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KHIFL A 2 R gl FEE 4352, KEKRS, KM, FE K R ER

(L. ZEfelr Ko BESEBE , 2280 & I8 2300365 2. ZE#Ufelr K2 Moo S pkt by, 268t AHB 230036 ;
3. AW B AR, WL 2463005 4. E R AR R B R ZRARCR BUE B IE B, i07 TR BH
110034)

WE. [8 08]RS ELLE X Dendrolimus punctatus %1 R X £ F AN FAMLE R oG A [F kA A K E R L TN
GM(1,1)A R FRm T &40 8 # b B 1989-2016 F L EAM B XA LK I KPP 2RPZTLENFH [ER])EERAEX
AAAX R 2 A8 GM(1,1) % EFRM AR A . 2(k+1)=9.580 75e"*°-8.580 75, (X P bk AF /5, 2 k+1) A RE
B5, 1 K%k &k edey GM(1,1) % EFRMAZA A . 29(k+1)=18.181 8" 5%-17.181 8, 2 K 4h &k &k v £ 45 GM(1,1)
RAEFRMAEA A . 2(k+1)=20.123 7e*7%-19.123 7, HRBHAER KF o F RSB S R, st £ 73t
Fealh, 2FAHAFREE, PRGEAEINRTMEADEES, SRESFHEMATFH A 84.40%, 84.85%F» 84.08%, %
RT3 AR A 96.25%, 92.34%F= 94.09% , BRI &, b SR R B 2] 9 FUAMAAT 2], A 2011 F 5 B
BRHMARDEREFHER, BT 10ad 2021 FALZERNERMARKLESF, K201 FLEME R 1 R &
REFHA, L 11alfp202 FAHGLEMER IR RREZESF, K201l FLERER 2R RRESF HA,
FiE0alP 2020 FALEMNE R 2R T RAAEF [LER]IRERMNAILERE RS KR AEFTREHTRRA —F K
BRGTRS %, K45 15
KEW . ARKY T, TEAE XY E, RERAM; GM(1,1)EA
FESES . S763.3 XHEFREE, A XEHRS: 2095-0756(2020)01-0093-07

A catastrophe model to forecast larvae occurrence of

Dendrolimus punctatus

ZHANG Shuping'?, YU Yan'?, BI Shoudong', ZHOU Xiazhi®, ZOU Yunding?>, ZHANG Guogqing’,
ZHANG Zhen®, FANG Guofei’, SONG Yushuang*

( 1. School of Science, Anhui Agricultural University, Hefei 230036, Anhui, China; 2. School of Forestry and

Landscape Architecture, Anhui Agricultural University, Hefei 230036, Anhui, China; 3. Forestry Bureau of Qianshan

County, Anhui Province, Qianshan 246300, Anhui, China; 4. General Station of Forest Disease and Tnsect Pest Control

of National Forestry and Grassland Administration, Shenyang 110034, Liaoning, China)
Abstract: [Objective ] The aim is to improve control of Dendrolimus punctatus larval occurrence, and to select
a suitable prediction model by increasing prediction accuracy through a catastrophe prediction method.
[Method ] The prediction model GM(1,1) for D. punctatus was used over 28 years from 1989 to 2016 in Qian-
shan County, Anhui Province. [Result] The GM(1,1) cataclysmic prediction model for the overwintering gen-
eration of D. punctatus was as follows: z'(k+1)=9.580 75e°****-8.580 75, where k was the annual serial num-
ber and z"(k+1) was the disaster year serial number. The GM(1,1) cataclysmic prediction model for the num-

ber of larvae of the first generation was: z'(k+1)=18.181 8e"*" ¥—-17.181 8, and the second generation larval

Weks H . 2018-12-28; & H M . 2019-04-02

HEEWH . BRI R L 35 (201404410)

Vet . BF, WFEYWB A, E-mail; 2711143928@qq.com, EA5MEE . HSFR, #H&2, L, M
FRHALS . BEZ S5, E-mail: bishoudong@163.com
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population was: z'(k+1)=20.123 7e*? % -19.123 7. According to this model, fitted and observed values of
known years were obtained. Results of a ¢ test for #y0s were not significant. The average annual accuracy of three
disasters was 84.40%, 84.85%, and 84.08% with the total average accuracy of the first being 96.25%, of the
second being 92.34%, and of the third being 94.09%. The predicted future times were as follows: for the winter-
ing D. punctatus disaster of 2011, it would be another 10 years (2021) before the next overwintering. For the
first generation D. punctatus larvae in the catastrophic year 2011, it would be another 11 years (2022), until
the great occurrence of the first generation larvae. For the second generation D. punctatus larvae, the next dis-
aster after 2011 would occur 9 years later (2020). [Conclusion ]Thus, the catastrophe prediction method could
be an ideal method for predicting the occurrence of larval cataclysm with D. punctatus. [Ch, 4 tab. 15 ref.]
Key words: forest protection; Dendrolimus punctatus larvae; catastrophic prediction; GM(1,1) model

