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1. CUCTEMU 3B’A3KY
1.1. CTpykTypHa cxema. OCHOBHi BU3HAYE€HHA N BUMOIU

TenekomyHikauii, abo 3B’A30K, — Lie rany3b TEXHIKM, 9Ka 3anMaeTb-
Cs NMUTaHHSAMU Nepedadi NoBigOMMEHb Big mkepen nosigomneHs (A1) go
ogepxysaudis nosigomrieHb (OIl1), Wo 3HaxoaATbCA Ha Aeskin, 4yacTo Be-
nuKin, BigcTaHi oguH Big ogHoro [1].

TepMiH «3B’S30K» BUKOPUCTOBYBABCS, KOMW BiANpaBHUKOM Ta ofgep-
XyBayeM nosigomneHHs besnocepegHbo byna noguHa. Mpu obmiHi iHgo-
pMauielo MK KOMM'loTepaMn novanu KopuctyBaTucsa Oinbll 3aranbHUM
TEPMIHOM «TeNeKOMYHiKaLii», WO BKOYAE N NOHATTS «3B’S30K».

[Ixepena noBigoMNeHb CTBOPHOKOTb MEBHI MOBIAOMIIEHHS Pi3HOMAHIT-
HOI pisanyHOI npupoan (3BYK, ONTUYHE 300paKEHHSA, MexaHiyHe nepemi-
LLEHHS 1 iH.).

Cucrtema 3B'sI3KY — Lie CYKYMHICTb TEXHIYHMX 3acobiB i cepeaoBuLLla
PO3MOBCIOMAXKEHHSA, sIKi 3ab6e3nevyloTb nepegady MnoBiAOMIEHb. Y3aranb-
HEeHy cxeMy cuctemu 3B'a3ky [2] 306paxeHo Ha puc. 1.1.

Cucrema 3B'I3KY

A
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Kanaxa 3B's13ky
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Puc. 1.1

[MoBigoMNeHHs 3 BUXody Axepena noBigoMIIeHHS 3a AONOMOro ne-
peTBoptoBada nosigomneHHsi—curHan (1. M-C) nepeTBoploeTbCa Yy nep-
BUHHUA €NEKTPUYHUIN CUrHas, SIKMW He 3aBXau 3pyYHO (a iHoAi HaBiTb
HeMOXNMBO) BGe3nocepeHbO NepegaBaTu MiHIED 3B'A3KY. TOMY NEepBUHHI
curHanu 3a gonomoroto nepegasaya (MNPL) nepeTBOpOOTLCS Y BTOPUHHI,
XapakTEPUCTUKN AKUX O0bpe Y3romkyTbCs 3 XapakTepucTukamu niHil
3B'A3Ky. 3 BMXOAY NiHil 3B'A3KYy CUrHann HagxogAaTb Ha BXid npunumMada
(MPM), Oe BIgHOBMOKOTLCA Big BMAMBY 3aBafd, 3a3HalOTb 3BOPOTHOrO
NepeTBOPEHHS Yy NOBIOOMIMEHHA Yy NepeTBOpoBadi CUrHanN—MnoBiAOMITEHHS
(M. C-M) i cnpsamoBylOTLCA A0 ofepXyBaya NoBiAOMIEHHS.

3



KaHanom 3B’sI3Ky Ha3MBa€TbCA YaCTUHA CUCTEMM 3B’A3KY, LLO BUKO-
PUCTOBYETLCA ANA Nepenadi o4HOro rnoBiAOMSIEHHS Big O4HOro Bignpas-
Huka. Cnctema 3B’43Ky Moxe 6yTn ogHo- abo 6aratokaHanbHOL0.

INinia 3B’A3Ky (nepepavyi) — Ue iHXeHepHa crnopyaa, Wo CKagacTbCs
3 NPOKageHoro 3a NeBHOK reorpacdivHo Tpacow kabesiro 38°sa3ky abo
padiompacu, siki 32 HeobXxigHOCTI 3a6e3neYvyrTbCsl NPUCTPOSAMU 3aXUCTY
BiZl CTOPOHHIX BMAMBIB (FPO30pO3pagHMKaMM W T. iH.), @ TakoX NigcunoBa-
NbHUMU N pereHepauinHMMnN NyHKTaMMU.

3anexHo Big BiacTaHi 1 HeobXigHOT NPONYCKHOI 30aTHOCTI iCHY€E Taka
Knacudikauisi kabenis 3B’A3Ky.

MazicmpanbHi kabeni (M>XMICbKOro 3B’s13Ky) Npu3Ha4YeHo Ans nepe-
Aadi Benukux obcesrie iHpopmalii Ha BENWKi BiACTaHi.

3oHoei kabeni (BHYTPiLLHLO06ACHOro 3B’A3KYy) NPU3HaA4YeHo ans ne-
penadi baratokaHanbHUX aHUX Ha BigcTaHi 4o 250 Km.

Micbki kabeni 3abesnevytoTb 3'egHaHHs Micbkux ATC i ByaniB
3B’5A3Ky, BOHM pO3paxoBaHi Ans 3acTocyBaHHs Ha BigcTtaHax 4o 10 kv (6e3
pereHepaTopiB) i MalOTb BENUKY KiNbKICTb KaHasiB.

[1i0de00Hi kabeni MalOTb BUCOKY MeXaHiYHy MILUHICTb Ha po3puB, Ha-
AiNHI BOSOTOCTINKI MOKPUTTHA, Mare 3racaHHa W Benuki JOBXUHWU pereHe-
pauinHUX OiINAHOK.

O6’ekmoei kabesni NpU3Ha4YeHO ANA CTBOPEHHSA YCTAaHOBYOro W Bigeo-
TenegoHHOro 3B’3Ky, Mepex kabenbHoro TenebayeHHs, 6opToBux iHGOP-
MaLiiHUX CUCTEM PYXOMUX OB’ EKTIB.

MoHmakHi kabeni 3aCTOCOBYIOTbCSA Ha Manux BigCTaHsX, Ae noTpio-
Ha Bernunka MexaHiyHa rHy4yKiCTb.

OCHOBHUMM BUMOramMm 10 MiHin 3B’53Ky € Taki [3]:

— 30INCHEHHSA 3B’SI3KY Ha MpakTUYHO HeobXxigHi BiacTaHi (Big oecATKiB
A0 TUCAY KINoOMeTpIB ANs 3B’A3KY Y Mexax AepXXaBu U OO0 OeCATKIB TUCAY
KinomMeTpiB ANns MiXKHapOAHOro 3B’A3KY);

— LWWIMPOKOCMYTOBICTb | NpuaaTHICTb AN nepeaadi pisHOMaHITHUX BU-
AiB  cy4vacHol iHdopmauil (TenedoHis, Tenerpadiqa, BigeoTenedoHis,
TenebayeHHs, TenemMeTpis, KOMM'IOTEPHI AaHi);

— 3axuLLEeHICTb Kin Big B3aEMHUX 3aBakanbHUX BMSIUBIB i 30BHILLHIX
3aBaf, a Takox Big isvyHMX BMNMBIB (aTMOCKEepHUX SBULY, KOPO3il TO-
L10);

— CTabiNbHICTb eNeKTPUYHMX napamMeTpiB NiHil, CTINKICTb i HaiINHICTb
3B’A3KY;

— €KOHOMIYHICTb CUCTEMM 3B’S3KY B LiINTIOMY.

KabenbHa niHis 3B’A3Ky sBNsie coboto cknagHy TeXHiYHy cnopyay, Lo
CKNagaeTbCsa 3 BENNYE3HOI KiflbKOCTI enemMeHTiB. OCKiNbKKU NiHito npusHayve-
HO Ansa TpuBanoi poboTn (4eCATKN poKiB) i Ha HiM Mae ByTn 3abesneyeHa
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6e3nepebiiHa poboTa coTeHb i TUCAY KaHaniB 3B’A3Ky, TO A0 BCiX eneMeH-
TiB NIHINHOIO TPaKTy Nepefadi CUrHanis CTaBNATLCA BUCOKI BUMOTH.

Bubip TNy N KOHCTPYKLUIT NiHii 3B’A3Ky BM3HA4Ya€ETbCSA HE TiflbkKU MpO-
LLeCOM PO3rOBCIOIKEHHA eHepril B3OOBX IiHil, ane n HeobXiaHICTIO 3axumc-
TUTU PO3TaLLOBaHI NMOpPy4Y BMCOKOYACTOTHI KOSia Bi B3aEMHUX 3aBakalib-
HUX BMJSINBIB.

Cuctemn 3B’A3Ky, SKi BUKOPUCTOBYIOTb LUTYYHE CepefoBMLLE PO3MO-
BCIOKEHHA (MeTaneBi NpPOBIAHUKK, OMNTUYHE BOJSIOKHO), Ha3MBaKTbCS
npoeodosumu, abo HanpssiMHUMU a Ti, B SIKWX CUrHanu nepenarwTbCc
yepes BiAKpUTUIM NpocTip, — 6ecnposodosumu, abo padiocucmemamu.
Llern HaB4arnbHU NOCIGHUK NPUCBSAYEHO PO3rNsSAy came NpPoBOAOBUX MiHIN
nepeagadi.

1.2. Buam nidin nepepayi Ta ixHi OCHOBHI BNacTUBOCTi

HanpsiMHa cucmema — Ue NpUCTPIN, Npu3HadeHUn Ons nepegadi
eneKTpoMarHiTHOT eHepril B 3agaHoMy HanpsMKy. Taky KaHanisytody 3gat-
HiCTb Mae Byab-sKka Mexa nofiny cepefoBuly 3 PIHUMU eNekTPUYHUMU
BN1TACTUBOCTAMMU:

— MeTan-aienekTpuk — Mmetanea niHis (kabenb, XxBunesig);

— OieneKkTpuk—roBITpS — AienekTpuyHa niHis i3 matepiany 3 € > 1 (gie-
NEKTPUYHUIA XBUMEBIA, BOSTOKOHHUI CBITNOBOA) Ta iHLUI JTiHil.

HanpsamHi cuctemn nepepadvi BUCOKOYACTOTHOI eHeprii noAinatTbed
Ha MNOBITPSAHI NiHil, cUMEeTpPU4HI Kabeni, koakcianbHi kabeni, HagnNPOBIAHI
kabeni, xBunesoam n onNnTUYHiI kabeni.

Ha cyyacHomy eTani Hamnbinblue MOLMPEHHS OTPUMarnn CUMETPUYHI,
KoakcianbHi M ONTUYHI MiHiI Nnepegadi, TOMy B MNOCIOHMKY OCHOBHY yBary
Byae npuaineHo came X po3rnsay.

2. TEOPIA NIHIA NEPEQAMI
2.1. Tvnu 1 KnNacu eneKTpoMarHiTHUX XBuUnb

IcHytoTb Taki knacu xBunb: TEM — nonepeyHo-enekTpoMarHiTHa XBu-
nqa; TM — nonepedHo-marHiTHa, abo E-xBuns; TE — nonepevyHo-enek-
TpnyHa, abo H-xBung; 3amiwaHi (AnMnonbHi) XBuni, AKi, y CBOK 4yepry, nogi-
naTbesa Ha HE-xBuni (3 nepeBaxaHHAM y nonepeyHomMy nepepisi nons H)
Ta EH-xBuWni (3 nepeBaxaHHAM y nonepevHomMy nepepisi nonsa E).

Xeunss TEM — ocHOBHa XBWUIS, sika MICTUTb TiNbKW NOMNEpPEYHi ckna-
nosi enektpuyHoro E v marHitHoro H nonis, no3goBXHi cknagosi E, 1 H,
AOPIBHIOKTE HyM0. CUNoBI MNiHIT NONS UINIKOM 3HaxXo4ATbCsa Y NonepeyHmx
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NSOWMHAX | TOYHO MOBTOPHOKOTH KAPTUHY CUITOBUX JTiHIA NONA Npu cTaTuy-
Hi Hanpysi 1 NocTinHOMY cTpyMi (puc. 2.1).

[Mpouec nepenadi ocHoBHMX XBUITb TEM
NoB’sA3aHMN 3 NOTeHUianbHMM nonem. [Ons
nepegadi xsuni TEM noTpibHi pisHMua note-
Huianis i, BigNoOBigQHO, OBOBUMIpPHE MOJSie B
nepepisi. ToMy BOHa ICHy€E TiNbKN B NiHIiAX,
SKIi MICTATb HE MeHLWe [OBOX i305IbOBaHNX
NPOBIAHMKIB, WO MalTb Pi3Hi NOTEHLUianu.

Llen knac xBunb BUKOPUCTOBYETLCS MpuU
nepegadi eHeprii y NOpiBHAHO O0BMeXeHOMY
AianasoHi 4acToT NpoBOAOBUMU CUCTEMaMM
(30kpema npu nepegadvi CUMETPUYHUMU 1
KoakcianbHMMKM Koflamu), Ae BU3HavanbHUMK
€ CTPYMM NPOBIAHOCTI Iy

Puc. 2.1 Xeuni TM i TE — ue xBuni BULWWOro Mno-
paaKky. BoHM okpiM nonepeyHux cknagoBux eriektpomarHitHoro nons (EL i
H.1) TakoX 0DOOB’A3KOBO MICTATb OAHY MO3AO0BXHIO CKnagoBy. [Ans XBunb

TM —ue E, # 0 (puc. 2.2), a gnga xsunb TE — H, # 0 (puc. 2.3). Tomy cunosi
NiHIT UMX XBUIb 3HAX0OATbCA 9K Y NONepeyHux, Tak i B NMO3A0BXHIX Nepepi-
3ax HanPAMHUX CUCTEM.

\

Mpouec nepenavi xsunb Buworo nopaaky TE i TM nos’azaHuin 3 Bu-
xpoBuM noniem. Lli xBuni 30yoKyrOTbCHA Y OOCUTb BUCOKOMY [ianasoHi

4acToT, Ae BU3HaYanbHUMU € CTPYMU 3MILLEHHS L.

Puc. 2.2 Puc. 2.3



Xeuni TE i TM moxHa nepegasaTy O4HOMNPOBOLOBUMU HaNPAMHUMU
cucTemMaMu, Hanpuknag meTtaneBMMmu W AienekTpuYHMMU XBUnesodamu
abo ogHonpoBogoBMMM fiHiAMK. Npu LbOMY MO3O0BXHA CKNagoBa nons
E, abo H, 3agae HanpsIMOK pyXxy eHepril B340BX MiHil.

Pi3HMUA noTeHuianiB CTBOPHOETLCS MiXK MOSMOCAMN XBUMb, @ TaKoX MiXK
nosirocamMn 1 CTiHKaMn xsuriesogy. ToMy XBUIIEBOLOM NepeaarnTbCs Nimiie
Ayxe KopoTki xsuni. [loBxnHa xBuni mae ByTtn Takoto, Wwob y nepepisi xaBu-
neBoay ykraganocs uine 4icno niexeunb abo xoya 6 ogHa niBxBuns.

3miwani (QunonbHi) xBUNi ABNAIOTL COO0K0 HEMOAINbHY CyMY XBWilb
E 1 H i MicTATb yCi WICTb KOMMOHEHTIB NOSIS, Y TOMY 4Mcni obuasi nosago-
BXHi cknagosi E, i H,. [lo Takux 3MillaHnX XBUIb HanexaTtb Mnosisi B gierne-
KTPUYHUX XBUNeBoaax.

OkpimM noginy 3a knacamu enekTpoMarHiTHI XBUIli NOLINATLCHA TaKOX
3a Tunamun. Tun xBuni (Moda) BU3HA4YaeTbCA CKNAOHICTIO CTPYKTYpU, TOOTO
KINbKICTIO MakCMMyMIB | MiHIMYMIB mnonis B nonepeyHomy nepepisi. Moga
Nno3Ha4YaeTbCHd OBOMA YMCNOBUMW iHOEKCaMU n i
m, Hanpuknag TE,,, TM,n,. |HOEKC n B Kpyrnmx
XBuUneBoaax o3Hayae KirnbKiCTb MOBHUX 3MiH Mond
MO MOro OKPYXHOCTI, a IHOEKC m — KiJIbKICTb 3MiH
nosia no giameTpy.

[na nepenadi eHepril B3OOBX OCi HANpPsIMHOI E
CUCTEMM NOJSie B HiW MOBMHHO MaTW MO3O0BXHIO >
KOMMOHEHTY HanpsiMKy pyxy eHeprii (Bektop [lo-
nHTiHra I1,). Ana yboro HeobxigHo, Wwob enekTpu- J
YHi X MarHiTHi KOMMOHEHTW MO PO3TallOBYyBasim- H
Cs Yy nonepeyHin nnowmHi. Tomy 00OB’siI3KOBOIO
YMOBOK PO3MNOBCIOKEHHA eHepril € HaABHICTb Puc. 2.4
cknagoBux EL i HL, AKi yTBOPIOKOTbL 3 MO3OOBXHLOK KOMIMOHEHTOK BEKTOpa
[MoWHTIHra NpaBoOrBMHTOBY CUCTEMY 3a NMPaBUIIOM rBUHTA (puc. 2.4).

M,

\j

2.2. OCHOBHI pPiBHAHHA eNeKTpPoOMarHiTHoro nons

AKLLO A0 NPOoBIAHMKIB NiHIl NiAKIIOYNTM reHepaTtop, wo cteoptoe EPC,
TO MiXX HAMU BUHUKHE 3MiHHE enekTpomarHiTHe none. Lle none, oTouyoun
NPOBIOHVKN, PYXaeTbCA B3OBX HUX 3i WBUAKICTIO, BNN3bKOK 0 LWBUOKO-
CTi cBiTna. |lHoykoBaHa Harnpyra yTBOPHE PyX €JIeKTPOHIB, SKUMA MOXHa
BUABUTU Y BUrNSI CTPYMY B MPOBigHWUKAX.

HanpyxeHicTb enektpudHoro nonda E Bignosigae Hanpysi U, a Hanpy-
XeHicTb marHiTHoro nona H — ctpymy 1. Takum 4ymHOM, Hanpyra n CTpym y
NiHil Nnepegadi BUHMKAKOTb 3aBOSAKN 3MiHi €NTEKTPOMarHiTHOro rnorsisi.
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OCHOBHi 3aKOHOMIPHOCTI enekTpoMarHiTHOro nomns ornucye cucrtema
piBHsAHb Makceenna
l'OtH=GE+_](DSE=IHp +1,,, (2.1)
rotE =—jouH,
Ae o — MpoBIOHICTb cepenoBuLLa, € — AienekTpuyHa NPOHUKHICTb cepe-
E AO0BMLLA, U — MarHiTHa MNPOHUKHICTbL CcepenoBU-
wa, I, — cTpym NpoBIAHOCTI, TOBTO CTpyM Yy

\ MeTanesux macax, I, — CTpym 3MilleHHs, TOBTO
CTPYM Y OieNIEKTPUKY.
Y meTaneBux cepenoBuLLax I“p >>1,,., TOMy
a H MOXXHa BBa)aTW, WO KOMMOHEHT joeE = 0. Y
AienexKTpuKky L, <<L,,, ToMy cE = 0.
E

Qi3nNYHIN 3MICT NepLUIoro PIiBHAHHS CUCTEMU
nonsrae y TOMy, LLO erieKTpUYHEe rorne CTBOPHE
HaBkono cebe niHil marHiTHoro nonga (puc. 2.5, a).
3MIiCT Opyroro piBHSHHS nonsrae y Tomy, LWO

6 Byab-sika 3MiHa MarHiTHOro Mons CynpoBOOXKYETb-
Puc. 2.5 CS1 CTBOPEHHSIM eNeKkTpUYHOro nons (puc. 2.5, 6).

Y uinomMy 3miHa O4HOro NoJis CNPUYKMHSE MOSBY IHLWOMo, BHACMILOK YO-
ro fie " pPO3NOBCIOIKYETLCA KOMMMEKCHE enekTpoOMarHiTHe none
(puc. 2.6), ke nepeHOCUTb eHeprito B aTMocdepi, kabensax, xasunesoaax i
ByOb-sKUX HANPAMHUX cUCTeMax.

E 5 E E
H H H H

— >

Puc. 2.6

Came TOMYy eHeprito MOXHa nepegasaTy ABOma npoBogamu (kabe-
nem), o4HOMPOBOLAOBOK CUCTEMOK (MOPOXKHIM LINIIHOPOM, i30/1bOBAHUM
npoBoaoM) i B3arani 6e3 nposoais (pagionepenaya).

Mepenaya eHeprii xBunesogamu 1N pagionepegada 34iNCHIOTLCA 3a
OAHaKOBUM NpUHUMMAOM. BigMiHHICTL nondrae nuwe y TomMy, LLO B XBUre-
BOAi eHepria 3ocepemkeHa B obmexeHoMy o6’eMi 1M KaHamnisyeTbCs B
3agaHomy HanpsiMky. B npamomy n 3BopoTHOMY npoBoaax kabersie (cu-
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METPUYHUX | KOaKCianbHUX) UMPKYNIOTb CTPYMU  MPOBIAHOCTI Iy
(puc. 2.7, a). MNpu po3noBCIOOXEHHI XBUb B ammocagbepi AioTb (No 3a-
MKHYTUX LUAGXax) cTpymu 3miweHHs I, (puc. 2.7, 6). B xeunesodax
CyMapHi CTpyMuU 3MilLEHHA AiloTb BCepeauHi, a CTpyMn NPOBIHOCTI — B
oro cTiHkax (L;y + Iyp) (pUC. 2.7, B).

2.3. YacToTHi OOMeXXeHHS npu nepenadi eHepril

3anexHicTb KoeqiuieHTa 3racaHHsa a Bid 4acTOTU ONSA PI3HUX NiHIN
nepepadvi (kabenb (K), xsunesoa (B) Ta atmocdepa (A)) HaBegeHO Ha
puc. 2.8.

A
a

Kabensimu nepepaetbcsi cmyra vactoT Big 0 go fy, npu ubomy [oB-

XMHa XBWNi CyMipHa 3 nonepevyHnMun po3mipamu kabento: fy = ¢/h, A~ a, e
a — BiiCTaHb Mi>XX NpoOBOAAMM.



Mpwn yacTtoTax, BUWKX 3a fy, y BiAKPUTUX KabenbHUX NiHisX 3'aBSTLCA
BULWLI cknagosi nons (xsuni TE i TM), BUHMKaAe aHTEHHUN edeKT (edekT
BMMNPOMIHIOBaHHS) i Nnepegava B30BX Koria CTae HEMOXITUBOIO.

B atmocdepi po3noBCOO4XKYIOTECA XBUMI LUMPOKOro Adiana3oHy — Big
AosroxsunboBoro (f; = 15 kI'n) 4O KOPOTKOXBUNBLOBOrO (Adiana3oH HBY).

XeuneeodomM MOXYTb MNepefaBaTUCA NMLLE BUCOKOYACTOTHI KOMU-
BaHHSA, OOBXMHA SIKMX MEHLUA Bif NOro nonepeyHnx po3mipis, Hanpuknag
Big AiameTpa D kpyrroro xsunesogy (A < D), abo cymipHa 3 HUMN.

2.4. Pexxumun nepenadi eHeprii

Pexum nepepnadi eHepril 3anexuTb Bif Aiana3oHy BMKOPUCTaHUX Yac-
TOT | BU3HAYAETbCA 3HAYEHHAMM MNpPaBUX YaCTUH CUCTEMMU PiBHSHb Makc-
Benna (2.1).

CmamuyHulu pexum Bignosigae O06'€EMHMM CTaTUYHMM 3apsigam
eneKkTpuyHoro abo MarHiTHOro xapakrepy:

PiBHsHHS Makceenna | Metan |[ienektpuk
rot H 0 0
rot E 0 0

CmauioHapHul pexum Hanexmntb 0O BUNagKy nepenadi nposogamu
noctinHoro ctpymy (oE). lNocTiHnin cTpym CTBOpPHOE MarHiTHe rnone (rot
H), a enektpuyHe none He HaBognTbCs (rot E = 0):

PiBHaHHA MakcBenna | Metan | [ienektpuk
rot H oE 0
rot E 0 0

KeasicmauioHapHull pe>xum OXONme Nons, Lo MNOPIBHAHO MOBIfNb-
HO 3MiHIOTbLCS, KON CTPyMaMn 3MiLLEHHA B [IieNeKTPUKY MOXHa 3HEXTY-
BaTu. Llen pexum € cnpaBeasiMBum Ons 4actoT, Npu GKMX OOBXUHA XBUN
3HayHo OinbLUa 3a nonepeyHi po3mipu NiHii (A>>D):

PiBHsaHHS Makceenna | Metan |[ienektpuk
rot H oE 0
rot E — jopH — jopH

3a uMMun opmyriaMmm MOXHa po3paxoByBaTU PI3HOMAHITHI MPOBIAHI
cucTeMun (MOBITPSIHI MiHiT, CUMETPUYHI N KOaKcCianbHi kabeni) B Aiana3oHi
yactoT ao 10° Iy,

Xeunboeuu pexum Bignosigae npouecam y BiflbHOMY NPOCTOpi 1 Ai-
erneKkTpuKy, oe CTPyMu NPOoBIAHOCTI BIACYTHI:

PiBHaHHA MakcBenna | Metan | [ienekTpuk
rot H 0 joeE
rot E 0 — jopH
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Liumn dpopmynammn KopuCTyOTbLCH MpU pPO3paxyHKy MpoueciB po3no-

BCIOPKEHHA U BUMPOMIHIOBAHHA XBUMb Y pagioTEXHIL.

