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Pedepar. VccienoBaHsl mokasaTenu 3I€KTPONOTPEOICHNST CBETOBBIX NPHOOPOB HAa OCHOBE CBE-
TOJHOJOB B 3aBHCHMOCTH OT IIO/IBEIICHHOTO HANpsDKeHUs. JIs CBETHIBHHKA U IIPOXKEKTOpa
CO CBETOJHMOJAMH JKCIEPHMEHTAIBHO ONPENEIUINCh aKTHBHAs M PEaKTHBHAS MOIIHOCTH, TOK
1 K03 UIMEHT MOIHOCTH B (DYHKIMH HANPSDKCHMS, BEJIMYMHA KOTOPOrO M3MEHSIACh B JUara-
30He 200-245 B. AHanu3 3KCHEpUMEHTAIBbHBIX NAHHBIX IOKa3al, YTo Omaromapsi IpHUMeEHse-
MBIM JIpaiiBepaM B YKa3aHHOM [Halla30HE HANPSDKEHUs MOTpebisieMasl CBETOBBIMHU MPHOOpaMHU
aKTHBHAsl MOIIHOCTb OCTaeTCs MPAaKTUIECKH HEM3MEHHOH. PeakTHBHAs MOIIHOCTH CBETOMOJHBIX
mpuOOPOB 3aBHCUT OT MOABEACHHOTO HANpPSHKEHHUS M HOCUT €MKOCTHBIN XapakTtep. B oTnmume ot
ra3opaspsAHBIX HCTOYHHKOB CBETAa HCCIEIOBaHHBIE CBETOAMOIHBIC MPUOOPHI HE MOTPEOJISIOT,
a TeHEepUPYIOT PEaKTUBHYIO MOIIHOCTh. C U3MeHeHHeM HoABeIeHHoro HanpsbkeHus ot 200 no 245 B
reHepupyeMasl peakTHBHasi MOIHOCTE yBenmauBaercst Ha 60 % y npoxekropa u Ha 50 % — y cBe-
THIIBHUKA. [IpH 5TOM CBETOAMOAHBIH MPOKEKTOP MMeeT HU3KUe 3HaYeHHs Kod()(UINEHTa aKTHB-
Hoit MomHOCTH. TOK, MOTpeOsieMblii MPOXKEKTOPOM, Bo3pacTaeT Ha 22 %, a cBeTHIbHMKA — Ha 13 %.
IMomy4ens! GopMysbl JUIs ONpeeneHus NPEASTbHOrO 3HAUCHUs JUTMHBI PACYETHOTO Y4acTKa OJIHO-
(ha3HO TPyNIOBOH JMHUM C yIETOM KOHKPETHBIX MCXOIHBIX NaHHBIX. CBETOAMOIHBIE UCTOYHUKU
CBETa, KaK MPaBUJIO, MUTAOTCS IO OAHO(A3HBIM IPYIIOBBIM JIMHISIM. KonndaecTBo namm, moaximoda-
eMBIX K OZHO(A3HBIM JIMHUSIM, PErTaMeHTUPYETCs HOPMAaTHBHEIMH JOoKyMeHTaMH. C ydeToM 3TOro
1 HeOOJIBIION MOIITHOCTH CBETOAMO/IHBIX HCTOYHHKOB CBETA OJHO(A3HbIE IPYIIIOBbIC JIMHUH OOBIYHO
BBITIOJIHSIOTCS IPOBOTHAKAMHE, HMEIOIIIMMI MUHAMAIIBHO BO3MOXKHOE cedeHune. [IJ1st HuX onpe/ierneHsl
TpeieNbHbIe 3HAYEHUS JUIMHBI PACYeTHOTO yJacTKa, COOTBETCTBYIOIIME 33/laHHON MOTepe HampsiKe-
HUS B JIMHUM IpH TeMIepaType okpyxatomeil cpenst oT 15 no 60 °C. Pacuers! noxasaiu, 4To Ui
TPYNIOBBIX JINHHUHN, TUTAIOMINX CBETOIHO/JHBIE CBETOBBIE TPUOOPHI, BEIOOP CEUSHHI MPOBOAHUKOB IO
JIOITyCTUMO¥H IIOTEPE HANMPsDKEHHS HE MMEET ONPEAEIIONero 3HadeHust. OnpeensiomM Ipy BbI00-
pe cedeHnil KT IPOBOAHUKOB TPYTIOBBIX NEKTPHIECKUX CETeH SBISETCS PacdeT Mo AOMyCTHMOMY
HarpeBy ¢ y4eTOM TeMIIEPaTyphl OKPYKAIOIIEH CPeIbL.
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Specific Features of Power Consumption of LED Devices
and Accounting them in Calculation of Electrical Networks

V. N. Radkevich?, Ya. V. Michailova®
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The indicators of power consumption of lighting devices based on LEDs are studied
depending on the supplied voltage. For the lamp and floodlight with LEDs active and reac-
tive power, current and power factor as a function of voltage (which value changed in the ran-
ge 200-245 V) were experimentally determined. The analysis of experimental data demonstrated
that due to the drivers in the specified voltage range the active power consumed- by light devices
remains practically unchanged. The reactive power of LED devices depends on the supplied vol-
tage and is capacitive in its nature. In contrast with gas-discharge light sources the LED devices
under study do not consume reactive power, but generate it. With the change of the supplied vol-
tage from 200 to 245 V the value of the generated reactive power increases to 60 % for the flood-
light and 50 % for the lamp. The LED floodlight has a low coefficient of active power. The current
consumed by the floodlight has increased by 22 %, and by the lamp — by 13 %. The formulas for
determining the maximum value of the length of the calculated section of single-phase group lines
were developed, taking into account specific source data. LED light sources tend to feed by elec-
tric power by single-phase group lines. The number of lamps connected to single-phase lines
is regulated by normative documents. Bearing this in mind as well as the small power of LED
sources single-phase group lines are usually performed with conductors of the smallest possible
cross section. The limit values of the length of the calculated section that correspond to a prede-
termined loss of voltage in line with ambient temperature from 15 to 60 °C were determined for
them. The calculations demonstrated that for group lines that feed the LEDs, the choice of conduc-
tor cross-sections in accordance with permissible voltage loss is not critical. The determinant fac-
tor for the choice of the cross-section of the conductors of group electrical networks is the calcula-
tion of acceptable heat with respect to temperature of the environment.

