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Fig 4 SEM diagrams of Y,.44PO,: 0.01Bi"" at different sintering
temperatures, in which:  (2):1000°C; (b):1100°C;
():1200°C; (d):1300°C
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Fig. 7 Emission spectra of Y0‘99P04:0.018i3+ at different calcina-
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Synthesis and luminescent properties of YPO4:Bi3+ UVC phosphors

Xiao Yonggiang1,2,3, Chen Peng1, 2 *, Zhu Yuehual,2, Zhang Na1,2, Zhuo Ningze1,2

1. Institute of Electronic and Photonic Materials of Light Industry , Nanjing 210015, China

2. Research Institute of Electronic and Photonic Materials, Nanjing Tech University, Nanjing

210015, China

3. Jiangsu llluminating Engineering Society , Nanjing 210015, China

Abstract: Y1.,PO.:xBi3+ UVC phosphors for sterilization were synthesized by high temperature

solid phase method. The crystal form, surface morphology and luminescent properties of the

phosphors were characterized by XRD, SEM and emission spectroscopy. The results show that

the samples are tetragonal zircon crystal, and the doping of Bi3* do not change the crystal
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form of phosphors; SEM images show that the sample particles are uniform and the mor-
phology is good; under the excitation of 226 nm, the optimum doping concentration x of Bi3+
is 0.01, the optimum sintering temperature is 1200°C, and the sintering time is 2h. The best
emission wavelength is 241nm in the UVC region, which is especially suitable for UV steriliza-
tion.

Keywords: UVC; phosphors; sterilization
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BERRAHFIRABTFZARY LED BREEHA
A&, AL, BER, TF%
(LE=EaFITRARAE, L& 201100)

i E: KA LED RRIBRARRIARIRR,, HNATAEMRIBTERERIEAIEMREE, KX
SIFETRERAFHRBA TAZRRTN FERY LED BRBARIARH T TIREDHT, MESKTIR, BEETHALL
NEREEHRIRA=ATIE, W T BIRRAMIRIE TIERUMAsNAI SR, EF, a5
FRBARSERAY.

RHER: ABINEART, LED MR, PRI, RETURELT, EheisslA
FESES: TMI23 MEMRES: A

LED Lighting Technology of Hong Kong-Zhuhai-Macao Brid-
ge Lighting Project
DU lJin, ZHOU Shikang, CHEN Chungen, HE Xiaoliang

(Shanghai Sansi Technology Co., Ltd.,Shanghai 201100,China)

Abstract: With the continuous maturity, LED lighting technology was applied in the
more and more large-scale lighting engineering projects. The LED lighting technology
applied in the Hong Kong-Zhuhai-Macao Bridge lighting engineering project was
deeply analyzed in this paper.From the aspects of the road lamp, tunnel lamp and
intelligent control technology, how the lighting engineering of the Hong
Kong-Zhuhai-Macao Bridge can achieve reliable, convenient, comfortable and ener-

gy-saving lighting effect was explained.

Key words:Hong Kong-Zhuhai-Macao Bridge; LED lighting technology; ceramic street

lamp; reflective tunnel lamp; intelligent control technology
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Fig.5 Modular street lamp technology
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Table 1 Technical parameters of ceramic street
lamps used in lighting project of Hong

Kong-Zhuhai-Macao Bridge

2 m 120 W

180 W
968 mm x440 mm x 968 mm x 440 mm x
R 204 mm 204 mm
R /g 14.9 1557
W@/ (lm/W) 130 130
e e & /lm 15 600 23 400
e EBiR/K 4500 4500
B EREH 72 72
ThEEH =0.98 =0. 98
FHIRRL >0.91 >0.92
DiEak27d 1P66 1P66
R E 4 6
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Fig.6 Detailed design of street lamp structure
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Fig.7 Simulation cloud image of single ceramic
pixel heat dissipation
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Table 2 Simulation results of heat dissipation

of single ceramic pixel

HIBRE/C BEIE/W FR/C SHER/C SHERRA/C

40 2.5 69. 4 96. 6 56.6
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Table 3 Road simulation parameters of main

bridge of Hong Kong-Zhuhai-Macao Bridge
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Table 4 Test results of road lighting uniformity

of main bridge between Hong Kong, Zhuhai

and Macao
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Fig.8 Simulation results of main line bridge of

Hong Kong-Zhuhai-Macao Bridge
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B9 BB T2 L R 1E IR AR S
Fig.9 Lighting effect of main line bridge of Hong

