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KEERIENARHIEALERS
BAERN FERH BERIR
VR " B K

(MAHATEMESDPLE, AFEAL 050021

i E ERMNEP IMEXHAIZESAABENEKEFRREHBRENX
., AXALOREZYHEKXRIRE. SAXETE (B) =BIHHRAE S 6K
HREBENSESSTHARARMHE, 28 (1) ATEZRGHHE. KPR EES—
AEEANKEAEN TZERKEREFHEE. EERERTL, T2RAH - FFE&,
Al KKK BRI KN FRETREFETERY. HFELLEAEZLEARE: (2) £
ZHHFENARE" WE . EUTEEASREAMETLTHARRK, RERNIEZ K
K 6%®E/D NiCHABRMEATER, REHA UHE SLHERFEITHER. HH
BRAAEZEXE, HMaUEMFE RS, )" R NFERLEARBFIERE. B
FHANBEARSQHRBRE, TN FREERETHRENKEH" RHE AT %K
I EME) RE.

A KE; B, BERE
1 5|

1995 £ 11 A RS SHALS (WMO) EmFFRAATEHRFBEIRNEFXSINL, &
BE E W EMMSPGE 1S EZA, B2 EHFERRE LBEAF42%H, BENES
WHENHRESBERLTRA. BN, BEERxMHEE, B2TEFNTINS
EEREXKEERIHARERENER L.

FEERBELAEHG BB EEED, BESESVUNAN HRTR
(Beneficial competition) REAHHREMN'. A HBES", Bz PRIBA TKE,
CIERNKEEREEHBERXEAPMMATIER, 25888K 8 ZFHd®R
K, MTINEIAKBRER. H0 KX — B iRFE R <8 .

& — @ E RN S RABERERE A NMNIATER? BERAAN T HRK
BERNBNE, —BABESANGERELRABEEBEANRATTILo4%. mBREK
KR 2~3 cm MKE, XA% S min?, EiA TR EEHBETE 10 min AAFHT
RS 5HABRHNE E4". ATBRNOERTTAFEE, —BHERENER. —
EATEBEHER. FALGRE NEFEZERZLSHH, ATEBECTIRS

1999—12-21 U3}, 2000—04-20 i B o
» M AR EAHENEME (96-95-12-3) Wb
» « XEFRA, EIERf: bENANRWARHR
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RARERNESET | min, EXMREHFRSEFE. EH NHRE (XEERKE
MARE) NHERNW BZPHAFERBNIATE. MR TRAKMAIRER
B, ZRKILEREREZHAR, DXMEHRELF - LHR HEEC, SRZEX
FRPRERTIE, BAMNEHERENHEGKARERETH, RFEKSILHH
BERET, RAEXBRAEEZRATENER. ¥FALEE, 8584004
R, NCHE BN T LU 6~ 10 min BREXSEADHEE, XROTEES
R EF SR T REH TS TKNEE, ENEREARNER, TXELERKE
. 7E—16°C FBAMT, BEEMETLE S min ARG AT LK E 500 pm™, 2L
BT ERER AREKRENE. YECHERELERETH/MILER T K
MEMKEX B, EXMOIMER, Bal% 24 min ARELK KREKRRE: E
FEALBBABSIEGSE, BTENNKEARRLEZHELNK, SHIRER
RAETE. BRBOEREER BETIVEEES EASRPEH L% AN IR
B —BtAtE (6~ 10 min) MAHK LD BEPFEZFFEE?

