Vpasuenus (1.44) u (1.45) naszpiBator TenerpadubiMu. B cinyuyae rapMoHHUYECKUX KoseOa-
il J, = Je'” U, =Ue'” u TenerpadHble ypaBHEHHS MMEIOT BHJL

oU

—+J(R+ioL)=0, (1.46)
ox
9, U(G+ioC)=0. (1.47)
ox
Hcknrouas u3 3tux ypaBHeHHH 1160 U, 1100 J NIpUX0AUM K BOJTHOBBIM YpaBHEHHUS
o*U
= -7’U =0 (1.48)
az‘l—y{/—o (1.49)
Ox? ' '
31ech nmapaMmerp
7 =+(R+ioL)G +iaC) (1.50)

HOCHUT Ha3BaHUE K03 (UIIMeHTa pacpOoCTpaHEeHUSI.

PaccmoTrpuM  OHOpPOAHYIO JIMHHYIO JIMHHIO, KOTOpas BO30Y)KIAaeTCS HCTOYHHUKOM C

U, (t) =U,e'” u narpyseHna Ha conpoTtusienue Z, (puc. 1.19).

Puc. 1.19

Pemenue ypasaenuii (1.44) u (1.45) npu HayanbHBIX yCIOBUSX:
U(0,t)=U,(t)+Z,.J(0,2)
U(l,t)=J(l,1)z,
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HUMCCT BUA:

U(x,1)= Flo)U,| "™ + —i ; ; e_Zi”ei(”’+i”)_ : (1.51)
J(x,1)= F(w)ﬂ ploim) _ Zu =20 e ilonsiz) (1.52)

Z Z +7,

6

Z, < : j Z +Z)Z -Z
Bnecy Flo)=——""->"n'e"" Z = /R+fWL,77:( LN, =Z)
Z -7 = G+iwC Z,-Z)Z,+Z,)

Oynkuus (@) yduThIBaeT MHOIOKPaTHOE MEPEOTPAKEHUE MEXKAY T'€HepaTOpOM M Harpys-

koi. [IpakTryecku dacto monararoT k=0, T.e. YIUTHIBAIOT TOJIHKO OJHOKPATHOE OTpPaKeHHE OT Ha-
rpy3ku. [lapametp Z; — HOCUT Ha3BaHuE BOJIHOBOTO compoTtusienus. U3 (1.51), (1.52) Bunno, uTo
pacnpe/enenre Toka U HalpsoKeHUs BIOJb JIMHUM HOCUT BOJTHOBOM xapaktep. IlepBoe ciiaraemoe B
KBaJIpaTHBIX CKOOKax COOTBETCTBYET IMAaJaloIIeii BOJHE, BTOPOE CIaraeMoe — OTPaKEHHbIE BOJIHBI.
MHOXUTENb

—é ;; e’ = (1.53)

w T4

uMeeT cMbIch ko3 duimenta orpakenus. Ecnu nunusa HarpyxeHa Z,=Z,;, TO OTPaXXEHHOTO CHUTHa-
Ja He OYJIeT, TOT PEKUM HOCHUT Ha3BaHUE COTiacoBaHHOTO. Eciu npeacraButh

y=t(a+if), (1.54)
TO . OTIMCHIBACT OCJIA0JICHUE BOJIH, PACIIPOCTPAHSIOIMINUXCS BIIOJIb JIMHUH, ff — KO PuIueHT dasml.

Ecnu pacnincats (1.54), To MOXHO BBLACTUTH IBa MpoCcTEeHINX ciayyvas [28]:

Jlunwus 6e3 moteps. B aTom citydae cunraercs, uro a=0 u R=0, Torza B JIMHUU

p,=2- 1

*p JLc’

Zg=\/z, , (1.55)
P =w\LC,

a=0.

Takum oOpazom, (a3oBasi CKOPOCTb, B JAHHOM CITy4ae, He 3aBUCHT OT YacTOTHI, a 3TO O3Ha-
YaeT, YTO B JIMHUM OTCYTCTBYET OHUCIIEPCHUS M CUTHAI OYAET PaclpOCTPAHATHCS 0€3 MCKAKCHHSI.
[ToTepu B TMHUM TaK)Xe OTCYTCTBYIOT.

Jluauu ¢ "ManeiMu" HoTepsMHU. DTa JTUHUS B KOTOPOU BBIMOJIHAIOTCS YCIOBHUS:

R << wlL,
G << wC.

Torma nmeeM:
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C 20l 20C , (1.56)
peodiq i l(£ G|
g\ w oC
1
arx—|—+72,G|<<p.

B nanHom ciydae Vy=f(w), nostomy nuHus Oyner obnanaTte AMCIEepcUed, XoTs U Manoi. byner
MMETh MECTO TAaK)Ke OCITa0JIeHUE CUTHAJA, TaK Kak a70.
WNHTepecHo oTMeTUTH Takxke cienyromuii Gakt. Eciu nepBuYHbIe mapaMeTpbl yA0BIETBO-
PAIOT COOTHOILLICHUIO
R_L

G C’
TO JIMHUS HE 00JalaeT AWCIEPCUEH W B HEW HE MPOUCXOIUT MCKAKCHHS CUTHANIA, B TOM YUCIE H
UMITyJIbCHOTO [15], mpoucxoaut Tosibko ociabnenue amrmutyael. [lapamerpsr R, C, G, L HOCST
Ha3BaHUE MEPBUYHBIX MTAPAMETPOB, ¥ U Z; — BTOPUYHBIC MTAPaMETPhl HAMPABIISIOIINX CUCTEM.
Oco0eHHOCTH PacTpOCTPAaHEHUSI CUTHAJIOB B KOHEYHBIX HEOJHOPOIHBIX JIMHUSX HCCIENO-

BaHbI, HanIpuMep, B [7, 15, 2, 4]
1.11. IlepBuuHbIe MapaMeTPhl LiETIEH BO3AYILHBIX JIMHUAN

BoznymiHble TUHUM — 3TO IBYXNpPOBOHBIE Lienu. [Ipu onpeneneHny NepBUYHBIX MapaMmeT-
POB LIETIH CUUTAIOTCS YeAUHEHHBIMU. [IepBUYHbBIE MapaMeTphbl OTHOCATCS K 1 KM JJIMHBL.

Tak conpoTUBIIEHHE TOCTOSIHHOMY TOKY UCXOJS U3 OIIPEACIICHUS

2
R, = &l , P, — YIEJIBHOE CONPOTUBIIEHUE, [ — IUINHA TMHUU B KM, S — CEUCHHE B MM .
S

Torma s 1 KM IBYXTPOBOIHOM LIETIH

R, =2550-2

2 2

d — muamMeTp mpoBoja B MM.
ConpoTHBIICHHUE 3aBUCHUT OT TEMIIEPATYPHI V11 METAUNIMYECKHUX TTPOBOIHUKOB B hopMme:
' L0 o
Ry =R,[1+a'(* —20°),
Ry — conporusnenue npu 20° C.
[IpuBenem 3HaYEHHUs COMPOTHBIICHUS IBYXIIPOBOJHOW IEMU MOCTOSHHOMY TOKY [OM/KM]

IIpU JuameTpe d=4 MM JJis:
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OOBIKHOBEHHOM cTaimu — 22 OM/KM,
MeaucTou ctanu — 23,3 OMm/KkM,
Meau MATKOH — 2,8 OM/KM,

Menu TBepaon — 2,84 Om/kM,
amoMuHui — 4,66 OM/KM,
oumerast (cTanb-menb) — 4 Om/kM,

ComnpoTuBieHne JIMHUH ¢ y4eToM 3 dekTa OIM30CTH BRIYUCISIETCS TI0 hopMyIie
R=[1+F(x)|R,,

¢byskmms  F(x) —  Talynmupyercs — WIM  TPEACTaBIseTCS B BHIE  TpaduKoB,
d
x=|ka|=|k|5,k= iou,o .

NHAyKTUBHOCTH ABYIPOBOAHOM IEMU C OJHOPOIHBIMH KPYTJIIMU MPOBOJAMH [28]

2a-d, ﬂ,Q(X)} ST

Km

L:{4ln

a — pacCTOsIHME MEXIYy NMpoBOJaMu, d — nuaMeTp npoBoja, O(x) — QpyHKUMs, yUUTHIBAIOLIAs IO-
. N d
BepxXHOCTHBIN 3 PexT, rpaduk e€ man B [1], x = |k|5 [TepBoe ciiaraemMoe — 3TO BHENIHsIS MHIYK-

TUBHOCTB, BTOPOC - BHYTPCHHSAA.

EMKOCTB IBYXIpOBOIHOM LIETIH pacCUUTHIBAaETCS MO (hopmysie

e -107° [0))
c-—50 052
2a—d ) ’]{M’

36In

& — OTHOCHUTEJIbHAS IUAIEKTPUYECKasi IPOHULIAEMOCTD CPE/BI.

Koadduuuent 1,05 — BBoAUTCS 111 BO3AYUIHON HENH M YYUTHIBACT MPUCYTCTBUE U30JIATO-
poB. Kak BUHO €MKOCTb HE 3aBUCHUT OT YaCTOTHI.

[IpoBOAMMOCTE HM30AIUU MEXAY MPOBOJAMHM BO3LYIIHOW LIEHM ONPEAEISAETCS MHOTHMU

¢dakropamu. [1oaTOMY €e OnpeestoT M0 IMIMPUIECKON hopMmyIie:
Cm
G=G,+kf,—
KM

Gy — IPOBOIUMOCTh MTOCTOSIHHOMY TOKY, kK — HEKOTOPBIH KOA((GUIMEHT yUYUTHIBAIOLIUNA CO-
CTOAHHUEC U30JI1111H, f — YacToTa HepeMeHHOF O TOKa, FL[.

Gy~ 0,01-10° Cm/km, k= 0,05-10” — mpu cyxoii moroze

Gy~ 0,05-10°Cw/km, k~ 0,25-10” — ipu chIpoii moroe.
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1.12. IlepBruHbIe MapaMeTps LieNell CAMMETPUYHBIX Kabemeit

Kabenu oTiim4aroTcst OT BO3AYIIHBIX JIMHUH TE€M, YTO PACCTOSIHUE MEXKAY JKMUIAMHU COM3Me-
PHMO C TMaMEeTpaMHt XHJI M C PACCTOSHUAMH 10 coceqHuX map. [loaTomy 31echk GOmbIIyIo pois Ur-
paet a¢pdext 6am3ocTu. Kpome TOro Bech My4oK >KWJI CKPYYHBAIOT, BCJIEACTBHE YETO JJTMHA KU
MIPEBBIILIACT JUIUHY Kalene.

ComnportuBienne KabeabHOH Maphl MOCTOSHHOMY TOKY PacCUMTBIBAETCS IO TEM ke (popmy-

JaM, 9TO W JIJIs BO3AYIITHOW JIMHUH, HO C YYETOM YJUTHHEHHS MPU CKPYTKE, T.C.
Om
R, =2550-2 4,2
d KM

X MEHSIETCS B 3aBUCUMOCTH OT AuameTpa nosusa D. Eciu D=30+80 mm, To y=[1,01+1,07].

CornpoTHBiieHHE KaOEITHHOU Maphl IEPEMEHHOMY TOKY

PG T | o

+AR,—.

1-H(x)\d/ ] o

R=R,|1+F(x)+

3neck G(x) u H(x) onpenensitorcs 1o rpadukam [1, 2, 3] u yuuThIBarOT 6IU30CTH MPOBOJIOB.
[Tapamerp P THII CKPYTKH:

P=1 nipu napnoii ckpytke (puc. 1.20)

©
©

Puc. 1.20

P=2 npu nBoiiHOI mapHOii ckpyTKe (puc. 1.21)

©
©

©

Puc. 1.21
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P=5 nipu 3Be3aHOI ckpyTKe (puc. 1.22)

Puc. 1.22

AR — NOTIONHUTENBHOE CONPOTUBIICHUE, BOSHUKAIOIIEE U3-32 BUXPEBBIX TOKOB U YUHUTHIBA-
etcs npu f>30 k11, B COOTBETCTBUM, HaIIpuMep, ¢ Tadnuuei [1].

[IpuBenem 3aBHCUMOCTh aKTUBHOT'O CONPOTHUBIICHHS OT 4acToThl (puc. 1.23, 1.24).

R, Om/m
100 Cranb d=4mm
80
60 Cranb d=5mm
40
20
0 f, kY,
4 8 12 16 20 24 28 32 36
Puc. 1.23
R, Om/m

10

Meas d=3Mm

Menp d=3mMm

0 f klu

Puc. 1.24
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NHayKTUBHOCTH KaOenbHO mapsbl:

L= 1[4ln?+ ,urQ(x)]IO_“,ﬂ,

KM
x — koapdurment ykpyTku. T.E. 310 Takas xe gopmyina, 4yto u 11 BO3AyIHOM smHuu. [lpu nua-

metpe noBuBa D=30-+80 mm, To y=[1,01+1,07]. [Tokaxkem 3aBUcUMOCTb L OT 4acToThI (puc. 1.25).

L, m'a/km

10 |

6 \\ craib d=4mMm

mens d=4Mm

f, k'
2 4 6 8 10 12 14

Puc. 1.25

EmMmkocTh kabeabpHOM LCIHU C Y4CTOM BJIIMAHUA COCCAHUX KUJI:

x6,-10° @
36ln[2ad_dl//j M

3nech y— KOAPGUUUEHT YKPYTKH, ¥ — KO3(QPULUUEHT yUYUTHIBAIOIINN YBETUUYEHUE EMKOCTU
3a cueT cOmmxeHus xui [1]. g, — pe3ynpTUpyIOIas AUIIEKTPUYECcKasi IPOHULIAEMOCTb [l KOMOU-

HUPOBAHHBIX I/ISOJ'DILII/Iﬁ nap:

— grll/l + ngVZ
i+h,

P

€1 — OTHOCHTEJIbHAS TUAJIEKTPUYECKasi IPOHUIIAEMOCTh TBEPbIX AUIIECKTPUKOB, &2 — OTHO-

CUTEJIbHAS UAJIEKTpUYECKasi MPOHUIIAEMOCTh BO3yXa, V; — 00beM IUAIIEKTpUKa, V> — 00beM BO3-

IyXa. y —3aBUCHT OT d;/d, d; — nraMeTp N30JIMPOBAaHHOM KWIIBI U d — TUAMETp TOJOM JKUIIBIL.
[TpoBoAMMOCTD M30MIALMH B KaOENbHBIX JMHHUSAX BO MHOTO Pa3 MEHBILE, YeM y BO3IyXa H

OHa OIPEACIIACTCA KaK

G=0)Ctg5p,%,
KM

C — eMKOCTb LIeTIH {E} , 190, — TAHTEHC YIJa NOTepb KOMOUHUPOBAHHOM U30MIALMHU:
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_ V8,180, +V,¢,,189,

tgd
8 eV +e,Ll,

P

1.13. BosiHOBBIE TapaMeTpbl CHMMETPUYHBIX IIETIEH BO3TYIIHBIX M KAOCIBbHBIX JIMHUMA

BO.HHOBBIMI/I 501051 BTOpI/I‘-IHLIMI/I napaMeTpaMI/I JIHHI/II>'I, KaK HM3BCCTHO, ABIAKOTCA BOJIHOBOC
COIIPOTHBIIEHUE Z; M KOAPDUIIMEHT pacpOCTpaHEHUs . BhImuIeM sBHBIA BHJ 3TUX IapaMeTpoOB
JUTSL IBYXIIPOBOJIHBIX IIETICH, BXOIANIUX B KaOEIbHBIC M BO3/IYIIIHBIC HAMIPABJISIONINE CUCTEMHI [1, 2,
3,4].

[IycTes uMeeM ABYXMPOBOAHYIO JIMHUIO U3 MEIHBIX MPOBOAOB (TOKOBeAyIIMX >xkuil). Toraa
BOJIHOBOE CONIPOTUBIICHUE €CTh

7 zglnﬂjoﬂ%

6
A€, "y

I 79 — Paanyc MIPOBOJIOB, @ — PACCTOSIHUE MEKITY MPOBOAAMH.

KosdduuuneHT 3aTyxanust TMHUM U3 MEIHBIX IPOBOIOB

2,6,/ f¢, 107
o= 20510 Ly +9,8f\/8_,,tg5-10’5,0—5.

le a-r, 2r, a KM

o

Koadduuuent dasbr

@
fp =—,/¢., C— CKOpOCTb CBETA.
C r

I'pynmoBast u ¢a3zoBast CKOPOCTH BOJIH B IMHUU

B o6mem Buie Ko3GUIMEHT 3aTyXaHHs Ul IBYXITPOBOIHOW JIMHUU C MAJIBIMH TIOTEPSIMH,

B cooTBeTcTBUH C (1.56) MOXHO HamucaTh

R\/E G\/f
a=—.—+—.—.
2V 2\c

OnpenenyM ONTUMAIBHOE COOTHOLIEHHE MEXIy NMEPBUYHBIMU IAapamMeTpamMH, MpU KOTOPOM a —

MHHHMAJIBHOC. I[J'IH OTOr0 HAITMIIEM YPAaBHCHUC

oa 1 1 ( RCJ
o _ 2 G- 0.
oL 4.LC L

RC
OTKyzaa onTUMaIbHOE COOTHOILIEHUE ECTh 1G =1.

41



RC
O,Z[HaKO B PCAJIbHBIX LECIIIX BCCTAA E <1 , HOOTOMY YBCIMYUBAOT MHAYKTUBHOCTL ITYTEM

BKJIIOUEHUS KaTyIlleK HHIYKTUBHOCTHU Yepe3 OnpeiesieHHbIE PAacCTOSHUS (C1oco0 MyNUHU3ALINN).

1. 14. BonHbl B KOaKCHAJIbHOW JTUHUH |3, 24]

B koakcuanpHO#M 1HUM BO3MOHO cyniectBoBanue TEM, H u E BoxnH.

OnexrpomarautHoe nose B popme TEM BousiH OyzieT B30y KAaThCsl, CKOPEE BCET B KOAKCH-
aJbHOM JINHUH, B TOM CJIy4ae, €CJIM ITOTEPU B MPOBOJHUKAX BECbMa HE3HAYUTEIbHBI. J[eiCTBUTEIb-
HO, B 9TOM CJIy4ae OTCYTCTBYET IOTOK DHEPTUU B MPOBOJHUK, CJIEIOBATEILHO, OyJAEeT paBEeH HYJIIO

cooTBeTcTBYOMmUN BekTop [loiiTunra. Ecnu ock z HanpaBuTh B0 TWHUU (puUC. 1.26)

z

Puc. 1.26

TO JI0JKHO BBINOJHATBCA ycnosue H.=0, £,=0, H,=0. Kpome TOro, €CTeCTBEHHO JOIYyCTUTh a3UMY-

2
TaJIbHYI0 CUMMETPHIO I10JId, T.€. %0 =0un 86 —=0. Torma u3 ypasHenuii Makceiia umMeeM J1ist
» »
BoJaH TMna TEM
OH
? =(c+iws, )E., (1.57)
oz
O0H, H, B )
+—=F (t+iwe,) (1.58)
or r
OF_ OF
-——=iou H 1.59
0z Oz Hallo (1.59)
OF .
N3 (1.57) u (1.58) momy4nm (IOJI0KUB e ~0)
A
0°H
5 L —(o+iwe,)iop,H, =0. (1.60)
4

Pemienuie 3Toro BOJTHOBOTrO ypaBHEHUS OyJieM HCKaTh B BUJIE
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H, = F(r)e”.
[Moacrasnss B (1.57) u (1.59), nomyuum

1
F (r) = A—, A - HEKOTOpas MOCTOSTHHAS,
r

y:=(oc+ins,)iou, .

W3 (1.56) Haxonum cBsizb Mexny £, u H,

V4
E=-—" H=—zH, 7 =
" o +ime, b p

OmnpenenuM TOK BO BHYTPSHHEM MTPOBOAHKKE (OH OyeT paBeH TOKY B OIUICTKE):

J =+ H de = £42 o = somhe |
a

Haiinem HanpsikeHue B TMHUN:
[ 8
U=[Edr=-2,4e7" In=.
v a
a

Taxum 0Opa3oM, Mbl HALIUIM BTOPUYHBIE TAPAMETPBI Zy 41 )

IIepBuuHBIE TapaMeTPhl ONPEAEIUM U3 COOTHOLICHUI

VZ,=R+ioL
L —G+iaC’
Z(?
2 107
OTCIO,I[aR:O,GIZ”O-,%,LI&IHE,E,CI e, _ &, 0 ’2_
mé M roa m m¢ 18m¢ M
a a a

Ecnm Bo3HHKaeT HeoOXoauMocTh HccaenoBannsd H wnn E BoiH, To HE0OOXOIMMO BOCIIONIb-
30BaThCs 00mMMH cooTHoeHus MU tuna (1.35), (1.36) u COOTBETCTBYIOIIUMHU TPAHUYHBIMH yCIIO-
BusiMu. OcobenHocthio H mnu E BOJNH B KOAKCHMAJIbHOW Mape sIBISETCS TO, YTO B JAHHOM CiIydae
OyIlyT CyIIECTBOBATh KPUTHUYECKUE YACTOTHI, HUKE KOTOPHIX COOTBETCTBYIOIIME BOJHBI OyAyT 3a-
TyXaTh. [loaTOMY pabouue 4acTOThI TOJKHBI JIeKAaTh BHE KPUTHUECKHUX JMANa30HOB.

[IpuBeneM siBHBIM BUJ NEPBUYHBIX MApaMETPOB, B CIIy4yae ydeTa MOTEepb U KOHKPETHO I
MEJIHBIX MPOBOJIHUKOB [3].

ConpoTHuBieHHE KOAKCUATbHON Tapbl
R= 4,18ﬁ(1+1j 1072,9%
a 6 KM

a— paJuyc BHYTPEHHETO MIPOBOJIHUKA, B — BHYTPEHHHUI PaJyC BHEIIHETO TPOBOIHUKA.

NHIyKTUBHOCTb KOAKCUAIBHOU Maphl
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a \/7 a 6 6 K/l/l

L={21115+66’6[l lj] 10% ~2.10~ & 1"

HpOBOI[I/IMOCTb H30JIAIUH OIPECACIIACTCSA, KaK

Cm o, oV, +o,V,
G =wCtgs,,—,1g6, = o, = .
KM s, Vi +V,
EMKOCTh KOaKCHAIIBHOTO Ka0es:
£,-10° @

=)\
181n 7 K
a
HpI/IBeI[eM BTOpI/I‘IHHe napaMeprI KOaKCI/IaJIBHOﬁ Hapbl. BOJ'IHOBOC COHpOTI/IBJ'IeHI/IC

Z, :LZO H,
27 &

r

IHQ,OM,
d

Z, = /& =376 om, D - BHyTpeHHUH JuaMeTp BHEUTHETO MPOBOJIHMKA, d — TUAMETP BHYTPEHHETO
€

IIPOBOJHMKA.

KoadduuumeHT 3atyxanust it MEIHBIX TPOBOJHUKOB

2,6
o= 280 ( j 107 +9,08f+z.tg5-10°, %2
K.M

o fla
o[ E s

Ecmu f>60 I, To
-
C

p=oLC,

rpymnmnoBas U ¢pa3zoBasi CKOPOCTH

3aryxaHue 3aBHCUT B OCHOBHOM 0OT D/d. CymiecTByeT ontumaibHoe 3HaueHue D/d. Tak s
cllydasi MeTHBIX IPOBOIHUKOB D/d=3,6.
Kak BumHO rpynmoBast U ¢a3oBas CKOPOCTH HE 3aBHUCAT OT YaCTOTHI, MOITOMY HCKa)KEHHE

CHUrHajia B KOAKCHAJIBHBIX ITapax 6y,Z[CT MHHHMAaJIBHO.
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Jlis OpHeHTalMK B KOJMUYECTBEHHBIX 3HAUEHUSX OIpPEesIUM MEepBUYHbIE M BTOPUYHBIC Ma-
paMeTpsl KOakCHalbHON mapbl 2,6/9,4 ¢ MEIHBIMU MPOBOJAHMKAMHU U IIAHOOBOM MOJMATHICHOBOM
u3ossiueit npu f=1 MIm.

1. AKTUBHOE CONPOTHBIIEHHE

R=0,0418 106(i+Lj=41,3,%.
1,3 14,7 KM
2. HWHBAyKTUBHOCTH

L=[om®l 000 F L 110 0266.107, 22
L3 100 \L3 4,7 KM

3. Emxocts

-6
_LO8-10 469,107, 2

C
4,7 KM

181n

5

4. IIpoBOAMMOCTb U3OJISALIUU

G=2-314-10°,/46,9-107-0,266-10" = 22,1,C—M.
KM

5. BosnHOBOE CONpOTUBIIEHUE

0,266-107

o = 14950m.

6. Koaddumuent 3aTyxanust

-9 -6 -9
oo | 413 [469:107 23,610 [0.266:10" | ¢ b0, 45 05
2 0,266-10 2 46,9-10 KM

7. Koadpdumuent dasn

B =2-314-10"°,/46,9-10" -0,266-10~° = 22,1,})—0’a :
KMm

8. CKopoCTb pacpOCTpaHEHUs

vo—— L 2850007 .

¢ ~LC CeK

9. Bpewms pacnpocTpaHeHHs

T =+/469-10°-0,266-10° =35-10°,~—,
KM

OJIMH KM 3a 3,5- 10cek.
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1.15. Tlepenaya curHasioB 1o BOJHOBOAHOM JTMHUHU

PaccMoTpuM seKTpUUYeCKWe U MarHUTHBIE BOJHBI B KPYTJioM BodHOBoze (puc. 1.27) [26,

28, 29].

& s
U

Puc. 1.27
DTO OJUH U3 TUIIOB BOJHOBOJIOB, MX MOXET OBITh MHOTO. MIMeeM IMIMHIPUYECKYIO CUCTEMY KOOP-
JUHAT, TOTJa KOMIOHEHTHI £, 1 H, Kak 3TO MBI YK€ BUACIIHU, yAOBICTBOPSIOT YPABHEHUSIM:
O’® 100 1 0*@
R RN
or- ror rop

+g’0=0,g"=y"-k>. (1.61)

ITox @ GyneM nmoHUMAaTh 100 E., mubo H., npeanonoxuM, urto @=@e”, pelnas ypaBHEHHE

(1.61) meTonoM pazaeneHus IepeMEHHBIX MPUXOTUM K CIIeayromend GyHKIIUU

o=C,J, (gr)cosm(” e’”,

sinme
rae m — ardoe 1enoe ynucio. J,, — Gynkaus beccens mopsiaka m.
Jna nomydenus H BonHbI, He0OX0IMMO HAJOKUTH TpaHuuHble ycnoBus =0, r=a(E.=0).

Torpa umeeM qucCnepcHbIe ypaBHEHUS

Jm(ga)=0.
Eciu 0603HaunTh uepes V,,, n-biii KopeHb pyHkimuu beccens, To BO3MOKHbBIE 3HAUCHUS Be-
JUYUHBI g OyayT
V
_ " mn
g= .
o

Taxum oOpas3oMm, Mbl OyieM UMeTh CTpYKTypy H BoH, onpenensieMyto U3 pyHKLIUU:

o V cosme
D= ZCme(%rj e’

n,m=-—0 sinme
,Z[Hﬂ MMOJIyUCHUA E-BOHH, HY>XXHO HCIIOJIb30BAaTh 'PAHUYHBIC YCIIOBUSA:

oD

e O,r:a,(H :O).

z
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HOBTOMy MOIIEPEUYHOC BOJIHOBOC YUCIIO [JIA MArHUTHBIX BOJIH 6yz[eT YAOBJICTBOPATH ypaB-
HCHHIO

J,'n(ga):O.

Ecnu 0603HaYUTh f4,, — N-bIil KOPEHB (MTOJOKHUTETBHBIN) JAHHOTO YPaBHEHHS, TO UMEEM

Takoe BOTHOBOE YHCIIO COOTBETCTBYET CTPYKType BosH Tumna E. 3ametum, uto wucia Vi,
VinzeeooVin 0 L1, 2 ... thnn — OOPA3YIOT BO3PACTAIONIYIO TIOCTIEA0BATENBHOCTD. [l Hac HauOOIb-
I UHTEpeC MPEeACTaBISAIOT uucia Vs, Ly — COOTBETCTBYIOIIHME HAHOONBIINM 3HAUCHUSIM g, a
CIJIEI0BATENIbHO HAaUOOJBIIUM 3HAUEHUAM KPUTUYECKUX AJIHMH BOJH A,,. [IpuBenem Tabnuiy 3Have-

HUH A, U1 HanOoJIee BaXKHBIX BOJIH B KPYTJIOM BOJIHOBOJIE:

Tabmumna 1
Tum BoJIHBI E()] E11 E21 H()] H11 H21
ﬂl{
d 1,31 0,84 0,61 0,84 1,71 1,05
a

OTCIO,I[a BUJHO, 4TO Hauoboee OJIMHHAasA KPpUTHUYCCKasA BOJIHA COOTBETCTBYET MarHUTHOM

BosiHE H ;. @yHKkims @ 1uid Hee onpeaenseTcs: GopMyIoi:
Y7,
D = CllJl(gllr)COS(Pag11 = fuun =3,07.
CrpykTypa noss nokasasna Ha puc. 1.28.

_ JJICKTPUYCCKUC CHUIJIOBBLIC IMHUH

Puc. 1.28

BonHoBOMY unciy g Takke COOTBETCTBYET (QYHKITHS
D=C,J, (gllr)51n¢a
KOTOpas JaeT Ty K€ CTPYKTYPY TOJIsA, TOJIBKO MOBEepHYTYIO Ha 90°. Takum 00pa3oM, COOCTBEHHOMY
YHCIly g COOTBETCTBYET J1Be (DYHKLMH, JABE CTPYKTYpPHI MoJis. ['0BOPAT, YTO COOCTBEHHOE YUCIO g

JBYKPAaTHO BBIPAXKJIEHHOE. DTO MOJISIPU3ALMOHHOE NI TIOBOPOTHOE BBIPOKICHHE.
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ITockonbKy MarHUTHbBIE BOJIHBI UMEIOT H.#£0, TO IpH Takoil CTpyKType B CTEHKaX BOJIHOBOJA
MOTYT CYIIECTBOBAaTh MIOBEPXHOCTHBIE NONEPEUHbIE TOKHU. [[1s1 anexTpuueckux BoaH H,=0, noarto-
My B IaHHOM CJIy4yae CYUIECTBYIOT a3UMYTaJIbHbBIE U ITPOJOJIbHBIE TOKH.

B kpyrioMm BoJIHOBOAE CyIIECTBYET CUMMETPUYHAs MarHUTHAs BoJHA Hj;, HECyIIask TOJIBbKO
norepeyHsble TOKU. biarogaps 3ToMy CBOWCTBY 3aTyXaHHe 3TOW BOJHBI Ia1aeT C POCTOM YaCTOTHI U
MIO3TOMY OHa CIIOCOOHA MEPEHOCUTHh DSJCKTPOMATHUTHYIO SHEPTHI0 Ha OOJbIINE PACCTOSHHUA.

@ynkuua @ 11 JaHHOW BOJIHBI:

7
D= Clojo(glor)’gw === S My = 3,832

a

CtpyKTypa 1aHHOU BOJIHBI IMOKa3aHa Ha puc. 1.29.

QJICKTPHUYCCKHUEC CUJIOBBIC JIMHUKN

-4 | /
\ \l ] > MarHuTHbIE CUIIOBBIE JINHUK

Puc. 1.29
K coxanenuto nanHas BoJIHa BECbMa HEYCTONYMBA.

BOJ'IHOBOI[HBIf/’I MCXAaHU3M UI'DACT BAKHYIO POJIb IIPHU PAAUOCBA3N 4Y€PE3 TOHHECIN, MOCTBI U

Ap.
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Eall

KounTposabHbie Bonpocs! K riaase Nel:
Urto Takoe HaIpaBIISIOIINE CUCTEMBI?
Tunbl HAMPaBIAIOMIMX CUCTEM U WX paOOYHi TUAara30H 4acToT?
Kakwue 3axoHbI 0000111€HBI B OCHOBHBIX YPAaBHEHUSAX SJEKTPOIUHAMUKHU ?
Kakoe pemienue uMeeT BOJIHOBOE YPaBHEHUE B CBOOOHOM MPOCTPAHCTBE, YTO TAKOE IJI0-
CKasi HEOJTHOPOHAsI BOJTHA?
Kakue ocobeHHOCTH pacnpocTpaHEHUS MIOCKUX BOJIH HAaOIIOAAeTCs B AUDJIEKTPHUUECKUX U
MPOBOSAIINX cpeaax?
Kakue Mmop1 BO30YKIat0TCs B IBYXIIPOBOAHBIX JIMHUAX, B BOTHOBO/IAX, B ONITUYECKUX BOJI-
HOBOZJax.?
Kak 3aBHUCHT OT 4acTOTHl OMHYECKOE COMIPOTUBICHUE U UHAYKTUBHOCTH OJMHOYHOIO MIPO-
BOJIA.
UTo onuchIBacT ypaBHEHHUE JBYXIIPOBOJHON JIMHUNA?
Uro Takoe nepBUYHbIE U BTOPUYHBIE NTAPAMETPhI JIMHHM, KAK OHU 3aBUCAT OT YacTOThI, T'€0-

METPUUYECKUX U (PU3NUECKUX MTapaMeTPOB JTUHUU?
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I'nasa II

Bonokonno-onrrueckue muanu cBs3u| 1, 3, 5, 8, 16, 17, 20, 25]

Pa3pa60TKa CBCTOBOJHBIX CMCTCM Ha K.A. Ha4YajaacChb C 80-x roaos. B aTux cucremax curHa-
JIbI, HCCYIIIHC I/IH(bOpMaLII/IIO, nepcaaroT 1Mo OINTUYCCKHUM CBCTOBOAAM — IIO TOHKUM HHUTAM CICHH-
aJIbHOM KOHCTPYKOHHN K3 AUIJICKTPHUYCCKOI'O0 MaTCpuajia, Mpo3pavyHoro Ajisd ONTHUYCCKOIO M3JIydc-
HUsA. BoJlokoHHEIE CBCTOBOJIbI M3 KBApLEBOro CTCKJIAa HA3bIBAIOT OINTHYCCKMMH BOJIOKHAMH U CO-
CTaBJIAIOT OCHOBY OIITUYCCKHUX KabeJeH CBI3M.

[epcnextuBHOCTH BOJIC 00ycnaBnuBaeTcs:

OOJIBIION MPOMYCKHON CIIOCOOHOCTHIO,

- 3aIUIIEHHOCTHIO OT BHEUTHHUX JICKTPOMATHUTHBIX TTOJICH,

- BBICOKO IMOMEX0-3alIMIEHHOCTHIO MU(MPOBBIX JTUHEHHBIX TPAKTOB,
- MaJioil METaJJIOEMKOCTHIO,

- MaJIbIM 3aTyXaHHMEM B IIMPOKOH MOJI0CE YaCTOT.

2.1. CtpykTypHas cxema BOJIOKOHHO-ONTHYECKOW CUCTEMBI CBSI3U

BosokoHHO-ONTHYECKHE CUCTEMBI Mepenayn UH(GOpMAIMK Ha K/JI TPAHCIIOPTE COCTOAT U3
TUIOBOTO 00OPYJIOBAaHUSI KaHAJI000pa30BaHUS M TPYNIOOOpa30BaHUs, EAMHOTO IS BCEX LUPPO-
BBIX CHCTEM, a TaKKe O00OpYyJOBaHUS LHU(POBOTO BOJIOKOHHO-ONTHUYECKOI'O JIMHEHHOIO TpakTa,
o0ecneynBaroIlero nepenavy uQpoBbIX CUTHAIOB OT OHON OKOHEYHON CTaHIUH K JPYTOil.

Ob6opynoBanue KaHa000pa3oBaHUs M TPYIIIOOOpa3oBaHus obecreunBaeT (HOpMUPOBAHHE
TPYIIIOBOTO TOTOKAa, COOTBETCTBYIOIIETO TPHUIIATH KaHalaM (CO CKOpOCThio mnepemaun 2,048
Mo6uT/cek); BTOpUYHOTO MOTOKA, COOTBeTCTBYMOMmEro 120 TeneoHHbpIM KaHamaM (CKOPOCTh Tepe-
naun8,448 MOuUT/cex); TPETUYHOTO TPYNIOBOTO MOTOKa, COOTBETCTBYIOMIEro 480 TenedoHHBIM Ka-
HanaMm (34,368 MoOuT/cek); 4eTBEpTUYHOrO I'PYMHIIOBOrO MOTOKA, cOOTBeTcTBYIomero 1920 tene-
¢donnbM kaHanam (139,264 Mout/cex). B HacTosmmee BpeMs HCIONB3YIOTCS CHCTEMBI CHHXPOHHOU
nudpoBol MepapXuu Ha CIEAyIONIME CKOpOoCcTH mepenauu: 155 MoOut/cek, 622 Mowut/cek, 2488
MoOwut/cex u T.1.

VYnpouieHHas CTpyKTypHasi cxeMa BOJIOKOHHO-ONITHYECKOM CUCTeMBI Ilepeiaun MoKa3aHa Ha

puc. 2.1.
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O0I1 cy cy O0I1
OK OK

AB

[T

Puc 2.1.

OcHoBy cuctembl cocTaBisieT ontuueckuii kabenb (OK). B kadecTBe 351€KTpOHHO-
ontuyeckoro mpeodpaszoBarens (DOII) Hanbonblee pacnpocTpaHeHHE MOTYYWIH MOJISPU30BAH-
ueiii nasep (I1JI) u cBeromsnywarommii quon (D). Kpome toro, ans mpeobpazoBanus Koaa U Co-
IJIACOBAHMS JIEMEHTOB CXEeMbl MPUMEHsI0TCA Koaupyromue yctpoictsa (1K), a Takke coriacyro-
ntue ontuueckue ycrpoiictra (CY).

Onektpuyeckuil npensaputenbHbiii curHan MKM uepe3 IIK moctymaer B DOIIl. 3nech
DnexTpuueckue UMIysbehl curHana MKM nmazepbl wiv cBeTOAUOABI TPAaHC(HOPMHUPYIOTCS B ONTH-
YECKHE U uepe3 Iepenarolliee COorjacyollee yCTPOHCTBO MOCTyMHaeT B onTHYeckuil kabenb. Ha
MpHeMe ONTUYECKHI CUTHal uepe3 MPUEMHOE COIacylollee YCTPOUCTBO MOCTyNnaeT B (OTOAUO,
r7ie OH mpeoOpa3yercs B AJICKTPUUYECKUN CUTHAN U yepe3 mpeobpazoBatens Toka [IK moctymaer B
npuemMHuku MKM.

OCOOECHHOCTBIO CHCTEM Tepeadn Ha K/ TPAHCIIOPTE SIBJISACTCS HEOOXOAUMOCTh OpraHH3a-
LMY BbIIETICHUS KaHAJIOB M3 TPYMNIOBOTO MOTOKAa Ha MPOMEXYTOUHBIX CTaHUUAX. J{Js 3TOrO MpH-
MeHsIeTCs anmnaparypa BoigeneHus (AB), ¢ TOMOIIBIO KOTOPOM MPOU3BOAUTCS BBIJEIECHUE, TOBOPOT
Y TPaH3UT HU(PPOBBIX CUTHATIOB. 371ECH K€ MPOU3BOAMUTCS perenepanus cursanos (P).

Jnst opraHmM3anMd MarucTpajibHOM CBSI3M HCIOJB3YETCs ammapaTypa YIUIOTHEHUsS THUMa
HUKM-100T, STM-cucrtemsr, SDH-TexHOIOTHUH H T.II.

OnepaTuBHO-TEXHOJIOTUYECKas! CBSA3b OCYIIECTBISETCS, HAIPUMED, anmnapaTrypoil ymioTHe-
nug tuna J{CC, OTT-E u ap.[ 21, 258].

OnTryeckoe BOJIOKHO MPECTABISAET U3 ce0si BOTHOBO (IMAICKTPUIECKUI), TI€ KaHAIU3U-

pyioliee nencTBUe 0OecreynuBaeTcsl CKauKoOOpa3HbIM WIIM HENpPEpbIBHBIM HW3MEHEHHEM JMAJIeK-

TPUYECKON MPOHULIAEMOCTH B IIONEPEYHOM CEUEHUU BOJTHOBOAA. & (WIH 1 =,/&, ).
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Hawubosee mmpokoe NpuMEHEHHE UMEIOT JBa THIIA ONTHYECKUX BOJOKOH, OTJIMYAIOIINXCS
npoduieM pacnpeneneHus Ko3GUINEHTA IPETOMICHHS /1 = 4/&, .

Crynenvatsiii npoduis (puc. 2.2).

@

\

n2

Puc. 2.2

I'paguentHslil npoduis (puc. 2.3).

(
\

n2

Puc. 2.3
Bo3MoxHBI BOJIOKHA U ¢ 0o0Jiee CIOKHBIM MpoduieM pacupeneiaeHus koddduimenrta mnpe-
JIOMJICHUS TI0 00BbEMY.
Hpouecc pacnnpoCTpaHCHUA CBECTOBOI'O U3JTYYCHHUS B CBCTOBOAAX MOXHO OIMCBIBATH JIBYMS
MO/IXOJIaMU: METOJIOM TI'€OMETPUUYECKON ONTHUKHM (JIydeBOM METON) U 3JIEKTPOMArHUTHBIM (TOJe-
BbIM) MeTOJI0M. Ecnu jnmiHa BONHBI A<<a, TO IPUMEHHM JIy4eBOW METOJ, TJ¢ MCTOYHHK U JIy4d

OpEACTaBIAOTCA B BUAC TOUKU U JIMHAN — TpaeKTOpHﬁ, MNOAYUHAIOIMNUXCA 3aKOHAM I'€OMETpUYIC-
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cKoil ontuku. Jlyyam B 37I€KTPOMAarHUTHOM TEOPHM COOTBETCTBYIOT MOJIbl — KOJI€OaHHUs C Ompese-
JICHHOM CTPYKTYpPOU IOJIEH.
B BOJIOKOHHOM CBETOBOJIE MOT'YT CYyIIECTBOBAaTh TPH THUIIA BOJH: Hampasisiemsle - 1, n3iy-

yaeMmble — 2 B BeITeKatomme — 3 (puc. 2.4).

\ nl 1

Puc. 2.4

B BonHOBOZIE BO3MOXKHO pacHpOCTPaHEHUE HECKOJIBKUX MOJ WM TOJIBKO OJHOW MOABI (01-
HOMOJIOBOE PAacIpOCTPaHEHHUE).

Mpi1 OyzeM KCIoNIb30BaTh Kak JIy4eBOW, TaK U MOJOBBIN MOJAX0A K U3YUEHUIO 3aKOHOMEPHO-
CTeH pacipOoCTpaHEHUs CBETa B ONTUYECKOM BOJIOKHE.

M cTOUHMKOM ONTHUYECKOrO M3IyUYEHUs, KaK YK€ OTMEYaJoCh, SIBISIOTCS CBETOAUOJBI U JIa-
3ephl (Yalie BCero TBepAoTeNbHbIe). CBETOAMOBI SBISIOTCS HEKOTEPEHTHBIMHU U C1aboHaIpaBJIcH-
HbIMH HcTOYHMKamu. [Hupuna nmonocel n3nyuenus 20-40 auMm. CynepiroMUHUCIEHTHBIE CBETOIUO-
JIbl UMEIOT 0OoJiee BBICOKYIO SIPKOCTh (Hampumep, AMoAbl u3 apcenua rammms (4=0,8-0,4 mxm)). s
/=1,3 MKM NpUMEHSIOT apceHU-PocHOPUT rayIust U UHIUS.

B kauecTBe HampaBiIEHHBIX MCTOYHHMKOB H3JyYEHHUs HauOoJbllIee MPUMEHEHHUE MOTYyUHIn
MOJIyIPOBO/IHUKOBbIE MH)KEKIIMOHHBIE Ja3epbl. lllupunHa monocel u3nydeHus jnaszepa 2 HM. Ux
yA00HO MOJTyJIUPOBAThH [0 HHTEHCUBHOCTH.

Ceroanopl UCTIONB3YIOT B CUCTEMaX, padoTaromux Ha HeOonbmue pacctosaus (10 km) ¢
MaJiol CKOpOCThIO mepeaaun uHpopmaruu (200 Mout/cex). X xapakTepucTuku 0oiee JTMHEHHBI,
oHHU OoJiee YCTOWYMBBI K TEMIEPATypaM U T.J., HO 3TO cllabble [0 MOLHOCTH UCTOUYHUKU U OHU TH-
KEJI0 COTJIACYIOTCS CO CBETOBOJAMH.

Jlazepsl CTIONB3YIOT B CUCTEMAX JUI OOJIBIINX PACCTOSIHUN M OHU XOPOIIO COTJIACYIOTCS CO
CBETOBOJaMH.

OCHOBHBIMU 3JIEMEHTaMU MPUEMHOTO ONTOBOJIOKOHHOTO MOJYJISl SIBJISETCS NMPUEMHHUK OII-
TUYECKOTO M3IIy4YeHUS. DTO pin — GOTOAUOABI U JTaBUHHBIE (OTOAMOBL. Pin-HOTOINUOT — YCTPOUCT-

BO p-n nCpexoa0M. HpI/I noagavuc CMCUICHUS — OH 3aIcpT, IMOCJIC OGJ’Iy‘ICHI/IH B HEM IIOABJIAKOTCA HO-
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CHTENU U, CIIeJI0BATEIbHO, TOK MPOMOPLUUOHATBHBI HHTEHCUBHOCTH (€CJIN UCTIONB30BaTh BHYTPEH-
Hee ycuiieHHe B (POTONPUEMHHUKE, TO Oy1eM UMETh JIABUHHBIN (POTOTUON).

Teneps mompoOHee 0 BonokoHHO-onTHUeckuxX JmHUAX cBsizu (BOJIC). Paccmorpum pac-
MPOCTPAaHEHNE CBETa MO ONTUYECKUM BOJOKHAM OTJIEJIFHO CO CTYNEHYAThIM M TPaAUEHTHBIM H3Me-

HCHUCM ITOKa3aTCIId MPEIIOMIICHUS.

2.2. BOJIOKHO €O CTyNeHYaThIM IIpoduiem

JlydeBoi MeTo

[Ipu o6y4eHnH UCTOYHUKOM TOPIA ONITUYECKOTO BOJIHOBO/IA, COCTOSIIETO U3 CEPIICBUHBI,
¢ K09 (HUITMEHTOM TIPEIIOMIICHHS 71, U 00OJIOYKH C KOA((UIIMECHTOM MPEIOMIICHHS 71, B CEPIIe-
BHHE BO30YKIaeTCs AJIEKTPOMAarHUTHOE TOJIE ONMTHYECKoro auamnaszoHa (ceet). [lome pacmpoctpa-
HSIETCS BJIOJIb BOJIOKHA (KaK B BOJIHOBOJIE, T.€. YACPKHBACTCS) TIPU YCIIOBUU 71;>1). Y OeIUMCSI, UTO
3TO JCUCTBHUTEIBHO OyaeT MMETh MecTo. [l 3TOro pacCMOTPHUM SIBJICHHS, BO3HHKAIOIIUE HA Tpa-

HUIIE BYX JUAJIEKTPUKOB C KO PUIIMEHTAMH MTPeOMIIeHUS 1) U 1 (puc. 2.5).

1 2
(OF] ()
n;
ny
Os
3
Puc. 2.5

B omrnueckom Anana3oHe JJICKTPOMArHUTHBIC IMOJIA MOKHO IMPCACTABIATL B BHU/C J'Iy‘-IGfI
(mygeBoit moaxon). Ilycte Ha rpaHuIly W3 cpeasl ¢ n; mamaeT jayd 1 (MOTOK 3JEeKTPOMarHUTHOM
sHepruu). CorliacHO reOMEeTPUIECKON ONTHKE, HAa TpaHulle OyeT HaOII0AaThCS OTPAKEHUE — TyY 2
u npenomienue — yyd 3. [Ipu 3Tom yroa najieHus paBeH yriy OTpaxeHus, T.¢.

D=9,

VYroa mageHus 1 yroji npexoMieHHs CBsI3aHbl COOTHOIIEHUEM (3aKoH CHenyca)

sing, _ny
singp,  n,

Orcrona
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) n .
sing, =—-sing, .
n,

Ecnmu ny;<nj, TO ¢3>¢;, TaKUM 00pa3oM, C YBEIUYCHUEM (; MBI MIOIYyUYUM @,=71/2, a ¢ <m/2.
Taxkoit yron ¢;= ¢,, - Ha3bIBaIOT MIPEAEIbHBIM YIJIOM NAACHUS. @,,=arcsin ny/nj.

IIpu ¢;>¢,, IMEET MECTO IOJIHOE BHYTPEHHEE OTPAKEHME, T.C. DHEPIUSA HE NPOHUKAET BO
BTOPYIO Cpelly, a MOJHOCTBIO YAEpPKUBAECTCS B MEPBOM Cpele, Ha 3TOM U OCHOBAHO YIEp)KaHUE
SHEpPruM B cBeTOBOAAX. JIyun cBeTa B BOJIHOBOJE PacpOCTPAHSIIOTCS IO JOMAaHHBIM TPA€KTOPUSM,
HCIIBITBIBAs IOJTHOE BHYTPEHHEE OTPAKEHUE B MECTAX IAJICHUs HA TPaHUILy pas3zelia cepaLeBUHA —
oOosiouka. B 3aBucumMocTy OT pa3MepoB BOJHOBOJA U XapaKTepa UCTOUYHMKA CYIECTBYET JIBa THUIIA
Jy4del: MEpUIUAHHBIE, PACTIPOCTPAHSIOUIMECS B IUIOCKOCTAX, COJAEpXKAIIMX LIEHTPAIbHYI OCb, U
KOCBI€, HE TIEPECEKAIOIME OCh U PACIIPOCTPAHSIOIINECS 10 IPABOM U JIEBOW BUHTOBBIM CIIUPAIISAM.

CriocoOHOCTh CBETOBO/IA BOCIIPUHUMATh CBETOBYIO 3HEPTUIO WIN U3IIy4aTh €€ C TOPIOB Xa-
paKTEpU3yETCs YMCIOBOM anepTypou:

NA=n_sin@_,,

n, - KOOQQULUUEHT NPEJIOMIIEHUS CPeJibl, OKpYXKarollel BOIHOBOJ. PaccMOTpuM 3Ty XapakTepucTu-

Ky noapoOHee. IlycTs nMeeM BOIHOBOJ, 00yyaeMblil HCTOYHMKOM NOA yriaoM € (puc. 2.6).

n;

Oi

s

Puc. 2.6
Ecmu 071, to w1, 0], ¢s| Torma cymectByeT 6, TP KOTOPOM €I11€ BHITIOJHSACTCS YCIOBHE
MOJIHOTO BHYTPEHHETO OTpakeHus. OIEHUM 3TOT yToJl.
N3 3akona CHennmnyca
n,sinf@__=n siny,

max

nMEEM

o (7 | —sin®
n.smé . =n, sin E—(Pnp =n,cosQ,, =nl-sm ¢, .
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. n
Ilockonbk = arCSln—2 , TO NA = nz - n2 .
np 1 2

n,

T.e. b dexkTHBHOCTS BBO/IA M BHIBOJIA T€M OOJIbINE, YeM OOJIbIIE Pa3HOCTh KOA(PPHUIIMEHTOB

npeaoMieHus. MOXXHO MOKa3aTh, YTO yToJl MaJEHUs ¢,3aBUCUT OT YacTOTBHI: COSQ, :Eﬂ,

o n2u
YBEITUYCHHUEM (............ ) T.€. BCE JIy4H CTAHOBATCS MapaJlIeIbHBIMUA MPOA0ILHOM ocH. C 1o-
HWKEHHUEM ...... MOSIBIISIIOTCS MIpeIOMIIEHHbIE Tyuu. Clie0BaTEIbHO YHEPTUS BBIXOAUT U3 CEPLIEBU-
HBI.

Takum 006pa3zom, ¢ JTy4eBOi TOUKH 3pEHHsI, pAaCIIPOCTPAHEHUE YHEPTUN B CBETOBOJIE MTPOMC-
XOIMT 10 cucTeme Jiydel. [Ipu 3ToM CKOpOCTH pacpoCTpaHEHuUs 110 JIydyaM OJIMHAKOBBIE, a BpeMe-
Ha MPUX0/a YHEPTUU K IPUEMHUKY OyayT pa3Hble, HOCKOJIBbKY JJIMHBI JTydel (TpaeKTOpHM) pa3iny-
HBL. DTOT (akT UMeeT OONbIIOE 3HAUCHHE TPU OLICHKE JAUCIEPCUOHHBIX CBOMCTB ONTHYECKUX BOJI-
HOBO/IOB.

Otmerum, uTo mpu padodeii e BosHbI 41=0,8+1,5 MKM Ty4eBoil 0X01 MPUMEHUM TIpU
nuaMetpe cepaueBuHbl d=40+60 MM, 1 tuamerpe obosnouku D=125 mxM. Ilpu 3TuX pasmepax, Kak
BHJTHO, BBITIOJHSETCS YCIIOBHE A<<d.

OTMeTuM Takke, YTO €CJIM B BOJHOBOJIE BO3MOXKHO CYILIECTBOBAHHUE MHOTHUX Jy4el, TO OH
HOCUT Ha3BaHUE MHOI'OMOJIOBOT'O BOJIOKHA, €CIIM CYLIECTBYET TOJIBKO OJIMH Jy4Y, TO BOJIOKHO Ha3bl-
BaeTcs OJHOMOJOBBIM. OUeBHIHO, YTO Ul MOJIYYEHHS OJHOMOJOBOIO peXHMa HEOOXOJUMO
YMEHBUINTh TUaMeTp cepAaleBuHbl. Ho mpu 3ToM MoxeT HapymmTces ycnosue A<<d. [Toaromy npu
A~d nns aHanmM3a MEXaHW3Ma PaclpOCTPAaHEHHs BOJH B CBETOBOJE TPeOYeTCs AIIEKTpOAMHAMUYE-
ckuil moaxo1. KopoTko paccMOTpUM 3TOT METOI.

2.3. DnekTpoaHAMUYECKU (BOJTHOBOM) TTOIXO/
[IycTh HampaBisiomas cucTeMa COCTOUT U3 JABYX COOCHBIX IIMJIMHPOB: BHYTPEHHETO C pa-

IycoM o 1 000JI04KH paguycom b (puc. 2.7).

Puc. 2.7

DNIEeKTPOMArHuTHOE T0JI€ B CUCTEME ONpeeuM U3 ypaBHeHU Makcpema (cuctema CH).
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> 2.1.)

> (2.2)

rie j =oF,o - yIelbHas IPOBOJUMOCTb Cpebl [cM/M],

O

2
- BEKTOp dJIeKTprueckoro cmemenus [Kin/m ],

B - BEKTOp MarHUTHOI HHAyKIuy [B6/M°],

E - BEeKTOp HaNpsHKEHHOCTH JIEKTPUIECKOTO 1mouts [B/m],

|

- BEKTOp HaNpsHKEeHHOCTU MarHUTHOTO 1oJist [A/M].

JI1st U30TPOITHOM CpelIbl

D=sFE

-

B=uH
E4=E1E0, Ua=Mrllo — AOCOTIOTHAS TUAJICKTPUIECKAsl U MarHUTHAs TPOHHUIIAEMOCTH,
1 o @D
g, =—-107,—
367 M
_7 IH

b

M

Uy =47-10

JUi1st TapMOHHYECKUX KOoJeOaHun

E =Ee™
H = He'™
VYpaBuenust Maxkcgenna (2.1), (2.2) npuHUMAaIOT BUJ
rotH =iwe'E | (2.3.)

rotE =—iou H . (2.4

a

& = ga(l + - j - KOMILJIEKCHAs JUAJIeKTpUUecKasi MpoHuIaeMocTs. Mckmouas B (2.3), (2.4) mubo
ioe

E , u6o H monyunm ypaBHeHHs [ elbMIoJIbla — BOJTHOBBIE YPABHEHHS.
AE + @& 1 ,E =0,
AH +o*s u,H = 0.
3neck A - onepatop Jlamnaca.

B nunuHapuyeckoil cucteMe KOOpAUHAT

1 8( 8] 1 o ¢’
A=——|r—|+—5—5+—-
ror\_ or) r°-op- 0z

[TockosbKy B HampabJIAIOLIEN CUCTEME UMEET MECTO PACHPOCTPAHEHUE BOJH BJOJb CTPYK-

TYPBI, TO MOXXHO IIOJIOXKUTH, YTO E wu H 3aBucHr ot z o 3dKOHY
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H| H
rze y — ko3 uIHeHT pacnpoctpaneHus y=a+ifi. Kak Mbl 3HaeM HOIEPEYHbIE COCTABIISIONIUE OT-
penensitores uyepes3 mpoaosibHbl £, u H, mo popmyne (1.36).
Kommnonents! E; u H, yaoBieTBopsitoT ypaBHeHusMm (1.35).

[TycTh BOJTHOBOJ BBITIOJIHEH U3 UACATBHOTO TUAJIEKTPUKA, T.€. B HeM =0, Toraa B (1.35).

1
gZ :7/2+/’la8aw2 :72 +k2,k:a)\/€aﬂa :—\/{;‘ ﬂr :—n Cc=—,
VéEoky

n — K03 (UIMEHT MPENIOMIICHUS CPe/bl, K — BOJIHOBOE YHCIIO B CPEIE, &, MU — OTHOCUTEIbHbIEC TH-
3JEKTPUYECKAsl U MarHUTHAsI IPOHUIIAEMOCTH CPE/IbI.

YpaBHEHUsI, KOTOPHIM TMOMAYMHSAIOTCS KOMIIOHEHTHI FE, WM H, 3JIEKTpOMarHUTHOTO TOJISI B
CepAIIeBUHE M 000JIOYKE UMEIOT CIICTYIONTUI BU/I;

Oy, 1oy, 10,
o’ r or r*op’

+g1 v, =0y, = E uuH

(2.5)
g _7/ +k2 k —Cnlynlzvgrlﬂrl'
o* 10 1 0°
aff e av:z T al//zz + &3y, =0y, = EumH,
o (2.6)

_gz Y +k22ak _ananz VE M, -

AHaIIOTUYHBIC YpaBHEHUS 3alUINYTCsS W Ui 00JacTH, OKpyKaromied BosHOBOZ. OxHAKO
IpaHUIly 000JIOUKH #=b MOKHO CUMTATh PACIOIOKCHHOW TaM, IJie TOJsI CYIICCTBEHHO OCIIa0JICHBI
M3-32 yJIaJCHHOCTH OT CEPJIIEBUHBI, T.€. MBI MOXEM CUUTATh b — 00 M paccMaTpUBaTh TOJIBKO JIBE
00J1aCTH ¥ OJIHY TPaHUILY.

