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Study on the measurement method of diffusion coefficient

for radon in the soil (V)

Takao IIDA*

Abstract

The aim of this study is to clarify the radon behavior in the soil at the
waste rock yards of uranium mine. We have developed an apparatus for
measuring radon diffusion coefficient in soil under the control of soil
temperature. The radon diffusion coefficients changed suddenly around the
soil temperature of 0°C. The radon diffusion coefficients in dry soil have
little temperature dependency, and were comparable coefficients obtained by
empirical formula of Rogers & Nielson. To study the restraint effect of radon
exhalation by covering with bentonite on soil, we carried out the
measurements and the calculations by using one-dimensional transport
model of atmosphere and soil. The decrease of radon exhalation rate was
2.9 Bq m2 s when soil covered with the bentonite of 5 cm thick. The radon
concentrations in snow cover and the radon flux from the snow surface were
measured at the waste rock yard in Ningyo-toge Environmental Engineering
Center. The simulation of the radon transport in snow was also carried out
using measured snow parameters. The radon concentrations in snow cover
ranged from 500 to 3,000 Bq m3, and the radon flux from the snow surface
was about 9 mBq m2 s!. The small radon flux results mainly from the wet

condition of soil surface caused by melting of the snow.

* Graduate School of Engineering, Nagoya University
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BLUOZOEEERPN S DEFEIL 1.3mSv 2585, I RVICEDBROE
RERE. BYKTOLEMORBAIIBALTLBAS RTHH, THHEHBIZ
FENDIRCBIEITERAFBETHEERS, ABOEEHH F2EEIz
N5 &, BRENICEETORBES RN TEEICBAL., AREEICE
FEBEH5ZASHRENET, LBITOS RO0o%H 2851213, +8b0S
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5, ZOTENMS DT ROBERIIVYO L DRKEIEZEOSINS S,
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B3, ZOBENERERELD, BETRESNOBEIHBLE,SOK
300Bqm? DEAFET N BELERTE 54 30,000Bq m3 UELEHRIZL
7. Bl TR, B TOEERE D, T ROEEREEER LY —N\R5
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RsE O 10 SREROEIE TIX BIET ST ROBEICESDENREN,
TOEHUBOHIEIZBWTIZT R BEE 20 2ERTEHEL. stEREND
AR E: AN A T o ) Nl DY A

2. 3 HHEEROEH

COHTIRAETESNET ROBEOELKY. BBREZENT 57E%
BB, HEF-RTT ROBEEET TV ERWT, EHEDT R RERL
B L THEREREZER TS, ZORBEETME. BEERENTA-FEL
THE FHOT R BEOREE(LEHETS, 7 RVBENEREOLERE
RERTIVENS S0, WERBEOHEICIDVWTHERNSD, MELLT FX
BEOEMEEZREEF N TEHLZBETT 4 v 74 7 LT, SHEICST
ZEEHR S R OBRRERD.

2.3.1 THEHh—KTT R OEERETTIV

(1) 7 R #@EhHER

BUESTE T, 5 RVEBEAFBERZD L. BETHONES RREL
TG A=Y EANT D, BREAMICz 2D, 7 R O%ERK. @WE2EM
BOMERRZ2ZE L8P KT R EHOEFFHEIIIKOED TH D,

oC 0d oC
5 t" :_[Db “]—(aLﬂw)ﬂCa +S (2-5)

(aLny,) % %

ZZT, G ETEEEH S R EEBqmY. aldHEORER(Wl vol). 1w
1T+ BOEBS AR olvol), LIZT R OERICTF#EIEME Henry's Law
constant in dimensionaless form), Dy {3/ VL 7 HEHER (M2 s, AT RO
BEEH(s D), ST R ERMEEBm)THS.

5 R UBE AR5 OEDNE 1 EII/ ULy HBIC B A8, & 2 HId 8
LRIk BBHEEELTWS, EI3IBEEFAFIFNENHEHOS B2 OME
HEELEREZELTVDS, ZOERBRIIBNT, tEBEFOHONGDT R4
RIZER LU0, SS0&LE, tHESTS RVBE G. TEOMBRR as
FUOHBOBEEKEnw KDWTRERNSRD D, T K OELTFEERE
BELESROBEERARFNEN L=0.3 &£ A=2.1X106s1TH%.