EnekmpoduHaMiyHuli pexxum HanexuTb 40 061acTi BUCOKMX YacToT
| KOPOTKMX XBWUIb, KOMN HEODXIiAHO BpaxoByBaTW SIK CTPYMWU MPOBIAHOCTI,

TaK i CTPYMU 3MILLIEHHSA:

PiBHaHHA MakceBennia | Metan | [ienektpuk
rot H oE joeE
rot E — jopH — jopH

Y TakoMmy pexumi 34iNCHIETBCA Nnepenadva eHeprii Xxsunesogamm, CBi-

TNOBOJAMM W pafioyacToTHUMKM niHismMu B obnacti HBY (f>10"Tu),

TO6TO KON AOBXMHA XBUAi MeHLUA 3a nonepeyHi po3mipu niHil (A<D).

2.5. Po3noBcrogXXeHHS eHeprii HaNPAMHMMM cUcTeMaMm

Mpouec nepenadi eHeprili HANPAMHUMU CUCTEMAMUN XapaKTepU3yeTb-
CHA PO3MNOBCKIKEHHAM eHeprii B34OBX CUCTEMU U BENTMYNHOK 30BHILLHLO-
ro Nong, Wo CTBOPKETLCA B OTOYYHOHOMY MPOCTOPI.

PosnoBclomkeHHA eHeprii B3O4OBX HanpsIMHOI CUCTEMW MOB’A3aHO 3
empamamMu eHepeii i XxapakTepusyeTbCs 1l 32acaHHAM. 30BHILLHE €eKT-
poMarHiTHe none B OJIUXKHIU 30HI (Hanbnwxuin go mkepena obnacTi
NPOCTOPY, ANA SKOI AOBXWHA XBWS 3HA4YHO NEepeBULLYE BIiACTaHb Big
mpkepena (A >>r)) NposiBASETbCA Y BUrNALI IHOYKUIT | CNpUYnHAE nepexig
eHepril Ha CYMiXKHI Kofia 1 NOSABIIEHHS B HUX 3aBa)kanibHUX BMIUBIB.

Y QanbHit 30Hi (06nacTi NpocTopy, B SAKi BiACTaHb Big A)Keperna 3Ha-
YHO BinbLua 3a OOBXMHY XBUNi (A << r)) enekTpoMarHiTHe nose npMBOANTb
00 eUunpoMiHKOB8aHHS eHepril i Tl PO3NOBCIOMAXKEHHS HA BENUKI BiACTaHI.

Mpouecu iHayKUii BiabyBalTbCA Y BiAHOCHO HU3bKOMY Aiana3oHi Yac-
TOT Npu A > a, a NPOLECU BUMPOMIHIOBAHHSA — Ha AyXe BMCOKUX YacToTax
npu A < a, ge a — BiACTaHb MiXX NpOBOAAMM.

2.5.1. Po3rnoecro0keHHs1 3 ypaxy8aHHSIM iHOYKUii

[Mpouec po3noBCOLKEHHS B34OBX HANPSMHOT CUCTEMWN XapaKTepusy-
ETbCS MepP8UHHUMU N MOPUHHUMU NapamMeTpamu nepeaadi eHepril, ski
HaBeaeHo B Tabn. 2.1.

OCHOBHMIN NOKa3HUK CUCTEMU — 32aCaHHSl o — CKNagaeTbCs 3 OBOX

YacCTWH: 3racaHHsl B Memainti (a.,,) ¥ 3racaHHs B diestekmpuky (o ), TO6TO
a=ayta, (2.2)

3racaHHa B MeTarsii 3yMOBSIEHO TUM, LLO YacTuMHa ereKTpoMarHiTHOI
eHepril NornmnMHaeTbCsa NPoBOAAMW N PO3CIKOETLCA Y BUMNAAI TENnoBUX
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BTpaT. Lle saBuLe BpaxoByeTbCA NEPBUHHUMU NapaMeTpamMu — OfopoMm Ta
iHdykmuegHicmro.

Tabnuusa 2.1
[MepBWHHI NapameTpu BTopuHHi napameTpun
R — akTnBHMK onip 0, — KoeiuieHT 3racaHHs
L — iHOYKTUBHICTb B — KoedilieHT hasn
C — eMHICTb Zg — XBUINbOBUI ONip
G — NpoBigHIiCTb i3onAuil V — WBUAKICTb PO3MNOBCIOXKEHHS

3racaHHs B fiefleKTpUKy rnoB’a3aHO 3 MOro nonapusadieto i npu 3MiH-
HOMY MOni BTpaTaMu eHepril Ha AienekTpuyny nonspusadito. Lli npouecu
XapaKTepuayTbCa NEPBMHHUMKU NapamMeTpamMu — EMHICMIO N MpoeioHi-
cmiro i3onsyit.

3racaHHs B meTani 3i 36ifbLIEHHSAM YacTOTU 3POCTaE 3a 3aKOHOM Jf, a
3racaHHs B [ieneKkTpuky — 3a 3akoHoMm f (puc. 2.9).

lHOyKkOBaHUWM nepexig eHeprii Ha CycCigHi Kona y OnvxHii 30HI 3yMoBrie-
HUW €NEKTPUYHOI 1 MarHiTHOK B3aEMOAIEID MK KONaMMU.

[1ig Yac NPOXOMKEHHA CTPY-
ag=f* My SKUM-HeOyOb KOMOM Ha npo-
BOAAxX LBbOro Koma BWHWUKAKOTb
3apsgn. L 3apson cTBOpHOOTH
eneKkTpuyHe rone, CcuroBi niHii
AKOro CTUKaKTbCA 3 CyCiaHIMU
npoBoA4aMM W HaBOAOATb Y HUX
3aBagy, WO nNposABNAETLCA Y
BArNSAl  3aBaXKarbHOMo BNBY
e/IeKmpU4YHO20 XapaKTepy.

Cunosi  niHIT  MarHiTHOro

Puc. 2.9 Mons, WO CTBOPIOKTLCS HaBKO-

no NpoBoAiB, BNNMBAKTb Ha CYCiAHI NPOBOAN W HaABOAATb Y HUX CTPYMMU

3aBaf, SKi NPoSsIBNAOTLCA Y BUrNA4i 3aBa)kalibHOro BAIMBY Ma2HimHO20
Xapakrepy.

Ha ekBiBaneHTHMX eNeKTPUYHUX CXemMax enekTpuUYHUM BNSIMB Xapak-

TEPU3YETLCHA esTeKmMpUYHUM 38°sA3KoM Ky,, a MarHiTHUn — mMa2HimHum

38’a3kom Mj, (puc. 2.10). ObuaBa KoedilieHTV HanexaTtb 40 NEePBUHHUX
napameTpiB BNMBY.

AK BTOPWHHI NapamMeTpu BMfNBY BUKOPUCTOBYIOTLCHA MepexigHi 3ra-
CaHHA Ha ONMWKHbOMY A, 1 OanbHbOMY A, KiHUAX NiHil. 3i 30iNbWEeHHAM

Ma
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4acToTM 3MIHHOrO CTPYMY BMSIMB MiXK KONaMu CyTTEBO 3pOCTaE.

R
o, { | O
R
O .' | —O
| F—
Kig == Mio
_:l_fWY\_
o, —O
O O

Puc. 2.10
2.5.2. Po3rnoecro0XeHHs1 3 ypaxyeaHHsIM e UrpOMiHIO8aHHS

[Mpouec BUNPOMIHIOBAHHA BWCOKOYACTOTHOI €eHeprii nos’d3aHnn 3
empamamMu eHepil Ha eUrnPOMiHO8aHHSI, TOMY 3racaHHsl HarnpAMHOI
CUCTEMMU B LIbOMY PEXUMI CKNagaeTbCs 3 TPbOX KOMMOHEHT:

a=oyto,tay, (2.3)
ae o ,, — BTpaTW eHepril Ha HarpiBaHHA 3a paxyHOK BUXPOBUX CTPYMIB Yy
npoBodax, €eKpaHi, 0OOMNoHUi Kaben M iHWMX OTOYYHUMX MeTaneBux
mMacax; o, — BTpaTu eHepril B i3onAuil Ha AienekTpuyHy nondpusadiio, gka
3anexuTb Big SAKOCTI AienekTpuka; a , — BTpaTu BUCOKOYACTOTHOI eHepril
Ha BUMPOMIHIOBaAHHS, NOB’sI3aHi 3 aHTEHHMM e(PEKTOM CUCTEMMN.

YacTtoTHa 3anexHiCTb uux cKrnagoBux BTpaT pidHa. AK yxe 3a3Hadva-
nocs padiwe, BTpaTu B MeTarni 3MiHIOKTbCA 3a 3aKOHOM Ji, a BTpaTu B
AIeNeKTpuKy 3poCTaroTb i3 3pOCTaHHAM 4YacToTW JiHinHO. Lo cTocyeTbes
BTpaT Ha BUMPOMIHIOBAHHS, TO BOHM JOCWUTb Pi3KO 3pocTatoTb 3i 30ifb-
LIEHHSIM YacToTH 3a 3akoHoM f* (ams. puc. 2.9).

Ak BUOHO 3 rpadika, 306paxeHoro Ha puc. 2.9, BTpat Ha BUNPOMi-
HIOBaHHA MaloTb Many nuTtomy Bary B 06siacTi HU3bKMX YacCTOT i pi3ko
3pOCTaloTh i CTalTh AOMIHYHOUYMMK B 0ONacTi HA4BMCOKUX HYacToT.

2.6. BuxigHi npyuHUMnn po3paxyHKy HanpsAMHUX CUCTEM

PiBHAHHA MakcBernna go3BONATbL TOYHO PO3B’A3aT NPakTUYHO Oyab-
AKY efiekTpoguMHaMidHy 3ajady, BKNYakudn 3afadvy nepefadi curHarnis
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3B’'A3KY PISHAMM HaNpPSAMHMMKM CUCTEMaMUu B Pi3HMX Aianas3oHax 4acToT.
OpHak y 6araTbox BMMNagkax Hag3BMYaMHO BaXKKO, a iHOAI M HeaouinbHO
LUYKaTW TOYHI pO3B’A3KM PiBHSAHb Ha ©asi enekTpoguHaMikn, OCKIfbKU iCHY-
IOTb JAOCUTb TOYHI HABNMXKEHI MeTOAN PO3B’A3aHHS 3a4ay Pi3HUX Kracis.

Taknmm HanbinbLW xapakTepHUMKU MeTodamMu, SiKi MOXXKHa BBaXkaTu rpa-
HUYHUMUW ONA eNekTPpoauHaMIKK, €, 3 ogHOro oKy, MeToau meopii esiekm-
PUYHUX Kifl, a 3 iHLWOro — MetToan meopii 2eomMempu4yHOi ONMuUKU.

Y nepwiomy BUNagKy 34IMCHIOETLCA Nepexi Bid XBUITbOBUX MPOLIECIB
A0 KonmBasribHUX (OOBXWHA XBUNI A — ), a Yy APYromMmy — 0 NPOMeHEBUX
(reomeTpuyHKUX) npouecis (A — 0).

3anexHo Bif criBBigHOLIEHHST JOBXUHU XBUMI A N NONEPEYHNX reome-
TpU4HMX po3mipiBa D po3B’a3aHHsA 3agay nepenadi HaNnPAMHOK CUCTEMOLO
MOXXHa NoainuTn Ha Tpu obnacTi: KBasicTauioHapHUX, enekTpoanHaMIYHUX
i KBa3ioNnTUYHKUX npouecis (Tabn. 2.2).

Tabnuugsa 2.2
. . . |EnektpogmHamiyHi . .
Mpouecun KBasicTauioHapHi : KBasionTnyHi
(pe30HaHCHI)
CniBBigHOLWEHHS
<<1 ~1 >>1
D/n
YacTtomn, Ny Big 0 no 10%® 10" 101
KinoMeTpOoBi, CaHTMMETPOBI, . .
[loBXXnHa XBUIb : .. : MIKPOHHi
METPOBI MiNiMeTpOBI
Teopiqa Teopis Kis enekTpoanHamika onTuka
Asua KOSMBarbHi XBWUJTbOBI NPOMeHeBI
OJHOPIAHOT MiHil .
. AHopiA ["tonreHca,
PiBHSIHHA (3akoHn Oma, MakcBenna
: OpeHerns
Kipxroda)
Twun xBuni TEM EiH HE i EH
NoBITPSIHA MiHIA, : ..
HanpsimHa g XBUnesia, ONTUYHUI CBITMNO-
CUMETPUYHA MiHig, : .
cucrtema : .. ’| KOaKcianbHa niHia BOA
KoakcianbHa niHis

2.7. PIBHAHHA OgHOPIAHOI NiHIl

PosrnsHemMo ogHopigHy OOBry nNiHil0 3 NepBUHHUMK napamMmeTpamu R,
L, CiG (puc. 2.11).

Ha noyatky niHii € reHepatop Hanpyrn 3 EPC E i BHyTpilWHIM onopom
Zy, a B KiHLUi NiHIT 3HaXxoAnUTbCA HaBaHTaXeHHs Z. HeobxigHO BCTaHOBUTU
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B3aeM03B’A30K cTpymy I(x) i Hanpyrn U(x) y 6yab-sikin Toyui Kona 3 nep-
BUHHUMK napameTpamn R, L, C i G, AKWO BIgOMI Harnpyra U CTpyM Ha
noyatky Iy, Uy abo B kiHui I,, U, kona.

L,

. R L
0
)—
E@ Uo G =——=2=¢C U, ]Z
R L
¢ [ J—YYY) ®
( X

£ >

Puc. 2.11

Buainumo Ha BigcTaHi Big noyaTKy Kora HecKiH4eHHO marny OingHky dx.
[Mo3HaAuYMMO CTpyM, WO NpOXoauTb erieMeHToM Kona dx, Yyepes I, a Hanpyry
MK npoBogamu — vepes U. Toai ona ainsHku dx MoXHa 3anucatu:

— cnag Hanpyru

dU
—=I(R+ joL); 2.4
5~ I(R+joL) (2.4)
— CTpyM
—E—U(G+ joC) (2.5)
dx | . .
Bukniounmo 3 piBHAHHSA (2.4) BenuunHy I, B3gBLWK OpYry MOXIAHY:
d’U  dI
——>-=—(R+joL). 2.6
dx? dx( ! ) (2.6)
[MigcTaBMMo B OTpuMaHun Bupas (2.6) piBHAHHA Ona cTpymy (2.5):
2
‘;—‘ZL U(R+ joL)(G + joC). (2.7)
X

BeegeMo no3HaueHHs y=\/(R+joaL)(G+joaC), Toai Bupas (2.7)
MOXHa 3anucaTtu sk
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Po3B’sa30k piBHAHHSA (2.8) mae Burnsag U= Ae™ + Be™ ™. dudepeHui-
OOUM e PIBHSHHS, OTPMMYEMO BUpa3 Ans CTpymMy

au_ Aye™ —Bye ™™ = y(AeY" - Be_yx) : (2.9)
dx

MigcTtaBmBLM BUpas (2.9) y BuxigHe piBHAHHA (2.4) onga cnagy Hanpy-
M, OOEepPXNMO

1(R+jcoL)=—y(AeY"—Be‘Y"). (2.10)

Beegemo nosHavenHss Z_=(R+ joL)/y= \/(R +joL)/(G + joC).
MigcTtaBnato4n noro y Bupas (2.10), maemo

1Z =—-Ae™ +Be ™. (2.11)
Y pesynbTaTi OTPMMYEMO ABa PIBHAHHA 3 ABOMA HeBigoMuMun A i B:
U=Ae"™ +Be™; IZ =-Ae"™ +Be . (2.12)

[ns 3HaXOoKEHHS LUMX HEBIAOMUX CKOPUCTAEMOCS FPAHUYHUMKU YMO-
BaMu U\FO:UO, I\FO:IO. MigcTtaBnaumn 1X y piBHSAHHA (2.12), Maemo

Uyp=A +B, IZ,=-A + B, 3BigKn

A=(U,-1,2)/2, B=(U,+1,Z)/2. (2.13)

[MigcTaBnMo Ui 3HaYeHHSA A | B y piBHSHHSA (2.12):
U=[(Uy-1,Z,)/2]e™ +[ (U, +1,2,)/2]e™; (2.14)
1Z, =—(Uy-1,Z,)/2|e™ +[ (U, +1,2,) /2 ]e ™. (2.15)

3pobumBLUM  BIONOBIAHI  NEPeTBOPEHHA 1M BpaxyBaBLIM,  LWO
chyx = (ey" +e )/2 i shyx= (ey" —e ™ )/2 , OLEPXKMMO 3HAYEHHSA Hanpyru

Uy i cTpymy Iy y Byab-4Kin ToYLi Kona x:
{Ux =U,chyx-1,Z_ shyx;

2.16
I =I,chyx—(U,/Z )shyx. (19

2.7.1. Xeunsoesuti onip

Xeunboeul onip Zy— Ue onip, KUK 3ycTpivyae enekTpomarHiTHa XBu-
N9 Npy po3noBCIOAXKEHHI B3OOBX 0AQHOPIAHOT NiHii 6e3 BigdbutTsa, T06TO 3a
YMOBMW, LLIO Ha npouec nepeaadi eHepril He BNMBaOTb HEY3ro4XeHOCTi Ha
KIHLSIX TTiHil.
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EnekTpomarHiTHy XBUnO MOXHa noaaTtu y BUrMsALi 4BOX XBUIb: XBUISTI
Hanpyrun, dka BignoBigae enekTPUYHIN eHepril, i XBuni CTpymy, WO Bignosi-
Aa€e MarHiTHin eHeprii. KinbkicHe cniBBiOHOLWIEHHSA, siKe Mae Micue Mix
LMMW XBUIISIMW B MiHIT, | € XBUITbOBMM OMOPOM Kosa.

XBUNbOBUIK ONip, BNacTUBUMA LbOMY TUMYy Kabento, 3anexuTb nuwie
BiJ MOro NepBUHHNX NapamMeTpiB i YacTOTU CTPYMY, LLO NepeaaeTbCA:

Z =(R+joL)/(G + joC). (2.17)

3a cBO€ hi3NYHOK NPUPOAOHD BenuyuHa Z, He 3anexuTb Big O0B-
XWHW KabernbHOI NiHil | € cTanot y byab-akin Touui Kona.

Y 3aranbHOMY BUrnNA4i XBUSTbOBUX OMip € KOMMSIEKCHOK BENTMYUNHOLO, |
TOMY BiH TaKOX MOXe OyTun BUpaXXeHnn Yepes CBOI AINCHY N YABHY YaCTUHW:

Z, =|z |e"~. (2.18)
3aranbHnn BUrNA4 4YacToTHOI 3ane- _1 124, Om
)XHOCTi XBWNbOBOrO OMOpYy komna kKabento
HaBedeHO Ha puc. 2.12. o
Moaynb XBUNboOBOro onopy Z, 3i |
3MIHOKO 4acCTOTW 3MEHLUYETbCA Big 3Ha- '
yeHHs JR/G npu f=0 go /L/C i 36epi- L/C
rac Lo BENMUMHY Y BCil 06MacTi BUCOKMX ’ fxru
4acTor. 10
KyT XBMNbOBOro onopy ¢, AOPIBHIOE 20
Hynto npu f =0 i Ha BUCOKMX YacToTax, a -30
Ha cepefHix yactoTax (f = 800 I'm) mae 40
MakcMMarnbHe 3HayeHHsl. B kabenbHux x
NiHISX KyT 3aBxau Bio’eMHun i 3a abco- Puc. 2.12

NIOTHOK BENNYNHOKD He nepesBullye 45°, WO CBIiAYNTb NPOo NepeBakaHHS
EMHICHOI CKNagoBOl i EMHICHUIM XapakTep XBUNbOBOro onopy kabenis.

2.7.2. KoegbiuieHm po3rnoecroO>KeHHs

EnekTpomarHiTHa eHeprisi, pPO3MOBCIOAXYIOUYMCH Y340BX KabenbHol
NiHIT, 3MEHLYETBHCA 3@ BENIMYMHOIO Bif NoYaTKy A0 KiHUSA MiHil. 3MEeHLLIEHHS
abo 3racaHHsa eHeprii NOSICHIETLCA BTpaTtamu 1 y konax nepepadi. Lli
BTpaTX BPaxOBYKOTbLCA 3a AONOMOIro KoeilieHTa pO3noBCIOOKEHHS .

KoediuieHT po3noBCIOOKEHHSI € KOMMIIEKCHOK BENMUYMHOK N MOXE
ByTn nogaHum y BUrMSAi CyMy OINCHOI | YSIBHOT YaCTUH:

y=a+jB=(R+joL)(G+ joC). (2.19)
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Ao ckopucTaTMCa BUPA3oM A9 CTPYMY 1 Hanpyrn y BUMMSA,
U,/U, =1,/1,=e" =e*elP = Ael®, (2.20)

TO MOXHa no6aunTy, Lo Moaynb BUpasy A =e* xapakTepusye 3MeHLUeH-
HA abCONKTHOrO 3HA4YeHHs CTpyMy abo Hanpyrn nNpu MPOXOLKEHHI MiHil
noBXuHow £ . Kyt ¢ =B£ nokasye 3MiHy KyTa BEKTOPIB CTPyMy W Hanpyru
Ha Ui camin OinsHui NiHIT JOBXMHOW £ .

[Mig yac nepepadi curHanis 3B’A3Ky napamMmeTpu o i B XxapakTepusyoTb,
BiAMOBIOHO, 3racaHHA 1 3MiHY ¢ba3 CTpyMy, Hanpyrn n nOTY>KHOCTI Ha Oing-
HUi KabernbHOro Kona OOBXWHOK 1 KM | MaloTb Ha3By KoedpiuyieHmie 32a-
B 8 caHHs1 N ¢ha3su. KoeqaiuieHT_aracaHHﬂ BUMI-

’ a pOeETLCA B Aeumbenax Ha KinlomeTp, a Koe-
diLieHT drasn — B pagiaHax Ha KirlomeTp.
TWnNoBiI YaCTOTHI 3aneXxHoCTi KoedilieH-
TiB 3racaHHAa 1 ha3n kabento HaBegeHoO Ha
puc. 2.13.
KoediuieHT 3racaHHa a, SIKMA Npu no-
f, Ky  CTINHOMY CTPYMi OOpPIBHIOE JRG, crnovaTky
P > 3pocTae OocuUTb Pi3ko, a MnoTiM — GinbL
nc. 2.13 . :
nnasHo. KoediuieHT ¢asn B 3pocTtae Big
HYNs Mamke 3a NPAMOSTIHINHAM 3aKOHOM.

A

2.7.3. lLleudkicmb po3Mo8croO)XeHHsI eJIeKmpPoMazHimHoOI eHepeaii
KosiaMu 38°s13Ky

EnekTpomarHiTHa eHepris po3noBCIOIKYETLCA MiHIED 3B’A3KY 3 neB-
HOMO LUBUAKICTIO, SIka 3aneXxuTb Bif napamMeTpiB Komna M 4acToTU CTPYMY i
BM3HA4YaETbCA SIK

v=0/B. (2.21)
LLBMAKICTb pPO3MNOBCIOMKEHHS € (pyHKLUiE YacToTh f=w/2n i koedi-

uieHta gasn B. TakMum YMHOM, SKLLO 3racaHHsA Kora BM3Ha4vae HAKIiCTb |
AanbHICTb 3B’A3KY, TO KoeiuieHT dha3n 00yMOBIIOE LWBUAKICTb PYXY eHep-
ril NiHieto.
LLIBMAKICTb PO3NOBCIOAXKEHHSI MOXXHA BU3HAYNUTMU:
— NP NOCTIMHOMY CTPYMi
1

T LC (VEG/RC +RCILG) /2] /

— B Aiana3oHi BUCOKMX 4YacToT

(2.22)
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1
Ve—.
VLC

TakMM 4YMHOM, 3i 3POCTaHHSM YacTOTU LUBUAOKICTb PO3MOBCHIKEHHS
eneKTpoMarHiTHOI eHeprii kKabenbHUMK NiHIAMN 3HAYHO 3POCTaE.

(2.23)

3. CUMETPUYHI KABENI
3.1. EneKkTpuyHi npouecu B CUMETPUYHUX KoJlax

BigMiTHOO 0COBGMMBICTIO CUMETPUYHMX MiHIN € HasIBHICTb ABOX MpO-
BOAIB, LLO MalTb OAHAKOBI KOHCTPYKTUBHI M €NeKTPUYHI BracTuBoCTi. B
CUMETPUYHOMY KOMi enekTpomarHiTHe nosne Bigkpute (puc. 3.1) i gie Ha
3Ha4HiIn BiACTaHI Big NPOBIAHWKIB.

[Mig BNNMBOM 3MIHHOMO NMons BiABYBAETLCA Nepepo3noain enekrpoma-
FHITHOT eHepril No nepepi3y NPOBIOHUKIB, MPU LiIbOMY MOYNHAKOTbL NPOSBNA-
TUCA TaKi epeKTn:

— noeepxHeasul eghekm:,

— eghekm  651u3bkocmi
CYCIiHIX NPOBIgHVKIB;

— e¢hekm ensusy omo-
4yro4ux Memarsieeux Mac
(cycigHix npoBigHWKIB, ekpaHa,
BpOHi TOL0) Ha NapameTpu Kis.