HEIAXBRBRAIEEMIES ERABEATHEKES? BRELEXTHH
HES BRI TEAD, X EBERT ESN M TILA:

(D FFT|S" B, FRENDERDTTFRL, ERF LR REN—HY
A, MERZYARRNTRE NE#HTSEAXHBSHEEN. REdRIERNET
W BIEH — R EIEBTR, A5 ERRN S |

(2) Lz PR A TRE, REMR X RELRAERER K LT H#: R
BE, EFTHRNNA, EREFASHPETERRAAN, IRTEES L EAS
Wi B 58 T R, VT AT L TR AR ). AT WM RE R R Sk B K
KK (FEFSH) B8, HRTHB— 150, NEERAE. TRBEENFAE
EAKKRA? HTHRIEX & BRENUEAKRBEEAR, T4 ATEERL
THSHABEN TSRS,

(3) ERIBEERE, URERENTEAKEERR, ARETHAEEER
2K kAR FHGETHE. BTN ERED TR TEMERKIUERN THED,
WL REEELBRRKAEAKEERXNRE, SREREA TEERNMKRS
B R IR 5 3,

AL AREY M ERREZRGHEHHE, SXREIBEARENETHKEN
P B, AR R R T RGBT HUR R M, R R AR
R, AHUBES LR R XM EE.

2 KEZHEAFFHICIEI TR

EFHHKETHIEXFELEEZENIE. BES. SR AKESETHHIMK
ERMEERANEY. DENRTHEEFNTR. RTEREMRRERREZ R
HRENE THMETIBRREE), P EENERERARSERSEHEIAN R
AERBERM. BERBEANRRL, £A—-FEERGLREH — TMHREKFR
%, BTENFERKHAT EASHENERERK, MUFREENE, ERKF
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MR, M EASHELIREAE EASKR, REFEAREETRR SN, HHAF
Rk @R ARKE. T E RSN SEaEc", BEgsl — wy g
B, HEEREUSHIGSEHMEBENDHERROERES —.

BNMY AR ERURE T ARARBES P ABNKSTHE etk 25
ERHEEABSPRENERY, BHT -SARENSEER. ATH—H TR
HBETRME, ATA=SHBSEA (GF) VM= e 71 KiE 780 sk #1758 iLRF
7., HEFHRLRAL RN,

SHESEARL - PTEHEASTHSMtER, GEEKEERNSYRTR;
SHETFHESFEARH —AEARTHRN. ZTETHREFSIREK. TANT
BHEHFELRE. ZERTHEHM. RMANEFEREENER, HEETSRKINBA.
FEMMAE, HYEERFR TR FOREERTEMERNTL., BAFET2 08
[11,13],

BT S =%, —EEAFEGNE, — B3N IMAFRERNMEE. E XS
Bofh, BRASHNELMDSENEL. FHRSEEHA GF A8 N R E,
S Hh TR 2% B AT R A BRI A MR, X SbEs,  DUIE T B SR B RO T
EITMESGE. BT, RGNS EGRE. REEFHEEESTHEMAELE
B B R S AN B M R R A T A B A R E. R — ek
NREUE. BT AnNEE, BRERSHENNERENSTPETHB/ER S
K14 A,

3 BEAFEHRERSRRFEISRN

SR, HAREHE 125km, KT 400km, EEHHKE 0.5km, KTkEEE 1.0
km, VR EEE 40X 40%x25=40000. HEMmE, X h I=1~40; Y [6) J=1~40;
Z i K=1~25, BIECH14,1518 SR B R XS R ENP R RSEE. BEMX
Gy, B TFRETFHARERS KEBBESRENFERE. BAHLHABH "4
¥, BERRERDTEX, HRARESTED RNEHDEENTF L11X107~
40%107 s ZH), EHSHTEENBENN, ¥ GF fl XGL BHBEKIFHFH

X

Tg=Tg-1— a*x AZ,

Heo7T, =285K, K=2~8, a=08;, K=9~20, a=0.7, K=21~25, a=00l, AZH)

H7 4 hm.
;A
[TK— 5.0+ 0.5K, K< 3,
Tk = iT,; — 3.0, 5< K< 20,
n.Tx_ 15.0, K> 20.

R (L cm/s):
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T S .

