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Pedepar. Baxueimmmu 0coOCHHOCTSAMH JIMHUK Hapy»XHOTO OCBELICHUS SBIAIOTCS MX 3HAYU-
TeNnbHAs MPOTSKEHHOCTh U HCIOJIb30BaHHE OOJIBIIOr0 KOJIMYECTBA MCTOUYHHKOB CBETAa CpEIHEN
MOIIHOCTH. B Takwx yCIOBUSX AJISL ONpENeNeHUs U O IEPKaHNsl ONTUMAIIBHEIX PEKUMOB pado-
TBI CETH HAPY>KHOTO OCBEIIEHMS C JIBYCTOPOHHUM ITUTAaHHEM HEOOXOANMO HPaBHIFHO BHIOpAaTh
cedeHHe MPOBOHUKOB JMHUA. Takoe cedeHHe JOJDKHO oOecreunBaTh TpeGyeMble yPOBHU Harlpsi-
JKEHHs Ha HCTOYHHMKAX CBETAa BO BCEX PEXKMMAX, HO IIPH STOM HE JIOJDKHO OBITH 3aBBINICHO, YTOOBI
HE yBEINYUBATH CTOMMOCTD 3JIEKTPUYECKOH CeTH. B cTaThe mpuBeneH npumep, Te MOKa3aH BEI-
00p ONTHUMAIBHOTO CEYEHHMs IPOBOJHUKOB OCBETUTENIHHOM JIMHUH IPH ee paboTe B HOPMAITEHOM
pexuMe (OBYCTOpPOHHEE MUTAHHE) ¢ YPOBHAMHU HANpsDKEHUS B MyHKTax nuTanus 230 B, a Taxxke
B PEKUME C OJJHOCTOPOHHMM MUTaHKEM (TIpU TOTepe HANPSKEHH BO BTOPOM ITyHKTE MUTAHUSA) CO
3HAYEHHEM HaNpsDKEHHs B mepBoM MyHKTe mutanus 230 B. Mcmonb3oBaHa mpejacTaBieHHAs
B yacT | CTaTbu METOAMKA pacueTa pexuMa Takoil JUHMHU. Pacuer ocymiecTBIEH ¢ MOMOILBIO
peanusoBanHbIX B cpene MathCad mporpamm. [pencrasieHsl rpadyKy pacipeneneHus HampspKe-
HHUI B TOUKaX OCBETUTENBHOH JIMHUM C ABYCTOPOHHHMM ITHTAHHMEM B Pa3HbIX PeXuUMax pabOTHI,
TIOCTPOCHHBIE IS PA3INYHBIX CEUCHUII AFOMUHMEBBIX X1 Ha MX OCHOBe oCyIecTBIIeH BHIOOP
ONTHMAaJILHOTO 3HAYEHHs! CEYEeHHs] IPOBOJHUKOB OCBETHTENILHON ceTH. IIpoaHaim3upoBaHbl 0CO-
OEHHOCTH Pa3HBIX PEKMMOB pabOTHI OCBETHTEIHHON JMHUN C BHIOPAHHBIM CEYEHHEM HPOBOHU-
koB. OmpesieNieHsl peKMMHBIE TTapaMeTphI JUTsl Kax 0 (a3bl IMHUN: HANPSHKEHHS B TOYKaX CXe-
MBI, MOIIIHOCTH, TOKH, IIOT€PH MOIIHOCTH W IIaJICHNE HalpsDKEHMS HA BCeX ydacTkax. [Ipencras-
JICHHbIE JIaHHBIE ITO3BOJISIIOT OIEHUTH SJIEKTPONOTPEOIeHne OCBETHUTENHHON JHHUM C y4eTOM
CYTOUHOTo TpadUKa BKIIOYEHHUS U OTKIIOUEHMS CETH Hapy>KHOTO ocBemmieHus. OmpeneneHsl
HanboJiee 5KOHOMUYHbIE PEKUMBL
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Calculation of Operation Mode
of Outdoor Lighting Line with Bilateral Supply

