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D¥K, FELT bR Tw MR TRGLCEBROEVLOEHHAL Tk,

FAE A E ThH o0, IR R e b T WARBI O W T, T OB 55 Maxwell-
Voigt BEEICHE b IN D &\ H & &%, de Quervain®, FEHY, /JEWD, KGHED EIC ko T
Hbmicsntk, M. Kornfeld™® in B o Tz v, BEEE L LB 2 oMo
W, KO X 5 HkE 2 EREITROK, VIV AHERELY IS LBELEBCAR,
EBOEOR»LHBECHRCHENIMI RS, OEFEOREY AT oCh B,
5x 10° poise O VBRI OYAwcit, MEOME I 19cm/isec L DI WK, Whos
Pl 2 2 CRETIIRER IR v, UL, Bo#E 28em/sec X D RE B L, WH
BN o UROCE S, cWBREER 2D THEDSBLRTWS,

—EOERRECHE XA EI L s EHL TR T, J. K Landauer™ 13, flisss
EbRVHEECEEL -FREOREMEBICL, T0 L ¥ D0EDOEI ORRIME L,
SRR, )i v, g X5 adlv —EHE O DO & O Kt o i m 2t 3
Rz, LAL, Wind, ABEEOZE ML ARER L oMK ndELiiothvy, X, K
TORMMAORE L OV Th, NEHRORELVBEYEEOLORWEDTHH50T, i
BORIE T AEIRBFEELIEO TR LTE, ZREMHT 5 2B R» 2 ThA I,

g1, 1~40mm/min. o OEE O~ EHEE CEEEHFT 2 EEX/ED, 13ig 1/200
EFTOMPVEBCIEU b s HOMERSE{#ES T, ORI HTTR L, TOME,
FHTE PR 50, 3~8mm/min. PUT O FEHIHE TR,  BHEE S 3 RIUTERER & it
MEEEIC AL L, FRSRESE RN Ricie b &, RPTiSEREER At A & o ik e
T2 b, BOESMERACEOTWAZ ERR LI, Lrd, MENELI L KRS, Kitho
FHMERELLNE LB 2w HERBENE D R,

L £82% &

BIINEGFEEOBMTHL S, G2, FORHECANLTCEREY»E T AETZTOMET,
INEEO LI AWM F CHEMET 2. SoMBE208Cnw58 Z3H oM %8
LEIMT, ERMIBOERCHVWE B MoRER (GR7) 0B 2H) tALHER0L0TH
D, ZWAERTLZZUBWMEZ LN T3 ZROMEIT 2 HHFRERK a, b THETWS, H
B3 % a boEMIATCL5ERY, a 0ERTECEOLAI VYT~V a, a RU B, B
CkoT, WMHCELWEL CERA Y ver7 7, g, KEEOBHLET (1 70V
D= ) CEOCHEHT 5, AAXY 2B X 23 mm OB R A HMA LR CH 5, BIHEM X
2EOEEX Y ~C, DESLUTHEE #0252 cERL, FiH F 2 TiRc o iRk
Brghaw ThIY, S2EHET S BHROEGEEELZEFLLY, CC Do Y —2R/2
Blel T, ~wvteok{iigbeteBaLx s sy, FoTH#EY 1~40 mm/min.
OHMOEEOMEIT 5 23K D, HOEMIIAE10kg o 2mwikY, F oFE#
BECEBIRD LRIHDL,
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FoRRL LTe, BMEE»LY
otz 1%2.7~6cm, H & 5~10cm o
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FHOR D ICEHAMELE, 2 X b ENE F S o Ao T < 25 LR o 8s
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(a)

FERESE 2.6 mm/min. BB 0.26, 85 —2°C FF 45 5 5.2 mm/min. 2285 0.26, BE —2°C
BT, BRI 28.5 ke (1.04 kg/em?). LR, BARHN 9.4ke (0.34 kg/em?).

(a) (b} (e)
FESE 3B 4.8 mm/min. EHEF 0.38, BE—3C. BHOE X 10em, & 4.6cm, BHEER
BRRHL 82 ke (4.9 kg/cm?).
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(a) {b) » (c)
FEAE# BE 24.5 mm/min. T 0.38, HIE—3°C. WD OE S 9.8 cm, & 4.6cm. BHEEE
AR HN 17 k2. (1.0 kg/em?).
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(b) (e)
[EREHE 39 mm/min. ZEE 039, BEECC. B3, HKOOES 104em, FE46em,
MR, BAREII 9.6 kg (0.58 kg/em?). )
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(b) R FE R a3 T, I OSBRSS IR LT BAEICE T B &, ZEARICOR I BE Y
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FTUAMENME o, © OB AMESHECRRINRr2bF Th 2, TOMW
B, coRIOoMEOBBEDSOLELTLIVTESLD D,

() i 6 X (d) ol RO — W XY Moo —¥Ch 525, D MRz EAREOLOT
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(a) FEAEEE 57 mm/min. B#ZEF. HEE 038, BE—4C, F42cm, HI 95em
ONREBE43em, B3 8emitizd, A THEREREEB, BTov3,

(b) FEfE#E 3.3 mm/min. BELE. BEE0.28, BE—I0°C, #66cm, B T.6em
O FEREL TEI68emilin b,

(c) &K 24.5 mm/min. BEER. SEE0.38, BE-3C, H4NOZOME.

