MIHICTEPCTBO OCBITU | HAYKU YKPAIHU
HauioHanbHMK aepokocMiyHUM YHiBepcuTeT iMm. M.€. XKykoBCcbKoro
«XapKiBCbKui aBiaLiHUKN iIHCTUTYT»

C.K. Abpamos

NMIHII NEPEQAUI

HaB4yanbHUM NOCIOHUK

XapkiB «XAl» 2009



YOK 621.395.126

Abpamos C.K. JliHii nepepgadi: HaB4. noci6. / C.K. AbpamosB. — X.: Hau.
aepoKoCM. YH-T «Xapk. asiay,. iH-T», 2009. — 70 c.

Po3rnaHyTo OCHOBHI BUAM JiHIN nepeaadi, AKki 3aCTOCOBYOTLCA Mpwu
nobyaoBi cydacHUX IiHiM | Mmepex 3B’a3Ky. [logaHo KopoTkui onnc oisny-
HOI NpUpoau nepeaadi curHanis UMMM NiHIAMKW, HaBedeHo opmynun ong
PO3paxyHKy OCHOBHUX MEPBUHHUX i BTOPUHHUX MapaMeTpiB, WO iX Xapak-
TepusytoTb. Ocobnuey yBary npuaineHo adanisy BOJSIOKOHHO-OMTUYHUX
NiHIN Nepefadi, SKi 3apa3s LWMPOKO BUKOPUCTOBYHTHCS.

[na cTygeHTiB, WO creuiani3yloTbCsa Yy ranysi pagioenekTpoHHMUX CUC-
TEM i KOMMNSIEKCIB, TEXHOSOrIN i 3acobiB TenekoMyHikauin Ta iHdopmaLin-
HUX CUCTEM | MEpPEX 3B'A3KY.

In. 71. Tabn. 3. bibniorp.: 5 Ha3B

PeueH3eHTWN: g-p dis.-maT. Hayk, npoc. M.M. NopobeLp,
O-p TexH. Hayk, npod. B.O. bataes

© HauioHanbHWin aepoKoCMiYHUI YHiBepcuTeT iM. M.€. XKyKoBCbKOro
«XapkKiBCbKuK asiauinHum iHCTUTYT», 2009 p.



1. CUCTEMU 3B’A3KY
1.1. CTpykTypHa cxema. OCHOBHi BU3HaA4Y€HHSA U BUMOIU

TenekomyHikauii, abo 3B’A30K, — Lie rany3b TEXHIKM, S9Ka 3alMaETb-
CH NMUTaHHAMUM Nepedadi NoBigOMMEHb Bif mkepen nosigomneHs (A1) go
ofepxyBadiB nosigomneHs (Of1), wWo 3HaxoaaTbCA Ha AesdKin, 4acTo Be-
nuKin, BigcTaHi ogmH Big ogHoro [1].

TepMiH «3B’S1I30K» BUKOPUCTOBYBABCS, KOMW BignNpaBHMKOM Ta ogep-
XyBayeM noBigomMneHHs 6esnocepegHbo byna noguHa. NMpn obmiHi iHdo-
pMauielro MK KoMMm'roTepaMn noyanu KopuctyBaTucsa Binblu 3aranbHUM
TEPMIHOM «TeneKoMyHiKauily, WO BKOYAE N NOHATTHA «3B’SA30K».

I[xepena noBigoOMNeHb CTBOPHOKOTb NEBHI NOBIAOMITEHHA PI3HOMaHIT-
HOI pisanyHOI npupoan (3BYK, ONTUYHE 300paKEHHSs, MexaHiYHe nepemi-
LLLEHHS 1 iH.).

Cucrtema 3B'SI3KY — Lie CYKYMHICTb TEXHIYHMX 3acobiB i cepenoBuLLla
PO3MOBCIOAXKEHHSA, SKI 3abe3nevyloTb nepenadvy MnoBigoMneHb. Y3aranb-
HEeHy CXemy cuctemu 3B'a3ky [2] 306paxkeHo Ha puc. 1.1.

Cucrema 3B'I3KY

7 N
\ 4

Kanai 3B's3Kky

: Jlinist
A 2 IL O-C " 0P [ 3B3KY "IIPM[> II. C-II [ % Ol
i | (mepenaui) |
IepenaBajibuuii 2 i IpuiimanabHuit
: npHUCTpiii npHUCTpiii :
JaBana
Puc. 1.1

[MoBigomMneHHs 3 BUXOAY AKeperia NoBiAOMMEHHS 3a JOMOMOrow ne-
peTBoptoBava nosigomMmneHHa—curHan (. M-C) nepeTBopoeTbca y nep-
BUHHUIA ENEKTPUYHUIA CUrHamn, 9KMn He 3aBXau 3pyyHO (a iHoAdi HaBiTb
HEMOXNNBO) BesnocepenHbO NepeaaBaTu NiHIE 3B'A3Ky. TOMy MepBUHHI
curHanu 3a gonomoroto nepefasava (INPL1) nepeTBopoOTLCS Y BTOPUHHI,
XapaKkTEPUCTUKN AKX O00pe Y3romKytTbCsA 3 XapakKTepucTukamu niHil
3B'A3ky. 3 BMXOAy niHil 3B'A3KYy CUrHanNu HagxoasTb Ha BXigd npunmMada
(MPM), ge BigHOBNIOKTbLCA Big BMANUBY 3aBad, 3a3HalOTb 3BOPOTHOrO
NnepeTBOPEHHS Yy MOBIAOMIMEHHS Y NepeTBOpIOBaYyi CUrHaMN—MNoBigOMITEHHSA
(M. C-M) i cnpsimoByOTLCA 00 oAepXKyBaya NOBIAOMIEHHS.
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KaHanom 3B’sI3Ky Ha3MBa€TbCA YaCTUHA CUCTEMM 3B’A3KY, LLO BUKO-
PUCTOBYETLCA ANA nepenadi o4HOro rnoBigOMISIEHHS Big OAHOro Bignpas-
HuKa. Cnctema 3B’A3Ky Moxe ByTn ogHo- abo GaratokaHanbHOH0.

Iinia 3B’A3Ky (Nnepepavyi) — Ue iHXeHepHa crnopyaa, Wo CKagaeTbCs
3 NPOKMageHoro 3a NeBHOK reorpadiyHolo Tpacok kabesiro 38°sa3ky abo
padiompacu, siki 32 HeobXxigHOCTI 3a6e3neyvyrTbCs MPUCTPOSAMU 3aXUCTY
BiZl CTOPOHHIX BMMMBIB (rpO30po3pagHMKaMM 1 T. iH.), @ TakoxX nigcunosa-
NbHUMU N pereHepauitHUMN MyHKTaMu.

3anexHo Big BiacTaHi 1 HeobXigHOT NPONYCKHOI 30aTHOCTI iICHYE Taka
Knacudgikauist kabenis 3B’A3Ky.

MazicmpanbHi kabeni (MbXMiCbKOro 3B’s3Ky) Npu3HadYeHo ans nepe-
nadi Benukux obcaris iHdbopMadii Ha BENUKI BiACTaHi.

30Ho8i Kabeni (BHYTPiLLHEOOBNACHOro 3B’A3KY) NPU3HA4YeHO ANg ne-
penadi baraTokaHanbHUX gaHMX Ha BiacTaHi 4o 250 km.

Micbki kabeni 3abeanevytoTb 3’egHaHHA Micbkux ATC i Byanis
3B’AA3Ky, BOHW pO3paxoBaHi Ansa 3acTocyBaHHA Ha BigcTaHsx go 10 km (6e3
pereHepaTopiB) i MalOTb BENUKY KiSTbKICTb KaHaniB.

[1ideo0Hi kabesni MmaloTb BUCOKY MEXaHiYHY MILHICTb Ha po3puB, Ha-
AiNHI BOSMOrOCTINKI MOKPUTTHA, Marne 3racaHHa WU BenuKi JOBXUHWU pereHe-
pauinHnX OiNAHOK.

O6’ekmoei kabesni Npu3Ha4eHO AN CTBOPEHHS YCTAaHOBYOro N Bigeo-
TeneOHHOro 3B’A3KYy, MepeX kabernbHoro tenebayeHHsa, bopToBux iHGOP-
MaUiNHUX CUCTEM PYXOMUX OO’ EKTIB.

MoHmakHi kabeni 3aCTOCOBYIOTbLCS Ha Manux BigcTaHaX, Ae NoTpiob-
Ha BeJiMka MexaHi4yHa rHy4JKiCTb.

OcHOBHMMM BUMOramMm o fiHin 3B’A3Ky € Taki [3]:

— 30INCHEHHS 3B’SA3KY Ha NMpakTUYHO HeobXigHi BiAcTaHi (Big OecaTkiB
A0 TUCAY KINoMeTpIiB ANS 3B’SI3KYy Y MexXax OepXXaBu 1 0O OEeCATKIB TUCAY
KinnomMeTpiB AN MiKHApOOHOro 3B’A3KY);

— LUMPOKOCMYTOBICTb i NMpuaaTHIiCTb ANA nepefadi pisHOMaHITHUX BU-
OiB  cyyacHol iHdopmauil (TenedoHisa, Tenerpadida, BigeoTenedoHis,
TenebayvyeHHs, TenemMeTpia, KOMM'ITEPHI AaHi);

— 3axMvLLEeHICTb Kin Big B3aeMHUX 3aBakanbHUX BMMUBIB | 30BHILLHIX
3aBaj, a TakoX Big (isnyHMX BNNMBIB (aTMOCKEPHUX ABWULL, KOPO3il TO-
Lo);

— CTabiNbHICTb €NeKTPUYHMX NnapamMeTpiB MNiHil, CTIMKICTb i HAQINHICTb
3B'A3KY;

— €KOHOMIYHICTb CUCTEMM 3B’SI3KY B LIINTIOMY.

KabenbHa niHis 3B’a3Ky sBnsie coboto CknagHy TEXHIYHY cnopyay, Lo
CKNafaeTbCs 3 BENMMYE3HOI KinlbKOCTI enemMeHTiB. OCKifNbKKU NiHit0 npu3Hade-
HO Ons TpmBanol poboTn (OecsaTKM pokKiB) i Ha HiM Mae ByTn 3abesnedeHa
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6e3nepebiriHa poboTa COTEHb | TUCAY KaHaniB 3B’A3KYy, TO OO BCiX eflemMeH-
TiB NiHINHOIO TPakTy nepefadi curHasis CTaBMATLCA BUCOKI BUMOTN.

Bubip TMnNy N KOHCTPYKUIT NiHIT 3B’A3Ky BU3HA4Ya€ETLCS HE TiNbKW Npo-
LLeCOM PO3MOBCIOIKEHHSA eHepril B3OOBX iHil, ane 1 HeobXigHICTo 3axunc-
TUTWU pO3TalloBaHi MOPYY BUMCOKOYACTOTHI Koma Bif B3aEMHUX 3aBaxallb-
HUX BMNBIB.

Cuctemun 3B’A3KY, AKi BUKOPUCTOBYIOTb LUTYYHE CepenoBuLLe pPO3no-
BCIOPKEHHA (MeTaneBi MNPOBIAHMKM, ONTUYHE BOJIOKHO), Ha3MBalOTbCH
npoeodoeumu, abo HanpssMHUMU a Ti, B SIKUX CUrHanu nepegarTbCs
yepes BiAKpUTUI NpocTip, — 6ecnposodosumu, abo padiocucmemamu.
Llen HaB4anbHMin NOCIBHMK NPUCBAYEHO PO3rMnsiay came NpoBOOOBUX NiHiK
nepegaui.

1.2. Buam nidin nepepgadi Ta iXxHi OCHOBHi BNacTUBOCTI

HanpsivHa cucmema — ue NPUCTPIN, NMpU3HaAYeHUn Onda nepegadi
eneKkTPOMarHiTHoI eHepril B 3agaHoOMy HanpsMKy. Taky kaHanisytody 3gar-
HiICTb Mae Oyab-sika Mexa nofiny cepefosuly, 3 PiHUMU eNnekTPUYHUMU
B1TACTUBOCTSAMMU:

— MeTan-AienekTpuk — meTtarneBa JiHis (kabenb, xBunesin);

— OieneKkTpuK—noBIiTpsa — AienekTpuyHa niHia i3 matepiany 3 € > 1 (aie-
NEKTPUYHUI XBUNEBIA, BOMIOKOHHUI CBITNOBOA) Ta iHLLUI MiHil.

HanpamHi cuctemn nepegadi BUCOKOHACTOTHOI eHeprii NoginstoTbes
Ha NOBITPsIHI MiHil, cMMeTpuYHi kabeni, koakcianbHi kabeni, HagnpoBigHi
kabeni, xBunesoan M oNTU4HI Kabeni.

Ha cy4yacHomy eTani Hanbinblue NOWMPEHHA OTpUMan CUMETPUYHI,
KOaKCianbHi M ONTWUYHI MiHii nepegavi, TOMy B NOCIBHMKY OCHOBHY yBary
Oyne npuaineHo came ix posrnsay.

2. TEOPIA NIHIA NEPEQAMI
2.1. Tunun n KNacu eneKTPoOMarHiTHUX XBUIb

IcHytoTb Taki knacu xsunb: TEM — nonepeyHo-enekTpomarHiTHa xXBu-
nsa; TM — nonepeyHo-marHiTHa, abo E-xBuns; TE — nonepedHo-enek-
TpyyHa, abo H-xBuns; amiwaHi (MnonbHi) XBusi, 9Ki, y CBOKO Yepry, nogi-
naTbca Ha HE-xBuni (3 nepeBaxaHHAM y nonepeyHomMy nepepisi nosns H)
Ta EH-xBWnI (3 nepeBaxaHHsAM y nonepevHomy nepepisi nons E).

Xeunss TEM — oCcHOBHa XBUNS, sika MICTUTb TifNlbKWM MonepeYyHi ckna-
posi enektpuyHoro E 1 marditTHoro H nonie, no3goBxHi cknagosi E, i H,
AOPIBHIOKTE HyM. CUMoBi NiHil NOMs UiNKOM 3HaxXoAATbCA Yy NonepevyHnx
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NSOLWMHAX | TOYHO MOBTOPKOKOTL KAPTUHY CUITOBUX iHIK NONA Npu cTaTuy-
Hi Hanpysi 1 NocTinHoOMy cTpyMi (puc. 2.1).

Mpouec nepenavi oCHOBHUX xBUNb TEM
noB’si3aHMin 3 MNOTeHuianbHuMm nonem. [MOnsa
nepegadi xsuni TEM noTpibHi pisHUUS noTe-
Huianis i, BigMNOBIAHO, OBOBUMIpPHE Mnone B
nepepisi. ToMy BOHa ICHy€E TiNbKM B MiHIiAX,
AKi MICTATb He MeHLWe OBOX i3051b0BaHUNX
NPOBIAHWKIB, WO MatoTb Pi3Hi NOTeHUianu.

Llen knac xsunb BUKOPUCTOBYETLCS MpwU
nepegadi eHeprii y NopiBHAHO 0OMeEXeHoMy
AianasoHi 4acToT NpPOBOAOBUMU CUCTEMAMMU
(3okpema npu nepegadvi CUMETPUYHUMU 1
KoakKcianbHMMM Konamu), oe Bu3HavanbHUMun
€ CTPYMM NMpOBIAHOCTI Ip,.

Puc. 2.1 Xeuni TM i TE — ue xBuni BULWWOro no-
paaKky. BoHM okpiM nonepeyHux cknagoBux erniektpomarHitHoro nosns (EL i
H.1) TakoX 00OOB’A3KOBO MICTATb OAHY MO3A0BXHIO CKMagoBy. [ns XBuIb

TM — ue E, #0 (puc. 2.2), a gna xsunb TE — H, # 0 (puc. 2.3). Tomy cunosi
NiHIT UMX XBUIb 3HAX0OATLCA AK Yy NonepeyvyHunx, Tak i B NO340BXHIX nepepi-
3ax HanpPAMHNX CUCTEM.

N

Mpouec nepegavi xsunb Buworo nopsaaky TE i TM noe’sisaHuin 3 BU-
xpoBuMm noniem. Lli xBuni 30yoKyrTbCS Y OOCUTb BUCOKOMY [ianasoHi

4acToT, e BUu3HavalnbHMMN € CTPYMU 3MiLLEHHSA Ly,

Puc. 2.2 Puc. 2.3



Xeuni TE i TM moxHa nepegasaTtv O4HONPOBOAOBUMW HANPAMHUMU
cucTemMamu, Hanpuknag metanesMMmu U OienekTpuYHMMU XBunesodamu
abo ogHonpoBogoBMMM fiHiaAMW. [Mpn LBLOMY NO3A0BXHSA CKMagoBa nons
E, abo H, 3agae HanpaMOK pyXxy eHepril B340BX JiHil.

Pi3HMUA noTeHUianiB CTBOPHOETLCS MiXK MOSItOCaMN XBUMb, @ TaKoX MiXK
nosirocaMmn 1 CTiHKaMn xsuresoay. ToMy XBUIIEBOAOM MepeaarnTbCs nviie
ayxe KopoTki xBuni. [loBXnHa xBuni Mmae 6yTu Takoto, Wob y nepepisi XxBu-
neBoay ykraganocs uine 4icno niexeunb abo xova 6 ogHa niBXBUNS.

3miwani (QunonbHi) xBuUni ABNAIOTL COOOI0 HEMOAINBHY CYyMYy XBWUIb
E 1 H i MicTaTb yCi LWICTb KOMMNOHEHTIB MO, Y TOMY Yncni obmnasi nosno-
BXHi cknagosi E, i H,. [lo Takux 3MillaHnX XBWUITb HanexaTtb Mnosisi B giene-
KTPUYHUX XBUeBoaaXx.

Okpim noAiny 3a Knacamu enekTpoMarHiTHI XBuUITi NOLINAKTLCHA TaKOX
3a Tunamu. Tun xBuni (Moda) BU3HAYaETbLCA CKNaaHICTIO CTPYKTYpU, TO6TO
KINMbKICTIO MakcMMyMiB i MiHIMyMiB nofis B nonepevyHomy nepepisi. Moga
NO3HAYa€eTbCHA OBOMa YMCOBUMM iHOEKCAMU n |
m, Hanpuknag TE,;,, TMu,. IHOEKC n B Kpyrnmnx
XBUIIEBOJAX O3HaAYaE€ KinbKiCTb MOBHUX 3MiH MONs
MO MOro OKPYXHOCTI, a IHOEKC m — KifIbKICTb 3MiH
nosis no giameTpy.

[na nepepadi eHeprii B3OOBX OCI HANPAMHOI E
CUCTEMM MNOJSie B HiM NOBUHHO MaTU MO3O0BXHIO
KOMMOHEHTY HanpsiMKy pyxy eHeprii (Bektop [lo-
nHTiHra I1,). [Ana uboro HeobxigHo, Wob enekTpu- 4/
YHi M MarHiTHi KOMNOHEHTWN NOSIA po3TalloBYyBanu- H
CA y nonepeyHin nnowmHi. Tomy 060B’s13KOBOKO
YMOBOI PO3MOBCIOMKEHHS! €HEprii € HasiBHICTb Puc. 2.4
ckrnagosux EL i HL, siki yTBOPIOKOTb 3 MO300BXHBOK KOMMOHEHTOK BEKTOpA
[MOVHTIHra NPaBOrBUHTOBY CUCTEMY 3a NMPaBUIIOM rBuHTa (puc. 2.4).

\ J

2.2. OCHOBHiI pPiBHSIHHS1 €NeKTpOMarHiTHoOro nons

AKLLO 40 NPOoBIgHMKIB NiHIT NIAKIIOYNTY reHepaTtop, wo cteoptoe EPC,
TO MK HUMW BUHUKHE 3MiHHE efnlekTpomarHiTHe nosne. Lle none, oto4ytoumn
NPOBIOHUKU, PYXa€eTbCA B3LOBX HUX 3i LWUBMAKICTIO, 65IM3bKOK 0 LUBUAKO-
CTi cBiTna. |lHOykoBaHa Hanpyra yTBOPIHOE PYX E€IIeKTPOHIB, SIKUA MOXHa
BUABUTU Yy BUrNAAi CTPyMy B MPOBIgHUKAX.

HanpyxeHicTb enektpndHoro nons E Bignosigae Hanpysi U, a Hanpy-
XeHicTb MarHiTHoro nonsa H — ctpymy 1. Takum YnHoM, Hanpyra n CTpym y
NiHil Nnepegadi BUHMKaKTb 3aBOSAKN 3MiHI €NTEKTPOMarHiTHOro rnorsisi.
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OCHOBHI 3aKOHOMIPHOCTI eneKkTpOMarHiTHOro nongd Onucye cucrtema
piBHAHb Makceenna
rotH=cE + joeE = IIIp +1,,, (2.1)
rotE = —jopuH,
ne o — NpoBigHICTb cepedoBuLLa, &€ — AierieKTpMyHa NPOHUKHICTbL cepe-
E AoBuULLA, W — MarHiTHa MPOHUKHICTL cepenoBu-

H wa, I, — CTpyM MNpoBiAHOCTI, TOGTO CTpyMm Yy

MeTanesux macax, I, — CTpym 3MmilLeHHs1, TO6To

CTPYM Y AIieNIeKTPUKYy.
Y meTanesux cepegosuLlax I“p >>1,,, TOMy

H MOXHa BBa)aTW, WO KOMMOHEHT joweE = 0. Y
AlenekTpuky I“p <<I,,,, Tomy oE = 0.

@i3nYHIN 3MICT NEepLUOro PIBHAHHA cCUCTEMU
nonsirae y Tomy, WO eNieKTPUYHE Mnosie CTBOPIOE
HaBkono cebe niHil marHiTHoro nons (puc. 2.5, a).
3MICT Opyroro pPiBHAHHA nondrae y TOMY, LWO

6 Oyab-sika 3MiHa MarHiTHOro Nons CynpoOBOOKYETb-
Puc. 2.5 CSsl CTBOPEHHSIM €MEKTPUYHOro nons (puc. 2.5, 6).

Y uinomMy 3miHa O4HOro Nosis CNPUYKMHSE MOSBY IHLWOro, BHACAIAOK YO-
ro A€ " po3nOBCIOKYETHCA KOMIIEKCHE erekTpoMarHiTHe nosne
(puc. 2.6), sike NepeHoCnTb eHeprito B aTMocdepi, kabensx, xsmnesogax i
Byab-AKMX HANPSAMHUX CUCTEMaX.

E E E E
H H H H

s @

Puc. 2.6

Came TOMYy eHeprito MOXHa nepefdaBaTu gBoma npoBogamu (kabe-
nem), o4HOMPOBOAOBOK CUCTEMOK (MOPOXKHIM LMMIHOPOM, i30NbOBaAHUM
npoBoaoM) i B3arani 6e3 nposoais (pagionepeaava).

Mepepnaya eHepril xBunesogamMmn U pagionepegada 34iINCHIOIOTbLCA 3a
OAHaKOBUM NPUHUMNOM. BigMiHHICTb nonarae nuwe y TomMy, WO B XBUne-
BOAi eHepria 3ocepemxeHa B obmexeHOMy oO’eMi M KaHanidyeTbCs B
3agaHomy HanpsiMky. B npamomy 1 3BOpOTHOMY npoBogax kabersie (cu-
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METPUYHMX | KOoaKCianbHWUX) UMPKYNoTb CTpyMU npoBigHOCTI Iy,
(puc. 2.7, a). MNpu po3nNoBCIOOXKEHHI XBUb B ammocgbepi AioTb (No 3a-
MKHYTUX wWnaxax) ctpymu 3miweHHs I, (puc. 2.7, ©6). B xeunesodax
CyMapHi CTpyMu 3MiLLEeHHA AiloTb BCEepeauHi, a CTPyMW MpOBIOHOCTI — B
oro cTiHkaXx (L;y + Iyp) (pUC. 2.7, B).

a §) B
Puc. 2.7

2.3. YacToTHi oOMexeHHs1 npu nepeaadi eHepril

3anexHicTb KoediuieHTa 3racaHHsl o Big 4acTOTU ONs Pi3HUX NiHIn
nepepadi (kabenb (K), xsuneson (B) Ta atmocdepa (A)) HaBegeHO Ha
puc. 2.8.

A
a

Puc. 2.8

Kabensimu nepepgaetbcs cmyra vactot Big 0 go fy, npu ubomy OOB-

XMHa XBUNi CyMipHa 3 nonepeyHnMmn posmipamm kabento: fo = c¢/A, A= a, ge
a — BiACTaHb Mi>XX NpOBOAAMM.



Mpwn yacToTax, BUWKX 3a fy, ¥ BiAKPUTUX KaberbHUX NiHisX 3’aBNATLCA
BuLWWi cknagosi nons (xsuni TE i TM), BUHMKaAE aHTeHHU edekT (edpekT
BUMNPOMIHIOBaHHS) i nepefada B340BX Korfa CTae HEMOXIBOLO.

B atmocdepi po3noBCOAXKYIOTLCS XBUMI LUMPOKOro Aiana3oHy — Bif
noBroxsurboBoro (f; = 15 kI'n) 4O KOPOTKOXBUNBLOBOrO (Adiana3oH HBY).

XeuneeodomM MOXYyTb NepegaBaTUCA NMLLE BUCOKOYACTOTHI KOMU-
BaHHSA, OOBXMHA SIKMX MEHLUA Bif MOro nornepeyHmx po3mipis, Hanpuknag
Big AiameTpa D kpyrnoro xsunesoay (A < D), abo cymipHa 3 HUMWN.

2.4. Pexxnmn nepepadi eHepril

Pexnm nepepadi eHepril 3anexuTb Bif Aiana3oHy BUKOPUCTaHUX Yac-
TOT | BM3HAYAETLCA 3HAYEHHAMU MNPaBUX YaCcTUH CUCTEMMU PiBHSIHb Makc-
Benna (2.1).

