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PEDEPAT

CtpykTypa ii 06car maricrepcbkoi po6oTu. Maricrepcbka poboTa «OcoO0aMBOCTI Ta JOUIIBHICTH
MEePEBOIY CICKTPUUHUX PO3MOAUTHUMX Mepex Ha Hampyry 20 kB». CropiHok — 77; PucynkiB — 32;
Tabmums —14; Ixepen nocunanb—31.

Pobota npucBgyeHa nuisixaMm Ta MepCrHeKTUBAM PO3BUTKY PO3MOIUIBHUX €EKTPUUHHUX MEpPex
Hanpyroto 20 kB B Ykpaini. Y cydacHOMy CBiTi, OTHUM 3i C1IOCOOIB BUPIIIEHHS MUTAHHS ITiIBUIIICHHS
e(eKTUBHOCTI (DYHKITIOHYBaHHS PO3MOAUIBHMX MEPEX BBAKAETHCS MIABUIIEHHS KJIacy HaIpyrH,
30KpeMa, BUKopuctaHHs Hanpyru 20 kB.

3actocyBanHs Hanpyru 20 kB B po3moaiIbHUX Mepekax JAO3BOJIMTH IMEPEeHTH Ha OUIbII
BUCOKHIA PIBEHb €JIEKTPONOCTauYaHHsI CIOXKHBaUiB, 30UIBIINTH MPONYCKHY 3/IaTHICTh SIK MiHIMYM B 2-
2,5 pa3u B OpiBHSAHHI 3 Mepekamu Hanpyror 6 (10) kB B Mexkax Ti€l )k TepUTOPIi, TIABUIIUTH SKICTh
eJIIeKTPOCHEprii Ta HaidHICTh (YHKI[IOHYBAaHHS CHCTEM €JEKTpOINOCTadyaHHs. Po3mominpHi JiHIT
Hanpyroio 20 kB pouinpHO mpokiagatu kabeneM 3 130JIi€r0 13 3mUToro mnojiietuineny. Came 1ei
Ka0eIb BiAMOBiAa€ BCIM HEOOX1THUM YMOBAM I10 SIKOCTI 1 HAIHHOCTI €JIeKTPOIIOCTaYaHHs, 1 € IPOCTUM
B eKcIuTyaTallii. SIk CBIUUTH 3aKOPIOHHHM JOCBIJI CXEMHU MICHKUX PO3MOAUIBHUX MEPEX MalOTh CBOT
XapakTepHi OCOOMMBOCTI Ta JUIi KOXXHOTO BHUMAIKy HEOOXIJHE OKpeMe TEeXHIKO-€KOHOMIYHE
oOrpyHTyBaHHs. PO3rnsHyTI KOHCTPYKIIi KaOeniB 31 3MIMTOTO MOJIETHIEHY Ta OCOOJMBOCTI iX
eKCILTyaTaIllii.

KJIKOUOBI CJIOBA: PO3IIOUIBHI MEPEXI HAIIPYTOIO 20 KB, BE3ITEPEBIMHICTH
IIEPEJAYI EJIEKTPMUYHOI EHEPII, SKICTb EJIEKTPOEHEPII, KABEJIb I3 3LIUTOIO
[MOJIIETUJIEHY, EKPAHYBAHHS KABEJIIB, CXEMU EJIEKTPOIIOCTAYAHHA.

SUMMERY

Ilja Konovalov. «Peculiarities and expediency of transmission of electrical distribution networks at a
voltage of 20 kV.» VOLODYMYR DAHL EAST UKRAINIAN NATIONAL UNIVERSITY.
ELECTRICAL ENGINEERING DEPARTMENT, gr. EE-22dm. — Kyiv, 2023.

Pages — 77; Drawings — 32; Tables —14; Sources — 31.

The paper is devoted to the ways and prospects of the development of 20 kV electrical
distribution networks in Ukraine. In today's world, one of the ways to solve the issue of increasing the
efficiency of the functioning of distribution networks is to increase the voltage class, in particular, the
use of 20 kV voltage.

The use of a voltage of 20 kV in distribution networks will allow to switch to a higher level of
electricity supply to consumers, increase the throughput by at least 2-2.5 times compared to networks
with a voltage of 6 (10) kV within the same territory, improve the quality of electricity and reliability
of operation power supply systems. Distribution lines with a voltage of 20 kV should be laid with a
cable with cross-linked polyethylene insulation. It is this cable that meets all the necessary conditions
for the quality and reliability of power supply, and is easy to use. As foreign experience shows,
schemes of urban distribution networks have their own characteristics and a separate technical and
economic justification is necessary for each case. The designs of cables made of cross-linked
polyethylene and the features of their operation are considered.excrutyaTarii.

KEY WORDS: DISTRIBUTION NETWORKS WITH A VOLTAGE OF 20 KVCONTINUITY OF
ELECTRICAL ENERGY TRANSMISSION, ELECTRICAL ENERGY QUALITY, CROSS-
LINKED POLYETHYLENE CABLE, CABLE SHIELDING, ELECTRICAL SUPPLY SCHEMES.
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BCTYIl1

Eneprernuna ranyspb € TuM (QyHAAMEHTOM, Ha AKUH OMHUPAETHCI €KOHOMIKA OY]1b-
skoi kpainu. Came BOHA € 3alOPYKOIO YCIIXy TOCHOJapyoi AisNIBHOCTI, O3HAKOIO, sIKa
XapaKTepHu3y€e pPiBEHb JKUTTS HaceneHHs. Haxanb, pe3ynbTratd JOCTIIKEHb OCTaHHIX
POKIB CBilYaTh MPO BEIHMKY KUIBKICTH MPoOJieM Yy BITUM3HSHIA EHEpPreTHulll, sKi
NOTpeOyIOTh SKOMOra HaWIIBUAIOTO po3B’si3aHHs. (Cepel HUX NEPIIOYEPrOBUMHU €
npoOieMu HaAIHOTO Ta SKICHOTO €Hepro3ade3leueHHs, MiJBUICHHS €HEepreTUYHOI
Oe3nekrn KpaiHu, po3poOka Ta BIPOBAKEHHS CHEProOOIIAJHUX TEXHOJOTIH,
e(peKTUBHOrO Ta CTajdoro (yHKIIOHYBAaHHS BCI€El E€HEPrOCUCTEMH, BIOCKOHAJICHHS
CTPYKTYPH EHEPTreTUKH, PEKOHCTPYKI[iSI Ta OHOBJIEHHS MaTepiajdbHOI 0a3u ramysi,
1HTerpalis eHepreTUKu Y Kpainu 3 €BpONeiicbKO0 €HEPreTHYHO CHCTEMOIO.

[Tonpu 11€, pO3BUTOK KpaiHU MPU3BOAUTH /10 30UIBIICHHS YHUCIa €HEPrOEMHOIO
oOnajHaHHSA Ta KIJIBKOCTI CIIOKUBAYIB, 110 MPHU3BOAUTH 0 3pOCTAaHHS HaBAaHTAKCHHS
Ha eJIeKTpuuH1 Mepexi. Ha nanuit yac, st 3a0e3nedeHHs eJIeKTPONOCTaYaHHIM HOBUX
CIIO’KHUBAYiB, MPOKJIATAIOTHCS TAPAIETBLHO JI0 ICHYIOUMX HOBI MEpPEXi, OYIyIOThCS HOBI
pPO3NOAUIbHI MIACTAHII. AJie L€ JUIIe YaCTKOBE BHUPILIEHHSAM MNpPOOJIeMH, sIKE Ie U
notpedye IOJATKOBUX CHOPYIXKEHb, IO € HE NPUWHATHUM B CyYaCHHUX yMOBax
niibHOi  3a0ymoBu. OTke, HEOOXiTHI OOIPYHTOBaHI pillleHHs, SKi 3a0e3rnedarb
ICHYIOYMX 1 HOBUX CIOKMBauiB €JEKTPUYHOIO EHEprito, sika OyJe BIAMOBIIATH
€BPOIECUCHKUM CTaHAapTaM. ToOTO, MIABUIIEHHS €HEeProe(EKTUBHOCTI PO3MOAUIBHUX
mepex 6 (10) kB muisixom mepeBeneHHs ix Ha Bummid kinac Hamnpyru 20 kB e
HEOOX1THUM 1 aKTyaJIbHUM PIIIEHHSIM.

B po6oTi onmmMcaHo MOMXJIMBOCTI Ta MEpPEBard Mepexoay pO3MOAUTPHUX MEpPEK
cepennboi Hampyru (6) 10 xB wa manpyry 20 xB. JlaHuii HampsIMOK BBa)Ka€ThCSI
MEPCIEKTUBHUM Ta HEOOXITHUM PIIICHHSIM JJIs HAIIOi KpaiHW, TakK SK ICHYIOYl MEpexi

BIJIMTPAIIOBAIA CB1il HOpPMAaTUBHHM TE€PMiH Ta TIOTPEOYIOTh 3aMiHHU.



Axmyanonicms  Odocnioxcenns. llepearm  wmepexi 20 kB  oOymosneni
OCHOBHUMHU 3aKOHamH enektporexHiku. Ilepexin na knac Hamnpyru 20 kB 3a0e3neunTs
3MEHIIIEHHS TEXHOJOTIYHUX BHTpAT €Heprii Ha mepegady il Ha BEJIMKI BiJICTaHi,
30UTBITUTE TIPOIYCKHY 3MIaTHICTh EICKTPUYHUX MEPEXK, IMIIBUIIUTh HAIIAHICTD
nepeiayl  eJIeKTPUYHOI €Heprii, a TakoXk, 3a0e3MeUYuTh MOXKIUBICTH CTBOPEHHS
JI0JIAaTKOBOI MOTYKHOCTI JUIsl HOBUX CIIOXKHBAYiB Yy MallOyTHEOMY.

Jlo Toro x, mepeBaru BuKopucTaHHsi Hamnpyru 20 kB Be AaBHO OLiHHI
€BPOIEUCHKUMU KpaiHaMU, B SIKUX TaKUM KJac HaMpyryd PO3MOJLIBHUX MEpPEXk 3’ IBUBCS
i€ B IMEpIIid TMOJIOBUHI MABAALUATOTO CTOMITTA. SK mpukinaa, y JHaHid poOoTi
npenctaBieHo gocBin  DinnsgHaii, B skiid Hampyra 20 kB € 3BHuUaitHUM
PO3MOBCIO/I)KEHUM SIBUILIEM.

Mema i 3a0aui oocniddcenns. MeTO MaricTepcbkoi poOOTH € aHali3 HUISXIB
OiABUIIEHHA HAJIMHOCTI Ta SKOCTI  €JEKTPONOCTA4aHHsS NUIAXOM  IEpEBOAY
PO3MOAUIBHUX EIEKTPUYHUX Mepex 3 kiacy Hanpyru 6 (10) kB Ha nanpyry 20 kB Tta
PO3BUTOK METOAMKUA BHOOPY CITOCOOY 3MEHILIEHHS BTPAT NOTYHOCTI B KaOenl npu Horo
eKpaHyBaHHi/

OcHoeni 3a0aui pooomu:

- aHaji3 craHy Ta ocoOnuBOCTeH (YHKIIIOHYBaHHS PO3MOAUIBHUX MEpPeK
Harnpyroto 20 kB B enepretuuHiii rany3i Ykpainu;

- JOCHDKEHHS Ta Yy3araJlbHEHHs TIepeBar Iepefadi  eJeKTpOoeHeprii
BUKOPHCTOBYIOYH PO3MOIiILHI Mepesxi Hanpyroio 20 kB;

- OMNHCaHHS CBITOBOTO JOCBIAY PO3BUTKY EJIEKTPUYHUX PO3MNOAUIBHUX MEPEK
Hanpyroto 20 kB;

- BUOIp KOPEKTHOTO CHOCO0Yy 3a3eMJICHHS €KpaHiB KaOeliB I 3MEHIICHHS
BTpaT aKTUBHOI MOTYXHOCTI B Kabeni 13 3muToro nojiietuneny 20 kB.

06 ’exkmom OocnioxcenHs € TPOIEC Mepeaadl eIeKTPUIHOI eHeprii KaOeIbHIUMHU
J1HISIMU HOMIHaJIbHOIO Harpyroro 20 kB.

Ilpeomem oOocnioxcenus: MeTOJIUKa BHOOPY MHapameTpiB PO3MOJUIBHOI Mepexi
Harpyroto 20 kB s 3a0e3neueHHs HaIIAHOCTI, Oe3mepebiifHOCTI Ta SKOCTI

CJIEKTPONIOCTAYaHHS.



Ilpaxmuuna 3nauumicms pobomu noe’si3anHa 31 3aCTOCOBAHMNA KOMILIEKCHOTO
X0y A0 OOTPYHTYBaHHS TEXHIKO-€KOHOMIYHOI JOIUIBHOCTI BUKOPUCTAHHS HAPYTH

20 kB B cucteMax po3mnoiiay eIeKTpUIHOl 00’ € JTHAaHOT EHEPTOCUCTEMHU Y KpaiHH.



PO3JILI 1

AHAJII3 CBITOBOI'O JOCBIAY BUKOPUCTAHHS
HAIIPYI'M 20 KB B CUCTEMAX PO3IOA1JY EJJEKTPUYHOI
EHEPT1I

1.1 Ocob61uBOCTI MOOYA0BH CUCTEM €JIEKTPONOCTAYAHHS YKpPaiHU HA

CHLOT'OAHIIIHIN TeHb

OctanHl JekiIbKa pPOKIB YKpaiHa mepedyBae y cTaHl IIMOOKOI €KOHOMIYHOT
KpU3W, 110 HETaTUBHO BIUIMBAE HAa BCl Tajdy3l IPOMHUCIOBOCTI, Yy TOMY YHCII
eJIEKTPOCHEPTeTUYHNI KoMIUutekc. CucreMa TMOCTadyaHHSA EJIeKTPUYHOI CHeprii €
OCHOBHOIO  JJi1  (DYHKI[IOHYBaHHS  IHIIMX  CHCTeM.  SIKIIO  TPUIUHUTHCS
eJIEKTpONOCTayaHHsl, TO He OyJe Tmojadl BOJW, TEIia, BIAKIOYUTHCS CHCTEMa
KOHJIMINIIOBAaHHSA Ta BEHTWIALII, 3YNMHHUTbCS Tiepedada iHQopmarii, 10 MOXKe
MPU3BECTH JI0 HAA3BUYAHHUX CHUTYaIlli TEXHOTEHHOTO Ta MPHUPOTHOTO XapakTepy,
CTBOPUTHU 3arpo3u €HEPreTUYHIN Oe3mnell Jep>KaBu Ta 3pPOCTaHHIO COLIAJIbHOI HAPYru
cepen HaceneHHa. Kpim Ttoro, Ykpaina mae cBoi crnenudiudi mpoOjemMu, 30Kpema,
nediuUT NaJIUBHUX PECypciB, MpakTUYHA BIACYTHICTh JuBepcu(ikamii IXHbOrO
IMITIOPTY, 3HOIIEHICTh MaTepiaibHOI 0a3u EHEePreTHKH, HU3bKa €HepProe(EeKTUBHICTD,
3HAYHI BTPATH €HEPTii B EHEPTrOCUCTEMI Ta 0araTo 1HIINX.

3okpemMa, BTpaTh OOYMOBJICHI AMCOQJaHCOM HaBaHTAXEHHA W PEaKTUBHOI
MOTYXKHOCTI, 3HOIIEHICTIO TpaHcpopMaropiB Ta JiHIH. OnTuMagbHE PO3MIIIECHHS

KOHJIEHCATOpa B MEPEXi MOKpallye KOe(DIieHT MOTYXHOCTI Ta 3MEHIIYE PEAKTUBHY
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NOTY)XHICTh. 3aMiHa TMEPEeBaHTAXEHUX 1 TEXHIYHO 3acTapuiux TpaHcPopMaTopiB
3MEHIITy€e BTpaTH B Mifi Ta 3aii3i. Ctapi kabemni Ta MpOBiTHUKYA MOBUHHI OyTH 3aMiHEHI,
OCKUIBKH X MIJBUIIEHUN OMip MPU3BOJIUTH A0 JOJATKOBUX BTPATH €HEPTIi.

OTxe, ICHye HH3Ka HarajlpHUX MpoOJieM, SKI MOTPeOYyIOThb EKOHOMIYHO
JIOIIIBHOTO, OOTPYHTOBAHOIO Ta €(heKTUBHOTO BUpilieHHs. ONIHI€I0 3 MEepIIuX Baj, ika
MOCTa€e — 1€ 3acTapijic 00JIaJIHaHHS, SKE BCE 4YacTillle BUXOAWTH 3 Jaay 1 morpedye
JIOKOPIHHO1 3aMiHHM, HATOMICTb PEMOHTYETHCS JIMILIE Majla YacTHHA IUISHKH, 100
BIJIHOBUTH POOOTH EJIICKTPOCHEPTeTUYHOI MEpexi, 1 He pPOOUTHCS HIYOTO I
MOKPAIIEHHS MEPEKEBOT0 KOMIUIEKCY B miiomy. Ha maHuii MOMEHT MaeMo CHTYyaIlilo,
mo Ouenie 50% ycporo oOJiagHaHHS, SIKE BUKOPHUCTOBYETHCA ChOTOJHI HepeOyBae B
excrutyararii moHaj 40 pokiB, IO 3yMOBIIOE BEJIWYE3HI BUTPATH HA PEMOHTH Ta
TEeXHIYHE OOCIyroByBaHHs oOjagHaHHsS. OCOOJMBO TOCTPO Taka MpodsiemMa MOCTae y
3MMOBHI TEpiojl, KOJM uYepe3 IIKBAJIbHI BITPU Ta HU3BKY TEMIIEpaTypy BUHHUKAIOTh
aBapiiiHl cuTyalli (3aBaJIeHHsI CTapuX OMOp, 3pUBU MPOBOJIB Ta 1HIIE), 1 CIIOXKUBAYl
3QJIMIIAI0THCS 0€3 MoCcTayaHHs €JIEKTPUYHOI €HEPrii Ha 3HaYHUM Mepio/] yacy.

[Hma npobnema, sika BUIUIMBAE 3 TONEPENHBOI, - 116 HEMOXKJIUBICTh [IEpEIaBaHHs
HEOOXITHOI TOTYXHOCTI Yy MEpeXy ICHYIOUMMH MLIJIIXaMH, Yepe3 HeIO0CTaTHIO
MIPOIYCKHY CIPOMOXKHICTh ICHYHOYHMX JIiHIH ejaekTponepenadi. Ha choromnimHii J1eHb
Ma€eMO CHUTYyaIlifo, M0 eJIeKTpu4Hi Mepexi Hampyroro 6(10) kB wmaibke Buuepnaiu
pe3epB  MPOMYCKHOI  CIPOMOKHOCTI, MAarTh HAJI3BUYAHHO HHU3bKUU  PIBEHB
aBTOMaTH3allli Ta 3acTapije oO0JaJHaHHS, 10 OOMEXYE MOKJIMBICTH JUCTAHIIHHOTO
yhOpaBiiHHA. [CHye HUIIX BUpIIEHHS, NPU SKOMY MOTpiOHE CHOPYIKEHHS HOBHX
LEHTPIB KUBJEHHS Ta JOJATKOBUX pO3MOAUIBHUX mijcTanuii. IlpoTe, B BeIMKHX
MicTax (Meramoiicax), JUisl SKUX XapaKTepHe 301IbIICHHS eIEeKTPOCTIOKUBAHHS, TYKe
BEJIMKa WIUIHHICTh 3a0y0BU Ta KUIBKICTh KOMYHIKAIIA, IO YCKJAIHIOE, a, 1HO,
YHEMOXJIUBIIIOE JOJATKOBI MOOYIOBH.

HeoOximHo 3BepHyTHM yBary Ha Te, IO BCE YaCTIIIE BUHHUKAE TUTaHHS
NIJBUILIEHHSI €HEepProe()eKTUBHOCTI pOOOTH ENEKTPUUYHUX MEPEXK, IO BKIOYAE B cede
3MEHIIICHHS] BTpaT €JEKTPUYHOI eHeprii, 301IbIIeHHS BiJCTaHI, Ha SKy BOHA

nepeaeThes, 3a0e3neYeHHs HaIMHOCTI, SIKOCTI Ta €KOHOMIYHOCTI €HEepPrornocTayaHHsl.
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[{i moKa3HHKH pPErJaMeHTYIOTbCA BIANOBIIHMMU HOPMATHUBHMMM JOKYMEHTaMH Ta
IpaBWJIaMH, 1 iX BIAXWJICHHA BiJl 33JaHUX 3HAYEHb MOTIPIIYIOTH YMOBHU €KCILTyaTallil
€JIEKTPOYCTAaTKyBaHHs €HEPronocTayallbHUX OpraHi3alliil 1 CIIOKHUBAUlB €JIEKTPOEHEPTii
Ta MOXYTh MPU3BECTH 1O 3HAYHUX 30UTKIB. Y CEpeIHbOMY, YacTKa HEIOBIIMYCKY
CJICKTPOEHEPT1i KIHIEBOMY CIIOXKHBauy ckiagae 0au3bko 70%, 1o BiiOyBa€eThCs yepe3
TEeXHOJOrUHI mopyiieHHs y Mepeki 6(10) xB. BpaxoByroui Taki 0OCTaBHHH,
HiATPUMaHHS TTOKa3HUKIB SKOCTI €JIEKTPUYHOI €HEeprii B JOMYCTUMHUX MEXKaxX € JOCUTh
BaXJIMBUM 3aBIAHHSM.

[ToripmieHHs: TEXHIYHOTO CTaHy €JIEKTPOMEPEX y pas3i BiICYTHOCTI AOCTATHHOTO
piBHS 1HBECTHII y iX BIZHOBIEHHS Ta POo3BUTOK A0 2021 poky mocsria KpUTUYHOTO
piBHS, LIO0 MNPU3BOAUTH JO 3HAYHOIO MIJBHUILEHHS PHU3UKY aBapiil, BIIKIIOYEHb,
3HECTPYMIICHHSI CIIO’KHMBayiB, OOMEXEHHsI poO0YO0i MOTY>KHOCTI €1EKTPUYHUX CTAHLII Ta
BUHUKHEHHA Je(IIUTYy TOTYXKHOCTI, IO TpPHU3BEAE JO 3pOCTAaHHS IMIIOPTY
€JIEKTPOCHEPTi, 1, IK HACIIJI0K, - 1O 3HM)KEHHS EHEPreTUYHO1 O€3MeKH KpaiHH.

Jlnst HOpMalIbHOI pOOOTH CHUCTEMH €IEKTPONOCTayaHHs YKpaiHu HEOOX1IHO
MIJBUIIUTH HAJIAHICTh Ta OE3IMEKy eJIeKTpOoIepeaBalbHOI MEPEkKi, ONTHUMI3yBaTH
BUTPaTH Ha OOCIYyrOoBYBaHHs, OHOBHUTH 3HOILIEHI OCHOBHI (OHIM Ta YCYHUTHU

MPOTAJIMHY B CUCTEMI Tepeiadl elIeKTPOCHEPTii.

