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Abstract; To reveal temporal trends in post-fire combustibility and its influencing factors in lightning burned areas, so as to
provide theoretical support for fire risk assessment of lightning burned areas in the Greater Khingan Mountains in China.
This study investigated the lightning-fire burn scars in Larix gmelinii forests of the Tahe region, Greater Khingan Mountains.
Surface fuel materials collected from the burn scars were analyzed for their physicochemical properties. Principal component
analysis ( PCA) was employed to calculate combustibility, followed by cluster analysis to classify combustion grades.

Random forest method was then applied to identify key factors influencing surface fuel flammability. The litter layer of the
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forest surface fuel was more flammable at 17—23 after fire, and the ash content had the greatest impact on its flammability.
The biomass of other tree species, time after fire and slope aspect significantly affected the comprehensive flammability ( P<
0.05). The calorific value of surface fuel in the fermentation layer had the greatest influence on its flammability. Terrain
factors had no significant effect on the flammability of forest surface fuel in the fermentation layer ( P>0.05), Ash content,
calorific value and fat significantly affected the combustibility of forest surface fuel (P<0.01), Ash content and high
calorific value were the most important factors affecting the combustibility of forest surface fuel in litter layer and
fermentation layer, respectively. Collectively, the surface fuels in lightning-fire burn scars exhibited higher flammability at
11 years post-fire. The combustibility of forest surface fuels was not controlled by a single factor but resulted from the
combined effects of multiple determinants. Post-fire duration , mixed tree species biomass , slope aspect, and slope position
significantly influenced the flammability of undecomposed surface fuels. In contrast, post-fire duration, plot biomass, and
topographic factors showed no significant effects on the flammability of partially decomposed fuels. Therefore, priority

management measures were required for lightning-fire burn scars with post-fire durations of 11—23 years.

Key Words: lighining fires; surface fuel; combustibility; comprehensive evaluation of combustibility; burned area;

Greater Khingan Mountains
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AbAb IR | JE IR KRRV SAR 2 X R 35 358 90.7% , AR E B A 5870 7 m*, FEFRARA LK
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davidiana) Z1)% 7 K2 ( Picea koraiensis) 5% i Bk ( Quercus mongolica) 55 o 3] M X AF Ay 4 [ B g KB b X, 5
BRI AT B 2 MEPE VRS R #, 7F 2002—2024 4, 35 ) iy [X 36 % A s ok 5182, ok ok i ARk )
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LRI SE 0] | BT SR AE b I4) Jhy 22 v R AR
1.3 FedcRIES &

TEREHR IR H AL E 3 1> 20mx20m HYAEH Y BT A AR KT Sem 9 ARFEAT B A R SR IRCE- 1
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Table 1 Basic information of the sample plot of the lightning hit fire site of Larix gmelinii
LRV N S S /N

FEMARS FIAEBR /2 HifE/em i b/ % AR R/ m W/ (°) e/ ()
Plot code Time after fire Mean DBH of  Percentage of ~ Dominant shrub Altitude slope Aspect

Larix gmelinii  Larix gmelinii
1994 199447 4 9.88+1.90 60.93+8.56 A RS RS 658.67+9.57  5x1.41 84.33+38.59
1996 1996 58 A 11.06+0.71 91.3+4.12 A 2 A 477+6.38 1.67+0.47 48.67+12.26
2000 20004F9 A 17.55£2.99 92.2+3.11 A A 790.33+8.80  7+2.16 80.67+13.60
2006 2006 -9 H 16.94+5.73 64.57£10.00 LA FLEY 516+3.56 2+0.81 207+5.10
2010 201046 A 18.31x0.00 100.00£0.00  FhF 837 6 58
2012 20124F4 A 8.87+0.47 84.77+4.18 RN 456.33+6.24  9.66+0.47 282.67+20.42
2015 20154F7 H 26.67+0.15 83.1+2.76 A& ALRY BT 663.33+4.03  10+2.45 106.67+12.39
CK CK 11.61+1.82 94.03+5.12 F& RS AR 434.33x11.44  1.67+0.47 47.67+47.62

