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Abstract. In order to select suitable light in a plant factory, electric energy use efficiency and light use efficiency
should be considered simultaneously to consider operating costs as well as quantitative and functional aspects. The
growth characteristics, electric energy use efficiency, light use efficiency by light intensity, LED ratio, and photoperiod
conditions were compared together. Light intensity is 60, 130, 230, and 320 pmol-m™-s™ treatments, and light quality
is the mixing ratio of red light and blue light 8:2, 6:4, 4:6, and 2:8 treatments. Photoperiod is 9, 12, 15, and 18 hours
treatments based on the daytime. In the light intensity experiment, the growth rate increased as the light intensity
increased, but there was no significant difference in the light use efficiency. When comparing the leaf fresh weight per
power consumption, only the 320 pmol-m™-s™ treatment group showed significantly low efficiency, and there was no
significant difference in the other treatments, so 230 umol-m'z's'l, which produced the most, was the most efficient. In
the light quality experiment, the ratio of red light and blue light was measured to be high at the same time as the growth
rate and light use efficiency in RB 8:2, and there was no significant difference in color difference and flavonoids
content, so a Red:Blue ratio of 8:2 was the most suitable condition. In the photoperiod experiment, the longer the
photoperiod, the higher the growth rate. However, there was no significant difference in the growth rate over 12 hours
of daytime, so 12 hours considering the light consumption efficiency was a suitable condition. Based on the above
results, LED light environmental conditions for perilla growth in plant factories were light intensity, light quality, and
day length of 230 pmol-m™-s™ or more, 8:2, and 12 hours or more, respectively.
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Aoz A1l Afehz gl vlsh Alag aubajo|H
A2l o = AYrkeh 4= Q=S 7HAIAL QIEK Cha <55 2014).
53] AlEg ol A A2 Aol 3lof 91e-8= AMeshe
g T Sol M=, S 5] 5ol Ae st 3
ofl A AR F&& 71 whzell 2h=oll sh= At 3 =2
& AAsH= Ao] F83HLin 5, 2013). EFHHO 2= <
&3S o8t Aufishe Ao F AEsgelM= A
H|g-o] gol 28 H B2 A537go] A&7 skl FlE]
£ oHAE S0 A& Was o] FRbE oo gt
(Krijn %, 2017). W% t}o] 2 =(light emmiting diode, LED)
P Qlg=de AE Sk Al Aol A g g, =]
= AEe el e T Al 7K S8k virigeol Tk
2 syt -2 354 of] I Q3 PAR (photosynthetically
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LA A delM B B4, FF717F S71e ARl

active radiation) 2] IH(400 — 700nm) 0| A F=40f 9]
o g EaA 02 FLrlo] gl A1 2 AR R
1}&}o ]t Folta?} Childers, 2008; Ouzounis &, 2015). 244
B} HANTO. the] o 2 o] el AR A, Ay
T} LR AI0] 23S o] L5to] A9} 7o) oFA 0] AR}
21 A MRS Z A1 4= Qokar A5t B Q) a(Lie}Kubota,
2009; Choi 5, 2015), 2} o] Zglolu 2,
A QAT 27k510] s Ao] A0 A%, o
@ 8 o 7P} AR ALY S FAA ] A
o]ak 3HTHLin 5, 2013).

SN[ Perilla frutescens (L.) Britt.] EZ&1}o] &3 Q=
WA 2515, SopAlolE uigele] el kA
A8 T EAIE B A gol ok 02 AL el 9ol
57} AES ol R TAS 28 2 sholthLee 5, 2013;
Yoo 5, 2017), Salufeloll Az Q8 ThA] W A vl
U, 7Pgo It o] ol ore gt v sk e
o) SRot] S 9Le 0] 98 /b1 glo] 7] 2]
of 822 220]7|1E s}, A WIS AAAek o AL
of B 2= 0]99] 715 A1 E Fe| 2 sen]7hZ7FakT 9
tHLee 5, 2013; Seong 5, 2015). E7j+= LHHA O & QLEA|
om oful AR ofj} Thepgt 71 dak vlekyl S ket

o] gHikel fvel g bk 94-sieka etelA gle
o] Sl Aol A ST 5 S TS
b= 22 ghego] rka A7 ul 9lrkleong 5, 2014;
Kim 5, 2015). 4Is}el &kd a3} Q= 715540 o] of

nA= P

n°l'
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1. A M= # 2E =
%Cﬂ:r@]/\‘]%%eﬁﬁ( AE7K, Danong Co., Ltd., Gyeonggi,