@ BFEfEEE 30 mm/min. BHZF. () EBUSE, @B xy @2WoTERKL Y Ve
75 7 RHET b
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fTFRHEIRsz 23, BEEELZRI LT o, MBOEOBEINKEEL r2T
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L L 588 A brTeh b, L, BLEERENELRDT, —DOEHD
IS RENEEMZ A X3 s, HHEFEINSIEHMOMBRRA)ED L3RR HCLFET3
ARG e B, THRERO AW, AWCHMN2HET 5L bR sb0THOT,
(D &5 CEERMF L R IUE, BREoAMCBEMACR Ui X 5 fniEis
BETHEFT TS, BICTMEEI NS B e, EHEO LERT O EF R CEI T
D, BB A EAREREBR LR S,

whE, HORBW, B X o T I S 5 e B AT OMMTSH 5 15
2bhd, —2OBEAEOMMEIL, EEUEI DI VWVEEL, BH LT3 EICHEERED
BWBRENAEL mhE, TOERERISEMEBLRONLTHL S D, B 5 AR
LAEBEEERBEELE T C 2o SRR CEMREBET 545, Thik, EEHH oM Xk
BER—ELELRVWEL, FEEE NI A2 TwEnbTESE, —InEL b EAHEE
B, UL, WEHHI 22X, 3P LUADTEE T, EREEN DL 5H o LIT
wishud, KACBHEAKDLRVWE W IEFIRI Lo e ok, HEHOHAR,
COXIREECETLILOLBLLND,

H OMBAITEE 23 Maxwell Bl 2 Voigt B 2 2 E 5o W75 Burgers 5 TCHE b &
nNBHcriE, HFHEO, B, de Quervain® HAHE DO TH HH, & ELEIC i —1E
o Maxwell & (IR0 AR LI2CThbEbLTZ L nH¥ES, Maxwell Al —
M v AR TS L &, BEOEH P BKORTELINS,

l"laxwell By

NN

rm

W\

9 / Maxwell Rl &, 2 Pe—EHEE v(=1,2,3,4 TEEIRIZEZOD
BH p OFEAMER, p* BEERN, t*Ro=40t 2 ZEHDbN 3 HEH
CRBOBRMENE, ¢ B,
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b= Erv(l—e_%> (1)

LW EREELEDTHL oM, t ERNOBHEY G=7E; "IERE0Fy Yy RV
OHAERE, ERRBEORT ) v FORMERE) Thsd, EBEE v RiohiE, p b BRR S,
FOROL e, 4o REs v LTO pOlikEFED LT 5,

Maxwell MO 27} v 7@ pin b0 b e, T s2EZEe2T5b3Th
20, POLARE P WEL, AERLTNOMLBIRARCETIEL BETLTESL I,
BOMTEHMBEAP* LI LR EMET b B AT, 27 I Y 7OBIEDORI * 2RI N D,
RabWEb kb, ZERE v AW, U IBREREEsC 2R 5,

4% Maxwell BECRET DR, cO0x7 Y v/ OREREORBLRETs0L
BrTIwTHAHD, e, GLEYU LK OWTRKRD LD R Zebhsd, B
EEYEOEYTEHELTHCC, HOWCHENES L, BI85 0= HEcifH
ENTLEY, BOoEoWanEBERCERY T3 ensd, X, SHCEEEREZS TS
L FE, EHBoTOE X HEIND B, WEINCTILEREHR O T ERHBAED oo
EHL, FESIEERO I, FEHEINTWRVWEHETO TORKEL R e T 520
wizd, WIhoHE&d, Thkd Maxwell EROH2CBE L CHELE, KOXd Kb
ThaI,

ATV IBEETLE, PP R0 LA, ASCAT I v /RXTORCBEIR
b, T L THEBARHNLE{HALCIICLT—EREvOoEEBL T AL 5k, EhHp b
BUOBARLTH<, coz ePBEINIE, Ihpr02p* roMux LT L, prmiiL
DTTIREINOEMTEDL LR 28¢5, (B9 XoPEmikiiie v=4
DEEFCOVTENTSLD), LT, 3K, BTERIBEHRNEECERL SClEEEr
I dn, FTRIOXD RFERHRORFIERER LOTH D,

BADEE, FEERIEHO - 00 MOMEE I KE Ly, XL TodVhX kb,
KRELILHOT, WOWDIAS s, BEEMTH &L, HHIOLERINRD HOE LR
WRERNIL B L RICIAL ok, T LT, FEEHEESTTCIL BT, FRERCH
BEULA D, RIUTicEaisi@zaiibhidhok, ok dif Maxwell i
roTHHING, '

MRTHBIYERERCLZ2, pR EwvrZE LIRS, E2T, EBERE v

v* = p*/Et (2)
LRI RE, A7) Y IORBRBEERBCET S b, AT ) YV RAACHEFEL
v, BIXO o=l 0GERLTNTH S, KIHEE L X DK, FHdy Maxwell BAL-CRES
6camﬁhﬁ,ﬁﬂﬁﬁGEﬁwﬁbbf,W@ﬁﬁﬂ%ﬂkb%%OEE#ﬁméﬂé®
ThBH, ANT, BOHECE, O IcHLET HABRENR 00 R 5 EABEX OB,
B, BRI a b WA R L OBER Y ED A EERE L2 50RE Y TH D
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5. ATHEE v RENEMELS Y, BESEDES LIRS L) HKT, oot 2RA
FEREE, WU TRAEE 2 w) ¢ 2icd 2,

A e Maxwell BB X o TIE SN2 24T, ToIEA RO X 3 LTH
T scrn, HEREUEELOMOENSLICLMENTROTHRET 2 TH 5",
LA L, FRRECHETAMORAROWECK VT, LEEHbNelERR2HH LY
r¥rRp2TERLOR, STk, FHOHOLBEROBATORKK LM LT,
ZOWIHCHERRRAL L DN EELTINWTHS ),