1.4 FE& T
FEHAT A R TEEE . th TREM TR AR LATE AR 32 AR E B AR TR (28K ke S8 ik 1
WS LU A2 | 0, BOE SRR I A JERTR AR e KO AR, 80 S RAR T .
InW=1Ina+blnD (1)
K, WRAEY R o, b ABERISEL, D KPR
TR BRI A B AR AOAR (25 i BRI R, RS b B =R A Py R AR A )
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FES LIRS B (Fat% ) (%) FHHLIE WG T 5 20 e 3 .
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o AR S BRI T (g) A, NI FRILTR (g) 5mo A TE A 2 TR RE i B i ()

FE SR A T BN A K 53 T A BCR T I ARTE o BRI 5.00g & B 000 28 18 5 2 ) 3 I b 22 5%
T Z 58 Ak, 3 Wi T i R 2 500—600°C , fifi 56 4 K Ah I 28 18 5 £, Uok 2 1 398 o 2k BRIV A i J 4 o o
AMRE S 3 W LU, FE ORI 23 B i 73 B (Ash% )

A,-A,

Fat% = x100% (2)

Ash% =

——x100% (3)
o A IR BTEE (g) A A HERFIRE A I BT (o) A IR FIRE R B B (g) -

i BN 5 A A0 X B % B i ( Calorific Value, CV) , FREX 1g HEHE 5 BORE B, 4k 22
221 B, T 20 A R 1 RS B PR BB BT & (RS 31 0.0001g) J il i e, AR 3 W &
B,

FESh 25 K53 E (Ash Free Calorific Value, AFCV) & ENT .
cv
1-Ash% (4)
FEEFYER A4 R R A9 5E - i 25 20 2 {3 (TR E F800) , 2% Van Soest P = RS 41
PR RRERS T ED
1.5 Bskbi s ot
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fifi H1 SPSS 27.0(1BM SPSS Statistics 27 ) FF#EATEARALEE . R HLK K J5 2253 BT (one way ANOVA) Fil
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(Spearman Correlation ) X AJ JAM) R AL, 11 S5t 455 PR - [E] A5G OC 28 B nl A BRAL PR B 18] B AH DG OG-
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oy, WEAEYI R FE MR E O A, 25 T SRR O s x, BN B T35 DL

fEFH R1EF (R 4.3.1) @ BEVLZEAR 2 HT ( Random Forest Analysis, RF) XF 52025 G BABEME y 145 T0HE 5
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2.1 KBRI TR AE AR AR

&2 NI YRR AR A R A i B AR BRI S T R BT T R R AR R T4
A= Y AR R Bt i AR BRI LB TS TR LTS IR KOS 21 4, =R A TRE . 4K
AYRAEKE TR TRE . K5 2,11 17 SFMIE A EY R M Ay &S T CK 4, iR ALY b
FEEE R 511 23 4E 5T CK,

R2 TRTRERTNERTHBARENE , EHRENE LENE

Table 2 Biomass of other tree species, Larix gmelinii biomass and total biomass in the burned area under different time after year

. HeARA W o IR A ) o . FeAR Wi I . —
s OVERIL CRIREIIRL g g ONEBRL RITREIL g
) Biomass of other Larix gmelinii R ) Biomass of other Larix gmelinii .
Time after R X Total Biomass/ Time after . i Total Biomass/
fire/ tree species/ biomass/ (Vhm?) fire/ tree species/ biomass/ (/hm?)
fresa (1/hm?) (t/hm?) Vihm fresa (t/hm?) (t/hm?) "
23 861.65+185.92  1693.70+1594.29 2555.35+1536.47 7 0.00 622.86+0.00 622.86+0.00
21 157.30+212.82  2000.91+975.15 2158.21+1181.39 5 344.26+197.69 2289.50+1723.39  2633.76+1820.07
17 372.74+232.59  3843.35+2621.77 4216.10+£2774.39 2 286.66+£225.62 5088.25+2628.21  5374.91+2674.80
11 990.23+360.88  3765.97+1612.33 4756.20+1251.53 CK 355.17+319.15 3353.71+2628.121 3708.89+1025.92