Korea)Z gt 2~E%](3.5 x 3.5 x 3.0cm) ]| 1}=E35}o] Ho
o] 4u} %‘1711%‘ o Al “4151 ] A2 A Aea
ofl G AJ51eI. AR gtell A= Ul AUINET, nutrient
film technique) [240 x 60 x 200cm(L x W x H)]A| 28] 28
51} w2 Hoagland @(Hoagland and Arnon, 1950) =
48 AM88F I pHRFECE 712 5.5- 6.5, 1.0dS'm™ 712
o= 1 -2 vt 2AHCE Al 2782 Lok S EAlA
(HMP60, Vaisala, Finland) & 0]-835}t0] &= Adl4=5 7t
ZF19-21°C, 55— 65% & G-A|3}9aL o|AlSEk A
oJAkSERA AA(GMP252, Vaisala, Finland) & 0]-8-5}0] =
A5+ A1} 400 — 700umol-mol! ¥ 2|5 52| =] ek

2, 2 Halof| ME Siel st Z0IEEE Hst

St A7 A= a1 QJ=, AlEgAto A S0 tist A+ LED(HT204, Esleds Co., Ltd., Guro, Korea) Z"-2-600 x
S UIET Aol B3], Aes ol eAl === A 28 x 16em(L x W x H) 719 Al AR-SFAAL il A]
Table 1. Experimental design of different light intensity, LED ratio and photoperiod.
. L . LED source
Treatment Number of Photoperiod Light intensity Red %) Bl (%
samples light/dark, h mol-m?s” i N ue (7
p (light/dark, h) (i ) RB ratio (600—700 nm) (400500 nm)
60 + 10 81.7 183
o 130 + 30 76.0 24.0
Light intensity 15 12/12 230 + 30 8:2 9.0 210
320 £ 50 775 25
8:2 77.1 229
. 6:4 59.0 41.0
LED ratio 15 12/12 130 + 30 46 402 508
2:8 21.8 78.2
9/15
Photoperiod 15 1125//192 130 + 30 8:2 77.1 229
18/6
MESIAXAMSHE| X, M31& X35 20221 181



30cm 9of Ax|5tc) L=kl AA(LI-190R, LI-COR,
Lincoln, NE, USA)E o] &35}o] IAStAGaYyeixj&Ed e
(PPFD, photosynthetic photon flux density)E &35}
™ 7<4/\“3’4(600 —700nm)3} AHA3H400— 500nm) 2] =3t
RB H|-&2 822 A|gs}3aL 12A)7F LA oA =560 +
10, 130 £ 30,230 = 30, 320 + 50umol - m™-s™ €] 47}2] 24
© 2 th2 7 AAste] ZF A7) ALEk) ol L F 8-S 1)
WSt Table 1).

3. Z& Hajof| ME Sl M=t Ho|BEE

PPFD 7|52 & LED %1 o] 233} HAgo] S5t vl
2 7}7}8:2, 6:4,4:6,2:8 = 47}2| ] 0| Q& T}E A A ;gs}ai
a1 7= 12417 QAo & 3EES 130 + 30pmol-m-s!
2 A"k 2 At 2 i g A X slo] Yol
Az Joke A Ges ARSIl ot & S ol
2882 v wal T Table 1).

4. EF7| Hatol 2 Siiel YKt 0|85 Mt

F57] A% 2] B9 LED 29| A178&9,12,15, 18 A7t
O] 47A] A e} -2 Bl FRdE2 130 +30pmol-

m?>s", RB 82 2 A|glalg] i 43} & Ay o-akyl Fo| a8
& v| w5t Table 1).