Keywords: LEDs, lighting fixtures, power consumption, reactive power, voltage, section of the
conductor

For citation: Radkevich V. N., Michailova Ya. V. (2016) Specific Features of Power Consump-
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BBeaenue

B Pecmybanke benapych B OCBETHUTENBHBIX YCTaHOBKaX MPOMBILIUICHHBIX
NPEANpUITUH U KOMMYHAJIbHO-OBITOBBIX OOBEKTOB MPUMEHSIOTCS CBETOAUO-
HbI€ HCTOYHHUKH CBETA, XapaKTEPU3YIOINECS BBICOKOW CBETOOTIAYEN U CPOKOM
CITy’KOBI, 3HAYUTEIBHO MPEBBINIAIONINM BpPEeMsl TOPEHHUST Ta30pa3psIHBIX JIaMII.
[Ipu ncronb30BaHNU CBETOAMOIHOTO OCBEIICHHS CHIDKAIOTCS PAacXo] dJEKTPO-
SHEpPTruH, MOTepU B DIEKTPUUECKUX CETAX, a TaKKe 3aTpaThl Ha COOPYKEHHE
JNEKTPUIECKUX OCBETHTENBHBIX YCTAaHOBOK (MEHBIIHE 3aTpaTbl Ha MPOBO/IA,
Ka0enu, AIMeKTPUIECKHe anmaparsl u T. 1.) [1, 2]. BHenpeHre nCTOYHUKOB CBETA
JIOJIKHO COIIPOBOXKJIATHCSI CBETOTEXHUUECKUMU M 3JIEKTPUYECKUMHU pacdyeTaMu
Ha OCHOBE JICHCTBYIOIINX HOPMAaTHUBHO-TEXHUYECKHUX JOKYMEHTOB U PYyKOBOJS-
IIMX TEXHUYECKUX MarepuanoB [3-5]. OgHako B HUX BOIIpOCaM MPOEKTUPOBA-
HUS U MCTIONIb30BAaHUS CBETOIMOIHOTO OCBEIIEHUS yJIEIeHO HETOCTATOYHO BHU-
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MaHus. B TexHudeckoil muTepaType OTCYTCTBYIOT PEKOMEHIAINH U CIIPABOYHBIE
JTaHHBIE, HEOOXOIUMBIC JUIS BBITIONHEHHSI CBETOTEXHUYCCKHUX U AIIEKTPHUSCKUX
pPac4eToOB OCBETHTEIHHBIX YCTAHOBOK, B KOTOPBIX MPHUMEHSIOTCS CBETOIMOIHBIC
cBeToBbIe TIpUOOpPHI. [103TOMY yKa3aHHBIC PACUETHI BBIMTOJHSIIOTCS METOJAMH,
pa3pabOTaHHBIMHE JUII YCTAHOBOK C Ta30pa3psaHBIMU JIaMIamu. B To ke Bpems
CBETOJIMOJTHBIC CBETOBBIC TIPUOOPHI HMEIOT CBOM OCOOCHHOCTH, HEYUET KOTOPBIX
MOJKET TOBIUATH Ha PE3yIbTAaThl pacdeTa.

CBeTonnoIHbIE CBETOBBIE TPUOOPHI B CBOEM COCTaBE, IOMUMO CBETOIHNO/IOB,
UMEIOT ApaiBepsl (Mpeo0pa3oBaTeNid, UCTOYHUKY IMUTAHUS), MPEIHA3HAYCHHBIC
JUTSE TUTaHUS M yIpaBiIeHUA paboTOil KaK OTAEIBHBIX CBETOJUOJOB, TaK M HX
rpynr. J{jisi BBITOJIHEHUS SIIEKTPUYECKOTO PacyeTa OCBETUTEIHLHOU CETH HEOoO-
XOJMMO 3HATh MOTPEOIIIEMYIO0 MOIITHOCTh CBETOBOTO Mprbopa # ero Koadduiu-
€HT MOIIHOCTH COS( B 3aBHCHMOCTH OT TOABEAECHHOTO K €Tr0 3a)KUMaM Haripsi-
xeHus. [IpousBoanuTeNM CBETOTUOTHBIX CBETOBBIX NMPHOOPOB B TEXHUYECKOU
JIOKYMEHTAIIMH Jal0T MUHUMAJLHYI0 WHGOPMAIUIO O IMOKA3aTeIsIX UX 3JIEKTPO-
notpebnenus. Kak mpasmiio, OTCYTCTBYIOT JaHHBIe TI0 ApaiiBepaM. B macmoprax
Y Ha YIaKOBKaxX CBETOBBIX NMPUOOPOB M JIAMIT OOBIYHO yKA3bIBAOTCS JIMIIEL UX
OCHOBHBIC TEXHHUECKHE XaPaKTEPUCTUKU M CPOK CIY»kKObI. B cBsizu ¢ 3THM HC-
CJICIOBaHME TIOKA3aTeNICH AIIEKTPOIIOTPEOICHUS CBETOBBIX MPHUOOPOB HA OCHOBE
CBETOIMO/IOB MPEICTABIISIET ONPeICTICHHbII HHTEPEC.

OcHoBHasl YacTh

B snexTpuueckux ceTsx MepeMEHHOro TOKa CBETOBbIE MPUOOPHI C Ta3opas-
PAAHBIMU JIAMIIAMU TIOTPEOJISIFOT aKTHBHYIO U PEAKTHBHYIO MOIHOCTh. AKTUB-
Has MOUTHOCTh HEOOXOoAnWMa ISl CO3JaHMsI JYyTOBOTO paspsiaa, TpeOyeMoro s
CBETOBOTO W3Iy4YcHHs. PeakTWBHas MOIIHOCTh HMMEET MECTO NpPH HAIWYUH
B MPHOOpPax 3JIEMEHTOB, 00NaJIAI0NINX HHIAYKTUBHOCTBIO M DJIEKTPUYIECKOHN eM-
KOCTBIO. JTa MOIIHOCTh OKAa3bIBACT CYIIECTBCHHOE BIIMSHUC HAa PEXKUM Harpsi-
JKEHHSI B OCBETUTEIBHBIX ceTsX. B 001iem cirydae peakTHBHAS MOITHOCTh MOXKET
OBITh TIpE/ICTAaBICHA KaK

Q:QL_QC’ (1)

rae Q. — MoImHOCTh, mMOTpebisieMas dIEMEHTAaMH C HWHAYKTHBHOCTBIO, Bap;
Qc — To ke, reHepupyeMasi dIeMeHTaMu, 00JIaJaf0IUMH €MKOCTBIO, Bap.