2.2 el bl R TR BRARE BT Y AR AR AR

1 R, #be RT R Th AR o3 S ML 1D B ) AR BRI i 2 5 B THE R BRI TR, K5 5,
7 ARG BT A e8] 22 S8 B3 (P>0.05) 10 K 11 4F FUIG G 5 Fe 48] 22 5548 838 (P>0.05) , Bk kU5 S
AEAN  H e KA RR R AR D5 34 1 T CK 4, b 20 )2 Rl R kR D7 2 % B TS TR BT, K
2—11 ERPHLIE I A E) 2 58 B3 (P>0.05) , K Ja 17—23 440 ] 22 F R FEAR B E (P>0.05) . k)i 21 42
O3 2 b AT RYPRLIG D5 8 T AR e , HI KT CK., KJG 2—11 4R R 40 J2 1326 nT SR 9 JK 43 i i 53 4 1)
ZERARRFE(P>0.05) AN, CK 415 kJ5 21 it 22 R AN 3%, B & a2 b/, R kS 21 45, K53 &
AR TRUE , BN T CK 4. RO Z MR TR K o it bl e AR BRI 52 58 B 5 N R LT+
B MR E IO S R RS R RS IR RS LT KR 0—7 R R 2 MR T K oy
TEARZRARE (P>0.05) , KI5 11—23 Y50 |2 T A K 73 & i 18] 25 5 i 3 (P<0.05) . P4 )=

[ anmez [ eame
30 1 80
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l J:ib abc
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1.2 b cd cd
20
06 L° bl |2 b d d
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CK 2 5 7 11 5 7 11 17 21 23

17 21 23 CK 2

HLIg 5 5 Be Crude fat percentage/%

K4y B4 B Ash mass fraction/%

i K AERR Time after fire/a

B 1 AR A BR RS i AR BE B o b F 7R 43 2 5 3
Fig.1 Proportion of fat and ash mass fraction in burned areas with different burn years

RELNIRIER AN T REFROR AR i KAE BRAS AR & 22 57 1 .38 (P<0.05)
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1 ARG VB R 22 55 R 3 (P>0.05) 1243 2 i3 vl SR A B et AT RS i 22 52 5 - FHIe R
THE TR Fa S 0 2 M T R BB AE K5 0—7,11—21 4ERF4 A 22 5548 B35 (P>0.05) . [AlE k5
23 FEARAMEEIME R F =T CK 41(P<0.05) , 10 K5 23 4R 2 3HE & T CK 4E R B 3 (P>0.05) , &
GV RN A3 A 2 ) 1l 3R T R A 25 K A AP B o K A IR B85 G B AR R A [ 25 SR i3 (P>0.05) .
[l K 23 AR M2 25 KA BV T CK (B 3 (P>0.05) 5 111220 fiff 2 1 32 7 BRI 2 056 73 B AR AR
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EIRFAE
Ash free calorific value/(kJ/g)
%

5 6
CK 2 5 7 1 17 21 23 CK 2 5 7 m 17 21 23

3 K AEBR Time after fire/a

2 AENENER AT HAE  ZRSHRETL

Fig.2 High calorific value and ash removal Calorific value of burned area with times after fire

HIP 3 TR, RO AR i R MR T A A U BRI AR TR S EF R R > P AP YRR Hoh R 4R
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Fig.3 Changes of hemicellulose, cellulose and lignin contents of combustible materials under different times after fire
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2.3 KGR AR AT AR S LR IR A DG

