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AHHOTanusa. PaccmarprBaeTcs H 060CHOBBIBAETCS HCIIOAB30BaHHE HEUETKUX aATOPUTMOB yIIPaB-
A€HHS OCBELIEHUEM IAS HOBBIIIEHUS 3(p(EKTHBHOCTH U KOM(OPTa B PA3AHYHBIX chepax, BKAIO-
4Jas 0(PHChI, YAUYHBIE IIPOCTPAHCTBA U IIPOMBIIIIACHHbBIE 00BEKTHI. B pe3yabTaTe MpoBeAeHHBIX UC-
CAeOBaHUM Oblaa paspaboTaHa MOAEAb AaNalTHBHON H  5HeProd@eKTUBHON CHCTEMEI
yIIpABACHHS OCBEIlEHHEM, OCHOBAHHAS HA HEYETKOM MOMEAH YIIPABAEHHS. OTa CHCTEMAa yIHTHI-
BaeT KOHKPETHBIE YCAOBHUS U IIPEAIIOYTEHHS] ITIOAB30BATEAEM, ITI03BOALS CO30ABATEH IIEPCOHAAN3H-
pOBaHHBIE CIIEHApHU OcBellleHUd. OHA TaKXKe YIUTBHIBAET MHOIKECTBO (PAKTOPOB, UTO CIIOCOD-
CTBYET IIOBBIMIEHHIO KOMQoOpTa, 3(PPEKTUBHOCTH U SHEPTOI(P(PEKTUBHOCTH UCIOAB30BAHUSI
KCKYCCTBEHHOTO OCBEIIIEHUS.

KArodeBbBIE€ CAOBA: YIIPABACHIE OCBEIIIEHHMEM, HEYETKAsd AOTUKA, AMHTBHUCTHUYECKUE IIEPEMEHHEIE,
9HepProaPeKTUBHOCTE, SHEProcOepeskeHUe

Hdas muTHpoBaHHA: BoakoB A. B., Mapuenko A. B., MurageBa E. M. [IpuMeHEHHE HEYETKHUX
AATOPUTMOB yIIpaBA€HUS ocBerleHueM // MHkuHupUHT U TexHoaoruu. 2024. T. 9 (2). C. 1-6. doi:
10.21685/2587-7704-2024-9-2-3

Application of fuzzy lighting control algorithms

Anton V. Volkov
N.P. Ogarev Mordovian State University, Saransk, Republic of Mordovia, Russia
elsoldador@rambler.ru

Anastasia V. Marchenko
N.P. Ogarev Mordovian State University, Saransk, Republic of Mordovia, Russia
nastasya.marchenko.18@mail.ru

Ekaterina M. Migacheva

N.P. Ogarev Mordovian State University, Saransk, Republic of Mordovia, Russia
nk380103664@yandex.ru

Abstract. The article discusses and justifies the use of fuzzy lighting control algorithms to im-
prove efficiency and comfort in various areas, including offices, street spaces and industrial fa-
cilities. As a result of the research, a model of an adaptive and energy-efficient lighting control
system was developed, based on a fuzzy control model. This system takes into account the specific
conditions and preferences of users, allowing the creation of personalized lighting scenarios. It
also takes into account many factors to improve the comfort, efficiency and energy efficiency of
artificial lighting.
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BBenmeHnue

[IpuMeHeHNEe HEYETKUX ANTOPHTMOB YIPABICHUSI OCBEIIEHHEM MOXET CIIOCOOCTBOBATH MOBBIICHUIO
3¢ GEeKTUBHOCTH B KOM(OpPTa OCBELICHHUS 32 CYET PAJa MPEUMYLIECTB.

