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Pedepat. Pexxum paboThl OCBETUTENBHOM JTMHUY 3aBUCUT OT MPABUILHOCTH BBIOOpA CCUCHMS KU
MPOBOJHUKOB. BenuunHa ceueHust BIUsET Ha obecrneueHne TpeOyeMbIX ypoBHEH HalpsKeHHs Ha
UCTOYHHUKaxX cBeTa. IIpousBeneH BbIOOP cedeHHs MPOBOIHUKOB HA OCHOBE PAcUeTOB pexHMa pa-
60ThI yKa3aHHOH B CTaThe TUIIOBOM JIMHUM HAapY>KHOTO OCBEILIECHNs. B KauecTBe NCTOUHNUKOB CBETA
B NIPUMEpE PACCMOTPEHBI CBETIJIBHUKH C JyTOBHIMH HATPHEBBIMH JIAMIIAMH BBICOKOTO JaBiIe-
aus ([IHaT), nopkmodeHHBIE dYepe3 SIEKTPOMATHUTHYIO ITyCKOPETYIHPYIOIIYIO aIIapaTypy.
IIpn BBIOOpE ceueHHs KW NPOBOIHUKOB OCBETUTENBHBIX JIMHUI OOBIYHO IOJB3YIOTCS PSIOM
YIPOIICHUH. Y IeJIeHO BHUMaHUE BHIOOPY CCUCHMH 0€3 TaKuX JOMYIICHUH: YINTHIBACTCS MHIYK-
THUBHOE COIIPOTHUBIICHUE IIPOBOIHUKOB; MOMIHOCTE CBETHMIILHHUKA 3aBUCHT OT YPOBHS HAIpsDKEHUS
Ha HeM. Taxxke cBeTWIBHHMKU C Jamnamu JIHaT SBISIOTCS MCTOYHMKAMH BBICIINX TapMOHHK.
IToka3aHsl TpM BapuaHTa pacueTa B 3aBHCHMOCTH OT yueTa (MM HeydyeTa) BBICHIMX HEYETHBIX
TapMOHHUK. B cTaThe ommCaHbl METOAWKH PACUYETOB PEKMMa OCBETHTEIbHON JMHHU. PacdeTs
OCYIIIECTBIICHBI C MTOMOIIBI0 peanu3oBanHbiX B cpene MathCad nporpamm. OnpeneneHsl pesKiHM-
HBIE MapaMETPhI s KaXKA0H (a3bl IMHUH: HAMPSKEHNS B TOYKAX CXEMBbI, MOIITHOCTH, TOKH, TIOTe-
PM MOIIHOCTU W HalpsDKEHMS Ha BceX ydacTkax. IIpeacraBneHsl rpaduku pactpeneneHus Hampsi-
JKEHHH B TOYKAaX OCBETUTENbHOM JIMHUH NIPU TPEX BapHaHTaX pacuera, MOCTPOSHHBIE JUIS Pa3ind-
HBIX CEYEeHHH ATIOMHHHUEBHIX XMW1 Ha nx ocHOBe OCyIecTBIICH BHIOOp ONTHMAIBHOTO 3HAYEHHS
CedyeHHs IPOBOJHUKOB OCBETHTENILHON JMHUY. [IpoM3BeeHO CpaBHEHUE MOYyYEHHBIX PEe3ylbTa-
TOB Pa3IMYHBIX BAPHAHTOB pacueTa. [IpoaHaIM3UPOBAaHO BIMSHHE BBICIIMX TapMOHHK Ha PEXKHM-
HBIE TapaMeTps! JaHHOH JIMHUK. Hanmaue BHICIINX TapMOHMK HPUBOJUT K YBEIHUCHUIO ITOTEPh
HaIpSDKEHHS], HCKAXKEHHUIO CHHYCOMIANFHOCTH HampsbkeHnsl. ToK B HyJIeBOM pabodeM NPOBOAHU-
K& COHOCTaBHM C TOKOM B (Da3HBIX IPOBOJHUKAX, IPUUEM OIIPEAEIIONIee 3HAaUCHNE Ha €T0 BeJH-
YHHY OKa3bIBAIOT TAPMOHUKH, KPATHBIE TPEM.
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Consideration of the Impact of High Harmonics
when Selecting the Conductor Cross-Sections
of Lines of Outdoor Lighting

V. B. Kozlovskaya", V. N. Kalechyts"
UBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The operating mode of the lighting line depends on the correct choice of conductor
cross section. The magnitude of the cross section has an influence on the provision of the required
voltage levels on the light sources. The choice of the conductor cross section has been fulfilled
based on calculations of the operating mode of the standard line of outdoor lighting specified
in the article. Luminaries with high pressure sodium lamps connected through electromagnetic
ballasts were used as sources of light. When choosing the conductor cross section of light lines
a number of simplifications are commonly used. Attention is paid to the choice of sections without
such assumptions: the inductive resistance of conductors is taken into account; the power of the
luminaire depends on the voltage level in it. Luminaries with high pressure sodium lamps are the
sources of high harmonics. Three variants of calculation are demonstrated depending on the ac-
counting (or non-accounting) of high odd harmonics. The methods of calculating the mode of the
lighting line are also presented in the article. The calculation is performed with the aid of Mathcad
software. Operating parameters for each phase of the line (i.e. voltage in the items of the scheme,
power, currents, power, and voltage losses in all the sections) were determined. The diagrams
of the voltage distribution at items of the lighting line for three variants of calculation are plotted
for various sections of aluminum conductors. On this basis the choice of the optimum magnitude
of the conductor cross section of the lighting line was made. The obtained results of different cal-
culation variants are compared. The comparison of the results obtained with the use of various
methods of calculation was made. The impact of high harmonics on the operating mode of the line
under consideration has been analyzed. The presence of high harmonics causes an increase of vol-
tage losses, the distortion of sinusoidal voltage. The current of neutral conductor is comparable
with the current of phase conductors, besides, the harmonics multiple of 3 are of great importance
as they influence on the magnitude of the current.