Pemennem ypasuenuti (2.5) u (2.6) OyayT BbIpaKeHUS
E,=AJ (grle"e”,
Hzl :BmJ (gl ) " }Z)
IUTSL CEPAIICBUHBI U
E,=C H"(ig,r)e" e
HzZ :D H (ng ) Im(p -
IUTIST 000JIOYKH.
In(gir), Hm(l)(iggr) — ¢ynkuuu beccens u Nankens, 4,,, By, Cp, Dy — TOCTOSIHHBIE HHTETPU-
poBaHus, m — JF000€ LIET0e YUCIIO.

Bri6op aprymenTa ¢yakmuu ["aHkens ig,r CBsI3aH CO CIEIYIOIIUM, TIOCKOJIBKY MOTJIOIICHHE

B JIMAJICKTPUKE JOJDKHO OBITh MUHUMAJILHO, TO Y=if}, TOTAa
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g12 = klz _/32 :k()zgrllurl _ﬂz’
:k22 +ﬁ2 :k(fngﬂVZ _ﬂz'

[TycTh cTpykTypa mossi B BOIHOBOAE OyaeT Takoi, uto g,=0, 1.e. f=k;, mockonbKy k;>k, TO

= ivk* +k* Oymer BemectBeHHBIM, a GyHKims H, (igr)—0 NPy CPaBHUTETBHO HEGOTBIINX

r, T.e. 000JI0YKa OyJeT UMETh HEOOJBIIYIO TOJIIMHY, a BCS AJICKTPOMArHUTHAsI SHEPrusi OyaeT
pPacnpoCTpPaHATHCS TOJIBKO B HAMPABICHUH Z, YTO HAM M HYXKHO.
Hnsa onpenenenus Ay, By, Cp, Dy ClieTyeT BOCIOIB30BATHCS TPAHUYHBIMH YCIOBUSIMU:
E, = Ezz E ol = E(pZ’

H,=H,H,=H,,r=a

92

Ompenenss E,, H, 13 U3BECTHBIX COOTHOIIEHHMI (1.36)

_1 ] . ! img—
EWl(a): 2 2 I:lmy Am‘]m(gla)_la)ﬂaleJm(gla)gl:le ? }Z’
Vot HyELD a
—1 ) . . . (- imp—
Ecoz(a): 2 2 {lmﬂf Cer(nl)(ZgZa)_la)/’laZDmngHr(nl) (lgza)gl}e o,
le(a) = 2_—12{13me (gla)im + ia)galAmJ;n (gla)gl }eim(o—}a ;
sz(a): 2 L 2 {in’l]/ DmH,(nl)(igza)im—ia)é‘aszH,(,})v (igza)gz}eim(p—yz'

J m JH ,(nl) - mpou3BOAHbIE GyHKIMI beccenst u ["aHKest 0 apryMeHTy, 3/1ech y=if.

HOI[CTaBJ'DI}I HUX B I‘paHI/I‘-IHI)IC yCJ'IOBI/IH, HOJ'Iy‘II/IM CI/ICTeMy 4-X OI[HOpOI[HI)IX a.nre6pa1/me-
CKMX ypaBHeHUU 1yisi onpeneneHus 4,, By, C,, D,. Kak u3BecTHO, yCIOBUEM CYILIECTBOBAHUS pe-
IICHHS] TAKOW CHCTEMBI SIBIISIETCSl PABEHCTBO HYJIO €€ ompeAenuTens. Takum oOpa3oM, Mmoirydaem
cIe O4AHO ypaBHeHHe JJI onpez[eneHml HpOI[OJIBHOI‘O BOJIHOBOI'O 4HCJIA. 9TO ypaBHeHHe HOCUT

Ha3BaHUC OUCIICPCUOHHOI'O YpPaBHCHUAA. B mannom CJIy4ac OHO BBIITIAAUT CICAYIOIIUM 06pa30M:

2 2 g 1
apm) u g2 _ g2)s| 824 Lulgid) o aHml)(lgza) §
gl 8a2 gla ']m(gla) Hm (ng ) (2 7)
(1) '
% l(gza)Hm (ng )+(g2 ) 8 Jm(gl ) :0

Hig,a) ga 5,7,(ga)

B 10moTHeHNE HAMUIIIEM €IIle COOTHOIIICHHE
gl2 +g§ :kl2 +kzz-
Vpasuenue (2.7) sBNAETCS OCHOBHBIM YPaBHEHMEM TEOPHH ONTHUYECKMX BOJIHOBOJIOB, U3
Hero onpezensercs . B (2.7) unaekc m MOKeT IPUHMMATh JIF0ObIE LEJIble YMCia, TAKMM 00pa3oM,
MBI OyIeM UMeTh OECKOHEUHOE YMCIIO BO3MOXKHBIX BAPUAHTOB CTPYKTYP IJIEKTPOMATHUTHBIX ITOJIEH
WJIM THITOB BOJTH, MJTM MOJ. MOJIBI B 001IIeM cirydae OyayT colepkaTh 1o 6 KOMITOHEHT ITOJICH U OT-

JAMYaThCS APYT OT Apyra HaIlpaBJICHUEM U BEJIMYUHONU ATUX KOMIIOHEHT.
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[IpakTHuecKn UCIONB3YIOTCSA T€ MOJIbI, KOTOPbIE YAEPKUBAKOTCS B BOJIHOBO/JIE, pacIpocTpa-
HSIOTCS ¢ MaJbIM 3aTyXaHHUEM U CIOCOOHBIE TIEPEHOCHTH IMIUPOKOMOJIOCHBIE CUTHANBI. B030yxke-
HUE BOJHOBOJA HA TOW WJIM MHOW CHCTEME MOJ 00eCIeUrBacTCS TEOMETPUISCKUMU, (DH3UICCKIUMHU
CBOICTBaMM BOJIHOBOJA, 4 TAK)KE 0COOCHHOCTIMH UCTOYHHKA.

N3 Bcex BO3MOXKHBIX MOJI BBLACIAIOTCS MOJBI, Y KOTOpbIX #=0. JTO Tak Ha3bIBa€MbIE€ CUM-
METpUYHbIe MOABI. JIerko mokasarb, 4yTo y 3TUX Mof Jnbo E.;=E.>=0 mubo H.;=H.,=0, T0o ecTb 3TO
MOJIbI cOOTBETCTBYIOT 100 TE BomHam, mu6o TM BoiHAM.

AHnanu3 ypaBHeHHs (2.7) OKa3bIBAaET, YTO B ONTUYECKOM BOJTHOBOJI€ HECHUMMETPHYHBIE MO-
IIbl BCeraa TMOPUAHBIMH, T.€. 6o HE,,, mubo EH,,. 30ech UHACKC 1 CBA3aH C BapUaIHel Mos ¢
W3MEHEHUEM @, & M TIOKA3bIBAET KOJUYECTBO MOJYBOJIH, YKIAJABIBAIOIINXCS 110 PAIUYCy BOJHOBO-
J1a. OCHOBHEIMH CUHTAIOTCS MOJBI C MUHHMAJILHBIM 3HAYCHUEM /1 U 1.

HNHTEpecHbIM M BaKHBIM CBOMCTBOM MOJI B BOJHOBOJE SABJISETCS HAJIUYUE Y HUX OTCEUKH,
T.€. TAKUM 3HAYEHUEM MapaMeTpa XapaKTepUCTUYECKON YaCTOThI

2ma 5 5
V =——4/n —n; ,rae

A

a — paanyc CepALEeBUHBI,

A — IUHA BOJHBI U3ITyYEHUS, TIPU KOTOPOM MOJA MEPECTAET pacipocTpaHsaThesa. Dusnuecku
3TO CBSI3aHO C T€M, YTO B 3TOM CIIy4ae HAPYIIAETCs YCIOBHE MOJHOTO BHYTPEHHETO OTPAXKEHUS Ha
TPAaHMIIC CEPIIEBUHBI U O0OJOUYKH.

Paccmotpum 310 siBnenue nmoapoOHeit. CpeaHuii MOTOK SHEPTUU UCXOIAUINI U3 BOTHOBOA

B HaAIlIpaBJICHUMH 7 3alTUIICTCA KaK
Y S
II. =—R ||EH S,
14 2 c 3[ [ L’

371€Ch S - IWIMHIPHIECKAs TIOBEPXHOCTh, OKPYIKAIOIIas BOIHOBO. I1ycTh, HanpuMep, numeeM TM-
MOJIy, TOT/1a

[EE’] =E.H,
(

Ecin naiitu E. u H, 1 y4€CTh aCUMIITOTUYECKOE BBIpDAKEHHUE 111 H nl) (igzr), MOJTYy4YUM

gy
I, ~ Fe*",

rae F — HekoTopas dynkius. OTCIoa cleyeT, uto eciu g, =+ > —kens >0, 1o 11,0 ¢ poc-

TOM 7, T.e. TOJIe He OyJIeT BBIXOJUThH M3 BOJHOBOJA, a TIOJHOCThIO B HEM yaepxkwuBaercs. Ecnu
P<kon,, To I1,#0. D10 03HAUaeT, 4yTO SHEprus OyAeT BBHIXOJUTH U3 BOJHOBOJA Yepe3 00OJOUKY U
pacipocTpaHeHus] MOJBI BAOJIb OCH z HE MPOUCXOIUT. DTO U €CTh SBJICHUE OTCCUKH MOJBI. 3HaUe-
Hue g,=0 uimm f=kon, ABNSETCS KPUTHUIESCKUM ISl TaHHOKH MOAbl. MOXHO TOKa3aTk, 4YTO B CIydae
g0, 1.e. f<kon; Mozbl OyIyT pacrpoCTPaHATHCS B BOJIHOBOIE. TakuM 00pa3oM, POI0JIbHBIC BOJI-

HOBBIC YU CJIa PACTIPOCTPAHAIOIINUXCA MO/J] OTBCYAKOT YCIIOBUIO
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n>-=>n,.
0

3aBucumocTh f=f(V) HOCUT Ha3BaHUE IUCIIEPCHOHHOTO 3aKOHA WJIM JUCIEPCHOHHBIX Xa-
pakrepuctuk. OH onpenensiercs u3 (2.7). [IpuBenem nucrnepcuoOHHBIE XapaKTEPUCTUKH HECKOIBKUX

OCHOBHBIX MOJI, PaCCUMTAHHBIX U3 (2.7) (kauecTBeHHBIN rpaduk)(puc. 2.8).

ko
ny
,,// -
7
7
Y74
HE, //
c//

n; | I | | | Vv

Puc. 2.8

W3 pucynka BuaHO, uto npu V>2,405 B BOJHOBOJIE MOTYT PAaCHpOCTpaHIThCsA Oojiee deM

OJlHa MOJa, T.€. peaJIn3yeTcsi MHOTOMOJIOBBIN pexuM. O0I11ee KOJTUYeCTBO MO/ OLICHUBAETCS BEJIU-

2
qyuHOU N =~ —.

2
Ecim 0<1<2,405, To B BOJIHOBOAE pacnpocTpansercs onHa moaa HE ;. Tak kak 0</'<2,405,
TO 3Ta MOJIa HE UMEET YaCTOThl OTCEUKH, T.€. OHA CYIIECTBYET B BEChbMa IIMPOKOM JHMAMAa30HE Yac-
TOT, MOATOMY 3Ta MOJia OyAeT MEPEHOCUTh MPAKTUUECKH JIFOOOU IIMPOKOTOIOCHBIM CHUTHANI. DTOT
OJTHOMOJIOBBIN PEXUM UMEET OO0JbIIOe MpakTuIeckoe 3HadeHne. O1eHnM peaabHy0 YacTOTY IO,
C KOTOPOH OHO MOXKET paclpOCTPaHATHCS B OAHOMOJOBOM BOJIOKHE. W3 ycrnoBUsI OIHOMOJOBOCTH

pexuMa uMeeM

A 2mynl —n;

0 >—2
a 2,405

Otcroza cienyer, YTO yMEHbIIAs @, MOXHO BCE Jajblle YXOAUTh B BBICOKOYACTOTHYIO 00JacTb,
yBEJIMYUBAs TEM CaMbIM MPOMYCKHYIO crOCOOHOCTh. [TycTh a=10-10"m=10 mrm. s KBapLEeBOTO
crexkna n;=1,48, n,=1,46. Torna noAcTasiisisa B ITOCIEIHEE COOTHOILIEHHE, HallIeM

26,57-10"m.

YTO COOTBETCTBYET YACTOTE
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f=%=0,45~1015n4.

Ecau yuectb, uTo oauH TenedoHHBIN TUGPOBOM KaHa 3aHUMaeT mosiocy 0,64+ 10°T'w, To KoMHYECT-
BO KaHaJOB, KOTOPOE MOET OBITh MPOIYIIEHO MO ONTOBOJOKHY OLIEHWBAETCS COTHSIMH MUILITHO-
HOB.
Hns Bonael TE wnm TM, T.e. cummeTpuunsix Mof Hy; unu Ey; 3Ha4u€HUE 4aCTOThl OTCEUKH
nerko onpeaensercs u3 (2.7). Hanpumep, nisa Ey; (TM-moast) u3 (2.7) cnenyet, uto ecnu g,=0, To
Jo(g 161)20.
DTO ypaBHEHHE UMEET CYETHOE MHOXKECTBO KOPHEH B BUJE BO3PACTAIONICH MOCIIEI0BATEb-

Hoctu. O003HAYNM WX KaK P,,, m —HOMep KopHs. Takum oOpa3om, nmeem g;a=P,,, nmm

a\/klz—ﬂ2 :a\/klz—kz2 :akm/nf—nzz :%aqlnf—nf =Pk,

OTCIOZa

Ecmu A>4,,, To BonmHa Ey; cyliecTBOBaTh HE OYIET, eciid A<, TO Ej; B BOJIHOBOJIE BO30YXK-

aeTcs.

2.4. I'pynnoBast u ¢a3oBasi CKOPOCTH BOJIH B OITUYECKOM BOJIOKHE

Paccmotpum st mpumepa Moy HE ;. IlycTh 3aBUCUMOCTD @ OT 8 ISl JAHHOW MOJIbI, HAM-

JIeHHas U3 ypaBHEHUS (2.7) KaueCTBEHHO UMEET BH/I, TOKa3aHHBIA Ha puc. 2.9 [17].
w

Bi
Puc. 2.9
9TO a)-ﬂ ,Z[I/Ial"paMMa. U3 sToro l"pa(l)I/IKa JICTKO OHpeI[eJ'II/ITB prrIl'IOBy}O CKOpOCTB
y oo
P 8,8
&,

Ucnonw3syst cBsizb V¢ Vy: V, =V, — 4 Py)

MOXHO onpenenuts Vy. Ecin xpuBas w=f(f) umeer Touky neperun6a (f;), To B OKPECTHOCTHU f3;

HMCCM
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0* ov, o ov, .
O _ =299 "= V,, = 0,1ak kak V,,#0, 10 —==0,m.eV,, = const.

B> dw of oo dw

Takum 06pa3zoM, B OKPECTHOCTH 3TOM TOYKHU V., HE 3aBUCHUT OT YaCTOTHL. DTO 03HAYAET, YTO

HpO(I)I/IJ'IL HUMITYJIBCOB, PACTIPOCTPAHAIOIINXCA Ha 9TOM MOJI€ MOYTH HE UCKaXKaCTCS.

q

w
B o6mem Buage ¢a3oBas CKOpPOCTh BOJH B BOJIHOBOJE Vy=——=. Tak xax

poctb cBeta. [lockonbky Vy=fw), To B 00mIEM cioydae B BOIHOBOJE OyleT HaOMI0JaThCs qucHep-
CHIsI CHTHAJIOB.

I'pynnoBas ckopocTh B BOJIHOBOJIE €CTb

Takum 00pa3oM, CKOPOCTh PaclpoOCTPAHEHHSI CUTHAIA ONPEACISICTCS CISAYIIMU (PakTo-

pamu:

. DTa 3a/1epiKKa OMPEIeIIICTCS MOJIOM.

nl(a))

U ONPEACIISICTCS HENMHEHHON 3aBUCUMOCTBIO K| OT w. DTOT (hakTop cBs-

3aH C MaTCpHUajIoOM.

BosHOBOE conpoTuBieHue

V4
B peanbHBIX BOMHOBOAAX —= < Z, < —, Zj— UMIIEJAHC CB. IPOCTPAHCTBA.
n n
1 2

2.5. PactipocTtpaHeHue BOJIH B IPaIUEHTHOM BOJIOKHE.

JlydyeBol moaxon

B ornuyue oT CTymeH4YaToro BOJOKHA B TPaIMEHTHOM BOJHOBO/IE MAapaMeTp k, BXOISIINI B
BOJIHOBOE YpaBHEHHE 3aBUCUT OT KoopauHaT. [l03TOMy BOJHOBOE ypaBHEHHE HE pEIIAeTCS METO-
oM pazzaeneHusi. Kak mpaBuiio, 0HO peraeTcsi MpuOInKeHHbIMU criocobamu. [l mpocToThl pac-
CMOTPHUM JIBYMEPHYIO MOJIENb TPAJHUEHTHOTO BOJOKHA (IIPOJOJIBHOE CEUeHUE CEpALICBHHBI) (pHC.

2.10).
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|

S3
S,

S

Puc. 2.10
KpuBast s — mpezmonaraemMasi TpaeKTOpHs Jiyda. BOJIHOBOE ypaBHEHHE B JaHHOM Ciydae

€CTh

Ay +k(rly =0,y =E. H_. (2.8)

w
3necw k = —n(r). Pemenuie 7aHHOTO ypaBHEHHMsI B JIy4€BOM MPUOIMKEHUH UIIETCS B BHUJIE
c

[17]
v =y, (r, Z)eikOS(r’z). (2.9)
3necsy v, (r,z) - MEIJICHHOMEHSIoIasAcs aMIuiuTyaa, S(r,z) — da3oBas GyHKIUSI-IUKOHAI.
Haiinem ypaBuenue nyuqa. [TogcraBum (2.9) B (2.8), noayunum ypaBHEHUs i ¥/, (r,z) u s S(r,z).
Hac Oyzner unTepecoBaTh ypaBHEeHUE 171 S:
(VS) =n2. (2.10)
[IpoBenem B Touky M tpaekropuu (puc. 2.10) paguyc BeKTOp R (S),S - KOOpJIMHATA BIIOJIb

tpaekTopuu. [TocTponm enuHu4HbBIN BekTop U , KacaTelbHBIN K TpackTopuu. Mmeem

dR

S|

A

VS
Kpome Toro umeem BekTop

V=VS. |VS|=n
Bexkrtopa UunV JIOJDKHBI OBITH TTApaJIJIETBHBI, T.C.

U==r

S |-

HIJIIN
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R _vs 2.11)
ds

[Mpomuddepenmupyem (2.10) (Bo3pMeM IpaIMCHT OT OOEUX YaCTEH )
2(VS)V(VS)=2nVn.

YyuuteiBas (2.11), moydum

2nd—RV nd—R =2nVn.
ds ds
Omneparop
d _sdx d _dR,
as “*dS dx, dS
Torpa
a4 nd—R =Vn. (2.12)
ds\ dS
D710 M ecTh ypaBHeHHE dy4a. JleificTBUTENBHO, MyCcTh dS~dz — mapakcuagbHOE MpHOIHKe-
Hue. Torna
d’R _on
n—-=—F,.
dz or
Tak kak R =7,r +Z,z, To uMeeM
d’r 10on
—_— = 2.13
dz*> nor (-13)

[Tycts npoduis ko3¢ uIeHTa NpesoMICHHs 77 ONUChIBaeTCs napadbonnyeckoi pyHKIuei:

o 2 o
n(r) =n,|1- Er , ! - HEKOTOpBIH apamerp.

[Tpu sTOM %rz <<I. Iloacrasmuss B (2.13), momyuum

d’r
dz’

=—ar,

T.C.
r(z)= 4, cos( az)+ A, sin( az)
[TocTostHabIe A] M A, OnpenemnsatoTCs U3 HadaldbHBIX YCIOBUH. Takum o0pa3om, B cCirydae
TPaJUEHTHOTO BOJIOKHA TPAEKTOPHUH Jy4el, MPEACTABISAIOT U3 Ce0s1 CHHYCOUIBI C IEPUOAOM

o

[ N

3HaueHue YNUCIOBOM anepTyphl



3aBUCHUT OT MecTa BBOJa Jy4a. Ynucio Moa onpeaessiercs npoduiem n(r) 1 HOpMUPOBAHHOU
4acToTou V-

V2
T4

N

3

T.C. MCHbBIIC, YEM B CJIy4ac CTYIICHYATOI'O0 BOJIOKHA. HOBTOMy 9THU BOJIOKHA UMCIOT MCHBIIYIO JUC-

NEpCUI0 U OHU TIPUMCHAKOTCA TOJIBKO B MHOI'OMOZOBOM PCIKUMC.

2.6. HapaMeTpLI nepeaadn BOJIOKOHHBIX CBETOBOAOB

1. 3aTyxaHue CUTHAJIOB.

Onrtuyeckre BOJHOBOABI XapaKTEepPU3YIOTCs MapaMerpaMu nepenadd. K HUM oTHocATCS 3a-
TyXaHHE BOJIH U AUCIIEPCUS UMITYJIbCHBIX CUTHAJIOB.

B HacTos11ee BpeMs ONTHYECKUE BOJTHOBO/IBI IJIs1 CUCTEM CBSI3U M3TOTaBJIMBAIOT U3 KBaple-
BOT'O CTCKJIA. HpI/I 9TOM, YCM YHUIIC KBaApI, TCM MCHbBIICC ocjabjIeHHEe UCIBITLIBAET noJie, pacrpo-
CTpaHsoleecs B BOJIHOBoE. [Iponiecc U3roToBneHus BOJIHOBOJOB OTJIMYAETCS CI0KHON TEXHOJIO-
rMel, MOITOMY IOYTH BCErJa MPHUCYTCTBYIOT (aKTOPbI, KOTOPbIE BBI3BIBAIOT MOTEPH MOIIHOCTU
CUTHaJIa Ha MOTJIOIIEHUE U paccesiHue. [lornomenne npoucxoauT, Kak B caMOM JU3JIEKTPUKE, TaK U
MOHAMH METAJUIOB (KeJe30, KOOAIbT, XpOM, HUKENb, MElb) U HOHAMH TUIPOKCUIBHBIX Tpymm. Pac-

CesTHHE CBOJUTCS K 00pa30BaHUIO BTOPUYHBIX BOJH OT HEOAPOTHOCTH cpeabl. Eciu pazmep vacTuil

1
a <E/1, TO paccesitHHe Ha3bIBaeTcs PereeBCKMM, MHTEHCUBHOCTh PacCesHUs MPOMOPLUOHATBHA

_ 1
A*. Ecmm a > E/l, TO paccesiHue Ha3bIBAIOT paccestHueM Mu, OHO cl1ab0 3aBUCHUT OT JUTHHBI BOJI-

HBIL.
CymMmapHble oTepu u3-3a PeneeBckoro paccesHusi © COOCTBEHHOE IMOTJIOIIEHUE TeXHUYe-
CKHM YHCTBIX MaTE€PUaJIOB MPEICTABISAIOT COOON HIXKHUHM Tpees MOoTepb, KOTOPOTO MOXHO JOCTHYb

B CBCTOBOAAX.

W3 uccnenoBanms CEeKTpaIbHON XapaKTEPUCTUKU OJHOMOIOBOTO CBETOBO/IA JIETUPOBAHHO-

ro repmanueM (puc. 2.11) cnemyet, 4To uMeeTcs Tpu OKHa npo3payHoctu Ha 4=0,8, 1,3, 1,55 mkm.
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nb/km

10

0,1

0,01
0,6 0,8 1,0 1,2 1.4 1,6 A MKm

Puc. 2.11
[TosTOMY 3TH NJIMHBI BOJIH U UCHOJIB3YIOT B COBPEMEHHBIX ONTHYECKUX CHCTEMAaX JabHEHN
cBs3u. TeopeTmueckuif MUHMMYM HOTEpb JUIsl KBapLEBBIX BOJIOKOH Ha A=1,55 mxm paBeH 0,16
10/KM.
B onTvueckoM BOJIOKHE BO3HHMKAIOT JONOJHUTENbHbIE MOTEPU, CBSI3aHHBIE C M3rHMOaMu,
MUKpOTpEIIMHAMHU, CKPYTKOH Kabensi, 3arpsi3HEHUEM BBI3BIBAIOIINM TOB.TOKH, KOTOpPbIE pa3orpe-
BalOT BOJIOKHO, U3MEHSSA TEM CaMbIM paclpeleNeHue n U T.4. [3, 16].
2. lucnepcusi UMIYJIbCHBIX CUTHAJIOB
[lon nucnepcueit Mbl Oy/ieM MOHUMATh PACCEIHHUE BO BPEMEHU MOJOBBIX MJIM CIEKTpalib-
HBIX COCTABJISIFOIIUX ONTHYECKOTO CHUTHaja, MPUBOAIIEE K U3MEHEHUIO JJINTEIbHOCTH HMMITYJIbC-
HBIX CUTHAJIOB.
Jucnepcuto B OB yclI0BHO MOKHO MIPEACTABUThH COCTOAIIEH U3 TPEX COCTABIISIOMIMNX:
- MEXMOJ0Bas Jucrnepcusi, 00yCIOBIEHHAs HAJIUYUEM HECKOJIBKHUX MOJ C pa3IU4YHbIMU
BPEMEHAMM PaCIPOCTPAHECHHS;

- BOJHOBOJHAs Jucrepcusi, 00yCIOBICHHAs HEIWHEHHOW 3aBUCHMOCTBIO KOd(duilmeHTa
(a3bl S KaKI0W MOJIBI OT AJTUHBI BOJIHEI;

- IUcTIepcHs MaTepHualia, CBSA3aHHAs C HEJIMHEHHON 3aBUCHMOCTBIO 71 OT A;

VYirpenue uMItysabca, pacpoCTPaHsIONIErocs Mo BOJIOKHY, OLIEHUBAIOTCS Kak

T= \/wa + (Tg i TM )2 >

Ty — YIIUPEHUE BCIICICTBUE MEKMOOBOU TUCTICPCUH;

T, — YIIUPEHHUE BCIEACTBUE BOJTHOBOJHON AUCIIEPCUM;
7,, — YIIMPEHUE BCIIEICTBUE MAaTEPUATBHOM IUCTIEPCUN.
KopoTko oxapakTtepusyem Kaxayro COCTaBISIOLLYIO.

MexxMoaoBas aucoepcusl.
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VYumpeHnue uMiyJibca 371€Ch OLICHUBAECTCSA UCXOs U3 PA3HOCTH JUIMH IIyTEH JIy4YeH, pacrupo-
CTPaHSAIOLIMXCS 10 SKCTPEMATIBHBIM TPACKTOPHSIM.

HawukpaTgaidiimii myTh — 3TO BJOJb OCH, & HAMATUHHEHIINN — 3T0 L/Sin @y > THC L — nnnHa
BOJIHOBOJIA.

BcnomHuM, 4TO Sing.,=n»/n; U CKOpocTh e€cThb V;=c/n;. Hayano uMmynbca coBHAZaeT ¢

MPUXOJIOM CHUTHAIA MO KpaTdaiiemy nyTH ¢;=L/V; 1 KOHeIl COBMaJaeT C MPUXOJO0M CHUTHAIA IO

JUTMHHOMY TiyTH L/V; sin P,y =t2, OTCIONA

Lin, —n n,A n —n
T,m, tz _tl — ( 1 2) :L 1 ,A — 1 2 .
h Vin, C n,

Takum o6pa3oMm 1, MPONOPIMOHATBHO JUJIMHE BOJIHOBOJA M OTHOCHUTEIBHON Pa3HOCTU KO-
3G GUIIEHTOB MTPETOMIICHHUS CEPALIEBUHBI U 000IOYKH.

Ota oueHKa NpuOIMKEHHAas,, OHAa HE YYHUTBHIBAET MEKMOJI0OBOE B3auMoOJIeiicTBHE, U3THOBI U
T.JI.

Jnist 60pbOBI ¢ MEXMOJIOBOM UCTIEpCHE HEOOXOAUMO YPOBHATH ONTHUECKUE MTYTH JIydeH.
DT0 MOXKHO C/CIIaTh, HAIPUMED, BEIOUpas rpaiueHTHBIA Tpoduis n(r).

BoaHoBoHag aucoepcusl.

VYimpenue uMIysbca 3a cueT 3TOM TUCIEpCUN OIICHUBAETCS KaK
7, =AALB(A),
A/ — MIMpHHA TI0JIOCHI U3TYYCHUSI UICTOUHUKA,
B(1) — ynenpHast BOTHOBOHAS TUCTIEPCHSI, OTpeernsercs mo rpadukam [1].

MarepnanbHas qucnepcus.

BBoauTCs IOHSTHE TPYIIITOBOTO MTOKA3aTEIs IPETOMIIEHHS
dn

N=n-1—,

dA

TOTJ]a BpeMs paclpoCTpaHEHHs CUrHaia Oy et

=L N LA
v, C C dA

ap

€CJIM ICTOYHUK M3JTy4aeT AUarna3oH JJIUH BOJIH AL, TO
dt
T, =A== AALM (1),
’ dA

M(A) - ynenpHas qucriepcust marepuana [1].
Jucniepcusi orpaHMYMBAET MOJOCY NPOIyCcKaHus AF, Tak KaKk UMEET MECTO CBSI3b

1
AF ~—.
T

B ciiyyae oqHOMOI0BOTO BOJIOKHA
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r =0,L,0, =AAB(A)+M(1)|= AI(A)
BCJ‘II/I‘{I/IHa% =[B(1)+ M(2)] - Hocur HasBanue xpomaTuueckoii aucrepcui. OHa JaeTCs B

TEXHUYECKUX XapakTepucTukax kabeneit. Hanpumep, kabens OKMC mockoBckoit gpupmsbl "TpaHc-

BOK" HMMeeT Z—/l% npu 4 &(1285-1330) mu snauenne 3,5 u mpn A=(1525-1575) am — 18 —

HM - KM
OueHuM AJIMHY pereHepalioHHOrO Y4acTKa WM 1ajdbHOCTh CBS3HM, UCXOMS U3 3aJaHHOI'O 3HAUYEHUs
YLIMPEHHUS T.
[IycTe MMeeM cUrHaj COCTOSIIIMM M3 ITOCJIEIOBATEIBHOCTH MPSAMOYTOJIBHBIX MUMITYJBCOB C

MepUOIOM cieioBaHus T Ha BXOJIE U JJIUTEIBLHOCTBIO 7 (puc. 2.12).

Puc. 2.12
B mpomecce pacmpocTpaHeHHS TMPOUCXOAHUT YIIMPEHUE HMITYJIbCOB Ha BEIUYHUHY 7= T7;-T

(puc. 2.13).

Puc. 2.13

Cunraetcs, YTO UMITYJIbCBI OyAyT pa3pelleHsl anmnapaTypou, eciu

< Z =0,25T .
4
Taxum oOpazom, nmMeeM
oL, <0,25T.

Otcrona
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I < 0,25T _ 0,25
P o o,B

>

1
rae B = T 4acTOTa CJIEA0BaHUS MMITYJIbCOB MM CKOPOCTh Nepenauu uHdopmauuu, L, — JuinHA

pEereHepalioOHHOIO YYacTKa.

Ecnu ncrounuk — nasep, padoratouuii Ha BosHe 1,55 MKM, TO y HETO
AA=1-0,01=15Hnm,
o, =1,55[B(A)+ M ()]

st kabens "TpaHcBOK" B(i)+ M (i) 18— "¢
HM - KM
[Tycth umMeeM niepBuuHbIi noTok curHana UKM, B=2,048 MoOwut/cek, Toraa
I < 0,25
P 15,5-18-2,048-10°-107"

<437,5km.

BoJ10KHO cO cMeleHHON JUCIIEPCHEN.

3aBucuMocTh B(A) 1 M(1) npuMepHO UMEIOT cleayromuil Buj (puc. 2.14).

B(4)
M)

M)

Puc. 2.14
[Tockonabky M(A) MOXET OBITH OTpHIATENILHOW, TO cymma B(A)+M(A) nmpu HekoTopou A,
MOKET ObITh paBHa HYJIIO, T.€. nucnepcun He Oynet. Ecnu BriOpath npoduns kodduiimenTa mpe-
JIOMJICHHUS! BOJIHOBOJA TaKUM, 4TO A IONaAeT B OJHO U3 OKOH MPO3PAaYHOCTH, TO TAKOE BOJIOKHO Ha-
3BIBAETCS] BOJIHOBOZIOM CO CMELIEHHOW TUCIIEPCUEH.
B cnydae BonokHa cO CMEIIEHHOM AUCTIEPCHEl sMmupudeckas (Gopmya uisi BpeMEHHBIX

3aICPIKECK 3alIUCBIBACTCSA B BU/IC:
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t(A)=A+Bl+CAilnA,

rae A, B, C — koadduiimenTsl, KOTOpbIe MOAOMPaIOTCs U3 dKcrepuMenTa. COOTBETCTBYIO-

11as yaenbHas aucnepcus Oyner

ot A
D(A)=—=4,5,In—,
Ox Ao
142
ﬂ»o =e€ - JNTNHA BOJHBI HYJIEBOH qucnepcuy, S, = ¢/ A, - HaKJIOH HyJIEBOH AuUcCIEp-

CUU. Sp — BXOAUT B TEXHUUYECKHE XaPAKTEPUCTUKH ONITUYECKOTO BOJIOKHA.

[Tonoca nponyckanus cBeToBoaa. [lomocy mpomyckaHus MOKHO ONPEIETUTh KaK YHUCIo KO-
nebGaHui JIEKTPOMAarHUTHOTO TIOJISL B OJTHY CEKYH/IY, PACIPOCTPAHSIONIYIOCS B BOJIHOBOE IJTUHHOM
1kxm. C MUHHAMAaJIbHBIM HCKaKeHHEM H ociabieHueM. Ilon xoaeOaHUAMU HOHUMAIOTCA HE TOJIBKO
rapMOHHMYECKHE, HO U MOJIbl U3BMEHEHUS!, HATPUMED, UMITYJIbCHBIE.

Kak y>xe orMeuanoce nosnoca npomnyckanus F cBsi3aHa ¢ ylIupeHueM 7 Kak

1
F=—T1xm
T

Otcrona crneayer, 4To 4eM JUTMHHEE BOJIHOBOJI, TEM MEHBIIIE € T'O MPOITyCKHAsl CIOCOOHOCTD.
Kpome toro monoca mpomnyckaHusi CyIHIECTBEHHO 3aBUCUT OT THUIA BOJHOBOJA, MOCKOJBKY 7 JUIsS
Pa3IUYHBIX BOJHOBOJIOB Pa3HOE.

Tak B cilyyae CTyneHYaToro MHOroMogoBoro BojHoBoja F=20+30 MI'i-km, B cityyae BOJI-
HOBOJIa ¢ TpagueHTHBIM npodunem F=400+600 MI'-km. Hanbosee mupoKomnonocHsl 0JHOMOIO-
BBIE CBETOBOJBI B OOyiacTu /MH BONH 1,26-1,32 MKM, re MarepuaibHas TUCIEPCUs KBAPIIEBOTO
crekia 63k Kk O. [Tonmoca mponyckaHus JaHHBIX BOJTHOBOJIOB COCTAaBJISIET ~10" Trrxm.

XpoMaTtudeckasi AUCIEPCUs BOJIOKHA CO CMEIIEHHOW TUCIIEPCUEN €CTh:
o, =D(A)AA
Yumpenue umiyiabca Oyner:

r=0,L=AAD(A)L
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KouTposbHbIE BONPOCHI K ri1aBe Ne2:

1. OcHOBHbIE JOCTOMHCTBA BOJOKOHHO-ONTUYECKUX JIMHUMN CBS3H?

2. Ha xakue THITBI JeNATCS ONTHYECKUE BOJHOBOBI IO IPOQIITIO pactpeeneHust Ko puim-
€HTa IPEJIOMIIEHUS B CEPALIEBUHE U 00O0JIOUKE.

3. Kakoe siBineHue crnocoOCTBYET yIepKaHUIO AIEKTPOMArHuTHOT'O TOJIsL B CEP/ILIEBUHE OITH-
YECKOro BOJIHOBOJA?

4. Yto Takoe Jiy4eBO€ NPEACTABICHUE AIEKTPOMATHUTHOIO MOJI B ONTUYECKOM BOJIHOBO/IE.

5. Yrto Takoe BOJTHOBOM MOAXO/T K pACCMOTPEHUIO MEXaHU3Ma PACIIPOCTPAHEHHUSI DJIEKTpOMar-
HUTHOTO IOJII B ONTHYECKOM BOJIHOBOJIE?

6. UYto 03Ha4aeT OJTHOMOJOBBIN M1 MHOIOMO/IOBBIM PEXXHUM NE€PENAaYu U KaK OHU OTINYAIOTCS 110
HIMPOKONOJIOCHOCTH?

7. Yem oTiMuaeTcs JiyuyeBas CTPYKTypa IpaJueHTHOIO BOJIOKHA OT CTYIEHYaToro?

8. Uewm ompenensieTcs 3aTyXaHUE CUTHAJIOB B ONITHYECKOM BOJIHOBO/IE?

9. Yo Takoe Iucnepcus UMITYJIbCHBIX CUTHAJIOB, YEM OHA BBI3BIBAETCS?

10. Kak onpenensercs JUIMHA PETEHEPALIMOHHOIO yYacTKa C YUYETOM JUCIIEPCUU UMITYIbCHOIO
CUTHAJIa U 3aTyXaHHsI B IUHUU?

11. Yto Takoe BOJOKHO CO CMEIIEHHOMN AUCTIEpCUEii?
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I'nasa III

KoHcTpykunn v CBOMCTBA JIMHUM aBTOMATUKH TEJIEMEXAHUKHU U CBSI3U

[1,2,3,4,9,10, 11, 12, 13, 14, 18, 19, 22, 27, 35]

3.1. Bo3ayuiHble THHUY CBS3U

BOS,Z[}II_HHBIC JIMHUW CBA3U NPEAHA3HAYCHBI JJIsA CO3JaHUA ITYYKOB KaHAJIOB II€pC€Aa4Yn HH-
(pOpMaI_II/II/IZ Teﬂeq)OHHBIX, TCJICFpEl(i)HBIX CUT'HAJIOB, CUTHAJIOB TCJICYIIPABJICHHA, TCJICKOHTPOJIA U
TCICCUTHAJIU3aIl .

BOBILYHIHI)IC JIMHUHN 06J'IaI[aIOT KaK JOCTOMHCTBaAMH, TaK U HCJOCTaTKaMH.

JIOCTOWHCTBA BO3NVIIHBIX JJUHUNI:

a) 001aar0T OOJIBIION MEXaHUYECKON TPOYHOCTHIO;
0) UMEIOT AJTUTENbHBII CPOK CITYKOBI;
B) MO3BOJIIOT OCYILECTBIISATH CBSI3b HAa OOJBIINE PACCTOSHUSI.

HenocTtaTku BO3AYIIHBIX JIMHWIL:

a) HEBO3MOXKHOCTH Tepeaadn 4acToT Boime 150 k11

0) 3aBHCHUMOCTbH JIEKTPHUUECKHUX MapaMeTPOB Ieneil OT METEOPOJIOTHIECKHX YCIOBHIA;

B) TPOMO3JIKOCTh KOHCTPYKIIUII;

T') IO/IBEPKEHHOCTH TOBPEKACHUSAM, JIEKTPOMATHUTHBIM BO3JEHCTBUIM;

1) 3HAUUTENIbHAs CTOMMOCTh OJJHOTO KaHaJIO-KHUJIOMETpa CBS3H.

Bo3ayiHble TMHAY CBSI3U Pa3lEsalOTCs Ha TPU Kilacca:

I xmacc — JmMHHMM, HecylmMe LENU MAaruCTpPaJbHOM, JOPOKHOW M  ONEpPaTUBHO-
TEXHOJIOTHYCCKON CBSI3H,

I knacc — TMHUM, HECYIIME LENH TOJIBKO JTOPOKHOW U ONEPATUBHO-TEXHOJIOTHYECKON CBSI-
34;

III kytacc — JIMHKUM € LENSIMU MECTHOW BHY TPUCTAHLIMOHHOM CBSI3H.

Haubonpmme tpeboBanusi npexabsistorces K aunusM | u I kmaccos. [lo mexanumueckoit
npounocty auHUM [ u 11 kmaccoB nemsites Ha yetwipe Tna: O — obneruennsiii; H — HopManbHbIil; Y
— ycuiieHHbI 1 OY — 0cO00YCHIICHHBIH, OTIHYAIONIUECS TJIaBHBIM 00pa30M 4HCIOM Omop Ha 1 kM
muHuu. CootrBeTcTBEeHHO OT 20 10 28 onop Ha 1 kM.

OCo0eHHO MEXaHMYECKYI0 Harpy3Ky JMHHHM HCHBITBIBAIOT Tpu rosonene. OOBIYHO TOJIO0-
JI€AHOE MOKPBITHE HEPAaBHOMEPHO MO JHMHE. [103TOMy 3a KOJIMYECTBEHHYIO OLICHKY NMPUHHUMAIOT
SKBUBAJICHTHYIO TOJIIIMHY CTEHKH JIbJIa. DTO TOJIMHA, TP KOTOPOl Macca paBHOMEPHO paclipe-
JIe/IeHa 0 OBEPXHOCTH TIPOBOJA JIbJA C IIOTHOCTEO 0,910 Kr/M, paBHa Macce JIbJa IIpU peab-

HOM TO0JIOJIEAC.
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DeMEHTEI BO3AVIITHBIX JIMHUH CBSI3U

[IpoBona.

JluneiiHas mpOBOJIOKA AJI MPOBOJOB JOJDKHA 00JIaAaTh XOpOIIed MeXaHMYeCKOH MPOYHO-
CTBI0, THOKOCTBIO, YCTOMYMBOCTBIO MPOTUB KOPPO3UH, OJIKHA 0071a/1aTh XOPOIICH 3JIEKTPOIIPOBO-
JTUMOCTBIO.

Haubonbiiee pacnpocTpaHeHne Ha BO3IYIIHBIX JTUHUSAX CBSI3U MOJYYHIIM CTalbHAsI, MEIHAs
1 OMMeTauInYecKast IPOBOJIOKH.

CranbpHy0 IPOBOJIOKY JUIsl KOPPO3UHHOM yCTOMYMBOCTH MOKPBIBAIOT ciioeM IMHKa. Henoc-
TATKOM SIBJISIETCSI 3HAYUTEIHHOE 3aTyXaHWE CUTHATA C YBEIWYEHHUEM YacTOThl. JTa MPOBOJIOKA
MPUMEHSIETCS 11 CETe ONepaTUBHO-TEXHUYECKOU CBS3U. [nameTp ee 3-5 MM M MCHOJIb3YyETCS HA
muausax O, H u ¥V, #a nmuausx OV - 5+4 mm. Ha muausx 11l xmacca mpuMeHsSIOT POBOJIOKY Ua-
metpom 3+2,5; 1,5mm.

Mennasi TpoBOJIOKA M3-3a JIOPOTOBU3HBI MCIOJB3YETCS TONBKO MJii MOHTaka BBICOKOYAC-
TOTHBIX LIETIEN MArUCTPAIBHOW U TOPOKHOM CBsI3M. OHA JOCTATOYHO MPOYHA MEXAHUYECKH U MaJjlo
MOABEP)KEHA KOPPO3HMH, TaK KaK Ha BO3AYyXE€ MOKPBIBAIOTCS IJIEHKOW OKUCU MENH, 3allUIIaronIeil
MPOBOJI OT AAJbHEUILIETO pa3pyIICHHUS.

bumerannuueckas cramemennas mposojioka (BCM) cocTouT U3 IBYX METALIOB: CTAIBHOTO
Cep/ICYHMKA U HAJOKEHHOTO Ha HETO TEPMUUYECKHUM CIIOCOOOM ciiost Meau TommuHou 0,14-0,2 M.
DNEeKTPUUYECKUE XapaKTEPUCTUKU TaKUX MPOBOJIOK OMM3KH K MEIHBIM, HO TJOCTUTAETCSI 3HAYUTEIb-
Has skoHoMusa Menu. BCM umeer aquametp 3+4 mm.

[Ipu ycTpoiicTBe yUIMHEHHBIX MPOJIETOB M MEPEX00B Yepe3 dNEKTPOGUIIMPOBAHHEIE JOPO-
TH IPUMEHSIOT MHOTOIIPOBOJIOYHBIE TPOCHI.

JInst KpemieHns IMHENHBIX MMPOBOJIOB K M30JATOPAM CIIYKUT MATKAsl MEPEBsI304Hasi MPOBO-
JIOKa: CTajibHas JUIsl CTAIbHBIX, MEIHAs 1J11 MeIHbIX. [Ipu monBecke BbIAEPKUBAETCS ONpeeIeHHAs
CTpeJia IpoBeca.

Ornopsl.

JlepeBsiHHbBIE OMOpPBI YCTAHABIMBAIOT B JIECUCTBIX MECTaX M B MECTAaX C ONACHBIMU MHIYK-
TUBHBIMH TOMEXaMH, MPEBBIIIAIOIIMMHA YPOBHU IS KEJNE€300€TOHHBIX omop. B nmpyrux ciyyasx
HauOOoJbIlIee PACTIPOCTPAHCHHE TONYYIIN HKEIe300€TOHHBIE KOHCTPYKIMU B BHJE IOJIHOTO yCe-

YEHHOTO KOHYyca ajuHoi 6,5; 7,5; 8,5; 9,5 M (puc. 3.1).
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?230mm

40-45mm

?320mm

Puc. 3.1

HenocraTkom siBisiercst 00JbII0M Bec KOHCTPYKIUH, KoTopblil octuraet 510+1000 kr.

JlepeBsiHHbBIE CTOJIOBI M3TOTABIMBAIOT U3 JIMCTBEHHUIIBI, COCHBI, KeJIpa, €M1, TUXThI, ITMHON
5,5; 6,5; 7,5; 8,5; 9,5 M. [luamerpom B Bepirne 18-24 cMm. Jlns yBenuyeHUs CpoKa CIIyKObI CTOTIObI
MPONUTHIBAIOT AHTUCENITUKOM HJIM YCTAaHABIMBAIOT B UCKYCCTBEHHBIE OCHOBaHUsA. Eciu cTonb noa-
HATH HaJ 3eMJIeH, YKPENUB €ro B MpUCTaBKaxX (OETOHHBIX CTOJ0AX), TO CPOK CIY>KOBI YIJTUHICTCS
no 18-20 ner.

Ha nunwmsx I u 11 kmaccoB kaxkayro omnopy ycTaHaBIUBAIOT C ABYMsI PUCTaBKAMU, YKPETLIss
UX MPOBOJOYHBIMH XOMYTaMH.

Onops! BO3AYIIHBIX JIMHUN pa3feisioT Ha MPOCThIE U ciioxHbIe. [IpocThie cocTodaT U3 aepe-
BSIHHOT'O CTOJI0A WJIH JKEJI€300€TOHHON CTOMKHU, OCHAIIICHHON apMaTypoil.

Cno>kHBIE COCTOSIT U3 MPOCTHIX OMOP U JTOMOTHUTENBHBIX KPEIJICHUH B BHJIE MOAMOP, OTTS-
KEK MIIM COCTOST U3 JBYX CTOJOOB MIIU CTOCK.

K mpocTeiM OTHOCST MPOMEKYTOUHBIE ONOPHI, YCTAaHABIMBAEMbIEC Ha MPSIMOJIUHEHHBIX yda-
CTKaX Tpacchl JIMHUU.

K cioxHBIM — yTJI0BBIE, MTOyaHKEPHbIE, aHKEPHbIC, YCUJIICHHbIE, OKOHEUHBIE, KaOelbHbIE U
T.J.

VYr0BBIE ONOPHI YCTAHABIMBAIOT B MECTAX MU3MEHEHUS HAIIPABIIEHUS Tpacchl JIMHUU. 1X yk-

PETUISIOT MOATIOPKON MU OTTSDKKOM (pHc. 3.2).
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Hangalfnenve mawewua

mal B o IV ke
mezopud

Puc. 3.2
I'myOuHa 3aKkomku, B 3aBUCHUMOCTH OT KaTerOpUM TpPyHTa COCTABISAET BEINYHUHY
1600+2200 mMM.
[losyankepHbl€, aHKEPHBIE U YCUJIEHHBIE ONOPBI IPUMEHSIOT [UIsl YBEIUYEHUS yCTONYUBO-
CTH, OTPAHWYCHHUSI BO3MOXKHBIX pa3pylLICHU JMHUHN Tpu 0OpbIBaxX MpOBOAOB. VX ycTaHaBIMBAIOT
Ha MPSAMOJIMHENHBIX yyacTkax Tpacchl Ha auHUIX O u H yepe3 3 kM, Ha ¥V — yepe3 2 kM, OV — ye-

pe3 1 km. Ha puc. 3.3; 3.4; 3.5 nmoka3aHbl COOTBETCTBEHHO CXEMbI ITOJIyaHKEPHOM, YCUIICHHOW U Ka-

0enbHOIl omop.

Ecnu noamops! 3aMeHUTh 4-Msl pacTsHKKaMu, TO OyJIeM UMETh aHKEPHYIO OTOpY.

76



Puc. 3.4
OKoHeUYHbIC OMOPHBI pa3MCIIAOT B HA4YaJIC U KOHIC JIMHUHW Y BBOJIa B 3/1aHUA.

KaGenpHbIe OMOpPHI CITy>KaT A7 Iepexo/1a BO3AYITHON JIMHUH B KaOEIbHYIO.

Puc. 3.5

B mkady pasmematror nmpuOoOpsl 3amuThl, O60KCH MaructpanbHou cBsizu (BM), ciyxamue
JUIsL OKOHEUHOM pa3/ienku Kabesst U Ipyroro 00opy10BaHUsl.

JInst mpoBeIeHNST NCTIBITAHUM M OTIPEETICHNSI MECTa MOBPEKACHHUS IPOBOIOB HAa CTAHIIHSAX,
a TaKKe Ha TpaHMIAX JOPOT W AWCTAHIMH CUTHAIU3AIMU U CBSI3M YCTAHABIMBAIOT KOHTPOJIBHBIC
onopsl (puc. 3.6).

[IpoBoaa Ha TakMX OMOpax pa3pe3aroT U COSAUHSIOT MPU TOMOIIY JTUHEHHBIX CKUMOB.
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3a3eMJIeHHbIE CTYIICHU

90MM

[T

Puc. 3.6

[Topsimok pacmosnoxeHust 1eneil Ha orope BO3AYITHOW JIMHUM HA3bIBACTCS MPOQHUIEM OII0-

pbl. CyIIecTBYIOT CIIEAYIOIINE TPOQHIH:
- KprokoBslii (puc. 3.7);
- TpaBepcHbIH (puc. 3.8.);

- CMEILIaHHBIN (KPIOKOBBIM + TpaBEpCHBIN)

=
=
3
1 2 3 4
b | || || ||
\ /
9l E 5 6 7 8
| || || ||
E Q \ /
U
Puc. 3.7 Puc. 3.8

ApMaTypa ¥ YCTPOUCTBO HEPEXOJIOB.

I/ISOHHTOPH CJIy KaT U1 U30JIIIUU IPOBOAOB U KPCTUJICHHUA UX HA OIIOPaXx. Onn JOJI?KHBI 00-

JanaTh OOJBIION MEXaHHMUECKOW MPOYHOCTHIO, OOJBIINM CONPOTHBICHHEM M MAJIBIMH JAM3JICKTPH-

YCCKHUMHU IMOTCPSAMHU.
M3onupyromiue cBOMCTBA X HE JODKHBI 3aBHCETh OT MeTeoycloBuid. TakuM TpeOGoBaHMUSIM

YIIOBJIETBOPSIOT (paphopoBble, MOKPHITHIE IN1azypbio u3oisaTopsl Td-20, TO-16, TP-12 (puc. 3.9).
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Puc. 3.9
Konctpyknus HuxHEN yacTy (FOOKH) BRIOpaHa CIENUAIbHO JUTs YAJIMHEHHS CyXOW MOBEpX-
HOCTH TIPH JTOKE.
J1Jis TOIBECKM METHBIX U OMMETAIUTHUECKHUX MPOBOAOB HCTONB3YIOT TMd-20. TD-16, TD-12
ncnonb3yroT Ha nuHusx 11 kmacca.

Kproku, TpaBsepcrl, NITHIPH.

Kprok# - 3T ycTpoiicTBa MPUMEHSIOT AJIsl KPEIUICHUS U30JISITOPOB Ha onopax (puc. 3.10).

Puc. 3.10
Kproku m3roraBnuaroT u3 kpyrioit cranu @ 20, 18, 16 u 12 mm. Onu umerotr mapku KH-
20, KH-18, KH-16 (kprok HU3KOBOJIBTHBIN). Ha KpIOKM U IMITHIPH 3aBOPAYMBAIOT MOJIMITUIICHOBBIC
KOJIAYKH, 3aT€M HABOPAYUBAIOT U30JISITOPBI.

TpaBepchl N3roTaBIMBaIOT U3 JPEBECUHBI WK CTalu Ha 4 U 8 mteipel (puc. 3.11).
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Puc. 3.11

CranbHble BOCBMUIITBIPHKOBBIE TPAaBEPCHI AENAIOT U3 yroikoBod crtamu 50x50x6 mm s
muauit O u H, 60x60x6 mMm pist muauit Y u OY. [l 4-X IIThIpeBOM TpaBepChl NPUMEHSIOT YTOJIKO-
By10 ctaiib 40x40x6, 50x50x6 mm.

[tepu nenaroT u3 Kpyriaou cramu. Mx o6o3nauator kak IT-2/], IIT-2C (mTeipu ans ae-
PEBSHHOM, CTaNbHOM TpaBepcChl), IU(PHI yKa3bIBAIOT HA MAPKY CTAJIN WM U3JIEIHS.

KoHCTpyKIMSA JUIsL CKpEIIMBAaHUSA IPOBOJIOB.

JlJiss yMEHbBIIIEHUST B3aMMHBIX BIUSHUNA MEXIy IBYXIPOBOIHBIMH TEICPOHHBIMH LETISIMHA U
YMEHBIIIEHUSI BHEITHET0 BIUSHUS, MPOBOJA CKPEIIMBAIOT (MEHSIOT MPOCTPAHCTBEHHOE IMOJIOXKE-
Hue). [Ipu noaBecke Ha KproKax CKpEIIMBAHUE BBIMOJIHIIOT MpU MOMOIIU [-00pa3HbIX KPOHIITEH-

HOB, YCTaHOBJIEHHBIX BMECTO KPIOKOB (puc. 3.12).

750

;
d

o

Puc. 3.12

Hamnpumep, Tuna KC-4/5 — kpoHIITEHH A1 CKpEIIMBaHKS TIPOBOJIOB TUAMETPOM 4 U 5 MM.
[Ipu moaBecke MpOBOJOB Ha TpaBepcax CTAJIbHBIE MPOBOJA CKPELIMBAKOTCS HA MOJBECHBIX
Kprokax (puc 3.13a), mpoBoAa M3 IBETHOTO METaJIa CKPEIIMBAIOT MPH MOMOIIM HAKIAIOK; (pHC.

3.13,6)
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a) 0)
Puc. 3.13
[lonBecuble kproku mMapkupytotcs, kak KIIJI-16, 18 nns nepeBsnnbix tpaBepc u KIIC-16,
18 — nna craneHbix TpaBepc. Hakmanku mapkupytorces, kak HC-5; PC-6 mis craibHBIX TpaBepc,
HJI-5; H/I-6 nyist nepeBsiHHBIX TpaBepc.

YCTpOWCTBO VAJMHEHHBIX IMPOJIETOB U MEPEXOJIOB.

Tpacchl BO3AYLIHBIX JUHUN MOTYT MEpECceKaTh PEKH, OBparu, >KeJIe3Hble JOPOTU U JApYyTHE
€CTECTBEHHBIE U MCKYCCTBEHHBIE TTPETISTCTBUA.

s mpeo1oaeHus 3TUX NPENATCTBUN YCTPAUBAIOT YIJIMHEHHBIE MPOJIEThI, MAYTOBBIE TIEpe-
XOJIbI, IPOKIIAIBIBAIOT KAOENH, yCTaHABIUBAIOT OMOPHI MOBBIIICHHON ITMHBI U KPOHILITEHHBI, YKpe-
IJIsiEMbIE HA MOCTHKAX, BUaJyKaX U MyTEIPOBOIAX.

Ha nunusx csizu O u H yanuHeHHbIE TTpoJieThl co3aatoT anuHoi 10 150 M, Ha nuHusx Y u
YO — 1o 100 m. Ecnii 3TOT0 HEIOCTaTOYHO, TO JIENar0T KaOeabHbIC BCTABKM M MAYTOBBIE TIEPEXO/IBI.

Onopsl Ha yATUHEHHBIX NEPEX0/1aX JAOKHBI OBITH OoJiee HaIe)KHBI B MEXaHUYECKOM OTHO-
IICHUH ¥ BBIIIE 10 JuiiHEe. VX OAmuparoT moanopaMu Mpu KPIOKOBOM MPOo(dUiie U yCTaHABIMBAIOT
MOJTyaHKEPHBIE OITOPHI IPH TPaBEPCHOM Mpoduiie. YBETUIHBAIOT PACCTOSTHHE MEXTy TpaBepcaMH H
IITHIPSIMU.

Ecnan anuHa mpoinera mpeBbIIaeT MaKCUMAJIbHO JOMYCTUMYIO NIl TPOBOJIOB, TO BMECTO
HUX TOABEIINBAIOT CTAJbHBIC KAHATUKHA (BMECTO CTaJbHBIX MPOBOJOB) M OMMETAINTMYECKHE KaHa-
THUKH BMECTO IIBETHBIX MTPOBOJIOB.

[Tepexon uepe3 3meKTpOUIMPOBAHHBIE XK.J. OCYHIECTBISETCS KaOEIsIMH, Yepe3 aBTOMO-
OUIIbHBIE — BO3AYIIHBIMU JIMHUSMU C Y/UIMHEHHBIMH OTIOPaMH.

