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PaCCManMBaeTCﬂ BOMNPOC aKTyaJIbHOCTN CHUXEHNA 3HepI'OI'IOTpe6J'IEHVIﬂ. BbigBuraetca npeanosioxeHume, cornacHo
KOTOpPOMY B C/y4danXx, Korga B NOMeLEeHNAX NCNOJIb3YIOTCA BbIKloYaTenn C NOACBETKON, ynpasnawuwue rpynn017| cBe-
TUNbHNKOB, B OTK/TIOYEHHOM peXxnme B OCBETUTESIbHOW CeTU NPOTEKAKT TOKN BEJINUYNHON nopAaaka Mmmkpoamnep.

I'IpoaHan|/|3|/|pOBaHa HOPMaTUBHaA OKYMEHTaUMA, OTHOCALLAACA K HOPMATUBHbIM MNOKa3aTenAm OCBELWEHHOCTHN, TU-
NOBOW MoLWaAn NomeLeHnn U Ha OCHOBaHUN nepeyncneHHbIX gaHHbIX nponsBeaeH pacyet MMHMUMAJIbHOIo Heob-
XOAMMOro CBETOBOro NOTOKa, U3ny4yaemoro jlamnamu. HOpMVIp)/EMbIVI paC‘-IETHbIVI CBETOBOW NOTOK Oblsi nogeneH Ha
CBETOBOW NOTOK OT OAHOW namnbl, nony4yeHHoe OTHOLWEHNE OKPYIreHo B 6OJ'IbLIJyPO CTOPOHY. OTO OTHOLIEHNE U onpe-
[enAeT OpUeHTUPOBOYHOE KONMNYECTBO JlaMM, KOTOPOE NO3BOJINT pPacCynTaTb cymmaprlﬂ TOK BCEWN OCBETUTENbHOWN
ceTn. an/IHFlTbI B pacyeT HOpMaTnBbI MO BpeMeHN pa6OTbI OCBETUTENbHOM CEeTW. BPEMH pa6OTbI OCBETUTENIbHOW CeTn
B pexunme «oXxngaHuma» onpenenAaeTca pasHoCTbio Mexay O6LLI,I/IM KONMM4eCTBOM HYaCoOB B CYyTKax  HOPMaTUBHbIM Bpe-
MeHeM ee pa6OTbI. 3HaA I'IOTpE6J'IF|€MyPO MOLWHOCTb 1 BpeMA pa6OTbI CETN B peXnme «oXnaaHma», MOXHO BblYNCTTUTb
3Hepron0Tpe6neHv1e OCBETUTENbHOM CeTU B pexxnme «oXnaaHuma».

KNTKOYEBBIE CJTOBA: noacBeTKa BbIK/loYaTens, BbIK/louaTesb C NOACBETKON, SHepronoTpebneHmne, sHeproadpdeKkTuns-
HOCTb, CXeMa NoAKIYeHNA
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Effect of light switch illumination on total energy consumption

Pronin M. A."*, Churkina E. V.2
' FGBOU VO "NIU "MEI"

Krasnokazarmennaya str., 14, 111250, Moscow, Russia
2 FGBOU VO “LGTU”

Moskovskaya str., 30, 3980535, Lipetsk, Russia

The question of the relevance of reducing energy consumption is considered. An assumption is made that in cases
where indoor illuminated switches are used that control a group of lamps, currents of the order of microamperes flow

in the lighting network in the switched-off mode.

The regulatory documentation related to the normative indicators of illumination as well as the typical area of

premises is analyzed, and on the basis of the listed data, the calculation of the minimum required luminous flux emitted
by lamps is made. The normalized calculated luminous flux was divided by the luminous flux from one lamp, with the
resulting ratio rounded up. This ratio is the approximate number of lamps. This number of lamps will enable to calculate

the total current of the entire lighting network.

The standard rates for the operating time of the lighting network are taken into account. The operating time of the
lighting network in the "standby" mode is the difference between the total number of hours per day and the standard

operating time of the lighting network.