1.2 CaitoBuii 10¢Bij BUKopucTanus Mepesk Hanpyrow 20 kB

Y cydacHOMy CBITI, OJHHMM 31 CHOCOOIB BHUPIIICHHS MHUTaHHS II1BUIICHHS
eheKTUBHOCTI (YHKIIIOHYBAHHS PO3MOAUIBHIX MEPEX BBAXKAECTHCS MIJBUIIEHHS KJIACy
HaIpyru, 30kpemMa, Bukopuctanus Harpyru 20 kB. Take pilieHHs BUKOPUCTOBY€E Oarato
KpaiH sSK Ha 3ax0/11, Tak 1 Ha cxoai: @paniisa, Himeuunna, Asctpis, [lseris, OinnsHmis,
JlatBis, Kopes, Kuraii Ta Gararo inmmux. Bukopuctanus kiacy "anpyru 20 xB B
PO3MOJIIBHUX Mepekax € JOHUIBHUM Yy 3B’S3KY 31 301IbIIEHHSM IIIJIBHOCTI

HaBaHTAa>XCHHA.
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Tpeba 3BepHyTHM yBary, 0 B KOXHIM KpaiHi 1CTOpUYHO chOpMyBaNUCA CBOT
0CcOOJMBI BHM3HAYEH! TEXHIYHI PIIICHHS U1 PO3MOAULY eneKTpoeHeprii. B pesynbrati
4Oro PO3MOJIUIbHI MEPEKi KOKHOI OKpEeMO PO3TJISIyBaHOI KpaiHU MalOTh CBOI BIAMIHHI
0CcOOMMBOCTI. YHIKaNbHICTE Mepexk DIHIAHIlI € Te, Mo BOHU Oynau cPopMOBaHi B
pe3yJbTari CHiBpOOITHUIITBA BUPOOHUKIB OOJagHAHHA 1 MepekeBUX KommaHid. Taxi
BIJIHOCMHU BHUHUKJIM BHACIIJIOK BUMOT [0 €JIEKTpOINEpeIaBaIbHUX KOMIIaHIM BiJl
BUPOOHUKIB Yy4yacTi B TECTyBaHHI IXHbOrO oOnagHaHHg. [ns ontumizamii poboTu
PO3MOJIILHUX Mepex Opanucs Taki (GakTopu, SK: HaAIMHICTH, O€3leKa, BUTPATH Ha
OOCITyroByBaHHSI Ta PEMOHT. TakuM 4YHMHOM Oyjia CTBOpPEHa CTpaTerisi PO3BUTKY
€HEProCUCTEMH, SIKA ICHYE Ha CbOTO/IHIIIHINA JIEHb.

Jl1st oOyI0BH CBOIX PO3MOAUIBHUX Mepex DIHISHAIS JOTPUMYETHCS TPUHITUITIB
MEK (MixHapo/Ha €IeKTpOTEXHIYHA KoMicis). B kpaiHi 3acTOCOBYIOThCS Halpyru
400, 220, 110, 20, 10, 400/230 kB. Ilpu mbomy Hanpyra 10 kB 3acTocoByeTbcs uIle B
Benukux Mictax. Ha puc. 1.1 mpencraBieHa cxema HpUETHAHHS O MEpPEXi, sKa

BUKOPUCTOBY€EThCS B DiHIIAHII.

220 kB, 400 kB 110 kB 20 kB 400/230 B

T/T /A /5 16-30 kBA

A/ & 150-3150 kBA

Pucynok 1.1 — Cxema nepenayi eHeprii 1 pexxuMH 3a3eMJICHHSI HEUTpal CUIOBHUX

TpaHc(opMaTopiB, BUKOpUCTOBYBaHa B DIHIIAH T

B micTax, 3a3Buuaii, BUKOPUCTOBYIOThCS JIBOX- ab0 TpudasHi TpaHcHopmMaTOpHI
niacraniii 110/20 kB 3 tpanchopmatopamu 25, 40 abo 63 MBA. Ha croponi 110 kB
Takl MiJCTaHIll MalTh MOJABIMHY CHUCTEMY IIMH a00 OJAMHAPHY CHCTEMY 3 OOXiJTHOIO
cuctemoro muH. Ha croponi 20 kB BUKOpUCTOBY€ThCS MOJBIMHA cucTeMa MIMH. B
CUTBCBKIM MICIIEBOCTI BUKOPHUCTOBYETHCS CIPOIICHI, CTaHAAPTHU30BaHI TMiACTAHIIIT
110/20 xB. Ha nux BcTaHOBIJIECHI 0JKH a00 JBa TpaHc(opMaTopH, MOTYKHICTIO 16 a00

25 MBA. Ha ctoponi 110 kB ognoTtpanchopmaTopHOoi miACTaHINT BUKOPHUCTOBYETHCS
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CXeMa «po3’€JHyBay, 3a3eMJII0BaY, CUJIOBUM BUMUKau» (puc. 1.2). B neskux Bunagkax
Taka CXeMma JIOTIOBHIOETBbCA OOXITHUM poO3’€HyBaueM, SIKHA [103BOJISIE BHUKOHATH
pPeMOHT 1 o0ciyroByBaHHs cuiioBoro Bumukada 110 kB 6e3 BuMKHEHHS mijactaniii. Ha
croponi 20 kB cinbebki miacTaHIi, 3a3BHYail, MAalOTh OJWHAPHY CHUCTEMY HIMH a0o

OJIMHApPHY 3 00X1JHOIO CHCTEMY IITHH.
B&id 110xB
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Pucynox 1.2 — OpHomniHiliHa cxema OAHOTpaHC(HOPMATOPHOI TMiACTAHIIT

110/20 xB

Ha croponi 110 kB BukopuctoByroThCcsi Tpua3HUl MaKCUMaIbHUI peslelHui
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3aXMCT 3 HE3AJICKHOK BUTPUMKOK 4YaCy, PE3EPBHUM YYTIMBUM MaKCUMAaJbHO-
CTPYMOBHIA 3aXUCT HYJIOBOI MOCTIAOBHOCTI, AudepeHIiiitamii 3axuct. OKpiM X BU/IB
3axuCTy, Ha mHHaX 20 KB BUKOPUCTOBY€ETHCS TPYMOBHM 3aXUCT BiJl 3HUKEHHS YACTOTH,
BiJT TIIIBUIIIEHHS Ta 3HWKEHHS HAIPYTH.

[Ilo crocyetrhes 3axucty miHid 20 kB, To, A1 moJerimeHHs 00CTyroByBaHHS,
GyHKINT 3aXUCTy UX MEpex CKoHIeHTpoBaHi Ha miacTaniii 110/20 kB. Koxna miHis
enexrporiepenadi 20 kB, He3anexno nositpsiHa (ILJI) abo kabenpna (KJI), obmamnana
3axucTOM BiJl OaratodaszHux KOpoTkux 3amukanb (K3) 3 He3anexkHO BUTPUMKOIO
yacy. Burpumka vacy mpuitmaersca 0,5 ¢, 1 3a06e3nedeHHs] KOOpAUHALT 3aXUCTY 3
THITMMHU 3aXUCTaMU, BCTAHOBJICHUMH HAMTOHMKYIOUUX T1JICTAHIIISAX CIIOKUBAYIB.

VY Ounpmocti ¢iHcbkux mepexxk 20 kB BUKOPUCTOBYIOTHCA PEKUM 130JIbOBAHOI
HEUTpasi 1 peKUM 3a3eMIICHHS HEUTpasll uepe3 AyroracHuit peaktop. lle o6ymoBieHo
BHUCOKUM OIIOPOM IPYHTY, 1110 € XapaKTepHUM 11l PIHISAHLT (CepelHE 3HaYEHHSI OTIOpYy
rpyuty B @innmsanaii cximagae 2300 Owm:m). 3acTocyBaHHS pPEXHMIB 130JIbOBAHOL 1
3a3eMJIEHOI 4epe3 IyroracCHUil peakTop HeWTpam 3a0e3ledyye Kpally YyTJIUBICTh
PENEeMHOT0 3aXHUCTY J10 MOUIKOKEHHS Yepe3 3HauH1 epexiiHI OMOpH.

Y CilbChbKIA  MICIEBOCTI IIUIBHICTh HAaBaHTAXEHHS HEBEJMKA 1 CTYIIHb
HAJIHHOCTI  €JICKTPONOCTAYaHHS, 10 3a0e3MeUyeThCsl  PallalIbHOID  MEPEkKEro
nepeBoBUIHOT CTPpYKTYpH (puc. 1.3), mocuTh BHCOKA.

["'0n0BH1 KUBIATH pajladbHUN JUISHKY (iaepu («CToBOYp» nepeBa) 3a3BUYal
MaloTh JIBOCTOPOHHE KUBJIEHHA 3 PO3MOJIJIOM B J€SKiil TOUIIl, SIK TOKA3aHO HA cXeMl. Y
TOYIll PpO3AUICHHS (igepa BCTAHOBJACHWM JUCTAHIIMHO KEpPOBaHUW BHUMMKAY
HAaBAHTAXKEHHA - po3'eqHyBay. Ha moyaTky KOXHOI «TUIKH» JIE€PEBOBUIIHOT MEpEexi 1
yepe3 KiTbKa KIJIOMETPIB MO JIOBXKWHI «CTOBOypa» BCTaHOBJEHI po3'enHyBaui. Taka
noOyZ0Ba MOJIETIIY€E JIOKATI3AI[II0 MOIIKOIKEHHA1 3a0e3euye CEeKIIOHYBaHHS MEPExi.
Poz'ennyBaui MOXyTh OyTH oOOJaJHAHI MPUCTPOSAMM JAYrOraciHHSA, IO J03BOJISIE
KOMYTYBaTH CTPYMH HaBaHTAXEHHS, 1 JUCTAHIIMHUM KEpPYBaHHSM, SIKE € OJTHHUM 3
rOJIOBHUX HANpsAMKIB aBTOMatu3allii pincbkux mepex 20 kB.

[Ilo cTocyeThest monmkyrounx miacranimi 20/0,4 kB, BoHu MarTh yXe MpOCTy

KOHCTPYKIIIFO: OJHOCTIMKOBOTO ab0 TpHCTiiiKoBOrO THMy. JIJIsi emeKTpomnocTadyaHHs
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CHOXXUBAYiB BHUKOPUCTOBYIOThCA TUTbkM Tpudasui Tpanchopmaropu. IlnmaBki
3anobikHukn 20 kB mokasamu HHU3BKY HAIIAHICT B EKCIUTyaTalii, Tak SK 4YacTo
MIOMUJIKOBO TE€peropajiy 1 BUKJIUKAIA HEOOIPYHTOBaH1 BIAKIIOUCHHS. ToMy BOHU OyiH
BUKJTFOYCHI 31 CXEM 3a paxyHOK BUKOPHUCTAaHHS OUIBII YYTIWBHX 1 IIBHIKOMIFOYHX
3axucTiB Ha ctopoHi 0,4 kB tpancdopmatopa.

Ha croponi 20 kB monmxyBansuux miactanimiii 20/0,4 kB BUKOPHUCTOBYIOThCS
npocTi 1 emieBi po3'eanyBayi. Po3'ennyBadi 3a paxyHOK HasIBHOCTI MPUCTPOIB raciHHs
JyTH MOXXYTh BIIKJIIOYATH TMOBHICTIO HaBaHTaXEHUM TpaHCHOPMATOP MOTYKHICTIO 0
500 xkBA.

Takox, B mpomeci ekcruryaramii miacranmiii 20/0,4 xB Oyna 3MiHeHa
KOHCTPYKIIisl TpaHcpopmaTopiB. 30kpema, OYB BUKITIOUESHUH PO3IIMPIOBAIBHUI 0avoK,
0 3MEHIIWJIO YHUCJIO TOMIKOMKEHDh 1 TMOJICTIIIIIO TpaHcmopTyBaHHsA. Kpim Toro, 3
KOHCTPYKIi TpaHncpopmaropiB OyB BuiaydeHud mnepemukad [1b3, mo migBUIIUiIO
HAJIUHICTh TPAaHC(HOPMATOPIB 1 3HU3UIIO X BaPTICTh.

DiHCBKI MepeXkeBl KOMIMaHIi CIpaBeAJIMBO BBAXXKAOTh, 110 YUM MPOCTILIOKD €
KoHCTpyKIisg moHmwxkytounx TI1 20/0,4 kB, TuM Oiblll EKOHOMIYHO X BUKOPUCTAHHS i
BUIlle HaAiHICTB. [IpocTa 1 HalliHA MOHMKYIOYA MIACTaHIlIS MaJIOi MOTY>KHOCTI MOXeE
Oyt HabmmxeHa Oe3mocepeaHbO A0 CHoXKuBada. [Ipu 1mbOMYy pI3KO CKOPOUYETHCS
npoTsHKHICTh Mepexi 0,4 KB Ta icTOTHO 3HUKYIOTHCSI BTPATH.

V¥ kabenpHux mepexax 20 kB BukopucrtoByroThcss Manorabaputhi TII 20/0,4 kB
kiockoBoro tumy. Taki TII HagXomaTh CHoKMBayeBl BiJ OJHOIO BUPOOHHMKA SIK
3aKIHUEHE PIIICHHS, 1110 3a0e3Meuye MBUIKUNA MOHTAX 1 MiIKITFOYEHHS.

[Ile omHMM TIpUKIAAOM AOCBiAYy BrpoBamkeHHs Hampyru 20 kB € po3noninpHa
mepexxa y Himewunni. B ganuit wac B MICTI 3ampoOeKTOBAaHO, IMOOYJOBAaHO Ta
excruryaryetbes Onm3bko 1000 kM kabenbHOi Mepexi 20 kB miis TEXHOJOTIYHOTO
NPUEIHAHHS CIIOXKMBAYiB. 3ampoBa/KEHI MEpexXi BXKE 3apa3 OXOIUIIOITh BCIO
TEPUTOPIIO MICTA 1 CTBOPIOE MOXKJIMBOCTI JJII PO3BUTKY MOTO JIJIOBOi, TPAHCTIOPTHOT,
YKUTIIOBO1 Ta KOMYHAJILHOI IHPPACTPYKTYPH.

Ha mepmiomy ertami 30upanucs Ta aHali3yBajucCs JaHi, OI[IHIOBAIUCH BTPATU

€Heprii B MEpexi, aHali3yBaJIUCh HEJOJNIKM ICHYIOUOi Ha TOM MOMeHT curyauii. Ha
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JIpyroMy eTari po3risiAaiucs crocoOu PO3BUTKY E€JIEKTPUUHUX MEPEX 3 ypaxyBaHHSIM
HaBaHTaxeHHA 10 2020 poky, NOpPOBOAMBCS TEXHIKO-CKOHOMIYHUI PO3paxyHOK

MPOMO3HUIIiH 10 GOPMYBaHHIO CXEM MOOYIOBU E€JIEKTPUUHUX MEPEXK.

, : Huru nidemanyii’ 110/20 kB

—~—— Bidnaukxa
5 Pos3 ’EngQg 9

HuecmaryiaHo Bumukay

kepofaHuu

po3'eduyBay /@
™ Bumukay

HaBaHma xeHHA D

o 4

el .

Ao ivwoei nidcmawnyii 110/20
kB

Pucynok 1.3 — Cxema eleKkTponocTayaHHsl CIIOXHBaUiB CiIbCHKOI MICIICBOCTI B

D1l
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1.3 louinbHicTh NepeBeleHHs] PO3NOAiIbHUX Mepe:x Ha Hanpyry 20 kB

[lepenbauyBaHo, 10 B JOBTOCTPOKOBIM MEpPCHEKTHBI B €JIEKTPOMEPEKEBOMY
KOMITJIEKC1 KpaiHW Ha TEPIIMK IUIaH MAroTh BUXOAWTH MpoOieMu (yHKIIOHYBAaHHS,
PO3BUTKY 1 SKICHOI MOJEpHi3allii po3MOAIILHUX MepeX. Takuil Morisg Ha PO3BUTOK
OOYMOBJICHHM TpagullifHUMU TIpoOjJeMaMH PO3IMOIIILHOIO0 KOMIUIEKCY 1 OCTaHHIX
TEHJACHIIIM 3MIH CTPYKTypHM TEHEpYIOUMX MOTY)XHOCTEH Ta posmoaury eHeprii. B
pe3yJbTari MocTae HEOOXIHICTh HE JIMIIE PO3BUTKY 3a PaXyHOK BBEJCHHS HOBHX 1
MOKpAIIEHHS ICHYIOUMX MeEpexX, ajie 1 3MIHM 3arajbHUX MPUHLUIIB poOOTH
PO3MOJIILHOIO KOMIUIEKCY 31 3HAYHUM MIABUIIEHHSIM WOro HAAIWHOCTI, SKOCTI
CJICKTPUYHOI €HEepPrii 1 YIpaBIiHHSA PEKUMaMH, 0 00YMOBIIEHE OCTIHUM 3pOCTaHHS
BUMOT CIIOYKHBAYiB.

Jnst toro, mo0 pyXaTUCh Y HANPSIMKY TOKPAIIEHHS EJIeKTPOMEPEKEBOTO
KOMILJIEKCY TOTPIOHO YJOCKOHATIOBATH PO3MOAUIBHI EIEeKTPUYHI MEepexi, 0 He
MOXJIMBO TIPU ICHYIOUMX: (PI3MYHOMY Ta MOPAJIbHOMY 3HOIIECHHS €JIEeKTPOO0OJIaIHAHHS,
BEJIMKUX BTpaTax eJEKTPUYHOI €Heprii, HU3BKOMY pIBHI aBToMmaTu3aiii. Hapasi,
3pOCTaHHS EJNEKTPUYHOTO HABAHTAXKCHHS YacTO MPU3BOAWTH A0 TEXHIYHOT MEXKi
BUKOPUCTAaHHS ICHYIOUMX MeEpek. SIK anbTepHAaTHBY, MOXKHA PO3TIsSAaTH po30yAOBY
JiHIT, BCTAHOBIEHHA JOJATKOBUX TEHEPYIOYM TOTY)XKHOCTEH [JIsi TOro, 1100
3a0€3MeUnTH HOBUX CIIOKMBAYiB €JIEKTpornocTadyaHHsM. [Ipore 3ragaHi migxoaud He
BUPIIMIYIOTh ~ TpoOJieMH  3a0e3ledYeHHsS IMPOMHUCIOBHX  IMIAMPHEMCTB Ta  MICT
€JIEKTPUYHOIO €HEPIriEFOHOPMOBAHOI IKOCTI Ta Y HEOOXI1/IHIA KIJIBKOCTI.

B mnoBHI Mipl 1€ BIZHOCUTBCSA 1 JO KaOeIbHUX Ta TMOBITPSIHHUX JIHINA
enextponepeaayi Hanpyroto 6 (10) kB. 3a yMoBH 3pocTaHHs HaBaHTaKEHHS, Oa)KaHHS
nepeiaTi No HUM BEJNHMKY a00 xo4ya O OJM3bKYy J0 HOMIHAJIBHOI MOTYXHICTh HEPIIKO
MOB'sI3aHO 31 30UIBIICHHSM YHCIIa TIOIMIKO/KEHb Ta aBapid 1, IK HACIIIOK, YaCTUMH
nepebosMH B €IIEKTPOTIOCTavaHH1 coKuBadiB. [Ipu 11boMy 3HauHE 3pOCTaHHS BapPTOCTI
3eMJIl B BEJIMKUX MICTax HAJ3BMYAWHO YCKJIAJHIOE 30UIBIIEHHS MPOMYCKHOI 34aTHOCTI
MepEexXi 3a paXyHOK BBEJICHHS HOBUX JIHIMN.

CnopymkeHHs TOJAaTKOBUX IIEHTPIB JKUBJICHHS 1 PO3MOAUIBHUX IIJICTAHINHN 3
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HEOOXITHUM JTHISIMU EJIEKTPOIOCTAYaHHS MOTJIO0 O BUPIMIMTA TPOOIeMy, TpOTe B
OUTBIIOCTI  BEMMKUX MICT, B SKHX 1 CIOCTEpIraeThCsi aKTUBHE 3POCTaHHS
CJICKTPOCIIOKMBAHHS, IIiIbHA 3a0y/i0Ba 1 HasBHI KOMYHIKAIlli BKpall YCKJIaIHIOIOTH
BUPIIICHHS JaHUX 3aBJIaHb.

CydJacHi TeHJEHIII PO3BUTKY €JIEKTPUYHUX MEPEkK CBITUYUTH MPO HEOOXIAHICTH
3aCTOCYBaHHs OUIbII BUCOKOTO Kjacy Hampyru. llepexisi eleKTpUYHUX MEpEX Ha
cepennto Hampyry 20 kB mo3BosmTh, IMIOHaWMEHINE, 3a0€3MEYUTH OLTBIIT BUCOKHUI
pIBEHBb HAJIIMHOCT1 €HEPrOMOCTaYaHHs CIIO)KUBAYiB.

Cepen kputepiiB, sSiKi BpaxOBYIOThCS TP POSKTYBaHHI HOBOTO OyAiBHHUIITBA Ta
PEKOHCTPYKIIIl EIeKTPUYHUX MEpeX I TepeBeAcHHS ix Ha Hampyry 20 B,
BBQ)KAETHCSA HASBHICTH IIUIBHOCTI CJICKTPUYHUX HaBaHTakeHb moHaa 10 MBT1/kM? a60
HEOOXITHICTh TIepeaadi eJIeKTPUIHOI MOTYKHOCTI Big 3 10 10 MBT Ha Bigcrans 25-50
kM. Taxoxx 3actocyBanHs Hampyru 20 kB Moxe OyTH €KOHOMIYHO BHIpPAaBIaHE MpU
BapTOCTI OCHOBHOTO €JIEKTpooOJagHaHHs (BKJIouatoud kabeni) He Oubimie 130%
BapTOCTi enekTpoobsagHanHs npu 10 kB; moBepXHEBOI T'yCTMHU €JIEKTPUYHHMX
HaBaHTaXeHb He Menme 30 MBT/kM®, IpH BHKOPHCTAaHHI KabemiB 3 i30mieio 3
IPOILIMTOrO nojieTuwieny, a B Manux mictax 1 CEII ciabchKkorocnogapcbKux panioHIB
IPY BUKOPUCTAHHI MOBITPSIHUX JIHIN 3 130JIbOBAaHUMH 200 CAMOHECYYMMU TIPOBOIAMHU.

[lepeBaru OUIbII BUCOKHMX KJIACIB HAMPYTH JJISl PO3MOMLIBYMX MEPEkK BEITUKHUX
micT oueBmaHi. Tak, 30kpeMa, Py 3MiHi mepepisy miHii Big 50 10 150 MM 3MEHIIEHHs
nutomux BUTpat ($/kBA kM) ctaHOBUTH I KabeniB 6 kB - 1,63; mis kadeniB 10 kB -
1,55; mnsa xabeniB 20 kB - 2,06 i gna kabemi 35 kB - 2,35pa3u. Takum unHOM, 3i
30UTBLIEHHSIM HAIPYTHU JIiHII nepeadi, epeKTUBHICTh 3aCTOCYBAaHHS KaOENiB BETUKOIO
nepepizy  30UTBIIYEThCS. AHAJIOTIYHUM YHHOM MOXHA  MPOJEMOHCTPYBATH 1
NIJBUIIEHHS €()EKTUBHOCTI BUKOPUCTAHHS MPOBIIHMKOBOTO MaTepialy KaOemiB 31
30UTBIIIEHHSIM HanpyTu. Tak muToMa BUTpaTa MeTaly B KaOenbHUX JiHIAX, KT/(KBA kM)
CKJIaJie: TP BUKOPHUCTAHHI aimtoMiHieBuX uB g 6 kB - 0,56; miusa 10 kB - 0,34; mns
20 xB - 0,17; nna 35 kB - 0,1; npu BukopucTanHi MigHUX Xui s 6 kB - 1,1; g
10 B - 0,62; ansa 20 kB - 0,32; ays 35 kB - 0,18.