CmamuyHul pexum Bignosigae o06'€eMHMM cTaTUYHUM 3apsagam
eneKkTpuyHoro abo MarHiTHOro xapakrepy:

PiBHsHHA Makceenna | Metan | [ienekTpuk
rot H 0 0
rot E 0 0

CmauyioHapHuUU pexXum HanexmnTb 00 BUMNagKy nepegadi nposogamu
noctinHoro ctpymy (oE). lNMocTinHMin cTpym CTBOPHOE MarHiTHe none (rot
H), a enexkTpuyHe nosie He HaBoauTbCs (rot E = 0):

PiBHsaHHA Makceenna | Metan | [ienekTpuk
rot H oE 0
rot E 0 0

KeasicmauioHapHuli pexxum OXONmoe nons, Wo NOpPiBHAHO MNOBIifb-
HO 3MIHIOIOTbCS, KON CTPyMaMu 3MilLlEHHS B Oi€NEeKTPUKY MOXHa 3HEXTY-
BaTu. Llen pexum € cnpaBeanMBmMm Onsi 4acToT, NPU SKNX OOBXMHA XBUII
3Ha4yHo GinbLua 3a nonepeyHi poamipu niHii (A>>D):

PiBHaHHA MakcBenna | Metan | [ienekTpuk
rot H oE 0
rot E — jopH — jopH

3a umMMmun dopmyriamm MOXHa po3paxoByBaTW PI3HOMAHITHI MPOBIAHI
cuctemun (NOBITPSAHI NiHIT, CUMETPUYHI N KoakcianbHi kabeni) B AianasoHi
yactoT go 10° Iy,

Xeunboeul pexum Bignosigae npowecam y BiflbHOMY NPOCTOpi 1 Ai-
eneKkTPUKy, Ae CTPYyMU NPOBIAHOCTI BIACYTHI:

PiBHsHHA Makceenna | Metan | [ienekTpuk
rot H 0 joeE
rot E 0 — jopH
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Linmn dpopmynamm KOpuUCTYIOTbLCA MpU pPO3paxyHKy MpoLeciB po3no-

BCIOPKEHHSA U BUMPOMIHIOBAHHA XBUMb Y pagioTEeXHiL,.

EnekmpoOuHamMidHUl pexxumM HanexuTb 00 00nacTi BUCOKMX 4YacToT
| KOPOTKMX XBWUIb, KONMN HEODXiAHO BpaxoByBaTW SIK CTPYMWU MPOBIOHOCTI,

TakK i CTPYMU 3MiLLEHHS:

PiBHaHHA MakcBenna | Metan |[ienekTpuk
rot H oE joeE
rot E — jopH — jopH

Y Takomy pexuMmi 34iMCHIETLCA nepenava eHeprii Xxsunesogamu, CBi-

TROBOJAMMU W pafioyacToTHUMKM MiHismMu B obnacti HBY (f>10"T),

TO6TO KONMM JOBXWHA XBUAi MeHLLa 3a nonepeyHi po3mipu niHil (A<D).

2.5. Po3noBcrOgXeHHSA eHepril HanpsAsMHUMM cCUCTeMaMu

Mpouec nepepnadi eHepril HANPAMHUMU CUCTEMAMWN XapaKTEPU3YETb-
CA PO3MNOBCKIKEHHSIM €Heprii B3AOBX CUCTEMU WU BENTMYNHOK 30BHILLHbO-
ro Nons, Wwo CTBOPKETLCHA B OTOYYHOHYOMY MPOCTOPI.

Po3noBclomkeHHS eHeprii B3OOBX HanpsIMHOI CUCTEMW MOB’A3aHO 3
empamamu eHepeail | XapakTepusyeTbCs Il 32acaHHSAM. 30BHILLHE €NeKT-
poOMarHiTHe none B 6/UXHIU 30Hi (HaNbnwx4in go mgxepena obnacTi
NpPoCTopy, ONA HAKOI [OBXWHA XBWISTi 3HAYHO MEpeBULLYE BiOCTaHb Bif
mpxkepena (A >>r)) nposiBNSAETbCA Y BUMNAAI iIHOYKUii i cnpudnHsae nepexig
eHepril Ha CYMiKHI Kona 1 NosiBfieHHS B HAX 3aBakanbHUX BJIUBIB.

Y QanbHit 30Hi (0bnacTi NpocTopy, B SKii BiACTaHb Big AXeperna 3Ha-
YHO Binbla 3a JOBXMHY XBUNi (A << r)) eneKkTpomarHiTHe none NpMBOAUTb
00 eurnpoMiHr8aHHsI eHEPTIii i Tl PO3NOBCIOIKEHHS HA BESUKI BiACTaHi.

Mpouecu iHOyKUii BiAOyBalOTbCA Y BIiAHOCHO HU3bKOMY Aiana3oHi Yyac-
TOT Npu A > a, a NPoLECH BUNPOMIHIOBAHHS — Ha OYXXe BUCOKMX YacToTax
npu A < a, e a — BiAcTaHb MiXX NPOBOAAMM.

2.5.1. Po3rnoecroO>xeHHs1 3 ypaxy8aHHSIM iHOYKUil

[Mpouec po3noBCOOXEHHS B3AOBX HANPsIMHOI CUCTEMMU XapaKTepusy-
€TbCA MepeUHHUMU 1 eMOPUHHUMU NapamMeTpamu nepenadi eHeprii, sKi
HaBegeHo B Tabn. 2.1.

OCHOBHMIN MOKa3HUK CUCTEMU — 32aCaHHSl o — CKNagaeTbCs 3 OBOX

YaCTWUH: 3racaHHs B Memarti (a. ;) 1 3racaHHs B dieiekmpuky (o. ;), TO6TO
=0yt a,. (2.2)

3racaHHA B MeTani 3yMOBMIEHO TUM, LLO YacTMHa enekTpoMarHiTHOI
eHeprii NornMMHaeTbCa NPOBOAAMW W PO3CIKOETLCA Yy BUMMAAI TENNoBUX
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BTparT. Lle siBuwle BpaxoByeTbCS NEPBUHHUMM NapaMeTpamn — ornopom Ta
iHOykmueHicmio.

Tabnuuga 2.1
[MepBUHHI NapameTpu BTopuHHI napameTpu
R — aKkTnBHMI onip 0 — KoeiuieHT 3racaHHs
L — iHOYKTUBHICTb B — KoedilieHT pasun
C — eMHICTb Zg — XBUITbOBUI ONip
G — NpoBigHICTb i3onAuil V — WUBUAKICTb PO3MNOBCIOAKEHHS

3racaHHs B fieneKTpuKy rnoB’sa3aHO 3 MOro nonsapusauieto i npu 3MiH-
HOMY MoOni BTpaTaMu eHepril Ha AienekTpuyHy nonspuaadito. Lli npouecu
XapaKkTepuayTbCa NEPBMHHUMU NapamMeTpamMu — eMHICMIO N MpPoeioHi-
cmio i3osnsauyir.

3racaHHs B MeTani 3i 30ifbLUEHHsIM YacTOTU 3pOCTaEe 3a 3aKOHOM Jr, a
3racaHHs B ienekTpuky — 3a 3akoHoM f (puc. 2.9).

IlHOyKOBaHW nepexig eHeprii Ha CycigHi kona y G6rvKHIA 30HI 3ymoBre-
HUW ENEKTPUYHOIO 1 MarHiTHOK B3aEMOLIEID MK KOnamu.

[Mig yac NPOXOMKEHHA CTPY-
ag=f* MYy SKMM-HEBOYOb KOMOM Ha npo-
BOAAX LbOro Koma BWHWUKAKOTb
3apsaan. Ui 3apagn cTBOpOHOTH
€eneKkTpuYyHe rorne, CurnoBi JiHil
SIKOr0 CTMKaKTbCA 3 CyCiaHIMK
npoBogaMn N HaBOOATb Y HUX
3aBagy, WO nposBNAeETLCA Y
BAMMS4I  3aBaXKasrbHOro BMNSIMBY
eJIeKmMpPUYHO20 XapaKTepy.

Cunosi  niHil  marHiTHoro

Puc. 2.9 MONS, WO CTBOPIOKTLCS HaBKO-

no NpoBOAiB, BNMBAKTb Ha CYCiAHI NPOBOAN M HABOAATb Y HUX CTPYMMU

3aBaj, sKi NpPosiBAATLCA Yy BUMMALI 3aBaXkanbHOro BNAnBY Ma2HimHO20
XapakTepy.

Ha ekBiBaneHTHUX eneKkTpuUYHUX cxemax enekTpuyHUN BMNInB Xapak-

TEepU3yeTbCA eTeKmpPUYHUM 38°SI3KOM K, @ MarHiTHUM — ma2HimHum

38’s13komM My, (puc. 2.10). ObuaBa koeilieHTV HanexaTtb 40 NepPBUHHUX
napameTpiB BNJvBY.

AK BTOPWHHI nNapamMeTpu BMAUBY BUKOPUCTOBYKOTLCHA MepexigHi 3ra-
CaHHSA Ha ONMWkKHbOMY A, 1 AanbHbOMY A, KiHUSAX NiHil. 3i 30inbWeHHAM

Mq
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4acToTM 3MIHHOIrO CTPYMY BMIMB MiXK KONlaMu CyTTEBO 3POCTaE.

R
o, { | O
R
o, '. | —O
| F—
Kig == M2
_:l_fYYY\_
o, —O
o, O

Puc. 2.10
2.5.2. Po3rnoecro0XeHHs1 3 ypaxyeaHHsIM e UrpOMiHIO8aHHS

[Mpouec BUMPOMIHIOBAHHA BWCOKOYACTOTHOI eHeprii MnoB’A3aHui 3
empamamMu eHepeii Ha eUNPOMIHOB8aAHHS, TOMY 3racaHHsl HanpPsIMHOI
CUCTEMMU B LIbOMY PEXUMi CKITafaeTbCs 3 TPbOX KOMMOHEHT:

A=0yta,+ag, (2.3)
ae o, — BTpaTW eHepril Ha HarpiBaHHSA 3a paxyHOK BUMXPOBUX CTPYMIB Yy
npoBodax, €KpaHi, 0bOMnoHUi Kaben M HWKUX OTOYYHYMX MeTaneBux
mMacax; a , — BTpaTu eHepril B i30MALil Ha AienekTpu4yHy nonsapu3sadito, ska
3anexnTb Big AKOCTI AienekTpuka; a , — BTpaTu BUCOKOYACTOTHOI eHepril
Ha BUMPOMIHIOBaHHSA, NOB’A3aHi 3 aHTEHHUM e(PeKTOM CUCTEMM.

YacToTHa 3anexHicTb LUMX CKagoBuX BTpaT pisHa. Ak yxe 3asHada-
nocs padiwe, BTpaTu B MeTani 3MIHIOIOTLCA 3a 3aKOHOM Jr, a BTpPaTn B
AieneKkTprKy 3pocCTaloTb i3 3pOCTaHHAM 4acToTu MiHinHO. Lo cTocyeTbes
BTpPaAT Ha BUMNPOMIHIOBAHHS, TO BOHW OOCUTb PIi3KO 3pocTatoTb 3i 30inb-
LLUEHHAM YacToTH 3a 3akoHoM f (gue. puc. 2.9).

Ak BuaHo 3 rpadiika, 300paxkeHoro Ha puc. 2.9, BTpaTu Ha BUMPOMiI-

HIOBaAHHA MalTb Many nuTtomy Bary B 06nacTi HM3bKMX 4acToT i pi3ko
3pOCTaloTh i CTalTb AOMIHYHOUYMMK B 0ONacTi HAABUCOKUX 4acToT.

2.6. BuxigHi npnHUMnun po3paxyHKy HanpssMHUX CUCTEM

PiBHAHHA MakcBenna g4o3BONsA0TbL TOYHO PO3B’A3aTh NpakTUYHO 6yab-
AKYy eneKkTpoguHaMiyHy 3ajady, BKIKOYakuu 3agadvy nepepadi curHanis
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3B'A3KY PI3HUMM HaNpPAMHUMUW CUCTEMaMu B Pi3HMX Aianas3oHax 4acTtoT.
OpHak y 6araTbox BMMNagkax Hag3BMYaMHO BaXKKO, a iHOAI M HeaouinbHO
LUYKaTW TOYHI pO3B’A3KM PiBHSHb Ha ©asi enekTpoaMHaMikn, OCKIfIbKN iCHY-
I0Tb AOCUTb TOYHI HABNMXKeHi MeToan po3B’sa3aHHA 3a4ay Pi3HUX Knacis.

Takmmn HanbinbL XxapakTepHUMM MeTodamu, SKi MOXXHa BBaXKaTu rpa-
HUYHUMUW ONA eNeKkTpoauHaMiku, €, 3 ogHoro BoKy, MeToau meopii ennekm-
PUYHUX Kis1, a 3 iHLWOro — MetToam meopii 2eoMempu4yHoOi OrnMukKu.

Y nepwiomMy BMNagKy 34IMCHIOETLCA Nepexia Big XBUITbOBUX NPOLECIB
00 KonvBarnbHUX (OOBXMHA XBUMI A —> ), a Yy ApYroMmy — 40 NPOMEHEBUX
(reomeTpuyHUX) npouecis (A — 0).

3anexHo Bia cniBBigHOLWEHHS OOBXUHU XBUSi A U NONEPEYHUX reome-
TpU4HMX po3mipiBa D po3B’a3aHHA 3agay nepegadi HaNpPAMHOK CUCTEMOLO
MOXXHa NoAainnTK Ha Tpu obnacTi: KBasicTauioHapHUX, enekTpoanHaMIYHNX
i KBa3ionTUYHKMX npouecis (Tabn. 2.2).

Tabnuusa 2.2
. . . |EnekTpogmnHamiyHi . :
Mpouecun KBasicTauioHapHi : KBasionTuyHi
(pesoHaHCcHi)
CniBBigHOLLEHHSA
<<1 ~1 >>1
D/
YacTtotu, Iy Big 0 no 10%® 10°" 1081
KinnOMEeTpOBI, CaHTUMETPOBI, : .
J[loBXXnHa XBUMNb : .. : MiKPOHHI
METPOBI MiNiMETPOBI
Teopis Teopis Kif enekTpoanHamika onTuka
Asuniia KonuMBanbHi XBUIbOBI NPOMEHEBI
OOHOPIAHOT MiHil -
. AHOPIA [tonreHca,
PiBHAHHSA (3akoHu Owma, Makcsenna
: dpeHens
Kipxrodpa)
Twun xBuni TEM EiH HE i EH
NOBITPAHA IiHIA, . ..
HanpsimHa g XBUNeBia, ONTUYHUIN CBITNO-
CUMETpUYHa NiHis, : .
cucrtema . .. '| KOaKcianbHa niHis BOA,
KoakcianbHa niHiga

2.7. PIBHAHHA ogHOpPIAHOI MiHil

PosrnsaHemo ogHopigHy OOBry JiHil0 3 NepBUHHUMKU napameTpamn R,
L, CiG (puc. 2.11).

Ha noyatky niHii € reHepatop Hanpyrn 3 EPC E i BHyTpilWHIM onopom
Z,o, @ B KiHLUi NiHiT 3HaxoanTbca HaBaHTaXeHHAa Z. HeobxiogHO BCcTaHOBUTU
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B3aemMo3B’A30K cTpymMy I(x) i Hanpyrn U(x) y 6yab-gKin To4ui Kona 3 nep-
BUHHUMK napameTpamn R, L, C i G, g9KWwo BigoMmi Hanpyra n CTpyM Ha
noyatky Iy, Uy abo B kiHuUi I,, U, kona.

I,

)—
— C U, |:|Z
®
d
X »| x
£ >

Puc. 2.11

Buainumo Ha BigcTaHi Big noYaTtky Kona HeCKiH4eHHO Many AinaHky dx.
[Mo3HauYMMOo CTpyM, WO NPOXoauTb ernieMeHToM Kona dx, yepes I, a Hanpyry
MK npoBodamun — vepes U. Toai ona ainsHkm dx MoXxHa 3anmcaTtu:

— cnaj Hanpyru

dU
—=I(R+ joL); 24
5 - L(R+joL) (2.4)
— CTpyM
“_y(G+jec) (2.5)
Bukntounmo 3 piBHAHHSA (2.4) BennynHy 1, B3ABLUM ApYyry NOXigHY:
d’U I
——=—(R+ joL). 2.6
dx? dx( 1® ) (2.6)
MigcTaBMmo B OTpUMaHu BMpas (2.6) piBHAHHA AnNsa cTpymy (2.5):
2
j—‘j: U(R+ joL)(G + joC). (2.7)
X

BBegemMo no3HaYeHHs y=\/(R+jcoL)(G+joaC), Toai Bupas (2.7)
MOXXHa 3anucaTi siK
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Po3B’30k piBHSAHHA (2.8) mae Burnag U= Ae"™ + Be ™. OudepeHLui-
OOUM Lie PIBHSAAHHS, OTPMMYEMO BUpa3 Anst CTpyMy

v _ Aye™ —Bye ™ = y(AeYX - Be_y") : (2.9)
dx

MigcTtaBmBLuM BUpas (2.9) y BuxigHe piBHAHHSA (2.4) on4a cnagy Hanpy-
M, OOepPXnmMo

I(R+j03L)=—y(AeY" —Be—Y"). (2.10)

Beegemo nosHaueHHss Z_=(R+joL)/y= \/(R +joL)/(G + joC).
MigcraBnsatoym noro y supas (2.10), maemo

1Z =—-Ae™ +Be ™. (2.11)
Y pesynbTaTi OTPMMYEMO [Ba PIBHAHHS 3 ABOMA HEBIAOMUMU A i B:
U=Ae™ +Be™™; 1Z =-Ae™ +Be . (2.12)

[ns 3HaXOOKEHHS UMX HEBIAOMUX CKOPUCTAEMOCS FPaHUYHUMU YMO-
BaMm U\X=0=U0, I\X=0=IO. [MigcTaBnsw4un ix y piBHSAHHA (2.12), Maemo

Up=A + B, [jZ, =—-A + B, 3BigKku

A=(Uy-1,Z,)/2, B=(U,+1,Z.)/2. (2.13)
MigcTaBMMO Ui 3Ha4YeHHA A | B y piBHSHHA (2.12):

U=[(Uy-1,Z,)/2]e™ +[(Uy+,Z,)/2]e™; (2.14)

1Z, =—[(Uy-1,Z,)/2|e” +[ (U, +1,2,) /2 ]e™. (2.15)

3pobumBLUM  BIOANOBIAHI  NEPETBOPEHHS W BpaxyBaBLUX, WO
chyx=(eyx +e‘Y")/2 i shyx:(eYX —e‘V")/Z, OOEPXKMMO 3HAYEHHS Hanpyru

Uy i cTpymy I, y Byab-SKin Touui kona x:
{UX =U,chyx—1,Z_shyx;

2.16
I =I,chyx—(U,/Z )shyx. 19

2.7.1. Xeunbosuu onip

Xeunboeul onip Zy— Le onip, KU1 3ycTpivyae enekrpomarHitTHa xXBu-
N NPy po3noBCOXEHHI B3AOBX 0AQHOPIAHOI niHil 6e3 BindbuTtTtsa, To06TO 3a
YMOBM, LLIO Ha NMpoLec nepenadi eHeprii He BNnBatTb HEY3ro4KeHOCTi Ha
KIHUSX NiHil.
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EnektpomarHiTHy XBUNKO MOXHa nogatu y BUrNA4i 4BOX XBUMb: XBUII
Hanpyru, dka BignoBigae enekTpUYHIn eHepril, i XBuni CTpymy, WO BigMNoBi-
Aae MarHiTHin eHeprii. KinbkicHe cniBBiQHOWEHHA, AKe Mae Micue MixX
LMMU XBUNSIMU B MNiHil, | € XBUNbOBUM OMNOPOM KONa.

XBMNbOBMI ONip, BNacTMBMn LIbOMYy TNy Kabenio, 3anexutb nuue
BiZl MOro NepBUHHUX NapameTpiB i HaCTOTU CTPYMY, LLIO NepenacTbCs:

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

3a cBO€ (hi3NYHOK NPUPOAOHD BeENUYMHa Z, He 3anexuTb Big AoB-
XWHW KabernbHOI NiHil i € cTanoto y Byab-akin To4ui Kona.

Y 3aranbHOMY BUrNA4i XBUTbOBUX OMiP € KOMMJIEKCHOK BENNYUNHOLD, |
TOMY BiH TaKOXX MOXe OyTN BUPaXXeHUN Yepes CBOI AINCHY 1 YABHY YaCTUHN:

Z, =|Z |e"~. (2.18)
3aranbHu BUrNsO 4acToTHOI 3ane- _ | 1Zxl, Om
)KHOCTi XBMMNbOBOro onopy kKona kabento
HaBedeHO Ha puc. 2.12. o
Moaynb XBUNbOBOrO onopy Z, 3i |&
3MiHOK 4aCTOTM 3MEHLIYETbCA Big 3Ha- '
yeHHs /R/G npu f=0 go /L/C i 36epi- L/C
rac L0 BENUUMHY Yy BCill 06nacTi BUCOKUX ’ f KTy
4acToT. 10
KyT XBUNbOBOro onopy ¢y AOPIBHIOE 20
Hynto npu f =0 i Ha BUCOKNX YacToTax, a -30
Ha cepedHix yactoTax (f = 800 I'm) mae 40
MakcumarnbHe 3HavyeHHsa. B kabenbHux x
NiHISX KyT 3aBXaM Big’eMHUN i 3a abco- Puc. 2.12

NIOTHOK BENMYMHOK He nepesuLlye 45°, o CBIigYNTL NPo nepeBaXkaHHS
EMHICHOI CKNagoBOoI | EMHICHUI XapaKTep XBUIbOBOro onopy kabenis.

2.7.2. KoegbiuieHm po3rnoecroOXeHHs

EnektpomarHiTHa eHeprisi, po3nOBCIOAXKYIOUYNCE Y3O0BX KabernbHOI
NiHil, 3MEHLWYETLCSA 3a BENMNYNHOIO Bif NOYaTKy A0 KiHUSA NiHil. 3MEHLWEeHHSA
abo 3racaHHs eHeprii NOSCHIETbCA BTpatamu 1i y konax nepegadi. Lli
BTpaTy BPaxoBYOTbCA 3a AOMNOMOroro KoedilieHTa po3rnOBCIOAXEHHS Y.

KoediluieHT pO3NOBCIOOXKEHHS € KOMIMIIEKCHOK BEJIMYUHOK N MOXe
OyTW nogaHum y BUrNa4i CyMun QiNCHOI | YSIBHOT YaCTUWH:

y=a+jB=/(R+joL)(G+jaC). (2.19)
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SAKLLO cKopucTaTUCA BUPA3oM AN CTPYMY 1 HaMNpyru y BUrNaqj
U, /U, =1,/1,=e" =eel? = Ael?, (2.20)

TO MOXHa No6aunTy, Lo Moaynb BUpa3y A =e* xapakTepusye 3MeHLUEeH-
HA abCONTHOrO 3HaA4YeHHa CTpymMy abo Hanpyru nNpu NPOXOMXKEHHI NiHil
noBxnHot £ . Kyt ¢ =4 nokasye 3MmiHy KyTa BEKTOPIB CTPYMY W Harnpyru
Ha Ui camin ginaHui NiHil AOBXWHO £ .

Mig yac nepepnavi curHanis 3B’A3Ky napameTpu o i p XxapakrepusyroTb,
BiAMOBIOHO, 3racaHHA 1 3MiHYy a3 CTpyMy, Hanpyrn n nOTY>XHOCTI Ha Oins-
HUi KabernbHOro Kona AOBXWHOK 1 KM i MaloTb Ha3By KoegbiyieHmie 32a-
o, B 8 caHHs1 W ¢ha3su. KoeqaiuieHT.3racaHHs| BUMI-

’ a PIOETECA B Jeumbenax Ha KinomeTp, a Koe-
dilieHT pa3n — B pagiaHax Ha KirlomeTp.
TWNOBI YaCTOTHI 3aneXHoCTi KoeiljieH-
TiB 3racaHHAa 1 ha3n kabent HaBedeHO Ha
puc. 2.13.
KoediuieHT 3racaHHa a, SKUM Npu rno-
f, Ky  CTINHOMY CTPYMIi QOpPIBHIOE JRG , cnoyaTky
P > 3pocTae OoCuUTb pi3ko, a noTiM — OinbLu
nc. 2.13 . :
nrnaBHo. KoediuieHT dhasn P 3pocTae Big
HYNs Mamke 3a NPAMOSTIHINHAM 3aKOHOM.

A

2.7.3. lLleudkicmb po3noe8croG)XeHHsI esIeKmpoMa2HimHoiI eHepeaii
KoslaMu 38’°si13Ky

EnektpomarHiTHa eHepris po3noBCHOOXYETLCA NiHIED 3B’A3KY 3 NeB-
HOK LUBUAKICTIO, SIKa 3anexuTb Big napamMeTpiB Kona M 4acTtoTu CTPyMmy i
BU3HAYaETbCS K

v=a/B. (2.21)
LLBMAOKICTb pO3MOBCOAKEHHS € pyHKUie YyacToTu f=w/2n i Koedi-

uieHta pasu B. Takmm 4YMHOM, SAKWO 3racaHHA Kora BU3HAYae AKICTb i
AanbHICTb 3B’A3KY, TO KoeiuieHT da3n 00yMOBIOE LWBMAKICTb PYXY eHep-
ril NiHieto.
LLIBMAKICTb PO3NOBCIOAKEHHSI MOXXHA BU3HAYNTU:
— NPV NOCTIMHOMY CTPYMI
1

NS [(\/LG/RC +RC/LG) /2} ;

— B Aiana3oHi BUCOKNX YacToT

(2.22)
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1
V= —.
VvLC

TakuM YMHOM, 3i 3POCTaHHSM 4YacTOTU LUBUAKICTb PO3NOBCIOLKEHHS
eneKTPOMarHiTHOI eHeprii KabenbHUMM MiHIAMW 3HAa4YHO 3POCTAaE.