P 4l bR al R B R 23 i = TR o KR BRI 17 P SR AR I 25 TE A 56 (P<0.001) 5K 70 S B
B S . RAMRIZ T TR E Y S IVE R B UGG R (P<0.05) , B AR Y SR T, A E 5 2
FARIKER (P<0.05) o S AL AN [ 3 5 RLIE 7 AR (EL S8 A0 S8 AR 5G| 5570 0 26 I o3 AL 1) B2 W 5 1
FARICER  MPA G 2 4R R 5 R IEMOCC R . MBI 5 B3 IEARSC 3 SR AR R ¥, %
55 i (AR AL ] S AR I IEAH DG B (P <0.01) o il 2 al R v aod JCAT FROBLIR 7 L BV | 22 A A 35 TE A 56
(P<0.001) 5 KIP R Ko PE L2 B AR ka3, AR A Wi 5 25K o3 BB ) 2 0 3% TR OG . B 55 34
{ELI) 2 B2 AR 3, Sk S A S ka3 . R 5 LR A ) S AR S 35 TE AR S A 3, 5 v (o AV S A S
O TR B B DG BRI AN R R S AT AR R H) e R IR A G S

KA RIZ oM
TAF | &= ' sk ok Hox ) *x 1.0
0.8
OBiomass & * 0.6
LBiomass 0.4
TBiomass 02 ﬁ
0 W
Position of slope | ## G & * * * * ~02 é
Aspect of slope | # @ @ * ) ok -0.4
Altitude > @ 06
-0.8
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cellulose
lignin
Fat
HCV
Ash
AFCV
cellulose
lignin

Hemicellulose
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4 NRRIT A M EFIIME TS 2 5 R AR L 1% R B BT K2 /R 24855 1% ( Spearman’s rank correlation )
Fig.4 Spearman’s rank correlation between biomass and environmental variables in the burned area and the physical and chemical

properties of suface fuel

# 7E 0.05 GO (BB R ) 5 % 76 0.01 AN (BUBEE ) 5 # %+ . FE 0.001 L (WUB L) s Horprad Kmtia), ZeA A it dE s A it
AR BT, BB, IRy, 250K 7 VB i IS SC4R S TAF, OBiomass, LBiomass, TBiomass, Fat, HCV, Ash, AFCV 3{ 3%, M4k ,
WeRE CeT 4 2, T 4 %, R R 28 T H 3 S0 2 R 4> B Position of slope, Aspect of slope, Alttitude, Degree of slope, Hemicellulose,

cellupose lignin

&5 AR, A 53l J2 A 03 A 2 M R TR b RN DS 5 1 5 A E S A8 35 1R AH G (P<0.001) , 5 K7 52
etk 2 A OC (P<0.001) , HVE 5K 53 S I 2 A G (P<0.001) o FER MR Z AT K53 5 KK 5y Rl
R IEARDC(P<0.001) , TTE 70 )2 b KRR D 5 265 K 3 A 5 3 TR G (P<0.05) T AR 35 25 K 53
PUE R B & EADC(P<0.05) HLIRIT 5B 4P 4E R 5 0 2 EAR G, PME SRR &2 & U ¢,

