HOKKAIDO UNIVERSITY

Title KOBUERICOWT V@ SREEKOBUEH
Author (s) EE, FEB; WAKAHAMA, Gorow
Citation KRRE, Y8R, 22, 1-24
Issue Date 1964-03-25
Doc URL https://hdl. handle.net/2115/18005
Type departmental bulletin paper
File Information 22 p1-24, pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Gorow WAKAHAMA 1964 On the Plastic Deformation of Ice. V. Plastic Deformation of
Polycrystalline Ice. Low Temperature Science, Ser. A, 22, (With English Summary p. 21)

Ko B ¥ EE L2 wT V
o8ROk 0B B E R

A & KB

(EEREDIRERT SR
(BT 38 4 12 A £30)

L. £ 2 8 %

KROFI—EFRELE M THEMBERD, KOWMHIEBICHET I HE» kD 2ER, b
BV, KEMT DRSO UERIE, HRIBELH2, Lrl, —EOBHE TXE
FEf#E (eR) LicsBie, KOEXEBBEBHBAZLAMESITONVEITHE, EAHIS
EIC, B 1mm THE QWK KDEN E—EDERE CHEMEE L@ MEL, ERhiokic
BCAWAWARYHEMWELZRFICEMEOT CHEL, TRICEINT, KOERICHET 3
WL FEREBC Lo 3R I~IVY), TR EMFIR LT, RERERESHKGKICONT
HITI o7,

EHRRKE, WAVAERFMGNES > /NS HHEREKORDESKTH B, VD&
DOMBHOC DR O, BH, L0 IBRBREELTVLEIDT, ERcYETick
STHHICER T A LR TR, BETLIMNBRDS, MO YEHET LIH0 ThH
%, CDY, EREKOERICE, i, HBOEMIENEZL LS, TOERE DI,
MREATOCD, MBHAOBRE, MERAOHE, BINmORER, BB, AhkEg e
ThH3, ERETE, chdD> B0V 2ROV TOBEREEIFRD~, FE, S5k
BKDOEFICO>VT, BAURHKEEBRALCCAABTFETDH 3,

II. koHE#, EBOSX

L ok o & #

%%®ﬁ$®§&%fﬂwﬁﬁmif5@%@%%%%&%®Tfﬁﬁﬁ%?5t@m
HEHE 9 NT06~1.0mm OE I DOHMIC L, HALLHERII, F&LTHEROK»LEY
WL, REWD0LDPALMICHES e EW I/ RL D L3 Bk Bk, 1
BOKOFERENE, —JORISE mm OREH 3 AANHONE4 S L, B3 cm oME
WHEFROET, BIERFMICEA TO, SRR ORREEH C8h) &, FOflc T sk
WS 2R ZNIGEOENICEIN TN I E0E -7, ERE, HEZOROHICH A
eI L, 259N, FRICE TN 2B c iy, MRKOWMICFEF, £RIcHn

*OOUEE R LR RTINS F 659 B
ERMZ $EE H28 HEnoE



2 B Ik B M

cEicis 3,

B OB ORE I, RSN 2~3em HOLDTH-o 1z, BWHEMD & &
DD OFEHEEG, METOFHUEHICONIBY TH B,
2. R X B

TOEIITUTE 7 KON — 8B CIEM S ol iR 9 2 B 3, EEMNFRMA
EEMEULBICAN GO LFERRACRAL Th 2 (RESEA OEMICEY 35 1, 1960,
HIMEEY), 7272, T 2~ OERERETZ0b0~v b ERREIChAZ, $/, BlkE
BT D DA BB K S ICHEBR A UGS Uz, 38 SEE RS —10°~—15°C DIEIRH
BB B PN IERBENICAN, BEMET R T OMl— 1 0 # B E R, EREosN»
LTxALDICLRLE, CORETONDEERHEI, —4CBIY —10°CORETTHELR

2 t,

III. ZHEZKOEFOH

B CONFEREEZNOT, SHEKOMWETHT S &, KOHMICELELO
ENAEREOT CHERACENTE S, 20E/AOBLLE DR, Efcb, MEHAT
Dz, HENAOWE, MRHNAOHE, EFMEOTE, W\HR, RS ETthds, T
NS OELDT T, %%@F*@%H%H%btdc BMEMSPICRNEENTED,
TTRCHELALBOTHLEY, Lorl, BELILOS50KEE, HBOEENEMNIOT, —
EWU&OKEK%&%T%,<bb<%N5&,ﬂ@@%ﬁotﬁ%f%éC&Kﬁdﬁ
WD, NS MEREKORAEICHE L MEASO 50T, SHBKO—FTHZICES
NI, 072, WER, ZORMICERBIETICEZ VAT, 52508 BKE BB T
B, te&ZiE, BWEMN04Sglem® ® TLUIVWE | OFEMER 0% THLH, FHE, HWEOM
BABRENICANE L, 1HIEOKROKTOAME, KEIsHEREMTEs, £/, B
BPICAEINABBRFIE, —BIC, SO0 TORSWICERAL, HABWOERIZEAME
MThbd, COXHIWHAL MBUKRA )] L s dicLid, ThicL, MOXPHIR
DKILE, LD DEHEKOLEREE, BLALX0THLIND, FEICHT 3 L DS BNH

REFELEY, SRROSHEKTE, —RIC, SOORAN—HIHCEE->T, (2K
Ry ETHOIRGHADOKEETER LTS, TDkdH, EREKOLMEERE, BFENT
IR BT, BRICHT Z2EMBENBED, 20X M HEBROMBEED, WMEOERIKELTEL
LHPMELOBMICEE 252 5 0RMRETETHAD, T, BHIRKTD, TILK
DOHBHREBHENDPOE2D0L, SHOBPBHIRIOLLIEOETE, EHOLD
THENS, OLOORBICA N2 MAARY D ORELORADBVEE, —iic, £
OHHERARE, ZOROENKEBERHHBENRNIOMS TH S,

DT, HPROEIERARE WS> S DEMEL 2 & SXKIEICEB Z 22b%, HENC X > THB
L&,



KoM >nT V 3

1. PHOBEENSRISHEKOETR

RRI-113, EXH07mm, Ks ¥R 7mm HL 50D, WKL D D 2L 7 KOHR
DEHTHD (+FERF ol FEIAEEREZMHALTHRE LK), FHICALNE LI,
COFWMISBOFER A, B, C, D, ERSHD, KAHRMOMBEH (c#) 1, 12I1ZHK
ORWICH -7, ToOfiE%E, —10°C DRETT, THEHOELADH M5 K 9%/hr O—ED
BHET, BN 4% ICETZ2ECTHEML, I—BEKEL2ObICE > L FHEBKKR -2 TH
5 (@ +FR5 04 FOTTESR), Thd2HOEEEL LNTAELE, XKEARKKNA
WAREDBL 1.2 EDPp2D, HBREOWLOMICH LORAMSTAE L, AN 2~
SHEOMAF LN ONEELRENTH S, &7, MR- OB AN, 5kDO0D
RGOS, SS, MUy, BRKI-2 T 3BMORS A, A, AjiCbhbhhiz, F/,
FBIici, RATT, UU, BT T, BE3MEDHS B, B, B ichbhhi, FICEEME
THNDBE, B FHELLRNARO TR S, AN OER (0001) [CIiZIFFEE T, HF
T T, UU, 2B L TESHFHBTERBOLOBBLEEC Litc b s, TODHK
KEELLRRE, HRLEV-SThH, BUHD25H252)0HBHAEEENS, BT 2
RGBT 2 3T PRI BT 2 A AEHE T, TEFREEA (tilt boundary)) & Xidh, ETiCK
SATHIREMOBEL LTHP EN TV D, ¢ OMBHFEOR#ERHI, B (bend
plane) & & Xidh, RNFBYHICEC A RHMNBTHE TH 5,

R OBEDIZ MC AL E LT, fHiak A BEOHAOP KZ > THLL=MA
FARDZE O,0,T, 2% 5, <hid, HFE OP o—i OT, THAMMEE L 2 i FE L bD T
»5,

KKICBC »ERcHICEEz0HE, KRR COLTICASNS, TDED, WAk
Co, #EkA, BicdLUTiEaf, «ROQ», ERRICH2HMALILCE, WDHhD
THER OB EM T IAENROTMATCEIRIE LT EEENDNSB,