B razopa3psmHbeIX cBETOBBIX MpHOOpax OOBIYHO MpeoOIagacT WHIYKTUBHAS
cocraBnstomnas Q, BCISICTBUE YETO OHU TOTPEOIISIFOT PEaKTHBHYIO MOIIHOCTb.
JJis BHITIONTHEHUS. PAcYETOB JCKTPUUECKUX OCBETHUTENBHBIX CETECH CO CBETOJH-
OJTHBIMH CBETOBBIMHU MTPUOOpPaAMHU HEOOXOJAUMO 3HATh MX MOKA3aTeNN AIICKTPOIIO-
TpeOnenust. [Ipu 3TOM TpeacTaBiIIeT MHTEPEC PEaKTHUBHAS MOIIHOCTH, BO3HU-
Karolias u3-3a HAIWYHS B HUX PaiBEPOB.

[Nokazarenu >MeKTPONOTPEOIICHHSI CBETOBBIX MPUOOPOB 3aBUCST OT TIOJIBE-
JICHHOTO HAIPSHKCHUS, BEJIMYMHA KOTOPOTO B TOYKAX IMOJKIIOYCHHS CBETOBBIX
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MpUOOPOB K IEKTPHUUECKONH CETH MOKET OTIHYAThCS OT HOMHHAIBHOTO 3Hade-
Hus. B TexHMueckol JmTeparype HeT HHQOPMAIMK O CTATHYECKUX XapaKTepu-
CTHKaxX aKTUBHOU W PEaKTUBHOW MOIMHOCTH MO HAMPSHKCHUIO JUISI CBETOIUO/-
HBIX CBETOBBIX MPHUOOPOB. B CBSI3M C 3TUM BBITIONHEHBI JKCIIEPUMEHTAIIHHBIC
WCCIICIOBAHUS 3aBUCUMOCTH OT HampspkeHust U clemyrommx moka3aTenei diek-
TPOIIOTPEOJICHUSI HEKOTOPBIX CBETOBBIX MPUOOPOB CO CBETOJHMOJHBIMH HCTOY-
HUKaMU CBETa:

e IOTPEOIISIEMOTO TOKA ;

e AKTUBHOHU MTOTPEOIISIEMON MOIITHOCTH P

e peaKTHBHOM MoIHOCTH Q;

¢ K03 (HUIMEHTa MOIITHOCTH COS(.

HccrnenoBanusi MPOBOAMIM JJIsl CBETOMUOAHOTO Tpokekropa Tuma Kanlux
PACO LED45-W wu cBetmnsauka tuma L-school 16/1500/]1, ocHOBHBIC TeXHH-
YECKHUE JJAHHBIC KOTOPHIX MPUBEICHBI B Ta0M. 1.

Tabruya 1
IacnopTHBIE JaHHBIE CBETOANOTHBIX CBETOBBIX TPUGOPOB
Certificate data of LED lighting devices
OCHOBHAS Tumn cBeroBoro npudopa
TeXHIHCCKAA XapaKTCPUCTHKA L-school 16/1500/]1 | Kanlux PACO LED45-W

Hanpsxenue nuranus, B 140-265 220-240
Yacrora, 'l 50; 60 50; 60

Pabounii TOK CBETOIUOI0B, MA 150 -
KoadduipeHt MouHoCTH COSQ >0,95 -
[Torpebnsemas MomHOCTH, BT <16 4

Wzmepenust mokazaTeseil 3JIeKTponoTpedaeHrs TPOBOAWIN Ha JiabopaTop-
HOW yCTaHOBKE, ‘B~ KOTOPOW OCHOBHBIM H3MEPUTENLHBIM NPUOOPOM  SIBIISUI-
csl Tpex(as3Hblii MHOTO(YHKIIMOHATIBHBIH 3JeKTPOHHBIN cueTunk Tuna CC-301
(I'pan-Dnextpo). Knacc Tounoctu cuetunka no aktuBHo# sHeprun — 1 (mo CTh
T'OCT P52322-2007), o peaktuBnoit sueprun — 1 (CTB TOCT P 52425-2007).
Cuetunk CC-301, kpome ydera aKTHBHON M PEAKTHBHOW HEPTUH, U3MEPSET
MOJBEICHHOE HAIPSUKCHUE, aKTUBHYIO M PEAKTUBHYIO MOIIHOCTH, TOK U KO3(-
(bUIMEeHT aKTHBHOW MOIITHOCTH COS(p. B mporiecce m3MepeHuit (hUKCHUpOBATH
TEXHUYECKUE XapaKTEPUCTHKH BCETO KOMIUIEKTa «ApaiBep — CBETOAHOAB.
PesynpTaThl n3MepeHuii npuBeAEHBI B Ta0M. 2, 3.

