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ABSTRACT Misorientation between crystalline grains generated from a solid state phase trans-
formation can be understood according to the orientation relationship (OR) between the parent and
product phases, when such an OR is reproducible and unique. Due to the symmetry of the parent
phase, the product phase can be related to the parent phase by various crystallographically equivalent
variants of the same OR. When a pair of product particles with different variants meet at a grain
boundary, the misorientation between the adjacent grains can be determined based on the OR and
the symmetry of the parent phase. Misorientations for ideal rational ORs of phase transformations in
some systems have been tabulated in literatures, and also, irrational ORs have been reported, with an
increasing tendency because of the improvement of measurement technologies. This paper describes in
details how to calculate the misorientation of different variants with a general OR. It starts from con-
structing the transformation matrix for the phase transformation with a rational or irrational OR, from
either measurements or calculations. By applying the symmetry operators in the parent phase with
the matrix manipulation, the misorientations between different variants have been derived. Since the
misorientations are due to the symmetry of the parent phase, the determined values of misorientation
angles between different variants are firstly independent of the OR, but the misorientations axes are
dependent on the OR. Nevertheless, the final results of the minimum rotation angles usually vary with
the OR when the symmetry of the product phase is taken into consideration to derive misorientation
angle/axis. The present approach elaborates the quantitative relationship between the OR of a phase
transformation and the misorientation between product particles of different variants. It contributes to
a better understanding of the cause of the misorientation, and provides simple formulas to determine
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the misorientations for a general OR. For simplicity, an example of applications of the present approach
is given to an fcc—bce phase transformation system with the N-W OR. The calculated results are
consistent with those got from other approaches. In addition, the number of independent variants with
different ORs, such as the N-W, K-S, Bain ORs in the fcc/bcee system is analyzed, by following Cahn
and Kalonji approach of superimposing point groups of the parent and product phases. The relationship
between the transformation matrix, the orientation relationship matrix and the corresponding matrix

in cubic systems is also discussed.
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T ok [ 2SR AR 15 3 4 B A 5 BEAE 2 18] — R R R —
Fhal LA EE ML FR (orientation relationship,
OR). HH ¥ 7T A HFEEAFEHO () “FATRRH
PLHFERF AR (rational) Mi KR, BAH —FHFAT
REANTREHR AR 1| () PATRR AL R R AR
KPR (irrational) fZ[a]5&FR.  H T BEAH S AR A XS R,
fria e R EIA T RSN RS, XPRRALH KR
AR (variant). #FZ2BAG0 R J1#FFRERER A
B AR SRS RIS TG, kA a4 -4
AR B i 2 AR AE B0 xR 4L AR 4
Koo 70 ) b AR R A B T IR AT TXE R 4121
o AL R PR, T E—2P 4 214, LIRS AR
FIYERE. LR, WEE B T EBUNATH (electron back-
scattering diffraction, EBSD) AR 1ZRH, HHEEH
LR E B EEA R EHEWN. AR S
BEAHAE 2 R 50267 AR AH, DB I R 2 P A A 6 [ O
R M. (R T A B AR R T [ — L 1] 56 R W AR A AR A,
Humber 2 101 94 SR ] — A~ BEA SoRL P 28 A TR Y
fii[a# (misorientation) FHBEFSRIATALE. Glavicic
g [12,13] g1 Karthikeyan 2& 4 435132 A Humber %
N H B ITEEXT bee—hep R 5 EHAHE Burgers fi
] SR AR AR AR [B] oL ] Z2REAT T 5. AEIHERE |, Cayron
4 1506) g4 T ASRRE (groupoid) HIEED, Ay
T bec—hep RGBT diRALIE], FHE)H) 5 [iAAE
ASMARBFSE. Morito % [T1718) 47 7 4o 55 BEAT 52
K-S fila 5 R AR SRR R Az 22, T Kitahara
45 91 3t Fe Ni &4+ 5RHE N-W {156 A8 & KAk
ARPRIAI AL ZEJEAT T 2. X BT AR AR 1L 1] 22 Ay F
FH T EBSD RAGALEE R, BB ARHES BEAH
HIDLIA] SRR IAL.  IX Bty N oL 1] G 2R 38 5 S A PR AL 1]
KR, HREVFZ BRI A S B S B R AL 55 R
HEERTREME LR, Wiase 19, shade 29 3UH
RgE 2 g5 Hph, IR S B (] AR AR T B A
32 22 Bk SEhR AL I 36 2 -5 B B A 0L 1 56 2
AR (HAERT 2°, FHER < 1°), XEEHIFH
HIAS R 2 B L ] 22 45 R 5 B AL I S RSB HI 45 R T BB
e YRR Ay =N N TR gy &/ IS S i 2N S
FeEALIE KR WAL EBSD Jrikadil ik 291,