DESYHERTD, #MF#MonE, MAOHEICKZERORL, EFHOEBREED
HEE, WINLEICMEBLTEC 220 & T, MILIKAEDLD TR, REIVICE
TN DHEADBEDOIS AR LENOBL >k hEDRNLTETH S,

2. ZHOERNMNORBRIZHEEKOER

Mg -1 43, B X507 mm, K& XA 20cm A< S OOEBHERNEBO—ET, K
WOLLRLHHKELLEDTHS (TFERT ag FRER), < OFERICIK, 514300 ED
WMERSETNATEY, AREE20TE, FRBRICND2EEOEAR, BRI 0@HKE
DEREWNWEHRLOND, TOHEBKE —10°C DIRET T, FHOLELA DTS R 3% /hr
DO—EDEMEE T, BAEHOIS KB ZETTEMLALDOBICE > R— 853 OEFHAE II-21T5R
Uk, -2 A, B, C, - FHILZHAE, BRI A, B, C, - LU RS
hiceznEgEnwied s, C D, R, S, TORENDOEK T, EFEOFLHROEEH>T
WEHOLFHEM, A, G, H, J, LRE@HMAHEN ERBIENT0RERKDELERL
TLE-7, 21T, #BEA, G HBIU20EABREENIT L, HEKEL, M,



4 EOR R O

N, P, W, YOIAERABEMNE»>T, EEHE, LEdosLlT, UEDO2DORIEHER
WichboTLEof, LKL, HMERL ME; L NE; L YESEFORARIERZO
-2 CHEEHDC > TNT, BEFMOKROMENLIE, #HEHA B L K, Q, Vi
CICREMSENBCD, ZOHADET RVF %Wﬁboo,ﬁﬁ®ﬁRWﬂ RER XIS 7
b A B,

BHE-0ICE 20, #EEC T, VEXKAONZY, TOERPOERTL SN
5L, HEVDBEFETINRY, HENVOLICHINADRN x M TRNIELLCD,
I-2icAHabh s X5 REREEE LT,

RK -2 & 1-2 £ 2L 5 ~2 &, BER—-0OEL2E5A LD HRMHLT, hd5HD20D
KBICEC S B D XD THDPTEODED CEMNbPDE, MBEDOEMMBD D HOEMIIDIC
BT, HEBEOBMEER CH B, chiFE LT, HRIT O H0 TR IR, T
&, WRBEIKEDNZECATEC >R THE, HKIOKAERA, B, Cllo
L2, MPEHO—MAHMBETCRK > T AT HOICE, HAEKNNETHRELLEMEA
HERLODBLTE 2, HRELCOEREBC LY T 0, g LT I 0@
BENIRMAOMFENE, FRLHEOMBRICHELTO A D, ZOERBEMIN, K
FOFL TRGEMOMERA LD, LB AVE AT 5, 21T, €O THES
BYERABENEC 5,

IV. ERY2EHEKEICHEI0BOE(L
B to~Nk L Bie, BRI Z2E/EMRICBCABENLE, shEhamzicBc 30
TRELT, BICHEBRCHELEHOBCE, TNHWA, INODEMEDEDDEDHNK
EDHFTHBET 20, T, FYWTEL, ZRICHHDS T, DTREHBELDONL
DHERIZICEDHFTHRET E0, LRI L THIHEOFTOL D TH S,
1l ERFHOBEEES-OER

B T 7R U SO OB R C ik BEH LT, BREMOMELE > =D ERIKSLT
WPLLD,

COMRATRT 2 FHHEEHA, B, C, DogEE T, 2EEROTERICAEN
T, BOERT, £REENOBETMFHAERLL: (DK, K&EA, B, DOEHE, ca,
Cp, rror THRDLY), MR ADOTdcaid, EMIMEIZIEMAL O T, A OEMIIER
ﬁmﬁﬁmﬁwomor,E%K@Lf,A@Eﬁmuﬁﬁmﬁﬂéumm@f, REMC
VICKBEREBC LAKY, —F, #&EKB, CoEflics coid, Eﬁﬁmmﬂbf %
NENO BLU L HHNTHNBZDT, N5 DEMICE > TRESF T UG a4
U, 20, ERO—MMAEMEROT, B, CREJICTVICLIERMNETH L, HHE,
RS ORS I-2 of @R C o Lficizhmnabn, i, AHFE3HTONS XK,
B Bitb=Ohkc oz,

COEROER THEL LR, EMBENERLGFTE LI AE—LEC222&TH



KOWEER DT V 5

2, WHICEZ EHEIZ 014 THo7ch, ZRRROTA O ML, HEKCOLED D
GO ERER AR 95% % 5%, O b AD, A, BOBSTREHOT 5% ICT Eipo
7 (CDD U EfEE e 12 027), Lo TRHROFERTE, SO MSAHDEHSOHEMINOE
BT B Eicd 5,

EHEOH®% THER CICB C ok BEFESLHE, ROEAMNDb ok, U CORRE
i co PRFEME O ICK 16° Al L 72, (@) fRk A, CH KA ORF 0K & 2% 18% DU,
D, CHOHARF DEIFEELAEEMLLIEMo/, WC DA, BitHLTESH <QOR,
MR 222 WA U,

KADREINEMLIZD, & 2MEBMOBELSRICH L TR APENLT 2 L3, K
ABEBBLOELTh, EREKEFERIBLETIVICEILALDNLIBRTHS, TOLD
BRI, WRESERzVEBCLDD, HEEHEOET I EICE>TET oIl EMN
WIS, 727, TS DEMMHEILFIET S 5L, ERERLBHICLIAUT D
EIDEILLPOELTRELED, T TRICERICE-TLOZ &AL LD THID,

IR, COMHCEERL ,

/]

EEDEROLS TEMMCRL -\E\\ f
ERTH L, NOEAOREEZE A \\ \\\\ "
CURBABERBLON, oM ] \ R #
& 17§ FGIK H3 FERRRT O ? c\nB‘\ ! %
KOWH, BEHNOERTHENL A VR 1'3 D "=z f#
WA B G namgnr ] TN - %
wv. swagomprurm, vl |V ) /
chr Cpy Coper ERILRRTRL \4: N\ \ : A g
Thb, HOEMREREL, £0 | N\ f
FEfiie G £ TRt S Tk % f z/f\\\\ : }; ﬁ
L& &, COHMENEDLS A CCC SN P
CERT~EDEERNTRD TH /‘F H “No T b 38
3. $RHCOERRT T, Ll Hj T /AN f
co DEIEE P - KIERZD IC &> | ) / 2/,C N f
TABDNEEELE, COB, B 7 s 7N ¢
pRokBRELLEv e e GiE Qf. | L v m S AR
ORM), bE0, SHAETOE ] S L S
SHEBICBLTESHLELS% G 7
frEmcAng  canonn, ] GhaSvlo-=>TTT -