L WA EH Dendrolimus punctatus 730 T4, W, W, StM, BEVE . =m . TLPG . VL5, ¥
B LOWTUL . ARAE . TR MRV, R SEE DR Pinus massoniana, &6 BAFA Pinus thun-
bergii, KIE#S Pinus taeda, WEHIHA Pinus elliottii, Wit Pinus rigida var. serotina FiE ¥ Pinus fenzeliana
SERNJE Pinus 10, 20 HEL2 it AE b (B 2R AR b BB AR B AU KRR | fEH AR R . &% IR
RHF R, R KRR R F IR, S F R Kb, T BOR R 28 5 &4 A AR 28 R 2k
HAEEZ MO A, e H AN SR, ANTRAREE S DR EREE, BHTIRER
MO MG . HEA 21 fH4S, BHILEM, B, AESERE AL 7 AR A S, SRR B R EH
R RS, (Haz b B A SR R By, 8 B R AR S IR S R R, S RETBORA R B Y
M, SEMER T a kA 2~4 0, RAEMRKZ DA, E A FEHBX 1 a &4 210
E, ERITRBGES 1 a &&2-340, MAEAR, 770, WEm 1 a &4 3~4 0, 1 a Kk 4~5
R, ZRE IR 1 a k4 340, Bl 4-6 J EABAL, 6 A A= 8 A Ta N 1L, 8 v TaA=
12 738 240, ShRAN T He & A ) T 04T 2 0 EA T 25 5 BT A B BEAS T AR BIF5E 5 5000 30l 2R FHAS [) ) 131
7L B A B R R R UESER RSN KA R, N HREMBRNEGERIET
VERRHE T 1 30HE ., M PR HARR &M MMM IE 3 S5 R, SRS B R & AR S AR e 4
FAIE o O T ARG B RAA B A, ARBFGER K6 S h iy SO SO LAY T R IR SRR E
Ry R AAR | 1 AR 2 AR E R A ARGy, DA T AN B 2R A TR FRER LR 2K

1 #MHE &

1.1 ##ESkiE

Iy AT BT RER [ 1 GEMROl A IR ARMOG HR e I 8 —— 2 B v Ll B RO LB i i,
] B5 B2 Ol 1989-2016 4F, Hrp 1998 4Rk o SR IS & MR A RIS &5 B 7 ik, W ARBEZR | MRIE | 203
BRI AR BRI A, HIR AR, G F ARG, e BB s S RIS AR s, SR HCE A7 2 il AR il
20 pRbRERR TR . 2 RIIVE AR, 1~2 WS4 HUPH AERN B8 il AR, HESE A B, 3R DL B4 E 3
m DU /N B A S O L g B, R < HOERIIE L TR A, Ay s A S [ i A 2
TR Bz B v B4 4 BUOBOGHE S i
1.2 REMMBZET E

KOFRGEHIEINT, —DIREYL AR —E BN — & B LR (i R R G e, Bk
N N R AT 5T H R S AR AL, X TR (i AR B, RN R TR E TR AR O A, e TR
R B0 S5 B0 PP R R, RO B i — i 7 A S PR S A O R R IR B E A
EEREARE, A, AREIRER, 8RBT HRHEREE, SRS E LM,

IR EEE v O=[x0), xG), -, 2], QBN OB AER R ERGE, S ENREME, MR =
RRAL, WIFRDCAGE B B, iRl <& MR, AR TR RAE, M ETRBGRKE, €5
RSB, BRSO, AR B AR O E UK BN W, RO i B A R
B A R I A B B BT ] oo ) — A R ) B R R S AR ki O, e
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[k, %]

WA 2O A BB xO=[x), 60, o 0], n<n RAF A KA AR, R T LK
=g, Viell', 2, -, n'], Hr (O RAETS ) VO RARE TS BUE L,

Mo OF] o OR R, R € [ O] o (xR T ST KA TN B, K e A il R
[i" %]