PR EFHIE o* O KRRIGRZ I, Lo LD, JcEE LBl oER S 5,
G Lo C AL T D LR RS Ao, TRy R
TR hER bR, COXdRT b 2 X VARAHETL D, BETHABOZOMEL
LTaEE10ecm 0 o vy, 2~3cmEMi+ 5 b 2L LTHEL T ok, vk
s oR/ MEk 1 mm/min. ThHoedd, BEOWHEHRML20~305Ch ok, TOk
e, ARBENEFCREVRDERAE L TEL &Y, ARIMANIEHREL
DTEMEREY ~EEoC 2Lk, 2T, FOININBERT P wEdT 5D
BERE £ %, c ORE OBk CEMCEVWEa I, ERCHRESEEB RN O
CENEPEHEBLHET SR ELTHLA D, 2F), v RHAERHOBEICIKET S
criis, LrL, M EREE2ZE—~0 Maxwell BR-GIE L TR 2rBETHOT,
HEEILOLEMAEECL S, Hlxd, FRSHZ s oRBCdH b e, W LR THLHE
L, B bz 20BN TnE, 2T, WRICERETLHT b0 THS, 2ib
DELIEMRREIES D, RAME o OREN BV E VLD, vF DPSER, JER
MR SRETorn, ROMECRLRVWTSELD,

Pl BExH—0 Maxwell BBl CREIEHC 20X b, EFTiIHSEEEE TR
Ty, BEABCREERCE ST, RUBREE o 0FET S 8B
T Th LM, COBRPWTCHRERLBEC—2OWEILL p* ¥ rinb, L
L, EEw, BEEBogAR, Xy, MEAXBOEEOTHOME LD &I REF R
b, T, WERW OO Maxwell BBORF| /el h TRbLINDLETHE, X
SBHHaNns, zoc e, Bic VLT LIRS,

V. EOEMEROHROFE

1) ERMEBRDPICEDIZTOLEH. T LLAEPFRVEERE LTV, FEHR
RICIDTEE LTI, TOFEFEERFEFCHAINDD Uhl, Fiorhspgs
NIEWREO 20T TELH D, BMGREE RO > EREMELTLD &, BRBEEIR
BEE, BHERESKE O THL 2 LABMBILED, ZORER, BLhis,OTH
22, Pla i EAP IR VWEAILCCE, FREE LCEL k227 TL0ThH
B, 2T, TGOk I D n—HRETCELEWT s ERICE WY, EBRPITROT
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WA BRAH L TEL o T 8B 2 RERbRWTHES D,

IIL © 4 6 ¥ (a) O WIVEL O AT, FEMEAT G Tw B M LH LT Cw 5,
BURAEEETHEOFNER WD if%ﬁﬁfbék,Ehﬁmz&z&k%(ﬁb,%mgﬁ
MR OBET 2 1ho, WMEEEY 2 )y 73 TLED L3Ik s, MEicitor i3,
a2 —0 Maxwell R CRET UL, RIUHE—EHCIGEACIC F, wWoETHLEA
EHFDC LB RVWETE S, CHVIAPDLYL, MEoHEL FE, REOHEELLTHS
ridvi, MEFOITERLELTBCHA5,

FHIOHoFEE, HoMHEXLTOMIBEFLUTICRDEDL, EMLLrsofHELR
LTws, BREBEOREW CR, Tolkihokl, »h)IBOFEIADTLEDRL, L
b, LTOWEOEZATE, MOTENESD, EFRODEHFLN T 508/ DD
N, CRIXBEOROFOR IO —MARLEINTWI L 2T L0 THL 5, BH, WM
Erk, O)ORELLVECEFTIED T EDTHLM, b)) TR EFDOL M &n, EXE
EoE D LEEDLLIRY, L L, W BAERED TwAICE N, CIEEEDH, +

NTOEMERCIKT R, MBI LN WAMTS S AR, ENEHEE BB LT o
FRTENTL S 5,

(a) (b) {c) {d)

E10 FEREHEE 1.9 mm/min, THFE 030, B —16°C.

BILE  BmROMEA. FAREE 3.3 mm/min, R OER 5.9 om, T 0.28, FI —4.8°C,
FEfRIED 5 5 b, ZRHRSBEZT b & WEICBA L 16, A CHERH
B, BT®D5. B|HEMT L3cm OB IDOMAMBEE, 1.3cm OFE S OFEHL
WD Iz,
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B 11 BICOR U e LUt b 7R 23 %#V'”Téuaiféﬂfwé THUEEHR
t&%m%ﬁbciﬁta%®%®f®5m,ka RFREN EThofeied, Bk
LD, LrL, BErED K?ﬂ,éﬁm%%®%ﬁM%®%§a%k&%bfﬁ
, BB OBETE, FRUEFHEEEDS TLIlEoMZEIESY, EBREEERE
LCLEDR L3 ARBEHEAR LA, BLED ki h—ooflEhcABERoBTrnEs 0w,
FERRE R REE T WE F LR, cNBELAMAESTES, L Lo bk, FiF
FRENRETTHC e RITWTEHD LELTCIWTES D,

fl
&
ﬁ

(2) mEz W@ﬁ#ﬁ@k%éa EfeEE v LOBMK F12EHE, ToMEY AHT,
L1l mm/min. o8 CHEME LED, CHCERERES 2 fmlol_L@ 2.75 mm/min. {8 L 2 &
ORI T B, %@%@,%@%é%%%,im MR Ik ACEP LTS,
WO & I b o ki, pificiRxi X 5 72 Maxwell &@(‘Cl %25 % JF CHHE R B 23,
WO imas s 2 CHBEFEEINR Y, LrL, 2E» 2 0FRHEET, ROHIZF
LRI ETORCcLOMFREE LD TRLL TS S,

13 Ko EREE o, B lem® B2 0 0T P AT LT B, v E W
L&, BREEAEOZE T LA, 20L& RIECHENC LA LT BT Th
B, fE0T, HICIEREE P IR LAWK pORAEXHL, HoTRIAREL DT, Ho kic
VRO o, MR, BO/NEIh0okp R OOl ECTHR LLT &, RENIHEREE
HeF g p @%Oak%<&ékbgcazﬁft&@ DThH, vIRE L fnoTEE
BRED & Din b, REIANIRAE SR 2l XD koA LGy, FHEoEE

gk KS

E12E  ZHEOREHE HEOEZES5em, &I 39cm, ACF&F‘@:;EJEIImm/mm
Ch ME##E 2,75 mm/min, T|#KF 0.28, BE—22.2°C.