1. AnanrtuBHOCTh. HedeTkne cucTeMbl ympaBlieHHs! OCBEIICHHEM MOTYT aBTOMATHYECKH aJalTHPO-
BaThCS K MPEoOpa3yIomMMCs yCIOBHSIM, TAKUM KaK M3MEHEHHE OCBEIIEHHOCTH OKPYJKAIOMIeW Cpeibl MU
B 3aBUCHMOCTH OT BPEMEHH CYTOK. DTO 03HA4aeT, YTO OCBEUIEHHE MOKET OBITh ONTHMHU3MPOBAHO I 0bec-
nedeHust KOM(QOPTHOT'O YPOBHS SIPKOCTH U TIOTPEOJICHNS SJHEPTHH.

2. llepconanuszanus. HeyeTkne cucTeMbl yIpaBlIeHHsI OCBELICHUEM MTO3BOJISIOT CO3/1aBaTh EpCOHAH-
3WPOBAaHHEIE CIICHAPHH OCBEIICHUS B COOTBETCTBUU C MPEIINOYTCHUSIMH IT0JIb30BaTeNeld. DTO TO3BOJISET TO-
BBICHTH KOM(OPT ¥ YAOBIETBOPEHNE TIOIH30BATETIEH.

3. DHeproaddexruBHOCTh. HevyeTkne anropuTMbl yIpaBiIeHUs] OCBEIIEHUEM MOTYT ONTHMH3HPOBATH
WCTIOJIb30BaHHUE YHEPTUH Iy TEM PETYIHUPOBKH SPKOCTH OCBEIIEHHS B 3aBHCUMOCTH OT peaJIbHOH NOTPEOHOCTH.
Hanpumep, cructeMbl MOTYT OTCII€KHUBATh HAJMYME JIFOJEH B MOMEIIEHUN U aBTOMaTHUYECKH YMEHbBIIATh SIp-
KOCTh OCBEIICHHUS B OTCYTCTBUE JTFOJICH.

4. Camxenue 3arpaT. BHeapeHHe HEYETKHX CHCTEM YIPaBICHHS OCBEIIEHHEM MOKET 3HAYUTEIHHO
CHHU3UTH SHEPTONOTPeOIeHNE 1, CIIEAOBATEbHO, CHU3UTH 3aTPaThl Ha 3JIEKTPOIHEPTHIO.

Takum 00pazom, MPUMEHEHNE HEYETKHX aJTOPHUTMOB YIIPABIEHHUS! OCBEIIEHWEM CIIOCOOHO MOBHICHTH
3¢ PEKTUBHOCTH MCIIONB30BAHUS SHEPIUH, 00eCeUynTh KOM(OPTHOE OCBEIICHUE M CHU3UThH OINEpallHOHHbIC
3aTparsbl.

Ienpro MaHHOW CTAaThU SBISIETCS PACCMOTpPEHHE W OOOCHOBaHHE NMPUMEHEHHUS HEUETKHUX ajIrOPHUTMOB
YHpaBJICHNUS OCBEIIEHUEM C LIETbIO MOBbIIIEHHS 3P PeKTHBHOCTH 1 KOM(OpTa B Pa3INIHBIX 00JIaCTIX, TAKHX
KaK O()MCHI, YITMYHBIE TPOCTPAHCTBA U MPOMBIIUIEHHBIE O0BEKTHI.

Jiist mocTHKeHMsI TOCTaBICHHBIX 1IeTieil HEOOXO0MMO PEIIUTh CIIEAYIOINE 3a1auu:

1) pa3paboTath MOIeTh SKCIIEPTHOI CUCTEMBI C UCIONb30BAHUEM HEUYCTKOM JTOTHKH;

2) MPOBECTH aHAJIN3 TIPUMEHEHHS HEYETKUX aJITOPUTMOB YIIPABICHHUS OCBEIIICHUEM.