Kong-Zhuhai-Macao Bridge
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x5 REXBEITEARSH
Table 5 Technical parameters of reflective

tunnel lamp
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E 2 60 W 120 W
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M ER/K 4500 4 500
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Fig.10 Appearance of tunnel lamps
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Fig.11 Structural features of reflective tunnel

lamps
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Fig.12 Simulation cloud map of 120 W tunnel
lamp
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Table 6 Heat simulation result of 120 W tunnel

lamps
: . & iR T iR
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40 84.5 96.9 56.9
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Fig.13 Optical technique of reflective tunnel lamp
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Fig.14 Light distribution of tunnel lamp
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Fig.15 Simulation design of tunnel lighting for

Hong Kong-Zhuhai-Macao Bridge
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Fig.16 Lighting effect of Hong

Kong-Zhuhai-Macao Bridge
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Fig.17 Network topology diagram of intelligent control system
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FESKE: TU113.19 NERFRRRD: A

Research on LED Lighting Effect and Luminous Environment Re-
quirements of Different Scenes in University Classrooms
WANG He, XUE Peng, LIANG Qingxuan, ZHAO Mengjing, ZHAO Yifan
(Beijing Key Laboratory of Green Built Environment and Energy Efficient Technology

Beijing University of Technology, Beijing 100124, China)

Abstract: Due to the characteristics of high time utilization rate, changeable scene
and the popularity of LED, the improvement of luminous environment quality in
university classrooms is conducive to improving the environmental satisfaction of
college students, thus improving their learning efficiency. This paper takes the typ-

ical classroom luminous environment of several educational buildings in a university

in Beijing as the object, combining objective measurement and subjective ques-
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tionnaire survey, and using a set of the scientific analysis process, aiming to identify
the objective index and the threshold value of improving students’ satisfaction with
theluminous environment at different times of day and night. The results show that
LED basically meet the requirements of existing standards in terms of illuminance
and uniformity. The indexes and thresholds that need to be controlled are different
in different scenes of class and self-study in day and night, such as color tempera-
ture, color rendering, luminance contrast, and physiological equivalent illumination.
This study provides basic data for the comfort requirements of the luminous envi-

ronment in university classrooms, which has certain guiding significance for the

quality improvement and construction of the luminous environment.

Key words:classroom;
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Table 1 Measuring instrument and accuracy
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Table 2 Comparison of standard results for LED lamps
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Table 4 Statistics of objective indicators related to subjective feelings
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Fig.6 The relationship between satisfaction with the luminous environment and objective indicators
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Table 5 Summary of the index threshold of specific time and luminous environment scene

Table 5 Summary of the index threshold of specific time and luminous environment
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FEHEAINS; Loh, RISHERENAtN
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2020 F7 B, ERIMBERERIT
FHUEZ R, EXEIRBHREUERFEEF ams

RUSIEIET SN E R TeRk, BB EETN
=L 46 (2T,

5 ams NG FIH—LHERN 7 KNEIRAS:
B, EREEREAR, BE—HhESE
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#S5ER] DI BEE PSR FSEIRSS
WRASELCFRBIA R S (DS)SHGEERIWTT.
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BITELAEFS MiniLED, FHRWT=E
Veeco &[EERY Lumina MOCVD &%, 13
K7 IRED, EEL #0 VCSEL &5 ¢ misEFr
R, MBI XBGFEEER ] Fluxunit gsE
EFRESM LED A7 Bolb20%A&14.

X—E5ENERE, ITFERMETEME
Bl NS Blp v K =y SE S NI LAt
BXSIRATES ams &3 2)a, Bl SSEpERk
a. Sededl. SEEERE. BUGNER
BARF SRR OAGH—E IR,

BRI SHERE GE Lighting

General Electric Sel
Its Consumer Lighti
Business

General Electric is selling the unit t

CrrvriAant CuintAarmana A carmanrt hAarmaAa An

2020 £ 5 B, BRESKHEBEER
Bl SSHER TR W ERERE B
Savant Systems,

%k 2018 FHISHE FRIEENE TR
A5 Current tHEELEFASIRINATI AIP Z
&, X—ZhtinsE GE 2ES5E 7 EHA
Bik 130 FHELRERRASS., HiEHEMNSE
AR SSIERIRI AN EIBA T HHIRF—
BETERIE (LB) BIRAE.

iR Cree
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Cree, Inc. to sell LED Busi
to SMART Global Holding
Inc. for up to $300 Millio

Mon, 19 October 2020, 6:00 pm GMT+8

rRPEE

4 2019F 3 B, =ERAEESLRNR
FGHEL LED FRRARkmNISSLA 3.1 {Z355TER4a5E
IDEAL TERZfE, 2020510 B,
RN S S5EERF7 5/ & SMART
Global Holdings (SGH) JXRNERERINY,
¥ LED s SSHESRRE, RBMNEX 3
{ZZE5T, R RIESEERALIMN SR
I 10 {Z3Eti TIE S BRE RRIBRIAEFIE T
I, SERS, fFESERERMIERENERY
B L pEiRthERt Tz, BER
A8, BEFRETF 2021 FREATERNE
#2739 Wolfspeed,