[lepexon nUHUM CBA3M 4Yepe3 PEKH IMPU HATWYUU HEPA3BOJHBIX MOCTOB YCTpPauBalOT Ha
KpOHIITEHAX, MPUKPEIUIIEMbIM K (pepMam MocTa.

Ecau MocT pa3BoHOM, TO Mepexo/ OCYIISCTBISIOT MOABOAHBIM Kabenem. Uepes BhICOKHE
HACBINU KaOenu MPOKIAABIBAIOT TI0 TpyOaM, 3aJI0)KEHHBIM O]l HACHITIBIO WIIK B TPAHIIEE MO TPY-

Oamu.
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KabenpHblE BCTABKH.

KaGenpHble BCTaBKM B BO3YUIHBIX JHHUAX YCTPAaUBAIOT Ha MEpPeXo/ax yepe3 peKu, K. 1., Ha
nmoaAxoJax K KpPY>KHBIM K. 1. y3JIaM, JJId yCTpOﬁCTBa BBOJIOB ITPOBOAOM H T.AO.

BosHOBBIE cOMTPOTHUBIICHHMSI 1IETIEH BO3AYITHBIX M KAOCIBbHBIX JIUHUN pa3audHbl. [loaTomy B
MeCTaxX COeIMHEHUS TOSIBIIIOTCS OTPaKEHHBIE BOJIHBI, IPUBOIAIINE K UCKAKEHUIO CUTHAJIOB.

I[JISI YCTpaHCHHUA 3TUX SIBJICHUU HCOGXOI[I/IMO COrJIaCOBAaTh BO3AYIIHBIC U KaGGHBHBIe OeIu.

CornacoBaHHsl TOCTHTAIOT, B YaCTHOCTH, BKIIFOUCHUEM Ha CTHIKE BO3AYITHOW W KaOEIbHOM
JUHUM aBTOTpaHchopMaTopa WM MOBBILICHHEM HWHAYKTUBHOCTH KalenbHbIX leneil. [loBbienue
WHAYKTUBHOCTH YBEIUYHBAECT MOAYJIb BOJTHOBOT'O COTIPOTUBIICHHUSI U YMEHBIIIAET €ro yroJl.

Ocy1iecTBUTh COTTIACOBaHUE C TIOMOIIBIO aBTOTpaHCc(hOpMaToOpa Mpole, MO3TOMY 3TOT CIIO-

co0 nmoyuun OonbIoe pactupocTpaneHue (puc. 3.14).

Boznyurnas nunus < % C KabGenbHas nunus

Puc. 3.14

C- eMKOCTh, BKIIFOUCHHAS JIJIi BO3MOKHOCTH MPOBOJIUTH U3MEPEHUSI HA MOCTOSTHHOM TOKE.
Jlia cornacoBaHus Lenei, UMEIIUX MEIHbIe WM OMMETAINIMYECKHE MMPOBOJa C HU3KOYACTOTHBI-
Mmu kabensmu (T3), mpuMeHsIOTCsT aBTOTpaHC(OPMATOPBI ¢ COOTHOIICHHEM BXOJHBIX COMPOTHUBJIE-
Huii 550:140 Om, a ¢ BeIcOKOYacTOTHbIMH KaOemstMu 550:180 OM. JIiist CTaJIbHBIX BBICOKOYACTOT-
HBIX IIeTIeH MPUMEHSIOT aBTOoTpanchopmaTopsl ¢ cooTHomeHneM 800:140 Om a1t HU3KOYaCTOTHBIX
kabeneit (T3) u 800:180 Om BeicokouacToTHRIX (MK, MKC).

ABTtoTpanchopmaropsl pazaenstorces Ha CYJI (cormacyroune nuneinsie) u CYC (corna-
cytouue ctanimonnsie). CYJI ycranasnusator B IIIMC u onopax, a CYC Ha cTraHuusX.

Jnist omipenienieHus HEOOXOIUMOCTH B COTJIACOBAHUH OICHHUBAIOT PE3YIbTUPYIOUIHHA KO-

(bUIMEHT OTpaKCHHUS:
p = Zu " i
z +z
66 8K
Zgs, Zgx — BOJTHOBBIE CONIPOTUBIICHHS BO3IyIIIHON 1 KaOeIbHOW JTMHUHA COOTBETCTBEHHO;
S« — KoaddunmeHT cupura ¢a3bl ey KaOeIbHON BCTaBKY;
[, — nnuHa xabens.

Econ P<0,1 nns ueneil yminoTHeHHBIX B cnektpe dactoT A0 150 xI'm m P<0,2 ansa nenei,

y1oTHEHHbIX 710 30 kI'1, TO COryIacoBBIBAIOIINE YCTPOMCTBA HE YCTaHABIMBAOTCS.
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3.2. BBICOKOBOJIBTHO-CUTHAJIbHbIE TUHUN aBTOOJIOKUPOBKHU

Hasnauenus u tpeOOBaHUs.

Bo3znyuiable 1uHUM aBTOOIOKMPOBKH HanpspkeHueM 6-10 kB (BJI aBToO10KMpOBKA) CIy>KaT
JUISL TIOABECKU BBICOKOBOJIBTHBIX M CUTHAJIBHBIX ITPOBOIOB.

BrICOKOBONIBTHASL 1I€TIH TIPEAHA3HAYCHA ISl AJIEKTPOCHAOKEHUsT YCTPOMCTB aBTOMaTHYe-
CKOM OJIOKMPOBKH Ha IEPEroHax M yCTPOMCTB aBTOMATHKHU U TEJIEMEXaHUKH Ha TeX CTAHIMIX, I/e
HET JPyroro NUTaHus.

B ornmume ot nIpyrux BHICOKOBOJBTHBIX JUHMNA K BJI aBT0OI0KMpOBKE 1O BCE AIHMHE, Ye-
pe3 1-2,5 KM MOoAKITIOYaloT YCTPONCTBA, MOTPEOIISIONINE MOIITHOCTh 10 5 KBT. DT0 ycTpoiicTBa aB-
TOHOMHOW TEJIEMEXaHWKH, OHH SIBJISTIOTCS HanOoJiee OTBETCTBEHHOW NMEPBOM TPyNION moTpeduTe-
nei. Takue nmoTpedbUTENN TOJIKHBI 00ECIIEUNBATHCS SHEPIHEN OT JIByX HE3aBHCHMBIX MCTOYHHMKOB,
IIpUYEeM IepepbIB JOMYCKAETCs TOJBKO Ha BpeMs NMEPEeKII0UEHUs Ha pe3epBHOE MUTaHue, He Ooee
yeM Ha 1,3 cexk.

DnexTpocHabKeHHe aBTOOJOKUPOBKH M CTAaHIIMOHHBIX ycTporicTB CLIb momkHo ObITH opra-
HU30BAHO TaK, YTOOBI MX JAEHCTBHE HE NPEPHIBAIOCH NMPH OOJBIINHCTBE HEUCIPABHOCTEH MM pe-
MoHTe 371eMeHToB BJI. IloaTomMy ocymiecTBisieTcs pe3epBUpOBaHME HAa BCEX YPOBHSX JJIEKTPO-
cHaOxeHus: pezepupyercs nutanue BJI, nyGnupyrorcs nenu (0 BO3MOXKHOCTH), 1yOIHPYIOTCS
MOHMIKAIOILUE TPAaHC(HOPMATOPHI, CTABATCS MECTHBIE PE3E€PBHBIE UCTOYHUKH YHEPTHUH HEMIOCPE/CT-
BEHHO y ITUTAEMBIX YCTPOMCTB U T.II.

IToBhIIIEHHE HAACKHOCTH.

HanexxnocTh obecrieynBaeTcs:

- XOpOIIMMH MEXaHHYECKUMH U JIEKTPUICCKIUMH CBOHCTBAMU;

- OBICTPBIM OTKJIFOUYCHHEM JIFOOOTO MOBPESKICHUS WM PEMOHTHPYEMOI'O yJacTKa JijIsl CO-
XpaHCHHUS JACUCTBUS IIETIH 110 BCEM OCTaJIbHBIM Y4aCTKaM;

- nmensat BJI Ha oTAenbHBIE YYaCTKU — IUICYH MHUTAHUS, KOTOPBIC 3aIUTHIBAIOTCS OTACIb-
HBIMH UCTOYHHUKAMH.

[Tnedo ¢ ogHOCTOPOHHUM (KOHCOJIBHBIM MUTaHUEM) (puc. 3. 15).

OIIII PIIII

Puc. 3. 15
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OIIIT — ocHoBHOM nyHKT nutanus, PIIII — pe3epBHBINA, OH BKIIIOYAETCS B CIy4yac BbIXOAA U3
ctpos OIIII uny nmoBpexeHus Ha JIMHUM, TOT/Ia 3aIUTHIBAIOTCS 00a KOHIIA Pa30pBAHHON JIMHUH.
B cinywae ywyacTKOB ¢ MallOHAJIEKHBIMU ITyHKTaMHU 3JIEKTPONUTAHMs LenecooOpa3Ha

BCTPEUYHO-KOHCOJIbHAS cxeMa nuTanus (puc. 3.16),

Puc. 3.16
MO3BOJISIONIAS, B CIIy4ae BbIXOJa U3 CTPOSI OJTHOTO TIJIeda MUTAHUS, TIOJICOEAMHUTH €r0 K COCETHEMY
mieuy.

Pexxe mpumeHsieTcs IByXCTOpOHHEE WIIH MTapajuiesibHoe uTanue (puc. 3.17),

Puc. 3.17

IIpU KOTOPOM 00a IMyHKTa MUTaHHs BCE BPEMs MOACOEAWHEHBI K JIMHUM, OJaronaps 4emy MpH BbI-
XOZIe M3 CTPOSI OJTHOTO M3 MYHKTOB WJIM OOpBIBA JIMHUH MTUTAaHUE aBTOOJOKHMPOBKHU HE MpEKpaIiaeT-
csi. IIyHKTBI MUTaHUA MPH TAKOM CXeMe JOJDKHBI OBITh C(a3upoBaHbl. DTO MOXKHO CAEIaTh, €CIIU
OHHU OTHOCSATCS K O/IHOM SHEProCUCTEME U €CIIU MapaMeTphl NOBBIILAOIIMX TPAaHCPOPMATOPOB OAU-
HAKOBBI M OJUHAKOBBI CXEMbI COCJUHEHUS OOMOTOK. [IpOTSKEHHOCTh TUIed MUTAHUS HE JOJDKHA
npeBbiiaTh 60-65 KM npu cMeleHHoN cucteMme nutaHus u 40-45 kM npu NUTAaHUU TIEPEMEHHBIM
TokoM (U=6-10 kB).

OTxtoueHHEe MOBPEKACHHBIX YYacTKOB B IpeJieNax Iuleya OCYILECTBIISETCS CEKIMOHUPO-
BaHUEM, T.€. pa3JiefieHHEeM IIjieya Ha OTACIbHBIC YaCTH, COSAUHEHHbIE MEXIYy cO00i TpeXmoiroc-

HBIMU pazbeAUHUTENSIMH (puc. 3.18).

o

Puc. 3.18
Ecnu nutanue pe3epBUPOBAHO 3a CYET MECTHBIX MCTOYHHMKOB (AKKyMYJISTOpHBbIE OaTapem)
WA UMEETCSI JIMHUS MPOAOIBHOTO AIEKTPOCHA0KEHNUS, NCTIOIb3yeMasi KaK pe3epBHasi, TO pa3beau-

HUTEJIH CTaBAT Y TPAHUIL, 32 BXOAHBIMU CBETO(OpaMH CO CTOPOH TIEpEroHa yepes 5 KM.
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[Ipu oTcyTcTBHM pe3epBa Ha IBYXIYTHBIX YYaCTKaX M OJHOMYTHBIX C MHTEHCHUBHBIM JIBU-
KEHHUEM PazbeIUHUTEH CTaBAT Yallle, Y KaXXJI0i CHIIOBON OMOPBI C 00EUX CTOPOH.

Haubonpemee pacnpoctpanenue umeioT BJI aBTOOIOKMPOBKH, TpEACTaBISIOMIUE COOOM
Tpex(a3Hy0 BRICOKOBOJBTHYIO IIETh C M30JUPOBAHHON HEHTpasibio yacToTor 50 ' m HampsiKeHu-

em 10 kB niM 6 KB, HUKE KOTOPOI pacrosiokeHbl CUTHaNIbHBIE TpoBoJa (puc. 3.19 (a,0)).
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Puc. 3.19

B nuHMSAX aBTOOIOKUPOBKH OTCYTCTBYET OOJIErYe€HHBIN THUII.

BOnm3u curHambHBIX TOYEK, aBTOOJIOKUPOBKU (CBETO(GOp € peleHbIM mKadoM) Ha CHIIO-
BBIX OIOPaxX YCTaHABJIMBAIOT JUHEHHBIEC TpaHchopmaTopsl OM (0ogHODA3HBIE ¢ MACIISTHBIM OXJIaX-
JIEHUEM) CHIDKaroree Hanpsbkenue a0 115, 230, 400 B. Huzkoe HanpspbkeHHne mogaeTcs mo Kadento
K CUTHAJbHOW TOYKE JUISI MUTAHUS PEITbCOBBIX IeNell, CBETO(GOPHBIX JMHUNA M PENEHHBIX CXEM

(puc.3.20).
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Puc. 3.20
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PBO — BeHTHIIBHBIE pa3psAHUKH, 3aIUIIAIONIAE TPaHCHOPMATOP OT TPO3OBBIX M JPYTHX
NIEpEHAPSKCHUM.

[NKB — KoMOMHUPOBaHHBIE TIABKUE TPEIOXPAHUTENN-PA3HEAUHUTEIIH.

[IIT — mpoOuBHON MpeAOXpPaHUTENh 3aITUINACT OT MPOOOs H3OJAIUI0 MEXITY 0OMOTKaMH
TpaHcopmaTopa U MOBBIIIAET 0€30MACHOCTH OOCITYKUBAIOIIETO MEPCOHAA.

ABM — aBTOMaTHYECKUI BBIKIIOYATEIh MAKCUMAIILHOTO TOKA.

Nmeetcs nBa 3a3emMiieHHsI: BBICOKOBOJIBTHBIE M HU3KOBOJIBTHBIE.

Ouneps! nutatone BJI nenu aBTOOIOKMPOBKY HAa MUTAIOIIMX IMYHKTaxX, TOJKHBI MIpHCOe-
JTUHATHCS K IIMHAM uepe3 OTAeIbHbIe TpaHChOopMaTOPhl M 000PYAYIOTCS YCTPOHCTBAMU aBTOMATH-
yeckoro noropHoro BkitoueHus (AIIB) u aBTomarnueckoro BkitoueHus pesepsa (ABP).

[Ipn muTaHUKM aBTOOJOKUPOBKH MEPEMEHHBIM TOKOM, 3TH (PHAEPHl UMEIOT MaKCHMAIbHYIO
TOKOBYIO 3aIlIUTY, OTKJIIOYAIOIIYI0 (UAep NMpU HEHOPMAJIbHOM BO3pAaCTaHUH MOTPEOIIEMOTo TOKA,
3alUTY MUHUMAJIBHOTO HANpSOKEHUs, OTKIIOYAIONLYI0 (UAep MpU PEe3KOM YMEHbILIEHUU HaIpsiKe-
HUS, a TaKOKe 3alUTy OT OJAHO(A3HBIX 3aMbIKAaHUI Ha 3E€MIIIO, ICUCTBYIONIYIO HA CUTHANl MU TOXE
Ha OTKJIIOYEHHE. DTO BAXKHO, NMOCKOJIbKY HEUTpab U30JIMPOBAHA U IIPHU 3aMbIKAHUHU Ha 3€MJTIO PEe3-
KO BO3pacTaroT MOMEXH (JINHUS CTAHOBUTCS HECUMMETPUYHON ).

[Ipy nByX1EenHOW JIMHUM LENb MPOJOJIBHOIO MUTAaHUS UCHOJb3YETCs, KaK pe3epBHAs LIEb

aBTOOIOKHPOBKH (puc. 3.21).

Ot TpanchopmaTopoB

ocHOBHOM BJI pesepsHO BJI

=)

K nuraemeiM ycTpoiicTBam

Puc. 3.21
J1J1s1 UCKITFOUEHHST OTHOBPEMEHHOTO TIOBPEKIACHUS 00EUX IIETel, HHOT/Ia 1T POI0JILHOTO

9HepFOCHa6)KeHI/IH MMOABCIINBAIOT HAa OITOpax TSATOBOM CETH.
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3.3 JIuuwmit AI1P u I1P
DnexkTpocHaOKeHHE JTMHEHHBIX MOTPEOUTENCH Ha JJOPOTax C ANEKTPOTATON OCYIIECTBISETCS

1o Tpex¢a3Hoi HECUMMETPHYHOH 1enu "nBa mpoBoja — penbehl” ([II1P) ¢ nuHeitHbIM HanpsKEHU-

em 27,5 KB, pacIoylo;KeHHOH Ha oropax TAroBoi cetu (puc. 3.23).

JITIP

I1P

1.75m

Taroselit TpoBOA

2m

Puc. 3.23

IIpu 3TOM 3KOHOMHYECKH BBITOJIHO MCMOJIb30BAaTh B KAUeCTBE JIMHUU aBTOOJIOKUPOBKHU OJI-
Hodaznyto nenp 1P (mpoBon — penbc, HECUMMETPUUHYIO) HampsbkenueMm 27,5 kB (kak u [II1P).
JUinHy muieda B 3TOM Cily4ae NMPUHUMAIOT PaBHOM PACCTOSIHUIO Mex1y omnopamu. IIpu atom He
MIPUMEHSIOT CUJIOBBIE ONOPBI M BMECTO HHMX YCTaHABIMBAKOT Y CUTHAIBHBIX TOYEK OJHO(A3HBIE
KOMILIeKTHbIE TpaHchopmaTopHble noactanuuu (KTII) ¢ nByms tpanchopmaropamu 27,5 kB/127 B,
OJIMH U3 KOTOPBIX BKIIIOUEH MEXIy penbcamu U npoBofoM [IP (ocHOBHOI) m apyroit — mexay
penbcamu u TP (pe3epBHbIiT). HemoctaTkoM Takoi CHCTEMBI SBISETCS OOJbIINEe KoeOaHus Ha-
MPSKEHMSL.

B cucreme ABT - aBTOOJIOKMPOBKH C LIEHTPAJIM30BAaHHBIM pa3MEIEHUEM ammaparypsl
(IIAB) Ha rpaHuIiaXx peabCOBBIX Iemel (0e3 N30IUPYIOMIUX CTHIKOB) CTOSIT TOJIBKO MyTEBHIE TPAHC-
(dbopmartopsl, a anmapaTypa MUTAIOMIUX U PEIeHHBIX KOHIIOB Pa3MENIaeTCsl Ha CTAHIUAX, OTPAHUYH-
BAaIOLIMX MEperoH. B 3ToM ciyyae BBICOKOBOJIBTHAS LI€Nb aBTOOJOKUPOBKM Ha MEPEroHax He HyX-

Ha, a CUTHAJIBHBIC IICIIHX 3aKJIIIOYAarOT B OTACIIbHBIN KaOeJb.

3.4. Kabenpusie muanu ATC

Knaccudukanus. Kabenn kinaccupuuupyroT 1o HazHau€HHIO, 00JaCTH MPUMEHEHUs, POy

M30JIALUH, CIIOCOOY MPOKIAIKU, KOHCTPYKIUH KW, MaTepually, KOHCTPYKIIMH 3alUTHBIX MOKPO-

BOB U T.1.
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Haubonee wacto BcTpeuaromuecs kabenu Ha oobekTax x/0 ATC yaobHo knaccupuumpo-

BaTh 110 HA3HAYCHUIO U pa36HTL HX Ha I'pyIIbI:

KaOeJlH CBSI3H;

- CUTHQJIBHO-OJIOKHPOBOYHBIC (KaOeau aBTOMATHKU U TEJIEMEXaHUKH);

- CHUJIOBBIE;

- KOHTpOJIbHBIE.

Koncrpykmus kabeneit. Kabenps npeacrapiseT co00i 0HY WM HECKOJIBKO H30JUPOBAHHBIX
XKW (ONTHYECKUX BOJIOKOH), 3aKJIIOUEHHBIX, KaK MPaBWJIO, B METAJUTMUECKYIO WM HEMeTainye-
CKyI0 000JIOUKY, MOBEPX KOTOPOW B 3aBUCUMOCTH OT YCJIOBUN MPOKIAAKU U DKCIUTyaTallMd HAaJo-
JKEH COOTBETCTBYIOLIUHI 3al[UTHBIN IIOKPOB.

OO611yI0 KOHCTPYKITHIO KaOemsi MOKHO MPEACTaBUTh TaK, KaK MoKa3aHo Ha puc. 3.24.

6 7

Puc. 3.24

1 — cepaeyHUK, OCHOBA KOHCTPYKIIMH, COCTOUT U3 CKPYUYEHHBIX OIMpPEIeICHHBIM 00pa3oM U
CTPYTITHPOBAHHBIX TOKOMTPOBOISIINX KT (ONTHYSCKAX BOJIOKOH). OH MOXKET OBITh CTPYIITUPOBAH
rapamMu, 4YeTBEpPKaMH U T.J.

2 — noscHas uzonsuusa. OHa HaKIaAbIBAETCS JJI 3alIUThI OT MOBPEXICHUNA MPU HATIOKECHUU
000JI04€K, /17151 TIOBBIIIICHHS IPOOUBHOTO HATIPSKEHUST MEXKAY JKUJIAMH U 3aIIUTHBIMA 000JI0YKAMU,
JUTSL TIPUIaHUST OOJIBIICH TTOJBIKHOCTH KW KaOesl OTHOCHTEIBHO 000109kH. OHa BBITOTHSICTCS
u3 kabenpbHOU OyMaru, rjaacTuKa Uiu MPOPEe3UHEHHON TKaHHU.

Jlig 3amuThl 1ienei kabens OT BHEIIHHX AJIEKTPOMArHUTHBIX MOJIEH MOHTHPYIOT dKpaH 3.
JIns 3TOro amfOMUHHMEBBIE, MEAHBIE WIIA ATIOMOIIOJIMATUIICHOBBIE MTPOAOJBHBIE JEHTHI YKIAABIBAIOT
MOBEPX MOSCHOU H3OJISLUH.

4 — obonouka u3 Metaya. OHa HaKJIagbIBaeTCs JJISl 3aLUTHI KU OT BO3JCHCTBUS BIaru,
Pa3IMYHBIX XMMHUUYECKUX BEIIECTB U MPEJOXPAHEHUSI OT Pa3IMYHBIX MEXaHUUYECKUX BO3ICHCTBUU.
Haunbonee Hafe)KHBIMY B YaCTH BJIATONPOHUIIAEMOCTH SIBJISIOTCS 000JIOYKY M3 aTIOMUHUS, CBHHIIA
U CTAJIH.

B kauecTBe 3aIIUTHBIX 00010YEK MOTYT OBITh UCHOJIB30BAaHbl U 000JOYKU U3 TIIACTMACCHI U

PE3UHBI. Nx HCIOJIB3YKOT B TOM CJIy4dac, Koraa Kujibl U30JIUPYIOT MJIaCTMAacCcoM U peBHHOﬁ.
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[IpuMeHsIOT Takke KOMOMHUPOBAHHBIE METAJIOIUIACTMACCOBBIE O0OJIOUYKH U3 TOJIMITHIICHA
CO CTaJbHBIMH U AJIOMHHUEBBIMHU JIeHTaMu. /[ npenanus kabemro 60ibleii THOKOCTH CTalbHYIO
000J104Ky TOQpUPYIOT.

Mertamnyeckre 000JIOUKH HAKJIaIbIBAlOT HA CEPACYHUK METOAOM IOpSYEro BBIIPECCOBBI-
BaHMsSI WM CBAPHBIM METOIOM.

Mertammiyeckue 000J0YKH MOKPBIBAIOT OUTYMOM C HaJOXKEHHBIM MOBEPX IJIACTMACCOBBIM
LUJIAHTOM.

[InactmaccoBble 000JIOUKH BBIIPECCOBBIBAIOT U3 MOJUATUICHA WM MOJIMBUHWIXJIOPUAA U
HaKJI1aJbIBAIOT Ha CEPJICYHUK B BUJE IIIJIAHTA.

[Tocne 3amuTHBIX 000704YeK (4) BBHINOIHAIOTCS 3alIUTHBIE MOKPOBBI: MOJYIIKa, OpPOHS, Ha-
PYXHBIM TOKpoB. OHU NpeaHa3HAuYEHbl AJS 3allUThl KaOess OT MEXaHUYECKUX BO3JEHCTBUI MpH
BBINOJIHEHUH CTPOUTEIbHO-MOHTAXHBIX Pa0oT.

5 — nmoay1Ka, BBIMOIHAETCS U3 OUTYMHBIX COCTaBOB, JIEHT IUIACTHKA, IPOITUTAHHON KaOeb-
HOI Oymaru, MponuTaHHOW KaOeIbHOU MPSKU U T.1.

6 — OpoHs1, OBIBaET TPEeX TUIIOB, KOTOPbIE COOTBETCTBEHHO M3TOTABIMBAIOTCS U3 CTAIHM WU
OLIMHKOBAHHBIX CTAJbHBIX JIEHT (TUM b); U3 OLIMHKOBAHHBIX CTAJIBHBIX IJIOCKUX MPOBOJIOK (TuI II);
W3 OLIMHKOBAHHBIX KPYTJIBIX MPOBOJIOK (T K).

7 — HapyHbII MOKPOB. COCTOUT U3 OUTYMHBIX COCTaBOB, OMTYMa, MPONUTAHHON CTEKJISH-
HOM MpsKU, U3 IITANEIUPOBAHHOIO BOJIOKHA, OJMBUHUIXJIOPUIHBIX, TOJIUATHICHOBBIX WM MOJIH-
aMUJHBIX JIEHT, MOJMATUICHOBOIO LUIAHra U Ap. DTU MOKPOBHI HAKJIa/AbIBAIOTCS MOBEPX OpOHU B
pa3IUYHBIX COYETAHUSAX.

KabenbHbIE MaTCpHUAJIbI.

[IpoBogHMKOBBIE MaTEpHabl. B KauecTBE TOKOBEAYIIUX KU YACTO UCIOJIb3YIOT:

- MEJHYIO MATKYIO (OTOXOKEHHYIO0) IPOBOJIOKY Mapku MM;

- TBEPAYIO ATIOMUHUEBYIO TPOBOJIOKY AT.

OTH MapKH XapaKTepU3yIOTCsS MaJlbIM COIPOTHBIECHHEM 3JIEKTpUYecKOMy TOKy. Y MM p =
0,01754 Om-Mm*/m; y AT p = 0,0295 Om-mm?/m. [peaen npounocta y MM — 270 MITa y AT — 160
MIIa.

AnoMMHUN MeHee NeQULUTEH, YeM Meb, HO OOJIbLIE MOJABEPKEH KOPPO3UU U MMEET He-
CKOJIbKO OoJblliee compoTuBieHrne. OH Takke MMeeT Oojblliee KOHTAKTHOE CONPOTUBICHUE, YTO
3aTpyAHseT cornacoBanue. [1o3ToMy aaroMHuHMIA Yale BCEro UCIOIb3yIOT B CHIIOBBIX KaOesx.

I/ISOJU[III/IOHHI)IG MaTcpualbl.

HeoOxonumbl 1u1st U30SIUH KU U JPYTHX KOHCTPYKIIMOHHBIX 3JIEMEHTOB JIPYT OT ApyTa.
OHU XapaKkTepu3yroTCs IMEKTPUIECKUMU CBOMCTBAMU:

- DIEKTPUUYECKOH NMPOYHOCThIO — Eyyp (monuaTuneH — 30 kB/MM, noiauctupon — 40 kB/Mm);
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- yIelIbHBIM OOBEMHBIM COMPOTUBJICHHEM — P, OMPEICISIONIUM TOK YTE€UYKH B TUIJIEKTPHU-
Ke (MOJIUATHIIEH p = 10" Om-cem);
- JIMPJNEKTPUYCCKOW TPOHUIIAEMOCTBIO — €, OMPECIISIONIe BOJTHOBBIE CBOWCTBA W JU-
NEKTpHYECKHe oTepH (tgd) (mommTiieH € = 2,3, tgd = 5-107).
W3 TBepABIX TUANIEKTPUKOB B KaOesX CBA3M HAUOOIIbIIIee MPUMEHEHHE UMEIOT MOJIUATUIICH,
ctupodiekc, kabenbHas Oymara, B CUTHAIbHO-OJIOKUPOBOYHBIX — IMOJTMATUIICH, B CUJIOBBIX — ITOJIH-

STWIIEH, NOJUBUHWIXJIOPUL, pe3UHA, KabesbHas Oymara.

3.5. Kabenu cBsa3u

Knaccuduranms.

Ilo Ha3HayeHuto KalGenu CBA3M pa3ZeisAIOTCS Ha MarkucCTpalbHbIE MEXIYTOPOAHHE OOLIEro
Ha3HAYEHUs, KEJIE3HOI0POKHbIE MarucTpaibHble Kabesu CBsi3u, kabenu MeCcTHOH Tene(OoHHOM CBs-
34, KabeIM CBSA3U JAJIsl COEIMHUTENbHBIX JIMHUM U BCTaBOK, KaOenu 30HOBOW (BHYTpHOOIacTHOMN) U
CEJIbCKOM CBSA3M, CTAHIIMOHHBIE M paclpe/ieIUTeIbHbIe KaOeu.

[To ycnoBusM NpoKJIaAKK M 3KCIUTyaTallud KaOeslu pas3/essioT Ha MOJ3EMHbIE, [TOIBOHbIE,
IIOJIBECHBIE.

ITo KOHCTPYKIIMU ¥ B3aMMHOMY PacHOJI0KEHUIO IPOBOJHUKOB Ka0Oelu pa3elsioT Ha:

- CHUMMETPHUYHBIE, COCTOSAIIME U3 OJAMHAKOBBIX B KOHCTPYKTHUBHOM U 3JIEKTPUYECKOM OT-

HOILIEHUU TIPOBOJIHUKOB;

- KOAaKCHAJIbHBIE.

o cniekTpy nepenaBaeMbIX YacTOT:

- HM3KouyacToTHBIe o 12 kI'1;

- BBICOKOYAcTOTHbIE > 12 kI'LI.

I1o ckpyTKe XKW1 B TPYTIIIBL:

- kabenu Cc mapHOW CKPYTKOM;

- kabenu c 4eTBEepOYHOU (3BE3IHOI) CKPYTKOM U T.1I.

Io ckpyTKe TPy B OOIINI CepIICUHUK:

- kabenu c TOBUBHOM CKPYTKOM;

- Kabenu C My4YKOBOU CKPYTKOH.

o poxy 3amuTHBIX 000JI0YEK:

- C METaJNINYECKUMU;

- C IJJaCTMACCOBBIMY;

- METaJUIOIUIACTMACCOBBIMHU 000IOUYKAMHU.

ITo By 3aIIUTHOOPOHEBBIX TOKPOBOB:

- Kabenu c JIGHTOYHOU OpoHeN;
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- kabenu c MPOBOJOYHOM OpOHEN;

- DKyTOBBIM WJIM TUIACTMACCOBBIM ITOKPOBOM.

MapkupoBKa.

OcHoBHbIE KJIacCHU(PUKAIMOHHBIE MPU3HAKK OTPAXKAIOTCS B MAapKUPOBKAX - YCJIOBHBIX 000-
3HAYCHUSX.

KM — koakcuaabHble MarucTpaabHbIE

MK — cuMMeTprUYHBIE MaruCTpaabHbIE

MKK — maructpanabHble KOaKCHaTbHbIE KOMOMHUPOBAHHBIC

T3 — cuMMeTpHUHbIE HU3KOYACTOTHBIE MarUCTPATbHON CBS3H

T — renedonHbIe MECTHOH CBSI3U

O — ontuueckue Kadenu.

B mapkupoBke kabeneil cBsi3u MEePBBIMU CTOAT OYKBBI, XapaKTePU3YIOIKUe 00J1acTh IpUMe-
HeHusi Kalens, najee cleAyloT OyKBbI, 0003HAYaONIMe KOHCTPYKTHUBHBIE 3JIEMEHTHI IOCIIEI0Ba-
TEJNBHO OT LIEHTpa Kales.

B mapkupoBke kaOeneil He 0003HaualOT OyKBaMH MEIHBIC KWIIbI, OYMa)KHYIO HM30JISILIHIO
KW (KpOMeE /1 MarucTpabHBIX Kabeseil), CBUHIIOBYIO 000JI0UKY .

M3onsanust 0603HaYaeTCs CIeAYIOMUMA OyKBaMHU:

C — ctupodnexcHast (MOTUCTUPOIIbHAS)

[T — monusTUNEHOBAS.

0O06010YKH MapKUPYIOTCS KaKk

A — anmroMuHHEBasT 000JIOUKA,

Ct — cranbHasi roppupOBaHHAs,

IT — monusTHICHOBAS,

B — nonuBuHUIXIOpUIHAS.

BbponeBbie MOKpOBBI 0003HAYAIOTCS OYKBAMU:

b — cranpHas neHra,

K — cranbHbIe KpyTJible IPOBOJIOKH,

IT — mnockue mpoBOJIOKH.

Hampumep: kabens MKIIAB 7x4x1,05

DTa MapKUpPOBKA O3HAYAET: BHICOKOYACTOTHBIM CUMMETPUYHBIA MarucTpajibHBIA KaOelb C
MOJTMATUIICHOBON M30JISIIMEH KW B allOMUHHEBOH 000J10uKe, OpOHEBOW MOKPOB U3 CTaJbHBIX

JIEHT, UMEET 7 YETBEPOK, TMaMeTp TOKoBeayIen xuibl 1,05 mm.

91



3.6. DneMeHTbl KOHCTPYKIUH 3JIEKTPUUECKUX Kabesel CBsI3u

Kunbl xkabenet. TokoBenyIye KUiIbl U3rOTaBIMBAIOT B OCHOBHOM KPYIJION (POpPMBI U3 Me-

1 TRAMETPOM

0,8;0,9; 1; 1,05; 1,2 MM — 1714 Ka0OeJjieli MHOTOKAaHAJILHOM CBS3H;

0,32; 0,4; 0,5; 0,6; 0,7 — mnsa xabejleil MECTHOM CBA3U.

HNHorma npuMeHsoT alloMOMEIHbIC, @ B TIOJIBOJIHBIX KaOENsaX IJIs YBEITUYCHUSI TPOUYHOCTH
YKUJIBI 3aMEHSIOT MHOTOIPOBOJIOYHBIMH

[Ipn M3roToBIEHMH KOAKCHUAJIbHBIX Kabenel HamOoJblliee MPUMEHEHHE UMEIOT 000JO0YKU
tuna "MOJHUA", 00JIaJAr0IINE BRICOKOW TEXHOJIOTHYHOCTHIO, SJICKTPHUECKON OJJTHOPOTHOCTHIO (PHC.

3.25).

Puc. 3.25

[TpuMeHSIFOTCS Tak)Ke BHEITHUE O00JIOUKH W3 CIIHPATBHBIX JICHT, TOQPUPOBAHHBIX TPYOOK
WJIM B BHJIC OIUICTKH U3 MEIHBIX IMPOBOJIOK.

[Ipu KOHCTPpYMpPOBaHUU KOAKCHAIILHBIX KaOeliell 0oiblIoe 3HaUCHHE MMEET yUYeT OTHOIIE-
Hus D/d, rne D — BHemHue nuamerp, d — nuameTp BHYTPEHHETO MPOBOJHHKA, 3aTyXaHUE o B KOAK-
CHATBHBIX Ka0eNsIX 3aBUCHT OT 3TOTO OTHOIICHUS W JJIs KaKIOTO MaTepuajia CyIIeCTBYET OITH-
MaJIbHO€ 3HAYE€HHME 3TOTO OTHOMICHMS. Tak Iy MeIHOM maphl 3HaA4eHHe AToro oTtHomeHus D/d =
3,6, nns amromunaueBoi D/d = 3,9 u 1.4. Eciu kabens UMeeT U30JISIUI0, TO 3TO OTHOIIEHHE OyaeT
3aBHUCETh OT €. Tak ¢ yBenumueHueM € BenuauHbl D/d 10IKHBI BO3pacTaTh.

N3oasamus .

TunoB m3onsanuu ObiBacT MHOTO. JlydIie n3omsiuend cauTaeTcs Ta, B KOTOPO MHOTO BO3-
nyxa (e—1, tgd—0).

B ocHOBHOM B Ka0essiX CBSI3U MCIIONIB3YETCS CIEAYIOIast U301

- BO3AyHIHO-OymaxkHas (TpyOuaTo-OymaskHasi), BBIIIOJHEHHAS W3 JICHT KaOelbHOH Oyma-

T'Y, HABUTOU Ha KUY,

- KOPJIEJbHO-TIOJUCTUPOJIbHAS;

- KOpIEJNbHO-TpYyOuaTyio (MOJMITHIICHOBAs TPyOKa MOBEPX KOPAETs);

- KOpJAENbHO-OyMakHas,

- CIUIOIIHAs IJIaCTMACCOBas — CIUIOIIHON CJIOH M3 MOJUATUIIEHA WU MOJIMBUHWIXJIOPUAA;

- mopucto-OymaxHas (cioi u3 OyMaxHOH Macchl);

- NOPHUCTO-NOJIUATEIEHOBAS;

- OayytoHHAs U3 TOJICTOCTEHHOM TuTacTMaccoBoi TpyoOku (puc. 3.25);
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Puc. 3.26

- OamtoHHO-KOpaenbHas (puc. 3.27);

T T
S

Puc. 3.27

S le

- maitbosas (puc. 3.28);

=)= )
Puc. 3.28
Jnst  xabemeil nanpHEH CBA3M  HAWOOJbINEE TNPUMEHEHHE TOJYYUIHd  KOPJAEITHHO-

NOJIMCTUPOJIbHAA U30JIALNA, BBICOKOYACTOTHBIC Kabeln ¢ TakoM HU30JISUENd UMEIOT JIydaime 3JICK-

TPUUECKUE XaPAKTEPUCTHKHU.
3.7. CKpyTKH XUJI CHMMETPUYHBIX KaOeseil B TPyIIIbI

Kunpl B kabemnsx CBS3HM CKPYUYMBAIOT B TPYIIIBL. JTO JENACTCS C HENbIO 3alUThI OT B3aUM-
HBIX BJIMSIHUM M OT BHEIIHETO BIMSIHHS CHJIOBBIX mereld. CkpyTka oOecrieunBaeT HEOOXOIUMYIO
THOKOCTB JKUJI.

Cy11ecTBYIOT CIEIYIOIINE CITOCOOBI CKPYTKH:

- TapHas CKpPyTKa — JIBE M30JMPOBAaHHBIC KUl CKpy4YHuBatT ¢ 1marom 70+300 mm. B3a-

UMHOE BIIMSIHUE MEXIy MapaMy YMEHbBINACTCS, €CIIM CKPYTKH y HUX OYIyT pasHbIMU

(puc. 3.29);
O
©

Puc. 3.29
- 3BC3HasA WJIMW YCTBCPOUHAsA CKPYTKaA — 4 HN30JIMPOBAHHBIC JXUJIbI pa3sMCIIAIOT 110 yTjiaM

KBaJ[pata u cKkpy4uBaroT Bmecte ¢ marom 150+300 mm (puc. 3.30);
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Puc. 3.30

Iermn 00pa3yroT U3 MPOTUBOMOIOKHBIX KW 1-3, 2-4. B3anMHoOe BIHSIHHE MEXAY LEMSIMU
Pa3IMYHBIX YETBEPOK CHIIKAETCS MPHU CKPYTKE MX C HEOJAMHAKOBBIM IaroM. PaccTtosHue Mexmay
LIEMsIMU B YeTBEpKe OOJbIIIe, YeM B Mape, MOITOMY €MKOCTh MEHbIIE, CIeI0BAaTeIbHO, YMEHbIIAET-
Cs 3aTyXaHUE LIETIH, BBI3BAHHOE B3aUMHOMN CBA3BIO IPOBOJIHUKOB.

[TapHast ckpyTka npUMeHseTcs B Kabemnsix MecTHOM cBs3u. OHa MpeanoyYTHTENbHAs TaKKe
Ui TMQPOBBIX CUCTEM Iepeaud, Kak Oojee IIMPOKOIOJIOCHas (BUTasl mapa Ui JIOKAIbHBIX W
KOpIOpaTuBHBIX ceTeit DBM).

3Be3Has CKpyTKa oOecrneunBaeT TpeOyeMyro 3allUIEHHOCTh OT B3aUMHBIX IOJIEH B Hara-
30He 10 252 k['u. 3Be3aHas CKpyTKa MCIOJIb3yeTCs MPU U3TOTOBICHUH Kabesel Kak MHOTOKaHaJIb-
HOMH, TaK M MECTHOM CBSI3H.

- JIBoitHas mapHas cKpyTKa. JIBe nmpeaBapUTeIbHO CKPYUEHHbIE Aaphl CKPYYHBAIOT BMECTE

1 00pa3yroT IBOMHYIO MapHYIO CKpyTKY (puc. 3.31).

s
OO

Puc. 3.31

o

- JlBoiinas 3Be3na. ' pynmupyercs ueTbipe mapbl, CKPYUEHHBIE ¢ pa3IMUHbIM 1IaroM (puc.

3.32)

o

O 7
SENCE

o

Puc. 3.32
- CkpyTka BOCbMEpKO. BoceMb M30JIMPOBAHHBIX JKUJI PACHOIAralOT BOKPYT CEpIEYHUKA

(puc. 3.33).
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Puc. 3.33

W3 Hux 00pa3yroT JBe 4eTBEPKU — OJHA U3 HEYETHBIX KU, APYTas — U3 YETHBIX.

Jnst oOpazoBaHus cepleuHMKa KaOems TpyIIbl CKPy4HBaIOT B OOIIUIT CepIeYHUK TOBHUBHOM
WJIY ITYYKOBOM CKPYTKOM.

B noBusHoi# ckpyTke BU n HY kabenelt maructpaabHOW CBSI3U TPYNIBI pacmojiaraloT KOH-
LEHTPUYECKUMHU CJIOSIMU (ITOBUBAMH) BOKPYT LIEHTPAJIbHOIO IOBMBA, COCTOsIIEro u3 1+5 rpymm.
CMexHble TIOBUBBI CKPYUYHMBAIOT B MMPOTHUBOIOJIOKHBIE CTOPOHBI JIJIS1 YMEHBIICHUS BIUSHUS MEXIY
rpynnamu. C4eT HauMHAETCS OT LEHTPa, a B KAKIOM IMOCJIEIyIONIeM MOBHBE HAa LIECTh TPYMII
Oosblie, 4eM B mpeaplayneM (nt+6, n — gyucio rpynn B npensiayniem). Eciu B nepBoM noBuse 0y-
net 1 rpymnmna, To BO BTOPOM ux OyzeT 5 u jajnee 1o 3akoHy n+6.

[Ty4ukoBYyI0 CKPYTKY HCIOIB3YIOT TOJIBKO B KaOENISIX MECTHOM (TOpoJCKOi) cBsizu. ['pyrimbl
CHayaja CKpy4YHMBarOT B ITy4KH.

JlenaroT 1Ba TUIA IIyYKOB:

- snemeHTapHble U3 10 map (uam 5 4eTBepoK);

- rtnaBHble, coaepxaniue 50 wim 100 map (25 wim 50 yeTBepoK).

3.8. Kabenu cBs31, mpUMEHsIeMbIe Ha 5K/J1 TPAaHCIIOpPTE

Ota rpymnma kabeyei MpUMEHSeTCsl JJIsi OpraHu3allii KaHaJOB TOHAIBHOW YacTOTHl Maru-
CTpaJIbHOM, JOPOKHOU M oTAeneHdeckor cBsizu U i ueneit ATC. OHu conepixar, Kak MpaBuIo,
BY u HY yerBepku.

OTH Kabenu UMEIOT 3allUTHBIC MOKPOBHI (000JI0UKY W OpOHI0), 0OecIeunBaronIe Tpedye-
MO€ PKpaHUPYIOIIee NCUCTBUE Ha YUaCcTKaX /1, SIEKTPUPHUITUPOBAHHBIX IO CHCTEME TIEPEMEHHOTO
TOKa.

BY yerBepku npeaHazHadeHbI sl paOOTHl MHOTOKaHANBHOMU (710 60 KaHAJIOB) ammapaTyphl,
HY yerBepku — 15 11€Tiel oTieIeHYeCKOM CBs3u, nenel AT; curHanbHble mapbl (KUJIbI) — IS JU-
HEWHBIX IIeTIe aBTOOJIOKHUPOBKHU.

Hampumep, kabens MKIIAB — 7x4x1,05+5x2x0,7+1x0,7 umeer 4 BU napst u 3 HY napsr, 5

CUTHAJIBHBIX T1ap, 1- KOHTPOJIbHAA KHUJIA.
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Kabens emxocthio 14x4 umeer 5 BY map, 9 HU map. KontponpHas xuna B kabene nuMeeT
IIPEPHIBUCTYIO U300 U IPEAHA3HAUEHA AJIs1 KOHTPOJIA 3a COCTOSIHUEM U3O0JIALINN.

Bce BYU yerBepku MMEIOT pas3iidyHblE IIard CKPYTKH, OTJIMYAIOIIMECS OT IIaroB CKPYTKU
HY map. KaGenu BbIyCKaloT CTPOUTENBHON JUTHHON 425, 850 M.

[Tonepeunslit pa3pe3 kabeneil npuBeaeH Ha puc. 3.34, rae 1- KOHTpoNbHAs KuUia; 2 - 1IEeH-
TPUPYIOUIHIA KOpJIeNb; 3 — CUTHaJbHAas napa; 4 — N30JUpOBaHHAs KUJIa YETBEPKHU; 5 — KaOenbHas
npspka; 6 — JIeHToYHast OpoHsI; 7 — MOsSCHAs M30JISLHUS; 8 — aJUTFOMUHHIEBast 00osouka; 9 — [1D mutanr

(o6omouka); 10 — OpoHs U3 CTATBHBIX MMPOBOJIOK.

3 MHIAB,

Puc. 3.34

MaructpanbHpie /1 Kabeln UMEIOT aTFOMUHHEBYIO 000J0UYKY, HO WHOT/Ia BBIITYCKAIOT CO
CBUHIIOBOW 060soukoit 6e3 Oponu Tvna MKIII niau pacnpoctpanenst MKCB — kaGenu co cBHUHIIO-
BOI 000J104KOil 1 OpOHEN U3 CTAJBHBIX JICHT (OHH HCHOJB3YIOTCS NMPU OPTaHU3aAIMH JBYXKAOEIh-
HBIX JIMHHUH K/1 CBs3M). B Hacrosmiee BpeMst HeoOXoauMbl kabenmu miis ammaparypsl ¢ 120 u 480
KaHaJIAMH CBSI3H.

Kpome cMMMETpUYHBIX K/J MAaruCTPaNbHBIX KaOeneil CBSI3U MPOMBIIIICHHOCTh BBITYCKAeT
KOoMOMHHMpOBaHHBIA Kabenb cBs3u THa MKKIIA ¢ GanoHHOW MONMATUICHOBON U30JISIMEH KOAK-
CHANIbHBIX T1ap, MPETHA3HAYCHHBIA IS JIByX- U OJHOKAOCIBbHBIX MAarucTpayiell CBs3H 3JIEKTpodH-
IIUPOBAHHBIX XK/ JOPOT.

KoMOuHnpoBanHbIli kabenb COCTOMT M3 KoakcuaibHBIX map tuma 1,2/4,6 neyx BY u Tpex
HY uyerBepok ¢ quamerpom xmi 1,05 MM. 5 CUTHANIBHBIX Hap U OJAHON KOHTPOJIBHOMW >KMIIBL. 3aTy-
XaHUE B CHMMETPHUYHBIX IEAX JaHHBIX Kabenel Boie, yeM B MKIIA, oObsIcHsIETCS 3TO TOTEpSIMHU

B DKpaHax.
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3.9. HuskouacToTHBIE KaOeIM MHOTOKaHAJIBHOM CBS3U

Ot Kabenu NpUMEHSIOT JUIS:

- kabenupoBaHHS TEICPOHHBIX U TeJICTPAPHBIX y3JIO0B;

- YCTPOMCTB BBOJOB LIECNIEN BO3AYLIHBIX JIMHUM;

- KaOenbHBIX BCTABOK B BO3/YIIHBIC JTHHHM;

- OTBETBJICHHH OT MaruCTPaIbHBIX KaOeleH;

- COGAVHMTEIbHBIX JIMHUN MEXy TeIe(OHHBIMU CTAHLIUSIMHU.

Otu kabean MOKHO MPOKIAAbIBATH BAOJb K/M 111 OpTraHU3aIl[ui OT/ICJICHUECKON CBS3H, aB-
TOMATHUKH U TEJIEMEXaHUKH, JIMHEHHBIX IIeTIei aBTOOTOKUPOBKH.

Kuner stux kabenedt mmeror muamerp 0,8; 0,9; 1,2 mm. M3omsimmst skuim — OyMa)KHO-
kopaenbHas. CKpyTKa KU1 B Tpynnbl — yeTBepoyHass. O00J0YKHM U3rOTaBIMBAIOT U3 CBUHIIA, alli0-
MHHHUS U IOJUATUIICHA.

Kabenu ¢ kopaenbHO-OyMa)KHOW M30JSAIME cO CBUHIIOBOM 00OJIOUKOW BBIMYCKAIOT MapOK
T3I, T3b, T3bI" u T3K; B anromunueBoii obonouke — mapok T3Abn, T3AIIn, T3Abnllln. Yucno
YETBEPOK B HUX MOXKET OBITh OT 3 110 114 B 3aBHCHMOCTH OT MapKH, THAMETPA SKHJI U T.].

TunuuHbld TONEPEYHBIN pa3pe3 Mmoka3zaH Ha puc. 3.35, rae | — ueHTpUpyomui MOIUITUIIE-

HOBBIH KOpACIIb, 2— HU30JIMPpOBAHHAA KHWJIA, 3 — mosicHas U304, 4 — agroMHuHHEBasA 000JI0YKa.

T3[ABnllIn

T3MMAKnln

Puc. 3.35
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3.10. Kabenu MecTHOM CBSA3U

Ora rpymnmna NpuMeHsICTCS TS

- coemunenus ATC (aBromaTHdecKux TeIePOHHBIX CTaHINI) ¢ aDOHEHTaMU;

- COGAMHMTENBHBIX JIMHUH (3+5 KM) MKy Tene(pOHHBIMU CTAHIIUSIMHU.

C yBenuuennem ATC ymeHbIIaeTcsl IJWHA JIMHAKA, TTOATOMY B KaOeIsIX MOXHO MPUMEHSTH
MeJIHbIE KWkl 1uameTpoM 0,32 mm.

Kabenu ¢ nopucro-6yMakHoi uiau TpyO4aTo-0yMakHOM M30JIALKMEH UMEIOT MApPHYIO CKPYT-

Ky 11 ¥ eMKkocThb oT 10+1200 map.

Mapku kabesen:

Tb — co cBUHIIOBOIT 00070UKO# O€3 OpoHU;

TBI' u Th — ¢ 6poHeii U3 CTaNbHBIX JICHT;

TK — ¢ 6poHeil U3 KpyribIX IpPOBOJIOK.

CepaeyHuK MOXKET UMETh MIOBUBHYIO UM ITyYKOBYIO CKpYTKY. [Ipu myukoBoil CKpyTke cep-
JTeYHUKA (POPMUPYIOTCS W3 dIeMeHTapHBIX 10-Tu mapHbIX (5-4eTBEpOYHBIX) MydKoB. CepaeuyHuKu
kaOeneii 60b110i eMkocTu Gopmupyrorcs u3 riaaBHbIX 50 win 100 mapHbIx mydkoB (wiu 25 u 50
YETBEPOYHBIX).

Kabenu ¢ moamd3THIIEHOBOW M30JIAIUEH  000JIOYKOM BBITYCKAIOTCS TIOJ1 CIETYIOIIUMU Map-
KaMu:

TTIIT — 6e3 6ponu;

TIIIIT — ¢ rpy30HECYLIUM TPOCOM;

TIIIIB — ¢ OpoHei U3 CTANBHBIX JICHT U PA3JIMYHBIM MTOKPOBOM M3 KaOEIbHOW MPSIKH, TIPO-
MMUTAaHHOW OMTYMOM;

TIITB6Im — To e, HO C 3aIUTHBIM MOKPOBOM B BUJIE IIUTAHTA U3 TOJUITUIICHA;

TTIII5n — ¢ METaJIOIUIACTMACCOBBIM KPAaHOM U MOJIMATHIICHOBOM 000JI0YKOi;

TIIB — ¢ 000109KO¥ U3 MOTUBUHUIXIIOPH]IA;

TIII3u TIInI13 — ¢ TuapodOOHBIM HATIOTHUTEIIEM.

B mepByro odepenr HCMONB3YIOT KabeTu MECTHOM CBSI3UM B MOJMATUICHOBOW O0OJIOUYKE U
TOJILKO MPH HAIWYMU CHIIBHBIX MIOMEX — KaOel ¢ MeTaJUIn4eCKOi 000I0UKOM.

B nepcnexktuBe npeanonaraercs ucnosb3opanue BOJIC Ha MECTHBIX JIMHUSIX.

3.11. KoakcuanbsHble kabenu

Jlig opraHu3anii MHOTOKaHAJIbHOU CBSI3U, IpU uncie kaHanoB TY Oosee Thicsuu, U Tene-

BUACHUS 9YaCTO IMMPUMCEHAIOT KOAKCUAJIbHBIC Kabeu ¢ ANaMETPOM BHYTPCHHEIO U BHIIHETO IIPOBOI-
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HUKOB COOTBETCTBEHHO 2,6 1 9,4 MM, a Tak:ke KOMOMHUPOBAHHBIC, COCTOSIINE U3 CPEIHUX U MAJlO-
rabapuTHBIX KOaKcHabHbIX map (1,2/4,6), npu MeHbIIEM YHCIIe KaHAJIOB — KaOesu ¢ Manoradapur-
HBIMU TIapamHu.

Kabenu cpegnero Tuma mnpeaHazHAuYeHbI AJIA MPOTSIXKEHHBIX MarucTpalibHbIX JUHHUI 10
12500 kM Cc 4YKCIOM KaHaJOB MO JBYM KoakcuanbHbIM mapaM g0 10800 (cuctema mepemaun K-
10800), a ManorabapuTHBIE — JIsi COCIUHUTENBHBIX TUHUI C YUCIIOM KaHAJIOB TIO JIBYM KOaKCHalb-
HbIM Tlapam 110 480 xanamnoB (cucrema MKM-480).

JI1st MOABOAHBIX MarucTpajield MPUMEHSIOTCS Kabenu ¢ mapamu tumna 5/18, 9,2/34,2 (kpym-
HOrabapuTHBIE).

KoHcTpyKuus MarucTpaibHbIX KOMOMHUPOBAHHBIX KOAKCHANbHBIX Kabenei tuna KM-4 mo-

Ka3aHa Ha puc. 3.36.

E,ammpaﬁmamx

Aancuns
L30A9008

{une
Reitelirll g
KMK-4
K54
Kapymeoni
nokpeB{ dwym}
(Fg?igﬁfﬁﬂfb{ MG~ Aoy

Puc. 3.36

Kabenb cocTout u3 4-x KoakcHainbHBIX Tap 2,6/9,4 u msitu yeTBepok ¢ auamerpom xui 0,9
MM.

CumMMeTpHuuHbIe TIaphl B Kabelne nmpeqHa3HaueHbl Ui OPTaHU3ally CITy>KeOHOM CBSI3U U 1ie-
el TeJIEMEXaHUKH U TEIECUTHAJIN3ALNH.

B kabemsx tuna KMA-4 npumensiercst anmromuaneBasi odonouka, KM9-4 — komOMHUpOBaH-
Has U3 aJIOMUHHEBOM, TOJNIIMHON 1 MM, M CBUHIIOBOM TOJIIMHON 1,9 MM.

Otu kabenu 00IagaroT MOBBIIICHHBIMU 3KPAHUPYIOMIMMU CBONCTBAMHU M MpeIHa3HAUYEHBI
JUISL IPOKJIAJIKU B pailoHaX BBICOKOW I'PO30BOI aKTUBHOCTH M 3JIEKTPO(YUIIMPOBAHHBIX XK/JI.

CyuiecTBYIOT U APYTUE TUIBI Kabeen.

B koakcuanpHBIX mapax Ba)KHBIM MapaMeTpoM siBisieTcst oTHoueHue D/d — KkoTopoe, Jaiie

BCCTO, BBI6I/IpaeTC$I U3 yCJIOBUA MAJIOr0 3aTyXaHHUs UM MAKCUMYyMa HpO6HBHOI>i CIIOCOOHOCTH.
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3.12. Oortnyeckue xadenu CBsA3U

TTo mazuauenmro OKC nensarcs Ha:

MEKTyTOPOHHE,

- TOPOJCKHE,

- 00OBCKTOBBIE,

- IIOABOJHBIC.

Ha >/n mpuMeHSIOT TiepBble TPH TPYMIbl. B 4acTHOCTH 0OBEKTOBBIC KaOEIu CIIyKaT IS
nepenavynd HHPOPMAIMK BHYTPU 00bEKTa, HAIIPUMED, TTOCTA DIICKTPUUECKON U AUCTIETYEPCKOM 1IeH-
TpaJHM3aluu, COPTUPOBOYHON TOPKH, TIOE3/1a U T.1I.

OtH Kabenmn 0coOeHHO NMEPCIEKTHBHBI PH CO3aHUN:

MUKPOITPOLECCOPHBIX CUCTEM aBTOMATUKH U TCIICMEXAHWUKHU,

- BHYTPEHHHX ceTel KabeabHOIro TeIEeBUICHUS;

pa3IMYHBIX HHPOPMAIIMOHHBIX CHCTEM BHYTpPHU CTAHIIHIA;

- abonenrckoil cetn DBM.

BHYTpHOOBEKTOBEIC Ka0e/I B COYCTAHUN CO CBETOBOHBIMU JTATYMKAMH MOYKHO TIPUMEHSTH
JUTSL TUCTAHIIMOHHBIX M3MEPCHHUN PA3IMUHBIX (PU3UMUCCKUX BEITUIHH.