Part 2
V. B. Kozlovskaya”, V. N. Kalechyts

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The most important features of outdoor lighting lines are of considerable length and the
use of a large number of light sources of an average power. Under such conditions, in order to
determine and maintain the optimal modes of operation of outdoor lighting networks with a bila-
teral supply it is necessary to choose the wire section of the line. This section should provide the
required voltage levels to the light sources in all modes, but it should not be too high, in order not
to increase the cost of the grid. This article demonstrates an example of the choice of the optimum
conductor cross-section of the lighting line when it is working in a normal mode (bilateral power
supply) with voltage levels at the power items of 230 V, as well as in the mode of unilateral power
(at voltage loss in the second power item) with a value of the voltage of 230 V in the first item
of the power supply. The method of calculation of the mode of such a line that had been presented
in part 1 of the article was used. The calculation is performed with the of MathCad software.
The diagrams of the voltage distribution at items of the lighting line with bilateral power under
conditions of different modes of functioning are plotted for various sections of aluminum conduc-
tors. The choice of the optimal values of the cross sections of the lighting network was based on
the mentioned diagrams. The specific features of different modes of operation of the lighting line
with the chosen conductor cross section were analyzed. Operating parameters for each phase of the
line (i.e. voltage at the items of the circuit, power, currents, power loss and voltage drop in all
sections) were determined. The presented data make one possible to estimate the power consump-
tion of the lighting line taking the daily schedule of enabling and disabling of outdoor lighting
networks into account. The most economical modes were determined.

Keywords: outdoor lighting, electric grids, point of supply, light source, high pressure sodium
lamps, voltage losses, power consumption
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BBenenue

Jns hopMupoBaHUS U TIOJIEPKAHUS ONTUMAIBHBIX PEKUMOB PabOTHI CETH
HapYyXHOTO OCBEIIEHNS C IByCTOPOHHUM ITUTAaHUEM, PACCMOTPEHHBIX B yacTu 1 [1]
JAHHOW CTaThbH, HEOOXOAMMO MPaBUIBHO BHIOpPATh CEYEHHE MPOBOTHHUKOB JIU-
Hun. Takoe ceyeHne T0HKHO obecrieunBaTh TpeOyeMble YPOBHHU HAIIPSKEHUST Ha
HMCTOYHUKAX CBETA BO BCEX PEXMMax, HO MPH 3TOM HeE JIOJDKHO OBITH 3aBBIIIECHO,
9TOOBI HE YBEIMYMBATH CTOMMOCTD JIEKTPUYECKOH CETH.

[IponsBemem BHIOOp CedeHWI MPOBOJHUKOB OCBETHUTEIHHOW JIMHUU C NIBY-
CTOPOHHUM MUTaHWEM, sl KOTopoi B yacTu 1 maHHOM cTtartbu [1] BhINOIHEH
pacueTt pexuMoB pabotbl. KpaTkoe onvcanne TuHHAN:

¢ kK pa3ubiM TpaHchopmaTopubsiM moxacraniusaM (TIT) 10/0,4 kB moakmtoue-
HBI ITyHKTBI TUTAHUS, PAacOIOKEHHbIE HEMOCPEACTBEHHO B TII;

e ITISl OCBEMICHHS HCIONB3YIOTCA AYTOBblE HATPHUEBBIE JAMITBI BBICOKOTO
nasnenus (J{HaT) momuaocThio 150 BT B cBeTrnbHUKe THNa XKKY, moakmroueH-
HBIE Yepe3 HIEKTPOMArHUTHBIN myckoperynupyoomuil anmapar (OMIIPA) ¢ um-
ITYJIBCHBIM 3)KHUTAIONTAM yCTPONCTBOM [2] (aKTHBHAS MOIIHOCTH C yUETOM TIO-
Teps B OMIIPA Py, = 170 BT) 1 koMIeHCHpYIOIIUM KOHAEHCATOPOM;
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e YIaJICHHOCTH OT MEPBOTO IyHKTA MUTAHUS A0 Oirpkaimien omopsl 80 M; OT
BTOPOTO ITyHKTa MUTAHUS A0 OJKkaitieit omopsl 50 M;

e paccTostHAE MeXay oropamu 30 M (IpHHEMAaeM, YTO PACCTOSHHUE TTPHUOIIH-
3UTEIHHO COOTBETCTBYET JUTMHE MCIIOJIb3yeMoro kabenst), yncio onop 30, yucio
CBETWJIBHUKOB Ha orope 1;

¢ CBeTHJILHUKH TOJKITFOUEHBI CHMMETPHYHO (K Kaxxaon ¢asze mo 10 cBeTuih-
HUKOB), paclpeieicHie CBETHILHUKOB Mexkay dazamu A-B-C-A-B-C.