EOSHENIREA, MSE(EsIT
LED REBRNSS, SETHAYIE ST
ISRBSHLURBRHRERA, SREXIATHTAGR
e, BanEE. TURRSRIRmAH
RFHOR.

b, EFRERIAESR T ITE $EE
IRIBETREb L Sb, KERE "B |, X
BAFRA—MARES. LED HARBAN
R —IX AN LRFs, FERIXIEDkER
BB TEEr-AEEE AR, £ LED BRI,
EFRIRBR B AR TS S THRY
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NMEBLEZACFIIEARBES, Bt
BEFF. s, B, HFRESFERARNR
1TVEEE, LARSRERRAE VAT R
wREXPEMESD. FECEEIKARAE
EROFMRREXA, BEENTIARE,

FPERRIBISNHIEREZ L & R /IHIER

E, B HRRIEEEEL.

&5

BA—EIRTEBEARBRAIHR,
HEHTERNEERENERIBEIIE, W
EBEANFBARZTEIHFEE—%
AEIRTY, BENOMETEAEFEEN

FTES.

TEBEXNEEESKZT, FEIFAR
EHANEEERIHRBNEERFK, &
TEFERSEhWnEik, £ GDP IR
FIZART, BEAR 23%, H2EFE
iEBEARRITE. MPERBTIENR
BEEFNAWUT, (FASBRIEHIES
ORGP RELARER(Y,
RNRRIRLT. EERE AR AR SLAARRRRT T T
F T EZRIMIIMEFESREE), Bl NS
SRERRER T A A FRRI SR FeiRHERS.
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B2 2021 &, XYEAIEN A5 HE,
ERY "FRr—E" FUEANR, EH
ERFEERW, NIRmERR SRR,
HRESKEEND, W EERIEF=ER
K, BELFRMEEEIHES 2020 F5%
BINERIEZRENEEEEA, BRES
4 EX R RN EA TR R S IRF T
B, SMOTHIAEEMANER, FLSEN
REANRRSEIR BRI, HOMmBAEHE,
BIRITREMRATE, PEEHOS
IR RN RS HR S, £EkE
FERMEAEEI NN SERRAFIREER, 5
BIR 2020 FHH OSSR A BT
X, 2021 FHEHEKEISHEIRRAES.
TS EEE 2RI AR,
AR RN U KAT AT BEME,

2021 2 "+IUA" FRZFE, =8l
EWEBRIIRE, SERISNEESE
. I RERIREIEREEED, REE,
DEECHET, A, —EEHeiTIAYS
FREARE.
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LED BEEBH AT @ RAYTRTT R A LR

X

L AEEFEFRF AR EIRFR, LT A% 116023; 2% mAEVHFHNELALRE, T
F K 116023)
WENXEYNENERAERNEENINEEF—, BRKEFRYENETDER, KEE
MR A FRFHIEN, B 7 IREROE RS A==, T EZK=ERERR AR
NEREETETKIHNERER, ARFIERRIARAIRE R, AERAT LED FREER;
AKF=FIE. KEBESRE. fRER. mHaltasArSENEINR, BExdtkat, F

FEEPEK ARG REABNR, LUBEEK. REESNEDRRITIAREERERK, ’H
TARRAIKRRRE.

Ki#ia): LED; WM, RIMNRE!, MEEs, imaall
FEHZES: $972.632; S917 SEMTRGES: A
Research and development state and perspectives of LED technology

in fisheries and aquaculture: a review
LIU Ying-

(1.College of Marine Science and Environment, Dalian Ocean University, Dalian 116023,
China; 2.Key Laboratory of Environment Controlled Aquaculture, Ministry of Education,

Dalian 116023, China)

Abstract: Light as the most important environmental factor affecting growth of
aquatic animals has formed a unique sensory system and light regulation of physio

logical mechanism in aquatic organisms via one hundred million years of evolutionary

-39-
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adaptation. At the present, lighting technology development obviously lags behind

the demand for the development of aquaculture, as well as the industry transforma-

tion technology requirements. This paper summarizes the research and application

status of LED technology in aquaculture, aquatic disinfection and sterilization, micro-

algae culture and pelagic fisheries, and the development prospect in the future is put

forward through comparative analysis, being combined with the green development

and high efficiency and high quality demand of aquaculture and fisheries in China.