Knowing the power consumption and the network operation time in the "standby" mode, we can calculate the
power consumption of the lighting network in the "standby" mode.

KEYWORDS: switch illumination, illuminated switch, power consumption, energy efficiency, connection scheme

Mpobnema sHeprocbepexeHNs B HacTosLLee BPEMA sB-
naetca akTyanbHow. OgHMM 13 CNOCO60B CHUMKEHUA SHEP-
ronoTpebneHna NoMeLLeHNA CUNTAETCA N3MEHEHWNE PeXN-
Ma PaboTbl OXKMAAHMA OCBETUTENbHOW CETUM, B YaCTHOCTH,
paccMmaTpuBaeTCA CMTyauums, Koraa B KOMHaTe MMeeTCA Bbl-
KftoyaTtenb C NOACBETKOW, KOTOPbIN ynpaBnsaeT rpynnom
CBETOANOAHbIX NaMM UAN CBETOAUOAHOW ntocTpoin. Mpun
3TOM MPOVCXOAUT NOTPeOSIEHNE B BbIK/TIIOUEHHOM PEXUME,
KOTOpOEe BO3MOXHO CBECTU K HYJIO.

MpepnonaraeTcsa, 4To ypaneHWe BeTBM C MOLCBETKOW
B BblK/lloYaTeNle CHU3UT SHepronoTpebneHre KBapTUPbI,
yTO, B KOHEYHOM CYeTe, NO3BOJIUT COKOHOMUTb Ha Onna-
Te aneKkTpoaHeprun. O6BLEKTOM UCCeoBaHUA ABNAETCA
3NEeKTpUYecKas CeTb OCBelleHUs nomelleHus. MNpegmet
nccnefoBaHUA — PEXUMbl PaboTbl SNEKTPUYECKON CETU.
Llenb nccnepoBaHus — nonyyeHvie 3HaYeHUN pacyeTHom
noTpebnaemoin 3NeKTPO3HEPrnN CXeMbl C MOACBETKOM, CO-
cToslen U3 ofHOro BbiK/oYaTensa U OfHOro OCBETUTENb-
Horo npubopa 1 AnA 0CBETUTESIbHOW CETU COBOKYMHOCTY
nomelyeHnin. MoMMMO 3HauyeHWUn 3SHepronoTpebneHna
npepgiaraeTcs MeToanka M3MEHEHUA TOKOB BbIKJloYaTe-
nen B OTKMIOYEHHOM MOJSIOXKEHUN C MOACBETKON BO BCEN
OCBETUTENIbHOW CeTU.

Ha pucyHke 1 npuBefieHa cxema 3ameLleHNA NofKtove-
HWS CBETUNbHMKA Yepes BblK/loUaTe b, OCHALLEHHbIN Noj-
CBeTKOW (NpocTenwnin cnyyamn).

Ha npakTrke coegnHeHMe BbIK/toYaTeNA C NOLCBETKOM B
OTKJ/TIOYEHHOM MOJIOXKEHMN CO CBETOAVNOAHON NaMmMow f10-
nyckaeT npoTekaHWe ToKa No BeTBU bnarofgapa Hanpsaxe-
HMIO Ha BbIXOAE BblKtoUaTensa (PUCYHOK 2).

Cuncnonb3oBaHmeM pucyHKa 1 6bina cocTaBfieHa cxema ¢
OAHOW CBETOAMOAHOWN NaMMNon 1 NOACBETKON (PUCYHOK 3).
C uenbio 3alnTbl 1EKTPOMNPOBOAKM OT BO3MOXKHOIO KO-
POTKOIO 3aMblKaHMA, KOTOPOe CMNOCOOHO NPOU30NTM Npun