Y CUMETPUYHNX KabenbHUX
KOJlax CriocTepiratTbCs yCi Tpu
edoekTn ogHo4acHo. B nositps-
HUX MNiHISX, Ae NpoBoau po3Ta-
LOBaHI  MOPIBHAHO  Janeko
OOWH BiO OAOHOro | BIACYTHI
30BHiLLHI MeTaneBi 0DOMNOHKW,
cnig ypaxoByBaTu nvile noBepxHeBun edekT. B koakcianbHux kabensax, Lo
€ 3aKpUTUMM CUCTEMaMMU, OISt OTOUYOUYMX METArNeBUX Mac He BPaxoBYETbCA.

3a paxyHOK 3a3HadeHux ABuLL, BiAbyBaeTbCA Nepepos3nonisli enekTpo-
MarHiTHOro rnosisi U 3MiHIOTbLCA NapamMeTpu Kin. AKTBHUI onip R i em-
HicTb C 3pocTaloTb, iHAYKTUBHICTb L 3MeHwyeTbca. Hanbinblw cyTTeBO
3pocTae onip kona

Puc. 3.1

R=R,+R__+R_+R_, (3.1)
ne R, — onip nocTinHomy ctpymy; R__ — ofip 3a paxyHOK MNOBEPXHEBOIO
edekty; R, . — onip 3a paxyHok eekTy 6rnmsbkocTi; R — onip, 3ymoBre-
HUM BTpaTaMn B OTOYYOUNX METaneBux mMacax.
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3.1.1. lNoeepxHesul e¢hekm

lNosepxHesuli e¢ghekm siBnsie COBOLO Takni Nepepo3noain CTpymy no
_ nepepisy NpoBigHUKa, npu

MarHiTHe “°” SIKOMY  LWIMBHICTb  CTPYMY
3pocTae Big UeHTpa Ao

Ipes NoBepXHi NPOBIAHUKA.
Buxposi Ctpym I, wo nportikae
CTPyMU | c yepes NpPOBIAHMK, CTBOPIOE

CTpym | 3a BigcyTHocti  HABKOMO  HBOTO  MarHiTHe

noeepxHesoro edpekty  none (puc. 3.2). Cwunosi

NiHIT  BHYTPIWHBLOIO MNOs4,

nepeTvHayn TOBLLY MNpo-

Puc. 3.2 BiHWKA, HABOOATb Y HbOMY

BUXpoBi CTpymun I;., SAKi 3a 3akoHOM JleHua cnpsiMmoBaHi MPOTUNEXHO
obepTaHHIO PYKOATKN MBUHTA.

BixpoBi cTpymn y UeHTpi NpoBigHMKA MalTb HanpsiMOK, 3BOPOTHWUN
PYXy OCHOBHOIO CTpPyMYy, LLO Teye no NpoBigHUKY, a Ha nepudepil, HaBna-
KW, IXHIi HAaNpsAMKK 36iratoTbCs.

[MoBepxHeBUN edeKT 36inbLIYETbCA 3i 3POCTAHHAM YacTOTU CTPyMy,
MarHiTHOI MPOHUKHOCTI, NPOBIAHOCTI N AiameTpa nposigHuKa. Npu gocTart-
HbO BUWCOKIA 4acTOTi CTPyM MNpPOTIKae fviie NoBEepXHEeK NpoBigHMKA, WO
CrpuYmnHsEe 36iNbLUEHHS MO0 aKTUBHOMO OMNopy.

[HaKwe noBepxHEBUN e(PekT MOXHA NOACHUTU AK MPOHUKHEHHS enek-
TPOMarHiTHOro nosis B TOBLLY MPOBiIgHMKA, MPUYOMY YMM BMLLA 4acToTa,
TMM GinbLua rMMbrHa NPOHUKHEHHSA NOSs B MeTarn.

3.1.2. Eghekm 651u3bkocmi

30BHiWHe nosie H npoBigHWKa a, NnepeTvHayn TOBLLY NPOBigHMKA 0,
HaBOOMUTb Y HbOMY BUXPOBI CTpymu (puc. 3.3). Ha noBepxHi nposigHuKa o,
H oOepHyTi O NPOBIAHUKA @, BOHU
30iraloTbCcsl  3a HanNpsMKoOM 3
ocHOBHUM cTpymoMm (I+1;.), a Ha
NPOTUIIEXHIN MOBEPXHI NPOBIgHU-
Ka 6 cnpsiMoBaHi 3yCTPIYHO OCHO-
BHOMY cTpymy (I—1I,.). AHanoriy-
Be3 ypaxyBaHHs HUAX nepepos3noain CTpymiB BiA-
edekty 6nmsbkocti  OYBAETHLCA | Y MPOBIOHNUKY a.
Puc. 3.3 Mig yac B3aemopil BUXPOBUX
me. S CTPYMIiB 3 OCHOBHUM LUINbHICTb

20



pe3ynbTy4oro CTpyMy Ha obepHyTUX ogHa 40 OL4HOI MOBEPXHSAX NPOBIAHMU-
KIB @ | 6 30iNbLUYETLCS, a Ha BigaaneHux ogHa Bif OOHOI MOBEPXHSX — 3MEH-
LLIYETbCS.

Lle sBule («30nmkeHHs» CTPYMIB Y NPoBigHWKaX a | 6) Mae Ha3By eghe-
Kmy 6nu3bkocmi. Yepe3 HepiBHOMIPHUA pO3noain LWinbHOCTi cTpymy 306i-
NbLUYETLCA aKTUBHUM ONip Koria 3MiHHOMY CTpyMY.

Akwo gBoma cycigHiM1 npoBigHMKaMu
CTPYMU NPOXOOATb B OAHOMY HanpsiMKy, TO
nepepos3nofiyi  iXHbOI LWiNbLHOCTI 4Yepes
B3aEMO/I0  30BHILLHIX eneKTpoMarHiTHUX
nonis NPMBOANTbL A0 3POCTaHHS LWUINbHOCTI
CTPYMIiB Ha B3aeMOBigganeHnx noBepXHAX

NPOBIOHWKIB a i 6 (puc. 3.4). T | l | T' T |
Edekt Onu3bkocTi TakoX € npsMo
NPOMNOPLUINHUM YacCTOTi, MarHiTHIN MPOHUK- Puc. 3.4

HOCTIi, NPOBIAHOCTI N AiaMeTpy NPOBIAHMKA W, OKPIM TOro, 3anexmuTb Big
BiACTaHi MiX npoBigHMKamu. 3i 3MEHLWEHHAM Uuiel BiacTaHi gis edekty
BGn3bKOCTI 3poCcTaEe B KBaapari.

3.1.3. Bnnue omo4yyro4yux Memasieeux mMac

MarHiTHe none H, WO CTBOPHOETLCA
CTPYMOM, SIKMW MpPOTiKae npoBOAaAMMU
Kona, HaBoaAUTb BUXPOBI CTpyMun Iz y
CycCifHiX npoBigHuKax kaberto, oTouvyto-
YoMy eKpaHi, MeTaneBin OOONOHLUI W
BpoHi (puc. 3.5).

[Mpoxoasun meTtaneBMMM YacTuHa-
MW Kabernto, Li BUXPOBI CTPYMU Harpisa- Puc. 3.5
IOTb IX | CTBOPKOIOTL O04ATKOBI TEMNMOBI BTPATW eHepril. [HwuMmu cnosamu,
BiabyBaeTbCca sK BU «BiACMOKTYBAHHSA» OESKOI YaCcTKM eHepril, Wo nepe-
AaeTbCs, NPUYOMY HaMbINbLLIOrO BNAMBY 3a3HalOTb 65IM3bKO PO3TaLLOBaHI
A0 pOo3rnsayBaHOro Kora MeTtanesi YHacTUHKU Kabento.

OkpiM TOro, BUXpPOBI CTPyMW CTBOPKOKOTb MOSfe 3BOPOTHOI Aii, SKe
BNSIMBAE Ha NPOBIOHMKN KONa 1 3MIHIOE IXHI NapamMeTpu.

3.2. BU3HaYeHHS NnepBMHHUX NapamMeTpiB KaberbHUX NiHin
3.2.1. Onip ma iHOykmueHicmb

BusHayeHHA onopy W iHOYKTUBHOCTI 34INCHIOETLCA Ha OCHOBI Bpaxy-
BaHHA eHeprii, sika NormMHaeTbCs NPOBIOHMKOM 3 OTOYYHYOro NPOCTOPY.
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Bupas gna BusHayeHHs onopy R, Om/km, mae sBurnsag [3]
p.G(kr)(d/a)’
1-H(kr)(d/a)" |

oe R , R, — onopu nposigHuKIiB a i 6; d — giameTp NpPoBIAHWUKIB, a —

R=R, +R;=2R x| 1+F(kr)+

BiACTaHb MiX MPOBIAHMKaAMW; r — pagdiyc MNpoBigHWKIB, k=«/couac — Koe-
(ilieHT BTpAT AnA meTana; u, — abCcomnoTHa MarHiTHa NPOHKKHICTL Npo-
BiAHWKIB;, p, — napameTp, L0 BU3HAYAETLCA TUMOM CKPYTHSA (ONnA NapHoro
CKpyTHA p.=1); x — KoediuieHT ckpyTHA (x= 1,02...1,07 3anexuTb BiA
piavetpa kabento); F(kr), G(kr), H(kr) — uuniHapuyi yHKUii.

HaBegeHuin Bupas ans pospaxyHKy onopy MIiCTUTb Taki CKnaaosi:

— onip nocTinHomy cTpymy R, =2R;

— onip 3a paxyHOK NoBepxHeBoro edpekty R = 2R0F(kr);

p.G(kr)(d/a)’

"1-H(kr)(d/a)’

IHOYKTUBHICTb kona B uiniomy L, MH/KM, BUBHAYa€ETLCA CYMOKO 30BHiLL-
HbOI L, | BHYTPIWHBLOI Ly (BiZHOCHO NPOBIAHMKA) iIHOYKTUBHOCTEN:

— onip 3a paxyHok edoekTy bnmsbkocTi R, . =2R

L=L,, +2L, =[4lnﬂ+ uQ(kr)]lO_", (3.3)
r

Ae u — BigHOCHa MarHiTHa NPOHUKHICTb NPOBIAHWKIB; Q(kr) — UuniHapuy-
Ha PYHKLUIA.

3.2.2. EMHicmb i npoegidHicmb i3onsauii

EMHicTb C, ®/km, i nposigHicTb G, CM/KM, i30n5uil NoB’A3aHi 3 npoue-
camn B JieNieKTpuKy. EMHICTb BU3HA4Yae MOro 3gaTtHICTb A0 nongpuaauil i
BESIMYMHY CTPYMIB 3MiLLEHHS, @ NPOBIOHICTb — BENMYMHY BTparT.

€MHICTb 3 ypaxyBaHHSAM B5IM3bKOCTI CYCigHIX nap NPOBIAHWKIB i BAK-
BY 30BHIiLLHLOT MeTaneBol 060SIOHKN BU3HAYa€ETLCA 3a OPMYIIOH

-6
€-10
c=_2r2" (3.4)
36In(ya/r)
Ae € — fienekTpuyHa NPOHUKHICTb i30NALUil; y — NONpaBKOBUN KOEMILIEHT,
LLIO XapakTepnaye 6nmM3bKiCTb MeTaneBol 060MOHKN 1 CYCigHIX NPOBIAHUKIB
(vy=0,6...0,7).
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BTpatm B [AienekTpuky XapakTepusyrTbCA KyTOM AieNeKTPUYHUX
BTparT o:

G=G0+Gj=RL+oaCtg8, (3.5)
13
Ae G, — NpoBigHICTb, 3yMOBIIEHA MPOTIKAHHSAM CTPYyMY B AI€NEKTPUKY; G,
— NpOBIAHICTb, 3yMOBIEHa AieNnekTpuyHnMm BTpatamu; R, — onip isonauii
kabento.

Kabeni 3B'A3Ky MaloTb, K NpaBuno, ckrnagHy KoMOIHOBaHY i30s5LUito,
fIka CKNnagaeTbCA 3 TBEpAoro Adienekrpuka v nosiTps. Pe3ynbTyrodi eksi-
BaSleHTHI 3Ha4YeHHA [ieNnekTPUYHOI MPOHUKHOCTI M KyTa [LieNleKTPUYHNX
BTPAT CKMagHol i3onsauil BU3Ha4yatTbCA BNAacCTUBOCTAMMU 1 CRiBBIAHOLIEH-
HAM ob6’eMiB 1i CKNagoBuX YacTuH. EkBiBaneHTHI 3HA4YeHHS CKNagHol i30-
nauit 6nmabki A0 BiANOBIAHUX BENMUYUMH TIiET 1T YaCTUHN, sika 3anMae Hanbi-
NbLUnin 0B’eMm.

3.3. OCHOBHI 3anNeXxHOCTI NepBMHHUX NapamMeTpiB CUMETPUYHUX J1iHIN

MapameTpu R i G 3i 36inblWeEHHAM YacToTu f 3poCcTaloTb 3a paxyHOK
BTpaT y MPOBIOHWKAX Ha BUXPOBI CTPYMU W B i30NnAUil HaA OieNeKTpudHy
nonspusadito (puc. 3.6).

IHOYKTMBHICTb L 3i 36iNblUEHHAM 4aCcTOTU 3MEHLUYETbCHA, TOMY LLUO
3MEHLUYETLCA BHYTPILWHA IHOYKTUBHICTb MPOBIOHUKIB 32 paxyHOK MOBepXx-
HeBoro eekTy. EMHICTb C Bif YaCTOTU He 3anexuTb.

Mpwn 36inblWeHHI BigcTaHi Mk npoBigHMkamn a napametpn R, C i G
3aKOHOMIPHO 3MEHLUYTbCS, a iHAYKTUBHICTL L 3pocTae (puc. 3.7).

A RL,CG R A RL,C,G
C
R
X C
Pl o L
e @4 . ;G
f, kI’ a
Puc. 3.6 Puc. 3.7

3HWKEHHI R 3yMOBMEHO 3MEHLLEHHSIM BTpaT Ha edeKT Gnn3bKOCTi.
3pocTaHHa L noB’i3aHO 3i 306iMblLUEHHSM KOHTYPY, WO MNPOHU3YETLCS
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MarHiTHAM NOTOKOM. EMHICTb C 3MEHLUYETLCS, OCKINIbKA MPOBIAHUKN Bifl-
AanalTbCs OOMH Big OAHOrO M 3MEHLLYETLCA X B3aeMmogis. 3MeHwWweHHs G
noB’si3aHo 3i 36iNbLEeHHAM TOBLUMHW dieNeKTPUYHOro martepiany Mix
npoBigHMKaMu Npun 36inbLUEHHI BiACTaHI Mi>XK HUMW.

3i 36inbweHHsaM giameTpa nposigHukie d napametpn C i G 3pocTa-
0Tb, @ L 3MeHwyeTbcsa (puc. 3.8). 3MiHa akTUBHOIO ONopy Mae CKIagHum
xapakTtep. Lle saymoBneHo Tum, Lo 3i 36inblUEHHAM giameTpa npoBigHMKa
onip NOCTIMHOMY CTPYMY Pi3KO 3MEHLLYETLCHA, a Onip 3a paxyHOK noBepx-
HeBOro edekty n edekTy 6nm3bkocTi 3pocTtae. Tomy crnoyaTky R pi3ko

ARLC,G

C

Puc. 3.8

oV

3HWXKYETbCHA, a MOTIM Ue 3HWKEHHS
CMOBINBHIOETECA W NPU BENUKUX 3Ha-
YeHHS AiameTpa NnoYnHae 3pocTaTu.

TunoBi 3Ha4YeHHA MNEepBUHHUX na-
paMeTpiB ICHYHOUYNX TUMIB CUMETPUYHUX
niHin crtaHoBnaTtb: R =5...200 OM/Kkm;
L=0,6...2 m[/km; C =6...50 HD/KM;
G =1...200 MKCM/KM.

Y kabernbHMX MiHIAX 3a paxyHOK TOH-
KMX NPOBIOHWKIB i ByIM3bKOro iX poaTaluy-
BaHHA npeBantoloTb napametpu R i C.

3.4. Bu3Ha4eHHA BTOPUHHUX NapamMeTpiB CUMETPUYHUX MiHIN

BTOpWHHI napameTpn CUMETPUYHNX NiHIN (Zy, o, B, V) PO3PaxoByOTb-
cA 3a 3aranbHumMmun dpopmynamm (2.17), (2.19) i (2.22). Y geaknx sunagkax
IX MOXHa BUpasnTn 6esnocepeaHbO Yepeld rabaputHi poamipu kin (a, d) i
AKICTb BMXIAHWX MaTepianis (s, tgo):

— XBUITbOBUI ONip CUMETPUYHOI NiHiT, OMm,

Z

X

120

7 n{a;rj; (3.6)

— KoediuieHT 3racaHHs, ab/km,

a=5\/§+g\/g; (3.7)
2VL 2\C

— koedpiuieHT dpasun, pag/km,

B=wvLC =wve/c; (3.8)

— WBWAKICTb PO3NOBCHOAXKEHHST €Hepril, KMm/C,

v=1/JLC=c/\s. (3.9)
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3.5. BuU3HayeHHs1 napamMeTpiB CUMETPUYHUX eKPaHOBaHUX JiHIN

[MapameTpu ekpaHOBaAHOIrO CMMETPUYHOro kabento yepes edekT Bia-
OuTTa BiO ekpaHa Bigpi3HAKTLCA Big NapamMeTpiB HeekpaHoBaHOro kabe-
no. Llen egeKkt nondrae y Tomy, WO enekTpomMarHitTHa XBuns, nagarym Ha
eKpaH, NiMe 4acTKOBO MPOHUKAE BCepeanHy HbOro, a 3anuwikosa Il Yyac-
TWHa, BigBvBaluYMCb, Haknaga- lp.c 0
€TbCSA Ha nosie kabesnto, 3MiHIOHYM (:(

|
oro amnniTyay daay. 90-IT— 270
3MiHHe marHiTHe rnorsie, NPoHU- |
3yl0uM MeTarneBy TOBLUY eKpaHa, (:\ = ' I
HaBOOMTb Y HiK BUXPOBI cTpymun. L ls.c | 180
CTPYMU LIMPKYITIOOTb Y30BX eKpa- Puc. 3.9

Ha y NpPAMOMY HanpsiMKy 3 ogHoro 60oky ekpaHa (¢ = 0°) i B 3BOPOTHOMY — 3
iHworo (@ =180°) (puc. 3.9). Y umx ToYkax BUXPOBI CTPYMU MaKOTb HanbInb-
LY KOHUeHTpauito. MNpun ¢ = 90° i 270° BUXPOBiI CTPYMU AOPIBHIOOTb HYSHO.

BuxpoBi cTpyMmn B eKkpaHi MatoTb HanNpsIMOK, MPOTUNEXHUA HaNPAMKY
CTpyMy B nobnusbkin xuni. BHacnigok uboro cTBoprolOTbCA Ak 6u aBa
Kofa 3i CTpyMamu Pi3HUX HanpsiMkiB (OCHOBHOrO W BUXPOBMX CTPYMIB) i
BiANOBIAHO BMHMKAIOTL Pi3HOCMPSAMOBAHI MarHiTHi nons (ocHoBHe H' |
none peakuii H?) (puc. 3.10).

Pwuc. 3.10

BuxpoBi CTpymMun, UMPKYNOKYN 3aMKHYTUMU LUASIXaMW, HarpisatoTb
eKpaH i CTBOPIOKOTb JO4AaTKOBI BTpATU eHepril.

3.5.1. Onip ma iHOykmueHicmb

[Mig 4ac po3paxyHKy akTUBHOIO OMOpYy eKpaHOBAHOMo CUMETPUYHOrO
kabento OKpiM ornopy nosepxHeBoro edekTy R, . i onopy edekty 6mmn3bko-
CTi Reg HEODXiOHO TaKOX ypaxoByBaTW BNANB ekpaHa Ha edekT 65mM3bKoc-
Ti Ry e | AOAATKOBI BTPATU, CNPUYMHEHI EKpAaHOM Re:
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R=2(R,+R, +R;+R, )+R,. (3.10)

Onip Big edekTy 65M3bKOCTI 3 ypaxyBaHHSA BNIMBY eKpaHa MOXHa BU-
3Ha4YUTU K

R_+R ={1-4——— R

e.0 p.e 4 4 e.dn’

(3.11)

e re — BHYTPILLHIN pajiyc ekpaHa.

EkpaH, 3MeHLUyouM MarHiTHe none, 3HuXye aito edekty 65mM3bKOoCTi.
MoxxHa nigibpaTtu Taki po3mMipu nonepeyHoro nepepisy kabento, npu Akmx
BTpaTu Big ehekTy 6rm3bkocTi OyayTb YCYyHEHi. Tako yMOBOI €

4a2re2/(re4—a4)=1 = a/r,=0,972. (3.12)

TakuMm 4YMHOM, onTMMarnbHa 3 TOYKM 30pY aKTUBHMX BTpaT BiACTaHb
MK Xunramu kabento gopiBHIOE NPpUBAN3HO pagiycy ekpaHa.
[Mpn BMKOHAHHI 3a3HA4YE€HOro ONTUMAasribHOro CriBBIAHOLWEHHST MK a |

r. MOBHU aKTUBHUI ONip CUMETPUYHOIO eKpaHoBaHOro kabento oyae
R=2(R,+R_ )+R,. (3.13)
Onip 3a paxyHOK BTpaT B eKpaHi BU3HA4YaETbCS 5K

321‘2 azrz
R, =8R,, G(kere)r4 _ea ) 1—H(kere)r4 _ea |, (3.14)
(¢ ¢

ne R, —onip ekpaHa noctinHomy ctpymy; k, = ,/op,c — KoedilieHT BTpar
AN MeTana ekpaHa; p, — abcontoTHa MarHiTHa NPOHUKHICTb ekpaHa.

IHOYKTUBHICTb CUMETPUYHOIO EKpaHOBAHOIO Kona 3a paxyHoK BMSMBY
BiAGUTOro Bif ekpaHa MarHiTHOro nosis Aewo 3MeHLLYETLCS:

LSOB.e =4lnTre2+—3210 . (315)
¢

3i 3MeHLWeHHAM pajiyca ekpaHa MDKNPOBIAHUKOBA IHOYKTUBHICTb
3HAYHO 3MeHLYETbCA. B peanbHMX KabenbHMX KOHCTPYKLIAX 3MiHa MOXe
pocsaratn 15...20 %.

3.5.2. EMHicmb i npogidHicmb i3onsauyii

EMHICTb CUMETPUYHOIo eKpaHoBaHOIo Koria BU3HA4Ya€eTbCA AK

€ -6
C, = et —a? -107°. (3.16)
36ln—-C——
rr +a
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€MHICTb eKkpaHOBaHOro kona Oinblia 3a €MHICTb HEeKpaHOBaHOrO.
UM Gnukye NpoBigHUKM po3TalloBaHi 4O eKkpaHa (a/re — 1), TUM CUNbHI-
lWe edeKT BNAMBY ekpaHa 1 binblia eMHicTb Kona. Npu Benukux pagiycax
ekpaHa (r,— o) EMHICTb €KpaHOBaHOro Kosia HabnmxaeTbcs 40 €MHOCTI
HeeKkpaHOBaHOrO.

[MpoBigHICTb i30M4UiT eKpaHOBaAHOro Kosia, Tak camo §K i HeekpaHoBa-
HOro, PO3pPaxoBYETLCH 3a POPMYJSIOH

G,=oC, tgd. (3.17)

3.6. OnTMManbHi cniBBiAHOLWEHHA NapamMeTpiB CUMETPUYHUX MiHIN
3B’A3KY

OgpHieto 3 akTyanbHMX Npobnem kaberbHOI TEXHIKM € 3BinblIeHHs ga-
NbHOCTI 3B’A3KYy 6€3 [oaaTKOBMX BUTPAT KONbOPOBMX METanIB (3a paxyHoK
30iNblIEHHA nepepi3y NPOBIOHMKIB Kabento M 3HMXKEHHSI TXHbOro ornopy).
[ns BupiweHHs Uiel npobneMn BOOCKOHAmMOKTbL anapaTtypy 3B’si3Ky W
3MEHLLYI0Tb 3racaHHsi kabenbHOro Kona.

KoeiuieHT 3racaHHA BU3HA4Ya€ETLCA BUPa3oM

a=R/2{/C/L+G/2|L/C=a, +a,, (3.18)

fe o, o — KoediUuieHTU 3racaHHa B MeTani n gienekTpuky.

CTBOpPUTM Taky niHito, B Akin 6 R =G =0, HEMOXIMBO, OCKIINbKK
Oyab-aKe pearnbHe kabenbHe Koo Mae akTuBHMM onip R i npoBigHicTb G.
MoxkHa nuwe nigibpatn Take CniBBIAHOLWEHHS MK mapameTpamu Kona,
o0 mnoro 3racaHHa 6MNo HaMMEHLUMM.

Xapaktep 3MiHW KOewmilieHTIB a, i oy NPU Pi3HUX CMiBBIOHOLLIEHHSAX
X =,/RC/LG HaBefeHo Ha puc. 3.11.