5. Flavonoid X2¥ £
Flavonoid A% 42 AxH E71E 45t 200mg2
T T 80% oflghe-30mlE o] 60°C 2] g2 A 11
AIZE B dEE 7R e FERCE HEYQl JJEi
(0.45pm) 5 Faf o e M2 e8] Axd 7] 5=
sto] m|ekE- 2mL & 25ttt 85 E Al 25 13,000 RPM
0 F 1087 QARSI A5 HE syringe filter2 Z
E| st o] ¥& Al 10uLE high-performance liquid
chromatography(HPLC, LC-10AD VP, Shimadzu, Japan)
2 B8tk ZHL Luna CI8(100A °© 250 x 46mm,
Phenomenex, USA)o] ARE-E|QITh 7} H 51 o] Qufj= 254
g]_o]./\ﬂgqeao]cﬂ th 0.5 % o}/\ﬂEA}o] 247]-51 P H
g1 mLe| EEHER o H] 24 A4S Sl 7
vl 2749 w2 Z} 9] 3= UV-visible detector(SPD-10A) 2
%;}93\_1‘ 280 nm 2| A= AR A5} t). Flavonoid &
Fo HEARS 280nme] 27104 e picke} 2
retention time(RT, HE-E A|7H Q] HAS FFA| 52 A
Kk vl wsto] o BABHAT, Beuieo]=0] 5 e
AE0] 1= Ao osf) ALK S B oAl Alktst
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SPAD, A%, SAAE, 785, A, e 24E 24
itk gHAL A A=47](Li3000C, Li-Cor Inc, NE,
USA) 2 2451911 AES2 =210 2E(VS-1202D2, Vision
Scientific, Korea)©]] 70°C & 72 A]7} oA} %3 & Sk
37t §lS o S5kt Fol-8a-8(light use efficiency,
LUE)-& A&EzA|(SIPM-C16, Seojun Electric Co., Ltd.,
Seoul, Korea) 2 48|13 =435} A 7|7+ St AH]H
S 40| AN 5 R A o o] 9 2 4

H[3 2SS ARISHL 71 gEO 2 22 F-S Lhro] A4S}
ATH A 1),
LUE= D/ ((FPhd)/n) (1)
074, D= A=5(g), FP= {Eﬂ“j*(Wh) hi= ZPAIE

(), di= A} A4(d), n-e A
2u A F AP 4 Qs AES (mg DWW Hos Bd
3}k SPAD = 2424 7]|(SPAD-502, Minolta, Osaka,
Japan) O].Q.‘@‘]_o:] J_]EH oﬂ_,] 51*5 ﬁx—l‘é‘]— S ,z:l-—nL7l-_« 7]§
a1 Ax= MA(CR-410, Mlnolta, Osaka, Japan)E&
o]83to] HHe] 3328 =43 & Hunter L(lightness;
black = 0, white = 100), a(red-green; red = 40, green = —60),
b(yellow-blue; yellow = 60, blue = —60) ZF2 HH-4FO &2 L}
EMIQict. BAEAS SAS ZE TJ3(Statistical Analysis
System, Ver9.4, cary, NC, USA)S- 0]-85}t0] WA 9] tht
o Sole Askrh

Fpolth Folgas2 T

z4 J__I_I. aj _.—lir

= =
1, Y wstol B2 STHe WS Bol@ES Wal
Ayt R EF RB WS 822 AR F 12410

Aol A =RS-60 £ 10, 130 £ 30, 230 £ 30, 320 £ S0umol-
m?2s10] 4712 270 & thaA| A ste] g Aeek
|33t AT Table 29} 2tk Fafo] oPd42 A,
AES, G4, G959 Sl 27 dAsH L}]ﬂ—
W 2ol A= 320pmol-m™ s @lof| T2 A 2] o A=
A7 YERLR] eektH Table 22} Fig. 1). Choi 5(2003) 04
ol 4 LED 9 7‘“”4-‘—]- Aol A 0] Sl2] E/\qu o
35— 40pmol-m™-s™ 13, F3Hg 0] ©F500umol-m™-s™ ¢
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Table 2. Growth characteristics of perilla grown under different light intensity.

Light intensity (umol-m™>s™) Dry weight (g) Leaf area (cn) Number of leaves Plant height (cm)
60 12 & 539.1d 332 d 164 b
130 21c 7749 ¢ 459 ¢ 175 b
230 30b 9170 b 517 b 178 b
320 39 a 10533 a 583 a 203 a
“Mean separation within columns by Duncan’s multiple range test at p < 0.05.
A ®)
30 70 _~ 18 06
[ Leaf fresh weight ‘3 [ EUE (electric energy use efficiency)
I Total power consumption 60 g . 1.6 R LUE (light use efficiency) _
~ 25 a Z & 05 '3
g = = 144 a a a a £
= b 8 B =
D 201 2 T 12 b a ¢z
= - 40 § £ 10 =)
= ¢ 7] 5 c =
D 15 = 2 ¢ 03 2
= L o G 08 2
E 10 - d E 2 0.6 - 0.2 %
b L2 8 & 2
S — 2 04 z
— 54 £ ° Lor E
0 S 2 02 a
8
0 0 = o0 0.0
60 130 230 320 60 130 230 320