HCKOTopHe XapPaKTCPUCTUKU OIITUICCKUX Kabejie moKa3aHbl B Ta6n1/1ue 2.

Tabmuna 2
A, MKM 3aTyxaHue L cBsasu, kM d/D, MKkM n, Yucjio Bo-
nb/kM JIOKOH
MarucTpalibHbIC 1,55 0,2-1 >100 5-10/125 4-8
TOPOJICKHE 0.85-13 3-5 10=100 50/125 4-8
00BEKTOBBIC 0.85 10-20 1+10 50/125 2-6

OnTuyecknii kKabenhb MMEET KOHCTPYKIMI0O AHAJIOTHYHYIO CHMMETPHUYHOMY Kabemto, Tje
BMECTO M30JIMPOBAHHBIX KUJ Pa3MEUIECHbI ONITUYECKHE BOJIOKHA. 3aTyXaHHE CUTHAJIA B ONITHYECKUX
BOJIOKHAX CHJILHO 3aBHUCHUT OT MEXaHWYECKUX BO3nehcTBUi. [ToaTOMYy HEOOXOAMMO 3alIHIIATh BO-
JIOKHA OT BHEUIHUX BO3JCHCTBHM, I YETO HAHOCAT —IBYXCJIONHBIE U TPEXCIOMHBIC MOKPBITHS.

B xoHCcTpyKIMIo Kabemsi BBOJAT yIPOUYHSIOMNE (CUIIOBBIE) 3JIEMEHTHI. J[JI1 3TOr0 HUCIOh-
3YIOT METaJNIMYECKUE MPOBOJAHUKH (CTalb, ME/b, ATIOMUHUN) U TJIACTMACCOBBIE BBICOKOTIPOUYHBIC
HUTH.

Cy1miecTByeT HECKOJIBKO THUIIOB KOMIIOHOBKHU CEpJICYHHKA Kabelis, HanpuMep:

- mpo¢uIMPOBaHHBIHN IJIACTMACCOBBIN cepleuHuK ¢ ma3amu (puc. 3.38),
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Puc. 3.37

- KOMIIaHOBKa JIEHTOYHOro Tuna (puc. 3.38).

0000O0 —2

000 0 O

00 00 O

O 0 0 O OY

O — 20 .

9O

Puc. 3.38

Ha puc. 3.38 nudpamu 0603HaYEHBI CIIETYIONINE STIEMEHTHI:

1 — yIpoYHSIOLIUI 3JIEMEHT,

2 — OIITHYECKOE BOJIOKHO,

3 — nemdupyromas 060104Ka,

4 — 3amuTHas 000J04YKa Kades,

5 — GUrypHBIil TJIACTMACCOBBIN CEPACUHUK,

6 — JIleHTa U3 JIOKaJbHBIX ONTHYECKHX BOJIOKOH.

Hekotopsie koncTpykimu OKC conepkaT MeqHble TIPOBOJAHUKH I TUTAHUS PereHepaliu-
OHHBIX MyHKTOB. OnTHyeckue Kabeau Takke MapKUpylTcs, HarpuMep, Mapkupoka O3KI'-1-0,7-
4/4 o3Havaer:

OTNITHYECKUH 30HOBBIN KaOenb. I” — rpaIueHTHBIN THI BOJIOKHA,

1 — HOMep pa3paboTKw,

0,7 — ko3 hUIUEHT 3aTyXaHWUs,

4 (4yucnuTeNb) — YUCIIO ONTUYECKUX BOJIOKOH,

4 (3HaMEHAaTeJIh) — YUCJIO METHBIX KHUII.

OnTuueckue kabenu BbITycKatoTcsl kak Poccuiickumu gupmamu, Tak u 3apyOexxHbiMu. HH-
(dhopMarrio 0 3apyO0eKHBIX KabesIX MOXKHO MONy4nuTh, Hanpumep, u3 [35]. 3 poccuiickux kabenen

octa"oBumcsi Ha OKMC, Beimyckaemom upmoit "TpaHcBok".
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3.13. BonokonHo-onTHYECKHE Kabenu cBs3H A /1 gopor Poccnn

3A0 "TpancBok" Poccus Ha 6a3e ¢puHckoro obopyaoBanus Beinmyckaer BOK nist x/n. Bee
MapkH KabeJeil UMEI0T MOIYJIbHYIO0 KOHCTPYKIIHIO CO CBOOOAHOM yknaakoir OB B Momyne (TexHo-
aorus TCY)

OKMC — kabenb MarucTpaabHbIi, CAMOHECYIIIUN JIJIS1 TIOJBECKH Ha OMOpPax KOHTAKTHOM ce-
TU U JIMHUNA aBTOOJIIOKMPOBKH 3K/JI, HA OMOpax JHHMIA 311. epeaad a0 110 ks, t=-60°+70° C. O1u ka-
OeNu BBITIOTHEHBI MOJIHOCTHIO U3 JUAIEKTPUYECKHX MAaTEPHAIOB U UMEIOT BHYTPEHHIOI M BHEIII-
HIOIO 000JIOUKY M3 MOJUATHIICHA, 3alIUTHBIE MOKPOBHI BHIMOJIHEHBI U3 aMUIHBIX HUTEH. B cepreu-
HUKE KaOeJs pacrojoKeHbl 6 Wiau 8§ SJIEMEHTOB CKPYTKH (OMTHYECKUX MomayJei). BHemnuii u
BHYTPEHHUHN AUAMETP MOJIYJIel cocTaBisieT cooTBercTBeHHo 2,0/1,3 mm, 2,4/1,6 mm 1 3,0/1,9 mm.
B xaxmom onTHueckoM MOAye pacronaraercs oT 2 A0 12 0JHOMOIOBBIX ONTUYECKUX BOJIOKOH.
Taxum oOpa3oM, Bcero B kabene MOXKET ObITh yII0KEHO 10 96 BOJIOKOH.

JlanHbIe KaOeIM UMEIOT CJIETYIONINE XapaKTePUCTUKU:

JlnanaszoH TUTIOBBIX 3HAYEHHM IJTMHBI BOJHBI OTCeukH (HM) B mipeaenax < 1270;

Xpomarnyeckasi aucrniepcusi (nc/HM-kM) He Ooiee, B auanazoHe JiuuH BoiH (1285-1330) -
3,5, (1525-1575) - 18;

HomuHansHBII HapyXHBIA TraMeTp kabens, MM - oT 12,5 o 17,0;

Temmneparypa 3kcrutyatauuu °C — ot 60° no +70°C;

Temnepatypa moHTaxa, °C — He Hike —10°C;

CrpourenbHas iMHa (KM) — He HUXKeE 4,0;

Ypcio oNTHYECKUX BOJIOKOH B Kabene oT 6 10 96;

Yucno moxyeit B kabene 6,8 miT;

Uucno onTu4ecKux BOJOKOH B MOAyJsix 2-4-6-8-10-12;

Tun oTHOMOIOBBIX BOJIOKOH 10 pekomenaannu Y TU G 652;

To e no pekomenpaunu Y THU. T G655;

Koaddunument 3atyxanus, n1b/km

A=1310 um - 0,36
A=1550 am — 0,22.
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[Tonepeunslit pazpe3 kabesst nmokaszaH Ha puc. 3.39.

Puc. 3.39

LEHTPaIbHBIA CUIIOBOM 3JIEMEHT (CTEKJIOIUIACTHK);
ONTUYECKUN MOJYJIb;

CTaH/IapTHOE ONTUYECKOE OJHOMOJIOBOE OKPAIlIEHHOE BOJIOKHO;
BHYTPUMOYJIbHBIN TUAPOGOOHBIN 3aOTHUTEN;
MEXMO/IYJIbHBINA THAPOPOOHBIH 3aM0THUTEND;

OoHaXHad JIEHTa U HUTH,

BHYTpEHHsI 00oJ0uka (momudtunes, [1JI-12);

YOPOUHSIOIINE HUTH (apaMmu);

BHEIIHSS 000JI09Ka (TTOJIUITHIICH).

[MompoOHee 0 KOHCTPYKIMH ONTHYECKHX Kalened W MX MapKHpPOBKE MOXKHO NMPOYHUTATH B

nyH.33.

3.14. CurnanpHO-O6JOKMPOBOYHBIE KaOenn

Ot1H Kabenu npeaHa3HaYeHBI IS epeayn MICKTPHIECKOW YHEPTUH HEOOXOUMOM TSl TTH-

TaHUA:

BHGKTpOHBHFaTeHeﬁ CTPCJIOYHBIX TPHUBOIOB,
JaMmIl CBETO(OpOB;
PENBCOBBIX LIETICH;

peﬂeﬁHHX CXCM U JpYyrux YCTpOﬁCTB ABTOMATHKH U TCICMCXaHHUKH.

Ot Kabdemnu npeaAHa3HAuUCHbI JJIA JJICKTPUYCCKUX uenef/'l C HOMUHAJIbHBIM HAIIPSIPKCHUCM

380 B nmepemenHoro wiu 700 B moctossHHOrO. ToKOBeAyIME KUl — MEAHBIE AUAMETPOM | MM u
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0,9 mMm. Uzomsus xwn — crutonmHas nojudtuineHosas 0,45+0,9 mm. M3onmupoBaHHbIE KHIIBI KaOe-
JIel CKpYYMBAIOT B CEPJICYHUK WJIM CHayala B Mapshl, a 3aTEM B CEPACUYHHUK KOHIIEHTPUYECKUMHU I10-
BHBaMHU.

W3zroraBnuBaioT OOJBIIOE YHMCIO BAPUAHTOB CHUTHAIBHO-OJOKMPOBOYHBIX Kabemnel, pasiu-
YalOIIMXCS MaTepuasoM O000J0YKHM (TIOJUMBUHWIXJIOPHUIHAS, TMOJIUATUICHOBAsA, allOMUHHUEBAs,
CBUHIIOBasI, 03 OpOHM M ¢ OPOHEH U3 CTAIBHBIX JICHT).

Kabenu Beimyckarot ¢ unciaom map ot 3 1o 30 (3, 4, 7, 10, 12, 14, 19, 24, 27, 30) u yuciom
xw1 ot 3 1o 61 (3, 4,5, 7,9, 12, 16, 19, 21, 24, 27, 30, 33, 37, 42, 48, 61). CurnanpHo-
onokupoBounbsie (Ch). KabGenu (kabenu ¢ miacTMacCOBBIMU 00OJIOUKAMU) MApKUPYIOTCS CIETYTO-
M o0paszom:

CBBI — ¢ noiMBUHIIXJIOPUAHOM 0005104K0, HEOPOHUPOBAHHBIE,

CBBBI — ¢ O6poHeii U3 IBYX CTalbHBIX JICHT;

CBBb — 10 k€ ¢ HapyHbIM IOKPOBOM;

CBIIBI" — ¢ moau3THIIEHOBOH 0007I0YKON U OPOHEITOKPOBOM U3 JIBYX CTAJBbHBIX JICHT;

CBIIb — ¢ HapyXHBIM IOKPOBOM;

CBlIly — ¢ yTONIIEHHOW MOMUATUICHOBOH 000JI0YKOM;

CBBOllIB — ¢ OpOHENOKPOBOM M3 JABYX CTAJbHBIX JICHT U MOJUBUHIIXJIOPHIHBIM 3aIlUT-

HBIM IIJIAHTOM;

CBBOIIIn — ¢ HONMMATUIIEHOBLIM 3aIlMTHBIM IIJIAHTOM;

[IpumMeHsIOT cneayromue Mapku Kabemnei ¢ alTtoMUHIEBON 000I0UYKOM:

CBITAIInO — ¢ 3alUTHEIM OIS THJICHOBEI MIJIAHTOM;

CBITAbnllm — ¢ 6poHENOKPOBOM M3 ABYX CTaJIbHBIX JICHT U 3aIIUTHBIM TOJUITUICHOBBIM

[IUIAHTOM;

CBITABnl" — 6poHupoBaHHbII IByMs CTAIbHBIMU JIEHTAaMH C IIPOTHBOKOPPO3MIHON 3aIu-

TOM;

[IpumensitoT crneayronme Mapk kadbeneil co CBUHIIOBBIMU 000JI0UKaMHU:

CBIICBI" — 6poHHpOBaHHBIN IBYMS CTAIbHBIMU JIEHTAMH C IPOTUBOKOPPO3UHHOM 3aILUTOM;

CBIICIIB — B cBHHIIOBOH 000JIOYKE C 3ALLUTHBIM [LUIACTMACCOBBIM IIJIAHTOM U T.II.

3.15. KaGenu myist curHanmu3anuy 1 OJJOKUPOBKU ¢ THAPOGHOOHBIM 3amoIHeHHEM [27]

I'uapodoOHOE 3amoTHeHHE MPETOXPAHSIET Kabelb OT MPOHUKHOBEHHUS BIIard. BriepBbie ObLT
OCBOEH BBINTYCK cienyrommx kadeneit ¢ runpodoonsiM 3amonnenuem: CII3IIBI, Cb3b, CB3BLIT,
CB3I1Y. Hamuume runpodobHOTO 3amonHeHus: otpakeHo Oyksoii "3". K ruapohodHOMY 3armoHe-
HUIO TIPEABSBISIFOTCS CIIEAYIONINE OCHOBHBIE TPEOOBAHHUS:

1. HeToxcuyHOCTE.
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2. be3omacHOCTH AJi KOXKHOTO MTOKPOBA YEIOBEKA.

3. JusnexTpuueckas NpoHULAEMOCTh He 6onee 2,3 mpu t°= 20° C.

4. YnensHoe 00BbeMHOE compoTrBieHue He Meree 10'° Om-cm.

5. T'unpodoOHOE 3amoIHEHHE JOJDKHO OBITh COBMECTHMO C TOJHMATHUIICHOBOM H3OJISAIIUCH
(coxpanenue (HU3NKO-XMMHUECKHX, MEXaHUYECKUX CBOMCTB MPHU B3aMMHOM NpoHukHOBeHuu). C 30
nexabps 1999 r. MIIC 3anpeTnsio NpUMEHEHHE CUTHAIBHO-OJIOKMPOBOYHBIX Kabeneil 6e3 ruapo-
(h0OHOTO 3aIOHEHUS HA CETSX /I MPU MPOSKTUPOBAHUN, HOBOM CTPOUTEIHCTBE, PEKOHCTPYKIIUU
u pemonre. Pa3paboran 'OCT na Ch-xabemu, 'OCT 51312-99. Cornacao stomy ['OCTy kabenun
MO>KHO YCJIOBHO Pa3/I€TUTh Ha TPH TPYIIIIHL:

1. Kabenu ¢ 0005I04KOM W HUIAHTOM U3 MOJUBHHHUIXJOpuAHOro riactukara (I[1BX), we

pacipoCTpaHsIONIUE TOPSHNUE TP OJMHOYHOHN TPOKIAJIKE:

CBBI — ka6ens ¢ [IBX o6onoukoii, 6e3 OpoHu;

CBBBI" — ¢ 6poneit u3 1ByX CTabHBIX JICHT;

CBI1bglll,, CB3I1bgll; — kabenu ¢ 3alUTHON HOJIMATHICHOBLIM IINIAHTOM.

2. KabGemu ¢ ob6omoukoii u (unu) nuranrom u3 [IBX mmactukata MOHWKEHHON TOPIOYECTH
HE pacIpOCTPAHSIONINE TOPEHHE TPU MPOKJIAJKE B MyYKaxX B YTOJIICHHOH O0OJIOUKE:
CBBI'y, CBBBIy;, CEBbgl 1.

3. Kab6enu c 13 6onoukoii u ¢ 6poneii u3 nByx craibHbix JeHT: CBIIBI, CII3IIBIY, CBIIb,
CBIT3IIIb, CBIIIIsIT,, CBIT3blL,,.

Kabenu ¢ runpodoOHBIM 3a0THEHHEM H3TOTaBIMBAIOT ¢ Yuciiom nap 1, 3, 4, 7, 10, 14, 19,
24,27, 30 u uuciom xun 3, 4, 5, 12, 16, 30, 33, 40, 42. TokoBenyromue xuibl umerot auametp 0,8;
0,9 mnu 1,0 Mmm u3 Markoi Meau. TOKOBEAYIOIINE KUJIbI CKPYUUBAIOTCS.

Kab6enu npu remnepatype 20°C UMeIOT ClIeAYIOIIHE IIEKTPUYECKHE MTapaMeTPhl:

ANEKTPUICCKOE COMPOTHBIICHUE TOKOBETYIIIUX JKUJ

?1,0 MM<23,3 OM/KM,

00,9mM<28,8 OM/KM,

00,8 MM<36,6 OM/KM,

DNEKTPUUECKOE COMTPOTUBIICHUE U30JISIIIH:

6e3 ruapodooHoro 3anoHeHus >5000 MOM kM,

¢ ruipooOHbIM 3anonHeHreM >4000 MOM kM.

PaGouas emxocts npu ~0,8+1,0 x['1 map xabeneit

npu napHoi ckpytke <100 Hd/xm,

¢ oquHOYHBIMHU kmitaMu <150 Hd/xm.

KoaddunmenT 3aTyxanus map kadeis py MapHO CKPYTKE ¢ TUAMETPOM KU

1,0 mMm <0,94 nb/xM,

0,9 mm <1,04 nb/xm,
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0,8 mm <1,18 nb/kMm.
[lepexoanoe 3aTyxanue Ha OmmxHeM KoHIe npu f=0,8 kI’ Mexay J00bIMU TTapaMH Tap-

HOM ckpyTku Ha qiuHe 300 M He MeHee 67 nb.

3.16. CunoBble U KOHTPOJIbHBIE Kabenu

CusoBble Ka0eau mpeIHa3HAYeHBI IS TIepeIaun U pacipeiesieHus dJEKTPUUIECKON SHEPTUN
C BBICOKMMH MOKAa3aTeNsIMU 110 HANPSKEHUIO U TOKY. [1oaToMy KabGenbHbIe KHUIIbI UMEIOT OOJIBIIYIO
IJIOIIAlb MONEPEYHOro cedeHus. M3roTaBnuBarOTCs OHU U3 MEIW WK altoMUHUs. KWkl M307u-
PYIOTCS MHOT'OCJIOMHOM U30JISLUEH.

CunoBble Ka0beJM U3roTaBIIMBAIOT HA HanpspkeHue 1o 1, 3, 6, 20 u 35 kB, ¢ unciaoM kit 1-4,
IJIONIAbI0 ONEPEYHOro ceueHus a0 240 MM,

CuitoBbie Kabes BBITYCKAIOT ¢ OyMa)KHOUM M30JIAIMEH, TPOMMMTAHHONW MacIOKaHU(OIbHBIM
COCTaBOM, a TaK)X€ C PE3MHOBOM, MOJIMBUHWIXJIOPUIHON U MOJUITUICHOBON U30JISLUEH.

B kabensx Ha HampspkeHue 6-10 KB moBepxX MOSICHON M30JISLIMK HAKJIAABIBAIOT SKpaH U3
3JIEKTPONPOBOSIICH Oymar.

VY kabeneit Ha HampspkeHue 20-35 KB HaKIAIBIBACTCS TAK)KE SKPaH Ha M3OJSLIUIO KT IS
BBIPABHUBAHMSI IOTCHIIMAJIOB.

CunoBble kabenu, IpUMEHsEMbIE Ha /I, MAPKUPYIOTCS B 3aBUCUMOCTU OT yCIIOBUH IPO-
KJIQJIKH:

- C HM3KOW KOppOo3uiHON akTUBHOCTHIO — AAIIIBY, AAITY u T.1;

- co cpenHel koppo3uiiHoi akTuBHOCTBIO —AAIIBY, ACBY u T.1;

- C BBICOKOW KOppo3uiiHO# akTuBHOCTEIO — AABI'TY, AAILIBY u T.1;

JI1st IpOKJIaZIKK B CITY>KEOHO-TEXHUYECKUX 3aHMSIX MPU MOHTAXKE IENed AICKTPOIUTAHUS
MIPUMEHSIIOT ClIeAYIolne MapKu Kabemneil:

BPI" — ¢ MeaHbIMU XUITaMU, PE3UHOBOU U30JISIMEH U MOJIMBUHUIXIOPUAHONH 000IOUKOM;

HPTI" — ¢ MenHBIME XKUTaMH, PE3UHOBOM M30JIALIMEH, pE3HHOBOI 000JI0YKOM;

CPT" — ¢ MmeiHBIMU XUJIaMH, PE3UHOBON M30JISIIMEN U CBUHIIOBOM 000JIOUKOM.

KouTponbHble kabenu npeaHa3sHaueHbl 1715 yCTPOUCTB JTUHUI TeneynpaBieHus] 1 KOHTPOJIs,

W3TOTABIMBAIOTCS C PE3MHOBOM, MOIUATUICHOBOW WM MOJUBUHUIXIOPUIHON HM30MSAIUEH, ¢ 000-
JIOYKaMU W3 TOJMBUHWIXJIOPUIHOTO MJIACTHKATa M HETOPIOYEH PE3UHBI C YHCIOM XUd 4+52, mpu
HOMHUHAJIBHOW IJIOIIAM nonepeyHoro ceyenus »xkuisl 0,75; 1; 1,5 MM2; 4,5,7,10, 14, 19, 27, 37
MIPYU HOMUHAJIBHOM CEUEHUH KUIbI 2,5 MM2; 4,7, 10 mpy HOMUHAJIBHOW MJIOIIAN MONEPEYHOTO Ce-
YeHuUs Kb 4 1 6 MM

st yerporictB 00bekToB ATC Mpu MOHTa)Ke€ MPUMEHSIOT CIEAYIONINEe MapKd KOHTPOJIb-

HBIX KalOeeit:
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KBBbB, KHPB, KIlcBb, KPBBI', KIIcII6l1IB, KIIchIIB. IIpu nmpokiagke B 3eMje B yCIOBU-
SX arpecCUBHOM Cpe/ibl U B MECTaX IMOJIBEPIKEHHBIX BO3JCHCTBUIO Oy IAIOUINX TOKOB;

KPBI', KIIBBI', KPHI', KIIBT u T.n1. B ciyyae npoxiagiku BHYTpH NMOMELIEHUNA B HEH-
TpaJIbHOM Cpene;

KIIcIIollB, KITchboOlllB — nmpu mpokiagke B MOXKapOOMACHBIX MOMEIICHUSIX TOHHENSIX U Ka-
Hajax.

[TonpoOHee o Tunax kabenei U UX TEXHUYECKUX XapaKTepUCTUKax U310kKeHo B [13, 14].
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I'maBa IV
KabenbHble THHUHM, MATUCTPAIH U CETH
4.1. Bunpl kaOeapHBIX JUHUAN

KabenbHble muHuM 001a1a10T OOJIBIIION, IO CPABHEHUIO C BO3IYIIHBIMU JIMHUSIMHU JKCILTya-
TAIMOHHOI CIIOCOOHOCTHIO, TaK KaK OHM MEHbIIIE MOJABEPKEHBI BIMSHUIO Cpebl, 001aJal0T 00Ib-
el TOMEXO03aIUIIEHHOCTBIO.

OHU PKOHOMUYHEE BO3AYIIHBIX 110 3aTpaTaM.

OHM HEe3aMEHHUMBI B YCIIOBHSX TOPOJICKOM 3aCTPOMKH M B TIpe/iesiaX MoJI0THA XK/,

Ha »/n TpancnopTte mMMpPOKO pacpoCTpaHEHBI U UCTIOIb3YIOTCS:

- COBMEUICHHbIE MarucTpagbHbIe JTUHUU /]| CBSI3U, aBTOMATUKU U TEJIEMEXaHHUKHU;

- CETHU MECTHOM CBS3H;

- JIMHUM aBTOMAaTUKHU U TenemexaHuku (AT) Ha neperonax;

- ceru (AT) Ha cTraHIUAX.

CoBMeIlIEHHbIE MArUCTpaJIbHbIE JIMHUN MPEJHA3HAYEHBI U1 OPraHU3ally BCEX BUIOB Ma-
TUCTPAJIBHOM, TOPOXKHOM M OTIAEICHYECKOW CBS3M, a TaKKe LIeNeil aBTOMAaTUKU U TEJIIEMEXaHUKH,
T.€. B OTVIMYUE OT MArUCTPAIbHBIX JHHUA MUHUCTEPCTBA CBS3H, IO JIMHUSAM XK/ OpraHU3yeTCs
omepaTUBHO-TEXHOJIOTHUecKasi cBsa3b. Otcioga Hanmuue B juHUsIX HY meneit, BU neneit muoro-
YUCJIEHHBIX OTBOJIOB U T.J.

IIpumepHas cxema opraHu3anuu cBsi3u 1 neneit AT Ha neperose rnokasaHa Ha puc. 4.1.
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OOBEKTHI CBA3MU:

I1 — >xunble Uu ciy>KeOHbIe 3aHUs, CITy>KOBI Ty TH,
I1b — Oyaka nexypHoro,

I13 — maccaxxupckoe 31aHue,

PIII — peneitnbrii mkad,

[ICKIL] — mocT ceKMOHUPOBAHUS KOHTAKTHON LIEMH.

Ceru MecTHOM CBSI3M (CTAaHUMOHHOM) NPEIYyCMOTPEHbI JJi OpraHu3anuud aOOHEHTCKOH,

CTPEJIOYHOM U JP. BUJIOB CBSI3U B MPEJEIax CTAHIIUU.

KaGenbuble munuu AT mpoKIaabIBalOT Ha MEpPeroHax uis pa3MEIlleHUs JIMHEHHBIX Lernen

aBT06HOKI/IpOBKI/I, a TAKIKC B BUJC UCKIIIOYCHHUA JJIsI OpraHu3aluu MGX(CT&HHHOHHOﬁ u HepeFOHHOﬁ
CBsA3HU.

KaGenbnble cetn AT Ha cTaHIMAX NMpeAHAa3HAUYEHbI A7 oOecriedeHus (PyHKIIMOHUPOBAHUS

YCTPOWCTB CUCTEMBI AJIEKTpUUecKoi meHTpanuzamun (I11).
KaGenpHble TUHUH U CETH NPEACTABIISIFOT U3 Ce0s1 KOMIUIEKC KOHCTPYKIUI U ycTpoiicTB. K
HHUM OTHOCATCA:
- KabOenu;
- ka0emnpHas apMaTypa;
- KaOeJIbHBbIC COOPYXKCHHS M 000pYAOBaHHE ISl TIOJICPKAHKs KAOCIbHBIX JIMHUA B UC-
IpaBHOM COCTOAHUMU.

Kabenu BHIOMpPAIOT UCXO/s U3 Ha3HAYCHUS JTMHUU, YCIOBUN mpokianku. KabGenpHas apma-

Typa — 3T0 KalesbHble My(QThl (OKOHEUHBIE, COEAUHUTEIbHBIE, PA3BETBICHHBIE, I'A30HEIPOHULIAC-
MBbI€ U Ip.).
- KaOelbHBIC SIIUKH, OOKCHI, pacrpeleuTeNIbHbIe KOPOOKH, MKa(bl MarucTpaibHOM CBsI-
3u (LOMC) u 1.1.

K kxabenbHBIM COOPYKEHHUSIM OTHOCSITCS YCTPOMCTBA IJIsi pa3MelieHus1 Kadeneil 1 MOHTH-
pyeMoii Ha HUX KaOeIbHON apMaTyphl, a Takke KabelbHas KaHaJIW3alusl, KOJUIEKTOPbI, TOHHEIH,
Kopo0a, 3cTakaabl M IMIAaXThl s npokiaaku. [logsemubie m Hamzemuble coopykenus (HYII u
HPII): ycrpoiicTBa 3a1uThl OT KOPPO3UHU U 3JIEKTPOMATHUTHBIX BIUSHUM.

Crozma ke BXOIUT OOOpYZOBaHUE AJs COAEPKAHUS KaOENbHOW JIMHMU IMOJ HU30BITOUYHBIM
(IOCTOSTHHBIM) BO3JYIIHBIM JIaBJICHHUEM, KOTOpOE MpPEJHA3HAYCHO Ul OpraHU3alMd KOHTPOJI 3a

HUCIIPpaBHBIM COCTOSIHUEM KaOEeIbHBIX JIMHAN U CEeTEH CBSI3U U MOBLIIIIEHUS UX HaaCXHOCTH.
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4.2. KabenbHble MarucTpajiu CBsI3U

OTH MarucTpaal CBS3HM Ha K/I TPAHCIOPTE CITy’KaT JUIS OPraHU3allii BCEX BHUJOB MarucT-
palbHOM, HOPOKHOM M OTIEIECHYECKON CBSI3M M HEKOTOPhIX meneid AT. OHM BXOASAT B €IUHYIO
EACC.

Ha /1 TpaHcmopTe coopy»aroT OJJHO- ABYX- U TpeXKaOeJIbHbIe MarucTpaiu CBA3H, B KOTO-
PBIX HAIPABJICHUS CBS3M JIMOO 0OBEAMHEHBI, JTHOO pa3esieHbl TI0 pa3HbIM KabensiM. Brioop cucre-
MBI OnpeJieNsieTcs pa3HbIMU (pakTopamu:

a) eMKOCTBI0, (KOJIMYECTBO KaHAJIOB);

0) TpebOBaHHEM IO AIIEKTPOMArHUTHON COBMECTUMOCTH;

B) IPUMEHSEMOH ammapaTypoil.

[Ipu mpoekTupOBaHWK MHOTOKAaOEIbHON CBS3M HA /. TPAHCIOPTE MOXKHO MpeaycMaTpu-
BaTh OJHOTHUITHBIE W pazHOTHUIHBIC Kabenmu: cummerpuunbsle BU (MKBA, MKCB) u HY (T3I1A),
koakcuanbHble (MKT-4), komOunupoBanusie (MKKIIA) [1, 2].

Ectp oOmiee mpaBmiio: e€ciay HamNpaBiICHUS TPy30HANpPsDKEHHBIC, TO CUCTEMa OpTraHU3allH
CBSI3M HE MEHee, YeM JAByxKaOenbHble. Eciin BTOpocTeneHHOE HanpaBieHHUe, TO UCIOIb3YIOT OJJHO-
KaOelbHbIE CUCTEMBI.

Hampumep, nByxkabenpHasi cuicTeMa OpraHU3alliy CBS3H C MCIOJIb30BaHUEM Kabeneil Tuma
MKCB 7x4x1,2 ¢ npumenenuem amnmnaparypsl yriotHeHust K-60m no3BosisieT opraHu3oBaTh HE Me-
Hee 16 kananoB HY u He menee 360 xananoB TY (Tene)OHHBIX KaHAJIOB).

Crnenyer OTMETHTbh, UYTO COBMECTHOE HCIONb30Banue MU poBbix cucteM (MKM) u curnais-
HBIX CUCTEM B OJHHUX KaOensax TpedyeT peuieHus BornpocoB IMC.

[lepcriekTHBHON /ABYXKaOENbHOM MarucTpajibio SIBISETCS BapHAHT C MPUMEHEHUEM BOJIO-
KOHHO-OINITHYECKOTO Ka0elsi 1 CHMMETPUYHOTO KaOels.

TpexkabenbHble TUHUM IPUMEHSIOTCS, HO OHU JJOPOTOCTOSIIIHE.

OTtBeTBiIeHHS OT Kabenel MarucTpaiy BHIMOIHIIOT MPU MOMOIIN TPOHHUKOBBIX MYy(T € yc-
TAaHOBKOI Ha OTBETBJICHUSAX FA30HEIPOHUIIAEMBIX MY (T.

OVII — o6cnyxuBaeMble yCUIIUTENbHbIE IIYHKTHI Pa3MEIIaloT Ha KPYIHBIX U y3JI0BbIX CTaH-
LUSX, [JI€ €CTh CTA0MIbHOE MTUTAHHE.

HYIIsl (koMOMHUpOBAaHHBIE YCWINUTENbHBIE MYyHKTHI) pa3MmemiaioT B moctax OLl, nHorma
CTPOAT CIIELMAJIBHBIE MTOMELICHUS, COCTOAIME M3 HAA3EMHOM U noaszeMHOM udacrtei. HanzemHuas
4acTh — 3TO MeTajutnueckas 0yaka, pazmepom 1800x1800x2400 cm. [ToazemHuas yacThb npeacTaBis-

€T U3 ce0s1 OTHOCTEHHBIEC ITUCTEPHBI UIH KOHTCHHEPHI.

110



4.3, KaOeapHbBIE CETU CBI3U HA CTAHIIMIX

KaGenpHbIe ceTr CBSI3M K/ CTAaHIIMKA M y3JI0B TPEAHA3HAYCHBI U OPTaHU3allul MECTHOM,
CTAHIIMOHHOW pacHpeleTUTEIHbHON TeNne(OHHOM, NBYXCTOPOHHEH MapKOBOW CBS3H, TPOMKOTOBO-
PSAIIEro OMOBEIIECHUS U JIp.

MectHas TenedoHHas KaOelbHas CeTh CTAHIMHA U y3J0B COCTOMT U3 Kabesel, COequHSIO-
[IMX MECTHYIO Telle()OHHYIO CTAHIIHIO ¢ TeJe()OHAMHU a0OHEHTOB JTaHHOW CTaHIIUH WJIH y3J1a.

K mectHO TenepoHHON CETH OTHOCAT 000CcOOJIeHHBIE TeaehOHHBbIE KaOEIbHBIE CETH I
CTpPEJIOYHOM CBS3M, CBSI3U IPY30BOT0 AUCIIETYEPA U T.I1.

KaGenpHble ceTH MOTYT OBITh IOCTpOEHBI MO0 1o OecuikadHoi cucreme (10 300-410 abo-

HEHTOB) C paclpeeuTeIbHBIMU KopoOkamu (puc. 4.2)

A PMI1 N
@ A \ \, PK1

PK3 PK2
O
PM2
Puc. 4.2
PM — pacnpenenutenbabie My(THI,
PK — pacnipenenurensHbie KOPOOKH,
WM 1o mkadHou cucteme (puc. 4.3).
PIII1
PM
PIII2 J—‘

; ( k PK
PIII3

k TA

Puc. 4.3

Kabenu ot TC no PIII Ha3piBatoT MarucTpaibHbIMU.
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Kabenu ot pacnpenenurenbHbIx KOpoOok 10 TA Ha3pIBatOT a00OHEHTCKUMH.

[Ipu oTCYyTCTBMUM BHELIHETO BIUSHHSA B KayecTBE KaOeleil MarucTpaabHBIX U aOOHEHTCKUX
pexkomenyetcst ucroiab3oBarh TIIII (TenedoHHBII ¢ MOTUAITUICHOBOW M3OJISIIIUEH KU B TIOJIUITH-
JICHOBOM 000JI0YKE), TPOKIIAIbIBAEMOMY IO TeJIe()OHHON KaHAM3aIMK, B IIaXTax, MO0 CTEHAM 3/a-
HUW WJIY TIOJIBEIIMBAs Ha OMopax.

Jiist HemoCPEACTBEHHOM MPOKIIAZKU B 3eMJIC U MPU MEPECEUCHNH HEryOOKHX 00JI0T, Hecy-
noxoJHbIX pek npuMenstoT kadbenu TIIIIB (OpoHupoBaHHBIN CTaIbHBIMU JIEGHTAM C HAPY>KHBIM IO-
KPOBOM U3 KaOCIIBHOU TIPSIKH ).

Kabenu mMecTHOI M CTaHIIMOHHOM paclpenenuTeNbHON TenedOHHON CeTH, a Takke Kabenu
I'POMKOT'OBOPSIIIETO OMOBEUICHUS MOKHO MPOKJIAABIBATh B OOLIMX TpaHIIESX BMecTe ¢ KabensMu
ABTOMATHKH M TEJIEMEXaHWKHA B MEXIYIyThe BAOJb *k/A. OT OKOHEUHBIX YCTPOMCTB pacrpeiein-
TEJIBLHOM CETH J0 PO3ETOK a0OHEHTCKUX TA MpOKIaAbIBalOT OJHONApHBIC Tele(OHHBIE pacrpee-
muTenbHbIe Kabenu (mpoBojaa) mapok TPII, TPB, ATPIT u ATPB.

TPII — tenedoHHBII paclpeneIUTeNbHbIA ¢ MOMUATUICHOBON H3osLue xuil. Jluamerp
xwmi 0,4 u 0,5 mm. Kabenmu tuna ATPIT u ATPB — BkiTtouaroT amroMUHHEBBIE XKL, quameTpom 0,7

MM.

4.4, KabenpHbIE CETH HAITOJIBHBIX YCTpOﬁCTB ABTOMATHKH U TCICMCXaHHNKH Ha CTAHIIUAX

KaOenbHble ceTH CTaHIIMOHHBIX HAMOJNbHBIX YCTpocTB A U T mpenHa3HaueHsbl AJs nepeaa-
Y YOPABISIOIIUX U KOHTPOJBHBIX CUTHAJIOB B CHCTEMax 3JIEKTPUUYECKOM LIEHTpaTn3alli CTPEIOK
Y CUTHAJIOB TOPOYHON aBTOMATHUYECKOW W JUCTIETYEPCKON LEHTpalu3allii, Mepee3THON CUTHATH-
34l U MMOJABOAKH JJICKTPONHUTAHUA K 3JICMCHTAM 3THUX CUCTCM — CTPCIIOYHBIM JJICKTPOIIPpHUBOIaM,
cBeTodopam, peIbCOBBIM IIETISIM.

KabenbHast ceTh TOpJIOBHUHBI MAJIOM CTAHITUU COCTOMT U3 4-X CAMOCTOSITEIIBHBIX ceTel (puc.

4.4):

n
2

CTPEJIOUYHBIX TIEPEBOJIOB — "a
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- cserodopoB — "06",
- peneiHbIX TpaHC(HOPMATOPOB PEIbCOBBIX Lienei — "B",
- MHUTAIIUX TPaHC(HOPMATOPOB PEIBCOBBIX Henei — "'

Ha yuactkax ot DIl 10 pa3BeTauTenbHBIX My(PT MpOKIaIbIBACTCs OOIIMI KaOeab, TOJBKO
nocne MyQT MPoU3BOIUTCS MPOKIaIKa UHIUBUIYaTbHBIMU KaOCISIMH.

Henb3st 00beIUHATH LM MUTAIONIMX U PEICHHBIX KOHIIOB PEJIbCOBBIX IIeTIEeH, TaK KaK MpH
MOBPEXICHUH Ka0esst ¢ COOOIEHHEM KIJT BO3MOXHO JIOXKHOE cpabaThIBaHUE CHTHAJIA O CBOOOIHO-
CTH IIyTH.

B cTaHIMOHHBIX CETAX HCMONb3YIT CHTHAIBHO-OJOKUPOBOYHBIE KaOenu C TIacTMacCOBOM
WA METAJUINYECKON 000T0UKOH.

I[J'ISI YMCHBIICHUSA B3aMMHBIX BIIASTHAMN MCXKAY OCIsMHU CIICAYCT IMPUMCHATHL CUTHAJIbBHO-

OJIOKMPOBOYHBIC KaOen ¢ TapHOU CKPYTKOH.

4.5. KaGenpHble IMHUY LIEHTPATU30BaHHON aBTOOJOKMPOBKH Ha MIEpEroHax

[Ipu uentpanuzoBanHoi cucreme aBToOM0KUpOBKH (LIAB) Ha meperonax oTCyTCTBYIOT CBe-
To(apbl, IBUKEHHE MTOE3]0B PErYyIUPYyeTCs MOKAa3aHUIAMU JOKOMOTHBHBIX cBeTodopoB AJIC.

PenbcoBble 11enu B 3TOM cucTeMe He paslieieHbl H30JMPYIOIMIMMU CThIKAMH, a BCS ammapa-
Typa pa3MellleHa Ha OTPAaHUYMBAIOIIUX TMEPEroHbl cTaHIusaX. OKOJO MyTH Ha TpaHHIax OJoK-
YYaCTKOB B ITyTEBBIX TPAHCHOPMATOPHBIX SIIUKAX PA3MEIIAIOT TOJIBKO MyTEBBIE TPAHCHOPMATOPHI
U YCTPOMCTBA 3aIUTHI PEITBCOBBIX IEMEH.

Ha meperonax mpokiafplBaioT JBa CUTHAIBHO-OJOKHMPOBOYHBIX KaOels, CBA3bIBAIOIINX Y-
TeBbIE TpaHCHOPMATOPHI C aMMapaTypoi, PacloNOKEHHBIN Ha CTAHIUAX, MIOCKOJIBKY HE PEKOMEH-
JyeTCsl pa3MeIIaTh B OJTHOM KaOelie ey PEJICHHBIX U MUTAIOIINX KOHIIOB PEITLCOBBIX IICTICH.

Haubonpmrass nqnuHa xadenst npu aekTpotsare — 10 kM, mpu aBToHOMHOW — 15 kM. Ecim
MPOTSHKEHHOCTh MIEPETOHA HE MPEBBIIIAET 3TUX 3HAYCHHM, TO ammapaTypy MOXKHO COCPEJOTOYHUTH
Ha OJJTHOM CTaHLIMH.

B kabensix MEeHTpaTM30BaHHOW aBTOOJIOKHPOBKHU IIEIIECOOOpPA3HO pa3Menarh IEHH Iepe-
rorHor (III'C) u mexcranmmonHoi (MXKC) cBsi3u ¢ yCTaHOBKOW Ha MeperoHax y TpaHHI] OJOK-
y4acTKOB TelIe(DOHHBIX amlmapaToB Ha KOJIOHKAX B 3aKPBIBAIOIIMXCS SIIMKAX.

Cxema ka0enbpHOM CeTH MeperoHa ¢ pa3MelieHHeM anmnapaTypbl Ha OJHOM CTaHIIMH TOKa3a-

Ha Ha puc. 4.5.
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B nepBom kabene 3anuTaHbl LENMU PeNEHHBIX KOHIIOB PEJIbCOBBIX IEMEil, Maphl yBA3KU CO-
cennux ctanumii 1Y, 2V u napsl CH cMeHbI HanpaBieHUs ABMXKEHUSA (€CIIH Y4acTOK OJHOMYTHBIN).
Bropoii kabenb coiepKUT maphbl MATAIOIINX KOHIIOB PEIBCOBBIX IIETICH.

PenbcoBeie nenu cuctemsl 1IAB nmuTarorcs TokaMu ToHaIbHON 9acTOThl 425 u 475 'ty mist
AJIC ucnosnp3yrorcs yactoTel 75-325 'y v BeImie. [1oaToMy B3auMHBIE BIUSHUS MEXAY Pa3InyHbI-
MU LensiMu B kabensix cuctembl LIAB npuobpetaroT 60s1ee BaxkHOE 3HaYEHHE TI0 CPAaBHEHHIO C pac-
MPOCTPAHEHHBIMU PEIbCOBBIMH IensiMU ¢ yactotamu 25, 50 u 75 T'u. ns nuauii cuctemsr L{AB
ClIeZlyeT NMPHUMEHSTh CUTHAJbHBIC KaOEeM TOJNBKO C MapHOW CKpyTKo. Ha ywacTkax ¢ ai. Tarou

MIPUMEHSIOT KaOeu ¢ allFOMUHUEBOM 000JI0YKOH, a IPU aBTOHOMHOM TST€ € MJIaCTMACCOBOMA.
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KonTtposbHble Bonpocs! k riaaBe Ne3 u Ned:
Ha kakue KJ1acChl ¥ THITBI ICJIATCS BO3AYIIHBIC JTMHUU?
UTo BXOJUT B MOHATHUE JIEMEHTA BO3YIITHBIX JTHHUHN?
Kakoe Ha3HaueHue, kakue TpeOOBaHMS M KaK yCTPOCHBI BBICOKOBOJIBTHO-CUTHAIBHBIC JIN-
HUH aBTOOJIOKMPOBKH?, KaK OHH KBATH(UIMPYIOTCS MO Ha3HAYEHUIO, 00IaCTH TPUMEHECHHSI.
Kakyto 00111y10 KOHCTPYKITHIO UMEIOT KaOeIbHbIC TUHUU, KaK OHU KBATH(DUITUPYIOTCS 10
Ha3HAYEHUIO, 00JIaCTH IPUMEHEHHSI.
Kaxkue kabenu cBsSI3u MPUMEHSIOTCS HA XK/ 11 TpaHcropTe?
Kak ycTpoens! onTryeckne kabenu cBS3H, Ha KaKUe TPYIIIBI 10 HA3HAYCHUIO OHU JEISATCS?
Kak ycTpoeHbl 1 KakOBO Ha3HAYCHHE CUTHAJIbHO-OJIOKMPOBOYHBIX Kabemneit?
Kak ycTpoeHsl, KakoBO Ha3Hau€HHE CHIIOBBIX U KOHTPOJIBHBIX KaOenei?

Jlyig yero nensTcst CKpyTKa KaOeNbHbIX Map, U Kakue ObIBAOT TUIIBI CKPYTOK?
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['maBa V
DJNeKTpOMarHuTHasi CoBMecTUMOCTh B TuHUsX ATC
[22, 23, 30, 31, 32, 34, 36]

5.1. DJEeKTpUYECKOEe U MarHUTHOE BIIUSIHUE

Boznymssie u kabenbubie TMHUEM ATC mpoKiIanbIBalOT B HEMOCPEICTBEHHOM ONM30CTH OT
TATOBBIX CETEH, BHICOKOBOJIBTHBIX JIMHHIA aBTOOJOKHUPOBKH W JIMHUH MPOJIOJIBHOTO 3JIEKTPOCHAO-
JKEHUs, TAKXKE BO3MOXXHO NPUCYTCTBHE BBICOKOBOJIBTHBIX JIMHUU DJIEKTpONEpenad JApyTrux Be-
JIOMCTB.

Bnusinue BricOkoBONBTHBIX Lieniei Ha nenu ATC npuHATO Ha3bIBaTh BHEUTHUMU.

Biusiaue Mexy coOCeTHUMH LETISIMHU OJHOW JIMHUK BO3IYyITHOW WJIM KaOeIbHOM, HAa3bIBAIOT
B3aUMHBIMU.

B menmsix MOryT MHIyLMpPOBAThCS OINACHBIE M MEIIAMOIIME HANpshKeHus U TOkW. [loaromy
OCTPO CTOUT BOIPOC 00 3JIEKTPOMATHUTHON COBMECTHUMOCTH LIeTIel M CUCTEM Mepenayn uHdopma-
LUU.

BBoautcst mpenenbHO JOMyCTUMBIE 3HAUYECHMsI HaBEJEHHBIX HampspkeHuid u TokoB (I1113).
[Ipu ouieHKe BIUSHUS [0 YACTOTE W HAMPSKEHHIO BBOJUTCS MOHSTHE COMMXKEHHUS, MOJ KOTOPBIM
MIOHUMAETCA TAaKO€ B3aUMHOE pacrosiokeHue auHuM, korga auHu ATC HaxoasATcs B 30HE 3aMeT-
HOT'O BJIMSHHS BBICOKOBOJIbTHBIX JIMHUW. BIMSHMS yCIOBHO pa3ieAlOT HAa AJIEKTPUYECKUE U Mar-
HUTHBIE.

[Tycts uMeem nBa npoBoaa (puc. 5.1)

1 Ci, 2
—C
O i
+q -q
Puc. 5.1

Ecnu Ha mepBoM 3apsii +q, TO Ha BTOpoM —J. TakuMm o0pa3om, MeXAy HUMH OyJeT 3JeK-
TPUUECKOE BIMSHUE WUJIHM ATO BIMSHUE SKBUBAJICHTHO HAJIMUYUIO EMKOCTHOM CBSA3M, T.€. MEXKIY MPO-
BOJaMHM Kak Obl BKiItoueH KoHzaeHcaTop Cio. Eciu mpoBox 2 3a3emMiiuTh, TO 10 HEMY OyAeT mpoTe-
KaTb TOK, 3TO U €CTh AIEKTPUUECKOE BIMSHUE.

PaccmoTpuM /1Ba mpoBoJia, B OTHOM U3 KOTOPBIX POTEKAET NMepeMeHHbIH Tok J (puc. 5.2)
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Puc. 5.2
Ecnu B mpoBozie mpoTeKaeT TOK, TO B MPOCTPAHCTBE BO30YX AACTCSI MAarHUTHOE TOJIE, KOTO-

poe Oynmer mepecekaTh BTOPOH MPOBOAHHUK, B KOTOPOM Bo3HMKaeT npoaoibHas JJ[C. Ecnu mpoBon
3a3eMJIUTh, TO B HEM OyJeT MpOoTeKaTh TOK. JTO BIMSHHE HOCUT HA3BaHME, BIUSHUE BCIEACTBHE
MAarHuTHOM MHAYKIUU WIK MATHUTHOE BIUSHUE.

9H€KTpI/I‘-IeCKOC U MAarHuTHOC BJIMSAHUC MCKAY ABYMS OAHOIIPOBOJHBIMH JIMHUSAMU MOKHO

MPEJICTABUTh B CJICAYFOIICH SKBUBaJIeHTHOU (hopme (puc. 5.3 (a,0))

A J, B
~ - I —
Lo [— 1
— | <« > I
— J2 J2 —
A 9 7, B

¢

YTV :|7

L . m. L

J, J,

Puc. 5.3
OTtcroia BUJIHO, YTO MPU OJHOBPEMEHHOM JJIEKTPHUUYECKOM M MarHUTHOM BIIMSIHUU, HaBe-

JICHHBI TOK Ha OJMMKHEM KOHIIE A, MPEACTaBIsSeT U3 ce0sl CYMMYy TOKOB 3JIEKTPHUUECKOTO M Mar-

HHUTHOTI'O BJIIMSHMA, HA JAJIbBHEM B- pasHunmy.

I[e.HGHI/Ie Ha 3JICKTPUYCCKOC U MArHUTHOC BJIMUAHHUC OIPCACIIACTCA TEM, YTO B HCKOTOPBIX

CIIy4asiX O/IHa U3 COCTABIISIOIINX MOXKET Npeo0IagaTe HaJ JPyTOH.
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CrnenyeTr OTMETUTh, YTO BHEIIHEE U B3aUMHOE BIMSHHE B JIMHMSX CYLIECTBYET BCEr/a B CHU-
71y OOBEKTUBHBIX CBOWCTB 3JIEKTPOMArHUTHBIX MPOIECCOB: M3IYYCHHUS M PACHPOCTPAHEHUS 3JIEK-
TPOMarHUTHbHIX mnojeil. [loaromy Bcerna mpuxoguTcsl MPOBOAUTH MEPONPUSITHUS MO YMEHbBILEHUIO
OIIACHBIX U MEIIAIOIINX BIASHUM.

OmnacHele MHIYLMpOBaHHbIE HanpshkeHus B Lemsix ATC MoryT BbI3BaTh OpakeHUe 00CIy-
YKUBAIOLIETO NIEPCOHAIA, BBI3BATh HEUCIIPABHOCTD amIapaTypsl, I0Kap U T.4. Memaroliee BIUSHUE

BBI3BIBACT ITIOMEXHU, HCKAKCHHUS CUTHAJIOB.

5.2. Bausroniue nenu

HpI/I AHAJIN3C BHCIIHECTO W B3aWMMHOI'0 JJICKTPOMArHUTHOI'O BJIWAHHWA JIMHUW OCJIAT Ha
BIIUSIIOLINE U HA I[ENH NMOABEP)KEHHBIE BIUSHUIO

Bnusirorue mien — 370, Mpexkae Bcero, BhICOKOBONBTHBIC JuHuUU (BJI) snexrponepenad;
JMHHUH TPOJIOJIBHOTO 1. CHa0XeHHUs, BHICOKOBOIbTHBIE Lienu CLIb, TIroBeie cetu 31. .. U cocel-
nue uernu ATC.

BricokoBosbTHBIE TMHU 311. Tiepenay (BJI) umeror Hanpsbkenue ot 35 1o 750 kB TpexdaszHo-
ro toka, yactotoit 50 I'u mimm 800-1500 kB mocTosinHorO. Ilenu pacnpenenurenbubix BJI anexrpo-
nepenad umeroT HampsbkeHue 6 unu 10 xB. BJI MoryT ObITh BO3AYIIHBIMU U KaOeTbHBIMHU, Yallle
BCCT'O BO3YIIHBIMU.

[IpoBoaa na BJI noaBemmBatoTcs , yaiie Bcero, Tak Kak okasaHo Ha puc. 5.4.

o
o olo o | o
ol o © ol o o] o
o
o | o olo
Puc. 5.4

Bnustromue nenu MoryT ObITh CUMMETPUYHBIE U HECUMMETpUYHbIe. CUMMETPUYHBIE — 3TO
JBYXIIPOBOJHBIE OAHO(a3HBIE M TPeXNpoBoaHBIE Tpex(dasnpie. HecuMMeTpuyHble BCE LENH, WC-
MOJIB3YIOLIME 3EMIIIO B KAYECTBE MTPOBOJIA.

[Ipu HOpManBHBIX YCIOBUAX PaOOThl CUMMETPUYHBIE LIEMM MOTYT OKa3blBaTh MeIIAolIee
BIIMSIHUE, & HECUMMETPHUYHBIE ONIACHOE U MEIIAoIee. JTO JIETKO YBUAETh, €CIIH IPOAHATU3NPOBATH
10JI1 B POCTPAHCTBE OT ABYX IPOBOJOB C PaBHBIMU M HEPABHBIMU 10 aMIUIMTY/AE TOKaMHU (pHC.

5.5).
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Puc. 5.5
Ecmu J;=J, (cummeTpuyHas 1ienb), TO 1721 < ﬁluﬁz, eciu J; A/, To ﬁ22 > ﬁzl.

[Tone cumMMeTpUYHBIX Iienel, Kak Obl KOMIICHCHUPYETCs B MPOCTpaHCTBE. B ciydae Hecum-
METPHUYHBIX Ilerei Takoro HeT. [IpakTuiecku uaeanbHO CUMMETPUYHBIX 1IeTIel He ObIBaeCT.

[IpononpHas acUMMETpHsT — HEOJUHAKOBOCTD AJIEKTPUUECKUX MapamMeTpoB MpoBo1oB. Kax-
Jast peabHasi 1eMb MOXKET OBITh MPEICTABIICHA KaK HAJIOXKEHUE CUMMETPUYHOM ¢ HanpspkeHuem U
U TOKOM J; M1 HECUMMETPUYHOHN 4acThio ¢ HanpsskeHueM Uy u Tokom Jy. Uy u Jy — Ha3bIBAIOT Ha-
MPSKEHUEM U TOKOM HYJIEBOM MOCJIeN0BaTeNnbHOCTH, T.¢ U=U)+U,, J=Jy+J].

Ha cumMmerpuuHOCTb 1Ieneit BAUSET HE TOJIBKO MPOJO0JIbHASI aCHMMETPHS, HO U MOIepeuHast
HECUMMETPUYIHOCTh OTHOCHUTEIIBHO 3€MJIH, TeHepaTopa, HepaBHOMEpHas 3arpy3ka (a3 B Tpexdas-
HBIX CETAX U T.J.

Heo0xonuMo y4uTHIBaTh HE TOJILKO HOPMaJIbHBIN, HO U aBApUUHBIN pEXUM pabOThI, TMHUU.

Bo Bcex BJI xpome OCHOBHOM TapMOHUKH BCETa MPUCYTCTBYIOT JOIOJHUTEIBHBIE TapMO-
HUKH TOKa. DTU TAPMOHUKH MOTYT MHIyIIUPOBATh Melaroniee Hanpsokenue B TuHusgx ATC.

PaccMOTpuM KOpOTKO KOHKPETHBIE THUIII BIUSIOMIMX LIENIEN U UX CBOWCTBA.

Tpexdasnuple 1enu ¢ 3a3eMIIeHHON HelTpanblo. Ilenmn BJI 00bIYHO moacOeIMHSIOTCS K JIH-

HeitHbpIM TpaHcopmaropam. Eciu 0OMoTku TpanchopMaTopa coelMHEHbI B 3B€3/ly U HEHTpaJIbHbIC

TOYKH 3a3€MJICHBI, TO IMeeM TpeX(a3Hyo IeMb C 3a3eMJICHHON HeHTpaibio (puc. 5.6).

Puc. 5.6
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Tpexasnble 1ienu ¢ 3a3eMICHHON HEUTPaIbIO 3TO JMHUU C HApPsHKEHHEM 35 KB U BBILIE, C
yactoToi Toka 50 I'l. OHM YacTUYHO CUMMETPHYHBI U MOTYT OKa3bIBaTh MEILIAIOLIEE BIUSHUE, KaK
(a3HBIMU HaNpsHDKEHUSIMH, TaK ¥ TOKAMH HYJIEBOW MOCJIEIOBATEIBHOCTH. B aBapuitHOM pexunme
IIPU 3aMbIKaHUM (a3bl HAa 3€MJII0 BOZHUKAET TOK, KOTOPBIH MOXKET OKa3blBATh OIIACHBIE MATHUTHBIE
BiustHusA. Yepes 0,15 — 0,6 ¢ cpabaTbiBaeT aBTOMaTHUYECKast 3allUTA U JIMHUS BBIKIIOUACTCS.

Tpexdasnble 1ienu ¢ U30JUPOBaHHON HelTpabio (pHUc. 5.7). DT0 B OCHOBHOM pacHpeeiu-

TCJIBHBIC LCTIM C HAIIPSXKCHUEM 6-10 KB, B TOM 4YHCJIC U BBICOKOBOJIbTHBIC IICITN aBTO6J'IOKI/IpOBKI/I n

MIPOJIOILHOTO 3JIEKTPOCHAOKEHUSI.

Puc. 5.7
ITpu 3a3emiiennn oHOHN (ha3bl pe3Ko BO3PACTET HANPSHKEHHE OTHOCUTEIHHO 3eMJIH Ha ABYX

Ipyrux. ABapuiiHble PeXXUM MOXKET IMPOAOKATHCA JOJT0€ BpeMs, TaK KaK 3JIEKTPOCHAOKEHUE He
npekpaniaercs. B ato Bpems BJI MoryT okasblBaTh MelIaroliee 3JEKTPUYECKOE BIUSHUE, BBI3BaH-
HOE HE TOJIbKO HANPSIKEHHEM HYJIEBOM IOCIENI0BAaTEIbHOCTH, HO U TOKOM HYJEBOM MOcCieqoBa-
TEJILHOCTH, a TaKkKe (Pa3HBIMU HATNIPSKEHUSIMH.

Tpexdaszubie nienn BJI "nBa npoBona — 3emitst". 9T0 HECUMMETPUYHBIE TIEMTU U TTO3TOMY J1a-

K€ B HOPMAJIbHOM PEKHUME MOTYT OKa3bIBATh OIMACHBIC U MCHIAIOIIUEC SJICKTPUUCCKUE U MarHUTHBIC
BIINAHUA.