OcHoBHAA 4YacCTh

B [1, 3] npuBeneHbl OCHOBHBIE OCOOCHHOCTH, CBSI3aHHBIC € PACUETOM PEXKH-
Ma paboThl U ONpeleIeHNeM apaMeTpOB JIMHUM Hapy>KHOTO OCBEIICHUS C Of-
HO- U JIBYCTOPOHHHUM IHMTaHHEM. J[Be mporpammsl U1 pacyera JIMHUHA ¢ OHO-
U JIByCTOPOHHHUM IIUTaHUEM, KOTOPbIE ITO3BOJIIIOT 33[aBaTb UCXOIHBIC JJaHHbIE
CETH HApY>KHOTO OCBEIICHHS M PACCUMTHIBATH €€ MapaMeTphl, pealn30BaHBI
B cpeae MathCad. PacueTHast cxema ceTH Hapy>KHOTO OCBELICHUS C IBYCTOPOH-
HUM MUTaHueM npenactasieHa Ha puc. 1, tae Uam, Ua1 — KOMIUIEKCHBIE 3Haue-
HUS HaIpsoKeHUH B nepBoM nyHkTe mutanus (I11) u 1-m y3ie ¢asbl 4 cooTBeT-

CTBEHHO; S, 1, S, — TO Xe MOJIHON MOIIHOCTH B Hauajle U KOHIIC y4acTKa

[IT1-1] da3er 4; S, — KOMIUIEKCHOE 3HaYEHUE MOJHOW MOIIHOCTH CBETHIbHHU-

Ka, TMOJIKIIIOYEHHOTO K (haze A, MIMEIOIIET0 TIePBhIi MOPSIKOBLINH HOMEp (y3en 1);

AS, ., — TO e TIOTEPh NOJIHOHW MOIHOCTH Ha ydacTke [IT1-1] ¢aser 4;
AU, i, AUy — najgenus Hanpsbkenus Ha yuactke [I11-1] daser 4 u myse-
Boro pabouero nposognuka N; 1, .., ly ., — KOMIUIEKCHbIE 3HAYEHHS I10JI-

HBIX TOKOB Ha ywactke [[I11-1] da3el 4 u HyneBoro pabouero npoBoaHuka N;
I

—i1,1
NOPSIIKOBBIA HOMEP; 0003HaueHus napameTpoB a3 B u C aHaJOTHYHBI.

PaccMOoTpyM BO3MOKHBIE PEKHUMBI PAOOTHI JTMHHH HAPYKHOTO OCBE-
LICHHUS, ONIPEISNISFOIINE BEIOOP CEUCHHUSI TPOBOTHUKOB:

1) HOpMaNbHBIH peXUM paboThl (IBYCTOPOHHEE IMTAaHHWE) C YPOBHAMH
HanpsoKeHus B myHKTax nutanus 230 B [4];

2) pSKUM C OZHOCTOPOHHHM INUTaHHEM (TIPH TIOTEPE HAINpPSDKCHUS BO BTO-
POM TyHKTE MUTaHUS) NPH 3HAYCHWH HANPSHKEHUS B TEPBOM IYHKTE MHUTa-
aus 230 B.

[locnenoBaresibHO IPOU3BENECHBI pacdeThl IEPBOrO pekuMa paboThl CeTH
NPY UCIIONB30BaHMH KaOelei co CIeayIOMNMHU CEYeHUSIMU aTFOMUHUEBBIX JKHUII:

eccucHre S = 2,5 MM’ C VIENBHBIM CONPOTHBICHHEM Zy = (125 +
+j0,104) M-OM/M, TONYCTUMBII TOK C YUE€TOM YETBEPTON pabouei KHJIbI U PH
npokjaake B 3emie o, = 0,92 - 29 =26,7 A [5];

o S=4 Mm% Zy = (7,81 + j0,095) M-OM/M; |0 = 35,0 A;
e S=6 Mm% Zy = (5,21 + j0,90) M-OM/M; Lon = 42,3 A;
e S=10 Mm% Zy = (3,12 +j0,073) M-OM/M; Lyop = 64,4 A.

— KOMILJICKCHOC 3HAYCHUC IIOJJHOI'O TOKAa CBCTHJIbHHKA, HMCIOIICTO HepBBIfI
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s HOpManpHOTO pekuMa paloTHl (IBYCTOpOHHEE MUTAHUE) C YPOBHIMHU
HanpspKeHus B yHKkTax nutanus 230 B 3Hauenus nanpsoxkeHud ¢assl A B TOU-
Kax MPeACTaBICHHON CXeMBI OTpakeHbBI Ha puc. 2. Ha ocu abcrmcc 0603HadeHbI
TOYKH PacCMaTPUBAEMOI CXEMBI, IEPBOMY ITyHKTY MIHUTAHUS COOTBETCTBYET KO-
opauHata 1; Bropomy — 32. Pacnpenenenune Hanpspkenuit it ¢asz B u C HesHa-
YUTEITHHO OTIUYAETCs, TaK Kak (pa3bl 3arpyKeHBI pAaBHOMEPHO.
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Puc. 2. I'paduknu pacuperneneHus HAIPSDKCHUH B TOUKAX OCBETUTENBHOI TMHAN 1S (ha3sl 4
B PEXHME C ABYCTOPOHHUM IIMTAaHUEM C YPOBHSIMH HAIIPSKCHUS B IMyHKTax nuranus 230 B,
MOCTPOESHHBIE AT PA3IUYHBIX CEUEHUH aIOMUHHUEBBIX JKHII:
a—Touka cetr; 1'=S =25 Mm% 2 —4;3-6; 4— 10 mm?