(2.23)

3. CUMETPWU4YHI KABENI
3.1. EnekTpuyHi npouecu B CUMEeTPUYHUX Konax

BigMiTHOIO OCODNUBICTIO CUMETPUYHMX NiHIA € HasiIBHICTb ABOX MNPO-
BOAIB, WO MalTb OOHAKOBI KOHCTPYKTUBHI M eNeKTpu4Hi BnactmBocTi. B
CUMETPUYHOMY KOMi enekTpomarHiTHe nosne Bigkpute (puc. 3.1) i gie Ha
3Ha4Hin BiACTaHI Big NPOBIOHWKIB.

[Mig BNNMBOM 3MiHHOMO Nons BigOyBaeTbCSA Nepepo3noain enekrpoma-
FHITHOT eHepril N0 nepepidy NPOBIgHMKIB, NP LbOMY NOYUHAKOTL NPOSBNA-
TUCA TaKi epeKkTun:

— rnosepxHesull eghekm,

— eghekm  6s1U3bKOCMI
CYCIOHIX NPOBIOHVKIB;

— egbekm ennuey omo-
4yroyux Memasiegeux Mac
(cycigHix npoBigHWKIB, ekpaHa,
OpOHI TOW0) Ha NapamMeTpu Kin.

Y cnmeTpudHnX KabenbHnX
Konax crnocTepiratoTbCcs yCi Tpu
edeKkTn ogHoyacHo. B nosiTps-
HUX TiHISX, e npoBoau po3Ta-
LWOBaHi  MOPIBHAHO  Jarieko
OOMH Bi4 OAOHOro | BIOCYTHI
30BHilLIHI MeTaneBi 00OMNOHKW,
cnig ypaxoByBaTh nvie NoOBEPXHEBUN edoekT. B KoakcianbHux kabensx, Lo
€ 3aKPUTUMN CUCTEMAMMU, OIS OTOUYYOUMX METANEBMX Mac HE BPaxoBYETLCS.

3a paxyHOK 3a3HadeHux ABuLL BiabOyBaeTbCA Nepepo3nomisli enexkTpo-
MarHiTHOro nomnsa 1 3MIHIKTBCA napamMeTpu Kin. AKTMBHUK onip R i em-
HicTb C 3pocCTaloTb, IHOYKTUBHICTE L 3MeHwyeTbca. Hanbinblw cyTTeBO
3pocTae onip kona

Puc. 3.1

R=R,+R +R +R , (3.1)
Ae R, — onip nocTinHomy cTtpymy; R — onip 3a paxyHOK NoBepXHeBOro
edekTy; R, . — onip 3a paxyHoK eekTy bnmsbkocTi; R — onip, 3ymoBne-
HUW BTpaTaMn B OTOYYIHOUYNX MeTaneBmx mMmacax.
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3.1.1. NosepxHeasull e¢pekm

lNosepxHesul eghekm siBNsie COBOIO Takn Nepepos3noain CTpymy no
_ nepepisy nNpoBigHVKa, MNpwu

MartiTHe "°“ AKOMY  LWiMBHICTb  CTPYMy
3pocTtae Big UeHTpa Ao

Ipes NOBEPXHi NPOBIAHUKA.
Buxposi Ctpym I, wo nportikae
CTPYMM g ¢ yepes3 NPOBIOHUK, CTBOPIOE

Crpym | 3a BigcyTHocti ~ H@BKOMNO  HBbOTO  MarHiTHe

nosepxHeBoro edpekty ~ nosie  (puc. 3.2). Cwunosi

NiHIT  BHYTPIWHBLOIO MNOS,

nepeTnHaw4yn TOBLLY Mpo-

Puc. 3.2 BiAHMKA, HABOOATb Y HBOMY

BUXpoBi CTpymu I;., SKi 3a 3akoHOM JleHua cnpsiMmoBaHi MPOTUNEXHO
obepTaHHIO PYKOATKN MBUHTA.

BixpoBi CTpymMu y LEHTpi NpoBigHWKA MalTb HaMpsMOK, 3BOPOTHUN
PYXy OCHOBHOIO CTPyMYy, LLIO Teye no nNpoBigHWUKY, a Ha nepudepil, HaBna-
KW, IXHi HAaNpsMKK 36iratoTbCes.

MoBepxHeBUN edreKkT 30inblUYETHCA 3i 3POCTAHHAM 4YacTOTU CTPYyMY,
MarHiTHOI MPOHWKHOCTI, NPOBIAHOCTI N AiameTpa nposigHuka. MNpu goctat-
HbO BMCOKI/ 4acTOTi CTPYM NPOTIKae nuwie noBepxHeK MpoBigHMKA, LLO
CNpUYNHSAE 36iNbLIEHHS NOrO akTUBHOIMO OMopy.

IHaKkWwe noBepxHeBUN ePeKT MOXHA NOSACHUTU AK MPOHUKHEHHSA efleK-
TPOMarHiTHOro nonsa B TOBLUY MPOBIAHMKA, NPUYOMY YMM BULLA YacToTa,
TMM Binblua rmmMbuHa NPOHUKHEHHSA NOSs B MeTarn.

3.1.2. Epekm 651u3bkocmi

30BHiWHe nore H nposigHUKa a, nepeTnHaryn TOBLLY MPOBigHMKA o,
HaBOAMTb Y HbOMY BUXPOBI CTpymu (puc. 3.3). Ha noBepxHi npoBigHuKa o,
H oBepHyTin 4O NpOBiAHUKA a, BOHU
3biraloTbCs  3a  HanpsiMKoM 3
ocHoBHUM cTpymMoMm (I+1,,), a Ha
NPOTUNEXHIN NOBEPXHI NPOBIgHN-
Ka 6 cnpsiMmoBaHi 3yCTPIYHO OCHO-
BHOMY cTpymy (I-1;.). AHanoriy-
Be3 ypaxyBaHHs HWW Nepepos3noain CTpymiB Bia-
edekTy 6nuabkocti  OYBAETLCA i Y NPOBIAHUKY a.
Puc. 3.3 Mig yac B3aemoail BUXPOBUX
ve. 3. CTPYMIB 3 OCHOBHWUM LWiNBbHICTb
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pe3ynbTy4oro CTpymy Ha obepHyTUX ogHa OO OOHOI MOBEPXHAX MPOBIOHK-
KIB a i 6 36iNbLUYETLCA, a Ha BigdaneHnx ogHa Big O4HOT NOBEPXHSX — 3MEH-
LLIYETbLCS.

Lle aBuLLEe («30nmKeHHA» CTPYMIB y NPOBIAHMKAX a | 6) Mae Ha3By eghe-
Kmy 6nu3bkocmi. Yepe3 HepiBHOMIPHUA po3noain LWiNbHOCTI cTpymy 30i-
NbLUYETHCA aKTUBHUIA ONip Kona 3MiHHOMY CTPyMY.

Akwo gsoma cycigHiMn npoBigHMKaMmM
CTPYMU NPOXOOATb B OAHOMY HanpsMKy, TO
nepepos3nofiyi  iIXHbOI LWINbLHOCTI 4Yepes
B3aEMO/AI0  30BHILLHIX eneKkTpoMarHiTHUX
nonis NPMBOANTbL A0 3POCTaHHSA LWiNbHOCTI
CTPYMIiB Ha B3aemoBigaaneHnx rnoBepXHSAX

NPoBIAHWUKIB a i 6 (puc. 3.4). T | l : T' T |
Edekt 6nM3bKOCTI TakoX € npsiMo
NPOMOPUIMHAM YacTOTi, MarHiTHIA MPOHMUK- Puc. 3.4

HOCTIi, NPOBIAHOCTI N AiaMeTpy NPOBIAHMKA W, OKPIM TOro, 3anexuTb Big
BiACTaHi MK npoBigHMKamMn. 3i 3MEeHLLUEHHsIM Uui€ei BiacTaHi Ois edekTty
6n3bKOCTI 3poCcTae B KBagpari.

3.1.3. Bnnue omouyyro4ux Mmemasieeux Mac

MarHiTHe none H, WO CTBOPHOETLCA
CTPYMOM, SKUW TMpOTiKAae nposBoAamMu
Kofa, HaBoOUTb BUXPOBI CTpPyMU Iy Y
CycCigHix npoBigHuMkax kabernt, oTo4ylo-
YoMy eKpaHi, MeTaneBin 00ONOoHLUI W
6poHi (puc. 3.5).

[Mpoxogsun meTaneBMMU YacTuHa-
M1 Kabernto, Ui BUXPOBi CTPYMU Harpisa- Puc. 3.5
I0Tb IX | CTBOPIOOTL JOAATKOBI TEMNSOBI BTpATU eHeprii. [HWwuMu crnosamu,
BinOyBaeTbCca K O6U «BiACMOKTYBaHHA» OEAKOI YaCTKM eHeprii, Wo nepe-
AaeTbCs, NPUYOMY HanMbINbLLIOro BMAMBY 3a3HalOTb BSIM3bKO PO3TaLLOBAHI
A0 po3rnagyBaHOro Kona MetarneBi YaCcTUHU Kaberto.

OkpiMm TOro, BUXPOBiI CTPYyMW CTBOPIKOKOTL MOSie 3BOPOTHOI Aii, sKe
BNSIMBAE Ha NPOBIOHNKN KOMNa N 3MIHIOE IXHI NapamMeTpu.

3.2. BusHayeHHA NnepBUHHUX NapamMeTpiB KabenbHUX NiHIN
3.2.1. Onip ma iHOykmueHicmb

BusHayeHHa onopy 1 iHOYKTUBHOCTI 34INCHIOETLCA Ha OCHOBI Bpaxy-
BaHHA eHeprii, sika NormnMHaeTbCH NPOBIOHMKOM 3 OTOYYHYOro NPOCTopY.
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Bupas gna BusHayeHHa onopy R, Om/km, mae Burnsag [3]
p.G(kr)(d/a)’
1-H(kr)(d/a)’ |

Ae R, , R, — onopu nposigHWKiB a i 6; d — giameTp NpoBiOHKKIB, a —

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

(3.2)

BiACTaHb MiX MpoBigHWKamu; r — padiyc nposigHukie; k = /op c — Koe-
(ilieHT BTpAT Ana meTana; u, — abconoTHa MarHiTHa NPOHWKHICTL NpPo-
BiAHWKIB, p, — NapameTp, LIO BU3HAYAETbCA TUMOM CKPYTHSA (45 NapHOro
CKpyTHA p.=1); x — KoediuieHT ckpyTHA (x= 1,02...1,07 3anexuTb Big
piaveTtpa kabento); F(kr), G(kr), H(kr) — uuniHapuyHi yHKuii.

HaBegeHuin Bupas ans pospaxyHKy onopy MIiCTUTb Taki CKNaaosi:
— onip nocTiiHomy cTpymy R =2R;

— Onip 3a paxyHOK NOBEpPXHEBOro edpekty R = 2R0F(kr);
2
p.G(kr)(d/a)
"1-H(kr)(d/a)’
IHOYKTMBHICTL KONa B uinomy L, 'H/KM, BU3HA4YaeTbCA CYMOIO 30BHiLL-
HbOT L, | BHYTPILWHbLOI Ly (BiAHOCHO NPOBigHMKA) IHOYKTUBHOCTEMN:

;r +uQ(kr)]10—", (3.3)

— onip 3a paxyHok edpekTy bnusbkocTi R, . =2R

a

L=L, +2L = [4111

Ae u — BiOHOCHa MarHiTHa NPOHMUKHICTb NPOBIOHWKIB; Q(kr) — unniHgpwny-
Ha PYHKLUS.

3.2.2. EMHicmb i npoeidHicmb i3onsauir

EMHicTb C, ®/kMm, i npoBigHicTb G, CM/KM, i3onsauil noB’a3aHi 3 npoue-
camu B fienekTpuky. EMHICTb BM3HAYa€e NOro 3gaTHICTb 4O nonsipusauil i
BENUYNHY CTPYMIB 3MiLLEHHSA, a NPOBIgHICTbL — BENIMYMHY BTpaT.

E€MHICTb 3 ypaxyBaHHAM 6rIM3bKOCTI CyCigHIX nap NpoBigHWKIB i BANK-
BY 30BHIiLLHLOI MeTaneBoi 060MOHKN BU3HAYa€ETLCA 3a OPMYJSIOH

—6
co_Xe 107 , (3.4)
361In(ya/r)
Ae € — fienekTpuyHa NPOHUKHICTb i30NALUiT; ¢ — nonpaBKOBUN KOEMILIEHT,
LLIO XapakTepuaye 65M3bKiCTb MeTanesol 060MOHKN 1 CYCIQHIX NPOBIAHUKIB
(v=0,6...0,7).
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BTpatn B AienekTpuky XapakTepusyrTbCA KyTOM AieNeKTPUYHUX
BTparT o:

1
G=G,+G,=—+nCtgd, (3.5)

! Ri3
Ae G, — NpoBIAHICTb, 3yMOBIiEHA NPOTIKaHHAM CTPyMy B AIENEKTPUKY; G,
— NpOBIAHICTb, 3yMOBINeHa AienekTpuiHumu BTpatamu; R, — onip isonauil

kabento.

Kabeni 38'A3Ky mMatoTb, SIK NpaBuso, cknagHy KOMOIHOBaHYy i3onsuito,
fKa CKrnagaetbCda 3 TBepAoro aiernekrpuvka u nosiTpsa. Pe3ynbTyodi eksi-
BaSIeHTHI 3HA4YeHHA [ieNnekTPUYHOI MPOHUKHOCTI M KyTa [LieNeKkTpUYHNX
BTpaT CKNagHoI i3ondauii BU3Ha4yalTbCs BNacTMBOCTAMU WU CNiBBIAHOLIEH-
HAM ob’emiB 1i CknagoBuX YacTuH. EkBiBaneHTHi 3HA4YeHHA CKnagHoi i30-
nauii 6nmabKi 4O BiANOBIOHMX BENMUYMH Ti€El 1T YaCcTUHU, sika 3anmae Hanbi-
NbLlwnm ob’em.

3.3. OCHOBHI 3anexHocTi NepBUHHUX NapamMeTpiB CUMETPUYHUX NiHIN

MapameTpn R i G 3i 30inbWeHHAM YyacToTu f 3poCcTaloTb 3a paxyHOK
BTpaT y MPOBIAHUKAX Ha BUXPOBI CTPYMU W B i30nAUil Ha LieNeKTpUdHy
nonspwu3aadito (puc. 3.6).

IHOYKTMBHICTL L 3i 30ifblUEHHAM 4YacTOTM 3MEHLUYETLCH, TOMY LLO
3MEHLUYETbCA BHYTPILIHA IHOYKTUBHICTb MPOBIOHUKIB 3@ paxyHOK MoBepX-
HeBOro epekTy. EMHICTb C Bif 4aCTOTU HE 3aNeXnTb.

Mpw 36inbWweHHI BigcTaHi MK nposigHMkamu a napameTpu R, C i G
3aKOHOMIPHO 3MEHLUYOTbCS, a iHAYKTUBHICTL L 3pocTae (puc. 3.7).

A R9L9C9G R A R,L,C,G

C
R
C

=) - L
~ UT R >G

f,xI'n a
Puc. 3.6 Pwuc. 3.7

3HMWKEHHS R 3yMOBNEHO 3MEHLLUEHHAM BTpaT Ha edekT 6sIM3bKOCTI.
3poctaHHa L nos’dA3aHo 3i 30iNbLUEHHAM KOHTYpY, WO MPOHU3YETLCA
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MarHiTHAM NOTOKOM. EMHICTb C 3MEHLUYETbCHA, OCKINbKM NPOBIAHUKM Bia-
AansTbCs OAMH Bi OOHOIO N 3MEHLLYETLCA IX B3aeMoaid. 3MeHLWeHHs G
NnoB’si3aHo 3i 30ifbLUIEHHSIM TOBLUMHW AieNnekTpUYHOro martepiany Mix
npoBigHNKaMu Npu 36inNbLIEHHI BiACTaHI MiXX HUMW.

3i 30inbweHHaM giameTpa nposigHukiB d napametpn C i G 3pocTa-
t0Tb, @ L 3MeHwWwyeTbca (puc. 3.8). 3MiHa akTMBHOIO OrMopy Mae CKIragHum
xapaktep. Lle saymoBneHo Tum, Lo 3i 36inblIEHHAM giameTpa npoBigHMKa
onip NOCTINHOMY CTPYMY Pi3KO 3MEHLUYETbLCA, a Onip 3a paxyHOK MnoBepx-
HeBOro eqekty n edekty 6nuabkocTi 3pocTtae. Tomy cnodaTky R pisko

A R,L,C,G

C

C Q=

Puc. 3.8

av

3HWXKYETbCHA, a MOTIM Ue 3HWKEHHH
CMOBINTbHIOETBCA 1 MNPU BENUKUX 3Ha-
YeHHs [iameTpa NoyYnHae 3pocTaTtu.

TunoBi 3Ha4YeHHA MEPBUHHMX Na-
paMeTpiB ICHYIUYMX TUMIB CUMETPUYHUX
niHin crtaHoBnATb: R =5...200 OM/KkM™;
L=0,6...2 m[/km; C =6...50 HD/KM;
G =1...200 MKCM/KM.

Y kabenbHUX MiHisX 3a paxyHOK TOH-
KMX NPOBIOHUKIB | BrIM3bKOro iX po3Taluy-
BaHHA npesasntooTb NnapameTpu Ri C.

3.4. BU3Ha4YeHHsA BTOPMHHUX NapamMeTpiB CUMETPUYHUX JiHIN

BToOpuHHI napameTpn cMMEeTPUYHUX NiHIN (Zy, o, B, V) pO3paxoBYyHOTb-
cs 3a 3aranbHuMun dopmynamm (2.17), (2.19) i (2.22). Y pgeskux smnagkax
iX MOXHa BUpasntn 6esnocepeaHbo Yepeld rabaputHi poamipum kin (a, d) i
AKICTb BUXIOHUX MaTepianis (&, tgo):

— XBUSTbOBUI ONip CUMETPUYHOI NiHil, OMm,

Z

X

_ 120l

A n(a;r); (3.6)

— KoeiuieHT 3racaHHs, ob/km,

a=5\/§+9\/£; (3.7)
2VL 2\V\C

— KoediuieHT hasu, pag/km,

B=mVLC =a+e/c; (3.8)

— WWBWUAKICTb PO3MNOBCIOAXKEHHS €Hepril, KM/C,

v=1/JLC=¢/\e. (3.9)
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3.5. BusHauyeHHA napamMeTpiB CUMETPUYHMNX eKPpaHOBaHUX NiHIN

[MapameTpu ekpaHOBAHOro CMMETPUYHOro Kabento yepes edekT Bia-
OuTTAa BiO ekpaHa BiOgpi3HAKTLCA Big NapamMeTpiB HeekpaHoBaHOro kabe-
no. Llen ecekT nongrae y Tomy, O efieKTpoOMarHiTHa XBuns, nagarym Ha
€eKpaH, IvLe 4YacTKOBO NMPOHMKae BCepeauHy HbOro, a 3anuuikosa il vac-
TUHa, BigbuBawuncb, Haknaaa- s c 0
€TbCA Ha none kabeno, 3MiHIKYK —7 I
noro amnnitygy v aasy. 90-{+]-- 270

3MiHHe MarHiTHe none, NPOHU-
3yl0uM MeTaneBy TOBLUY eKpaHa, (:\ I
HaBOAUTb Y HiK BUXPOBI CTpyMu. Ll ls.c | 180
CTPYMMU LIMPKYIIIOOTb Y300BX eKpa- Puc. 3.9
Ha y NpssIMOMY HanpsiMKy 3 ogHoro 6oky ekpaHa (¢ =0°) i B 3BOPOTHOMY — 3
iHWworo (@ =180°) (puc. 3.9). Y uMx ToYkax BUXPOBI CTPYyMU MaloTb Hanbinb-
LY KOHUeHTpauito. MNpu @ = 90° i 270° BUXPOBI CTPYMM AOPIBHIOKOTb HYIIHO.

BuxpoBi cTpyMn B eKkpaHi MaloTb HanNpPsIMOK, NPOTUIIEXHUA HANPSMKY
CTpymMy B nobnuabkin xuni. BHacnigok uboro cTBOplOOTbCA 9K 6U aBa
Kona 3i CTpyMamu pisHUX HanpsiMKiB (OCHOBHOrO W BUXPOBUX CTPYMIB) i
BiANOBIAHO BMHUMKAIOTb PI3HOCMPAMOBAaHI MarHiTHi monsi (ocHosHe H® |
none peakuii H?) (puc. 3.10).

Puc. 3.10

BuxpoBi CTpymMu, UMPKYNOYA 3aMKHYTUMWU LUNSIXaMW, HarpiBatoTb
€KpaH i CTBOPIOKOTb A0AATKOBI BTpaTU E€Hepril.

3.5.1. Onip ma iHOykmueHicmb

Mig yac po3paxyHKy akTMBHOrO Oropy €KpaHOBaHOro CUMETPUYHOIO
kabento OKpiM ornopy nosepxHeBoro edpekty R, . i onopy edekTy 6nmnabKo-
CTi Re.g HEODXIOHO TaKOX ypaxoByBaTW BNANB ekpaHa Ha edekT 6nmM3bKoc-
Ti Rp.c | AOAATKOBI BTPATK, CNPUYMHEH] €KpaHOM R,
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R=2(R,+R, +R ;+R, )+R,. (3.10)

Onip Bia edekTy 6NM3bLKOCTI 3 ypaxyBaHHS BMSIMBY eKpaHa MOXHa BU-
3Ha4YUTU K

aZrZ
Res+Ry = 1-4——1 R g, (3.11)
€

e re — BHYTPILLHIN pagiyc ekpaHa.

EkpaH, 3aMeHLWyo4n MarHiTHe nosne, 3HWXye Aito epekTy 6rn3bKoCTi.
MoxxHa nigibpaTtu Taki po3mMipy nonepeyvyHoro nepepisy kabenw, npu aKnx
BTpaTu Big ehekTy 6nmn3bkocTi ByayTb yCyHeHi. Tako yMOBOO €

4a2rez/(r4—a4)=1 = a/r,=0,972. (3.12)

e

Taknm 4mHOM, onTUMarnbHa 3 TOYKW 30pY aKTUBHUX BTpaT BiACTaHb
MK XXnnamu kabento aopisHOE NPUONN3HO pagiycy ekpaHa.
[Mpn BMKOHaHHI 3a3Ha4YeHOro ONTUMasibHOro CniBBIOHOLEHHA MiX a i

r. NOBHUIN aKTUBHWUI OMip CUMETPUYHOro ekpaHoBaHoro kabento dyae
R=2(R,+R, )+R,. (3.13)
Onip 3a paxyHOK BTpaT B eKpaHi BU3HA4YaETbCA 5K

azrz azrz
R, =8R,, G(kere)r4 _;4 1—H(kere)r4 _ea4 , (3.14)
¢ (¢

Ae R,, — onip ekpaHa nocTinHomy cTpymy; k, =, /couec — KoediuieHT BTpaT
AN meTana ekpaHa; p, — abcontoTHa MarHiTHa NPOHUKHICTbL ekpaHa.

IHOYKTUBHICTb CUMETPUYHOIO eKpaHOBAHOMo Kosia 3a paxyHoK BMAMBY
BiAGUTOro Big ekpaHa MarHiTHOro Nossi Aewo 3MEHLLYETLCS:

2 2
2ar’ —a _
L,,.=4n——<—.107" (3.15)
: r l} +a
3i 3MeHWweHHAM pafiyca ekpaHa MiKNpoBiAHMKOBA IHAYKTUBHICTb
3Ha4yHO 3MeHWYeTbCA. B peanbHUX KabenbHUX KOHCTPYKLIiSIX 3MiHa MOXe

pocsaratn 15...20 %.
3.5.2. EMHicmb i npoegidHicmb i3onauir

EMHICTb CUMETPUNYHOIO eKpaHOBAaHOIO KoJ1a BU3HA4Ya€ETbCA AK

C, = . (3.16)
36ln§u
rr +a




€MHICTb eKkpaHOBaHOro koma Oinblia 3a €MHICTb HeekpaHOBaHOro.
UM Gnuxye NpoBigHUKM po3TalloBaHi 4O eKkpaHa (a/re — 1), TUM CUNbHI-
lWe edbeKT BNAMBY ekpaHa 1 binblia eMHICTb kona. NMpun Benukux pagiycax
ekpaHa (r,— o) EMHICTb €KpaHOBaHOro Kosia HabnmxaeTbCcsa A0 €MHOCTI
HeekpaHOBaHOrO.

[MpoBigHiCTb i30NnsUil eKpaHOBAHOro Kosa, Tak camMo SK | HeekpaHoBa-
HOro, pO3paxoByeETbLCSA 3a POPMYIIOHD

G,=wC, tgd. (3.17)

3.6. OnTMManbHi cniBBiAHOLWEHHA NapamMeTpiB CUMETPUYHUX JliHIN
3B’A3KY

OpHieto 3 akTyanbHUX Npobrnem KabernbHOI TEXHIKM € 36inblUeHHs aa-
NbHOCTI 3B’A3KYy 6€3 4oAaTKOBMX BUTPAT KONbOPOBMX METaniB (3a paxyHoK
30iNbLIEHHA nepepi3y NPOBIAHUKIB Kabemnto 1N 3HMKEHHSI IXHbOro onopy).
[na BupiweHHs uiel npobnemu BLOOCKOHamMOWTb anapatypy 3B'si3Ky W
3MEHLLYIOTb 3racaHHa kabesnbHoro Kona.