Keywords: outdoor lighting, lighting line, luminaire, section of conductor, high harmonics, vol-
tage losses, modeling of mode
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BBeaenue

Br16op cedeHnii IPOBOTHUKOB OCBETUTEILHON JIMHUU C YYETOM BCEX BIUS-
IOLIMX Ha Hero ()akTOpOB IMO3BOJIIET o0ecneunBaTh TpeOyeMble YPOBHU HaIpsi-
JKEHMSI Ha MCTOYHMKAX CBETa BO BCEX PEXKUMAX, CO3/laBas ONTUMAJbHBIE YCIIO-
BUS dKcIUTyaTtaryu. [Ipu 3ToM ceueHue MpOBOHUKOB HE JJOJDKHO OBITh 3aBhIIlIe-
HO, YTOOBI HECOOOCHOBAHHO HE YBEIHUUBATH CTOMMOCTD DIICKTPUIECKOM CETH.

Bri6op cedyeHHMs TPOBOIHUKOB JIMHUM HApPYXHOTO OCBEIICHHS IMPOU3BO-
nqutes o [1]:

— IOMYCTUMOMY 3HAYCHHIO TIOTEPH HANPSHKEHUSI OCBETHTEILHOW JTUHHH, KO-
TOpoe JIs HanboJiee yJAJICHHOTO CBETUIbHUKA HE JIOJKHO TpeBbimath 5,0 %,
JUTSI HAaMeHee YAAJIICHHOTO — 2,5 % OT HOMUHAILHOTO HAPSXKCHUS CETH;

— JIOIyCTUMOMY HarpeBy.
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IIpu BbIOOpPE CeueHUs] MPOBOJHUKOB OCBETUTENHFHOW JIMHUU OOBIYHO MOIb-
3YIOTCS PAJIOM YIIPOILICHUMN:

1) pacdeT 1Mo yCIOBHIO NOMYCTUMOM MTOTEPH HAMPSHKEHUS MPON3BOIUTCS 0e3
ydeTa HHIyKTUBHOTO COIPOTUBIICHHS MTPOBOJIHUKOB;

2) MOIITHOCTh CBETWJILHUKA BKJIIOYACT B ceOs MOTEPH B ITyCKOPETYIUPYIO-
el ammaparype ¥ MOUIHOCTh JIAMITBI. JTH BEIHYUHBI NPUHUMAIOT PAaBHBIMH
HOMMHAJIBHBIM, XOTS MOIIHOCTb, MOTpeOJiseMasi JaMIiol, 3aBUCHUT OT YPOBHS
HaIpsHKeHUs Ha Helt [2];

3) He YYHTBHIBAIOTCS BBHICIINE TAPMOHUKH, HCTOUHUKOM KOTOPBIX SIBISIFOTCS
CBCTUJIBHHUKU C ra30paspsJIHbIMU JIaMIIaMU BBICOKOI'O TaBJICHUA.

OcHoBHasl YacTh

ITokaxxem, HAacCKONBKO 3HAYMMBIM SIBISIETCSI YYeT BBIIICTICPEUNUCICHHBIX
VIPOINEHUH TpU BEIOOpE CEUYCHHS MPOBOJIHHMKOB HA MPHUMEPE OCBETUTEIBHOM
JUHUH ¢ OJHOCTOPOHHUM TUTAHUEM C HANPSKESHUSAMH B Kax a0l (aze MyHKTa
nutadus Uy uon = 230 B.

PaccMoTtpum THTIOBYIO Tpex (ha3HyrO JIMHUIO HAPYKHOTO OCBEIICHUS C OJJHOCTO-
POHHUM THUTaHWEM, CXeMa KOTOpod mpezcTapneHa Ha puc. 1. [lyHKT muraHwms,
K KOTOpOMY MOAKJIIOYEHa JIMHUSL, pacionioxeH HerocpeactsenHo B TII 10/0,4 kB.
s ocBemeHus ucnonb3yroTcs gammbsl tama JJHaT mommocteio 150 BT, xax-
Jlas U3 KOTOPBIX MOJKIIOUEHA Yepe3 BICKTPOMArHUTHBIN MyCKOPETryIUpYIOMUi
armapat (OMIIPA) ¢ UMITyIBCHBIM 3a)KHATAIOIINM YCTPOMCTBOM [3] M KOMITEH-
cupylomuM KoHaercatopoM (cosp, = 0,86) B ceetmnbHuke thuna KKY. Yna-
JICHHOCTh OT IyHKTa NMHUTaHWs A0 Ommkaimed omopsl /; = 80 m. Paccrosnue
MeXy omopamu [ = 25 M, guciio omop 30, 4MCIIO CBETHIILHUKOB Ha omope 1.
Jns muTaHHS CBETHJIHBHHKOB HCIONB3yeTcsl Kabeiab C aJfOMHHHEBBIMH IKHIIa-
MU, TIPOJIOKEHHBIH B 3emie. PacmpenencHue CBETWIBHHKOB MEKIy (azamu
A—B—C—A—B—C, moaKJIF0O9eHbl CHMMETPHYHO.

HoMmuHaneHbie TEXHUUECKHE XapaKTEPUCTUKH PACCMATPUBAEMOTO CBETUIIb-
HUKA: aKTHBHas1 MOITHOCTH Jiammbl JIHaT paBua 150 BT, akTuBHAss MOIIHOCTH
¢ yueroMm noteps B OMIIPA P, = 170 BT; HoMuHanbHOe HanpspkeHue Uy, =
= 220 B; myckoBo#l TOK naMmbl [;gye« = 3,2 A; NONHBIA paboyMii TOK JIaM-
bl 1 4oy = 1,8 A; HOJTHBIN TOK C YY4ETOM KOMICHCAMH oy = 0,9 A.

B ocBeTuTenbHON ceTH UCHONB3YETCS IIIyX03a3eMJICHHAs HEUTpaiab B BUIC
cuctembl TN-S (c pa3neneHueM HyJEBOTO NMPOBOJHUKA Ha pabodMid W 3aIuT-
HbIH). PacueTHas cxema mpexacrasiieHa Ha puc. 1 (HyJIeBOH 3alTUTHBIA ITPOBO/I-
HUK He TokaszaH). [[mst ymoOcTBa HamucaHus HpOTpaMM TI0 pacydeTy pexuma
OCBETUTENBHYIO JIMHUIO JCJIUM Ha YHUCIO YYAaCTKOB, PABHOE YHUCIY CBETUJIHHU-
koB. [ToaTomy ydacTku IS Kax a0l u3 Tpex (a3 u HyJaeBoro pabodyero mpoBo/I-
HUKAa OJIMHAKOBBI, HE3aBUCUMO OT HAJTMYHXS MIPUCOSANHEHUS CBETIIIPHUKA K pac-
cMaTpuBaeMoil dase.