N TETHON, FHCRAERF S "Nz ) 2() . FAERBSHE p,plaV]=(0); plxV]=[z(1"),
2(2'), -+, z2(n')]=(2), itz 1 1 K BINA 8 (accumulated generating operation, Oy;) N Oy: (2)—(z"),
W5 AR T i) GM(1, 1) BV an R d(2) Vdi+azV=u, a= Z , a=(B'B)"B'yy, H: 1 HEM, a

NRSEIEL, u IR IR, a i tEAl KB, B A 2R, BT AR EREIE, vy RO i

—(12)[zP(1)+2V(2) ] 1 z2(2)

—(112) [z (2)+2V(3) ] 1 z(3)
B= 2 = °

—(12)[z2(N-1)+zP(N)] 1 z(N)

FASREI Fg 2 (h+1)=[ 20 (1) —wla e ula, . 20K RAERF S, W0 2001) W8 1 R E LKA
MAEGY, B 1989 4F, 2'(k+1) WK ABETFS
2 HER50M

21 DEMERRITHOH
BV SUIRSED IR AN Wiw LR PR A2 NN 9 A R 5 U W S R (e Y = F 4 €/

1 DEMEAMER, 1KRyBEM2KYHYHRRITROY

Table 1 Accumulative population of D. punctaius during wintering, first and second generation larvae

- g E SRR VG Y 7<) - b ESa: ARk G ARE7 )
A AL LR 2ft4hm RS0 LfRghd 2 f4hm
1 1989 425 18.3 34.1 15 2003 15.7 18.6 18.8
2 1990 37.3 425 18.4 16 2004 7.6 7.7 22.6
3 1991 18.5 7.6 13.2 17 2005 6.4 16.4 12.6
4 1992 12.2 7.8 11.8 18 2006 6.6 12.0 11.8
5 1993 7.8 7.4 26.5 19 2007 6.4 12.6 12.1
6 1994 18.6 38.6 404 20 2008 6.6 12.1 13.2
7 1995 18.2 19.6 19.6 21 2009 8.4 12.8 13.8
8 1996 38.6 40.1 52.6 22 2010 16.2 16.2 26.8
9 1997 42.1 7.1 124 23 2011 16.6 16.1 16.7
10 1998 - - - 24 2012 72 74 8.9
11 1999 6.2 6.6 11.6 25 2013 72 6.7 72
12 2000 7.6 72 12.3 26 2014 6.4 6.7 7.4
13 2001 6.2 6.1 12.6 27 2015 6.2 6.3 7.4
14 2002 7.1 8.6 16.4 28 2016 7.1 6.6 8.1
Y. - FoR Bk

22 DEMERBLERRTHN
221 HEREEAE RGO L B AR B BA S R ALY 1983-2016 45 AN B U AR L
Mgk, T RANE B AR A TVBOR T 15 Sk - MK AR I KR AEAR ) BDAREAR B T80 15 Sk AR A
222 STRWBEIVEREH FBEHEI N 2 O=xO1), x@Q2), -, x©(28)}={42.5, 37.3, 185,
122, 7.8, 18.6, 18.2, 38.6, 42.1, 6.2, 7.6, 62, 7.1, 157, 7.6, 64, 6.6, 6.4, 6.6, 84, 16.2,
16.6, 7.2, 7.2, 6.4, 6.2, 7.1}, MIFHEIMER WG, % £=15 15 KZHI .

£x@)=(42.5, 373, 18.5, 18.6, 18.2, 38.6, 42.1, 157, 16.2, 16.6})= {x@(1), x©(2), x@(3),
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x(O)(6>’ x(O)(7)’ x(O)(S)’ x(O)(g)’ x(O)(ls), x(0>(22)’ x(O)(23)} - {x(O)(ll)’ x(O)(z')’ x(0)<3l)’ x(O)(4I),
x(0>(5’)’ x(o)(6’), x<0>(7/)’ x<0)(8/), x<0)(9/), x<0>(10/)}:x§<0>o

RIFFHER AL S p L plee V=), pa¥=(z(1"), 2(2'), 2(3"), 2(4"), 2(5'), 2(6'), 2(7"), 2(8'),
2(9), z(10M))=(1", 2', 3", 4, 5,6, 7, 8,9, 10}=,

T 1'=1, 2'=2, 3'=3, 4'=6, 5'=7, 6'=8, 7'=9, 8'=15, 9'=22, 10'=23, 3|9 4 H W4 2=
(1, 2, 3,6, 7, 8,9, 15, 22, 23}EP K @A B a7 A9 4503 .
223 #H I KREFTM CM(1,1)EER KR AP 2 #7 GM (11D B 254508 2= {1, 2, 3, 6,
7,8,9,15, 22, 23}4/5 OA(;(#‘{i(j‘%'jJ[]éEﬁE%%)ﬁ%:

04(;{z(°)}=z“>={z<”(1), z<”(2), z“)(3), z(')(4), z(”(S), z“>(6), z(”(7), z(l)(S), z<”(9), z<”(10)}:
{1, 3, 6, 12, 19, 27, 36, 51, 73, 96},
-0.269 33
2311 06
H AT B R AN B A AR VB ML, D) RS T AY . 200(k+1)=9.580 75¢°****-8.580 75,

H AR A 5 R P T B A AR B B0 GMI(1,1) A8 T A A5 3 (Y 0L, iR 22558 T3 2,

®2 DEMEAMZAHRAOHMNNMESESIRE

Table 2 Fitting value and error of population prediction of D. punctatus in overwintering generation

i : VB . a=(B'B)7B'yy= ] RPa=-0.269 33, u=2.311 06, u/a=-8.580 75, z©(1)=1,

X By Gk R
Jrs PNEREEEE D) W WA - HE /%
x(1) 1989 1 1.00 0 100.00
x(2) 1990 2 2.96 -0.96 51.94
x(3) 1991 3 3.88 -0.88 70.78
x(4) 1994 6 5.07 0.93 84.58
x(5) 1995 7 6.64 0.36 9491
x(6) 1996 8 8.70 -0.70 91.29
x(7) 1997 9 11.38 -2.38 73.50
x(8) 2003 15 14.90 0.10 99.36
x(9) 2010 22 19.51 2.49 88.68
x(10) 2011 23 25.54 -2.54 88.95

X LB AE AL A IR A 22 R UE T« K08, 1=0.101 7, d=18 I, 1005=2.10, 1<<tgps, ZFAWE, ¥
W2 (2 Bz 22 ) R WEE B 3.40% , SEPR WA 530 28 GM (1,1) 7 A% $5 I 455 780 45 21 iy $Ul 5
ZIRZERN, K AR AR K B 84.40% , S AOKS B (WL ER (B (14 S X5 (1 09 25 152 25 19 - 2908 5 W82 1
- MEZ ) o 96.25% , FH AT DA o 3 AR SR AG A 5 AN Ik 20 1) FIU (B, Jir A ) A T AR AR
Z(k+1)=9.580 756" *-8.580 75 X A > T B4 T HUBR A AR R AR ARy AT BN Z2O(11)=2"(11)—="(10)=
33.434 8, WMIFWHFSARH, BRIRFIERE —IRKAZ 2011 4F, 29(10)=23, BHM T — R K AL T
F29(11)=33.434 8, HIM 2011 4EH e B HUB AU R ASAE R, Fiad 10 a B 2021 4F 2 5 AN B HUBk
KAR K K A AR A B A O 2 05 AR A 2 (14+41)=33.434 8, z(1+2)=43.769 1, z(1+3)=57.297 6, z(1+4)=
75.007 5, z(1+5)=98.191 4,

23 DEMERIKHHRRETHN

5 Bk DA B U A AR AT 5 GM(1,1) T AR BB AR AR L, i 1 ARE B R F 15 Sk -8 mT LU
3] DA T 104 H TR GM(1,1) 9¢ 78 Fi A A

FERED) R xO=(x (1), x@(2), .., x¥(28)}=(18.3, 42.5, 7.6, 7.8, 7.4, 38.6, 19.6, 40.1, 7.1,
6.6, 72, 6.1, 8.6, 18.6, 7.7, 164, 120, 12.6, 12.1, 12.8, 16.2, 16.1, 7.4, 6.7, 6.7, 6.3, 6.6},

X IR BN AE K AR WL, $ £=15 1R A, RAMSRRA HB4E={1, 2, 6, 7, 8, 15, 17,
22, 23)RI ok A T 0 R AR EE

PE 018 : 0z )=z"=(1, 3, 9, 16, 24, 39, 56, 78, 101},
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-0.241 87
4.155 67
B UL S A B 1AL H R L GM(1,1) K AR F ALY . 2(k+1)=18.181 8e"*'%*-17.181 8,