Fig. 2. The graphs of the voltage levels distribution at the points lighting line for phase A
with bilateral supply for different sections of aluminum conductor
(with voltage levels of points of supply equal to 230 V):
a — the point of the grid; 1 - S = 2.5 mm?; 2 - 4; 3-6; 4 — 10 mm?

YcnoBussMd BbIOOpa CEUeHMsI MPOBOJHUKOB OCBETUTENBLHON JTMHUHM HApYXK-
HOI'O OCBELLEHHUS OINPENEJIEHO PACUETHOE OTKJIIOHEHHE HAIPSKEHUS B TOUKaX
cxeMbl He Oosee 5 % OT HOMMHAJIBHOTO HampshKeHUs ceTH [6] (B paccMmaTrpuBa-
eMmoM mipumepe He MeHee 230 - 0,95 = 218,5 B). B cooTBeTcTBHU € NTpOU3BENEH-
HBIMU pacueTamy U rpadukom (puc. 2) Onmxaiilee ceueHHe aTFOMUHUEBOM JKHU-
JTBI, Y/IOBJIETBOPSIONICE JAHHOMY YCIOBHIO, COCTaBsieT 4 Mm° (ofecreunBaeT
HanMeHbIIIee 3HadYeHWe Hampsokenus 221,4 B). Kpome Ttoro, Heobxommmo,
4TOOBI OTKJIOHEHWE HAINpPsDKEHHs Ha ONMKaWIeM CBETWJIBHUKE HE MPEBbHIIIA-
710 2,5 % OT HOMHUHAJIFHOTO HAIpsDKEeHUs ceTH [6] (B paccMaTpuBaeMOM IpUMe-
pe ve menee 230 - 0,975 = 224,2 B). bnwkallunii kK nepBoMy MyHKTY MUTaHUS
CBETHJIbHUK IOAKIIOYEH K (a3e A, pacueTHOE HANpsDKEHUE HA HEM COCTaBiIs-
et 227,2 B; 6mwkaiuii Ko BTOpOMY IYHKTY NMUTAaHUS CBETHIIBHUK MOJKITIOYECH
Kk (aze C, pacueTHoe HampspkeHHWe Ha HeM cocTasisier 228,1 B (mns ceue-
aust 4,0 M%), Takum 0Gpa3oM, JAHHOE YCIOBHE BBIIOMHSCTCSL.

[Ipu 3TOM CiieyeT OTMETUTh Malyl0 Pa3sHUIy MEXIY JOMYCTUMBIM M pac-
YETHBIM HAMMEHBIIMMH 3HA4CHUSMH HanpskeHus. B ciywae, korma Hamps-
JKEHHsT Ha WCTOYHMKAX MHUTaHUs OyOyT HM)K€ HOMHHAJIBHOTO 3HA4YeHHMs, Ha-
NpsOKEHME HA CBETHIILHUKAX B CEpeMHE JIMHUM OyAeT MEHbIle He0OX0IUMOro.
Ucxona u3 TpeboBaHMs MOLACP)KAHHUS 33AaHHOTO YPOBHS HAIIPSKEHUS HA HC-
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TOYHHMKAX CBETa, BO3MOXKHO, CIIYEeT MPUHATEL OOJbIliee CEUECHHE TIPOBOTHUKOB
OCBETUTEJIBHON CETH.

Jlis pexxuma ¢ OJHOCTOPOHHUM MUTaHUEM (TIpU TIOTEPE HAMPSIKCHUS BO
BTOPOM ITyHKTE MUTAHWS) W 3HAUCHHS HANPSOIKCHUS B MEPBOM MYHKTE MHUTA-
Hus 230 B ¢ moMomipio onucanHo| B [3, 7] METOAMKH MTOCIIEIOBATEIHHO TPON3-
BEJICHBI pacyeThl peKUMa pa0OThI C MCIIOJIb30BaHUEM Kalesel ¢ paHee yKa3aH-
HBIMH CEUYECHHSIMH AIFOMHUHHEBBIX XHJI, a TakKkKe ¢ S = 16 MM Zy = (1,95 +
+ j0,0675) M-Om/m, 1, = 82,8 A. Haubosee ymaieHHBIH OT MEPBOrO MyHKTA
MUTaHKsI CBETUIIBHUK MOAKIIIOUEH K (ase C, Hanbonee Oiu3kuii — K dase A.