TaroBele ceTH 3JI. XK.JI. IEPEMEHHOIO TOKA. B TAroBylo ceTh MoJaeTcsl HaNpspkeHue 27 KB U

gactotoit 50 I'. DieKTpoBO3Bl OOBIYHO 0OOPYAYIOT MOHIKAIOMIMMHU TpaHC(HOpMaTOpamMH, BBITIPSI-
MUTEJISIMA U ABUTATEISIMHU IOCTOSHHOTO TOKA. JTH YCTPOWCTBA yXyALIAlOT OpMy KpUBOM TOKa B
TSATOBOM CETH, YTO YBEIMYHBACT MEUIAIOIIECe BIUSHUE Ha BHICIIMX TAPMOHHKAX.

Penbebl 0Ka3bIBalOT SKpaHUPYIOLIEE JEHCTBUE MEIIAIOIIEMY TOKY TEKYIIEMY I10 3eMiie. JTO
nerctBue o0o3HavaroT, kak p<l. HecMoTpsi Ha 3TO TATOBBIE CETH MEPEMEHHOTO TOKA OKAa3bIBAIOT
oompioe BiausiHUe Ha TUHUK ATC maxke npu HopManbHOM pexxuMme. [Ipu aBapusx Wi peMOHTE OJ1-
Ha U3 TATOBBIX MOJCTAHIIUI MOXKET ObITh OTKIIOYEHA, TOTAa He OyAeT BCTPEYHOro TOKA U TAroBas
CeTh OKa3bIBaeT omacHoe W Mmemaromiee BiausHue. OmnacHbl Takke Toku K3 (0,6 cex). Menbliee
BIIMSIHME OKA3bIBACT TATOBasi CETh ABYXIYTHBIX YYaCTKOB, MOCTPOCHHAsS IO cxeme "NBa MpoBoja —

penbc" — HecuMMeTpuYHasi, HazbiBaeMas "2x25" unm "2x25" ¢ aBToTpanchopmaTopom.
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TsroBele LICIH DII. )I(/,I[. MOCTOSSHHOTO TOKa. B cocTaBe MOCTOSHHOTO TOKa HaIps’KCHUEM

3300 B mpuUCYTCTBYET IMyJIbCUPYIOIIEE HAMPSIKEHHUE, BO3HUKAIOIIEE B PE3YJIbTAaTe BBINPSIMIICHUS
(mwectudaznoro). Hanpsbkenue copepxut yactorsl 50, 300, 600, 900, 1200 I'y u T.4. DTH cocTaB-
JSIOUIME MOTYT BHOCHUTH Melaromiee BiausiHue. [Ipu 3TOM BIusSHME yMEHBbIIAeTCs M3-3a SKpaHU-
PYIOIIETo JEHCTBHS PENbCOB M B PE3YJIbTATE JIBYXCTOPOHHETO MHUTaHUA. J|aHHBIE CETH OKa3bIBAIOT
BIIUSTHUE B OCHOBHOM Ha BO3YIIHBIC JIMHUU. ONMacHOE BIMSHHE MOXET OBITh MPU BKIIOYCHUU H
OTKITIOYCHUH WJTU TIPH 3aMbIKAaHUH Ha 3EMITIO.

[lenu ATC. DTy nenu MOryT OKa3bIBaTh TOJIBKO MEIIAIOIIEE BIUSHUE APYT Ha apyra. [lpu
3TOM HECHMMETPHUYHBIE — OJIHOTPOBOJIHBIE W HalOKeHHBIE ((haHTOMHBIE) OyAyT OKa3bIBaTh OOJb-

mec BJIUSAHUC, YCM CUMMCTPHUYHBIC.

5.3. OcoOeHHOCTH BHEUTHETO BIUSHHS HA OJHOTPOBOAHBIC U JBYXIPOBOIHBIC 1ICTIH

HYCTB HMECM OJHOIIPOBOAHYIO BJIUAIOIIYIO LICIIb 1, U IIOABCPIKCHHYIO BJIIMAHUIO OAHOIIPO-

BOJHYIO LIENb 2, HAarPY’>KEHHYI0 Ha CONPOTUBIIEHUE Z,=2z6 (puc. 5.8).
1 71, U

Puc. 5.8
B pesynbrate nnaykuuu B nienu 2 Oyaet HaBoauthes JJ1C u B Hel moteuet Tok J, Ha Ha-
rpy3kax OyJeT BbIAeNAThCs Hanpspkenue U,=J,2).

[IycTs MMeeM ABYXIPOBOAHYIO LIETb MOABEPKEHHYIO BIUSHHIO (puc. 5.9).

Jl’ U1

Jz al

o
.

A

Puc.5.9
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ITo mpoBoaam 2 u 3 moTEKyT pa3Hble TOKH J> U J3, HIOCKOJIbKY IPOBOJIA 2 U 3 HAXOJATCA Ha
pa3HBIX pacCTOSHUAX. Yepe3 CONMpoTHBIEHHE z; OyAeT MpoTekarh TOK J»3=J>-J3, COOTBETCTBEHHO
U,3=z3J53, ipu 3toM U,>U,;3, T.€. HaBOJIKA Ha JBYXIIPOBOAHYIO IIEIb MEHBIIE, YEM HA OJHOMIPO-
BOJIHYIO0, TakUM 00pazomM, U,=U>3. DTo 1o mpuunHe NonepevyHol acummeTpuu. pyroil npuanHon
pasubix U, u U,; OyIeT npoosibHast aCHMMETPHS JBYXITPOBOAHOMN 1enu. YTOOBI UCKITFOUYHTH TTOTIe-
PEUYHYI0 aCUMMETPHIO MPOBOJIA CKPEIIMBAIOT B YACTHOCTH HA BO3AYIIHBIX JUHUAX. YacTo ymo0HO

npencTaBisaTh Us; Kak

Uy =AU + (U3
U,, n U,,— HanpsokeHWsl, HHAyIMPOBAHHBIE COOTBETCTBEHHO M3-3a TMOTEPEYHON M MPOIOJBHOM
ACHUMMETPUH.
Jlns pacueta U,, (U,, — 00bMHO Majia, TaK Kak NPeANPUHAMAIOTCS OMPE/IEIEHHBIE MEPhI)
MIPUMEHSIOT METOJl, OCHOBAaHHBII Ha MCIOJIb30BaHUM KO3(PPHUIMEHTa YyBCTBUTEIBHOCTH JBYXIPO-

BOJIHOM IIenH K momexaM 7. OTOT KOA(PPHUIHUEHT ONpeAesstoT B pe3yiabTaTe U3MEPEHU Ha JEUCT-

Bylomux nensx. Hanpumep, mycts umeeM nens (puc. 5.10).

T, T,

i
S

Ecnu nmeercst mpo1onbHast aCHMMETPHSI, TO Yepe3 BTOPUUHYIO 0OMOTKY 7 TIOHAET TOK U Ha

Puc. 5.10

223 BeIAENUTCA Hanpsikenue U,,. [Ipubop nokaxker Hanpskenue Uy, KodQ@uIMeHT 1yBCTBHTEb-

HOCTH TOoTrAa OyJeT

Ecnu Oyner usBecteH 77, To onpenensst Uy — HanpsbKeHUE HEN OTHOCUTEIBHO 3€MIIM, HaBe-

JACHHOC 110 BIIMSIHUEM BHCIITHCH LY MOKHO ONIPCACINTD U;3 .

ITpn ananusze U,, UENU CUUTAIOT TAKMMH, YTO B3aUMHOE BIHMSAHUE OOYCIOBICHO TOJIBKO

IIPOJIOJIBHOM ACUMMETPHEM.
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5.4. Metonuka onpe/eNeHns HHAYUPOBAHHBIX HANPSHXKEHUN U TOKOB

IIpU B3aUMHOM BJIMSAHUH

PaccmoTpuM o01mire moaxo/ sl Ipy ONpeAeeHUN HalpsHKEeHUH TOKOB MPHU B3aMMHOM BIIHSI-
HUU IIeTIel IpyT Ha ApyTa.
Cunraercs, 4TO LIENH, BIUAIOLIAas U IOABEPKEHHAS BIUSHUIO U30JIMPOBAHBI U COTJIACOBAHBI.

MaruutHoe BIusgHUeE

1. KopoTkue 1enmu. KOpOTKI/Ie LOEIu — 3TO UCIH, B KOTOPBIX MOXHO HC YUYUTBEIBATH BOJIHO-

BOH XapPaKTCp pacHpCACJICHUA HAIPSKCHUSA U TOKA, T.C. UX UJIMHA 3HAYUTCIIbHO MCHBUIC IJIMHBI

BOJTHBI KOJIeOaHM TOKa B IMHUAX. PaccmoTpum cxemy (puc. 5.11).
1 o

»
»

Y
= |
=

N

Puc. 5.11
TOK, HaBEIACHHBIA BO BTOpOfI LCIHU, BOBHUKACT B PC3yJIbTATC MArHUTHOTO IT1OJIA, BO36y>I(I[eHHOF OB

HPOCTPAHCTBE TOKOM J; M B pe3ylibTaTe TallbBAaHUYECKOH cBsA3M Lemneil uepes 3emmo. DJC, Bo3-
HMKIIKME BO BTOPOH Lienu 3anuiieM Kak — E, =r,J, [ +iom,,J,l =z,,J,l,z,, =1, +iom,, - non-
HOE B3aMMHOE COIPOTHBIICHNE Ha | KM COMIKEHHUS.

2. JnwnHBIC enH. JJTUHHBIE TIENH — 3TO MENH, IJIWHA KOTOPBIX OOJIbIIE JUTHHBI BOJHBI KO-

neGaHMii TOKa WM HampspKeHus B 1enu. Paccmorpum cxemy (puc. 5.12)

dx

dE, .
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Puc. 5.12
3aech HEOOXOAMMO YYUTHIBAaTH BOJTHOBOW XapaKTep pachpelesieHUss TOKa W HapsKEHHs

B1oJIb 1ernei. [ToaTomy BeIensieM OECKOHEYHO Y3KHE YYaCTKU dx MEPBOM M BTOPOM IIETIH, 3aITHUCHI-

BAEM CBSI3b MEXK/LY OTUMH YYaCTKAMH:
—dE,, =J,,Z, ,dx,

TOK B dJIEMEHTE dx BTOpOfI IOCIIn €CTh

—dE,

dJ,, = ~

+ng2

6x1

rne Z,,,Z,, BXOJHbIE COIPOTHBIICHUS JIEBOTO M IPABOTO OTHOCUTENBHO X y4aCTKOB JIMHUU 2, Z; 2

6x1”
— IIOJIHOC B3aNMHOC COHpOTI/IBﬂCHI/Ie Ha eI[I/IHI/IHy JJINHBI.

DIIEKTPUYECKOE BIUSIHUE

Ecnu nens 1 (puc. 5.11) Haxonutcs nmoa HanpspkeHueM U, IO OTHOIICHUIO K IETH 2, UMe-

o . 1
€M TOK Bo BTopoi nemu J, =g,,U,/ +iwC,,U l=Y ,U,l,g,, =—,1, - CONPOTHBIIECHHUE raIbBa-
1,2

HUYECKOH CBsI3U Mexay uermsamu 1 u 2. Y, = g, +iwC|, - MoIHas B3aMMHAas IPOBOJUMOCTB Ha 1

KM COIMKEHUS.

OIEeKTPOMAarHUTHOE BIUSHUAE

Ilycts Mexny nensmu 1 u 2 (puc. 5.13) cymecTByeT Kak MarHUTHOE, TaK U 3JIEKTPUUECKOE
BIIMSIHUE.

FEETTTEPETT LTy FEETTTTTTTTT] 117

Puc. 5.13
1. llenu KOpOTKHE.

ToKH 3JEKTPUYECKOTO BIMSHHS 3aMHIIEM CJICTYIOINUM 00pa3omM

, 1 1
J :EleUl :ElezglJ10 - Ha JJaJIbHEM KOHIIC;

, 1 .
Iy = —EleZglJ |0 - Ha OJIMDKHEM KOHIE, Z,, - BOJTHOBOE CONPOTUBIIEHUE NIEPBOM LIETIH.

Toxu MarHUTHOTO BIIUSHUSA €CTh
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" " 17
Jzo —Jy :_52_12
62

J105Z45 - BOIHOBOE COMPOTHBICHHE BTOPOiA LIEIIH.

PesynpTupyromme TOKH.

Ha 0nvxHEM KOHIIE UMEEM

, " 1 Z
Jio = J20 +J 5 :_5‘]10 Y,Z +Z_12 )

6l
62

Ha JaJIbHEM KOHIIE UMEEM

N

, " 1
Jzz :Jzz +J20 :Ejlo YIZZel _Z_lz -

62
Benmmunnel

VA
N12 :Zel YIZ+Z—12 >

82 ¢l
ZlZ

F12 :Zel le _ﬁ
62 ¢l

2

Ha3bIBAIOTCS KO3(PPUITMEHTaMH JIEKTPOMArHUTHOM CBSI3M COOTBETCTBEHHO Ha OJIMKHEM U JAJIbHEM
KOHIIAX.

2. lenu JUIMHHEBIE.

Torna BeIAensaeTcs sneMeHT dx (puc. 5.14).

BX2

ZBxl dJZX l /\/ Z

dx

Puc. 5.14
B pesynbTare 31€KTpOMarHuTHOM CBSI3M B Mpeieax yyacTKa dx BO BTOPOI IeTH MOSIBIISET-
Csl DKBUBAJICHTHBIN reHepatop Toka dJs.. OH IeHCTBYeT Kak Ha MpaBblid, TaK U Ha JIEBBIM y4acTOK
muany 2. [ToaToMy MokeM 3anucaTh

dJ,,

dU, =———2
’ Zexl_l +Zex2_1

Jlanee Hy>KHO UHTErpUPOBATh, UCIOIb3Ys YPAaBHEHUS JIMHUU 110 BCEH ATTUHE COMMKEHUS.
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5.5. KoahpuimeHThl 31€KTPOMAarHUTHOM CBSI3U MEKAY JABYXITPOBOJHBIMU LIETISIMU

IIpy B3aUMHOM BJIUSSHUHA B KaOEeIbHBIX U BO3AYIIHBIX JIMHUAX

B3auMHoe BiusiHME, B JaHHOM cily4ae, 00yCJIOBJICHO B OCHOBHOM IIONEPEUHON aCUMMETPH-
el (T.K. MpoBOAa pacmoyioxKeHbl 013K0, C - OOJBIIOE) MOSBISIOTCS SJIEKTPUUECKUE U MarHUTHBIC
CBSI3H.

OneKTpUYECKas CBA3b.

PaccmotpuM aBe 1ienu: Bausiomas ¢ npoBogamu 1, 2 U moABEp>KEHHAs BIUSIHUIO C MPOBO-
namu 3, 4. DnexkTpudecKas CBsI3b OMHCHIBACTCS MapaMeTpoM Y; ; — MOJHON B3aUMHOW TMPOBOIUMO-

CThIO, Y} 7-g;,+i@wC,. HapucyeM SKBUBaJIEHTHYIO cXxemy u onpeaenum g;, u C;; (puc.5.15).

U

Puc. 5.15

Yactuunsie eMxoctd C; 3, Csz, Cay, C1 4 00pa3ytoT aaekTpudeckuii MocT. Ecim umeer Mecto
rorepevyHasi aCuMMeETpus (HECUMMETPUYHO PacoOIOKEHbI IPOBO/IA), TO PaBHOBECHS MOCTa He Oy-
JIET ¥ TIOSIBUTCSI EMKOCTHAs CBSI3b MEXKY HernsiMu | u 2:

C,= (C13 + C24)_ (C14 +Cy )a
Y aKTHBHAsl COCTABJIAIONIAs SJIEKTPUUECKOMN CBS3U
812 = (g13 +g24)_(gl4 + 813 )

AHaJIOTUYHO MOKHO TPEJICTAaBUTh SKBUBAJICHTHYIO CXEMY JJIsi aHAJN3a WHIYyKTUBHOW Mar-

HUTHOW CBSI3U, KOTOpas OIpeAeiseT mapaMmeTrp Z;» — TIOJIHOE B3aUMHOE COMPOTHUBIICHHUE.

Z, =r, +iom,, (puc. 5.16).
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N

m;i; ms,
1
I %
rl4%r
v
Puc. 5.16

[Tpu pacOanance HHAYKTUBHOIO MOCTa BO3HUKAET CBA3b Z; 2, Y KOTOPOMH

Fis :(’"13 +”24)_(”14 +r23)’

m, = (m13 +my, )_ (m14 + 1y )
Ha BO3AyIIHBIX JHMHMSX IPOBOJA PACIOIOKEHBI HAa 3HAYMTEIHLHOM PACCTOSHUM APYT OT

Apyra ¥ JUDJICKTPUKOM SIBIISICTCS BO3AYX, MOITOMY AKTHBHBIMU COCTABJISIOIIMMH CBSI3CH MOYKHO
npereOpeds u OyJeM UMeTh

N, =iwZ,| C, + ~iwZ k,,
Za1Z42
m
. 12 )
F,=ioZ,| C,—-————|~iwl k
6l 62
[Tapametpsl ky u k; UMEIOT pa3MEPHOCTh EMKOCTH UMK OOBIYHO M XapaKTEPU3YIOT B3aUMHYIO
CBsI3b. 1711 MeTHBIX POBOIOB k; cocTaBisieT 5-6 % ky.

[Tapametpsr C;> 1 m;, 0OBIYHO OIpenensioTcs, 0e3 yueTa 3eMJiIH, TaK Kak BbICOTa MOJBEcCa
MIPOBOJIOB 3HAYUTEIHHO OOJIBIIE PACCTOSIHUS MEKIY HUMH:

1n /142

C, = 1390071—3’”2‘;-10 12 ——,r - paJanyc MPOBOJIOM,
In| ¢ i

r

OCTaJIbHbIE TapaMeTphl OKa3aHbl Ha puc. 5.17.
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enp 2

Puc. 5.17
KoadduumeHT MHIYKTUBHOM CBS3M ONpeenseTcs Kak B3auMHash MHIYKTHBHOCTb MEXIY
ABYMs METIAMU-LEIAMA

m,, = 2001n 74"z 1076 L1
SELEY! Km
B kabenbHbIX TUHUAX HETb3s IpeHeOperaTb aKTUBHBIMU COCTABIIAIOIIMMU CBSI3EH.
B cTpoutenbHbIX AnuHaxX Kabeei co 3Be3AHOM CKpYTKOHM NMpH TOHAJIBHBIX YacToTax (1o 4
k['11) BaustHEE 00YCIOBICHO 3JEKTpUUecKUMU CBs3IMU (90 %) M aKTHBHBIE COCTABIISIOIINE MAaJIbl
10 CPaBHEHUIO C peakTUBHBIMU. B auanasone vacrot 6osee 10 kI’ cBs3u (37€KTp. U MarH.) npu-

MCPHO OJWHAKOBBEI.

5.6. ITapameTpbl B3aMMHOM CBSI3U MEK/y OJHOMPOBOIHBIMH BO3AYIIHBIMU JIMHUSIMU
C YY4ETOM 3eMJIN
B kadecTBe OIHONPOBOJHOM JIMHMM, B JAHHOM CIIly4ae, MOXET pacCMAaTPUBATHCS MPOBOJ
TsaroBoit cetu (BJI), a nuHuu, moasep>keHHOM BaUsSHUIO — npoBo inHuu cBs3u (JIC). [Tockonbky,

JIMHUHW HaXOiATCA B BO3AYXE, TO aKTHUBHOM COCTaBJIHIOIJ_[efI CBA3HU MOXHO npeHe6peqL, 1 Mbl UMECM

Y, =ioC,,
TZie B Clly4yae MPOBOJIAIICH 3eMIIH

C,=42-10" be 2.

2(a2 +b’ +cz) KM

[Tapametpsl a, b, ¢ mokaszansl Ha puc. 5.18.
1
BJI
2
JIC
a
B C

FOLCLETTEEEEEE PP r e bbb erirr g

Puc. 5.18
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ITonHoe B3auMHOE COIIPOTUBJICHUC ITPH BIUSIHHUN TSATOBOM CETH Ha OC1Iu CBA3HU €CTh

7
_ . . .
Zp, =N, +la)m12 =1 my, _l_a) N

’
.12 (93
le| =oM,,,M,, =\m,, +z;,M12 - kK03 duireHT B3auMHON

WHIYKIHH.
s TsaroBoi ceTu

_ 6-10°

M, =10" Inl + ———|,

a‘osf

a — PacCTOSIHUE MEXITY JTMHUSAMU TP MapaiIeIbHOM COMMKEHHUH B M,

03 — TIPOBOJUMOCTbH 3€MJTH, CM/M,

f—uactora B 'L.
5.7. Buemnee Biausinue Ha 1ienu ATC. Mepsl 3auThl

ITpu conmwxenun nuauu ATC ¢ BJI 1 TAroBsIMU CETSMU Yallle BCErO NPUXOAMUTCS YUUTHI-
BaTh BO3MOKHOCTb IOSIBJICHHS ONACHBIX MHAYLUPOBAHHBIX HANPSHKEHUM, a TaKKe MELIAIOLIUNX Ha-
NpsDKEHUN. 371eCh HEOOXO/IMMO BBIYHMCIIATH HANpsKEHUE, WHAYLIMPOBAHHOE BO-IEPBBIX HA KOHIIE
M30JIMPOBAHHOIO MPOBOJA U BO-BTOPBIX IPHU 3a3€MJIEHHOM OJHOM KOHIIE. A JJIsl OLEHKH Mellaro-
LIEr0 BIUSHMSA Ha ABYXIPOBOAHYIO II€TIb UCHOJIb3YyeTCsl KO3()(PUIMEHT YyBCTBUTENBHOCTH LIETIH K
oMexam - 7).

PaccmoTpuMm ciyuail, korja JuiMHa >KWIbl — MPOBOJIA, MOJBEPKEHHOIO BIUSHUIO OOJIbIIIE

IIUHBI cOmmkenus >1, (puc. 5.19).

5 U, J.
1 U,.Z,, A =0
/ Z,,dx
2 Uy, 2>, »T 0 Y,de UZI
X dx
/// /// / / /// /// /// /// /// /// / /// /// /// /// /// /// /// /// /// /// /// / /// /// / /// ///‘ ///‘ ///‘ ///‘ ///‘ /// /// /// /// /// /// /// /// /// /// /// /// /// /// /// /// /// /// /// /// /// /// /// ///
, l, I
Puc. 5.19
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CunraeM, yto uenu 1 u 2 cornacoBaHbl, IPU 3TOM LeNb | — BAUAIONIAsA, UEMb 2 — MOABEP-

’KeHa BIMUSHUIO. Paccuntaem HaITPAKCHUEC, HABCACHHOC BO BTOpOI>'I Lernu ¢ y4€ToOM BOJIHOBOI'O Xa-

paKTepa pacnpenesaeHus TOKa U HallpsKEHUs BIIOJIb Leneil. PaccmorpuM 1Ba ciydas.

1. TIpoBonx n3omupoBaH Ha OOOMX KOHIIAX.

Hanpsioxenue u Tok B J1'000H JBYXIPOBOJHOM 1ieny (BTOPOH MPOBOJ — 3€MJIsl) OMUCHIBACTCS

yPaBHCHUSIMH:
U,=Uchy+Z.J shy, a)
U
“shvl, 6
~ shit,0)

6

J,=J,.chy+

U,, J, — HanpsbKeHHE U TOK B Haudase 1enu (y reHeparopa);
U,, Jx — HalIpsDKEHWE 1 TOK B KOHIIE 1eTH (y TIPUEMHHKA);
y — K03 PHUIHEHT pacipoCTpaHEHHUSI BOJHBL;
Zs — BOTHOBOE COTIPOTHUBJICHUE.
VYpaBuenus (5.1) MoxkHO 3anucath At 1M HEepeHIInaIoB TOKOB U HANIPSHKEHUI:

dU, =dU chyl + z,dJ shyl,a)

We s, 5)

V4

8

dJ, =dJ chyl +

[Ipeanonaras, 4To 3JIEMEHT dx SIBIIIETCA HayajIoM JIByX Iieneil "BapaBo" u "BieBo".

st ienm "BrieBo" u3 (5.2(0)), nonaras dJ,=dJ,=0, nuiiem

dJ
dU_=dU,, =%
shyx
rac
i —as, =42 _ Zududs
Zexl +Zex2 Z@xl +Zex2

Onpenenum Zg,; U Zgr u3 (5.1),nonaras U,=Uy, Zs=Z4> u J, =0, umeem

_ U, _ Z,Uychy,x

H

g U,,shy,x

H

=Z ,cthy,x.

Jns mpaBoii uenu, nonaras B (5.1) J,=0, Z,=Z,2, U=U>, nonyuum

U, _ ZpUslehy,(1-x) _

—Zn =7, cthy,(l—x).

“ g U, Ishy,(I—x)

H

[Tonoxum J;,=J9, Torna (5.3) ¢ yuetom (5.4),(5.5),(5.6) ectsb

dU,, = ATt __Zato g (1= x)a.
2 cth72x+cth72(l—x) shy,x  shy,l ?

(5.1)

(5.2)

(5.3)

(5.4)

(5.5)

(5.6)

PesynbpTHpytomiee HampspkeHHe Ha OJMKHEM KOHLIE HABEIEHHOI'O OT BCEW JUIMHBI COJMKE-

HUs €CTh
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L+,
Uy :% ISh?/z(l x)dx- el [Ch72(l l) Ch72121
shy,l I 7,shy,l

Ipu 1;=[,=0, 6ynem umeTh

! 1
Ecmu 7/27p<<1,TO U, =05Z,,J,l, :EE:E:Jlezlp-

Hamnpsbxenue, aeiicTByolee Ha JaJlbHEM KOHIIE pAaCCUYUTHIBAEM aHAJIOTUYHO, COTJIACHO (5.2)

d‘]2x282 Z JIXZGZ dx
Sh;/z(l—x) Z,+Z,, shyz(l—x)'

6x1

dUzl =

VYurem, 4TO B JaHHOM cityvae J,=-J,

Jlanee uHTErpUpysl, MOIYIUM

Z.J
U, = 20 [Ch72(l l ) Ch7211]'
723h72
Ecmu [;=1,=0, To
Z.J
U, =- LYo shy, - )
72 2

Eciu 7, ?” <<1, 10 shy, é ~7, é, Toraa

!
Uy = =052, 3 == E.

Nmeem smropy HaBenennou D/IC (puc. 5.20).

Puc. 5.20
2. ITpoBOA M30IMPOBAH HA OJTHOM KOHIIE M 3a3€MJIEH Ha APYTOM.

[Tockonbky ganbHu# KoHeI 3a3eMieH, TO Uxy=0 U Zg=Zothy(1-x), Ze=Zsocthyx.
Hanpsikenue, nelictBytoliee Ha OnmvmxHeM KoHIle u3 (5.2 (0)) momyuum

1 ZanZgz dx _ Z,J
shy,x - Z +Z,, shy,x chy,l

6x1

dU;o = dJZxZgz

ITonnoe HAIMPsSZKCHUE OTHOCUTCIIBHO 3€MJIM HA U30JIMPOBAHHOM KOHIIC €CTh
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ll+lp

Uy = Zoho _[ chy, (I = x)dx = M[Sh% (I=1,)=shy,L]
chy,l ; v,chy,l

Ecnu gnuuel neneit cosmnanaror /;=[,=0, To
. Z,J
U,, = thy,l.
72
[pu y,/<<1
U, =J,,Z,l=E.

Pacnpenenenune 3/1C Bnoas npoBoja B JaHHOM cllydae moka3aHo Ha puc. 5.21.

Puc. 5. 21

[Tpu 3a3emnennu ob6eux koHoB >mropa DJIC umeer Bup [23] (puc. 5.22).

AT T

[
Puc. 5.22
[Ipu xocom commxkenuu (puc. 5.23).
2
a1 az
1
Puc. 5.23
BBOSIT SKBUBAJICHTHYO IIIUPUHY COMKCHHS:
a,=.laa,.

[Ipu cmemaHHOM (KOCOM M MapajuleIbHOM) COMMKEHUH HAaXOAAT MHIYLHWPOBAHHOE HAIpsi-
KEHHE OT BCEX yUaCTKOB, 3aTEM CKJIaIbIBAIOT.
B mpakTuueckux ciydasx mojgydeHHbIe (OPMYJIbl YTOUHSIOT HEKOTOPBIMU KO3 QUIeHTa-

MU, YUUTBIBAIOIIIUMU BIUAHHUC JIECA, 60J'IOT, PEK U T.O.
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5.8. HpeHeHbHO—I[OHYCTI/IMBIC 3HAUCHUS ONACHBIX U MEIIAIONINX BIUSHUN

Jiis obecrieuenust 6€30MacHOCTH JoeH npeaxycMoTpersl [1/13 onacHBIX TOKOB M HaIpshKe-
HUI.

Tok 10 2 MA He OKa3bIBaeT 3aMETHOr0 JIEUCTBHS Ha opraHu3M yenoeka. [Ipu Toke 10 MA
CO3/1a€TCsl OMACHOCTH JIs1 *KU3HU. COOTBETCTBEHHO OMACHO HAIPSKEHUE, BHI3BIBAIOIIEE TAKOU TOK.
DTO HANPSHKEHUE 3aBUCUT OT COCTOSIHUSI KOKHOTO TOKPOBA, OT OOIEr0 COCTOSIHHSI OpraHu3Ma u
T.J.

B tenedonHbIX TpyOKax B pe3ylbTaTe MELIAIONIETO BIUSHUS BO3HUKAIOT TPECK, IIETUYKHU U
T.JI., T.€. HAOJIOaeTCsl aKycTUYecKoe BIusHUE. [103TOMy CYIIECTBYIOT JOITYyCTHMbIE 3HAUYCHUS Me-
HIAIOIIMX BIMSIHUN IS TeNe(OHHBIX KaHAIOB HU3KOW 4acTOThl. [I0CKONBKY yXO dernoBeka HEOIu-
HaKOBO YYBCTBHUTEIIBHO K BO3JCHCTBUSAM PAa3IMYHBIX YaCTOT, BBOAAT KOA(DPHUIIMEHT aKyCTHIECKOTO

BozaeiicTBus P(f), 3aBUCHMOCTB OT 4acTOTHI KOTOPOTO IMOKa3aHa Ha puc. 5.24

p(f) 1

N\

0.5 / N

FIno

1000 2000 3000

Puc. 5.24
Kak BUHO MakCMMyM 4yBCTBHTEIBHOCTH npuxoautcs Ha /=800I 1.

Jlnst onpeseneHys MOJIHOTO HAIPSDKEHHs IIyMa HEOOXOJUMO HalWTH MHIYLMPOBAaHHOE Ha-
NpsDKEHUE KaX10M rapMOHUYecKoi cocrasstomieil U;, yMHOXKHUTb Ha COOTBETCTBYIOLIUE KO HU-
LIUEHTB] aKyCTUYECKOIO BO3JEHCTBUS U CIOKUTH 110 KBAIPATUHYHOMY 3aKOHY:

U, = Z(PﬁUﬁ)z’

i
f 2.
U,, — Ha3pIBalOT NCO(POMETPUUECKUM HANPSHKEHUEM. AHAJIOTUYHO JUid TokKa [ = Z (Pil,)" 5
i

Takum 00pa3oM, ncogomMeTpuueckoe HaNpsHKEHUE — 3TO Takoe HampshkeHue yactotor 800
I'u, koTopoe, nelcTBYsI B Tene(OHHON LENU BMECTO UHIYLIMPOBAHHBIX HAINIPSHKEHUN € pa3IMuHbIMU
4acTOTaMH, OKa3bIBa€T OJUHAKOBOE C HUMM MEIlAIoLIee AeHCTBUE.

IIcopomerprueckue HampspkeHus usmepsitorcst ncodomerpamu. [eiictyromue I1/13 npu-
BOJAITCS B CIIPABOYHUKAX.
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Hanpumep, B MHOrOKaHaJIbHBIX LEMAX CBS3U NpH JiauHe cOommkeHus 400 kM Ha BXonax
ycuintened yposenb Uy HE TOJKEH IpeBbllIaTh 2,1 MB, IpU BOJHOBOM COINPOTUBIIEHUH JMHHUH
800 Om.

IIpu npoBeneHUHN MPAKTUYECKUX PACUYE€TOB BBOJATCS JONOIHUTEIbHBIC IAPAMETPBI, YUNUTHI-
BAIOIIME HAJMYME PA3IUUHBIX (PAKTOPOB M pacueTHbIE (POPMYJIbI HECKOJIBKO MOAECPHU3HPYIOTCS.

OTu peKOMeHaly PUBEICHBI, Harpumep, B [36].

5.9. MepblI 3a11UTHI OT OMACHBIX U MEIIAIONINX BHEIIHUX BIUSHUMA

Ecmu ipu mpoextupoBanuu BJI u uanii ATC He ynaercs pacrnoiaoKuTh UX TaK, YTOOBI UC-
KIIFOYUTH SJIEKTPOMArHUTHOE BIMSIHUE, TO IPUHUMAIOTCS IOTIOJTHUTEIbHBIE MEPHI.
I[JISI 3alIUThI OT MCIIAOIIIUX BHCHIHUX BIIMSIHUU npeayCcMaTrpuBaroT:

- TpaHCHO3ULHIO TPoBOAOB BJI;

IMOABECKY 3alIUTHBIX TPOCOB;

-  BKIIIOYCHHC OTCACBhbIBAIOIIUX TpaHC(l)OpMaTOpOB B KOHTAKTHYIO CCTh;

BKJIIOYCHHE CTIIAKUBAIOIIUX (PUIBTPOB HA TpaHCHOPMATOPHBIX MOJCTAHIHUIX.

Ha muausx ATC AJI 3allIUTHI OT OIMMACHOI'O BHCIIHETO BIIUAHUA TPUMCHATOT:

pa3psSAHUKY;

- JAPCHAXKHBIC KAaTYIIKH,

pa3aenuTenabHble TpaHC(HOPMATOPHI;

- 3aMCHAIOT BO3QYIIHLIC IMHUN Ka6eJ'II)HBIMI/I;

OTKa3bIBAIOTCS OT OJAHONPOBOAHBIX JIMHUM;

- NPUMEHSIOT TpaBepCHbIE MPO(PUIN BMECTO KPIOKOBBIX.
KopoTko paccMOTpUM HEKOTOpBIE EPEUUCICHHBIE MEPBI.

TpaHcno3uius MpoBOAOB BBICOKOBOJIBTHBIX LENEH YMEHBIIAET UX MPOJOJIbHYIO aCUMMET-
pHIO, CIIE0BATENIBHO YMEHBIIAET TOK HYJIEBOW MOCIEI0BATEIBHOCTH.

OrtcaceiBaromue Tpanchopmatopsl (OT) cxemaTHIHO MMOKa3aHbl HAa pUC. 5.25.
LYY YT

LYY Y Y

—

Tn

Puc. 5.25
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OT yMeHbIIAIOT BHEIIHEE BIUSHHUE IO CIEAYIOUIeH NPUYMHE: OHU MMEIOT KO3(p(UIMEHT
tpancpopmanuu ot 0,9 mo 1, mommocts 1o 800 kBA. IlepBuuHBIE OOMOTKH MOCIIEAOBATEIHEHO
BKITIOYAIOTCS B KOHTAKTHYIO CETh 2, BTOPHYHBIC — B MPOBOJ, 0OpPaTHOTO TOKA, IMOJIBEHICHHBIA Ha
OIopax KOHTAKTHOM CETH WJIM B penbehl. TOKM B MEPBUYHOM M OOpaTHOM MpoOBOAax OyIyT MOYTH
OJIMHAKOBBI 0 BEJIMYMHE U MPOTUBOIIOJIOKHBI 110 HAMPABIIEHHUIO, YTO YMEHbIIAET 0JIe OT 3TUX TO-
KOB B IpocTpaHcTBe. KonmnyecTBo TpaHCPOPMATOPOB, UX MOIIHOCTh U CIIOCOO BKIIIOUEHHSI OIpe/e-
JISIFOTCSL UCXO/SI U3 KOHKPETHBIX YCIIOBHI.

Crnaxuparonye (QUIbTPbl NPUMEHSAIOT Ul YMEHbIICHHS MELIAIOIUX BIUSHUM TATOBBIX
ceTell MOCTOSIHHOTO TOKa M MX YCTaHaBIMBAIOT HAa BCEX TATOBBIX MOJACTAHUUAX. DUIBTPHl UMEIOT

PC30HAHCHBIC KOHTYPbI, HACTPOCHHLIC HAa YaCTOTHI TApPMOHHK C HANOOIBIINMU AMIUIMTY IaMU (pI/IC

5.26).
< 1 L L1 1
gzoo gsoo %F g %
/

B

Puc. 5.26 L

1, =
B I %ﬁoo

Ly, Ly — peakTopsl.

L,

D¢ dexTuBHOCTH GUIBTPOB OLIEHUBAETCA KO3(PPUIIMEHTOM CIIIaXUBAKOILETro ACHCTBUS: OT-
HOIIICHUEM HamNpspKeHUs Ha BXoJe (GuibTpa K HampspkeHuro Ha Bbixone. Ilpu L1=L,=5 MI'H k03 (-
¢unmeHT criaxuBanus GuiabTpa pasex 250.

Pe3onancusie koHTYypHI L), Ly, C; 1 C; HaCTpOCHBI Ha HaW0OJIee MOIIHBIE 10 AMIUIUTYIE
rapMOHUKHU. PeakTopbl, KOHIEHCATOPhI U (PUIBTPHI YMEHBIIAIOT BHICOKOYACTOTHBIE TAPMOHHKH.

Konryp L,,, Cy, L B nepBoM puibTpe HacTpauBaioT Ha yactotii 200 'Ll ¢ 6onbmioi ammim-
TYJ0M.

YMeEHbIIICHHE BIHMSHUS C TIOMOIIBIO 3a3€MJICHHBIX TPOCOB (pHc. 5.27, 5.28) u kabaupoBaHus

o0BsicHsIeTCS creayomuM o0pa3oM (3¢h(heKT SKpaHUPOBAHUS ):
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> E23
2 I E, B 1
L h € E, ¢
3 JZ E2+E23 EZ
J;
Puc. 5.27 Puc. 5.28

Nmeem Bnusironuii mpoBoAd 1 ¢ TOKOM Jj, TPOBOJ NOIBEPKEHHBIN BIHMSHUIO 2 U 3a3€MJICH-
HBI Tpoc WM dKpaH Kadens. [Ipu nmpoxoxaeHuu Toka mo mpoBoay | B 3KpaHe W MpoBoje 2 BO3-
HukHyT DJIC unnykuuu E> u E3, onu Oynyt otcraBath oT J; Ha 90°. Bropuunas E3 OyAeT BbI3bI-
BaTh TOK J3, oTCTaronuii ot He€ Ha yroi ¢. Tok J3 Oynet Boi3biBaTh DJIC B mpoBoae 2, E»3, KoTOpas
Oyner orcraBaTh OT J3 Ha 90°. PesynpTupyromas 3JIC B mpoBone 2 Oyaer paBHa cymme Er U Eos.
E,, Oyznet TeM MeHblIIe, 4eM OOJbLIE YTod @, a 3TOT YIol ONpeeseTcs: Kak

; oL,
8P R

2

Takum 00pa3oM, 3alUTHOE JCHCTBUE dKpaHa TeM OOJIbIIE, YeM MEHBIIEC CONPOTUBIICHUE U
00JbIIIe HHAYKTUBHOCT. ClieZI0BaTeIbHO, 3AIIUTHOE IEHCTBUE METHOTO Tpoca OyaeT Ooblie, YeM
ATFOMHHHUEBOTO. bpoHs Ka0elss U3 CTaIbHBIX JICHT C TOBBIIICHHON MarHUTHOW MPOHHIIAEMOCTHIO
obnazaeT OOIBIINM 3aITUTHBIM JIEUCTBUEM OOJIbIIE, YeM OOBIYHAs OPOHS U3 CTaJIH.

[IpakTHyeckn SKpaHaMHU MOTYT OBITH PENbChl, METALTUYECKUE TPyOONpoBOAbI U T.a. Pe-
3yNbTUPYIOMUN K03 PULIMEHT SKpaHUPOBAHUS:

P=PxPpPm---
Px — KO3(POUIIMEHT 3aIUTHOTO JEHCTBUS METAITHYECKUX 000JI0YEK U OPOHHU;
Pp — KOIDOUIIMEHT 3aIUTHOTO JEHCTBUS PEIbCOB;
Pm — KOODOUIMEHT 3aIMUTHOTO ICHCTBHS 3236 MIICHHOTO TPOCa.

3aI_I_II/ITHOC HeﬁCTBHG 9KpaHOB U TPOCOB OIPCACIIACTCA CONMPOTHUBICHUCM 3a3CMJICHUA, YCM
OHO MeHbIIIe, TeM KodhduiueHT Gospire. MeToauka onpeneaeHus pealTbHbIX KOd)PHUIIMEHTOB K-
PaHMPOBAHUS AETCSI B CIPABOYHUKAX U TTOCOOUSX.

WneanpHbiiil (conpoTuBieHue 3azemiieHnus paBHo 0) koadduimeHT sxkpanupoBanus 000104-

Ku Kabess paBeH

'

06

R

S, ==,
R, +ioL,,

K

’05 — COIIPOTUBJICHUC 000JI0UKH IMNOCTOSIHHOMY TOKY,

's6FiwLy5 — TOTHOE CONMPOTUBIICHNE 000JIOUYKHU IEPEMEHHOMY TOKY.
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3amuTHOe AeHCTBHE 000J0UYKM Kalens yBEeIHUuTCs, eciau yBenuuuTs L. Jlns aToro npume-
HSIOT MHOTOOOMOTOYHBIE TPaHC(HOPMATOPHI U PeIyKIIMOHHBIE TpaHchopmaTopbl. Cxema MHOT000-
MOTOYHOT0 TpaHchopmaTopa nmokazaHa Ha puc. 5.29

O0o104Ka JKubl

Puc. 5.29

3alMTHOE NIEMCTBHE B JAHHOM CiIydae OMPEAENISIeTCS TEM, YTO B PE3yJIbTaTe BHEIIHErO
BIUSTHUS B 000JIOUKE M JKMIIaX BO30YkAat0Tcs TOKH. [I0CKONBKY CylIecTByeT MarHUTHAas CBSI3b Me-
XKIy 000JIOUKOW W KHJIAMH, TO TOK, HaBeJEHHBIA B 000JI04Ke, OyJeT BBI3bIBAThH JTOTOTHUTEIBHBIN
TOK B JKHJIaX, KOTOPBIHA OyJEeT HAIpaBJIeH MPOTHUBOIIOJIOKHO HaBeeHHOMY. B pe3ynpTaTe mpoucxo-
JIUT KOMIICHCAITUS HABOJKHU B KHJIaX.

Cxema peyKIMOHHOTO TpaHchopMaTopa okasaHa Ha puc. 5.30

Puc. 5.30

31ech TakKe MPOUCXOIUT KOMIIEHCAIMs TOKa HAaBEJEHHOTO B JKHMJIaX TOKOM, HABEJACHHBIM B 000-
JIOUKE, B pE3yJIbTATE YMEHbIIIAETCS BHELIHEE BIIMSHUE.

PaznenurensHbie TpaHC(hOPMATOPHI BKIIFOYAIOT B TIOJIBEP)KCHHBIC OIMTACHBIM BIUSHUSAM IICTTH
pa3belMHAs €€ Ha TaJIbBAHUYECKHM HE CBSI3AHHBIC YYACTKH, YMEHbIIAS TEM CaMbIM IPOJOJIBHYIO
S/C.

JIJis 320U Thl OT OMACHBIX M MEMIAIOIIUX BIUSHUN MPUMEHSIOT ApeHaxHbie katymku (1K),
KOTOPBIE COCTOSIT U3 JIBYX OJHMHAKOBBIX TOJTYOOMOTOK, ITOMEIIEHHBIX Ha OOIIMIA KOJIBLIEBOH cep-
JE€YHUK U3 (eppOMAarHUTHOrO MaTepuana. BKIIOYalOT MX Ha KOHIAX LIEMM MEXIY MpOBOJAaMH, a

CPEIHIOI TOUKY 3a3eMisioT (puc. 5.31).
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CH-1.0

P-350 1P-100
3K
AN
JK
YL 1
P-350 HUP-100
CH-1.0 1

]
Puc. 5.31

3neck P-350 — paspsannuk Ha 350 B, CH-1.0 — utaBkuit npenoxpanurens Ha 1 A, 3K — 3anu-
patomias katymka, JIK — npenaxnas karyika.

3aluTHBIE JEHCTBUS IPEHAKHOM KaTYIIKW OCHOBaHbI HA CJIEAYIOLIEM: NMpPU cpabaTbIBaHUU
OJTHOTO U3 PAa3PSIAHUKOB B MOJTYOOMOTKE MPOTEKAET TOK, KOTOPhIM HaBoauT DJIC BO BTOPOI mOJTY-
00MOTKe, CIIocOOCTBYIOIIEH CpabaThIBAHUIO BTOPOTO pa3psiiHUKA. B pe3ynbTare TOKM B IIENH BbI-
paBHUBAIOTCA.

Haunbonee paaukalbHbIM CPEACTBOM 3alIUThl KOAKCHAJIBHBIX U CUMMETPUYHBIX LENed OT
IIOMEX SIBJISIETCA MX dKpaHHpoBaHUe. (s 3TOro ceple4HUK MOKPBIBAETCS CIUIOIIHOW 000J104KON
(mpoBopseit). He BraBasick moipoOHO B TEOPUIO SKPAaHUPOBAHUSA, OTMETUM, YTO 3((HEKT SKpaHH-
pOBaHMsI BO3pacTaeT MOYTH B MPSMOI 3aBUCUMOCTH OT TOJILIMHBI KpaHa U OT CHUJIbl BUXPEBBIX TO-
KOB, T.€. UeM OoJiee pOBOAIINI dKpaH, TeM OH d(p(PEKTUBHEE, a TaKKe, YeM OOJbIIe Y HETO Uy,

TeM Takke oH dpdexTuBHee. TomHa CKHH-CII0S J0/HKHA OBITh MEHBIIE TOJIIUHBI SKpaHa:

1

AL |—.
1, fo

B OOHOIIPOBOJHBIX HCIAX BO3MOXHO BJIUAHHC 6J'Iy>K,Z[aIOH_[I/IX B 3€MJIC TOKOB, BO3HHUKArO-

IIUX, HAIPUMED, U3-32 MAarHUTHBIX Oypb. /111 60pbOBI C 3TUM BIUSHUEM HUCTIONB3YIOT (QUIBTPHI.
5.10. B3auMHOe BIUSHUE MEXTY IETISIMU HA BO3IYIITHBIX M KAOCIbHBIX JIMHHIX
JlanmbHOCTh M Ka4eCcTBO CBS3U, OCOOCHHO M C UCIOJIb30BAaHUEM BBICOKOYACTOTHBIX CHUCTEM
OTIpeNIeNIIeTCSl He CTOJIBKO 3aTYXaHHWEM, CKOJBKO MEIIAIONIUM B3aUMHBIM BIHSHHEM. B xoMOMHM-

POBaHHBIX X.1. Kademax HGO6XOI{I/IMO YUYUTBIBATh HEC TOJIBKO CBAA3b MCXKAY LCIAMHU CBA3H, HO U

BJIIMSIHUE JTUHEWHBIX 1I€TIell aBTOMAaTUKU Ha TUHUM CBSI3H.
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B nuHusx aBTOMaTUKH MepearoTcsl CUTHambl HanpsbkeHnueM 10 100 B (B mensix cBsizu 3 B) B
KOMMYTAllUOHHOM PCIKUMC pa60TBI ueneﬁ ABTOMATHUKU OHHU CO3JAaK0T HMIUPOKOIOJIOCHYIO IMOMEXY,
KOTOpasa MpOCICKUBACTCA B BUAC IICITYKOB B KaHaJIax TOHAJIBLHOM YaCTOTHI W BBLI3BIBAET COOU B
uM(pPOBBIX cUCTEMaX MepeIayu.

[Ipupona B3aMHBIX BIUSHUHN OMpeNesieTcs SIEKTPUIECKUM U MarHUTHBIMU TOJSIMH, BO3-
6y)KI[CHHBIMI/I TOKaMH, TCKYIIUMU 110 LICIIAM.

Jlyis mccnenoBaHusl MPOIIECCOB B3aMMHOTO BIUSHUS TPEIIOKEHBI MOJEIH, OTPAKAIOIINE
pa3IuyYHbIe CTOPOHBI Mpoliecca Mepexo/ia IHEPruK ¢ OJHOM 1enu B npyryro. Haubonee npumenu-
Mas MOJIeNIb — 3TO MOJENIb HEMOCPEICTBEHHOTO BIMSHHS MEXIY OJHOPOJHBIMH COTJIACOBAaHHO-
Harpy>KCHHbIMHU LCIISIMU. I/ICHOHB3yeTCH TAaK¥XKXC MOJCTIb KOCBCHHOT'O BJIMAHUA YCPC3 TPCTbU LCTIU
(cocennwue menwu, SKpaHbl, 000I09KH Kabeneit). CylecTByeT TaKk)Ke MOJICNb BIIUSHUS H3-3a OTPaKke-
HHS OT HEOJTHOPOAHOCTEH LIETIEN M HECOTJIACOBAaHHOCTU HArpy30K.

OcHOBHasi MOZIeNIb HEMOCPEICTBEHHOTO BIIMSHUS MOET OBbITh MpeAcTaBlieHa Cleayroleit

ANEeKTpUYEecKoi cxemoii (puc. 5.32)

I

et []z.=2.

LT
L, n
2 =5
" el Al —1

{ I dx

=, .dx

k-]
-
L
w

By

.jr .=I.l .+IJJ 1 X I-_J;' I =J'r.l _j'.l.l

Puc. 5.32
TokH OT ACKTPUYECKOTO ¥ MArHUTHOTO BJIMSHUS Yepe3 HArpy3KH BO BTOPOM LEMH MPOTeE-
KaloT Ha OJIMKHEM KOHIIE B OJJHOM HalpaBJICHUH, HA JaJbHEM — B IIPOTHUBOIOJIOKHBIX HAIIPABIICHH-

aX. Onpez(em/IM O9TH TOKH.
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ITycts nens 1 — Bnustromas, 2 — noasep:keHHas BausAHuUI0. Ujg U J1o — HAIPSDKEHUS U TOKHU B
HayaJie BIMSIOLICH LEIH.

[Ipu cornacoBaHHON Harpy3Kke TOK 3JIEKTPUUECKOIO BIMSHUS dJ>y MHAYLIUPOBAHHBIA HA OT-
pe3ke dx JenuTcs Ha Be paBHble yacTH. O/1Ha 4acTh HAIpaBIsAeTCs K ONMKHEMY KOHILy, pyras — K

nanpHeMmy. Ha Harpyske Bo BTOpOii Lienu Ha OJIM>KHEM KOHLE 3alMIIeM
- 72X _ ~¥ax
dJ,, =-0,5dJ, e’ =-0,5U, Y,e " dx.
Ha nanbHem xoHue
- =72 (1=x) _ ~72(1-x)

dJ, =0,5dJ, e =0,5U, Y ,e dx,
Y12 — k03 puLmeHT >EeKTPUIECKON CBA3H MEXKIY JBYXIIPOBOJHBIMU LICTISIMU. YUUTHIBAs, YTO MPH
COTJIaCOBAaHHOM HArpy3Ke

— —nx
U, =Uype ™,

U JI0ITycKasl, 4TO Y}, — MOCTOSHEH MO BCel LENH, HAXOAUM TOKHU JIEKTPHUUECKOrO BIUSHUS OT BCEH

JIMHUHM Ha JAJIbHCM U OMMKHEM KOHIIax

/
Ty =—0,5Y,U,, €725 dx,

0
l

Ty =0,5Y,U ge 7 [ e 7.

0

Toku MarHUTHOTO BIIMSHHS B Ja(S20041 2 Ha OJIMKHEM KOHIIC

. dE, e
dJ,, =—>——.
Z(fxl + Z
[Ipu cornacoBaHHOM peEKHUME
. Z,J, e
dJ,, = ——+21 dx
2Z

Ha nanpHem xoHIIE

dE,, e =x) — _ ArUr
2Z 27

62

e—yz(l—X)dx

b

dJ, =—

62
Z 1> — K03 (HUIMEHT MAarHUTHOM CBSI3U MEXKIY LETISIMH;
J1x — BIMSIOIINHA TOK HA 3JIEMEHTE dX.

VuuThIBas, 4TO NPHU COTNIACOBAHHOM Harpyske J, =J,,e " u gmomyckas, TO Z;, — IOCTOS-
HEH BJI0JIb LIeTe, ONpeAesIuM TOKM MATHUTHOTO BIIUSIHUS OT BCEU BIUSIONICH JIMHUU

Ha 6mmxaeM KOHIIE
Ie ne e gy
62 0

Ha JaJIbHEM KOHIIE
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. Z J.e L
J, =— 12 10 J‘e (;/1+;/2)xdx.
2Z,, 0
[Tomurie TOKH SHCKTPOMarHI/ITHOFO BIINAHUSL.
Ha 6mmxaeM KOHIIE
/
, " V4 J N
_ _ 12 “(472)X o 10V12 ( (3,47 )1)
J20——J20—J20—_0,5J10261 le—i_ﬁ e 7 dx——ﬁl—e e A
1Z62 )0 1 t7s
Z, .
N,=Z,Y, +———| - k03(pHUIUCHT IEKTPOMArHUTHON CBSA3U HA OJIM>KHEM KOHIIE.
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Ecnu nenu uMeroT 0IMHAKOBBIE NAPAMETPBI Ly =Zg2=2,, V1=)2=), TO
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5.11. IlepexonHoe 3aTyXxaHu€ U 3aUIIEHHOCTb

[TapameTpom, XxapaKTepU3YIOUTUM B3aUMHOE BIMSTHUE MEXIY LEMSMU SBISETCS TIEPEX0HOE
3aTyXaHue.

C ero moMoIp y100HO OIIEHUBATH 3(PPEKTUBHOCTH MEPONPUATHH 1O YMEHBIICHUIO BITUS-
HHSL.

[TepexomHoe 3aTyxaHUE OMpEIesieTCs KaK
A¢=101gP;¢/P;y — Ha OMKHEM KOHIIE;
A;=101gP;¢/P; — Ha n1anbHEM KOHIIE.

Py; — monHast MOIITHOCTH CHMTHAJIA B HAaydaJle BIMSAIOMIEH 1enu; Pr, Py — monHas MOIHOCTE
MMOMEXH B KOHIIE ¥ HaYaJie MOJABEPKECHHON BIUSHUIO IETH. DTH MapaMeTPhl MOKHO BBIPA3UTH Yepes
TOKH:

2 2 2
Py =J10Z0, Py =J230Z20, P =J3,2,7,

6l

Torma
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Ecnu u3BecTHO 3HaYeHHe TOKOB Jo, J2;, J19, TO 0003HauuB J;o/ Jo0=By, J10/ J=B; nepexon-

HOE 3aTyXaHue OyJer:

4, =201g|B, ||,
282
A, =201g|B, |Ze|.
232

I[J'IFI aHaJIn3a Ka4ueCTBa CBsA3HU BBOJST, TAK HA3BIBACMYIO 3alMUIICHHOCTD, KOTOpAasA OIpCACIIsA-

C€TCHA KakK:
P _ _
< =101gP. —101g P, = P.05 — P, 0k.

A, =101g

n

I'me P, — momHasi MOLTHOCTh CUTHama, P, — MOITHOCTh MOMEX. 3alIUIIEHHOCTh yI00HO OIl-

pEelEeNATh KaK Pa3HOCTh YPOBHEH IOJE3HOTO CUTHAJIA P. M MOMEXH U3MEPEHHBIX B JAHHOW TOYKE,

HaIrpuMep, y IpUEMHHUKA.

Paccmotpum cxemy (puc. 5.33).
1

PIO

ol

ol

V¥

PZ()

Puc. 5.33

Ecnu ypoBenb nepenauun B Hauaje BIUSAIONICH 1ienu Py, a B Havase 1enu 2, MOIBEPKEHHOM

BIMSHUIO P)) 1 3aTyXaHUEM IeTel o/, To 3alMIIeHHOCTh Ha JaIbHEM KOHIIE
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4, =]3ch—}3”05=(on _al)_(PlO _Al):Ae _al_(Plo _on)-

Ecnu P10:P2(), TO A3=A1—al.

Ecnu nomeHsATh MECTaMM TeHEPATOp U MPUEMHHK IENH 2, TO 3aIIUIIEHHOCTh B 3TOM Cllydae
1enu 2 Ha OJMVKHEM KOHIIE OyeT:

A, =P.0B = P,0b =(P,, —al)~ (P, — 4,).

3HaueHUE 3aIUIICHHOCTH HOpMUpYyeTcs. [IoCKOIbKY MOIMyCTUMOE 3HAYCHUE ITyMOB B Ka-
HaJIaX CBA3M 3TAIOHHOW JUHUU JnHOU 2500 kM He npeBsbimiaeT 1,1 MB, BeIMUMHA 3aIUIIIEHHOCTH
B KaOeJIbHOM JINHUU J0JKHA ObITh He MeHee 54,7 16, u Bo3ayurHo 50,4 6.

Korna Ha nHUM UMeeTCsl HECKOJIBKO YCHIIUTEIbHBIX YIACTKOB, TO TOKH ITOMEX, HABOANMBIE
B TIpeJIeNIaX OJIHOTO yYacTKa YCHIIMBACTCS MPOMEKYTOUYHBIMH YCHJIMTEISIMU U 3alUIICHHOCTh Ha
N-oM yuacTke Hag0 yBeIW4MBaTh. J{eWCTBUTENBHO, ()a3bl TOKOB Ha OTHEIBHBIX y4acTKax HE W3-

BCCTHBI, IIOOTOMY IIPUMCHSIIOT KBaI[paTI/I‘IHHﬁ 3aKOH CJIOKCHMU. HpI/I OAMHAKOBBIX ICIIIX M OJHUHA-

KOBBIX TOKaxX BJIMAHUA HA KAXKAOM YCHUIIUTCIIBHOM YYAaCTKC J f MOJHBINA TOK moMex ¢ N Y4aCTKOB

I’

Oyzaer paBeH
J, =J'JN.

3alMIIEeHHOCTD 10 JUTMHE BCEH 1IETH

A, =201g Je =20lg

J. |
J, J;W‘

OTCIOI[EI 3alMUIICHHOCTh HAa OAHOM YCHJIUTCIIbHOM Y4YaCTKC

A —10IgN.