PucyHok 1. Cxema NofKnoueH1s 0CBETUTENbHOIO Nprbopa uyepes Bbl-
KIlouaTeib, OCHaLLeHHbI noaceeTkol: P — da3Hblii NpoBOAHNIK, Ha-
npsxeHvem 220 B; N — HeilTtpanbHblii npoog; B — Bbiknouatenb;
HLO — namna nHgukaumm; HL1 — ocHOBHOI CBETMNBHUK (N0CTpa);
K — KommyTauroHHbIN anemeHT. CUHAA NMYHKTAPHAA NHWA — Lienb,
KOTOpas pacCMaTPVBAETCA fjanee B CTaTbe

Figure 1. Connection diagram of the lighting device via a switch
equipped with a backlight: P — phase conductor, voltage 220 V; N —
neutral wire; B — switch; HLO — indicator lamp; HL1 — main lamp
(chandelier); K— switching element. Blue dotted line — the chain that
is considered later in this article

OLWMOBOUHBIX AeNCTBUAX NpK COOPKe CXeMbl, MPUHATO pe-
LWEHMe KCMOoSb30BaTb AOMOHUTESbHbIV aBTOMATUYECKNIA
BbIK/IIOUATESb HA BXOAE B CXEMY.

MapameTpbl 3EMEHTOB, WUCMOJb3yeMbIX B Lienu, npea-
CTaBfIeHHbIbI B Tabninue 1.

PaccMoTpum pexum paboTbl MPW BbIK/IIOYEHHOM Bbl-
Kntovatene. Ha pucyHke 3 Ha gucnnee mynbTumeTpa no-
Ka3aHO HamMpskeHue, NPUNOXKeHHOe K CBETOAVOAHOWN
namrne.

B Tabnuue 2 npusefeHbl nNapameTpbl pexxuma paboTbl
CXeMbl, @ TaKXKe pacyeTHoe 3HaUeHMe MOLLHOCTU.



HadexHocme u 6e3onacHocme 3Hepeemuku

20212.-T.14-N2-c. 151-156
poHuH M. A., YypkuHa E. B.

Safety and Reliability of Power Industry
2021, vol. 14,n0. 2, pp. 151-156
Pronin M. A., Churkina E. V..

PucyHok 2. CBeTogmogHas namna ¢ 3ppekTom «ceeueHus» [1]
Figure 2. Led light bulb with the effect of "glow" [1]

Ta6nuua 1. MapameTpbl SN1EMEHTOB, BXOAALLMX B COCTaB CXeMbl Ha PUCYHKe 1
Table 1. Parameters of the elements included in the scheme, shown in Figure 1