Key words:

genic microorganism; distance ocean fishing

HERHEREIKFFEKRE, K7
FEEFEOHRFFERTERN 60%L L,
2018 &, FEE~E/ 12 815.41 {Z7T,
A ERWRFER 21%, KEREFTEE
6457.66 /5 t, H, FEE/ 4991.06
B t, SRk 1466.60 /5 t, FESET
R El,

EEART, WWEINGRZEXKET
RER. KBHTIEEFAEETMD, WIS
& =0, B8, REF, "BYERKEKR
BE" . A NEFIKEEER. KB
MEFRIREMER R —[2-3]. KEEY
EEARRVEREBMER, LIRS ARERT
IR, FEMEARRI AR RS,
P B RIXS K E VRIS CEVIRN (BFEE
Yied, SCEIER. EMGE. E. KB
WAIER. JORE. SEIE. SozmZ) MEE
WHHEEFENRTEM-5]. ITFE, A
KPR RIRIEAR R, ATSCR(ERINT.
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LED; environmental effect of bioluminescence; UV sterilization; patho-

ERAT . BESKT . SROEKTRO LED KT) S dckisn
SN TR, BIFEERCEE. X
R E A EER) RS R R AR T BL 7T
[BIARESZ, PR GEMRIRE SRR
ARREL, REAFHESENEN RAE
IEYGNRHE AR FOIRE,
BEEXERANERRE, RXZKE
(Light-emitting diode, LEDY{EAZEPUHT
BIBRARYEIR, ANMNTIREIMR, SCFBARIRRER
=, Fik, KR, AN, 1R

HIREDE, B, AEFEMARFIEEIA.
{ERDORE. (AR RS ERIIUES (AIAFR
N EER. REMEFC, E2ESI
RIN AR E B ESICRRIEN., BAaT
2N FRRIR2-3]. BEETEKFFEAT
HRTR. FOKRREMFBEGAISAEL,

XJ LED YERAIFESR ARG, A4t 7k
T3k LED R ATE AN -hAYEASR S FIEL
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IR, LAERZY LED $oARTE SV sk m AR A
I SEILHIES.

1 LED HEARRIZ IR

LED MR A\THIAZITIEE S 40 Z51
A2, B8 LED S&ATSRAIRERE T, N
ANT—MERBRIFRTHAN, 2018 &,
EF*SEBIBE~W=EIL 7374 27T
(https://73b87ef2c942f977eb3eleffofef
7351.vpn.njtech.edu.cn/news/20200228
/115127752.html, 2020.2.28), XHHIA
FIEERR, CIFTMARAKEHE, £EIK
WE: (1)IHFHRBRNE LED JeuEd 200
Im/W, SERRKEFE, LED ftESISEX
SRIAEREET 150 Im/W, ImBEFEFEP); (2)
BERMRFNAYEEE LED SoREBkENG, I
KREER LED TR IEERIAER] 170
Im/W, FEEEYE(565nm@20A/cm2)EB3¢

EEHATHERWERIAR] 26.7%( "TEE S LED”

MEEFSTHX, 255k 2019.07.31);
(s, 5 LED 55 H, Haie
BN+ ZBIIthBENETNA, &
AREELL LED ZEAFHYGE ) (4) BRI
AAFrEVHT, LED /NEREEZK Mini LED
BEERORINER I RMRESEIIER
KIKIHRET, IKEFAEER,  (5)TETTeR
475mE, F&RT SMD0606/0404, COB #Q
NE—EERAR, NE—H=RAEETZ,
BefE R AT IR LED 'SR VBRI EH
TFNBEAERR, H— PRI my GRS
A5t (6)UVC-LED #UEtRED M EHN
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ANEVESRH, BIIYKEREEAIIE, 2
MNERREREE 3 fE b, EIOCERESRM
RPOMARFERBRAKETERL
UVC-LED S R B FE AR E{E 21.6%,
NLIMSHCRES LED 1IETHRIR, ME
WA NRIIN AR AE 7= R FR RO AT K,
LED S ARIESMINEALHISE, BERTAA
AOMRIERREE, 79 LED BRBEFIATEKF=FR5E0
13 R PRIk & T T AR A RS A,

2 LED $#AR1E & aSiHT A
H

2.1 SRR K= ER A BRI
N Az 4EFS

HREWKEENPERSTHRER
RENERF<Z—, BRENIFELEIEE
T, EEADIRINECEE. YOR. SO
SIKEFMIRIERIABEEER(THER,
MNERY CHEIMNE RGN IERIIRYAE KR
im. B, EEEETY., BT AR
R SEKARMERBRENTFEER, BB
IKE PR EME D ER, IKEIIETI(Z
FEHEN, B TIRSRIBOTRSE,
eSSBS IR SHA SRR R AR R
S, MIERIRSLENEEBTEREN
RUBRSh, BRI, IR, SEAREAYIRST
25,