AR A S R AA T L 1 AAA R D8y GM(1,1) RAZ S RS B L5 (B, IRZEES T3 3,

®3 DEMERIAYBRAOHTNHNBESESIRE

Table 3 Fitting value and error of prediction of population number of first generation larvae of D. punciatus

it z VL &:(BTB)“BTyN:[ ] Rla=-0.241 87, u=4.155 67, ula=—17.181 8, z¥(1)=1,

. HTHY Gk - ,
] KT BAE 41 W WA - K5 19
x(1) 1989 1 1.00 0 100.00
x(2) 1990 2 4.97 -2.97 48.75
x(3) 1994 6 6.34 -0.34 94.40
x(4) 1995 7 8.07 -1.07 84.72
x(5) 1996 8 10.28 -2.28 71.53
x(6) 2003 15 13.09 1.91 87.27
x(7) 2005 17 16.67 0.33 98.07
x(8) 2010 22 21.23 0.77 96.52
x(9) 2011 23 27.04 -4.04 82.42

Xt B AL S 0 22 b AT« KR, 1=0.218 6, d=16 I, 10052212, 1<<tges, PIHZERAEE, F
B 2s (2 8z 22) A MEEI N 6.49% . SEBRULEAA 538 i GM (1,1) %< A8 Tl A5 71 75 21 (1 0L &
H2Z AR 2250/, 45 U AR AE WK BE S35 0 84.85%, JVAKE BE R 92.34% , P I AT LAl 4 3 4~ B SR 45 R
K 5 AN Z A TR, BT AR T AR T2 (k1) =18.181 8e® ¥ -17.181 8 XJ & ok T E#r B B — 14
HT AR A AT B Z0(10)=2"(10)-2"(9)=34.443 8, WG FSMH, FIEITH i /a — R KA & 2011
A, 29(9)=23, BFI T — K AR AE R T 520(10)=34.443 8, EIM 2011 4F S AN B AL 1 1R 4h Bk AR 4F
BOR, F 11 a B 2022 4FE S H R B B AR R R A AR, [RIBEA] DLFUN 2 J5 AR A 2 (1+1)=34.443 8,
2(142)=43.868 4, z(1+3)=55.871 7, z(1+4)=71.159 5, z(1+5)=90.630 2,

24 DEMEHR2KHBRTTHN

5 AN AUl A0 104 g 8 GM(1,1) AR TN ABE AR AL, fh % 1 AR IR EE KT 15 3k -

PR AT LIS 20 E AN B R 2 A4 el F B GM(1,1) AR T AR A

IR h xO=(x (1), x©(2), ..., x(28))=(34.1, 184, 132, 11.8, 26.5, 404, 19.6, 52.6,
124, 11.6, 12.3, 12.6, 16.4, 18.8, 22.6, 12.6, 11.8, 12.1, 13.2, 13.8, 26.8, 16.7, 89, 7.2, 7.4,
74, 8.1},

X IR IREE R AR WG, i E=15 1K AES], &8 5948 A4 2=(1, 2, 5, 6, 7, 8, 14,
15, 16, 22, 23} dERIES ey i i 1 58]

YE 0615 04lz@)=2"=(1, 3, 8, 14, 21, 29, 43, 58, 74, 96, 119},

-0.197 58
3.778 40
PEAS 2 A B 2 AR 4l B BB GM (1,1) S AS TIAR 7Y . 29(k+1)=20.123 7e*7°%-19.123 7,

T AR o A B L 2 AR &l B B GM(1,1) 9 A8 TN AR LA 2 g FL A (8 . IR 555 T3 4,

X EEAE AL A2 RV T K5, 1=0.195 2, d=20 if, 105=2.09, 1<<toes, M HEERANEE, F
B 2s O WEAE Y R0 5.4% , SEPRWERAE Sam i GM (1,1) 9 728 T 00 455 20 45 31 () 8 & (8 =22 (B iR 22 40N
K RAFAE NG BE -3 0 84.08% , BARTEIIAE N 94.09% , H AT LA i 3 4 R R A5 2R ke 5 AN s 2 )
FMAE , T 8 ¢ A8 T AR R 2 (E+1)=20.123 7e*75%-19.123 7 Xf Aok T R AN T L 2 AR %) i 9 28 45 7y 1k
FFHUNZO(12)=2"(12) -2V (11)=31.704 2, HEMHFSEA, g —WRIHKAEZ 2011 45, 2©(11)=23, #
M N — K AR AR 529012)=31.704 2, BIA 2011 4E S EAS Bl 2 (U4 d ik AR 4R SE , 339 a |

Hie zVHARL . a=(B"B)"'B'yy } Rla=-0.197 58, u=3.778 40, uw/a=—-19.123 7, z©(1)=1, H
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Table 4  Fitting value and error of prediction of population number of second generation larvae of D. punctaius