M’

3i 3pocTaHHAM X BenuuuHa o,
30iNbLUYETLCA, @ @, Pi3KO 3MEHLLY-
eTbcst. Mpy X =1 BTpa™ B MeTani O+ Qy o I¥
[OPIBHIOOTL BTpaTaM y AienekTpuky /RG
(ay=0y) i 3racaHHa kabeno Mae '

HalMeHLLY BENUYMHY: Oz :
o . =0, = JRG . |
Lle mae micue y Tomy BUNaaKy, |
KONM MepBUHHI MNapamMeTpu Kosa I >
3HAXOAATbCS Yy CMiBBiQHOLUEHHI 1 JRC/LC
RC=LG. Take cniBBIAHOLUEHHSA € Puc. 3.11
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ONTUMarnbHUM, i A0 HbOro Cnig HabnXxaTnUcs NpPU KOHCTPYIOBaHHI Kabenis
3B’a3Ky. B kabensx icHytoumx Tmnie R i C nepeBuLyoTb 3a BenmymHamm L
i G, To6T0 RC >> LG. ToMy HeobxigHO BXMBATK chnevianbHUX 3axo4iB ans
3MEHLUEHHS 3racaHHs:

— 3MeHwyBaTun onip R — cknagHo, OCKiSfibkn BenmymHa R pernameHTo-
BaHa JONYyCTUMUMW BUTpaTamMn Migi (GiaMeTpoM XUnm);

— 3MeHLyBaTn eMHICTb C — HeAOoUiNbHO, OCKiNbK1 NoTpebye 30inbLueH-
HA BigCTaHi MiX Xunnamm kabento (To6To 36iNbLeHHs rabapuTHMUX Po3MipiB);

— 36inblUuyBaTH IHOYKTUBHICTL L — €ANMHMI peanbHUX WISIX 3MEHLUEH-
HA 3racaHHs.

ICHYIOTb Aekinbka pi3HMX cnocobiB LWTYy4YHOro 36inbLUeHHS IHOYKTUB-
HOCTI KabersibHUX Kifl 3B’A3KY:

— nyniHu3ayisi — BBIMKHEHHS y KabernbHe KOMo Yyepes3 NeBHi Bi4CTaHi
NyniHOBCbKMX (Ha YecTb aBTopa [lyniHa) KOTYLIOK iHOYKTUBHOCTI;

— Kpapyni3auiss — 3acTtocyBaHHs (hepomarHiTHOI 0BMOTKM Ha CTpy-
MOMPOBIAHIN XWNi;

— 6iMmemani3auyisi — 3acTocyBaHHs BiMeTaneBnx 03anisHEHNX XN,

— BUKOPUCTaHHA Ma2Himodienekmpuka.

3.7. KoHCTpyKLUifs cMUMeTPUYHMX KabGeniB i IXHi XapakTepucTuUkun

CumeTpuyHi Kabeni LWMPOKO BMKOPUCTOBYKOTBCS Ha MNiHIAX MaricTtpa-
NbHOrO, 30HOBOTO, MICbKOIO W CifTlbCbKOro 3B’A3KY.

[ns mazicmpanbHO20 38°sI3Ky 3aCTOCOBYHOTHCA 4x4 i 7x4 KOHCTPYKLUIl
kabeniB, a 4N 30HOBOrO — KOHCTPYKLUiS 1x4. B yCiX KOHCTPYKUiAX BUKOPUCTO-
BYIOTbCS MigHI NpoBigHWKK giameTpoMm 1,2 MM, i3onsuist Moxe 6yTn ctnpodosne-
kcHoto (Trn MKC), naneposoto (Tun MK) i nonietuneHosoto (Tun MKIT). O6o-
NIOHKa MOXKe ByTM CBUHLIEBOIO, artoMiHIEBOKO abo CTanbHOK (rodpOBaHOL0).

OCHOBHMM TUMOM CUMETPUYHOrO Kabento € kabenb KOHCTPYKLii 4x4 3
KopAenbHO-NonicTMponoBoo  (ctupodoniekcHow)  izonduietro MKC-4x4.
3anexHo Big Tuny obonoHkn kabenb mapkytoTb MKC (cBuHueBa), MKCA
(antominieBa) abo MKCC (ctanbHa). Kabenb B arntoMiHieBin 0B0OMOHL
Binbly AeweBnin | NErKNn, HiXX Yy CBUHLEBIN, | Mae Kpalli ekpaHytodi Bnac-
TMBOCTI. Y BCiX BMNagkax KOHCTPYKUisi cepaeyHuka kabeno igeHTu4Ha.
bByaiBenbHa goBXuHa kabento ctaHoBUTL 825 M.

KoHcTpykKuito kabento HaBegeHo Ha puc. 3.12, ge 1 — nonieTMneHoBumn
LWnaHr; 2 — nonisiHiNxnopuaHa ctpidka; 3 — 6iTyMHa cymiw; 4 — naHuep-
HUW OpiT; 5 — npsxa; 6 — ABi NaHUepHi CTPIYkK; 7 — noayLUKa; 8 — Knenkum
wap; 9 — antomiHieBa obornoHka; 10 — nosicHa i3ondauia; 11 — 4JeTBipKa;
12 — cTpivka; 13 — kopaenb; 14 —xuna; 15 — 3anoBHIOBaM.
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MKCABn 7 6

MKCABnI MKCALLn
Puc. 3.12

CtpymonposigHi »xunn (14) yetsipok (11) i3onotoTb pisHOBAPBHUMU
nonicTnponbHuMm Kopgernem (13) i nonictuponbHow cTpivkoto (12). MNepwa
napa KOXXHOI YeTBipKM CKIadaeTbCs 3 XU YePBOHOrO 1 XXOBTOMO KOSbOpIB,
apyra — 3 XXun CMHbOro N 3erIeHOro KoJibopiB. LIeHTp 4eTBipKn 3amnoBH:O-
I0Tb CTUpOdoekCHUM kopaenem (15).

CdhopmoBaHuin 3 YETBIPOK CepAeYHNK Kabento NoKpuBakTb MOACHOM
isonsauieto (10) i nomiwaloTb y 3axMcHY antoMiHieBy obonoHky (9), wo
36epirae 1oro Big BOMOrM 1 MEXaHIYHMX BMASMBIB.

[MoBepx antoMiHiEBOI 0OONOHKM HAHOCATb aHTUKOPO3iNHE 3aXMCHE No-
KputTa y BUrnsgi 6itymy (3) i nonietuneHoBoro wnaxdra (1). 3anexHo Big
YMOB MpoKnagaHHsa kabento 3Bepxy LWaHra mMoxe 6yTv BUKOPUCTAHO
Ao[aTKoBe NOKPUTTHA TakuxX TUNIB:

— N — nonietuneHoBuin winaxr (1) 3 knermkum wapom (8), akmin 3acTo-
COBYETbLCSA NpW NPOKaaaHHi kKabernto B KaHanisauisix, Konekropax, TYHensx,
a TaKoX y panoHax 3 ManuMm 30BHILLIHIM eneKTpoMarHiTHUM BrNSIMBOM;

— bnl" — BpoHs 3 oBOX cTanbHMX CTPIYOK (6) 3 NOSieTUIIEHOBUM LUSIaH-
rom (1) 6e3 30BHILWHLOrO NOKPUTTS; Kabeni 3 TakuM MOKPUTTAM 3acTOCO-
BYIOTbCA NPU NpOoKNagaHHi B KaHanisauisax i '[pyHTax ycix kaTeropiu;

— bnlln — 6poHsa 3 ABOX cTarnbHUX CTPIYOK (6) i3 30BHILLHIM NonieTune-
HOBWUM LUNaHrom (1), sika 3aCToCcOBYETbCA A5 Kabenis, WO NpoKiagatTbCs
B arpeCUBHUX I'PyHTaxX y panoHax 3 NigBULLEHOI NPO30BOK0 iSNbHICTIO;

— bn — 6poHsa 3 ABOX cTaribHUX CTPIYOK (6) 3 nonieTMneHoBMM LUaH-
rom (1) i 30BHILLHIM NOKPUTTSAM 3 KabenbHOT Npsixi (5), AKa 3aCTOCOBYETLCS
Ans kabenis, WO NPOKNagatTbCa Y PYHTaX YCixX KaTeropiu;

— Knln — 6poHsa 3 kpyrnux ApoTiB (4) i3 30BHIWLHIM MonieTUNEeHOBUM
wnaHrom (1), sika 3acCTOCOBYETLCA ANs Kabenis, WO npu3HaveHi ans npo-
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KnagaHHA B pivkax i pavoHax BiYHOI Mep3fioTU MpU BENUKUX PO3TAKHUX
3ycunnsx.

[ns kabenisB MKC € HopMoOBaHMMM Taki eNeKTPUYHI XapakTepPUCTUKMW:

— onip Kora nocTinHomy ctpymy — 31,7 Om/km;

— onip izonauii — He meHwe 10 000 MOM-KMm;

— eMHICTb — 24,5+1,0 HD/KM™;

— nepexigHe 3racaHHs Ha BAMXXHBOMY KiHUI NiHiT — He MeHwe 61,7 ab;

— nepexifgHe 3racaHHs Ha ganbHbOMY KiHUi NiHIT — He meHwe 73,8 ab;

— enekTpuYHa MilHicTb idonauii mix xunammn — 1500 B.

[ns mepex Micbko20 38’°A3Ky BUKOPUCTOBYIOTLCA Kabeni ABoX npu-
3Ha4eHb:

— aboHeHmMChbKI, siki 3abe3nedvytoTb 3B’A30K MK ATC i aboHeHTamu,
A5151 YOro 3acTocoBYHOTbCA BaratonapHi TenedoHHi kabeni ao 2400x2;

— 3’€0Hy8arnbHi, siKi 3a6e3nevytoTb 3B’A30K Mk ATC i 3 MiXXKMiICbKOH
ctaHuieto (MTC), ona 4oro OKpiM TenedOHHUX TaKOX 3aCTOCOBYIOTbLCS
CUMETPUYHI abo KoakcianbHi kabeni MiXXKMiCbKOro Tuny.

ABOHEHTCbKI TenedoHHi kabeni Nigpo3ainNaTbCa Ha ABa TUMMK:

— 3 nanepoeoro i3onauyiero (TpydyaTtoo abo NopucTor) B MeTanesin
3axmcHin obonoHui (cBMHLUEBIN, antoMiHiesin abo ctanesin) 6e3 6poHi (TI)
abo 3 pi3HMMM BPOHLOBAHUMW MOKPUTTAMU: cTanesumn ctpidkamu (Tb)
abo kpyrnumun gpotamu (TK);

— 3 1y1acmmMacoe8ot0 i30/15Uj€r0 3 CYUINIbHOro NosieTureHy B nonieTu-
nexosin (TT1M), nonisiHinxnopugHin (TMNB) abo ctanesin (TMNC) o6on0oHLi;.

B 06ox Bunagkax »xunm kabdenis BUroTOBNATLCA 3 Mifi.

Tunu 3aranbHUX CKPYTHIB Kabento B cepAeyHunK Taki:

— r1ogigHUU, KOS rpynu NpoBigHUKIB PO3TaLLOBYOTLCS NOCiIgOBHUMMU
KOHLUEHTPUYHUMM Lapamu (NoBiBamMu) HABKOSO LIEHTPanibHOro rnoBiBy;

— My4yKosuU, KOnu rpynu NPoBIgHUKIB COYaTKy CKPYYYHTbCA B YHI(i-
KOBaHi My4KW, WO MICTATb AeKiflbka AeCATKIB rpyn npoBigHuKiB (HanbinbLu
nowmpeHnmn € YyHidgpikoBaHi nydkn 100x2 (3a €MHICTIO pO3MoAinbHOro
Bokcy) i 10x2 (3a eMHICTIO pO3MNOAINbHOT KOPOOKK)), Aani Li Ny4YKkn CKpydy-
I0Tb Pa3oM, YTBOPOOYN CcepaeYHUK Kabernto.

Kabeni cinbcbko20 38°s13Ky Niapo3ainaoTbCa Ha Taki:

1. Mi>xcmaHuyiltHi — 3a3BMYa 3aCTOCOBYHOTLCS BMCOKOYACTOTHI O4-
HO- i aBo4YeTBiIpoYHi kabeni TuniB KCIM-1x4 i KCIM-2x4 (puc. 3.13), e
1 — MmigHa xuna; 2 — i3onsauis; 3 — rigpodobHui 3anoBHOBaY; 4 — NosicHa
i3onsauis; 5 — antoMiHieBUIN ekpaH; 6 — cTanbHa cTpidkoBa 6poHs; 7 — noni-
eTuneHoBa 060OHKa.

3anexHo Bi4 YMOB NpokragaHHs kabento moxe 6yTn BUKOPUCTAHO
NOKPUTTS TakNX TUMIB:

30



— B — OpoHsa 3 ABOX CTaneBMX CTPIYOK i3 30BHILLIHIM MOKPUTTAM, LLO
3aCTOCOBYETbLCS NpW NpoKnagaHHi kabento B r'pyHTi;

— K — BpoHs 3 Kpyrnmx ApoTiB, sika BUKOPUCTOBYETLCS NMPU NpOKagaH-
Hi Kabento B piykax i panioHax BiYHOT MEP3SIOTH.

[aneHicTb MiKCTaHUiNHOI nepepadi moxe caratn 100 km (y cepeg-
HbOMY 40 Km).

2. A6oHeHmMCcbKi — 3a3BN4ai BUKOPUCTOBYHOTLCS 3BUYalHI kabeni mi-
CbKOro TenedoHHOro 3B’a3Ky eMHicTio Ao 50x2 (B ocHoBHOMYy 10—20 nap),
npu LbOMYy O0BXMHA abOHEHTCLKUX NiHIN He nepeBuLlyto 15 KM (y cepea-
HbOMY 2...3 KM). 3aCTOCOBYIOTbCHA TakoX ogHonapHi kabeni tuny MPITMNM-
1x2 (puc. 3.14), ge 1 — migHa xuna; 2 — nonieTuneH; 3 — nonieTuneHoea
obosoHkKa.

KCIIIIb-2x4

ﬁ%ﬁﬁ%

KCIMMy

Pwuc. 3.13

[MepeBaramn CUMETPUYHMX KabeniB € TexHONoriy- ';'P””g/"g‘?
HICTb KOHCTPYKLIT N BMCOKa HagdinHicTb 3B’A3Ky. OgHak Ui e
kabeni 4epes BigKpuTe MNofie MakwTb MOPIBHSAHO HU3bKY
3aBaf03axuLeHIiCTb, NOTPebyloTb BUMKOHAHHA CKAagHUX
pobiT 3 BanaHCcyBaHHSA N MOXYTb 3aCTOCOBYBATUCS NULLE N
Ans nepegadi curHanie B obmexxeHoMy gianasoHi 4acTorT. Puc. 3.14

4. KOAKCIAJIbHI KABEI

4.1. EneKTpnyYHi npouecu B KoaKcianbHUX Konax

30aTHICTb KOaKCianbHOI napu npornyckatu LMPOKUKA CNEKTP 4acToT
KOHCTPYKTMBHO 3abe3rnevyyeTbCa KoakCiaslbHUM po3TallyBaHHSAM BHYTPILL-
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HbOrO 1 30BHILUHLOrO MPOBIAHUKIB. B3aemopis enekrpomMarHiTHUX nonis

NPOBIOHMKIB KOaKCianbHOI Napu Taka, WO 30BHILLUHE None A0OPIBHIOE HYIHO.
Y meTanesin TOBLUi NPOBIAHMKA a MarHiTHe none Hq,a 3pocTae, a rnosa

HUM 3MEHLLUYETLCA 3a 3aKOHOM Hq,a=I/2m', fe r — BiACTaHb Big LEHTpa

nposigHuka (puc. 4.1). MNone Hq,6 NPoBIOHWKA & BCepeanHi NOPOXHLOro
uuniHapa BIACYTHE, @ NO3a HUM BUPAXa€ETbCHA TakKMM CaMUM PIiBHAHHSAM:
Hq,6 =—1/2nr, ge r — BiAcTaHb Big NOPOXXHBLOrO NPOBIAHUKA.

YpaxoBytouu, LLO CTPYMU B NPOBIAHUKAX a | & OO4HAKOBI 3a BENUYNHOK
N NPOTUSIEXHI 3a 3HAKOM, MarHiTHI MOMiS BHYTPIWHBLOrO M 30BHILUHLOIO
NPOBIAHWKIB Hq,a [ Hq,6 B Oyadb-sKin Touui MPOCTOpPY Mo3a KoaKCiarbHOM
napoto TakoxX 6yayTb OOHAKOBMMM 3a BESIMYMHOK M CMPSIMOBaHI B Pi3Hi
b6okn. OTxe, pesynbTylode MarHiTHe nore nos3a KOaKCiarbHOK MNapoto
Oyae OopiBHIOBATU HYNIHO.

Taknm 4MHOM, CUMOBI MNiHIl MarHiTHOro Nosisi Po3TallOBaHiI BCepeaunHi
KoakcianbHOI napu y BUrMAAi KOHUEHTPUYHNX OKPYXXHOCTEW, a Nno3a Koak-
cianbHOK Napok MarHiTHe nore BiACYTHE. EnekTpuyHe none BcepeauHi
KoakcianbHOI Mapu TakOX 3aMMUKAETbCA MO pajiaribHUX HarnpsmKax MK
NpoBigHMKaMK, a Nno3a il Mexamu JOPIBHIOE HyMo (puc. 4.2).

6

¥
Mone
NpoBigHUKa & WTW 2mr

11

Mone I
npoBigHUKa 6 H =——
¢ 2nr
Mone kabento m H, +H, =0

Puc. 4.1

BiaCyTHICTb 30BHILLHBLOrO €feKTPOMarHiTHOro nosnsi obymMoBrtoe Taki
OCHOBHi MepeBarn KoakcianbHUX KabeniB: LMPOKUW fiana3oH 4acToT,
Bernnka KinbKiCTb iHpopMaLUiMHUX KaHaniB, 3aXULWEHICTb Bif 3aBad, MOX-
NMBICTb OpraHi3auil ogHOKabenbHOro 3B’A3Ky.

[MoBepxHeEBUN edeKT y BHYTPILLHbOMY MPOBIAHUKY MOBHICTIO aHarori-
YHUM edeKTy B NPOBIOHWUKY CUMETPUYHOI MiHil, a Y 30BHILUHLOMY MPOBIJ-
HWKY WiNbHICTb CTPYMY 30iNblUYETBCA Y HANPSIMKYy OO MOro BHYTPILUHBOI
noBepxHi. Lle NOACHIETLCA TUM, LLO Ha CTPYM 30BHILWHLOrO MNpoBigHMKA
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BMAMBAE Norfe BHYTPIWHbOrO MNpoBigHMKa. AKwo 6 uboro nNposigHWKa He
Oyno, TO 3MiHHMI CTPYM, NPOXOASAYM 30BHILLUHIM NPOBIAHNMKOM, BHACMIOOK
NOBEPXHEBOro ehekTy BUTICHABCS 6 Ha 30BHILLHIO MOBEPXHIO.

Bnnune BHYTpPIWHLOro NpoBigHUKA a nondrae y ToMmy, WO 3MiHHe mar-
HITHE none, WO CTBOPKETLCA CTPYMOM, AKUA MPOTIKAE y HbOMY, HAaBOOUTb
y MeTanesi TOBLUi MOPOXHbOro MNpPoBiAHMKA & BUXPOBiI cTpymu I, .. Ha
BHYTPILLUHIN NOBEPXHi NPOBIgHMKA & BUXPOBI CTpyMn 36iratoTbCs 3a Hanps-
MOM 3 OCHOBHUM cTpymMoM (I +1;.), @ HA 30BHIWHIN — NPAMYIOTb NPOTU

Hboro (I - Ip¢) (puc. 4.3).

BHacnigok uboro CTpym y MpOBIOHWKY Mepepo3nofiniaeTbCsa Takum
YMHOM, LLIO NOrO LWINbHICTb 3POCTAE Y HAaNPSMKY 00 BHYTPILHBLOT MOBEPXHI.
Omxe, CTpyMM B NPOBIAHUKAX a | 6 K O 3MILLAOTLCA U KOHLEHTPYHTbCA
Ha B3aEMHO 0OepHEHNX MOBEPXHAX NPOBiIAHUKIB (pUc. 4.4).

6

| f !
Puic. 4.4

Unm BULWA YacToTa, TUM CUMbHILWNA edpeKT 3MILLLEHHS CTPYMY Ha 30B-
HILLUHIO MOBEPXHK NPOBIOAHUKA a | BHYTPILHIO MOBEPXHIO MNPOBIgHUKA 6.
BHacnigok uboro eHepris 30CepelXyeTbCs BCeEpPenVHi  KoaKcianbHOro
kKabento B OieNekTpuKy, a NPOoBIOHMKM NULEe 3a4alTb HanpsIMOK po3ro-
BCIOPKEHHSA eNeKTpoMarHiTHOT XBUITi.

3aBaxarnbHe eneKkTpoMarHiTHe nosfie BUCOKOI YaCcTOTU, O CTBOPHETb-
Cs CyCigHIMK Konamu nepefadi abo iHWUMK gKepenamu 3aBaj, Ailyun Ha
30BHILLHIN NPOBIgHMK KOAKCianbHOI napn, Takox byae po3noBclogKyBaTUCA
He No BCbOMY nepepisdy kabento, a nuwie No Moro 30BHILLHIN NOBEPXHI.

30BHILLHIN NPOBIAHUK KOoaKcianbHOI Napn BUKOHYE OBi (PyHKLUII: € 380-
pomHumM npoeiGHUKOM Kona nepegadi n 3axuwae (expaHye) nepegavy,
LLIO 34IMCHIOETLCSA Kabenem, Bia 3aBaXkanbHUX BMNSIMBIB.
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OcHOBHUIN CTPYyM Nepenadi KOHLEHTPY-
€TbCS Ha BHYTPILLHIA NOBEPXHi 30BHILLUHBLOIO
npoBigHWKa, a CTPyM 3aBag — Ha MOro
30BHILLUHIN NoBepxHi (puc. 4.5).

AK ocHOBHWMI CTpyM, TakK i CTPyMm 3aBaj
NPOHMKATL Y TOBLLY NPOBIgHMKA NULLE Ha
MUOnHY, WO BU3HAYa€ETbCA KoedilieHTOM

BUXPOBUX CTpyMiB k=, op,c. Yum BuLa

yactoTta, TUM Oinblue BiaganAlTbCA OOUH
Bi OOHOro 3asHayeHi CTpymu W, BiAnoBig-
Puc. 4.5 HO, Kabenb Kpalle 3axullieHun Big BMAuBYy
CTOPOHHIX 3aBag.
Taknm YMHOM, OCHOBHI MepeBarn KoakcianbHOro kabemnto ocobnmBo SACK-
paBO NPOSABSITLCSA Y BUCOKOYACTOTHIN YaCTUHI CnekTpa, WO nepeaaeTbCs.

4.2. BU3Ha4YeHHA NepBMHHUX NapamMeTpiB KOaKcCianbHUX NiHiN
4.2.1. Onip ma iHOykmueHicmb

BusHayeHHA uux napameTpiB 34INCHIOETLCA Ha OCHOBI BpaxyBaHHS
NOrfMHEHOI NPOoBIgHMKAMWN eHepril, WO cnpsMoBaHa BcepeauHy Koakcia-
NbHOro Kabernto.

[MoBHMIM OMip KoakcianbHOI Napu CKnagaeTbCd 3 ONOpy BHYTPILLHBLOrO
R, | 30BHiLLIHBLOro Rg NpoOBIgHMKIB.

[Mig Yyac BM3HaAYeHHs 3arasnibHOI iIHOYKTUBHOCTI KOaKCianbHOro kabersnto
OKPIM BHYTPILIHbOT IHOYKTMBHOCTI NpoBigHWKIB L, i L HEOBXigHO Takox
BpaxyBaTWu 30BHILLUHIO MKMPOBIOHMKOBY IHOYKTUBHICTb L.

[nsa sBucokux vYactot (60...100 kI'y, i BMLWLE), SIKi MalOTb BESNMKE NPaAKTU-
YHE 3HA4YeHHA MpWU 3aCTOCYBaHHSA KoaKCianbHOro kKabern, po3paxyHOoK
onopy R, OmM/kMm, Ta uHAyKTMBHOCTM L, [H/KM, MOXHa 3AiMCHIOBaTU 3a
TakMMK CrpoLLEHNMU hopMyriamu:

V2k(1 1

R=R, +R_ = —+—, 4.1

% 4no r, I, (“41)
Ae r, — pajiyc BHYTPIWHbLOIO NPOBIOHUKA; g — BHYTPILWHIA pagiyC 30BHILL-
HbOro NpPOBIAHUKA; k — KOeilieHT BUXPOBUX CTPYMIB; 6 — MPOBIOHICTb

NPOBIAHVKIB;
2
VI (1 1) T g , (4.2)

4nk r, I r,

L=L +L,+L, =

ae p, — abcontTHa MarHiTHa NMPOHUKHICTb MNPOBIAHUKIB.
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4.2.2. EMHicmb i npoegidHicmb i3onauii

Mig yac BuM3Ha4YeHHA emHocTi C, ®/kMm, KoakcianbHOro kabenwo Bpaxo-
BYIOTb, LLO BiH a@HanoriYHum UMIiHOPUYHOMY KOHLEHcATopy i NOro enekr-
pUYHEe norie CTBOPKETLCA ABOMA UMIIHOPUYHUMMK NMOBEPXHAMWU 3i Criflb-
HOIO BICCHO, BHACSIQOK YOro HarpyXeHiCTb eNnekTPUYHOro Nosid Mae PiBHi
noTeHLuiann Ha o4HaKOBIN BiACTaHi Big LeHTpa kabento:

—6
c=—2M (4.3)

181n(r6/ra) ,
ae & — gienekTpuyHa NPOHUKHICTb i3onsuil.
MposiaHicTb idonauii G, Cm/KM, KoakcianbHOro kabento BU3Ha4YaeTbCA 3a
Ti€t0 XK camoro hOpMYIIOH, LLIO 1 NPOBIAHICTL i30M15LiT CUMETPUYHOro Kabento:

1
G=—+wCtgd. 4.4
w ot (4.4)

i3

Ockinbku Ha npakTuLi R;; HopmyeTbes Ha pisHi 10* MOM kM, To y Bu-
KOPUCTOBYBaHOMY Jiana3oHi YaCTOT 4acTo MPOBIAHICTb i30M1AUiT MOXHA He
BpaxoByBaTM.