g paccmatprBaeMoil HEUETKOM MOIENH YIIPAaBICHUS OCBEIIEHHEM Oblia pa3paboTaHa MOJENb aar-
TUBHOW 1 3HeProd((eKTUBHON CHCTEMBI YIIPABICHUS OCBEIIEHHEM B 3aBUCHMOCTH OT KOHKPETHBIX YCIOBUH
Y TIPEATIOUTEHUII MOJIb30BaTelNel, KOTopasi MO3BOJISET CO37aTh NEPCOHATTM3NPOBAHHBIE CLIEHAPUH OCBEIICHHUS,
YUUTBIBasi MHOKECTBO (PAKTOPOB, UYTO CIIOCOOCTBYET MOBBIMLICHUIO KOM(DOpTa, 3)h(HEKTUBHOCTH U 3HEProdd-
(heKTUBHOCTH B UCTOJIH30BAHUH MCKYCCTBEHHOTO OCBEIICHHUS Ha OCHOBE TEXHOJIOTHH HEYETKHUX MPABHI BbI-
BOJIa C MCIIOJIb30BaHUEM JTMHTBUCTUYECKHUX MepeMeHHbIX [1, 2].

B xagecTBe BXOIHBIX JHHTBUCTHYECKUX TIEPEMEHHBIX MOAETH OBUIH B3STHI MOKA3aTEH TEMIIEPATYPHI
okpyxkatomeit cpeasl (TOC), ypoenn ectectBeHHoro ocsemienus (YEO), Bpems cytok (BC), akTHBHOCTB
none3oBatens (All), norpednenue auepruu (119), npeanourenus nons3osarens (I111).

BBIX01HO# TMHTBUCTHYECKOI MTepeMEHHOI sSBisieTcss MHTeHCUBHOCTE ocBenienns (110), nBeroBas Tem-
niepatypa cseta (ILITC), addextuBHOCT OcBemenus (30).

Jns BXOTHBIX TUHTBHCTHYECKHX repeMeHHbIx (JII1) BBoguTCs TepM-MHOXKECTBO:

— Temrneparypa okpyxaromeit cpeas! (TOC) — Hu3Kast, cpeqHsis, BeIcoKas. TemmnepaTypa oKkpyKaromen
Cpeabl MOXKET BIMATH Ha BOCHPUSATHE KOM(OPTa, M B HEKOTOPBIX CIIyYasX, U3MEHEHHE TeMIIEPaTyPbl MOXKET
TpeOoBaTh N3MEHEHNS] HHTEHCUBHOCTH M [IBETOBOM TEMIIEPAaTypPhl OCBEIICHUS;

— notpebaenue sueprun (I113) — HU3KOE, cpemHee, BEICOKOE. YUeT SYHEPTOTIOTPEOICHUS SIBIIICTCS BaXK-
HBIM U1 o0ecriedeHust 5HeprodPPeKTHBHOCTH CHCTEMBI YIIPABICHUS OCBEIICHUEM;

— npeanoureHus nonszoBatensd (I111) — cBeTmbIil, HEHTPaIbHBIHN, TETUIBIA. YUYeT NPEeaANOYTeHUH 0Ib30-
BaTeNsl OTHOCUTEIBHO I[BETOBOM TEMIIEPATYPhI OCBEILEHHUS MOXKET YJIYUIINTh YIOBIETBOPEHHOCTH MOJIb30Ba-
Tes;

— ypoBeHb ecTecTBeHHOTO ocBemeHus (YEQ) — Hu3KkHiA, cpeHui, BEICOKHH. YPOBEHb €CTECTBEHHOTO
OCBEIIEHHI BIUSAET HA HEOOXOIMMOCTh M HHTEHCHBHOCTH HCKYCCTBEHHOTO OCBelIeHns. Hu3kuit ypoBeHb Mo-
KET TIOTpeOoBaTh YBEIMUCHHUS IPKOCTH M HA00OPOT;

— Bpems cyTok (BC) — nens, Beuep, HOub. OT BpeMEHH CYTOK 3aBHCUT TpeOyeMbIil yPOBEHb OCBEILICHHS.
JlHeM MokeT OBITh TOCTATOYHO €CTECTBEHHOTO CBETA, BEUYEPOM M HOUBIO TPeOyeTCs JONMOTHUTETHHOE UCKYC-
CTBEHHOE OCBEIIICHNE,;