HIMICR L LS, Mak Q’ g

- =5 0 i R IR R R LSRRk #ER FGIK 2, FG
C. B o#R 0,0 Ok 0, Q4 OMPLEC TG OBMETTEMUL & &, XK

5 COFdheo it EBIGEAET L, Fh ORI B T - LA BEBANCR L 2K



6 #F oE OO

ok FG Lotk ehznV, Q &5, OV, Q0 BN &M C Ofb I &
N5, 5O »o FGrEfOH%2FL, OH &EFG Lo s &35, S0, Edunk
U, OVoRsdz¥redalens, FG EoRis V £33, EHmokEk OV i,
JEki b ZDEIMEL RN EMD, OV IZEL BT HITH D B WV, FiEmo C ol
co BIET OV ICTERIZE 2 B, «VO,V/ #COEMOBIEMER B, $1HT VO,V %
2E16° B0, COMEIR D W CRAHEBEOMMED 16° & 4 —8T 2,

vac, JET QQ, i3, M b EIBRET, »o, OV ICEMCH BRGS0,
%7z, KOREMORMAIED, BB OVQQ OWFB I MG bIRFEIND, cOT LR
FE, BT QO MEMH & C BT 2 hMRSICKkDON B, VE, K QQ, O Q,
Q MEMBENEN Q, QuBHLALET S, HQUARBFE Licsd, QQ=00, QU
OV, (ififs O,VQ,Q) =i O,V'QQ) &7 % X Hic 5 Q) O AkwIuz X, ¥ 0,VQ,Q
DEEERET A, OV ho DR T, o, VO, ICEFEHENT FE &0 k%
Q&l, Uddz0EFMEc QQ =00 EH3E51CEQ EE3, U, O askuahiT
H5, FEmanoEE QO @, ik, co QU BB LAZDOTHE, »LT, Mk B, CH
DR 00, FlEn OQ k3t hbhd, $1RICE>T £Q0H=50°# ~Q0OH
=635° ICHIRT B T LB H, CHREIKIL OF RSk 5 HE 64° & —5 T 3,

DT, AR C oY, BIBIGEEE LR OVER, b, FH%E0OX S IKERT 5
PIT I W BENE, O E, LI OVFR, 28 EE 23, LORFE, 232 CO
ETH OV ICEfTRDT, FHGbEINEL R, ELOVEOV ICEHT AT LRI
Wz, B OVFR, O 83, EMi%GREISNIRTTHS, 21T, OV EELLL,
B OVFR, O IIcoE LS %2 b5, LIRFICOE LWV L% & DRBA KT HIE
X, THRBDTRGICKD SN, B OVEFR] TR LY, C OB, FH QR & hi% 3 &y
mLT P b B NEHm L R0, CRbYHbLRYENEE —%T 5, 2k, ¥
TR, 72Uk RIF=RF ¢t -T3, 2ROHZ 2RO iz 8N L1 3 i 578 0o
B, CNHHEMELIZE-HT 5,

EEEC 25, A B LTESH 2R0,0=105° &, # 1E» 51k, Fifg <ROQ =
127°0 2 B3 N& THBH, TNHHERMEIZT ICEL —HT 3,

Pbo~i ki, fiik C offGEMce 23, MROTP TR 16°, a0 Kb
ELODERTVEBC LicE BN, Wik Cltk ok Zho T NTEMEIICTIENR ¢
BICARITE L EMbhoT,

FEHCHMTOIIER LA &, BT 2R A, Bb, COERICHALDDE
BLRINER LMD, k2, B, CHOKS OQ H, O%duind LTHKEEDICH 15°
EIELTOQ &Hotehs, ZOhHDICBR, Z0H4RIERLEGNZERESEL, CHll
DESNEREBCTHEE, HAOOQ ML TBOLAMEEED FTHICm->TMans, B,
AMONROP CBIR AICALTN S 20, BOERIE, AiAMEL, AsicHmsm
Uit o Wicliichx 20 %, 2OfE, BOEBmE LicMicEthE2 B8 L, RIFE)




Koz 2T ¥V ) 7

TO~RB XA, T, T, 2 UCEEMATDING e, 24, £RICHED, A, BEOKS
OP @o—i# T,0 »silfilts B L, VIR D 2EpR 0,0,T, %4 U7z,

WEHMABIUOD RO RSUELEBCLLODBAEALNG, THIZDNTHE, T
IHI D (1) TOX=DT, T TRAGT S

ML@&ﬁC&#Bb#5£im,%&4M@WMW&%QO&WL)@ EL *@E
el D AT B, —iiZ, FhoMEE, FEHOEdWIREMRTmICLDED X

MJGE;@e A EPNCY: ) ttjjmz.: BB, COLEE, KAKDBRRT
M0 ORICRERGHEENE 3 C ERBEHICBBINS
2. BEEOEHEENEOFRBRE
B 2RNT S e O H Y, RNOKEEM LS X, H 50 & DORRRIC T
PR ENTHMREER LA LD TH A (GEIT T~ THRICHHS "‘fhu,,./w:)o [‘Zla thE?ﬂ%
BIDKDOHRD—B T, BN OXOMFER B oG LHichics, Hifk F ik
(c i) FimdEpommicaEENTED, MICENERTRLUL, < OMIE, xil@zfﬁiwz
AL, MW AKRE LTDEMEe 002127 & & OR—BIOFHEMBED Th 5,

ALH

S

$2E HEEICRULZKOEEEFEMLLE S, HENDB Cn‘ac’_of_n*l'nalﬁﬁ@”“ﬂfh
&, BREOCTEROEBE, a; ﬂ‘fﬁfuﬂ@%maﬁ —#, b; B:~0020&
&, EHoOHWMMA SN, c; e~0.05, C@Laﬂbfzﬂﬁrﬁmw;fﬁénm
Wi, d; e~0.14, MR IES—BERE, b, c K& N LEROBl*RT
TUMBMEHEL




8 F =R

MEK BICE, clicEHICKEEZ,OT UBREDNL, ZOHRDOT UREHO T T &I
NTWBCEHOENE L, e~0051c82 AR eiTRT L Sic, ¢ Tk (¢ BUCIEF)
C2ARDOEHMNAZ R CDH, COHEME, TOBROEMOMITE E BITKBICHE LD,
e~014 1T UCIEMZhlr Lc & 2icid (Rd), coMEgiic LT, EATRECEIER
RIS B RAE U,

EfFEhE%, coRiE —1°Co ey Y23 TH—BERE L & 5, Rditk
5N% &SI (HIf I-2 D5 B, B, DBIR), clilic PARER T . 2020 LT, §U
BB BAICHEEL T, Hoick UAkRosR TT, B, o ~EIfTds,
BT T, T, 23 SDEAORKRK B, B, DRI O 0B DM 0 & 7B clle
L& A, 0~13° TH -1z,

FEREC IS S NCEREICTFAT 29 Lid, KO ERMICHRE AL/l OBk Diz D # Tk
B, BENES, CNSGOFTLREXRTTCRLDTALDLI, BHRFOTFTTCRARZCEMN
TEXWhokhdThd, T/, HRANBOTM g BEROmMNICETNTH DT, B
B 2B LTh, ZEHTKVWEBNEBIL, ZCREAFEFRCOVMERRIT 5 i3l
VW, TOT UKL MEROMBETOSIMICEEL T st L E2 51 5Y,

22T, FB2RUORLALEROEME ETmORRBERE, WARONErOHRDTAH K
., COXKOEWEFEDLEFDT M S EMT B &, FRHPHOMKBOIERICE, KMEHT
FLIGE U RES OIS IIAAE T 5, FRR B OMELH (8 caid, EHHIE 60°D
s, i, BEMROWANICH 70T, EFMBEMINE 0°omElt LTS, &
FEDAEFTICE IRV, EENCE S WIS NIRRT 5 &, ERICE TN T B I ORFEE L
HEEZR LY, RrIEMNZERET 5, EOREMNE, EREE2HERBOGEKCH>TT
T, AOHREAIZETICH > TH#ES 5, HlERIGE U cRAIE, BB O, S ARIcE
T B, COEIARICOVTE, RE I ICHHEE LD T, XM 2RI NA0,

RREEBICAINTVWAEROLGR, RESHBRRTH L, AMEHBET AFRIC
BELTOWTHHE TR, 2Ok, BRICHKELTBOE EHILT TEDIREA I,
B I HBICE®E T, BOA OB ICHEEINE, CHUCK L, EFiKf->780H
WAL, HBRESICELL S 5, F2Rle DFEEE > IRMEICB of L (Kol
) WHFEELTORIEDOTREM OBREE n, A DEn 293, hLitoxicc &mrs, B
@EL%TM%%m>mm5c&ﬁ?ﬁén,E@ﬂﬁﬁﬁﬁﬁ®%®ibéwr%a$ﬁﬁ
BELBEETZTHAD, 2O LR, COWHIEKMOEEROESMZA U Eick>TH
S ohb,