T OEBEBIT LB & EHEHS THRRENTNEOT, ZIHFTOT B
BEbE TR SR, ZERPTO T R EmEAEAR
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(3) WHIEAER

BIEICIZS ROBERIEEBEOTF v >3 2 EF+ >3 3 (L% CH2. CH3)
BERALE. 2222312, 5 RVBEMNEEED CH2 & CH3ICBTSR
EDib B0 TOMEREETRT. K27 2K 2.8 121 CH2 DFIERT & fIERE
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TR 0CLAFICR(2- 1) 286 S B2 58 | EEERER 0RO EIZE
2.16 OO L DT -7z, REIDIEERRZET TEDILHBRHZ RO TN S
D, 0CUTEUET—EDREERD, 0CERELEAT vy HRICELT S,
FRFEIZZFDO I IITELL Tz, FiZE, HEQCHBYOHRICRSNS
£, BEN O CULTIEEMIEEGEED 0 CEDEL D TARLBEMERL
TW3, THEQTIREEHEIIBEGENICH S0, ERICEDBEEAR TR
STWBNREIMOHFNIEL W, TASREEO—DIZ. 0CFHETIE LRI
BEA S WHEEEL . BEHOAH S NIEAOADOHEXDHERBERESTD
AIREMEASHERI S N5, TR DRESHIREBORBREZSERFEL SHANDILE
NdHd, —F, TEOTHEILMERN TR2EmMERL L. DEQEEKE
N0 THBED, HIBEROKIREEFRBEOBFBTHRHTE LW, JMBOTT
H#EEZTH, [AEOEEEEIIGENRE) 2 AT 5720, BRI
BRBUIIEE LR SHICHKT 5, TEQ ORROEMDIERENN TN SHE AT
REDEZAFATE AN, TEOE B LT, 0CLUT THEAE & FE
ROEEFET DL, ERBEEZEE S EBRBADMELDEN, EROBFEE T3
RTIIEE L 2 BRI S R OB EHT5ERENEA SN 5.

2. 4 FLHEH5ROBHE

TEREDTIE/NS A=Y ZHIH L NS BT BR 2RISR BES
ERMICTHMETEZ2EBLZ2MRE L, BEFNREEZBRNTHEDIOT R #@ixEH
BHU., T3h0S RBE S BHAROBREERNVICGHEL 2. ZTBRFER
2R N O TS OB EREUI T HIBE-8C T 1.6 X106 m2-s1, -0.1C TR
1.2X10%m2-s1, 1.8CTI18.1X106m2-s1 TH-7=, AHERFE 6 FEROL
BOEILHEEIZ-7.2C T 1.5X108m2 51, -3CT 1.4X106m2-s1, -0.5CT
2.8X106m2-gt, 0.2CT4.6X106m2 g1, 4CT3.8X106m2s1 Tho/l., %
TBRXY26 SHEMOTEEERIEARETIE. EHHBHRET-0.2CT 83X
106m2-s1, 15CT6.7X106m2-s1 TH D, BERANSKDSNS 6.6 X106 m2-
st EEWENRE SN, Eb501ES, TERE 0CE2RICHBGREITREIIT
L., OCUTTREBRROEL DNV EN, LEPOKZERIC X SHER
RRDEEE L TER U= ETHR8ERI T, ElD 5SRO R HEHREIE
W, EETEPTOT R OB O TR EEIC X SMBRBOEAIET
TR T E RN,

SHOFHEE LTI, HBRESTEOBEESMOL. HETRICHBREDOIR
EEEEERS LENRD D, THERRBOEEINROKOREZICETLIEED
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HI3E BIMITKD T R BORMEIZE O b
3. 1 RUsk

BLICELDT K> (2Rn) BAOHHZTSIHE, BIMOMEIZLZS R
BRROBEWIMAT, BV DERRANORELR CORERESHE. #2 B
73 £ AR TRIBNLSRNBINETH S, BIE. BEEIEL. Bk
BRT 2w VEFHFDORY M1 MRBLICEL TWEEEZENTVNS, R
1 PIKBEOEREE<NA, BEICEZEZRITIANL., LML, TR
BOROMGENZ, N b MK 2B L2 EOREQOEITHBITRELAMIZDON
T TaaRRESHTHARN,