AHani3 TMTOMHUX BTPAT MOTY>KHOCTI Ta €JIEKTPOCHEPrii B Kabensx 100aqHaHH] 6,
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10 1 20 kB moxka3yioTe BTpaTu enekTtpoeHeprii B ycratkyBanHi 20 kB B 2,7 pasu
MeHIIe, Hik B o0mannandi 10 kB, 1 B 7,5 pa3y meHiie, Hix B o0yiagHanHi 6 kB.

Moske ckiacTucsl Bpa)K€HHsI, IO B pa3l MPUUHATTA PIIIEHHS NpPO JAOUUIBHICTH
MiABUIICHHA HOMIHAJBHOI HANpyrd Ha PIiBHI PO3MOAUTY €NEeKTPUYHOI eHeprii,
pamioHaibHO Oyze BiamMoBuTHCS Big Hanpyru 20 kB, a opieHTyBaTucs Bijpa3y Ha
HarpyTry 35 KB. AJe npu oMy CJIiJ1 B3ITH 10 YBard HacTYITHI MipKyBaHHS.

Hampyra 35 kB 6e3ymoBHO Mae He3arnepeuHi nepeBaru B €peKTHBHOCTITIEpeaadl
esnekTpoeHeprii. OgHaK € psig HEAOJIKIB, 1[0 CTPUMYIOTh ii PO3BUTOK B MiCTax 3
BHCOKOIO IIIJTBHICTIO 3a0yT0BU:

- PV 35 kB, Haifuacrimie, BUKOHYIOTh Binkputumu, a JIEIT mositpstHumu. lle
BUMAarae BIJTUY>KEHHS 3HAYHOI TEPUTOpPIi, IO YHEMOXKJIUBIIIOE BUKOPUCTAHHS III€]
Hallpyrd B MICBKMX YMOBax 3 BEJMKOI IIUIBHICTIO 3a0yJOBHM 1 BHUCOKY BapTICTh
semenbHuX AiasgHok i [1C, PIT, TII;

- JIONyCTUMAa BIJICTaHb JI0 CTPYMOBEAYYHX 4YacTUH B 2,46 pa3 Ouiblle, HIXK B
mepexax 10 kB, 1 B 1,6 pa3zy Ouibiie, Hix B Mepexax 20 kB, mo 301ib11ye rabaputu
oOnaaHaHHs B 2-2,5 pa3u 1, SK HACHIJOK TPYAHOIIl MHOro BUKOPUCTAHHS Y
BHYTPIIIHBOLIEXOBUX MEPEkKaxX 1 BACOTHUX OY/IBIISX;

- TIJBUIIEHI BUMOTH JI0 0OCIIYyTOBYIOUOTO TIEPCOHATY 1 TPYJAHICTh €KCILTyaTarlii
B nopiBHsiHHI 3 10-20 xB.

Y Toit ke uac oOnmamHaHHs 20 kB dakthuHO Mamo BiApIZHAIOTHCS Bix
BUKOPUCTOBYBAaHOTO B Mepexkax 10 kB mpu cxoxocti cxeMm 1 KoMmmoHyBaHHA PVY.
YcrarkyBanns Ha 20 kB (tpanchopmaropu, Bumukadi, madpu KPY) € xommiexkTHuM,
KOMITAaKTHHUM 1 3a po3MipaMy MOKHA MOPIBHATH 3 oOnagHanHsM Ha 10 kB. BigmiHnHicTh
TIOJISITAE JIUIIIE B PiBHI 130JIA1I1].

Pazom 3 TUM HEOOXITHO PO3YMITH, IO MNEPEBEACHHS MICHKUX PO3MOIIIBYUX
Mepexx Ha mijBuiieHy Hanpyry 20 kB Bumarae BUpIIIEHHS CKIAQJHUX €KOHOMIYHUX 1
TEXHIYHUX 3aBIaHb.

B nepmry depry mpoOsiema moB'si3aHa HEOOXIJTHICTIO 3aMIHM MPAKTUYHO BCHOTO
TpaHC(HOPMATOPHOTO TOCTIOAAPCTBA B CUCTEMI €IIEKTPOTIOCTavyaHHs Micta. Po3nonaiipHa

Mepeka B OCHOBHOMY >KUBHUThCS BiJ JiHiM 110 1 220 xB. Takum unHoM, nepii 3a Bce,
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HEOOX1IHO 3MIHUTH HANpyry BTOPUHHHMX OOMOTOK >KMBIsTUMX TpaHcpopmaTopiB 110 i
220 kB, TOOTO B KUBHJIBHHX MEpeKax He0OX1THO BCTaHOBUTH TpaHchopmaTopu 110/20
kB abo 220/20 kB. AnbTepHaTHBHHUM BapiaHTOM TaKOIr'o JIOpPOrOr0 BapiaHTy €
yCTaHOBKA Ha >KMBHJIbHIN MiJCTaHIN] gogaTkoBoro Tpanchopmaropa 10/20 xB. Bubip
TOTO YM I1HIIIOTO BapiaHTy MOXe€ OyTH 3pOOJICHUH TUIBKU TICJS MPOBEACHHS TEXHIKO-
€KOHOMIYHHMX PO3PaXyHKIB.

MOXJIHMBICTP BUKOPUCTAHHS ICHYIOUMX OyaAiBeNlb MIACTAHIIN ISl YCTAaHOBKHU
obnaananHs 20 kB Hacammepen BU3HAYAETHCS MOMKIIMBICTIO YCTAaHOBKH OCHOBHOTO
oOJaHaHHAM MiACTAHIIIT - CHIIOBOTO TpaHchopmaTopa.

Ak 1nokazaB aHall3 HOMEHKJIATypu CHJIOBHX TpaHc(opMaTopiB, OCHOBHI
rabaputu TpanchopmaropiB Ha (6) 10 1 20 kB BiApi3HAIOTHCS HE3HAYHO. TakuM YHMHOM,
rabapuTH ICHYIOUMX MIACTaHIIM J03BOJSIOTH BCTAHOBUTH B HUX TpaHchopMaTtopHe
oOnaaHaHHs Ha Hanpyry 20 kB 6e3 momatkoBux BUTpaT. AHajOridyHa CUTYyaIlisi Mae
micre 1 3 madamu KPII. V 3aranbHoMy BuTa Ky KOMIUIEKTHUN pO3MOIIIBHUN TPUCTPIN
sBIIsi€ cOO0I0 KOHCTPYKIIIIO, IO CKIAJA€THCS 3 OKPEMHUX METajeBuX Imnad, MoB'SI3aHUX
MK COOOI0 3a JIONOMOTO0 OOJTOBUX 3'€NHaHb. MertasneBa magda BUTOTOBIISETHCS, K
NpaBuiIO, METOAOM IuTaMmyBaHHs. g 1minei yHigikamii madu BUTOTOBISIOTHCS
OJIHAaKOBHX PO3MIpiBIJIs KiaciB Hanpyru 6, 10, 20 xB.

Hampuknan, kommanis «lInaiinep Enexktpuk» Builyckae yHiBepcalibHi OJHAKOBI
madu 3 enerazoBuM BumukadeM Ha 10 1 20 xB. Jlna 3abe3nedeHHs HEOOXiTHOI
CJIEKTPUYHOI MIITHOCTI CTPYMOMPOBITHUX eleMeHTiB kiacy 20 kB BiIHOCHO Kopmycy
BcepeuHl 1madu BXHUTO JIOJATKOBUX 3axXO0JIB (3aCTOCYBaHHS IIMH 3 130JISILIIHHUM
MOKPHUTTSIM, BUPIBHIOBAHHS €JICKTPHYHOTO ITOJIS TOIIIO).

TakuM uuHOM, aHami3 KOHCTPYKWiM cyuyacHux OnokoBux KTII, anami3
KOHCTPYKI[IH OCHOBHOI'O €JIEKTPOTEXHIYHOTO OOJIaJIHAHHS TIOKa3ye, IO 1CHYIOYl
KOMITOHYBaHHSI Oy/iBeNb MIACTAHINN 1 X radapuTy JO3BOJIAIOTH BCTAHOBUTH B HUX
BHUCOKOBOJIbTHE 001aiHanHs Ha Hanpyry 20 kB.

Posnmomin  enekTpoeHeprii  MDK ~ pO3NOAUIBHUMHU  TpaHC(HOpPMATOPHUMU
MIJICTAHIIISIMA  3JIIMCHIOETHCS KaOEIbHUMHU JIHISIMHA. BHKOpHCTaHHS PpO3MOIUIBHOI

Mepexi 20 kB Bumarae 3amiHM BChOro KaOEIbHOTO TOCMOAAPCTBA. 3 ypaxyBaHHSIM
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3HOIICHOCT] 1CHYIOUMX KaOelnbHUX Mepex Hampyroro 6-10 kB 3amina xabenpHUX iHil
1032 CyMHIBOM CHPHATHME TiABUIIICHHIO HATIHHOCTI €JIEKTPOMOCTaYaHHS.

J1o1aTKOBO A0 CKa3aHOTO HEOOX1AHO 3a3HAYUTH HACTYITHE:

1.  Cwunosi TpancopMaTopH s IeHTpiB xuBieHHs (migcranmii 110/20 kB i
220/20 xB) 1 nexoBux 1 posnoaiibHux (20/0,4 xB) TII 4acTkoBO € B HOMEHKJIATYpi
TpaHchOpMaTopiB, 0 BUITYCKAIOTHCA B JIaHUN Yac.

2. Ilpm HaAsSIBHOCTI BHCOKOBOJBHTHOTO EJICKTPOIABUTYHHOTO HaBAaHTAKCHHS (6
a6o 10 xkB) Ha mpoMUCIIOBUX MIAIPUEMCTBI MIPEIACTABISAETHCS MOKIMBUM YCTAaHOBKA Ha
rojJoBHUX 3HWXKyBanbHUX mifacTaHmisx (['TII) TpuobmoTkoBUX TpaHcPopmMaTopiB
(110/20 / 10-6 xB).

3. o crocyerbcsi KOoMyTallifHOTO OOMaJHAHHS (BUCOKOBOJIBTHI BHMHKaYi,
po3'eHyBaul, BUMHUKAUl HABAaHTAXEHHS, 3aMOODKHUKH) PpO3MOAUIBHUX HPHUCTPOIB
Hu3bKkoi Hanpyru PY HH 20 kB, To, Hanpukiiaa, HOMEHKIATypa IJIaBKUX 3aM001KHHUKIB
Ha 20 kB ananoriyna Homenkiartypi ix Ha 10 kB, a 1iHu BiApI3HAIOTHCS HE OUTbIIE HIXK
B 2 pa3u. 3 BHCOKOBOJBTHHX BHMHKAYiB Ha CHOTOJHINIHIA JeHb HAHOIBII
NEPCIEKTUBHUMHU € BaKyyMHI Ta enera3oBi. BupoOuunrso ix na 10, 20 1 35 kB
MPOMUCIIOBICTIO HastaropkeHo. Illo crocyerhesiiinm, To BuMukad Ha 20 kB, 3BuyaiiHo,
Oyne moposkue, Hixk BuMuKad Ha 10 kB. I pi3Hung y BapTocTi KOMyTaIliifHUX anapariB

Ha 201 10 kB, six mokasye 3apy0ixHuit 10cBia, ctaHoBUTH 20-30%.

1.4 IIlnsixu Ta NepCHeKTUBY PO3BUTKY PO3NOAIIbHUX eJIEKTPUYHUXMEPexr

Hanpyrow 20 kB B Ykpaini

31 30UIBIICHHSIM €HeprocnokuBanHs, Hanpyra 20 kB 3amicts Hanpyru 10 kB
CTaHE OCHOBHUM HAIlpPSIMKOM MaiOyTHBOTO PO3BUTKY PO3MOAUIBHOI  MEpexi.
3acToCcyBaHHS caMe€ IBOTO Kjacy Hampyrd JO3BOJIUTh NMEPEeUTH Ha OUIbII BUCOKHUN
pIBEHb SIKOCTI EJEKTPONOCTAYaHHS MICBKUX CIOXHMBauiB, 30UIBIIUTA MPOMYCKHY
3JIaTHICTbH SIK MIHIMYM B 2-2.5 pa3u B NOpiBHSIHHI 3 Mepexamu 6-10 kB B mexax Tiel x

TEPUTOPIi, CKOPOTUTH KUIBKICTh TpaHCHOPMATOPHUX MIACTAHIIIH, MiIBUIIATH SIKICTh
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eJIEKTpOCHEprii 1 HaAldHICTh  (QYHKI[IOHYBAaHHS CHUCTEM  €JIEKTPOIIOCTaYaHHS.
3actocyBanHiO Mepex 20 kB 3 BUKOpHCTaHHSIM IHHOBAIIMHUX TEXHOJOTINH J03BOJIATH
MOMITHO 3MEHIIUTH O00’€MM TIPOKJIAJAKA KaOelbHHUX JIiHIM. BukopucraHHs
manorabaputaux TunoBux PII 1 TII Bucokoi 3aBOACHKOI TOTOBHOCTI HpHBENE 0
3MEHIIIEHHS iX BapTOCTI.

Ane, BeIMKUNA 0OCST pO3MOAUIBHUX €IEKTPUYHUX MEPEK B YKpaiHi Ta 3HAUHUN
oOcsT HEOOX1THUX KaliTaJOBKJIaIeHb HE JI03BOJISIE TOBOPUTH MPO OJHOYACHUH Mepexif
Ha HOBUU pIBEHb HANpyru. MokHa TOBOPUTH PO MEPEXiTHUN Mepioj, IPOTATOM SKOTO
icHyroui posmoaiteHi Mepexki 6 (10) xkBOymyTh MOCTYNOBO JIOTIOBHIOBATHCS 1
3amiHroBaTHCs mepexxamu 20 kB.

Bnposamxenns Hanpyru 20 kB B Michki Mepexi (3aMiHa CTapuX €JIEKTPOMEPEK
a00 OyIIBHUIITBO HOBHMX) €KOHOMIYHO BHUTIJTHO 3aBJSKH IOCTIMHOMY 30UIBIICHHIO
IIUTBHOCTI HABAHTAKEHHS B MICTax, MOCUJICHHS BUMOT JI0 SIKOCTI €JIEKTPOEHEPTii.
3acTOCOBYBATH €JIEKTPUYHI Mepexi 3 Hanpyrowo 20 kB BuriiHo He TUIbKU B mMaciiTadl
MicT. MojentoBaHHs CUIbCBKMX Mepexk Ha Hampyry 10, 20 1 35 xB moxkazano, 1o
enexkTpuuHi Mepexi 10 kBT gomiapHI IpW IIUIBHOCTI HaBaHTaXeHHs MeHIne 60
kBr/km°. Mepexi 3 Hampyroro 35 kB pamioHaqpHO peali3oByBATH, SKIIO 30HA
oOCIIyroByBaHHs IepeBUIllye 25 kM. BripoBapkyBaT €NeKTpUUHI MEpexki 3 HAMPYTor0
20 xB mormiapHO B HACTYIHHMX BHUIIQJIKaxX: MPH IIUIBHOCTI HaBaHTaXKEeHHS Oinbiie 60
kBT/kM?, ¥ 3aMiHi TiHii sKuBIeHHs 6 KB, Mpy Gy/IiBHALTBI HOBHX CEJIHIIL.

JI71s1 BUKOHAHHSA TEepEX0/ly Ha MOoOYyJI0BY MICBKHUX Mepex kiacoMm Hampyru 20 kB
HEOOX1THO BUKOHAHHS Py OOOB'I3KOBUX YMOB:

1. Po3poOka HOpMAaTHBHO-TEXHIYHOI 0a3u. 3aHauMMoO, WO HasBHA
HOpMaTHBHA 0a3a € TOCTaTHBO JJIA MIPOCKTYBaHHS Mepex piBHA 20 kB, BogHOYac BOoHA
Mae OyTH aKTyalli3oBaHAa 3 BIPOBADKEHHSM HOBUX CTaHIAPTIB Ta TEXHIYHHUX
pernaMeHTiB. Alie, iCHye oTpe0a B JIOOMPAIFOBaHHI MUTAHb, 110 CTOCYIOTHCS: PEMOHTY
Ta OOCITYroByBaHHSI TaKUX MEPEXK, TAKOXK, B UMHHIA 0a3i YKpaiHM BiJICYyTHI THIIOBI
CXEMU MOOYI0BU CUCTEM eieKTporioctayanHs 20 kB.

2.  HassnicTh B nentpax xuBieHHs 220-110 kB pe3epBiB moTyXHOCTI Ha piBHI

Hanpyru 20 kB. Mo)Ha roBOopUTH NMpPO 3HAYHE 3POCTAHHS HABAHTAXKECHHS B BEJIMKUX
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MiCTax, sIKe rmepeadoadae 301IbIIEHHS MOTYKHOCTI, 10 3a0upaeThes 3miactanilii 220 kB,
1, BIAMOBIIHO, PEKOHCTPYKIlS MiJACTaHII 31 30UIBIICHHSAM TpaHCHOPMATOPHOL
MOTYXHOCT1 1 Oy/IIBHUIITBA HOBUX ILIEHTPIB JKUBJICHHA. Y PaXxOBYIOYH T€, IO BCl HOBI
IEHTPH KUBJICHHA MaIOTh OyTH 3alpOCKTOBaHI 3 3aKJIaICHUMHU TEXHIYHUMU PIILICHHSIMU
10 BUayi MOTY>KHOCTI B PO3MOAUIbHY Mepexy Hanpyroto 20 kB

3. Po3poOka xonrerniii po3BuTKy Mepex 20 kB Ha TepuTOopili KOHKPETHOTO
MiCTa, sika Ma€e 0a3yBaTHCS Ha CTBOPEHHI HAJIHHOI MiCHKOI CHCTEMH TPAHCIIOPTYBaHHS
eJeKTpoeHeprii nuIiXoM OymaiBHUIITBA omopHoi Mepexi 20 kB, BmopoBaKeHHi
CY4acHHX PO3MOAUTFHUX Ta CHJIOBHUX IMYHKTIB MOTYXHicTI0 10 20 MBA, mo nactb
MO>KJIMBICTh TPAHCIIOPTYBAHHS HEOOX1JHOI MOTYKHOCTI 0€3M0CepeHBO 0 CIIOKUBAYA.

4. HasBHICTh Ha PUHKY 00JIalHaHHA Ta KabenbHOi mpoaykuii 20 kB. Hapasis
VYkpaiHi Bce OUIbIIE PO3BUBAETHCA PUHOK B cepl €NEKTPUYHOTO OOJaJaHAHHS, L0
JTACTh MOKJIUBICTh Y MallOyTHbOMY CaMOCTIHHO BUPOOJISATH BiacHy mnpoxykiiito. Illo
CTOCYEThCSl KabeJIbHOI MPOAYKIIii, TO XapKiBChkuil 3aBoj «IliBaeHKa0EIbY BUTOTOBIISIE
cyJacHi Ta HajiiHi kabeni Ha HanpyTy 20 kB.

Ha manuit yac, AT «Onecao0aeHepro» oOroBOPrOETHCS MPOCKT MO MEPEBEICHHIO
mepexxk 6 (10) xB nHa xmac manpyrm 20 kB B wmicti Oneca, B IliBIeHHO-3aXiTHOMY
paiioni. Kpurepisimu, mo sikux OyJio 3ampoOIOHOBAHE JlaHE PIIICHHS €: MEPCIEeKTHUBA
3pOCTaHHs TIOTY)KHOCTI B palOHI Ta B OKOJIMIN, HEOOXIJHICTh OYHIBHHIITBA HOBHX
MIJICTAHIIIN, 3 MOMJIMBICTIO TMOJAJBIIOTO PE3EPBYBAHHS PO3MOIIIBHUX MEPEXK Ha
Harpy3i 20 kB MDK JpKeperamMu OKMBJICHHS, TEXHIYHA MOMJIMUBICTh TOETAIMHOI
peanizallii JTaHOro MPOEKTY, MOXJIMBICTh YACTKOBOIO MEPEMiIKIIOYEHHS Bl MEpPEeK
110/10 kB na wmepexi 110/20 kB. 3okpema, Oylio 3amporoHOBaHO TMEpexia Bix
icHyto4oi (puc.1.4)m0 nmepcrneKTUBHOI CXeMH eleKTpornocTadanus (puc.1.5).

[TAT «Binauisobsenepro» npornonye nepexig Ha Hanpyry 20 kB noginuTtu Ha
JIBI YacCTHHHU: 3acTocyBaHHs Hanpyru 20 kB npu HOBOMY OYIIBHULITBI MEpEX, Ta,
nepexij Bxke icHyrouux mepex 6 (10) kB.

[lepmwmii BapiaHT € TOIIIBHUM IpH MOOYIOBI HOBOTO HUTJIOBOIO KOMILUIEKCY
«Cximamil», 3a SKOTO mependadaeTbesi po30ymoBa mpomucioBoi 3oHu B [liBaeHHO-

3aX1IHOMY HanpsMKy. 3a TIJIaHOM PO3BUTKY MICTa Mepe0avyaeThCs CyTTEBE 30LIbIICHHS
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(Big 30 mo 50 MBT) criokuBaHHSI MOTY>XHOCTI camMe€ y IIbOMY paiiOHI, 110 BUMarae
po3TanryBaHHS MOONHM3y HOBOI MiACTaHINi 3 BHmUM kiacom Hampyru 110 kB
«TspxumiBebkay. [lpu mbomMy OyAIBHHMIITBO JaHOI IMiJCTAHINT 3allPOCKTOBAHO Ha KJac

Hanpyru 110/20 xB.

[1C 170/10 kB [1C 170/10 kB
I
| —

Pl 10 kB Pl 10 kB
| |

| 71 10/0,4 kB | | T 10704 kB | | T10/0,4 kB —| T 10/0,4 kB |
| TI110/0,4 kB | | T 10/04kB | | TI110/0,4 kB | | TI110/0,4 kB |
| T10/04kB | —— T10/0,4 kB | | T 10/0,4 kB |
m 70/‘0,4 KB | m 70/‘0,4 kB |

| T1110/0,4 kB |

| T1110/0,4 kB |—

Pucynok 1.4 — IcHyroua cxema enektpornoctadyanss IliB1eHHO-3aX1AHOTO palioHy

Opnecu
11C 110/20 kB 11C 110720 kB
— 1 | —
PI120 kB PI120 kB PI120 kB PI1 20 kB
| T1120/0,4 kB | (T20/04kB| | T zLO/O,L KB | | T120/0,4 B |
| T1120/0,4 kB | \ m‘20/0,‘4 kB| | rn‘20/0,‘4 «B | | rn.‘20/0,|4 KB |
\ r/7’20/0‘,4 KB ——— rn‘20/0,‘4 kB | | rn‘20/0,‘4 kB ——— THL()/{M KB |

Pucynok 1.5 — IlepcnextuBHa cxema enekTporoctadanss [liBaeHHO-3aXiIHOTO

paiiony Onecu
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VY npyromy BapiaHTi — mepexin icHyrouux mepex Ha Hanpyry 20 xB. Hapasi
PO3pOOIAETHCS TEXHIKO-€KOHOMIYHE OOTIpYHTYBaHHS €(QEKTUBHOCTI Ta JOLIIBHOCTI
pexoHCTpyKuii enexkTpudHux Mepexk [IAT «BinHumso6neHepro» 3 mepeBeACHHIM
kiacy Hanpyru 6 kB Ha kmac manpyru 20 kB, B ['HiBaHChKOMY By3711 BUHHHUIIBKOTO
paiiony. Ha pwuc.1.6 1 puc.1.7 HaBeneHO BUIJIAA PO3MOAUIBHUX MEPEX JO 1 MICHs

PEKOHCTPYKIIIT Ta MOJaHO MOPIBHSIbHY Ta0auIlt0 (Tab.1.1).