1ADEDHAREMOV E B TEROEMIE, 1AXOADOHREMICI>THEHEN
5, %th@,%2lchbt%%Km,%%mu,mﬁm+ma$@ﬂﬁﬁﬁwﬁf
TEOEMN, EROEHENDC LK LTI, (n—n) AOTEOIIRRALZ T H3H 2 D & [H
HICIE B, KT, TOBPESFTDEDOHIREMDOEMEREEZRDTH LD,

AR CECHONTV B X DI, FAFSOREEHO L ZHAICEST ZEROEH O



KkoE¥ERKIc>nT V 9

HEEZEr A, r=10b THLD b RN~ H— A X7 P VOKRES), CORKERAINE,
EHAHE COFEDQIREMOBESOEMBEENT SRDON S, F2HcDFEDSEIH
LRIETMOMEBEYZ »E LT, r~37em BZA5N5, XKObEIE, b~45x10"%cm X5,
~6X10°%cm’, Chp, EOFREMDOBEFOBRMEE TH 5,

SEIC, BR TR Uk B3Rk O R Z B Icii i B lcRe LLERSHZRT T
Ui, ERTHaICHEEL, SlBIcRETT T 8HRShEC ERR LI, &R
&3 E, BIFHB ETIELARANSONRENOECHE, COELERITH T.1,
HWRALTAKS, HERBICHE UL REN O@E 5, EfEhT CicEH/EML (B Y
T=t-va V) EBCLT, H—EHRTT, MCEACTERFEEZBR L . <O@ER, XK
KICEESNEBL AV E—%ED S, WDOWERILOBETH S, Kic, BHHE L ICE
STCWAKTREMBOEEMERE o 2k TH LD, KMo hTd X, IFREREE
TS ODMBHOMRFIMLOL VBN DAEL LT 5L, 6L 0 DI, B/0)=
2sin(0/2) EWOMBRMBH B, T DR, L HRBENDN—H—RA -7 P VOREST
b2,  OHFUERH I K oD T, LOBEBELS d~44b 2003, chid, HREB
OB EMB I E T, WRIEMA 446 OBIBCETICELATHE T EEEHRT 2, b~
45ATH D, g1, KOBBOTMFMOBRTERK c i3, c~T6AK»D, TWHMICZ>T
BAURSHIEET L CER IADOHRBMNBSBAINZC LIS, CNTREBIRESSA
DRESEBTFDELBRETET, ERIKBEHRTERL R MNEY, UL, WBHENS
CHREHLERI TR ELLBHBOZKOMICDNT, FRATMORERH 6 %1
FELTAEBE, BLOED, 0~12°, 13 DT ETH-T, 0 1° %2 HR34 T TIC
Bl s bot, chidd, 0~13° 0505, B, THbb, MHRERICET BHim
FHEORERMOBIRERT D EEZ L NG,

LTzbing 6~44b 220 VA E, CORBITHEEHKOT E DK T, T, DAL
ESMDICHBALTO S EOIRER O niE, n=1/0~5X10° k&35, T,T, DEBOE
XEfHmemm Zrs, TILC&T T2 ARENOFERIZIXI ETH B, —F, LEO
i, EROEHBICE T 2 IEQ RGO BRESDOHEER 6X10%/em® DTHETH - 1,
EEOESHALBC >HEROHERER, F2HEDb, ¢rdbhr3L5, 2mmX2mm OTHE
TH-o7cps, COBHLEENTW B EDOTREMDBEFIZ 1/4X1I0° KD THETH 5,
FE-T, COBIMAICHT L TOAED KRB DOBRTNLIEADZ S FTHESELTS,
0=13° O EHFHEHIEKT 5 LB TEHY, CniF, SMEEIICEE L TO IR SO
FEORREMDOPIEDZELDEON, BIFAHOBRCHT Lo EBEZL BT ELICE> THAL
haths,

Dotz filid, BRI S5mm T EDRIYR X IR RSO > T T elkhc sk
CrEBoLHE MITHORRBRCH- 2, ORI, DIFHh5HEOBRRLLED, &
WEROELO—HMABANBEE>TVEDT, ERICHITIHBE D DS R X, BHE
Almm T EQNSIERRBHAEEE > CTTELBEB TR, 2ARMMET AR TE Y



10

SHRBKE S 5N IRT D 0Pl a; ERNOKOME O

—#, LMNP
CEHILAEMSR O T LRERALE S, b; BRFEROEEDFRIKH 15
% EMLI OB 0 a LR—HAEOFH, al/RLAET L LMNP 2, Hif
ODEnENoschTlbMEsI L, 2ROBIHLLT LN
L ENbhE, TR, SREERESESNAODKE->TEDAE
T URRTS B

S

-



KkoMWMHER DT V 11

HTEN, WL SHBNTHEVERE b oSS E T TS /K-, 20k
R CRIEMOMR BB 0T, #-oT, EWOEMPLEMmAERE LT, Bk
O RICEUEIEHR 20— TH 5,

EITHSER SN S & &id, MRBROEREES DT, HAMOMRBRES ZNICOE U TER
USR5 50, AHOMBRBER LECTEZL 2T aEbVICE, oD T
W E < SR BIHIRIBE L 2720, -, Mm@ MR EIc - TRREN 2
HHVAEWICEL, Lo~flti, &K A, BORR OP 0—HaklEL =m0
295 0,0, T, 24 Uiz, <OT,0,138913° ¢, AU BT T, ICE 1 2R FHO S
BODOMECTEDE LY, i, EBImTT, &, #R OPickid 2 kA HEE s> T
B o FERICIEDIES I,

T, WRENTHENET IR, HEOARB O ORICETEZE>THEY, #
BRNIC TZMIBREEE ) M54 d 3 & 2ich, DhIEKOEHRmMAERENEY, hd
DURICODNTE, ZORETLHOLLDNEFETH 5,

=4 B3Ma KRLLHERD, MERR, SHoRAOD Kk
B o NRACO ORERBEZHPET 200N



12 #H Ok B K

3. HRNRO

WHER I BR[MEKEEEELBET L, BRRACZ-TzhoBT>kDhs
EHENDB, (R, KCBHACORBIOLRVELDN, 7, BRACHIK DV TORE
BESINEDITH D, EFRE 3K, BEOMATZEMU 2B, BB icE U
BRR-DERH LAY, BELEZEBKO—FTH 200, COEBICI->THRIHR:
VOB BT EMEFINLDICHB, L, BEKKY ARHRRIZ, BB MHER
R ThH-T, ZHEBKE (bicrystal) O RLFICHMT 2, BIKHRAOE S, RAFHORER
EHERT, ME»SOFENBN, 20T, BET 3 MORNT SRR ICE > TRTIKCKE
HLTHRC-DAEBCTCEMERHICTEL, CHICKL, 5D2)D0E/RKOMARZ, —&
i, FERo TZXHA) Thd, DELORKBREMET 2 ~6 MofRN thlThT
5®f,%%h%;béﬁ%mﬁmﬁﬁ?o&méwo%nm@mbf,zﬁmﬁﬁﬁbéﬁ
LXOFERDIRFPREEAOHRBAIC, RACTHBABINLDTH S,

% 3 HiC, g#m*®ﬁ@%ﬁ#bﬂ,C&bhﬂﬁﬁkb@m%ﬁﬁﬁto@aﬁ,
B ILic e el O—#Tth 5, AR Q, R, S, TKEALLRE, TNZNOKE
EEh (ch) FHERLTWS, iz Ing, BREEROENICEIN T, #MEHR
&S, S&ET, TER, REQEDHORAEZZNLN OD, OE, OF, 0OG &5 3%, &k
R, S, TR o0FEMIC, LrdTicl->TELEHOMT LR, BBEELIESCcTER
MOXTHEETESL, CNE, KEERSELBCEBOHLEZLERBDT, h¥ELDT
T LTHBW, CoM%, FEOLEFH MK 16% HHEL 0B OFR—H45 0 5 &b
@bf%éoEamLanﬂuﬁﬁ%ﬁﬁbméﬁbf&iﬁoc@EE%ﬁﬁwbt
EARICR L& DT, HHERTIC @I ot DD, FiEHoOEDb ci R OD Fo&A N
&66T<DB$W%£CL,ﬁ$®?bLMM&ﬂ%P&Kb@hkoCﬂﬁ,%%ﬁR&
SEBHAODIKZ->TzD, MENKBBLLCEERLTNDS,