ZOETIE, 2BPO5 RCOXEBHERALNITEIE, BIURY FF1 b
ERWTERLIZELZHBE60T ROBGEMEELZFEL. SlLoaigz
BLEHITBROBURREIOVWTONERANREB2 2L 2AMNET 2, 45
BRFEAT. 5 R UBEERIEI ATFLZHNTH 2 » Alcb-5+
BHS RVBEOERAES, AT R OEEROAE LT /2. TFIHE
ZITW, TEF S ROBECHMERS RO EGEOTHEREH SIS L.

3. 2 R2bFAMELER

3.2.1 ERBROME

MERERMNSDT ROOBBRKICT S EIERERZNEELRIFT. 2hoid
RES () BOT RERR, Q) HEBHOT R EEEK. © 221048175
N5, INSOEFRL, ISITHMIMBEROEZEEZ T TELT S, tEPSE
VRER, TOLENRERE TSI DT ACCR)BRDTEEBEAD T R HHEED
IRF—a NV —FBIIRESHEINS, 5 ROBBEKI. TBEoRgD
FRBROMIZ, SKRIZLDKESENLT B Rogers et al., 1991), HIEFEH 5D
7 ROBGEREZFET 272DI1213, EBROBGEEOBRIELIM TEOWE/NS A
—IRKBENTA—Y ERBTINENS S,

A TIIRAUBHELERERFHEN 6 SEEAIOTEE LT, iERGNASD
T ROHBREBRORE L LB S RO EEOERAEEZTY., > b1 FELIZ
£5T RUOBEBEROBIMBLUOLEH S ROBEOTERRL DI,

ﬂ)§1%®i$¢?39$§&5F>ﬁﬁ$®NE(%lﬁﬁ)
(2) N> bAoA bET
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(3) BT HOTEhS ROBELS FUOEREOHIE W18 H)
EWSEETH 2 n ARG L TERRIZT-> /2. N2 M b ZEEBATIC 3m
X3m OHPET. BHX 5em BELAE. X2 MFA MREZVZFIN VI (VZIFRL
) 2RV, 727 VIR NaBIR Y R MBS N, KEDHEME
OBV EE O BLEFSBICR. BN CONRY M MIKESRET,
SKH 0.6~0.7 BEIZL ThsIBORmMIIA L.

3.2.2 1BHIRBERIE

(1) BFEEIZDOWT

5 RURBBIIAEEDEBVICED T V574 TEENRNy Y THRIZRZEND,
FHF 4 TETIE., ROTREDENEZRHVWTEREFMLZRICT R VREE
AIET D, /Sy ¥ THEREERBOMMMEICER I NS, Tanner(1991)i3, /vy
LTRSS RBERE TR, HEOHEICX> THEEICREEZEU SR
BMENH B EEHEL TS, Ruckerbauer % (2001) (34 OHIEEZHW
THPETBEBTETETI RUVBEZHEL., BXELETRAT VT4 T
ENVYTETELONS T RUBEICH2EBOENED D EHEL TNSD,

TS 05 RUOBEEET 2BROLERHEEZLFICHET 5,

(1) BESOBEKEEE2 TESROWR 5,

(2) HBZESPOT R OBEEMPEGEHICEHHTRETDH S,
(3 FZEORICIEBREZEL <EELIN,

(4) BE ZEIZERRIENIRETH S,

FROBEBREZHERE TSP T R BEEGHE S A5 L (Under Ground
Radon Monitoring System. LT UGRMS) (Yamamoto et al,, 2001) ZfEHL
T, g S ROBERER2TS. UGRMS iIZX2HEEZMNOAEETD
HBRT 27012, 7Y I TENSEETEBESRENER Y TTERL, >
FL—a )l (AB-5 Pylon) ZHVWTLEHESS RCBEOAIEHITI.