— aKTHBHOCTH mosib3oBatens (All) — Hu3Kas1, cpenHss, BBICOKas. Y POBEHb aKTHBHOCTH MOJB30BATENS
MOJKET BIIMATH Ha €r0 MPEANOYTeHUsI OTHOCUTENIBHO IPKOCTH U TeMIlepaTypsl cBeTa. Hampumep, BbIcOkas ak-
TUBHOCTH NOTpeOyeT OoJee IPKOro OCBEUICHUSI.

s Beixonnbix JIIT BBOAUTCS TEpM-MHOXKECTBO:
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— UHTeHCUBHOCTH ocBenieHus (MO) — Hu3kas, cpeaHsisl, BeicoKast. THTEeHCHBHOCTB OCBEILCHHS JOJKHA
OBITh aJaITHPOBAaHA K BXOJHBIM IIEPEMEHHBIM, YTOOBI 00ecriednTh KOMGOPTHBINA 1 3(h(HEeKTUBHEIN ypOBEHB
OCBEILICHHUS JIIs I0JIb30BATEN;

— uBeroBas Temneparypa ceera (LITC) — xoyi0HbIH, HEHTPANBHBIN, TEIUIBIA. YTIpaBIcHHE IBETOBOW
TEMIEepaTypPON OCBEIICHUS MOXKET OBITh BAYKHBIM aCIIEKTOM TSI CO3/IAHMS Pa3IMIHBIX aTMOC(hep B 3aBUCHMO-
CTH OT BPEMEHU CYTOK U IOJIb30BATEIbCKUX MPEANOUYTECHHUIA;

— 3¢ dexTuBHOCTH ocBemeHws (D0) — HU3Kas1, CpenHsis, Bbicokas. Omnenka 3 GeKTHBHOCTH OCBEIIEHUS
MO’KET YUUTHIBATh HE TOJNBKO YPOBEHb MHTEHCUBHOCTH, HO U APYTUE MapaMeTphl, TaKue Kak paBHOMEPHOCTh
OCBEILECHMSI U OTPaKEHHBIN CBET.

s MonenupoBaHus SKCIEPTHOW CUCTEMBI, aBTOMATHU3UPYIONIEH CHCTEMY YIPABJICHUS OCBEIEHHEM
Ha OCHOBE (haKTOPOB, CIIOCOOCTBYIOIINX MOBHIILIEHUIO KOM(POPTa, 3PPEKTUBHOCTH U dHEProdPPeKTUBHOCTH
B HCIOJBb30BAHMHM HCKYCCTBEHHOTO OCBEILEHMS, MCIIOJIB30BaJIOCh MporpaMMHoe cpeactBo Fuzzy Logic
Toolbox, nomonaenue K makeTy nporpaMmMm MATLAB a1 permeHus TeXHIYeCKUX BBIYUCICHUH, TIPEIOCTaB-
JISFOIIee MHCTPYMEHTHI JUIA MTPOEKTUPOBAHUS HEUETKUX JIOTHYECKUX CUCTEM [3].

3ajaanuM BXOIHBIC M BBIXOHBIC IepeMeHHbIe B iporpamme MATLAB (puc. 1):
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Puc. 1. BXOlIHLIe 1 BBIXOOHBIC IEPEMEHHBIC CUCTEMbI

Ha npakruke BbIOOp (opMbl QYHKUMI NPUHAIUIEKHOCTH 3aBUCUT OT BBIYMCIHMTENBHONW CIOXKHOCTH.
TpeyronbHbie U TpanenenjaIbHbIe (YHKINN MPUHAIEKHOCTH IIHPOKO PaCIPOCTPAaHEHBI N3-3a MX YHUBEP-
CATbHOCTH M HU3KUX TpeOOBaHU K pecypcam Ipu peanuzanuu. [locie BBoJa BXOAHBIX U BBIXOJIHBIX Mapa-
METpPOB (PYHKIMH YCTAHOBHM JIMHTBUCTUYECKUE NPaBWIIA [UIsl 3aJaHHBIX NepeMeHHbIX. Ha puc. 2 npencras-
JICHBI TIPAaBHJIa HEYETKOTO BEIBOAA.