Pacnipenenenve HanpspkeHUH B TOUKaxX cXeMbl it a3kl C Mpu pa3inyHbIX
CEUCHMSX KW KaOelsl ¥ OTCYTCTBHU HAINPSDKEHUSI BO BTOPOM ITyHKTE TTUTAHUS
TTOKa3aHo Ha puc. 3.
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Puc. 3. Tpaduku pacnpeneseHus HalpsDKCHUH B TOYKaX OCBETUTENIbHOM mnanu 1i1st Gassr C
B PEXUME C OXHOCTOPOHHUM HMHUTaHUEM (IIOCTPOEHHEIE IPH PA3JIMIHbBIX CEUCHHUSIX
AIIOMUHHEBBIX JKIIT); HANPSDKEHUE B IIEPBOM ITyHKTe nuTanus 230 B:
a-Toukacetn; 1 —S=2,5mm%2—-4;3=6;4—10;5- 16 mm®

Fig. 3. The graphs of the voltage levels distribution at the points lighting line for phase C
with bilateral supply for different sections of aluminum conductor
(with voltage level of the first point of supply equal to 230 V):
a — the point of the grid; 1 — S = 2.5 mm? 2 - 4; 3-6; 4 —10; 5 — 16 mm?

[Ipon3BoauTeny CBETUIHHUKOB U JIAMI YKa3bIBAIOT OTKJIOHEHHUE HaIpshKe-
HUS, IPU KOTOPOM CBETWJIBHHMK OyneT cTa0wibHO paboTars. Jlns paccmarpusa-
€MBIX CBETHJIbHUKOB HOMHHAIIFHOE HampspkeHne coctapisieT 220 B, a momycTu-
Moe otkionenue +10 % [8]. ['apanTupoBanHoe 3a)xuranue (BKJIIOYESHUE) JTaMITBI
B 3TOM CJIydae 00eCcreurBaeTCs MPH YPOBHE HAINPSHKCHUS Ha 3KUMaX CBETHIIb-
Huka He MeHee 220 - 0,9 = 198 B (3HaueHne oTMedeHO Ha rpadukax).

Ha ocHOBaHWMM pacyeToB W IMPENCTaBICHHOTO Ha puc. 3 rpaduka ycioBue
rapaHTUPOBAHHOTO 3aKUTaHMSI JIAMITBI HE BBIMTOJIHACTCS IMPH CEYCHUU ATFOMU-
HHEBBIX KW, PABHOM 2,5 MM’, B ClIy4ae OJHOCTOPOHHEro MuTaHus. I103ToMy
MOJKHO CJIeNIaTh BBIBOABI, YTO O YCIIOBHIO JIOMYCTHMOM MOTEpH HANPSHKCHUS
paccMmarpuBaeMasi OCBETUTENIbHAS JIMHUS C JIBYCTOPOHHUM THTaHUEM JIOJDKHA
FIMETh CeYeHHe aTIOMHHHEBBIX KM HEe MeHee 4 MM°, a TIPH MOTepe MHTAHUS
B OJJHOM W3 MYHKTOB NMUTaHHs OyAeT oOecrneunBaThCcs YCTOWIMBOE 3a)KUTaHHE
JIaMI TIpH BeJIMYWHE HanpspkeHus B myHkTe nutanus 230 B. [pumenuTensHO
K paccMaTpuBaeMOMY MPUMEPY BOIIPOC YCJIOBHUS FapaHTHPOBAHHOTO 3a)KUTaHHS
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CJIelyeT paccMaTpUBaTh NPUOIM3UTENBHO, TaK KaK [IyCKOBOH PEKUM OTIMYAET-
Cs1 OT HOMHUHAJIBHOTO U COTIPOBOXKAAETCS MOBBIIIEHHBIMA ToKaMu. Eciu Obl naH-
Has OCBETUTENbHAs JIMHUS IUTajach TOJBKO OT IEPBOIO IYHKTA IMTaHUS
(C OIHOCTOPOHHMM NHUTAaHUEM), TO CEYEHHE ATFOMMHHUEBBIX XXHJI 110 YCJIOBHIO
JIOYCTHMO#H OTEPU HATIPSHKEHUS JOJIKHO ObLIO paBHAThCA 16 My (puc. 3).
Kpome BbImosiHEHMs BbIIEYyKa3aHHBIX YCJIOBUH, HEOOXOAMMO- IIPOBEPUTH
ceueHue Kabels 1o HarpeBy. PacueTHble 3HAYSHMS MTOJTHBIX TOKOB B IyHKTE IH-
TaHuA (471 CETH C OJHOCTOPOHHHMM IMUTaHWEM) paBHBI [7]: daza A4 — 8,7 A;
thaza B - 8,6 A; daza C — 8,5 A; 9T0 MeHbIIIE JOITyCTUMOTO TOKa paccMaTpUBa-
eMbIX Kabernel. AHATOTMYHO MOKHO MPOW3BECTH aHa W3 PadOThl OCBETUTEIb-
HOW CeTH B PEXUME C OJHOCTOPOHHMUM NHUTAaHHUEM TIPH YPOBHE HAaNpsKEHHS
B nyHkrte nutadus 230 - 0,9 = 207 B, coorBercTBytomeM 10%-My OTKIOHEHHIO
HanpsbkeHus. ['paduxu pacnpeneneHus HanpsbKEHUH B 3TOM Cllydyae IIpecTaB-
TIeHBI Ha puc. 4.
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Puc. 4. I'paduknu pacnpeneneHus HANPSDKCHUI B TOUKaX OCBETUTENBHOI nHuu s (hassl C
B PEKHME C OHOCTOPOHHUM TMHUTAHHEM (TIOCTPOEHHBIE IIPU PA3THUHBIX CEYEHHAX
AIOMUHMEBBIX XKWJ); HANIPsDKEHNE B IepBOM IyHKTe nutanus 207 B:
a—rTouka cetu; 1 —S=2,5 MMZ; 2-4;3-6;4-10;5-16 MM