2.4 KBEIEHE AT IR R S ARBETE Y

XS b IR RS R I O3 A2 SR TR 8 i JCAE R 8 Al A - b B 1 B AL D L BAV(EL K
Gy T BRI PVE CEAFAER AT AE R FUR B R B AT Z-Score PRfEAL, A [R] 5 440 (4 B 7T L) AE [+)
— f HPRMEAL G B EYE R 1T 32 L4343 0T ( Principal Component Analysis, PCA) @i [ 5, vl LAZE itk
B a5 TR NS A] REOR BE SRt FTAA Y BRAL PE BT ) B 25 B . PCA G5 R ANEK 3, XFT AR5 )2 2 53
JE R AT R A8 FH AN i T DA RS 3R -E A T R B BT, B3 25 i B2 43 ) 38 3] 93.593% il
93.255% (J7 MR >85%) o (fiHl# K T5 221% ( Varimax-rotation Method ) Xif & HUK) M F2EAT e i , 1 Ay 4
W ) - A M B A B T R F PO R AT BE 2 oA K A8 o I A ARy, B R R 4, KRB
AT LLKE B -C R TR BRA A BT 03 o TR A
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Fig.5 Spearman’s rank correlation between physical and chemical properties of suface area in the burned area
x3 EHOBFERS IS TEE
Table 3 Characteristic roots of principal components of combustible materials and contribution rate of principal components
. ASHR)Z Litter layer /32 Fermentative layer
AL p - - S p S - S
NTW FRIEAR T3 2 TTHR A% Bt 2 5Tk % FRIEAR J5 2 TR % BT 2T %
variz;hles Characteristics Variance Cumulative variance Characteristics Variance Cumulative variance
B of the root contribution rate contribution rate of the root contribution rate contribution rate
1 2.438 34.835 34.835 2.496 35.651 35.651
2 1.222 17.451 52.286 1.375 19.637 55.288
3 1.07 15.284 67.57 0.993 14.187 69.475
4 1 14.282 81.852 0.883 12.621 82.096
5 0.822 11.741 93.593 0.781 11.159 93.255
6 0.445 6.358 99.951 0.466 6.657 99.912
7 0.003 0.049 100 0.006 0.088 100
F4 RERERSELER
Table 4 Principal component transformation matrix after rotation
TEH J5 £ 4> Main component after the rotation
NS - ” X
KA f#Z Litter layer P32 Fermentative layer
Common factor
1 2 3 4 5 1 2 3 4 5
g Crude fat content 0.812 -0.146 0.15 -0.032  -0.037 0.775 -0.273  -0.074 0.133 -0.079
RN E High heat value 0.905 0.335 -0.146  -0.04 -0.023 0.871 0.439 0.079 0.065 -0.094
K43 Ash mass fraction -0.94 0.147 0.139 0.048 0.013 -0.94 0.092 -0.142 -0.075 0.046
FIKATAE Ash free calorific value — —0.046 0.992 -0.012 -0.02 -0.003 -0.073 0.96 -0.108 0.029 -0.106
247 4E 2R Hemicellulose -0.066 -0.021 0.062 0.996 -0.01 0.148 0.029 0.008 0.987 -0.024
£F4EZE Cellulose -0.041 -0.004 0.067  -0.01 0.997 0.073 -0.091 0.985 0.008 -0.034
AKFZE Lignin -0.052 -0.016 0.982 0.063 0.068 -0.113 -0.104  -0.035 -0.024 0.986

B EA s GO , P8, IOy, KT PE, R PR R R EFAE R P BIBEN x,, %5, 25,2, %5, %,

x, FRAEER 4 PTG AR
RIPfig)Z

¥,=0.5271 x,+0.5875 x,-0.6102 x,—0.0299 x,-0.0429 x,-0.0266 x,—0.0338 x,

TRARUT

¥, =-0.1368 x,+0.3138 x,+0.1377 x,+0.9291 x,-0.0197 x,—0.0038 x,—0.0150 x,
y,=0.1474 x,~0.1434 x,+0.1366 x,—0.0118 x,+0.061 x,+0.0658 x,+0.9648 x,
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¥, ==0.032 x,~0.0400 x,+0.0480 x,~0.0200 x,+0.9953 x,-0.0100 x,+0.0630 x, (9)
¥, ==0.0370 x,-0.0230 x,+0.0130 x,~0.0030 x,~0.0100 x+0.9966 x,+0.0679 x, (10)
y=0.3484 y,+0.1745 y,+0.1528 y,+0.1428 y,+0.1174 y, (11)

Sy =
¥, =0.4735 x,+0.5565 x,-0.5838 x,—0.0082 x,+0.2482 x,+0.1418 x,—0.2083 x, (12)
¥,=-0.2029 x,+0.2652 x,+0.1594 x,+0.7716 x,+0.0708 x,—0.3436 x,~0.3803 x, (13)
¥,=0.1917 x,+0.0040 x,-0.0351 x,—0.0452 x,+0.3965 x,—0.7268 x,+0.5240 x, (14)
v, =-0.1469 x,—-0.2033 x,+0. 1873 x,+0.032 x,+0.8780 x,+0.3405 x,—0.1234 x, (15)
¥, =-0.2026 x,+0.2886 x,—0.0565 x,+0.4086 x,—0.0226 x,+0.4323 x,+0.7198 x, (16)
y=0.3561 y,+0.1964 y,+0.1419 y,+0.1261 y,+0.1116 y, (17)