1. If (YEO is Husxwii) and (BC is genb) then (110 is cpegnas) (1)

2. If (AN is Beicokas) then (MO is Beicokas) (1)

3. If (TOC is eeicokan) and (A is Beicokan) then (UTC is xonogheiit) (1)

4. If (BC is noub) and (N3 is nuzkoe) then (LTC is Tennsii) (1)

<. I (NN is ceeTnwii) then (UTC is Tennsiit) (1)

6. If (BC is evep) then (30 is Huskan) (1)

7.1 (TOC is Huskan) and (NN is Tennii) then (UTC is Tennsii) (1)

8. If (BC is woub) and (AN is wu3kas) and (N3 is Buicokoe) then (30 is Bbicokar) (1)

9. If (BC is Bevep) and (Al is cpegnar) then (LTC is neifrpansHuii (30 is Boicokas) (1)

10. If (TOC is wnsxas) and (YEO is wiskuii) and (BC is voun) and (Al is Beicokan) and (NN is ceeTnwiit) and (N3 is Beicoxoe) then (MO is Bricokan)(LTC is Tenniit)(30 is nskas) (1)

11. f (TOC is cpeanas) and (YEQ is cpegrit) and (BC is Houw) and (AN is Bbicokas) and (NN is ceeTnwi) and (N3 is Boicoxoe) then (M0 is Boicokar (UTC is Tennwit)(30 is wiakan) (1)

12. If (TOC is wuskas) and (YEO is esicoxwii) and (BC is gene) and (AN is nnskan) and (NN is neitmpanensil) and (N3 is cpegree) then (MO is cpegnaa(LTC is HeifTpaneheli)(30 is cpegnan) (1)
13.1f (TOC is Beicokan) and (YEQ is cpeghmit) and (BC is seyep) and (AN is cpeguna) and (NN is weirpanexwit) and (N3 is eeicokoe) then (MO is cpegnan)(LTC is xonogrsii)(30 is Beicokas) (1)
14. If (TOC is wsxas) and (YEO is Bicorwit) and (AN is Bbicokan) and (TN is Tennwii) and (N3 is huskoe) then (UTC is Tennwit)(30 is cpeguan) (1)

15. If (TOC is ebicokan) and (YEO is nusiwit) and (BC is nous) then (M0 is nuskas)(LTC is Tennbiit)(30 is Buicokas) (1)

16. If (TOC is Bbicokan) and (YEO is tusiit) and (BC is nous) then (MO is Hiuskas)(LTC is Tenniit)(30 is Huskas) (1)

17.1f (TOC is #u3kan) and (YEQ is cpegrmit) and (BC is Bevep) and (Al is Boicokas) and (NN is ceeTnsiit) then (MO is Buicoras )(UTC is xonogrbit)(30 is cpeguss) (1)

18. If (TOC is Boicokas) and (YEO is cpegnui) and (BC is gext) and (AN is Beicokaq) and (N3 is Hiskoe) then (10 is Bicokan)(LITC is xonogHeiit)(30 is Hiskas) (1)

19. If (TOC is ewicokas) and (BC is gens) and (AN is cpeanas) and (NN is weiirpanshuil) and (N3 is Beicokoe) then (M0 is viskas)(UTC is xonogusit)(30 is Hiskas) (1)