HanmeHoBaHue anemeHTa M306paxkeHue anemeHTa HanmmeHoBaHwue 1 3HauyeHve napameTpa
Name of the element Image of the element Name and value of the parameter
HomuHanbHoe HanpaxeHne — 170 - 265 B (Mo dakTy: HanpsxeHune
cetn — 238 B)
HomuHanbHaa mowHocTe — 9 Bt
Tok (no pakty) — 27,5 MA (MpAMoe NofKoYeHe B CETb)
Conpotusnenune — 238/0,0275 = 8655 Om = 8,655 KOm
Jlamna cBeTogmopaHas LED (B HOMUHanNbHOM pexume paboTbl)
lamp
Rated voltage — 170-265V (In fact: mains voltage — 238 V)
Rated power — 9W
Current (in fact) — 27.5 mA (Direct connection to the network)
Resistance — 238/0.0275 = 8655 ohms = 8.655 kOhm (In nominal op-
eration mode)
MocnenoBaTeNbHOCTb LBETOB: KOpUYHEBDIN (IX), 3eneHblii (X5), XEnTbINn
(xtO kKOm), 30n0TOIA
(monyck £ 5% ) [2] HomuHanbHoe conpoTuneHne — 15x10 KOM + 5% =
(150 + 7,5) KOM (TeopeTnyecKkm),
Mo pakty — 154 KOM Tok (no pakTy) — 27,5 MA (Npu coegnHeHUn ¢
PesncTop Namnow MHANKALMMN B CETb)
Resistor Color sequence: brown (1 X), green (X5), yellow (xIO kOhm), gold (toler-
ance = 5%) [2]
Rated resistance — 15x10 kOhm + 5% = (150 + 7.5) kOhm (theoreti-
g2 cally), in fact — 154 kOhm
g % Current (in fact) — 27.5 mA (when connected to the display lamp in the
o = network)
o
Tok (no pakTy) — 27,5 MA (Mpu COeAMHEHNN C PE3UCTOPOM B CETb)
flamna HOMMHaanog HanpsxeHne — 230 B,
MHAVKaLWN HOMWHanbHbIA TOK — 500 MA [3].
Dl'asrgll;y Currf)nt (in fact) — 27.5 mA (when connected to a resistor in the net-
worl
Rated voltage — 230V, rated current — 500 mA [3].
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PIIICyHOK 4, Cxema coeanHeHnA CBETOAI/IO,C[HOIZ Namnbl U NOACBETKU: a — U3MepPeHNe TOKa B BETBU; b— M3mMepeHne HanpAaxeHns Ha 6noke nHan-
Kalun BblKNtoYaTena (namna NHOANKaunun n pe3|/|CTop); C— U3MepeHne HanpAaXeHNA Ha Bxoae uenu
Figure 4. Connection diagram of the LED lamp and the backlight: a — measurement of the current in the branch; b — measurement of the voltage
at the switch display unit (display lamp and resistor); c — measurement of the voltage at the circuit input

Tabnuua 2. MapameTpbl 3N1IEMEHTOB, BXOAALYMX B COCTAB CXeMbl Ha PUCYHKE 1
Table 2. Parameters of the elements included in the scheme, shown in Figure 1

HaumeHoBaHMe HanpsxeHve B HanpsxeHve Ha ToK B BeTBY, MolHocTb, Bbligensemas | MowWwHOCTb, Bbigenseman

3nemeHTa uenu, B anemexTe, B MKA Ha anemeHTe, MBT B Lienu, MBT

Name of the element Voltage in the cir- | The voltage on the Currentin the Power allocated Power released from the
cuit, vV element branch, mkA to the element, MW circuit, mW

Jlamna cBeToavoaHas

LED lamp 111 50,283

. 237 453 102,831

OfCcBeTKa
backlighting 116 52,548

Ta6nuua 3. PacyeT CyMMapHOro KOAMYecTBa lamrnoyek B TPEXKOMHATHO KBapTupe
Table 3. Calculation of the total number of light bulbs in a three-room apartment

Hopmupyemoe 3HaueHne | CBeTOBOW NOTOK CBeTOBOW NMOTOK OAHOM }
Egnge:zi?[”s]e H?%}*a‘ub > OcBewweHHocT E, K [6] nometueHus O, nm namnbl, M hﬁ%i%?gfm
Nameui)fthe room Area. m?2 Normalized illumination The luminous flux of the Luminous flux of one lamos
! value E, lux room F, Im lamp, Im P

MKunoe nomelyeHne
Living room 12,3 150 2214 750 3
f°”"‘.”” 23 150 414 750 1

oggia
Munoe nomelyeHne
Living room 9,20 150 1656 750 2
Kunoe nomelexHne
Living room 17 150 3060 750 4
KyxHa
Kitchen 8 150 1440 750 2
Canyzen
bathtub 11 50 66 750 1
BaHHanA
Bathroom 1,8 50 108 750 1
[Mpuxoxan — Kopugop
Entrance hall — corridor 88 30 528 750 !
KnapoBas
Storage room 09 i 8 750 1
NTOro
TOTAL 61,40 — 9567 — 16