KoediuieHT 3racaHHs BU3HAYaeTbCHA BUPa3oOM

a=R/2{C/L+G/2|L/C=a, +a,, (3.18)
fea,, o — KoeqiLieHTU 3racaHHs B MeTani N OieneKkTpuKy.

CTBOpPUTM Taky fiHito, B Akin 6 R =G =0, HEMOXIMBO, OCKINbKN
Oyab-aKe peanbHe KabenbHe Koo Mae aktueHMi onip R i npoBigHicTb G.
MoxHa nuuwe nigibpatv Take CniBBIAHOLWEHHA MK napameTpamMu Kona,
LLO6 Moro 3aracaHHs 6GUNO HaMeHLNM.

Xapaktep 3MiHW KOeMIUiEHTIB a, i a; NpU Pi3HUX CMiBBIOHOLUEHHSAX
X =,/RC/LG HaBegfeHo Ha puc. 3.11.

3i 3pocTaHHaAM X BenuuMHa a,, Ko
36inbLIYETLCA, @ o, Pi3KO 3MEHLLY-
eTbest. Mpu X =1 BTpaTM B MeTani Om+ ay Oy

OOPIBHIOKTL BTpaTaM Yy LIeNeKkTpuky RG
(o =a,) i 3racaHHsa kabenwo mae '

HaVMEHLLIY BEJTUYNHY: Un :
a’min = a’O = \/R_ . |
Lle mae micue y Tomy BMnagky, |
KON NEepBUHHI napameTpu Kona I .
3HaxogATbCs Yy ChiBBiOHOLLEHHI 1 JRC/LC
RC=LG. Take cniBBiOHOLWIEHHA € Puc. 3.11

27



ONTUMasbHUM, i 4O HbOrO Crig HabnmXxaTUCA NpPU KOHCTPYHOBaHHI kabenis
3B’s3Ky. B kabensax icHytoumx TuniB R i C nepeBunLLytoTb 3a BenninHamm L
i G, To6TO0 RC >> LG. ToMy HeobxigHO BXMBATK chnevjianbHMUX 3axoaiB ong
3MEHLLEHHS 3racaHH4:

— 3MeHLwyBaTu onip R — ckrnagHo, OCKifibku BennynHa R pernamMmeHTo-
BaHa 4ONYCTUMUMW BUTpaTamMn Migi (aiaMeTpoM Xunmn);

— 3MeHLWYyBaTn eMHiCTb C — HeAOoUiNbHO, OCKiNbK1 noTpebye 30inbLueH-
HA BigcTaHi M Xunamm kabento (To61o 36inbLeHHA rabapnTHNUX Po3MipiB);

— 36inblyBaTK IHOYKTUBHICTb L — €ANHUIA pearibHUX LWSSX 3MEHLLEH-
HS1 3racaHHs.

ICHYIOTb Aekinbka pisHUX cnocobiB LWTY4YHOro 36inblUeHHsT IHOYKTUB-
HOCTi KaberibHUX Kifl 3B’a3KY:

— nyniHu3ayisi — BBIMKHEHHS y KabernbHe KOno 4yepes rneBHi BiACTaHi
MyniHOBCbKMX (Ha YecTb aBTopa llyniHa) KOTYLWOK iHOYKTUBHOCTI;

— Kpapyni3ayiss — 3acToCyBaHHS (pepomMarHiTHoi 0bMOTKM Ha CTpy-
MOMPOBIAHIN XWni;

— 6iMemani3auyisi — 3acTocyBaHHs1 GimeTaneBnx 03ani3HEHUX XU,

— BUKOPUCTaHHSA Ma2Himodienekmpuka.

3.7. KOHCTpyKUif cMMeTPUYHMUX KabeniB i IXHi XapaKTepUCTUKU

CumeTpuyHi kabeni LWMPOKO BUKOPUCTOBYIOTLCS Ha JiHisIX Marictpa-
NbHOro, 30HOBOIO, MICLKOTO M CiflbCbKOro 3B’SA3KY.

[Ona mMaz2icmparsibHO20 38°S13KY 3aCTOCOBYIOTLCA 4x4 | 7x4 KOHCTPYKUIl
kabenis, a ons 30HOBOro — KOHCTPYKLUiSt 1x4. B yCiX KOHCTPYKLISAX BUKOPUCTO-
BYIOTbCS MigHI NpoBigHWKK giameTpoM 1,2 MM, idondauis moxe byt ctupodone-
kcHoto (Tun MKC), naneposoto (Tvn MK) i nonietunexosoto (tun MKIT). O6o-
NIOHKa MoXke ByTM CBUHLIEBOIO, artoMiHIEBOIO abo CcTanbHO (rodpoBaHOH0).

OCHOBHUM TUNOM CUMETPUYHOro Kabento € Kabenb KOHCTPYKUiT 4x4 3
KopaenbHo-nonictuponoso  (ctupodonekcHow) izonsuieto  MKC-4x4.
3anexHo Big Tuny obonoHku kabenb mapkytotb MKC (csBuHuesa), MKCA
(antomiHiesa) abo MKCC (ctanbHa). Kabenb B antomiHieBin 0B60noHLi
BiNbWw OelWeBUN i NTIErKMA, HIXXK Y CBMHLEBIN, | Ma€ Kpalli ekpaHyrodi Bnac-
TMBOCTI. Y BCIX BUMNagKax KOHCTPYKLIA cepAeyHuka kaberno igeHTUYHa.
bByaoiBernbHa goBXuWHa Kabento cTaHoBUTL 825 M.

KoHCTpykKuito kabento HaBegeHo Ha puc. 3.12, ae 1 — nonieTnneHoBui
lnaHr; 2 — nonieiHinxnopuagHa ctpivka; 3 — 6itymHa cymiw; 4 — naHuep-
HUM OpIT; 5 — npsika; 6 — ABI NAHUEPHI CTPIYKKN; 7 — nogyLiKka; 8 — KIenknm
wap; 9 — anomiHieBa obonoHka; 10 — nosicHa i3onsuis; 11 — 4eTBipKa;
12 — cTpivka; 13 — kopaenb; 14 —xuna; 15 — 3anoBHIOBaM.
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MKCABn 7 6 5

MKCABnlln MKCAKnRLUn
1

14 15 74
MKCABnI MKCALLn

Pwuc. 3.12

CtpymonpoBigHi xunn (14) detsipok (11) i3ontoloTb pisHOGapBHUMYK
nonictnponbHnm Kopaenem (13) i nonictponbHoto cTpivkoto (12). MNepwa
napa KoXHoI YeTBIpKN CKNagaeTbCs 3 XU YepBOHOIO W XXOBTOMO KOJSIbOPIB,
apyra — 3 XXun CMHbOro N 3eneHoro Kosibopis. LIeHTp YeTBipKM 3anoBHIO-
I0Tb CTUpOdonekcHNUM kopaenem (15).

CcopmoBaHuin 3 4eTBIPOK cepaeyHUK Kabento NokpuBaoTb NOACHOM
isonsuieto (10) i nomiwatoTb y 3axmMcHy antoMiHieBy o0605oHKy (9), wo
30epirae 1oro Big BONOrN 1 MeXaHi4YHMUX BMINBIB.

[MoBepx antoMiHiEBOI 0OONOHKM HAHOCATbL aHTUKOPO3iNHE 3aXMCHe MNo-
KputTa y BUrnagi 6itymy (3) i nonietuneHoBoro wnaxdra (1). 3anexHo Big
YMOB TMpOKNaZaHHA Kabent 3Bepxy wraHra mMoxe OyTuM BUKOPUCTAHO
[oOaTKoBe NOKPUTTS Takux TUNMIB:

— Wn — nonietuneHoBuin winaxr (1) 3 knenkum wapom (8), Skun 3acTo-
COBYETbLCA NpW NPOKNagaHHi kabento B KaHanisauisix, Konekropax, TyHensx,
a TaKoX y panvoHax 3 ManuM 30BHILLHIM efleKTpOMarHiTHUM BrNBOM,;

— bnl" — 6poHA 3 ABOX CTanbHUX CTPIYOK (6) 3 NOMieTUNEHOBUM LUNaH-
rom (1) 6e3 30BHILLHBOr0 MNOKPUTTA; Kabeni 3 TakKMM NOKPUTTAM 3aCTOCO-
BYKOTbCA NPU NPOKIadaHHi B KaHani3auisx i FpyHTax yCix KaTeropiu;

— bnlUn — 6poHsa 3 ABOX cTanbHUX CTPIYOK (6) i3 30BHILLHIM nonieTune-
HOBWUM LUNaHrom (1), sika 3aCTOCOBYETbCA And Kabenis, WO NpoknagalTbed
B arpecuBHUX I'PyHTaX y panoHax 3 NigBULLIEHOK rPO30BOI0 AiANbHICTIO;

— bn — 6poHsa 3 OBOX CTanbHUX CTPIYOK (6) 3 NONIeTUNEHOBUM LUaH-
rom (1) i 30BHILHIM NOKPUTTAM 3 KabenbHOI NpsXi (5), iIka 3aCTOCOBYETLCA
ansa kabenis, WO NpoknagalTbCa y I'PYHTax YCix KaTeropiu;

— Knln — 6poHa 3 kpyrnnx poTis (4) i3 30BHILHIM NONIETUNEHOBUM
wnaHromMm (1), Aka 3acTtocoByeTbCs An1s Kabenis, WO Npu3HayeHi ons npo-
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KnagaHHA B pidkax i panoHax BIYHOI Mep3rioTM NpU BESNUKUX POITSKHUX
3yCunnsix.

Ansa kabenis MKC € HopMoOBaHWUMM TaKi eNTEKTPUYHI XapaKTePUCTUKN:

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

— onip i3onauil — He meHwe 10 000 MOM-kMm;

— EMHICTb — 24,5+1,0 HO/KM™;

— nepexigHe 3racaHHs Ha BAMXXHBOMY KiHUI NiHIT — He meHwe 61,7 ab;

— nepexigHe 3racaHHs Ha ganbHbLOMY KiHUi NiHil — He meHwe 73,8 ob;

— enekTpuYHa MilHiCcTb idonauii Mmix xunammn — 1500 B.

[ns mepex MicbKko20 38°s3Ky BUKOPUCTOBYHOTbCA Kabeni ABOX npu-
3Ha4eHb:

— aboHeHmMChbKI, siKi 3abe3nevytoTb 3B’A30K MK ATC i aboHeHTamu,
A51s1 YOro 3acToCOBYHOTbCA BaratonapHi TenedoHHi kabeni oo 2400x2;

— 3’€0HysarnbHi, siki 3ab6e3nevytoTb 3B’430K Mk ATC i 3 MiXXKMICbKOIO
ctaHuietro (MTC), ons 4oro okpiM TenedOHHUX TaKOoX 3aCTOCOBYHTbCHA
CUMETPUYHI abo KoakcianbHi kabeni MiXKMiCbKOro Tuny.

ABOHeHTCbLKI TenedOHHI kKabeni nigpo3ainaTbca Ha ABa TUMK:

— 3 narepoeoro i3onsayieto (Tpybyatoro abo NopucTor) B MeTanesin
3axucHin obonoHui (CBMHUEBIN, antoMiHieBi abo ctanesin) 6e3 bpoHi (T1)
abo 3 pisHNMM OPOHLOBAHMMW MOKPUTTAMWU: cTanesummn ctpidkamu (Thb)
abo kpyrnumun gpotamu (TK);

— 3 ry1acmmacoe8oto i30/1uUjero 3 CYUISIbHOro nonieTurieHy B nosieTu-
nenosin (TT1MM), nonisiHinxnopuaHin (TTB) abo ctanesin (TINC) o6onoHLui.

B 060ox Bunaakax xunu kadenis BUroToBnAOTLCA 3 Mifi.

Tunu 3aranbHMUX CKPYTHIB Kabento B CepaeyHuK Taki:

— rosigHul, Konu rpynu NPOBIAHUKIB PO3TALLOBYOTLCA NOCSIL4OBHUMMU
KOHUEHTPUYHUMMK L1apamm (NoBiBamMu) HABKOJIO LIEHTPanbHOro rnoBiBy;

— My4YKo8UU, KOS Tpynu NPOBIOHUKIB CMOYaTKY CKPY4YYHTbCS B YHi(i-
KOBaHi Ny4kn, WO MICTATb AeKinbka AeCATKIB rpyn NpoBigHWKIB (HANBINbLU
nowmpeHnmu € YyHidpikosaHi nydkn 100x2 (3a €MHICTIO pO3MoainbHOro
bokcy) i 10x2 (3a eMHICTIO po3noainbHOT KOPOBKK)), Aani Ui MyYKn CKpy4dy-
I0Tb pPa3oM, YTBOPKOOYN cepaeYHUK Kabernto.

Kabeni cinbcbko20 38°sA3Ky Niopo3ainaoTbCa Ha Taki:

1. MixkemaHUyilUHi — 3a3BMYaln 3aCTOCOBYHOTbLCH BMCOKOYACTOTHI Of-
HO- i aBoYeTBipoYHi kabeni TuniB KCIM-1x4 i KCIM-2x4 (puc. 3.13), e
1 — MigHa xuna; 2 — isonsauiga; 3 — rigpododbHuI 3anoBHOBaY; 4 — NoscHa
i3onsuis; 5 — anoMiHieBUM ekpaH; 6 — cTanbHa CcTpidkoBa BpOHS; 7 — noni-
eTuneHoBa 00OOHKa.

3anexHo Bigd yMOB npoknagaHHa Kabento Moxe O0yTu BUKOPUCTaAHO
NOKPUTTS TaknX TUMIB:
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— b — 6poHsA 3 OBOX CTaneBuX CTPIYOK i3 30BHILIHIM MOKPUTTAM, LLO
3aCTOCOBYETLCSA NPU NPOKNaaaHHi kabento B I'pyHTi;

— K — B6poH4a 3 Kpyrnmx ApoTiB, ka BUKOPUCTOBYETLCS NPU NpoKragaH-
Hi Kabento B piykax i paroHax BiYHOI MEP3NOTH.

[anbHiCTb MiXCTaHUinHOI nepenadvi moxe caratm 100 km (y cepen-
HoOMY 40 KMm).

2. AGoHeHMCcbKi — 3a3BU4ani BUKOPUCTOBYIOTLCA 3BUYaKHI kabeni mi-
CbKOro TenedoHHOro 3B’sa3Ky eMHICTIO 40 50x2 (B ocHoBHOMY 10-20 nap),
npu LboMYy A0BXMHA abOHEHTCbKUX NiHiM He nepesuwyto 15 km (y cepea-
HbOMY 2...3 KM). 3aCTOCOBYHTbCA TakoX ogHonapHi kabeni Tuny MPITM-

1x2 (puc. 3.14), ge 1 — migHa kuna; 2 — nonieTuneH; 3 — nonieTuneHoea
obonoHka.

iy,
A,
//I//,,,’,,

KCIIIIb-2x4

KCIMs

Puc. 3.13

MNepeBaramMn cUMETPUMHUX Kabenie € TexHonoriy-  [PMNM-1x2
HICTb KOHCTPYKLIT N BUCOKa HafivHICTb 3B’A3Ky. OgHak Ui
kabeni 4yepes BigKkpuTe MNofie MakTb MOPIBHAHO HU3bKY
3aBajo3axuULLEHICTb, MOTPEBYOTb BUKOHAHHS CKNagHUX
pobiT 3 6anaHcyBaHHS N MOXYTb 3aCTOCOBYBaTUCS fuLle ,
08 nepegadi curHanis B oOMexXeHoMy gianas3oHi 4acTorT. Puc. 3.14

4. KOAKCIAINbHI KABENI
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4.1. EnekTpn4Hi Nnpouecu B KoaKciarbHUX Korax

30aTHICTb KOaKcCianbHOI napu nporyckaTtu LWMPOKUMA CNEKTP 4acToT
KOHCTPYKTMBHO 3abe3nevyyeTbCsl KoakCianbHUM po3TallyBaHHSAM BHYTPILL-
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HbOrO 1 30BHILLIHLOrO MPOBIAHUKIB. B3aemopaia enekrpomMarHiTHMX Mosis
NPOBIOHWKIB KOAKCiaribHOI Napu Taka, WO 30BHILUHE NoJsie JOPIBHIOE HYIIHO.

Y MmeTanesin TOBLUi NPOBIAHMKA a MarHiTHe nose Hq,a 3pocTae, a rnosa
HUM 3MEHLUYETLCA 3a 3aKOHOM Hq,a=l/2nr, Ae r — BiACTaHb Big UeEHTpa

nposigHuka (puc. 4.1). lNone H(p6 NpoBiOHUKA 6 BCepeanHi NOPOXHLOro
uuniHapa BIACYTHE, @ NMo3a HUM BUPAXXaeTbCA TakUM CaMUM PIiBHAHHAM:
Hq,6 =—1/2nr, ge r — BigcTaHb Big NOPOXXHBLOrO NPOBIAHUKA.

YpaxoBytouu, LLO CTPYMU B NPOBIAHUKAX a | 6 OQHAKOBI 3@ BENMNYNHOKO
N NPOTUSIEXHI 3a 3HAKOM, MarHiTHI MONs BHYTPIWHBLOrO M 30BHILUHLOIO
NnpPoBIgHUKIB Hq,a [ Hq,6 B Oyab-sKin TouUi MpOCTOpy Mo3a KoaKCiarbHOM
napot Takox OyayTb OQHAKOBUMW 3a BENIMYUHOK W CNPSAMOBaHI B pPi3Hi
6okn. OTxe, pesynbTylode MarHiTHe nore nos3a KOakcCiarbHOK Napoto
Oyae oopiBHIOBATU HYNIHO.

TakuM YMHOM, CUMOBI NiHIT MarHiTHOrO MO PO3TalloBaHi BCEPEeaHI
KoakcianbHOI napu y BUMMSAi KOHUEHTPUYHUX OKPYXXHOCTEW, a no3a Koak-
cianbHOI Napol MarHiTHe none BiACYTHE. EnekTpuyHe none BcepeauHi
KoakcianbHOI napu TakKOX 3aMUKaETbCA MO pagianbHUX HanpaMKax Mix
NpoBigHMKaMK, a No3a ii MexxaMmn JOPIBHIOE HyIo (puc. 4.2).

Mone
nposigHuKa a

Mone
npoBigHUKa 6

Mone ka6enio m

Puc. 4.1

BiacyTHICTb 30BHILLHBOrO eneKkTpoMarHiTHoro nosis obymMoOBMIOE Taki
OCHOBHI nepeBarn KoakcianbHuMX Kabenis: LWUMPOKMA [dianas3oH 4acTorT,
BenuKa KinbKiCTb iHopMaUiNHUX KaHaniB, 3aXULEHICTb Bifg 3aBad, MOX-
NNBICTb opraHisauii ogHoKkaberibHOro 3B’s3Ky.

[MoBepxHeBUN eMEKT y BHYTPILLHbOMY NPOBIOHMKY MOBHICTIO aHarori-
YHUM edpeKTy B NPOBIOHUKY CUMETPUYHOI NiHil, @ y 30BHILLHbOMY NPOBIa-
HWUKY WINbHICTE CTPYMY 30iNbLUYETLCA Y HaNpPsMKy 0O MOro BHYTPILHBLOIL
noBepxHi. Lle MOACHIETECA TUM, WO Ha CTPYM 30BHILIHBLOrO MPOBIgHMKA
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BMAMBAE Nnorne BHYTPIWHLOrO NpoBigHMKa. AKWO 6 LbOro nNpoBigHWKa He
Oyno, TO 3MiHHMI CTPYM, NPOXOASAYM 30BHILLUHIM MPOBIAHNUKOM, BHACMIOOK
NOBEPXHEBOro e(hekTy BUTICHABCA 6 Ha 30BHILLHIO MOBEPXHIO.

Bnnue BHYTPILWHBLOro NpoBigHMKa a nondrae y Tomy, WO 3MiHHE mar-
HITHE none, WO CTBOPKETLCA CTPYMOM, SKMW NPOTIKAe y HbOMY, HABOOUTb
y MeTanesin TOBLLi NOPOXHLOrO NPOBIgHMKA 6 BUXPOBI cTpymn I, .. Ha
BHYTPILLUHIN NOBEPXHi NPOBIgHMKA & BUXPOBI CTPyMu 36iratoTbCcda 3a Hanps-
MOM 3 OCHOBHUM cTpymMoMm (I +1;.), @ Ha 30BHIWHIN — NPAMYIOTb MPOTU

Hboro (I - I;.¢) (puc. 4.3).

BHacnigok uboro CTpym Yy MpOBIOHWKY Nepepo3nofifiIaeTbCa Takum
YMHOM, LLIO NOTO LWINbHICTb 3pOCTaE Y HaNPSMKY 00 BHYTPILIHBLOT NOBEPXHI.
Omxe, CTpyMM B NPOBIAHUKAX a | 6 K O 3MILAOTLCA U KOHLEHTPYHTLCA
Ha B3aEMHO 00epHEHNX MOBEPXHSAX NPOBIgHUKIB (puc. 4.4).

6

! f !

Puc. 4.4

Unm BULa YacToTa, TUM CUMbHILWNK edPeKT 3MILLEeHHA CTPYMYy Ha 30B-
HILLHIO MOBEPXHK MPOBIAHMKA a | BHYTPILHIO MOBEPXHK NPOBIAHMKA 6.
BHacnigok uUbOro eHepria 3ocepekyeTbCs BcepeauHi KoakciarbHOro
kabeno B AOieNekTpuKy, a NPOBIOHMKM NULLE 3a4aloTb HanpsIMOK PO3Mo-
BCIOPKEHHA eNeKTPOMarHiTHOT XBUJi.

3aBaxaribHe eneKkTpomarHiTHe nosfie BUCOKOI YaCTOTU, LLO CTBOPHETb-
CS CyCigHIMK Konamu nepefadi abo iHWUMK SJKepenamu 3aBaj, 4iyun Ha
30BHILLHIV NPOBIAHMK KOaKCianbHOI Napu, Takox Byae po3noBcloaKyBaTUCH
He Mo BCbOMY nepepidy kabento, a nuule o NOro 30BHILLHIA NOBEPXHI.

30BHILLHIN NPOBIOHUK KOaKcianbHOI Napu BUKOHYE ABi (PYHKLUII: € 380-
POMHUM npoeiGHUKOM Kona nepegadi n 3axuwae (eKpaHye) nepegavy,
L0 3OiNCHIOETLCSA Kabenewm, Bia 3aBakanbHMX BMNIMBIB.
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OCHOBHUI CTPYyM nepenadi KOHLEHTPY-
€TbCSA Ha BHYTPILLHIA NOBEPXHi 30BHILLUHBLOIO
npoBigHMKa, a CTpyM 3aBag — Ha WOro
30BHILLHIN NoBepxHi (puc. 4.5).

AK OCHOBHUMW CTPyM, TaK i CTPyM 3aBaj
NPOHMKaKTb Y TOBLLY MPOBigHWKA Nuwle Ha
MuUOMHY, WO BU3HAYa€ETbCHA KoedilieHTOM

BUXPOBUX CTpymiB k=,/op,c. Yim Brwa

yactoTta, Tum Oinblue BigaansawTbCA OAVH
Bi OOHOro 3a3Ha4yeHi CTpymMu W, BigNoBia-
Puc. 4.5 HO, kabenb Kpalle 3axulieHun Bi BANUBY
CTOPOHHIX 3aBaj.
Taknm YMHOM, OCHOBHI MepeBarn KoakcianbHOro kabemno ocobnmBo SACK-
paBo NPOSABMATLCHA Y BUCOKOYACTOTHIN YaCTUHI CeKTpa, WO nepeacTbes.

4.2. BU3Ha4YeHHA NepBUHHUX NapaMeTpiB KOaKCianbHUX NiHin
4.2.1. Onip ma iHOykmueHicmb

BusHayeHHA Uux napameTpiB 34IMCHIOETLCA Ha OCHOBI BpaxyBaHHSA
NOrfMHEHOI NPOBIAHUKAMWN eHeprii, WO cnpAMOBaHa BCepeanHy Koakcia-
NbHOro Kabento.

[MoBHUIM OnMip KOaKCianbHOI Napu CKNagaeTbCA 3 Ornopy BHYTPILHBOMO
R, i 30BHiLWIHBbOro Rg NpoBigHUKIB.

Mig Yac BU3Ha4YeHHsa 3aranbHOl iIHAYKTMBHOCTI KOakcianbHOro kabento
OKpIM BHYTPILLHbOI IHOYKTUBHOCTI NpoBigHUKIB L, i L HEobXigHO Takox
BpaXxyBaTu 30BHILLHIO MDKMPOBIAHUKOBY iHAYKTUBHICTb Ljqgp.

