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W OE: A XY = G b I R T A S A B B, B AR RO 4, 1E A SRR AR T
R FHEPAMATR/INX S, & = AEHOCEREOR , M7 13 YA S A R A e T i AR 0 25 flaa R B = YRR . S5 5R3RM, 12
/IR A3 SRR 26 mm, ARBLIR S ARG/ NX A TIRY 95.27%, BAN AR R I FE SR AAETN 0.019 m/m’.

TR 5 00 T 737 7 5 A S5 A R 0o K 2R, oA o A8 2 B M 05 T P P v ) SR B IR 2R L 32 MR R AR A A R,
ARG | MBS IR S | M) i Y AR T S 0 SRR A A F, 1 2R A7 AR R R SR S s I Y, R IR B AR 1 5
TP A P U 2 (A A A IEAH 2 1 (r=0.539,  P<0.05).
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Micro-geomorphic Change Characteristics and Process of Slope Under Water Erosion in

Pisha Sandstone Area

LI Long'?, QIN Fucang"**, QIAN Qiuying', DONG Xiaoyu', ZHANG Ruoxi', ZHANG Peng'

(1 Desert Science and Engineer College, Inner Mongolia Agricultural University, Huhhot 100018, China; 2 Key Laboratory of
National Forestry and Grassland Administration on Desert Ecosystem Conservation and Restoration, Huhhot 100018, China)

Abstract: It is of great significance to solve the problem of runoff and sediment yield in Pisha Sandstone Area for the ecological
security of the Yellow River Basin. The bare slope of Pisha Sandstone was taken as the research object, the field runoff plot
measurement and three-dimensional laser scanning technology were used to analyze the micro-geomorphic change process and
runoff and sediment yield characteristics under the 13 effective rainfall processes. The results showed that the average soil erosion
depth was 26 mm, and the erosion area accounted for 95.27% of the total runoff area. The volume of soil loss caused by erosion
was 0.019 m*/m’. Runoff and sediment yield of Pisha Sandstone slope had a good corresponding relationship with rainfall
intensity. Rainfall intensity and rainfall were the main factors affecting runoff and sediment yield. Influenced by the change of
rainfall intensity, surface roughness, surface undulation and surface cutting degree all showed cumulative increasing trends with
rainfall. The surface curvature was obviously affected by the intensity of single rainfall, but showing irregular fluctuations; there
was a good positive correlation between runoff and sediment yield (+=0.539, P < 0.05).

Key words: Slope erosion; Micro topography; 3D laser scanning; Pisha Sandstone
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2 0y, R, S ™ V-5 ot St e
P B AE, AHERE

RTS8 ol DRI AR 30 94 v i S5 PR Rk 2 ke i e A
THEONE L VEVDTIR TEMEKAF G, sk seR fhh
ZPEORBMOBIZ RS, [ AR ORI A A el
S 7K i AR RIS OAR 5 HIRIOC R
B FE 2 BIRTFE B NTH 2 580, Rl e e
HEOABY PR R R R B R A
REAECVA T A R R B A PRI,
TR 2ES, TR R B, AR DA
FERPESIEZAE Sy . W HERAYSTY] . phUpl o BE AL EA
WiAE Ak, ST 250 26 5 R il A S U sOn; 4 24 4b T
— AP SR, RS AU
BATEIRINAMEE, A SRR A2 KRR RAECK,
B AR A A IR L b T2 A A TR
JROK WAL, AL ST AR R RIR S
N YCRIAA R R B R SRR OC R o I,
LA B e FE AL HE A VLA L, TRA MK )
(R ST A = o R AL A HE S

RHAD LT 8 B VA 8 X R BRI T i
THAZ AR AR, YRR EEFEEE 22 | S5
%, PUrbBIFIGTIRAE S 1555 , Rl et A R 1
oy 52 BB T 5 K o3 B SEE 0] 3 T - S A R ™
B, OMEALES A R, B UK Rk B,
ABEFELAREAD 7 XAR BRI R R BT IR R, 16 H IR FE R
SEAFR E e B AME /N X IR, 455 = 4Riota
FEOR, WEFEK TRk T 38 ot 5 2 f i A LA
e i, LAY A5 BEYE 19 1 X Rk, M
T 38 5 P AR S A F AR AT