A=A, +10IgN.
3Hauenue 3alMUIICHHOCTH, U3BCCTHOC JIA OIIHOI>'I JJIMHBI INHUU MOXCET GBITB NepeCYUTAHO
Ha Jpyryio 1o Gopmye:
[
A =4, —IOIgT’“.

I'ne [, — nuHa yyacTka ey Ha KOTOPOU ONpeeNsieTcsl 3alMIeHHOCTb, / — JUTMHA y4acTKa
C HOPMHUPOBAHHOM 3aIUIICHHOCTBIO.

HOpMI)I MNEPCXOAHOI0 3aTyXaHHsd YCTAHABJIMBAIOTCA HA OCHOBAHWH HOPM 3allIUIIICHHOCTH.

5.12. 3aBUCUMOCTD NEpEeXOAHOI0 3aTyXaHHusd OT JJIMHBI JIMHUU U YaCTOTBI TOKa

IIPU HEMOCPECTBEHHOM BIIUSIHUU
C pocTOM 4acTOTHI TOKA yBEIUYUBAIOTCSA KOIPPUIIMEHT AJIEKTPUUECKOW U MarHUTHOU CBSI-

3U, CJICHOBATCIIbHO, MAaAACT NEPEXOAHOC 3aTyXaHHC. B CHUIIy BOJIHOBOI'O XapaKTEpa TOKa W HaIp:-

JKCHHUA B JIMHUAX, ICPCXOAHOC 3aTyXaHUC GYILGT 3aBUCCTH OT AJIMHBI.
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[TepexonHoe 3aTyxaHue Ha JallbHEM KOHIIE A; Oomnblie, yeM Ha OmmkHeM A), Tak Kak Ha
6JII/I)KHGM KOHII€ TOKH BHCKTpI/I‘-IeCKOF O U MAarHUuTHOI'O BJIMAHUA CKJIAABIBAKOTCs, 4 HA JAJIbHCM BBI-
YHUTAIOTCH.

PaccMoTpuM 3aBUCHMOCTD J9, a CleAOBaTENbHO Ay OT IJIWHBI JUHUM M YACTOTHI CUTHAJA.
Mps1 nony4yunu TOK Ha OmmkHeM KoHile (5.7).Mcmons3yem oty Gopmyiy IUisl HCCIEAOBaHUS 3aBH-

CUMOCTH ICPCXOJHOI0 3aTyXaHus OT JJINHBI JIMHUM ¥ 4aCTOTHI CUTHAJIA.

J, N J, N J, N
J,, =20 (1_6—2}/1): 104V12 efyl(eyi _e—yl): 002 A o =
4y 4y 2y
J, N 4 J, N .
= —1; 2 oo M sh(a+if)l = —”’2 2 o~ o™ (shal cos fl +ishad sin ),
Y Y

. 2
3/1eCh YUTEHO, UTO y=a+iff, f = 7 3anumieM MoTyb Jop:

N —al
0| =10 1;—e\/shzoclcosz 27”1 +ch’al sin® 277[1,

[Ipu al<<1

J z
Tak kak mepexomHoe 3atyxanue ectb A, =201g—% [~ To MBI MOTYYHUM 3aBHCUMOCTH Ay OT /
Yy 0 s y

20 \ Ze2

TaKylo, KaK [I0Ka3aHo Ha puc 5.34.

0 4A 2/4A

<
+
S
L ]
Y
C-

Puc.5.34

2r, T«
[Ipn 71 = Ei 2/m,n =0,1,2... ©UMeeM MakCUMyM TOKa, ClIeZJ0BaTe€IbHO MUHUMYM A). Ta-

KUM 00pa3oM, yepe3 y4acTKH A/4 MpOUCXOIUT Kak Obl M3MEHEHHE 3HaKa K0d((UIIMEHTa dIEKTPO-
MarHUTHOH CBSI3U. DTO SBICHHE HA3BIBAIOT AJIEKTPHUECKUM CKpPEIINBAHUEM.

Tak xak A=V/, rae v - CKOpPOCTh paclpOCTpaHEHHs YHEPTUH, TO YaCTOTHI Ha KOTOPBIX Ay
OyZleT UMEeTh COOTBETCTBEHHO MAaKCHMYM W MHHUMYM ONPEAEIATCS CIEeTYIOUIMMHU COOTHOIICHHS-
MU:

Makcumym npu
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2 | =010
Vv

MuHuMyM npu

2
ﬂ] = zi 2m,n=012...
v 2

HpI/I pacucTax MepexoqHOroO 3aTyXaHusa B IIMPOKOM AHUAINIA30HE YACTOT H606XOI[I/IMO B IIEp-

BYIO OUCPCAb ITPOBCPATL COOTBETCTBUC HOPMbI Ha HaCTOTAaX, COOTBCTCTBYIOIHX YCJIOBHIO

%1 = zi 2m,n=0,12...
%

5.13. KocBeHHOE BIUSAHUE
Ha mpakTrke 9acTo Ha psiiy ¢ HEMOCPEICTBEHHBIM BIUSHUEM MMEET MECTO BIIMSHUC Yepe3

TPETbU LIETIH U3-32 HECOTJIACOBAHHOCTH HArpy30K M HEOJAHOPOAHOCTEH. Y CTAaHOBJIEHO, YTO KOCBEH-

HO€ BIUsSHUE 0COOEHHO CKa3bIBAE€TCS Ha JaJJbHEM KOHIEC ILCIIK B 00/1aCTH BBICOKHX YacCTOT U Jaxe

MOTYT ONPCBbLIMIATE HCTIOCPCACTBCHHOC BJIIMAHUC.

Mogenb BIUsIHUE Yepe3 TPEThH MU MOKHO MPEACTaBUTh, KaK Ha puc. 5.35

154 (]

: [ 30

Puc. 5.35
B pamkax maHHON MOJICITU B Hadajie ONPECIISIOT TOKH HaBEICHHbBIC Ha TajbHEM U OJMKHEM
KOHIIaX TpeThel 1enu J39 J3;, 3aTEM 10 3TUM TOKaM OIPEICIIAIOT, TOKM HaBEICHHBIC B JIMHUH TIO-

BEP)KCHHOU BIMSHUIO HA JallbHeM KOoHIE J,y, Jo». Ha OnrkHeM KOHIE TOKU He TTOKa3aHbl.

Mogenp BIUSHUS Yepe3 TPEThU LETH MOXKET ObITh MpE/ICTaBlIeHa TakXke, Kak Ha puc. 5.36
. G dx D
~
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Nl
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Puc. 5.36
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Pacuet BnusiHUS Yepe3 TPEThU IETH 3aKJIIOYACTCs B OMpPENeICHUH HaNpsiKeHus d Vs, SKBU-
BaJIeHTHO TeHepaTopa. CiemyeT ydectb, 4To eciu d V3, 00yCIOBICHO MEPEX0JI0M YHEPTHH MEKITY
nenssMu 1 1 3 1o 3aKOHY JTaTbHETO KOHIIA Ha y4acTke cOmmkeHus 0-x u ONFKHEro KOHIA Ha y4acT-
ke l-x, To HanpspkeHue dV 'z, sBIsIeTCS NCTOYHUKOM BIIMSIHUS HA LIETb 2, IpUYeM TOKH KOCBEHHOI'O
BIIUSIHUS, MTOCTYTAONIME K OJIMKHEMY KOHIY LIeTH 2, IEPeXOosiT ¢ OJHOM LIeNy Ha APYTYIo Mo 3a-
KOHY JallbHEro KOHIIA, U UMM MOXKHO TpeHeOpeyh M0 CPaBHEHHIO C TOKAMHU HEMOCPEICTBEHHOTO
BIMSIHUS. TOKM KOCBEHHOI'O BIIMSIHUS Ha I[aJ'II)HI/Iﬁ KOHCI 1Ienu 2 NepexoasiaT C OI[HOI>'I LCIK Ha Apy-
T'YIO 110 3aKOHY OJIM>KHETro KOHIIA U yUYUTHIBAIOTCS.

Ecnu umeet MecTo HEMOIHOE COTJacOBaHME HArPY30K B IIETISIX, TO BOSHUKAIOT OTPAKCHHbBIE
BOJIHBI TOKa. B PE3YyJIbTaTC YBCIMYUBACTCSA B3dMMHOC BJIUSIHUC. DTO BIUSIHHUE HU3-3a OTpaXCHUA,
TAKXXC NPUXOAUTCA YUNUTHIBATD.

W3BecTHO, 4TO KOHCTPYKTUBHBIE HEOJHOPOJHOCTH (HEOJUMHAKOBBIE CTpENbI IpoBeca Ha
BO3JYIIHBIX JINHUSAX, HEOTHOPOJHOCTH MOy haOdpUKaTOB, UCIIOIB3YEMBIX AJISi U3TOTOBIIEHUS Kabe-
nell U Jp.) YBEIMYUBAIOT MPOAOJIBHYIO M MOMEPEUYHYI0 aCUMMETPHIO, U CJIEI0BATENIbHO, BIUSHUE
MEXAy LEMsIMH. DTH HEOJHOPOAHOCTH YacTO HOCST CIy4yallHbI XapakTep, I0O3TOMY UX HOPMHpY-
IOT.

Ha BO3mymIHBIX JTUHUSX pa3HHIA B CTpesiax MpoBeca MPOBOJOB Ha JOJHKHA MPEBHINIATH 3
CM, OTKJIOHEHHE JJIMHBI dJIEMEHTa CKpellruBaHus mpu cpeaneid niuuHe 100 M, HE JOMHKHO MPEBBI-
math +10 M.

Ha xaOenpHBIX JIMHUIX ACUMMCTpPHUA COHpOTI/IBHeHI/If/'I KNI uenei/i A0IMyCTHUMa B Mpeaciaax
0,1+0,14 om/km. EmkoctHas acummetpus 1-2 H/kM, OTKIOHEHHE BOJIHOBOTO CONPOTHBIICHHS OT

HOMHUHAJILHOTO 3-5%.

5.14. BaustHue MeXay KOaKCUalbHBIMU LEISIMU

Ha CPAaBHHUTCJIIBHO HU3KUX YaCTOTAX PACIIOJIOKCHHBIC PAAOM KOAKCHAJIBHBIC HEIIN OKa3bI-

BalOT HEKOTOPOE BIIMSHUE PYT Ha ApYyTra U3-3a MNPOJOJIBHON COCTABIAIOLIEH JIEKTPUIECKOTO MO,

HarpaBJIEHHOU BIOJb 1enel (puc. 5.37).

Puc. 5.37
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C yBenuueHHEeM 4YacTOThl BIMSHUS MEXAy KOAKCHAIbHBIMM LEIMSAMHM yMEHbLIAeTCs, IO-
CKOJIbKY YMEHBIIIAETCsl PO/I0JIbHAS cocTaBisiomas £, u3-3a ckun-3¢ddekra. Ilone cocpenoraunpa-

€TCs Ha BHYTpeHHeﬁ MOBCPXHOCTHU BHCIIHCTO IMPOBOAHUKA U TPEThA LECIIb HCYC3ACT.

5.15. Meps! 3a1UTHI OT B3aUMHBIX BIMSHHIA.

CkpemuBaHue 1enel BO3IyIIHBIX JIMHUM

[IpuHuMaeMble Mepbl 3aIUTHI IPOBOJAT HA HECKOJIBKHX 3Tanax:

- Ha OJTamne U3rOTOBJICHHMA B 3aBOJCKUX YCIOBUSX (KOAKCHAIbHBIH M BOJIOKOHHO-
OTITUYECKUH Kabeb);

- Ha JdTare CTPOUTEIHCTBA (BO3IYIIHBIC JIMHUH CBSI3H),

- Ha 00eux 3Tanax (CHMMETPHUYHBINA Kabemb).

OCHOBHOH MEpOH 3alUTHl OT B3aUMHBIX ITOMEX LENel BO3AYLIHBIX JMHUH SIBISETCSA CKpe-
[IMBAaHUE, & CUMMETPHYHBIX KaOeneil — CKpyTKa KWl B TPYIIBl U CHMMETPUPOBAHHE (KOMILIEKC
MEpPONPUATHHA, HAIIPABJICHHBIX HA YMEHBILICHHE BIMSHUNA, 00YCIOBIEHHBIX IPOLECCOM BBIIIOJIHEHUS
MOHTaKHBIX Pa0OT Ha KaOEeJIbHON MarucTpasim).

CkpemuBaHue lieneil yMEHbIIAeT B3aMMHOE W BHEIIHEE BIIMSHHUSA, OOYCIOBIECHHBIE IOIe-
pEUHOI acUMMETpUEH, a PU MOJBECKE MPOBOJOB Ha PA3IMYHOM PACCTOSHUU OT 3€MJIH (KPIOKOBOM
npo¢uiIb) U BIUSHHUE W3-3a MIPOI0THLHON aCHMMETPHH.

PaccMoTpuM yMeHbIlIeHHE B3aMMHOTO BIMSHMA 3a CUET cKpemuBaHus. [lyig 3Toro npoaHa-

JIM3UPYEM CXEMBL:

L]
S HRAC e h
Jo5 5]
o~
¥ o R
~
S hHRH*h
N~
DL |

j!
X
T
X

[ ] - =
1| G X G
~ ~
| - - S L o =
a o - [ B o
Ig Iy Iy I,
: Il ' Iy . l:] Is Iy
] - - F; - | -
Puc. 5.38
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IIycts Mexay LemsIMM UMEET MECTO MarHuTHoe BiusiHue. llenu 1 — Bnusromue; 2 — nenw,
MOJIBEp)KEHHbIE BIHMsHMUIO. [Ipu aHanmu3ze OyAeM Y4HTHIBaTh HAaBOAKY OT OJrpKaiiiiero mnposoja
BIIUSIIOLIEH 11eTH, Ha MPOBOJA LIETIH, IOJIBEP>KEHHOMN BIHUSHHUIO.

[Tockonpky mpoBoa a 1ienu 2 B cxeMe "a" pacmoyiokeH OJbKe K BIUSIONICH 1enu 1, yem
NpOBOJ J, TO J,>J5 1 Uepe3 Harpy3Ku MpoHIeT pe3yIbTHPYIOLIUM TOK

Ja=(JatJo)-(Js+J5)=2J - 2J57#0.
[Ipu ckpemmBanuu nenu 2 (cxema "0") mpoBoga a M O MEHSIOTCS MECTaMH, W Pe3yJIbTH-
pytomuii Tok Oyaet paseH 0:
Jou=(Js+I5)-(Jat5)=0
[Tpu ckpenmBanuu nenu 1 (cxema "B") Tok Takxke Oyaer paseH 0:
Jaéz(Ja‘ a)'(Jé'J6):O-

Taxkum 06pa3zoMm, NpHU CKPEIMBAHUKM TOKU BIMSHHUS OJHOTO y4acTKa KOMIIEHCUPYIOTCS TO-
KaMU BJIMSHUS PYyTrOro y4acTKa, YTO aHAJIOIMYHO M3MEHEHUIO 3HaKa Kod((UIMeHTa 3JIeKTpoMar-
HUTHOM cBsi3U. Te ke nmporecchl Oy yT NPOMCXOJUTh €CIIU CKPECTUTh OAHY U3 IIeTIel B HECKOIBbKUX
MecTax. [Ipu 3TOM YHCIO y4acTKOB JOJKHO OBITh YETHBIM, HHAYE OCTAHETCS HECKOMIICHCUPOBAH-
HBIN Y4aCTOK, KOTOPBIN Ha3bIBAECTCS HEYPABHOBEILIEHHOM JJINHOM.

IIpakTH4ecKkn NOJHOW KOMIICHCALIMM TOKA HE NMPOMCXOAWT H3-3a PA3JIMYHBIX TOKOB C pa3-
HBIX Y4aCTKOB, KDOME TOT'0, TOKHU C Pa3HbIX yYaCTKOB OTIMYAIOTCS (Pa3aMH.

Paccmotpum cxemy "I, T.€. 00€ 1Ieny CKpenIeHbI B OJTHOM TOYKE, TOTIa

Jaﬁz(Ja'J6)'(J6‘Ja):2«]a'2-]67£0
T.€. CKpEIllMBaHUE B OJHOM Touke Oecrone3Ho. Ciie0BaTeNbHO, TP MOABECKE HA JIMHUU HECKOJIb-
KMX LIeTeH Ka)K1as LeNb J0JKHA CKPEIUBAThLCS 10 CBOEH CXEME.

CkpemuBanue ya00HO yCTpauBaTh OTACIbHBIMU Y4aCTKaMH, CEKIIMSAMHU, Ha KOTOPBIX ObI 3a-
KaHYMBAJINCh CXEMbl CKPELMBAHUS BCEX IIENEH U OTCYTCTBOBaJa HEYpPaBHOBEIIECHHAs JJIMHA JIH-
HUMU.

CeKIin COCTABISIOT U3 2" 3JIEMEHTOB, 71 — IIeJI0e. 3a JJIHHY 3JIEMEHTa IPUHUMAIOT OTPE3KH
JMHUYU paBHBIC JIByM, HHOTJA TPEM WJIM OAHOMY TpoJieTy. YeM Oosibllie B CEKLIUU 3JIEMEHTOB, TEM
0OJIbIIIE MOKHO MOJYYHTh PA3IMYHBIX CXEM CKPEIIMBAHUS, YUCIIO KOTOPHIX B CEKIUAX paBHO 2"-1.
[IpakTruecku NpuUMEHSIOT cekiuu u3 8, 16, 32, 64, 128 u 256 snementoB. Cekiuu u3 128 u 256
9JIEMEHTOB HA3bIBAlOT OCHOBHBIMH, & OCTAJIbBHBIE — YKOpOUeHHBIMU. CHauana pa3MelarT OCHOB-
HBbIE, 3aT€M YKOPOUEHHBIE, ECJIM HA JINHUAX HE YKJIAIbIBAETCS LIEJI0M YMCIIO OCHOBHBIX CEKIIUM.

[Ipu cocTaBieHUH CXEM CKPELIMBaHUS IMOJIb3YIOTCS YCIOBHBIMM O0O3HAUEHUSIMU — MHJEK-
camu. CkpelnMBaHue Lenel yepe3 paBHbIE MPOMEXYTKH 0003HAYarOT OJHOLM(POBBIMU HHAEKCA-
Mu: 1 —gepe3 1 anemeHT; 2 — uepes 2 aneMeHTa; 3 — yepe3 3 3J€MEHTa U T.J. DTH UHJEKCHI U CXe-

MbI CKPCIIMBAHUA HA3bIBAKOT OCHOBHLIMU.
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CxeMmbl, 0003HaYEHHBIE JIByMsI MHJIEKCAMH, ITOJIy4alOTCsl HAJIO’)KEHHEM OCHOBHBIX cxeM. Ha-
IIpUMeEp, €CJIN LENb CKPECTUTD IO UHAEKCY 1, BTOPUYHO CKPECTUTH IO UHAEKCY 2, TO Yepe3 KaKple
JIBa 3JIEMEHTa CXEMbl CKpEIIMBAaHMs COBMALyT. J[Ba CKpelMBaHUSA B OJHOW TOYKE B3aUMHO KOM-
NEHCUPYIOTCS U B pe3ysbTaTe Lenb OyJeT coKpaleHa o uaaekcy 1-2. Ilenb ckpeleHHyo no uH-
JeKcy 1-2 MOYKHO JTOTIOJIHUTENBHO CKPECTUTh MO MHIACKCY 8 M TOT/a CXeMa CKpeIlMBaHus OyIer
OMPENENATHCS 10 UHACKCY 1-2-8 u T. 1.

VYBenuueHue nepexoaHoro 3aTyXaHUs Ha OJMDKHEM KOHIIE MEXJy CKpEIIEHHBIMH LENsIMU
3aBUCUT OT CXEMbI B3aUMHOH 3alUIIEHHOCTH, KOTOpas ONpeAeseTcs CKpPELUIMBaHUAMU Lienel, He
COBIAAIONIIMMHU ITPU HAJIIOX)KEHUH JPYT Ha JIpyra.

Hampumep, eciu oiHa Lienb cKpeleHa o uaaekcy 1-4, npyras no 1-8, To npu HaloXeHUN
MOJIyYUM CXEMY B3aMMHOM 3allUIIEHHOCTH 4-8, T.K. JJI1 YCTAHOBJICHUSI CXEM B3alMHOM 3alllUIIECH-
HOCTU HY>HO MCKJIIOUMTH OJMHAKOBBIE MHJIEKCHl U3 MHIEKCOB B3aMMOBIUAIOMMX Hened. Ha puc.

5.39 nokaszaH npuMep CKpeIMBaHus TPEX LENeu B CeKIuu U3 16 31eMeHTOB

Howmepa anemenToB WHnekco Yucno
CKpEeIINBaHUN
1 15
2 7
1-2 8
1 3 5 7 9 11 13 15

0 2 4 6 8 10 12 14 16

Puc. 5.39

5.16. IlepexogHoe 3aTyXaHHE MEXY CKPELIEHHBIMU LENSAMU

[TycTs uMeeTcs ABe 1enu AJIMHOM /, 0JTHA U3 HUX CKpeEIeHa 10 UHIEKCY 1, mpyras He CKpe-
1ieHa. J{IuHbl 37eMeHTOB S, KOJIMYECTBO 31EMEHTOB — n. CUUTaeM, YTO 3IEKTPOMATHUTHBIE CBS3H
MEXKy LIETSIMU - IOCTOSIHHBI 0 Beel muHe (puc. 5.40).

Jl1st onipeniesieHus epexoJHOTO 3aTyXaHusl Ha OMKHEM KOHIIE YCTAaHOBUM 3HAUYEHHE TOKOB

BJIMSAHHA OT KaXXJ10I0 3JICMCHTA:
G

4_
1 ZH
—

s

Puc. 5.40
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Tok BIMSAHHSA Ha OIMIKHEM KOHIC OT IIEPBOI0 3JICMCHTA BJIUSIONICH eI, B COOTBETCTBHUH C

(5.8) ecth:

(l—e_“s),a =+,

Jyy = iﬂ)(l _e—(71+72)S): Jl;];llz

3 1
Tox BIUSHUS OT BTOpPOTI'O 2JICMCHTA 110 BCJINYHUHC 6y,HCT TaKOH K€ KaK J20 , HO ,Z[O68.BI/ITC${

-aS o
MHOKHTEID €, TaK KaK OH yJaJieH Ha PACCTOSIHUE S, KPOME TOTO, BIUSIOIINI TOK BO BTOPOM dlIe-
MEHTE MMEET MPOTUBOMOIO0KHOE HAMpPaBICHHE MO0 OTHOIIEHHUIO K TOKY B IMIEPBOM DJIEMEHTE, MO3TO-
My
2 1 _-aS
J5 =—Je “.
ToOK OT TpeThero 3nemMeHTa €CTh
3 1 -2aS
S5 =+J50e "
Tok ot n-ro ’;memenTa OyaeT
n _ gl _-a(n-1)s n+l
Iy =J e (_1) .

CYMMapHBIﬁ HaBEJICHHBIM TOK 3aIIMIIIETCS KaK

—anS
s = Jhfi— e e (-1 s |2 1_ S ‘]1°2N 21— )th%
+e a

3/1ech YUYTE€HO, UTO B KBaJIpaTHBIX CKOOKAaX MMEEM Ire€OMETPUUYECKYIO ITPOrPECCHIO0 CO 3HAMEHATEIEM

g=-e*.
I[Tpy CKpEIMBaHKUH 110 MHAEKCY 71 MbI OYJIEM UMETh
Jiy =2l [ty it g gty @ s,
2(y,+7) 2 2

Ecnu cxema B3auMHOM 3aIlMIIEHHOCTH 0003HaY€HA HECKOJIBKUMH HHJIEKCaMU, Hanpumep 1-

4-16, 10
IS = I |th 2 S|eh Z 4S|h 165,
27272
BrIpaxxenue 1 nepexoIHOro 3aTyxaHus

B
A4¢ =201 0 | Fa | 201g=" =4, +4

20 \ Ze2

n"Zel = 232'

3nece By= J;¢/J2, T — npousBeneHne Moaysieil TUIEpOOTUIECKUX TaHTE€HCOB. Ay — mepe-
XOJTHOE 3aTyXaHHE MEKIY HECKPEIICHHBIMU OJMHAKOBBIMU IETSMH, A, — TOTIOJTHATEIHHOE 3aTyXa-
HUe, BbI3BaHHOE CKpemuBanueM A,=20[g1/T.

Cnenyet oOpaTuTh BHUMaHHE HA TO, YTO CKPEIIMBAHHE MOXET YMEHBIIUTh MEepPBOHAYAIb-
HOE MIePEeX0IHOE 3aTyXaHHe B TOM cityuae, ecnu 1/7<1 (mpu 3toMm A, < 0).

3HaueHWE TOKA BIUSHUS HA aTbHEM KOHIIC BBIUYMCIISCTCS aHAIOTUYHO, B PE3YJIbTATE TIOY-

qacM
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c _ '
21 _JZlT ’

e T — MPOU3BEICHNE MOJAYJEeH TUnepOOTNYecCKUX TAHT'CHCOB BHJIA th%nS . Hpu y;=y>

BIIUSIHHUA HA ,Z[aJIbHI/Iﬁ KOHCII HC GYIIGT. J21 — HaBC,Z[eHHLII\/'I TOK IIPpHU HECKPCIICHHBIX LCIIIX.
Kax BUJHO 3aTyXaHHMC 3a CYCT CKPCUIMBAHUSA 3aBUCUT OT MPOU3BCACHUA nS, T.C. OT pacCToOA-

HUS MEX]y CKpelUBaHUsIMU. PaccMOTpHUM BbIpaskeHUeE:

ch2anS —cos2fnS
ch2anS +cos2nS’

T, =|thynS| =

371eCh TPEATNOIAraeTCs, 9T y;=y,=y, y-a+if}.
[pu 7/2<2pnS<37/2, cos2nfS<0, nosromy 7,>1 u cCKpeuBaHue AAaCT OTPUIATEIBHBIA (-
dekr, T.. HeoOXoauMO, 4TOOBI 2f/nS<m/2, orctoma nS<A/8, T.e. CEKIMU CKPEUIUBAHUS JOJIKHBI

OBITH TAKMMH, YTOOBI nS<A/8.
5.17. CkpyTka KaOeIbHBIX KU

B3auMHoe BiMsAHUE Leneil B KaOeNbHBIX JUHMUAX OMNpEAEIseTCs B OCHOBHOM IOIEPEYHOM
acUMMeETpUel MpH TIIATEIbHOM 00ECIEeUeHHH OJHOPOJHOCTH MaTepuasioB kabens. Ilostomy oc-
HOBHBIMU MEPAMM YMEHBILIECHUS B3aUMHOI'O BIMSHUS SIBJISIETCA CKPYTKa U CHMMETPUPOBAHME.

[Ipu mapHO# CKpyTKe HEOOXOAMMO YUUTHIBATh MEKIPYMIOBBIE CBA3H. JleficTBUE CKpYTKH
AQHAJIOTMYHO CKPELIMBAHUIO IPOBOAOB HA BO3IYIIHBIX JUHUIX. OTINYNE 3aKIII0YAETCs JIULIb B TOM,
YTO CKpEIMBAaHUE YCTPAUBAIOT B TOUKAX, U PACCTOSHUS MEXy CKpPEIIUBAaHUSAMU MOTYT OBITh pa3-
JUYHBL. A CKpYTKa MpeiCcTaBsseT co00l paBHOMEPHOE, HEMIPEPHIBHOE BPALIEHHUE KUJI OTHOCUTEb-
HO OCH C HEM3MEHHBIM ILIaroM I10 BCEH JAJTMHE KaOes.

[ITarom CKpyTKHM Ha3bIBAIOT JUIMHY Y4YacTKa, Ha KOTOPOM >KWJIbI I'PYIIIBI COBEPIIAIOT MOJI-
HBII 000POT BOKPYT ocu ckpyunBaHus. lllar ckpyTku COOTBETCTBYET ABYM IlIaraM CKpeLIMBaHUA MO
CXEM€ C OAMHOYHBIM MHACKCOM. C OIHOM CTOPOHBI BBINOJHO IIAr CKPYTKH J€NaTh KaK MOXKHO
MEHbIIIE, HO TOT/Ia YBEJIWYHMBAETCS 00BbEeM Kalels, MO3TOMY C yYETOM ONTHUMAJIbHBIX MapaMeTpoB
mar ckpyTku Beiouparot 100-300 mm, a moBuBoB — 400-100 mm.

ITon6op u cornacoBaHue IIAroB CKPYTKH OCYIIECTBIISETCS 10 y4acTKaM — CEKLUAM, JJIMHA
KOTOPBIX HE TOJDKHA MPEBBIATH Ayyy/8. Ayyy — MUHUMAIIbHAS JJIMHA BOJIHBI IEPEaBaeMoro CUrHa-
na. CoriacoBaHue — 3TO 3HAYUT, YTO BBIOpAHBI OIpeJesIeHHbIE IIarkd CKpyTKu. Tak eciu kabenb
HU3KOYACTOTHBIM, TO IIPM YETHOM 4YMCIJIE TPy B IOBUBE JOCTATOYHO B3ATh JBa COINIACOBAHHBIX

mara [ u Il u yepenosate ux (puc. 5.41).

152



Puc. 5.41

[Ipu HeyeTHOM umcie rpynn B MOBUBE MOTPEeOyeTCsl TPU COTJIACOBAHHBIX IlIara BO M30exka-
HUE MOSIBJICHUS COCEAHUX IPYIII, CKPYYEHHBIX C OJJMHAKOBBIM LIAI'OM.

B BBICOKOYACTOTHBIX KaOesX MIaru CKPyTKH BCEX TPYIH JODKHBI ObITh HEOAMHAKOBBI M
COTJIACOBAHBI MEKIY COOOI MOCKOIBKY MPUXOAUTCS YUUTHIBATH CBSA3b MEXIY BCEMH Tpyrnmnamu. B
TO BpeMs, KaK IIPY HU3KOM 4acTOTE CBA3b B OCHOBHOM €MKOCTHAsI M COCETHUE TPYIIIIBI SKPAHUPYIOT
ee.

JU11 yMEHBUIEHMSI CBSA3M MEX]y I'pylHIaMH B COCEIHUX MOBUBAX, IOCJIEIHUE CKPYUUBAIOT B
pa3HbI€ CTOPOHBI.

[IpuHATBIX Mep OKa3bIBAETCS HEAOCTATOYHO, IO3TOMY BO BPEMSI PEMOHTa U MOHTaXa Mpo-

BOJIIT CHMMETPUPOBAaHUE KaOEIbHOM MaruCTpaIH.
5.18. TlepexoaHOE 3aTyXaHUE MKy IETSIMHA B KaOCTHHBIX JIMHUSIX

KaGenpHble JIMHUM MOHTUPYIOTCSI U3 OTJIENIBHBIX OTPE3KOB CTPOMUTENBHBIX JJIMH, MOCTaB-
JSIEMBIX 3aBOJIAMH CO CKPYYEHHBIMHU (CKPEICHHBIMH) KuiaMu 1eneid. [1oaromy (hazbl TOKOB BIus-
HUS TOCTYMNAIOIIMX K ONM)KHEMY W JajJbHEMY KOHIIAM HEW3BECTHBI, TOTJA IOJIHBIM TOK BIMSHUS
OIIPEAECIIAETCS 110 KBaIPAaTUYHOMY 3aKOHY CJIOKEHUS OT OTAEIbHBIX CTPOUTEIBHBIX JIUIHH.

IIycte uMeeM KabenbHYIO JIMHUIO U3 1-OTPE3KOB Kalens UIMHOW S ¢ LensIMU, UMEIOLUMHU
OJIMHAKOBBIE ITAPAMETPHI.

Jlia omnpeneneHusl NEPEXOIHOTO 3aTyXaHUsl Ha OJMYKHEM KOHIE MPEAINOJIOKHUM, UYTO DJIEK-
TPOMAarHMTHBIE CBSA3M MEXKIy LEIMSAMHU MOCTOSHHBI 0 BCEW JJIMHE U TOK BIIMSHUS IIEPBOU CTPOH-

TEIbHON JUINHBI
J _ JC()
1 = Y20
Torna TOK BAUSHUS CO BTOPOI CTPOUTEIBHOMN IJTUHBI OyIeT
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co _—aS
C MOCJIEIHEN CTPOUTEIBHON JITTMHBI
__ gco _—aS(n-1)
Jl’l - Jzoe .

ITonHbIH TOK BAUSHUSI Ha OIMKHEM KOHIIC 3aIIMIIICM

l_e—ZaS(n—l)
l_e_zas 9a = 7/1 +]/2

Ty = JEHTE 4T =TS

OTHOIIIEHHE TOKOB:

o S [ 1z

co -2aS(n-1) *
Jy Jyp Vl-—e

[lepexonHoe 3aTyxaHue Ha OJIMKHEM KOHIIE IIOJyYHM B BUJIE:

4, = 201g% 2ol =—201g|Bsy| +201gD| = 45" +201g|D], B = S,

2 \ Ze2 20

D

=z

l_e—ZaS(n—l) 1241 62"

co o
Ao - IEPCXOAHOC 3aTyXaHHUC Ha OJIMKHEM KOHIIC CTPOUTCIIbHOU JIMHBI, OIPECACIISICMOC 00BIY-

HO U3MCPCHUSIMU.
Toxu BIUAHUS HA ,Z[aJ'H:HI/Iﬁ KOHCI] MPOXOAAT OAWH U TOT KC IIYTh MMPU OJJUHAKOBLIX B3aUMO-
BJIMAIOIIUX LECIIAX, IIOITOMY BCC ClIaraCMbIC IMPU KBAAPATUYHOM CYMMUPOBAHWU IMOJTYHAKOTCA OO~

HAKOBBIMH U IIOJIHBIN TOK €CTh
__ gco —(n—l)aS
J,, =Je \n.
HepeXOHHoe 34aTyYXaHUC Ha JaJIbHEM KOHIIC €CTh

Ay, = A2 =201g+/n +201g D', D = "5,

Kak BumHO, A, 3aBUCHT OT JUTHMHBI JIMHUNA W TIpH g D = lg\/; MepexXoIHOE 3aTyXaHue Ay

MOKET OBITh MUHUMAJIbHBIM.
5.19. CummeTpupoBaHHe KaOEIbHBIX JTHHUI

KaGenpHble 11€TI B CTPOUTENBHBIX JUIMHAX OJHOIO M TOTO K€ TUIA BCErja UMEIOT pa3iny-
HBIE 3JICKTPUYECKHUE XapaKTEPUCTHUKU U OT TOTO, KaK OHH OYyIyT COEIMHEHbI 3aBUCUT 3alHUILICH-
HOCTb U OT B3aWMHBIX BJIMSHUN U BIMSHUM BHEIIHUX MCTOYHUKOB. [103TOMY mpu BBINOIHEHUH
MOHTQXXHBIX pabOT ¢ CUMMETPUYHBIMU KaOeIsIMH IPOBOJAT CUMMETPUPOBAHUE — KOMIUIEKC MEpO-
NPUATHUI, HAIIPABJICHHBIX HA YMEHBIIEHUE BIUSHUMA.

PaccmoTpuM cioco0bl CUMMETPUPOBAHUS.

B HuskouacToTHbIX kKabemsx (10 4 kI'1) npeoOnaafaroT 3IEKTPUUECKUE CBS3H, @ B BBICOKO-

YaCTOTHBIX — dJeKTpoMarauTHeie. Mcxoas u3 storo B HY kabensx mocTaTovyHO MPOBOIUTH CHUM-
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METpUpPOBaHHE EMKOCTHBIX cBs3eil, B BU kalensax HE0OOXOIMMO CUMMETPUPOBATh BCE COCTABIISIO-
1Me (AKTUBHBIE U PEAKTUBHBIE) JIEKTPUUYECKUX U MarHUTHBIX CBSI3EH.

g cummetpupoBanus HY kabenell mpuMEHSIOT METOJ CKPELIMBAHUS KW, KOHAEHCATOP-
HBIM METOJ U KOHLICHTPUPOBAHHOE CHMMETPUPOBAHUE KOHTYPAaMHU IIPOTUBOCBSI3H.

CyIIHOCTh CUMMETPUPOBAHMSI CKPEILIMBAHUEM KHJI 3aKJIFOYAETCS B TOM, YTO IIPOU3BOJUTCS
KOMIICHCAIMsI 3JIEKTPOMAarHUTHBIX CBSI3€M MEXIy LEMsSMH Ha OJHOM y4yacTKe KaOelbHOW JTHMHUU
CBA3SIMH IpYroro ydactka. Kak u3BecTHO, IpH CKPEIIMBAHUY CBSI3M MEHSIOT 3HAK.

IIpy cMMMETpUPOBAaHMU KOHACHCATOPHBIM METOAOM, KOHACHCATOpPbl YCTaHABIMBAIOT B
MIPOMEKYTOUHBIX My(TaxX U BKIIOUAIOT UX MEXIY JKUJIaMU LIeTIeH.

ITockonpKy B 5TOM Cily4ae JOCTUIaeTCs PABHOBECUE DJIEKTPUYECKOIO MOCTA, IO3TOMY HE
BO3HMKAET HAIIPSKEHUS BIUSHUS MEXKIY KUIAMH.

KoHUeHTprpOBaHHOE CHMMETPUPOBAaHUE KOHTYPaMHU IPOTHBOCBS3M 3aKIHOYAcTCd B TOM,
YTO TOKH IOMEX KOMIIEHCUPYIOTCSI TOKAMU MPOTUBOIOJIOKHON (ha3bl, BBOJUMBIMH 4epe3 KOHTYPBI
IIPOTUBOCBS3H, BKIIOYEHHBIE MEXAY >kuiaaMu. CXEeMaTHYHO 3TO BBIMVISIANT TaK, KaK MOKA3aHO Ha

puc. 5.42.

Puc. 5.42

F — ecrecTBeHHas noMexa, [, — KOHTYp IIPOTUBOCBS3H.

Takast cucrema 3¢pdexTrBHa 111 KOMIICHCAIIUH TIOMEXH Ha JajbHeM KoHie. Ha GummxaeM
IIPOU3BOIAT cKpenuBaHue. KoHTyp F), NOIKEH co31aBaTh MPOTUBOTOK BO BCEM YaCTOTHOM Juara-
30HE.

Meroavkyu CUMMETPUPOBAHMS BBICOKOYACTOTHBIX M HM3KOYACTOTHBIX LENEU pPAa3IUYHBIL.
BrIcOKOYaCTOTHBIE IENTH CUMMETPHUPYIOT HA BCEM YCHUIIMTEIBHOM Y4YacTKe, HE pa3/ieiss ero Ha ma-
I'M, U3-32 OOJIBLIOTO 3aTyXaHHs Ha BBICOKMX YacTOTaX (IOMEXM C HayaJIbHBIX y4acTKOB OBICTPO 3a-
TYXaroT U KOMIIEHCUPOBATh HA/l0 TOJBKO Ha KOHIIAX).

HuskogacToTHBIE L€ UMEIOT MEHBLIE 3aTyXaHUE, II03TOMY CHMIKAsl BIMSHHUE HA JAJIbHUI

KOHEIl, MO’KHO YCHJIUTh BIMSHUE Ha OJVMKHMK M Hao00poT. HuskowyactoTHBIE Kabenn cuMMeTpH-
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PYIOT HEOOJIBIIMMHU yYaCTKaMU — IIaraMU CUMMETPUPOBaHMs, 0ObIUHO =~ 2 KM. B .11. kabensax ecTb
u BY nenn u HY nenu, nostomy npumMeHsiercs o0a MeToa.

CuMMeTpUpoBaHUE HU3KOYACTOTHBIX liened. B kabensx co 3Be3AHON CKPYTKOW >KWUJI Hau-

OoJibIIIee BIUSHUE UMEET MECTO MEXKTy LETSIMH BHYTPH YETBEPOK (puc. 5.43).

Puc. 5.43

Brusinue Mex Ty mersiMu CMEXHBIX YETBEPOK MEHBIIE H3-3a PA3JIMIHBIX IIAr0B UX CKPYTKH.

B x.71. kKabensx mpruMEHSETCs TPEHMYIIIECTBEHHO CUMMETPUPOBAHNE BHYTPH YeTBepoK. [1e-
pea CHMMETPHPOBAaHUEM BCE OTBETBJICHHS M BBIBOJIBI IOJKHBI OBITH 3aMOHTHPOBAHHBI.

Jis cuMMeTpHpOBaHUS YETBEPOK CHAYalla U3MEPSIOT €MKOCTHBIE CBS3M B COCIUHSEMBIX
CTPOUTEIBHBIX JUTMHAX KaOess:

k1=(C13+Cr4)-(C14+C>3) — CBA3B MEXKTY OCHOBHBIMH IIETISIMU YETBEPKH;

ky=(C13+C14)-(Cr3tCr4) — MKy TIEPBOM OCHOBHOM M MCKYCCTBEHHOU ((pOHTOMHOM) 11emis-
MU,

ks=(C13+C23)-(C14+Cp4) — CBSI3H MEXKITY BTOPOM OCHOBHOM M HCKYCCTBEHHOIA.

N3MepstoT Takike eMKOCTHYIO CUMMETPHIO:

e1=(C19-Cz0) — cMMMETpHS TIEPBOI Maphl YETBEPKH;

e,=(C309-C4p) — CUMMETpUSI BTOPOU Maphl YETBEPKH;

e3=(C101C20)-(C301Cap) — cCUMMETPHSI HICKYCCTBEHHOH IIETTH.

3areM CHMMETPUPOBAHHUE BBITIONHAIOT B TPH 3TAla: BHYTPH IIaroB CHMMETPUPOBAHUS; TIPU
COCJIMHEHUH IIaroB U Ha CMOHTUPOBAHHOM YCHJIUTEIILHOM yUYacTKe.

CuMMeTprpOBaHUE BHYTPH IIAroB MOXKHO BBITIONHUTH B OAHOW, TPEX U CEMH TOYKAX, pac-

ITOJIOKCHHBIX Ha OJMHAKOBBIX PACCTOAHUAX APYT OT APyra U OT KOHIOB IIara CAMMCTpPHUH.

156



[Ipu 3TOM NPUMEHSIOT ClIeAyIOLIME MY (PThI:

- CHMMeTpHpYyIoIye MyQThl, B HUX IPOU3BOJST CHMMETPUPOBAHUE CKPEIIMBAHUEM;

- KOHJEHCATOpHbIE My(ThI, TJi€ MPOU3BOIUTCS CUMMETPUPOBAHKUE CKPEIIUMBAHUEM U KOHJEHCATO-

pamu;

- IpsIMbIe MY(TBI, 371€Ch HE TPOU3BOJUTCS CUMMETPUPOBAHKE, a KHUJIbl COSAUHSAIOTCS HEOCPEeI-
CTBEHHO.

Xl CxemMbl CUMMETPUPOBAHUSI BHYTPH I1ar0B:

K

I-roueunas (puc. 5.44)

O O K

I
_/
Puc. 5.44
3-x ToueyHas (puc. 5.45)
N (N K ' Y
N N N N
Puc. 5.45
7-toueunas (puc. 5.46)
K
A b A A b A
Puc. 5.46

KOHJIEHCAaTOpHble My(Thl MOHTHUPYIOT B KOHIIE, CHaJyaja mpsmMble WK A, 3ateM b (B ceMUTOYHBIX
cxemax).

CxeMbl CKpeLIMBaHUs JKUII LIeTIeH IPU COeIMHEHUH YETBEPOK B CHMMETPHUPYIOMUX My(dTax
BBIOMPAIOT MO JJAHHBIM U3MEPEHHUM EMKOCTHBIX CBSI3€H U aCUMMETPUH.

Hanpumep, eciau Ha OfHOM ydyacTKe KaOEIbHOW JIMHUM €MKOCTHAs CBSI3b MEXIy LEIsIMU

OJIHOM U3 YCTBCPOK

157



K, =+350,n¢ .
A Ha IpyroMm yyacTKe €MKOCTHas CBSI3b MEX/Y LEMSIMH TaKXKe BHYTPH OJHOM YETBEPKU
K, =+300,n¢ .
To npu coennHeHNN KU 00EUX YETBEPOK 0€3 CKPELMBAHUS
K, =K, + K, =+350+300 = 650,n¢.

Ecnu xuiibl oHON M3 Lene CKpPeCcTUTh B COEIMHHUTEIbHON My(Te, TO pe3yabTUpYIoLiast

CBSI3b
K, =350-300=50,n¢.

OTMmeTuM, 4TO NMpH CKpEIIMBaHUN 00enX Leneil eMKOCTHas CBs3b He MeHseTcs (650 nd).

Korna coenuHstoTCS 4YETBEPKH, BO3MOXKHBI § BapHMAHTOB CKPEIIMBAHMSA. OTH BApPUAHTHI
MIPUBEJCHBI B TAOIUIE 2.

[Ipu BBINONTHEHUN CUMMETPUPOBAHMSI CKPEIIMBaHUEM MPOOYIOT BCE CXEMBI U BHIOUPAIOT Ty,
IIPU KOTOPOI B3aMMHOE BIUSHHE MEXY LEMsIMH OyJ1eT MUHUMaJIbHbIM.

Ecnu ckpenmBaHueM HE yJ1anoch CHU3UTH CBSI3U M ACUMMETPHIO 10 AOIYCTUMBIX 3HAYEHUN
(ky, ks, k320 ngh, e;, €2<300 ngp, 35400 neh), TO TPUMEHSIOT CHMMETPHUPOBAHUE KOHICHCATOPAMH.

EMKoOCTH 3THX KOHZIEHCATOPOB BBIOMPAIOT CIEAYIOIUM 00pa3oM. JlomycTuM, 4To B pe3yJib-
TaTe U3MEPEHUI yCTaHOBIIEHO, YTO:

k= -301’ld)
OTO0 3HAYUT, YTO
ki=(C131Ca4)-(C14+Ca3)= -30ng.

CrnenoBarenbHo, 11t yenoBus k=0 Hy>XHO Mexay >kuinamu 1-3 u 2-4 BKIIOYUTH KOHJEHCA-
TOphI 1O 15 ngh (Tak, uToOH! ky U k3 HE MEHSUIUCH).

[Ipn coenuHeHUM MIArOB MEXIY COO0OW (BTOpPOW 3Tall) CUMMETPUPOBAHHME BBIMOIHSIIOT
CKPELIMBAHUEM [0 Pe3yJIbTaTaM M3MEPEHMs MEPEXOJHOI0 3aTyXaHHUs Ha Y4acTKe MEXIy LeNsIMu
Ha yactote 800 I'u. BeiOupatoT oneparopsl, KOTOpble JAlOT HauOOJbIIEe MEPEXOJIHOE 3aTyXaHHE.
Hlaryn HapamuBaroT MOCIe10BaTEIbHO, HAUMHAS OT KOHIIOB yYacTKa K €ro cepeuHe, u3mepsis Ime-
pexoHOe 3aTyXaHHe Ha OJIM)KHEM M JaJIbHEM KOHIE, NoO0MBasch HanOombIIero ux 3HadueHus. Of-

HOBPEMEHHO J100MBasiCh, YTOOBI aCUMMETPHUS B OCHOBHBIX LieMsAx He npesplmana 0,1 Om.

158



Ta0nuua 2

Cxema coenu-

= g ¢

= HCHUA XU S o EmkocTHbIE CBA3M EmKocTHBIE acuMMeTpUn

< o 4

= Cropona 7 3 =

= = =}

S 55

= S &

3 =z =

< A b O T k] kz k3 €1 5%) €3
> 4

1 'Y Y ) ' " " ' " U " ' " ' "

ki+k | ky+k)| k+k| g+g | 6+ | &+&

Xee |\ ki—k |k, k| ki—ki| g—¢ | &+e| & +e,

oXo |k —k | ky+ky| ky—ky| +E | 66| & +e,

XXe | ki+k | ky—k,| ky—k;| 65 | 6,—&| &+&

oo X N\ k+k |k tky| kytky| s+s | 648 | & -6

XoX ki —k | ky—k,| ky+ky| 6 -5 | 6,+5 | &—&

XXk =k |k th| b=k | g ve | & - | &—g

EEE R

XXX |k +k | b~k k=K, | 65, | 6,—5 | & —&,

CHMMETPHUPOBAHNE BBICOKOYACTOTHBIX IIETICH. I[J'Iﬂ BBICOKOYACTOTHBIX IeHeH CUMMCETPUPO-

BaHUC BBINIOJIHAKOT B MPCACIaX YCHUINUTCIBHOIO YYaCTKOB UIA CUCTEM MCpeaavyn € 4aCTOTHBIM pa3-
neneHneM KaHaioB. LludpoBsie cucTeMbl 0071a/1al0T BHICOKOW IMOMEXO03AIIUIIEHHOCTRIO U HE Tpe-
OyeT CUMMETPUPOBAHUS.

CummerpupoBanue BU 1ieneil BEIMOTHSIOT TONBKO HAa JAJbHEM KOHIIE YCUIMTENBHOTO yua-
cTka. CuMMeTpHUpOBaHME BBINOJHAIOT B JBa 3Tana. Ha mepBoM NpOM3BOAAT CHUCTEMATHYECKOE
CKpEILIMBAHNE MEPBOM LENH YETBEPKH NPU COCTUHEHUN CTPOUTEIBHBIX JUTHH Kabemns (omepaTop 1o
cxeme X00). Ha BTopoM ckpeniuBanue B ABYX, TpeX My(PTax C Mog00pOM OnepaTopoB CKpEIIHBa-
HUS U3 PE3yJIbTaTOB M3MEPCHHUs 3aIIUIICHHOCTH HA JajJbHEM KOHIIC YCHIIMTEIBHOTO ydacTKa. BbI-
OUparoT HaWJIYYIIUH OmepaTop MCXOJsd U3 TpeOyeMbIX HOPM IO 3alIMIIEHHOCTH A3.. Eciu sToro
AOCTHUYb HC yaacTCsd, TO CUMMCTPHUPYIOT C IPUMCHCHHUEM KOHTYPOB IIPOTUBOCBA3U. Torz[a CUMMCT-
pUpoBaHHEe OYAET TPEXITAITHBIM.

KoMneHcanmmoHHbIH MeTOoX ociia0jieHds B3aMMHBIX BAMSHUNA Ha vyactkax OVII-OVII. K

KaOeIbHBIM MarucTpajsm xK.n. Hauboee MMPUMCHUM KOMHCHC&HHOHHBII;’I MECTO ociaabieHus Ha

yuactkax OVYII-OVII. [TockoabKy uMeeTcs OOJbIIOe YUCIO OTIAEB, HATMYME KOMOWHUPOBAHHBIX
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neney, O0oJbIIoe YHCIo Kabenel ¢ OyMaKHOW M3OJSAIMEH U aTIOMUHHEBOM OOONOUYKOW TPYIHO
CUMMETPHUPOBATH B IIUPOKOM JHMAINIA30HE YaCTOT.

KomneHncanoHHbIii METO MMeeT OOJIbIINE BO3MOKHOCTH OCHA0JICHUS MO CPaBHEHHIO C
MeToZoM cummeTpupoBaHus. OH, B YaCTHOCTH, yuuThiBaeT dpdekT nepectaHoBkH (dddekT nepe-
CTaHOBKH 3aKJIFOYAETCSI B TOM, YTO KOI(DPHUIIMEHT CBSI3U MEPBOM LIEMIH CO BTOPOM pazIuieH ¢ Kod(-
(UIIMEHTOM CBSI3H C BTOPOU Ha MEPBYIO).

B3aumnoe BnusHue Ha ydyactke OYII-OVII nonasnsercs BkitoueHHbIM B ipueMHoM OVYIle
KOHTYpa MPOTUBOCBSI3U C OJHOHAIPABIEHHBIM yCTpoiicTBOM. [10100p 371€MEHTOB KOHTYPOB IPOTH-
BOCBSI3M BO3MOXKEH JByMsl croco0aMu — pacueroM ¢ mpuMmeHeHueM OBM wu anmapaTtHo-
UTEPPALUOHHBIM.

TurmoBsle cXeMBbl POTUBOCBSI3M U MX TEPEIaTOYHBIC XapAaKTEPUCTHKH U PEKOMEHIAINN 110

NPUMEHEHUIO JaHbl B [22].
5.20. MepsI 3alIUTHI TOA3EMHBIX Kabenel oT KOppo3uu

Kopposus — 310 pa3pylieHne MeTalIMIeCKUuX KU, 000I049eK, OPOHH, METHBIX WITH AJTFOMHU-
HUEBBIX HKPAHOB.

[IpuurHBI KOPPO3UK B OCHOBHOM CIIEAYIOIIHNE:

1. »smexTpudeckast KOppO3us, BOZHUKAIOIIAS MO JCHCTBHEM Oy TAIOIIUX TOKOB;

2. TIOYBEHHAs WJIM SJIEKTPOXUMHYECKas KOPPO3Hsi, BO3HUKAIOIIAS B XUMHUUYECKH aKTUBHBIX
cpenax;

3. MEXKpHUCTalbHasg KOPPO3usi, BO3HUKAIOIIAS B pe3yIbTaTe BUOPAIIHii, TOTYKOB U T.J.

DIEeKTpUYECcKasi KOPPOo3usl IIUPOKO paciupoCcTpaHEHa Ha PEeIbCOBOM TPAHCIIOPTE C 3JIEKTPH-
YECKOM TATOW Ha MOCTOSTHHOM TOKE (XK.J. TPAHCIOPT, METPOTOJUTEH, TpaMBail u T.1.). [Ipubmu-

JKEHHasi CXeMa JICUCTBUA SJIEKTPUUYECKONM KOPPO3HH TTOKa3aHa Ha puc. 5.47.

Koumaxmmuutii npoeoo

Dnexmpoeos | t
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Kabens N o W uliirs it e A ¥

Puc. 5.47
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B aHOAHBIX 30HaX MPOUCXOIUT BHIHOC MeTaiia U3 kabemns (MOJOKUTENbHO 3apsKeHHbIE Ka-
THOHBI BBICACHIBAIOTCS M3 MeTaa). OTMETUM, YTO B CIydyae TATOBOTO MEPEMEHHOTO TOKa OyIyT
Ha0JII01aTHCS 3HAKONIEPEMEHHBIC 30HHI [ 1].

JI1st 3aIUTHI OT JEKTPUUYECKON KOPPO3HH HEOOXOIMMO YMEHBIIIATh CONMPOTHUBIICHHE PEilb-
COBBIX HUTEH (YCTaHOBKA MEHBIX COCIUHUTENECH ), YBEIHUUTh IEPEXOTHOE 3aTyXaHUE PENIbC-3EMIIs
(mpornuTKa IEepeBSHHBIX IIMaJl MACASHBIMU aHTUCENTUKAMHU M MPOKJIAJKa PE3UHOBBIX MPOKIIAIOK).
Crnenyer mpuUMEHATH MeOCHOYHBIN WM TPaBUMHBIA 0ajslacT, TIPU STOM 3a30p MEXKIy MOJOLIBOU
pernbca u 6amIacToM He TOJDKEH OBITh MeHbIne 30 M.

HawnnyumuM cocob6om 3ammuthl kabeneit oT Oay>KIarouX TOKOB SBJSETCS MPOKIAIKa Ka-
Oeceli ¢ mIacTMaccoBBIMH 000JI0ukamu. Takas 3amura oOs3aTelbHa s KaOellel ¢ aTlOMUHUEBBI-
MH U CTaJILHBIMH 000JIOYKAMU.

K akTUBHBIM MeTOJIaM 3aIIUTHI OT KOPPO3UHU Kabesel OTHOCSATCS MPOCThIC U MOJISIPU30BaH-

HbI€ JApPEHaXH, KaTOJHBbIE YCTAaHOBKH, MPOTEKTOPHI U Jp. Cxema MpocToro ApeHa)xka Moka3zaHa Ha

puc. 5.48.
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Pennc coenmuHsieTcss ¢ kabeneM, TeM CaMbIM BBIPABHUBAIOTCS TOTEHIIUAIBI U TIOJIE MEXITY
Ka0elleM U pelbcOM CTaHOBHTCSI PAaBHBIM HYIIO. 3/1ech P — pene curHanm3upyromee o MeJIOCTHOCTH
npeaoxpaHuTens (Ip.).

B 3HakonepeMeHHBIX 30HAX UCHOJIb3YIOT NOIAPU3ALMOHHBIN JpeHax (puc. 5.49)
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31ech CTOUT AMO/I, ITyCKAIOIIMM TOK B OJJHOM HaIlpaBJIEHUH, 3allIUILIAsl OT CIydas, KOTja Ka-
0esb OyJIeT HaXOJUTCS MO OTPULIATEIbHBIM MOJIOCOM 110 OTHOILIEHUIO K PEIIbCY.
KaroaHyio 3ammry ycTaHaBIMBAalOT B yCTONYMBBIX aHOJHBIX 30HAaX M 30HaX MOYBEHHOMN
KOPPO3UHU. ITO UCTOYHUK MOCTOSHHOTO HAMPSKEHHSI, MUTAEMBI OT BBIIPSMUTENS, IPUYEM OTPH-

HAaTCJIIbHBIM ITOJIFOCOM OH MNOACOCOUHACTCA K Ka6en10, a MOJIOKHUTCJIIBHBIM K JOIOJIHUTCIIBHOMY 3a-
3eMIIMTENI0, Haxoasmemycs Ha pacctosiHuu 30-50 M (puc. 5.50).

N
N
<

X ||HH“"

Kabenb

BcniomorarenbHEII
IMEKTPO]

30-50

Puc. 5.50

OTUM caMbIM KaTHOHBI MeTajia OyayT SKpaHUPOBAHBI MOJIOKUTEIILHBIMU 3apsAAaMu MOCTY-
MAIOMIMU K KaOeJII0 U3 IMOYBEI.

IIpu npoTeKTOpHOH 3aIuTe 000104Ka KaOesl CIIYKUT KaTOA0M, a aHOJIOM SIBJISI€TCSI CIIELH-
QJIBHBIN AJIEKTPOJ — IPOTEKTOP, KOTOPBIH pa3pyIiaeTcs, 3aluias kademib.

[MnacTmaccoBbie 000T0YKH U MIJTAHTH 3alIUINAI0T KaOeIn OT BCEX BUIOB KOPPO3HH.

Or MEKKPHUCTAIUIMYCSCKON KOPPO3HHU Ka6€J'II/I, IMMPOJIOKCHHBIC 10 MOCTaM, 3alIUIIAIOT IIPY-
JKHUHHUCTBIMHU ITOABECKAMU U IIJIACTMAaCCOBBIMHU I'aCUTCIISIMU KOJICOAHMIA.