Fig. 4. The graphs of the voltage levels distribution at the points lighting line for phase C
with bilateral supply for different sections of aluminum conductor
(with voltage level of the first point of supply equal to 207 V):
a — the point of the grid; 1 - S = 2.5 mm?; 2 -4; 3-6; 4—10; 5- 16 mm?

B sToM citydae ycnoBre rapaHTUPOBAHHOTO 32)KUTAHUS JIAMITHI BHITIOTHSICT-
Cst TOITBKO TIPH CCUCHNH aTFOMUHHUEBBIX JKHIT He MeHee 16 MM°. OCHOBBIBAsCh Ha
BBINICTPUBE/ICHHBIX pacyeTax, MPUMEM K PAaCCMOTPEHUIO JHHUIO HapYKHOTO
OCBEIICHUS C JBYCTOPOHHUM IHUTAHUEM, BBITOJHEHHYIO Ka0elleM ¢ alfOMUHHC-
BBIMU JKHJIAMH cedeHneM 4 MM°. PacrpejielieHne HampspKeHHIT 10 JUTHHE pac-
CMaTpHBaeMoil OCBETHTEIBHOM JHHHH C CEUCHUEM XKHI Kabens 4 MM® B pasiiHd-
HBIX peKUMax MpeJCTaBIeHbl Ha puc. 5, 6. [IpoaHanu3upyemM 0COOEHHOCTH Clie-
JYIOIIAX PEKUMOB paOdOTHI TAKOH OCBETUTEIHHOM JIMHUM:

1) ¢ oMMHAKOBBIMHK YPOBHAMH HanpspkeHnst U B IByX myHKTaX matanms (tabi. 1),
paabME: 2 — 230 B (U,); b =207 B (0,9U,0y); € — 253 B (1,1U,00);

2) ¢ pa3HbIMH YPOBHSIMH HAIMpPSHKCHWH B MyHKTaX muTaHus (tabm. 1), pas-
aeiMu: d — B mepBom mynkre muranus U = 207 B u Bo Bropom U = 253 B;
e—198 B (0,9 -220 B) u 253 B; f— 198 B u 207 B;
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3) B HOYHOM pEKUME DKOHOMHUH DIIEKTPOIHEPTHH TIPH OTKIFOUeHUH (assl C
C OJIMHAKOBBIMH YPOBHSMH HAIPSDKCHHS B JIBYX ITyHKTaX IMUTAHUS, PaBHbI-
mu 230 B (g, Tabmn. 1);

4) mpu moTepe HAMPSHKEHUS] BO BTOPOM MYHKTE MHUTAHUS (PEXKHM C OJHOCTO-
POHHHM MUTAHUEM) U 3HAYCHUW HAINPSDKEHHS B NIEPBOM MYHKTE IMUTAHHS, PaB-
mom 230 B (h, Tabm. 1).
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Puc. 5. I'paduku pacupeneneHus HaIPsDKCHUH B TOUKaX OCBETUTENBHOM JIMHKAY It (has3sl 4,
II0CTPOEHHBIE [T PEKUMOB a, b, C IIpH ceuermu Kbl kaberms S = 4 vy

Fig. 5. The graphs of the voltage levels distribution at the points lighting line for phase A
with bilateral supply for different modes of operation
(the section of conductor S = 4 mm?, modes: a, b, c)
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Puc. 6. T'paduku pactpeneseHus HaIPsDKEHUI B TOYKaX OCBETUTENbHOI uHUHU 11t (ha3sl 4,
I0CTpOEHHBIE [Tt peskuMoB d, e, f pu ceuerum st kabems S = 4 my?