(2) UGRMS D

UGRMS i3S R MHISE, SCA & Latch H. 54 PZNAHBAI— K%
WO AT, — RES—) FIL O Pa—F Ik DBRINTVLS, BEEDRER
ZE 3117 T, BERIIER 20mm OO FRT2E 1.1m TH S, RESRE
EITIIARER 4amL OV FL—Ta RIBABEINTWS, XETHEEE
(PMT) & ZnS(Ag)Y o F L — Y A EOED LTI R ET R BEERY
(218Pg, 214Po)M 5 D a B TERINT 2, REBBOXRTEM 3.2 IZT/RT . Fumad
id PMT (H3164-10; IRMAH b =27 28, ZnSQAg P > FL—F . KKK
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(Celgard®2400; Hoechist Celanese ) TR N5, ZnS(Ag) s > F L — ¥ 3%
IMEENBEIC < B L TH B, PMT 2RET N1 TREEFEICLENE 28
TBEBIIR—U I hE2ANTVS, TEPOKDIBHEZTRFOL > FL—
v a AN OBAZR <z, HIBZEKOWMDABIUCE KL LE
LTWa, TEPITREBZZ LADBRICGKOBEEEDITRVEDIC, Bl
MR e B EIDET 7O B TIREL TS,

T12v

AC/DC

Digital input
converter PC card Note-type PC

| lAc100[\/1

Underground 222Rn detector

B 3.1 UGRMS B

A5 VANt T Tvvf
|//

_ 7
PMT ) i
) 1 I“lJ
S VAR
NR—=T7 54 ~3A ZnS(Ag) O-V 2%, KR4 R

B 8.2 UGRMS ®HEEERD L > F L — a >l

(3) BIESE

BEZLTOFMETIT o7, 247.8L OKREIF 1 > /NIZ UGRMS DR HE2R4)
EBATD.FONHNIIHBES RO E2RATA. FooNEBRBEE DRE,
EJERCTTRRBIES. FROS R BESSEEICL->THET S,
UGRMS @7 IV 77 « AU M S 5 R VBEANTIRORTERT 2,
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Q=EEC1 EE'I]

SIT. ORSECRE (Bqm®), CHIHE#E (cph). CAIREEHTHD.
MEHTHLNSS F @ L UGRMS ORE®ENG, BEERERET D,
UGRMS OBETIE, MHBEILNOS FoIEEERM s TRAETHD LHE
FLT, FF-MEEZRHTS.

SEIOPE TR, UGRMS &F iR E 60em OTREREY T A IEEH
WTHERL. ¥ >Fl—aEATHMLAE. 5 8L UGRMS O EE
DS, BIEENERD A, UGRMS Ot @ s 7)) A HEFO5 F
WAt A R, BT LY ESIC L ANIEERERALE.

4] R HiER AR

M BAro-HIc B UL THEE 2cm. RS 60cm OFEMRITS, ZOLE, T
EEFETNERBEELICVWEICTS, TORICRHBERATS, 27
A E SR 60cm OFES I2HlEE, MEOCRBEEZE 3.5 (2. HRECTRL
FHTEER 3] ICENERET. BR8N R FERLELARORT
#iT. BT FodphicRBBEESA. SRV CEFHDEEIL B
i o - g LRSI, #2m BN AR L =,

T
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B3 BBETi: UGRMS 2 0mM L =BT

323 H#EmMMSOTEAHREONE

(1) WEHEIZDNT

FPRERNSOS R HGEEE2MET LS LTI, s, s,
WEEE, AR, EEAEE, HHYP R OAE(Radon Transport, 198172 241
& 5. BN ERTIEEME I CMNETE2HFMEC A< B ah s, #MiEd,
FrNOWRMK. FEC2O8M FxoACREOER. T FBEONE.
E-HOERETOLAENSHS, BRL THGEEENT S ICI2ML L, £
T, BREICEDFz - NASAOT F - BEE2 /UL AERE SO FoF
—F (AlphaGUARD PQ2000, Genitron Instruments, Germany) THliEL =,

(2) AlphaGUARD %R L /=M &l 5 F - ok ie i

Bl 34 IERRICHT 7 FrNaEREoNEETT. ¥BTERLAEF
ToNEeRBOMEYNT, E@OBEE 28em. W E Bem THS, Mficize o
DY 7 H0MEs, 47U 2OmnER FIZEDEHERIIL, Fx
RO ES % AlphaGUARD ~fiAZ 85, 5 —FHod 71 240 = [ [
LTES. TINSHIEENRATS. MEORIZIE O (20RO BRI
ZT2880HD, o 3R 556 BO S F o ORBEEEGETE S,