H BTV 2 PR JO B AL 1] O 2R A AR il A 2 LR A R
FHEREES, HraiE o kR mie 242 figsie O
MmO 3R Ry O Lymmm 2728 & i1e
I T RARZ AR R LA K. W RAEE HHE N
AR TS R G ROR AR R Z (R0 1) 22, BESLARAR AR A
LI ZZRI R, AR LKA B TR AR AL 1] Z AR B 45 R
FlE EHRAZR.

ACE MM &, 25 AR AR (R L ) 22 A —
Fik, FERISLTT RARAE 45 R ARAC IR, ARG S B
PR X — R ARAS o S AR AR H BEAT T ST AR, fR)E
HeF TS RAASER (transformation matrix) S07[A]
KRR (orientation relationship matrix) A K&K
PLIE] D R EE R 2 A A B DG 2R

1 H8EFAE
1.1 REEBZTER

B AT AR A — N S s, SRR
IR X PSR A ) TR, BEERAUETAR R B R
HIXT VR RAELR R AT LA AAYHEEL. LR
WHI RS R/ NERLR S, XERGEF PN T2 R
TRILE (BIILAg sl A AR X R I %R H it
AR 126), foi AR R 0 R 5 R A S TR
——SXFW IR, 41 fec/bec REFEHEFK A Bain 5
REX Y e RRAT A BN, AT R E MR (corre-
sponding matrix)C, FJRAFEREAH (p) FBiAH (n) dhigAk
PREFIF B 3 XS PR R B p1—11, Po—Ti2,
p3—13(fF5 — RPN R A BEAHFURTAH & B2 A
#), BTSN EIB MR 3x3 4EFE P #1 N, B

P = [p1p2p3] (la)
N = [iiy7i273] (1b)

HApNGREF RS IR, KGR BRI R
P 5 N MEERE C BRARR

N=CP 2)
KA, C R FHBEAH AR AR 2R A BEFE % L5478 A

PRAEDR R R R R A . DI AR — AR R
TR AT DA 1A SR B ) AR ) — AR B AR SE R
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i, ARG C FFARER B AL HT A KA 1< BEA
TR, BRI AR A A — AR R TR IR
FAASHERE A TTLAARR —A bR 2R T ARG R AL Z A 47
Bt (1) AP REAERGEARR 3 XAMSCR T LIRS N A
FAEPRR THRE Sp fl Sy WIS, ~TH LA A 1R
TBEAR, SRR, Bl

Sy = AS, (3)

ZUESLTCHRAL T RIARASERE A, ATRUSH R A
BOLFSE R T HIRASTE Ao, ZJ5 AR BRI I — 1%
ERE Rn, (555 B -5 B Z R R e R 5 52
PROLIE SRRV, AR AT AT SEPR AR R [ A.

TEICIHR TR BRI A Ao, H AR
SR TRALIE R RS AR R, AT, —faksE
HARGER. EXNAHLIRRT, Sp Ml Sy BRES
PRABPR AR T R B Z A W] LASE S T 81 AR AR S ST AR

Sp = QupP (42)
Sn = QonN (4b)

K, Qop M Qon FHIFAFFEEAIRB A S A LI R T
KEFHE|N BIRRAFBIERE, ENT%5E T R %
PRRE. FEAE G ERTRT, X T MIRA BRI KR,
FTLATEGE RE B FTABAR R P aRAR Sp Al Sn B BTN A,
Sp Ml Sn FEIREH Ao BER, HFAAWTRA:

Sn = A4Sy (5)