Ansa sucokux Yactot (60...100 kl'y i BMLLE), AKi MatOTb Benvke npakTu-
YHe 3HaYeHHs NpW 3acTOoCyBaHHS KOakcianbHOro kabento, po3paxyHOoK
onopy R, Om/km, Ta wHayktmBHoCcTM L, H/KM, MOXHa 3AiicHIOBaTU 3a
TakMMK CrpoLLeHnMn popmMyramu:

V(11

R=R_+R.=—"| —+—|, 4.1

a0 Yo r, I, (4-1)
Ae r, — pajiyc BHYTPILUHLOro NPoBIgHWKA; rg — BHYTPILLHIA padiyc 30BHiLL-
HbOro NpoBigHuKa; k — KoewiuieHT BUXPOBUX CTPYMIB; 6 — MPOBIOHICTb

NPOBIOHUKIB;
V2
Ml 1 1) om0, 4.2)

4nk r, I r,

L=La+L6+LBOB=

ae p, — abcontoTHa MarHiTHa NPOHUKHICTb NPOBIAHWKIB.
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4.2.2. EMHicmb i npoeiOHicmb i3onayii

Mig yac BM3HavyeHHA emHocTi C, ®/KM, KOakcianbHOro kabento Bpaxo-
BYOTb, WO BiH aHaNoriyHUM UMNIHOPUYHOMY KOHAEHcAaTopy i MOro enekr-
pUYHE none CTBOPKETLCA ABOMA UMMIHOPUYHMMUK NOBEPXHAMMU 3i Cifb-
HOIO BICCHO, BHACSILOK YOro HarnpyXeHiCTb enekTpUYHOro nosid Mae PiBHi
noTeHLuiann Ha o4HaKoBIN BiACTaHi Big LeHTpa kabento:

-6
c-—&10 (4.3)

181n(r6/ra) ’
ae & — gienekTpuyHa NPOoHUKHICTb i3onauil.
MposigHicTb idonauii G, Cm/KM, KoakcianbHOro kabeno BU3Ha4YaeTbCA 3a
TIEO XX CaMOt0 OOPMYIIOHD, LLIO M MPOBIOHICTL i30M1ALiT CUMETPUYHOIO Kabento:

1
G=—+oCtgd. (4.4)
Ri3
Ockinbku Ha npakTuLi R;; HOpMyeTbea Ha piBHi 10* MOM:kM, TO y Bu-
KOpPUCTOBYBAHOMY [iana3oHi YacTOT YacTo MPOBIAHICTb i30n4Uii MOXHa He
BpaxoByBaTMW.

4.3. OCHOBHI 3aNeXHOCTi NepBMHHUX NapamMeTpiB KOaKCianbHUX NiHiN

YacToTHI 3aneXXHOCTi NEPBUHHUX NapaMeTpiB KOAKCianbHWUX JiHIN MOBHIC-
THO aHasnorivHi 3aneXHOCTaAM NapamMeTpiB CUMETPUYHUX MiHIN. 3i 3pOCTaHHAM
4aCTOTN aKTUBHUKM OMip 3aKOHOMIPHO 36iNbLUYETLCA 3@ paxyHOK MOBEPXHEBO-
ro eqekty n edpekty 6nm3pKocTi, MpMyoMy HanbinbLWy NUTOMY Bary Mae onip
BHYTPILLHLOrO NPoBigHWKA, TOOTO BennumHa R, binbLia 3a R B 3 — 4 pasu.

IHOYKTUBHICTb 3i 36inbLUEHHAM 4YacToTn 3MeHLWwyeTbes. Lle 3ymoBneHo
3MEHLUEHHAM BHYTPIWHbLOT IHAYKTUBHOCTI NpoBigHWKIB L, i Lg 3@ paxyHoOK
NnoBepxHeBOro edekty. 30BHILIHA IHOYKTUBHICTL 3i 3MIHOK 4acTOTU He
3MIHIOETBCA. 4 LCG

EMHICTb KOakcianbHoro kabdento Big 4acToTU He
3anexuTb. [MpoBigHICTb 3i 3pOCTaHHAM 4YacToTu 30i- L
NbLUYETbCA NiHIMHO. BenunuuHa 1i, B nepluy 4yepry,
3anexuTb Big SIKOCTI AieneKkTpuka, Wo BUKOPUCTOBY-

: c

€TbCS B Kabeni.
3MiHa NepBUHHMX NapamMeTpiB 3i 30iNbLLIEHHAM G
cniBBigHOWEHHA pagiyciB (giamMeTpiB) 30BHILLIHLOIO D/d

M BHYTPILUHBOrO NPOBIAHUKIB KOAKCianbHOro kabesno Puc. 4.6
Mae BUrnag, HaesegeHnn Ha puc. 4.6.

3i 30inbweHHsaM D/d (rg/ry) IHOYKTUBHICTL Kabento 3pocTae, a Moro
EMHICTb | MPOBIAHICTL i30M4Uii 3MeHLWYTbCA. AKTUBHUM onip R He 3ane-
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XUTb Bifg cniBBigHoweHHA D/d, a BU3HA4YaeTbCA abCONOTHUMWN 3HAYEHHS-
MU pagiyCiB 30BHILWHLOMO W BHYTPIWHBLOMO MNPOBIAHUKIB. YnM TOBCTIWe
NPOBIAHUKU, TUM MEHLUI IXHi aKTUBHI Ornopwu.

4.4. BusHa4yeHHs1 BTOPUHHUX NapamMeTpiB KoaKcianbHUX MiHiN

OckinbKn koakcianbHi kabeni NpakTUYHO BUKOPUCTOBYIOTLCS B CAEKTPI
yactoT Big 60 kl'y i Buwe, ge R<<oL i G<<oC, BTOPUHHI napameTpu
nepegadi MOXXHa BU3Ha4YMTK 3a TaknmMu popmynamu:

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

3a3Bu4an BTOPWUHHI NapaMeTpu NMPURHATO BUpaxaTn 6esnocepeHbo
yepes rabaputHi po3mipu (d i D) i napameTpu i3onauii (e, tgd). B ubomy
BUNALKy MOXXHa KOPUCTYyBaTUCSA Takumu hopmMmynamm:

— ANs XBUNbOBOrO Ornopy

60 (D
Z =——In| — |; 4.9
e (d) 49
— ONs KoediuieHTa 3racaHHs
q=2OVlE (1 1 1072+ 9,08 f\/ctgd - 1075 ; (4.10)
In(D/d)\d D

— Ons KoediuieHTa dasn

B=0ut, =oVe/c; (4.11)

— ONS WBWUOKOCTI pO3MNOBCIOOKEHHS eHepril

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

4.5. OnTumanbHe cniBBigHOLWEHHS AiaMeTpiB NPOBiAHUKIB
KoaKcianbHoOro Kona

OnTumiszauis napameTpiB y BUNAAKy KoakcianbHOI NiHil nonsrae, B re-
pLy 4Yepry, B BUOOPI CNiBBIAHOLWIEHHA OiaMeTpiB 30BHILLIHBOrO M BHYTPILL-
HbOro npOBIOHMKIB Kabento, npu skoMmy OyayTb MiHiIManNbHUMK 3aTpaTu
MaTtepianiB i pecypciB Ha MOro BUIOTOBMIEHHS, a TakoX 3abesnedvyBaTu-
METbCS MiHiMi3auis abo MakcuMmisauia ogHOro 3 nepegaTovHnX napameTpiB.
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[ns kabeniB 3B’A3Ky, 3a AOMNOMOroK SIKMX HeobxigHO 3abeaneyunTu
Hanbinbly AanbHICTb 3B’13KY, OCHOBHOI 3agadvelo € 3agadva MiHimizauir
32acCaHHs.

Mig Yac BMKOPUCTAHHA Cy4aCHUX BUCOKOSAKICHUX fierieKTpukiB koedi-
LlIEHT 3racaHHA o KoakcianbHOro kabento Moxe 0yTU BUSHAYEHUN SIK

3 2,6\fe (1 1).10—3_ 2,6Vfe 1(%4.1).10‘3_ (4.13)

*=m(p/a)la" D " In(D/d) D

Ak Bunnueae 3 Bupasy (4.13), 3i 3poctaHHAM D/d YmcenbHUK 36inbLuy-
€TbCA NiHINHO, @ 3HAMEHHMK — NPOMOpPLUIMHO forapudmy cniBBIAHOLLEHHS
D/d, Wwo cBig4YnTb NPO HAABHICTb Y 3aeXHoC-
Ti a(D/d) onTumymy (puc. 4.7). 3a 4ONOMOroro
andoepeHuianbHOro adanisy npu D=const |
MaeMmo, Lo o MiHiMarnbHe npu cniBBigHOLWEHHI

D/d = 3,6. (4.14) A
CnieBigHoweHHA (4.14) cnpaBegnuee _’%
ans kabenis 3 ogHakoBMMU (MigQHUMMK) NPOBI- 3
AHukamun (ams. puc. 4.7, kpmBa 3). AKWO X >
NPOBIAHWKN BUIOTOBSIEHI 3 PI3HMX MeTarnis 36 39 52 D/d
(BHYTPILLHIN — 3 Migi, @ 30BHiLLHiil — 3i CBWH- Puc. 4.7
Lo (kpusa 1) abo antomiHito (kpmBa 2)), TO MiHiManbHe 3racaHHs BU3Hava-

ETbCSA 3a POPMYIIOH0
In(D/d)=1+d/D /o, /o), (4.15)

e 64 i 6p — NPOBIOHOCTI MeTaniB BHYTPILLHbOrO M 30BHILUHLOIO NPOBIgHMU-
KiB BiAnNoOBIAHO.

[Mig Yac KOHCTPYKOBAHHSA KOaKcianbHOro Kabesnto, AKWo BenmymHa no-
ro XBWNEBOro Ornopy CyBOPO HOpPMOBaHa, OOBOAUTLCA BigcTynaTtu Bif
onTMMmarnbHOro cnieeigHoweHHs D/d. MNpu uboMy HamaratoTbCca BUBUpaTH
BiaXmMneHHs cniseigHoweHHa D/d nuwe y gewo Ginbwunn 6iK, OCKinbKu
BiAXWUNEHHS Y MeHLWM Bik NoB’A3aHO 3 JO0BOJSII Pi3KMM 3pOCTaHHAM Koedi-
LieHTa 3racaHHsa (aue. puc. 4.7).

[ns 3abe3nevyeHHs 3a4aHOro XBWUIIEBOro ornopy Zy CniBBigHOLLEHHS
D/d Bn3Ha4vaeTbCs K

A a

D/d=exp(ZXJE/60). (4.16)

Ak BugHo 3 Bupasy (4.16), xBunboBu onip Kabemnto 3HaA4YHOK MiPOHD
3anexuvTb Bif BENUYUHKU AieneKTPUYHOI NPOHUKHOCTI isonsauil €. Hanpuknag,

Ans 3abesneyeHHs XBUILOBOrO onopy Zy = 75 OM Mixx D/d i € NOBUHHI
BUKOHYBaTUCA NEBHI criBBigHOLWEHHS. [1esKi 3 HUX HaBeaeHo y Tabn. 4.1.
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Tabnuusa 4.1
£ 1,0 1,03 | 1,1 | 1,2 | 1,3 | 1.4 | 1,5 | 23
Dd| 35 | 36 | 3,7 | 39 | 42 | 436 | 45 | 6,8

Axkwo 3a gonomoroto kabento HeobxigHO 3abe3neunTn nepedady Be-
NNKOI NOTYXHOCTI abo € notpeba y kaberni, po3paxoBaHOMY Ha BesiMKy
Hanpyry, sik Le 3a3Buyan 6yBae B KOaKCianbHUX pagiodacToTHUX kabensax
digepHOro npusHa4yeHHd, TO ONTUMaribHYy KOHCTPYKUiIK0O MaTtuMemo Mnpu
iHWoMmy cnieeigHoweHHI D/d. Tak, ona 3abeanedeHHA MakCUManbHOI enek-
TPUYHOI MiLHOCTI Tpeba aoTpumMmyBsaTucsa crnieeigHoweHHs D/d = e = 2,718, a
Ans 3abesnevyeHHsa MakcumarnbHOI NOTYXXHOCTI — D/d = 1,65.

4.6. KOHCTpYKLUiA KoaKcianbHUX KabeniB Ta IXHi XapaKTe pUCTUKKU

KoakcianbHi kabeni 3aBasikM CBOIN BENUKIA MPOMYCKHiN 30aTHOCTI BU-
KOPUCTOBYIOTLCA B OCHOBHOMY Ha niHIAX MarictpanbHOro 1M 30HOBOrO
38'a3ky. Okpim TOro, BOHM MOXYTb BUKOPUCTOBYBaTUCA  [ONSA
3'e4HYBanbHOro MiCbKOro 1 NpUMICbKOro 3B’s3KY.

Hanbinbwe nowuvpeHHa Ona mMaz2icmpasibHo20 38°s3Ky OoTpumanm
kabeni:

— cepedHbo20o (2,6/9,5) Tuny (KM-4) — ona opraHisauil 6aratokaHa-
NbHOTrO 3B’A3KYy 1 TenebayeHHa Ha BenuKi BiACTaHi MK KiHLEBUMW MyHKTa-
MU 1 KPYNMHUMMW By3iaMu 3B’S3KY;

— Mano2abapummtnoezo (1,2/4,6) Tuny (MKT-4) — ons opraHisauii pos-
NOAINbHUX KaHaniB MK MPOMDKHUMW MYHKTaMU N MICbKAMW BYy3namu
3B’A3KY, pO3TallOBaHMMK 3a Tpacow marictpani;

— KOM6iHOB8aHiI, siKi CKnagalTbCs 3 YHOTUPLOX, LWEeCTU abo BOCbMK Koa-
KCianbHUX Nap cepefHbOro TUMNy M YoTUPbLOX abo wecTn manorabapuUTHUX
nap, Hanpuknag KM-8/6 (B yMcesibHUKY 3a3Ha4YeHOo KifbKiCTb KoaKCianbHUX
nap cepefHbOro TuMy, B 3HAMEHHWUKY — KifTbKICTb ManorabaputHux nap).

MarictpanbHun koakcianbHunM kabenb 2,6/9,5 tuny KM-4 (puc. 4.8)
MICTUTb YOTUPU KOAKCianbHi Napu i MsTb 3ipKOBUX YETBIPOK.

KoxxHa koakcianbHa napa (puc. 4.9) cknagaeTbcs 3 BHYTPILWHLOIO Mi-
AHOro nposigHuWka giameTpom 2,6 MM (1) i 30BHILWWHLOrO MNPOBIAHMKA Y
BUIMAAI MigHoI TpyOkn giametpom 9,5 MM 3 O4HUM NOOOBXHIM WBOM (3).
KoakcianbHa napa mae i3onsuito 3 nonietuneHoBux wanbd TOBLLUMHOK
2,2 MM (2) Ha BigcTaHi 25 MM ogHa Big ogHoi. NMoBepx 30BHILLHBOrO Npo-
BiHMKa pO3TallOBaHO 0OAATKOBUW €KpaH Yy BUrNagi ABOX M'AKMX CTanb-
HUX CTpivoK ToBLWMHOW 0,14...0,2 MM (4), 9KMin NOKpUBaKOTb OOHUM-ABOMA
lwapamn kabenbHoro nanepy (5). Kabenb mae cBuUHUEBY ODOOMNOHKY, 3BU-
YanHe BpoHbOBaHe NOKPUTTS N MapkyeTbes sk KMB, KMIT, KMK.
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BpoHeppit
MNMosacHa

30BHiLLHE
NOKpUTTSH

(BXyT)

6poHecTpiyKku KMB-4 [loayuwka
Puc. 4.8

OCHOBHI eNeKTPUYHI XapaKTepUCTUKN KoaKcianbHOT napu 2,6/9,5:
— HOMiHaNbHUK XBUNBLOBUN onip Z, = 75 Owm;

— nepexigHe 3racaHHA Ay = 122 ab npu vyactoTi 300 K u;

— KoediuieHT 3racaHHs a = 2,48 gb/km Ha yacToTi 1 MI'u;

— Bunpo6bHa Hanpyra U = 3,7 kB.

KoakcianbHi kabeni Takox BunyckatoTb B antomiHiesin (KMA-4) i kom-
GiHOoBaHin (CBUHLIEBaA noBepx antoMiHieBol) obonoHkax (KME-4). Lli kabeni
MatoTb MiABULLEHI eKpaHyroYi BMacTUBOCTI U NpU3HaYveHi 4na npoknagaHHs
B paMoHax 3 BUCOKOK rPO30BOK aKTMBHICTIO N Ha AinsiHKax, Onu3bkux Ao
NEn.

ManorabaputHui KoakcianbHui kabens 1,2/4,6 Tuny MKT-4 BurotoBns-
toTb B cBUHUEBIN (MKTC-4) abo antominiesin (MKTA-4) ob6onoHui (puc. 4.10).

BHyTpiwHin nposigHuk (1) KoakcianbHol napu (puc. 4.11) kabento Bu-
rotToBngeTbCcd 3 Migi giametpom 1,2 mMm. I3ondauia (2) nosiTpsHO-
nonieTuneHosa 6anoHHOro TMNy. 30BHILUHIA NPOBIAHKUK (3) MigHWUA TOBLUK-
Hoto 0,1 MM i giameTpom 4,6 MM 3 NOOOBXHIM WBOM. EkpaH (4) cknaga-
€TbCA 3 [BOX CTanieBMX CTPIYOK TOBLLMHOW NMo 0,1 MM. YCS KOHCTpyKUid
NoKpuTa MOMIBIHINXITOPUAHOK CTpivko (5). YoTupu KoakcianbHi napu
CKPY4ylOTb pa3oM 3 M'aTbMa CuUrHasbHUMK napamu giameTtpom 0,5 Mm i
NMOKPMBaKTb NOSACHOK i30riauieto. 330BHI Kabernb Mae CBUHLEBY OB0STOHKY
1 BignoBiaHe BPOHbOBAHE NOKPUTTSL.
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MKTCI-4

CBuHUEeBa
obonoHka

> —

Bi
6poHecTpiyku MKTCB-4  Mopywka
Puc. 4.10
1 2 3 4 5 6
Puc. 4.11

OCHOBHI eNeKTPUYHI XapaKTEPUCTUKN KoaKcianbHoT napu 1,2/4,6:
— HOMiHaNbHUN XBUNLOBUN onip Zy = 75 Owm;

— nepexigHe 3racaHHa Ay = 104 gb npu yactoTi 60 Kl u;

— KoediuieHT 3racaHHs a = 5,33 ab/km Ha yacToTi 1 MI'u;

— BunpoObHa Hanpyra U = 2 kB.

[MepeBaramu kabento € NpocToTa KOHCTPYKLUIiT 1 TEXHOMNOTYHICTb BUrO-
TOBJIEHHS.

KombGiHoBaHi KoakcianbHi kabeni MicTaTb cepegHi napu 2,6/9,5 mwm,
MarnorabapuTHi koakcianbHi napu 1,2/4,6 MM i CUMETPUYHI rpynw.

KombiHoBaHi kabeni Jo3BONAOTh:

— OpraHisyBaTu NOTYXXHi My4KN TenedOHHUX KaHanis i TeneBi3inHy ne-
pefadvy Ha BeNuKi BiACTaHi koakcianbHUMn napamu 2,6/9,5 mm;

— 3abe3neunTn po3noAifibHi KaHanu Ansa 3B’s3Ky MK MicTamu 1 Npo-
MDKHUMMW NyHKTaMK KoakcianbHUMun napamu 1,2/4,6 mwm;

— 3abes3neunTn BUAiINeHHa HeobXigHOI KiNbKOCTI kaHanis y 6yab-
SAKOMY MYHKTI Tpacu KoakciansHUMn napamu 1,2/4,6 mwm;

— opraHidyBaTu cny>kboBUn 3B’A30K i TenecurHanisauito CUMeTpUYHK-
MW napamMn 1 YeTBipKamMu.

Kabeno KM-8/6 wmictute (puc. 4.12) BiciM KoakcianbHuUX nap
2,6/9,5 MM, wWwicTb KoakcianeHux nap 1,2/4,6 MM, ogHy 4eTBipKYy, BiCiM
CUMETPUYHUX Nap i WICTb OKPEMUX XKUI.
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30BHilIHE MOKPUTTS
(aKyT)

Jsi IMoxymka

OpoHeCcTpiuKHu bponeapir

CBHHIIEBA 000JI0HKA
Puc. 4.12

YCi cUMeTpuyHi napu, 4YeTBIpKM N OKpeMi NPOBIOHWKA MalTb MigHI
xunu giametpom 0,9 Mm 3 Tpyb4acTo-nonieTMNEHOBOLO i30IsILIED.

EnekTpnyHi xapaktepuctukm KoMOiHOBaHWX kKabeniB aHanorivyHi xapakre-
puctukam kabeno KMb-4 ons nap 2,6/9,5 i kabento MKT-4 onsa nap 1,2/4,6.

[ns opraHisauii 30HOBOro 3B’A3Ky Ha BiacTaHi o 600 KM npmnsHayYeHo
ogHokoakcianbHun kabenb BKIMALLR-1 (2,1/9,7).

KOHCTpYKTUBHO Kabenb BUKOHYETLCS B [ABOX BapiaHTax: Nia3eMHOMY
(BKMALIN-1) i nigBicHOMy CaMOHeCy4YoMy 3 YMOHTOBaHMM TPOCOM
(BKMALLNT-1) (puc. 4.13). HoBxunHa nigeicHoro kabento MK onopamu
cTaHoBUTb 50...65 M.

BKITAIn-1 BKITAHInT-1
_ L 5 )
/ / ;o
1 2 3 4 1 2 3
Puc. 4.13

BHyTpiwHin nposigHuk (1) kabento (aus. puc. 4.13) BUKOHAHO 3 Mia-
HOro gpoTy AiameTpom 2,1 MM, idonauito (2) — 3 NOPUCTOro NOsieTUNEHY
30BHIilWHIM giameTpoM 9,7 MM. 30BHIWHIN NpoBigHUK (3) ABnsie coboto
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anomiHieBy npecoBaHy Tpybky ToBlMHOWO 0,8 MM, sika BMKOHYE pOIib
ekpaHa. 3axmcHy o000fioHKy (4) BUKOHaAHO 3 CBITNOCTIMKOro MnoslieTuneHy
TOBLLMHOW 2,2 MM.

Y KOHCTpPYKLUitO NigBiCHOro kabesnto B CrifibHy nonietureHoBy 060SI0H-
Ky BMOHTOBaHO cTarneBuu Tpoc (5) 3i 49 ouMHKOBaHUX CTaneBux OPOTIB
piametpom 0,34 mMmMm. Y nonepeyHoOMy nepepisi nigsicHUM kaberb mMae
doopmy BiCIMKMN.

5. ONTUYHI KABEI

AKTyarnbHICTb PO3BUTKY BOSTIOKOHHO-ONTUYHOIO 3B’SI3KY MONsArae y Tomy,
LLIO pecypcu Mifi 1 CBUHLIO BESNIbMU OOMeEXeHi, a kabenbHa NPOMUCOBICTb
crnoxusae o 50% migi n 25% ceUHUIO Bif 3aranbHUX CBITOBUX PeCypCiB.

OnTu4Hi kabeni Ha BiAMIHY Bifg €NeKTPUYHUX 3 MiOHUMW NPOBIAHNKAMN HE
noTpedyoTb AediuMTHUX MaTepianiB i BAOTOBNAOTLCS 3i CKa W nnacTMacu.

OcHoBHUMM nepeBaramu ontTuyHuX kabenis (OK) e:

— WuUpoKocMyaoeicmb i 30aTHICTb NepefaBaTn BENUKUK NOTIK iHO-
pMauir;

— MaJsie 32acaHHs1 N He3aneXHIiCTb MOro Bif YacToTU Y LUMPOKOMY [Li-
anasoHi;

— B8UCOKa 3aeado3axuuwjeHicmb Big 30BHILLIHIX €neKTPOMarHiTHMUX
BMNIMBIB;

— Manoz2abapumHicms i neckicmb (Maca ontuyHoro kabenwo B 10 —
12 pasiB MeHLUa, HbX Maca enekTpuyHoro kabernw npu ogHakoBin nNponyc-
KHi 30aTHOCTI);

— HadiliHa mexHika 6e3neku (He3aNMMNCTICTb, BiACYTHICTb MOXNBO-
CTi KOPOTKOrO 3aMUKaHHS).

OnTKYHI NiHIT Nnepegadi MoXyTb ByTu:

— 8i0Kkpumumu (aTmocepHUMHM), sIKi 3a3HaOTb BMIMBY METEOPOI0-
rYHUX YMOB i He 3abe3neyvytoTb HEOOXiAHOT HAaOIMHOCTI 3B’A3KY;

— Yy BUMMAAiI sIiH308uUX ceimoeodie 3 NepiogNYHOI0 KOPEKLIE PO3-
BiXKHOCTI 1 CNpPAMYBaHHAM MPOMEHS 3a AONOMOIrO CUCTEMMW MiH3 | A3ep-
Kasi; BOHM € JOCUTb JOPOrMMun, noTpedyroTb peTernbHOro CTUPYBAHHA 1
CKNnagHMX NpUCTPOIB KepyBaHHS MPOMEHEM;

— Y BUMMSIAi 80J/TOKOHHUX €8ims10800i8, KON MOXIMBE CTBOPEHHS
BUCOKOHALINHMX ONTUYHUX CUCTEM 3B’SA3KY Ha OCHOBI OMTUYHUX BOJSTIOKOH 3
Manumun BTpaTamu.

OcHOBHMMM 0611aCTSAMM BUKOPUCTAHHS €:

— MarictparbHi 1 30HOBI MepeXi 3B’A3KY;

— MICbKi W CifibCbKi Mepexi 3B'A3KY OJ11 CTBOPEHHS MEXCTaHUINHUX
3’egHaHb;
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— Mepexi nepegadi LWMPOKOCMYroBoi iHpopmauil (TenedbayveHHs, ne-
pegada MyrnbTUMELINHNX JaHUX, BigeoTenedoHis);

— 06’ekTOBI Mepexi 3B’A3Ky (obumcnoBarnbHi Mepexi, mepexi nitanb-
HUX anaparis, Kopabsis).