Brhd p OMEDPY, pe DRZDEHMEIPL, FOOXEHTHAL, EHoMEE
WO EHERA ) one i, FLREAD TR L THE LA LBD 5MZMo BT A TH %,
HOCHEHOAMO THEOBE I P —p: 2%, X, HILFOEHEFO LD, BoOWEE
%#Lfvt®ﬁwmﬂm:%ﬁy"%ﬁm%u®%§#&5 O XD RGEE, BOO
WL TEOHROTH L 5 2 2 FbTH (B 1L X0 X 5, FEORESKEICRE 0T
L OT, WHEBCHEAEXFEHOTHLBOMY 2O TR LE) Ok, ARTORWERT
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DB HHHDT e, RHDOLBHEIHEMELTIELL2ED pOfETH S,

FEENIEOEMEBRLEPITLC o LeMEBOEY R L, T2EBEOCERBI eI E
BbfFiok, #LT, 20@EVEBRBECKETILIEORMbIy Ay Ve s I aceok?,

s

BT HMEREMT 58EE L, COEROEMKO THREE <D 2IEHTAE L, #
BEtECKs, ENT, OLFOEBORNE, FEORF ~vEHCLT, L3O
ARICEE AR TRV, (2O, —~EEEDEHTRENDT, BEL LT, @50
CELTOLZEOFID Y ZATILES FTOREGHEE L O, XRITHE, FofiofiE
FHORHNO Lem? % b Offix 2ok, k7 © VIL %)

I;Q/C"'? ﬁ H ) 3 l'n(lo"cm/sec 1 ® o% . _

P : ©~-1c [
Le o O~ —a'c} Qi3 | A

A~=5C
Ls & ‘ g~-9% E il
Q) s 5 1
N x 1 40 %6
6 3 x 4 T
Ly G 1
Pe é : P g x
Lo : % ® 1o
. o , o L Oy o [ ogh
kg/ferf 6 H 2 1 IxiGTemssee 5 N 7 T Xl20“ "? m /n‘:in.
H 0.8 ~6c
PO & ® 020 )
o et -
- A 032
wh % .
to.s “e 6.0
X
P
I 8 : R Vv rnm/rl\:n ggg
) 1 1 " .

a 10 20 30 uo 2 3XI0R

BIBE SHOBEOZBORII p &IEMEE v & OBRF, ﬁﬁc‘:%ﬁﬂ@ﬁb\tﬂl &S
BREROHZEGZRT, p* SEHOHE, px SBEROBOHEERT. 0 ZEOD
FE, v* IENER WA OBROHE, (@) EE, (b)KriE,

T 1 T T T T T
kg/ent . ® o%
=213 6“.3 mrymin. @~—-1°%C o 4
p 0 ~=3°C y0.35~039
349 A~-5C
O~ =-9°C
L s ]
F2 35.7 J
za‘s 27 * 36
6292 16 3%
L,
26 20 L
’ . @ ‘ @ l/sec
1 2 3 i ? , 39 7xlo

ZU4E BEOHED, BORFNp & BHE Y L OHEK, FEHOBORFERE
TEHE v, p* BEROE, pxi i%@®f§®{ﬁ{?7"% 0 EBEDOERE,
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FIBHEEMRENCRD &, JEEE o RREL BdconT, HORMA»/NPNEIRD
CemEgs, UL, v 15mm/min 1B ke b &, WA ILah, EREECH
THRIMND LD REHRvedT2 pofid, THBEAILINRV., THRCRL, v OfEs
T~8mm/min. LT & ¥z, v ORD &M p AR KT 5, 2D X DR, v ORI
HUTORINT pORERZENE, WD ETLRL, EREROEWVTESSLOTHSD, L
LT, ZRBAOGN 270 5 RASME v* 12, B 11 IR L & 5 SR BTk
D EAI B CH bR AU S 50 TH S5 5, H13F (@) O WE T 7~13 mm/min,,
(b) D2 NE T 3~T7 mm/min. DL CTH B, XHEE6 N (D) 2% 12 Fic R Lic KT iigo %

T
& T A 2 3 IxiStaysee 5 [9oC
H ©~=—I°C N
Llosec ¢ O ~—3cta3s~Q39| 3
E A ~-5C 3
L O~-9% E

@ s | 4? i
g :

20 30
f

\
T T
3 4x1 d"cnvsec 5 o

L ® 020

: n OC.20\ _ -
EIOsec l .28/} Co~—5t
E [ A O32/

TR NETI

b

[FEEL TN

2 % i
o
Ql A P f | . P v “e

BI5E EHRREOREEE * & TREHEE v L OBK
(a) W 8B, (b) ®»rE,

=

T T T
3 4x10cm/ssec S (g

"
_——
o

X ‘ o
® ~ ~1°C 3
O ~-3C r Q35~Q39
C A~ -5°C
\_ O-~-oc
1mm -
() + J
L l + $ 1
5 ko e
B S Jormnin©F V0
1 3 iStmysec 5 -
® 0.20
- e i
A32
OIS 1
+ ¢ + 4 VvV mm/min,
1 L 1 L L - 1
c 10 26 35 I

BI6E FERBE O «* & EREE v & OBEFK
@ W%z, b) ®ErVE
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ERFRECHET L TR VLE) BIEFCELAWET, Ll mm/min. ©LHEEELR L,
BORMANEHEF C L oTES v  celd, RERYO X hERMBEC IEELTE
BIEHTh 5,

BIBHE, EHBRATEEM LTI EE 0 t0b0 2 p LoBRERLELDOThH A
725, MM, ZoMiEreonT, toEOHME v ALY, The p tolfErEb
Lz, MEDkvoEs® L, b3R¥Ico@EIL I e+ng, s=L—NHIl x LT, v=ds/dt
Thb, HLNLERLEAGRSEDORS, FI3M () &5 14 e, BOREOE VX R
BEITHE Ui, BENEWE S0 02 W S HESRR b, TRESEVIT, 2~
ORI TR, —EHTEDLEINRIBEOLOL 552, CNRERRESNBE G RS
NEBCHNTHRS C L HR LTS, ChRBIC () CTHRED.