2.1.1 J6E FARIRIKAISEER AIKIK
PRUETEBENAR, RIRIRFISRIMEIGEX
VRARRIRAIR I B ARST, TR EAEZK
NP EERBGRRIZRESD, B, T LR
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IKAFRPKIRI. ik, R GOFE,
MIEELSERK AT EEIME, BFAR
BKEEMFEBRFR AT GAEAE,
HIEHEKAYGNRIMFEERY, E:
x£rh, £LBIEEE Verasper moseri E55% T
NERKEERZEZRTLLEE],; 4
Oncorhynchus mykiss TEIEY FAIESR
TBEFHE, FIERHE. MESEMRFIE, KX
ZEE TR EREERETEERS;
KZF Scophthalmus maximus {FE& &R
ECEEEMBRITRE, BETSIREAH
17, HEGEERNRE SRR
T B EE Oreochromis niloticus
RS TRIZNEITA, WSRRIDERFIE AR
JNHIBESINMENC, TENSEH, TR ERE
TEIRSFELUEL Haliotis discus hannai
Ino ZHARIMFMLERFIZSER, FHEMEYERY
IEINmiRLY, eSS B EIE R4
RESH ERFZSATRRTE, BREY RIS
BEETHSRTEBN, FERFEH, Sokee
EEEBMNMILXE P LG HE
Eriocheir sinensis {FEERIAAS, MEYERIRT
IEEREFEE BT,

2.1.2 JERREBE SCRREEKIETRE
IKRRBRMBEEIR K, RENOGERS,
JREAOCERES, EREIAHENF,
EI7KEEMIR SRS R ERAER,
LUER = BRSHRIEME 3, LG5,
FERBFEaRENERNMESRERER.
MBER BRI EZERI B
B, BNTRE®CAMNE, MESE, Wk
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RREREEIEIN, MEE T, WATHRE
EIEXR, EN TR MR, SeEndE
PNERKTINEE, SRERLRS[RAA
7EEE Salmo salar BI2MRLE RS, SR
Carassius auratus gibelio &4 KAIGRIE
¢3879 0.03 ~ 1.08 pmol/(m2-s), EFE RS
NS Z R ERTIRIESICAIE, T EREE
FEIEI0R) 9.46 pmol/(m2-s)RY, M RES.
FEEFRIESEEASY, o
FE. 8T, EEEGRREM, TK. &
BISEERKRIYE MEEE, MEBEET
SEIRAF) 40 pmol/(m2-s)BT, %hHEEsEs
A BERANT, =FKRFEE Portunus
trituberculatus £ 1500 Ix FGER =2 H/D
e, RMBREETKFNS,

2.1.3 JEEHR KEDMEFRIKARIR
IREAESH, BERRXEETREZEBAA
BHNERIGR, N TENMXFMR, &5
T IR RS, BPEEsh0o), anbE
SaMmAEHME 5 d iERMEEENT AN
BRTE, NN TEMFKTAMERIES]
RYFFRR0, TEREE@EERT, SHESHRNRE
IFImEZ RN, BIHEESHEER
MRESEIBRFIRE, EBRENRM, 2
RREDW, ARENEEARK. A8HHT
AFEEEFMP, NELEE Melano-
grammus aeglefinus 5 ¢ERR(< 12L) 544
T, PHCHIRERERET, KO0 Latris |i-
neata 7£ 24L : OD #0 18L : 6D J¢EHAT,
G REEEST 12L: 12D A, BH18L: 6D
R EE R B E RS (FEFHEFRYE I,
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RS RS ER A SIR IR R B E
SN, Q0FELI5E T, 4L: 20D #08L: 16D 2
(BHENEIERMER, MO
AR, B CRRAdEREE 12 h B, I
wmEs, FHREs. BRAMENNRIIES

HHI07); {TESELAT Cherax quadricarinatus
f£12L:12DF018L : 6D }EEF FERKIERE
ExIR, BFESIERER S, TfE 18L : 6D #124L -

0D YA TRGERE=. EEK~7FE
MR ENSERESEURBINER 1 Fi.

R 1 FEKPFREM A SO R

Tab.1 Examples of light environment regulation parameters in main farmed aquatic animal species

FHE species ¥ light spectrum JLIR light intensity R light period
ot < : 2Kl (EBA) BH of (FHEGI . 24L : DI,
FEES Scophthalmus masimus B (EERE) 1~ 1000 pW/em?® (2] a9, 16L : 8D
B Gt s W, _ _
‘_}Pf!ﬂf&( rr!rpbu ﬂﬂﬂfl th:s.I
ST B Epinephelus coivides  — {F#. 500~700 k1% 4hta, 241 : oD
ETORTRTRE Takifugu rubripes  FHES . WD i (FHESS, BL: 16D~12L: 12003
g T Oplegnathus fasciatus: 5 8 Acanthopagrus schlegelii T o
§F} Sparidae ] W, 205~1370 L[> HWfFiEf. 241 : oDl
TE W5 Lateolabrax maculatus ; e erde
W seabass #HIS) . BT W D %ﬂﬁmﬁﬁmhmgmﬁm g;;zgﬁﬂbpdx
centrarchus labrax; (%] ] : E
FRhik z1, Z2 49 10L : 14D~ 1L :
=R TE 3 Ea 13D; FARIVHILH: 14L - 10D~ 18L :
Portunus trituberculatus L 800 1x'* 6D; R &hik. 13L ¢ 1D - 20L:
4piam
- T 300 A 6 A 3L 1500 1
AR EE £, PTF, R EES, BT ORI (1.0 em) FEEAME
L : : ATIEANGE M (Mg BhPRMIETERT R TE 5500 Ix L 0 /MRS (0.5 em) R RERE £ OK
Y {8 355 nm) ) T FFARMIMATE G MA(12L 2 12D~24L 1 0D) 4!
120 000 Ix By H*
b i el &, MK, HRHEE. 515 pol/ (m® -