Jlisi KOHTPOJIsT KOPPO3UNHHONW OOCTAHOBKM HM3MEPSIIOT MOTEHLUANbl Kabeas OTHOCUTENIBHO
3emun. s atoro Ha Tpacce uepe3 200-2000 m. ycrananuBatoT KUIIbI, B KOTOPBIX U3MEPSIOT I10O-

TEHIMaN KaOelss OTHOCHTEIBHO 3€MJIM M Pa3HOCTh MOTCHIMAIOB BAONb Kabens. CTposT MOTeHIH-
albHBIC TUarpaMmel (puc. 5.51).
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J1o MmoHuKeHUs
MOTEeHIHAIa

[MOHHKCHHA
MMOTCHIIHAJIAa

Puc. 5.51
[lo manHO# AMarpamMMe MPUHUMAIOT MEpPBI MO 3aLIUTE OT KOPPO3uM (TIOJOKUTENbHBIN MO-
TEHIIMAJ HY’KHO IIPEBPATUTh B OTPULIATEIIbHBII).

5.21. 3ammTa oT aTMOCHEPHOTO JIEKTPUUIECTBA

OmnacHoe BIIMSAHUE Ha BO3YIIHLIC KaOeJIbHbIE TUHUU OKA3bIBAIOT TPO30BLIC pa3psAabl — MOJI-
Huu [23].

Yro Takoe MonHuA?

B cpennem Ha 3eMHOM miape 3a CTyKu npoucxoaut okosno 300 rpos. B ocHoBHOM oHM co-
CPEIIOTOYCHBI B TPO30BBIX IIEHTPAX — 3TO pailoH BOMU3M SKBaTOpa. B cpeaHMX MMpOTax KOIUYECT-
BO I'PO30BBIX THEH Koebercs oT 20 1o 60 B roxy. ['po3sl cOPOBOKAAIOTCS MOTHUSIMA. MOJHUS —
9TO JIEKTPUYECKUN pa3psij dyepe3 BO3AyX.

Otkyna GepyTcs MomHMM? MeXaHU3M CIIOXKHBIN U Ha CErOfHs. He coBceM MoHATeH. OHa u3

BEpCUll TeHEepaIlli MOJIHUH CBs3aHa ¢ 00pa30BaHUEM I'PO30BOM siueiiku (puc. 5.52).

+++++++++++

LenTp nonoxu-
TEJIBHBIX 3aPsI0B ++++++

++++

LleHTp OTpHLATETBHBIX
3apsI0B

10xm

1xkM

++++

++++++t——— - —— ++++++
Puc. 5.52
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B rpo3oBoii suelike u3-3a HAMHUUS 3apSHKEHHBIX U IBUKYIIUXCS HOHOB MPOUCXOIUT pasjie-
JieHue 3apsioB. [[BU)KeHHE —KOHBEKTUBHOE M OHO BBI3BIBAETCS HArpeBOM 3€MHOM MOBEPXHOCTH
COJIHEUHOM pajuanuei — T.€. B KOHEUHOM CYETE MPUUNHON MoJHUU sBJisieTcst CoJHIIe.

B pesynbrare pazneneHus 3apsiioB YBEIWYUBAETCS MOJIE€ U OHO JOCTUTAaeT BEJIHUYUHBI MPO-
OouBHOro 3HaueHus. Torma HauMHaeTcs pa3psAld. BHauanme cryCTOK OTpUILIATENBHBIX 3apsI0B JIBU-
YKETCSl TI0 HAIMPaBJICHUIO K MOJIOKUTEIIbHOMY PhIBKAMH, CKauKaMU. JTO, TaK HA3bIBAEMbIE — JIHUJIEP.
Ckopoctb ero okosio 100 kM/4. DTOT ISP MOXKET JBHTaThCS U3 0oJiee OTPUIATEIHLHOTO, IO OT-
HOIIICHHUIO K 36MHOM TTOBEPXHOCTH, JHA TPO30BOM SUEHKH K 3eMHOM MmoBepxHOoCcTU. Jluaep oOpasyer
KaHaj, 0 KOTOPOMY YCTPEMIISIFOTCS 3aps/bl, Yalle BCEro OTPULIATEIbHBIE IO HANIPABICHUIO K 3eM-
ne. Kak TOJIbKO MPOMCXOJUT BCTpEUa € 3eMIIEH, MPOUCXOIUT 3aMbIKAaHUE U PE3KO YBEJIMUYMBACTCS
TOK B KaHaJie JI0 TIOJIHOTO pa3psia MeXIy sSYeiKoi 1 3emieit — 3to yaap. Habmonaercs no 12 yna-
poB — 310 U ecTh MoJHUA. C KaxapIM yaapom ¢ HeOec Hu3Bepraetcs 20-30 Kynon snexkrpudecTra,
eciu yuecTh Bpems yaapa 100-200 MKc, TO TOK COCTaBUT BEIUYHHY Ooee 10°A. Temnepatypa B
KaHase MoiaHuM gocturaet BennuuHsl 20000°C, nosToMy obpa3yercs yaapHasi BOJIHA — TPOM.

MonHuM SBASIOTCS T€HEepaTOPaMHU MOACPKUBAIOIIMME JIEKTPUUECKOE CTATUYECKOE TOJIE B
MIPOMEXKYTKE MEXKy 36MHON MOBEPXHOCTHIO U BBICOTOM MpuMepHO 50 kM. DTO Moje XapakTepusy-
€TCsl Pa3HOCTHIO OTEHIMAIOB MpuMepHO 100 B/M. DT0 1T0JIe B CBOIO OYEPEIbh CIIOCOOCTBYET pasie-
JICHUIO 3aps/I0B B TPO30BOM AUEiiKe MyTeM MOJSIPU3ALUU BOJSHBIX U JIEJSHBIX KaIelb.

B pesynbTare mpucyTcTBUS 3apsDKEHHBIX YacTHIl B aTMocdepe Jake B COMTHEYHBIN JCHD Ye-
pe3 atmocdepy mportekaeT Tok(=~1800A) paspsiga, MpudeM MaKCHUMyM €ro TMPHXOIUTCS Ha 7 4acoB
Beuepa 1o ['puHBUYY, HE3aBUCUMO OT MECTa HaOJIOJIEHUS! WJIM MECTHOTO BpeMeHU. CBs3aHO 3TO ¢
TEM, YTO K ’TOMY BPEMEHH B pe3yJIbTaTe ITPO30BOM aKTUBHOCTU YBEIUYMUBAETCS MOTEHIIUAT MEXKITY
"oOkmaskaMu" KOHAEHCATOPA: 3eMHAsi TIOBEPXHOCTh — CJIOM Ha BeIcoTe 50 KM M 3Ta pa3HOCTH MO-
TEHI[MAJIOB BBIPABHUBAETCS 110 BCEMY 3eMHOMY —Iuapy. Bepuemcs k monnun. Tok kaHana HapacTa-

€T IPUMEPHO TT0 3aKOoHY (puc. 5.53):

t1/2
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Puc. 5.53

tep — 10 — 40 MKc — Bpems HapacTaHus, t1, = 40-120 Mkc — Bpems cnaja 10 IOJIOBHHBL.

[IpumepHO TakyIo k€ BPEMEHHYIO 3aBUCMOCTh UMEIOT UMITYJIBC 3JIEKTPOMAarHUTHOTO OIS,
KOTOPBI U OMpPENeNsSiOT HaBeICHHBIE TOKM U HANpPSHKEHUS B KaOETbHBIX M BO3AYIIHBIX JTHHUSX,
BBI3BIBAs UX pa3pylICHHE.

Yare Bcero MOJIHUS MOpakaeT HanOoJiee BHICOKHE CTPOSHUS, TaK KaK MX BEPIIMHBI — 3TO
4acTo OCTpHUs, TJIe UMEET MEeCTO HaubOoJbIlas IOTHOCTh 3apsAI0B, 3HAYUT Haubosee BEPOATHO MO-
SIBIICHUE TIPOOUBHOTO TOJIS.

B 3emMie TOK MOJIHUM pacnpOCTPaHSAETCS MO y9acTKaM € XOpOIei MPOBOJUMOCTBIO, TIOATO-
My TIOBPEXKIAIOTCS KaOeJH yJIOKECHHBIC B TPYHT C MaJIOW MMPOBOJMUMOCTBIO (TIeCUaHbIe, KAMCHHCTBIC,
BEUHOMEP3JIOTHBIE U T.1.). [loBpexknenus kabeneir pa3HooOpa3Hbl: paciiaBIIeHHE CBUHIIOBOW 000-
JIOYKU W >KWJI, 00pa3oBaHWE BMATHH Ha 000J0YKe, MPOTruObl Kabels, pa3pbiB JEHTOYHOW OpOHH,
MPO0OIi N30SI MEXAY KUJIAMU U JIp.

Bo3zneiicTBre rpo30BEIX pa3psioB Ha BO3AYLIHBIC THHUU MOXKET OBITh HETIOCPEICTBEHHBIM,
T.C. TIPSIMBIM yJIapOM B OTIOPBI, PACIICIUISSI ACPEBIHHBIC, WM WHAYKTHPYS OOJBIINAE TOKU B TIPOBO-
Jax, KOTOpbIE MOTYT JJa)Ke€ PacIyIaBUTHCA.

BoszneiicTBust Takke MOTYT ObITh MHAYKTHBHBIMH, KOTJIa MOJIHUS yJIapsieT B 3eMHYIO TO-
BEPXHOCTh BOJIM3H BO3AYIIHON WM KaOENBHOW TMHUU. B 3TOM ciiydae HaBOJAUTCS TOK U BO3HUKAET
OITACHOE HAIPSKCHHE.

B cnyuae xaOenbHBIX JTUHHUI Tpacchl MPOKIAJKH BHIOMPAIOT B MECTaX C HAMMEHbBILIUM YHC-
JIOM O’KHUJAEMBIX YIapoB (B cllydae XK.l peJbChl U KOHTAKTHBIE TPOBO/IAa SKPAHUPYIOT KaOenu CBS3H
oT MoHUH). [IpUMEHSIOT Kabenu ¢ MOBBIIIEHHOW MPOBOUMOCTBIO 000IOUKH, OTBOAST MOJHHIO OT

Ka0eel MpOKIIa KOl OJHOTO WIIM HECKOJIBKUX TPOCOB Ha TIYyOHHE 72 OT TIIyOWHBI YKIaIK1 KaOels

(puc. 5.54).

Tpocel

O/\O

O Kabenb

Puc. 5.54
Onope!l BO3AYIIHBIX JUHUM 3aIIMIIAIOT MOJHUEOTBOAAMM, YCTAHOBICHHBIMU HA OTBETCT-
BEHHBIX OIIOpaxX, KpOME€ TOI0 MOJHHUEOTBOABI YCTAaHABIMBAIOT HAa OIOPAX pPAaHEE pa3pylICHHBIX

MOJIHHEH, TaK KaK HaOJIOJAeTCsl MOBTOPSIEMOCTh y/IapOB MOJIHMH. B KauecTBe MOJIHMEOTBOJA WUC-
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MOJIB3YIOT CTAJIBHOM MPOBOJ AUAMETPOM 4-5 MM, IPOKJIAIIBAEMBIN BJIOJIb OTIOPHI M OTBEJICHHBIN B
3emiTt0 Ha TyOuny 1o 0,7 M ¥ ITUHOMW, B 3aBUCUMOCTH OT MPOBOJIMMOCTH TPYHTA, JOCTUTAIOIICH
12 m.

3amuUTy OT OMACHBIX HANPSIKCHHWH ammapaTyphl, BKIFOYCHHOW B BO3IYIIHbIC M KaOCIIbHBIC
JIMHUY, JIIOJICH BBITIOIHSIOT C TIOMOIIBIO PAa3psAIHUKOB, YCTAaHABIMBAs MX HAa BXOJIC B alllapaTHbIC
ITOMEILICHUS.

Pazpsaauku nensTcs Ha ra3oHanogHeHHbIE (puc. 5.55):

! !

- [

P-350 P-35 PB-280
TPEXAICKTPOTHBIH JBYX3JICKTPOIHBIN
OCepPIUTOBBIM
Puc. 5.55

Bemuroseie pazpsaauku tuna PB-500, 1000 (puc. 5.56)

JlaTyHHBII uck

/ IIpoxnanka U3 ciaroasl
2

CMmech kapOoHara,

Meqa, CTeKIIa

Puc. 5.56
Uckpossie pazpsaauku UP-02, UP-03, UP-7, UP-10, UP-15, NP-20. ludpa — 3T0 nmpome-

JKYTOK MCKAY DJICKTPOJAaMHU.
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Jl7ig 3amuThl PeNbCOBBIX LIETIe OT OMACHOTO BIMSHHS MPUMEHSIOT HEMHEHHbIe BbIPaBHU-
Batenn BK-220, BK-10 u BC-90 (mudpsl yka3piBaloT Ha HOMHHAJIBHOE HAIPSDKEHHE), KOTOpHIE
BBIPaBHUBAIOT ACHMMETPHUIO HaBEJICHHOTO HAMPSIKEHUSI B pelibcax, 00pa3yIouX peabCOBYIO IEIb.

[IpuMeHSIOT Takke B3aMEH HCKPOBBIX Pa3psIHUKOB, TJI€ MOXET TOPETh Jyra B CHIJIOBBIX
uensx, BeHTwibHble paspsaaukd PBHII=250, PBHH-250 B nuskoBonbTHBIX nemsx 110/120 B
PBH-500 B nemnsix ¢ manpsixerrem 220/380 B u PBO-6 unu PBO-10 B memsix ¢ HanpsoKeHUEM, CO-
oTBeTcTBEHHO 6 mian 10 KB.

[Ipumep cxempl, 3aIUTHI KAOSIBHON JTUHUY TTOKa3aH Ha (puc. 5. 57).

P-350 @ Kabeib
D
Crannust /
P-350 @

Puc. 5.57

Cxema 3amuThl BO31YIIHOM JIMHUY TIOKa3aHa Ha puc. 5.31.
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A I

KouTposbHbIe BOpPOCHI K riaaBe NeS:
Bremnee n B3aumHoe BiusiHue B nersx ATC, anekTpruueckoe 1 MAarHUTHOE BITHSTHUEC
Bimustronne nenu Ha x/4.
Bremnee Biusanue Ha nenu ATC
B3aumHoe BIusSHUE MEXKIy LEMSIMU Ha BO3AYIIHBIX U KaOCIbHBIX TUHUSIX.
3aBUCUMOCTH TIEPEXOTHOTO 3aTYXaHUS OT JUTUHBI JJMHHHA U 9aCTOTHI TOKA IMPU HETIOCPEICT-
BCHHOM BJIMSTHHM,
Mepbl 3aIUTHI OT B3aUMHBIX BIUsiHUN. CKpelrBanue 1enei Bo3ayHbXx TuHIl. CKpyTKa
KaOEeIbHBIX JKHUII.
CummeTpupoBaHU€e KaOEIbHBIX JIMHUM.

Mepsi 3aMTH TOA3EMHBIX Kabenel 0T KOPPO3HH.
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I'nasa VI

CrpykrypupoBannbie kabenbHble cucteMbl (CKC) [32]

6.1. O0mue ceenenust o CKC

B cepenune 80-x romoB KOMIbIOTEPHAs TEXHUKA, @ BMECTE C HEW TEXHUKA JIOKAJIBHBIX BbI-
YHCIUTEIBHBIX CeTel Havana ObICTPHIMU TEMITAMU BHEIPATHCS BO Bce chephl NesTeTbHOCTH Tpe-
NPUATUI U OpraHU3alMil, 4YTO PE3KO yBEIMUYMIO 00beM MH(pOpMALMH, IepelaBaeMOi BHYTPH 3/a-
HUI WM KOMILJIEKCa 3aHUH, KOMIIAKTHO PacIlOJIOKEHHBIX Ha OJHOM TeppuTopuu 6e3 BbIXoJa B ce-
TH 0011ero nojibp3oBanus. OTCIOa ClieayeT He0OX0IMMOCTh CO3AaHus B OPHCHOM 3[aHUU KaOesb-
HOM CHUCTEMBI, KOTOpasi 00JagaeT CIeayONMMU CBOMCTBAMM:

- ABJISIETCA YHUBEPCAIbHOM, TO €CTh 1a€T BO3MOKHOCTh MCIIOJb30BaTh €€ Ul Iepeaayll CUTHAIOB
OCHOBHBIX CYIIECTBYIOIIMX M MEPCIEKTUBHBIX BUIOB CETEBOM ammaparypbl pa3iMYHOIO Ha3Hade-
HUS;

- TIO3BOJISIET OBICTPO C MUHUMAJIBHBIMU 3aTpaTaMu OpPraHU30BaTh HOBbIE pabovMe MeCTa U MEHATh
TOTIOJIOTHIO TPAKTOB Tiepeaun 0e3 MPOKIaIK! JOTIOTHUTEFHBIX KaOeIbHBIX JINHUH;

- IO3BOJISICT OPraHU30BaTh EUHYIO CITyKOY SKCILTyaTaluH;

- CO3JIaeTCs Ha 3Tale CTPOUTENIbCTBA 3/IaHMsl WM IepeoOopyI0BaHUs €ro MoMeleHu noa oduc u
UMeeT rapaHTUPOBAaHHBIN cpok sKcIuryaTauuu 10 jer u Oonee.

Bcem 3TuM TpeOoBaHUsM OTBEYAET CTPYKTypHpoBaHHas kabenbHasa cucreMa. [lon CKC no-
HUMAIOT KaOeJIbHYI0 CUCTEMY, IPUHIIMII OCTPOSHHsI KOTOPOH OTBEYAET TPEM OCHOBHBIM NpPHU3HA-
KaM: CTPYKTYpH3allus, YHUBEPCAIbHOCTb U U30BITOUHOCTb.

Crpykrypusanus npeamnonaraetr pasoueHne kabeabHON MPOBOAKH U €€ aKceccyapoB Ha OT-
JIEJIbHBIE YAaCTH WU MOJICUCTEMBI, KaXk/1as U3 KOTOPBIX BBIIOJIHSAET CTPOro ONPEIEICHHbIE (PYHKIIMU
U cHaOXeHa CTaHAAapTU3MPOBAHHBIM MHTEP(ENHCOM Ul CBSI3U C APYTUMH MOACHUCTEMAMU U CETe-
BbIM 00OpyAoBaHueM. B coctaB m000i moacucTeMbl 0053aTeNIbHO BKJIKOYAETCSl Pa3BUTHIM Habop
CPEICTB MEePEKIIOUEHUs], YTO 00ECIIEUNBACT €€ BBHICOKYIO THOKOCTh M TO3BOJISIET CO3/1aBaTh CIIOXK-
HBIE CTPYKTYpHI ¢ KOHurypamnuen. [Ipu mocTpoeHHH CUCTEMBI UCTIONB3YyeTCsl 0000IIEHHBIN TO-
x0]1 6€3 MPUBSI3KH K KAKOMY-JTH00 KOHKPETHOMY BHJIY KaOeysl UM KOMMYTAIIMOHHOTO 000pyI0Ba-
HUS.

YHHUBEpCaAbHOCTh Ka0EIbHOW CUCTEMBI MPOSBISIETCS B TOM, YTO OHA M3HAYAJILHO CTPOUTCS
He IS oOecrieyeHust paboThl KaKOH-THO0 KOHKPETHOM, IMyCTh U BEChbMa PAacIpOCTPAHEHHOH ceTe-
BOI TEXHOJIOTUH, a CO3/1a€TCsl Ha NPUHIUIAX OTKPHITON apXUTEKTYphl C 3aJaHHBIM U 3aUKCUPO-
BaHHBIM B CTaHAAapTax HaOOPOM OCHOBHBIX TEXHHYECKHUX XapaKTepUCTHK. [Ipu 3TOM B HOpMaTuB-
HBIX JOKYMEHTaX 3aJal0TCsl mapaMeTpbl KaK 3JIEKTPUYECKHX M ONTHYECKUX KaOEIbHBIX Tpacc OT-

JeTBHBIX TTOCUCTEM, TaK U UX HHTEPPEHCOB. DTO MO3BOJSAET 00ECIIEYUTh BO3MOKHOCTD HCITONB30-
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BaHUs KaOeIbHON CHCTEMBI ISl IepEeaydl CUTHAIOB CaMbIX pPa3HOOOPa3HBIX MPUIIOKEHHUH B coue-
TaHUU C COKpAIEHUEM KOJMUYECTBA TUIIOB Kalesel 10 ABYX: CHMMETPUYHOTO (U3 BUTHIX Map) U BO-
JIOKOHHO-ONITUYECKOTO.

KommyTtanust otaensHbix noacucteM CKC apyr ¢ npyrom, a Takke ¢ aKTUBHBIM CETEBBIM
000pyI0BaHHEM OCYIIECTBISIETCS MPU MOMOIIM OTPAHUYEHHOTO Habopa MIHYPOB C YHUBEPCATbHBI-
MU pasbeMaMiu, YTO 3HAYUTCIIbHO YIIPOIIACT KaK MPOLCCC aIMUHUCTPUPOBAHHUA, TAK U adallTalluIO
KaOeIbHON CUCTEMBI K PA3IMYHBIM MTPUIIOKEHUSM.

[Tox n36pITOuHOCTRIO TIOHUMAaETCs BBeaeHne B coctaB CKC momosHUTENBbHBIX HH(OpMAITH-
OHHBIX PO3ETOK, KOJMYECTBO M pa3MEIEHUE KOTOPBIX OIMpPENessSIOTCS IUIOMIAIbl0 TOMOJIOTHEN pa-

004MX NMOMEIICHHH, a He TNTAHAMU Pa3MELICHUs] COTPYAHUKOB M PacIioyIoKeHs 0(pUCHOI Mebenu.
6.2. Ctpykrypa CKC. Tononorus CKC

B ocHOBY n1060# CTPyKTYpUpPOBaHHOM KaOeNbHON CHCTEMBI MOJIOJKEHA APEBOBHIHAS TOIIO-

JIOTHS WIK CTPYKTYpa uepapxuueckoit 3se3apl. O0o0menHas crpykrypHas cxema CKC uzobpaxena

Ha puc. 6.1.
CEeTeBOE
KBM K3 INC TOYKa obopyoBaHue
/\ /\ Ieoexona P

| | | | | ‘¢ N

| x| | X | X e -

1 \:\/ \:\/ s-- :

1 ' 1 !

1 1 1 !

| 1 | !

1 1 1 !

1 | 1 !

1 1 1 !

1 1 1 !

1 1 1 !

1 1 1 : »
IToncucrema rnojcucTemMa TOPU30HTAJIbHAS MoJICUCTEMA
BHEIITHUX BHYTPEHHUX IOJICUCTEMA CETEBOro
MarucTpajien MarucTpajien o0opynoBaHus

Puc. 6.1

V31aMu CTPYKTYyphbl SBISIFOTCS KOMMYTALMOHHOE 000PYJOBaHUE PA3JIMYHOTO BUA (B COOT-
BeTcTBUU co cta”aaproMm ISO/IEC11801), koTopoe 0OBIYHO YCTaHABIMBAETCS B TEXHUUYECKUX IO-
MEIIEHUSAX U COEAMHAIOTCS APYT C APYroM U ¢ uHpopManroHHbIMU po3eTkamu (MP) Ha paGoumnx

MCCTax JJICKTPUICCKUMU U OIITUICCKUMU KalesIMu.
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OcHoBoM AJI1 TPUMCEHCHUSI UMCHHO HepapXI/I‘leCKOﬁ 3Be3,[[006pa3H0fI TOITIOJIOTHH ABJISACTCA
BO3MOXHOCTb €€ HUCIIOJIb30BaHUA JJIS1 MOAACPKKHA paGOTBI BCC€X OCHOBHBIX CCTCBBIX HpI/IHO)KCHI/II\/'I.

Jliig mpuMepa NMpUBEAEM OCHOBHBIE CETEBbIE MPUIIOKEHUS (IIPOTOKOJIBI) U TpeOyemble ISl HUX TO-

MOJIOTHH ceTelt, Tabum. 6.1

Tabm. 6.1.

MPOTOKOI Jlornueckas Tonoaorus dusznydeckasi TOMOJOTUs

Token Ring Komsio Konsio, 3Be31a

High Speed Token Ring Konsmo Konrmo, 3Be31a

FDDI Komb1mo Komb1o, 3Be3na

Ethernet [Iuna 3Be37a

Fast Ethernet uua 3Be31a

Gigabit Ethernet Iuna 3Be31a

ATM BupryanbHslil kaHan Koneno, 38e31a

Otcroga ciemyer, 4To 3Be37000pa3Hasi TOIOJIOTHS JIEKUT B OCHOBE OCHOBHBIX COBPEMEHHBIX
CPEACTB MEepeIaun TaHHbIX.

Texuundeckue nomenienus. Texandeckue nomenienus st CKC u nHDOpMAIIMOHHON CHC-

TEMbl NPEANPUITHS B LIEJIOM AEIATCS Ha anmapaTHble ¥ KpoccoBble. B anmapaTHON win TexHUYe-
CKOM TOMEIIEHUH Hapsay ¢ KoMMyTalMoHHbIM oOopynoBaHueM CKC pacnonaraercst ceteBoe
o0opyaoBaHue KOJJIEKTUBHOTO Tojib3oBaHusl (ATC, cepBepbl, KOHIEHTPATOPbI). DT MOMELICHHUS
WHOT/Ia HAa3bIBAIOT CEPBEPHOM MIIM y3JIOM CBSI3M B 3aBUCHMOCTH OT TOTO, KAKOTO 000OpYy/IOBaHHS B
HeM Ooutbiie o6opynoBanus JIBC nmu ATC.

KpoccoBas npezcraisier co0oi MoMeneHue, B KOTOPOM pa3MelaeTcs KOMMYTAallMOHHOE
obopynoBanue CKC, cereBoe u Ipyroe BCoMoraTelIbHOe 000pyTI0BaHHE.

B kpoccosyto BHemHux maructpaieil (KBM) cxonsarcs kabenu BHEIIHENH MarucTpaiu, Moji-
kmovaronue K Her K3. B K3 3aBonsarcs BHyTpeHHHE MarucTpaibHbIe KaOeH, MOAKITIOUYAIONINE K
HUM Kpoccosble Taxkelt (KD). K KD B cBoro odepenb, ropu30HTaNbHBIMU KaOEIsIMU OJKITIOUEHBI
MH(POPMALMOHHBIE PO3ETKU PAa0OYNX MECT.

Hoacuctemsr CKC. IloacucTema BHEIIHUX MarucTpajieid WiIu MEepBUYHAsS MOACUCTEMA CO-

CTOWT M3 BHEIIHUX MarucTpaibHbIX Kadenei mexxay KBM u K3, koMMmyTanimoHHOTO 000py10BaHUS
B KBM u K3, Kk KOTOpOMY MOJAKIIOUAIOTCS BHEIIHUE MAaruCTpajbHble KaOelu, 1 KOMMYTAIlHOHHBIX
mHypoB w/unu nepembiiek B KBM. Tlogcucrema BHEIIHMX MarucTpaiel sSBIsETCS OCHOBOW ISt
IIOCTPOCHUS CETH CBSI3M MEX]y KOMIAKTHO PACIOJIOKEHHBIMU Ha OJHOW TEPPUTOPUU 3AAHUSIMH.
OTa moJicucTeMa 4acTo UMeeT (PU3MUECKYIO KOJBIEBYIO TOIMOJIOTHIO, YTO 00ECIeYrBaeT yBeIuue-
HUE HAJEKHOCTH 3a CUeT Haluuus pe3epBHBIX kabermbHBIX Tpacc. Ecam CKC ycranaBnuBaercs

TOJIBKO B OJIHOM 371aHuu, To KBM otcyTcTByer.
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[Moxcucrema BHyTpeHHux maructpaneit (K3), Ha3piBaeMoil HHOTAa MarucTpanbHOU CHCTe-
MO 3/1aHHUs, BEPTUKAJIBHON MM BTOPUYHOM MOACUCTEMOM, CONEPKUT MpoIoKeHHbIE Mexay K3 u
KD BHyTpeHHHME MarucTpaibHble Kabenu, MOAKIIOYEHHOE K HUM KOMMYTAallMOHHOE 000py0BaHNE
B K3 u KD, a takke koMMyTarimoHHbIie THYphI W/niu nepeMmbldku B K3. KaGenu manHoi# moacuc-
TEeMBbI (PAKTUYECKH CBSI3BIBAIOT MEXAY CO00I OTIENbHbIE 3TaXXU U/WUIH MPOCTPAHCTBEHHO Pa3HECEH-
HbIe TIOMeIIeHus B npeaenax ogHoro 3aanus. Ecau CKC obcnyxuBaeT oauH 3Tax, TO MOACHCTEMA
BHYTPEHHUX MarucTpajieii MOKeT OTCYTCTBOBATD.

INopuzonTtanshas noacuctema (K9J). Dta mojacucrtema WHOTIA HA3BIBACTCS TPETUYHOM IMO/I-
cuctemoii. OHa 0Opa3oBaHa BHYTPEHHHMHU TOPU3OHTAIBHBIMHU Kalemsmu Mexay KO u undopma-
IIMOHHBIMU PO3ETKAMH pa0OYUX MECT, CAMUMH MH(POPMAITMOHHBIMHU PO3€TKAMU, KOMMYTaIlIHOHHBIM
obopymoBanueM B K3, K KOTOpOMY TOJIKITIOYAIOTCS TOPU3OHTAIBHBIC Ka0eH, 1 KOMMY TaIllHOHHBI-
MHU IIHypamMu u/uiu nepeMbrakamu B KO. B cocTtaB ropu3oHTaIbHOM MPOBOJIKH JIOMYCKAETCS MC-
M0JIb30BAHKE OJJHOW TOYKH IMEPeXo/a, B KOTOPOIl MPOUCXOJUT U3MEHEHHUE TUIIA MPOKIAIbIBAEMOI0O
kabens (HampuMep, Iepexo]] Ha TIIOCKUH KaOemb Ui MPOKIaAKH MO KOBPOBBIM MOKPBITUEM C IK-
BHUBAJICHTBIMU TIEPEIATOYHBIMH XaPaKTEPUCTHKAMHU ).

B camom obmem ciayuae CKC, cornmacHo AeiCTBYIOIIMM MEXAYHapOAHBIX HOPMAaTHBHO-
TEXHUYECKUX JIOKyMEHTOB, BKIIIOYAET B €051 BOCEMb KOMIIOHEHTOB:

- TUHEIHO-Ka0enbHOe 000pYyI0BaHUE MOJCUCTEMbI BHEIIIHUX MarucTpaneil;
- KOMMYTAIIHOHHOE 000PY/I0BaHHE MMOJACUCTEMbI BHEIITHUX MaruCTpaeii;

- JINHEWHO-Ka0eIpHOEe 000pY0BaHUE TIOJICUCTEM BHYTPEHHUX MarucTpaiei;
- KOMMYTAIIIOHHOE 000pYI0BaHKE MMOICUCTEM BHYTPEHHUX MarucTpaiei;

- TUHEIHO-Ka0enbHOe 000PYI0BaHUE TOPU30HTAIBHON MOJCUCTEMBI;

- KOMMYTAIIIOHHOE 000PYI0BaHKE TOPU3OHTAIILHON MMOACUCTEMBI,

- TOYKa Mepexoa;

- "H(GOPMAIIMOHHBIE PO3ETKHU.

B nopaBmsromem GonbiinHcTBe ciaydaeB moakimtoueHue k CKC cereBoro oOGopymoBaHus
MPOU3BOJUTCS C MOMOUIBI0O KOMMYTAI[MOHHOTO IIHypa. B HEKOTOpBIX CUTyalMsX KpoMme IIHypa
MOJKET TOHAJOOUTHCS amanTep, 0OECHEeUMBAIONINN COTIACOBAaHHE CHUTHAJIBHBIX M MEXaHHYECKUX
rapaMeTpoOB ONTHYECKUX HIIN dJIEKTpuiecKkux natepdeiicon (pazreMmoB) CKC u ceTreBoro obopyio-

Banus. [Ipumep crpykrypsl CKC ¢ npuBsA3Koil K 30aHMsIM [TOKa3aH Ha puc. 6.2.
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Kommyranug B CKC. Kommytauua B CKC, B otimmuue ot s3nextpoHHbIX ATC u ceteBoro

KOMIIBIOTEPHOTO O0OPYJOBaHUS BCErAa MPOU3BOAUTCS BPYUYHYIO KOMMYTAIIHOHHBIMH ILITHYpaMU
W/WM iepeMblYkamMu. Bei3BaHo 3T0 TeM, uTo BBeAeHne B coctaB CKC 311eMeHTOB 31€KTPOHHON MK
UIEKTPOMEXAHUYECKOM KOMMYTALlMM BbI3bIBAET HEOOXOAMMOCTb MCIOJIb30BaHUS ABTOHOMHOIO
JIEKTPOIUTAHUS, YTO OHMKAET HAJIC)KHOCTh CUCTEMBI.

OpHako HCIOJIb30BaHHE KOMMYTAI[MOHHBIX LIHYPOB CYIIECTBEHHO yXyALIaeT maccorada-
pUTHBIE MOKA3aTeN KOMMYTAallMOHHOTO 000pYI0BaHMs U TpeOyeT MPUMEHEHHS CIIEHUaIbHBIX MEp
IUIs pEeLIeHUs 3a7a4 aIMUHUCTPUPOBAHUS.

Hpuniuns! agmMunuctpupoBanus CKC. IIpuHIMNB aAMUHUCTPUPOBaHUS (MHAUYE YIpaBe-

Hus) CKC onpezensercs ee CTpyKTypoil. Pa3nnyaroT 0oTHOTOYEUHOE U MHOTOTOUYEYHOE aIMUHUCT-
pupoBanue. [logq MHOroTOYeUHBIM agMUHHUCTpUpOBaHueM HoHuMaroT ynpasieHue CKC, xoropas
MOCTPOEHA MO KIACCHUYECKON apXUTEKType MepapXU4ecKoul 3Be3/ibl. OCHOBHBIM MPHU3HAKOM 3TOTO
BapHaHTa SIBISETCS HEOOXOAMMOCTh BBIMOJHEHUS MEPEKIIOUEHNS MUHUMYM JIByX IIHYPOB B 0011IeM
cllydae U3MEHEHUE KOH(PUTYpaIUH.

ApXuTeKTypa OJHOTOUYEHYHOI'0 aJMMUHUCTPUPOBAHUS MPUMEHSETCS B TEX CUTyalMsIX, KOTJa
TpeOyeTcsi MaKCUMaJIbHO YIPOCTUTH yNpaBieHHe KaOenbHON cucTeMoil. Ee OCHOBHBIM MpH3HAKOM
SIBIIICTCS TPSMOE COEAMHEHHE BCeX MH(GOPMAIMOHHBIX PO3ETOK pabOYuMX MECT C €AMHCTBEHHBIM

TCXHHUYCCKHUM ITIOMCIICHUCM.
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Ka6enu CKC. B CKC cornacHo mexayHaponHoMy ctanaapty ISO/IEC 11801 nomyckaet-
Cs UCTIOJIb30BaHHE TOJIBKO
- CUMMETPHUYHBIX 3JIEKTPUUYECKUX Kabesied Ha OCHOBE BUTOI Mapbl C BOJHOBBIM CONPOTHBIIEHUEM
100, 120 u 150 OM B 3KpaHUPOBAHHOM M HEAKPAHUPOBAHHOM HUCIIOJIHEHUU;

- OJIHOMOJIOBBIX M1 MHOTOMOJIOBBIX ONITUYECKUX Kabemeil.

DnexTpuueckue Kadenu MCIONb3YIOTCSI B OCHOBHOM [UIsS CO3JIaHHsI TOPU30HTAIBHON pa3Boaku. 11o
HUM TepeaaroTcsl Kak Tesle(OHHbIE CUTHAIbl M HU3KOCKOPOCTHBIE JaHHbIE, TAK U JAHHBIE BBICOKO-
CKOPOCTHBIX NMPUIIOKEHHUH. B moacucreMe BHyTpEHHUX MarucTpasiei 3JeKTpUuecKrue U ONTUYECKUE
Ka0enu MPUMEHSIOTCS OIMHAKOBO YacTo, MPUYEM dJIEKTpUUECKHUEe KaOenu mpeaHa3HaueHbI IS Te-
penauu riiaBHBIM 00pa3oM Tene(OHHBIX CHUTHAJIOB M JAHHBIX C TaKTOBBIMH YacTtoTamu 10 M,
TOT/Ia KaK ONTHYECKHE Kabean 00ecieynBaroT nepeaady JaHHBIX BRICOKOYACTOTHBIX MPHIIOKEHHH.
Ha BHenHux maructpansix onTudeckre Kabean UrparoT JOMUHUPYIOIIYIO POJIb.

Jlig mepexojia ¢ 3JEeKTPUUECKOro Kabelns Ha ONTHYECKU B Mpoliecce Mepeaaun TaHHBIX CO
ckopocThio 10MOUT/C U BbIlIE B TEXHUYECKHUX MOMEIICHUAX YCTaHABIUBAETCS COOTBETCTBYIOIIEE
ceTeBoe o0opyaoBaHue (MIpeodpa3oBaTeNy Cpelbl WM TPAHCHUBEPHI), KOTOPOE OOBIYHO OOCITYKH-
BalOT TPYIIIOBOE YCTPOWCTBO (KOHLIEHTPATOp CHCTEMBI IEpeladd JAHHBIX, BHIHOCHONH MOYJb
ATC, xoHTpOJUIEp WHXXEHEPHOW CHCTEMBI 37aHUs W TA.) [IpsMoe HCIOIb30BaHHE BOJIOKOHHO-
ONTUYECKOTO Kabemns s mepenayd TeaeOHHBIX CUTHAJIOB M HU3KOCKOPOCTHBIX JaHHBIX Ha CO-
BPEMEHHOM 3Tare pa3BUTHsI TEXHUKH SIBJIIETCS] 3KOHOMUYECKH HELEIeCO00pa3HbIM U PUMEHSIETCS
B T€X CHUTYalUsX, KOTJIa APYTUE PEIICHUS] HEBO3MOKHBI WM K€ BBIABUTAIOTCS 0COOBIe TpeOOBaHMUS
B OTHOLIEHUM 3amuThl uHbopManuu. [losromy mist ymyumenus 3QpQexKTUBHOCTH CETH B LIETIOM
mpolecc NpeoOpa3oBaHusi HU3KOCKOPOCTHOTO AJIEKTPUYECKOTO CUTHAja B ONTUYECKHI 0OBIYHO CO-

BMCIHIAKOT C MYJIbTUIIJICKCUPOBAHUCM.

6.3. Ilonarue KJ1accoB U KaTCFOpI/Iﬁ " UX CBA3b C AJIMHaAMU KaOeJIbHBIX Tpacc

HetictBytomas penakmus crangapta ISO/IEC 11801 moapazaensier Bce BUIBI TPHIOKCHHUH,
KOTOpBIE MOTYT OOMEHHMBATHCS JAHHBIMU O BUTHIM MapaM Ha 4 knacca-A, B, C, /1. lnsa npunoxe-
HHUM Ka)XI0TO KJIacca OMPEAEIISIETCS COOTBETCTBYIOIINM KIACC JIUHUN CBSI3M, KOTOPBIM 3aJaeT Ipe-
JICJTBHBIC JICKTPUICCKUE XAPAKTCPUCTUKHU JIMHUH, HEOOXOJUMBIC JIJIT HOPMAITLHOW PabOTHI MPHIIO-

JKeHuH, Taoi. 6.2
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Tabm. 6.2.

Kacc nuann

Onpenenenus U NpUIOKEHUS

Teﬂeq)OHHbIe KaHaJIbl 1 HU3KOYaCTOTHBIM 0OMEH JaHHBIMHW MaKCHUMaJIbHas 4ac-

A Torta curnaia-100 k'
B [TpunoxxkeHus co cpemHeill CKOpocThio 0OMeHa. MakcuMamnbHasi 4acToTa CHTHA-
na-1 MI'T]
c [TpunokeHus ¢ BBICOKOM CKOPOCThIO 0OMeHa. MakcuMmalnbHas 4acToTa CUTHala-
16 MI'L]
[Ipunoxxenus ¢ oueHb BBICOKOW CKOpPOCThIO OOMeHa. MakcumaibHasi 4yacToTa
a curgaina-100 MI'nt
5 [IpunoskeHus, UCHONB3YIOIINE B KAUeCTBE CpeAbl nepeaadu curHana. Onrude-
OIITHYECKUI

ckuii kabenp yactorel 10 MI'11 1 BhILIIE.

Crannmapter ISO/IEC 11801 B momonHeHUH K KabensM CHeru@UIMPYIOT MO0 KaTETOPUSIM Pa3beMBbI.

Karer OpHU ONIPCACIIAIOTCA MaKCHUMaJIbHON 4acTOTOM CUTHaJla, Ha KOTOPYIO paCcCYUTaHbl COOTBCTCT-

BYIOIIIKE pa3beMbl U Kabenu, Tadi. 6.3.

Tabn. 6.3.

Kareropun xabenst | MakcumanibHasi 4actota | THIOBBIE IPUIIOKEHUS

U pa3bema CUTHaJa

Kareropus 3 1o 16 MI'n Jlokansueie cetu Token Ring u Ethernet 10 Base-
T, TronocoBbIie KaHAIBI U IPYTHUE HU3KOYACTOTHBIC
MIPUITOKEHUS.

Kareropus 4 1o 20 MI' Jlokanbueie cetn Token Ring u Ethernet 10 Base-
T.

Kareropus 5 10 100 MI'g JlokasibHBIE CETH CO CKOPOCTBIO NEpeJauyd AaH-
HeIX 10 100 MOuT/cex

Kareropus Se 1o 100 MI'y JIokasibHBIE CETH CO CKOPOCTBIO NEpeayu JaH-
HbIX 10 1000 Mout/cex

Kareropus 6 1o 250 MI'n JlokasibHBIE CETH CO CKOPOCTBIO TEpeayu JaH-
HbeIX 10 1000 MoOuTt/cek

Kareropus 7 Jo 600 MI'n JIokasibHBIE CETH CO CKOPOCTBIO NEpeayu JaH-
HeIX 10 1000 Mout/cex

Jliist HOCTPOCHHS TPAKTOB KAaTErOpuu 6 HCHOJB3YIOTCA KaOelu BCceX TUIOB (IKPaHUPOBAH-

Hbl€ M HEIKpAaHUPOBaHHBIE). B KauecTBe cOeNMHUTENS NMPUMEHSIOTCS, B OCHOBHOM, MOJIYJIbHBIN
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pas3bEM. JInaun KaTeropmuu 7 MOTYT OBITE pcaIn30BaHbI TOJIBKO Ha KabeJe ¢ 9KpaHUPOBAHHBIMHU IIa-

pamu.
JIuanm snextpudeckoit cszu CKC momkHbI ObITH cOOpaHbl U3 Kaleneld M JAPYrux KOMIIO-
HEHTOB C XapaKTepUCTUKAMH HE XYK€ TOW KaTeropuu, Ha KOTOPYIO OHU paccuuTaHbl. JIMHMS CBS3H,

c06paHHa;1 N3 KOMIIOHCHTOB OHpCI[CJIGHHOﬁ KaTeropuu, nmoagacpxKkuBacT pa60Ty BCECX HpI/IJ'IO)KeHI/Iﬁ

CBOEro U 00JI€€ HU3KUX KJIACCOB.

Crannapter ISO/IEC 11801 ycranaBnMBarOT OrpaHHYEHUs] HA MaKCUMAJIbHBIC JITHHBI Ka0e-

JIeW U COEIMHUTEIIbHBIX IIHYPOB TOPU30HTAILHON U MAarUCTPAJIbHBIX MOJCUCTEM, pHC. 6.3.

CereBoe 000pya0BaHue
I | |
np

N (e —(e ) -
Max WMax w Max A

L ]

1500Mm 500m 90Mm
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[ I
KBM K3

B

T'opuzonTanbHbIH Kadeab

-

K9

BHEILIHSS BHYTPCHHSIS
MarucTpaib MarucTpab
Puc. 6.3

MakcuManbHas JAJMHa KOMMYTAIMOHHOTO IIHYpa, MPUMEHSIEMOI0 B KPOCCOBBIX MarucTpalbHbIX
noacucteM (K3 u KBM) cornacuo cranaapty ISO/IEC 11801 paBna 20m. J{nmiHa OKOHEYHBIX IIHY-

POB, IpCAHA3HAUCHHBIX IJId MOAKIOYCHUA CCTCBOI'O O60pyI[OBaHI/I}I B 3TUX TCXHHUYCCKUX ITOMCIIC-

HUSIX, HE JOJDKHA MpeBbiaTh 30M.

6.4. Onexrpuueckne koMrnoHeHTs CKC

Kabenu Ha ocHoBe BUTBHIX map. M3 Bcex snexkrpuueckux kommnoHeHT CKC paccmoTpum

TOJILKO KaOeu.

Kabenu Ha 0CHOBE BUTBIX nap coacpikart O4HY HJIM HECKOJIbKO CKPYYCHHBIX C PA3JIMYHBIMU
IraraMmv MEAHLBIX IMTPOBOJOB U ITO KJIaCCI/I(bI/IKaLII/II/I OTHOCATCA K CUMMCTPUYHLIM. KpOMe BUTBIX I1ap

OH MOJKET UMETh JIOMOJIHUTEIBHBIC 3JIEMEHTHI: 3allIUTHBIC, SKPAHUPYIOIINE U T.lI., KOTOpbIe o0pa-
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3yI0T cepaeyHuK. Kakaplii mpoBoj cHaOXeH M30JALIUeH W3 CIUIONIHOTO WIIM CIIEHEHHOTO JUAJICK-
Tpuka. Ha cepieuHrK HakIaJbIBaeTCs 3alUTHAs 000JI0YKa B BHJIE IIJTaHTa. B 3aBHCUMOCTH OT OC-
HOBHOH 00JIaCTH NMPUMEHEHHSI U COOTBETCTBEHHO KOHCTpYKIMU KabenpHbIe m3nenus maiusi CKC nHa
OCHOBE BHTHIX ITap MOAPA3/AEIAIOTCS HA YSThIPE BUA:

- TOPU3OHTAIILHBII Ka0eb;

- MHOTOTIapHBIH Kalelb;

- Kabemb IS HYPOB;

- IPOBOJ IS TIEPEMBIYEK.

I"opuzoHTaIbHBIN Kabeab. DTOT Kadenn NpeaAHa3Ha4YCH JIA UCIIOJIb30BAHUA B T'OPHU30HTAJIb-

HOM MOJICKUCTEME Ha YYaCTKE OT KOMMYTAIIHOHHOTO 00OPYIOBaHMS B KPOCCOBOM dTaxka 10 uH(pOp-
MAaIMOHHBIX po3eTKax pabdounx mect. Hambonee pacmpocTpaHeHHass KOHCTPYKIUSI KaOenst uMeer
YEThIPE BUTHIX Mapbl ¢ BOJHOBBIM comnpoTuiieHrneM 100 Owm. [JomyckaeTcss IpUMEHEHUE U JIBYX-
MapHON KOHCTPYKUMU. BhIyckaroTcs Takue crapeHHble (CIBOCHHbIE) 4-MapHble KaOenu, Uil CTpo-

eHHbIe 4-X napHsble, puc. 6.4.

TOHKas nepembliyka

Puc. 6.4
JI1st U3roTOBIEHUSI TPOBOSLIUX KUJI UCTIONB3YETCS 3IEKTPOTEXHUYECKast Meb. JKuibl mpeacTas-
JISIFOT U3 ce0si MOHOJUTHYIO ITPOBOJIOKY.

B ropuzoHTanbHBIX KaOeNmsx pa3auvaroT JBa BHAA CKPYTKH: MApHYK WM YETBEPOUYHYIO.
UerBepouHasi CKPYTKa MO3BOJISET JOOUTHCS JIYUIIUX SIEKTPUUECKUX XapaKTEPUCTHK, HO OHA Hau-
0oJiee coKHA MPU U3TOTOBJICHUU.

Jlyis  yMEHbIIIEHUS B3aMMHOTO BIIMSIHUS TIAp OPYT Ha Apyra B KaOelsx ¢ MapHOW CKPYTKOH

HCIOJIB3YIOT Pa3IMYHBIC U HCKPATHBIC IIaru CKPyTKH.
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B kalensx ¢ ueTBepOYHOU CKPYTKOM Mapbl YETBEPKH MPUIIETalOT APYT K APYTY CYIIECTBEH-
HO IUIOTHEE, OJTHAKO OHM AJIEKTPUYECKHU Pa3Bs3aHbl APYr OT APYyTa 3a CYET TOrO, YTO UX IJIOCKOCTH
B JII00OM MECTE OPUEHTUPOBAHBI MEPIICHIUKYJIISIPHO JIPYT APYTY.

B kayecTBe MarepuanoB U30JALMH MPOBOAHUKOB HCIIOJIB3YETCS MOJUBUHWIXIOPU, MMOIHU-
STWJIEH U NOJUnponuieH. [IpumMeHstoTcs Kak CIUIONIHbIE TaK U BCTIEHEHHBIE MATEPUaJIbl.

JJiss M3roToBJICHHS BHEUTHEH 000JI0YKM HA PSAAY C OOBIYHBIMU MOJTHBUHIIXIIOPUIOM YacTO
MPUMEHSETCSl MaTepuaj TUIAa KOMHAayAa, KOTOPBIM HE COAECP/KUT TaJIOT€HOB, HE MOIJIEPKUBAET IO-
penus. Ha BHemIHIO10 000JI04KY HaHOCSITCSI MApKUPYIOIINE HAIUCH, TJe YKa3bIBaeTcs TUIl Kabers,
JUaMeTp U THUI TPOBOAHHUKOB, XapaKTEPUCTUKU 0007I04eK, (prupMa-npor3BOAUTENb U T. 1.

I'opuzoHTanbHBIC KaOETH U3 BUTHIX Map MOAPA3ACIAIOTCS Ha SKPAHUPOBAHHBIE U HEOKPAHU-
poBannble. Cped SKPAaHUPOBAHHBIX PA3ACIAIOT Kabeau ¢ OOMIMM BHEIIHUM JKPAaHOM, C SKPaHOM
JUTSL KQKJIOM Mapel, U ¢ OJHOBPEMEHHBIM YKPAaHUPOBAHUEM OTAEJIBHBIX AP U CEPACYHUKA B LIEJIOM.
OKpaHUpPOBAaHWE NPUMEHSIOT B IEPBYI0 OYEpEb Uil IMOBBIIICHUS NEPEXOJHBIX 3aTyXaHWW Ha
ONMKHEM U JalbHEM KOHIIAX, CHHYKEHHUE YPOBHSI JIEKTPOMATHUTHOTO M3ITYYCHHSI U B IIENIAX MOBBI-
LIEHHS TOMEXO03AIUILIEHHOCTH.

Haubonbiiee pacnpocTpaHeHue sl SKPaHUPOBAHUS OTACIBHBIX IMap MOJYyYUIIA METAILTH-
LIUPOBAaHHbIE AJFOMUHUEM TOHKHE IOJIMMEPHBIC IUIEHKHA. BHEIIHNE 3KpaHbl, OKpy’Karollue cep-
JI€YHUK M3TOTaBIUBAKOTCS U3 TaKOW )K€ TUICHKU WUJIM BBINIOJIHSIIOTCSA B BUJIE€ OIJIETKH M3 OLIMHKOBAH-
HOW MEIHOW MPOBOJIOKH.

OCHOBHOMHU 3JIEKTPUUECKUMU TMapaMeTpaMy TOPU30HTAIBLHOTO Kalesi, KOTOphIe MPeICTaB-
JISIOT MPAKTUYECKUN MHTEPEC U HOPMUPYIOTCS AEUCTBYIOIIMMU PEIAKIUSAMU CTaHIAPTOB SBIISIIOT-
col:

- 3aTyXaHHE;
- IEPEXOIHOE 3aTyXaHUE;
-BOJIHOBOE CONPOTHUBIICHUE;

-COIIPOTUBJICHHUE ITOCTOSHHOMY TOKY;
%
- NVP (oTHOCUTENBHAsA CKOPOCTh PACIPOCTPAHEHUS CUTHAJIOB Gk C —CKOPOCTb CBETa)

BonbmHCTBO TOPU3OHTANIBHBIX Kabenei obnanaer 3aryxanuem Ha 100m ot 2,0 1o 2.6. nb Ha yac-
tore 1MI'l1. IlepexogHoe 3aTyxaHHE COOTBETCTBEHHO COCTAaBJSAET BelnuuuHy 75+150 OM Ha yacro-
Te IMI'.

MakcruManabHOE CONPOTUBIIEHUE IOCTOSHHOMY TOKY napsl jummHoi 100 m. npu t=20"C ue
npessimaet 19,2 Om.

AccumeTpus NPOBOAHUKOB HE MPEBBIIAET 3% OT CONPOTUBIICHHUS MAPHI.

MHoromnapHslii kabenb. MHoromapHbIi Kadeiab mpeaHa3HadeH I UCIIOIb30BaHUS B OCHOBHOM B

MaructpanbHbix nojacucremax CKC ams cBsi3u Mexay coOoi MoMeNIeHni KPOCCOBBIX. DTH Kabenu
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COJIepIKaT, KaK MpaBuio, OoJiee YEThIpeX Map, U Y HUX OTCYTCTBYIOT B CTPYKType KabeabHOro cep-
JICYHUKA KAaKUX-THO0 00OJIOUKH ISl OTACTBHBIX Tap WIH YETBEPOK.

B cimyuae eMkocTH cBbIlIE 25 map B CepACYHMKE OHM pa30MBAIOTCS HAa Iy4YKH MO 25map B
KaxxzioM. [IpoBoia 0JTHOTO My4yKa CKPEIUISIIOTCS MOJUITUICHOBBIMU JICHTaMU. JlJ11 yBelIMueHus me-
XaHUYECKON MPOYHOCTH MOKET MPUMEHATHCS LIEHTPAJIbHBIN CTEKJIOIUIACTUKOBBIM npyToK. CHapy-
KU CEePJICYHMK 3aIIMIACTCs 00Mel quiieKTpudaeckord 000m0ukoi. C 1EeNbl0 CHUKEHUS 3aTyXaHUS
MMPOBOTHUKYU M3TOTABIIMBAIOTCS M3 MOHOJMTHOW MeAHOM mpoBojoku. KonmnyecTBo map B kabemsix
MOXeT ObITh OT 25 mo 1800. KaGenu pa3gensrorcst il BHEIIHEW W BHYTPEHHEW mpokiaiaku. s
WCKITIOYEHUS MONaJaHus BIaru kabeau BHEIIHEH MPOKIaJAKH UMEIOT TOTIOTHUTEIbHOE MTOKPHITHE.

DNeKTpUUECKre XapaKTEPUCTUKU JAHHBIX KaOenel B 1[eJIOM OJMHAKOBHI C XapaKTePUCTHKA-
MU TOPU30HTAIBHBIX KaOeme.

Kabenp mns muypoB. Kabens mis mHypoB Wiv TMOKMNA KaOenb MpeaHa3HayeH ISl U3ro-

TOBJICHUS M3 HETO KOMMYTAI[OHHBIX ¥ OKOHEYHBIX IIHYPOB. OH COIEPKUT B OOJIBIIMHCTBE CITyda-
€B YETHIPE BUTHIC MaPHI.

DJNEeKTPUUECKUE XapaKTEPUCTUKH JAJS HIHYPOB UM TOPH3OHTAJIBHOIO KabOemnst MpaKTHYeCKU
COBIAJIAET, 3a UCKIIOYEHUEM 3aTyXaHus, TaK JIs IEPBOr0 U3 HUX OHO SBJSETCS npuMepHo Ha 20%
BBIIIE W3-32 KOHCTPYKIMU TOKOBEIYIIHX KM — TOKOBEAYIIUE JKIIIBI y ITHYPOB — MHOTOIIPOBOJIOY-
HBIE, COCTOSIIINE U3 CEMU TOHKHX MEPEBUTHIX MEIHBIX IPOBOJIOK.

IIpoBon s nepembryek. IIpoBoj ans mepeMbldek WM KPOCCUPOBOYHBIN MPOBOJ B 0OJIb-

IIMHCTBE CIIy4YaeB MPEACTABISIET COOOM OJHY HEIKPAHMPOBAHHYIO BUTYIO Mapy kKareropuu 3 0e3
BHEIIIHEH 3aluTHON 000710ukH. [IpOBOTHUKH U3rOTaBIMBAIOTCS W3 MOHOJUTHON MEIHOM MPOBOJIO-
ku nuametpom 0,51mMm. ¢ uzomnsaueit u3 nonuBuHUIXIopuaa. [IpoBoaga nepeMbIuek UMEIOT pa3ind-
HYIO OKpacKy.

Hap;my C OI[HOHapHI)IM KpOCCI/IpOBO‘IHI)IM HpOBOI[OM CYHICCTBYIOT TAKXEC BapI/IaHTI)II ABYX-

MApHBINA, TPEXTAPHBIN U YETHIPEXITAPHBIN.

6.5. [lepenaya 3nEKTPUUECKUX CUTHAJIOB IO BUTHIM Mapam

CymectByeT nBa crnoco0a rnepeaayn CUTHAJIOB M0 BUTBHIM MapaM: HecOadaHCHUpOBaHHAs Ie-
penaya (HecUMMETpPHUYHBIE IenH) U OanaHcHas nepenada (cumMerpuunslie nenu). Bee Bumasr JIBC
HCIOJNIB3YIOT OAJIaHCHYIO Tepeaady CUTHAIOB TI0 BUTHIM ITapaM.