25 %

Xﬂ- GF ﬁﬁj: Uy
HXGLEH: MK< 9,

MR £,
3.1 BSMHINER

= — 800.0 cos(0.5 « K/ 12), vy =0.0;

g = — 800.0+ (K— 1)x 1000,
%K:" 9, Up= Ugp_ ] + 150_0,

Vg = (K_ ])}( 500*

Ve = Vi1 — 15001
HPR-FR2HM TERIBITN. FLLZBRHIERATHYRG, BHERSBS

B 1 & rR GF AT 30 min R, E24HTESY (5) S 45
. o] RTE J=19 4 BRI R UBEEBER RIZMKEDFHOEHHE, RXEASH
EEAEE 32m/s, RAKHEEBIEXE 7.6g/ke. ZE5XMOWEROEAY, 5

K night!") S8 34 {48 24.

— A, REMNRARSHEXATLERN =Y. CHEER, FRAES
MB\S, LEKFIRER. EAKRSLET, EMEL TEZASEE—1KFES
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MFTEFHXE. ATHEEFKEURET 4
FRIXBATE, £&HH S TTNE (F .
3a), BHEHEX E E vl aH (B 4
3b)., XEE—3¥, u=0fim L v=01H .
7. MERKFEMAFNRE. BB 3¢ 16
A, SFAKEFHRETE® (v=v=0) X .
BEFEASKHHIMERR 0D (F) £ « 12
PR —#4r. HEE 3a. b, c ] REL -
F I=15~20 KM J=19. K=15 W 81
i, XBRFELASKKEAM XETH -
RFEARE. Z2—PHKEBEAKIXE 4
HEED N E XK.

ERERREE, EXEBRRAXH ol 2 30 4

. {
EELIJ)=11~30, K=6~201A%TH A 2 GF BUE! 30 min Bt /=19 B X 28I L
M T MR (S THRER MABY (BK) 5 fhE
A~/gB 14 /L, BP10004/m’), M FEEER Y028/ ke

(b)

p.{sem |

10 20 30

\ P

\\
1N
il
i

m3 (a) GFEMPL=0ME: (b) sk Mm@ Er v #H?4 (B cm/s), HE v=0,
chifgk: MRS (BA REBLAL): (o J=19 EHPIWE LKL,
LS. LA MEEER (BN cm/s), Bk «=0
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gLk 7RI AK KRE. KRB KETHLE.

B 48 HTHBRTHRI=01cm, BAKKNR d=4.62cm HM5 45 2168 )18
KizfTHuE. BE 4a F1E 3b, c JRAFH, 2168 SR FR S ZTEKFEE L TFFH
TR NIETEFHIBITH (I=15~20, J=184~19.6 f1 K=15), HE 4b ATABHE K
WA BEL T EASKTHMMIENAKENFTL (0) MK (I=15~20, J=19,
K=15), TERBHFPAMEIL 0L, HEHXHFAE EASHK, REFREMH 0L £
FASKEEEX, BREFRELFASKE T OXR TR, XFhE 0 LB, BII0&KiEA
FEASKEHEBRER 4cPRETHE, B rELXZ EASKHAOBEREN Y RN
TR X WEA (I=15~20, J=19) WA FEEANTHRENEER, ERTHEXS
BEFATEASKHEK. HEAHEFD: BErEE EANRAOE (EAANRBK) %04
WK, ENEPE/PMIFBEE BRIZXETFREAFLASKAERKBRKE, £
L — A B AHER B e e v LB i R

HTMERBARTKRKRENN TERd,, STHHREAXR, SGHTHES. ME
Sa BRI ERABKENHRMMETE EASKABLEEAFX M 0 ZLMHIR LT M,

(b)

10 20 30 40

(c)

Tk

15

10

D 15 y; 25 kY

B4 2168 BRTH=HNKETHE
(a) BhgF/D d=01cm. FEEAEX (18, 19, 11) HZMMEKETHE, BEXDd=462cm;
(b) WTEJ=19 fYZHE LB RE, 5% «=0, FENMERN LSS EEL
(B4 cm/s), RMRAMMENNE: (o) BFE K=16 BXY HE LB RE,
WS N EATHASRER (RO cm/s), RIS L 9%