LHL, MEH R, SHiRODicZ>THARD NeNric O & LWEEEE 72 0 B i ST
BHLUTHEMLTRACDEBCLLERIZIONRL, bLEHIKETEE, HRERER, S
i3, HHOD of# O, DicBTd NsNeic & L Wb g B ¢ L, WA OF, DG
BEICE->T, NsNr IO &E LA DER, S EHEOEENEC SN HAER S L3,
HEBICR DI I NP EORER LS EDONB NS, AN TOT LD Wb G, B
BETEEICE ZRACOUA DI OBETHRINTINERS B, T TRIC, Z0
BIEICDOVTELTALD,

EfERiOH 3 Ma &, FiEEoRbE2hE L, HADORAO THICHEL TV 2 =MDk
@R R, S, TOFEAICEULBABELELEANELTHBE,

U HEHERO>L, S0 %2@0, LMNPic 2z s O (3 4 ) o 45 4 o 3 4
TR (c ) b 13° B E B L, R OWEicH LKA O stz OJ ik
FIRDEFE TH 5,

(@) «JOD BsEfE## 5° Wb L 72,



KOWHERIC>HT V 13

¢y 9 U LMNP psiEfitg, k5 OD 28 LT, “ADOYEFF<7ivs U LMNg & NpP’
sicHhi, |

B REHRR, QRS DG 25, fMEH Q75 K&k R O FMICEH L,

BARBHEERR, S, TOLSAEEAL, BELLLLOTHS, 3L LMNP I OJ
ICIRIFETT, CND I #EEH R @ c il (cr) IC0IZIZEFRB O, LMNP//OJ//cr & %, #
BATH, A0 THKSM LEOF 3, EMOMBTELALEMALL TV ELOT, HR OE,
OF %tz 5, [EEMBOETHE (E3Xa, b £ O0E, OF n~%7 3L5ICERD &,
KR OD 58, FE#fitk OD WBH Licc Lishhsd, 4, £JOD=9¢ & L, ¢ 9% £DOD’ %
40 L g5 E, 40~5° THE, 401, FHERHS O clli(c) DEEMBICODE LIEBZTIN,
3 1 LMNP 324 LMN; & NoP’ &icphzen, NoP’ & OF & o340 13, #E% R
OO pOHDWAICHET 5 c IOEEMICD & LV, 44~13°TH 3, 4, #H OD Lo
N»o OJic@mg NK £ F L, OJ E0% 4% A :32, NAKLOJ//ex 72 0 &, NAK 13855
RRO-KOETMER S, HEMSDcHicsid, HHFEOD LIZBEELTV 20T, SOE
HiiZ OD & FEFic by, 2wz, SO—KOETHO—HKON i, FifgbESHRESN
EE, B4 REGHEREICEELTONs K> EEATIL, EBiC, £3Ka, by
5%, ON~ONs THBC &M LpvEN5,

wic, AONAKZDWTEZTAHL D, HEK R O ZDOJWORFD c¥hid, 40 7211
FEYDICEEL, FKIC, KR OD 280D &> 7, AONA OJEH NA I3, #EH R O0—ik
DEFHO—HE DT, EfithdZ0ES NA=c) WRETH 3, E1, ELAN O—# N3,
FEdft, WA OD Rl TR, ROMBERO—IAN 2, SAZHLELT
Hic «NAN #Z Al LT, AN &7, AONA 28 AONAIC 1 » 72 & 3, AONA &
AONA OTRE# N2 &, AONA>AONA Th 3, §#->T, AONA O 45 Dk (AONA
—AONA) IS T 247 I i D, KOFERECRT S, £117T, ER
KAN i 5 A TR T KAN Ici8 37200 ©5 ¢, AONA O & AN OE SBREE 1
SGUAEATIIRERLRINERLSIEN, COedicld, BARICGRT LT, AN'=
A'Np, £ONA=AONRA’ 735 & 3 ic, AN 8 ANg IKEET I X0,

22T, iC, ANg D OD' Lick i AREARDTAHLS, g, & Nes OD ik
WoffE LT, HNepd OJicHmsi NeH 2 T3 &, ZANH %, #58HR 0 O] b5
DIHD c FroBHEFH 40 i & Ling LICiE 5B,

AONA O—IONORESZabT5&, §CICkANKE B,

ONg = a {sin ¥+cos 4fl/sin (‘ﬁ—df/’)}

chmOD Lo N DREBAEZZ2RTH D,
2L, TOE, ¢, 49, 40 ORICIE

sin (¢ — 4¢)

tan ¢-cos 44 = m



v ? .
‘%%;%@0 .

BiRCD ERAHEE MR I B 2 » 2 fl, a; FEREETO KO EEO—H,
LMN FIUAE8IC % - T, KOBHIEDL oM nphR o525 5 h
B, b; #iIAZEHOEEO AALHN 5% EHLOb0 a EA—HF0F
B, a OB OF LMN iz, BAAD FoEM Tl bt b o L, &
FR, SHHARAD K Z -2 Timo 2 EXRL T 5, i, KA AB 4%
LT, ZABOER ABA 25Uk




KOWHERB 2T V 15

HABBESRD RN o B, BEOBRME : ¢~34°, 49~5°, 40~13°13, < OFEHR
RAEEFHELLTONB ENhh3,
HNIIKEBT A BN OE NeNr 13, NSNR=ONR—ONS=ONR—61—\I DT

—— sin ¢ cos 4t/
Nl = o {25 5 1) )

zhT, ¢, 40, 40 O R oEAEEY (D) RickA T B E, NsNe~016a &1 5, —J, HEE
S b MoK 5 5 NsNr/ONg (=NsNr/a) OfEid 0.2 ¢, FA»sSHLMEEFIE—

%35,
D Fic kg, HETOLOWERONDOE (T~08) 12, ONOE S alc i+ 3, T2
bbb, FHEOD I, FBEOno#hzizs, (ubEBLoRskx<ns, OD F, #iRHQ

IEDIAD OB, HREOREIMEICIE 205, ZEICREIRboRADREAD D
HAFBIcAabNAEH, RABE, HBHRALESBC>T, KRS REARTERL, KAR
o, HHESEL kDR, COWHOEENHEL, Bz avF-DOREh>REEZRTD
DITNZIPTE ST,

B5MOYHE, W KOEWOFEMOUPITH 20, THUCEATHTRLLE D ERRLC

FOR HORRLARATY CRFHEOR R, T miEs >
ERHCIEI>TBE R EAERT2DOR



16 # OIE A K

DisAoNE, MadLMN UL ADH (BEDF; KIHTDON5B) 8, EiHEORD
T, BAAD LosiMoloATLWbERNEBC LTS, i, HRAADICEZ-T,
T 2R R &S EAMMIIIKZDEBC LT EERL TV S, CORIHLIRE, &
BR R ToORAAB BHE L TE/EONB AABEZEL, T4, MiRKER, S THEbic
BERERTDAEBCLTNS, INLOENOEEEXIA TS D LIBIETZC LT 3,

4, BERMFCO SRR HE

Eo5Mald, EEICH > SRFKO—EEMATIC & » L REBEREFRTH 5, C
DO BT, OB R T TETIVRD, #0556, Mt R, S, TEHLAHEERICEILSE
HLTHEk, 2hoORBREORSRIC, #0811, AB, AD, AE#RR& & £%22500 3%, HEl
OEMITR, BRIV LNICENIEEO/NSTERELON5, i, BERROKR
FRERD DI, HOLUHHEBORREIC 2 >R THE, TR T, EMECEH
BHRALBLACEDVEROLS TEMATHEPLDIKSE S, fffid, AllxacdSok
ETHENLFSTTEDPTVOT, MEoLiE, BoAG, H, K; L, M, N7 & A4k
ERFICWATO S, EOEES L CFRRBEEIC L > T, SRR OGN (c #h) iz
Kb, eV IhbRERENOMMICHD, FOSHOMAR TH 2HE 6 HiC cr, s 7%
EDORTRINTNS