Fig. 6. The graphs of the voltage levels distribution at the points lighting line for phase A
with bilateral supply for different modes of operation
(the section of conductor S = 4 mm?, modes: d, e, f)

B pexumax a, b, c, d, e, f (puc. 5, 6) yciaoBHO obecreunBaeTCs TapaHTHPO-
BaHHOE BKIIFOUEHHE BCEX JIAMII, TaK KaK HANpsHKeHHE Ha 3a)KMMax CBETHUIIHBHHUKA
He MeHee 198 B. Ilpu n1ByCTOpOHHEM NMHUTAaHUM OCBETUTEIBLHOW JMHUM C YPOB-
HSMHU HanpspDkeHnd B myHKkTax nutanus 111 u [12, paBaeivu 198 B 1 207 B co-
oTBeTCTBEHHO (puc. 6f), He obecrneunBaeTcs yCTOHYMBOE 3aKUraHue Oosee mo-
JIOBUHBI CBETUIIHLHUKOB.

[IpencraBnennsie B Tabn. 1 maHHBIE OTpa)karOT BETMYWHBI HATPY30K, HA OC-
HOBaHWH KOTOPBIX MOXHO OIEHHTH JJIEKTPONOTPEOIIEHHE OCBETUTENHHON ITH-
HUU C YY€TOM CYTOYHOTO Tpadrka BKIIOYCHHS M OTKIIOUYEHHsS CETH Hapy>KHOTO
ocsenieHus [9].
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Tabauya 1

3HayeHUs1 AKTUBHBIX U PECAKTHBHBIX MOIITHOCTEl B ABYX MYHKTaX NMUTAHUA
U CyMMapHbI€ MOITHOCTH IPH PA3JIUYHBIX pPEeKUMaX paGOTbI paCCManﬂBaeMOﬁ CXEMbl
MPHA UCHOJIB30BAHUHA Ka0eJsl ¢ ceYeHHeM ATIOMHUHHEBBIX KU 4 MM2

Active and reactive power in two power points at different operation modes
of the lightning line (the section of conductor S = 4 mm?)

Ilepssiil mynkT nutanus, B-A| Bropoif myHkt nutanus, B-A
PeskuM paGoThl §}/:,n1—1 §g,n1—1 §g,n1—1 §7x,30—n2 §Z,30—l‘[2 §2’,30—n2
CyMMapHbI€ aKTUBHAs U PEaKTHBHBIE MOIITHOCTH
JBYX MyHKTOB MTUTaHusA Sy, B:A

a) UA,HI = UB,HI = UCHI = 947,3 + 889,8 + 834,8 + 889,6 + 946,3 + 1005,3 +
=Uim=Upm=Ucm= |+]526,1| +j497,0 | +j466,2 | +]j497,0 | +j525,6 | +j554,6
=230B Sy =5513,1 + j3066,5
b) Usm =Ugm =Ucm = 733, 7+ | 689,6+ | 6470+ | 689,3+ | 7329+ | 7778+
=Uim=Ugm=Ucm = +j495,7 | +j467,1 | +j438,3 | +j467,5 | +j495.2 | +)524,2
=207B Sy = 4270,3 +j2888,0
U ym=Ugm =Ucm = | 1224,7 + | 1151,2 + | 10799 + | 1150,8 + | 1223,6 + | 1299,1 +
= UA,HZ = UB,HZ = Ucnz = +J43l,6 +]409,1 +J384,0 +]408,9 +J430,9 +]452,5
=253B Sy=7129,3 +j2517,0
d) UA,HI = UB,HI = UCHI = -401,4 + | -445,6 + | -488,8 + | 2517,0 + | 2589,7 + | 2666,1 +
=207 B; +j461,0 | +j432,5 | +j403,4 | +j522,0 | +j545,3 | +j566,3
UAVHZ = UBVHZ = UC’HZ = §Z(OCBETI/ITEJI])HA}I) = (5437,0 + j2930,5)2
=253B Sy(veaBrutEmBHAS) = (1335,8 + j0)
e)Usm =Upm =Ucm = | —640,6 + | —680,3 + | —719,2 + | 2787,1 + | 2859,2 + | 29358 +
=198 B; +j444,2 | +j416,3 | +j387,9 | +j534,6 | +j558,1 | +j579,3
UA,HZ = UB,HZ - UC,HZ = §Z(OCBETI/ITEJH)HA}I) = (6542,0 + ]2920,4),
=253B Sy(vpasrutemHan = (2040,1 + j0)
Uyni=Upgm =Ucm = 4544+ | 4145+ | 3752+ | 9170+ | 960,7+ | 1005,6 +
= 198 B; +j463,6 | +j436,3 | +j409,5 | +j465,6 | +j493,4 | +)522,6
Uim=Upm=Ucm = _ ;
—507B Sy =4127,4 +j2791,0
g) UA,HI = UB,HI = UA,HZ = 947,3 + 854,0 + 0 857,4 + 881,9 + 0
=Uzmp, =230B; +j526,1 | +j508,7 +j549,9 | +j484,3
Ucm =Ueme =0 Sy =3540,6 + j2069,0
h) UA’Hl = UB,HI = UC,HI = 1751,5 + 1712,6 + 1700,1 + 0 0 0
=230 B; +j969,1 | +j962,2 | +j956,9
Ui =Upm =Ucm =0 Sy =5164,2 +j2888,2