[Ipu HecOanaHCUpOBaHHOU TEpeaye MCIONIb3YETCS HECUMMETPHUYHAS II€Nb, TO €CTh OAUH
13 MPOBOJAHUKOB 3a3€MJISIETCS ¢ OJTHOM WJIM C JBYX CTOPOH, pHUC. 6.5. Takue LleNH OYEHb YyBCTBU-

TEJbHBI K DJIEKTPOMAarHUTHBIM TTomexam (OMU).
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AMA

"‘C\ \\ NC+WH

nepegartymk _— NnPpUeMHUK

1

Puc. 6.5
JIOCTOMHCTBOM HECHMMETPHYHBIX IETIEH SBIISIETCS TO, YTO Ui mepenayn N CHTHAIOB Tpe-
oyercst Toabko N+1 mpoBoaunkoB (N CHTHAJIBHBIX U OAWH 00IIKi). HecuMMeTpruHbIC 1IENH MPH-
MEHSIOT JUIS NIepejaui HU3KOYaCTOTHBIX CUTHAJIOB Ha KOPOTKHE PACCTOSIHUSI.
CxeMa CHMMETPUYHOM IIeTH, B KOTOPOM MCIOJIBb3YEeTCs OaJaHCHBIA MPUHIIKI ITEPEIadn 1Mo-

Ka3aH Ha puc. 6.6

+0,5/c +0,5/c+UH
nepenaTyuk E D@G E NnpUeMHUK
-0,5Uc -0,5/c+UH
Puc. 6.6

3necy UC- nanpspoxkenue curnana, MH — nanpsikenne HaBoaku. CHMMETPUYHBIE LIEMH TO3BOJISIOT
nepenaTh 3HAYUTENbHO 00Jiee IMHUPOKOIMOIOCHBIE CUTHAIIBI 110 CPABHEHHUIO C HECCUMETPUYHBIMHU I1e-
IIIMU ¥ TIOATOMY IIHMpoKo ucnoias3ytorcs B CKC.

OcHOBHBIE HEAOCTATKHM CUMMETPUYHBIX IIENIEH — BO-TIEPBBIX, HEOOXOIUMOCTh UCIOJIb30Ba-
HUS 1)1 iprieMa B niepenadd N curHasioB 2 XN MpOBOAHUKOB M, BO-BTOPBIX HEBO3MOXXHOCThH Tepe-

JIauu TIOCTOSIHHOM COCTaBJISIOIICH CUTHAA.

6.6. [lepBuuHbIE 3JIEKTPUUECKHE ITapaMETPhl BUTOH MapHl.

Burtas napa sBJISICTCA TUNUYHOM HENbIO C pacnpeaACIICHHBIMHA I1apaMETpaMu. E¢ »xBuBa-

JIEHTHAas cxema Ha puc. 6.7
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dx

Puc. 6.7

DJeKTpUYecKrue CBOWCTBA BUTOW Mapbl, Kak W Jr000# Apyroil HampasstoOlEedl CUCTEMBI 3JEKTpO-
MarHUTHBIX KOJIEOAHUH, MOTHOCTHIO XapaKTEPU3YyeTCs ee MEePBUYHBIMU MapaMeTpaMu: OMUYECKUM
conpoTtuBieHueM R, HHIyKTUBHOCTBIO L, emkocThio C 1 mpoBoAMMOCTbHIO H30suuu G.

R u G o0ycnaBiuBaroT NOTEpU YHEPTUU COOTBETCTBEHHO B MPOBOJE, SKPaHE U H3OJIALUU.

[TapameTpsr C u L onpenensitoT peakTUBHOCTh BUTOM Mapbl M CJIEAOBATEIBHO €€ YaCTOTHBIE CBOIi-

CTBA.
.. . . 279¢ Hb
EMKOCTL. BCJII/I‘-II/IHa C€MKOCTHU UACAJIbHOU BUTOU HapBI COCTAaBJIAICT C = ﬁ y T

M
Ln—
d

£ - OTHOCUTEJIbHAS TUAJICKTPUYCCKAsl MPOHUIIAEMOCTh MaTepralia U30JSIun, D-paccTosTHIE MEKITY
MpBOAaMH Hapel, d- TUaMETp MPOBOAHUKA.

ITo cranmapty TIA/EIA — 568-A nnsa xaGeneit kareropuu 3 Ha anuHe 100M. eMKOCTH He
JI0JDKHA TIPeBbILATh 6,6H], a s kabeneil kareropuu 4-5,6H}. IIpumeHeHne sKpaHa yBeIUIHBaET
eMKOCTb npumMepHo Ha 30%.

AKTHBHOE CONPOTHUBJICHUE. AKTHBHOE COIMPOTUBIICHUC 3aBUCUT OT MaTcpualia, €ro AJIHNHBI,

CeueHUsl, TEMIIepaTypbl YaCTOTHI U T.JI.
Cormacro TpeGoBannsm cranmapra TIA/EIA — 568-A npu t =20 CcOnmpOTHBIICHHE MOCTO-
STHHOMY TOKY JIF0OOro MpOBOAHMKA BUTOHM mapsl JiuHONM 100M He momkHO mpesblmath 9,38 Owm.
Jlisl KOMITEHCAllMU BJIMSHUS TOBEPXHOCTHOTO 3¢ (eKTa Ha CONPOTUBICHUE AUAMETP MPOBOAHUKOB
JUIS pa3HbIX YacTOT BBIOUPAIOT pa3HbIM. Tak, HampuUMep, TUIIOBBIM 1UAaMETPOM MPOBOIHUKOB KaTe-
ropun 5, pabotaromux Ha gacrtorax A0 100 MI'n sBnsiercs aumamerp 0,51 + 0,52mm, Torna Kak y
600-merarepueBbIX kKabeneil tuaMeTp MPOBOJAHMKA YBETMUNUBACTCS TPUMEPHO 110 0,6MM.

NHIYKTUBHOCTS. I/IHIIYKTI/IBHOCTB BUTOM apel COCTOUT U3 psiga COCTABIIAOIINX

L=L +L,+L, 1"
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rae L;- BHeWIHSIE WHAYKTHBHOCTH, KOTOpasl OMpelessieTcsl TeOMEeTpueil MpoBojia, MarHUTHBIMH
CBOMCTBaAMM MaTepuajla IPOBOAHMKA. L, — BHYTpPEHHSsI MHIYKTUBHOCTb. OJTa COCTaBIISAIOLIAs
YMCHBIIIAETCS C YBEJIMYECHUEM YacTOTHl. L3 — HHAYKTHBHOCTh OOOJIOYKH (€CJIM Mapa KpaHHpOBa-
Ha). JTa COCTaBJIAIONIAs MUMEET 3aMETHYI0 YaCTOTHYIO 3aBUCHMOCTh. Pesymbrupyromas L umeer
TEHJCHIIUIO YMEHBIICHHUS C YaCTOTOM.

ITpoBOAMMOCTD M30JALKU. JTOT NAapaMETP SBISIETCA MEPOH KauecTBa MaTepualla u Iporiec-

COB U3IrOTOBJICHUA U30JIAIUOHHBIX ITOKPOBOB OTACJIBbHBIX ITPOBOJHUKOB. PG3YJ'II>TPIPYIOIII3H IIpOBO-

JUMOCTBH U30JIAIHUH BUTOM mapbsl MOKHO IMPEACTABUTDh B BUAC IBYX COCTABJIAIOIINX:

G=G,+G, o

rac GO - YUUTBIBACT YTCUKU TOKA U3-3a HCCOBCPUICHCTBA JUDJICKTPHKA, Gf - 3aTpaThbl DHCPIrUn HA

MOJISIPU3ALIUIO UAIEKTPHKA.
6.7. Bropuunsle napameTpsl kadenei u3 BUTHIX Map

BonnoBoe conpotusiieHue. Iloa BoJIHOBEIM COIIPOTUBJICHUEM WJIN UMIICAAHCOM BUTOM Ma-

PBI IOHMMAIOT COIPOTUBIIEHUE BOJTHOBOMY Ipolieccy B TMHUHU. OHO OIpenesseTcs Kak

R +iwL
Zy=4—7—=,0m
G +1a0C
rae Z B - YHMCJICHHO PaBHO BXOJHOMY COIPOTHBIICHHIO PAa30MKHYTOW BUTOM Mapbl OECKOHEYHOU

JUINHBI.

B cooTBeTcTBUM C NEHCTBYIOIIMMHU peakUsIMUA CTaHJAPTOB Ha YacToTax cBeime 1MI'I u
710 BEepXHEW IPaHUYHOM 4acTOThI KOHKPETHOTO Kabesst ¢ BOJIHOBBIM conpotuBieHneM 100 OM oHO
HE JTOJDKHO OTJIMYATHCS OT HOMHUHAJILHOTO 3HaYeHUs Ooiiee yeM Ha +15%

3aryxanue. B kabenpbHOM TEXHUKE Pa3IMYarOT COOCTBEHHOE M pabouee 3aTyXxaHue KaOeus.
ITon coOCTBEHHBIM 3aTyXaHHUEM KaOessi MOHMMAETCs €ro 3aTyXaHHe NMPH HICAIbHBIX YCIOBHUSX.
OHo ompexensieTcs NMpPH YCIOBUU WACATHHOTO COTJIACOBAHUS KAaK peajbHas 4yacTh KOd(p(UIMEeHTa

pacrpocTpaHeHUs

7 =+/(R+ioL)(G +iaC) .

B mporiecce peanpHOM SKCIUTyaTalluu KaOeIe yCIOBHE COTJIACOBAHWS HAPYIIAETCS M ATO

NPUBOJUT K YBCINMYCHHUIO 3aTyXaHUs. Takoe 34TYXaHUC HA3bIBACTCA p8.60‘lI/IM.
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3aryxaHue cBs3aHHOE ¢ minydeHueM. [Ipu A <a, rme a- paccTosHuE MEXIY MPOBOIAMHU,

9TH NOTEPU PE3KO BO3pacTaroT. [l BUTON nmapsl a=2MM, I03TOMY f = pr =151Ty.

3aTyXxaHue ¢ pOCTOM 4YacTOThl pacTeT. JTa 3aBUCUMOCTb JUIs BUTOH Maphl 10 CTaHIAAPTy

TIA/EIA — 568-A Ha mymae 100M. tipu =20 MoxeT GbITh anMnpoOKCUMHUPOBAHA BBIPAKEHUEM

A =k f +hf +h () 1B,

A(f) — MakcUMaNbHO TOMYCTUMOE 3aTyXaHHUE.

f- yactora B MI11,

ki, ko, ks — koaddunmeHTs! 3aBHCSIIME OT KaTeropuu kadens. Tak, Hanpumep, ajst Kabens 5 kate-
ropun umeeM k; = 1,967, k,=0,023, k3=0,050.

IlepexonHoe 3aTyxaHue. Pa3HOCTh MeX1y ypOBHSIMH IEpEJaBa€MOro CUTHaJIa U CO37aBac-

MOl UM NIOMEXM Ha COCeIHEN mape Ha3bIBaeTcs NepexoaHbIM 3aTyxaHueM. B texuuke CKC nepe-
XOJIHOE 3aTtyxaHue Ha OmmkHeM KoHIle o6o3HauaeTcs kak NEXT (Near End Crosstalk), Ha nanpHEM
koHne FEXT (Far End Crosstalk).

Crannapt TIA/EIA — 568-A HOpMHPYET MUHHUMAJIbHOE 3HAYEHHUE MEPEXOHOTO 3aTyXaHUs
Ha OnmmxHeM KoHie kabens npu niuuHe 100M. OHO ompenensieTcs: CAeAyIOIUM anpOKCUMUPYIO-

ITUM BBIpaKEHHEM MJis yacToT 6osee 0,772MI1:

NEXT(f)= NEXT(0,772) -15Ig( ), nb.

0,772

Jnsa kabeneit kareropuu 3.,4,5 Benmnuuna NEXT (0,772) npunumaercs pasHoii 43, 58, 641b.

B 3aBHCHMOCTH OT MPHUIIOKEHUS U METO/Ia UCTIONIB30BaHUS Kabelss HOPMUPOBAHUE BEITUUH-
HBI TIEPEXOJHOTO 3aTyXaHHUs MOXKET OBITh BBITIOJIHEHO MO pa3HOMy. Tak B cilydae MpPHIIOKCHHUI
MMEIOIINX MPUEMHHK U MEePeaTIYMK OJHOBPEMEHHO, ITOMEXa MOXKET BO3pACTaTh U3-32 COOCTBEHHO-
ro MepeaaTInKa.

3alMIIeHHOCTb. ITox 3anuIeHHOCTRIO MOHUMAIOT 3aIMILEHHOCTh OT MEPEXOAHBIX IMOMEX.

Orot mapametp obo3nauaercs kak ACR (Attenuation to Crosstalk Radio). Orotr mapametp ompene-
JSIET BEIMYMHY IPEBBILIEHUSI IOMEXHU MOJIE3HBIM cUrHaioM. OH ompenensieTcs Kak
ACR=NEXT-A({), nb.
Jns mpumepa, cornacHo crangapta TIA/EIA — 568-A ansa xaGeneit xateropuu 3.,4,5 npu

mHe 100 munumansHO gomyctumoe 3HadeHue ACR ects 15, 34, 40 nb. Ilpu yactore 10MI'm.

OTtHocuTENbHAsE CKOPOCTh pacnpocTpanenus curanoB. ([Tapamerp NVP) u 3azeprkka npoxosxkie-
Hus curHasioB (mapametp Delay). [Tapamerp NVP (Nominal Velociti of Propagation) siBnsiercs me-
poii 3aMeNIeHUs] CKOPOCTU PACHpPOCTPAHEHUsI SIEKTPOMArHUTHON BOJIHBI BIIOJIb BUTOW mapel. OH

YHCJICHHO PABEH OTHOIICHUIO (PAKTHUYECKONW CKOPOCTH K CKOPOCTH CBETa B BAaKyyMe U BBIpAXKaeTCs

B %.
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B cranpapre JSO/JEC -11801 mapamerp NVP ompeneneH B 4aCTHOCTH, B CIyyae 4acTOThI
IMTI'y nnst kabeneit 3, 4, 5 kareropueit kak 0,4, 0,6, 0,65

Benmnunna NVP niis BUTON napel 3aBUCHT OT AMAMETPA MPOBOAHUKOB, PACCTOSHMS MEXIY
HUMH, U THMa qudnekTpuka. Jins kadeneit, npumensembix B CKC onpeaensronum sSBiaseTcs MaTe-
pHa U30JALMH.

KoHeuHas cKopocTh pacpoCTpaHEHHS 3JIEKTPOMArHUTHON BOJIHBI II0 BUTOM Mape BbI3bIBAET
TaKXKe 3aJepXKKy MOCTYIJICHUS] CUTHAJIOB HAa MIPUEMHUK IIOCJIE €ro MoJa4u Ha BXOJl JIMHUU. Bemnu-
yyHa 3a/IepKKu (mapametp delay) sSBiIsSeTCS KPUTHYHOMN ISl HEKOTOPBIX MPHIIOKEHUH TTPU BBICOKO-
CKOpocTHOM HH(popMmanmoHHOM oOmeHe. CornacHo crangapty JSO/JEC -11801 nmapametp delay He
JIOJKEH MPEBBIIATH BEIMYUHY

delay =534+36/ .1 , %

rxe f- gvacrora B MI'L.

Pas30poc 3azepxexk OpoxXoKaCHUsT CUTHAJIOB 0 BUTHIM mapam (mapamerp Skew). B kabemsax

COJCpKAIMX HECKOIBKO BUTHIX Iap, KaKaas U3 HUX OYJCT XapaKTepU30BATHCSA MHIUBHUIYaTbHBIM
BpPEMCHAM IMPOXOXKICHHS CUTHAIA OT TMepeaaTdrka K MPUEeMHUKY. MakcuMaibHasi pa3HOCTh 3a/1ep-
KEK MEXJy BCEMHU apamMu 0003HavaeTCst mapaMmeTpom skew:

Skew=max/t;-tj/,

i,j=Ln

r7ie N- KOJMYECTBO Map B TECTUPYyeMOM Kabese (4acTo n=2). ty- MOMEHT MpPUXO0Ja MMITYJIbCOB Ha
I[aJIBHI/Iﬁ KOHCII BUTBIX Hap HpI/I YCJIOBI/II/I OHHOBpeMeHHOﬁ nmogaumn SOHZ[I/IpyIOH_II/IX CUTHAJIOB HaA BCC
Mapsl.

CTpyKTYpHBIC U OOBLIYHEIE BO3BpaTHEIC ITOTEpHU. B PCATBbHBIX JIMHUAX BCEraa NpuCyTCTBYIOT

HEOAHOPOJHOCTH, KOTOPbIE MPUBOAAT K OTPAKEHUSM. B pe3ynbTaTe B IMHUU BO3HHUKAIOT JIBA J10-
MOJIHUTEJNIbHBIX Mapa3sUTHBIX MOTOKA, YXYAIIAIOIIUX COTJACOBAHUE M BBI3BIBAIOIIMX JOTOJHUTEb-
HO€ 3aTyXaHHE U UCKaKeHUE. DTO 0OpaTHbIN MOTOK, COCTOSIIIUN U3 OTPAKEHHBIX BOJIH U MOy THBIN
MOTOK, BO3HHUKAIOIIMKA W3-3a JBOWHOTO IMEpeoTpakeHHs. VIHTEHCHBHOCTh OOpPAaTHOTO OTPaKECHHS
xapakrepusyetcs mapamerpom SRL (Structural Return Lose), koTopblii onpenensercs Kak OTHOIIe-
HUE MOIIHOCTH OCHOBHOTO CHUTHAJa K MOIIHOCTH OOpAaTHOrO MOTOKAa 3HEPruu. DTOT MapaMmeTp
HOPMHUPYETCS Pa3HbIMU CTaHAApTaMHM JUIsl pa3IMYHbIX KaTeropuil kadbeneil. B yactHocTr Ha yacToTte
1-10MI'1 3HaueHre BO3BpATHBIX MOTEPH JJIs KaOesei ¢ BOJHOBBIM conpoTuBiieHreM 100, 120 Owm,
Kareropuii 3, 4, 5 coctaBisieT COOTBETCTBEHHO BennuuHsbl 12, 21, 23 nb.

COHDOTI/IBJICHI/IC CBA3H. COHpOTI/IBJIeHI/IC CBA3HU ABJIACTCA Mep0171 Kady€CTBa HUCIIOJIHCHUSA DOK-

paHa 3KpaHUPOBAHHOTO KaOelss. DTOT MmapaMmeTp OIpeaesseTcs] Kak OTHOIIeHHWe HampspkeHus U,

HaBEJICHHOT'O TOKOM [; B 3KpaHe, HOpPMHUPOBAHHOTO K €IUHUIIC JUTMHBI KaOems
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Ota BenuunHa HopMupyetcs. Tak, Hanpumep, Ha yactote 10MI'11 0ObIYHBIC TIIEHOYHBIE K-
paHbl UIMEIOT BEJIMUMHY 3TOro nmapaMerpa npumepHo 30 MOM/M Toraa Kak Juis KOMOMHUPOBAHHBIX
skpaHoB Ry <25MOm/m.

3aryxaHue HecUMMeTpuu. PeanpHast BUTas mapa Bcerga o6iagaer Ooblield Wiu MeHbIIei

HECUMMETPHUEN OTAEIBHBIX CBOUX MPOBOJHHUKOB OTHOCUTEIBHO 3€MJIM M PA3JIMYHBIM AKTHBHBIM
CONPOTUBJIEHUEM. DTO COMPOBOKIAETCS HEMOJIHOW KOMIIEHCAIIUENW U TPUBOJUT K BO3HUKHOBEHHIO
W3JIy4eHUS! U K HOBEACHUIO 3JIEKTPUUYECKOIO0 TOKA B BUTOMW IMape MoJ JACHCTBUEM BHEIIHETO AJIEK-
TPOMAarHUTHOro noJisi. MHTerpanbHON KOJIMYECTBEHHOW MEpPOM BEIMYUHBI HECUMMETPHUH SIBJISIETCS
3HAYCHHE 3aTyXaHUSI HECUMMETPHUH. DTa BEJIMUUHA ONPEAeIsaeTcs Ha OMMKHEM U TaJlbHEM KOHIIE.

Ha 6nmxHeM KoHIle mapaMeTp 3aTyXaHHsl HECHMMETPUH 0003HaYaeTcst Kak

U
LCL=20lg |———, nb.
s U

37 Y4

I'ne Uy, Ui, Us mokazansl Ha puc. 6.8.

— | I

Us | Us

— 1 1 -
e e o S

Puc. 6.8

AHaNOruYHO IS JAJIbHETO KOHIA

LCTL=20Ig _YU , 1b.

5 6
B cooterctBum co cranmaprom JSO/JEC -11801 Bemmuuns! 3atyxanuii Hecummerpun LCL
u LCTL na vyactore IMI'n nns xmaccos nuauu A, B, C, [ cocrasnsrot 30, 20, 30, 40 nb.

Jononnurensuele notepu. (JLD Insertion Loss Deviation). JlaHHast XapakTepucTUKa MpH-

MCHACTCA UIA OIMMCAHUA HE OTACIIBHBIX KOMIIOHCHTOB, a CMOHTUPOBAHHBIX JIMHUH pa3JIndIHbIX BU-
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noB. [IpuyrHON BOZHUKHOBEHUS JAHHBIX MOTEPh sABIsAETCS AP(HEKT T0CTATOUHO CHUIIBHON BapHalllu
BOJIHOBOI'O COHpOTI/IBJIeHI/IH OTACIBHBIX KOMIIOHCHTOB, ITOCJIICAOBATCIBHOC COCIUMHCHHC KOTOpLIX
oOpasyeTr kaOenbHBIN TPAKT HA OCHOBE BUTOW mapbl. J[aHHBIE MMOTEPH HEBEIMKU U COCTABJISIOT HA
Pa3HBIX YAaCTOTaX W Pa3JIMYHbIX JUHUAX OT 1 110 2 nb.

IIIyM OT BHEIIHMX MCTOYHHMKOB 3JCKTPOMArHUTHOTO M3Ay4YeHMs. V3-3a HeuaeaabHOCTH Oa-

JTAHCUPOBKHU B BHUTHIX Mapax MOTYT BO3ZHUKHYTh HAaBOJKH OT BHEIIHHMX 3JEKTPOMATHUTHBIX MOJIEH.
TakuMu MOJIIMH MOTYT OBITh M3JTYUCHHSI DJICKTPOJIBUTATEIICH, CHIIOBBIX Kabemel, ctapTepoB ¢uryo-
PECLIEHTHBIX JaMIl, COTOBbIE paanoTese(oHbl, IepeJaTINKU PaJAUOBEIIAHHS U TEJIEBUICHUS U T.1.
B nenom BuUTHIE mapbl YCTOMYUBBI K TaKuM (akTopaM U MOSTOMY CIELUATbHBIX HOPMATHBOB Ha

JAHHBIC BIIMAHUA HC IIPCAYCMATPUBACTCA.
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A

KouTposbHbIe BONPOCHI K ri1aBe Ne6:
CaoiictBa cTpykTypHOii kabenbHoi cucteMsl (CKC). TpeboBanus k ctpykrype CKC.
Crpykrypa u tononorusi CKC.
Kraccel muHUM CBSI3M B IPUIIOKEHUSX, KATETOPUH KaOelei U pa3beMOB B IPHIIOKCHUSX.
Onexrpuueckrue komnoHeHTsl CKC.

Hepez[aqa CHUTHAJIOB 11O BUTBIM IIapaM.
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I'maBa VII
OCHOBBI IPOEKTUPOBAHUS
BOJIC [8]
[Tox BOJIOKOHHO-ONTUYECKON JTMHUEN CBA3M IOHUMAETCS] COBOKYITHOCTD
(bu3MUYecKUX 1ene, JMHEHHBIX TPAKTOB OJHOTHUITHBIX WM Pa3HOTHUITHBIX CHUCTEM IMepeaayd,
uMmeroux obume cpeny pacnpoctpanenus (OK), nuHelHbIE COOPYKEHUS B yCTPOMCTBA UX TEXHU-
YECKOr0 00CITyKMBaHHUSL.
JIOKyMEHTOM, Ha OCHOBE KOTOPOTO BEIyTCsl MPOEKTHBIE pabOTHhI, SBISETCS TEXHUYECKOE 3a-

nanue (T3) Ha mpoeKTHUpOBaHUS, pa3pabaTbIBaEMble 3aKa3YHKOM.

7.1. ConeprkaHue TEXHUYECKOTO 3a/IaHUS

Conepxanne T3 Bimro4aeT B ceos:

- OCHOBaHue Juis mpoekTupoBanus u HazHaueHue BOJIC u e€ mecTo B 00111erocy1apcTBEHHOM
CCTHU CBA3H, HepCHCKTI/IBLI pa3BI/ITI/ISI;

- OIIMCAHUC OKOHCYHBLIX U HpOMe)KYTOqHBIX HYHKTOB, KOTOpI)IC CBA3BIBAKOTCA pa3J’II/I‘IHBIMI/I
KaHaJlaMHU CBSI3H, a TaK)Ke IMYHKTOB, TJIe MPEAINOJIaracTcsl BhIJICIICHHE W BBOJ KaHAJIOB, MPeIHA3HA-
YCHHBIX JIJIS Tepellavui Pa3JIMYHOTO BHJA COOOIICHUI: TeneoHHbBIX, TenerpadHbIX, mepeiayn JaH-
HBIX, BCIIIaHUs, TCIICBUACHUA U ,Z[p,

- TIPEIBAPUTEIILHOE PACTIPE/ICIICHHE YHCIIa KAHAJIOB;

- PEKOMEHJIAIIUH T10 HCIIOJIb30BAHHIO THUIIOBOTO KaHAIO0Opa3yroImiero o0opya0BaHUs, CHCTe-
MBI TIEpeIauu, TUTIA KaOeyss U KICTOUYHUKA MX TOCTABKH;

- “H(GOPMAIIHIO O CYIIECTBYIOIIUX COOPYKCHHSIX CBSI3U Ha BEPOSTHOW Tpacce U BOZMOKHOCTH

WX UCTOJIb30BaHus yist mpoektupyemoit BOJIC.

7.2. IIpouecc NpoeKTUpOBaHUS

JUJ11 TEXHOJIOIMUYECKOro Ipouecca MPOeKTUPOBAHUS YCTAaHOBIIEHBI HEKOTOPBIE O0IIUE MOJI0-
xenus. [locnenoBaTenbHOCTh MPOSKTUPOBAHUS, PEATU3YIOINIAs MPUHIIUIT “OT OOIIEro K YacTHOMY .
CHayana pemaroTcs BOIPOCHI SKOHOMHYECKOH I1e1ecO00pa3HOCTH MPOSKTUPOBAHUS, MPOU3BOACT-
BEHHO-XO03SHCTBEHHOW U COLUATBHON €ro HE0OXOAMMOCTH, HAYYHO-TEXHUIECKOW BO3ZMOKHOCTH.

BapuantHocTh (onTUMU3aIMsA) TPOCKTUPOBAHMS — CPaBHEHHE W ONTUMHU3AIMS TEXHUKO-
SKOHOMMYECKUX TOKa3aTesed HECKOJIbKUX BApUAHTOB W BBHIOOP BapHaHTa 0OECIEYUBAIOLIETO MaK-

CUMaJIbHBIN 3()(heKT mpyu MUHUMYMeE 3aTpar.
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Hcnonb30BaHre THUMOBBIX MPOEKTOB, 00ECIEUNBAIOIIEEe MAKCHMAlbHOE UCIOIb30BAHUE TH-
MOBBIX PEIICHUH C MPUBA3KON UX K KOHKPETHOMY MPOCKTUPYEMOMY OOBEKTY C IENbI0 CHIKECHUS
3aTpar ¥ TPYAOEMKOCTH TPOSKTHUPOBAHUS

KoMIuiekcHOCTh IPOEKTUPOBaHUS, T.€. YUET CaMbIX Pa3UYHbIX (DAaKTOPOB U OJHOBpPEMEH-
HOE, B3aUMOYBSI3aHHOE MPUHATHE MPOEKTHBIX PEIICHUN Mo BCeM 00BEKTaM OYyIyIIero CTPOUTENbCT-
Ba.

Pemenwue o 1emecoo0pa3HOCTH U BO3MOXKHOCTH coopykernii BOJIC nmpuHMMaeTcst Ha OCHO-
Be TexHUKO-d3KoHOMHUYeckoro (TDO) obocHoBanus. OcHoBaHueM s pazpadorku TOO sBiseTcs
T3. Pemenus, npunsareie Ha 3T1ane TOO odopmisitoTcs B BUIE MOSCHUTEIBHON 3aMHCKH, KOTOpas
COJICPKHT Pa3JIeIbl:

1. BBenenwue, rae oTpakeHBI e U 33]]a9d CTPOUTEIBCTBA, OCHOBHBIE MOJIOKEHHS T3
Ha pa3pabotky TDO;

2. Hcxonubie naHHbIE — aHAJIM3 COCTOSIHUSL M MEPCIEKTUBBI Pa3BUTHUS CBSI3M B palloHE
CTPOUTENBCTBA;

3. OcHoBaHHe BBIOOpA THIIA CHCTEMBI NEpeqavyd, WX YHUCIIa Ha OCHOBE OMPECIICHUs
yyclia KaHaJIoB JUIs [Iepelayyl pa3InyHOro BUa COOOLICHMI;

4. Pa3paboTku cxembl OpraHu3aIliu CBS3M, BKIIIOYAIONICH B ce0s aHaIW3 BapHAHTOB
MIPOXOKACHUSI TPAcChl U ee BEIOOD, BeIOOP MecT paszmeruenus OPII, HPII, cereBbix y310B cBs3M;

5. OCHOBHBIE TEXHOJOTHYECKHE PEIICHUS, T/Ie OTPAKEHBI CUTYAI[MOHHASI CXeMa TPACChl
ee reorpauueckre, METEOPOIOTHYECKUE U Teoslornueckue ocodeHHocTy, Hanuuue JIDII, BHemHux
KOMMYHUKAIUA U HHXEHEPHBIX CETEH U Ip.;

6. OCHOBHBIE CTPOUTENbHBIE PEIICHUS, TJ€ YKa3bIBAIOTCA O0BEMBl M THUIIBI CTAHIIMOH-
HBIX COOPYKEHH, BCTIOMOTATEIIbHBIX TEXHUUECKUX 3IaHH, BO3MOXHOCTh MCIIOIH30BaHUS THITOBBIX
MIPOEKTOB;

7. Opranuzanusi CTpOUTENBCTBA, BKIIIOUaromas B ce0s cocTtaB, 00beM U colepiKaHue
MPOEKTHOM JOKYMEHTAIH, CPOKHU MMOCTaBKU 000PYJOBaHUS, PEKOMEHIALIUU 110 OUYEPETHOCTH BBOA
ITyCKOBBIX OOBEKTOB;

8. CebecToMMOCTh CTPOMTENIBCTBA C YKa3aHUEM HAMEUYEHHBIX Pa3MEPOB KaIHUTAJIOBJIO-
KEHHH 10 pa3InYHbIM AIbTEPHATUBHBIM BapHaHTaM;

9. BoeiBobI M MpeAniokeHusT — CpaBHUTENbHAS OIIEHKA BapUaHTOB, PEKOMEHMAALMU TIO
CTaIUAHOCTH MIPOCKTUPOBAHWSI, OCHOBHBIE TPEOOBAHUS IO BBIITOJIHEHUIO U3BICKATENBHBIX PaboT.

[Tocne pazpaborku TOO moaBepraeTcs SKCIEPTU3EC U YTBEPHKIAECTCSI COOTBETCTBYIOIIUMHU Op-
TaHU3aUSIMU.

[To xapakTepy M cTeneHH y4yacTHsl YeJOBEKa, MPUMEHEHUS BBIYMCIUTEILHON TEXHUKU MPU
pazpabotke IICJ] (mpoeKkTHO-CMEKTHAs JOKYMEHTAIHs) Pa3IUyaloT CIeAyIONe PEKUMBI IPOCKTH-

pOBaHMUSL:
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- aBTOMATHYECKHI, IPU KOTOPOM MPOEKTHPOBAHUE BeeTCs M0 (JOpMaJIbHBIM aJIfOPUTMaM Ha
OBM 0e3 BMeIIaTCILCTBA YEJIOBEKA,

- aBTOMAaTHU3UPOBAHHBIN, IIPU KOTOPOM IPOECKTUPOBAHUE YACTHUYHO BBHIIIOJIHIETCS aBTOMaTHYe-
CKH, 2 YaCTUYHO — C UCIOJb30BaHneM DBM;

- IMAJOrOBBIN, O0Jiee COBEPIIEHHBIN PEXUM, KOIJIa BCe MPOLEAYPbl IPOEKTUPOBAHMSI BBINOJI-
HAIOTCA ¢ nomolplo OBM, a posib yesnoBeka 3aKiIHO4aeTcs B ONEPATUBHOM OLIEHKE pe3ysbTaToOB

MIPOEKTHUPOBAHUS U UX KOPPEKIIUH.
7.3. Boibop ontudeckoro kabdemns

CambiM noporocrosimuM snemernToM BOJIC sBisiercst onTrueckuii kabenb. [IpaBuiibHbI ero
BbIOOp yMEHBILIAET KaNUTAJIbHBIE 3aTpaTbl M HKCIUTYyaTAl[MOHHBIE PACXOJbl HA IMPOCKTHPYEMYIO
BOJIC.
JU1g MarucTpanbHbIX U BHYTPU30HOBBIX CeTel npeacrasiseT uarepec OB Tonbpko ¢ nuHamu
BoJH 1,3 u 1,55 MKM, NO3BOJISIIOLIEE pPEeATM30BaTh pereHepalMoHHble y4acTKu JIMHOM 60+100 km.
IIpu cCOBpEeMEHHOM COCTOSIHUM Pa3BUTHS AJIEMEHTHOM 0a3bl peasabHO MOCTPOCHUE JUHHUM C JITHMHON
peTpaHcisaoHHOro yyactka 35+60 kM ¢ mpumeHenneM OK, umeromux Ko3(QQGHUIMEHT 3aTyXaHus
0,5+1 nb/xm, monocy npomyckanus 1+1,2 I'T1 -km npu ckopoct nepenaun 34 Mout/c. O1tu 3Haue-
HUS IapaMeTPOB MOXKHO IOJYUYUTh HAa IPAIMEHTHOM BOJIOKHE B Auana3oHax 1,3, 1,55Mkwm.
Yucno OB u tun OK onpezenstoTcs KOHKPETHOW CXeMON OpraHU3aliy CBSI3U WK TOTIOJIOTHH

cetedt. OTEYeCTBEHHOW MPOMBIIIJIEHHOCTBIO JISl YCIIOBUH KEJIE3HOM TOPOTH BBIMTYCKAIOTCS KaOen

tuna OKMC.

MoryT ObITh, BEIOpaHBI U IPYTHE THITBI KaOenel UCX0/1s U3 IKOHOMUYECKHX, SKCIUTyaTalluOH-

HBIX U IpyTuX TpeOOBaHUI.

[Tocne mpeaBapuTeIbHOTO BHIOOPA THUITA KAOEIIst HEOOXOIUMO OLICHUTh YHEPTeTHUECKHUH T10-
TEHIIMAJ, HEOOXOIUMOCTh M JUIMHY PEreHEPAIIMOHHBIX YUACTKOB, a TAKXKE OI[CHUTh IUCIICPCHOHHOE

HCKaXXCHHC.

[lycTb aHepreTuueckuil moTeHuan annapatypsl yotHenus O 1b. 3atyxanue B kabesne Mo-
KeT OBITh OIICHEHO IO cieayromen Gopmyie:

Ay =+ pe Npe +pe - l——l ,
c

riae o - kodddumuent 3aryxanus OB, n1b/xM;

| — nmuna xKabenst, KM;

Npc — YUCIIO Pa3beMHBIX coequnuTeneil (BBoa B OB 1 BBIBOJ U3 HEr0 ONTHYECKOTO U3ITyye-
HUA);
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Olpc — IOTEPH B PA3bEMHBIX COEAUHUTENAX, Ab;

I, — crpoutenpras quaa OK, KM;

Olnc — TOTEPH B HEPA3hEMHOM COCTHMHEHUH, 11b.

Ecimm o>, To HE00X0IMMO BKIIFOUCHHE JIMHEWHBIX PEreHEPaTOPOB, YTOOBI ONIPEICTUThH OTBE-
YaeT JIM BHIOPAHHBINA TUIT Kabelst TpeOOBAHMIM IIHUPOKOIIOJIOCHOCTH, BOCTIONB3YeMCsl (POPMYIION:

AF=Af1/1,

rae Af — ko3¢ dunuenT mupoxkonoaocHocTu kadesns, MI'1 - km; | — mimuHa pereHepamoHHOro
ydactka, kM. Eciiu AF>B, riie B [Mout/cex|=MI 11 — ckopoCTh mepeiauu JHHESHHOTO TPaKTa ara-

paTyphl YIULIOTHEHHUS, TO BEIOpAHHBIN Ka0elb OTBEYAET YCIOBHUSIM IIHPOKOIMOIOCHOCTH.

7.4. MeTolMKa HHKEHEPHOT'O pacyeTa NapaMeTpoB ONTHYECKOro JTMHeHHoro Tpakra (OJIT)

PPOBOH BOJIOKOHHO-ONITHYECKOM JrHMM cBsizu — [IBOJIC

[Tpu pacuere napamerpoB OJIT cunTaroTcs 3aJaHHBIMM WM BEIOPAaHHBIMU Ha 3Tare pa3padboT-
KU CXEMBbI OpPI'aHU3allUH CBSI3H, TUIT KaOels U CUCTEMBI TIepe/iadyn, XapaKTep CUrHaJIa U THITbI IMHEH-
HOT'0 K0J1a, ICTOYHHUKH U MPUEMHHUKHU ONTUYECKOTO U3JTy4YEHUs, YUCIIO Pa3bEMHBIX U HEPA3hEMHBIX
coeiMHeHuH, Tpedyemas BepoaTHOCTh omnOku Pom. KpoMe Toro ycranaBinmBaroTcs JOITYyCKH Ha
yXyauieHue napamerpoB obopynosanust OJIT npu namMeHeHnn Temneparypsl U ApYrux AecTaOuim-

3UPYIOLINX (aKTOPOB.
Ocnosuble napameTpsl OJIT, nogiexamyuMy MOBEPOYHOMY pacyueTy, SBIISIOTCS:

- IIMPHMHA MOJIOCHl YaCTOT MJIM CKOPOCTh Nepeaauu MH(OpMalnH, ONpeaesieMble BbIOpaH-
HOW CHUCTEMOM Nepeayuu, IMPOKONOJIOCHOCThIO WK nucnepcuei OB.

- TMPOEKTHas UTMHA pereHepanuonHoro y4yactka | u monnas anuna OJIT u ero cTpykrypa.

- ornomenue C\III umm BeposTHOCTH OmMOKM Pomr oTBOgMMBIE HA PETPAHCISIMOHHBIN
yuactok. [l [IBOJIC BepositHOCTH Porr 3aBucHT OT THMa ceTu (MeCTHas, MarucTpaibHas) U orpe-
nensiercs mo popmyne:  Pomr=pl,

I/Ie p — BEPOSATHOCTH OMUOKHU, puxosuieiicss Ha onud kM. OJIT (ans maructpaibHOil ceTn

-1
p=10""), | — nuHA peTpaHCIALMOHHOIO y4acTKa, KM.

- YPOBEHb IIepelay MOIIIHOCTH ONTHYECKOI0 N3iyueHus Ha Boixoae [IOM:

Pnep=Pc-AP, nbm

rac Pc— YPOBCHBb cpeﬂHeﬁ MOIITHOCTHU ONTHYCCKOI'O0 CUT'HAJIa Ha BBIXOAC UCTOYHHUKA U3JTyYC-

Hus; AP — cHUXeHue ypoBHS cpeHEH MOIIHOCTH, 3aBHUCSIIEe OT XapakTepa curHaia (s koga NRZ
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AP=31b, nnst RZ AP=61b, niist npyrux TMnoB kKoJ10B yMeHbIieHne AP no cpaBHeHuto ¢ kogoM NRZ

MIPOTIOPITMOHAIHHO YBEITUYCHHUIO ITUPHUHBI TTOJIOCHI CUTHAJIa OTHOCUTEILHO Koa NRZ).

- yposeb MJIM (mopor uyBctBuTensHocty [IPOM) Prop, abm. [{nsa LIBOJIC ¢ BeposiTHO-
cThIO ommbKu He Goee 10” mpu nemomnb3oBaruu dotoerektopos Ha p-n ®JI i JID] MOKHO orpe-
JEMUTH TI0 (popMmyiam:

P -70+10,5 1gB, ecmu B<50 Mo6urt/c
min =
-70+10 1gB, ectm B> 50 Mowut/c

- ObICTpoJeiicTBHE CHUCTEMBI NEpeaayy, XapaKTepu3yoolas CocoOOHOCTh €€ KOMIIOHEHTOB
00ecTeynTh 3aJaHHYI0 CKOPOCTh Nepeaayd HH(POPMAITUH MU IIUPUHY MOJIOCHI YaCTOT aHAJIOrOBOTO

CHUTHaJa.
W3noxum nopsaok pacyera ocHoBHbIX apametpos OJIT.

7.5. PacueT nnuHbI pereHepaimoHHoro ydactka (PY).

Jnmuna perenepannonHoro yyactka BOJIC onpenensieTcss 1ByMsi napaMeTpaMu: CyMMapHbIM
3aryxanueM PV u gucnepcueit OK. Inuna PY ¢ yueToM TonbKO 3aTyXaHus onpenensercs no gop-

MyJie:
lpy (O =apchpe =Quchyc =, —,)/ a,

IZie «,-J0IyCK Ha TeMIIepaTypHble U3MeHeHus 3aTyxanus OB;
0, -IOIIyCK Ha yXYIUICHUE XapaKTEPUCTUK KOMIIOHEHTOB PY co BpeMeHeM.

OcranbHbIe MapaMeTPbl MBI YK€ YIIOMUHAIH.
CymmMma Buza:
ay =a,n, tan +a,+a,
Ha3bIBAECTCSI CYMMApPHBIMU MOTEPSIMH, a Pa3HOCTh
d-ay =a,,
JIOIY CTUMBIMHU MOTEPSIMU. 3HASL Oy U Olgon JIUMHY PY MOXHO onpenenurs Kak:

[0
oon
[py, < —%
(24

C yuerom nucnepcroHHbIX cBoiicTB OB MaructpanbHas juymHa PY:
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max S 0.25 : (50)
o, B

rae B - Tpebyemas ckopocTh nepeaauu nHGoOpMaLuu, OUT/C; G - CPEeIHEKBAIPATUYHOE 3HAYE-
Hue nucnepcuu BeIOpanHbix OB, c/kM.
st MHOroMo10BbIX OB BelM4MHy G MOXKHO ONPEETUTh U3 COOTHOIICHUS:

o, =025/ Af (51)

3nech Af — k03P GUIIUEHT MUPOKOTIOIOCHOCTH BOJIOKHA, [ 1I'kM (OepeTcs 13 MacrmopTHBIX JaH-
HBIX Ka0Oes).
s omHomMonoBbIx OB B MacmopTHBIX JaHHBIX YKa3bIBAaeTCSI HOPMUPOBAHHAS XpOMaTHYeCKast

CpeIHeKBaApaTH4Has qucnepcus, ['H, He/(HM KM), KOTOpas C G CBSI3aHA OTHOLICHHEM
=12
o, =10""Ado,,

rac AN - IHUPHUHA ITOJOCHI OIITUYCCKOI'0 M3JIYUYCHUA HM ONPEACIACTCA U3 MaCIOPTHBIX JaHHBIX
COOTBCTCTBYIOILICTO HCTOUYHHUKA NU3JTYUCHUS.

JlnmuHa pereHepaliMoHHOTO y4acTKa, paccuuTanHas 1no ¢gopmyie (50) 1omkHa yI0BIETBOPATH
TpeOOBAHHUIO: lmax 2 py
Ecnu 310 yciioBue He BBINONHAETCS, TO ClelyeT BbIOpaTh Kalesb ¢ APYTUMH AUCIIEPCUOHHBI-

MU CBOMCTBaMH.

7.6. Pacuet ObicTponeiictBus BOJIC

[IpaBunbHOCTH BeIOOpa THIA OK MOXET ObITH OIleHEHa pacueToM ObICTPOICHCTBUS CUCTEMBI U
CpaBHCHHUECM €TI0 C JOITYCTHUMBIM.
Honyctumoe OvictpozaeiictBue BOJIC 3aBucuT OT XapakTepa nepeiaBaeMoro CurHaia, CKopo-

CTH Tiepeayu HHOOPMAIIUU U OTIPEILISIOTCS 10 hopMyJIe:

rae B - KoopPUIreHT, YIUTHIBAIOIINI XapakTep JUHEHHOTO CUTHaNIA (JITMHEHHBINA KOM) M PaB-

wb1it 0,7 msa kona NRZ u 0,35 st Becex npyrux. Obmiee oxxumaemoe osictpoaeiicteue BOJIC:

o :1,111\/t,§ep I AR A

rIe tuep=0,5+10 HC — ObIcTpOAeiicTBHUE Nepeaaromero ontuyeckoro Moy (IIOM), ty, — Obl-
CTPOJCHCTBHE MPHUEMHOIO ONTHYECKOTO MOIYJs, toy — YIIMPEHUE HUMIIyJbCca Ha JjauHe PYVY:
tos=Clpy,

TJ€ G - CPEIHEKBAAPATHYHAS JUCIIEPCHS.

Ecnu to< ts, BeIOOp Kabenst u ;uymHbl PY chenan BepHO.

Bennunna At=ts-t,y Ha3bIBaETCS 3aM1aCOM IO OBICTPOICHCTBUIO.
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7.7. OnpeneneHnue MUMHUMAJIbHO JOIyCTUMOIO YPOBHS
MpHEeMa — MOPOra YyBCTBUTEILHOCTH

Ecnu anuna nmpoextupyeMoil MarucTpanu L, a anvHa pereHepalMoHHOro ydacTka lny, To 00-
1Iee YUCIIO PEreHepallMOHHBIX y4acTKoB m=L/l,y. CymmapHas BepoaTHOCTb OMOKU Ps=mP oy, Poy -
BEPOSITHOCTH OIMOKHA TPAKTOBOTO pereHeparopa paBHast: Poy,=pl

3Hast BEpOSATHOCTh OMIMOKH OJJMHOYHOTO pereHeparopa 1o rpadukam [6], onpeaenstor qomyc-
TUMYIO 3alIUIIEHHOCTh A,, 3aTeM HaxonsaT oTHomienue C-111, To ecTsb (p(Pom)ZIOO’O5A3 u 1o ¢popmyie
[8]

P, =2Jp(R,,)S" QKTF,B/R)"

U1 p-i-n GhoToIMOAa HAXOJUM MUHHUMAJIBHO JIOIMYCTUMBIH ypOBEHb Mpuema. 31ech B — cko-
pocTh nepenayn uHGpopMaIuu, S — UyBCTBUTENBHOCTh PoToaeTekropa, K — mocrossnnas bonbimana,
T — temmnieparypa B K’ R — skBHBaneHTHOE COTPOTHUBIICHUE, YUUTHIBAIOIIEE JUHAMHUECKOE COMPO-
TUBJICHHE ()OTOMOMA, €TO [eNell CMEIICHHS W BXOJHOE CONPOTUBIICHUE yeunuTenel, Fy, — koaddu-

UEHT nryma GoToruo A,
7.8. OmnpeneneHue ypoBHS Mepelayl HCTOUHUKA ONTHYECKOTO U3TyUYSHHS

Eciu u3BectHo 3atyxanue PY, To yposens nepenaun Prepy=Puptoyy.
Ecnu m3BecTHa CKOpPOCTB Iepefadu, TO JoIycTHMoe 3aTyxaHue Mexay I[IOM u ITPOM o,y

TIPH BEPOSTHOCTH OmHMOKK He Gomee 10™ opHEHTHPOBOUHO ompeenseTcst o TpaduKaM JaHHBIM B

[8].
7.9. llpumep pacyeTa ONTUYECKOTO JTUHEHHOTO TPAKTa

[Ipusenem npumep pacueta OJIT

NmeroTcst ucxoaHbie JaHHbIC: BonokoHHO-omTHueckass cuctema nepemaun HMKM-120-4/5;
ckopocTh nepeaaun B=8,5 Mout/c; xapakrep (kon) curnana RZ, nunelinsiit koq CMJ; nnrHa BOJTHBI
ONTHYECKOTO H3IIydeHUs A=1,3 MKM; 3HEpreTUUECKHH MOTEHLMaN CUCTeMbl On=Pye,-Pn,=38 nb.
[Ipennonaraemas nmuaa PY 12+30 km; nouaa OJIT L=98 km; kabens OKK-50-01-1,0-4, paborato-
Ui B quanasoHe JUIMH BOJH A=1,3 MKM, ¢ 4eThIpbMsi MHOTOMOOBBIMU OB, rpagueHTHBIM KO3 (}-
¢dbunmenToM npenomiieHus, koddgdunmentom 3atyxanus a=1 ab/kM, K03QHUIIUEHTOM ITHPOKOIIO-

nocHoctu Af = 450 MI'tr'km, crpoutensroii anuHoi OK 1.=2xM. Bo3moxen 3aka3 Ha /, =1km.
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Tpebyetcs onpenenuts iuHy PY, ypoBHH mepenauu u mnpuema, ObICTPOJICHCTBUE CHUCTEMBI,
BCPOATHOCTDH OLHI/I6KI/I U OCYHICCTBUTH BBI60p HUCTOYHHUKA U MPUCMHHUKA ONTUYCCKOIO H3ITYy4YCHUH.
Hpyrue napamerpsr OJIT OymyT onpenensTbes Mo Mepe HEOOXOAMMOCTH.

Pacuer IMPOU3BOANTCS B HECKOJIBKO 3TAIlOB.

1 Oran — onpenenenue Tpedyemoii ckopoctu nepenaun OJIT.

B xadecTBe kaHAI000pa3yrOIIEro 000pyIOBaHUS U 000PYAOBAHUS CONPSHKEHUS UCTIONB3YETCS
anmapatypa MKM-120, hbopmupyromasi moTok co cKopocThio nepenaun B=8,5 Mowut/c. JIuneitHbii
kox BOJIC CMJ — pasHoBuaHOCTh O610uHOT0 KoAa Tuna 1B2B ¢ xapaktepom curnana RZ to ecth ¢
BO3BpallleHHEM B HOJb. [IpyM TakoM KOAMPOBAHUM MEXKIY 3JE€MEHTAMU CUTHAJIa UMEIOTCS MpoMe-
KYTKH, KOTOPBIC UCIOJB3YIOT IS 3alIUTHI OT MEKCHUMBOJBHBIX TIOMEX, H BO3BpAThl K HYJIIO 00€c-
[I€YMBAIOT IOSBJICHUE B CIEKTPE JINHEWHOIO0 CUTHAJIA JUCKPETHOM COCTABIAIOLIECH TAKTOBOM 4acTo-
Thl, YTO YTPOIIAET yCTPOWCTBA BBIJAECJIEHHUS MOCIeNHEH B pereHeparopax. Hy»HO MOMHUTH, 4TO
MpUMEHEeHHEe KOJOoB Tula mBnB BeaeT k yBennueHUI0 TaKTOBOW 4acTOThL, B m/n pa3. [ Haiero
npuMepa, clieJ0BaTeIbHO, TAKTOBAsI YacTOTa BO3PACTET B JIBa pa3a M CKOPOCTh NEpelaydn B JUHEH-
HOM TpakTe B,;=2B=2- 8,5=17 Mowur/c.

2 Dtan — Pa3MmenieHue JuHEUHBIX PEreHepaToOPOB.

[To BO3MOXHOCTH HY>KHO pa3MellaTh paBHOMEpPHO Ha craHiusx. [Ipudem Tak, uyto juHa PY
ObL1a KpaTHA CTPOUTEIHHOU JUTHHE.

B namem npuMepe BO3MOXHBI JIBa BapHaHTa pa3MEIICHUS JIMHEHHBIX pereHepaToOpOB.

1) JBa PY nmunoii lyy1=l,y=25 kM u n8a Py mmHoi l,y3=lpes=24 kM.

2) Tpu nnmunoi lpyi1=l,y0= 1,,3=24 kM, u onus PY nannoi l,y4=26 xm.

BTopoil BapuaHT npeanoyTUTENbHEE TaK, KaK OPUEHTUPOBAH HA MPUMEHEHHE CTaHIapTHBIX
CTPOUTEIBHBIX JTHH.

3 DTan — mpoBEpOYHBIA pacdyeT BRIOpaHHOU AJUHBEI PY.

s nmpoBepodHOro pacueTta AnuHBI PY HeoOXoauMo ompeneinTh ero 3aTyXaHHe M COMocTa-
BUTH ¢ 3HeprernyeckuM noreHuuanom BOJIC, a taxxke onpeaenuts mmpokxonosnocHocts OJIT u
CIeNaTh 3aKII0YCHUE O MEKCHMBOJBHBIX MCKKEHUSX HMITYJIbCOB ONTUYECKOro u3nydeHus. O0y-
CJIOBJICHHBIX UX YyIIUpeHueM mu3-3a nucriepcun OB. Takoil pacdeT 1enecoodpa3Ho Iporu3BOIUTD IS
camoro aiauHHoro PVY.

HaitneM yncno cTpOUTENbHBIX IJIUH:

) 26
n, = =13
l, 2
JIJist MOHTaKa CTPOUTENBHBIX JUTHH Ka0els TpeOyercess Nyc=ne-1=12
HEpa3bEMHBIX COeAUMHUTENEH, a 71 BBoAa B OK 1 BBhIBO/JA M3 HETrO ONTHYECKOTO W3JIYUYCHHS

HOTpedyeTCs Npc=2 Pa3bEMHBIX COeAUHUTENA. 3aTyXaHue PY
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Olpy=0Upy 151 Oliet NpcOlpet-0Let0Ly
B nameMm ciydae o - JaHO B HCXOJHBIX JAaHHBIX, 3HAYCHUS Olyc U Olpc OEPYTCSA M3 TaOIMYHBIX
JTAHHBIX [8] U B JTAHHOM CJIy4ae COCTaBJISIOT
0c=0,3+0,5 nb 0pc=0,5+1,5 nb
Homyckom Ha TemniepaTypHbie uaMenenus napametpo BOJIC o, Bozemem a=1 b, omycku
Ha yXyJIlIeHHe co BpeMeHeM mnapameTpoB 3yieMeHToB BOJIC oy, Ay pa3nuuHbIXx KOMOWHAIIUNA HC-
TOYHHWKOB HM3JIy4eHHs ¥ (OTOAMONOB AaHbl B Tabnuuax [§8]. B Hamewm ciydae komOuHamms OyneT
CUA+AD/ sTtomy cooTBeTCTBYET 0L=4 11b.
Takum oOGpazom:
Opy=1-26+12+0,4+2-1+1-4=37,8 nb.
To ectb D201,y 0 3aTyXaHUIO BBIOPaHA BEPHO.

ITo popmynam (50) u (51), Haxoaum

o, =025/Af =0.25/450-10° = 0.56-10 "¢ /xm
025 0,25
" oB 0 0,56%107° #17*10°

=26,3KM

Taxum oOpasom, 1rHa PY ynoBnerBopsieT TpeOGOBaHUIO MO AUCTIEPCUH.
4 3Tamn — pacueT AETEKTUPYEMON MOLTHOCTH ONITUYECKOT0 CUTHAJIA.
MuHuMaNbHO AETEKTHpPYEMasi MOLIHOCTh WM MOPOT 4yBCTBUTEIBHOCTH, OINPEAETSETCS Be-

POSITHOCTBIO OIIMOKHU. JTa ommbKa B pacueTe Ha 1 KM JTMHEHHOrO TpakTa He JI0JKHA IPEBHIIATh Ha
MaruCTpajbHbIX JTUHUAX BEIUYHUHBI P, =1,67‘10'10, a i PY nnunoit /,, =26kM nOomKHA OBITH HE
oonee P, = Pyl,, =1,67-10"°26=0,43-10®. C yueroMm necrabuimsupyroumx (GaKTopoB (HETOU-
HocTb JIPY, yCcTpoiiCTBO BBIIENEHUS TAKTOBOM 4aCTOTHI U T.II.) IOJIOKUM Pow=10'8. OTO 3HaUeHHE

obecnieynBaeT XO0poHmee KauCCTBO MCpcaavu.

Yposerr MJIM win nopor gyBctButTensHocTH [IPOM ¢ JID /] onpenensiercs o popmyie:

Pmin =-70+10,5 1gB =-70+13,41=-56,59 nbwm.

Eciu 3amaercst BeposTHoCTs ommbkn 107, To MJIM s B=17 Méut/c n A=

=3 MKM, cOCTaBUT ~-65 nbm. 8]

5 aTan — BRIOOpP M OPHUEHTUPOYHOE OMpE/EIICHHE apaMeTpOoB MPUEMHHUKA U UCTOYHUKA OIl-
TUYCCKOI'O U3JTYyUCHUA
KomOunanust ““CTOYHUK-TIPUEMHHUK ONITHYECKOTO M3TYUYeHHUs BBIOMPACTCS MCXOJS U3 MaK-

CUMAJIBHO 10IIycTUMOTO 3aTyxaHus mexay [IOM u ITPOM.
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Ha BbIOOp THNa QoToaeTEKTOpa OKa3bIBaeT BIUsHUE 3HaUeHUss M/IM (mmopora 4yBCTBUTENb-
HOCTH), OBICTPOICUCTBYUS, TEMHOBOM TOK, U EMKOCTh repexonoB OJI.

Ecnu 3nauenne MJIM nexur B npeaenax —30...-40 a1bm, To peKkoMeHayeTcs peaan30BaTh
dbotonerekTop Ha ocHOBe p-i-n DI, ecmu M/IM menee —40 nbwm, To 11€1€C000pa3HO MCIIONH30BATH
JI®. 3nauenue ObicTponeiicTBus p-i-n ®J1 Haxomutea B mpenenax 3...10 He, TOkoBas 4yBCTBU-
tenbHOCTh —0,2...0,7 A/BT, eMkocTh nepexonoB —1...30 u®. 3nauenus Opictponaerictus JID]] Ha-
xomutes B mpeaenax 0,1...1 He, TokoBas yyBcTBUTENBHOCTH —20...100 A/BT, eMKOCTB NIEpexo0oB —
2...30n.

OTMeTuM, YTO €ciaM B KayecTBE amlnaparypbl YIUIOTHEHHsI MCHOJIb3YeTCs 000pyAOBaHHE C
MCTOYHHUKOM U MPUEMHHKOM ONTHYECKOTO U3TYUYEHUs, TO BEIOOP U ONpE/eTeHNE UX MapaMeTpoB HE

oOs3aTeseH.
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KoHTpoJibHBIE BONPOCHI K TJ1aBe Ne7:

1. CopepxaHue TeXHUUYECKOTO 3aAaHus Ha npoektupoBanue BOJIC.
2. BbIOop onTHueckoro kKadens.

3. Pacuer AnuHBI pereHepallMOHHOrO y4acTKa.
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