=
g
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B S Bk EXNAXENIMGHEEVESHE /=19 KW HmE
(a) BRUO7ELE K u=0, FE N S00.0 L ERHMER EATHEEER (B cm/s), HEF2H
i R B KEBH ESHE (A cm £REE: lom); (b)) =AM BEAXERER A 462cm
(2168). 4.21cm {(5368) F14.09cm (2150) #BE /=19 BWE I mEA LAEE,

Ko i B« #x, KRRV R 3

TMRAKERKAK, E@MAYRER, KEMELASKFEMHLL S00cm /s 3 1000
em/ s Z 6. (VBERBX MY, KELXDBRFERL, FE£I3I~5 B KEERS
B lem KERNFHEMBAFEPHE, ARARAKBEXEEDL, HIIEER
A TRE. HEIABERA-ERABHCEAOR, #-HHHTEAFRABR
B B AU BAE J=19 WXZE LB ER Sb. = PRFR & B3 FE Sa P
WEFT-ARBREFHEH, WEREINNHFBETUER EXEBHEXFAUERCKER
TAMIBEE N2 T TFTABHEK, =M KENSBILCEXMERL 0 LHNPMUKR
BEHEX., AN, AENTEACENRETILEAODKZEN RERPHPUE. E
HFEFASHERBH ORTHRARXKIL. TX—XEHXR -4, BF
AL

12, A4 BHABNEEARTIRBREME, BT
WBHNARER, oA HITHTREREENE M. XREE, HM/MER/,
TESTE EASKPOLIE SNy, BB - ENKIFEAKEEREE 0 E.

XGL HH5 GF BN X BB MHBHFBRIEG T vy A ETE, HBEMSERSGFR
HIR & B HE F R — B,
3.2 DiSEMERESR

HTERBAEMNAREDEBETHRI, #7788, HEIZEHEA
h, ZAERREE, ZPSEK. BE SEFEMASRKEESBREHERMNEE. EXMEL
HREMIT D, BEFHNEIEN B AERETSHSEEPHIER? B 6 5 TSR
BEER, HTS5RSME 4 HIEE, EPLSENRE J=19WXZREHE. ATLIF
W, ME®X 1Btk 3, Z4FERE, HR1IKHBXEASKHEERD) 10m/ s, B
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#F

25 %%

25

0 10 20 30 40

B e sEMBPEYZHELNARK (10,

20. 30. 40 min) A7 u=0 TR (RO MR, 9 F

KEKEMSE > A (KIFEAML) M et

(20, 30 min) B AR BELR (MHSWMLL). &
FHA R R, H4hik e R 3b

WIMET 20m /s, etk 40t B A L
AKX/ F I0m/s. BREE EARR
7 4b IR-AfAiBH. {HiE R AT LLE 0 X &3
BREE 0 AR, BEMNT
ERAUG., SEMNOKAETHIRS
SR G R— B

4 LHIRH

HTiH—-E LRERPMEHE,
X —#MEET KB EHF#T T RH,
EEXERBETHPREMAREN. £
XA B LR AREIE R (£ 1).

MFE 1 FIHRRE. BE, <IEHETE
MG, LLRR A W w9 K B XL R {8 A B
B, 2 BRI s Ok i) B (AR, SR HCAH
St FREBH RS ENR R, BEELK

HERE 7~9.