[lony4yeHHbIE SKCTIEPUMEHTANbHBIE JaHHBIE MMEIOT HEBBICOKYIO TOYHOCTH
TJIaBHBIM 00pa30M H3-3a CIOKHOCTU OTCYETa HEOONBUIMX BEIMYMH C OMOIIBIO
3NeKTpu4ecKoro cyerynka. OHAKO y HUX €CThb MpHeMJieMasl COrJIACOBAHHOCTh
WM3MEPEHHBIX TOKa3aTenel, MO3BOJISIONIas MPOU3BECTH KAa4eCTBEHHYIO OIECHKY
XapaKTePUCTUK HIIEKTPONIOTPEOIICHUS CBETOAMOIHBIX MTPUOOPOB.
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Tabauya 2
XapaKTepUCTHKH 3/1eKTPONOTPedICHHs CBETOAHOIHOI0 IIPOKEKTOPA
tuna Kanlux PACO LED45-W
Specific features of power consumption of the LED floodlight
of the Kanlux PACO LED45-W type
INoxsenennoe Tox. A AKTuBHas PeaxruBnas Koappumuent
HanpsbkeHue, B ’ MOILHOCTb, BT MOILHOCTb, Bap MOILHOCTHU COS(®
200,0 0,09 5,00 -15,00 0,29
205,0 0,09 5,00 -16,00 0,27
2110 0,09 5,00 -17,00 0,26
2159 0,10 5,00 -18,00 0,25
220,0 0,10 5,00 -19,00 0,25
225,0 0,10 5,00 -20,00 0,24
230,0 0,11 5,00 -23,00 0,22
235,7 0,11 5,00 —-23,00 0,22
240,0 0,11 5,00 —-23,00 0,22
2450 0,11 5,00 —24,00 0,22
Tabruya 3
XapaKTepHCTHKH 3J1eKTPONOTPe0/IeH s CBeTOAHOHOI0 CBeTHILHUKA
tuna L-school 16/1500/]
Specific features of power consumption of the LED lamp
of the L 16/1500 school/D type
Ilonsenennoe Tox. A AKTUBHAs PeaxruBnas Koappumuent
HanpspkeHue, B ’ MOIITHOCTh, BT MOIIHOCTb, Bap MOIIHOCTH COS®
200,0 0,085 15,5 -5,00 0,95
210,0 0,082 15,5 -5,50 0,95
220,0 0,080 15,5 -5,50 0,95
225,0 0,079 16,0 —6,00 0,95
230,0 0,078 16,0 —6,50 0,95
235,0 0,078 16,0 —6,50 0,95
240,0 0,075 16,0 -7,50 0,95
2450 0,075 16,0 —-7,50 0,95

W3mepenust mokasanu, 4ro y IPOXKEKTOpa (hakTudeckoe MnoTpedsieHHe ax-
TuBHON MouHocTH (5 BT) 6onbie nacioptHoro (4 Br) Ha 25 %. AHanu3 noiy-
YEHHBIX PE3YJIbTAaTOB JEMOHCTPHPYET, YTO Oyarojaps NpUMEHSEMBbIM JpaiiBe-
paM W3MEHEHHUE MOABEACHHOTO (hazHOTro HampsbkeHws B quamnaszoHe 200-245 B
NPaKTUYeCKH HE BIMSET Ha MOTpeOJeHHWEe aKTHBHOW MOIIHOCTH CBETOBBIMH
npubopamu. COBEpLICHHO WHOW PEXUM PEaKTUBHOW MOLIHOCTU — HCCIIEAyeMbIe
MpuOOPHI OCBEIICHHS €€ He MOTPeOsn, a reHepupoBad. OQHAKO 3TO HE OBLIO
yKa3aHo B MaclopTe CBETOBBIX NMpUOOpPOB. [Ipu 5TOM ¢ M3MEHEHHEeM Hampsike-
Hus oT 200 1o 245 B renepupyemas peakTHBHas MOUIHOCTh YBEIMYMBAIACh Ha
60 % y mpoxxekropa u Ha 50 % — y cBeTwibHUKA. OTMETHM, YTO CBETOIUOIHbIC
CBETOBBIC MPHOOPBI COXPAHSTH PabOTOCIIOCOOHOCTh U TP OOJBIIUX OTKIIOHE-
HUSIX HAIIPSDKEHUS Ha UX 3a)KHMax.
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Koapument MorrHocTr COSQ cBetmibHuKa Thna L-school 16/1500//1 npax-
TUYECKU HE M3MEHSIICS M COOTBETCTBOBAJ YUCICHHOMY 3HAYEHHMIO, 3asIBICHHO-
My B Macrnoprte mpuoopa, HO MPU TOKE, ONEPEKAoOUIeM HAMPSXKEHUE HA YTOI .
BrisiBiIeHHOE 0OCTOATENHCTBO HEOOXOAMMO YYUTHIBATH HMPH PAcCUeTe PEKHUMOB
HAIPSHKCHUS B DJICKTPUIECKUX CETSIX OCBETHTEIIHHBIX YCTAHOBOK.

[Ipoxexkrop tnma Kanlux PACO LEDA45-W umeer Huzkuii ko3 duiuent
MOIITHOCTH COS(®, KOTOPBII MPH POCTE HANPSKEHUs CHHKAETCS, a 3HAYHT, YBE-
nuuBaeTcs Kod(pQUUMEHT peakTUBHOW MOIIHOCTH tgp. Tak Kak peakTHBHAs
MOIIIHOCTb

Q=P-tgo, (2)

TO yBEIMYCHHUE tg( BIEYET 32 COO00H pocT BenmuuHbl Q, TCHEPUPYEMOU Apaii-
BEPOM.

HanexHocTh U 3QPEeKTUBHOCTL paOOTHI NMEKTPUUECKUX CETEH OCBETHUTENb-
HBIX YCTAaHOBOK B 3HAYHTEIHHON CTEIIEHU 3aBUCIT OT TOKA HATPY3KH, BO3HHUKA-
IOIIETO B DJIEMEHTAX CETH NPY BKIIOYEHUHU MIPHOOPOB UCKYCCTBEHHOTO OCBEIIE-
Husl. [IpeBbIlIcHHE BETUYUHBI TOMYCTUMOTO TOKA BBHI3BIBACT YCKOPEHHBINA TEIl-
JIOBOW U3HOC WU30JIAIIMU TIPOBOTHUKOB M OTKA3bl B PA00TE DIIEKTPUICCKUX CETEH.