[TepBOoHaYaTEHO MPOM3BEJICH PacUeT CEUCHUS KUIbI KaOesi OCBETUTEIbHOMN
JUHHUH C YYETOM MPHUBEIEHHBIX BhIIIE yrpoineHuii (1-3) B COOTBETCTBUH C Tpe-
ooBanmsamu [1].
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B pesynbraTe paccunTaHO HEOOXOAMMOE CEUCHHE ATIOMHHHEBBIX K Ka-
GenbHOM muamp 10 MM°. [Ipu 9TOM HANpSKEHHE B KOHIE PACCMATPHBAEMOM
muanH paBHO 219,2 B (moteps HanpspxeHus coctasisieT AUy, = 4,7 %). Taxoke
IS cedeHus 16 MM’ Haii/IeHO HanpsDKEHHE B KOHIIE PacCMATPMBAEMOM JTHHHH,
pasHoe 223,2 B (AU, = 2,9 %); nns ceuenus 25 MM’ HanpspKEHUE B KOHILIE pac-
cmaTpuBaemoit Juann 225,6 B (AUy, = 1,9 %).

Janee paccMOTpEHBI pacueThl CEUEHHMH >KWIbl KalOens BbILEYKa3aHHOW JIH-
HUM HApYXXHOTO OCBelleHus 0e3 ynpomeHuit (1-3).

[Iporpammel o pacuety peannzoBabl B cpeae MathCad u yuanuTsIBaloT Mak-
CHMaJIbHO BO3MOXKHYIO HCXOJHYI0 HH(QOPMAIHIO A BHIOOpa CEYCHHS KU
NPOBOJIHUKA W TOJyYSHHs TOYHBIX IOKa3aTeled pexuMoB padbotel. C ux mo-
MOUIBIO BBIOOP ceueHHs Kalelsi MPOM3BEACH TpeMsl BApHAHTaMU pacueTa peKu-
Ma pabOThI TAHHOW JTHHUH:

@) 06e3 ydeTa BBICIITUX TAPMOHUK;

b) c yueToM BBICIINX TaPMOHHUK, KPaTHBIX TpeM (7o 39-i1);

) C y4eTOM BCeX rapMOHHK (70 39-if).

s Bcex BapuMaHTOB pacyeTa MPUHSTO, YTO HANPSHKCHUE B IMMyHKTE MUTAHUS
UMEeT CUHYCOUJANbHBIA XapakTep IpH OTCYTCTBUU HArpy3kd (OTXOISIIME JIU-
HUU OTKJIIOYEHBI) U IUCTBYIOIIee 3HaueHne paBHo 230 B.

Juis KaxIoro ciydasi pacCUMTaHbl PEKUMBI PadOTHl CETH MPU UCIIOIB30Ba-
HUH KaOeJei co CIeAYIOINME CCUEHUSIMU S ATFOMUHHUEBBIX JKHUIT:

S =6 MM C yIeIbHBIM CONPOTHBICHHEM Zy = (5,21 +0,9) MOm/M, momy-
CTHMBI TOK C Y4YE€TOM YETBEPTOH pabodeil >KWIbI W MPH MPOKIAIKE B 3eMIe
Lon=0,92-46=423 A [4];

S=10 Mm*; Zy = (3,12 +j0,073) MOM/M, Lo, = 64,4 A;

S =16 mm*; Zy = (1,95 + j0,0675) MOM/M, [0, = 82,8 A;

S =25mm%; Zy = (1,25 + j0,0662) MOM/M, 1o, = 105,8 A.

PacueTsl peXMMOB OCYIIECTBICHBI METOIOM IIOCIIEAOBATENbHBIX MPUOIH-
JKeHuit [5].

Yuer HeJIUHEITHOCTH OCBETUTEIbHOI HATPY3KHU

IIpu pacuere yuyTeHO BIHUSHHUE YPOBHS HANPSIKECHUS HA BEIUUYMHY HArpy3KU
JIIST KKIOTO CBETHIIbHUKA. CBETHIIBHHK C Ta30pa3psIHOM JIAMITONW BBICOKOTO
nasieHust Tuna J{HaT oOmagaer HeNMHEWHOW BONBT-aMIIEPHON XapaKTepUCTH-
KOU U SIBJISICTCSI HCTOYHUKOM BBICIIUX FapMOHUK. HeaumHeitHOCTh BOIbT-aMIiep-
HOH XapaKTEpHUCTUKU CBETWJIbHUKA MIPUBOJMUT K TOMY, YTO MPU Pa3IMYHBIX 3HA-
YCHUSX HANPSHKEHUS OYAYT pa3HbIC BEIUYHHBI KO3(HIIMEHTa MOIIIHOCTH U CO-
MIPOTUBJICHHUS.

Jns ynpolieHus pacdeToB NPUHUMAEM, YTO AKTHBHAsl MOILIHOCTh C YYETOM
noTepb B OMIIPA u mONHBIN TOK C y4€TOM KOMIICHCAIIMH PEAKTUBHOM MOIIHO-
CTH U3MEHSIIOTCS TIPOMIOPIIMOHATHHO 3aBUCUMOCTSIM, TIPECTABICHHBIM B [6].