B LRI TRARUEILS 73504 A AT 00852 v, ys sys sy ys My B ILER 5

R5 KOBE FOBEHRABYART NERATRNESES

Table 5 Comprehensive scores of surface combustibles in litter layer and fermentative layer with different times after year

,ijkﬁ]ﬁ]/.a Y1 Y2 73 Ya s y ﬁ“.‘f: Wi%ﬁ .
Time after fire Sorting Combustibility
Ko w2 23 1.583 0.072 -0.213 0.009 -1.238 0.387 2 I
Litter layer 21 0.859 -0.137 0.092 -0.381 0.024 0.238 3 I
17 1.491 0.156 -0.322 -0.332 0.144 0.467 1 I
11 -0.949 0.052 -0.006 0.065 0.158 -0.295 6 I
7 -1.213 -0.026 0.086 0.788 -0.178 -0.323 7 I
5 -0.632 -0.068 0.167 -0.040 0.587 -0.143 5 I
2 -1.811 -0.055 0.207 0.552 0.059 -0.523 8 I
0 -0.136 -0.011 0.047 -0.134 0.326 -0.023 4 I
Sy 23 -0.6798 0.1636 0.5062 -0.2577 -0.5760 -0.2352 5 I
Fermentative layer 21 1.5110 0.0960 0.3922  -0.6202 0.0013 0.5350 2 I
17 0.8660  -0.3210 0.1288 -0.0795 -0.1334 0.2390 3 I
11 1.5809 0.0895 0.2166 -0.1448 0.1503 0.6104 1 I
7 -1.1389 0.2234 -0.1040 -0.7518 -0.1643  -0.4901 7 I
5 -0.8652  -0.1631 -0.8967 0.3114 0.4385 -0.3794 6 I
2 -0.3756  -0.0349 -0.0128 0.6494 0.1271  -0.0464 4 I
0 -1.6578 0.0955 -0.2996 0.3919 0.0470  -0.5601 8 I

HH 3R 5 AT, MR AT AN R o i )2 AR EHE Y 3R IR K5 17 4F>23 4E>21 4E>CK >5 4F> 11 4FE>T 4F>
24 R MIRE  BIN 11 A >21 517 4552 4E>23 4E>5 4E>T7 4E>CK, XAl sk v i Ay
AT R G RIS AT AL B R K IR 538 3 SR HIR TR 1) BREBRCI) Fg k() o XF
TR Z B FTIRY), K5 0—11 SR RBN PR (1), KI5 17—23 45 JCBa 0 Hy il A M) 2 B 0 55 20 1R
(W), TR 2 0TI, K5 0—T 4EA1 23 4RR, KObe il i nT R R TR (1), Hoavad KAERR R BN
BRI,
2.5 RSl AT AP BRI 1S i R R

SRR 5 M 25 R e M 1 K s st KT R AR A o DRl R AT A B AL B A S A TN, SR BE AL
PR AT (RF) HEZ T K 6,

& 6 7, Forf X 2R 43 ik 2 FF 40 A J 2 128 T R0 1 BE ML AR AR TR i B 2R R 3 31 Ry 0.8518 Fi1 0.8290
(P<0.01) ., HIZRFTERYIR R IZ T KPR ER G BRGENE y BUSE M iR K, Koy B ML 10T, S, R eF e %
TEGE VT il k2 S M 2 G R be v IO T 22 AR A Wit 2o AR BRORISE 1) Wk 25 52 M 2R B R ek oy, LA
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Fig.6 Random of forest importance score