Lehmann & (200403, Fv > NAOEEERS 7 TRIIL, NI 188
@ AlphaGUARD, *Rn SR ¥ -7, 2HHO AlphaGUARD il ., 5
FXBEUFO-OMSLERELTHLD, EHETIE. ForoERERET
S8, FoME AlphaGUARD B E 18mm. X 16m OF— A TR
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72, AlphaGUARD O > 7% AW THE 500 mLmin! TEXZKST 5 &,
KonMoBNERS, COLE, FOCOEEIT 1%L TITES,

Cl, C, {5m C, -
—I % — 'Illllﬁi alphaGUARD |
. 7 9%

B3 3.4 ik = e HEmE B

(3 7 FrEBORLE
ERMEICL DT ROHBRBIIRATRI ZENTES,

_Acy (3-2)
t-S

ZZT Ji3T RVEBREBqm?2sY), ACIKEMLAZS RBEBqm3). VE
S1EF O NOFEHE(m) & EFAMEm). 3F = P NRERHGTDH 5.

AlphaGUARD 2HWEBRETH, Fx o NHO T RUBENENIZT LR
L 2RIETZIET, I RVBRBEHET 2. B34IRT G & GOR
BIIZNENRATRI LB TED,

dc, _Js
=+ CL-CL-AG, (3-3)

1 JS WA
1= m{?'F COL —[—I'/—— lCojexp{u (A{'F L)t}}

¢, =¢C, exP(_ ﬂ’ts)

=M{£+COL_[iVi_lCo]exp{-‘(ﬂ+L)t}} (3-4)

A+L V

AlphaGUARD T3 10 2B THEEAFHRIN TS 28, 10 5O FHE
ELTT RVBENRED, ZOVHEEZ GOWMMEEL ., BukR JE2 KD S,

3.24 REHRELER

(1) BIERR

3.5 ICHIEHMF D@ LTEF S R BE (UGRMS ik 5HIEME) . (b3
B RBE ST L BHRER . DHRE T B ERE. (DEEKE.
(AE, DREBI N @KBOEBHZRT. BHHAEPOK[IKT—Fid4EHEM
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3.25 T FAHSGERONE

(1) HREMER-FHoES

WEMPASODT FNERBATEECEELST5, BIIBEOERIT LS
Wi, THATRVMASE LY S ool hE <D, BER1rSODSE
REEBMASNS, H36)DF B - BB OME ISR L THREAS,
TOEBRLICEEL THL<ETERLTWLWS, BEMboBLiio 11 HF9
S 12 HPHETIZRENE -0z L. 12 BRELETIE S A SFEHEE
LMo BAsDT F 2 MREIZIE. il tE L EoEsmmhT L0,
BTAERENORETS Faimashi-0icgl, BHEgRREoRes
STwidralz, GEfT~0 b Pl L SRR 0N 25 % 0 E
TAWIZ, EROCEREERICANES i@t o145,
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(2) B oRl

B ST AR RIS EROMERSRIE - AYIZIE. Masndd
iz 3 BRIz it sh a(hE. 1991). BEOBEREIXIEIZE NS0 L EEm
MmeRRL TS, HEERASSERERT S EBEERIECHIIRD. &
fhtE S icED SRR E<MAGHS. BROOREEIR 1~2 B. KOBER
i7~10 HTHD, CoMELEOEROLST2IZL2THEET .