1 #REFE

1.1 HREXHFR

WEFE DA T PN 52 i 5B 2K 22 3 T HEAS 7R T R 5K 3
FIR(E 1), #BEARFR A 110°31 ~ 110°35'E | 39°46' ~
39°48'N, MHKLE 1 110 ~ 1300 m; J& i KEETES
fi, A 2Rl KT B 2R B RN AR R 4 400 mm,
Z RN, MR XBENEE TR ZE6— ), EZF
ZAEE YRR K R 256.4 mm, (5 AAEMOK R 64.1%.
JCIRBEIR A, 4 H B4 3 100 ~ 3200 h, 4FH
RRT 70%, AR 7.2 °C, TREMT 135
Ko HHIE MRS 1), USRS RE, £2
JEEE/NT 1 mo JEBARTZ R —R 20 ~ 30 em, 1
LR S EEA%, pH 8 ~ 8.5, Fih—f b+, 45

K g /KR o AR Tl T 5 R U b, A2
Z LA R AR AN, IRARHEY) 32, H
UOEsaRt . TRMEY), AR/ ERER, D
SRR R E . EEANTHEYCA B (Hippophae
rhamnoides) . ¥7 %% (Caragana Korshinskii) . IS (Pimus
tabulaeformis)Z .
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Fig.1 Location of study area

1.2 Rt

1.2.1 FEMRBENCS i ARAEDRIE X SR ) bR
M, PR 10° A BHERRTE 15 a DL LAY
IS G o AHIFGE B FE LI I T AR s R,
UETE BR/INX N R | MG . RS S5 2, A
kb FIRE 5 NS 2 m(5E)x5 m(K)RH/DX,
INX K P T A 2, /NARS K T, JRRD
FEEE VAN LA R ALK VDL o WSS B AR SRR VD ST
BIFRER, SRAIMEAS 105 C fHIEMT, FREJRDTY
Fiit . BU/NX SR EAT [ E HOBO A4k, RH
I A RN R e SRR K R I C A% T i £
PEATAHEL RS, I R o . RN B (B K 30 min
R FRI SR ), B o W g I A5 A B

1.2.2 ARG BRI E RS AT K TRk
bR X 4B T R A ) S, A IS R e B — 40
SRR BRI JR B AR /N X HEA T4, SRR
R N 5 ) 38 T b 2 S T o 2= i , T ol A
4 RIEGL VZ-400 = ZEHOGHIHX, FHKE 4 2 mm
(100 m BE ), FAHEHE A 600 m(S 5% 90%), 4
TEE R 100°(E FL)*x360°(K ). JLAk, 2% =4ER0tH
AN FH I TR e R D T A A B oA, AT &
2235 300 000 HOAFANBOLH , T4t =ik 0.0005°
(R T HE
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Table 1  Soil basic physiochemical properties in study area

+ A FHEHURAL (%) T E A e A& PH B T THEREABR
ok B g (g/cm’) (g/kg) (g/kg) (cmol/kg) (mm/min)
AL+ 5.22 51.25 43.53 1.64 0.41 1.19 8.26 0.6~12

TE: - HEHUAZE N IR R B

TEAR T/ X R Ui 20358 = AERO A FA, [ 4
L8 5 A, TR TS/ X AT 4
5, AR B A b S A < EHE ; BEFRJS 15 min
CGERFI KT 8 A8, B A B R 5 Ha LR
B BE) , FEAH RO B RO R /X A T
AR IR e 35 T i b 30 = B o
1.2.3 oS AI(M-DEM# . 7R IRIGET &
TR, I TR M AR S 2 s . S, BRI
Wit 80 000 /NI HITHOE 0 () = AR 4k e i o 7
ArcGIS -G 1) BB 1 8 = Bl i
A, R ERRS E ATA B K D7 ) 2.0 mm,
FEE T 1.5 mm; SR s BdiE s AR o o B
A 2mm x 2 mm f) M-DEM,,

39 T b 3 P 8 A 55 AR e ask A o) - 458 ) 4
DU YIAEC . i, Atk R BhAETEY M-DEM
T &R 9 M-DEM, H22{E 7T LU it b4l i 3
TSR AR A . A T R E RS A A 2 [l S &, 7
BMER/NXMHE S E T 6 A E e ICE SIENS
% . TE ArcGIS ZE R HiBEH R, (RS 1T 2% 52
PRAEAS S AR, 58 T o A5 R T A S b 55
FAL(M-DEM ) 2 K 1 I (Ot 3R AL (M-DEM )15
F|AE-DEM A fAAE, WIZRBAXT R /Y IX BRI, #5
N IEAE, ) B Xk 10 IX s R AR X T

IR 2, 20l X HE A (total erosion area, TEA)FIVT
FLIX 1 FH (total deposition area, TDA)R] 15 A .