Light intensity(umol-m™ -s™")

Light intensity (pmol-m~=-s™")

Fig. 1. Leaf fresh weight, total power consumption of light (A) and electric energy use efficiency, light use efficiency (B) under different light
intensity. Vertical bars indicate standard error of the means (n = 15). Values for the same parameter with different letters significantly differed at

the 5% level.

+=1] 90— 360umol m™s' 2] 337 AN A FagFo] S71e
5 2719 BSEe] solyth 7 dAqtelAE 60—320
pmol-m™s™ 9] A|2]FLo|| A 3FTFo] &2 W TFo]
e A= Heloh

SN AT = Fol =25 STt o v ol =
=5 2] AEo| FHA| soluHA Elo|(Fig. 1A) 71
2HFE o7 Ur 710 %] o]-8 A-&(EUE) 2 H|wgk 4
7}230pmol' m™-s™" 270l A 713 =2 GEE LEPIAT,
e A etd v aat o R A EHA] okSit(Fig.
1B). Zo]2F-LE(LUE)2 60pumol - m™s" 7oA 714 &=
< &S e t(Fig. 1B). A7]o|AARE aao] Fdgt
2400 A= GAAIZ0] 71 ke 320umol m™ s 27 0]
A gtsirtar wets Xl” b A F 2} Fol- g aaSHo A AL
g uf 230pmol m™s™ o}4ke] 270] E7) A %Oﬂ 23 A
© 2 PEQlok Folgagat oy R|olgaaE TS E
87Fed, TR = AE 2, AlE *§T¢°ﬂ e84
QI LED, 2% 2H4 8%I(&%, CO,, 37| &5, VPD, pHE}
EC 5), & AAE vhARt A = 5o] lekKozai, 2013).
o|23t thefR S-S o] 8-5to] Fol g aEaS STMAIA &

uzo z

MESAXASEHE|X|, M31H H3S 20221

200 A
—&— 60 pmol-m™>-s"
—0— 130 pmol-m™-s™"
—v— 230 ymol-m’z-s"
150 4 —a— 320 pmol-m™ s~

100 +

Plant height (mm)

50

0 é 1‘0 1‘5 2‘0 2‘5 30
Days after transplanting (DAT)

Fig. 2. Plant height of perilla under different light intensity with days
after transplanting. Vertical bars indicate standard error of the
means (n=15).

44 5 24 B1shE Wl 44 5 14 Hege e
o] 7} LFERIA] Q194 353154 Hfol7} U] A2
Tl(Fig. 2). Choi $5(2003)0ll 4] o]l w2 Ao ke
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A4 - wedel - 299
of| = zfo|7} ittt Suktof| @A et Ak AR ZIkE AoUck(Fig. 3B). Nguyen?t Oh(2021) 2] 2 1] w2
AlEFAN A= AulZ17ke] A AusFo] AAlge] A ulE0] 30% ofstol A= B Aol BlSsial

opge] F=F 2o AHF=

=To="T
SIS o] o Aol EgH el 4 9k

g SR

=
S Hl T

2. 23 Halof ME Sme| 4t Z0I8EE Hst
LED 9] Z313g v Aol A A2

o] G- RB 8:2004 QA =%

HINE B tKTable 3). A8Y d-FollA] 2 Ag-2-
g 71Te g A S0 o857 Wi A A5
off Bl F AEYol2kal Sigl=t(Sabe &, 1995;
Son 5, 2016) & Aol A = AAsgo] S Aol &
< AIE vElc gt 2ol 3 A2laE fo
27} R A] okt AR RB 8:2 H]&ol|A] 7Ha =7
S ubdo] FA o uhe Ml S AT HE &
AFsHA] Z7g =] ol(Fig. 3A) H7]oH A|0]-8-AE(EUE) ¥} 33
ol & EE(LUE)S L& 3le} ot 8:2 Afe] ol 7 &2

Thal Sh=t], 2 A-tolli= A A HlE0] 20%2H40% = AT
7] wj o] gkt A AG ul-8-2 2R 4= ¢lITh
2T A5 0] PSS ZXI5to] A} RS SRARA]