3) VEKRANOREORE t*, x* & EHREE v & OBRK, $ BRI O g5 i
BICHPT 5 T pralciRts (R12E). 415, WETRD Lo 2, JE
T v L oBREEDb L, — 00 MBI LTL, P R—EHE TR, b0
GWMT 0T, TOFHERYEROESTRLTL S, » OBR LKL & BABCHIT 2,
VAVNRWIRT L & O REE DT b O, EEO @R CABERSBIEE B, LWL E
CEDRGEERR LT 5,

16T, ORIV CHEEOME LT, ENEEHTEDLLE LD ¥ 22 TH 5,
Tt e v R EUTHEOR S, 2 78 v ORI KICHDT 525, 1 DRSO HF I <
nE, ENICERTHL, MrbML XK, ¥ ofiklmm oY FO—ThD, HOHT
OAFILEFZOWEOLOTH 2, 20T, FARELNEHEE LTV FORE SO
EFEORHE T AEBCHIE T 2D 2Lk 5,

(4) BoOEHEE & TiEE v EOB%. T Maxwell BRICEL T 212, Bxiis
WYHL252 2 ThoD, TOWEOHRE EXFEERFIN O o LEBoE» bR
s, IV. o ()R -CH ¢ /2 1E, p=FEvt bio %, #0T, SEROMKEDOES p*—pu
%, EEoELEECEDL Lz tPRoE S Lokk, HIHE «*/] cHlnE, Enfsh
3. (BB E, E=—p)(1—%)/Da* TE 2 b5, BL PF—px PO TEDL,
D GEMEROER v ART Y YITh S, METRvR02M4E™® L INTWBEDT, 1—°=1
EUTHE L)

FITHE, 2o E v o@fEegbt. EOfid b 5HBCHHT 20T, 20®E
THROEITEb L, ER v IDTHIEMLEVT ERREINTVS, ThiE, E%
Maxwell BB CRbT Z L OELBILHTZ—0OD0HRLZTIWVTSLS 3,

E 1107, 10°dyne/cm* OEE O R F ICTHHH, T HREFED, JBDD BB 4
FHLCES T EDHELEIE—KLTHS,
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® 020

Elo" I 0(0.26)}__%”_5.:

Q.28

la 032
10 20, 30 mmymin, vV

Jord 40 1 1L

4

o 35} ,_3__‘qu
P L e,

039
FITE BELEOBAOHERREY LHEL N BER
E LEREE v & OB,

5) RERERRDOBEOHWHBOAIH. Ll LRk 3, EERRITI O ok,
% p*, po Pk a® ERZEEO—D0—2 DWW TE~TR&RL, bHHECHEHNK
S LTWD, HI8HE® (b) x 355 mm/min, ODFEFERE CEOMRELEHE LT L T OUILD
B TH DM, ZOWOELZICDONWT, P* po I ImEERD, XTOHEFMEED LIOR
DO FTOZDOOETEH B, AMOME, WORMMIE (R REHMIE o) CHESH, &
WO RGHMER E OEEFAA RN, RO p*, pr KU p*—pe DHE T ED S

TW5, Skg b 12kg Wi e 2 BRI 13 P, 15 kg DL E O FERIL 23 p* T 5. p*—Ps
AWO AN FIRNHOWRTHEICHEH, ThAEARTRLTLS, cOX DK, WOk
P2 D AVWERECTH L Tw5, S~ 5 hESH—o0 Maxwell A TRET
HEHTE, 05 REMEOFBEBINEE R, 0T,  OMBEAEOET L HH
T2EFOLOT, MELOTERTILENRD 5,

HIBH D) o IR EREE-45C oL 030 Ths, BIUFTEHEALEUEHRE
BT, BEX-LICOLEIWEHELED, @ OMBEREDLN, EHOBI p*—pe »/HZK
B riic, ERNEShoTwsdn s, c0lde, SOREREVLFCE, EHO
8 P —px KPS0, FBHRMEAHINTHRS, FOEXO 0CoFHici, BALHEDL
IR RO N, £ LT BHELMESL X D, BRINEE, O RRE L B EHRE
THLTWwWE, 2%h, FEREOTREEA LA, COoXdRBERIE2LOTES I,

Mo XSk, EEAGUWO LeMEBOELH LT, S Big Sh 5% oD o
EATROWRDS, BN~ RCEMR TR TR Lk, L L, SHYHAMED E Tk,
BMEILCEWCEEET L, RTTnBon bRy ECciRIS—FolMoEkioiksce
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ROk, £ LT cOMORNE ABRINNE A0k, BMERAER L 220 B
BERD TN T, —DDB LI B IGE—FETH B85, FACh b AR EMME L 2Tl
B BT, —DOML WA YL HETACAREC K THD LEALEY, LAL, KE
TN 3 — Bk Th B, FNTHBAERE LICE W, e EEfic BifeEers, SoE gk
DA DR & OIICHb b4, HICH CHEKROENEKIT 5 ik s, FEEHE, RIHH

- -0
}sec—
15kgsent
20 ¥ T 0{5 T 1 LI} i T 1 1T T T lg/lcm
mm
15 O[.l T O'.2 T 013* =
IoF . 4 tof .
i 0
E P
5 = 1 5+ -
n l‘lg HIH . E
T T T T T T T T T T 1 ] T &
Ql 0.3 O,5sec 5 10 15 20 25 kg 2 3 lLXlOz
EISE SHEOEH. SHEE036 dyne/m
(a) WME—1°C. EMEE 4] mm/min. HHOES [0em, FES5em. WHEBRTES 35,