TEA=nxA4 (1)

TDA =m x 4 )
K A4 FORGET B IO B I (m?), 7 F1m 535
FRFAZ Ik X FITRR DX A A

{2 iAF (total erosion volumes, TEV). ULFUAK
FH( total deposition volumes, TDV) Fl% 3 i 4k
1 (net loss volumes, NLV) A }55 .

n
TEV =) AZ x4 (3)
i=0
TDV =)' AZ x4 (4)
Jj=0
NLV =TEV-TDV (5)

Kb AZ TRtk p e e (e, @ My rnliRR

b DX R DX A A 07 ¥

1.2.4 fOUSISERHREL DR C. ihREiEH
TR AR LR B 0 e B AL R T, BefS B
S et 1 ER MR AR AR . ZE R — &2 /9 DEM
AR B B J Al LA T R R

2) MWEFRHMIREEE R, HLTADHDRS B2 A8 7E — R
A X IR, SE T R A A [, Bk A S
AR Z L, 8 EAREG T ok, e 0 e i e
— XA AR AR R R AL, AU

R=1/COS([Slope of DEM]x7/180) (6)
A R FIRHE—HrE X b F MRS, [Slope of
DEM 35— &2 1 DEM ¥, n — R HUH 3.14159,

3) bR RA ML ERAER R — 2 X
BN, AR S R iR 2 B s 25, fe B
J5 e+ - SFE R A ot g A v 3 ) v AR AR R, X
WHLIE 10 2 T b, AXWE .

RA = Hynax—Hmin (7)
A RA, TR — B BN HIE AR, Hopax 7271
AU PN e e AR 1R BEAEL, Hpin 278 1290 L N AR )
A, | RORFE R KGR TS

4) HbFRYIFIEE S1. Ui BEFS 7E R 25400 X 3
Pl N 34K 5 e AR 22 (B A 2516, g B0 S e
MR A2 T DT EN PR, AT

SIi= Hnean—Hmin (3)
Aorfre SI R DX A 3 — s i 3R D RIVR L
Hmean 257N SPIT XIS 11 A3 S EEE, Hoin N2
AT DX 11 ) e A v AL

5) L3 R E DS b — A& 7K I B BROK IR
D5 ) 1) — A ) BRI, ek ) — A 1)
AR T XM (BRI RE 1 A5 55 o SE X HE
—KI2(%) DEM #E173EyE, X521 JCHH DEM 1154
IKFEITIA, AEKGR DT 18] B FEmd b FRIBG 3 BRI

2 ERE4SW

2.1 KAERMTIRE =R~ IDHFE

FTF 2019 4F 1 2020 4E W Z=(6—9 A& /INX BT
LMY 26 I K IRGEFEAE , K =T b
W IR AR A S YRR . e, 2019 4R
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LI 15 FRERT, SRR R 399.4 mm, A 6
S 8 W S OB P i v 52020 AFE I E] 11 405
SPER R 376.5 mm, HHAAT 7 FRER S B0 0
o P, ARBEGE B XI5 13 AR
REFRHE A3 HT , AR A P2 AR AR I 1Y) R RN 340 S T JE sk b
W, NAWFFRIER .

W 2 Fiw, 2019 AL SR KA R LGRS R 1
153.4 mm, BFEF IR 4 123 min, SARFE R 161.75

L, BJe?biEh 31.42 kg S PUUKKEN R R,
9 56.4 mm, FPAEMERENEREKR, 651, JetbiEh
4.97 kg; ZH/SURFEM K 30 min AYRFERN R,
Ui 33.2 L, FRVbERR, 12,74 kg 2020 4FA
SRR B TR B 114 mm, SRR BIREA 1770 min,
BETER 1323 L, BIREH 79.92 ke, HILKIE
T AR TR B A Lo Be K, oM 32 mm AT 10.2 mnvh, Hip=
R R, M 4291, JVEHN 13 ke,