PRASEREIRBENE y BRI 35 (P>0.05) o BRA TR M LG HABEE L2 UM AN, g bnxt y ¥R IR
Wil o T i SR M R AT A b IR ER B AR BE N y BRI EROR , e P B Ry CRETHER R 2 FOLIR 1y
BB RN y(P<0.01) o B o, 25 4l 5 Al VDO ZR B R be v R0, AR R XS y B2 IRA
BE . IR INZE 02 TR IR B i 2 AN 8.2 (P>0.05)

3 itig

3.1 BRI R AT AR AR A

ABFFE, =R AP I IS R T S TSP R0 KT S s
B BT EA G RIS A A RIS R AE SRR SR A E R DS AR 22 577 Tl S B 8 R 0
[ — R AL REAE ) BRARAE 25 FR GEEA T3 AR W | e 4 R ARy B AL B AR BRAR AL 52 87 B 34

FLBE SV S ol R4 e i) B R 5 LA D7 5 &5t 55 TR R Be e 2 TE L EMLIR TN &, KU 17 4R
21 SRR IR 2 M 3 FT WA S Dy R IGE | 1T 2K 43 ik J2 A b R TR W) T IO 21 4R 23 4R TR ) IR . K4y 02
e T IRIIRBE IS B R WA T IR T S8 5 2 ISR B RSB, TR RR PR M RN L RS RS
i )= MR FTIRY) T K 17 AEMFEE G RRE , 2K 0 ik J2 bR T R T 11 AR EE By kb . b BT &5, A AIE5E
HOR M2 MR AT IR T JOR 17 520 23 AR S 0000 , 2P 0 )2 MR T AR T JOR 11 420 21 4F R S
RS o FR AT IAEE R BRI IS WA, 7T LB 4 14 B B TR B RO AL Y AR )i AR B 2 IR 43 44
(2 AR, 305 BRI R — 80, PR R L e R AR TR ) B AR 180y, e B i v AR )
(RpRRBEtE 2 AR TR R LT e A AR PR IELEE | 1R I HAR B )5 7 A 1 O, B bt ™ IRt
LT FRRI LT A 2R R, HUR B ARBIETE T KR T 4R, 5 AN TR o ACREE Hb b R T AR 2T
Y LFER IR IR . AR AR L9716 500°C , FOR G ks (A FERR e A v 2 RO A
DRI A B3R 5 iy, FORBe M2 % ARBIESTH , JOT 23 4R 21 4R R Ak J2 R 43 it )2 1 3 3 T 4R 9
FOR TR S i i, oMEIRGE . MR AT IR B RO IR R S IR R R i 3 AR BN KR 17 4F>23 4F>21
A RS T R BR 11 4E>21 4E>17 4F, WTRE S H S A mVE, moBLIR I RO 40 A 6, kS 0—23
AR SRS P RS aed AT BRI 2 R TR LI 7 , ATEL AR 2 AELR I3 i J2 A0 i /2 R A
TR S AR ER B MR E AR E AR, R BEALAR MRS SRR W, i SR BR A FE 2/ T K, IR ME A
LR RUITIRYIIRBEE R th 2R bR AL R SR -5 SRR RIS 4 SRAH B EDE

AHFTE R RUIE 5 2 S I EE AR 38 IR AR OGS S 38 SR G . BV K 70 Z2 0 I 2 DR 5%
[ iy AN U S AP e 2 0], KA S AR R I R IEAROGOC R, 5 RIREE AN A ENGE ™, IR, A OGRS BT
W1, K355 25 I oy FAAEL I 2 S0 3 IE AR OGO AR, PRI R OCME AN 38 DR 2 52 Wiy T AR 2 o SR AL
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FERR RO R 2 IR T SRYLIR 7 2 5 2/ T 2.5% , IKOr KT 10% , /I T ok AR5
ZER R AL TGS X (H AR Y R 3R A AR, S AR bR RN AE 22 5 RO i
JERIRE I 2 B B3 PR P K 93 28 SR TP 22 AN K, IR MEZZ AR, BT, R
figpJZ= AT SRR 107 , PAEL, B3 P 25 K 3 PRAEL WA BE IR 32 Wi B 2 AW 58 T, B K s 23 AF BP0 i )= i 3 vl
WY, B HER SRR TR R & i, XS AR OIS A B EIIE , Fn] RE7E I 9% 4 o0k e 300, e Sl B VR
T, LS F YRGS A RS RGN ORISR SRS RAAT R, BT RRHERED
32 KJm R KR R TR YR B I Y A Ak