19.If (TOC is Bbicoran) and (BC i gets) and (AN is cpemuaa) and (TN is Heifmpansiui) and (N3 is Bcaxoe) then (MO is wrakas)(LTC is xonogawii)(30 is Huskes) 1)
20. If (TOC is Beicokar) and (YEQ is nuskiil) and (BC is seyep) and (AN is Beicokas) and (NN is weiftpansHsiit) and (N3 is esicokoe) then (MO is ebicokas)(LTC is xonoassii (30 is Hitskas) (1)
21. If (TOC is Beicokan) and (YEQ is wwskinit) and (AN is wnskan) and (N is ceeTnwii) and (113 is Beicoxoe) then (M0 is cpeanan)(UTC is xonogneit)(30 is nuskan) (1)

2. If (TOC is sbicokas) and (YEQ is swicokiif) and (BC is Bevep) and (NN is Tennwiit) and (113 is cpegree) then (A0 is cpeanss)(LITC is xonoarbi)(30 is Hnskas) (1)

Puc. 2. IIpaBuiia HE4ETKOTO BHIBOAA

[Tpoananu3upyeM OKHO 3HAYCHHUS IEPEMEHHBIX 33IaHHBIX MPaBi (puc. 3).
PesynbTaThl 3KCIEPTHOW OLICHKM 3HAYEHUS IMEPEMEHHBIX, paccuuTaHbl mo 100-GayuipHOW mIKane

(B %).
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Puc. 3. Pe3ynbTarhl 3KCIIEPTHOH OLIEHKH 3HAYCHUS TIEPEMEHHBIX

IIporpamma rpadudecku peaCcTaBIsIeT 3aBUCUMOCTh BXOJHBIX ITapaMETPOB OT BBIXOMHBIX. Ha puc. 4
npeJcTaBlieHa 3aBUCUMOCTh BxoaHoU nepemenHoit BC u AIl ot NO.

Puc. 4. 3aBucumocts BxoaHo# nepemennoit BC u AIl ot 1O

Ha puc. 5 npencrasnena 3aBucumocTs BxoHoi nepemenHoi TOC u BC ot LITC:

TOC

Puc. 5. 3aBucumocts Bxoaunoit nepemennoit TOC u BC ot LITC
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JInst OTCIeKMBaHKS THHAMUKA H3MEHEHHSI HHTEHCHBHOCTH OCBEIICHUSI, [IBETOBOM TEMIIEPATYPhI CBETA,
5} (HEKTUBHOCTH OCBELIEHHS HA OCHOBAHWHM 33JIaHHBIX MPABUII ObLI MPOBEEH aHAIM3 YHCIEHHBIX TOKa3aTe-
JIel JaHHBIX, KOTOpBIE TIPUBEICHEI B (Ta0II. 1).

Tabimmna 1
AHanu3 YMCIEHHBIX NOKa3aTeNnel JaHHbIX
Bxonusie JII1 Brixonnsie JIIT

TOC I3 11T YEO BC AIl no aTC 30
48,4 59,2 42,5 8,08 79,5 49,2 50,8 50,2 50

77 77 83 41 31 85 63 34,5 40,4

87 15 77 21 77 51 29,1 59,4 50

43 17 71 63 51 79 78,4 52,2 39,8

91 51 19 19 83 19 19,4 70,1 50

Ha puc. 6 npencrasneH pexxuM yrpaBIeHUs OCBELICHUEM.

yn paBineHune ocBellleHneEM

TOC n3 rnn YEO BC Al MO uTc 30
— PR] — a2 PAno3 PAO]  s—Pan5

Puc. 6. Pexxum yrpaBiieHus1 OCBELICHUEM

3akaAloueHHE

Ha ocHose MMPpEAOCTABJICHHBIX JAHHBIX YCTAHOBJICHO, YTO OINTUMAJIbHBIC YPOBHU HHTCHCUBHOCTH OCBC-
IICHHS, [[BETOBOIM TeMIlepaTyphl cBeTa U 3()()EKTUBHOCTH OCBEIECHUS COOTBETCTBYIOT CPEAHMM 3HAYCHUSIM
BXOJIHBIX ITAPaMETPOB, TAKUX KaK TEMIIEPaTypa OKpPY>KAIOIIEH Cpelibl, ypOBEHb €CTECTBEHHOTO OCBCIICHUS,
BpEMS CYTOK, aKTUBHOCTB TOJIb30BaTEs, IIOTPEOJICHUE SHEPTUH U TIPEIIOYTCHHS MOJIL30BATEIS.