* 2 BAREMEREIE

Table 2 Basic characteristics of natural rainfall

5 FERR R (F-H-H) MU (min) W E(mm)  Lemm/h)  FERHEE (mm/h) ‘R R (ke)
R1 2019-07-16 862 31.2 26 2.17 6.7 0.73
R2 2019-07-22 517 17 8 1.97 3.1 0.07
R3 2019-07-31 1 495 10.4 10.8 0.42 3.75 4.49
R4 2019-08-04 597 56.4 112 5.67 65 4.97
RS 2019-08-10 408 15.6 9.6 2.29 50 8.42
R6 2019-08-20 244 22.8 27.2 5.61 33.2 12.74
R7 2020-07-09 180 13.6 4.8 4.53 25 15.8
RS 2020-07-10 244 12 6.6 2.95 10.9 14
R9 2020-07-12 856 32 10.2 2.24 42.9 13
R10 2020-07-14 25 8.4 8.4 20.16 10.9 14
RI11 2020-07-17 117 12.4 3.8 6.36 19.8 12.5
R12 2020-08-12 85 10.8 3.2 7.62 14.6 10.4
R13 2020-08-23 263 24.8 6 5.66 8.2 0.22

H:RI, R2-,

2.2 KAEMTHERMITREIE

M-DEM /5 B 3 & B8 17 4% 3 /0N X PR S 3% T 7 4=
HERMERE(E 2), WE 3 PR, R i 4
SERUURREE 7 5.9 mm, HHEFYEMEE K 26.3
mm, MZS[E LA, BEEFEN R, R/
BB AN kI A AN, DU X A A
/N T FRAY 0.73%, FEMEE/NX TR =7
Tl DX T R AR /N R R 95.27%, EEAGAE
INKHRES, A AR PR o (=0T
HERAARER 0.193 2 m?, - HER A AA A 0.191 1
m® o PR KRR ot XA T AR 4 1 3 2k B 430 oA
0.000 21, 0.019 m’/m*. FHILATHD, FRIF/NX P
T 22 PRI G AR R PRAREAE , AR ol DX o T AR /S,
BUAETPEYE T, S mh R I AR AR R ol 32
JE 2 BRI
2.3 KABMTIRE R IR T

TR MBI PR 7R AE— A s i OB (5 B, o
(B3 a5 AT PR B FL AR I g BE S M O 2 O b A T
TR AR R X IR B AR S, BE i —

R13 23 SRR ™ ™ V0 B 5 — R T B 48 =R T 5 Lo SAHRK 30 min [EFRIRJE o

AR T L 255 FEK TR Ik i 5 T i 554 11
SEARAFACRRAE , ABIFSE 43 W B B4 T J At A 33 1 i
R FRMRE R | M FRAREE | MR IR LRI
SR 5 TR TS PR A RRAE | LA 7R SR TR S 3
TP B A A AL A, 25 RN 36 4 TR

338 T R M A i AR Y e, &
SR TR T |« TC SRR, 1T R e E 3 1 A 1R
PRATDUAR, mh o IEBRZIG e R m ) by, s
A BEIZAZ T B FE T D8R MU R Y
HK ISR AN 4 P, Wi ih Rk K,
HLIA Bt 25 R TR R0 SRS B T 0 P ek e 345
JECE TG A 2R R —11.029, 2% W R RN 4R et =22 i 4 30 o
VIR OB ST A R MR, . MuIkENE )G, R1 AR
N 1.482, UL —I7 AR X R 2] T R R A
VER, o33k Th il i 550 1 oo/ FH A S 5 U, B 33
AR IE Y IE 2l , T et 220 BRE f 38 B i AR
b, XROZ S HOUE FRIL-DURSS B o &
BERR . UEJG— R A5 5, R13 3w ih
AN ~11.249, WEUE LA, 13 A SEEw s,
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Fig. 2 Morphological development of rill on downslope surface of natural rainfall

F3  WEERMITREREE

Table 3  Basic characteristics of slope erosion and deposition

2020-8-12 (R12)

2020-8-23 (R13)