HEEEW. &, sl

Haliotis discus hannai Ino

s)17

FERLM . 4L : 20D #1 8L : 16D

2.2 LED BEARTEKF=REHSHRIR
A

FEEAFFRELIRER R, SRS
HFENRE AR SR ERE, FBEF
FEEREEYERS. fE. HE 5%
R EA—LORKIR, 2018 &, 2EKFRA
T SIS B K = SR B R ) AR
66 7, SKTTAAS 38 7, EREEAN
LRFFIRORL 450 1Z7T, HPINERES e 9
FRAERRIE A RIS N URRR 117.8 27T
[42]. Pl R EEA SR E SN
ERENERA SR, BRi%rhS XA
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TEREERAIRIMGHBAR, EFRIR
SRR ETEK PRI ZBIE R ISR,
KRICIREFH = RESEERIFEA,
mMHE 360 A, JeFRITRERARIZE;
2017 FFHRERGEIINGICKTZRAIZKEAL)
IETUAERS), EoRSKIEINRIEHR. M-S
REWRF RIS & (UV- LED)R
BT, MRIRRNLGEFNR, EREH
SHEMRNSREES ErIN A E,
USSR, UV-LED SRR uEaIb AN
FiZHEZ. &IMUltra Violet, UV)5tiEHE
53 UVA(315 ~400 nm), UVB(280~315
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nm), UVC(200 ~ 280 nm)Az VUV(10 ~ 200
nm)#l, UVC IREGRIKAE. BEER, 5t
FEFHIRUTSET DNAFD RNA 5 384,
KEEHIRES], NMSEERIEZEC™, X
BERKEHIHERRMEDEIERER.
UV-LED B—MiREECRRIMEITEIR
FEKINER, EEBAER. TREMR,
Sapic. BEFRAES. SCRAAREREA
T, SEmHAEN RBRTEFER,
fEE UV-LED ShEFERRIA IR, BE
EEFPEEBY URERIMRERIT

2.2.1 UV WFREKAEIEREYIRIR
KIER 1845 UV RS iBS SRR SRt ERE
FRHE. ws. BE. &HI%E, BES
EESNMEXEKANAIEES], B8 ZRBT
AHER KB EfIFEE . A UV iE
SAHBEFEKRE, BEEELE
Sciaenops ocellatus BEALERMXIIRE
A9 28.1%12=Z! 32.7%1461; FH 253.7 nm AY
LHMEZRENTERST 50 min, XJrpAEEsF L 6E
RREURE A BRIFRIR KRN, 1§ 253.7
nm FUERIMEEN T RREKME T ZR0/EiR,
REfEEEES Cynoglossus semilaevis Y
BFEEKENTEARN 099%RE F|
21.71% , MBETHEEREFI9RERE
21.6%48 ; HFEZH 1188 J/m2
UV(253.7 nm)iERR/K KFGFEEE Salmo
salar BRERIAFERE(IPNV), EKEEIARE!
3 log (D87 99.9%)49; FERIEZ) /9 0.1
J/em2 B9 UV iERRME i S ARRYEE,
KIEZRANA 99%°0; 58 10 32 30 W HY B8
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FHT" . 2142 d i, ThESEAaEes
820 kg/hm2B, JESBIEAKFFIBEEFHY
EZKRMEIRTS, UV B UV EE8RE M
AP KR R EH TR RN BRI
&, MPREEEFIINESFAEDBIN
APEFeEE, LIEERASEIYER KRS
it 78 E(120 W RIT, 45 =/B). 18 Ex
AEELES(120 W RIT, 18 2/B), &
SRS, RFEUSTHIKHEYD
FRBRIYRE.