Kak BuaHO u3 Tabn. 2 u 3, npu M3MEHEHUH MOABEACHHOTO HAIPSHKCHHUS B
muarazone 200-245 B ok, moTpebiasieMblii IpOXKEKTOpoM, Bo3pacTtaeT Ha 22 %,
a CBETWJIbHHKA — CHIKaeTcs Ha 13 %. YBenndeHne ToKa MpoxXeKTopa 00ycIoB-
JICHO CYIIECTBCHHBIM BO3PACTaHHEM BEIMYHMHBI TCHEPHUPYEMOH pPEaKTHBHOMN
MOIIHOCTH TPH MOBBIIICHUN HAINPSDKCHUS. Y CBETWJIBHUKA KOPPEKIUs KO3 hu-
LIMEHTa MOIIHOCTH JapaiiBepom Oonee addektuBHas. OHa o0ecreunBaeT BhICO-
KU COS(Q W HE3HAYHTEIHHYIO PEAKTHBHYIO MOIIHOCTh. Tak Kak omHO(a3HBIHA

TOK
JP?+Q?
| =———, @)
U
TO IIPY OJTHOM W TOM K€ 3HAYCHHH aKTUBHOW MOIIHOCTH P MOBBIIIICHUE HAIps-
xenust U MpUBOJUT K YMEHBIIIEHHIO TOKa CBETOBOTO IpUOOpA.

JIuHMH 3IEKTPUYECKOTO OCBEIEHUS MOTYT IIHUTATh COCPEIOTOYCHHYIO U pac-
MPEJCNICHHYI0 Harpy3Ky CBETOBBIX PUOOPOB. K MepBbIM OTHOCSTCS MUTAIOIIUE
W pacnpeAenuTeNbHbIe TUHUH, MHuTaone ocBetutensHeie muTtku (OL), a xo
BTOPBIM — IPYIIIOBBIE, K KOTOPHIM MOJIKIIIOYAOTCS CBETUIIBHUKH (pHC. 1).

L

A
) J

Py

—

Iy |

5081
P P P P
Puc. 1. Cxema rpynmnoBoii IMHUU 3JIEKTPUYECKOTO OCBELICHUS
C paBHOMEpHO pacnpeneneHHoi Harpyskoi: UIT — ncrounuk nuranus (OLLL)

Fig. 1. The pattern of a group line of electric lighting with evenly distributed load:
IP — power supply
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I'pynnoBast TMHUS COCTOUT U3 HECKOJBKMX YYacTKOB C OJMHAKOBBIM cede-
HUEM IPOBOJIHUKOB. YUaCTKH UMEIOT pa3Hble TOKM Harpy3KH U, CI€A0BaTENbHO,
HEOJMHAKOBYIO TEMIIEPATypy HarpeBa TOKOMPOBOSIIIMX KK IIPOBOIOB U Kale-
neil. MakcuManbHBIN TOK Harpy3KH UMeEeT TOJIOBHOW (NEpBhIi) y4acTOK, MUHH-
MaJbHBIA — nociequuid. CeueHre MPOBOJHUKOB OIPEENSIEeTCS MO pacdyeTHOH
Harpyske P, TOIOBHOTO y4acTKa

Pp = PHOMi ' (4)

r1e Pyoyi — HOMUHAIbHAS MOIIHOCTB I-TO CBETOBOTO MpHOOpa, KBT; N — konnye-
CTBO CBETOBBIX IPUOOPOB, MPUCOCAMHEHHBIX K IMHHUH, IIT.

OcBetuTenpHast ceTh TOJDKHA paboTaTh B AJTUTENBHO JOMYCTUMOM TEIIOBOM
pexxnMe U obecrnieunBaTh TpeOyemMoe KadecTBO HampsHKEHHS, HOABEACHHOTO K
3a)KIMaM CBETOBBIX MPHOOPOB. Br1Oop ceueHuii MpOBOAHNUKOB 110 AOIYCTUMOMY
HarpeBy MPOU3BOAMTCS COTIacHO [2, 6, 7] ¢ yueToM (hakTHUECKOU TeMIIepaTyphl
OKpy:xaromeit cpeasl O.. s 0CBEeTUTENBHBIX 3JEKTPUIECKUX CETEH, MPOKIaIbI-
BaeMbIX B BO3IyX€, YCIIOBHAs TeMIlepaTrypa oKpyxkaromien cpenst 0., = 25 °C [7].
3HadyeHue pacueTHOM ((pakTudeckoil) TemmnepaTypbl ®, 3aBUCHT OT MPOU3BOII-
CTBEHHBIX ycioBHUW. Hampumep, B TopsSdnx Iexax MeTauTyprHuecKhX 3aBOZOB
TeMriepatypa Bo3myxa MoxkeT mocturath 50-55 °C. OcBeTuTenbHBIE CETH, pac-
nojlaraeMble BBEPXY IMOMELICHUH, IO YCIOBHAM OXJIQKICHUS HAXOAATCS B Xy/I-
IINX YCIOBHSIX MO CPAaBHEHHIO C CHIIOBBIMHU CETSIMH, YUTO I[€JIECO00Pa3HO YUUTHI-
BaTh [IPH BBHIIIOJHEHNH PACYETOB OCBETUTENBHBIX YCTAHOBOK.

B Pecniybnuke bemapych B HacTosIIee BpeMsl HET HOPMaTHBHO-TEXHUIECKUX
JOKYMEHTOB M METOJAMK, NMpPeJHA3HAYEeHHBIX [JIs WCIOJB30BaHUS IPH pacue-
T€ OCBETHUTENIbHBIX YCTAHOBOK CO CBETOAMOJHBIMH CBETOBBIMH TNPHOOpaMH.
[TosToMy OymeM pyKOBOACTBOBATHCS ITOKYMEHTAIMICH, pETIIaMEHTHPYIOMICH
MPOEKTHUPOBAHME OCBEHICHHSI C TPAIUIIMOHHBIMA UCTOYHUKAMU CBETA.

CormacHo [4, 5] xaxmas TpyIIoBas JUHUS, KaK MMPaBUIIO, JOJDKHA COJIEP-
xatb Ha ¢a3y He Oosee 20 mamn (HakKaIMBaHUS, Ta30pa3psnHbIX). Torma s
TPYIIIOBOY MuHIH, TUTaromeld 20 CBETHIBHIUKOB CO CBETOAMOIHBIMH JIAMIIAMH
C HOMUHAJIBHON MOLIHOCTEIO P, = 0,06 kBT, B cooTBeTcTBHU € Qopmymnoi (4)
pacueTHas Harpys3ka auHud P, = 0,06 - 20 = 1,2 xBt. Ilpu HOMuHaneHOM
Hanpspkennu cetn U = 230 B u cos¢ = 0,95 pacuerspiii Tok auanm |, = 5,5 A.