[ESANES R (mm) (EquyiapA AR B AR
HoME RKfE ¥yt Frife 22 &it (m’) (m’) it (/)
PR IX. 0.000 452 5.9 6.3 3890.4 0.364 5 0.002 1 0.000 21
(EALIES 0.021 53.7 26.3 20.9 350 328.0 7.3545 0.193 2 0.019
x4 BRRPERMKERMBIREFE
Table 4 Microgeomorphic characteristics of single rainfall slope
UK it % HoFMURE B2 bR AR (mm) i D) BE (mm) LU BB (ml)
R -11.029 1.209 28.4 14.2 110.709
R1 1.482 1.195 27.0 13.5 109.777
R2 -9.290 1.210 28.5 14.2 109.391
R3 9.507 1.228 30.4 14.8 109.375
R4 —4.281 1.199 27.6 13.8 111.078
RS —-17.045 1.254 35.1 17.2 100.431
R6 -9.113 1.215 29.9 14.8 109.156
R7 -8.391 1.252 353 17.4 100.675
R8 -0.558 1.261 37.8 18.7 97.690
R9 4.372 1.262 35.8 17.7 101.125
R10 —5.469 1.247 37.1 18.4 96.114
R11 -9.039 1.262 35.7 17.7 100.845
R12 4.095 1.278 38.2 18.8 102.226
R13 -11.249 1.280 37.6 18.6 100.892
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e phR i —11.029 78K —11.249, ZALIEEE/N,
455G E 2, Smrh T8I T B4 8 R i
BLATAETE , AR PR A B U AR (VT A
TR, S SO I e 247 Db il 5 oh T (E

i FAEURE B |y A AR B R b 2 17 3 B R T LA I
M b 3% 79 A FR 7 A R T 7 4R Tekiod 7 b O T
A . WS X I T b KRS B R AR R A
RIS () M FERIEEE A 1.209, — IR =2 5 HAR 4
AN, RI3 BYHFRARE R S 1.280, ik Tt
T v i R B A 458 K O Ik

Hi Z B AR AR 28.4 mm BE K B RI3
) 37.6 mm, KFEMRMR, BiREFIRIDIE L,
RAMEIZ I vh AH VA G I, R IR AR
R, FEC R AR R R . MR I EIEE R AR
W) 14.2 mm B K %] R13 ) 18.6 mm, BEE LT &

R, AR AE R T, X Ml 2 A v ) AT ) A
W BG5BT b U)H B A3 K D B R AR
DXl b I B i UK B, HE Y
110.709 ml 28}y R13 A 100.892 ml, ¥KF& M rp
BAE AR
24 WEMMREFRSDENXR

HARBE TN T MU PR 71502 e i =22 [ A A G 25
RANER 5 iR, MR ARE B2 5 HA 25 Sl A 4 R 34 77
FES AR OCH:, HM IR R SRR P2 R
FHIEAHC K R (P<0.05), HHICRBHZE 0.121,
0.644; HLRAAREMMRIIFE 520 E . R E
JC i 2 AR 5 T B 54 I i T 35 1A
KRKFR, FMlerbaE R B AR . Y i &
FP= Vb 2 [AF TR R I IEAH DG (P<0.05), HHE R
M 0.539,

x5 BARMTHEETSSR-DZEEXE

Table 5 Correlation between topographic factors and sediment yield under natural rainfall

Hb R e N MR IIEIEE TR R it PV ht
b F MRS BE 1
BB NS 0.883" 1
R Y 0.883" 0.997" 1
W R -0.572" —0.698" -0.708" 1
TN 0.121° ~0.006 0.008 -0.14 1
AUy 0.644" 0.36 0.371 -0.572" 0.539" 1

e ¥ HFRIRAACIER R P<0.05 Fl P<0.01 WK,

3 e

3.1 BARBEXEE~RHNEN
FARRE M A, YBEm R KT A B ®
JE, WRBATABBAR, KR EEA A
FEtE, A HMER =R, WE 3 Fis, R
13 YRR RRT A5 225 LY ok R 85 R 7™ 7 I o2 W O 1 72
AL, AT LA H o8 RN 50t 88 AR 7= 0 28 AR - X 1o
KF, FER b B R 0 AR AR Ak . WAL
R TR 6 TR 56 B 250/ N LR Ab s B GZ ,  I7 119 77 I R
WAL/, ATRESERI G 1 IEE THE, FK R T
AB. R4 [EWREMIGR, SEOREHLIL, 7]
B S T AT LUK R RN 3R, (75 3 S K R Ei
A, PRI R SBIL . R R AR
TR, RO MIREFTSREESE 2.24 mm/h, J7 2 3.01
L/h; R10 MYRERRSREEIE R, 4 20.16 mm/h, H=i
R, N 26.16 L/h; R11 BIREFNSREE SN, A
6.36 mm/h, XFNAY AW/, K 10.15L/h. K

FRR A T ELARROR, HE M iR s B LR, X
1T e 2x 7 AR BRI A IR IR T, B 5 A MR A
Wo YRR, /NTHIERAZRER, FIHAE
EMBNREAREL /N, W T M R4 B R R 455
BB T LR S R, L
BB, BRI, FEOR RO AR
B, PRI, U R R 38R B /N P el A 1)
IR, Bl R e AR, e B A= i A, i
VTR B ) b AR AL T A, b A B T I R
TR MR AR TR 0™ e R AR B e A