2.2.2 UV-LED MF-E/KIARYESMA
F3 UVA IRERITYEFER, t8IN&Rmrlains
BRVARRERZ, AEEF Y mEE, B
SCRREFERYER R SRR AT (K< 330 ~ 400
nm, {AFR "BEKT" )[52-53]. FRIEEMIK
ZEHFMHENNRELLD, KK
360 ~400 nm B UVA-LED, 9MEFERS
I LED 7K, 153 46% ~ 76%04,
BeLERERT UVB 337K =ah Lt
MIEZIMAYARRE, E/MRERR, RO
2/ UVB TR GIEE Xiphophorus
hellerii FZREERIR M5, UVB 7KIHIIEDA
IJ=i#l& Gasterosteus aculeatus AT
Bo/aEN EERMERERE, SRR
&R, HRSMAESS 100 ~1000 Pa,
FRETRA UVC KR 253.7 nm, ThZE)g
5~100 W, IEEIERIE 30% LA, Sipn
a1 5 hB7,

2.3 LED HARRFREIEST

MEERNR ST mRYER, thE&ET
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BRETTRR. XRFRFEHNEIR
¥, ERTRRIEIRRLERINR, REK~a%R
&N, \’IK- R, Wik, HEtEs
BhkhRE. #UKR. REESFEE
1B, B, FUEXYHSFIURFIEKIMEG,
IEINRPAERMIt S, IR FIERKH.
BRESERFBERIVE N EAP,

MERAREEERSEN, FE, s
EFFBERBATAN G ERREEYIRRBIE
StMEF I RYIEITRERINF, WA
Z MRS AEMIEIERI, ANECRES
Pr EBEATRIS, NG CEA LR
TEET PRI CRRRE. SCREIDGE,
PIRSHEEMETRNDEEE, Bl
By ORI RN 2
Frrm. (EAREZERIANIECR, LED RKBEH
BRIEFPERIZNA. KA LED SERRT,
IE s CaRERANIA 17%1%0, {EERIRT
BEIAZISCRRMEIRLLREBR[59,61], Er-lkiy
RREER. RERRE, ETEMitE
il CETR) 2UFR R M (5 2BRR) B & BT R
REPD LAREIZ DR,

2.3.1 YRR E FIRBEESIERS
SR BB BRIA R & RTAUSERR
58 B FR N Y6 4ME 2 (light compensation
point, LCP), @ZYtMERfE, HEIEENE
JCRRRE LB, BIENEE, ek
AEJEIERN, LRI YERRIEERIYEIBFA A (light
satuvation point,LSP), JEIE taeiait
HERRATRERIEREER, YXEBIRETIE

MIlsg, XM FTEREREXRESR
(photosystem |,PSI), ERIEMBASHIF
RN, BRIEEAERHR 7R
SEENHIECEIERARERRRENF, R
BEEGER] LS SRR IR BRI A E
TRE[63-64], FRT, WHECERAEN
sEpHBRT S SRR ENSI R B HE SR
PHIEIEHE T TIAROY, b, SeRRsRERY
o BeAlEREI R S B EIFARRIA, &
SR ETLUEMMRARSIERSE
[66-671],

2.3.2 S AEGENEIFRRST
BEAERR, FTRBRSBBAREIRIKH
J6, MZEAE MEFRERBEBEKISE
EERIRIL, FrLAREGE CIRERAERY
EMFRN, ERTIBEERESR. B85
193RI, LED REDGEXRIERER. &
FEVEFEMR SR EEYEE
EERYETSIER: FIRLIE LED RIS
Chlorella vulgaris I BN ERE S
118%I08]; EITIENNLTSEELFl, IR
BRRIYEEZERIES 14%08); RUUKEIELE
TRV 2 3 3, (BfELLLDE,
EETIERSETLURS 20%[69-70];
R (EH SRR PRAVIRE,
HAl, MNENERARETEEFHELERE
SR GRS HE, MNTRERIMNE,
ERRNENZIESRVARRY, MEEER
BYtERATREFEENER, EAFITRIERN
ARG B2,

R 2 TS R
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Tab.2 Examples of light environment regulation of main microalgae species

R

. i b 36
% ik X AN
: ight (pmol « m™ =57 ) light flash
category species : : e i
spectrum light intensity perind frequency
RETMI Scenedesmus prowuberans B0y S 100 24L: 0D — H)
SEF B
FREFL R Dunaliella tertiolecta itly%)g;é 300 12L : 12D — gi
Eh 4 b3 Dunaliella salina Ak 500 24L : 0D 50 Hz ¥t
BET  ERE Chiorella vulgaris 3% 255 24L:0D  10kHz 4
Chlorophyta 16L : 8D. i
FHEME Scenedesmus obliguus H % 500 14L : 10D, = 2
12L : 12D "
¥ K B Chlamydomonas rein- Y s 5 . 1. 10, i
il a3, X 220~252 24L : OD 100 Hs k4
LT R Haematococcus pluvialis 3 1 18 24L : OD 1 Hz L1
i WEEEME Spirulina platensis 3% 3000 24L: 0D — H$4