JI7ist IMTaHUS CBETOMMOAHBIX CBETOBBIX MPUOOPOB MajIOi MOIIHOCTH, KaK IPaBHJIO,
MPUMEHSIOTCS OTHO(ha3HbBIC TPYIIIOBbIC IMHUY [§], BHIIOIHEHHBIC MTPOBOHUKAMM,
MMEIOIMMH CCUCHHSI, MUHIUMAJIBHO JOMYCTHMBIC 10 MEXaHHYECKOH IMPOYHOCTH:
1,5 MMZ — JUTSL TIPOBOJIOB U Ka0emel ¢ MEIHBIMU JKWiaMu; 2,5 MM — ¢ aIFOMUHHE-
BbIMH [9]. OHH UMEIOT JIUTEIBHBIEC TOMYCTUMBIC IT0 HATPEBY TOKH IM, BEIJICPKH-

Baronye |, rpynmnoBoii cBeTo1MoHOM TMHUK Aasxke rpu O, = 55 °C.
[lo momycTuMoO#i OTepe HANPSIKCHUSI CEYESHUS TPOBOJHHUKOB, KaK MPaBHIIO,
paccUnTHIBAIOTCS 0€3 ydeTa peakTUBHBIX HArpy30K M MHAYKTHBHBIX COIPOTHB-
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JICHUH »JIEKTpUUYECKuX ceTed. B aToM ciiydae miomniags CeUYeHUs] MPOBOJHUKOB
IPYIIIOBO} OCBETHTEIBLHOMN JIMHUH (MM?) OIIPEIEISIETCS 10 BEIPAXKEHHIO [2, 6]
PL
F=——— 5)
AU C

Jion

rac L - AJIMHA paCuYCTHOI0 y4dacTKa JIMHUU, M, AU aon AonyCcTuMas mnmoTeps

HATIPSOKEHHS B IMHAH, %; C — pacueTHbli Kospduuuent, B2 M/(OM-MM).

[lpu pacuere TPyNIOBOM IMHHM PaBHOMEPHO paclpeselicHHas Harpyska
CBETOBBIX TPUOOPOB 3aMEHSETCS CYMMAapHOH COCPEAOTOYEHHOW, TPUIIOKEH-
HOW B CEpeIMHE y4acTKa MEKIY MEPBBIM U MOCIEAHUM CBETOBBIMU MPHOOpaMHU.
B 3TOM cityyae npu OJMHAKOBBIX PACCTOSIHUSX MEXKY TOYKAMH ITOJKIFOUCHHUS
COCEHUX CBETOBBIX MPHOOPOB JUIMHA PACYCTHOTO YYaCTKa BBIYMCIICTCS IO
bopmyne

L=1+I(N;-1)/2, (6)

rae |y — anuHa yyacTka JIMHUM OT OCBETHTENLHOTO IIATKA A0 MEPBOro Mpubo-
pa, M; | — paccrosiHue MEXIy COCETHHMH CBETOBBIMH IPHOOpaMH B Psay, M;
Ng — KOJIYECTBO CBETOBBIX MMPHUOOPOB B OJJHOM DPSIIY, IIIT.

Yucnennoe 3naueHre C 3aBUCUT OT MaTepuaia MPOBOJHUKA, HOMUHAIEHOTO
HaNpPsOKEHUS JIMHUM, POJia TOKa M CHCTeMbL ceTu. J{ns ogHodasHol nuHMM Tie-
PEMEHHOTO TOKa JaHHBII KA UITUEHT OnpeAemsieTcs mo Gpopmyie

U 2
¢=lrmd g, (7)

7€ Uy p — HOMUHAIBHOE (DasHOE HANPSDKEHHME JTMHUK, B; v, — ynenbHas npo-

BOJMMOCTD TIPOBOIHHKOBOrO MaTepHana, M/(OM-MM?), IIPH PAcUeTHON TeMmrie-
parype O,

3nauenus kodpdurimenta C npuBojsTes B [2, 6, 10] 1 yaenbHON MPOBOIU-
MOCTHU M€JIU U aJIIOMUHUS TIPU pacueTHOH Temneparype ©,. B 1o e Bpems daxTu-
yecKas TeMIepaTypa Harpesa skuiibl @ MOKET OTJIMYAThC OT PacueTHO O, 4To
OKa3bIBACT BJIIMSHUE HA BHIOPAHHOE CEUCHHE MPOBOJHHUKOB. boiee TOYHO TwIO-
Ia1b CEYCHUS TOKOMPOBOJSIIMX KU MOXXHO ONPEACIUTh, UCIONB3Ys YACTh-
HYIO MTPOBOJUMOCTD MTPOBOJHUKOBOTO MaTepuaia MpH JACUCTBUTEIBHOW TeMIle-
paType Harpesa Xuil O, KOTOPYI0 MOKHO HAWTH 110 BBIPAXKECHUIO

S — 8
Yo o (@—20)" ®
rae Yo — YAelbHas NpoBoAMMOCTh Ipu Temmeparype 20 °C, M/(OM-MM);

o — TeMnepaTyprIﬁ KO3(1)(1)I/II_[I/ICHT QJICKTPUYICCKOr'0 COIMPOTUBJICHUA, KOTOpBIﬁ

1
JJI1 MEJIA U aJIFOMUHUA PaBEH 0,004% .
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3HaueHHUE Yo U1 MEIU COCTABIIAET 55,56, a uist amomumns 33,90 M/(Om-mn?) [6].
JI71si OCBETHTEIBHBIX DJICKTPUUCCKUX CETEH, pabOoTAOIINX C MO H3MEHSIOICH-
Csi BO BPEMCHH HArpy3KOii, TeMmIiepaTypa HarpeBa KW MPOBOIHHUKOB MOXKET
OBITh IPUOJIMIKEHHO HalzieHa 1o Gopmyiie [10]

0=(0,,-0,)(1,/1,)+06.. )

Jion

C ydeToM H3/I0KEHHOTO 00JIee TOYHO TUIOIMAAh CEUYEHHS TPOBOIOB MIIH KU
ka0est MOJKHO HalTH 10 opMyIie
2P L
=N w1z
AUMOLlYGU