O O
AT B2 &3l sbo] = (phytochrome)& 2
AIAA FEAE WAL FHAE FX15] AE9
M-8 =771t (Folta®} Childers, 2008; Kim 5, 2018).
2 Aol A= AU Blgo] E->-RB 8:20]|4 A&Fo] 7t
& =A S8 E AT HE49) S UEhl= SPAD gholl
HIERB 82014 7P £ 283 vl o) Hol A
OFAJi= ke Lreplich. ARz 4l vl go] 4o RB 2:8
ol 4] (L) Fho] o} o] AL T EFUOIAE
O Q1 Zfol 7} LrehtA] gl 38 Aol A Hunter’s a £k
Ago] Al 5 H40) 707 HEQ) SHEAOR T
)9} Al Aake Uehlo] Hule] el daet 4
1= ZF0 & ok A 9l O f(Lee 5, 2006; Lee 5, 2010) = &
Tl A ()9} FAE(b) o] mE AR 0= A
2157t frol el 217} e QLT Table 4)

o (v o

5

Table 3. Growth characteristics of perilla grown under different ratio of LED lights.

LED ratio (R:B) Dry weight (g) Leaf area (cn) Number of leaves Plant height (cm)
82 13 a 606.8 a 362 a 134 a
6:4 1.0b 5139 b 339a 172 a
4:6 1.0 be 5242 b 365 a 110 a
2:8 0.8 ¢ 435.1 ¢ 325a 10.0 a

“Mean separation within columns by Duncan’s multiple range test at p < 0.05.

(A)
[ Leaf fresh weight

10 s Total power consumption —

= a r30 =
-

= =
= 4 =
= b b £
E : £
= ¢ Lo E
20 61 @
15} =
z 5
2 5
£ 2
o 10 g
3 —_—
a2 g
=

0 0

8:2 6:4 4:6 2:8

Ratio of red to blue(R:B)

E

. . -1
Electric energy use efficiency (DW mg- W ')

[ EUE (eleciric energy use efficiency)
I | UE (light use efficiency)

a a
b
b p be
[+
ﬂ |_CY_I
8:2 6:4 4:6 2:8

Ratio of red to blue(R:B)

_1)

F03

0.8 4

02

0.6 -

0.4 -

0.2 4

Light use efficiency (DW g * mol

00

Fig. 3. Leaf fresh weight, total power consumption of light (A) and electric energy use efficiency, light use efficiency (B) under different ratio of red
and blue LEDs. Vertical bars indicate standard error of the means (n = 15). Values for the same parameter with different letters significantly

differed at the 5% level.
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SRA R Aol FFE B, FF717F 2719 ARl nlA|

HPLCE -53to] E709] w3t A At 2
W= HH(Seong 5, 2015) S7Hof wo] gH-E]o] Q= =S}
3LE = ZolH o) :==(flavonoids)= naringin, myricetin,
naringenin, hesperetin 50|t} Sl 0| == 714} 5351
Eojuls SRE R AR 8117} 9l Ao & g A Sl
12 AtollA A HPLC & ©-8-5}0] flavonoids s £
X5t A3} £Q peak= Neo Hesperidin &2 X =310
Anova 4] At 70423 0.05 0| A 471A] A o] A2l
TR = UEREA] ghSkTH(Table 5). ZF2F9] flavonoids 55
S Sl 4| Al4kgttotal flavonoids FHgFollA = -2 3= G131
th A292] AES-E #3to] 7HAH total flavonoids & A4k
SFH RB 8:2, 6:4, 4:6, 2:80|A4 ZFz: HH 4.0, 2.7, 2.4,
2.8(mg/plant) 2 7] A total flavonoids & 3324 2|17 =
ARl i3} LA ekt

—

3. EF7| Halo| e S Y=t Fo|8sE He
LED 9] 3g5715 9,12,15,18AI7EO 2 L0 2|17t 4

S v G 7 desE QA dES, 9E

3%

rr

A, 24 BT 04 0.8 0k T BT A S5 Y
o eRe Wl B 1SAIRE ool A = &
2J2}7} 91 tK Table 63} Fig. 4A). 37|71 Sold4=2 &
H] A o] 3H HoluA| &0 FaH] B8-S Bl als i H 9A]
b Al mE A 2]l A Sl A7 U] Sl Fig.
4B). 457 Z2) o)A Wel Zol7t 145 AAEol 57t
1= 213} g 28] e SofuA Hof, Zzke] Y57] A