‘ 1€ 110/35/6 kB |

1/1-6 kB
L,=0,58 kM
T716/0,4 kB
_[\[‘,’—-01‘ 3 K IR ¢ j:'&gf(rg
- - L‘\: ' \-{ R '6-2A’/\7 - e
3%
=3
P=12,7 kBm P=9,7 kBm P=1.9 kBm

Pucynox 6 — IcHytoua cxema enekTpornocTadyants B [ HiBAaHCHKOMY BY3Ji

Tabmumss  1.1- TlopiBHSHHS KUIBKOCTI OOJagHAHHA Ta JHHIA 10 1 TCs

PEKOHCTPYKIIIi
J1o peKOoHCTpYKIIiT [Ticna pekoHCTpyKIii

I1JI-6 kB, xm 0,58 0
I1J1-20 kB, xm 0 2,87

I1J1-0,4 xB, xm 2,29 0
Bsoau 0,4 kB, mir. 167 167

TTII, 11T, 1 10
3aranpHa nmoTyxHicTs TII, KBA 250 3310
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f1C 110/35/20 «B

{11-0 4 «B 31208 {11-0 4 «B
L;=0,08 km L=0.1kM
P
NA-0,4 «B \& NA-0,4 «B
L,=0.11 kM .1 .3 L;=0.09 km

20/0.4 kB 20/0.4 kB 111-0,4 «8

40 kBA 40 kBA L;=0,06 km
A-0,4 «B NA-0.4 kB
L;=0,08 k1 L;=0,08km
NA-0.4 kB / NA-0.4 kB
L,=0,06 kit 2 Tﬂ%\ L;=0,08 ke
f11-0.4 kB 20/04kB | 20/0,4«B f11-0.4 k6
L3=0,09 kit 40 kBA 40 «BA L;=0,09«m
NA-0,4 kB NA-0,4 kB
Li=0 1 kM L;=0,08 km
NA-0.4 «B / NA-0.4 kB
L,=0.12 kM 15 THL;B\ L,=0,09 km
111-0,4 «8 20/0,4 kB 20/0.4 kB 111-0,4 kB
L3=011 kM 10 kBA 10 kBA L,=0, 1 ket
1/1-0,4 «B NA-0,4 kB
L,=0,08 kit L,;=0,09 kit
MA-0,4 kB NA-0,4 kB
L,=0,09 ki = Tﬂ& L,=0,08 kM
f17-0.4 8 20/0,4kB | 20/0,4«B f17-0.4 B
L_;:O, 11 &M 10 kBA 10 kBA L;:0,09KI‘1
-0,4 «B
L,=0,08 kv
NA-0,4 «B 1-0,4 «B
L,=0.12 kr g B L,=0 11 kM
111-0,4 kB 20/0,4 kB 20/0,4 kB
L3=0,09 ki 10 kBA 100 kBA
L]
NA-20«B
12 kM
11C 35/6 «B

Pucynok 1.7 — Cxema ejeKTporocTadaHHsI MICIS PEKOHCTPYKIIIi eIeKTPUIHOI

Mepexi B 'HIBaHCBKOMY BY3J11
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BucHoBKkH 10 po3ainy

Ha Tteputopii Ykpainu Oyayerbcst 6araro HOBHUX MICBKMX pailOHIB, TIOCEJICHb,
PEKOHCTPYIOIOTHCS Ta MPOKJIAIAI0THCS HOBI JIiHII eJIeKTpornepeaadi, Tak K, ICHyIUl B
OUTBIIOCTI MICT KabenbH1 1 MOBiTpsH1 JiHli Hanpyrowo 6 (10) kB He cmnpaBisttoTecs 3i
3pOCTalOYUM 3 KOXKHUM POKOM HABAaHTAXEHHSM 1 B 0aratbox BHUMAJKax (HI3UYHO
3HOmIeHI. CBITOBI TEHJCHINI XapaKTepU3YIOThCA MParHeHHSM PO3BUHEHHX KpaiH 10
BIIPOBA/DKEHHS Ta TMepexoAy Ha Oumbin Bucokuil kiac Hampyru (20 xB) icuHyroumx
PO3MOAUIBHUX E€IEKTPUYHUX MEPEK.

3actocyBanus Hanpyru 20 kB B po3moaiIbHUX Mepekax T03BOJIUTHIIEPEHTH Ha
OUTbIII BUCOKUW PIBEHb EJIEKTPONOCTAYaHHSA CIOKHMBAiB, 30UIBIIUTH MPOIYCKHY
3ATHICTH SIK MIHIMYM B 2-2,5 pa3u B MOpPiBHSAHHI 3 Mepexkamu Hampyrow 6 (10) kB B
MeXax TIET K TEpPUTOpli, MIABUIIMTH SKICTh €JEKTPOCHEprii Ta HaJIIMHICTb
(YHKI[IOHYBaHHSI CHCTEM EJIEKTPONOCTa4aHHs. BUKOpHCTaHHA ManorabapUTHHUX
tunoBux PII 1 TII Bucokoi 3aBOJICBKOI TOTOBHOCTI MpPHU3BEAE OO 3MEHILICHHS iX
BapTOCTi. BHEeCeHHS HEOOXi1THUX KOPEKTUB B HOPMATHBHY 0a3y, YCYHEHHsS MPOTHUPIY 1
BPETYJIIOBaHHS NMUTAaHb B 3aKOHOJABCTBI, @ TAKOX BIPOBA/KEHHS HOBUX HAI[lOHAIBHUX
CTaHAAPTIB 1 TEXHIYHUX PEIVIAMEHTIB y YaCTHHI MEpPEeX CEPEeIHbOr0 Ta HU3BKOTO

HAIPYTU COPUATUMYTh OUTBII JMHAMIYHOMY PO3BUTKY PO3IMOAIBHUX MEPEK.
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PO3JILI 2

KOHCTPYKTHUBHI OCOBJIMBOCTI KABEJIIB 3
130JIAHICTIO 13 3IIUTOI'O HOJIETUJIEHY TA CXEMHA
MNOBYJIOBU PO3NOALILHOI MEPEXKI HA HATIPYTY 20 KB

2.1 KoHcTpykuis Ta ajaroputM BuOopy napametrpiB kabeaiB 20 kB i3

3IIMTOrO MOJieTHJIEHY

[Tpu mepeBeacHHi po3noaiabHUX Mepex (6) 10 kB na nanpyry 20 kB motpiOHO
3BEpHYTH YBary Ha 3aMmiHy ICHYIOUHMX JIIHINA eJeKTporepeaadi Ha HOBI,sIKI 3a0e3rneydarhb
HAJIAHICTh 1 SKICTh e€JIeKTpornocTadyaHHs. J[Jis ekcruryaraiii eJeKTpUUYHUX MeEepexk
CepeHbO1 HANPYrd BUKOPUCTOBYIOThCA CHUJIOBI kabOemi. KaGenbHi JiHIT MatoTh Oarato
nepeBar y IMOPIBHAHHI 3 TOBITPSHUMHM JIIHISIMU: BOHU 3aliMalOTh MEHIIE IMPOCTOPY,
3py4H1 MIPHU eKCIUTyaTarlii, € OUTbII HAAIHHUMHU 1 O€3MEUHUMH.

HeoOximHo 3ayBakuTH, W0 JIHIT e€JEKTporepeaadi € THUMH eJeMEHTaMu
pO3MOAUIBHOT ~ MEpexki, 3a paxyHOK SKUX MOXKHA  OKYNHTH  JOJaTKOBI
KaIliTaJOBKJIAJICHHS B CHCTEMi €JIEKTPOIIOCTadYaHHI0 3 cepenHporo Hampyroro 20 kB
3aBISIKM 3MCHIIEHHIO BTpAaT EJIEKTPUYHOI €Heprii Ta, BIATMOBIAHO, 3MEHIICHHIO
eKCIUTyaTalliiHMX BUTpaT. Po3paxyHKH TOKa3ylTh, IO KAMMTaJOBKIAACHHS IS
noBiTpsHuX diHiM 20 kB y nopiBasHHI 3 10 kB € B 1Ba pa3u MEHIIMMH, 32 PaxXyHOK
BUKOPUCTAHHS MEHIIIOTO TIEpepi3y MPOBITHHKIB.

3 OCBIily pO3BUHEHUX KpaiH €Bponu Ta AMEpHKH, Y IbOMY BUIAJKY AOLLIbHE
BUKOPUCTAaHHS KaOeTiB 3 130JIA11i€10 13 3mmToro nojietuieny. B ganuit yac B CIIIA 1

Kanani wactka kabOeniB 3 130JS11€I0 13 3MIMTOrO MOJieTWIeHY ckiagae 85 %, B
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Himeuuuni 1 J{anii — 95 %, a B Snonii, @panmii, @iwsaaii 1 [1IBemii B po3moginpHIX
Mepekax CepelHbOI HAMpPyTW BUKOPHUCTOBYETHCS JuIne kKabemb 3 i3osmmieto 13 3I1E
[18], amxe BOHM MalOTh psJ TepeBar mnepelx KaOeIsMU 3 TarnepoBO MPOCOYCHOIO
130JISI1I1€10:

- TIJBUIIEHA TeMIeparypa, NpH fAKid Kabeidb MOXKE EKCIUTyaTyBaTHCS, IO
JTO3BOJISE 301IBIITYBATH TIPOMYCKHY 3/IaTHICTH;

- 3HIKCHHS JIICTICKTPUIHUX BTPaT;

- TJBUIICHA CTIMKICTH MPH poOOTI B YMOBaxX IEPEBAHTAXKEHb 1 KOPOTKUX
3aMUKaHb 3aBISKW OUIBLIIN TpaHUYHIA TeMIepaTrypl, TUTOMa nomkomkyBaHicTs 3I1E-
kabeniB B 10-15 paziB HMXK4YE, HIXK y KaOCIIB 3MMAiepoOBOIO MMPOCOYCHOIO 130JIAITIEIO;

- MOJKJIMBICTh MPOKJIAJIKK Ha Tpacax, Je€ ICHyE CUTYyaIlisi HEpIBHOMIPHOCTI Tpacu
MPOKJIaJaHHs, TOOTO 0araTo piBHIB 3 BEJIUKOIO PI3HUIICIO MK HUMU;

- eKkoJsoriyHa Oe3meka Ta Oe3mneka eKCIUTyartailii, Tak K Kabeni 3 130JSI1€r0 13
3IIATOTO MOJIIETUJIEHY HE MICTATh Maciia, 01TyMy, CBUHIIS,

- 3MEHILEHHS BUTPAT HAa YTPUMAaHHS Ta PEKOHCTPYKULIIO KaOEIbHHUX JIHIH, LI0
poouTts 3I1E-kabemni HaaiiHIII B eKCIUTyaTarlii;

- MalwTh MEHIIY Bary Ta JIONMYyCTHMHH pPaJliyC BHTHHY, IO 3HAYHO ITOJIETTIIYE
MOHTaXXH1 poOOTH;

- 3IIE-kabeni MokHa TIPOKJIAJIaTH MPU HeraTuBHUX Temneparypax (no -20 ° C)
0e3 MomepeaHbOro MiAIrpiBy 3aBIASKH BUKOPUCTAHHIO MOJIMEPHHX MaTepialiB IJis
130JI41111 1 0O0JIOHKHU;

- MOXJIMBICTh BIOTOBJIATH KaOeJi BEJIUKOi Oy11BEIbHOI JOBKUHU;

- Benukui TepMiH ciyxou 3I1E-kabento (3a JaHUMM 3aBO/IIB-BUTOTOBIIIOBAYIB
oinbmre 50 pokiB).

B Tab6n.2.1 HaBeneHO OCHOBHI MOKa3HUWKM KaOelliB CepeAHbOi HaIlpyru y
MOPIBHSHHSA MDK KaOels MU 13 3IIUTOTO TMOJIETHUICHY 1 TanepoBOI0 MPOCOYEHOIO
130JISILI1€10.

[TonieTuneH Ha CHOTOJHINIHIA J€Hb € OJHUM 3 HAMOUIBII 3aCTOCOBYBAHUX
130JAIIMHUX ~ MaTepiaiiB  Juisli  BUPOOHHWIITBA  KaOemiB. AJsie  Big  TMOYaTKYy

TEPMOILJIACTUYHOMY TOJIIETHJICHY MPUTaMaHHI CEpHO3HI HEOIIKHU, TOJIOBHUM 3 SIKHX €
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pi3Ke TMOTIpUICHHS MEXaHIYHMX BJIACTHBOCTEH NpU TeMIeparypax, OJIM3BKUX 0
TEeMIEpaTypy IUIaBIeHHS. PimeHHsM i€l mpoOieMH CTalo 3aCTOCYBaHHS 3UIMTOTO

MOJTICTUIICHY.

Ta6nuis 2.1 — IopiBHsIIbHA TaOIUIIS KAOEIB 3 PI3HOIO 130JISIIIIETO.

Bun i3omamii
OcHoBHI KpuTepii fipocotcHa LTI
narepoBa MOJIICTUIICH
1. JloBroTpuBaia J0onycTuma podooyua 70 90
temrepatypa, °C
2 Temmieparypa nepesanTaxenns, °C 75 130
3 HaBanTtaxyBanbHa 31aTHICTB, % 100 117
(Tipu TIpOKIIaAII B 3€MIT1)
4 Criiikicts 10 crpymis K3, °C 200 250
5 Pi3HuIIs piBHIB MTPH TIPOKITAII, M He MeH1e 15 6e3 0OMeXeHb
6 TpyaHICTb IPU MOHTAXK1 Ta PEMOHTI BHCOKa HHU3bKA
7 BinnocHa nmomkoxyBaHicTh (B B 1-15 pa3ziB
AHOCE JDKYB ( 6mu3bko 17 P
anroMiHieBid 00o0soHIi), ./ 100 kM rox HIKYE

[Tonmepeuni  3B'A3KM, 110 YTBOPIOIOTBCA B  TMpolLeCl 3IIMBAHHA  MIXK
MaKpOMOJIEKYJIaMU MOJIETUIIEHY, CTBOPIOIOTh TPUBUMIPHY CTPYKTYPY, fKa 1 BU3HAYA€
BHUCOKI €JIEKTPUYHI 1 MEXaHIYHI XapaKTePUCTUKHU MaTepiaiay, MEHIIY TirPOCKOIMIYHICTD,
O1TBIIMI Alana30H POOOUYUX TEMITEpATYD.

IcHye Tpu OCHOBHI crmOCOOM 3LIMBKHM TOJIIETUJIEHY: NMEPOKCHIHA, CHJIAHOBA 1
pamiaiiiina. B cBiTOBiN KaOenbHIM MPOMHUCIOBOCTI MPU BUPOOHUIITBI CHIIOBUX KaOeiB
BUKOPHUCTOBYIOTHCS TIEPIIIi JIBA.

[lepokcuaHa 3MIMBKA MOJIETUIIEHY BUKOHYETHCS B CEPEJOBHILI HEHUTPaIbHOIO
razy 3a temneparypu 300-400 °C 1 tucky 20 atm. BoHa BUKOPHUCTOBYETHCS IS
BUPOOHMIITBA KAOEIB CEPEIHBOI 1 BUCOKOI HAIIPYTH.

CunaHoBa 3IIMBKAa BHUKOHYETbCS 3a OUIbII HM3bKOI Temmeparypu. CexkTop
3aCTOCYBAHHS ITi€1 TEXHOJIOTIi OXOTUTIOE KaOei HU3bKOI Ta CepeHbOI HATIPYTH.

B Vkpaini kabeni 3 130JSII€10 13 3IIUTOrO MOJIETUICHY BUITYCKA€ XapKIBChKUN
3aBoj; «IliBneHkaOenb», KU PO3POOMB YHIKAJIBHY TEXHOJIOTIIO XIMIUHOI 3UIMBKHU

1307141111, SIKa JO3BOJIIE OTPUMATH 130JIAIIII0 BHUCOKOi SIKOCTi, BIAMOBIAHO JO BUMOT
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Cy4acCHHUX CTaHAapTiB.

IcayroTh nBa BapianTh BukoHaHHS 3I1E-kabeniB - TPKUIBHUHN 1 OJHOKUILHUM.
BigminHOO ocoOnuBicTIO TpyKuiabHOTO BUKOHaHHS 3IIE-kabenss € HasgBHICTH
EKCTPYIOBAaHOTO MiXK(a3HOTO HANOBHIOBAaYA 3 TOJIECTUIIEHY a00 MO BIHIIXJIOPHUIHOTO
(IIBX) mnmactukary. Ha puc. 2.1 moka3aHO KOHCTPYKIIIO TPWKUIBHOTO Ta

OJIHOKAJIBHOTO BUKOHAHHS Ka0O€EiB Ta BIIMIHHOCTI MK HUMH.

Pucynok 2.1 — Kaleni 3 130Js11€0 13 3LIMTOTO MOJIETUIIEHY, BUTOTOBJICHI
3aBonoM «IliBgenkabens» (1 — OararofpoTsHa YIIIJIbHEHA CTPYMOMPOBIIHA >KUJIA!
amoMi"ieBa abo MigHa; 2 — BHYTPIIIHIA EKCTPYIOBAaHUI HAMIBOPOBITHUHI 1Iap;
3 — 130J111is 13 3MIMTOTO MOJIETUICHY; 4 — 30BHINIHIN €KCTPYIOBaHHUI HAITIBIPOBITHUIMA
map; 5 — eKCTpyI0BaHE HAIIBIPOBITHUKOBE 3aIIOBHEHHS (IS TPWKUIBHUX KaemiB); 6 —
map OOMOTKHM BOJIOHAOyXarouol CTPIYKOW; 7 — MIJTHUM €KpaH; 8 — 1map OOMOTKH
HETKAHWM TOJOTHOM (BOJIOHAOYXAIOUOIO CTPIUKOIO JIJIsi KaOemiB 3 MapKyBaHHSIM «I»,
«ray); 9 — amoMiHieBa CTpIYKa 3 JAKOBUM MOKPUTTSIM (KaOeli 3 MapKyBaHHAM «ray); 10
—30BHIIIHS 000JIOHKA 3 MOJIBIHUIXJIOpUAHOTO mactukary, [IBX minactukaty 3HUXKEHOT
roprouocTi (kabemi 3 iHAEKcoM «Hr») abo [IBX mmacTukary 3HIKEHOI

MOKEKOHEOE3NMEeKOI0 (Kabe 3 1HAEKCOM «HTI).
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Mapku kabeniB cepeqHbOI Ta BHCOKOI HApyrm 3 130JSIIEI0 13 3IIUTOTO
nometrwieny, ki BumyckaroThesi [TAT 3aBon «IliBmeHkabenb», MiCTITh MO3HAYCHHS,

HaBeqeHl B Ta0I. 2.2.

Tabmuig 2.2 — [lo3HaueHHS KaOeiB 3 130JIAII€I0 13 3MIMTOTO MOMIETUICHY, SK1

BUT'OTOBJIAIOTHCSA 3aBOJIOM «HiBI[eHKa6CJIL»

3x Tpu 0IHOXKUIIBHUX KaOeli, CKpYyYeHUX pa3oM
TennonposigHa A aJIIOMIHI€BA XWJ1a
KU - MiHa xuta (0e3 Mo3HaYeHHS)
[30sts11ist 1B [3051s1111 13 3MIUTOTO MOJIICTUIICHY
ExpanyBaHHs E MiHuii eKpaH 1o 1301b0BaH1N KU1
EO 3aranbpHUM MiTHUN €KpaH CepIeTHIKA TPHKUIHHHIX
KabeniB
EOA FepMequui;{ 3arajbHOro eKpana
QITFOMOTIOTIETHIICHOBOIO CTPIYKOIO
r [To3noBxxHS repMeTI/Bauig eKpaHa BOJOHA0yXal0uMH
CTpiUYKaMH
[To310BKHA 1 TIOTIEpEYHA TepMETHU3AIlisl EKpaHy
I'A BOJIOHA0YXalOYUMU CTPIYKAMH 1 AJIFOMOIIOJIIMEPHOKCTPIUYKOIO
bpons b BpoHs 13 craneBux cTpidok
K BpoHs 13 Kpyriaux cTajeBuX IpPOTiB
AK BpoHst 3 Kpyriux amoMiHiEBUX POTIB
3OBHIIITHS o 3oBHimIHs 000JIOHKA 13 TOJieTHIIeHY a00 coimepa
000JI0HKa MOJIICTUIICHY
30BHIIIHS 000JIOHKA 3 MOJIMEPHOT KOMIO3HUIIIi, 1110 HE
TTHr(A)* PO3IOBCIOKYE rqpiHHﬂ (kaTteropist A o
HEPO3IMOBCIOKEHHIO ropiHHs B myukax mo IEC60332-3)
TTHT - 30BHiH.IHH 060)1'0H1<a 3 HOH‘iMepHO'l' KOMIIO3HIII1, I1I0 HE
HE(A)* MICTUTh TaJIOTCHIB (KaTerop1ﬂ A TI0 HEPO3MOBCIOKEHHIO
TOpIHHS B ITyYKaXx)
Iy [Tocuniena nosieTuieHoBa 000JI0HKa
B 3oHimHA o6ononka 3 [IBX mnactukaty
BHT 3oBHimHA o0ononKa 3 [IBX MIACTHKATY, 1110 He
PO3MOBCIOKYE TOPIHHS
3oBHimHs o6osnoHka 3 [IBX miactukary, mo He
BHI'I PO3MOBCIOJLKYE FOPiHHS i 3 HU3bKHM BUAUICHHAMANMY i
KOPO31MHOAKTHBHUX T'a3iB
Knimatnune - Buxonannsa Y (YXJI) (6e3 mo3HayeHHs)
BUKOHAHHS T Bukonanns T
nxS/ KilTbKiCTb %M HOMIHAIEHOTO TIEPEPi3y B MM~

VY tpudaznux mepekax BUKOPUCTOBYIOTHh Tpu(a3Hi rpynu oaHO(]a3HUX KaOeiB.
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Ha pucynkax 2.2 Ta 2.3 mnokazaHi HaiOuIbII YacTO BHUKOPUCTOBYBAHI CXEMHU
po3TamryBaHHs (a3 OJTHOTO JIAHIIFOTA OJWH JI0 OJHOTO - B psax ( «flat-formation») a6o B

BEpIIKMHAX PIBHOCTOPOHHBOIO TpukyTHHUKA ( «trefoil- formationy), BiAMOBIIHO.

AB

A

Tl
Lt ¥

A

\ 4

dAG

Pucynok 2.2 - Po3ramryBannsiogqHoda3zHux kaOemiB B psI.

> =
- Ll

Oae
Pucynok 2.3 - Po3ranryBanss ogHo¢a3HUX KaOeliB B BEPIIMHAX TPUKYTHHUKA

[Tpu mpoxinamanHi TPUKYTHUKOM BIJICTaHb MIXK OCSIMH KaOeIto MpUHSTAa PIBHOIO
30BHIITHBOMY JlaMeTpy KaOemro. SIKIo MpokIanarThes TpU Kabesl BOJHIN TIOIIHMHI,
TO BIJCTaHb M OCSIMHU KaOeto NpUIHATa PIBHOIO ABOM JlIaMeTpaM Kabelto.