4.3. OCHOBHI 3aneXHOCTi NepBUHHUX NapamMeTpiB KoaKcianbHUX JiHIN

YacTOTHI 3aneXHOCTI NEpPBUHHUX NapaMeTpiB KoakciasibHMX JTiHiA NMOBHIC-
THO aHarnorivyHi 3anexHoCTaAM napamMeTpiB CUMETPUYHUX MiHIK. 3i 3pOCTaHHAM
4aCcTOTWN aKTUBHUW OMip 3aKOHOMIPHO 36iNbLUYETHCA 3a paxyHOK NOBEPXHEBO-
ro edpekty n edpekty 6nm3bKoCTi, NpUYoMy HaMbINbLLY NUTOMY Bary Mae onip
BHYTPILUHBLOrO NPOBigHMKa, TO6TO BenuumHa R, 6inbLua 3a Rg B 3 — 4 pasu.

IHOYKTUBHICTb 3i 36iNbLLUEHHAM 4YacToTn 3MeHLWwyeTbes. Lle 3ymoBneHo
3MEHLLEHHSM BHYTPILWHLOT iIHOYKTUBHOCTI NpoBigHuKIB L, i Lg 3a paxyHOK
noBepxHeBOro edekTy. 30BHILWHA HAYKTUBHICTb 3i 3MIHOK 4acTOTU He
3MIHIOETLCA. 4 LcCaG

E€MHICTb KOaKcianbHOro Kabento Big 4acToTu He
3anexunTb. [poBigHICTb 3i 3pOCTaHHAM 4acToTun 30i- L
NbLIYETLCA NiHIMHO. BenwuuuHa 11, B nepuy 4epry,
3anexnTb BiO AKOCTI OieneKkTpuka, WO BUKOPUCTOBY-

: c

€TbCS B Kabeni.
3MiHa NepBUHHUX NapamMmeTpiB 3i 36iNbLUIEHHAM G
cniBBiAHOWEHHSA pagiyciB (giamMmeTpiB) 30BHILLHBOrO D/

N BHYTPILWIHBOrO NMPOBIAHUKIB KOAKCiaribHOro kabento Puc. 4.6
Mae BUrnaa, HaesegeHun Ha puc. 4.6.

3i 36inbweHHaM D/d (rg/r,) iHAYKTUBHICTL Kabemnt 3pocTae, a Moro
EMHICTb | MPOBIAHICTb i30M1AUil 3MeHLWWYTbCA. AKTUBHUM onip R He 3ane-

35



XWUTb BiA cniBBigHoweHHs D/d, a BM3Ha4YaeTbCcAa abCONMOTHUMM 3HAYEHHS-
MW pagiyciB 30BHILIHLOMO M BHYTPIWHLOrO MNPOBIgHUKIB. Ynm TOBCTIiWeE
NPOBIAHUKU, TUM MEHLUI TXHi aKTUBHI OMnopwu.

4.4. BU3Ha4YeHHA BTOPUHHUX NapamMeTpiB KoaKCcianbHUX JliHIN

Ockinbkn KoakcianbHi kabeni NpakTUYHO BUKOPUCTOBYKOTLCS B CMEKTI
yactoT Big 60 kl'y i Buwe, ge R<<oL i G<<oC, BTOPUHHI napameTpu
nepegadi MOXXHa BU3Ha4YMTU 3a Takumu hopmynamm:

z =.L/C, (4.5)
a=8,69[5\/§+9\/§}, (4.6)
2\L  2\cC
B=aoVLC, 4.7)
v=1/JLC. (4.8)

3as3Bu4yan BTOPUHHI NapaMmeTpu NPUNHATO BupaxaTtu 6esnocepeaHbo
Yyepes rabaputHi po3mipn (d i D) i napameTpu i3onauii (g, tgd). B ubomy
BMMNAAKy MOXHa KOPUCTYBaTUCA Taknmu oopmynamu:

— ANs XBUNbOBOIro Onopy

60 (D)
Z, =E‘“(Ej’ (4.9)

— Ong koediyieHTa 3racaHHs

a=ﬂ(l+l)-10_3 + 9,08-fx/§tg8-10_5; (4.10)
In(D/d){d D

— Ong koediuieHTa dpasu
B=oyu.e, =ove/c; (4.11)

— NS WBWUAKOCTI PO3NOBCIOPKEHHS eHepril

v=a/p=c/e. (4.12)

4.5. OnTumManbHe cniBBiAHOLWEHHA AiaMeTpiB NPOBiAHUKIB
KoaKcianbHOro Kona

OnTtumisadis napameTpiB y BUNagKy KoakcianbHOI NiHil nonsarae, B ne-
pLly 4Yepry, B BUOOPi CNiBBIAHOLWIEHHA OiamMeTpiB 30BHILLIHBOrO 1M BHYTPILL-
HbOr0 MpPOBIOHMKIB kKabento, npu skoMy OyayTb MiHiManbHUMK 3aTpaTtu
MaTtepianiB i pecypciB Ha MOro BUIOTOBMNEHHS, a TakoX 3abesnedvyBaTu-
MeTbCS MiHiIMi3aLis abo Makcumi3alia oaHOro 3 nepegaTodHnX napameTpiB.
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[nsa kabeniB 3B’A3Ky, 3a AOMNOMOIOK SKMX HeobXxigHO 3abe3neunTu
HanOiNbLy AanbHICTb 3B’A3KY, OCHOBHOK 3adaveto € 3agada MiHimiszayii
32acaHHs.

Mig Yac BUKOPUCTaAHHA CyYaCHUX BUCOKOSAKICHUX OieneKTpuKkiB Koedi-
LiEHT 3racaHHs o KoakcianbHOro kabesto Moxe OyTu BU3HAYEHUI K

wm e (L L) 2O LD )10,
In(D/d){d D In(D/d) D\ d

Ak Bunnusae 3 Bupasy (4.13), 3i 3pocTaHHaM D/d yncenbHUK 36inbLuy-
€TbCA NiHINHO, @ 3HAMEHHUK — MPONOPLIMHO Jflorapudmy CriBBiAHOLIEHHS
D/d, Wwo cBig4YnMTb NPO HAABHICTb Y 3aneXHoC-
Ti a(D/d) onTumymy (puc. 4.7). 3a 4OMOMOror
AndoepeHuianbHoOro adanisy npu D = const
MaeMmo, WO o MiHIManbHe npu criBBiAHOLLUEHHI

D/d = 3,6. (4.14) A
CnisBigHoweHHs (4.14) cnpaseanuee _’/2//
ans kabenis 3 ogHaKoBUMW (MigHMMK) NPOBI- 3
AHukamun (ame. puc. 4.7, kpmBa 3). AKWO X >
NPOBIOHMKN BUIOTOBJIEHI 3 PI3HMX MeTarnis 36 39 52 Did
(BHYTPILLHIN — 3 Mifi, @ 30BHilLHili — 3i CBUH- Puc. 4.7
uto (kpmea 1) abo antomiHito (kpmea 2)), To MiHiManbHe 3racaHHea BU3Ha4a-

€TbCS 3a POPMYIIOH
In(D/d)=1+d/D /o, /oy, (4.15)

e 64 i 6p — NPOBIOHOCTI MeTaniB BHYTPILLIHLOrO U 30BHILLIHBLOrO NPOBIAHU-
KiB BignoBigHO.

[Mig Yac KOHCTPYKOBAHHS KOaKCianbHOro Kabesnto, AKWo BenmymHa mno-
ro XBUNEBOrO OMNopy CyBOPO HOpPMOBaHa, OOBOAUTLCA BIiACTynaTu Bif
onTMManbHOro cniseigHowWweHHA D/d. MNpu uboMy HamararTbCca BUOUpaTU
BiAXWUNeHHs cnisBigHoweHHa D/d nuwe y gewo Ginbwmin BiK, OCKiNbKK
BiAXMNEHHS Y MeHLWM Bik NOB’A3aHO 3 AOBOJSII Pi3KMM 3pOCTaHHAM Koedi-
LieHTa 3racaHHs (guB. puc. 4.7).

[ns 3abe3nevyeHHs 3a0aHOr0 XBUIIEBOro onopy Z, CriBBigHOLIEHHS
D/d Bu3Ha4yaeTbCa AK

(4.13)

A a

D/d=exp(ZX\/g/60). (4.16)

Ak BMOHO 3 BUpasy (4.16), xBuUnbLoBUA onip Kabento 3Ha4YHOK MipOoto
3anexunTb Bif BENMMYMHU OieneKTPUYHOI NPOHUKHOCTI i3onsauil €. Hanpuknaga,

Ans 3abesnedyeHHs XBUNbLOBOrO onopy Zy = 75 OM MK D/d i € NOBUHHI
BMKOHYBATUCS MEBHI CNiBBigHOWEHHS. [lesiki 3 HUX HaBedeHo y Tabn. 4.1.
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Tabnuusa 4.1
€ 10 | 1,03 1,1 | 1,2 | 1,3 | 14 | 1,5 | 23
Dd| 35 | 36 | 3,7 | 39 | 42 | 436 | 45 | 6,8

Akwo 3a gonomorot kabernto HeobxigHO 3abes3neynTn nepegadvy Be-
NNKOT MNOTYXHOCTI abo € notpeba y kabeni, po3paxoBaHOMY Ha BESIMKY
Hanpyry, sk Le 3a3Buyan ByBae B KOaKCianbHUX pagiodacToTHUX kabensax
digepHOro npusHavyeHHd, TO ONTUMaribHy KOHCTPYKLiK0 MaTtumMemo npu
iHWoMmy cniBeigHoweHHI D/d. Tak, ona 3abe3anedeHHA MakcUMarnbHOI enek-
TPUYHOI MiLyHOCTI Tpeba aoTpumyBaTucA chiBeigHoWweEHHA D/d = e = 2,718, a
Ans 3abesneyvyeHHs MakcumanbHOI NOTYXXHOCTI — D/d = 1,65.

4.6. KOHCTpyKLUis KoaKcianbHUX KaberniB Ta iXHi XapaKTepUCcTUKU

KoakcianbHi kabeni 3aBasiku CBOIN BENUKIA NPOMYCKHIA 30aTHOCTI BU-
KOPUCTOBYIOTLCA B OCHOBHOMY Ha MiHIAX MarictpasibHOro W 30HOBOIO
3B’a3ky. OkpiMm TOro, BOHM MOXYTb BUKOPUCTOBYBaTMUCA AN
3'€HYBasIbHOro MiCbLKOro 1M MPUMICBKOro 3B’A3KY.

Hanbinblwe nowwupeHHs Ons Maz2icmpasibHo20 38°s13Ky OTpumManm
kabeni:

— cepedHbo20 (2,6/9,5) Tuny (KM-4) — ona opraHisauii 6aratokaHa-
NbHOrO 3B’A3KYy 1 TenebayeHHa Ha BenuKi BiACTaHi MiXK KiHLEBUMMW MyHKTa-
MU N KPYMHUMUW By3riamMun 3B’S3KY;

— manoeabapummtnoeo (1,2/4,6) Tuny (MKT-4) — ons opraHisauii pos-
Nno4ifIbHUX KaHamniB MDK NPOMDKHUMW MNyHKTaMu MW MICbKUMU By3fiamu
3B’A3KYy, pO3TalloBaHMMK 3a TpPacok Marictpani;

— KOMbGIHOBaHI, SIKi CKIafarTbCA 3 YOTUPLOX, LWEeCTU abo BOCbMU Koa-
KCianbHUX Nap cepefHbOro TUMNy 1M YoTUpbLOX abo LwecTn manorabapuUTHUX
nap, Hanpuknag KM-8/6 (B 4McCeribHUKY 3a3Ha4YeHO KiflbKiCTb KoaKcianbHUX
nap cepegHbOro Tuny, B 3HaMeHHUKY — KiflbKiCTb ManorabaputHux nap).

MarictpanbHun koakcianbHun kabenb 2,6/9,5 tuny KM-4 (puc. 4.8)
MICTUTb YOTUPW KOaKCianbHi napu i MsTb 3ipKOBUX YETBIPOK.

KoxHa koakcianbHa napa (puc. 4.9) cknagaetbCa 3 BHYTPILWHLOMO Mi-
AHOro nposigHuka AiameTpoM 2,6 MM (1) i 30BHILWHBOrO NPOBIAHMKA Y
BUrNAai MigHoi Tpybkn giametpom 9,5 MM 3 OAHUM MOAOBXHIM WBOM (3).
KoakcianbHa napa mae i3onsuito 3 nonieTUneHoBmx Lwanb TOBLUMHOK
2,2 MM (2) Ha BigcTaHi 25 MM ofHa Big ogHoil. MoBepXx 30BHILLHBOrO Npo-
BiAHMKA pO3TallOBaHO OOAATKOBUW €KpaH Yy BUMMsSAl ABOX M'SIKMX cTallb-
HUX CTpivoK ToBLWMHOW 0,14...0,2 MM (4), KM NOKpMBaKOTbL O4HUM-LABOMA
Wwapamn kabenobHoro nanepy (5). Kabenb mae cBuHUEBY ODONOHKY, 3BU-
YanHe bpoHboBaHe NoKpUTTA N MapkyeTbcs Sk KMB, KMIT, KMK.
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BpoHeppiT
MosacHa

IlBi
BpoHecTpiuku KMB-4 TMoaywika
Puc. 4.8
4 5
12 /3 f w
Puc. 4.9

OCHOBHI eneKTpUYHI XapakTepuUCTUKN KoakcianbHoI napu 2,6/9,5:
— HOMiHaNbHUM XBUNLOBUIA onip Zy = 75 Owm;

— nepexigHe 3racaHHs Ay = 122 ab npwu vactoTi 300 Kl'y,;

— KoediuieHT 3racaHHsa a = 2,48 nb/km Ha yacToTi 1 MIu;

— Bunpo6bHa Hanpyra U = 3,7 kB.

KoakcianbHi kabeni Takox BunyckatoTb B antoMiHieBin (KMA-4) i kom-
GiHoBaHiN (CBMHUEBa noBepx antomiHieBol) obonoHkax (KME-4). Lli kabeni
MatloTb NiABULLEHI eKpaHyoYi BNacTUBOCTI U NpU3HaYeHi ans npoknagaHHs
B panioHax 3 BMCOKOK MPO30BOK aKTMBHICTIO M Ha AinsiHKax, Onmn3bknx oo
JIETT.

ManorabaputHun koakciansHun kabens 1,2/4,6 Tuny MKT-4 Burotosns-
toTb B cBMHUEBIN (MKTC-4) abo antominiesin (MKTA-4) obonoHui (puc. 4.10).

BHyTpiwHin nposigHuk (1) koakcianbHol napwu (puc. 4.11) kabento Bu-
rotoBngeTbca 3 Migi giametpom 1,2 MMm. I3onqauia (2) noOBITpsiHO-
nonietnneHosa 6anoHHOro TMny. 30BHILIHIA NPOBIAHKUK (3) MiQHWA TOBLUK-
Hoto 0,1 mm i giameTpom 4,6 MM 3 NOLOBXHIM WwBOM. EkpaH (4) cknaga-
€TbCA 3 OBOX CTaneBuX CTPIYOK TOBLMHOK Mo 0,1 MM. YCA KOHCTPYKLUis
NoKpuTa NOMIBIHINXIOPUAHOK CTpivko (5). YoTupu KoakciarnbHi napw
CKPY4YylOTb pa3oM 3 m'aTbMa CUrHarbHMMK napamu giameTtpom 0,5 Mm i
NOKPMBAKOTb NOSICHO i30Msuieto. 330BHI kKabenb Mae cBMHLEBY OBOSTOHKY
" BignoBiaHe BPOHbOBAHE NOKPUTTS.
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Agi - .
6poHecTpivkm MKTCB-4  Mopywka
Puc. 4.10
1 2 3 4 5 6
Puc. 4.11

OCHOBHI eneKkTpuYHi XxapakTepUCTUKN KoakcianbHol napu 1,2/4,6:
— HOMIHaNbHUN XBUNbLOBUI onip Zy = 75 Owm;

— nepexigHe 3racaHHsa Ay = 104 ab npwu vactoTi 60 KI'u;

— KoediuieHT 3racaHHs a = 5,33 aob/km Ha yacToTi 1 MIy;

— Bunpo6Ha Hanpyra U = 2 kB.

MepeBaramu kabento € NPoCToTa KOHCTPYKLIiI M TEXHOMNOTYHICTb BUrO-
TOBMNEHHS.

KombGiHOBaHi koakcianbHi kabeni mMictaTb cepedHi napu 2,6/9,5 mm,
ManorabapuTHi KoakcianbeHi napu 1,2/4,6 MM i CUMETPUYHI Fpynu.

KombiHoBaHi kabeni 4O3BONSAOTD:

— OpraHi3yBaTy MOTYXHi NMy4YKN TenedOHHUX KaHaniB i Tenesi3inHy ne-
pegayvy Ha BENUKi BiACTaHi KoakcianbHUMK napamu 2,6/9,5 mm;

— 3abe3nevunTn po3noaifibHi KaHanu ans 3B’a3Ky MK MicTaMu 1 Npo-
MDKHMMUW NYHKTaMKU KoakcianbHUMn napamu 1,2/4,6 mm;

— 3abesneunTtn BUAINEHHA HeobXiOHOI KiNbKOCTI kaHaniB y 6yab-
SIKOMY NYHKTi Tpacu koakcianbHUMn napamu 1,2/4,6 mw;

— opraHizyBaTtn cnyx60Bui 3B’A30K i TenecurHaniauito CMMeTpUYHuU-
MU NapamMu 1 YeTBipKamu.

Kabeno KM-8/6 wmictute (puc. 4.12) BiciM KoakcianbHUX nap
2,6/9,5 MM, WICTb KOakcianbHuUx nap 1,2/4,6 MM, OAOHY 4YeTBIPKYy, BICiM
CUMETPUYHUX Nap i LWICTb OKPEMUX XKuUr.

40



30BHIlIIHE IOKPUTTSH
(xyT)

e Moxymka

OpoHecTpiYKH Bpounenpir

CBuHueBa 000JI0HKA
Puc.4.12

Yci cuMeTpuyHi napun, YeTBipKM U OKpeMi MPOBIAHUKM MalTb MiaHI
Xunu giametpom 0,9 mm 3 TpybyacTo-nonieTUNEeHOBOLO i30NSLIED.

EnekTpunyHi xapaktepucTukm KoMBiHOBaHMX KabeniB aHanoriyHi xapakre-
puctkam kabento KMb-4 ons nap 2,6/9,5 i kabento MKT-4 anst nap 1,2/4,6.

[na opraHisauil 30HOBOro 3B’s13Ky Ha BigcTaHi o 600 KM npmnsHayeHo
ogHokoakcianbHun kabens BKIMALLR-1 (2,1/9,7).

KOHCTpYKTUBHO Kabenb BUMKOHYETbCS B ABOX BapiaHTax: Nig3eMHOMY
(BKMALWN-1) i nigBicHOMYy CaMOHecy4yoMy 3 YMOHTOBaHMM TPOCOM
(BKMALUNT-1) (puc. 4.13). OoexwuHa nigBicHOro kabento MK onopamu
cTaHoBUTb 50...65 M.

BKITALIn-1 BKITAInT-1
5
=5 )
_
= 5 Ve )
1 2 3 4 1 2 3 4

Puc. 4.13

BHyTpiwHin nposigHuk (1) kabento (ame. puc. 4.13) BUKOHAHO 3 Mia-
HOro gpoty Agiametpom 2,1 MM, isonauio (2) — 3 NOPUCTOro noslieTUneny
30BHIWHIM giameTpom 9,7 MM. 30BHiWHIN npoBigHUK (3) aBnsie coboto
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antomiHieBy npecoBaHy Tpybky ToBLmHOWO 0,8 MM, fika BUKOHYE pOSib
ekpaHa. 3axmcHy o000noHKy (4) BUKOHaAHO 3 CBITMOCTIMKOro MNosflieTuneny
TOBLUMHOIO 2,2 MM.

Y KOHCTPYKLUito nigBicHOro kabesno B chifibHy noslieTuneHoBy 060S0OH-
Ky BMOHTOBaHO cTanesun Tpoc (5) 3i 49 ouMHKOBaHUX cTanesux OPOTiB
diametpom 0,34 mMMm. Y nonepeyHomy repepisi nigBiCHUM Kabenb mae
doopmy BICIMKMN.

5. ONTUYHI KABEI

AKTyarbHICTb PO3BUTKY BOSTOKOHHO-OMNTUYHOIO 3B’SI3KY MONSArae y Tomy,
LLIO pecypcu Migi N CBUHLKO BeSfibM1 OOMeEXeHi, a kabenbHa NPOMUCIOBICTb
crnoxusae o 50% migi n 25% ceuHUIO Bif 3aranbHUX CBITOBUX pecypcCiB.

OnTunyHi kabeni Ha BiAMIHY Bif eNeKTPUYHUX 3 MiQHUMKW NPOBIAHNKAMN He
noTpedyoTb AediUMTHUX MaTepianiB i BArOTOBMASAOTLCS 3i CKNa i nrnacTtmacwu.

OcHoBHMMMK NepeBaramu onTu4HMX kabenis (OK) €:

— WupoKocMya208icmb | 30aTHICTb NepegasaT BENUKUA NOTIK iHJO-
pmMauil;

— Masie 32acaHHsI N He3anexHiCTb MOro Bifl YaCcTOTu Y LUMPOKOMY Ai-
anasoHi;

— B8UCOKa 3aeado3axuujeHicmb Big 30BHILLHIX €NeKTPOMarHiTHUX
BMNBIB;

— Manoz2abapumHicms i nezkicmb (Maca onTuyHoro kabento B 10 —
12 pasiB MeHLUa, HbX Maca enekTpuyHoro kabernto npu ogHaKoBi Nponyc-
KHi 30aTHOCTI);

— HadiliHa mexHika 6e3rneku (He3aMUCTICTb, BIACYTHICTb MOXNBO-
CTi KOPOTKOrO 3aMUKaHHS).

OnTunyHi NiHIT Nnepegadi MoXyTb ByTu:

— @idkpumumu (aTMOCEPHUMI), SIKi 3a3HAOTb BMSIMBY METEOPOIIO-
rYHMX YyMOB i He 3abe3neyytoTb HeObXigHOT HAAIMHOCTI 3B’A3KY;

— Yy BUMAAI JIiH308uUXx ceimsioeodie 3 NepioaNYHOI KOPEKLIE po3-
BIKHOCTI M cnpsIMyBaHHSAM MPOMEHSA 3a OOMOMOroK CUCTEMMU JiH3 | A3ep-
Kas; BOHW € JOCUTb OOPOrnMu, NOTPeBYOTb PETENBHOMO HCTUPYBAHHA 1
CKnagHuUX NPUCTPOIB KEPYBAHHS NPOMEHEM;

— Y BUIMSAi 80JIOKOHHUX c8ims10800i8, KON MOXINNUBE CTBOPEHHS
BUCOKOHAINHMX OMTUYHUX CUCTEM 3B'A3KY Ha OCHOBI OMNTUYHUX BOSIOKOH 3
ManMmm BTpatamu.

OcHoBHMMM 061AaCTSIMM BUKOPUCTAHHS €:

— MarictparbHi 1 30HOBI MepeXxi 3B’A3KY;

— MICbKI 1 CiflbCbKi Mepexi 3B’A3Ky AS11 CTBOPEHHS MEeXCTaHUiNHUX
3’eQHaHb;
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— Mepexi nepeadi LWMPOKOCMYroBol iHopmalii (TenebadeHHs, ne-
pefada MyrnbTUMELIMHNX OaHUX, BigeoTenedoHis);

— 00’eKkTOBI Mepexi 3B’A3Ky (obumcntoBanbHi Mepexi, mepexi nitanb-
HUX anaparis, kopabsis).

5.1. DisanyHi npouecu B BOJIOKOHHMX CBiTroBoaax

OCHOBHOI BIgMIHHICTIO ONTUYHUX KabeniB Big €nNeKTPUYHMX € MOBHa
BIiACYTHICTb Yy HUX CTpyMiB NpoBigHoCTi I,,. B onTndyHoMy kabeni, sk i npw
pagionepenadi, MaloTb MicLe nuwe CTpyMu 3MmilleHHa I, OOHaK XBWUIIS
PO3MOBCIOOXKYETLCA HE B BifIbHOMY MPOCTOPI, 8 KOHUEHTPYETLCA B CaMOMY
ob’emi cBiToBoAa 1 NepefaeTbCs HAM Y 3a4aHOMY HarnpsiMKy.

[Mepenava xBusi CBITNOBOAOM 3AIMCHIOETLCA 3a pPaxyHOK BiaduTTA i
Bid MeXxi noginy cepaeyvHunka i 060Mn0OHKKN, AKi MatoTb Pi3HI NOKa3HUKK 3a-
nomMneHHs (nyg i my) (puc. 5.1).