COHKE, FEOEADPLRI% EfLEZ O b OR—-H50FHBHERb T2, &
FAERICR 2RO DRBEL, i, BEOMBSETMIBICERL, KBEH-DICX
SDTER LT EERLTVS, £0ED», EMRICAONZEERLE/IE LT, FHhR,
AR R, THORA ABBHEELLSC LT, ROZAIBROEEMABA 24 Ucc &, Kif
kS A%, WM R, T2 A DAE O s, EMEOGEOMALLCE, Mk R of R
DRS AMD 23, EfERIZEFERRO AMD LBk s ETH S, S50 Eh HET
2&, BERIMN LIC7 5 AZMNS B MO, FEfitk, SRR, SEHoHR AD Ftl
WhERBNEBC L, LM EMN tichhhico & Bbh b, i, HERR, S, HE
ADICE5T, MM It & LW GHERIICE B Lcc E2R LTV 2, Titdh, Rllco~
FCRLFIT D ICIE DI B R0,

MEICBF 2R &, MR AB CORBERTCEBELLENTEL>TNWEDT, C
NoDOEICEMEDOBRYE S5 ENFREING, FERZDIEEZRDESIITHEZLT,

HRHERO, HAORE A TESLA - BAM 3, HEMHOFIB TEANIE L, MIIT TH
%, HEfEE L bic, R ABMHEEE B LTEZABROER ABA 24: L, CRITHED, R
RAE RIS IC@iE LT AE &5 5%, MRS @ERCzDEBC LoD, clliii
%%@@c%?@ﬁbtocmﬁ@%ﬁ%%6lcﬁmmmﬁbm

F%m@hmmS@cm%i K5 AMD [ 33T O ¢, EEERES AMD <2
BETH D, mﬁAMD@@© LT aDT, &ﬂj,f@%ﬁ%&&@ﬁﬁAMD%%
Z, D5 AMD C F U BMROEE Dy &35 (WA AMD i3, JEiEt, 22 BICTHE # R
AMD’ it 5 7), RS OEBRTNT, ¢ ORA AD KEHTH 5, ADo( a) BRI E



KoMWHER DT V 17

L, HYBREIbDOHEZE D8 ADDA, 2525, SOEMRTNT, CcOEREDOL
AA,, DD, T¥f7Cch s, ERERK, < OEBERE cs oEIRICHk-T, SEAMIBICELT
BRITHD, FTE, F5Naile LHLALEROMED, EHEEORDb CEVEFMORICE
BlLikonsONG, OB, XOKEEHE, F4bb, dLOOEROMEN, EHR#LM
TENHCEAEBELEGNIEB S, AA, DD, IS OERO-— L 25, &
FhbEzORIFESL D, csHAILFEIRLL EF5E, ERBICTES Z2FFMLAFO
BE @O AV) &, AV=bcost THs, TNWA, LOLAD, DES a i da 2 EL
T, REHSEM; ab=(a+da)-bcos AR EBFNEBELB0, TORX»D
da = a{l—cos 8)/cos 0

A, FHEOEBRME 0~245° & ORICAT 2 L, da~1/10)a 752, FTHbb, Eii
BT, BRREADRZ, 2L0EXal0% ML T, Lla DEIORKRLEN S, EEICE
WO TVBEMEIPELLLDTALD, D AREEE, oD fickk, £CT, 8D
ZELHEL, DA Lt lla0E&E2E 2 &, MO, F1FA &8T5,

PLDT &Emd, ff AB DHEEL TG ABA 24 U0, fEEHS B
DEHEAMNESER-DEBC L, T, KPEEHTHIE0IZM4DDIIBC b DE
MIRTX 5, MfEoF LMN 22 M ScMM OO bR EE LD, CO@RTTEid
DEEZOND,

HEBLUERFETDN S D2OHTHhD» L X 51T, £RFOKOMRERFITEC 2R7 -
DiE, HRMOEHEEES BT > TELARATORMESHOKRETCHEENLS,
FRERBIC, KAENICET BEE MAMEELE) &, BURR Tk EMNbhot, T
D&iC, ERBKICBCAZRNATDR, BEE CBE SN AMMBHENEAREICE 2
KR ERDPBOEMNoLBHOLDOTH S,

5. TREKOBBORELBRES

EHOWMEBBRPO N L ER/EEKROEHEMUER IS LTI, WABE, H
R EOEMPEEICEBCA IR, TTREIIGiTcdo~: (MR OKREL BLU
VoadicdeshzEZh, KRR, BEENBC 2TV 3), $i, REHBLEOBNIRS
Whhi, BESHATERWEERVENEBCT L TN TREYL, HEKDOERR A,
G, Huthzofltrs, chid, MEFFZEMLAZBCA DN R OMEE” X0
bhoEWMULWEMLT, MBORKETEVLIRELDTHL, 0%, TOWFICEEFES
BECO, MBOBRIIMTIRDNI,

COREDHUNENEZ, RIKLICh» Tk >, MBI REE, PEOKER»DE5
AR TRASNLE o, IR, FIROXSI, BB OERICHT 2 HREoKR/NT X
2EEZOND, SHOM/NERKPS I ZKKTIE, O & DO R A O &Rk BT
PR EN, BHAEEESTEREY, MRKMNORA OB LS RE L, EH FE2BHT 5
AL, MEBFICGEBZMEINE/2Y, HRBAETER Y B TET, 2RO
WMBC B, EMEmICE2E, B»OEMABEHEL 2B, BE&2 L1252 EICBbsT



18 #E R LM

BT B, DT OIICHEREL D BIRMORBRE n i, K&XE, n=nlck/Gb THZ
LNEY, T kid, WEHBIOGMOEEICE> T £ 2 W, ARELOIHV,
E=1—y (v; #7 YV ), GREBIMEER, b BIEMONN-H—-R-RIFVDOREZITHB, KD
EH, v~1/4, G~3Xx10"dyne/em?, b~45X10ecm TH B, T TICFT15-> KR TRIE
WCZESTEIE T e ld, FEREOHMICE>TC &850, HASkgwt/em> DTN ETH- 1,
FoT, Rk, BANE IO O (B FICHERL > 20088 n i, n~1%10*
>kma%zf;mf&59°EWHcmLkﬁ&@%mM@ﬁ%ém E&REMImm DT
R, —HOBEMICEBICHRL 5 2 H—F5 OO »' (~n/2) ik, #'~5X10" KD
THWETH B, —F, n KORKE QA DE—0= D H L ICHEEE U TH Ok Bl L
L&, ZOEHERMMBEEY (WO HVRER) KREINEmwzsdTHETHE T &M
MONTVBEY, CORMBKICHZEDITERD 2D2& LT, n=5x10° tp=5kgwt/em® £
AT 3 &, nrp=25x10*kg-wtjem’ L7325, §70bDL, TLRMWICTHESHE 0, HFEDLC
AT, KBFHIT25ton/em® DNIEST TR ERN S, bBEAAZDERNAVAITIGE
CENTZLbOTHD, T/, ZOEE, BAMOSENI KX~ TRHBELTE (D
Dk OERIEMORNEE S D HOEA BN I >WTaRCBELTI0T), L,
HARIUZOEME TR, BEHONPICHENTHERICREBABEHOTOBEC L@ LAT
bb, BRI 0FHEESLB &, WABD, fikomE, HHRLSOMUVEMZ, TH
ARTRLF-T0EEMLRPL, TR, LICORLZXIBHEEKILETNTEBCEHDE
EZoN5, HABHPESRE, KHEEMT20HWwEHILOBRTH 2, R DM
EoTBLHLBROER, CRSOMBICE> THREIN, 0PSO NIEBMENEDT
b,

V. ZHESKOERRR DR
WIECTON-EE &
DT LR O E —E O
BECHEmL, ZERhoXokik
KBCHENEBETIEED
i, EfEiEd 2 k0RO
HENE{LE bRk e/,
N i E ko EES I
FEiIES, BTHIERAEBR
FNCAR Lo, Rl RTENT &
B, BICHHAITEELEZT
bk, EkEEE & IR TN
FWLDOT (2~40%107° cm/sec),
KE—COBHECEFRT B &