[Ipu BuOOpi  HEOOXiMHOTO  KabEmo  BUKOPHCTOBYIOThCS ~ Taki  MOTO
XapaKTEPUCTHKHU, SIK JIOMYCTHMMI CTPYMOBI HAaBAHTAKEHHsI KaOeJiB, >KWJIM 1 €KpaHy
Ka0eJo, HOMIHAIBHUI Mepepi3 CTPYMOIPOBIIHUX KUJI, MEPEPi3 eKkpaHa Kadelro.

Jlormyctumi CTpyMOBI HaBaHTa)KE€HHS KaOeniB (HaBeneHo B Tabu. 2.3 ta 2.4) B
poboUOMy pexnMi 3a PI3HOTO CIOCO0Y MPOKIadaHHs Ta PO3TallyBaHHS B 3aJIEKHOCTI
BiJl KUTBKOCTI Ta HOMIHAJILHOTO TIEPEPi3y KUJI. pO3paxoBaHi i HACTYITHUX YMOB:

— MakcumaibHa Temneparypa xuiau 90 °C;

— TemmepaTrypa otouyroudoro cepenouina 20 °C nis npokiaaku B 3emii 1 30
°C nJ1s IpOKJIAJIKK B MOBITPI;

— mimbuHa mpokianku B 3emii — 0,8 M s kabeniB Hampyroto g0 35 kB 1 1,5Mm



1t kabeniB Hanpyroro 110 xB.
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Tabmuis 2.3 — JomycTumi CTpyMOBI HaBaHTa)K€HHsI KaOeNiB 3 130JIAIIEI0 13

3MIUTOTO MOJIIETUIICHY 3 AIOMIHIEBOIO JKUJIOH0.

[<2] o . .

E 2, % % . JlomycTuMi CTpyMOBI
e )
4 % = e % HaBaHTa)KEHHS KaleliB, A
S = B= S o —
Z P & 3 aTIOMIHIEBOIO YKUJIOKO

N . — “ m
= = = S = O . .
S s = & X5 B IIOBITP1 B 3¢MJI1
T = bl = ©
- B 8 S o s 2 M =

=~ o jas] 2 »= 2
2% gz |22 EZ
2.9 5 AllBDOB I18OB A o
g2 = |E¢ 2 2 o0 000 o °0®
= 2 2 _[EZ |88
= O o 23 o &
= =558 |8 &
1 2 3 4 5 6 7 8 ¢ 10

ATIBDB-20, AIIsDBur-20, AIIsDBura-20, AIIsOrBur-20, AIIsDraBur-20,
AllBDraBura-20, [1BDB-20, [IBDBHr-20, [1BDBHra-20, I183rBar-20,
[18DraBura-20

HowminanpHa niniiina Hanpyra — 20 kB

MaxkcuMaiabHO J0nmycTuMa poboda Hampyra — 24 kB

[18DraBur-20,

1x35 29 900 1120 154 157 129 | 134
1x 50 30 960 1280 184 189 152 | 157
1x 70 32 1070 1520 230 236 186 | 192
21x 95 16 33 1200 1800 280 287 221 | 229
1x 120 35 1310 2080 324 332 252 | 260
1x 150 36 1510 2450 368 376 281 | 288
1x 185 38 1670 2850 424 432 317 | 324
1x 240 25 40 1900 3430 502 511 367 | 373
1x300 | 55 43 2150 4270 577 586 414 | 419
1x 400 45 2480 5270 673 676 470 | 466
1x 500 48 2880 6230 786 785 526 | 522
1x 630 35 52 3410 7660 907 899 593 | 584
1x800 57 4170 9610 1041 | 1024 | 664 | 647
3x35 53 3220 3730 132 119

3x 50 55 3510 4250 158 140

3x 70 58 4010 5110 196 171
3x95 | 55 16 62 4640 6310 236 203
3x 120 66 5180 7350 273 232
3x 150 25 69 5750 8460 309 260

3a IHIIKUX PO3PaXYHKOBUX TEMIIEPATyp OTOUYIOUOTO CEPENOBHUINA JIOMyCTHMI
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CTPYMOB1 HaBaHTaXEHHA A KabenmiB Hampyroro Bix 6 no 35 kB wmaiote Oytu
MIOMHOXEH1 Ha MONPaBOYHUN KOe(illi€eHT, HaBeIeHUH B Tabm.2.5.
3aneXHICTh JOIYCTUMOTO CTPYMOBOIO HABAHTAXEHHS JKUIM 1 €KpaHa 3a

TPHUBAJIOCTI KOPOTKOTO 3aMHUKaHHs 1 ¢ HaBeneHa B Tabi. 2.6 1 Tabi. 2.7.

Tabmusa 2.4 — JlomycTuMi CTpyMOB1 HaBaHTa)X€HHsI KaOe€NB 3 130JIAIIEI0 13

3LIMTOTO MOJIIETHIIEHY 3 M1JHOO KUJIOKO.

Jomyctumi cTpyMoBi
HaBaHTa)KEHHA KabeliB, A

2

3 MIJIHOKO JKHJIOKO

2

MiHiManbHUHN IEPEPIZEKPAHA,
MM
30BHIIIHIN JiaMeTpKa0eto,
MM
(opieHTOBHA)

aca Ka0emro,KI/KM

B TTOBITpI B 3eMuTi

nepepiz  KuI, MM
ToBuuHa 13054111, MM

KinpkicTh 1 HOMiHAJIBHUAN

@
ATIEDB | TIBDB | & | ®0® | ®® | eee

2 4 5 6 7 8 9 10

AIIBDB-20, AIIsDBur-20, AIIsDBura-20, AIIsOrBur-20, AIIsDraBur-20,
AIlBDraBura-20, [18DB-20, [Is8DBur-20, [18DBura-20, [1s8DrBar-20,I183raBur-20,
[I8OraBura-20
HowminanbHa niniiiHa Hanpyra — 20 kB
MakcumanbHo ormyctuma pododa Hanpyra — 24 kB

=
w

1x35 29 900 1120 | 198 | 203 | 166 | 172
1x 50 30 960 1280 | 238 | 243 | 196 | 203
1x 70 32 1070 1520 | 296 | 303 | 239 | 246
21x 95 16 [ 33 1200 1800 | 361 | 369 | 285 | 293
1x 120 35 1310 2080 | 417 | 426 | 323 | 332
Ix 150 36 1510 2450 | 473 | 481 | 361 | 366
1x 185 38 1670 2850 | 543 | 550 | 406 | 410
1x 240 25 [ 40 1900 3430 | 641 | 647 | 469 | 470
1x 300 23 2150 4270 | 735 | 739 | 526 | 524
1x400 | 55 15 2480 5270 | 845 | 837 | 590 | 572
1x 500 28 2880 6230 | 980 | 957 | 651 | 630
1(%2%0 s | 52 3410 7660 | 1113 | 1077 | 724 | 694
1x800 57 4170 9610 | 1255 | 1203 | 795 | 756
3x35 53 3220 3730 170 153
W50 | oo | 15 | 55 3510 4250 204 181

3x 70 58 4010 5110 253 221
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[Iponossxenns Tabdm. 2.4

1 2 3 4 5 6 7 8 9 10
3x 95 16 62 4640 | 6310 304 262 62 4640
3x120 | 5,5 66 5180 | 7350 351 298 66 5180
3x 150 25 69 5750 | 8460 398 334 69 5750

Tabmuns 2.5 — [HonpaBounuii KoeilieHT IS PO3PAXYHKY JOIMYCTUMOTO CTPYMY

HaBaHTaKCHHS KaOeJIro.

[TonpaBouHuii KoeDIIEHT 3a TEMIIEpaTypu OTOUYIO4Oro cepegopuiia, °C
20 25 35 40 45 50 55 60

1,08 1,04 096 | 091 | 087 | 082 | 0,76 0,71

Tabmuis 2.6 — BenuanHaa 10TTyCTUMOTO CTPYMY OJTHOCEKyHIHOTO K3.

Hoisanbiii nepepisiumt JomycTumuii CTpyM OJHOCEKYHIHOTO KOPOTKOTO
2 ’ 3aMUKaHHS, KA
M 3 aJIFOMIHIEBUMH KHJIAMU 3 MIJHUMM >KHJIAMH
35 3,3 5,0
50 4,7 7,2
70 6,6 10,0
95 8,9 13,6
120 11,3 17,2
150 14,2 215
185 17,5 26,5
240 22,7 34,3
300 28,2 42,9
400 37,6 57,2
500 47,0 71,5
625 (630) 59,0 90,1
800 75,2 1144

HominansHull iepepi3 CTpyMOINpPOBIIHUX KUJT BAOUPAETHCS 3 CTAHIAPTHOTO PSY
B 3aJIEKHOCTI BIJ:
— CTPYMOBOTO HaBaHTXXCHHS KaOero B poO0OUOMY;

— MOXIIHNBHUX CTPYMiB KOPOTKOI'O 3aMUKAaHH,;
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— YMOB IIPOKJIa/IaHHSI.
HominanpHuii mepepi3 CTPYMONPOBIIHHUX JKAJ OOMPAETHCS 3aJICKHO  BiJl
TPUBAJIOCTI 1 BEIMYMHU JOIMYCTUMOTO CTPYMy KOPOTKOro 3aMuKaHHSA. Hinkde
NPUBCACHUN CTaHJIAPTHUN PSAI CTPYMOIIPOBITHUX KU 1 PEKOMCHJIOBAaHHMH Iepepi3
eKpaHiB Ta omip *kui (Tabn.2.8 1 Tabm.2.9).
Jlns TpuBajoCTi KOPOTKOTO 3aMHUKaHHS, BIAMIHHOI Bii 1 ¢, BKa3aHi 3HA4YCHHS

CTPYMY KOPOTKOTO 3aMHUKaHHS HEOOX1THO MTOMHOXKHTH Ha IMOMPABOYHHUN KOCQIITIE€HT:

-1
= f\-‘?
Tabmuus 2.7 — 3anexHICTh JOMYCTUMOTO OJHOCEKyHAHOTO cTpymy K3 ekpana

BIJI IIepepi3y eKpaHa Kadeo.

Ilepepi3 MiJHOTO eKpaHa, MM 16 25 35 50 70 95 120

JlonmycTrMH OAHOCEKYH THUN
CTPYM KOPOTKOT'O 3aMUKaHHseKpaHa, KA| 3,3 51 7,1 10,2 | 14,2 | 19,3 24,4

Tabnuus 2.8 — 3anexxHicTh mepepizy CTPYMOIIPOBIAHOTKIIIN Bl epepizy ekpaHa

Ka0eJro

Iepepiz CIDK, mm° Tepepi3 expana, My~

35 16
50 16 25 35
70 16 25 35
95 16 25 35
120 16 25 35
150 25 35 50
185 25 35 50
240 25 35 50
300 25 35 50
400 35 50 70
500 35 50 70

630 (625) 35 50 70
800 35 50 70

Omip kUi 1 ekpaHiB 3a TemiepaTypu, BiaMiHHOI BiJ 20 °C, po3paxoByeThCA:



— JUTSI MIJTHOT KWH (€KpaHa):

2425+t
Re=Rao —5e

— JUTS QJTFOMIHIEBOT KA

228+t
248 '

Rt: 20

ne t — remneparypa xunu (exkpana), °C;

R0 — omip xwu (exkpana) npu 20 °C, Om/kMm.

Tabmuus 2.9 - Onip xwun 1 ekpaHiB kademniB noctitHomy ctpymy npu 20 °C.

Om /M

Om/xM

Howminanbauii iepepis

Omip, OM/kM, He OiTbIIIe

Kuju, MM MIJTHO1 KHJIH (€KpaHa) AITFOMIHIEBOT KUJIH
16 (1,15) -
25 (0,272) -
35 0,524 0,868
50 0,387 0,641
70 0,268 0,443
95 0,193 0,320
120 0,153 0,253
150 0,124 0,206
185 0,0991 0,164
240 0,0754 0,125
300 0,0601 0,100
350 0,0543 0,0890
400 0,0470 0,0778
500 0,0366 0,0605

625 (630) 0,0283 0,0469
800 0,0221 0,0367

38
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Hwxde ©HaBeneHa I1HAYKTHBHICTh OJHOXKWIBHUX HEOPOHBOBAHUX KabeniB
(Ta61.2.10), po3paxoBaHa AJi1 HACTYIHUX YMOB MPOKJIAJKU:
— TIPOKJIaJiIKa TPUKYTHUKOM: KaOelli MMPOKIIaIcHI BIPUTYIT;

— MPOKJIaJKa B IUIOMIMHI: Ha BIJICTaH1 OJTHOTO JiaMeTpa Kabero.

Tabmums 2.10 — I[HAYKTUBHICTE OJHOXWIBHUX HEOPOHBOBAHUX KaOesiB

HOMIHAJIBHOIO Harpyrorw 6-20 kB

Howminane-auit [anykTuBHICTD, M H/KM
nepepis K, Howminanbna Hanpyra, kB
" 6 10 15 20
TLJIOIIL. TPHK. TLJIOIIL. TPHK. TLJIOIIL. TPUK. | IUIONI. | TpPHK.
1 2 3 4 5 6 7 8 9
35 0,604 0,448 0,620 0,465 0,637 0,485 0,652 0,501
50 0,578 0,421 0,594 0,437 0,611 0,456 0,625 0,472
70 0,552 0,391 0,567 0,407 0,583 0,426 0,597 0,441
95 0,533 0,370 0,547 0,386 0,563 0,430 0,576 0,418
120 0,508 0,342 0,521 0357 0,536 0,373 0,549 ,0387
150 0,497 0,329 0,509 0,343 0,524 0,359 0,536 0,373
185 0,482 0,312 0,494 0,325 0,508 0,341 0,519 0,354
240 0,469 0,296 0,479 0,308 0,492 0,323 0,503 0,336
300 0,461 0,286 0,468 0,294 0,480 0,309 0,490 0,321
350 - - - - - - - -
400 0,451 0,275 0,455 0,280 0,467 0,294 0,477 0,305
500 0,440 0,261 0,442 0,264 0,453 0,277 0,462 0,288
625 (630) 0,427 0,245 0,429 0,247 0,439 0,260 0,447 0,270
800 0,418 0,234 0,420 0,236 0,429 0,248 0,437 0,258

3a 1HIIMX YMOB NPOKJIAJIKU 1HIYKTUBHICTb PO3PAXOBYETHCS 32 POPMYJIOIO:

h-r
L=01+0,2 lnT,MFHf}{LL

ne h — BiacTaHp MixK IEHTPAMU JKHII, MM;

I' — paziiyc KM, MM.
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2.2 Pesxumu po60TH HelTpaJi po3noaiyibHuUX JiHil Hanpyroio 20 kB

Bignosigno IIYE posnoninbai Mepexi 6-20 kB mpairoroTe 3 130J1bOBaHOIO
HedTpauTio. JlaHuii pexuM MOXKe JOMyCcKaTH PoOOTYy 3aJaHOi Mepexi 3 oaHo(da3zHuUM
3aMHKaHHAM Ha 3eMJII0, 3aBASKA 1bOMY (akTy 1ed pexuM € HIMPOKO
PO3IMOBCIOIKEHUM.

[Ipote, mocBij iHIKMX KpaiH CBIAUNTH, III0 poOOTa HEHUTpAJTi, KA 3a3€MJICHA Yepes
PE3UCTOD, - € HAMOUIBIII PO3MOBCIOHKEHUM PEKUMOM poboTH Mepex Hanpyroro 20 kB.
IcHyrOTH ABa BapiaHTH 3aCTOCYBaHHS PE3UCTUBHOTO 3a3€MJICHHS — BHCOKO-OMHHM Ta
HU3bKO-OMHUM. [lpu peanizalii BHCOKO-OMHOTO BapiaHTy 3a3eMJICHHS HeHTpai
pe3ucTop oOUPaAETHCS TaK, MO0 EMHICHUN CTPYM Mepexi OyB MeHIIMM a0o pIBHUM
32 CTpPyM, CTBOPIOBAaHUM pPE3UCTOPOM B MiCIll OAHO(PA3HOTO MOMIKOKEeHHs. L5
yMOBa € TapaHTI€I0 TOTO, M0 MpU OJHOGA3ZHOMY 3aMHKaHHI JYroBl MEpEHANpyTu
OyayTh  BiACYTHI. BiamoBigHO, BHCOKO-OMHE 3a3eMJICHHS  HEWUTpaal  MOXKe
3aCTOCOBYBAaTUCh JIMIIE B Mepekax 3 MajJUMH BIACHUMH €MHICHUMH CTpyMaMHd
(mo 5-7 A).

Maroun Ha yBa3zi, IO XapaKTePHUM [UJIsl MICBKHUX PO3IMOAUIBHHX MEpekax €
BEIIUKI €MHICHI CTPYMH, TOMY B HUX MPUIYCTUMHUH TUIBKH BaplaHT HU3bKO-OMHOTO
3a3eMJICHHST HEUTpaJi.

OnnodaszHuii CTpyM KOPOTKOTO 3aMHKAHHS B MEPEXKI 13 3a3€MJICHOI0 HEUTPAILITIO
1 B MEpexi 3 HEUTpaJUIio, 3a3€MJICHOIO 4Yepe3 HU3bKO-OMHUHN pe3ucTop, Mae B 2,5-3,6
pa3u OUIbIYy BEJIMYMHY y MOPIBHSAHHI 3 TAKUM K€ CTPYMOM B MEPEXKI 3 130JbOBAHOIO
HEUTpasuIto, Mo 3a0e3rmeuye BUCOKY UYTIUBICTh 3aXHUCTY BiJl 0JHO(A3HOTO KOPOTKOTO
3aMHUKaHHS.

Jlo1aTKOBOO TEepeBaroro MioJ0 HU3bKO-OMHOTO 3a3eMJICHHS HEUTpalli € aKTUBHE
BUKOPUCTAHHSA Y MICBKUX PO3MOAUIBHUX MeEpekax IBONMPOMEHEBOI CXEMH, 3a SKOi
BIJICYTHA HEOOXIJHICTh MPOAOBXKYBaTH poOOTy KaOenbHOi JiHIT 3a 0AHO(pA3HOTO
KOPOTKOTO 3aMUKAHHSI.

OpnHak, pyu IIbOMY BHHHKAE Psiji MpoOJieM, siKi He0OX1THO BUPINIYBATH, a CaMe:

Y3rOJIKEHHS BUMOT €(QEKTHBHOCTI 3HMKEHHS IMEpeHanpyru 1 3a0e3neyeHHs poOoTu
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IPUCTPOIB peneiHoro 3axucty 1 apToMatuku (P3A) 3 onHiel ctoponu i 3a0e3neueHHs
eJIEKTPUYHOI OE3MEKH Ta TEPMIUYHOT CTIMKOCTI 3 1HIION.

Pesuctopu y 1mpoMy BHIAAKy HEOOXiTHO MIIKIOYATH [0 HeWTpanei
TpaHcPOpMaTOPiB LEHTPIB KUBICHHA. Omip pe3ucTopiB MOBUHEH OYTH Y3TOJKCHHM 3
BUMOTaMH JI0 3a3€MJIIOIOYUX MIPUCTPOIB EIEKTPUYHOI YCTAHOBKHU 32 YMOBU JOTPUMAHHS
BUMOT 3a0€311eYeHHs CEJIEKTUBHOCTI poOOTH IpUCTpoiB P3A.

[lepeBakHO BHKOPUCTOBYETHCSI CXeMa 3 BBIMKHEHHSIM PE3UCTOpa B HEUTpalb
ganku 20 kB cummoBoro tpancdopmaropy 220(110)/20 xB Yo/Yq 1DK (puc. 2.4).
Henomnikom qaHoro pimeHHS BBRXKAETHCS BTpaTa PE3UCTUBHOT03a3eMIICHHS CEKIlT IIUH
IIPU BiJIKJIFOUEHHS JKUBIISTIOTO TpaHchopmaropa.

AJbTEpHATUBHUM BaplaHTOM € MIAKJIIOYEHHS pe3ucTopa [0 HeWTpal
criemiaapHOro Tpanchopmaropa 3azemiieHHs Hewtpam (T3H) 20/0,4 xB Yo/ A - 11

(puc. 2.5).

G TP 100 MBA

| O kazzoxe . | |~ . KN20B 4|
\L P a

+

Pucynox 2.4 — Po3paxyHkoBa cxeMa IMiJKJIIOUYEHHS pe3ucTopa 10 HeWTpal
Tpancdopmaropa 220/20 kB
G TP 100 MBA

K3
| KA220kB . 4 | | . KA204B e
‘ 74 N ‘ 1% N l

$ Pa

e
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Pucynox 2.5 — Po3paxyHkoBa cxeMa MiJKJIIOUYEHHS pe3ucTopa A0 HeHTpasl

tpanchopmaropa 220/0,4 kB
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[Tpu migkmroyeHHI pe3ucTopa B Michbkux eHTpax >xuBieHHs 220(110)/0,4 kB,
10 TIPEICTABIISIE COOOIO MIICTAHIIII0 3aKPUTOTO THITY, IO BUMOTaM TOXKEXKHOI Oe3neKn
B SKOCTI TpaHcopMmaropa 3a3eMJICHHsS HEWTpalli 3acTOCOBYIOTh TpaHchopmaTtop 3
cyxor i3omsuiero. Po3paxyHok motyxkHocTi T3H BUKOHYEThCS BHXOISYM 13 YMOB

CTIMKOCTI CyXuX TpaHC(OpPMATOpiB CTpyMaM KOPOTKOTO 3aMHUKAHHSI.

2.3 Cxemu no0ynoBu po3noaiibHux mepe:x 20 kB

B xuBwibHux Mepexax 6 (10) kB 3acTOCOBYIOThCS CXeMHU 3 MapalielbHOIO,
PO31iJeHO poOOTOIO JIiHIM Ta KoMOiHOBaHi [29]. Po3rismatoun cxemMu 3mapaneabHO
pobororo, ae PII >xuBUTHCS Big OAHOTO JKEpeiaa, TO BOHU BIAHOCUTHCA 1O CXEM
PEKOMEHJIOBAaHUX I CIIOXKUBAYiB JIPYyroi Ta TPEThOi KaTeropii HagilHOCTI. Ale B
BENIMKHUX MicTax MOTyXHICTh ogHoro PII nocsarae 5- 15 MBT 1 Big Hel )kuBiatbes 1ie i
CIOKMBadl TepIIoi kateropii. ToMy TPHAHATO 3aCTOCOBYBAaTH CXEMH 3 PO3JIIJICHOIO
poboToro miHii Ta KOMOIHOBaHI cxeMHu 3/1BoceKilitHuMu PII, 110 oTpuMyIOTh KUBJIECHHS
B1J1 IBOX BiJIJIaJICHUX OJUH BiJl OJHOTO IIEHTPIB >KUBJICHHSI.

B nesxux KpaiHax 3aCTOCOBYETHCS CXe€Ma, B SIKIM IIMPOKO BHUKOPUCTOBYIOTHCS
3’eanyBaibHI migcTanIii (311) (puc.2.6). BuMmukaui BcTaHOBJIEHI B TaKiil CXeMi JIMIIIE Ha
LEHTpax >KUBJEHHS 1 Ha NpHeIHAaHHAX TpaHcopmaropiB. [lpu mbomy, HEOOXiAHO
BIIMITUTH, 10 Oy/b-IKE KOPOTKE 3aMHUKaHHs OyJe BIAKIIOYATHCS BUMHUKAYaMHU IIEHTpa
JKMBIICHHS, IO 3HHU3WThL HAMIMHICTH CXEMHM, IO € HebaxxkanuM. Jlo Toro »x, 3amis
IIBUKOTO TOITYKY MICIi BAHUKHEHHS MOYKJIMBOTO TOIIKOKEHHS HEOOXiTHOIO Oye
MOTYXKHa cUcTeMa TeleMmexaHiku Tpanchopmaroproi minactaniii (TII), mo moB’si3ane
3 3HAYHHUMH 3aTPaTaMH.