CornacHo [4] cpefiHecyTouHOe Bpemsa paboTbl ocse-
TUTENbHbIX NPUOOPOB B XUIOM IOME UK KBAapTUPE CO-

ctaBndAeT 5 yvacos. CnegoBaTenbHO, BpemA, B TeyeHune
KOTOPOro ocseuleHne He pa60TaeT 1 BblKNo4vaTenn c
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PucyHok 5. Cxema n3mepeHus Tokos B ocsetutenbHoii cetn: QF0 — BBoaHoi aBTomaTnyecknii Boikntouatens, QF1 — aBTomaTtnyecknii Bbiknto-
yaTenb (UK X rpynna), OTUBETAIOLAsA 33 OCBETUTENbHYIO CeTb, B KOTOPOIA cofepKatcs Bbiknouatenu ¢ noacsetkon, QF2 - QF6 — aBTromatunue-
CKMe BbIK/IOYaTeNy, OTBeYaloLL e 3a pacnpefenieHne 3N1eKTPOIHEPrm Mo OCTalbHbIM CETAM (CUNOBbIM, OTAENbHbIX MOLLHbIX 3N1eKTPONPUEMHIKOB

W T. N. — HEOCBETUTENBHOM CETN), A — MyNBTUMETP B PEXXMME M KpOamnepmeTpa

Figure 5. Diagram of measuring currents in the lighting network: QF0 — introductory circuit breaker QF1 — circuit breaker (or their group), fades
for a lighting network, which includes switches with backlight, QF2 — QF6 — circuit breakers, which is responsible for distribution of electricity on
other networks (power, powerful individual consumers, etc. — newsletterno network), A — multimeter in ammeter mode

NOACBETKOW NepeBefeHbl B BbIK/IIOYEHHOE MOJIOXKEHNE,
cocTtaBnseT (24 - 5) yacoB, a UMeHHO, 19 YacoB B CyTKW.
B roay 365 cyToK, cnefgoBatesibHO, 3a rof Bpems t, <Henc-
nosib30BaHUA» ocBelleHna coctaBndAeT (365x19) vacos,
TO eCcTb 6935 yacos.

DHepronoTpebneHne cxembl, NpeacTaBNeHHON Ha pu-
cyHke 1 1 c napameTpamu, NpvBeAeHHbIMK B Tabnuue 1,
COCTaBnAeT:

W, =P -t,=0,102831-6935=713 Br-1=0,713 kB1-u.

[lanee paccmoTpum TPeXKOMHATHYI0 KBapTuMpy, KoTopas
BK/lOYaeT B ceba cnepyiolme nomeLleHna — cm. Tabnuuy
3 (Ha npumepe 3KCNANKaLUN NOMELLEHWNIA U3 UCTOYHUKA
[5]). Hopmbl ocBelyeHHOCTN 6binn NpuHATbI No CHull 23-
05-95* [6].

3HaueHusa HeobxoamMMoro ceeToBoro notoka @, paccum-
TaHHoro no dopmyrne:

®=E-S§-Z,

roe ® — ceeToBOW NOTOK NomelleHus, nm; E — Hopmatue-
HO€ 3HauYeHne OCBeLLEeHHOCTH, JIK; S — nowaab nomMete-
HYA, M% Z — NOMpaBoYHbIN KOIPPUUMEHT C YUETOM Bbl-
COTbI MOTOJIKOB, 3HAYEHNE KOTOPOrO MPUHATO PaBHbIM 1,2,
[/1A NMOTOJIKOB BbICOTOW 3 MeTpa, MpuBeaeHb! B Tabnuue 3.
[lna nsmepeHns TOKOB BCell OCBETUTENIbHOM CETU MOXKET
ObITb 1CMOMb30BaHa CXeMa, NPVBEAEHHAs Ha PUCYHKeE 5.

BbiBOA

YpaneHve BeTBU C NMOACBETKOW B BbIKOYaTene CHU3NT
3Hepron0Tpe6neH|/|e nomMeueHunA, 4YTo, B KOHEYHOM CYETE,
MO3BOJINT COKOHOMWUTDb Ha OonjiaTe 3a 3/IEKTPO3IHEPTUIO.
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