Jls ceetmipHUKA ¢ Tamiion Tuma JJHaT smoMuHansHOM MomIHOCTRIO 170 BT
yYKa3aHHbIE 3aBUCHUMOCTH [Ji1 JEHUCTBYIOIIMX 3HAYEHUM HMEIOT BHJ, Kak
Ha puc. 2, 3.
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LA P,Br
L1 300
1,0 250
0,9 200
0,8 150
U, B U, B
0,7 100
190 210 230 250 270 190 210 230 250 270
Puc. 2. 3aBucumoctb nosiHoro toka /(U) Puc. 3. 3aBucumoctb aktuBHOM MoiHocTU P(U)
CBETUJIbHHKA HOMUHATbHON MOIIHOCTBIO 170 BT cBeTHIBHIKA HOMHUHATBHOM MoOIIHOCTBIO 170 BT
€ y4eTOM KoMIeHcauu ¢ jamnoi tuna JIHaT C YYETOM MOTEPD B AJIEKTPOMArHUTHOM
C KOMIICHCHPOBaHHBIM 3JIEKTPOMAarHUTHBIM IYCKOPETyJMPYIOILEM armapaTe ¢ JIaMIoi
MyCKOPETYJIUPYIOLIMM annapaToM tuna JJHaT ¢ xomneHcupoBaHHBIM
OT HaIpSDKEHUS CeTH JIEKTPOMArHUTHBIM IIYCKOPETyIUPYIOLIUM
Fig. 2. Dependence of total current /(U) anfapaToM OT HalpsDKCHI CETH
of a luminaire of the rated power of 170 W Fig. 3. Dependence of active power P(U)
including compensation with a HPS lamp of a luminaire of the rated power of 170 W
with an electromagnetic compensated ballast including losses in electromagnetic ballasts
unit on the mains voltage with a HPS lamp with an electromagnetic

compensated ballast unit on the mains voltage

Pacuer pe:kMMHBIX NapaMeTPOB

Pacuer mapameTpoB pexuma 3aKIHOYacTCs B ONPENEIEHHMH TOKOB, MOIIHO-
CTel, MaJeHus] HaNpsHKEHHUsS Ha BCEX ydacTKaX pacCMaTpHBacMON OCBETHUTENb-
HOU JINHUH, HAMIPSDKEHUH BO BCEX TOUKAX JIMHUM JUTA KaXXIOH (a3l

He yuuteiBas BbIcIINE FapMOHHUKH, I€HCTBYIONIME 3HAUCHUS TOKOB U HaIps-
JKEHUH OTIPENEIITIOTCS TOIBKO 10 OCHOBHOM (TIEPBOi) rapMOHUKE (BapHaHT pac-
4yeTa a).

Omnpenenenne napamMeTpoB OCYMIECTBIISETCS WTEPALMOHHBIM ITyTEM B JIBa
JTana B TaKOH MMOCIe0BaTEIbHOCTH.

[pu nepBoit urepanuu 3HaueHNs: (a3HBIX HAMPSDKEHUH BO BCEX TOYKAX CXe-
MBI (puc. 1) NpUHUMAIOTCS] PABHBIMH HANpPsDKEHUIO B Havaje JMHUM (B IYHKTE
TTATaHHUSA).

Touka 1 Ha pHuc. 1 COOTBETCTByeT MyHKTy NHTaHUsA. 10 ecTh 3Haue-

HUS HaNPsDKCHUH B KaXIOW (ha3e paBHBI: (_]ﬁf,)l = 230¢" B; l_]g} = 230¢”"*" B;
U =230¢/"*" B.

KOMHHCKCHOC 3HAYCHHUC HOJIHOI71 MOIIHOCTHU CBCTHUJIBHHUKA B HepBOM HpI/I-
6HI/I)KCHI/II/I OHpe,Z[eJIHeTC}I KakK
PUD)
uh-rw)

Jj-arcc [
S =UD - 1UP)e : (1)

rae [ (Ui,l,)n ), P(Uﬁ,lj)n) — JelCTBYyIOIIEE 3HAYCHHE IIOJIHOTO TOKAa M BEIMYMHA

noTpedsseMoll aKTUBHON MOLIHOCTH, OTIPEelisieMble B COOTBETCTBHH C 3aBHCHU-
MOCTSIMH Ha puc. 2, 3; unaekc (1) — nepBoe npubimmxenue; 4 — HaUMEHOBaHHUE
(asb1; n — HOMEp y37a.
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[Nokaxkem ompeneneHue MOUTHOCTEH Ha mpuMepe ydacTka (28—29) dassr 4.
KowMmruiekcHoe 3HavueHHWE TOTEph IOJIHOW MOIIMHOCTH Ha ydacTke (28—29)
oTpeAensaeTCs KaKk

2

) | Pa,28-29) .
AEA,(ZX—Z‘)) il T — (RA,(28—29) +jX A,(28—29))’

(2)

R, (28-29)> X, (28-29)
rac > > — AKTUBHOC U PCAKTUBHOC COINPOTUBJICHUSA paCCMaTpuBa-
C€MOT'0 YyYacCTKa (B 3aBUCUMOCTHU OT CCUCHUA XKW HCIOJIB3YyEMOI'o Ka6en;1);

k(1) @)
Saas290 Uizo MOJHAs MO
IHOCTh U (pAa3HOE HANpPSIKEHHE B KOHIIE ydacT-

Ka (28-29).
KommnekcHoe 3HaueHre MOHON MOIIHOCTH B Hauaie ygactka (28—29)
u(1) — ¢ (0Y)
Si(28-29) =S 428 T AS ) (25205 3)
gr) ()
e DA(28-29) T 248

Pacuer mnoTokopacmpeneneHus aHAJIOTWYHO BBIMOJHAETCS IOOYEPETHO
IUTS KaKaoro yuacTtka (mist Tpex ¢a3). Ha sTom nepBeiii sTam aaropurma 3akaH-
YUBAETCS.

Bropoii stam 3akmioyaeTcss B pacueTe YTOUHEHHBIX 3HaueHHH (pa3HBIX
HaNpsDKEHUH [IPU U3BECTHOM HAINPsDKCHUU B Hadajle JMHUM (IIyHKTE NUTAHUA).
Pacuer mokakem Ha mpumepe yuactka (1-2). KomruiekcHoe 3HaueHHe Hampsi-
JKEHUS B TOUKE 2

@ _ M (0]
QA,z— l_]A,l - AQA,N;(l—z)-

“)

[laneuue HanpspkeHus Ha ydactke (1-2) dhas3bl 4 U HyJeBOro paboyero mpo-
BOAHHUKA N

0 _ g )
AQA,N;(I—Z) —1.4,(172) 'ZA,(I—Z) +£N,(1—2) 'ZN,(]—z)’ (5)

Z Z
rae 2A0-27 EN0-2) _

ka (1-2) mis dhasel A 1 HyJIeBOro pabouyero npoBogHUKa N.
KomMruiekcHple 3Ha4eHUs TIOJTHBIX TOKOB Ha y4acTke (1-2)

KOMILICKCHBIC 3HAYCHHUA ITOJIHBIX COHpOTI/IBJ'IeHI/Iﬁ y4acT-

oH(1)
1) _ §A,(172)

=A4,(1-2) — (1)
L_]A,l (6)

KomrutekcHoe 3HaYeHHE TOJHBIX TOKOB B HYJIEBOM pabodeM NpOBOJHHUKE N
Ha yuyacTke (1-2) ompenensiercs Kak

Iy ooy =Ly ooy + g o) + Lo 12y (7
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I[aﬂee IMOCJICAOBATCIIBHO PACCUUTBIBAOTCA HANPSXKCHHA OCTAJIbHBIX Y3JI0B
CXCMBI.