Cyanophyta

2.3.3 SR HEHGESSRR, BRE
(B RRSYRT B AR RIS AT LARL D
YIRRIESFHVR, ME A ERELSET
RBEYS [RGB R RS RG TS
731, SRRFNAILARO R, SIREtE
RN BENFER., BHCESHERR, FRM
NAEFEFEERRBREYRTXRRES
40%0581, /NERER AR EER S IHR AR
RIEE, EPNEYETTRES 3 5
751, SESLERRIELL, ST BRI
NS BT 5 &b A it EG B S & SR IE 10
85%(76], SN EREERNAELIER RTINS
REEMNEYERERS, BIFSREBEN
FEREFEIE(IK 70%U7; BEHREE, &
1 Hz SR FIFS RS E(TFE)LLEEDE

R 1.5 (808,

SRINZUN AN AT LA 2532 S EIRSE IR,
EATEIS R N RR iR S SCIL SIS B,
RIAERR RN E R N AR P ST EX
MRSXAYEIR. THAREREE, REICHEER
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SRR AR EE R, &
Fit RIS IR RIESHIR AR,
AR EENREREIA—RAYRSEIN 12 s
=21 s(BD 1 Hz), REEEF2CERIRS
32.6%"; TEHRZ AR PIBIRIER, BT
IR EISRRAIBIA—IRAYRSEIN 17.8s
E=E 4.6s, MNEWMRTRIES
70%[8%; SRR CEYIR N RE, 18
TIRE R EMIR RS S EYR=
E=2FRKR 2 5, MESSN T SEERS
FreU, LA ERFHIE &7 7 3iA) LED 7£7
BRIBFLHENEXNEN, BEEIFERR
RAFHRR, BN, Eg PR, BN
KIESEIEVIRNATESEER, ()=
b (ps)KBl, FIRESIRAIREICETE,
ERTHEARRE, BriEReedt Tl
1IE[73,82].

2.3.4 SEEHR SEMEY—H,
OREYET, BRRPHERIFIE
N7 SeREREIEE, aNBEEATRMAE S REE

A =
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S ZIIFRPEDEMRMAIAR, SRtk
REE, SEULEIERERIEER, HiEE
HAAR SRR ERER. BXkLE.
FEREM DTN, MXtESR AR~
6, ARFRE, GUNEKE. =/BiEE
£ 24 h EERRTERKRR, B&EE
18L : 6D RUYERRIETN FEKRIR, HRHAEK
B, RIS EESDIRE G TS IE
BB, MEEE 18L : 6D A LHRE
I, FRIEIER S E&m[84-85], E=iHHT
LFERURAZIAR, 141 10D HBEKHTHE
WERECOREME TN 2 (&, BEFH

JEEHARS IR LR IR B B E RN,

EEEFRARAE MRAYARS, &I 14L
10D RYEHEREIER B R BRI AR
FHT, B-2AF MRAVTELLES IR

= 30%I81,

2.4 LED AT FibimallAag
W

2.4.1 FEMEREERIEICE R
BENEXTANEENEEFZ—, &
IXSMFRARAR AR, EXSEE
HBgEN, TAFISH SRR T
BRI UTR. BTN 15
M BT RINE(337, 368 nm)RIR
Rz, FERAIE 11 MaERN, BRFD
FExR, BIRPREAHERAMEITRINEEN
RS HREEENY 5 MEEYCRIIEARE
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AU N AR, BEYERD B/ 89.75%
M 81.82%, &x K AL F 93.75%
90.91%M8% ; ERBIHIAEE Sciaenops
ocellatus #1 2 K & ¥t B W Sepiella
maindroni XEERGESBRN, AR
WA ENRERIRE LRI AIE
B, NEGEN BRI EaE,
M2 R ST BRI EE IR HIE
B, XYFE—EETH 4 FyciRame,
SR SIS E RS
[90-91]; BRFIBIEE Oreochromisco
aureus ERERBIEE—IRE FRIENE
FLE, &P,

242 % % pSIREN-hTERT 3¢
A2780 HEEIEFERYEN MTT LbE&iAmis
HMIEERKHEER, SEVBRER
PSIREN-Con JSHEERAIAY A2780 4HiESE
FKIESRAET, M pSIREN-hTERT #E3Hy
A2780 MEERKIERIBERE, FEDH
SHIRNRALRERERITFERN (1Y
P<0.05), Z=AA#E[ME hTERT Y shRNA &
NIDHIT A2780 4HEAIIEIERES ], & 1.

2.4.3 FEITEEGSXMRIKR FHE
LED SE&ITEEEMRRL. BiExd 3 #f
LED &&1T5 1 MEsE s TRIEF NIt
IeARI, LED &I SRS TS
KT, Lo LED B eRTIEsRERAUH AR,
BT LED &I &N ENTRYSERmL
AT, LED SEEKTRIEFEB IR
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