— EEROESAN
—— {EMGELEE

-

E""""--._

-
i i0 il i T R B R
4 3.6 +HOREEDSOEERE

COWEREREERMETIERL, SkiERELTRY. SKERIE. LR
ZFWs50em BEEEFEL, N LRIZHT SRR ML L THRCBRE
BETENTHS., RECERTOSAKRTERN, FHE, FARDOm h)OR
fizt0EEALTERERERT. SKERBEIFOXTERIND,

%ﬂ-ﬂ*’ (3-5)

T, WilEskiEs, PiEkR. RSBSOS EEIHERTES. BE |
HAR-BCAKE2FCLHOMEICL o TEETS, BALESKER Wi,
I L THRALES F S nEHTIRINGIETS. B 35ER

A T EAREILI ARETEEMOBETHEEL TWa, ZOBRLED,

SRS whtkN T aME2 &L,

In(2)
2

A:
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CCTEHE s bid. FEME T FOHAEOENEOHBENSETES,
E38L0D #=0.16£0.06, =6.7£09 LEEN, Bl FOEBRLHRNNS,
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(3) SEEE I L S 0 h B0 SR

ML 7=ERicED, <> o FETETHREM S RS ORGEE R,
A bk b Sem MEEOENEL:OHEBRETAZET. S R HRROMLE
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ETOFIEELLTERT &, (2.911.00 mBg?m2s! OE/DHBE SIS, BOOH
. 4% TH-H 7=,

3. 3 THEHAPSRIUGBEOETIHE

3.3.1 EFILEE

BT 5HENERICED I I BYEBEZDOD LITESH L TWENERRT S
ET, BEFNEHBEEEREZEEL,. BRFTHCEREETHD, TEHS R
DEFITDONT, TEOWMB/NTA—F ETH/NTA—FOEBEZITI TS,
KRAHEZ ETIVIC K D5 EBE B L, RIEZETS,

TRHPS ROEFANFEERETERDI S, FRVERRELBHOS R
HHRERFICEBTH D, T RUERRIITEO 26Ra SHEBq ke) & 5
FDIwR—a ARBICL B, T2 —3 3 EBREITEKED 0 vol vol! @
LEXR/MEZR LD, BKBRERTHEREL S, &7KE 0.1 vol vol! BLE
2725 LIZIE—E L%, — BT RPTIIS ROEREE —FELE2 D, 5
ROILBREBIE T OEKRETBORREIZ L > TELT 3,

AT, K& — 18 1 K€ 7)) SOLVEG (g, 1997) #FBL T,
TEHPSROBELMERS FOBGEREZEL, HAEE KT S,

3.3.2 R&E 11 RTEFINOHE
FHATHEATL2EEHET TN, KRG~ WL - LEESRNOEEEE
BADOEETHDEREKOBNEHZET L2 HNE L THRES N KIET
FIDIE, KRG —LEH 1 RTETNESTH B, CORK— 1 AkEEF
WZELT, LBPDOS R OUBEGEHET LI ENTES, LEREASR
FOB, K, EROLBEEANICES S, AR — TEEOWEREEET
Do BHRPTERIND NS A—F 2K 3.11 ITRT. BHEW). BE%). K
@B(C), BAKEmm h1), BAEm s)IIFNEN 1 BEEOETHD., S RUE
FREHR(Bq m3 s) & EIE R (vol vol W —~E TH 3.

3.3.3 frENE

AREHMETBIC BT 5 LS K oBEHERL. BHETFTRAZEEELT, 245
MZ& 1 RTETROLIRFEHEINS,

aac 2Y—(a+LOAC, + AfpA,, (3-9
4

ZTT. [HE alvol vol') & E7KER 4 (vol vol DidE N-E SRR D 2R/ B

d d
5 (@+16)C,) == (@,
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B5t|2E | sa

feE 7K

222Rn & LA

E311 SFE-RRIZMbANT A—F

RTHS, LIAU—FHTHD, BEEERNSHS. Ci3t+mb 5 F -l
(Bqm3d), ridiEih¥e, 0,3 THpS F - RBEEHEEm2sY), 1135 F -0
ERl=), pid MRE (vol volt), AT THF—2 a3 8%, A.l1%Ra &
(Bg ke " TH D, HEP 7 F -G FER DL, Rogers 519910 #EH L
2D, MBS plvol vol ) Bk SRB SN S,

LR OBEN, KONROBEETL. FECXOREERETS. EFNH
TIRIWMES Sm I FAmNYHS LEEL, S mETEZ 100MICEWS, HRO
FEXBEOOREOEENA SRS, KALOBFE< OHENKE<ES Sem
FTE 5mm BIRICERET S, FTHEER Sem MMIZRETS. BREEELT.
AR A—FOKGHEE - 8L 5Z%, KIPo0T - -BEtmbiclE<T
Eizsh, 0Bqm P &L, HEOY T LAT Tt 1s TH S,