3 HEBEICHOr0 BHINE, MOXKHA 3pOOMTH BHCHOBOK, IO cxeMa (puc.2.6),
chopmoBaHa Ha 3’enHyBajdbHUX mifacTaHiisx (6e3 PIT), Bumarae merambHOTO TEXHIKO-
€KOHOMIYHOro oOrpyHTyBaHHs. [Ipy 1pomy Tpeba JOCKOHANO PO3TISHYTH MUTaHHS
HaJIIHHOCTI €JIEKTPOIIOCTAYaHHS CIIOKMBAYIB.

Po3BUTOK 1 MOOyI0Ba €JIEKTPUUHUX PO3MOAUIBHUX Mepex Ha Hampyry 20kB,
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SK TPABUJIO, 3/MIMCHIOETHCS HA OCHOBI CXE€M PO3BUTKY PalOHIB, IO BIXKE 3aTBEPIKCHI.
PosmoginpHa Mepeka OyayeTbCs TaKuM YWHOM, 1100 Oyia 3a0e3rnedeHa MOKIMBICTH
SAKICHOTO TIepeJlaBaHHsl CJICKTPOCHEPTii CIOKHBa4aM 3 HEOOXIJHOK KaTeropiero
HaJIHOCTI.

JInst IpudHATTA pilleHHs moA0 TomnoJorii modynoBu mepexi 20 kB B Ykpaini
MOTPIOHO POBTJISIHYTH PIIICHHS,, BUKOPHUCTOBYBAaHI B PI3HUX €JEKTPOSCHEPIETUUHUX

CHCTEMax CBITY.
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Pucynox 2.6 — Cxema mepexi 20 kB

[Ipn mpoexTyBaHHI pPO3NOJAUIBHUX MEpexX, y OaraTboX BHUIIAJKaxX, IepeBara
HaJa€eTbcsl KOMOIHOBaHUM cxeMam, 1ie € 1 PII, 1 3’eqnyBanbHl nmynktu (31), sxi e
HA3WBAIOTh «IBOJIAHKOBUMM», TOOTO MPUCYTHI ABI JAHKUA — PO3MOJIIbHI Ta KUBHWIbHI
Mepexi. 3’€IHyBaJibHI NyHKTH posTamoBani micias PII Ha Benmukux 00’€kTax
notyxHictio 10-15 MBrT 1 Ounbiue, koau TII po3ramoBani B Mexax OJHOTO TEXHIYHOTO
noBepxy abo Ha PI3HUX MOBEPXaX OJHOTO U TOTO K OYJUHKY.

[Ipn noOynoBi pO3MOAUIBHUX MEPEX MICT BHKOPUCTOBYETHCS NETJIHOBA a0o
nBonpoMeneBa cxema. J[ms mepexx Hampyroro 20 kB HaiOiumbIlie BUKOPUCTOBYETHCS

nBoripomeHneBa cxema 3 ABP na crtoponi 0,4 kB, TumoBow € 3 gBOMa Jxepenamu
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xuBlieHHs (puc.2.7). Y BeNMKWX MICTaX BUKOPUCTOBYETHCA CXeMa 3 YOTHpPMA
JUKEpellaMy KUBJICHHS, STKa Ha3UBA€EThCS 3yCTpidHA BOMPOMEHEBA cxema (puc.2.8).

Ha puc.2.8 kabGenpHa iHis 3aMKHeHa Ha aApyruit LK, sxkuM y 6aratbox BUMagKax
€ 1HmMi po3nonuTbHui MyHKT. KoxHa cekmist PII € HezamexHuM HKEpeIoM KUBIICHHS.
3 Touku 30py HafAilHOCTI KOkHY KJI 6a’kaHO po3MICTUTH B 1HAMBIAYaJIbHIN TpaHIlEi Ha
BificTanl 1 M oaHa BiJ oAHOI. AJie IIUIBHICTH 3a0yJIOBU B BEJIMKHUX MiCTaX HE Ja€
MO>KJIMBICTh BHKOHATH L0 YMOBY 4acTiml 3a Bce, Tomy oOuasi KJI BkmamaroTbcs B
OJIHy ¥ Ty caMy TpaHILEI0 3 YCTAaHOBKOIO MK HUMH NEPETOPOJKHU, 1110 HE IMiITAETHCS

TOPIHHIO.

20 B 20 B
4D iiiiiiii D_
[] []
4D iiiiiii D_
Ux-1 UX-2
1 12 T1 72

Pucynok 2.7 — TunoBa ABOIpoOMEHEBA CXEMa

20 kB

[]

UXx-1

Pucynok 2.8 — BiockoHnajeHa JBOMpPOMEHEBA cXxeMa
Posrnssuemo cxemy (puc.2.9) TunoBy A noOyI0BU PO3NOAUIBHUX JIIHINA cUCTEM

enektpocniokuBanusa B [lapmwxki. Koxen 1K — ogno Tpanchopmaropauit. Mixk 1iumu
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IK mpoxnanaerscst Bicim marictpanbHux KJI 20 kB, xokHa 3 HUX CKIalaeThcs 13
miecTd KabeniB, 3BEJCHUX Ha OJIWH BHUMHKad. PesepByBanHs HaBaHTaxkeHHs LK
3IIMCHIOETHCS B1JI CYMDKHHX IMiJICTaHIN. e pimeHHs € qyke eKOHOMIYHUM 3 TO3HUIIIT

3arpar Ha OyIiBHUIITBO mmiacTaHIii 225/20.

225 kB 225 KB
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Pucynok 2.9 — Cxema enextpuunux mepex [lapika

Ha puc. 2.11 mpencraBieHa cxema enekTporioctauanHs Ha Hampysi 20 kB.
Jlana cxema ckiagaetsest 3 10 aBorpanchopmatopuux TIT 20/0,4 kB, nBox cumoBux
nyakTiB (CII1, CII2), omnoro posnoxainsHoro mnyHkry (PIT1). Iligkmiouenns PII1
BUKOHAHO 710 1BOX 1eHTpiB >xuBieHHs (LK1, LXK2). Jnsa migBuiennsa vaaiinocti CIT1
1 CII2 marots pesepBHi 3B’s3ku BianosiaHo 3 PIT 1 CII cycignix OyniBens. KabenbHi
JH11, TOKa3aH1 CYLJIbHOO JIIHIEIO 1 MYHKTUPOM, WIIYTh BIJl HE3AJIEKHUX CEKII1i, CUCTEM
30IpHUX IIWH, MO3HaYeHUX cl Ta c2. ABTOMaTWYHUI BBIJ pe3epBY MependadeHuii Ha
PIT 20 kB i Ha croponi 0,4 kB TI120/0,4 kB [32].

Ha LXK 1 PII BukopuctoByerbcs KPY 3 Bumukauamu, Ha CII — 3 BUMuKaueM
HaBaHTaXeHHs. Posnoninbai kabenbHi il 20 kB, 0010 ninii Big PIT mo TII 20/0,4
kB, mMaroTh TUNOBY nemiboBy cxemy: 20 cekmiit omnoro TII 20/0,4 kB BkiroueHi 1o
YOTUPHOX METISAX 3 CeKIIoHyBaHHsIM npoMeHiB A Ha TIIS 1 TI16 Ta npomeniB b na TII1

1 TII10. TakuM 4MHOM, HA KOXKHY NETJIFO PIBHOMIPHO MIAKIIOYEHO T’sTh cekiii TII
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20/0,4 xB.

HaiiGipIe 3HMKEeHHS HaIIMHOCTI €JIEKTPOTIOCTaYaHHs MPUBHOCUTH PO3MOILTEHA
Mepexa 20 kB. Tomy npu 1i dopmyBaHHs CJIij 3a3/ajieribp 3BEpHYTH yBary Ha 3axo0/u
I10/T0 BIAHOBIICHHS MEPEX1 TpH i aBapii.

Ha pwuc.2.10 mpencrabieHa cxema po3MOAiLIbHOT Mepexi Hampyroro 20 kB
Oinnsuaii. B Hil Ha croponi 110 kB miacTaHIii MarTh MOJBIHHY CHUCTEMY ITUH a0o
OJIMHApHY cHUCTeMY 3 00XimHOIO cucteMoro muH. Ha croponi 20 kB BUKOPUCTOBYETHCS
MoJIBiiiHA CUCTEMa IIIHH.

Po3rnsHyBImM cy4acHi MTAXOAW [0 TOOYIOBH CXEM PO3MOAUIBHUX MEPEex
CepenHbOI HANPyrd BUAHO, 110 BOHHM MAlOTh B OCHOBHOMY pajiaJbHY TOIIOJOTIIO 3

MO>KJIUBICTIO (DOPMYBAHHS KIJIBIIS.
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Pucynok 2.10 — Cxema Tpancdopmaropuoi mifcraniii 110/20 kB ta mepexi

20 kB
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Pucynox 2.11 — [Ipuknan cxemu eneKTponocTadyaHHs pailoHy MicTa
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[Tpu moOymoBi Mepex B MICTax, 3 XapaKTEpHO BEIUKOIO IIIJIBHICTIO 3a0yI0BH,
HEOOXITHO MAaKCUMaJIbHO OJHM3BKO PO3MIMIATH JIKEpesia >KUBJICHHS 10 CIOXKHBAda,
3a]Is1 CKOPOUEHHS JIOBKUHHU MEPEX HU3BKOI HATIPYTH.

Tomonoriro Mepex HU3bKOT HAMpyryu HEOOX1THO OPTraHi30BYyBaTH TaK, 100 MOXKHA
OyJ10 JIETKO BIJIHOBUTH >KUBJICHHS Bl APYroro JpKepena, TOOTO peaizyBaTH KiIbIEBi
CXEeMHU eJeKTporocTayaHHs. BuOpaHa cxema Mae BiOIOBIIaTH BHMOTaM IOAO BTpaT

HANpPyTH Ta PiBHIB NOTYKHOCTI KOPOTKOTO3aMUKAaHHS Ha MIMHAX M1ACTaHIII.

BucHoBkHM 10 po3ainy

1. PosnopinbHi miHii Hampyroro 20 kB mouuibHO mpoknagaTd kKabeiem 3
130JIA1I€10 13 3MUTOrO mojiieTuiieHy. Came 1iei kKabOeiab BIAMOBiAa€E BCIM HEOOXITHUM
YMOBAaM 110 SIKOCTI 1 HaIIMHOCTI €JI€KTPOIOCTaYaHHs, 1 € MPOCTHM B €KCILTyaTarlii.

2. Bubupatoun kabenb HEOOXiIHO 3BEpTaTH yBary Ha MOro XapakTEPUCTUKU Ta
croci0 MpoKIaaHHsl, aJKe BiJ] [IbOTO 3aJIeKUTh BEIMYMHA BTPAT B MEPEKI.

3. OOrpyHTOBaHO, MO0 3a3¢MJICHHS 4Yepe3 pPE3UCTOp €  HaWOLIbII
PO3MOBCIOJKEHUM PEKUMOM poOoTH Mepex Harpyroto 20 kB, npu nmpboMy B MiCBKHX
Mepexax JOLIIBHO 3aCTOCOBYBAaTH HU3bKOOMHE 3a3€MJICHHS HEUTpaJl.

4. Sk cBIAUMTH 3aKOPJOHHUM JOCBI CXEMH MICBKUX PO3MOAUIBHUX MEPExX
MalTh CBOi XapakTepHI OCOOJHMBOCTI Ta JUIsl KOKHOTO BHIMAJAKy HEOOXiJHE OKpeme

TEXHIKO-€KOHOMIYHE OOTPYHTYBaHHS.
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PO3JILI 3

PO3PAXYHOK EKPAHIB KABEJIIB 3 HIUTOI'O
HOJIHETHUJIEHY HAIIPYT'OIO 20 KB

3.1 ExpanyBanns ka0eniB Hanpyroio 20 kB Ta o0rpyHTyBaHHs cxeM

ix3a3eMJIeHHA.

ExpanyBaHHs eleMEHTIB Kalento HEOOXIAHO JJid eJIeKTPOMArHIiTHOI CyMiCHOCTI
ka0emo 3 PI3HUMHM 30BHIIIHIMUA JIAHUIOTaMH 1 JUId  3a0€3MeYeHHs] CHUMETpIi
€JIEKTPUYHOT'O TOJIsI HABKOJIO JKUJIM KaOeto, OTKE, ISl CTBOPEHHS O1IbII CIPUSTINBUX
yMOB pobOotu i30is1ii. Takoxk, OKpiM OCHOBHOI 3ajadyi, €KpaH MOXKE IiJIBUIIYBaTH
MILHICT 1 CTIMKICTh 13011111, 3aXUILATA BiJl arpeCUBHOIO 30BHIIIHBOIO CEPEIOBUIIIA,
3a3eMJIIOBATH Kabelb, a MpU eKcIutyaTallli B My(dTi 3BOJAUTH 10 MIHIMyMY MOXJIMBICTh
NOSIBU  €JEeKTPUYHMX TMOTEHLIadiB Ha TMOBepxHI Kabemo. [lns expaHyBaHHs
BUKOPUCTOBYIOTHCSA PI3HI MaTepiajd, HaNpUKIaA: HaMBIPOBIIHUKOBUN  mamip,
MeTaIi30BaHUi Mamip, HamiBIPOBIAHMKOBA IJIACTMAca, METAJIEBA CTpiuKa, rpadiToBUA
map, MijJHa 1 ajmoMiHieBa (ojbra, HamiBIPOBIIHUKOBHUN MOJIETUIIEH, aIIOMOQIEKC
(KOMTIO3UIIIMHUN MaTrepiaji, SKUW CKIAJa€ThCs 3 TMOJIMEpPHOi IUIIBKU, fKa OOKIIeeHa
aIIOM1HI€BOIO (DOJIBIO10), HAMIBIPOBIJHUKOBA T'yma, allOMiHIEBUNA a00 MIAHUI ApIT).
Expanu cuioBux kabemiB, uYacTil 3a BCE, BHUKOHYIOTh: BHYTpIIIHI - 3
HaIBIPOBITHUKOBOI IJIACTMACH, 30BHIIIHINA €KPaH - 3 MiJTHAX JPOTIB Ta CTPIUOK.

Expan Moxe OyTH BCTAHOBJIEHO 3BEpXY MOSACHOI 13011l a00 130Js11i KU, B
3aJIEKHOCTI BiJf TOTO, SKUW BUKOPUCTOBYETHCS MaTepiall 1 Bil THUITYy 130JISIIil.
TemneparypHi koedillieHTH Marepially, 3 SKOTO BHUTOTOBJISIETBCS €KpaH, Ta 130JIALil

MalTh OyTH OJM3BKMMHM 3a CBOiM 3HaueHHsM. Ilg HeoOxigHICTH O00yMOBJIEHA
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HaMaraHHsM MIHIMI3yBaTd BIPOTIAHICTh YTBOPEHHS IMYCTOT NMPHU HArpiBi Kabemo Mix
130JIAITI€I0 1 EKPAHOM.

JIOLIBbHICT ~ 3aCTOCYBaHHS ~ €KpaHyBaHHS  KaOemo, a  TakoX  THII
BUKOPHCTOBYBAHOTO €KpaHy BHU3HAYAETHCS BUXOMSYM 3 MIPKyBaHb IMOJ0 MalOyTHIX
EKCIUTyaTallifHuX yMOB Ta TEXHIUYHUX XapaKTepucTuk Kabemto. OOOJOHKA €KpaHy
MOKpAIIye MIIHICTh 1 HAAIWHICTD 13011111, 3aXHIIA€E BiJ TIPOSIBIB CEPEIOBUIIA, B SKOMY
NPOKIAJACHO Kalenb, a SKIIO BUKOPHCTOBYETbCA My(Ta MiHIMI3y€ BipOTiIHICTh
YTBOPEHHS €JICKTPUYHUX PO3PS/IIB HA KaOeJbHINH 000JOHII].

3a3Buuaii, mepepiz KaOediB 13 3MIMTOrO TMOJIETUICHY BHOHWpaeThcs abo 3a
TEIUIOBUM YMOBaM, ab0 IO JUCKOHTOBAaHWUX BUTpaTax, aie 0e3 ypaxyBaHHs BTpaT
enekTpoeHeprii B ekpanax KJI 1 mpu TepMiHi ix ekcrryaraiii 10 10 pokiB (peajabHO HE
meHme 30). OgHak BTpaTd B €KpaHaX MOXYThb OyTHM NOPIBHSHHI 13 BTpaTamu B
CTpyMOBeqyuux kujiaX. OJHUM 3 TIUTaHb, SIK€ JOBOJUTHCS BUPINIYBATH IPU
npoektyBaHH1 KJI 20 kB 3 i305s11i€10 13 31IUTOr0 MOJIETUIIEHY, € OOTPYHTOBAaHUMN BUOIp
nepepizy eKpaHa.

Cepen CyTT€BHX YMHHUKIB, IO BIUTMBAIOTh Ha BUOIP BETUUYMHU NIEpepi3zy €KpaHa,
MO>KHAa Ha3BaTH HEOOXIAHICTh 3HMXKEHHSI BTpPAT MOTYXHOCTI B HOPMAaJbHOMY PEKUMI
poOoTu Kabemto 1 BUMOTa 3a0e3MeUYeHHs] TEPMIYHOI CTIMKOCTI €KpaHy B aBapiiiHHX
pekuMax, 10 CYIPOBODKYIOThCS TMPOTIKAHHAM B €KpaHli CTPYMIB KOPOTKOTO
3amukaHHs. Ha xanb, 3a3HadeH1 (hakTopu BUCYBAIOTh CYIIEPEUIMBI BUMOTH 0 Mepepizy
€KpaHa: 3 TOYKM 30py HOPMAJIBHOTO PEXKHUMY CJiJI BUKOPUCTOBYBATH Kabemni 3
MIHIMQJIBHUM [€PEPI30M €KpaHy, a 3 TOYKH 30pYy aBapiHUX pPEKUMIB KOPOTKOIO
3aMHUKaHHS — NABUIICHUH Mepepi3 eKpaHiB.

OCHOBHUM MPU3HAYCHHIM €KpaHy € 3a0e3MeUeHHs PIBHOMIPHOCTI €JIEKTPUUHOTO
MoJIsi, 10 BIJIMBAE HA TOJIOBHY 130JIsM1I0 Kalemnto (130JIII0 <OKUIa- €KpaHy), IO
JIOCSITAE€ThCS TUTHKHU B Pa3i 3a3eMJICHHS eKpaHa. 3a3eMJICHHS eKpaHa HEOOX1THO 3 METOIO
30epeKEeHHSI CTPYKTYPH €JIECKTPUYHOTO TOJISI B HOTO 130JISIIi1 B YMOBax €KCIUTyaTarlii.
Expan xabesnto moBUHEH OyTH 3a3eMJICHUH, Xo4a O, B OJTHIM TOYIIl, aJ)Ke, CKCILTyaTallis
Ka0elro 3 He3a3eMJICHUM €KPaHOM HeE JIOMYCKa€eThCSI.

Mo>kJIMB1 TpU BapiaHTH BUKOHAHHS 3a3€MJICHHS €KpaHa:
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1) 3 orHOTO KiHIIS (OTHOCTOPOHHE 3a3EMJICHHS);
2) 3 IBOX KIHIIIB (JIBOCTOPOHHE 3a3¢MJICHHS);

3) 3 IBOX KiHIIIB 3 BAKOPUCTAHHSIM IIOBHOTO LIUKITY TPAHCIIO3HUIIII.

[Ipy 1bOMy HEOOXITHO NOJEPKYBAaTHUCh 3a0€3MEUECHHS] BUKOHAHHS YMOBH, IO
cxema 3a3eMJICHHS €KpaHiB MOBHHHA OYTH Takolo, 100 Jit0Ye 3HAYECHHS HaIpyru
MIPOMHMCIIOBOT YaCTOTH Ha 130JIAII11 eKpaHy He TiepeBuIyBaia 5 kB.

JlonmyckaeTbcsl 3aCTOCYBaHHS PI3HUX CIOCOOIB 3a3eMJieHHs ekpaHiB 1o Tpaci KJI,
BKJIIOUAIOYM 0aratopa3oBe MOBTOPEHHS OAHOTO M TOrO Camoro CrnocoOy 3a3eMIICHHS.
PexoMeHIyeThCSI BUKOHYBATH TOJLT Ha CEKIlil B MICISX BCTAHOBJICHHS KaOEIbHUX
My(QT, aje, Mpu I[bOMY BpaxOBYBaTH, 1110 3a3€MJICHHSI €KpaHiB ABOX a0o0 OuIbIe KademiB
B KOXHIH (pa3l MOBUHHO OyTH BUKOHAHO OJHHMM W THM CaMUM CIIOCOOOM JJisi KOKHOI
dazu.

3azeMJieHHsT €KpaHa kabemo 3 oaHoro KkiHug (puc.3.1), sK mpaBuio,
BUKOPUCTOBYEThCS I KaOeliB JOBXKHUHOKO He Ouipmie 1 KM, 3a Takoi JOBXKUHU

AO3BOJIAECTHECSA BUKOPHUCTOBYBATH 6araT0pa303€ 3a3CMJICHHA CKpaHa 3 OJHOI'O KiHHH.

Pucynok 3.1 — CxeMa 3a3eMIIeHHST €KpaHiB3 OJTHOTO KIHIIS

VY Bunaaxy 3a3eMJICHHS €KpaHa 3 OJIHOTO KiHIIA Ha e€KpaHi KaOelar HaBOIUTHCS
Harpyra ITPOMHUCIOBOI YacTOTH BIJHOCHO 3€MJII B HOPMAJIBHOMY PEXHMI pOOOTH
mepexxi bl mipu K3. 3azemiieHHs ekpaHiB Xoya O Ha OJHOMY KiHIII KaOemio BiKe
IIPU3BOJMTH JIO TOTO, IO MPH IOITKOKEHHI 130JIAII11 «OKHJIa-eKpaH» caMoro Kadelto B
HOTro eKpaHax MOXYTh MPOTIKATH CTPYMH HPOMHUCIOBOI YacTOTH, PIBHI CTPyMy

KOPOTKOTO 3aMHKaHHS Mepexi. Tomy mepepi3 eKpaHy 3aBKIu Ma€ OyTH MOTOKEHO 3
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BEJIMYMHOIO 1 TPUBAJICTIO Mepediry CTpyMy KOPOTKOTO 3aMUKaHHS.
B cumerpuyHOMy pexuMi TpU OJHOCTOPOHHBOMY 3a3€MJICHHI HaWOLIbINa
Harpyra Ha eKpaHi KaOeIro BITHOCHO 3eMJIl BU3HAYAETHCA 3a (hOPMYJIOHO:

X' Iu- I

ne X'- 1HIyKTUBHUH OIip, 110 BU3HAYAETHCS 3a (POpMyII010,

. o (2s
X"=w_—In (—) .
2w dg
JIJist po3paxyHKy 1HAYKTHBHOTO OINOPY IPH MPOKJIaJaHHI KabeliB TPUKYTHUKOM
cItij mpuiiMaTi S=d, a Mpu MPOKIaJIaHHI «B IUIOIIHHI» - S Oyje JOpiBHIOBATH BiJICTaHi
MIDXK OCSIMU CYCIJIHIX (a3, TOMHOXeH1i Ha 1,26.
B HecumeTpHuHOMY peKHMMI HailOUIbllIa Halpyra Ha €KpaHi KaOeiato BIIHOCHO

3eMJIl BU3HAYAETHCS 3a (HOPMYJIOLO:

Ue _ X;I::e lé}ﬁ ’ IK;

ne Xi. — iHIYKTHBHUIA OIIip, 110 BU3HAYAETHLCS 33 (POPMYIIOLO,

VY pa3i npoknanaHHs KaOeniB B KOJEKTOpl abo JIOTKaxX HAa TEPUTOPIi MiACTAHILIIL
a00 3'€eHYBaJIBLHOTO MMYHKTY cJIiJ npuiimMatu D, = 1 m.