Cpemu paccMaTpHBaeMbIX PEKUMOB HauOoJiee SKOHOMHYHBIM SIBIISIETCS
HOYHOH pexkuMm (g, Tabn. 1). [ MarucTpalbHBIX YIHII CICAYyeT MpeaycMar-
pHUBAaTh BO3MOXKHOCTH OTKIIOYEHHUS] YacTH CBETHWJILHUKOB B HOYHOE BpEMsi, HO
TaKkoe OTKJIIOUCHHE CO3/aeT HepaBHOMEPHYIO OCBEIleHHOCTh. He mormyckaercs
OTKJIFOUEHHUE TOMAPSA JBYX CBETHJIHLHHUKOB M CBETHIILHUKOB B MECTaX, yKa3aH-

HBIX B [6].
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JlocTaTOYHO PKOHOMHUYHBIMH TaKXe SBISIOTCA PEKUMBI Ha TOHMKEHHOM
HaINpsHKCHUH OTHOCUTEIBHO HOMUHAJIBbHOTO Hanpsokenus 230 B (pexwumsr b, f),
HO B 3TOM CliIydae 00s3aTelIbHO o0ecrieueHre 3HaYeHUsT HapsDKEHUsI, JOCTaTou-
HOTO JUIsl TApAaHTUPOBAHHOTO 3aKUTAaHHUS BCEX JIAMIT B ITyCKOBOM PEXUME (B MO-
MeHT BktoueHus). [Ipu TakoMm criocobe SKOHOMHH AIIEKTPOIHEPTHU HE CO3AaeT-
Cs1 3HAYUTEIbHASI HEPABHOMEPHOCTH OCBEIIEHHOCTH MOBEPXHOCTH.

PaboTa ¢ HanpshbkeHHEM, BBIIIE HOMHUHAIBHOTO (PEXKHM «C»), COMPOBOXKIA-
€TCS MOBBILICHHBIM 3JicKTponorpedacHueM [10]; miuTenbHas paboTra B TaKOM
peXuMe TPUBOANT K COKPAIIECHUIO CpPOKa CIIy>)kObI HMCTOYHHKOB cBera [11].
PesxxuMbl paboTHI €O 3HAYUTENBHBIM OTIMYUEM YPOBHEH HANpPsDKEHUS B MMyHKTAX
nuTaHus (PeKUMEI 0, €) COMPOBOXKIAOTCS IPOTECKAHUEM YPABHUTEIBLHBIX TOKOB
(mepenaueil ypaBHUTEIBHONW MOIIHOCTH).

BbIBO/IbI

1. PaccMoTpeHBl 0COOCHHOCTH pacyeTa pa3inyHbIX PEKUMOB PabOTHI OCBe-
TUTENBHOM CETH HapPYKHOTO OCBEIIEHUS C IBYCTOPOHHUM ITUTAHUEM.

2. TokazaHo, 4TO BBIOOpP CEUCHHS MPOBOJIHUKOB OCBETHTEILHOW CETH Ha-
PYKHOTO OCBEIIEHHUS 10 JOMYCTUMON MOTEpe HANPSKEHHS CIeAyeT MPOU3BO-
JIThH C YIETOM BO3MOXKHBIX PEKUMOB pabOTHI CETH.

3. OnpeneneHbl MOKAa3aTeId OCHOBHBIX PEXKUMOB OCBETUTECIBHOW JIMHUU
Hapy>KHOTO OCBEILEHUS C ABYCTOPOHHUM MHUTAHHEM U MOKa3aHa BO3MO>KHOCTh
WX UCTIOJB30BAHHS MPU pacdeTe pacxona (SKOHOMHUH) SJIEKTPOIHEPTHUH U BEIOO-
pE ONTUMAIIEHOTO PEXKUMa pabOThI CETH.
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