Y 3BMYaHUX Kabensx HocieM iHGopMauil, Wo nepenaeTbCsl, € enekT-
PUYHUM CTPYM, B ONTUYHUX Kabenax — rasepHun npomiHb. CeiTrno mae
ABOICTY Npupoay: XBUIbOBY N KBAHTOBY.

Ny
® >\<'/ > N1
—
Puc. 5.1

Xeunboea meopisi ceimna o6rpyHTOBYE, WO CBITNO € Pi3HOBMAOM
erleKTPOMarHiTHUX KonMBaHb Ayxe Bucokux yactoT (10'...10" ') i ayxe
KOPOTKUX XBUSb (MIKPOHM).

Pi3HMUA y KONbOPI MNOACHIOETLCSA PI3HULEK OOBXUH XBUMb. Tak, Kpac-
HOMY KONbOpy Bignosigae AosxuHa xBuni A =0,7 MKM, 3efneHoMy -—
0,55 mkmM, (hionetosomy — 0,4 MkM. B pamkax uboro nigxony 3acTtocoBy-
€TbCHA XBUNbOBA TEOopis eNiekTpoanHamikm 1 piBHAHHA Makceenna.

3a KoprycKysisipHOKO Meopiero CBITIO — Le MOTIK LWBNOKOPYXOMMUX
APiBHMX YaCTUHOK (KOPMYCKYI), AKi BUNPOMIHIOOTHCS TifIOM, WO CBITUTBLCS.
KopnycKkynu BUNPOMIHIOIOTECA OKpeMUMUM nopuisMmn (kBaHTamu). B pamkax
LbOro nigxoay MoXHa KOpUCTyBaTUCS MPOMEHEBOKD TEOPIELD.

[MpoMeHi cBiTNa po3noOBCIOLXKYOTLCA 3a 3aKOHaMU reoOMeTPUYHOI on-
TUKU. Takum YMHOM, TEOopIis CBITNa € CUHTE30M MOro XBUITbOBUX | KBAHTO-
BUX BNacTUBOCTEN.

[ns 3B’A3Ky MO CBITNIOBOAAX BUKOPUCTOBYKTbCA BUAWUMI MPOMEHI
(0,4...0,75 MKM) i OnwxHin fgiana3oH iHppayvepBOHMX MPOMEHIB (Big
0,85...1,3...1,55 0o 4...6 MKMm).
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[MopiBHIOKOYM XBUITLOBY M NPOMEHEBY TEOPIi CBITNOBOAIB, MOXHa 3po-
OUTM BUCHOBOK, LLIO MPOMEHEBI METOAN MEHLI rpoMmi3dki N garTb OinbLu
Hao4He NOSICHEHHS hi3NYHMM npouecam, Wo BiabyBalTLCA B CBITNIOBOAAX.

5.2. NpomeHeBa Teopisa nepenadi eHeprii cBiTnoBoaamMmu

Mogamo peanbHy XBUIKO B CBITNIOBOAI Y BUrNALI Cepil NNOCKUX XBUSTb i
PO3rNAHEMO reoMeTPIt0 efIEKTPOMAarHiTHOro nNons oAHiel 3 HMX. JliHiT piBHMX
das nonsg pos3rnagyBaHol XBUii MaloTb BUMNAL, HaBeaeHu Ha puc. 5.2.

B
)
~
(o]
A C
Puc. 5.2

BigctaHb MK UMMK MiHIAMW OOPIBHIOE OOBXMUHI XBUNI A. XBUIA pyxa-
€TbCS Y HanNpsiMKy A-B neprneHankynapHoO 40 NiHiv piBHUX a3 i yTBOPHOE 3
nornepeYHnUM rnepepiaom ceiTrioBoga KyT 0.

I3 TpukyTHMKA ABC MOXXHa oTpMMaTh CniBBigHOLEHHSA cos 0 = A/D, e
D — giameTp cBitTrnoBoga. 3i 36inNblUEHHAM KyTa 0 JOBXWHA XBUAi 3MEHLLY-
€TbCH, 3MiHIO4YNCH Big A =D (npu 0 =0°) go A =0 (npn 6 = 90°).

XBuni B CBITNIOBOAI PO3MOBCHOAXKYIOTLCA 3uraaronodioHo, 6aratopa-
30BO BigbuBaroumchb nig KyTom 20 Big Mexi cepueBuHa — obonoHka. Npo-
LeC pO3rMOBCHOKEHHA XBUAI 3anexiTb Big YyacToTtun (puc. 5.3).

Lyxe sucoki yacmomu Bucoki yacmomu KpumuyHa yacmoma
|
. |
T,
| ‘D
..... I_._Q\:_ *- _— s
| A
; A k E
f—oo; A—0; 0—90°; f>fy; A <D; 0—0°; f=fy; A=D; 0=0°;
E,—max; E,—0; E,=0.
Puc. 5.3

Mpn f—owo (A—0) kyT 0—90°, XxBUNA BIOONBAETLCHA HEBEIUKY KiSTbKICTb
pasiB ” TpaekTopia 1 pyxy B34OBX CBITNoBoAa HabNMXaeTbCa 4O NPSAMO-
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niHinHoi. MNopoexHa cknagosa nons E, (abo H,) € makcMmanbHoO, | nepe-
Aada eHeprii BigbyBaeTbCs y BUrigHMX yMOBax.

Mpu f> ) (A<D) kyT 0—0°, xBUNA BiOOMBaAETLCA BENUKY KiNbKIiCTb pasiB
i T pyx B3OOBX cBiTnoBoga € nosinibHMM. Ckrnagosa nonst E, (abo H,) €
MiHIManbHOO, | B34OBX CBITII0OBOAA NepedaeTbCsa He3Ha4YHa YacTka eHepril.

[Mpn neBHiN, NOPIBHAHO HU3bKIN, YacToTi f = f, BCTAHOBNIOETLCSA pe-
Xum, Konn L = D, i XxBUN4, nagalym Ha Mexy cepueBuHa — 0B60SoHKa,
BiabuBaeTbCs NepneHanKynspHo Ao Hel. B cBiTnoBodi BCTAaHOBMNIOETLCS
PEXNM CTOSYOI XBUII, | eHepria B3LOBX HbOro He nepeaeTbes.

UacTtoTa £, npn AKin BCTAHOBIIOETLCS PEXUM CTOSYOI XBUIi, Ma€ Ha-
3BY KPUMUYHOI i iBNSi€ COBOI0 HMXKHIO MEXY YacCToT, 9Ki MOXYTb pPO3no-
BCIO)KYyBaTUCA MO LbOMY CBITIIOBOAY. TakMM YMHOM, CBITNOBOA Ai€ SK
QiNbTP BEPXHIX YACTOT 3 YACTOTOK 3pPi3y, O JOPIBHIOE KPUTUYHIN YaCTo-
Ti. KputnyHa vactorta fj i BignosigHa i Kpumu4Ha O08XKUHa xeusi Ly =
= ¢/fy 3anexarTb Bifl KOHCTPYKLIT CBITNOBOAA (30KpemMa Noro giametpa).

Ockinbkn mexeto cepaevHnk — obonoHka € Npo3opi CTekna, To MoXe
BiabyBaTncs He TiNbKM BIOOUTTS NPOMEHS, ane M MOro NPOHUKHEHHA B
00O0noHKy (puc. 5.4).

A C_nm AN C
B / B 0,=0
0,” D 0, <0, 0, 2 0,
Puc. 5.4 Puc. 5.5

3a 3aKOHaMM reoMeTpUYHOI OMTUKM Y 3araribHOMy BUIMSAi Ha Mexi
cepaeyHuk — obonoHka byayTb cnoctepiratuca nagatoymn (AB), BigbuTumn
(BC) i 3anomneHuin (BD) npomeHi (aus. puc. 5.4).

[na 3anobiraHHs nepexony eHeprii B 060M0HKY i 1T BUNPOMiIHIOBaHHS He-
00xigHO 3a6e3neynT BUKOHaHHS YMOBW NMOBHOMO BHYTPILLHLOIO BiadutTs [4].

Mig yac nepexogy 3 cepegoBulla 3 BINbLUOK LWiNbLHICTIO B cepeno-
BULLIE 3 MEHLOo, TOBTO Npu ny > n, (n=\/E), XBUIISA NPU NEBHOMY KyTi

nagiHHa 0, 2 0., NOBHICTIO BIAOMBAETLCA | HE NepexoanTb Y iHWwe cepepo-
BuLLe (puc. 5.5).

KyT nagiHHs 0.y, NoYMHaoun 3 AKoro BCS eHeprist BioOMBaeTbCA BiA
MeXxi noginy cepenosuil, To6to npu 0, =0, Mae HasBy Kyma noeHo20
8HyMpIiWwHbO20 8i06uMmMmsi i BU3HA4YaETbCS CMiBBIAHOLIEHHAM
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siner=n2/n1=«/82/81 : (5.1)
Ae € — gienekTpuyHa NpoHUKHICTb cepaeyHuKa (g1) i 000NOHKM (&;).

[Mpn 0, = 0, eHepria, Wo Haginwna B cepaeyHuK, NOBHICTHO BigbuBa-
€TbCA 1 3uUraaronofibHo po3noBCIOAXKYETLCS CBITNOBOAOM. Ynm GinbLummn
KyT nagiHHs, To0T1o 0, > 0,, y mMexax Big 0., Ao 90°, Tum ymoBu posno-
BCIOPDKEHHA Kpalli | eHepria wBuawe gocsrae npuruMaribHoro KiHus. B
LUbOMY BUNaAKy BCHA eHeprid KOHUEHTPYETLCH B CepaeyHuKYy CBITrioBoaa U
NPaKTUYHO HE BMMPOMIHIOETLCA Ha30BHI. [pu KyTi 0, < 0, eHepris NPOHU-
Kae B 0DONOHKY, BUNPOMIHIOETLCA B 30BHILLUHIA NPOCTIp i nepegaya crae
HeeeKTUBHOIO.

Pexv1m NOBHOro BHYTPILIHLOMO BiAOUTTS OOYMOBIIOE YMOBU Modavi CBi-
TNa Ha BXiOHWW TopeLb BOJSIOKOHHOrO CBITNoBoAa — BiH Byae nponyckaTtu
nuLie CBITS0, 3aMKHEHE B MeXax TiNEeCHOro KyTa 0, KU XapakTepusyeTbCs
anepmyporo, TOBTO KyTOM MK ONTUYHOK BICCHO | OAHIE0 3 TBIPHUX CBITMO-
BOrO KOHYCa, LLIO NOoTpanssae B TOPELb BOIIOKOHHOMO CBiTnoBoaa (puc. 5.6).

Mi>k KyTOM MOBHOrO BHYTPILLIHLOIO BiAOUTTA O, | @aNepTypHUM KyTOM
0, iCHyE Takuii B3aEMO3B'A30K: YMM BINbLUNIA KYT O,,, TUM MEHLLa anepTy-
pa BOJIOKHA 04.

3a3Bu4an Ha NpakTULi 3pyyHille KOPUCTYBaTUCSA MOHATTAM Yucs10801
anepmypu, s9Kka BU3Ha4YaeTbCs 3a POPMYIIOH

NA =nsin0, = no\/nf —ng = \/nlz —ng , (5.2)

e ng — NOKa3HWK 3aroMIIeHHs NoBiTPs ng = 1.

Yucnosa anepTtypa xapakrepuaye BCi KOMMOHEHTU ONTUYHOIO KaHany:
CBITNoBOAN, [pKepena W npunamMadi BUNPOMIHIOBaHHA. [Ons  MiHimizauil
BTpaT eHepril anepTypun 3’€QHYBaHUX enemMeHTiB MatoTb OyTn y3z2o0xke-
Humu, TO6TO cnig HamaraTucsa 3pobuTn Tak, Wob KyT BBEOEHHS NPOMEHS
B cBiTnoBog ¢ (abo iHWWM ONTUYHUI eneMeHT) yKnagaBsca B anepTypHui
KYT (¢ <04), @ KyT NagiHHA NPOMEHA Ha MeXy cepaedHnk — obornoHka OyB

OinbLIMIA 32 KyT NOBHOTO BHYTPILLUHLOIO BIAOUTTSA O, (05p < 0, < 90°).
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Y 3araneHOMy BUrMSAi Y CBITNOBOA4AX MOXYTb PO3MNOBCHOLKYBaTUCS
NPOMEHI ABOX BUAIB:

— MepudldioHaslbHIi, PO3TAlLUOBaHI Yy MMNOLWMHI, WO NPOXOoAUTb 4epes
BiCcb cBiTnoBoga (puc. 5.7, a);

— Koci, TOOTO Taku, WO He nepeTunHaloTb BiCb CBITSIOBOA4A M NPOXO-
OATb 3a BENbMU CKIIagHUMKM TpaekTopismu (puc. 5.7, 6).

Puc. 5.7

Po3rnaHemMo KpUTUYHI YacToTn N JOBXUHU XBUIb BOSTIOKOHHUX CBITMNO-
BoAiB. Mixk JOBXUMHOW XBUAI A | AiaMeTpoM cepLeBuHM caiTnosoga d icHye
CniBBIAHOWEHHSA cos 0 = A/d, oe 0 — KyT nagiHHS XBWUITI HA MeXy noainy
cepaeyHuk — obonoHka. BpaxoBytoun, O cos 0 = \/l—sinze, | BUKOPUCTO-
BYIOUM YMOBY MOBHOrO BHYTPIWHbLOrO BiAOWUTTA sin O = ny/ny, Maemo

2 . . . .
cos0=\/l—(n1/n2) . TpupiBHABIM NpaBi 4acTMHWM BUPA3iB KOCWUHYCIB,

7»0=d\/1—(n2/n1)2 =d/n,\/nj —n;. (5.3)

Topai BMpa3 onga KpUTUYHOI Yactotn byae
\% 2
fozx—1=vl/[d\/l—(n2/nl) }=c/[d\/nf—n§] (5.4)
0

e vy — WBUAKICTb PO3NOBCIOMKEHHS XBUMi B CEPLAEYHUKY .

Unm Ginbwnn giametp cepaevHuka d i 4ymum BGinblle Bigpi3HATLCA
NOKa3HMKM 3aroMfeHHs cepaeyHuka ny i 060NOHKM n,y, TUM Binblua OoB-
XUHa XBUIN A | HUXKYa YacToTa f.

Mpu YacToTax, BULLMX 38 KPUTUYHY fy, YCA eHepris nons KOHUEHTPY-
ETbCS BCEPEAVHI cepeYHmnKa CBiTnoBoaa i eeKTMBHO PO3MOBCIOAXKYETb-
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CH B3JOBX HbOro. Hmx4e KpUTUYHOI YacTOTU eHepris PO3CIlOETLCH B OTO-
4YyHO4OMY NPOCTOPI 1 CBITNOBOAOM HE NepenacTbCs.

5.3. XBunboBa Teopisa nepeaadi eHeprii cBiTnoBogamu

XBUSiboBa Teopis po3rnggae npouec po3noBCOMXKEHHS CBiTNa SK pis-
HOBUAY eneKkTpoMarHiTHUX XxBunb. MaTtemaTuyHe poO3B’A3aHHA 3ajad
30INCHIOETBLCA 3a 4ONOMOrok piBHAHbL Makcsenna.

Y 3aranbHOMYy BUMagKy PiBHAHHA MakTb AeKifibka po3B’s3KiB, KOXHO-
MYy 3 SKUX BiANoOBiAa€e NeBHa CTPYKTypa MOSis, O HA3MBaETbCA MUMOM
xeursni, abo modoro.

Y cBiTnoBogax MOXyTb iCHyBaTU ABa TUMU XBUIb:

— cumempu4Hi (Egm, Hom), SIKi MaOTb KpyroBy cumeTpito (n = 0);
— Hecumempud4Hi (riopngHi, AMNoneHi), Wo no3HavarTbca 9Kk EHy,p,

AKLWO nosie B nonepeyHomy nepepisi Haragye none xsuni E, abo ak HE,y,,
AKLWO none B nonepeyHomy nepepisi 6nmkde go nons xsuni H; B cBiTnoO-
BOAi HECUMETPUYHI XBWAIi ICHYIOTb fiwe CnifibHO, IX OKpemMe pPO3MnOBCHO-
PKEHHSI HEMOXITMBE.

[MpomeHeBa Teopis CBiTNa gonyckae pPoO3nOBCHOAKEHHS CBITNOBOAAMMU
BEJTNKOI KiNMlbKOCTi NPOMEHIB — YCIX MPOMEHIB, LLO NoTpanunin B anepTtyp-
HMUMA KOHYC CBIiTNoBoAda. 3a XBUMbOBOK TEOPIED CBITNIOBOOOM MOXE PO3-
NOBCIOOXKYyBaTMCS nNuwe obmexeHa KifnbKiCTb XBUMb 3 OAUCKPETHUMMU KyTa-
MU. HYacTMHa NPOMIKHUX XBWUSb 3a paxyHOK iHTepdhepeHLil racate ogHa
OOHY M nocnabnawTbcda. TN XBUMb, WO MOXYTb PO3MNOBCHAXKYHOTLCA
CBITITOBOAOM, HAa3MBalOTbCA ModaMu.

HopmoegaHa (xapakmepucmu4yHa) 4yacmoma — Lue Yy3ararbHEeHUn
napameTp, 9KUN xapakTepusye pexum poboTtu ceitnosoaa. BiH ypaxosye
pagiyc cepaedHuKka a, JOBXUHY XBUMI A i KOeiLieHTN 3anoMneHHa cepae-
YHKMKA np i 0OONOHKM ny:

V=% nf —ng : (5.5)

3 TOYKM 30pYy XBWUITbOBOI TEOPIl KPUTUYHY YACTOTY W OOBXWUHY XBUII
MO>XHa BU3HAYNTU TakKUM YMHOM:

f, =pnmc/(7cd«/nf —ni); (5.6)
Ay = nd«/nf —n% /(pnmnl), (5.7)

A€ Pam — KOPeHi pyHKUiT Beccena n-ro nopsaaky [5], pam = V(A = Ay).
KoxxHa Moga mae HopMoBaHy 4acToTy V,, 9ka BU3Ha4yae obnacTtb 11 ic-
HYBaHHS, @ KOXHi HOPMOBaHI YacToTi V Bignosigae KputuyHa Yyactota fj,.

48



Mpn V <V, maemo f<fj, TO6TO YacToTa MeHLLa 3a KPUTUYHY 1 XBUIS
CepAeYHNKOM BOJSIOKHA He PO3MNOBCIOAKYETbCA (He icHye). ObnacTb iCHy-
BaHHSA XBWJSTi, O Mae HOPMOBaHY YacToTy BiAcCivkM V >V, ctaHoBUTL f > fj,.

Tinekn ana cumeTpudHol xBuni HE; 3Ha4yeHHs Vi =0, oTXXe, Uus XBu-
N9 He Mae KPUTUYHOT 4YacTOTU N MOXE PO3NOBCIOAKYBaATUCA Npu Byab-
AKWUX YacTOTi N AiamMeTpi cepaedHuka. YCi iHWi XBuUni He po3noBCOKYHOTb-
CSl Ha YacToTaX, HMKYMX 38 KPUTUYHY.

3i 36iNbLWEHHAM 4YacTOTK 3’ABNAKOTLCS HOBI TUMNU XBUMb:

—npn 'V > 2,405 — xsuni Eyq, Hyy | HEyq;

—npun V > 3,832 — gpogatkosi xBuni Hyy, EHyq, HE3; 1 T.4.

Bubunpatoum napameTtpu cBiTnosBoaa (TOBLUMHY cepaeyHuKa, NOKa3HK-
KN 3arnOMIEHHS) | YacToTy TakuM YMHOM, Wo6 BULLi MOOM HE MOrfN PO3-
nosctogxkyeatuca (0 <V < 2,405), MOXXHa OTpUMaTM OAHOMOLOBUA PEXUM
nepepgadi eHepril (xsuno HEq;).

[NepeBaramn ogHOMOAOBUX CUCTEM € LUMPOKUIA fiana3oH 4acToT | Be-
nMKa NponyckHa 34aTHICTb (3i 36iNbLUEHHAM KiNbKOCTI MO4 CMyra 4acTtoT
3BYXY€ETbCH). Heponikamm oQHOMOAOBUX CUCTEM € MEHLWa HaAinHICTb
Yyepes Manuu giameTp cepaedHuKa BOSIOKHA 1 BENWUKI BTpATU Ha BBEAEHHS
BUNPOMIHIOBAHHS B CBITNIOBOA. Taki cCUCTEMU B OCHOBHOMY 3aCTOCOBYIOTb-
Csl B MDKMICbKMX BOJIOKOHHO-OMTUYHUX MNiHIAX, WO 3abe3neyvyoTb BervKy
AanbHICTb 3B’A3KY 1 BUCOKY MPOMYCKHY 34aTHICTb.

3i 36inblUEeHHAM AiameTpa cepaedvHuka KinbKiCTb MOA, WO nepena-
€TbCS, 3pocTae. XBUnboBa N NpoMeHeBa CXemMu OAHO- i BaratomoaoBOi
nepepgadi eHepril MaoTb BUMNAA, NOKa3aHU Ha puc. 5.8.

N
”
=
1l
N
baratomopnoBa nepepava

N
>

OpHomopoBa nepepava
Puc. 5.8
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[Moka3HuK 3anomMneHHsi 060NOHKM CBITNOBOAY CTanuin, a NoKa3HUK 3a-
NOMIEHHSA cepAeydHnKka y 3ararbHOMYy BUMagKy € (PyHKuieto — npogpinem
noka3Huka 3asiomsieHHsi. OCHOBHI TUNi Npocinis HaBeaeHo Ha puc. 5.9.

[pogbinb oOHoMod08020 ceimriosoda [Npogbinb bacamomodosozo ceimriogoda
CTyniH4aCcTUN W-npodinb CTyniH4YaCcTUN rpagieHTHUN
|

/ ///?']‘/7/7/
j 1
nw;

Y rpagieHTHOMY CBITSIOBOAI NPOMEHI BUTMHAKTLCA Y HanNpsMKy rpagi-
€EHTa MOKa3HMKa 3anoMJSIEHHA 3aMiCTb 3anomMsieHHa abo NOBHOro BiABUTTS,
SIK Y BUNagKy BOSIOKHA 3i cTyniH4acTum npodiniem (puc. 5.10).

3aranbHy KifibKiCTb MOA Y CBITNOBOAi 3i CTyMiHYaCTUM i rpagi€HTHUM
npodinamMmn MoXHa BM3Ha4aTn 3a popmyramm

N, =V’= (Zna/k) (nl—nz) (5.8)
N, =V*/2=0,5-(2ma/2)’-(n] - n}). (5.9)

MopiBHsBWK BMpa3mn (5.8) i (5.9), MoxxHa 3pobUTU BMCHOBOK, LLIO Kiflb-
KICTb MOJ, Y rpaflieHTHOMY CBITMOBOAI Y 2 pa3u MeHLLUa, HiXX Yy CTyrniH4acTomy.

Y cmyniHyacmomy ceimsiogodi Y epadieHmHOMY c8imsi0800i

n 3
x

Pwuc. 5.10

Bsarani HeogHopigHi y nonepevyHoMy nepepisi CBITNIOBOAM MalOTb Be-
NUKe MpakTUYHEe 3HAYEeHHS, OCKISTbKU Y HUX MOXHa OTpUMAaTU TaKi xapak-
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TEPUCTUKN, AKUX HEMOXIMBO OTPUMATN Y OOHOPIAHUX CBITNIOBOAIB.

Y BONOKOHHOMY CBITIIOBOi MOXYTb iCHyBaTV TPU mumnu XBUIb:

— cnpsimosaHi (xsuni cepuesuHn XC (gus. puc. 5.10, npomeHi 1), ski
€ OCHOBHMM TUMOM XBWSlb, WO PO3MNOBCKIKYHOTLCA CBITNIOBOAOM; YCH
eHeprisa 30cepeKyeTbCs BCepeanHi cepueBmHN 1 3abeanedye nepegady
iHdpopMmau,iT; BOHM 30yIKYOTbCA MNPy BBEOEHHI NMPOMEHIB Yy Topeub Yy Me-
Xax anepTypu (¢ > 0,p);

— eumiyqHi (xBuni odonoHkn XO (gmB. puc. 5.10, npomeHi 2), Wo €
napasvTHUM TUNOM XBWJSb; €HEpPrisd YaCTKOBO PO3MOBCOIKYETLCA B3L0BX
CBITNOBO4A, @ 4YacTKOBO MNepexoamTb B OOOMOHKY W BUMPOMIHIOETLCS B
OTOYYHUUM NMPOCTIP; Ui XBUITi BUHMKAKOTb 3a PaxyHOK KOCUX NMPOMEHIB;

— eunpomiHroeaHi (npoctoposi xsuni X (ame. puc. 5.10, NpoMeHi
3), AKi TakoX € napasuTHMM TUMOM XBWSlb; YCS €Hepris BXe Ha nodaTky
NiHIT BUMNPOMIHIOETLCA B OTOYYKOUYMA MPOCTIP | HE PO3MNOBCHAKYETHCA
B3[0BX CBITNIOBOAA; BOHM BUHMKAKOTb NP BBEAEHHI BUMPOMIHIOBAHHA Nifg,
KyTOM Mo3a anepTypoto (¢ < 0,p) | TAKOXK € XapaKTepHUMU ANa Heperynsp-
HWUX CBITSIOBOAIB 3i 3rHaMM 1 iHLWIMMUW MOPYLUEHHAMMW OLHOPIAHOCTI.