858 DR 308 32 5 W) b 58 T R A T 52 0 AR MRAR e e R KA S e R ol R R A S R R
HUAARSRIADCHE T BRI A FE A B Bl A7 VR4 R0 A 4 da A A 300 36 o B 8 3t 1 3t 32 58 T AR )
PABEPERIPEAN AR N AT PR E N 3 5 R R R PR I RO SC 2R . ASBIE ST, AR 0 X R 23 ik J2 B2 R T2
OMRIZE  BUHAE R KR 23 AR, KOBEI MR B R R W IR AR S M R A ) R BN R, AR A
Yorie: B MR R I3 it )2 T ol IO M s 3 T AR | [ I 2 AR A i 10 O 22 IR R R T MR AR i
FUIBK T U 2R e SER AR L% A5 08 7 1 (0 RR Be M R 1 RA R 7 4 MR e HE S SR TR I
R T IEHRORITIHE 1) 45X TR R A P S B 292 3 o AR AR e DK S R S 5 ) T AR A K 3 G
Wl T ARPIRBERE ™ FRELHTAEIFTER YT, B3 AT MR (G RR e 5 3 S AR R SO A L EE Y BRI A 4 2R
R BEE WO R, AR BE Z B, S BORT AR W) 2 bR A, 2 T 98 R | e AR 4800 R I, AR MR b 1 o
AR ARBIFFE R R T PTAR A (RIS AN S 2 3 5 TR T AR A SR AR B R e R R S
AR K RE 3, HE T SR PSRRI IE T o AR e 3 B X B o e s b b 3 AT MR MR PR S i 2 A
F ARSI A 10—13° 7RI RV P P9 38R Xk i o KR i M o R B IR R N, A
BEMLRRARES SR i 1) NI 5025 R I3t 2 ) R R e | TR DR 3R~ i J2 v M 3R TR MR B 1 32
MBI B2 (P>0.05) o (R, Rk X 75 ol 830 b 4 ] $8 H BEAG A o ) B9F 5 o, 7 22 2% R 33 1) RIS 37 7Y

S
4 #ig

ASBIFFEE 3 X AN AL K AT BT B % 2 P A T el K8l M ) i 26 R A T R S RV, FR R
PEAT IR RS RGN E A A AR AR b AT E EMEHE R A U 458

AR AT AR BEVE A 52 B — DN 52 Z IR IE R, IR 17—23 4RI R 7 i )= 1 KR
11—23 A2 73t J2 10 T ol OB Mt 2 TR MR o FCrb i oy BV HELIS 2 3t 3 T R IR e P 2 A )
HEGEM N ZR o WO TR 02 A i 2 R O3 ik J 2= 1 2 T R MR e e 14 e o S i PR 2%

AR A Wi 2 A R i J= M TR R e o 35 15 RO 87 S 2 AR ik J= AT MR B N | ik AR
BIR et 2y M I IR 7 X 2 0 i J2 T R AR B P2 2 AN (8 2

PR, A i KR I) 11—23 4R 5 ol Kbt M A7 A 45, AW b AU i T n] Ry AL A o
A=W AT R B R ZRE HRBE P A PP, AR X — L8 AR A ], BACRE T o 4 25 DU AR MR BEVE AR B 5 KR R 55
Fog TR A TR B A0 T ol IO AR M AR SR A BEAT IR . TR RS0 P A LR B | X O e
B i OB R T AR B VA R E PR
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