Ha atom nepBoe npubmmkeHue (Mrepaiys) pacdera 3aBepineHo. Jns yTou-
HEHUS 3HAYEHUH HaINpsHXKEHU U MOITHOCTEN MPOM3BOMSITCS MMOBTOPHBIE pacye-
THI C HMCIIOJIb30BaHNEM 0Oo0Jiee TOYHBIX 3HAUCHUH HANPSHKSHHWH, TTOMYyYSHHBIX W3
npenbinymed urepanuu (T. €. JJIs BTOPOH UTEpalui UCTOIB3YHOTCS (ha3HbIC

HarnpspkeHus u3 neppoit U ,El) ).

Pacuer moBTopsieM A0 TeX Mop, MOKa PasHOCTh MEXKIY MOAYJISIMU HampsbhKe-
Huit U, k-ro n (k+ 1)-ro npuGnmkeHuil He OyJaeT NMPEeBHIIIATH JOMYCTUMYIO
MOTPEIIHOCTD €, KOTOPYIO MpuHUMaeM pasHoi 0,001:

8U, =|Uy™ U}

<e. (8)

Oco0eHHOCTH pacyeTa peKuMa ¢ y4eTOM BBICIIMX FAPMOHHUK

@OyHKINH, KOTOPBIE CUMMETPUYHBI OTHOCHUTENBHO OCH aOCUHCC, PacKIIaIbl-
BalOTCS B PsIJi, HE COJACPIKAIIMIA YETHBIX TAPMOHUK M TOCTOSIHHOM COCTaBIISIFO-
meit. Takum 00pa3oM, TOK B OCBETUTEILHOW JIMHUKM OYACT COJCpPKaTh TOJIBKO
HEYETHBIC TAPMOHUKH.

3HaueHUs TOKOB BBICIIMX HEYETHBIX rapMOHHUK (OT 3-i mo 39-it) ans cee-
TUIbHKUKOB ¢ jJamnamu JIHaT npu Haauuuu KOMIEHCAIUK PEaKTUBHOW MOIIIHO-
ctu mpeactaBieHsl B Ta0m. 1 [7]. Ha ocHOBe 3THX HaHHBIX MPOM3BENCH pacyeT
PEKUMOB OCBETUTEIILHOM JIMHUU C YY€TOM BBICIIMX HEYSTHBIX TAPMOHUK.

Tabauya 1
3HayeHUs] TOKOB BHICIIMX FAPMOHHMK UISl CBETHIBHUKOB ¢ Jamnamu JIHaT

NPH HAJTMYMH KOMIIEHCAIUH PeaKTHBHOI MOIIHOCTH
(B MPOLEHTAX OTHOCUTEJILHO TOKA OCHOBHO¥ (1IepBOii) rApMOHUKH)

The magnitudes of the high harmonic currents for luminaires
with high pressure sodium lamps in the presence of reactive power compensation
(in percent relative to the current of fundamental (first) harmonic)

5
2 g
2 =
2 o
2%3579ll1315171921232527293133353739
o 2
: 8
T
%c\°
Eox ptS
A e e e R R E A P B
= 3 < | = LY
GI- 01 e Rl B alxlelalsld sl =4S4
n = t|lo|lolale < | -
s &g
T =
I ]

Ecnu rapMoHuke COOTBETCTBYET IUAala30H BEJIUYMH, B KOTOPOM MOXKET
HaXOJWUThCS BEIUYMHA TOKA, TO JUIS MPOBEJCHHUS pacueTa MPUHUMAIOCHh Hau-
OoJpiee 3Ha4YeHHWe (HampuUMep, MU 7-if TapMOHWKH TOK paBeH 1,4 % ot Toka
MEePBOM TAPMOHUKH).
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TI'apmonuku, kpatasie Tpem (3-, 9-, 15-, 21-, 27-, 33-, 39-1), oOpa3yioT cu-
CTeMY BEKTOPOB HYJIEBOH IOCIIEI0BATEIHLHOCTH, COBIagaomux 1o ¢ase. K nps-
MO¥ TTOCJIeTIOBATENBPHOCTH OTHOCATCS 1-, 7-, 13-, 19-, 25-, 31-, 37-1 rapMOHHKH,
K oOpatHOU — 5-, 11-, 17-, 23-, 29-, 35-1.

Pacuer peXMMHBIX MapaMeTpoB C YYETOM BBICHIMX T'apMOHHK (BapHaHTHI
pacueTa b M ¢) aHAJTOTMUYEH pacyeTy 0e3 yueTa BBICIIMX TapMOHHK (BapHaHT a)
1 OCYLIECTBIISIETCS] UTEPAlIMOHHBIM IIyTeM B /iBa 3Tamna (Kak yKa3aHO BBILIE).

Ha nepBom 3Tane paccuuThIBaIOTCS MOLIHOCTH Ha BCeX ydacTkax. MoOIHO-
CTU U TOKHM CBETWJIbHUKOB OIPEIEISIOTCS Ha OCHOBAHUM JEHCTBYIOLINX 3HAUe-
HU{ HaIpsDKEHUH.

KommekcHoe 3HaueHue MOJIHOro TOKa Ha ydacTke (1-2) L(Il()]_z) HaXOJUTCS

o dopmyie (6). 3Has IEHCTBYIOIEE 3HAUCHUE I;l’)(l_z), Ha ocHOBaHWH Tabm. 1

OMPEACIICHBI BEJIMYUHBI TOKOB OCHOBHOH U BBICIIHX rapMOHUK.
CBs3b HCﬁCTBYIOUleFO 3HAYCHHUS C OCHOBHOM FapMOHI/IKOﬁ AJIg pacCMaTpuBa-
CMBIX CBCTUWIBHHUKOB OIIPCACTIACTCS KaK

190 =10 \/1 +0,19 +0,095° + 0,014 +0,03% +0,11> +0,059° +... =
=I{) 5+ 1,061.