HOM.(

10°. (10)

N3 (10) momyuum mpenenpbHOe 3HaueHWE L TpH KOHKPETHBIX HMCXOTHBIX
JTAaHHBIX

FAU,,7U”
L= ’“’2";@ T (11)

p

C yuerom (8) popmymy (11) mpencraBum B ciaeqyronieM BUAE:

FAU u?
_ HOHY@ HOM.( . 10—5' (12)
2P,(1+a(0-20)

HOHy‘leHHOC BBIPAXXCHHUE TMO3BOJIICT OMPEACIIATL NPCACIbHYIO JIIMHY pac-
YCTHOT'O y4acCTKa I‘pyHHOBOﬁ JIMHUH, HI/ITaIOH_[eﬁ CBCTOBBIC HpI/I60pI>I, B 3aBUCH-
MOCTHU OT €€ IapaMETpoOB H pacquHOﬁ TEMIICPATYpPbl HArpeBa KWJI IIPOBOA-
HHKOB.

MaxkcumanbHO A0IMyCTUMas IMOTCPS HAIPSIKCHUA AU B OCBCTHUTCIIbHBIX

JI0TL.C

CeTAX 3aBHUCHT OT TEXHHYECKHX MapaMeTpoB CHIOBOTO TpaHchopmaropa, ero
ko3 dunuenta 3arpy3ku [, U KOIP(UIMEHTa MOLIHOCTH COS) HATrPy3KH.

Hampumep, it macasgHoro Tpancpopmaropa momHoctsio 1000 kB-A mpu B, =

= 0,7 u cose = 0,9 3mauenne AU =7,6 %. bonpmas yacte AU OTHOCHT-

JoI11.c JoI11.C
Cs K TIUTAIOIIUM U PaCHpEACIUTENILHBIM JIMHUAM. JlomycTrMasi oTeps Harpsi-
JKEHUs B TPYIIIIOBBIX JIMHUSX, KaK MMPaBuiio, cocraniseT 1,5-2,0 %.

IIpoussenem pacuetsl L mo popmyae (12) mpu AU, = 1,51 2,0 % u temme-

patype okpyxkaromieit cpeabl O, = 15-60 °C. [lomyueHHbIE pe3yabTaThl MpUBE-
JleHbl B Ta0II. 4.

W3 mpencraBieHHBIX Ha puc. 2, 3 rpaduueckux 3aBucumocteil L = f(®)
BUHO, YTO MPU MHHUMAIBHO JOMYCTUMBIX CEUYCHHUSIX TOKOMPOBOMASIIMX KU
QTFOMHUHHMEBBIC MPOBOJHUKA HUMEIOT OONbIve 3HAueHHs L Mo cpaBHEHHIO ¢
MEJTHBIMHU.
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Tabruya 4
Hpeneﬂbm,le 3Ha4Y€HUs JJIMHBI PACYE€THOI'0 y4acTKa rpym[onoﬁ JIMHUH
The limit values of the length of the calculated section a group line
Marepuain xKuisl — MeJb Marepuain xKujibl — ATIOMUHUH
0., °C | g o [ AU =15 % |AU,,=20%] ©, °C 6. °c AV =15% [ AU, =2,0%
' L,m ' L, m
15 18,35 27,7 37,0 15 17,74 28,3 37,7
20 | 23,35 27,2 36,3 20 | 22,74 27,7 37,0
25 28,35 26,7 35,6 25 | 27,74 27,2 36,2
30 |3335 26,2 34,9 30 | 32,74 26,7 35,6
35 [38,35 25,7 34,2 35 | 37,74 26,2 34,9
40 43,35 25,2 33,6 40 | 42,74 25,7 34,2
45 148,35 24,8 33,0 45 | 47,74 25,2 33,6
50 |53,35 24,3 324 50 | 52,74 24,8 33,0
55 |58,35 23,9 31,9 55 | 57,74 243 325
60 63,35 235 31,3 60 | 62,74 239 31,9

Pe3ynmbpTaThl pacyeTa WILTFOCTPHUPYIOT pucC. 2, 3.

30

L,m

28
27
26
25
24
23
22
21

20
1

+

5 25 35

45 0,°C 65

Puc. 2. 3aBucumocts L = f(®) npu AU, = 1,5 % nis npoBogHuKa:
1 — ¢ aIFOMHUHHUEBBIMH XKUJIAMH; 2 — C MEIHBIMH JKHITAMH

Fig. 2. The dependence L = f(®) if AU,,, = 1.5 % for the conductor:
1 —aluminum conductors; 2 — copper conductors

40

Puc. 3. 3aBucumocts L = f(®) mpu AU, = 2,0 % mist mpoBogHHKA!

La

M

38
37
36

35
34

33
32

31

30
15 25 35

3

45 0,°C 65

1 - ¢ anfOMUHHUEBBIMH KU1aMu; 2-c¢ MCIOHBIMH XUJIaMH

Fig. 3. The dependence L = f(®) if AU,,, = 2.0 % for the conductor:
1 — aluminum conductors; 2 — copper conductors
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[Tpu mpoeKTUPOBAHNY OCBETUTEIBHBIX YCTAHOBOK C MCIIOJIb30BAHUEM OJHO-
(ha3HBIX TPYIOBIX JTUHHUN B OOJBINUX 3AaHUSX M MOMEIICHUIX MpeIycMaTpu-
BaeTCsl YCTAHOBKA HECKOJIbKHX TPYIIOBBIX IIMTKOB, KOTOPHIC Pa3MEINalTCs Ha
paccrostaun 30—60 M oguH OT JIpyroro. B 3ToM ciaydae TpynmoBas JIMHUS, KakK
MpaBWIO, UMEET JIMHY He Oosiee 30 M U peanbHbIe JJIMHBI PACUCTHBIX YYaCTKOB
OyAyT MeHbIIIe TIPeeNTbHBIX 3Ha4eHnH L, yka3aHHbIX B Ta0i. 4. CinemoBaTenbHO,
pacder 1o JO0IMyCTUMOM TIOTEpe HANPSHKCHUS OCBETUTEIBHBIX CETEH, MUTAIOIINX
CBETOJ/IMOJTHBIC HCTOYHUKH CBETA, HE SIBISIETCS CTOJIb aKTyallbHBIM, KaK IS Ta-
30pa3psAIHBIX Jamil. TeM OoJjiee YTO MPH EMKOCTHOM XapaKTepe PEaKTUBHOM
MOIITHOCTH CBETOBBIX MPHOOPOB MOTEPH HANPSHKEHUS B JIMHUSAX OyIyT MEHbIIIE,
YeM IMPH YUCTO aKTUBHOU HArpy3Ke.