E£1 FEXM19994 7 A 18 B 07 8t 30 FR9IRTHE
p/ hPa 867 .8 B850 TOO 500 400 300 200 100
H/ m 1277 1458 3123 5840 7550 9630 12350 16730
1/ C 2049 183 12.2 ~7.1 —-17.9 —~33.9 -50.1 —563.1
T,/ C 17.1 11.9 5.2 -14.1 —-239 —4{}.9 —56.1 —55.0

B/ 000 290 065 041 288 315 315 330
v/ {m/s) 00 07 R 04 03 Q7 0a 10

%GB 8a M bAJ L. TE I=17~20, J=20Ff K=15~20 B HE F L HSH
PLOMAEEREEETENES, AE 8P, £T u=0NFLEMN I=17~20,
K=15HEBRu=v~0TH. WE 7a MEA b %XEF, XPMXBEHTFTHHREEAN
X fiff 7E B b 05

HE9 AW, FfAERAXBHNHEKETIE, FEE= v~0 HXEBIHFZ MK
EFH, EMEEEAT EANSER, KRABENF EASHEET.
FPRERAMERER, IEEGEANER &, AFEFLASKEAMNFESR=
v=0 K ESRER, EHTRIEAMRK. FEMEAFRR3)EGE.

5 W& RITie

(1) W8 3. 4 FHERS, FTRREAAERSFENBEFHEEHEA. XA T
§l, EELASKKROMBFEEKTEEATHRE. B RASHEEFRIERE
FHEHMESY, KESHEES. LESHEH dfiPLSHEBELA BRRSHEKA,
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A B 3555 rh Y
e e e e T
LSS IS ISP IS SIS IS SIS ARSI ISV A4S |
10 20 30 40 10 20 30 40
i {
7 PL BEFMRE 25 min BiFY, (a) K=5K¥H@m (b} K=15/KFRIHE
40
Kf P S )| = \M:{E
N ¥ L B h:"w
20kac=2) :
3o 1 ' L B ﬁ“t"‘_ ’ ___‘,,-r"
L __-.F."
R e
15 -
10]
5
\‘..——4—-4-
0 0 ,
0 10 20 0 40 0 10 20 3 40
I I

B8 PLEMK v=0MWELM v4Ai (a): /=20 EHEH LW (b), HBHHFE 3

HESHWKEH, PRSHE - PKFRERIFTHETE.

(2) EMRKBSPETSHSATIRNNE, BETHEATSP KT EREFHRK
BT BA NSNS AP0E. DE RN, &TF A SBRFUMETos =M.
H—FEE, BFOEEXTYLEEN EF|M, EEKFE LEM (IR L&, &
BH FRMTEA, BAETHmMLEs EAHENR oKk FeTRER &
METRFEEMNETFN, HETEREA. EFT LG, RALSHERTHL
BE, EXMBHD, WP EAEEERHED. ST XH AR TS,
ZETFEFKEREZRHMES, FHTFEEMBEL 0K, EPTHHEM A SHIKR
A, RR-KREHFET. MENTERTRAMK RUSGREN, BT REIREE

mEEASH, HWAHE HTEAER DREFERDT Y EASH. XHIT

3 ————Ta = T

f— o ——
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25 30 )

(a)

20

.25

15

10

15

liim'I f'—r—J' 10

0 10 20 30 40 10
I

9 PLHEMDIZHKE (4>3.86cm) HKEFTHMD
(a) J=20EHSIW EHOKE, HETHE: =0 WEHAR, HMLLH EASMAKFMELZR, B ocm/s
(b) ZE K=15 K PHITE LR, ES45K (10, 10), #" «"HAPLUELE, L&A HERME,
&L EASMEFFHELE, B cm/s

F—MERTHETHEN AAFR, BABTHAESH —HERMAN. F=FHH
M, MERFATOLE HEESYM EASKHARE, WEHEFF. FHHE, LT 0%
PI_Efir B s A I EKGE TR, X ol FEEET PRI KE, BN EEEN