BuTivHi 1 BMNpOMiHIOBaHI XBWUITi € NapasuTHUMKU, TOOTO TakMMu, LUO
BiAOMpaloTb €Heprito CnpsiMoOBaHOI XBWUITi N CMOTBOPKOKOTb BHACMIAOK iH-
TepdepeHuii nepenady eHeprii CBITNOBOAOM. 3a paxXyHOK UUX XBUSb
BUHMKAIOTb NepexigHi BnavBu 1 3aBagu B CYCigHIX CBITSIOBOLAX.

3 TOYKM 30pYy XBUNbLOBOI TEOPil MepuaioHaNbHUM MPOMEHAM (SiKi BU-
HUKaKOTb, KOS TOYKOBE [Kepeno BUNPOMIHIOBAHHSA pO3TalloBaHO Ha OCi
CBITNIOBOAA) BigMNOBigaldTb CUMETPUYHI enekTpuyHi Egy, | MarHitHi Hop
XBuUsi. Y CBOK 4epry, KOCUM MPOMEHAM (AKi BUHUKAKOTb, KON TOYKOBE
Keperno po3TaloBaHO Nno3a BiCCH BOMOKHa abo BOHO Mae Ginbw cknag-

HY CTPYKTYpPY) BianosigatoTb HecuMeTpuyHi ribpuaHi xeuni HE,, i EH,p,.

HecumeTtpuyHi xBuni tunis E,y, | Hyy, Y BONMOKOHHMX CBITIOBO4AX ICHYBa-
TU HE MOXYTb, BOHM MOXYTb 30YyIKyBaTUCA NnLLIE B MeTanNeBnx XBUneBoaax.

Hansaxnmsilummmn napameTpamMm BOSIOKOHHUX CBITIIOBOAIB € 32aCaHHS,
sIke XapakTepusye BTpaTK eHepril nig Yac nepegadi ii ceitnosogom, i ducne-
pcis, Wo BU3HaA4Yae OOMEXEHHSI CMyr YacToT nig vyac nepenadi eHeprii CBiT-
nosogom. Obuaea daktopy 0OYMOBIOKOTL AOBXMHY pereHepauiiHol OinsH-
KW, TOBTO MakcMMarnbHy AOBXWHY CBITSIOBOAY, Nepefava eHepril Skum MOX-
nvBa 6e3 BigHOBNEHHA aMniTyam abo hopMu curHany, Lo nepeaacTbes.

5.4. 3racaHHA cBiTNOBOAIB
KoedilieHT 3racaHHs CBITNIOBOAIB ONTUYHMX KaberniB 06ymMoBneHun

BNSIMBOM [BOX OCHOBHUX (paKToOpIB:
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o= 0yt 0, (5.10)
Ae o, — BracHi BTpaTtu, o, — kabenbHi BTpaTw.

BnacHi empamu cnpyyvHeHi NOrfMHAHHAM eHeprii B 4IeNeKTPUKY oy,
PO3CitoBaHHAM i Ha HaWOPIOHIWMX YacTMHKaX CTPYKTypu CBITNoBOAY ay, a
TaKoX Ha CTOPOHHIX AOMIiLLUKaX a;. Takum YMHOM,

0y = Oy + 0p + 0y (5.11)

KabenbHi empamu 3yMOBIEHI CKpydYyBaHHSAM (BTpaTWU HA Makpo3ru-
HU Ok 3r), @ TAKOX gedoopMaliero M 3rmHaMn CBITNOBOAIB MPU HaKnagaHHi
NOKPUTTIB | 3aXNCHMX OBOMNOHOK Y npoueci BUroTOBMEHHs Kabento (BTpaTtu

Ha MIKPO3MUHU Oyisr). 3aranbHUN BUpas Onsa Po3paxyHKy KabenbHuX
BTpaT Mae BUMS

Oy = Oypage 3r T Oy 3r- (5 1 2)

32acaHHs1 no2sIUHaHHA o, OBb/KM, NOB’s1I3aHO 3 BTpaTaMu eHepril Ha
AienekTpuyHy nonspusadito. BoHO MiHIMHO 3pocTae i3 3pOCTaHHAM YacTOTU U
CYTTEBO 3aNeXM1Tb Bif BNAaCTMBOCTEN MaTepiany CBiTNoBoay (tg d):

71911 nf
o, =—tgd-8,69=—tg5-8,69. (5.13)
A v,
32acaHHs1 po3cirogaHHs1 (BTpaTu Ha peneiBCbKe PO3CIOBAHHSA) ay,
Ab/KMm, 3ymMoBreHi HEOQHOPIAHOCTAMM MaTepiany BOJIOKOHHOINO CBITIOBO-
Aa, po3Mipu SKUX MeHLi 3a OOBXWHY XBWMi, i TensoBO nyKTyauieto
NnoKasHuMKa 3arioOMieHHS:

a, =K, /A*, (5.14)

Ae K, — koediuieHT poscitoBaHHA (Ans ksapuy K, =1...1,5 (aB/km)-Mkm?).

BTpaTtn Ha peneiBcbke po3CitoBaHHSA BU3HAYalOTb HUXKHIO MEXY BTpar,
SIKi BNacTmBi BOJSIOKOHHUM cBiTnosogam. Lia mexa € pi3dHow ans pisHuX
AOBXWH XBWMb i 3i 30iNbLUEHHAM JOBXUHN XBUSTi 3BMEHLLYETHLCS.

BTpatn eHepril cyTTEBO 3pOCTalOTh 3a paxyHOK HAABHOCTI B MaTepiani
BOJTOKOHHOIO CBITNOBOAA CIMOPOHHIX OOMIWOK (). OKpiM TOro, HasiBHICTb
LMX OOMILLOK NPpU3BOAUTL 40 BUHUKHEHHSA PE30HAHCHUX CrSIeCKiB 3racaHHs.

[logaTtkoBe 3racaHHA 3a paxyHOK BUMPOMIHIOBAHHS NpU Makpo3au-

HaX Oy 50, 4D, MOXXHA BU3HAYMTK 3a Takoo OOPMYNOLO:

n; —nj

R+1
nl—

R-1

o =10Ig

Mak 3r

, (5.15)

2
n,
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ae R =R;,/2a; R, — pagiyc 3ruHy (puc. 5.11); a — pagiyc cepaeyvHunka Bosio-
KHa; nq, n; — NOKa3HWKN 3arN0OMIIEHHS cepaeydHmnka n 060MOHKN BONOKHA.

Rsr

Puc. 5.11

[logaTkoBe 3racaHHs 3a paxyHOK BUNPOMIHIOBAHHSA NPpU MiKpo32UuHax
Oixc 30, 4D, BUSHAYAETLCHA BUPA30OM

h24
_NI 2

X yise ar b6A3 .10_3’ (516)

ae h — pagiyc Mikpo3srunny (puc. 5.12); b — giameTp BosiokHa; N — KiflbKiCTb
MIKPO3rvHiB; A — CNiBBIOHOLLIEHHA KOeiUieHTIB 3ariOMIEHHSs, ke BU3Ha-
YaeTbCH HAK
2 2
n
A= zzz 2 (5.17)
2n, n

—1

——A———
T

Puc. 5.12

Mpn pobpe BignpaubOBaHiIn TexHoMorii BMPOOGHMUTBA AOOMIHYIOTb
BTpaTM Ha MiKpo3rnmHax. HasaBHICTb OBOSIOHKN 1 3aXMCHOrO MOKPUTTS BO-
NIOKHa TaKOoX NPWU3BOAUTL 0O OOAATKOBUX BTpAT 3a paxyHOK YaCTKOBOrO
NPOHUKHEHHS MONS B Ui cepeaosuLLa.

Ha rpadpiky 3anexHoCTi 3racaHHs Big OOBXUHW XBUAI AN1S CBiTNoBoaa
3 ouuLLeHoro kBapuosoro ckna (puc. 5.13) 4iTko BUOHO TpW BiKHA Mpo30-
pocTi: 0,85, 1,31 i 1,55 Mmkm. 3i 36inblUEHHAM OOBXUHN XBUNI A KOedILIEHT
3racaHHsi 3MEHLUYETbCS.
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Pwuc. 5.13

Hanbinbw gouinbHUM Onsa niHin 3B'A3Ky € BUKOPUCTaHHA OpYyroro m
TPeTboro BiKOH npo3opocTi — 1,31 i 1,55 MkM. B umx BikHax MOXHa opraHi-
3yBaTW NiHI0O MDKMICBLKOrO 3B’A3Ky 6€e3 BUKOPUCTaHHS B ONTUYHOMY Kabe-
N0 MeTarneBux efieMeHTIB AN AUCTaHUIMHOIO efeKTPOXMUBIIEHHSA NiHIMHUX
pereHepaTopiB, ToMy Lo 4vepes 40...80 km (L0 BignNoBigae TUNOBIA O0B-
XWHI pereHepauivHol AiNAHKKW Ons ONTUYHOrO BOJSIOKHA) MOXHa MaTtwu
MiCLEBI QpKepena XUBJIEHHS.

5.5. Iucnepcia n nponyckHa 3aaTHiCTb CBITNOBOAIB

lMponyckHa 30amHicmb AF € HanBaXnvBilLMM NapameTpoM BOSO-
KOHHO-OMNTUYHMX CUCTEM Nepeaadi, OCKiNbKM BOHA BU3HA4Ya€e CMyry 4acToT,
siIka MpPOMycKaeTbCA CBITIIOBOAOM, i, BignoBigHO, obcar iHdopmauil, wo
HUM NepenaeTbes. 3B’30K MiXK AUCMEPCIED T, HC/KM, | NPONYCKHOK 34aT-
HicTio AF, My km, HabnmxeHo BupaxaeTbcd cniBBigHoweHHAM AF = I/x.

Hucnepcisi T — ue po3CitoBaHHA y Yaci cnekTpanbHux abo MogoBUX
CKNagoBuX OMNTUYHOIO CUrHany, dke Npu3BoAnTb 4O PO3LUMPEHHS iMNYIb-
Cy Ha npurmarnbHoMy 6oui (puc. 5.14). BenuunHa po3iMpeHHs BU3HaYa-

54



€TbCS SK KBagpaTuU4Ha Pi3HMLA MK TPUBANICTHO IMMNYNbCIB HA BUXOAI tgyy |
BXOAi Kabento tgy:

T=4t2 —t% (5.18)

BHX BX

A€ 3HAYEHHS tyyux | tyy OEPYTBCA Ha PIBHI MONOBUHM aMnNiTyan iMMysbCiB
(aus. puc. 5.14).

MepepaBay Mpunmay

1/2
/2

tex tenx _

P >

Puc. 5.14

[duncnepcia He Tinbkn obmMexxye NponyckHy 34aTHICTb CBITNOBOAIB, ane
N CYTTEBO 3HWXKYE [arbHICTb nepefadi, OCKiNbKM YMM JOBLUA JliHIA, TUM
BinbLwe nposBNAeTLCA ancnepcia n Binblue po3WNPEHHS iMNYNbCY.

[MponyckHa 34aTHICTb BOJTIOKOHHO-OMTUYHOI CUCTEMW 3anexuTb Big
TMNy W BRacTUBOCTEN CBiTNoBoAiB (ogHo- abo GaraTomMoaoBi, rpagi€eHTHI
abo cTyniH4acTi ToWwo) i TMNY BUNpoMiHoBa4va (nasep abo ceitnogion).

[ncnepciqa y cBiTNOBOAI BUHMKAE 3 ABOX NPUYMH: Y 3B’A3KY 3 ICHYBaHHAM
BENUKOI KinbkocTi Mo N (MiKMoZoBa OMCMeEpCisl) | Yepe3 HEKOrepeHTHICTb
axepen BUNPOMIHIOBaHHSA (XpomaTudHa abo YacToTHa gucnepcis).

Mixxmodoea ducnepcisi 3ymOBneHa TUM, WO KOXHa Moga po3no-
BCIOKYIOTbCA 3i CBOED LWBMAKICTIO v = y(N).

XpomamudHa ducnepcisi (puc. 5.15, kpua 3) BMHMKAE Yepes Te, Wo
[pKepeno CBiTna BUMPOMIHIOE MEBHUN CMEKTP OOBXUH XBUMb AA. Xpoma-
TMYHA OMCNepcCis MNOAINAETbCH Ha xeusiegioHy (BHYTPILLHBOMOOOBY), ska
obymoBreHa npouecamu BcepeanHi moan, noe’sisaHa 3 1i CBITNIOBOAHOM
CTPYKTYPOI | XapaKTepu3yeTbCH 3anexHiCTio kKoeduiuieHTa po3noBClo-
PKEHHS MOAW Bi4 OOBXUHW XBWni y=wy,(A) (amB. puc. 5.15, kpmuea 1), i
MamepianbHy, WO 0b6yMOBeHa 3anexHiCTIo NOKa3HWKa 3anoMsieHHa Big
AOBXMHW XBUAI n = y3(A) (amB. puc. 5.15, kpmnea 2).

[uncnepcisa npoaBnseTbCAa MO-pPi3HOMY Yy pi3HUX Tunax ceiTriosoais. B
CTyniH4YacTMx CBiTroBogax npu GaratomModoBin nepegadi eHeprii JOMiHye
MDKMOOOBa OUCMEPCIis, sika MOXe csarat Bennknx 3HaveHb (15...30 Hc/km).
B ogHoOMoaoBMX CTyniHYacTUX CBITSIOBOAAX MiXKMOLOBA AMchepcia BioCcyT-
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HA. TyT NpoABNAITLCA XBUNEBIOHA W MaTepianbHa OUCNepcii, ane BOHU
Mamxke 3b6iraloTbCa 3a abCOMTHOK BESIMYMHOK | € MPOTUNEXHUMM 3a
dasolo y LWMPOKOMY criekTpanibHOMY Aiana3oHi. Yepes ue BiabyBaeTbcs iX
B3aeMHa KOMMeHcauiqa i pesynbTytoda gucnepcid npu A = 1,3...1,8 MKM He
nepesuwlye 1 Hc/kMm. B rpagieHTHUX CBiTNoBogax BiabyBaeTbCs BUPIBHIO-
BaHHA 4acy pPO3NOBCIOIKEHHS Pi3HUX MOA i BM3HA4arbHOK € gucnepcida
MaTepiany, ska 3MeHLWYeTbCS 3i 36inbLUeHHAM OOBXUHI xBuni. 3a abconto-
THO BENUYNHOK BOHA KONMBAETLCS Y MexXax 3...5 HC/KM.

if, HC/KM
N
o

w
o

O
[@]
@ 20
cC
(&]

Z 0

-10

-20

-30

Pwuc. 5.15

HanmeHwy pgucnepcito maloTb OAHOMOAOBI CBiTNoBoAW. [pagi€eHTHI
CBITSIOBOAM 3 MMaBHMM MpOdiNeM TakoX MarwTb XOpoLwi AUCMNepCInHi
Xxapaktepuctmki. Hanbinblw pisko gucnepcia nposiBASETbLCA Y CTyniHYac-
TMX BaraTomMooBMX CBITNIOBOAAX.

[duncnepcinHi BNAaCTUBOCTI TPaKTy nepefadi Takox 3anexaTb Bif oxe-
pena BUNPOMiHIOBaHHA. [na nasepHux mKkepen 3aBOsKM BY3bKOMY CMEKT-
Py BUNPOMIHIOBaAHHSA OMCNEPCIA NPaKTUYHO HE NposBndAeTbeA. [Ans CBIiTro-
AiofiB 3a paxyHoK OifibLl LUMPOKOro CrnekTpa BUMNPOMIHIOBAHHA Ancrnepcis
NPOSABISAETLCA 3HAYHO CUSBHILLE.

CymapHe pOo3LUMPEHHS iMMYSbCIB 3@ paxXyHOK Auchnepcii po3paxoBy-
€TbCA 32 POPMYIIOH0

’C=\/’C;M+(’CXB+’EMT)2 : (5.19)

A€ Tyw — PO3LUIMPEHHA 3a paxXyHOK MDKMOOOBOI OUCMEPCIl; Tyy — PO3LIK-
PEHHS 3a paxyHOK XBUMEBIAHOT AUCMEPCIT; Tyr — PO3LLUMPEHHS 3@ paxyHOK
MaTtepianbHol ancnepcil.

PoswmnpeHHs 3a paxyHOK MiKMOZOBOI Aucnepcil BUSHAYa€ETLCA K pis-
HULSA Yacy NPOXOKEHHA OOVUHUYHOI JOBXWUHU BOSIOKHA PI3HUMW MOgAMW:
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— NS CTyniH4acToro Npodinto

T, =An¢/c=NA%¢/(2n,c); (5.20)
— NS rpagieHTHoro npodointo
T = A70,0/(2¢) =NA*7/(8n]c), (5.21)

Je ¢ — OoBXWHa cBiTNoOBOAA.
PosLwmnpeHHsa 3a paxyHOK XBUNEeBIQHOT AUCMEPCii BU3HAYAETLCA AK Pi-
3HMLSA Yacy PO3MNOBCIOIKEHHSA NPOMEHS CEPAEYHNUKOM M 060STOHKOLO:

t,, = (A2/0) (20740 /c), (5.22)

ne AA/A — BiOHOCHA LUMpUHA CNeKTpa BUMPOMIHIOBaHHS; A — CriBBigHO-

LLUEeHHSA KoeiLiEHTIB 3anoMSIEeHHS.
Po3swmnpeHHs 3a paxyHOK MaTtepiarnbHOI Ancnepcii BU3HA4YaeTbCA K pis-
HULSA Yacy NPOXOPKEHHSA BONTOKHOM BUMPOMIHIOBAHHS Pi3HUX JOBXWUH XBUIb:

Ty = (A1/2)(A7/c)(d?n, /a2 )¢ (5.23)

3 ypaxyBaHHsl peanbHOro CniBBigHOLIEHHA BHECKIB OKpeMUX BUAIB
avcnepcii ans 6aratoMoaoBUX BOSTOKOH

T = Tyms (5.24)
a ansa ogHoOoMoJ0BUX
T="Tyg T Tyr- (5.25)
[MponyckHa 34aTHICTb rpagieHTHOro ceitnosoda B 2/A pasu Ginblua,
HXXK Yy CTyniH4YacToro npu ogHakoBomMy A. BpaxoBywouu, WO BennymHa A
CTaHOBUTbL NPMBN3HO 1 %, Pi3HULS MK NPONYCKHO 34aTHICTHO LUUX TUMiB
CBITITIOBOAIB MOXe csaAratu ABOX NOPSAOKIB.
Asuuwie gucnepcii Npn3BoanTb K 4O 0OMEXEHHST NPONYCKHOI 34aTHO-
CTi ONTUYHUX KabeniB, Tak i A0 3HWKEHHSA OanbHOCTI nepegadi Nno HuX.
Cwmyra vactoT AF i ganeHicTb nepegadi £ B3aeMO3B’si3aHi:
— ONA KOPOTKUX MNiHIN
AF/AFx = zx/e,
3BiOKU
AF = AFE/ZX , b = AF(/AFX , (5.26)

A€ 3Ha4YeHHSA 3 iHOEKCOM X € LWyKaHUMK, a 6e3 Hboro — 3a4aHnMWU;
— onsa goBrux niHin (NnpmbnuaHo 6inblunx 3a 8 KM), B AKMX npouec
PO3MNOBCIOXKEHHSA € yCTaneHum,

AF/AF, = [0 ]t
3BiOKK
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AF, =AFJefe_, ¢ = ¢(AF/AF,)'. (5.27)

Takum 4ymHOM, 3 ogHOro 60Ky, 36iNbLUEHHS OOBXUHN Kabento npu3Bo-
AWUTb 00 3MEHLUEHHS CMYIM 4acToT i NPOMNYyCKHOI 34aTHOCTI cucteMu, a 3
IHLIOro — PO3LUMPEHHSI CMYMN YacTOT Pi3KO 0BMeXye AanbHiCTb nepepadvi
iHbopmaLii kabenem.

[MponyckHa 3aaTHICTb | AanbHICTb nepeaadi iHdopmaLii ONTUYHUMKU Ka-
Bensamm oOMeXyrTbCA He TiNbKN ANCNEPCIEID, ane 1 3racaHHAM CBITII0BOSIB.

5.6. [lanbHiCcTb 3B’A3KY 1 AOBXWHA pereHepauinHoi QiNAHKU

CTOCOBHO UMGPOBUX OMTUYHUX MiHIN 3B’A3KY, B SKUX Yy pereHepaTo-
pax curHasn MOBHICTIO BIATBOPIOETHCA M 3aBafM HE HAKOMUYYKOTbCS, 3ara-
NbHa AaneHiCTb Nnepeaadi iHpopmauil Moxe ByTU JOCUTb BENUKOK, OAHaK
Npu LbOMY BaXXNMBO MpaBuiibHO BUOpaTK OOBXWUHY pereHepauinHol ging-
HKW, 9Ka BU3HAYaETbCA 3racaHHAM i gucnepcieto.

3racaHHsa a, ob, NpM3BoAUTL OO0 3MEHLUEHHA MOTY>XHOCTI IMMyNbCIB,
LLIO NepefarTbes, i Moxe ByTn po3paxoBaHO K

a=ol_, (5.28)
Ae a — KoediuieHT 3racaHHs, ob/km.

[vcnepcia T npu3BoanUTb A0 PO3LUMPEHHS iMMynbCiB, WO nepenarTb-
cs, i Haknagae obMeXXeHHs Ha NPONycKHy 3a4aTHICTb AF:

AF, = AF¢/¢_ abo AF, =AF\[(/1_, (5.29)

e AF =1/t, [Tukm; t — gucnepcisi, HC/Kwm.

3i 3pocTaHHAM BigCTaHi Big Ha4Yana pereHepauinHol OinsiHK1 3racaH-
HA 3pOCTaE€, a CMyra 4acToT 3a paxyHOK 36inblUeHHA gucnepcil, HaBnakw,
3MeHLyeTbeA (puc. 5.16).

» AF, a
\ a‘vJ.on
af
AFon
AF |
[l | | 1 1 1 1 |
2 4 6 8 10 12 [A‘]A'l: 16 4118 20[ KM
Pwuc. 5.16



[loBXuWHa pereHepauinHoi AinsHKM BMOMPAETLCS 3@ HaMEHLINM 3Ha-
YEHHAM £ ; = tyon/0 800 £ zp = (AF/AFHOH)2 Tak, Wwobn He nepesuLlyBanucs
AOMYCTUMi 3HaYeHHsA 3a 3racaHHAM CBITNOBOAY 0Ogoy | MOr0 MPOMYCKHOM
30aTHICTIO AFoy.

Y 3aranbHOMY BUMNagky obmexyrumm akTtopoMm Moxe ByTu sk auc-
nepcis T, Tak i 3racaHHAa a. TOMy JOBXMHA pereHepauinHol AiNgHKA 3arne-
XWUTb Big TNy BUKOPUCTOBYBAHOro cBiTrioBoay. B 6aratomogoBux cBiTno-
Bogax obmexyBanbHUM QakTopoM, Yy MepLly 4epry, € gucnepcis, a B
rpagieHTHUX | OQHOMOLOBUX CBITNOBOAAX — 3racaHHs (puc. 5.17).

Ny [Mepepava [lpuinom

ST

Puc. 5.17

B icHytounx cncrtemax umMgpoBoro onNnTUYHOro 3B’A3KY LOBXWHA pere-
HepauinHol ginaHku npu A = 0,85 Mkm ctaHoBuTb 10...20 KM, a B cuctemax
Ha goBxuHax xBunb 1,3 1 1,55 mkm moxe caratun 100...400 Km.

5.7. XapakTepuCTUYHi napameTpu CBIiTNoBOAIB

[10 OCHOBHUX XapakTePUCTUYHUX MapamMeTpiB CBITSIOBOLIB HanexaTb
KoedilieHT hasn, XBUITboBUIK onip, pasoBa 1 rpynosa LWBUAKOCTI.