3a3eMJICHHS €KpaHiB OJJHOYACHO 3 000X KIHIIIB Kabemto (puc.3.2) mpu3BOIUTH 110
nposiBy creuu@iuHoi 0coOIMBOCTI OgHO(A3HMX KaOesiB: HaBEIEHHS B EKpaHax
3HAYHUX TIO3J0BXKHIX CTPYMIB TPOMHCIOBOI YaCTOTH, TOB'SI3aHUX 13 B3aEMHOIO
IHIYKTUBHICTIO MDXK JKWJIOIO 1 €KpaHOM. BTpaTtu moTyXHOCT1, CTBOPIOBaH1 CTpPyMaMH B
€KpaHax, 3HWXKYIOTh MPOMYCKHY 3JaTHICTh Kalesro, 3ajexaTh BiJ Mepepidy eKpaHa i

TOMY ITOBUHHI BPaXOBYBATHUCS MPU MIPOSKTYBAHHI.
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Pucynok 3.2 - JIBOCTOPOHHE 3a3eMIJICHHS eKpaHa KaOeto

PimenHs 1mo/10 3acTOCyBaHHS 3a3eMJICHHS €KpaHiB 3 JIBOX KIHIIB MOBUHHO OYyTH
OOIPYHTOBAHE TEXHIKO-€KOHOMIYHUMHU pO3paxyHKamMH, BpPAXOBYIOUM KOE(ILIEHT
BUKOPHUCTAHHS MPOIYCKHOI 3aTHOCTI Kabelto, SKUi po3paxoByeThes 3a (OPMYJIOL0:

| F
K, =1/ [1 +P—E.
‘\J H

KoeditieHT 3MeHIIEHHS! JOMyCTUMOTO CTPYMY B €KpaHi MpU HASBHOCTI HOTO
JIBOCTOPOHHBOTO 3a3€MJICHHSI 3aJI€KUTh BIJI TEpepidy €KpaHa 1 KUJHU, CHOCO0y
MPOKJIAJIKK KaOeIto (B TPUKYTHUK, «B TUIOIIMHI).

3B's130K TPUBAJIO IOMYCTHUMOTO CTPYMY B XKW1 Kabemto mpu HasiBHOCTI BTpaT(ly,,)

B eKpaHi 1 npu iX BigcyTHOCTI (imeanbauit BUNAA0K) (l,0n.i,) MOKE OYTH OIIIHEHA SIK:

Igﬂn

I

Jom iz

= E{BJ

KpiM iHIYKTUBHOTO MEXaHI3My TOSIBU CTPYMIB B €KpaHax € 1€ 1 €MHICHUMN
MEXaHi3M, SIKMI MOB'sI3aHUM 3 HAsBHICTIO ()a3HOT HANPYTd MEpexki, MPUKIAIEHOIO 0
130711111 «oKwta-ekpany. Ll Hanpyra npu3BOAUTH 10 MPOTIKAHHS MK JKUJIOI0 1 €KpaHOM
CTPYMY, BEJIMYMHA SIKOi OOMEXKEHa OMOPOM €EMHOCTI 130JIAIT <CKHWIIa- €KpaH» 1, sK
IIPAaBUJIO, CTAHOBUTH OJHMHHIII aMIlep HaBITh I KaOeJiB BEIMKOI JOBXUHU. Takuid
CTpyM, TIOTPAMMBIIH 3 )KIJIA B €KpaH, CTIKAE 3 €KpaHy B MOTO 3a3eMITIOIOUHI TTPUCTPI,
HE3aJIeKHO BIJl TOr0, HABAHTAXKEHUHN KaOenb a0o mpaifroe 0e3 HaBaHTa)XEHHs. €MHICHI

CTPyMH, IO TMPOTIKAIOTh IO €KpaHy, BHACTIIOK CBO€i MaJIOCTI HE CTaHOBJISTH
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HeOe3MeKH ISl KaOeto 1 MPaKTUYHO He 30UTbIIYIOTh HOTO TeMIepaTypHu.

Benmnuuau cTpymiB, 1HAYKOBaHUX B €KpaHax KaOemto, MOXYTh CTaHOBUTH
JIECATKY 1 COTHI amrep. [HIyKoBaH1 CTpyMHU B €KpaHax, 3a3eMJICHUX I10 KIHIISIX KaOero,
BUHUKAIOTh TUIBKU MPH HAsBHOCTI CTPYMIB B )KHMJIaX, TOOTO: B HOPMAJIBHOMY PEXUMI
poboTH Mepexi; B aBapiiHOMY pexuMi PoOOTH Mepexi: oaHodasHe, TpudazHe 1 1HIII
BUJIM TTOIIKOJKEHHS 13011111 MEpeski 1mo3a Kadelto.

AXTHUBHI OIIOPY KWIN Rm 1 eKkpaHa Re BU3HAYAIOTHCS HACTYITHUM YHMHOM:

P
R, = Ly - ==,

o)
RE = -LK.?:-

ne Lk — noBXuHa Ka0enro;
Px 1 Pe — TUTOMHUM OMIP MaTepialy KUIH 1 EKpaHy;
Fx 1 Fe —miepepi3u )KWIN 1 eKpany.
CymMmapHi BTpaTH MOTY>KHOCTI B 0JIHO(a3HOMY KaOesi MOXYTh OyTH
OIIIHEH13 BUpa3y:

APy = APx + APe + APy,

ne AP, =12-R,, AP, =12-R, — BTpartM HOTYXHOCTi BiJi CTpyMy B Wi i eKpaHi
BIJIITIOB1HO;
2

AP, = (UH{\E:] ~wC-tgd - Brpatu B mienekTpuky (emuHocti C) Big ¢a3Hoi
poGouoi Hanpyru U,/v/3, sikumu 11st cydacHEX KaGemiB 3 TBEPIOKO i30JIIEI0 MOKHA
3HEXTYBATH BHACIIJOK MaJIOCTI TAHT€HCA KyTa JIeICKTPUYHUX BTpaT t .

Bennuuna (APe/APx) M03BOJISIE OLIIHUTH BHECOK MApa3sUTHUX BTPAT CKPaHIB y
HarpiB kKaOeno 1 € BaxJIMBUM Kputepiem mpu npoektyBanHi KJI. Ilpu po3zpaxyHky
I[bOTO KPUTEPIIO CIIi/I BpaxoBYBaTH MaTepiall, 3 SIKOTO BUKOHYEThCSI €KpaH Kadento.

EdexTuBHOTO 3HM)KEHHS Mapa3UTHUX BTpaT B €KpaHaxX MOXHa JOMOITHCA,
npoknanaoud (a3 kKabeno 3IMKHYTUM TPUKYTHUKOM (puc.3.3), Tak sIK B I[bOMY
BUIIAJIKY JOCATAEThCS MiHIMaabHE 3HAuYeHHsS cCmiBBigHOmEHHS S/d., a 3HAYUTH i

BEJIMYUHU X.
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[Tpu 3amanomy cTpymi B KWl Ta, BIAMOBIIHO, BIIOMIM Hampy3i, 10 HABOAATHCA
Ha €KpaH, 3pOCTaHHsA Iepepizy ekpaHa F. (3HMkeHHS ioro omopy R.) mpu3BoaUTH 110
3pOCTaHHs CTpyMy B ekpadi l.. Ockinmbku BTpatn B expani AP, = IZER, 3anmexars
OlpIIOI0 Mipol0 Bin cTpymy l,, HiX Big omopy R., To 3pocTaHHs mepepi3y ekpaHa
OpU3BOAUTH A0 30UTblieHHS BTpAaT APe/APx 1 3HIKEHHS NPOMYCKHOI 3JaTHOCTI
kabemo. Kpim Toro, BTpaTu B eKpaHax HEOOXiJHO OMJIa4yBaTH MPOTSATOM BCHOTO
TEPMIHY CITY>KOH Kabelto.

Y HOpMaTbHOMY PEXHUMI, SKIIO HE BXKUTO PaJUKaIBLHUX 3aX0JIB IO OOpPOTHOI1 31
CTpyMaMH B €KpaHax, MiJBHUIIEHHS Tepepidy eKpaHa TMPU3BOAUTH [0 3HUKCHHS
MPOIYCKHOI 3[aTHOCTI KaOento BHACHIOK 30UIBbIIEHHS HarpiBy €KpaHy 1 1301l
KaOeyl0 Tapa3suTHUMHU BTpaTaMu MOTYXKHOCTI. OJHaK 3acTOCOByBaTH Kaleni 3
€KpaHaMHu MaJioTo Iepepizy 3aBa)kae HEOOXIAHICTh 3a0e3neuyBaTH TEPMIUHY CTIMKICTh
Ipy TMPOTIKAHHI B €KpaHax BEJIMKUX CTPYMIB, 110 BUHUKAIOTH B PI3HUX aBapiiHHUX
peXUMax:

— IpU KOPOTKUX 3aMHKaHHSIX Oe3mocepeiHbo B Kalenl (B TakOMy BHUMAAKY

CTPYM B €KpaHi BUSBJISETHCS PIBHUM TOKY B JKHUJI1);

Ipy KOPOTKHX 3aMUKAHHSIX B MEpexi 3a KabemeM (B TaKOMY BHUMAAKY
CTPyM B 3a3€MJICHOMY 3 000X KIHI[IB €KpaHl HABOJUTHCA YEpPe3 CTPYM KHUIIU, TOOTO
BUSIBJIIETHCS 32 BEJIMUMHOIO MEHILIUM HIK CTPYM KHJIN).

3p03yM1J10, B aBapiitHUX pexuMax HaOUIbILIl CTPYMHU B €KpaHax 3'sBISIOThCS
came IIpu KOPOTKUX 3aMHUKaHHSAX B camomy kabeni. [Ipu BHyTpilIHbOMY MOIIKOIKEHH1
1307111111 «(haza-expan» Kabeto He3aJIeKHO BiJl CIOCO0Y 3'€THAHHS €KPaHIB CTPYM
KOPOTKOT'O 3aMUKaHHS |, 3 UM NOTparuisie B €KpaH 1 1aji B 3a3€MIIIOIOUUNA TPUCTPIi
eKpaHy, TOOTO TIPOTIKAE 1Mo eKkpany. SAkio nepepiz ekpany F. He BiAMOBiIa€ BETUINHI
CTPpyMY |, 1 TPUBAJIOCTI HOTO MPOTIKAHHS, TO MOKJIMBO TEPMIYHE pYHHYBaHHS €KpaHy

Ha 3HAYHOMY 3aJI0BKUHOIO L Bijipi3Ky Kabeto.
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Pucynok 3.3 - Ilpoknaaka tpudasHoi rpynu ogHodasHUX KaOediB y BUIIISAL

3IMKHEHOT'O TPUKYTHHKA

KopoTki 3amMuKaHHs Ha 1MoYaTKy a0o0 B KiHIII KaOeIt0 MOKYTh CYITPOBOIKYBaTUCS
MNPOTIKAHHSM B €KpaHaX pI3HUX CTpyMiB. Hampukiaza, sxmo mMepexa pajiaibHa, TO
KOPOTKE 3aMHKaHHS IMOOJM3Yy BiJ] HABAaHTAXKEHHS CYIPOBOJKYETHCA TMPOTIKAHHIM B
€KpaHaxX MEHILHUX 32 BEJIMYMUHOIO CTPYMIB, HIK MPU KOPOTKOMY 3aMUKAHHI MMOOJINU3Y BiJl
HEHTPY KUBJICHHS.

[Ipu BuOOp1 mepepizy ekpaHa KabOemto 1 MepeBIpli HOTO TEPMIYHOI CTIMKOCTI
HEOOX1THO OPIEHTYBATUCS Ha OLIBIINY 3 JBOX 3HAYEHb CTPYMIB KOPOTKOTO 3aMHUKaHHS.
TpanuiiifHo B Mepexax pO3rISIIalOThCS Pi3HI BUAM KOPOTKUX 3aMUKaHb: OJTHO-, JBO-,
Tpudaszne K3 ta moasiiiHe 3aMuKkaHHs Ha 3emint0. Posrisinemo koxkeH Buja K3 okpemo,
no-mepiie, Tak SK €KpaH 3a3eMJIeHHH, ABodazHe 0e3 3eMili KOPOTKE 3aMHKaHHS
BCEPE/IMHI Ka0eato MPUHLMIIOBO HEMOXJIMBO. Bkpail manolMoBIpHUM € TpudasHe
MONIKO/KEHHS 13011111 Kabelito,1 HOTOo TaKOK CJI1]] BUKIIOUUTH 3 PO3TIISY.

3 BOX 3aJMIICHUX BHUJIB TOIIKODKCHHS 130Jamii kabemo omHodasHe €
pPO3paxyHKOBHM IpU BUOOpI Mepepizy €KpaHa B Mepexax 3 3a3eMJICHOI0 HEUTpasliio,
OCKUJIBKA B MepeXax 3 130J1b0BaHOI0 HeiTpammio (6-35 kB) BOHO CYIPOBOIKYETHCS
MPOTIKAHHSM JIUIIIE EMHICHUX CTPYMIB.

VY Mepexax 3 130Jb0OBAHOI0 HEUTPAJUIIO PO3PaXyHKOBUM IIPU BUOOPI mepepizy
€eKpaHa € TOABIMHE TMONIKOMKEHHS 130JA1(li, NPUYOMY HAWBIPOTIAHIIINM €

MOIIKOJIKEHHS 1301111 1BOX (ha3 pi3HUX MpUEAHAHb. BOHO pO3BUBAETHCS MOCTYMHOBO,
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MOYMHAIOYM 3 OAHO(A3HOTO 3aMHUKAHHS ONHIET 3 (a3 B OJHIN TOYI 1 MiJ BIJTUBOM
MepeHanpyru Ha «3I0poBHX» (a3zax B I1HIIOMY MiCIli BiOYyBA€ThCS MOIIKOKCHHS
OJIHIET 3 «3I0POBUX» (Pa3 BKe B 1HIIIN TOYII.

Haii6inpini ctpyMu MOABIHHOTO 3aMUKaHHS Ha 3€MJII0 BUHUKAIOTh, KOJM 00UIBa
MOIIKO/KEHHS B MEPEK1 3HAXOIATHCS MOOIN3Y OJMH BiJl OHOTO 1 TOOJIU3Y BiJl LICHTPY
JKUBJICHHS (301pHUX IIKMH). Y Takid cUTyallli BEJIUYMHHU CTPYMIB TaKOrO 3aMHKaHHS
MOXHa TOPIBHATH 3 CTpyMaMu TpudazHOTO KOPOTKOro 3amukaHHsA. Came ToMy B
Mepexax 6-35 kB 1Hozi, BuOuparouu rnepepi3 eKpany, onepyroTh CTpyMaMu TprudazHoro
KOPOTKOTO 3aMHUKaHHs, XOdYa HaclpaBll TMOLIKO/KEHHS Tpbox (a3 kabemro
MaJIOiMOBIpHE.

Posrnsamaroun octaHHif crmoci® 3a3eMiIeHHS €KpaHiB, TOOTO TPaHCHO3UIIIIO,
HEO0OX1THO 3ayBa)KUTH, 110 Y Mepexkax 6-35 kB mupoke 3acTocyBaHHSA

«TPAHCIIO3UIIIT €KPaHiB» YTPYIHEHE [0 EKOHOMIYHUX MPUYHUHAX, & «PO33EMIICHHS
EKpaHiB» MOXKe OyTH BUKOPUCTAHO JIUIIIE JIJIsl BITHOCHO KOPOTKUX KaOEiB.

[Ipn BuKOpHCTaHHI TpPAHCHO3WIII HaWOUIbIIA HAaNpyra Ha 130J5L1i €KpaHiB
JIOCSITAE€THCS B BY3J1aX TPAHCHO3MINT 1 BU3HAYAETHCS

B CUMETPUYHOMY PEKUMI (IIPU NPOTIKaHHI poO0OYOro cTpymy abo cTpymy
tpudaznoro K3) 3a dhopmyioro:

B X' L,
® 3N’
- B HECUMETPUYHOMY peXuMi (Tpu MpoTiKaHHICTpyMy ofHodazHoro K3) 3a

bopmyiioro:

2X*LL,

dopMyH MOKa3yOTh, IO 3aCTOCYBAHHS TPAHCIO3UIIT SK MIHIMyM BTPUYl 3MEHIIIYE
HaIpyTy Ha 130JIA1111 €KpaHiB Y MOPIBHIHHI 3 BUMAJAKOM OJHOCTOPOHHBOTO 3a3E€MJICHHSI

(Ko = 1).
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3.2 Anroputm po3paxyHKy ekpaHiB kabesiB 20 kB

Bubip cxemu 3a3emiieHHS €KpaHIB NPOBOAUTHCA Ha TMIACTaBl pe3yJbTaTiB
pO3paxyHKy BUHUKAIOUMX B HUX HaAmpyr 1 cTpymiB. Hukde HABOASTHCS pO3paxyHKOBI
dbopmyIu, 110 J03BOJISIOTH IPOBECTH BC1 HEOOXIJIHI PO3PAXyHKH B CTAIIUX PEXKUMAX IS
BCIX BHUIIE HABEJIEHUX CTIOCO0IB 3a3eMJICHHS €KpaHiB Kabeto.

BBeaemo HacTynHI MO3HAYEHHS:

— Iy 1l. — IO370BXHI CTPYMH B JKHJIC 1 €KpaHi 0THO()A3ZHOTO KaOEIIo;

— Z, — BIACHUM MO3J0BXKHIN OTOHHUM O1ip XKuiau kadeno Om/M;

— Z.— BJIacHUH NO3/0BXKHIN MOTOHHUH OIip eKkpaHa kadeno Om/M.

—  Zye — B3aEMHUH TO3/I0BXKHIN TMOTOHHUM OIIP MK YKUJIOK 1 €KpaHOM KaOero
Om/m.

J171s1 0GUMCIIEHHS TOTOHHUX OIOP1B BUKOPUCTOBYIOTHCS (DOPMYJIH:

Zx=Re+ Ry+jwLn,
Ze =Ryi+ Re +jwle,
Zme = Re + jwM e,
Zk = Re + ]C()M k,
ne Lx — BliacHa IHAYKTUBHICTS kuiu (I'v/M) kabenro;
Le — BnacHa iHAYKTHBHICTb ekpaHa (I'H/m) kabeinto;

Mxe — B3a€EMHa BIIaCHA 1HAYKTUBHICTH (['H/M) MiX KHWJIOI0 U €KpaHOM KaOero.

Re =7 Hof
4
Ly = g—;ln (?—f) ,
Le =§—?{ln(2ie),
M. = g—f{ln (deEE)
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M e — B3a€eMHa IHAYKTUBHICTb MK (pazamu;

Dy = 2,24/ pe/wuy .

Ju'D' De
M, =—In—.
K 2T i g

Bincrtanp MK ocsMH KHJI TpU(a3HOTO KaOemto S JOPIBHIOE 30BHIMIHBOMY
alaMeTpy KaOemo Opu MPOKJIAALl «TPUKYTHHKOM» a00 CepeIHbOKBAAPATHYHOTO

3HAYEHHSIM BiJICTaHEH MK ocsiMu (ha3 Kabesro Mpu MPOKIA/I «B ITOMIUHDY:

§ = gv{du “dy3 - dy3.

VY pasi mpokianaHHa KaOeniB B KOJEKTOpPi, Ha TEPUTOpIi MmiAnpueMcTBa abo
PO3MOAIBHOIO MyHKTY BBaxatoTh D3 =1 M.

Axio ekpaHu 3a3eMiIeH1 3 JBOX CTOPIH, TO JJII HOPMAJIBLHOTO PEXUM abo TpH

Tpua3HOMY KOPOTKE 3aMUKAHHS 11032 KAOEJII0 MaEMO:

Z}KE* - ZK*
IEA - ZE* _ ZH* j}f{ﬂ!
Z}KE* - ZH*
lr - * * J-r )
el ZE _ ZH AR
Z::a{e* - ZK*
IEC - ZE* _ZK* I}Kﬂ-"-
Usqg # 0,
Usg ~ 0,

UEI‘: A U .
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VY pasi ogHO(ha3HOTO KOPOTKOTO 3aMUKaHHS 11032 Kabeto (Hanmpukiia, Bdasi

«A») maemo:

Lo — Zy
leg = *ZK* - (E{E* _*ZM*:} k4
(Ze —Zx )(Ze +12Zx)
oo m o e “Ene) g
(Ze — 2y )Ze +2Zx)
Uea 0,
Uep ~ 0,
Use = 0.

Ixa,

SKIo expaHu 3a3eMIIeHI 3 OJHOrO OOKYy, TO NMPU HOPMAJIILHOMY pEXUMI adOoIpHu
TpudazHOMy KOPOTKOMY 3aMUKaHHI [103a KaOEJIt0 MaeMO:

IeA =~ 0,

Iec = 0,
Uea = (Zwe" — Zx") - Ixa - Lk,
UeB = (Zxe — Zx") - Ixp - Lk ,
Uec = (Zne® — Zx") * Ixc * L.

[Ipu omHoda3zHOMY KOPOTKOMY 3aMUKaHHI To3a Kabenmto (Hampukian, B ¢asi

«A») Mmaemo:
IeA = O,
IeB =~ 0,
IeC = O,

Usa = Zne * Ica* Lic,
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UeBzO,
UeCzO.

S0 expaHu 3a3eMIIeH] 3 ABOX CTOPIH 1 TPAHCIIOHOBAHI, TO MPU HOPMAIBHOMY

pexumi abo TprudazHOMy KOPOTKOMY 3aMHUKaHHI 11032 Ka0elo MaeMo:

lec = 0,
Uea = (Zwe" — Zx") - Ixa - Lk/3N,
Ue = (Zxe” —Zx') - Ixp - Lk/3N,
Uec = (Zne" — Z:) - Icc - Lie/3N.

[Tpu ogHOpa3HOMY KOPOTKOMY 3aMUKaHHI 103a Ka0eto (Hanpukias, B paszi «A»)

Ma€EMo.

Z:&{e* + 221{* Lya
Ieﬁ - & * .l
7. +2Z° 3

. Zxe' +2Z¢ bia
8z +22° 3
L Zne +2Z Iia
-z 422" 3
Uea = (Zxe  —Zx') - bia - 2Ly /9N,
Ug = (Zyo  — Zy') - Lgg - 2Ly /9N ,
Use = (Zyo — Zy ) Ic - 2Ly /9N,

JInst BU3HAYEHHSI CTPYyMIB 1 BTpaT MOTYXHOCTI B €KpaHax KpiM BIAMOBIAHHMX

PO3paxyHKOBUX (POPMYJ TaKOX MOXKYTh BHUKOPHUCTOBYBATHCSl TaK 3BaHi y3arajbHEHi



rpadivHi 3aJeKHOCTI, SKI HABOAAThCS HIK4e (puc.3.4-3.12).