30

LR 0 B —AmE LA O R,

(3) WU LRGeS, EBHAKPSHPHERSE. TEAMNABEEE EANK
X, BFEASKBER, MFFENAE, KAREKRK/N WEELAHBE
W, BTLASESTUARERSEKA. BRUNEZETFEE, ELAKKBNE
7, MBAPEELR, HLSEETFRAKTKE. FRUES TR FRITEEFEHETE
E EASHAMAKKEEE ETRANTH®, XBEEREREXER/NME, BTRET
KE# 5 RAHLHBRYEN, SRAFENTFBES INEENBREE T F
H. BF#EAXAHIE, REMETCHRAKESMARFELEAT EANRMEK, ML
MRS, SRNFEARBREEREKR, FHEOE ELATRREXBEAKE,
FIE T P ARE BR FHEESEAE EASHE RS, AR - KEEREH
R RAER TR MEREAET W REXEERN LR ZH, KT
KXBRBEAEEY. KBER 7GR HEEMIBRBRGIEN, mIikE (2
SR SE) joeENKE, PREKEE 78 AT R KEMER.

(4) MER2ENH. EEZNEGT. BROERA/DREKEF, BT Mk
MR ERBNEIE, FEA 10 min ZHKNE, THREXNCE PEAH
FEREE. AmeTLadsgit, RERME Al K, #ARFERATER, mH
TAEF R END 25 ERBEETHKNBHER, BRI FFbEFRERT
Mk, KHATALERSERBENFF K.
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(5)" 7GE™ R FHI R AKY, EXREERBEZSF—PMULN G, X7EXK
(MPEHFAR. YARMEE=RBPER, “E WUBRNEE ST, EXEH
B, BE4HAAY X MEBZHFHBRLSLE. BEXE6, 17], AR AR
AR LAY H 2 30 min ) 1 h, @@ AR JL/NT. 8B K& S B RAHH 0, 38
WAME 1 km, BAXRIARLEH, NS (FARAFGEER) JUAEEK, HAHXX.
XHEAHELERMNEHFEERFHERFRE, XAUTHASELFIFA. " /E K
REAEENZ FEATRENEMS. RURHEFRABREFRXELEENFERA.
MBRFHHZHBA,  FUHE" BN, TEE EFRHTABHMER, RER O FE
“FGETHAENRESERATE, HABENEMEE. BUASK, AR PRSFEXR
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The Mechanism of Hailstone's Formation and the Hail—Suppression
Hypothesis: “ Beneficial Competition”

Xu Huanbin and Duan Ying
(W eather Madification QO ffice af Hehei Province, Shijiazhuang 050021)

Abstract In the “ beneficial competition” hypotheses, which is most promising for the hail—suppres-
sion, there is a key problem: how to realize the compelition between the natural embryo and artificial
one in growth of them by depletion of super—cold liquid water existed in cloud. In fact, it is not only a
key to the principle of hail-suppression but also to the physics of hailstorm. With the analysis of the
airflow pattern and the studies of simulation for hailstorm and hailstone’s growth—travel trajectories, it
is found that: (1) Due to the strong conveciive airflow of hailstorm there must be a core of
main—updraft (MUD) and an area by the core of MUD in which the horizontal wind—speed relative to
hailstorm equals zero, In the vertical section, there is a zero—line from the edge to core of MUD, Below
this line wind blows towards the core, and upon this line wind blows away. The growth—travel trajecto-
ries of cloud particles are rotating by this line and can enter the core of MUD circle by circle while form-
ing hailstones, (2) In hailstorm there is a ” cave channel” (CC), whose location is close to the core of
MUD and below the zero area. Its volume is about 6% or even smaller of total of hailstorms, The re-
gion of embryo formation is in the entrance—end of CC, and the region of hail formation is in the
exit—end of CC close to or in the core. Once the particle enters CC, it cannot escape the attraction of
CC, just like a trap, until it becomes large stone and falls down from exit—end. As long as the artificial
particles are seeded in CC and their trajectores may cross with natural ones, the “ beneficial
competition” between the natural and the artificial embryos can be realized equally. {(3) The existence of
CC and its location depend on the airflow, and the rate of hailstone’s growth and the length of trajecto-
ries depend on the field of super—cold hydrometeor,

Key words: hail; formation mechanism; hail suppression