3HavyeHue TOKa OCHOBHOI! (IIEPBOH) rapMOHUKH

()
7O _ ]A,(I—Z)
14,(1-2) —1 061
3HaueHHE TOKA TPEThEH TapMOHUKH
7h
) _ 1402
Bian =g ®1%

TakuM ke 00pa3oM OMMpPEAETSIIOTCS 3HAUYCHHUS TOKOB OCTAIBHBIX TaPMOHHK
Ha BCEX YYacTKax AJsl KaXIoW (as3sl U HyJeBOro pabodero mpoBOJHHKA pac-
CMaTpUBaE€MOM JIMHUU.

KomrutekcHoe 3HaYeHHE TOJIHBIX TOKOB B HYJIEBOM pabodeM HpOBOJHHUKE N
Ha ydacTke (1-2) anst oCHOBHOH (IIepBOif) TapMOHUKH OMPEACISAETCS KaK

Ly ooy =Liag-ay T hipao + e )

AHAJIOTUYHO OTIpeeiieTCs U sl BRICIIUX HEeUETHBIX rapMOoHUK. Hampumep,
IUTSL TPEThel TapMOHUKU

Ly ooy =Lyt Lpaoa) + Lieoa): (10)

JleficTBytOIME 3HAYCHHUS TTOTHBIX TOKOB B HYJIEBOM pabodeM NpoBOAHHUKE N
Ha y4acTke (1—2) ¢ yu4eToM BBICIIUX TAPMOHUK
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2 2 2
Iy = \/IIN,(1—2) + Ly ooy + sy oy +oee (11)

XapakTepHble 0COOCHHOCTH UMEET BTOPOH 3Tarl.

[IpoTekaHne TOKOB BBICIIMX TAPMOHUK BBI3BIBACT MaJICHHE HAMPSHKEHUN Ha
OTJIENTLHBIX yYaCTKAX CETH U HCKAKCHUE CHHYCOUIATbHOCTH HAIIPSHKCHHUSI.

BenuunHa najeHus HampsOKEHUS OT MPOTEKaHUs TOKA M- TAPMOHUKU Ha
yuactke (1-2)

m _ 7 :
A(_](n)A,N;(l—2) = l(n)A,(l—Z) (R(n)A,(l—Z) + JnX(n)A,(l—Z)) + (12)

m ;
+ l(n)N,(l—Z) (R(n)N,(1—2) + ]nX(n)N,(l—Z)):

rzie 7 — HOMep TapMOHUKH.

B memsx ynpomeHusi IpuHUMaeM, 94TO Yrojl MEKAY TOKOM M HalpspKCHHUEM
JUIs1 BBICIIMX TAPMOHHK TaKOMU )K€, KaK U JJISl OCHOBHOM.

Pacuetsl BapuaHTOB b 1 ¢ IPOBEACHBI C ONPEACICHUEM NTOTEPh HAIPSKEHHUS
Ha ydJacTKax JIMHHHM (pacdeT BapHaHTa a 0e3 ydeTa BBICIIMX TapPMOHHK ITPOBO-
JAJICS TI0 TAICHUIO HANIPSDKEHUS HA YYaCTKAX CXEMBI).

JeiicTByroliee 3HaUeHNE MOTEPh HANPSDKEHUS Ha yyacTke (1-2)

2 2 2
AU,y = \/AUIA,N;(I—Z) +AU a2y T AUS nga gy T - (13)

HpOBO,I[H PacucT C YUCTOM BLICHIMX TapMOHHUK, ONPCACIIUM HAIPSIKCHUA B
y3J1aX CXEMBI 110 IMOTEPAM HAIIPSAKCHUA

Uﬁtl,)z = U(I)A,l y AUS,)N;(H)- (14)

Bb100op cedeHus1 NPOBOAHNKA

Pe3ynpTaThl Tpex BapHMaHTOB pacdera MpeACTaBICHBI Ha puc. 4—6 B BUC
pacnpeziesieHus] HanpsDKEHHUL B TOUKaX paccMaTpuBaeMoil cxeMbl (puc. 1) mns
¢asel C, e @ — Touka ceTH; 1 — pacmpesielieHue HAIPsDKCHUS TMPH IUIoMIa-
M CEUeHMS KUJIbI Kadeus S = 6 Mm>; 2 — mpu S =10 Mm% 3 — mpu S =16 MM
4 —nipu S = 25 M.

214
210

1 3 5 7 9 11 13 1517 19 21 23 25 27 29 31

Puc. 4. PactipenesieHns: HalpsDKSHUI B TOYKAX OCBETUTENbHO mnHKuHU u1s assl C, HOCTPOCHHbIS
IIPY Pa3IMIHBIX CEYEHHSIX AIFOMUHUCBBIX XKHJI, O€3 ydeTa BEICIINX FapMOHUK (BapHaHT a)

Fig. 4. The graphs of the voltage levels distribution at the items of lighting line for the phase C
for different sections of aluminum conductor without considering the high harmonics (variant a)
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35 7 9 11 13 1517 19 21 23 25 27 29 31

Puc. 5. Pacnipenenenns HaNpsDKSHUH B TOUKAaX OCBETUTENBHOM muHuE 11 (hassl C,
IIOCTPOCHHBIE IIPU PA3IMYHBIX CEUCHUSIX ATFOMUHHUEBBIX JKUII, C Y4E€TOM BBICIINX TaPMOHUK,
KpaTHBIX TpeM (1o 39-i1) (BapuaHT b);

Fig. 5. The graphs of the voltage levels distribution at the items of lighting line for the phase C
for different sections of aluminum conductor with consideration
the high harmonics multiple of 3 (up to 39" one) (variant b)

U B
230

228 ¢
222¢
218
214
210

206¢

202 ——+ - - ‘
13 5 7 9 11 13 1517 19 21 23 25 27 29 31
Puc. 6. PacnipesiencHust HaNpsHKEHUN B TOYKAX OCBETHTENBHOM TMHUY Ui Bassl C,
MIOCTPOCHHBIE MPH PASTHYHBIX CEUCHUSIX ATFOMUHUEBBIX JKII,
C Y4eTOM BBICIIMX FapMOHUK 110 39-ii (BapHaHT ¢);