EHEM TR T B,

(b) RE~—4.5°C. EMHE 35mm/min. O DE S 9.6cm, & 4.7 em. WIELER CEN
WE2EHLT0D, TB C%iﬁsﬁﬁ@ﬁﬁ:fvfr@“ t* RN, o BRI,
Pz BEROR, p* BENROHE, p*—p: ei%ﬂa@,@é B 3w,



,wx/////////f/fx//f’(////’f’f///f;’ff’/ff///////f///f////f’f//f S

i

Y3,

B 5.9 cm. BEE 0.20, EIE—3.7°C. A THEMER, B TOY» 5, BHEFIC 1.4 cm
DI OMHBHE, 1.9em OFE S DEMMBHEL 12,

BN ERE R, TR ORI ES T, ¢ X REMME, oF QEERR, px
REHOR, pt REROE, pt—ps IEHOBE S, ERIMEER wIhi CBHEo

0 EOERICONWTHE R E b,

mww«.fMWM it o] £ SO ottt e A S S e
mm  30F T waa—— T T
oX 0.2 0.3 O2kg/em 1
I I ] T T )I(*_ B pr‘ i N -
- ) .
B - 20} 4 20F .
i B
B 4 10 -4 10F -
-
J I Iy
'ﬂlTh:’I‘tvﬁmlt , o Thl 11 E
0.2 o.4L 0.6 sec e} 6kg 2 e
dyne/cm2
FIOX SHOOM FEHEE249mm/min, SHPEELICLT, BIEFIITRHE Eﬁﬁﬁia)

89T

— o A ¥
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ABEEZ00], 2ORDTED LR LK, : -

19 WMo I N R, THHREE LB C 24 mm/min. ORECER L E 0
DThHDH, FHWRTIED BHH, BEHC—ETHOTC, O TEHTFLBEHORMEE D5 b 4
DAL TR, F3E, BT T580 ABTHHICHET 32500858 bN bl Th 5,

6) BHZTHOLIONMEEE 7 LEOREL LOBR, HHEREI/DNS S ELEELE
I B &R, TogHEREIE, BEREL LUEERE 0B LONE, T,
T O M2 T B e BIEATE O RIS R 0 % B HC oW T p’ OfEERD, ikl
MR 7 L Lk, pR1Ic’E D OBORMNNT, v REOHABEOEOELAE TH 5, (Bl
OEEE, 1=pA—A/Dv TEHE LD, pREORKIHAT, D GEEEOBERE vaRk7Y
VITE D, 4 eEUL, 1— =12 UTEE L, .

L, RHfOEEEE oM@ ok 5ic, £0% LM THHEereTRb 52, L%
BT 50T, 7 OfEHRECHAT S, ThTCT 2B MEHCERT s LT 5, 820
KB ERERT O S OFIE 0 %, M 7 2O CHBEOBEFAR LLbDTHB, 7230
DWREKCHRT B LR DObRD, X, BOREXYELLIEECELLTLH22, RE
BECE7ARE L AR REbN S, X EiEd—EFILLC 8L 2 ThbHECEREY
Bobe, "OME—FCKRELIRD, shd, BCEZERMATCEB LLc L0554 D
TH B, WML, =07 OEOMINE HEITHR L TH Wi, ‘

MEREACHE O HARE OB HHMCH~ T, BEOoMMEGRE 7 2IE LD, X
Rt s, 7 0OER#E0.2~04, #E 0~—5C 0 F1eo\C, 109dyne-sec/cm® I LCh
B, BOHOWEYL, WIEALUEE, BEOZKOWTDOLDTH B, 7k 105~10°dyne-
sec/cm® DEETHO T, IBEOMREIRIL~<D LEPITII Y, F20HOHEOROE(E
B o' 12 05~15%10-% 1/sec DEIETH 575, NEOHEE 1077 1sec ORLETIMWICA S 1o,
MRS v OB L RCE LS HMAT 2HME 2L D Th b, -

rtéxi& syne sec/enf ' ' ! :

:7 8 ]

5 %)ﬁ f t I

o i I ]

: ! I 3

[ I I i ‘I ]
02 . 03 N on 9

BAE BEZEBOBREO, HERE 1 LB0RE 0 & OBE
REGBEMLUIZC L 2TT,
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7 REOSHHME THENO THY LD, EBE—-E0LIATHLILETCLTHEL
L, BHANEBCED LTI, EHIMEO BUBAERTH S, o HT oS
ST B, WODRI oW TR SR 2 0T 21 [ () CRT, WHER, BEER,
XA, FHCTROGHESRERL LD REP O LT b,

BER FINOX 3 H—0 Maxwell BECELINZL0E T2 L, EliitmK
ODRTEDLEIND,

P:Pne—? (3)

Do EIERER L OB ORI, © BRI p A pole Wiz HIERHIT, BFHLERD D
DThBH, HWAMCR LI K, BECRMIGRE, Q) EXCITLEEI o LreiE
ThHDHH, BERIERCE,L T D, KFED X oMl BREMCHR > TR L, i
A LTwd, BERELATRFICHRZOTRE LD TEH 5, 1~2 4% CoHMATH,
B R EROR TR ENS,

p:poe_'/”—“ (4)
D alxB)AD T LEIUL, P DPfle i 5EEHITH D, 21 M (@) o EZ Ol 2Tk
a=408T, () oz b OAMTRL TS, EROBMHEMLEG LS FO T2,

k
9.
30 Qo3
P b) ©
20 - Q02
10 =S [e%e]]
Y
o 30 t 60 350sec [¢] 30 T 60sec
kg
o= =]
T~k a
P (@)
I~ )
N ~<o
20 ™ ~
At CS I a ‘\\\
1~ 4 d N d
P e g - e ey [~~~
hd r~+~H41 - b RasEN M~
== 1 \.j?—\\ i
10 t 100 sec