- R (k- B \

F T BRI 04 i PYNT i W1 1%
x(1) 1989 1 1.00 0 100.00
x(2) 1990 2 4.40 -2.40 19.80
x(3) 1993 5 5.36 -0.36 92.88
x(4) 1994 6 6.53 -0.53 91.23
x(5) 1995 7 7.95 -0.95 86.40
x(6) 1996 8 9.69 -1.69 78.89
x(7) 2002 14 11.81 2.19 84.33
x(8) 2003 15 14.38 0.62 95.90
x(9) 2004 16 17.53 -1.53 90.46
x(10) 2010 22 21.36 0.64 97.07
x(11) 2011 23 26.02 -3.02 86.87

2020 4F A LA B H 2 R4 R L AAE ) [ HE A HN 2 S5 AE0) 2(141)=31.704 2, z(1+2)=38.629 8, z(i+
3)=47.068 4, z(1+4)=57.350 3, z(1+5)=69.878 2.

3 NEHw

TR FH R A, 20 788 A R0 00 92 3 22 4 TR 1 B 1989-2016 4F Th R Wy B4 gl & A0 . 1 ACH 2 /8 Btk
FIRY 9 AR ST F0, GM(1,1) 9¢ 28 Tt P A5 7Y 43 1] J2 2 (k+1)=9.580 75¢**3%-8.580 75, z'(k+1)=18.181 8
217,181 8 FIZ(k+1)=20.123 7e™75%-19.123 7, 45 7000 A5 AU SR A5 (1) 8 HTAE A (1) B A (6 5 00 52 (B dF
1 ¢ K55, 1=0.101 7, 0.218 6 F1 0.195 2, ¥J/NT 1405, ZFHA R, SR T B E L 96.25% |
92.34%F1 94.09% , 5 K AEAFHE FEF-{H Hy 84.40% . 84.85% 1 84.08% , 1w ZEM /N, VW U AR T I ¥4 Xf
b A T H A R A A R I R — A B AR A TR ik . N 2011 ARFRS T Ak A AR U AR AR
b 2021 4, 1ARGIKARAE N 2022 4F, 2 AR AEAE S 2020 4,

FRFEETE A, AR R R S IR M T Y S e MR AL SR, S A T AW
FE, XEARMOSBAEFINELR, TR R —NIKORG, KRG IR — 248 KT
H B 9 E I —AFE 0y B, K (0 2R G 9 A8 Ui £ 284z FH 31 [ R 28 55 45O T A 00, 78 R 90 A B T A
PR A, AEARONF BT L, TINS5 S PR BV A AR ) R 2R 4 AR T 45 SR AR bR
b R T A HRE SRR R A P B Popudus v LR S HUHE AT K €8 90 AR T
KGR R 90.40% R T RCEEST K €6 B v ) ¢ AR R DL R K 8 DX TRIASE TR X B R b B R B
AR HEAT TR TRONAN AR AT, WU TR IROR . 5 E DR B R A AL XA, ZR
HREMEBREAMMEKX, BT 2R SRR, 02 A — 2 T AR 30 RS R KA (Y 26 Ak
FRZEM, D AN T BB IR UL T & AR i JE I A5 1, 42 3008 Hb &b W #0aty Rl il P, IR R
BEMESMBEAMYEETSRMEBRME L, DREMNERE LN HRRIREE, & 5K X4 K5 KK
100~300 m [ FEB b X, {5 X A i3k 300~500 m B LLIX, W4 500 m DL @ 1 IXAR AT B B AN B A
A, BB IR 400~800 m IR U X Hy R AN T HULE 8 ) 3E B R A SRR, WS R R L, T X
A B B IR AT B RN L, AR TR L B S B R, 1R 2
gl d e A 0y 7™ E ARy, S-SR B 23 0 96.25% | 92.349% F 94.09% K (5, e 7% 5L AU TN 2 ) JE 3
o, PN ZE RN B Ry, SRR ERAR SO Ty vk KR 8 G A8 R (1 Ry A S5 A6 T 80 B Hh R A — i 1 I []
KB, SXRHERS A BEdR =, P A LR B B () I HE RS, 5 ORI TR R RLE OE

4 5% Xk

(1] FRRIZ. P EHFRERIM] 2. JbE . Mok E kL, 1992 948 — 953,
(2] e PEMRTHRIM]. JL5T. Bleemst, 1987 188 — 191.
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