Ipu HU3KKX 3HAYCHHSIX MApaMETPOB, HAIPHUMEP, BEUSPOM MPH CPEIHEI aKTHBHOCTH MOJIb30BATEIS, CH-
cTeMa MpearacT CHUKCHIE HHTCHCUBHOCTH OCBEIICHUS U UCTIOJIb30BAHUE HEUTPATBHOM IIBETOBOM TeMIie-
paTyphl, YTO MOXKET COOTBETCTBOBATh OoJiee pacciabieHHoi atMocdepe. C Ipyroil CTOPOHBI, MPU BBICOKUX
3HAYCHUSIX aKTHBHOCTH MOJIH30BATENS B THEBHOE BPEMS M BBICOKOM MOTPEOJICHIH SHEPTHH, CUCTEMA Mpe]iia-
raer yBelIM4YeHHE SIPKOCTH M UCIIONB30BAHUE TETUION IIBETOBOM TeMITEpaTyphl JUIS MOAIepKaHUS OOJPCTBO-
BaHU.
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OOHapy>keHO, YTO ypOBEHb HMHTEHCUBHOCTH OCBELICHHS, LIBETOBask TeMIepaTypa cBeTta U 3¢ddexTus-
HOCTb OCBEIIEHUS COXPaHAIOT MUHMMAJbHBIC 3HAYEHUS] IpU COATaHCHPOBAHHBIX YPOBHIX BXOAHBIX Mapa-
METpOB.

IIpu BBICOKOM aKTUBHOCTH IIOJIB30BATEISI U BEUEPHEM BPEMEHHU CYTOK CUCTEMA IIPEAJIAraeT BBICOKYIO
MHTCHCUBHOCTH OCBEILEHUA. BRICOKas MHTEHCHUBHOCTBH TaKXKe MPEUIaracTcsd B HOUHOE BPEMsI NIPU BBICOKOU
AKTHUBHOCTH I10JIb30BATEIsl, BEICOKOM IOTPEOICHUH SHEPTUHU U CBETIIOM MPENIOYTEHNH OCBEIIECHUS.

IIpenioxenus o cpeHE MHTEHCUBHOCTH OCBEIICHMSI 1 HU3KOM MHTEHCUBHOCTH OCBELIEHUS IOSBIIS-
IOTCSI B CJIy4astX HU3KOT'O YPOBHSI €CTECTBEHHOI'O OCBELICHMS B HOUHOE BpEMs.

B 3aBucuMocTH OT pa3nuuHBIX (DAaKTOPOB CHUCTEMa IpelJlaraeT pasHble LBETOBHIE TEMIIEPATYPHI.
Hanpumep, BeuepoM npu cpeaHell akTHBHOCTH MOJIb30BATENS IIPEAIaracTcs HeHTpaiabHbli 1BET. B ciayuasx
HU3KOHM TeMIepaTypbl OKPYKarOUIEH Cpebl U TEIUIbIX NPEAIOYTEHUSIX MTOJIb30BATEIN IIpearacTcsl TEIUIbId
LBET, KOTOPBII Takke IpeuiaraeTcs Mpu HU3KOU TeMIIepaType OKpYKarollel cpeabl U BEICOKON aKTUBHOCTH
nojb3oBareisi. B HOYHOe BpeMs IpH HU3KOH aKTUBHOCTH M BBICOKOM IOTPEOJICHUM SHEPTUH IIpelilaraeTcs
BBICOKast 3()(hEeKTHBHOCTb.
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