W2E () HBOLEFHK a: AL, WHER, BE 036 BE—6C
b: AU ML, mHEEE
c: B, WMYEEHE, BK 0.28, BE—~1.8C
d: AU BN, WAL
(b) BMBOZREB, ST poe -viro DR
(0) BHEE ¢ (2.
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PE0C, BENHE—0O Maxwell B TEHLIND IO THWT ENESL, T THLD
Maxwell BALAE SIC o BEBTHRD S5 LT 5 &, BAMMHEKD & 1 b,
pP=p T asetu (5)
14(t=1,2,3---- ) REEFOBTER, ¢ XEEHEOFHOHAEEZTRTLDOTHLDL, X, o
HWEECHA L TWd e T 5,
p=n{ v@e v (6)
TEHLIND, ¢ EFAHERTH 5,
I -z ~vtla
4) DI DT, () BRDTH LD, BERHE»DS, Hi SO ¢(r)e ‘df<=e " )

m%}Wﬁ@ifﬁzﬁﬁmtofmé:aﬂﬁéémof,&%%Bhé
¢(c) = ¢ Ta [2/7ra (7)
2R (b DERCoWT, YO RHE LD, AR KRS, c BREL LI, ¢)

BRVPLTWE, X@oRPHAVIts, t=07T¢ () NERAKCKERDTWAD, oW
PLChH B e DEED TR,

VI =& =

e IV. ¢, Y LH—o Maxwell BAICRET L 20k v, EHERE v AR EE
vF R D e Ik, SEEEO RIS b CHUE AT D, ERERE v sERE
Bo* LOBWE &l EHEOLNTTTTHERELbR CERERRES 2 2H3B L, ©
hmiéa,m@%%o%ﬁoﬁmﬁp@,v@ﬁ*mﬁf%c&ﬁ< 0r—%MEp* 20
Mzgfiscrciy, BEEEBOHEOEIT p 3% Cﬁ*lb$§wiéfﬂﬁﬁﬂw
EohldEEbivwe i b, th,ihm,%ﬂmﬂfﬁMI#bﬁéiﬁm
MEROGLED p ik, p* X VEMICKE LBECEHRERT S L, BREEABOHED p* 1,
vﬁ¢%<k5aﬂkﬁ?<h01ﬁ< o XdI, REREIPDEWEECRE LT TH
MEBFELC 22 LT, BMEOUMIL LTRERINETLHENL 5, XEBERER
REWHECNERITHRELBRES L L LT, —=F Lo CERESESD & W»
DEEND B, E2T, ZOMOMBRETONFHMEECHE T »EERMECTH S, o2&
CORE DV THEEHEBEELYMNL THREID /A3,

E RS 2R B2 T LTw 5, 2T, WEDEEAEE ORI,
DT, EFREENMNIVE SRR, IERIFFRIFVWRREBCE D, FIiTciES Ltk
FOBTFETHTHD D, FEHELL, B0 E0THT, SETHALTHRKE KRB
WHCEST2L5 b, cOX D AHEOESR, 220 Maxwell BRI CRETS
CrAERLS, Hb, BEXORKLDE O Maxwell BRIAE AL S OC, EHERBED 2,
R FAEMOBRMNEL, B35, YOEMY OHE2 oBARHLLEWIBEAR LT, E
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HE O HEFT 2 IO RIS N BB OB LT L, p

FEREIE v SRR 0w g, MEeREL ] R

RWOT, vAXOBMO v* X b bR TIE, BIE "

T HEME—oL i, (60T, - OBBBOEILY . ]—
BEBREbTC L, BEREKORTIE S OPSeS ;

REHENT HEROEI T A 2 LoT, »wo
EFCLEARRT B, 2 LT, H—o Maxwell 5 7||:‘? ------------------------
TRBYIHE O BTG B 5 B p O -
TR NP SN B b Th B, H—l Z‘T‘

W, FEMERE v 2SR &EL T, IRERE L5 E, =
R p OBKMER v OFP e I kT 5 k23 H22E RIORLTS Maxwell £
BILE 5, IV. 0 (1)RChifist B0 Maxwell BRI AT B
[N Ewile ®

1y

m=mm{pﬁﬁﬂ | (8)

CFEbEIND, (REBEBMOES, E, M to R REIEERE, KMEE, SRS, e
FHH OB O FMERBORK» LRI OKRH) ¢ o, A OWT, TORRME v* Of
TR v >0 >0 > OB R b 5 LRE T 5, 7, v*>v>n® O X5k o THEE
Lice 55, BRIBBEYSC 2L, p g 23 M) omig OAZ © ¥ D it d 5,
ASTEM2OFMENREE S E, LT T p BELD, p Ol AM %2 THK
LTHTL, L L, 00 MO CHM 2 o THEE Ls 3 E R birvy, O SA% M A
L5k, pRCTABMK N &, Hb p officiEd 5, @i IV. THE L-BEHC L i
MI2REPCBEINT FHLEDS, 200 NEYHELSL LT fiEre{FACc e
DB IN D, LT, F23 X (@) OWHRRERC XTI pFEDLIND T LI B,
IV. CHWE—0 Maxwell ERICW, pa MEHr B ODEEC TR LED, ZT T

Q)

N T J—

J, —t
€]

W2E  (a) FEHWEEvBPELT, ptp THET 2 SR,
(B) v HHE L 22T pr+petps THET 5 EHRNR LD R
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ThWNHGTLEL>TwE, ERCI O THB SR p OFHRIARES, TOEHON b &
O ETELTAVWEWDTH S,

FEAERE v XEICRD LT v >o>e® 0&4RliET sk Sk s e, Bloak
DYEM2 AT 2 2 in <, RHH p 23X (b) 0E#H OABMN--TEDLINRB T
Yl B, vIDEXL 0O T, pOEIT@QOEEIVEINIIY, LrL, @QOoHHLR
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Résumé