KoedbiyieHm c¢paszu B 3anexuTb Big TUNy XBUNI U YacToTu. 3i 3poc-
TaHHSM YaCTOTWU 3HAYEHHS LbOoro KoedilieHTa 3MIHIETBLCS Bif XBUTbOBOIO

yncna k,; = mn,/c B 060M0HLUI 4O XBMNbOBOro vncna k; = ony/c B cepaeu-
HUKy (puc. 5.18).
3HaYeHHs1 XeUsSIbOB020 OMOPY Zy, NEXUTb MK rPAHUYHUMN 3HAYEH-
HAMM B cepaeyHuky n obornoHui (puc. 5.19):
Zy/ny < Zyy < Zy/ny, (5.30)

ne”Zy= ,/uo/go = 376,7 OM — XBMNbOBUI OMip BifIbHOrO NPOCTOPY.
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fo fo f, My fo fo f, Iy
Puc. 5.18 Puc. 5.19

Tunoea BenuunHa xBuUnbOBOro ornopy craHoBuTb 250...260 Owm.
®da3o0ea weudkKkicmb PO3NOBCOIKEHHS XBUITi BU3HAYAETLCS BMPA30M

Vq)=V2\/2(gf+g§)/(gfn§+g§nf), (5.31)
Ae v, = ¢/ny — LWBUAKICTb PO3MNOBCIOAKEHHSA B 000NOHL;
gl =k’ —B? — nonepeyHmi KoediLiEHT PO3MNOBCIOMKEHHS B CEPLEBUHI;

g7 =B* — k3 — nonepeyHnit KoeiLiEHT PO3NOBCIOMKEHHS B 0BOIOHL.

daszoBa wWBMAKiCTb (puc. 5.20) Npu KPUTUYHIN OOBXUHI XBUNI OOpPiB-
HIOE LLUBWOKOCTI B 000MOHLI. 3i 3pocTaHHAM 4acToTu eHepria Bce binblue
KOHLIEHTPYETLCA B CEPAEYHMKY W LUBUAKICTb PO3MNOBCHIKEHHSA MOYNHAE
BU3Ha4aTucA 11 KoeiuieHToM 3anomreHHs. lNpu gyxe BUCOKUX YacToTax
drasoBa LWBMOKICTb AOPIBHIOE LUBUOKOCTI PO3MNOBCIOIKEHHS B CEPLEBUHI:

vq1 = ¢/ny. TakKM YMHOM,
c/my <vg <c/m,. (5.32)
Cnig 3a3HaunTu, WO pasoBa WBUAKICTL PO3NOBCIOAKEHHSI XBUNI CBI-
TNIOBOJOM 3aBXAW MeHLUa 3a LWBUAKICTb CBiTNA.
pynoea weudkicmb pO3NOBCIOOXXEHHSA BU3HAYAETLCA BUPA30OM
2
A% 1+c¢
=2 : (5.33)
rp c 1 2
+ c(nl/nz)

CumeTpuyHi xBuni tmniB Hyy, | Egy Y PEXUMI BIACIHKM MaOTb rpynoBi
LWBNOKOCTI ¢/my. 3miwaHi xsuni Tunis HE,,, i EH,,, HaBiTb Y peXuMmi Biaciy-
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KW MalTb OESKY €Heprito, WO POo3rnOBCHOIKYETbCA CEPAEYHUKOM, U TOMY
IXHi rpynoBi LWBMOKOCTI HWXKYI 3a ¢/ny (puc. 5.21). Ha Benukin BiactaHi Bia
BIACIYKM rpynoBa LWBWUAKICTb ANsi BCIX MOA, vy = ¢/ny.

b

Vg, KM/C | Vip, KM/C

Vo = C/nz
HE
HE 2

EH3;

V= c/n1 V= c/n1

fo fo f, My, fO fO f; My
Puc. 5.20 Pwuc. 5.21

5.8. Knacudikauif TuniB onTM4YHOro BOSIOKHa

3rigHo 3 pekomeHgauigamu MikHapogHOI ChifkM 3 eNeKTPO3B’sA3Ky B
ranysi TenekomyHikauin (MCE-T) icHye Taka knacudikauis TMnis onTU4HoO-
ro BOSIOKHa, sika BU3HA4YaeTbCA BiANOBIAHUMN CTaHOapTaMu.

CmaHOdapm G.650 nae 3aranbHi BU3HAYEHHSI TUMNIB BOJTOKOH, Nepernik
OCHOBHWX XapaKTepUCTUK i NapamMeTpiB 04HOMOLOBUX BOJSIOKOH, a TaKoX
METOAIB BUMIPIOBaAHHSA LUMX NapamMeTpiB | KOHTPOSO 3a HUMM.

CmaHdapm G.651 po3noBCIOOXYETbCA Ha GaraTomogoBe ONTUYHE
BOJIOKHO 3 AiaMeTpOM CBITNONPOBIAHOI XN 50 MKM i 060NTOHKN 125 MKM |
Ha kabeni Ha Noro OCHoBI. B HbOMY MICTATbLCA pekomeHaauil LWoa0 OCHOB-
HMUX NapamMeTpiB LMX BOJSIOKOH, KOHTPOSIbOBAHMX XapaKTepuUCTUK i gonyc-
TUMUX HOPM. Ha uen 4ac Takum TUn BOSIOKHA BUKOPUCTOBYETLCS TiNlbKN B
KOPOTKMX, BHYTPILLHbO00O EKTOBMX cucTeMax nepegadi 3 pobo4volo AOBXM-
Hoto xBuni 0,85 i pigko 1,31 MKMm.

CmaHdapmom G.652 BM3Ha4YaeTbCA OQHOMOLOBE BOSIOKHO 3 HE3Mi-
LLeHo avcnepcieto. Moro napameTpu onTuMisoBaHi Ans AianasoHy [0B-
XWH XBUNb 1,31 MKM, B IKOMY BOJSIOKHO Ma€ HyNbOBY XpOMaTU4HYy gucne-
pCito M MiHiManbHe 3racaHHs. [iameTp CBITIIONPOBIAHOI XU BOSIOKHA —
9 MKM, 0BONOHKM — 12512 MKM; Npodoinib NMOKa3HMKa 3ariOMMEeHHS Mae
BUNSA CXOANHKMN.
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BonokHo G.652 BMKOPUCTOBYETLCA ANSA O4HO- | 6araTtoxBMNbOBOI ne-
penadi iHpopmau,il (y ToMy ymcni B giana3oHi 4OBXUH xBuUIlb 1,55 MKM) 3i
weuakoctamm go 10 6iT/c Ha cepeaHi BiacTaHi (4o 50 km).

CmaHdapm G.653 po3noBCOAKYETLCS HAa OQHOMOOOBE BOSIOKHO 3i
3MiLLeHO HyrnboBOK aucnepcieto B obnacti 1,55 mkm — DSF (Dispersion
Shifted Fiber). Lle BonokHo mae HynboBy gucnepcito B obnacti MiHimasnb-
HUX BTpAT, WO AOCAraeTbCa 3a paxyHoK Oifibll cknagHoro npoginto koe-
dinieHTa 3anomneHHs (puc. 5.22).

LA A

a §) B
Pwuc. 5.22

BonokHo ctangapTy G.653 BUKOPUCTOBYETLCS B NPOTSHXKHMUX Marictparnb-
HUX LUMPOKOCMYTOBMX MiHISIX | Mepexax 3B’s13Ky, BOHO 3abesnedye nepegady
iHdopMmaLii Ha aekinbka COTeHb KinoMeTpiB 3i wemakoctsamn Ao 40 Git/c.

OfgHak HMUM MOXHa nepegaBaT Nuwe OAMH CheKTpanbHUM KaHarn iH-
dopmauil, ockifibkn HeobxigHa Anst baraTOXBUNbLOBUX CUCTEM BUCOKAa
KOHLIEHTpaLia CBITNIOBOI MOTY)XHOCTI B BOSIOKHI G.653 4yepe3 ocobnmBOCTi
CTPYKTYPU XUNU NPU3BOAUTL O MOABU HESHIMHUX eekTiB, SKi, Y CBOK
yepry, CIPUYNHAKOTE NEepeXpPECHi 3aBaamn Y IiHil.

CmaHdapm G.654 MiCTUTb ONNC XapakKTEPUCTUK OQHOMOOOBOIO BO-
nokHa W kabent, WO MakwTb MiHiManbHIi BTpaTU Ha OOBXWHI XBUI
1,55 MKM. Lle BONokHO Byrio po3pobneHo Ansi 3aCToCyBaHHA B MigBOAHUX
cuctemax. 3a paxyHoK Binblunx, HiXX y BOnokHa ctaHgapty G.653, po3mi-
piB CBITNOMPOBIAHOI XN BOHO O03BOMSE nepegaBatt BinbLl BUCOKI PiBHI
ONTUYHOI NOTYXXHOCTI, ane BogHo4Yac BOHO Mae€ Oifbll BUCOKY XPOMaTUYHY
aucnepcito B gianasoHi 1,55 mkm. BonokHo Tuny G.654 He npu3Ha4vyeHo
Anst poboTn Ha SKiN-HeBYOb iHLWIKM OOBXMHI XBWUITI, OKpiM 1,55 MKM.

CmaHdapm G.655 onvcye BONOKHO 3i CMSOLLEHOK aOn-
crnepcieto, WO TakKoX Ma€e Ha3BYy BOSIOKHA 3i 3MILLLEHOK He-
HynboBoto pgucnepcieto — NZ-DSF (Non-Zero Dispersion
Shifted Fiber). Lle gocsraetbca 3a paxyHOK 3aCTOCYBaHHS
creyianbHOro Npoquinto NokasHukKa 3anomsieHHs (puc. 5.23).

Puc. 5.23 Lle BONOKHO Npu3Ha4YeHO ONs 3aCTOCYBaHHSA B MaricT-
panibHUX BONMOKOHHO-OMNTUYHMX MiHISX | rnoBanbHUX Mepexax 3B’s3Ky, LUO
BukopuctoBytoTb DWDM-TexHonoril B fAiana3oHi 4OBXUH XBUMb 1,55 MKM.

BorokHo G.655 mae cnabky KOHTpOrbOBaHy AWUCMEPCIl0 B CMYa3i

(1,53...1,56 MKM) i BENMKNI JiaMeTp CBITNOMPOBILHOI XU MOPIBHSHO 3
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BonokHoM Tuny G.653. Lle ameHLwye npobnemy HeniHinHnx edekTiB i fae
MOXITMBICTb 3aCTOCOBYBATU €(PEKTUBHI BOSTOKOHHO-OMTUYHI MigcurioBadi.

5.9. KOHCTpyKLiss onTUYHUX KabeniB

OCHOBHUMW enieMeHTaMmn ONTUYHOro Kabent € Taki:

— ONMMUYHIi 80JI0OKHA, 3BUTI 3a NEBHOK CUCTEMOIO;

— cunoei (3MiLHIoBarnbHi) ereMeHmu, siki cnpurMmatoTb Ha cebe no-
300BXHI HaBaHTaXXeHHA Ha PO3puB, OCKISTbKM Yepes3 Marsi po3mMipy BOSTOKOH
I OyXe mane [onycTMMe BiOHOCHE MOOOBXEHHSI CKia BOJIOKHA MOXYTb
ByTn 3pynHOBaHI HaBiTb NPU HE3HAYHOMY MO340BXHLOMY PO3TArHEHHI;

— 3arnoeHroeavi, Wo npuaHadveHi ana 3bepiraHHs cTabinbHOCTI Po3-
TallyBaHHS ONTUYHUX BOSTIOKOH MO nepepisy kabento;

— apMyroyi efifeMeHmu, SKi NiOBULLYIOTb CTINKICTb Kabento A0 30BHi-
LLHIX MexaHIYHUX BMMBIB;

— 308HIiWHI demngpyeanbHi U 3axucHi 060JI0HKU, SKi 3anobiratoTb
NPOHUKHEHHIO BOJSIOMM 11 NapiB WKIANBUX PEYOBUH.

Ha ocHOBiI oNTUYHOrO BONIOKHA BUrOTOBNSAKOTL Kabeni BCiX TUMIB.

[Ona macicmpansHux kabesnie HeobXigHi Mani piBHI 3racaHHsa 1 aucnep-
cil ons 3abe3neyeHHs1 BENMKOI MPOMYyCKHOI 30aTHOCTI M BENMKOI OOBXWHU
pereHepauiHux [LiNAHOK, TOMY AnA 1X BUTOTOBMIEHHA BUKOPUCTOBYHOTb
ogHomooBe BOSTOKHO (8/125 mMkm) Ha goBxuHi xBuni 1,3...1,55 MKm.

[1ns BUroToBEHHSI 30HOBUX Kaberiig, B AKUX BUMOIM 4O NPONYCKHOI 3aa-
THOCTI N JOBXWHW pereHepauiHoi AifI iHKA MeHL CyBOpi, BUKOPUCTOBYIOTb
rpagieHTHe 6aratomogoBe BOOKHO (50/125 MKM) Ha QOBXWUHI XBUni 1,3 MKM.

Y micbkux kabersnsix, ge BiAcTaHi nepepadvi iHpopmauil CTaHOBMATb
OAMHULI KiNnOMeTpiB, 3aCTOCOBYHOTb rpafieHTHe GaratomogoBe BOJSIOKHO
(50/125 mkm) Ha goBXuHI xBuni 0,85 MKM.

[1i0800HI Kabesni pna 3abe3nedYeHHa Manux PiBHIB 3racaHHs W Benu-
KMX OOBXWH pereHepauinHux OinsiHOK, BUrOTOBMSAOTb HA OCHOBI OQHOMO-
A0BOro BosokHa (8/125 mkm) Ha aoBxuHi xsuni 1,3...1,55 Mkm.

B 06’ekmosux kaberisix 3aCTOCOBYETb CTyniHYacTe GaraTomogoBe BO-
nokHo (100/200 mkm) Ha goBxuHi xBuni 0,85 MKM.

MoHmaxxHi kabeni, ona 9kMX NoTpibHa Bennka MexaHiyHa rHy4qKiCTb, BU-
KOHYIOTb Yy BUMMAAI MKryTiB abo NNOCKUX CTPIYOK 3 BUKOPUCTAHHAM CTyniHYa-
ctoro 6aratomogoBoro BosiokHa (100/200 mkm) Ha gosxuHi xBuri 0,85 MKM.

5.9.1. MemoOdu eu20moesiIeHHs1 OrMMUYHUX 80JIOKOH

ICHYIOTb Bi OCHOBHI rpynn MeToAiB BUTOTOBNEHHA ONTUYHOIO BOJSTOKHA:
1. MemoOu oca0d)eHHs1 3 pidkoi ¢ha3u, abo mueenbHi Memodu, 3
BUKOPUCTaAHHSAM SIKMX BOSTOKHA BUIOTOBMSAIOTL 3i CKIa 3 HU3bKOK Temnepa-
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Typoto nnassieHHA (1000...1200° C). [Ina BONOKOH, BUTOTOBIEHNX TaKUMM
MeTo4aMu, BTpaTu Ha 3racaHHsi CTaHoBNATb 3...4 ab/km.

2. MemooOu oca0xeHHs1 3 2a3080i ¢ha3u, 3a 4ONOMOIoK AKNX BOJIO-
KHa BUrOTOBMAIOTbL 3i CKfla 3 BUCOKOK TeMnepaTyporo nrasneHHs (nopsa-
Ky 1500° C). Ona ujeto TexHororii BTpaTM Ha 3racaHHs CTaHOBMSATb
0,4...0,5 pb/km.

CninbHoto BUMOrot ana obox rpyn MeTodiB € CyBOPUM KOHTPOSb 3a
YMCTOTOK MNOXIAHUX MaTepianiB i BUKMNIOYEHHA MNOTPanisHHA B HUX CTO-
POHHIX PEYOBUH MPOTArOM YCbOro TEXHOMOorYyHoro npouecy. Ymum 6GinbLu
BUCOKMI CTYMNiHb YUCTOTU MaATMME CUPOBMHA, TUM HUWXYMMU ByayTb BTpa-
TW Ha 3racaHHsi B OTPUMYBaHOMY BOJIOKHI.

Po3rnaHemo peanisauito TeXHonorii ocagXeHHs 3 pigkol dasu Ha
npuknagi metony rnodeitiHo2o muesis. 3a UMM MEeTOO0M BOSIOKHO ddopMy-
I0Tb LWISIXOM 6e3nepepBHOro BUTAryBaHHA 3 po3nnaBy, 9KMA MICTUTbCS B
NMaTUHOBIM NocyauHi (Turni), Wo nigirpiBaetbced, Yepes dinbTp, po3TaLlo-
BaHWW B NOro OHI.

[1BoiapoBe BOJSIOKHO OTPUMYIOTH 3a
ns aonomorok ABox Turnie (puc. 5.24), wo
N2 OTOYYIOTb OANH OAHOro. BHYTpIWHIN TUrenb
(1) cdbopmye cepoeyHUK BOSOKHa 3i cCKna 3
MOKA3HMKOM 3aSIOMAEHHS ny, 30BHILLHIN (2)
— 00ONOHKY 3i CKfa 3 MOKa3HUKOM 3anom-
neHHa n,. OgepxaHe TakMM YMHOM ABOLUa-
poBe BOJSIOKHO (3) HaMOTYyeTbCA Ha npwu-
nManbHun 6apabaH (4).

A XiMmiyHe ocalxeHHs1 3 2a3080i ha3su

BUKOHYETbCA B ABa eTanu. CnoyaTtky CTBO-

PIOETLCA OBOLLApoBa 3aroToBka, a MoTiM 3
Puc. 5.24 Hel BUTArYEeTbCS BOMOKHO.

3aroToBka Mae BUMNA NOPOXHUCTOI KBapLoBol Tpybkn (1) (puc. 5.25)

posxuHoto 0,5...1 m i giameTpom 16...18 MM 3 MOKA3HUKOM 3arIOMIIEHHS Ny,
BCepeauHy AKoI nogatoTbes xnoposaHun keapL, SiCl, i knceHb Os.

YHacnigok ximivHol peakuii npu Bucokin Temnepatypi (1500...1700°C),
LLIO CTBOPIETLCH HarpiBanbHOK chipanmto (3), Ha BHYTPILHIA MNOBEPXHI
TPy6KM Wapamum (2) ocamkyeTbca Ynctmum keapl, SiO; (4).

Tak 3anoBHIOETLCA BCS BHYTPILUHA NMOPOXHUHA TPYOKWM, OKPiM Camoro
ueHTpa. [ns yCyHEeHHS LbOro noBIiTPAHOrO KaHamny temnepaTypy niaBuLLy-
toTb Ao 1900°C, BHacnigok 4oro BigbyBaeTbCA CnreckyBaHHs Tpyb4dacTol
3aroTOBKU B CYLiNbHY LNNIHOPUYHY.
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Unctum ocagxeHuin KBapu, CTae CEpAEYHUKOM OMNTUYHOrO BOSIOKHA 3
NOKa3HWKOM 3ariOMIIEHHS ny, @ cama TpybKka BUKOHYE pofib OOOMOHKK 3

NOKa3HMKOM 3arilOMSIEHHS n,.

Ha gpyromy eTtani BUroToBrneHHA BOMOKHa B nedi (2) (puc. 5.26) Bia-
ByBalOTbCA PO3M’AKLLIEHHS CKNa N BUTSKKa BookHa (3) i3 3arotoBku (1), a
NOTiM NOro HAMOTYBaHHSA Ha npurmanbHu 6apabaH (4).

I3 3aroToBkn giameTpom 20 MM i JOBXWHOKO ]

500 mm moxHa opepxatn 40...50 KM BOJSiOKHa Ny
piametpom 100 mkm. Bigpisok ULbOro BOJSIOKHA QE\ K
OOBXMHOK 1 KM, HAMOTaHUW Ha UMNiHAP AiameT-
pomM 30 cM 3 KPOKOM 5 BONOKOH Ha 1 MM, 3anmae

20 cM poBXuHM uuniHapa i Mae Bary, ska He
nepesuye 20 r.

[MepeBaramu TUrenbHOro MeTody € NnpocTo-
Ta TexHonoril 1 6e3nepepBHICTb NMpouecy BUro-
TOBJIEHHS1 BONOKHA. OgHaK MeTon OCaaXKEHHS 3
rasoBoi grasn 3abesneyye kpally SKiCTb ceppae-
YHMKa BOSIOKHaA W O03BONSE OTpUMyBaTu rpagie- Puc. 5.26
HTHE BOJIOKHO 3@ paxyHOK 3MiHW CTYyMeHSs NneryBaHHs KBapLy.

—

5.9.2. Tunoei kKOHCMpPYKUii onmu4HuUXx Kabeiie

Cepepf iCHYHUMX KOHCTPYKUiIN ONTUYHUX KabeniB MOXXHa BUAINUTN TpU
TUNOBI.

Ka6eni nogieHo20 ckpymHsi (puc. 5.27, a), B SIKMX KOXXEH HACTYMHUIA
NoBiB cepaeyHnKa NopiBHSHO 3 NonepeaHiM Mae Ha LWiCTb BOSTIOKOH BinbLue.
3aranbHa KinbkicTb BONOKOH (1) ctaHoBuTb 7, 12 abo 19 wWwr., sKi BifbHO
po3TallOBaHi B nnactMacoBux Tpybkax. CKpydeHi BONIOKHA MOKPUBaOTLCH
BHYTpiWHbOK obornoHkoto (3). Cunosi enemeHTn (2) B TakoMy kabeni 3a-
3BMYan PO3MILLYIOTBECS B 30BHILUHIN NofieTuneHoBin obonoHui (4).
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Y ka6eni 3 npoghinboeaHum cepdedyHukom (5) (puc. 5.27, 6), nasu
SIKOrO PO3TALLOBYHOTLCS MO renikoigy (no ogHOMY 3 BUAIB rBUHTOBOI NoBep-
XHi), BOMIOKHa He 3a3HalTb MO340BXHbOro BnMBY Ha po3puB. KinbKicTb
BOJMOKOH Yy UuMX kabenax craHoBuTb 4, 6, 8 abo 10 wT. CunosBun enemeHT
PO3MILLYETLCA BCEpeaVHI cepaeyHuka.

Ka6eni cmpiykoeo2o muny (puc. 5.27, B) cknagarTbCsa 3 Kynu nno-
CKMX MnacTMacoBuX CTPivoK (6) (3 6, 8 abo 12 cTpiyvoK), B KOXHIN 3 AKNX
3a3Bu4an poamiwyoTbcs 12 BonokoH. Kabeni Takoi KOHCTPYKLiT BUKOpUC-
ToBytoTbca y CLUA. lNepesaroto Takoro Tuny BOMOKHa € Binblw npocTta
TEXHOSOris1 1X 3'€dHaHHS, OCKINbKM L0 orepauito MOXHa npoBoaAUTM 3i
BCiMa BOJIOKHaMu oapasy.

KoHCTpyKUisi kKabento BENUMKOK MipO BMU3HAYaETbCA MOro rMpusHa-
YEeHHSIM, TOMY 419 KOXXHOro 3 BUAIB CUCTEMM 3B’A3KY ICHYE NeBHa TMMNoBa
KOHCTPYKLISA.

[na kabeniB MicbKO20 38°A3Ky TUMOBA KOHCTPYKLiS Mae BUIMsAL, HaBe-
AeHnn Ha puc. 5.28, ae 1 — oNTUYHI BOSTOKHA; 2 — nnacTtMacosi Tpybku; 3 —
3MiLHIOBanbHUA cunoBun enemeHT 3 HUTok CBM
(CMHTETUYHOI BUCOKOMOJSIEKYNISAPHOI nnacTmacK); 4
— NaBcaHoBa CTpivka; 5 — nnactmacosa 0B60MOH-
ka. i ocoBnuBICTIO € MOBHICTIO AienekTpuyHa
KOHCTPYKLUIs, O JO3BONSAE PO3MiLLyBaTH Ui Kabeni
B YyMOBax BMSIMBY MOTY>XHUX €SIeKTPOMarHiTHUX
3aBaj Big, MICbLKOro erieKTpuYHOro TPaHCMopTy W
MiCbKMX enekTpomepex. OKpiM TOro, OCKifbKM Taki

Puc. 5.28 kabeni MpoknafalTb B KaHanmisauii, To Ans ix
3aXMCTy AOCTaTHbO 3aCTOCOBYBATM MNaCcTMacoBi 3aXMUCHi ODOMOHKN.

KoHCTpyKUito kabento 30H08020 38’sI3Ky HaBeaeHoO Ha puc. 5.29, ne
1 — ONTWYHI BOJSIOKHA; 2 — NPOdiNboBaHUM MnacTMacoBuU CePAEYHHNK; 3 —
obmoTyBanbHa naBcaHoBa CTpivka; 4 — OpoHbOBaHi ApOTU; 5 — MIigHI
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ApoTu; 6 — nonietuneHoBa obonoHka. Ockinbky Ui kabeni npoknagatoTb y
'PYHTI W BOHM 3a3HaAKOTb ICTOTHUX POITSKHUX
3yCUNb, B IXHIN KOHCTPYKLIT BUKOPUCTOBYHOTHCS
BiNbW NOTYXHi 3acobu 3axucty y Burmsai 6po-
HbOBaHWX OPOTIB i NPOdiNbOBaHNX CepAEYHUKIB.
HopaTtkoBa BIgMIHHICTb Uux kabenis nonsrae y
TOMYy, WO pa3oMm 3 OBpOHbOBaHUMW ApOTaMu
TakoX NpOoKfagalTb MidHI, 3@ JONOMOIoK AKUX
3abesnevyeTbCcs OUCTAHUINHE XUBMEHHSA pere-
HepaTopi.. Puc. 5.29

Kabeni mazicmpanbHo20 38°’s13Ky MaloThb We Binblu 3axueHy KOHC-
TPyKLUito, WO 306paxeHo Ha puc. 5.30, ge 1 —
OMNTUYHI BOMNOKHA; 2 — MigHI ApOoTK Ans Auc-
TaHLINHOIMO XWBMEHHA; 3 — CUNOoBUN ene-
MEHT; 4 — cTanbHi 6pOHLOBaHI ApoTH; 5, 6 —
BHYTPILLHS N 30BHIiLLHS NnacTMacoBi 060noK-
Kn. BoHa BkntoYae He TifbkKM pagianbHi, a n
LeHTparnbHi CUnoBi eneMeHTn N Binblu MilHi
OpoHboOBaHi gpotn. [Ona  AncTaHuiHOro
XUBMNEHHS  pereHepaTopiB  nepegbavyeHo
OKpeMi MigHi ApoTK, sIKi pO3TaLLOBYOTLCA B
cepaeyHuKy Kkabenio.

Cnig 3a3HaunTn, WO YMM Binblu 3axilleHy KOHCTPYKUit0 Mae kabenb,
TMM Binbla Moro BapTiCTb, TOMY MNpwu BMBOpI TMNy Kabento cnig Takox
BpaxoByBaTu M LIEN MOKA3HUK.

Puc. 5.30
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