© —> iyt
B TR SREEKO R R



KOWMMER L >buT V 19

BEZOLNBEMLLTH D,

MIANOED &5 54, RE, HRHEOKES L2o0MRE MRHLOHM, BHE
Bl EICEoT e &8s, EHOBMBRAE S B ORI SV, FEEEBESEE
BHFEEE, EREEBDOLY, KRJOBRBERESE, R4S EOEFRL LI
TR, ERE-XD LAz ERWVABEY, TCTRFELT, KIihEBHEEEOBERZ T
fBlcORBiIcEED D,

MAUREXOEBRKFAROWRE =W OXL, R—BETTRINZBHORRE TEZN
ENEEMRTEE, RRANIEEEONNMIS U TE 7ol L IL Mo X5 ic&d 5,
e L 13, 283 &, 23 1%/hr~¥ %/hr THEIT/hZNIEH Db D TH D, Chid, W
P 0 2 IR L s Roko B H s 1L T &3 X BTV A, 11E O 2 S EHRN
L, A, ATOEGIETZE, 2hPBLES (oM —Eolicficnsd, £
D%, JTEWISEMU, KBERICX>THLT S E%2mRT, SOICEMBTILr&, Kic
NZIRENEBRAE LI LY, HREBE—EKRN P, H250EHEOHENERT,

BREBETLD2O5 5 B0 5 25M, RNo C, ScliEraictnd &, Jidiim GD,
ICZ > TRaicEL L, BHENORREET 3,

EHEE 6, (>8) W 10%/Mr THEDI S0, 73 O Lo ABICEAL, NOENERR
DR BVEDSREN, AN XD EREVE, CET S E, KERKEMNE T > TH
NHZEL, HEBLLE L2 @ofill), SSiERL>TH AL, SIhHEaRE
{IEY, NRWXBLT S,

FEEEE &, (>8) WP %/hr LS REBMEICIE 2 &, Jd o, XY TICK XM 0, 105E
U, ZCCKREFELIRILD S, £hld, Rommlicslizldie, a08b0i0d
LURIC IR T 5,

B4 I~IV T, ko MEZ A R A RE LS S B, Bk Foko KBt ithse, ol
BRI EORROMNAER A7, KT, SHBREbCDFZ 220 T@HMAL, ERICLED
RFTIDEMICDOTHELTH LD, 720, EHBEEMND ST KOEREBHICHE
TELELEREHTRISODT, L TRBICEMNTEBRETACEEDS,

@ I~V TOREEERKOERDITHNICIE, KALEEZBE LT, HEETICE {3
WS R —chorz, T/, HESKICEBRERBT NI, I EBERR» S ARIC
FlHic B v, BioD @ HRicEfT e/, T L, ZRFEKRER LD &3
BEER R OEARLE O T, MHEFROIIH N TH, ERBIN T EICETICE 5 BHIS 71 D M 51
T ELB,

KOEF R, ERENEBET 2 IR6SEAIEY O ICER T 2T/ 0 BRI ks
3 ), #oT, BEREREE, BNORMEEDS XOBIEEIchFlTsc iciis, T
NODBROFNBIERICE WIS HORSIICHHAT I 0T, HEFEKCRBEROED
D EDDEFWEMNC L85,

Fho, BRHRKICRWA B ECAIRADPEELT, RO MAE T, KEHIC



20 *HOE OHE O

TERL DR H C A DTRIZXEICHILT 5, LhL, TNTOBMMBERINE LT TR
o RALOH 2 b0, HEORBOMMER D BMERKICE Y 2 LRBERT S L, 7,
BERICE-TdH#HT 2, 2hdbdboRBENOLABAEEC URITHEFBRL TR X
WHE—ZEED D, BREGCKOEREE TS5 LINTIEROBERME T 2 & (Dol C.D,
DIRL) = DI TH 2 (HHEHEKOIIEFNCEA L a4 L o 1T &ig), (RALA8K&
DHHHT B &, RN THRAENOIS AL, Kk d 3,

HWTHOLHBKOEHE NSO S5 B, MO n5 A, A, 25 B, 3 ToEE, BRIk

Hb &AL FARICHRT 2 &MTE S, EiRoyIcE, Kb 2 IBshsnoT,
EM®%¢ﬁE%,%®@%ﬁﬁéé§mmémocmé®%mE%®ﬁﬁmonfﬁ%<ﬂ
BDC, KEBOERHEL D LHICHIRT 5, PMNT, BROFE, BEHICX->THI5XKH
BOEWEEE, ALSE2 ZEMEEENOELLLS L, id—FE0@icitnb
(®o BB, 0#45y), © 04T, FEHICEBISTIOMMER Wi%) &, BIoBEIcL
BIGTIOBRGEE (BILER) B 2055 0> TH L,

EEEINIVIT B (E), RANOEMOBEFEEIVNE O T, MERE EICX bR
ﬁ@ﬁ%ﬂ«@ HiMS A OHEREIC K B AL EIT B L S 5, RETERRE (&) TIEEE LI
Hicld, WAL OFA R, BB E S ITHIRT % O T, KR~ O O HEFER d 20kic
WAL, BERASE I L A oR M Cild, AT B L SN {5, IRAIDKENICERK
XNB—HERKD, KFHEMLDDHE, COEH LT, WEHOESH ORI LS IiEfr
DFMNTEDL &, RADELCAIENERNB D, DNICRWET B IC0 5, TaHE N
BN S (E) T, BhkELBL LELNEBC 2 o BB, 0D, Thid, BEoMkic
ShTERSMN, B, SRR oRs, RABHICX I WAOTH L ENBC Y, &L
OEMICH T IBEENKELNLLDICECEEEZ NS, COWMLATETIE, Mo BB,
DA UCEBIICR U KD, RIB—EERL T EMNEDE, child, BIRII-2ofi
DoHEAIAELNDE XD IIPRHESTE L, ZORITONNIABREINE DBl &
EIibohs,

EHEEORENEHNICR, KENDOWI B LA THBBEERBCD, 205 bW
’Jf»zpjt%tﬁl?m% WHET LY, DERVHERBC>TERIBEL LELD S E, &

REBMICEMALLTLE S @oif I, 11),

Pllds, EfiCE bR 2 ERRBXORENIOELOEMINERETH B,

VL ¥ & &

B I~IV OB EOKOERICO &> D%, ARIRBEHF RO = HALERET 2 B
KAiCH T B FEAEFICHEBEO T CBEF L, FICOKOERICH S 2 Kt ids Ui,
EEIL ~4C L —10°C MBI L - EHEBERN BT o, £HiFKIE—#2iC Imm~1cm
DTHEDREZD, FRFTUOLE ) ZROKRMOESMUTH B, DD, LTHEFKT
F, BiiRKOEBICE AN OMFOREE NS LN S, COREV TR, 2055



KoWHERKC DT V 21

D5, TEEEMOEEZMNESERCY, BFEOEE, KR, RAKELLZICo2nTE I
{hUR DN, BRI, ZREXORTEUIMREBMROLEPD C { HEICHE L
fo, YbEZEdE®BERDEITT T EMNE B,
1) ZHREKOEHEERE, MR KRBT 2R, BEANICRER Y TEC Wb,
721, HREGKOET =Y E—Mic, HRMOBIAED LV ETHEN S, AR OER
DEE, BXU, kKofkEE > RicHESNICEEHEEL, HBMORIEEMED) ERZD T
EREEKICBE 23EES TLHRAT B EPTEL, EMOE DO, MHRBEMI—RCE
MERIMICE D 5 ICEiRL, MFkaeAs LTOERTNORSELB0H 2D, BEAKNIC
OAWBADETH, 2O, BRI OO LD IKADHOK B2 5122 ZHFKkTR, KR
HAE O FEN LB DT, RENOTOBS, fo b ZITHFICE > THEE (FIgF) &LL<
BCbhH, FBRI2omhs A, BLUBERCEZOFBALNS,
2) B2RO—BHOBFEHEIKEHKFKOERKICIRONIEROSHE, Thit>30
TH HEMMOEBEREZRL k.,
@) KCRRERZUBBIDRAVEDNDNTOAY, SEHEBZRBTHOELLLRER
LD TE, ZIHRBKOEROKICHHBEHACODB »EREAOIEL L, FBIK,
BOPICEDRAIRL 7o, 12720, BEEET BR5EN AR FICETICHMIICEE L TzbD T
BT, LN FEBMODEEHIERMCD ORFRE L THIBRBRA Tz dD &
EAf, COBZCE DX, BRIIERRZFN CITES > iR, BEREFENDPZOIIHHA
T&E B EMbhot,