Fig. 6. The graphs of the voltage levels distribution at the items of lighting line for the phase C
for different sections of aluminum conductor with consideration
the high harmonics up to the 39™ one (variant c)

VYcinoBussMu BbIOOpa CeUCHHUsI IPOBOJHUKOB OCBETUTEIBHON JIMHUHM HapYXK-
HOI'O OCBEILEHHUS OIPENEJIEHO PACUETHOE OTKJIOHEHHE HAINPSKEHUS B TOUKax
cXeMbl He Oojee 5 % OT HOMHHAJIBHOrO HampsbkeHus cetH [1] (B paccMatpu-
BaeMoM mpumMepe — He MeHee 230 - 0,95 = 218,5 B Ha Haubonee ynaieHHOM
CBETHJIbHHKE). B COOTBETCTBUU ¢ MPOU3BEACHHBIMU pacyeTaM U UX Pe3yibTa-
tamu (puc. 4-6, tabn. 2) Omwkaiiiee ceyeHUe ATIOMUHUEBOH >KWIIBI Kales,
YIOBJIETBOPSIIOIIEE JAHHOMY YCJIOBHIO, 3aBUCUT OT BapuaHTa pacyeTra v paBHO:

16 MM® — Ipy BapuaHTax pacuera a u b;

25 MM’ — IIpH BapHaHTeE C;

10 MM — rpu pacdeTe ¢ yaeToM yrporenuii (1-3).

Taxum oOpa3oM, IpU NPOBEAECHUM YIPOLIEHHOIO pacyeTa peanbHasi BEJIN4u-
Ha HalpspKeHHsl Ha HauOoliee yJaJleHHOM CBETUIIbHUKE OYyZET HUXKE JOITyCTH-
Moro ypoBHA (Tabn. 2). ITo pesynbraram pacuera 0e3 yNpoIIEHHH U C yYETOM
HEYETHBIX TApMOHUK 110 39-i1 BKIIOUMTENHHO (BapuaHT ¢) IJisl oOecreyeHus He-
00X0AMMOr0 YpOBHS HampsKeHHs Ha HauboJiee YAaJeHHOM CBETWJIBHUKE Clie-
JIyeT HCIIONb30BATh CEUCHHE ATIOMUHHEBOM KUITbI Kabess, paBHOe 25 MM’
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Tabauya 2
PacueTHoe 3HaueHHe HANIPSIKEHUS] HA MOCJeHEeM CBeTHIbHUKe A1 ¢pa3bl C
(HauOoJiee yI1aJIeHHOM OT NYHKTA NUTAHUS)
B 32aBUCHMOCTH OT CeYeHMsI KU KadeJisl 0CBeTUTeIbHON JTHUHUM

The estimated value of the voltage in the last luminaire for the phase C
(the most distant from the power point)
depending on the cable cross section of the lighting line

PacueTHOE 3HaUCHHUE HANPSHKCHUS HA MOCIEAHEM CBETHIbHUKE JUis (asbl C
[Tnomans B 3aBHCHMOCTH OT BapHaHTa pacuera, B

CCUCHUS C y4eToM rapMOHUK, .
KHITB, MM be3 yuera KDATHEX TpCM C yyetom 3 YnpouieHHbIi

BBICIIUX TAPMOHUK (10 39-i) rapMOHHK 110 39-i pacuer

10 218,0 2127 2123 219,2

16 222,2 218,7 2183 223,2

25 2248 2222 221,9 225,6

Kpome Toro, Heo6xoaumMo, 4TOOB! BeJTMYMHA TOTEPH HANPSHKCHUS HA y4acT-
K€ OT IMyHKTa MUTaHWs 0 OMMKalIIero CBeTHIIbHUKA He mpeBbimana 2,5 % [1].
B paccmarpuBaemoM mnpumepe HamnpspKeHHE Ha HauMeHee yNalleHHOM CBETHIIb-
HMKE IOJDKHO ObITh He MeHee 230 - 0,975 = 224,2 B.

Brvoxaiimmii kK mepBoMy IMyHKTY MATaHHUS CBETHIHHHUK TOAKITIOUEH K (asze A4,
HanpsDKeHUS] HA HEM TIpH Pa3jInUHBIX BapHaHTaX pacueTa peuMa MpeacTaBiie-
HBI B Ta01. 3. Takum 00pa3oM, JaHHOE YCIIOBHE BBITIOIHICTCS BO BCEX CITydasiX.

Tabauya 3
PacyeTHoe 3HaueHHe HANPSI’KEHHUs1 HA TIEPBOM CBeTHJIbHUKe IS (a3nl A
(0/zkaiileM K MYHKTY HHTAHUSA)
B 3aBHCHMOCTH OT CeYeHHs KHJI KadelIsi OCBeTHTeIbHONH THHUT

The estimated value of the voltage in the first luminaire for the phase A
(nearest to power point) depending on the cable cross section of the lighting line

I PacueTHoe 3HaueHNE HANIPSHKEHNS HA NIEPBOM CBETHIbHUKE UTs (a3bl 4
jowans B 3aBUCHMOCTH OT BapHaHTa pacueTa, B
CCUCHUS
SKHJIEL MM Be3 yuera BrIcmmx C y4eTom rapMoHUK, C yuerom
’ TapMOHHK KpaTHBIX TpeM (1o 39-if) rapMOHHK 110 39-i
16 228,7 228,1 228,0
25 229,1 228,7 228,6

OmnpeneneHsl Takxke JEUCTBYIOIINE 3HAYCHHUSI TOKOB B Ha4aje paccMaTpuBa-
eMOH JTMHUU. 3HAYEHHsI TOKOB Ha y4acTKe OT MYHKTa MUTAHUS JI0 MePBOTrO CBe-
TUJIHHHUKA B 3aBHCHMOCTH OT CEUCHUS KW KaOels I KaXIIOr0 BapuaHTa pac-
YyeTa MPUBEICHEI B Ta0II. 4.

[Ipu ynporieHHOM pacueTe TOK B (pa3HOM ITPOBOJIHUKE PaBeH 8,6 A.