5.1. ®i3anyHi npouecn B BOSIOKOHHUX CBiTNOBOAAX

OCHOBHOI BIgMIHHICTIO ONTUYHUX KabeniB Big €neKTPUYHMX € MOBHa
BIiACYTHICTb Y HUX CTpyMmiB nNpoBigHOCTI I,,. B ontuyHomy kabeni, Ak i npw

pagionepenadi, MaloTb Micue nuwe CTpymu 3MmilleHHs Iy, ogHakK XBung
PO3MOBCIOAXKYETLCA HE B BiflbHOMY MPOCTOPI, @ KOHLEHTPYETLCA B CaMOMy
o6’emi cBiTNIOBOAA 1 NepefaeTbCs HAM Y 3aiaHOMY HanpsiMKYy.

[Mepenava xBuni CBITNOBOAOM 34IMCHIOETLCA 3@ paxyHOK BiodoutTa i
Bil Mexi noainy cepaeyvHuka i 060MN0OHKKM, SKi MaloTb Pi3Hi MOKa3HWKKU 3a-
NoMMeHHs (ny i mp) (puc. 5.1).

Y 3BMYanHMX Kabensx HocieM iHdopMaLii, Wo nepeaaeTbCsl, € eneKkT-
PUYHUIA CTPYM, B OMTUYHUX Kabensx — riasepHun npomiHb. CeiTNno mae
ABOICTY NPUPOAY: XBUITbOBY W KBAHTOBY.

Ny
X o N
—
Puc. 5.1

Xeunboea meopisi ceimsa obGrpyHTOBYE, WO CBIiTNO € Pi3HOBMOOM
eNleKTPOMarHiTHUX KonmBaHb Ayxe Bucokmx yactot (10'...10"™ I'y) i ayxe
KOPOTKUX XBUIb (MIKPOHW).

PisHnus y Konbopi NOACHIOETLCA PISHULEK OOBXUMH XBWUITb. Tak, Kpac-
HOMY KOnbopy Bignosigae gosxuHa xBuni A =0,7 MKM, 3eneHomy -—
0,55 Mkm, pionetoBomy — 0,4 MKM. B pamkax uUbOro nigxogy 3aCToCOBY-
ETbCA XBUNbOBA TEOPIS enekTpoanHamikm n pisHAHHA Makceenna.

3a KopnycKynsipHOK Meopiero CBITNO — Le MOTIK LWBUOKOPYXOMMUX
APiIGHNX YaCTUHOK (KOpMYCKyI), SIKi BANPOMIHIOITLCS TiSIOM, O CBITUTLCS.
Kopnyckynv BUNPOMIHIOKOTECA OKpeMnMU nopuismun (kBaHtamu). B pamkax
LbOro nigxoay MoXxHa KOpUCTYyBaTUCHA MPOMEHEBOKD TEOPIEID.

[MpomeHi cBiTNa po3noBCIOAXKYIOTHCS 3a 3aKOHaMW reOMeTPUYHOI On-
TUKWU. TaknM YMHOM, TEOpIs CBITNa € CUHTE30M NOro XBUNbOBUX i KBAHTO-
BUX BNaCTUBOCTEMN.

[na 3B'dA3ky no CBIiTNoBOAaX BWKOPUCTOBYIOTLCA BUAWMI MNPOMEHI
(0,4...0,75 MKMm) i OnwxHin pianasoH iHppayvyepBOHUX NpPOMeEHIB (Bid
0,85...1,3...1,55 00 4...6 MKm).
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[MopiBHIOKYM XBUITLOBY W NPOMEHEBY TEOPIi CBITNOBOAIB, MOXHa 3po-
OUTM BUCHOBOK, LLIO NMPOMEHEBI METOAN MEHLI rpoMi3aki N garTb OinbLu
Hao4YHe NOSICHEHHS (hisMYHUM Npouecam, Wo BiabyBalOTLCS B CBITNIOBOAAX.

5.2. NpomeHeBa Teopisa nepenadi eHeprii cBiTnoBoaamMmu

Mogamo peanbHy XBUIKO B CBITNOBOAI Y BUMNALI Cepii NIIOCKNX XBUIb i
PO3rrTHEMO reOMEeTPI0 efIeKTPOMArHiTHOro nonsa OAHiel 3 HUX. J1iHil piBHUX
das nonsg pos3rnagyBaHol XBUii MaloTb BUMNAA, HAaBegeHUn Ha puc. 5.2.

B

Lo

A C
Puc. 5.2

~

BigctaHb MiXK LMMK NiHIAMW OOPIBHIOE OOBXWHI XBUNI A. XBUNA pyxa-
ETbCA Y HANpPsMKy A-B nepneHaukynapHO OO NiHin piBHUX ¢oas i yTBOPHOE 3
nonepeYyHMM rnepepisom CeiTnosoaa KyT 0.

I3 TpukyTHMKA ABC MOXHa oTpumaTin cniBBigHOLWEHHS cos O = A/D, ge
D — piameTp ceitnosoga. 3i 36inbLIEHHAM KyTa 0 JOBXMHA XBUMi 3MEHLLY-
€TbCSA, 3MiHIOHYUCL Big A =D (npn 6 =0°) go A =0 (npun 6 = 90°).

XBuni B CBITNOBOAI PO3MOBCIOLXKYHOTLCA 3uraaronodibHo, 6aratopa-
30BO BigbuBatoumchb nig KyTom 20 Big Mexi cepueBuHa — obonoHka. Npo-
LleC pO3MOBCHOAKEHHA XBUAI 3anexiTb Big YyacTtoTtun (puc. 5.3).

Lyxxe sucoki yacmomu Bucoki yvacmomu Kpumu4yHa yacmoma
1\

"D

= | —. 1.
\ A

1 La

f—o0; A—0; 0—590°; f>fy; A<D; 0—0°; f=f; A=D; 0=0°;

E,—max; E,—0; E,=0.

Puc. 5.3

Mpn f—wo (A—0) kyT 6—90°, xBUNA BiAONBAETLCS HEBEMUKY KiNbKIiCTb
pasiB 1 TpaekTopis il pyxy B34OBX CBiTNoBoga Habnuxaetbcs 40 NpAMOo-
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niHinHoi. MNopoexHa cknagosa nons E, (abo H,) € makcMmanbHoO, | nepe-
Aada eHeprii BigbyBaeTbcs y BUrigHUX YyMOBaX.

Mpu > £y (A<D) kyT 6—0°, xBUNA BiAONBAETLCA BENUKY KINbKICTb pasiB
i T pyx B3OOBX cBiTnoBoga € nosinibHMM. Cknagosa nons E, (abo H,) €
MiHIManbHOO, | B34OBX CBITNOBO4A NepedaeTbCs He3Ha4YHa YacTKa eHepril.

[Npn neBHiN, NOPIBHAHO HU3bKIN, YacToTi f = f, BCTAHOBNIOETLCA pe-
Xum, konn A = D, i XBUNA, nagatym Ha MexXy cepueBmHa — ODOOMOHKa,
BiAOGMBaETbLCA NepneHaukynsapHo 40 Hel. B cBiTnoBoai BCTAHOBMOETLCA
PEXNM CTOSYOI XBUIi, | eHeprisa B3AOBX HbOro He nepefacTbCs.

YacTtoTa fj), npu sKin BCTAHOBNIKOETBLCA PEXUM CTOAYOI XBUIi, Ma€E Ha-
3BY KPUMUYHOI i iIBNS€ COBOI0 HMXKHIO MEXY 4YacToT, SKi MOXYTb po3no-
BCIOKYyBaTMUCA MO LbOMY CBITNOBOAY. TakMM YMHOM, CBITNIOBO4 Ai€ K
QiNbTP BEPXHIX YACTOT 3 YACTOTOK 3pi3y, LLO OOPIBHIOE KPUTUYHIN YacTo-
Ti. Kputnyna yactota fy i BignosigHa in kpumu4yHa OoeXXuHa xeusi Ly =
= ¢/fy 3anexaTb Bifl KOHCTPYKLIT CBITNOBOAA (30KpemMa Moro iametpa).

Ockinbku mexeto cepaevHuk — obonoHka € Npo3opi CTekna, To MOXe

BiabyBaTncs He TiNbKM BiAOGUTTS NpPOMeEHs, ane M MOro NPOHUKHEHHS B
060s5oHKy (puc. 5.4).

A\ C_n A\ C

/B / B 0,=0
0, D 0,<0,, 0, 2 0y,

Puc. 54 Puc. 5.5

3a 3aKkoHaMu reoMeTpUYHOI OMTUKM y 3araribHOMYy BUrMa4i Ha Mexi
cepaeyHuk — obonoHka byayTb cnoctepiratuca nagatoumi (AB), BiabuTtumn
(BC) i 3anomneHnn (BD) npomeHi (aus. puc. 5.4).

[na 3anobiraHHs nepexony eHeprii B 060M0HKY i T BUNPOMIHIOBAHHS He-
06xiaHO 3a6e3nevnT BUKOHaHHSA YMOBM NMOBHOMO BHYTPILLHBOIO BiabutTa [4].

Mig yac nepexony 3 cepenosulla 3 BINbLIOK LULINBHICTIO B cepeno-
BULLE 3 MeHLOot, TO6TO Npu n; > n, (n=\/E), XBUISI NPU NEBHOMY KyTi

nagiHHs 0, = 0,;, NOBHICTIO BIAOMBAETLCA | HE NepexoanTb Y iHle cepeno-
Bue (puc. 5.5).

KyT nagiHHA 0, nounHalum 3 AKOro BCA eHepria BiAOMBaeTbCA BiA
Mexi nopiny cepefosuul, To6To npu 0, =0, Mae HasBy Kyma rnoeHo20
8HYMPpPIiWHbLO20 8i06uMmMsi i BA3HA4YaETLCS CMiBBIAHOLUEHHAM
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sinGKp=n2/n1=,/82/81 : (5.1)
Ae € — gienekTpuyHa NpOHUKHICTb cepaeyHuka (g1) i 0OONOHKNM (&;).

Mpn 0, = 0,;, eHepria, WO Haginwna B cepaeYHyK, NOBHICTIO BiobvBa-
€TbCA N 3uraaronofibHo po3nOBCHOAXKYETLCA CBITNOBOAOM. Ynm BinbLumm
KyT nagiHHs, To0To 0, >0, Y Mexax Big 0,, Ao 90°, TMmM ymMoBK po3no-
BCIOPKEHHA Kpalli | eHepria wBuawe gocsrae npuruMaribHoro KiHus. B
LbOMY BUMAAKy BCA eHepria KOHLEHTPYETLCHA B CEpAEYHUKY CBiTnoBoga 1
NPaKTU4YHO HE BUMPOMIHIOETLCA Ha30BHI. [pu KyTi 0, < 0, eHepris NpoHu-
Kae B 0DONOHKY, BUMNPOMIHIOETLCA B 30BHILLHIA MPOCTIp i nepefaya crae
Hee(EeKTMBHOIO.

Pexx1m NoBHOrO BHYTPILLHLOIO BioOUTTS 06yMOBIOE YMOBM Nnofadi CBi-
Tna Ha BXiOHWW Topelb BOJIOKOHHOrO CBITNOBOAA — BiH Byae nponyckaTtu
nuule CBITII0, 3aMKHEHE B MeXax TifleCHOro KyTa 04, SKNi1 XapaKTepusyeTbCs
anepmyporo, TO6TO KyTOM MiXK ONTUYHOK BICCHO i OAHIE 3 TBIPHUX CBITIIO-
BOrO KOHYCa, LLI0 NoTpanidae B TOPELb BONIOKOHHOIO CBiTnoBoAa (puc. 5.6).

Mi>k KyTOM MOBHOIO BHYTPILLUHLOTO BIAOUTTA Oy, | aNepTypHUM KyTOM
0, iCHyE Takuii B3aEMO3B'A30K: YMM BINbLUNIA KYT O, TUM MeHLLa anepTy-
pa BOJIOKHA 04.

3a3Buyan Ha NpakTuLi 3pyYHille KOPUCTYBaATUCS NOHATTSM YUC/10801
anepmypu, 9Kka BU3Ha4Ya€eTbLCA 3a POPMYIOoL

NA=n0sin9A=n0\/nf—n§ =\/nf—n§ : (5.2)

Ae ngy — NOKa3HWK 3a5IOMIIeHHSA NoBIiTPSA ng = 1.

Uucnosa anepTtypa xapakrepusye BCi KOMMNOHEHTU ONTUYHOIO KaHany:
cBiTNoBOAW, OXepena W npurumadi BUMNPOMiHOBaHHA. [ns MiHiMisauil
BTpaT eHeprii anepTypn 3’€gHyBaHUX enemMeHTiB MatoTb ByTn y3200ke-
Humu, TO6TO cnig HamaraTucsa 3pobuTu Tak, Wob KyT BBEAEHHSA MPOMEHS
B CBiTNoBog ¢ (abo iHWWIA ONTUYHMI eneMeHT) yKnagaBsca B anepTypHUi
KyT (¢ <04), @ KyT nagiHHA NPOMeHsA Ha MeXy cepaeyHuK — obonoHka oys

BinbLUMIA 32 KT NOBHOIO BHYTPILLUHLOTO BIABUTTA O, (0,p < 0, < 90°).
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Y 3aranbHOMY BUrNAgi y CBITNIOBOAAX MOXYTb PO3MOBCHOAXKYBATUCH
NPOMEHI ABOX BUAIB:

— MepuldioHaslbHi, PO3TalLOBaHi y MMOLWMHI, WO NPOXOAUTb Yepes
BiCcb cBiTnosoaa (puc. 5.7, a);

— Koci, TOOTO Taku, WO He NepeTMHaloTb BiCb CBITNOBOAA W MPOXO-
OATb 3a BefbMU CKNagHMMm Tpaektopiamm (puc. 5.7, 6).

Puc. 5.7

Po3rnaHemMo KpUTUYHI 4acToTn N OOBXUHU XBUIb BOSTOKOHHUX CBITMNO-
BoAiB. Mi>k JOBXMHOK XBUSIi A | AiaMeTpoM cepueBuHK cBiTrioBoda d iCHye
cniBBigHOWeEHHA cos 0 = A/d, oe 0 — KyT nagiHHA XBWS Ha MeXy noainy
cepaeyHnk — o6onoHka. BpaxoBytoun, Lo cos 0 = +1—sin? 0, i BUKOpUCTO-
BYIOYM YMOBY MOBHOMO BHYTPILWIHBbOrO BIiAOUTTA sin O = ny/n;, Maemo

z , . : ,
cos 0 = \/1 1/n2 . MpupiBHABWIM NpaBi 4acTMHM BMpas3iB KOCUHYCIB,

7\.0=d\/1—(n2/n1)2 =d/n1w/nf—n§. (5.3)

Topai BMpa3 onga KpUTUYHOI Yactotn byge
fo=;‘,—1=Vl/[d\/l—(nz/nl)z]=c/|:d«/nf—ni], (5.4)
0

Ae vy — WBUAKICTb PO3NOBCIOMAXEHHS XBUMi B CEPAEYHUKY.

Uum Ginbwnn piameTtp cepaeyHuka d i Yim Oinblie Bigpi3HATLCS
NMOKa3HWKN 3anoMIEeHHA cepaeyHuKka ny i 0OONOHKN ny, TUM Binblia 4OB-
XUHa XBUIN Ay | HWXKYa vacToTa f,.

Mpn yacToTax, BUWMX 3a KPUTUYHY f, yCA eHepris Nons KOHUEeHTPY-
€TbCH BCEPeaNHi cepaeyvHnKka CBiTfioBoAa i e(pekTMBHO PO3MNOBCIOAXKYETh-
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CH B3JOBX HbOro. Hmx4e KpUTUYHOI YacTOTU eHepris pPo3CItoETLCH B OTO-
4YyHO4YOMY NPOCTOPI 1 CBITNOBOAOM HE NepenacTbCs.

5.3. XBunboBa Teopisa nepepgadi eHeprii cBiTnoBogamum

XBUSibOBa TeOopis po3rnagae npoLec po3rnoBCHOKEHHA CBiTNa 9K pis-
HOBUAY €eneKkTpOMarHiTHMX XxBwuSib. MaTtemaTuyHe poO3B’sA3aHHA 3ajad
30INCHIOETLCA 3a 4ONOMOror piBHAHL Makcsenna.

Y 3aranbHOMYy BUMagKy piBHAHHA MarTb AeKifbka po3B’s3KiB, KOXHO-
MYy 3 SKMX BiANoBiga€e NeBHa CTPYKTypa MOsis, WO Ha3MBaETbCA MUurom
xeurni, abo modoro.

Y cBiTrnoBogax MOXyTb iCHyBaTW ABa TUMWN XBUIb:

— cumempuyHi (E¢yn, Hom), SKi MaOTb Kpyrosy cumeTpito (n = 0);
— Hecumempud4Hi (riopngHi, AMNosneHi), Wo no3HavarTbca 9K EHy,p,

AKLWO nosie B nonepeyHomy nepepisi Haragye none xsuni E, abo 9k HE,p,,
AKWO none B nonepeyHomy nepepisi 6nvkde go nona xsuni H; B cBiTno-
BOAi HECUMETPUYHI XBUMIi ICHYIOTb NuLWE ChiflbHO, 1X OKpeMe pPO3MnoBCHo-
[PKEHHA HEMOXINBE.

[MpomeHeBa Teopisi cBiTNa Aonyckae pPO3NOBCHOKEHHS CBITNOBOAAMMU
BEJIMKOI KiNbKOCTIi MPOMEHIB — YCiX MPOMEHIB, WO noTpanunu B anepTyp-
HUW KOHYC CBITNoBOAa. 3a XBULOBOK TEOPIEK CBITNIOBOLOM MOXE PO3-
MNOBCIOAXKYBATUCA nve obMexXeHa KinbKiCTb XBUMb 3 OUCKPETHUMU KyTa-
Mn. HacTuHa NpoOMIKHUX XBWUITb 3a paxyHOK iHTepdepeHuil racatb ogHa
OOHY M nocnabnsawTbcd. TUNU XBWUSb, WO MOXYTb PO3MNOBCHOOXYHOTHCA
CBITNOBOLOM, Ha3MBaKTbCA Modamu.

HopmoeaHa (xapakmepucmu4Ha) Yacmoma — e Yy3arafbHEHUN
napameTp, 9K xapakTepusye pexum poboTtu ceitnosoga. BiH ypaxosye
pagiyc cepaedHuka a, JOBXUHY XBUNI A | KoeilieHTN 3anoMIieHHsa cepae-
YHKMKA ny i OOOSTOHKM njy:

Vz% nf—ni. (5.5)

3 TOYKM 30pYy XBUMBbOBOI TEOPil KPUTUYHY YacTOTy W LOBXUHY XBUI
MOXHa BU3HAYUTN TaKUM YNHOM:

f, =pnmc/(nd\/nf —ni); (5.6)
A= nd,/nf — ng /(pnmnl), (5.7)

Ae pnm — KopeHi yHKuUiT Beccens n-ro nopagky [5], pnm = V(A = Ay).
KoxHa moga mae HopMoBaHy 4acToTy V,, dka BU3Ha4yae obnacTtb 1i ic-
HYBaHHS, @ KOXHIi HOpMOBaHI YacToTi V BianoBigae KpUTUYHa YactoTa f,.
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Mpn V <V, maemo f<fj, TO6TO yacToTa MeHLIa 3a KPUTUYHY 1 XBUNSA
CepaeYHNKOM BOSIOKHA He PO3MNOBCHOOKYETbCA (He icHye). ObnacTtb icHy-
BaHHSA XBWSTi, WO Mae HOPMOBAHY 4YacToTy BIiAcCiHKkN V >V, cTaHOBUTL f > f,.

Tinekn ana cumeTpudHol xBuni HEq; 3Ha4YeHHs Vi = 0, oTXe, Uus XBu-
N9 HEe Mae KPUTUYHOT 4YacTOTU N MOXEe PO3NOBCHOAKYBATUCA NMpu Byab-
AKWUX YacTOTi N AiamMeTpi cepAedHuKka. YCi iHWi XBuni He poO3NOBCOOXYHOTb-
CSl Ha YacToTax, HMXYMX 32 KPUTUYHY.

3i 36iNbLEHHAM YacTOTH 3’ ABNAKOTLCS HOBI TUMW XBUTSb:

—npn 'V > 2,405 — xsuni Egq, Hyy | HEq;

—npn V > 3,832 — popgaTtkosi xBuni Hy,, EHyq, HE3; i T.4.

Bubupatoum napameTpu cBiTnosoaa (TOBLUMHY cepaeyvHunKa, NoKasHu-
K/ 3arlOMJSIEHHS) | YaCTOTy TakMM YMHOM, Wo6 BuULLi MOOM HE MO pos-
noscrogxyesatmcsa (0 <V <2,405), MOXXHa OTpMMaTM OOQHOMOLOBUN PEXUM
nepepgadi eHepril (xauno HEqq).

lNepeBaramu ogHOMOAOBUX CUCTEM € LUMPOKUW ianasoH 4YacToT i Be-
NMKa NponyckHa 34aTHICTb (3i 36iNbLUEHHAM KiNbKOCTI MOA CMyra 4yactoT
3BYXYETbCA). Hegonikamy OOHOMOAOBMX CUCTEM € MEHLWa HagiMHICTb
yepes Manuu giameTp cepaevHuKa BOSIOKHA 1 BENWUKI BTpATU Ha BBEOEHHS
BUNPOMIHIOBAHHSA B CBITSIOBOA. Taki cuctemmn B OCHOBHOMY 3aCTOCOBYHOTb-
CH B MDKMICbKMX BOFTOKOHHO-OMTUYHUX MNiHIAX, WO 3abe3nevyoTb Bernky
AanbHICTb 3B’A3KY 1 BUCOKY MPOMYCKHY 30aTHICTb.

3i 36inblIEeHHsAM AdiameTpa cepaedHuka KinbKicTb MoA, WO nepena-
€TbCA, 3pocTae. XBUNboBa W NpoOMeHeBa CXeMn OAHO- i BaratomogoBOIl
nepenadi eHeprii MatoTb BUrnsa4, nokasaHum Ha puc. 5.8.

baratomopoBa nepepaya

N
'|>,|
i
N

OpHomopoBa nepenava
Puc. 5.8
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[MokasHuK 3anomMneHHst 060fOHKM CBITNOBOAY CTanui, a NokKasHUK 3a-
NOMIEHHA cepAeydHunKa y 3aranibHOMYy BUMagky € (PyHKuiero — npogpinem
rnoka3sHuka 3anomsieHHs1. OCHOBHI TuNi npodiniB HaBeaeHo Ha puc. 5.9.

[Npogbinb oOHomMod0o8020 ceimiogoda [Npogbinb baczamomodogoezo ceimrosoda
CTyniH4YacTUK W-npodinb CTyniHYacTumn rpap,ieHTHm/'l
! |

/////fo

4 I
0y 2

Puc. 5.9

Y rpagieHTHOMY CBITSIOBOAI NPOMEHI BUTMHAKTLCA Y HanNpsMKy rpagi-
€HTa MOKa3HMKa 3aroOMISIEHHS 3aMiCTb 3anomsieHHs abo NoBHOro BiAOUTTS,
SIK Yy BMNaZKy BOSIOKHA 3i cTyniHYacTum npodinem (puc. 5.10).

3aranbHy KifibKiCTb MOA Y CBiTNOBOAI 3i CTYMiHYaCTUM i rpagieHTHUM
npodiNaMmn MoXxXHa BU3Ha4aTu 3a opmynamm

N, =V’= (Zna/},) (nl—ni) (5.8)
N,, =V*/2=0,5-(2ra/A)’ - (n} - n3). (5.9)

MopiBHsBWK BMpa3mn (5.8) i (5.9), MOXXHa 3poOUTM BUCHOBOK, LLO Kifb-
KICTb MOA Y rpafieHTHOMY CBITIOBOZI Y 2 pa3n MeHLLUa, HXX Y CTyMiHYacToMy.

Y cmyniHuacmomy ceimnogodi Y epadieHmHOMY c8imi10800i

2~ T~
N2
0 1

3

W

Puc. 5.10

Bsarani HeogHoOpigHI y nonepeyYyHoOMy nepepisi CBITNOBOAN MalOTb Be-
NUKe NpakTUYHE 3HAYEeHHS!, OCKISTIbKM Y HUX MOXHa OTpUMaTU TaKi Xapak-

50



TEPUCTUKN, AKMX HEMOXITNBO OTPUMATU Y OOHOPIAHUX CBITNOBOAIB.

Y BONOKOHHOMY CBITNOBOI MOXYTb iCHYBaTW TP MUMU XBUb:

— cnpsimosaHi (xsuni cepuesuHu XC (gus. puc. 5.10, npomeHi 1), ki
€ OCHOBHMM TUMOM XBWSlb, WO PO3MNOBCKIKYIOTLCA CBITNIOBOAOM; YCH
eHepris 3ocepeXyeTbCA BCepeanHi cepueBnHN 1 3abesrnedye nepenavdy
iHpopMmaLil; BOHM 30yDKYHOTLCA NMpYU BBELEHHI MPOMEHIB Y Topelb Yy Me-
Kax anepTypu (¢ > 0,p);

— eumiyHi (xBuni obonoHkn XO (gue. puc. 5.10, npomeHi 2), Wwo €
napasvTHUM TUNOM XBWJIb; EHEPrid YaCTKOBO PO3MNOBCIOLKYETLCHA B3J0BX
CBITIIOBOJA, @ 4YaCTKOBO nepexoamnTb B OOOSIOHKY W BUMNPOMIHIOETHCSA B
OTOYYHUUIM NPOCTIP; L XBUITi BUHMKAKOTb 3a PaxyHOK KOCUX MPOMEHIB;

— eunpomiHroeaHi (npoctoposi xsBuni X (aus. puc. 5.10, npomeHi
3), SKi TaKOX € napasvTHUM TUMOM XBWJIb; YCHA E€Hepris BXe Ha nodartky
NiHIT BUNPOMIHIOETLCA B OTOYYHOUYMA MPOCTIP | HE PO3MNOBCHAKYETHCSA
B3[OBX CBITNOBOAA; BOHW BUHUKAIOTb NPW BBEAEHHI BUNPOMIHIOBaHHSA Nig

KyTOM Mo3a anepTypoto (¢ < 0,p,) | TAKOXK € XapakTepHMU AN Heperynsp-
HUX CBITNIOBOAIB 3i 3rMHAMM W IHLLUMMUW NOPYLLUEHHAMW OL4HOPIAHOCTI.