2ol A 7)ol 2] 0]- 8- A_(EUE) ¥} go-8 A2(LUE) =
Bl ISR 9/15 He] Lo Art fo Ao R Lo g8-5 e}
WAL O] Zo]7F12A]7F o] 4Rl BLE A 2l atollA] f-2fgh &}
o]7} UrehtA] eokek(Fig. 4B).

oo Ang upgo g AEgaeld B B8-S %t
LED 3§ 37 2710 2= 335 =230umol - m™s™ o4}, 332
2 8:2(Red:Blue), -2 12417k o] AH(H2] o)) o & Fha]
SH= o] $& A 0% W), B Aol Pt 34
T} 35777 Al ol ERkA o 2 WA E 9l o] ¢3S 11
SEA] SR 3R PR o3 AlEa el A S70 Al E 214
8t 5}7) 13l 2AE B kg vland 2ast otk

Table 4. Difference of color value and SPAD value under different ratio of red and blue LEDs.

Hunter’s color value”

LED RB ratio SPAD value

L a b
82 373 a 36.7 b —134 16.5
6:4 36.8 ab 366 b —134 16.5
4:6 355 be 37.5 ab —14.0 17.7
2:8 348 ¢ 379 a —13.8 17.5
“Value measured by the colorimeter, L scale: light vs. dark, a scale: red vs. green, b scale: yellow vs. blue.
YMean separation within columns by Duncan’s multiple range test at p < 0.05.
Table 5. Changes in flavonoids content (ug'g" DW ) under different ratio of red and blue LEDs.
RB ratio  Rutin Naringin ~ Narirutin ~ Hesperedin  Neo-hesperidin  Kaempferol ~Hesperetin ~ Nobiretin ~ Tangeretin Total
82 87.9 81.3 7.5 163.7 2757.1 342 19.0 29 272 3180.8
6:4 73.4 96.2 9.5 81.8 2158.7 25.1 18.0 6.0 32.5 2501.3
4:6 85.5 104.1 5.8 1224 1921.5 14.4 277 83 34.7 23244
2:8 79.6 99.2 118.8 138.1 22364 413 345 84 30.1 2786.4

Table 6. Growth characteristics of perilla grown under different photoperiod.

Photoperiod (light/dark, h) Dry weight (g) Leaf area (cn) Number of leaves Plant height (cm)
9/15 02 ¢ 93¢ 9.7 ¢ 53¢
12/12 05b 2148 b 20.6 b 76 b
15/9 0.7 a 266.9 a 21.4 ab 92 a
18/6 09 a 286.6 a 243 a 9.7 a

“Mean separation within columns by Duncan’s multiple range test at p < 0.05.
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(A)

[ Leaf fresh weight
I Total power consumption L 30

Leaf fresh weight (g/plant)
Total power consumption (kW)

9/15 1212 15/9 18/6
Photoperiod(light/dark, h)

. 06 0.16
'3 [ EUE (electric energy use efficiency)
I LUE (light use efficiency) 04—
. 0. —
Eﬂ 0.5 I'E
a a =
Ed a a bo.12
a :
2 0.4 4 a ;
2‘ r 0.10 2
2 ;"
2 03 t 0.08 15}
2
3}
g Loos =
Q 0.2 4 b b 2
5 Foos 2
=} -
o 014 E)
§= r 0.02 -1
151
2
= 00 0.00

ons 12412 15/9 18/
Photoperiod (light/dark, h)

Fig. 4. Leaf fresh weight, total power consumption of light (A) and Electric energy use efficiency, light use efficiency (B) under different photoperiod.
Vertical bars indicate standard error of the means (n = 15). Values for the same parameter with different letters significantly differed at the 5% level.

¥ Q

% = A5l leliA= FAd SH
7152 SH Eekop 2t FH|E aLefstr] flske] %171
of[qx|o]§-R-g3} Fol-8-aE-2 FAl ol aLHsfjof =t &
Aol A= EAIE 913t LED3-1 Q] gk, 2 Asga) A xisg
O] T3t vlga 7] 24 S S A7 Ao §&
S} ol 8- HE-S T vl wstlet. F=F A 2l+1=60, 130,
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