239 ——wm 30

E T iR 25 =

£20 20 3

15 15 5

E. 10 10 48

0 -
1 2 3 4 5 6 7 8 9 10 11 12 13

3 FERODXBEFERESERET T

Fig. 3 Variation characteristics of rainfall intensity and runoff yield
in runoff plot
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AL, IR B SRR R R A5G
FATLIAHY, BRI A O AR A
FIEAHDRIC AR (18] 4), HOCZR AT AT UL G i T b
Bopa ARRBMIEER ST S I 2RO : y =

700

60

0.186 2x*2.055 2x + 159.26, R*>M 0.46; #2iii=ilzhR
RN BB AT A A 2 CpRECH : p=0.018 4x*-0.419x +
6.5218, R*>N 0.64. it HHIAN X3t i =3 ELA I A1
HHER, X —45ie 52 SR —5L

45r
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35¢F
30F
25¢F
20+
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FAFR A (mm)

4 PEWEXNIKE~RAFID
Fig. 4 Effect of rainfall on runoff yield on slope
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B DX T 14 R 56 5 7 U R B G R LI 5,
ST AR B A [ TR R AR A T AR Ak, BT JL K
RS LR, FHvb AR, e i TR R

A, Mg, AL &, RAERE RN 51
JEABRT RN BB 23 PR AT P 3 VD B S, R4
B 38 B 1 R3 /Y 0.42 mm/h 54K #] 5.67 mm/h,
FEYR R 0.18 kg/h 8K 0.50 kg/h |, X RESEH
T RRI ) o e R R, R R AR %, P
RUHRAE, Baok T R MR AR SRE, A TR
BRI, FEUR oA v AE g K

25 35
% 20 —— RN 30 -
g —e— AR 255
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0
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5 FiRDEBEWREE S REUHHIE

Fig. 5 Variation characteristics of rainfall intensity and sediment
yield in runoff plot

RO [URERMSEEERL/N, A 2.24 mm/h, FEVRRIE
0.91 kg/h; R10 RYREFISREEHIA, 4 20.16 mm/h, H;
PRI, K 31.20 kg/hs R1T I RTHR /D,
4 6.36 mm/h, XfRLHY VR A N, S 6.41 kg/h,
P RIS R, AL BPER2 O BRBERLRD i i
B e o 72 ) R B R ISR T B

R AL, BB NFIR A B ER, W IR R
THIRE S, REEE PR A U RAR U, MO RAR TR
A3 I A AT LA 5 22 e v ] BEVE , 38K vkl
ST 31k b N

ABISE R, MR Rl 88 3 Ik T e 1935 T 5 32 )
ARAETIAS AL, R3 BORER IR SR BE R, otk
RUBERE . MR IR | iR UIHIEE 8/ s R4 HIRE
PRI SR BE R, M FORREE | MR |
FUVEN EEARARRIIG A, 35 M 107 45 22 g T 5
MRS FEE 1 TE FEAYZS SRR — 2 WIS P b R S
AR W TR AR ok A A e Ji it R A AR ) — Bk, BF5E
ZERLE g g DS PIRERE 45 A, BOAIE T A
FEBIRIAT RS TSR PRI, RS I ek 1 I 5 S0
6 YR Ml FEORDRE HE A9 AE S O E B sh 57284k, 2R
X T V0 A B TR

4 #ie

ORI T A, AR Dk v S B 8 A 42 ot e
fiF, THOEER AR N 26.3 mm, fRHHIX 5 RN
XA 95.27%, LA AR B R R
REHN 0.019 m’/m*; BERIRE RIS, IR
R EERAR , ST PR A LAV A S T, S I
PR D), ELAR G ol (R 2098 S 3 U7 A v
UG IITE, S B0 R 2R i R oA T

2% T 5 JE R o2 T 2 52 M 5 10 7 0 ™ VD P 2
DRIZE, 688 TS M = 0 g 19 () i oA 72 i T e B0 2 o
BE 2 0h BRUWER, BRI | RN . ik
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5513 I MDA XK IR R BRI ROb AL (AR S e 5 205

Py B 2 B 80 EAE R AR M FRMIRE E 518
o, JevbE R B A IE A G E R (P<0.05).
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