BuTiyHi 1 BMNpOMIHIOBaHI XBUNi € NapasuTHUMKU, TOBTO TakuMMU, LWO
BiAOMpaloTb €Heprito CnpsiMoBaHOI XBWUITi N CMOTBOPKOKOTb BHACIAOK iH-
TepdepeHuii nepegady eHeprii CBITNOBOAOM. 3a pPaxyHOK LWX XBUSb
BUHMKAIOTb NepexigHi BNiveu 1 3aBagu B CYCigHIX CBITSIOBOLAX.

3 TOYKM 30pYy XBUSTLOBOI TEOPil MepuaioHarbHUM NPOMEHSAM (SAKi BU-
HUKaKOTb, KONM TOYKOBE [IXKEepeno BUMNPOMIHIOBAHHS pO3TallOBaHO Ha OCi
CBITIIOBO4A) Bi4MNOBigalOTb CUMETPUYHI enekTpuyHi Egy, i marHitHi Hypy,
XBUSi. Y CBOK 4epry, KOCUM MNPOMEHSM (SIKi BUHUKAKOTb, KOMWN TOYKOBE
pKeperio po3TalloBaHO Mno3a BiCcCl BOMIOKHa abo BOHO Mae Oinbll cknaa-

Hy CTPYKTYpY) BianoBigatoTb HecumeTpuyHi riopngHi xsuni HE ., i EH,p,.

HecumeTtpuyHi xsuni tunis Eyy, | Hypy, Y BONOKOHHMX CBITIIOBOAAX ICHYBa-
TWU HE MOXYTb, BOHN MOXYTb 30yIKyBaTMUCA NNLLIE B METanNeBmx XBUneBoaax.

HanBaxxnusilwummMmmn napameTpamm BOSIOKOHHUX CBITIIOBOAIB € 32acCaHHS,
sIke XapaKTepusye BTpaTu eHeprii nig Yac nepeaavi ii ceitnosogoMm, i ducre-
pcis, WO BU3Ha4Yae OOMEXEHHs1 CMyri 4acToT nig, Yyac nepenadi eHeprii CBiT-
nosogom. Obuasa grakTopy 0OYMOBIIOKOTL JOBXUHY pereHepauinHol OisH-
K1, TOOTO MakcumarbHy OOBXMHY CBITNOBOAY, Nepenada eHeprii SkuM MoX-
nvnBa 6e3 BigHOBMNEHHS aMnniTyan abo hopmun curHany, Wwo nepeaaceTses.

5.4. 3racaHHA cBiTNOBOAIB
KoediuieHT 3racaHHs CBITNOBOAIB ONTUYHUX KabeniB obymoBreHWUn

BMIMBOM OBOX OCHOBHUX CbaKTOpiBI
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o =0yt 0, (5.10)
e o, — BnacHi BTpaTu, o, — KabenbHi BTpaTu.

BnacHi empamu cnpuYmMHeHi NorfiMHaHHAM eHeprii B 4ieNeKTPUKY dy,
pOo3citoBaHHAM 1i Ha HaNAPIOHIWMX YaCTUHKaX CTPYKTYpW CBITNOBOAY dp, a
TaKOX Ha CTOPOHHIX AOMIilLKaX o,. Takum YMHOM,

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

KabenbHi empamu 3yMOBrEHi CKpydYyBaHHAM (BTpaTuM Ha Makpo3ru-
HU Oy ar), @ TAKOX AedbopmMauieto N 3rmHaMun CBITNOBOAIB NpW HakNagaHHi
NOKPUTTIB i 3aXNCHMX ODONOHOK Yy NpoLueci BUroTOBNEHHS kabento (BTpaTtu

Ha MIKPO3MUHU Oy sr). 3araribHAA BUpas AN po3paxyHKy KabenbHux
BTpaT Mae BUMSA,

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

32acaHHs1 noa2siuHaHHA o, Ob/KM, NOB’sI3aHO 3 BTpaTtamMu eHeprii Ha
AieneKkTpuyHy nonspuaadito. BoHO MiHIMHO 3pocTae i3 3pOCTaHHAM YacToTU U
CYTTEBO 3alieXuTb Bi BNacTMBOCTEN MaTtepiany ceiTrioBoay (tg d):

n nf
o, =—tg5-8,69=—tg5-8,69. (5.13)
A v,
32acaHHs1 po3ciroeaHHs1 (BTpaTU Ha pPeNeiBCbKe PO3CItOBaAHHSA) dy,
Ab/KM, 3ymMOBREHi HEOQHOPIAHOCTAMM MaTepiany BOMMOKOHHOMO CBITSIOBO-
0a, po3Mipu SKMX MeHLUi 3a OOBXWMHY XBWAI, | TENSIOBOK riyKTyauieto
NoKa3HMKa 3anNOMMNEHHS:

4
a, =K, /A, (5.14)

Ae K, — koegiuieHT poscitoBaHHsA (ans kBapuy K, =1...1,5 (,u,E/KM)-MKM4).

BTpaTtu Ha peneiBcbke po3CitoBaHHSA BU3HAYalOTb HWXKHIO MEXY BTpar,
AKi BflAaCTUBI BOJIOKOHHUM cBiTnoBogam. Lia mexa € pi3Ho onga pisHuX
OOBXWH XBUNb i 3i 30iNbLLUEHHAM JOBXUHN XBUST 3MEHLLYETHLCS.

BTpaTu eHepril cyTTEBO 3pOCTaloTb 3@ paxyHOK HAABHOCTI B MaTtepiani
BOJTOKOHHOTO CBITNOBOAA CIMOPOHHIX OOMIWOK (0,;). OKpiM TOro, HasiBHICTb
LUMX OOMILLOK NpU3BOAMTb A0 BUHUKHEHHSA PE30HAHCHUX CMNIIECKIB 3racaHHs.

[opoaTtkoBe 3racaHHA 3a paxyHOK BUMPOMIHIOBAHHSA NpU Makpo3au-
HaX Oy 30, 4D, MOXHA BU3HAUYMTM 3@ TaKo POPMYOL0:

(5.15)
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ne R =R;,/2a; R, — pagiyc 3rnHy (puc. 5.11); a — pagiyc cepaedHunka Boso-
KHa; ny, n; — NOKa3HUKW 3arIOMIIEHHSA cepaeyHnKka n 00O0NOHKN BOSTOKHA.

Rar

Puc. 5.11

[logaTtkoBe 3racaHHA 3a paxyHOK BUNPOMIHIOBaAHHS Npu MiKpo32uHax
Oyixc 3r» AD, BUBHAYaETLCA BUPA30oM

h2a* —
s =N 53 1073, (5.16)
ne h — pagiyc mikposrunny (puc. 5.12); b — giameTp BonokHa; N — KiflbKiCTb
MIKPO3rMHiB; A — CNiBBIgHOLIEHHA KoediuieHTiB 3anOMIeHHs, sike BU3Ha-
YaeTbCs K

22
AT 4hTh

5.17
an n, ( )

?%

Puc. 5.12

Mpn pobpe BignpauboBaHin TexHoMoril BUPOOHMUTBA [OOMIHYIOTb
BTPaATU Ha MiKpo3rMHax. HasiBHICTb OO60MNOHKM 1 3aXUCHOIO MOKPUTTS BO-
NOKHa TaKOX NpuU3BOAUTL O OOA4ATKOBUX BTpaAT 3a paxyHOK YaCTKOBOroO
NPOHUKHEHHS MONS B Li cepeaosuLla.

Ha rpadpiky 3anexHocCTi 3racaHHs Big OBXUHW XBUSI A4S CBIiTNoOBO4A
3 OYuLLieHOro KBapLoBoro ckna (puc. 5.13) 4iTko BUOHO TpU BiKHa NpO3o-
pocTi: 0,85, 1,31 i 1,55 MkM. 3i 36inbLWEHHAM OOBXMHN XBUII A KoeduilieHT
3racaHHsi 3MEHLUYETbCS.
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a, nb/km
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L AN
\>\ \ a (/)
n
ol Gn(Y®) [N\ N\
SN
0,2 L_i:-(uﬂeo \ gi_l(rso \ gi-:lfo
0.1 \\/
| | | | | | |
0,6 0,8 1,0 1,2 1,4 1,6 A, KM
Puc. 5.13

Hanbinbw gouinbHMM Ons niHin 3B'A3Ky € BUKOPUCTaHHA Opyroro w
TpeTboro BikoH nposopocTi — 1,31 1 1,55 mkm. B umnx BikHax MoxHa opraHi-
3yBaTun JiHil0 MPKMICbKOro 3B’A3Ky 6e3 BUKOPUCTAHHA B ONTUYHOMY Kabe-
N0 MeTaneBux enemMeHTIB AN AUCTaHUINHOIO eNEKTPOXUBIEHHS JIHIMHUX
pereHepaTopiB, ToMy Lo 4vepe3 40...80 km (W0 BignNoBigae TUNOBIA O0B-
XWHI pereHepauinHOl JOiNAHKM ONA ONTUYHOrO BOJSIOKHA) MOXHA MaTu
MicLUEBI Kepena XXUBJTEHHS.

5.5. [lucnepcisa n nponyckHa 3gaTHICTb CBiTNOBOAIB

lMponyckHa 30amHicmb AF € HanBaxnuBilUMM napameTpoM BOJIO-
KOHHO-OMNTUYHMX CUCTEM Nepeaadi, OCKINbKN BOHA BU3HA4Ya€ CMYry 4acToT,
sika MpPOMyCKaeTbCA CBITNIOBOAOM, i, BignoBigHO, obcsar iHdopmadii, LWo
HUM NepefaeTbCs. 3B’A30K MK AUCMEPCIE T, HC/KM, | NPOMYCKHOW 3aaT-
HicTio AF, My kM, HabnmkeHo BMpaxaeTbCs cniBBigHOWEHHAM AF = 1/t.

HAducnepciss T — ue po3cCitoBaHHSA y vaci cnekTpanbHux abo MoaoBuX
CKNagoBMX OMNTUYHOrO curHasny, sike Nnpus3BoauUTb 4O PO3LUMPEHHS iIMMYyIb-
Cy Ha npurmanbHoMy 6oui (puc. 5.14). BenuunHa po3iMpeHHs: BU3HaYa-
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€TbCA SK KBagpaTUdHa Pi3HMLA MK TPUBANICTIO iMNYNbCIB HA BUXOAI tguy |
BXOAi Kabento tgy:

T=4t2 —t* | (5.18)

BHX BX

A€ 3HAYEHHS tyyux | tyxy OEpYyTbCA Ha pPiBHI MONOBMHWM aMniTyaAn iMMNynbCiB
(aus. puc. 5.14).

NepepaBau Mpuimay

1/2
1/2

tex tanx _

P < >

Puc. 5.14

[duncnepcia He Tinbkn obmMexye NponyckHy 3aaTHICTb CBITNIOBOAIB, ane
N CYTTEBO 3HWXYE [arbHICTb Nepefadi, OCKiNbKM YMM JOBLUA JliHIA, TUM
Binbwe nposBnaeTbCA ancnepcia n Ginblue po3WNPEHHS iIMNYNbCY.

[MponyckHa 3gaTHICTb BOJSIOKOHHO-OMTUYHOI CUCTEMM 3anexuTb Big
TMMNYy N BRNacTMBOCTEN CBITNoBoAiB (oaHO- abo GaraToMoOoBi, rpagi€HTHI
abo cTyniH4acTi Towo) i TMNy BUNpoMiHoBa4a (nasep abo ceitnoaioa).

[Auncnepcia y cBITNOBOA| BUHMKAE 3 ABOX MPUYMH: Y 3B'A3KY 3 iICHYBaHHAM
BENUKoI KinbkocTi mog N (MibKMoaoBa gucnepcisl) i Yepe3 HEKOrepeHTHICTb
pKepen BUNPOMIHIOBaHHA (XpomaTuyHa abo YacToTHa aucnepcis).

Mixxmodoea ducnepcisi 3ymoBneHa TUM, LLO KOXHa mMoAa po3ro-
BCHOKYHOTbCA 3i CBOEK WBUAKICTIO v = y1(N).

Xpomamud4Ha ducnepcis (puc. 5.15, kpuea 3) BUHMKAE 4Yepes Te, WO
pKepeno CBiTna BUMPOMIHIOE NMEBHUN CMEKTP LOBXWH XBUMNb AL. Xpoma-
TUYHA AUCnepcis NoQINAETbCA Ha xeusiegioHy (BHYTPiLLHbLOMOAOBY), Ska
obymoBrieHa npouecamu BcepeanHi Mmoau, noe’sisaaHa 3 1i CBITIIOBOOHOO
CTPYKTYPOK | XapaKTepu3yeTbCA 3anexHIiCTio KoeduiuieHTa po3rnoBClo-
[PKEHHA MOOMW Bi OOBXUMHU XBUIi y=wy,(A) (ame. puc. 5.15, kpmea 1), i
MamepianbHy, W0 06yMOBeHa 3anexHiCTIo NMOKa3HWKa 3arnoMeHHa Bif
AOBXWHN XBUIi n = y3(A) (ame. puc. 5.15, kpusa 2).

[uvcnepcisa nNpoaBngeTbCA MO-Pi3HOMY Y PI3HUX Tunax ceiTrioBoais. B
CTyniHYyacTMx CBiTNoBoAax Npwu GaraToMoAoBiNM nepefadi eHeprii 4OMiHye
MDKMOJOBa gucnepcia, sika Moxe caratn Bennknx 3HadeHb (15...30 He/km).
B ogHomMogoBuX CTyniHYacTUX CBITNIOBO4AxX MiXKMOZOBaA Aucnepcis BigCyT-
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HA. TyT NpoABNAITLCA XBUIEBIOHA W MaTepianbHa OWCnepcii, ane BOHU
Mamke 36iraloTbCa 3a abCOMOTHOK BEMIMYMHOK | € NPOTUNEXHMMKU 3a
dasolo y WMPOKOMY crniekTpanbHOMY Aiana3oHi. Yepes ue BigbyBaeTbCs iX
B3aeMHa KoMMeHcauiqa i pesynbTytoda gucnepcid npu A = 1,3...1,8 MKM He
nepesulye 1 Hc/kM. B rpagieHTHUX CBiTNoBogax BiabyBaeTbCA BUPIBHIO-
BaHHA 4acy pPO3MNOBCHOKEHHS Pi3HUX MOA i BM3HaAYarnbHOK € aucnepcisa
MaTepiany, sika 3MeHLYETbCA 3i 36inbLIeHHAM OOBXMHI xBuni. 3a abcornto-
THOI BENNYNHOK BOHA KONMBAETLCS Y MexXaX 3...5 HC/KM.
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N

w
=]
I
\

N

o

|

\
\

Lucnepcis, HC/KM
\

-
o
|

P
W1.3-714 15 16 17

7z T T T

o

-10 |~ AN
-20 |- AN

30 S

Pwuc. 5.15

HanmeHwy pgucnepcito mMaloTb OAHOMOAOBI CBiTNnoBoAW. [pafieHTHI
CBITIIOBOOM 3 MNaBHMM NpooinieM TaKOX MakwTb XOpOoLi AUCMEepCinHi
Xapaktepuctmki. Hanbinblw pisko gucnepcia nposiBAsSiETbCA Yy CTyniHYac-
TMX GaraTomMooBMKX CBITNOBOAAX.

[ucnepcinHi BNacTMBOCTI TPaKTy nepenadi Takox 3anexaTtb Bif OXe-
pena BUNPOMiHIOBaHHSA. [Na nasepHux mkepen 3aBaskn BY3bKOMY CMeEKT-
Py BMMPOMIHIOBAHHA OUCNEPCiAa NPaKTUYHO He NposBnAeTbCA. [Anga CBiTno-
AioaiB 3a paxyHokK Ginbll LUMPOKOro Crnektpa BUNPOMIHIOBAHHS OUCNepcis
NPOSABNSETLCA 3HAYHO CUSbHILLIE.

CymapHe po3LUIMPEHHS iMMYNbCIiB 3a paxyHOK Aucnepcii po3paxoBy-
€TbCS 3a OPMYIoLo

T= \/rfm + (rXB + tMT)Z : (5.19)

A€ Tym — PO3LUMPEHHSA 3a paxyHOK MDKMOZOBOI AUCMEPCIl; Tyy — PO3LUM-
PEHHSA 3a paxyHOK XBWUMEBIOHOI ONCNEPCIl; Tyr — PO3WMPEHHS 3a paxyHOK
MaTtepianbHol Ancnepcil.

PoswunpeHHs 3a paxyHOK MDKMOZOBOI Aucnepcil BU3HAYaeTbCA AK pis-
HULUSA Yacy NPOXOMKEHHA OOVUHUYHOI JOBXWUHU BOSIOKHA Pi3HMMW MOgAMWN:
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— NS cTyniH4acToro npodinto

T, =Anf/c=NA%¢/(2n,c); (5.20)
— NS rpagieHTHoOro npodqinto
T = A7n,/(2¢) = NA*E/(8n0c), (5.21)

ne ¢ — OOBXWHa cBiTrioBoja.
PosLwmnpeHHsa 3a paxyHOK XBUNEeBIQHOT AMCnepcii BU3HAYaAETLCA AK pi-
3HMLSA Yacy PO3MNOBCHIKEHHS NPOMEHST CEpAEYHUKOM N 06OSTOHKOHO:

t,, = (A3/1)(20]A¢/c), (5.22)

ne AML/A — BiOHOCHa WMpWHA cnekTpa BUNPOMIHIOBAHHS; A — CMiBBiOHO-

LLUEeHHS KoeiLiEHTIB 3anoMIIeHHS.
Po3LwmpeHHa 3a paxyHOK MaTtepianbHOI AUCnepcil BUSHAYaETbLCS SK Pis-
HULA Yacy NPOXOMKEHHSI BONTIOKHOM BUMPOMIHIOBAHHS Pi3HUX JOBXWUH XBUIb:

Ty = (A1) (A7 /ec)(@n, /an?) 2. (5.23)

3 ypaxyBaHHsl peanbHOro CniBBigHOLEHHA BHECKIB OKPEMUX BUAIB
avcnepcii ans 6aratoMoaoBUX BONTOKOH

T = Ty (5.24)
a Anst 0 AHOMOA0BUX
T="Tyy T Tyr- (5.25)
[MponyckHa 3aaTHICTb rpafgieHTHOro ceiTnoBoga B 2/A pasu binbLua,
HXXK Yy CTyniH4acToro npu ogHakoBoMy A. Bpaxosytouu, WO BenuunHa A
CTaHOBUTb NPUBN3HO 1 %, Pi3HMUS MK MPOMNYCKHOO 30aTHICTIO LUUX TUnis
CBITNOBOAIB MOXeE csAraTu ABOX NOPALKIB.
Asuute ancnepcii Npu3BoANTbL K O OOMEXeHHS NPOonycKHOT 30aTHO-
CTi ONTUYHUX KabeniB, Tak i OO0 3HWXKEHHS OanbHOCTI nepegadi Nno HuX.
Cwmyra yactoT AF i ganbHicTb Nepeaadi ¢ B3aEMO3B’sA3aHi:
— O1151 KOPOTKMX JiHIN
AF/AF, =1 /1,
3BigKu
AF_= AFE/EX , A = AFE/AFX , (5.26)

Ae 3Ha4YeHHs 3 IHOEeKCOM X € LyKaHMMK, a 6e3 Hboro — 3agaHuMu;
— Ona goBrux niHin (NpubnusHo Binblinx 3a 8 KM), B SKMX Mpouec
PO3MOBCIOAXKEHHS € YCTaNeHNM,

AF/AF, = [t ]t
3BiOKu
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AF, =AF.Jefe_, ¢ =¢(AF/AF,)’. (5.27)

Takum 4YMHOM, 3 o4HOro 6OKY, 36iNbLUEHHS OBXUHM Kabento npu3Bo-
OUTb 0O 3MEHLIEHHA CMYIM 4acToT i NPOMYCKHOI 34aTHOCTI cUcTteMu, a 3
IHLIOro — PO3LUMPEHHS CMYMN YacTOT Pi3KO 0BMeXye AanbHICTb nepepadi
iHbopmauii kabenem.

[MponyckHa 3aaTHICTb | JanbHICTb nepenadi iHopmMauil oNTUYHUMK Ka-
BGensaMmm obMeXyTbCs He TiNbK1 gUCnepcieto, ane n aracaHHAM CBITMOBO/AIB.

5.6. [lanbHiCTb 3B’A3KY 1 AOBXWHAa pereHepauinHoi JiNAHKU

CTOCOBHO UMGPOBUX OMNTUYHUX MiHIN 3B’A3KY, B SKUX Yy pereHepaTo-
pax curHas MOBHICTIO BiATBOPHOETLCA M 3aBagu He HaKOMUYyrTbCs, 3ara-
NbHa AaneHiCTb Nnepeaadi iHpopmauil moxe OyTM OCUTb BESNMKOK, OHaK
Npu LbOMY BaXXNUBO NMpaBuSibHO BMBpaTK OOBXWUHY pereHepauinHoi gins-
HKW, sIka BU3HAYa€ETbCs 3racaHHsM i gucnepcieto.

3racaHHa a, ob, Npu3BoauUTb 0O 3MEHLUEHHS MOTYXXHOCTI iMMynbCiB,
LLIO NnepenatoTbes, i Moxe ByTn po3paxoBaHO SK

a=ol_, (5.28)
ae a — KoediuieHT 3racaHHs, Ab/kw.

[vcnepcia T npu3BoauTb A0 PO3LWMPEHHS iMMNYNbCIB, WO nepenarTb-
cs, | Haknagae obMexXeHHa Ha NPoNyCKHy 3aaTHICTb AF:

AF, =AF¢/f_abo AF, =AF.[t/¢_, (5.29)

ae AF =1/t, ITu-km; T — gucnepcisi, HC/KM.
3i 3pocTaHHAM BiACTaHi Big Ha4yana pereHepauinHoi OiNAHKU 3racah-

HA 3pOCTa€, a CMyra 4acToT 3a paxyHoOK 36inbLleHHs gucnepcii, HaBnakw,
3MeHLYyeTbeA (puc. 5.16).

AF, a
\ 8gon
af
AF pon
AF |
] | | | | 1 1 |
2 4 6 8 10 12 [A‘I'i 16 4;8 20[ KM
Pwuc. 5.16
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[oBXuWHa pereHepauiiHol AingHKM BUOMpAETbCA 3a HAUMEHLIUM 3Ha-
YEHHAM £ ; = Oyon/0 800 £ zp = (AF/AFI",H)2 Tak, Wwobun He nepeBuLLyBanncs
AOMYCTUMI 3HAYEeHHA 3a 3racaHHAM CBIiTNOBOAY 0en | MOr0 MPOMYCKHOK
30aTHICTIO AF oy

Y 3aranbHOMY BMMNagKy obmexyroumm haktopom Moxe OyTu sk guc-
nepcis T, TaK i 3aracaHHsa a. TOMy JOBXWHA pereHepauinHol OiNnaHK1 3ane-
XWUTb Big TMMNY BUKOPUCTOBYBAHOro CBiTrioBogy. B 6aratomogoBux CBiTno-
Bogax obmexyBanbHUM (pakTopoMm, y MepLuy 4epry, € Aucnepcis, a B
rpagieHTHUX | OQHOMOAOBUX CBITNIOBOAAX — 3racaHHs (puc. 5.17).

N1 lMepepaua [lpuinom
Sl

N1
i ﬂ
~

nq

"1 A

Puc. 5.17

B icHytounx cncrtemax umgpoBoro onTUYHOro 3B’A3KY LOBXWHA pere-
HepauinHol ainaHkm npu A = 0,85 Mkm ctaHoBuTb 10...20 KM, a B cuctemax
Ha gosxuHax xBunb 1,3 1 1,55 mkm moxe caratn 100...400 km.

5.7. XapaktepucTU4Hi NnapamMmeTpu CBiTNnoBoAIB

[10 OCHOBHMX XapakTEPUCTUYHUX NapamMeTpiB CBITIIOBOAIB HanexaTb
KoedilieHT hasun, XBUNbLOBUI Orip, pasoBa 1 rpynosa LBUOKOCTI.