VY BUNAIKy aTrOMIHIEBOI XHWIU criBBiaHOIIECHHS P, /P, Oyne B 1,6 pasis

MCHIIINM.
le/lx(
1 11
240
— 185
= — 150
08 S - I 120
/, _ — ]
/| A — 95
0.6 Y4 ] — |
; TAT4 — 70
[/ P e — Il
(/) 7| — |
0.4 ivavid = 50
; V.4 - |
Tyavd - 35
/- —
/' - /‘——
0,2 A7
o
e
0
0 2 4 6 8 10 sfde 12

Pucynok 3.4 — Ctpymu B 3a3eMJICHUX Ha KiHI[IX €KpaHiB Ka0emiB3 MiTHOIO abo
AITIOMIHIEBOIO JKUIIOKO B 3aJICXKHOCTI BLI TIepepisy ekpaHiB F. (MM”) 1 B3aeMHOTO

po3rarryBanHs ¢a3 S/d..

Fe, CnissigHOWEHHA BTPaT APe/APm
Mm2
5o APe/APx
25
20
38 15 Fx/Fe=15"
-
1 1 1
1.0 =  Fx/Fe=101
- O S S
05 - o F)«/Fe=.'.? -
L 1
Fx/Fe=2
0.0 5 Adibullin
0 2 < 8 8 10 s/d. 12

Pucynox 3.5 - BrpaTtu B ekpanax kaOeliB 3 MiJHOO KHJIOIO B 3aJI€KHOCTI BiJl

CIiBBITHOIIICHHS Mepepi3y eKpaHa BiJ| Mepepi3y KM i BificTaHl Mixk ocsimu ¢a3 S/d. .
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3.0

25

20

15

1.0

0.5

0,0

APefM P
e i
,_,...-'FH(,H'FE:lE: u
— L F.Hg’{FE:j.D_:
___Hrl""
Fa/Fe=5 —
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7 < FHQ."’FE=2 ]
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o 2 g 10 sfde 12

63

Pucynok 3.6 — Btpatm B ekpaHax kabOelliB B 3aJIGKHOCTI BiJ Iepepidy eKpaHa

50 Mm>

T

30

25

20

1.5

1,0

05

0.0

J'E.PE,H‘:':'L Py - .
o /Fe=15 ~ Fu/Fe=101—
r..li"
)J’
-
FH{,.'"FE=5 -
Fa
i el
ri
i II.__..n-l""'
fo‘
f'f Fl FH(,."’FE=2 =
rri
i
iy
—
0 6 1w Sde 42

Pucynox 3.7 — Brpatu B ekpanax ka0esiB B 3aJIe’KHOCTI B/ mepepizy eKpaHa

70 Mm?
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30 ;"_"LPEJJ':':'. P.H\L_
dall I i i i i
- Fm,.r’Fe=15‘f i Fuer/Fe=10
.F'l‘r ff .
25
' A —a ] -
4 FufFe=5 -
20 J ; -
| f‘ Jf 1 B —
117 —
i Fi
95 | 1° /
ll'r .."f J’!
1.0 J.I ’1“" -
17 Fu/Fe=2 —
| A
.I'f fj —]
0.5 | f}f J_J_.—-""""-r"
0,0
0 2 4 8 8 10 Sd= 42

Pucynok 3.8 — Btparm B ekpaHax kabeliB B 3aJIeKHOCTI BiJ Imepepizy eKkpaHa

95 MMm°
APe/A\Px
3,0 1 T I T T T I I [
— F»JFeziLS —L Fu/F-=10 —— Fo/F=5
25 [/ —
1/ |
ri >
/—’
I— 7
2,0 17
1
11/ yd
r' / 7
15 /
120 HEA
” / ]
117 T |
7 -
05 71 71
”
0,0
0 2 4 B 8 10 s/d- 12

Pucynok 3.9 — Brparu B ekpanax kabeliB B 3aJIeXKHOCTI BiJl Mepepidy eKpaHa

120 Mm?
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ﬂpefﬁ P
3‘-“' 1 1 il T T T _ﬁﬂ" T L ¥
|i_t Fe=15 Fu/Fe=10 Fu/Fe=5
I
25 oy .
- i
20 EEHE
. | rd
H—1f
NSS /IS’
1,
150 7 Fof/Fe=2 "
1.0 y
F; FE
0.5 e
7z
7
0.0 '
0 2 4 6 8 10 S/de 42

Pucynok 3.10 — Btpatu B ekpaHax kaOeiiB B 3aJeKHOCTI BiJIepepizy ekpaHa

2
150 mm
ﬂPEfﬁPﬂg_
3,0 Y ] A I | I
:"ﬁ' ] T||I1.| Fuu/Fa=5
— 1]
25 1SS 17
- JI ""'fr
| 4
20
| F
|
I i
125 15 FH(;"I’FE-=2:
i —
{
1,0 / e
I
Fa
05 y
0,0
0 2 4 B -] 10 §d= g2

Pucynok 3.11 - Btpatu B ekpaHax KaOelliB B 3aJIGKHOCTI Bij Iepepidy ekpaHa

185 mMm?
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ﬂpefﬁpm
3..[] . I' ); T T T
:$ 71 Fu/Fe=5
25— /
:E 4
2,0
J,
1 Fu/Fe=2 —
1,5 f
240 ] -
1
1,0 y
r
Fi
0,5 /
0,0
0 2 4 g g w0 = 5

Pucynok 3.12 - Brpatu B ekpaHax kaOeiiB B 3aJIeKHOCTI BiJl mepepizy ekpaHa
240 mm?

VY pasi, koM ekpaHu Kabento 3a3eMJIeHI 3 OJIHOrO OOKY, BU3SHAUYCHHS MIJIATAE
HaWOIbIIa Hampyra HAa €KpaHi BITHOCHO 3eMITl, MJIs 3HAXOMKCHHS SKOTO KpiM
BIJIMOBIJTHUX PO3PAaXYHKOBUX (POPMYINI TaKOK MOXKYTh 3aCTOCOBYBATHCS 1 y3arajibHEHI
rpadiuni 3anexHocTi (puc. 3.13).

VY pasi, K0 A0BXKKUHA Kademto BinpizHseThes Bi 1000 M, a cTpyMm B KUJ Bif
1000A, oTpumaHy 3a JIOMMOMOTOI0 PUC. HAMPYTry Ha €KpaHi HEOOX1AHO MOMHOXHUTHU Ha
BEITUYMHY:

oy

1000 1000

L, 1

ne Ly—Bwmerpax, |, — B Ammepax.

VY pa3i, Kojiu eKpaHu Kabesro 3a3eMJIeH] MO KIHISX 1 TPAHCIIOHOBAH1, pO3paxyHKy
niiarae HailOuUTbIla Hampyra Ha e€KpaHl BIIHOCHO 3eMill. Y CHUMETPUYHOMY i
HECUMETPUYHOMY PEXMMiI BOHA BHU3HAYAETHCS BEIMYMHOIO X*, IS BU3HAUEHHS SKOI
BUKOPHCTOBYIOTh a00 pPO3paxyHKOBI BUpa3u abo y3arajabHeHi rpadidHi 3ajIe:KHOCTI

puc. 3.14
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Ue, B (na 1000m i 1000A)

1000
900
800 NS
L — = P3—
Sz 1000
600 B 5 100
10 —
500 NS i
1
400 - =y D;
300 ] N
200 —" 1
100 |
de, MM
O 1 1
0 20 40 80 80 100 120

Pucynox 3.13 — Hampyra Ha ekpaHi ka0enro BiTHOCHO 3eMJI1 JIJISl pO3PaxyHKY IO
(1), (6), (7) B 3anmexxkHOCTI Bijx criBBimHOmEHHS S/d 1 Kabero goBxuHOW 1000 M mpu

ctymi 1000 A

VY pasi, skmo noBxkuHA Kademo BiapizHsieTbesa Big 1000 M, a cTpyMm B XKl Bif
1000 A, oTpumany 3a 1onoMororo puc. 3.14 Hanpyry KOperyoTh 3rigHo GopMyIH,

HaBeJIEHOI BUIIIE.

Ue, B (Ha 1000m i 1000A)

200

L
i~
—
150 T
"ﬁ"
-~
100 f"’
/
Vi

50 /

o

] 2 4 & ] 10 s/de 12

Pucynok 3.14 — Hanpyra Ha ekpaHni ka0esto
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Hanpyra Ha ekpaHi kKaOero BITHOCHO 3eMIIi JUIS pO3PaxyHKY 10 (2) B 3aJIC)KHOCTI
BiJ miamerpa ekpana d. abo omopy rpyHTy p3 (10, 100. 1000 OMm M) ado rimounam (1, 3,

10 M) nns xkabemo gopxkuHOO 1000 M mpu ctpymi xmmm 1000A

3.3 Po3paxyHok 3a3eMJleHHsI eKpaHy KabdeabHoi JiHii 20 kB

Bubip cmocoOy 3a3emiieHHsI ekpaHiB kaOemro 13 3mmroro modietuineny (K3I1E)
IPU MIPOCKTYBaHHI €HEProo0'e€KTIB MPOBOJUTHCS MICIsl BU3HAUCHHS HOTO MapameTpiB.
OcHoBuumu mnapamerpamu K3IIE € HoMmiHanpHa Hampyra 1 nepepid xuiau. [licns
pPO3pOOKH TOJIOBHOI EJIEKTPUYHOI CXEMH O00'€KTa MPOBOJIUTHCS BU3HAUCHHS CXEMU
3azemsieHHs exkpaHiB K3IIE.

Po3paxynku st BUOOpPY CXEMH 3a3€MJICHHS €KpaHiB OyJ0 MPOBEJACHO IS
kabemo AIIBDBHr (Bupobienoro 3aBogom «lliBneHkabOenb»), 3 HACTYIMHUMU
napameTpaMH, 3aHECEHUMH B TaOn. 3.1, SKuil BUKOPUCTOBYETHCA JUISl KUBJIEHHS
TpancopmaropHoi mijactaniii (puc 3.15), dha3u kabenro po3raiioBaHi B IUIONIUHI, 3

BIJICTAHHIO MK CyCiTHIMU (pa3aMu, piBHUM 30BHIIIHHOMY JiaMeTpPy KaOeJto:

Tabmuns 3.1 — TexHiyH1 XapaKTepUCTUKH KaOeiB

Tun xabnero
Ha3Ba napametpy
AIIBOBHr-10 AIIBOBHr-20
[Tepepi3 xuin, MM 240 240
Ilepepis ekpany, MM 25 25
30BHIIIHIN TiameTp kabeo, MM 38 42
30BHIIIHIN TiaMeTp eKpaHa, MM 30 35
JloBxrHa KabeIto, M 500 500
OIyCTUMUH CTPYM KOPOTKOTO
lony PYMEOP 5.1 5.1
3aMUKaHHS, KA
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7

| & K12206B 4 | \ K/120 B e
|- Ll " Kadens AMB3BHz 260 e | l

Pucynok 3.15 — Po3paxyHkoBa cxema

BukoHyemMo po3paxyHOK mNapaMmeTpiB, HEOOXINHUX MJs BU3HAYEHHS CIOCOOY

3a3CMJICHH:
. Ho S

Lo — Ly = Jww— In—,

#e K 21T i

Te

1€ BIACTaHb MK OCAMH (pa3 po3paxoBYyeThCS TAK, SIK:

§=2-42-103=0,084wm,

TOMI:

@y 0,084

Zue = T = Joo 5 In s = j0,955 - 107+,
D
Ze =Re+jm“—f[ n—=,
e

Jie TTIOTOHHUM OITip 3eMJTi BU3HAYAETHCS 3T1IHO BUPA3y:

R T
9_4“{}}0'

— . 1n—5 . IH_D 1 _ . 10n-5 iy 2. 10—4 .
Zxe =5 107° +jwo Ingoome = 51077 +2,543 - 107 Om /.

3a yMOBHU 3a3eMJICHHSI €KpaHIB 3 JIBOX CTOPIH CHIBBIAHOIIEHHS BTPAT B €KpaHi i
KUl € BeaukuMu (Tabn.3.2), 3 TOro BHUXOJUTh, IO KOEPIUIEHT BUKOPUCTAHHS

MPOITYCKHOI 3/TATHOCTI KAOENI0 € 3aHa/ITO MAJIUM. 3pO3yM1JI0, IO 3aHASIBHOCTI BTPAT B
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eKpaHax MpPOIMYCKHA 3/aTHICTh KaOEl0 BHUKOPUCTOBYETHhCS MeHIe HDK Ha 50 %, 1o
HegomyctuMo. HeoOxiani 3axou B 60poThO1 3 BTpaTaMu B €KpaHax.

3Ba)karouu Ha Te, 1110 JOBKHMHA KaOeIro MEHIIA HiK 1 KM, TO CIIiJ B MEpILy Yepry
pPO3TASHYTH  BapiaHT  OAHOCTOPOHHBOTO  3a3eMJICHHS  ekpaHa. Jlnsg  mporo

PO3paxoBYETHCS HAIIpyra Ha HE3a3eMJICHOMY KiHII eKpaHa. Po3paxyHok mpoBouMo

UE = |-Z:&-:e| ) IHB ) IH'

JUIS. BUMAJKY OJHO(MA3HOTO 3aMUKaHHS, TaK SK 3a TpuU(azHOro KOPOTKOTO

3aMHUKaHHS, HaIllpyra Ha eKkpaHi Oy/je MeHmow. Hanpyra Ha ekpaHi 1OpiBHIOE:

- U151 Kabento, po3paxoBaHoro Ha Hanpyry 20 kB:

U.=12,592 - 1074 - (5,1 - 10% - 500 = 0,66 &B.

Otpumane 3HaueHHs Hanpyru 0,66 kB MeHIIE 3a peKOMEHJ0BAaHY TPaHUYHO
npuryctTuMy Hampyry 5 kB. Omxe, BapiaHT 3 OJHOCTOPOHHIM 3a3€MJICHHSM €KpaHa €
MIPUUHSATHAM.

B tabaumi 3.2 HaBeAeHO pO3paxyHOK HAmpyrd Ha ekpani ans Hampyru 10 1 20
kB, 3a yMOBM mpokiajgaHHs mpu sKkoMy (asu KaOenaro po3TanioBaHl B IUIOMIMHI 3
BIJICTAHHIO MDK cycigHiMu ¢azamu, Ta TOBKUHOIO Kkabemo ctaHoBuTh 500 m. Sk
CBIIYaTh pE3yJbTaTH 3MIMCHEHMX PO3PAXyHKIB, MpU OYyIb-IKOMY Nepepi3l Kabemnro
20 xB 3a 3a3HaueHnWx yMOB Hampyra Ha HOTO €KpaHi HE MEPEBUIIUTH MPUITYCTUMOTO
PIBHSL.

JI1st TOpiBHSIHHA NPOBEICHO PO3PaxXyHOK ISl THMX CaMHUX KaOenliB, alieI0BKHHA
mpokananHs kabenbHoi Tpacu 10 kM.

s kabenro Oinmbinoi goBxkuHu (10 kM) Oyino Takok po3paxoBaHO 1 OOpaHO



71

cxeMy 3azemiieHHS ekpaHy. KabOenp mpokiiazeHO B TpaHIlei, XWJIM pO3TAIIOBAaHO

«TPUKYTHUKOM». Pe3ynpTaTil po3paxyHKiB 3BefieHO B Tabm. 3.3.

Ta6muis 3.2 — Po3paxyHKOBI mapameTpH i kaoento JoBxkuHO0 500 M

Tun kadesro
Po3paxoBanmii napamerp
AIIBOBHr-10 AIIBDBHTr-20
ZyeZx j1,02:10™ j0,986-10™
Zxe 5-10°+ j2,64-10™ 5-10°+ ;2,54-10™
|Zscel 2,69-10 2,59
CHiBBiZIHOLIEHHS CTPYMiB B €KpaHi 0,78 0,74
1 B Kyl kadenro 1o/ L
CriBBiZIHOLIEHHS BTAPT B €KpaHi i S 4,3
B JKWJII Ka0emto Po/ Py
K 0,408 0,434
Ue, kB 0,686 0,660

3po3yMiJio, IO 32 HAsBHOCTI BTpaT B €KpaHax IpPOIyCKHA 3JaTHICTh KaOelto
BUKOPHUCTOBYETbCA MeHIIe HiK Ha 50 %, 1o HeAOomycTHMO, BPaXxOBYIOUHM BHCOKY
BapTicTh Kabemto. HeoOxiaHi 3axou B 00poThO1 3 BTpaTaMu B €KpaHax.

Jlns xaGenpHUX JTiHIT TaKoi JOBKWHHU B SIKOCTI 3aXOAiB B OOpOTHOI 3 BTparamu
OJIHOCTOPOHHE 3a3€MJICHHA HE MPUIYCTUME, OCKUIbKM HAmNpyra Ha €KpaHi y LbOMY
BUIAKY MEPEBUIINUTH MPUITYCTUME 3HA4YCHHs.. TakuM 4MHOM, MOTPIOHO 3aCTOCYBaTH
TPAHCIIO3UIIII0 €KPAHIB.

[Ipu TpudazHoMy KOPOTKOMY 3aMHUKaHHI Hampyra B €KpaHl pPO3PaxOBYETHCS
HACTYITHUM YHHOM:

|Z}KE - ZK' ' IKS ' ‘EH
3N '

U, =

OTxe, 31 3p00JIEHUX PO3pPaxyHKIB 3pO3yMLIO, 110 HaBITh MPHU OJHOMY MOBHOMY
uuki Tpancnosuiii N=1 Hanmpyra y By3Jl TpaHCIO3UIIli Oy/1e MEHILIOK HIXK JOMYCTUME
3HaueHHs 5 kB. [y kabento, skuil po3risgaBcs B JaHOMY MPUKJIIAl JOCTaTHBO OJTHOTO

MTOBHOT'O IIUKJTY TPAHCTIO3UIIIi.
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Tabmuns 3.3 — Po3paxyHkoBi napametpu ajs kademnto gosxkuHoro 10000 m

Tun kadesro
Po3paxoBanuii napamerp
10 20
ZyeZx j1,02:10™ 70,986-10"
Zse 5-10°+ j2,64-10™ 5.10+ ;2,54-10™
|Zcel 2,69-10™ 2,59-10™
CriBBiTHOIIIEHHS CTPYMIB B €KpaHi 1 B
xuii kaoemro 1o/ I 0,78 0,74
CriBBiIHOIIEHHS BTApPT B €KpaHi 1 B
KT Ka0emro P/ Py 5 4,3
Ky 0,408 0,434
U, kB 1,734 1,676

BucHoBkHM 10 po3ainy

1. B 3azemieHux mo KiHISIX €KpaHax ojHo¢a3HuX cuioBux kabemB 20 kB
ICHYIOTh TOMITH1 Tapa3uTHI BTPATH MOTY>KHOCTI.

2. CmiBBITHOIIEHHS TAapa3WTHUX BTPAT MOTY)XHOCTI B €KpaHaX 1 HEMHUHYYUX
BTpAT MOTY>KHOCTI B KHUJIaX KaOeIto JIErKO BU3HAYUTH aHATITUYHUM IUISIXOM.

3. TpuBano momycTuMi HaBaHTaXeHHS Ha oxHo(a3Hi kadeni 20 kB B kartaymorax
0aratb0X BUPOOHUKIB BUSBIISIIOTHCA 30UIBIIEHUMH, TaK SIK BKa3zaHi 013 BpaxyBaHHS
napa3uTHUX BTPAT MOTYKHOCTI B €KpaHaXx.

4. E(dexTuBHICTh TPAHCMO3MULII €KpaHiB Ta 1HIIMX CIOCOOIB 3HUKEHHS BTpaT
MOB’si3aHa 3 MIJBUIICHHIM pPEAJIbHOI MPOIMYCKHOI CIPOMOXKHOCTI KaOeliB 10 THUX

3HAUYEHb, K1 HABOASTHCS B KaTaJIOrax BUPOOHUKIB.
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BUCHOBKHA

[lepeBenenns: po3noauIbHUX Mepexk Ha Hampyry 20 kB Moxke BHpIIUTH Oarato
npo0JeM B €IEKTPOMEPEIKEBOMY KOMIUICKCi, B TOMY YHCII TpOOJIeMy 3MEHIICHHS
BTpaT.

Haii6inpm onTtuManbHUM € TPOKJIaJaHHs KaOeldpbHHX JiHIT eleKTpomnepenaadi
ka0eneM 13 3IIUTOTO MOJIETHICHY, 30KpeMa, MOKHAa BUKOPHCTOBYBATH MPOAYKIIIO
BITUM3HSIHOTO BUPOOHMKA - XapKIBCHKOTO 3aBoay «lliBmeHkabemnn.

HeBupimeHnM MUTaHHSAM 3aJUIIAE€THCS HEAOCTAaTHS HANIOBHEHICTh HOPMATHUBHO-
TEXHIYHUM 3a0€31eUCHHSM.

IcHye HEOOXITHICTH Y MOOYJIOBI CXE€M €JIEKTPOIMOCTAYaHHS IS PO3MOIITBHUX
Mepex Ha Harmpyry 20 kB, sika Oyze BiJIOBiJlaTW BUMOTaM Ta yMOBaM HalllOi KpaiHu 3
YTOYHEHHSIM PO3PAXYHKOBUX YMOB, KEPYIOUHCH3aKOPIOHHUM JTOCBIIOM.

CHiBBIJHOIIIEHHS BTPaT B €KpaHaX 1 KWJIax KaOello HISK HE 3aJIeKUTh BIJ
JOBKMHU KaOenro 1 3HIKYEThCS TMPHU TPOKIanaHHI (a3 3IMKHYTUM TPUKYTHHUKOM 1
30UTBLIY€ETHCA 31 3pOCTAHHIM NIEPEPI3y KUIH 1 Iepepi3y eKpaHy.

BukopuctaHHs KaTajOXKHUX HaHUX 1O HABAaHTAKEHHSIX MOXKIWBE JIHINE IS
KkabelTiB 3 mepepizoM xutn 10 500 MM® i mepepizom expany o 70 mm°. Komn mepepis
KUJIM Ta/ab0 eKkpaHa NMEepeBUIY€e BKa3aH1 3HAYEHHS, HE3aJIEKHO BiJl IOBXKUHU KaOeIto
J0ro MpoIycKHa CIPOMOKHICTh BUSIBJISIETHCSI MEHIIIOI0, HIXK 110 KaTaJoraMm.

Tpancno3uiliss € yHiBepcalbHUM 1 e(EeKTUBHUM 3aCO00M  PajuKagbHOTO
3HM)KEHHSI BTpAaT B €KpaHax onHo(pa3zHux kadeniB. JloBkMHA KaOemiB HIK HE BIUIMBAE
Ha HEOOXIAHICTh TPAHCMO3MIIIi, ajlc BIUIMBAE€ HA KUIBKICTh IUKJIB TPAHCIO3MIII, SKE
PEKOMEHYETHCS.

JInst KOpoTKUX KabeliB MOXKIIMBE 3aCTOCYBAHHS HEMOBHOTO LIMKITY TPAHCIIO3MIII],

IO BXKE JIO3BOJISIE YaCTKOBO 3HU3UTU BTPATH B €KpaHaX 3a €KOHOMIi 3’€IHYBAJIbHHUX

MyQT.
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