The resisting force of snow against the compression to which it was subjected was
registered electrically by the experimental apparatus shown in fig. 1. The speed v of
compression was chosen within the range 1~40mm/min. It was found that the snow
was deformed in two different manners according to whether v lies above.or below a
value »* in the above-mentioned range. When »>v* the snow was deformed in a de-
structive manner being fractured intermittently on the surface through which the com-
pressive force was applied to it. The curve of resisting force p took an appearance of
the teeth of a saw (fig. 7(bjand (c)); the sudden depressions of the curve at the right
end of each tooth correspond to the intermittent fractures. When » was gradually low-
ered the saw-teeth on the curve becime broader and broader, their height increasing slow-
ly at the same time, and finally, when v passed ¢* over to its smaller side the teeth
became so broad and flat that no depression representing the fracture occurred. In the
latter case the snow was continuously deformed in a plastic manner. The deformation
for v>v* and that for v<v* will be called here “destructive” and “plastic” respectively.

Plastic type

The series of photographs in fig. 3 shows the plastic type deformation of a snow
pillar (snow density 0: 0.38, temperature T : —3°C, compression speed v: 4.8 mm min);
the resisting force p continued to rise, at first rapidly and then slowly, without any dis-
continuous depression (fig. 6/a)). It reached such a large value as 4 kg/cm® in the last
stage of the experiment. The displacements of each mark put on the surface of the
pillar showed that it shortened almost uniformly over its whole length.

When a rigid disc was pushed into a block of snow at a low speed, the disc sank
into it making a conical depression on its surface. Fig. 2{a) shows the vertical section
of such a deformed block sprayed with coloured water. (0: 0.26, T": —2.3°C, v: 2.6 mm/min).
The snow was most deeply tinted below the bottom of the depression; the tint diffused
outwards showing no distinct boundary of the tinted region. The resisting force p of the
snow block was continuous in just the same manner as in the above case of a snow
pillar.

Destructive type
The series of photographs in fig. 4 show the destructive type deformation of a snow
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pillar during its compression (v: 24.5 mm/min, » and 7T : the same as in fig. 3). The
snow pillar was destroyed at its bottom and the destroyed snow was squeezed out to be
piled up around the foot of the pillar. The marks on the surface of the undestroyed
part of the snow pillar kept their relative positions unchanged; this showed that the
remaining part itself was not shortened. The resisting force appeared as saw-toothed
waves (fig. 7(b) and (c)). Its maximum value, that is, the value at the crests of the teeth,
was 1kg'cm,? a strikingly small value as compared with that found in the above describ-
ed case of plastic deformation.

Fig. 2 (b) shows the tinted cross section of a snow block into which a rigid disc was
pushed at the speed of 5.2 mm/min. The disc made a hole having vertical side wall.
There appeared a sharply stained region, the region of compressed snow, below the bot-
tom of the hole; such an appearance is quite in contrast to the diffusely stained region
in the case of plastic deformation. The destroyed snow which had been squeezed out in
-the case of a pillar collected below the disc in this case to form the region of com-
pressed snow. The resisting force showed the appearance of saw-teeth ; its maximum value
was much smaller than that found in the case illustrated by fig. 2(a).

To cause a destructive deformation in the case of a wet snow a larger compressing
speed was needed than in the case of dry. The curve of resisting force still showed a
saw-toothed feature but it largely lost its regularity (fig. 18 (a)). In the case of wet snow
pillar the destroyed snow was squeezed out in the form of a tongue as shown in fig. 5.

The relation between the rvesisting force p and the compressSion spzed v.

Since p seemed to increase indefinitely as time went on in the plastic case it was
impossible to assign a definite value of p for a given value of ». But p tended always
to take a larger value as v was increased. In the case of destructive deformation, p
changed up and down between the maximum p* and the minimum p, ; the mean values
of p* and p, are plotted against » in figs. 13 and 14. The marks in the enclosure at the
right bottom corner of these figures represent the resisting force of snow when it is
compressed destructively by a falling body at high speeds of a few tens of cm per sec.
Both p* and p. become smaller as v is enlarged. The boundary velocity »* at which
the plastic deformation passes over to the destructive one is 3~8 mm/min in the case of
soft snow (0: 0.2~0.3) and 7~12 mm/min in the case of hard snow (0: 0.35~0.43).

The time interval #* between two successive ruptures, that is, the breadth of one
saw-tooth of the curve of resisting force, multiplied'by v gives the displacement x* of
the compressing plate during that interval. The relations between ¢*, 2* and v are shown
respectively in figs. 15 and 16. z¥ is almost equal to or a few times as large as the size
of the ice particles composing the snow.

The relations between v and the elastic coefficient £ of the snow computed from the
slope of the rising part of each saw-tooth are shown in fig. 17. The values of E are
almost equal to those obtained by other workers by the static method.

The characteristic quantities ¥, z*, p*, p*—ps, ps, E of the saw-teeth of the curve
of resisting force are not the same on each of the teeth; the frequencies with which



166 X T # —

values of the characteristic quantities appear are graphed in figs. 18 and 19.

For plastic deformation of snow the viscosity coecffiient 7 is computed by the for-
mula 7=p,/;, where p; and ¢ are respectively the stress and the increasing rate of the
strain of snow at the last stage of the experiment. % is plotted against snow density
in fig. 20. The value of 7 here is very small as compared with that found in the case
of compression due to its own weight of the natural snow cover. :

The main features of the above-stated experimental results, such as the appearance
of the saw-toothed curve of resisting force by the destructive deformation and its pass-
ing over to the plastic one with the decreasing compressing velocity, were explained by
representing the snow by Maxwellian models. In that explanation the Maxwellian
models were assumed to be destroyed when the stress produced in them reached some
certain magnitude.