KoedpiyieHm ¢pa3zu B 3anexutb Big Tuny XBuUni U 4actoTu. 3i 3poc-
TaHHAM 4YaCTOTU 3HAYEHHSA LbOro KoediuieHTa 3MiHIETLCA Bi XBUITbOBOIO

yncna ky = mn,/c B 0605M0HUI A0 XBUbOBOro Yucna k; = omng/c B cepaey-
HUKY (puc. 5.18).
3Ha4YeHHs XeUJZIbOB0O20 OMNMOPY Zy, NEXUTb MK rPAHUYHUMWN 3HAYEH-
HAMM B cepaeyHuky n obornoHui (puc. 5.19):
Zong < Zyy < Zy/ny, (530)

ne’zy= «/”0/80 = 376,7 OM — XBMNbOBUK ONip BifIbHOrO NPOCTOPY.
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ZXB
Zo |
Hor Eo1 HEj4q
Zo/ no
Zo/ ny : :
fo fo f, T o fo f, Ty
Puc. 5.18 Puc. 5.19

Tunoea BenuyMHa XBUNbOBOIO Ornopy cTaHoBUTb 250...260 Owm.
da3zoea weudKicmb pO3MNOBCIOIKEHHSA XBUMi BU3HAYaETbCA BUPA30OM

vq)=V2\/2(gf+g§)/(g12n§+g§nf), (5.31)
Ae v, = ¢/ny — WBUAKICTb PO3MNOBCIOAKEHHSI B 0OONOHLI;
g =k; —B* — nonepeyHnin KoediLiEeHT PO3NOBCIOMKEHHS B CEPLIEBIHI;

g7 = B> -k} — nonepeyHuit KoediLieHT PO3NOBCIOMKEHHST B OBGOTIOHL.

daszoBa wWBMAKicTb (puc. 5.20) Npu KPUTUYHIN OOBXUHI XBUNI OOPIB-
HIOE LUIBMAKOCTI B 060MOHLi. 3i 3pOCTaHHSM 4acToTK eHepria Bce Binblue
KOHLEHTPYETbCA B CEPAEYHUKY M LIBUAKICTb PO3MOBCHOKEHHA MOYMHAE
BU3HaYaTuCA 11l KoedilieHTOM 3aroMmneHHs. [pn gyxxe BUCOKMX 4acToTax
dasoBa LWBWNOKICTb OOPIBHIOE LUBUAKOCTI PO3NOBCIOOXKEHHS B CEPLEBUHI:
v1 = ¢/ny. TAKNM YMHOM,

c/ng <vg <c/m. (5.32)
Cnig 3a3HaunTun, WO asoBa WBUAKICTb PO3NOBCHOAKEHHS XBUNIi CBI-
TNOBOAOM 3aBXAW MeHLUa 3a LWBUOKICTb CBiTNAa.
pynoea weudkicmb poO3NOBCHOIKEHHS BU3HAYAETLCA BUPA30OM

2
=& 1+c¢

2
¢ 1+c(n1/n2)

CumeTpunyHi xBuni TmniB Hyy, | Egn Y pPEXUMI BiACIHYKM MaOTb FPynoBi
LWBWUOKOCTI ¢/my. 3MmiwaHi xeuni Tunis HE,,, i EH,,, HaBITb Y pexumi Biaciy-

(5.33)

Vrp
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KW MaloTb OESKY €Heprito, WO pOo3noBCIOOXKYETLCS CEPAEYHUKOM, N TOMY
IXHi rpynoBi WBNOKOCTI HWXKYI 3a ¢/ny (puc. 5.21). Ha Benukin BiactaHi Big
BIACIYKM rpynoBa LWBWUAKICTb ANs BCIX MOA vy = ¢/ny.

b

Vg, KM/C

i Vo> =c/ny
| HE
I HE 2

EH3;

vi=c/n,

fo fo f, rLl,
Puc. 5.20 Puc. 5.21

5.8. Knacudikadiss TuniB onTM4YHOro BOJIOKHa

3rigHo 3 pekomeHaauigamu MikHapogHOI ChiflkKn 3 erleKTpo3B’si3Ky B
ranysi TenekomyHikauin (MCE-T) icHye Taka knacudikauis Tunis onTUYHO-
ro BOJIOKHA, sika BU3HA4YaeTbCs BiANOBIAHMMM CTaHOapTaMu.

Cmandapm G.650 nae 3aranbHi BU3HAYEHHS TUMIB BONTOKOH, Nepenik
OCHOBHUX XapaKTepPUCTUK i NnapamMeTpiB 0OOQHOMOLOBUX BOJIOKOH, a TaKOX
METOAIB BUMIpPIOBaAHHA LMX NapamMeTpiB i KOHTPOSIO 32 HAMMW.

CmaHdapm G.651 po3noBCIOAXYETbCA Ha GaraTomMogoBE OMTUYHE
BOJTOKHO 3 AiaMeTpoM CBITNONPOBIiAHOI XXMM 50 MKM i 0BONOHKN 125 MKM i
Ha kabeni Ha Noro oCcHoBi. B HbOMY MICTATbCA pekomeHaauil LWog0 OCHOB-
HUX MapamMeTpiB LMX BOJSIOKOH, KOHTPOSIbOBAHUX XapaKTepUCTUK i gonyc-
TUMUX HOPM. Ha uen 4Yac Takmi TUn BOSNIOKHA BMKOPUCTOBYETLCS TifIbKN B
KOPOTKMX, BHYTPILLHbOOBO EKTOBMX cUCTEMax nepedadi 3 pobo4vol A0BXM-
Hoto xBuni 0,85 i piako 1,31 MKM.

CmaHdapmom G.652 BM3HA4YaeTbCA OQHOMOOOBE BOSIOKHO 3 HE3Mi-
LeHoto avcnepcieto. Moro napameTpy onTuMisoBaHi Ans Aiana3oHy OOB-
XUH xBunb 1,31 MKM, B IKOMY BOJIOKHO Ma€ HynNbOBY XpOMaTU4HYy Aucne-
pCito 1 MiHIMarbHe 3racaHHs. [iameTp CBITSIONPOBIAHOI UMW BOSIOKHA —
9 MKM, 00OSIOHKM — 12512 MKM; npodifib NOKa3HMKa 3arioMJSIEHHA Mae
BUrNAL CXOANHKM.
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BonokHo G.652 BMKOPUCTOBYETLCS AN O4HO- | 6aratoxBMnNbLOBOI ne-
penadi iHpopmauil (y Tomy unicni B gianasoHi 4OBXUH XBUrb 1,55 MKM) 3i
weuakoctamm go 10 M6iT/c Ha cepeHi BiacTaHi (4o 50 km).

CmaHdapm G.653 po3noBCOOXYETLCA HA OAHOMOAOBE BOSIOKHO 3i
3MiLLLEeHO HYNbOBOW aucnepcieto B obnacti 1,55 mkm — DSF (Dispersion
Shifted Fiber). Lle BoniokHO mae HynboBYy Aucnepcito B o6nacTi MiHimanb-
HUX BTpaT, WO OOCAraeTbCsa 3a paxyHoK Oinbll cknagHoro npodinto koe-
dinieHTa 3anomneHHs (puc. 5.22).

LA A

a 0 B r
Puc. 5.22

BonokHo ctangapTy G.653 BUKOPUCTOBYETLCA B MPOTHXKHUX MaricTparnb-
HUX LUMPOKOCMYTOBUX JiHISIX | Mepexax 3B’si3Ky, BOHO 3abeaneyye nepenady
iIHpopMmaLii Ha fekinbka COTeHb KinniomeTpiB 3i wamakoctsamm Ao 40 Git/c.

OfHak HMM MOXHa NepegasaTu NULe OAWH CNeKTpanbHUW KaHan iH-
dopmalii, ockinbknm HeobxigHa Ans GaraToOXBUNLOBMX CUCTEM BUCOKAa
KOHUEHTpaLia CBITNOBOI MNOTYXXHOCTI B BONOKHI G.653 yepe3 ocobnNMBOCTI
CTPYKTYPU XU NPU3BOOUTL A0 MOABU HENiHIMHUX edoeKTiB, SKi, ¥ CBOK
yepry, CNPUYNHATL NepexpecHi 3asagu y niHil.

CmaHdapm G.654 MicTUTb ONMUC XapakTepUCTUK OQHOMOAOBOIO BO-
nokHa n kabento, WO MawTb MiHIManbHI BTpaTW Ha AOOBXWHI XBWUNI
1,55 MkM. Lle BOnokHO Oyno po3pobrneHo ans 3acTocyBaHHS B MiABOOHMX
cucTteMax. 3a paxyHok BinbLlumx, HiX y BonokHa ctaHaapTy G.653, po3mi-
piB CBITNOMPOBIAHOI XXMM BOHO [03BOMS€E NepefaBaTu BinbLl BUCOKI PiBHI
ONTUYHOT MNOTY>KHOCTI, ane BoAHOYAc BOHO Mae BinbLl BUCOKY XpOMaTUYHY
aucnepcito B gianasoHi 1,55 mkm. BonokHo Tuny G.654 He npusHa4veHo
Ans poboTn Ha AKiN-HeBYOb IHLWIWM O0BXMHI XBUITI, OKpiM 1,55 MKM.

Cmandapm G.655 onvcye BONOKHO 3i CMSOLEHO On-
crepcieto, WO TakoX Ma€e Ha3By BOJSIOKHA 3i 3MiLLLEHO He-
HynboBoto gucnepcieto — NZ-DSF (Non-Zero Dispersion
Shifted Fiber). Lle pocsraetbca 3a paxyHOK 3aCTOCyBaHHSA
crneuianbHOro Npoquinto NokasHuKa 3anomMmreHHs (puc. 5.23).

Puc. 5.23 Lle BONOKHO npu3Ha4yeHo AN 3acToCyBaHHS B MaricT-
panbHUX BONOKOHHO-OMNTUYHKUX JiHISX i rnobanbHUX Mepexax 3B’s3Ky, L0
BukopuctoBytoTb DWDM-TexHonoril B Aiana3oHi 4OBXWH XBUrb 1,55 MKM.

BonokHo G.655 mae cnabky KOHTpONbOBaHY AWCMEPCI0 B CMYy3i

(1,53...1,56 MKM) | BENUKNUN giaMmeTp CBITNIONPOBIAHOT XWX MOPIBHAHO 3
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BonokHoM TNy G.653. Lle ameHLwye npobnemy HeniHinHnx edekTiB i fae
MOXITMBICTb 3aCTOCOBYBATU €(PEKTUBHI BONTOKOHHO-OMTUYHI MigcunoBadi.

5.9. KOHCTpyKUiss onTUYHUX KabeniB

OCHOBHUMU enieMeHTaMun ONMTUYHOro Kaberto € Taki:

— ONMMUYHI 80JI0KHa, 3BT 3a NEBHOK CUCTEMOIO;

— cunoei (3MiLHIOBarbHi) esteMeHmu, ki cnpuimaloTb Ha cebe no-
3[0BXHi HaBaHTaXXeHHA Ha PO3pPu1B, OCKINbKN Yepe3 Marsli po3Mipy BOSIOKOH
i OyXe mane [onycTUMe BiAHOCHE MOLOBXEHHSI CKNa BOSIOKHA MOXYTb
OyTn 3pynHOBaHI HaBiTb NPU HE3HAYHOMY MNO340BXHLOMY PO3TATHEHHI;

— 3anoeHroeayi, Wo npuaHaveHi anga 3bepiraHHs cTabinbHOCTI po3-
TallyBaHHS ONTUYHUX BOSTOKOH MO nepepidy kabento;

— apMyrodi efileMeHmu, Ki NigBULLYIOTb CTINKICTb Kabento A0 30BHi-
LLHIX MeXaHiYHUX BNIMBIB;

— 308HIWHI demngpysasnbHi U 3axucHi 060/10HKU, AKi 3anobiratoTb
NPOHMKHEHHIO BOMOMY 1 Napis LWKIOINBUX PEYHOBUH.

Ha ocHoBi onTUYHOro BONOKHA BUrOTOBMAKTL Kabeni BCiX TUMIB.

[na mazcicmpansHux kabesie HeobXiaHi Mani piBHI 3racaHHs U gucnep-
cil ons 3abe3neyeHHs BENUKOI MPOMYCKHOI 30aTHOCTI U BENUKOI OOBXUHU
pereHepauiHux LOINAHOK, TOMY ANnSA IX BUIFOTOBfIEHHA BUKOPUCTOBYIOTb
ofHoMo[0Be BOJSIOKHO (8/125 MKkm) Ha goBxuHi xBuni 1,3...1,55 MKMm.

[na BUrOTOBMEHHA 30HOBUX Kaberiig, B AKMX BUMOIM O MPONYCKHOI 34a-
THOCTI N OOBXWHWN pereHepauiviHol AifIIHKA MeHLU CYBOpPi, BUKOPUCTOBYHOTb
rpagieHTHe 6aratomogoBe BOMOKHO (50/125 MKM) Ha JOBXUHI XBUII 1,3 MKM.

Y wmicbkux kabernsx, ge BiacTtaHi nepegadi iHdopmauil cTaHOBNATb
OOMHULI KinomeTpiB, 3aCTOCOBYIOTb rpafieHTHe GaraToMogoBE BOJSIOKHO
(50/125 mMkM) Ha goBXUHI xBuni 0,85 MKM.

[1i0800HI Kabeni pna 3abe3neyeHHs Manux PiBHIB 3racaHHs W Benu-
KMX OOBXWH pereHepauinHux OifsiHOK, BUrOTOBSISAKOTb HA OCHOBI OHOMO-
[0BOro BonokHa (8/125 mkm) Ha goBxuHi 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 AKUX NOTPiIOHa Benuka MexaHidHa rHy4yKiCTb, BU-
KOHYIOTb Y BUMMAAI [HKryTiB ab0 NMOCKUX CTPIMOK 3 BUKOPUCTAHHAM CTyniHYa-
ctoro 6aratomogosoro BosiokHa (100/200 mkm) Ha goBxuHi xsuni 0,85 MKM.

5.9.1. MemoOdu eu2omoesieHHs1 orMMUYHUX 80JIOKOH

ICHYOTb ABi OCHOBHI Irpyn METOAIB BUrOTOBMEHHSA ONTUYHOIO BOJIOKHA:
1. MemoOu ocadxxeHHs1 3 piOkoi ¢ha3u, abo mueesibHi Mmemodu, 3
BUKOPUCTaHHSAM SIKUX BOJTOKHA BMIOTOBMAOTL 3i CKa 3 HU3bKOK Temnepa-
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Typoto nnaeneHHs (1000...1200° C). [1na BOMOKOH, BUTOTOBIEHUX TakKUMU
MeTo4aMu, BTpaTu Ha 3racaHHs CTaHoBNATL 3...4 ab/km.

2. MemoOu ocadxeHHs1 3 2a3080i ¢ha3u, 3a JONOMOIOK SIKUX BOJIO-
KHa BUrOTOBMAIOTbL 3i CKSla 3 BMCOKOK TemnepaTypoo nrasneHHs (nopsa-
Ky 1500° C). Ona ujeto TexHosnorii BTpaTM Ha 3racaHHs CTaHOBMSTb
0,4...0,5 ab/km.

CninbHOO BUMOroto ansa obox rpyn MeTofiB € CyBOPUN KOHTPOSb 3a
YMCTOTOK MNOXIAHMX MaTepianiB i BUKMIOYEHHS NOTPanfsiHHA B HUX CTO-
POHHIX PEYOBUH MPOTArOM YCbOro TEXHOMNOrYHOro npouecy. Ymm BinbLu
BUCOKMI CTYMNiHb YACTOTU MaTUMe CUPOBUHA, TUM HMWXYMMK ByayTb BTpa-
TV Ha 3racaHHsi B OTPUMYyBaHOMY BOJIOKHI.

Po3rnaHemo peanisauito TeXHONOrii ocagkeHHs 3 pigkoi dasnm Ha
npuknagi metony rnodeitiHo2co muass. 3a UMM MeTO40M BOSIOKHO dhopMy-
I0Tb LWISIXOM 6e3nepepBHOro BUTANyBaHHS 3 po3mnnaBy, KM MICTUTbLCA B
NaTMHOBIM NOCyauHI (TUrmi), Wo nigirpiBaeTbcd, Yepes QinbTp, po3raLlo-
BaHWUM B NOro AHi.

[lBolwlapoBe BOJSIOKHO OTPUMYKOTb 3a
aonomoro aAsox TurniB (puc. 5.24), wo
OTOYYHTb OANH OOHOro. BHYTPIWHIN TUrene
(1) dbopmye cepagedHUK BOMOKHaA 3i ckra 3
NOKa3HMKOM 3ariOMSIEHHS ny, 30BHILWHIN (2)
— 0DOSIOHKY 3i CKrfla 3 MOKa3HUKOM 3arioMm-

NeHHa ny. OgepkaHe TakMM YMHOM ABOLUa-

poBe BOSIOKHO (3) HaAMOTYETbCHA Ha Mpu-

nmanbHUn 6apabaH (4).

v XiMiyHe ocalxeHHs1 3 ea3080i hasu

BUKOHYETbCA B ABa eTanu. CnoyaTky CTBO-

PIOETLCA ABOLWApOBa 3aroToBKa, a MOTiM 3
Puc. 5.24 Hel BUTAryeTbCA BOJTOKHO.

3aroToBka Mae BUMNAS NOPOXHUCTOI KBapLoBol Tpybkn (1) (puc. 5.25)
poxuHoto 0,5...1 m i giameTpom 16...18 MM 3 NOKA3HMKOM 3arIOMJSIEHHS Ny,
BCepeaunHy akol nogaroTbes xriopoBaHnin kBapy, SiCly i knceHb O..

YHacnigok ximidHol peakuii npu Bucokin Temnepatypi (1500...1700°C),
LLI0O CTBOPIETBECA HarpiBanbHOK cnipanno (3), Ha BHYTPILWHIA NOBEPXHI
TPYOKU Wapamu (2) ocamkyeTbeca YicTum kBapy SiO; (4).

Tak 3anoBHIOETLCA BCH BHYTPILUHA NMOPOXXHUHA TPYOKKM, OKPiM camoro
LueHTpa. ns yCyHeHHs LbOro noBiTPSHOro KaHany temnepaTtypy nigBuLLy-
toTb Ao 1900°C, BHacnigok 4oro BiabyBaeTbCA CrneckyBaHHS TpybyacTol
3aroTOBKM B CYUiNbHY LNNIHOPUYHY.
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Unctuin ocagkeHnin KBapy, ctae cepaevyHMKOM ONMTMYHOrO BOJSIOKHA 3
NMOKa3HMKOM 3anoMIIEHHSA n;, @ cama Tpybka BUKOHYE posfib OOOMNOHKM 3
NOKa3HUKOM 3asIOMSIEHHS n;.

Ha gpyromy eTani BUrotoBrneHHs BOMOKHa B nedi (2) (puc. 5.26) Big-
ByBaloTbCA PO3M’SAKLLEHHS CKNa 1 BUTSKKa BOSTOKHa (3) i3 3aroToBku (1), a
NOTiM MOro HaMOTYBaHHS Ha NpunMansHM 6apabaH (4).

I3 3arotoBkn giameTpom 20 MM i JOBXWHOO ]

500 mm moxHa opepxatn 40...50 KM BOSOKHa N1
piametpom 100 mkm. Bigpisok ULbOro BOSIOKHA Q% N2
JOBXWHOK 1 KM, HAMOTaHWUW Ha uuniHAP AiamMeT-

pom 30 CM 3 KPOKOM 5 BOSIOKOH Ha 1 MM, 3anMMae

20 cM OOBXWHM uuniHOpa i Mae Bary, sika He 4 .

nepesuwtye 20 . AN

[NepeBaramu TuUrenbHOro mMetody € npocrto- | |
Ta TexHonoril 1 6e3nepepBHICTb Npouecy BUro-
TOBMNEHHs1 BorokHa. OgHak MeTod OCagKeHHs 3
rasoBoi gas3n 3abesnevye Kpally sIKiCTb cepae-
YHMKaA BOSIOKHA W O03BONSIE OTPUMYyBaATU rpagie- Puc. 5.26
HTHE BOJIOKHO 3a paxyHOK 3MiHM CTYMeHSs fneryBaHHA KBapLy.

5.9.2. Tunoei KOHCMpPyKUii onmu4HuUx Kabesnie

Cepepf iCHYHUMX KOHCTPYKLIN ONTUYHUX KabeniB MOXXHa BUAINUTU TpK
TUMOBI.

Ka6eni noeieHo20 ckpymHsi (puc. 5.27, a), B AKMX KOXXEH HaCTynHUN
NnoBiB cepAeyHuKa NopiBHAHO 3 NonepeaHiM Mae Ha LWiCTb BOMOKOH BinbLue.
3aranbHa KinbKicTb BONOKOH (1) ctaHoBuTb 7, 12 abo 19 wT., SKi BiflbHO
po3TalloBaHi B nnactMacoBux Tpybkax. CKpydeHi BOSIOKHa MOKPUBAKOTHCA
BHYTPIiLWHBbO 0B60noHkot (3). Cunosi enemeHTn (2) B Takomy Kabeni 3a-
3BMYaN pO3MILLYIOTbCS B 30BHILLHIN NOMieTUEHOBIN 060MOHL (4).
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Y kabeni 3 npoghinboeaHum cepdevyHukom (5) (puc. 5.27, 6), nasu
SIKOro pO3TaLloBYKTLCA MO resikoigy (Mo ogHoOMy 3 BUAIB rBUHTOBOI MNOBEp-
XHi), BOJMMOKHA He 3a3HalTb MO340BXHBLOro BMnvMBy Ha po3puB. KinbKicTb
BONOKOH Yy UMX Kabensix ctaHoButb 4, 6, 8 abo 10 wT. CunoBuin enemeHT
PO3MILLYETLCA BCEPeaVHi cepaeyHuKa.

Ka6eni cmpiykoeo2o muny (puc. 5.27, B) cknagatoTbCs 3 Kynu no-
CKMX nriacTMacoBuX CTpivok (6) (3 6, 8 abo 12 CTpIivOK), B KOXHIN 3 AKNX
3a3Bu4an po3miytoTbes 12 BOMokoH. Kabeni Takol KOHCTPYKLUIT BUKOpUC-
ToBytoTbca y CLUA. lNMepeBaroo Takoro Tuny BOSIOKHa € Binbll npocTta
TEXHOSOris 1X 3’€AHaHHS, OCKINMbKM L ornepauito MOXHa npoBoauTn 3i
BCiMa BOSTIOKHaMu ogpasy.

KoHCTpyKUist kabento BENUKOK MipO BU3HAYaETbCA MOro MpusHa-
YEeHHSIM, TOMY O KOXXHOro 3 BUAIB CUCTEMM 3B’A3KY ICHYE NeBHa TMNoBa
KOHCTPYKLIS.

[na kabeniB MicbKO20 38°A3Ky TUMOBA KOHCTPYKLiS Mae BUIMsA, HaBe-
AeHnn Ha puc. 5.28, e 1 — oNTUYHI BOMOKHA; 2 — NnactMacoBi Tpybku; 3 —
3MiLHIOBanNbHUA CUIOBUN enemMeHT 3 HUTok CBM
(CMHTETUYHOI BUCOKOMOJSIEKYISAPHOI nnactmMacu); 4
— JlaBcaHoBa CTpiyka; 5 — nnactmacoBa 060MOH-
ka. [i 0ocoBbnuBICTIO € MOBHICTIO [AienekTpuyHa
KOHCTPYKLIS, L0 JO3BONSAE po3MilLlyBaTu L kaberni
B yMOBax BMIMBY MOTY>XHUX €NEKTPOMarHiTHUX
3aBaj Big MICbKOro efieKTpu4yHOro TpaHCnopTy ¢
MiCbKMX enekTpomepex. OKpiM TOro, OCKIfbKU Taki

Puc. 5.28 kabeni npoknafalTe B kaHanisauii, To ans ix
3aXMCTy JOCTaTHBbO 3aCTOCOBYBAaTW MacTMacoBi 3aXUCHi OBOMNOHKMN.

KoHCTpyKUito kabento 30Ho8020 383Ky HaBeOeHO Ha puc. 5.29, ge
1 — ONTUYHI BONOKHA; 2 — NnpodifibOBaHUN NiacTMacoBUnN CEPAEYHUK; 3 —
obmoTyBanbHa naBcaHoBa CTpiyka; 4 — OpoHbOBaHi ApPOTU; 5 — MIiaHI
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ApoTu; 6 — nonieTuneHoBa obonoHka. Ockinbky Ui kabeni NnpoknagatoTb Y
'PYHTI W BOHM 3a3HAKTb ICTOTHUX POITHKHUX
3yCUnb, B IXHIN KOHCTPYKLIT BUKOPUCTOBYHOTHLCSH
Ginbl NOTYXHi 3acobu 3axucTy y Burnagi 6po-
HbOBAHUX APOTIB i NPORINIbOBAHUX CEPAEYHUKIB.
[opatkoBa BigMIHHICTb UMX kabenis nonsrae y
TOMYy, WO pa3oM 3 BpoHbOBaHUMKU OpOoTamMu
TaKoX NpoKragalTb MigHI, 3@ JONOMOIo AKUX
3abeaneyyeTbCa OUCTaAHLUiINHE XUBIMEHHSA pere-
HepaTopiB. Puc. 5.29

Kabeni mazicmpanbHo20 38°s13Ky MaloThb Le Binblu 3axuLeHy KOHC-
TPYKUito, WO 306paxeHo Ha puc. 5.30, ge 1 —
ONTWUYHI BOMNOKHA; 2 — MigHI ApOoTK ONs Auc-
TaHUINHOIO XWUBMEHHA;, 3 — CUIOBUN erne-
MEHT; 4 — cTanbHi 6poHbLOBaHI ApoTH; 5, 6 —
BHYTPILLHS N 30BHIiLLHSA NnacTmacosi 060510H-
Kn. BoHa BKntoYae He TiNbKW pagianbHi, a n
LEeHTpanbHi CUNoBi enemMeHTn N BGinbl MiUHI
OpoHboBaHi gpotn. [Ona  AucTaHUinHOro
XUBMEHHA  pereHepaTopiB  nepegbdbavyeHo
OKpeMi MigHi ApOTW, SKi pO3TalLOBYKOTLCHA B
cepaeyHuKy Kkabento.

Cnig 3a3HaunTn, WO 4mm Binblu 3axilleHy KOHCTPYKLUito Mae kabenb,
TMM Ginbla Moro BapTiCTb, TOMY MNpu BUBOpPI TNy Kabent cnig Takox
BpaxoByBaTu M LIEN MOKA3HMUK.

Pwuc. 5.30
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