3.3.4 THI/$S A— S OflE

(1) e
HREEFCEAETHRETIEDIC. £S5 A—FYOMEREETH A,
AR THEHAT I AA -8 1 X7 T, THoMmtE, 5 F-Sk®e2a
EETI. LROMBEEIRS K OERENERDIBICHHAVSH S0,
EMIZROSLENSS. 5 F-ERBIT, 5 F-RECLERGH L KE~O
EHEMEFETSIAT. dotbRkEQNTA—F L3,
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YIEERORE OO LIBWOIFEUL 2003 4 12 AT - 7, RIS HET
M5 15~20cm DERSTH 3, THWOYEERE LTI HE, SBE. HR
B, BRUSKEOHERT- /2. TBHFTOT RUARBORIE D7, /N
VO EE, REE. MBREBLIOCEKROBEIZHNHS (1995) OFEI-®LET
ol UTRAIEFREEHRICRRS,

OV BE

TEOEEIL. EE5cm. X 5cm DOMBRAT LV ARAF— NS T 5 H
WTTOBKZRS BNV SEHEIT S, FRLATE2ERNRBOE TEE 4 A
D Wl@&d 5, BRIFT110C., 24h OEREITS, BBRBOEE Walg) % #l
Do TOMR. NIVIEE o MARTRD BN B,

_w,-w,

Pa % (3-10)

ZIT, VIiZY 75 0ERCemd). WoidH > 7S 0ERETH 5,
BHEEKE SIIUTORTES NS,

sz‘ —Py
Pw

CIT p REREETHOKG 1D TEES, p, ZKOBET1gem3 & L=,

(3-11)

W, -W,
pr=— (3-12)

OEHEE
EZ I A—FOREEITD. BV ) A—FITREKREHZL. TOEEW, (9
ED, TORFDOEEKBEZ(C)ET 3, WAREY ) A—YDERTH 5,

W, =Loxaw,—w,)+w,

4

(3-13)

ZIT pLpldt(O)Er(ONIBITBKROHLETH S, 100 mLOEY ) A—
FIBRLEEMO U3 TTAN, BRN THARE, PR L -RBOEER W)
EHD, REKEEY ) A—YEBEO 12 ETH~-L. O—F ) —F>TFIo k 0
20 mmHg LT OEHTHEN SEHRNHARL RS ETHET 2, 0—4 1) —F
>T7Z1ED, 10h U EHBLEE. BUOHE T2, 5K, B ) A—& 2%

KEHEL, BR W25, MEHOKE (C)2H->TH<, BE £C)Dk
T B LR TOREE p IIRRTRE B,
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A=M+Wa%® (3-14)
OFlgR=
BRIV BEEEBENS KA TRED,
p=(-£e (3-15)
OF R ERR

MRETHLEEZ TLOBRRICANTERL, BERNDT FREOEMEN,
57 RUVEREZRET D, 7TLOFHERNTOT RRBEIRRN 1 » A THEITE
5. FEOEATIE. EHK 3~4 AREL. #HlZTo. BENOERE
RTREKOV TV TN TITRBL, TOEIF S R BEEZD FL—
a VK DRAEL T, HBOT R ERREKRDT,

(2) BIEHE
NEHBRZLUTORILICET., ETNSFETERTAIXR b A & BO
INTA—HF % B2ITRT,

%31 XNUbhFLPETEOHEINT A—F

+
Ry bF1 bk
20pm | 200 ~1mm | 1~2mm 2mm
[k 0.77 0.62 0.53 0.52
BEltE(gcmd 2.65 2.48 2.61 2.64
NIV EE(g cm) 0.67 0.95 1.23 1.26
F ROBMEERmMBgkgls) | 1.1X10% | 7.97X10¢ | 3.95X106 | 3.24X106 | 1.39X106

%32 BENRTA—F

N2 bhF1 b !
[l 0.77 0.50
Z R EREmMBg m3s?) 9.13 16.2

3.3.5 [F/NTA—F
ETNEREICANT AR/ A—F IR, BE, HE. AHE. BKED
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