[IpoBepuM ceuenne kabensi O HarpeBy. PacueTHbIe 3HAYECHUS TIOJHBIX TO-
KOB B ITyHKT€ ITHTaHHS, HE3aBUCHMO OT pacyeTa, MEHBIIE JIOMyCTUMBIX TOKOB
xabeseil ¢ aTFOMUHUEBBIMH JKIIAMH ceUeHneM 16 MM> (Lion = 82,8 A) u ceue-
HueM 25 MM” (Ior = 105,8 A).

Ha ocHOBaHMM MOSTyYEHHBIX PE3yJIHTATOB PACUCTOB ONMPEACIISAIONICE BIUSHIEC
Ha BEIUYMHY TOKOB B HYJICBOM pabodeM MPOBOJHHKE OKa3bIBAIOT TapPMOHUKH,
KpaTHBIE TpeM. JTO HEOOXOJMMO YUIHUTHIBATH IIPH BHIOOpE CEUCHHS HYJICBBIX
pabounx npoBoaHKUKOB. [Tpu HecCUMMeTpUYHOM (HEpPAaBHOMEPHOM) pacmpeelie-
HUM HArpy3KH 10 (azaM BO3MOXKHBI U OOJIBIIHNE TOKU B HYJICBOM ITPOBOJTHUKE.



B. b. Kosnosckas, B. H. Kareuuy
556 Yder BIUSHUS BRICIINX TAPMOHUK IPH BEIOOPE CEUCHUI MPOBOTHUKOB JIMHUH. . .

Tabnuya 4
JeiicTByIo11e 3HAYEeHHs TOKOB HAa YYacTKe OT IMYHKTA MUTAHUSI
110 MIepBOro CBeTHJILHUKA /ISl TPEX BADHAHTOB pacyeTa
B 3aBHCHMOCTH OT CeYeHHsI KNI KadeJisi OCBEeTUTEeJILHOW JTMHUT

The effective magnitudes of the currents in the section from the power point
to the first luminaire for the three calculation variants
depending on the cable cross section of the lighting line

Bapuant pacuera
. ILnomans
JeticTByromee ceyenus C y4eToM BBICHIUX C ygeroMm Bcex
A bes yuera BricImx
3HA4YCHUEC TOKa, 2 TapMOHMK, KPAaTHBIX | BBICIIIMX TAPMOHHK
JKUJIBI, MM FapMOHHK . .
TpeM (o 39-i) (mo 39-i1)

I 16 9,22 9,12 9,11
4.0-2) 25 9,28 9,21 9,20

7 16 9,19 9,09 9,08
B,(-2) 25 9,26 9,19 9,18

I} 16 9,17 9,07 9,06
€.a-2) 25 9,25 9,17 9,16

I 16 0,09 5,84 5,84
N.(-2) 25 0,06 5,90 5,90

Takum 00pa3oM, U3 MPEICTaBICHHBIX PACYETOB BUIHO, YTO HEYYET BBICIIMX
TapMOHHUK IPH BEIOOpE CEYEHUH MPOBOIHMKOB OCBETUTEIBHOMN JIMHUH ITPUBOHUT
K 3aHIKCHHIO TpeOyeMbIX ceueHu >xui. CiieyeT UMeTh B BUIy TaKkKe Jpyrue
0COOEHHOCTH BIMSIHHUS HECHHYCOMAAJIbHOCTU HA SKCIUTyaTallMOHHBIC IapaMerT-
pel maMHA. Hampumep, TIPA razopaspsaHbIx jJamI coaepKaT KOHIACHCATOPBI,
MO3TOMY MOKET BO3HUKHYTh PE30HAHC, PUBOASIIUI K CHIDKEHUIO CPOKA CITYyXK-
ObI TaMnbL U KoHAeHcaTopa. K ToMy ke padota [TPA npu HECHHYCOMTAILHOCTH
TOKA Y HANpPsLKEHUS NMPUBOJUT K MOBBIIIEHHOMY IIYMY C IIHPOKHM CIHEKTPOM
50-8000 I'm [8], uTo sBNsIETCA 3HAUYMMBIM JUJIsl BHYTPEHHETO OCBEIIECHHA, B TO
BpeMsI KaK JJisl Hapy>KHOTO YPOBEHb LITyMa He perjlaMeHTHPYETCH.

BaxHast 0cOOEHHOCTb TaKXKe — YBEJIWYCHUE IOTPELIHOCTH MPUOOPOB ydera
JNEKTPOIHEPTUH, YCTAHOBICHHBIX B MYHKTAaX IMHUTAHUS, IMOCKOJBKY MPUOOPEI
yueTa KaJuOpyIOTCsl MPH YUCTO CHHYCOMJAJIBHOM TOKE W HampsbkeHuH [9].
BenuunHa morpemHocTy 3aBUCUT OT U3MEPUTENIBHON CHCTEMBI CUETUMKA U Ya-
CTOTHOM XapakTepucTHKH. OT yKa3aHHBIX HEJOCTaTKOB CBOOOJHBI MHUKPO-
MIPOLIECCOPHBIE CUCTEMBI yUeTa, MO3BOJISIONINE Pa3febHO YUYNUTHIBATE SHEPTHIO
Ha pa3HbIX gactorax [10].

BbIBO/JbIL

1. [IpoTekaHre TOKOB BBICIIMX HEUCTHBIX TapMOHHK MPUBOJUT K HCKaXkKe-
HUIO CHHYCOHMJIAJIEHOCTH HAIPSDKEHHS, 4 TAK)KE K MOBBIIICHUIO TIOTEPh HATpsi-
skeHus. [loaromy mist obecnieduenns OecriepeOoifHON pabOTH HCTOYHHKOB CBETA
ClIelyeT Y4YUTHIBATh TAPMOHHUKHU TPU BBHIOOpPE CEUYCHUM KU Kabeseill B ceTH
HapY>KHOTO OCBEMICHHS (T. €. MPUMEHSTH KaOenn ¢ OONBIIMMA CEYSHUSIMH JKIN).
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2. Onpenenstoniee BIMSHUEC HA BEJIMYWHY TOKOB B HYJIEBOM pabodeM TIpo-

BOJHUKEC OKAa3bIBAOT T'APMOHUKH, KPATHBIC TPEM.

3. Ilpu y4ere BhICIINX TApMOHHK TOK B HYJIEBOM pabodyeM IPOBOJHHKE CO-

IIOCTaBUM C TOKOM B (baSHI:IX IMPpOBOJAHHKAX.
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