BH O, AfFEEOE O ERRREERICE RS L 23, T, SPIEREH
DFEIRIATE 70w — DY 2, BWAHELOBRARBRERICE, LA NALMILH, @MFwmLT
W2k T EICRERBEL 29, EREEORRICE, HAEFTEIEE XYM EILE
DRI R, MERIGEMEEICAD L ABERTHo7-, WLTHEEEDLIT,

B, COPRICELLEMRO—IE, XHEOHERIER LS H I hi,

X [

BRI 1962 KoWkEREe 2L T. I~1V. EREE, WEE, 20, 57-130.

HIRHER 1960 BHEBOBA A L AEBoli: ARE oM. I~IL ([EERE, WHE, 19, 37-%.

BWIRAM 1964 Kowwzie>w» T VI KRB, B3R 23 cRZR0TFE.

ERTER 1964 KoWBiz o0 T, KBRS, BHE 23 tREOTFE.

Cottrell, A. H. 1953 Dislocations and Plastic Flow in Crystals. Oxford.

Eshelby, J. D., Frank, F. C. and Nabarro, F. R, N, 1951 The equilibrium of linear array of dis-
locations. Phil. Mag., 42, 351-364.

KA NS

Summary

In previous experiments, thin rectangular plates cut from a single crystal of ice were
latterally compressed or extended at a constant slow speed. The results obtained in these
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experiments were analysed and a simple theory of plastic deformation of ice was developed
on the basis of the theory of dislocations (See the previous papers I-1V).

In the present experiments, thin plates of polycrystalline ice (1 mm thick, (1-3 cm)® in
area) were compressed with the same apparatus used in the previous experiments on single
crystals. Two kinds of ice plates were used : plates composed of a few large grains which
were cut from commercial ice (Pl. I-1) and plates composed of a large number of small
grains which were cut from icicles (Pl. II-1). They were compressed at —10°C under a
polarizing microscope to observe the process of deformations occurring in each of the ice
grains of the plates. The photographs in Pl. I-2 and Pl. II-2 show the ice plate contracted
about 15%. Various kinds of deformations or changes are seen in the ice grains of these
plates. The mechanisms of the deformations occurring in the ice grains were studied in
detail, which can be summarized as follows.

(a) Basal slip accompanied by rotation of the c-axis of the ice grain.

Most of the ice grains were found to have undergone basal slip accompanied by the
rotation of the c-axis of the ice crystal in the deformation of the ice plate. In order to
make clear how the ice plate is deformed by this mechanism, the changes in configuration
of the grains of the ice plate illustrated in Pl. I are schematically shown in Fig. 1. By
compression, the ice plate FGJK was deformed to FFG’JK. During the deformation, grain
C changed from FGQO,R/F to F'G’'Q’O,RF’ by basal slip, rotating its c-axis clockwise by
VOV’ with no change in the original area and the initial length of basal plane {the
area of FGQO,R,F=the area of FFG'Q'O,RF’, O,V=0,V’ (length of the basal plane of
the grain C)}.

It should be remarked that c-axis tends always to rotate so as to approach the direc-
tion of compression during deformation.

(b) The formation of a bend plane or a smallangle boundary.

The series of photographs a to d in Fig. 2 illustrate the process of lattice bending
and the formation of a bend plane occurring in grain B of the ice plate shown in Pl I-1.
Photo. a was taken prior to compression, while Photos. b, ¢, d were taken at contrac-
tions of 2%, 5% and 149% respectively. In an early stage of compression, many streaks
parallel to the basal plane began to appear in grain B (Photo. b). These streaks were
visible only through polarized light, which implies that they are a photoelastic phenomenon
induced by strain. In time, the streaks became more distinct. In Photo. ¢ of Fig. 2 a bend
plane has appeared, perpendicular to those streaks. Photo. d was taken one day following
compression, when all the streaks had disappeared leaving the bend plane (T,T, in Photo.
d). The difference between the crystallographic orientations of the grains on either side
of line T,T, is about 13° which was the largest angle observed in a series of experiments
of the same kind.

(e¢) Slip at grain boundary

Some evidence was found of slip at grain boundaries. Photographs in Fig. 3 illus-
trate an example. Photo. a is a small part of the ice plate shown in Pl II-1 and Photo. b
is the same portion after compression. Note that the straight line LMNP (scratch) in
Photo. a had in Photo. b, curved and dislocated at point N, the intersection of this line
and the grain boundary OD. This is evidence that slip had occurred along the grain
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boundary OD between the grains R and S. The author attributes this to the basal slip
accompanied by the rotation of the c-axis of ice occurring in the right half of the grain
R. The situation is schematically shown in Fig. 4 in which the full lines OD, OE, OF
indicate the initial positions of the bundaries between the grains R, S, T. With compres-
sion, the boundary turned from OD to OD’ by rotating clockwise by the angle 4#. The
line OJ is the bend plane formed in the grain R. LMN, the upper, larger part of the
scratch LMNP, changed to LMN;, while the remaining portion NP to NxF’. By a simple
geometrical consideration the next formula can be derived for the amount of the dis-
location NgNg;

NgN, = { sin ¢-cos 44 l}-a

4o
where ¢ and 46 are respectively the angle JOD and the angle of rotation of the c-axis
associated with the formation of the bend plane OJ]. The letter @ means the length ON.
Substituting the observed values ¢~34°, 4¢~5°, 44~13° into the formula, we get NgNs~
0.2 @ in approximate agreement with the value obtained from the Photo. b, Fig. 3.

(d) Formation of a cavity associated with separation of grain boundary.

Photo. a, Fig. 5 shows a part of a thin plate of polycrystalline ice before compres-
sion. The dots scattered or arranged in lines on the surface of the plate are thermal etch
pits produced in advance. Etch pits allow us to determine the crystallographic orientation
of each grain (large pits, for instance, are marked “e” in grain S), as well as to know the
local deformation of the ice grains. Here we have another example of slip at grain
boundaries : the straight line of etch pits LMN in Fig. a is curved and dislocated at
point M in Fig. b illustrating the state following compression. Basal slip accompanied
by the rotation of the c-axis is particularly noticeable in the grain S, in which the rectan-
gular etch pits in Photo. a change into parallelograms (Photo. b). The distorsion of
grain S forced the grain boundary AD to increase its length by the amount 4a which can
easily be shown to be a(l—cos #)/cos ¢/, where # is the angle of rotation of the c-axis cg
and a is the initial length of the boundary AD. Substituting the observed angle of rota-
tion #~24.5° into the formula gives da~0.1 a. This increase in length of the boundary
AD compels the boundary AB to separate at the point A by the amount of da and to
form the triangular cavity AA’B there. The actual ratio of AA’ to AD obtained on
photograph b in Fig. 5 is about 1/10, which agrees well with the value calculated above.
The dislocation occurring at the point M can also be explained quantitatively.

(e) Break-down of the texture and recrystallization observed in the plate of polycrystalline
ice.

As stated before, an extensive break-down of the texture and remarkable recrystalliza-
tion were often observed in plates of polycrystalline ice composed of large numbers of
grains (Pl. 1I-2). These phenomena can rarely be seen in a plate composed of few grains.
This implies that the constraining action between neighbouring grains produces high con-
centrations of stress. Taking advantage of certain theorems in the theory of dislocations,
the degree of the concentration of stress in polycrystalline ice is found to be of the order
of 10°, which may give rise to the breakdown of the texture of the ice grains.
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