CyMMapHast IoTepsi HalpsDKCHUsT B 01HO(a3HOM rpyNIOBOM JTHHUK OCBEIIIe-
HUS, BBIpaKEeHHAs B %, PaCCUUTHIBACTCS 10 POpMyIIe

HOM.( !

n
AU%= 2> (Pr,+Qx,)l; -10° /U (13)
i=1
roe P;, Qi—aI(TI/IBHaH U peaKTHUBHAsl MOIIHOCTH i-ro ydJacTKa JIMHHH, kBT, KBap;
Ii — JJIMHA i-ro y4acCTKa JIMHUU, KM, Iy, Xo — aKTUBHOE 1 WHAYKTUBHOC ITOTOHHOC CO-
npotuBieHne THHUA, OM/KM; N — KOJTMYECTBO YYaCTKOB TPYIIIOBOI JTHHHH.

HpI/I CMKOCTHOM XapaKTepe peaKTI/IBHOﬁ MOHIHOCTH Qi, Koraa €€ BCIIMYHUHA
HUMECT OTPULIATCIIBHOC 3HAYCHUEC, CyMMapHas NOTEPsS HAIPSHKCHUS CHUKACTCA.
B ToMm ClIydac, Korjga UCTOYHHMKU CBCTa I'CHEPUPYIOT PCAKTUBHYIO MOIIHOCTH

n n
u Z:F’iroli SZQi X,l,, moteps HampspkeHHs B ocBetuTenbHOH smHEM AU < 0.

i=1 i=1
To ecTh TEOPETHYECKH MOTYT OBITH CIIydau, KOT/a HANPS/KCHHE B KOHIIE JIMHHN
OCBEIICHHUS OyIeT HECKOJIBKO O0uIbIle, yeM B Havaie. CieqoBaTelbHO, IPH pac-
YyeTe OCBETUTENIBHBIX CETEH IO IMOTEpe HANPSHKEHHS HY)KHO 3HATh BEJIMYUHY KO-
s¢duIeHTa MOIIHOCTH, @ TaKKe, KaKOH XapakTep MMEET PeaKTUBHAas MOII-
HOCTB CBETOBBIX IIPHOOPOB — EMKOCTHBIN MIJIH WHIYKTHBHbIM.

Harpes npoBOJHHKOB € y4eTOM TEMITEPATYPhl OKPYKAIOIIEH CpeIbl SIBISET-
CsI ONPEIEISIFOIINM (haKTOPOM TIPU BBIOOpPE IUIOIIAIN CECUCHHI TIPOBOIOB M Ka-
Oeneil cereif, MUTAIOMIUX CBETOIUOJAHBIE CBETOBbIE MPUOOPHL. [0 yCIOBHIO
HarpeBa B OCBETHUTENBHBIX CETSIX, KaK MPABHIIO, HE TPEOYIOTCS MPOBOJHUKH C
OOJBIIUMHU CEYEHUSIMUH. BO MHOTHX Clly4asX MPUHHMAIOTCS MHHUMAJbHBIC Ce-
YeHHsI, COOTBETCTBYIOIIHE MEXaHUYECKON MPOYHOCTH MPOBOTHHUKOB. ITomydeH-
HBIE PE3YJBTAThl MOT'YT HCIIOJIb30BATHCS TIPH BBIMOJIHEHHH DJIEKTPUUECKUX Pac-
YETOB OCBETUTENIbHBIX CETEH, MUTAIOIINX CBETOAMO/IHbIE CBETOBBIE MPHOOPBI.

BbIBO/IbI

1. MccnenoBaHHbIe CBETOBBIE MPHOOPHI UMEIOT CTAOMIIBHYIO MOTPEOIISIEMYIO
AKTHBHYIO MOIIHOCTH B JIOMYCTHMMOM JHaIria3oHe OTKJIOHEHHS HalpsOKEHHs OT
HOMHHAJILHOTO 3HAYEHUS NPH NPAKTHYECKH HEM3MEHHOM CBETOBOM IIOTOKE
HCTOYHUKOB CBeTa. MOITHOCTH cBeTHIbHMKaA Tuma L-school 16/1500/1 mpu pas-
HBIX TIOJIBE/ICHHBIX HAMPSHKEHUSIX COOTBETCTBYET ITACIIOPTHOMY 3HAUYCHHIO,
a mpoxxekropa tuna Kanlux PACO LEDA45-W — Ha 25 % Gonbie, 4eM yka3aHa
B macropTe. PeakTHBHAss MOLIHOCTb CBETOJMOIHBIX MPHOOPOB UMEET €MKOCT-
HBIM XapakTep, 4TO JOJLKHO YYMTBIBATHCS MPH PACUETe PEKMMOB HAIMPSHKEHHUS
B OCBETHUTEJIbHBIX YCTAHOBKAX.
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2. Tak KaK CBETONMOIHBIC CBETOBBIC NMPHOOPHI T'€HEPHPYIOT PEAKTHBHYIO
MOIITHOCTb, TO MPU OTHOCHUTEIHHO HEOONBUIONH MOIIHOCTH CBETOBBIX HMPHUOOPOB
BBIOOp CeueHMH MPOBOAHUKOB IO JOIYCTUMOW MOTEpe HANpPsLKEHHS Ui TPYII-
MOBBIX JMHUU HE MMEET pellaromiero 3HaueHus. OnpeaensiomnM Ipy BeIOOpe
CEYCHHMH KU MPOBOIOB M KaOesell IpYMIOBBIX JMEKTPUUYECKHX CETEH SIBIISETCS
pacyer 1o I0MyCTUMOMY HarpeBy ¢ y4eTOM TEMIIEPATyphl OKPYKaroIei cpesipl.
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