KB mgg Sy fl S WA (5) FEATLARAR AL
ARG Ao. MURADIRA BRALI S R R IR AL KRR,
MR EHEE R AR Ao BRI A; 3T
SR L 1k] 5 i A AL 1) S R TERRAL I S &R, SEBRAR
AR A FTLLR BT SR B & e Sh i Ik AT A
HAEMRRN

A= Ry A (6)

RSy R, LA S, AT LIRSS — S e
NSRS, BT A RS RIS R AR
HARBLNAE (invariant line strain) $4E, W A 7Y
—MHEERZA 1. R AR, XA MST,
WRTT LA AR R AR R e B g (29300, fu il
Ao, LR et PO gk, T
SEES BRI T RIAG AL 10 0 RAFAE— I ERe, WIFrA R &
Sn WZARE R AR A, RHX (3) HHEFKS

[ o T AH AR AR R 2R B 0 T AR RIS Qon
ATRUE B (2—4) HRAE], B5ERAHEERE A
AR C BEWMTRAR:

Qon = 141620p6'71 (7)

S R 1) 36 R AR B 5 S [ EA T i, BTS00
o LB 23 [ ST AR ARG A BT . SEB AT LAE
R TR T ST AT T A, AR AR U3k
B 3 DALTMAKRE G R, KI5 H5IE2SE3M
ST AL B2 (] I 23 6] F S o LA 0 R A 36
& 238 (78 FoRAE R R )

A= () (5)

TEBIZE LA AT LAARSE Ag “FATim 28 seitar
REBE Y BL1 5 RIFARA T RERG RS T ikt 150,
1.2 REFZHFEMEE

H1 T EEAR Y S AR X PRI, MR AL 58 R AR B A
SERIAFMSFEI A, FEAA R R R g 2 |,
AL RAR AR Z B E AL 22 HIWH 7 il R T
B HIXTPRERAE B 20— PR E R S R,
LR UL BRI 2R B B X PR R A R Ry R ol T I B
TR T . QSRR AS A AR AT BRAR A B A S B R,
AR A BEAR A SR PRI & 5 AR A B AL
WA R G BEAE AU AR A SRS R TR LAY T B
s AR, BN TR, 23R F PR SRR
WAL 2, BRHEM T AL Z I OO B HERS (T3
THATCHRRRR UL, XTPRERIEIHEIRAEHRAE) BIZER.

T E R AR A AT L1 2. SR BEAE R i 22
WIEHERAE (Up )i, JEOREY P M N —HEMRE P

P, = (Up):P 9)
B EAREE Py Ao RS R R DRI

(4b) s N ARSI, AR P M5
HIERE (Sp): #i, EWLAERR (4a) HHEEER, B

(Sp)l = QopPi (10)

(Sp)i 5 Sp FEF I EHEA BEE S (Rp): Barin
TR

(Sp)i = (Rp)i(Sp) (11)

EXF (Ry): REHARREFARNE (Up)s 7E2TAIRR
FrEgEs, B AERR N TSR A e

(Rp)i = (Qop)(Up)i(Qop)_l (12)

WBEE (Sp )i H fil B 2 ) ot oL 4 3 4 5 i v
TSR A; BRAR

(Sn)i = Ai(Sp)i (13)
KA, A AR A B AR s 3

A; = (Rp)iA(R,)! (14)
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(Sn)i 5 Su BB IS 5 SHAR Sl A A AR %
HEANTEBAE AR A B B AN, B IR R AR FAHZ
[EFFLENLI 2. ATLABGSEER (3), (11) M1 (13)—(14) E
B, FEAHMRIRRT, (Sn)i 5 Sn MHRAM= (11) fr
T H TR R O 2R

(Sn)i = (Bp)i(Sn) (15)

bS5 Bl 2 v T BEAT e e
1B (Up): FEAILER. LRRRBAEHAIE A W5
BT LA R RAREE T T 22 18] B4 4% B 2l 2R A AR I Bl
Z (B 3.

N T R BRRAN R AR PAGHTAE ik 2 T e, Tk 2
AR R T HIIEEREGE (Rp): AU B AL B
mfA AR R T ARIA, B

Rin - (Qon)il(Rp)iQon (16)

2SO HEAT TR X R AR VR BT A B AR AR AR PR 2578

&, FESHRREAALIRR THER 3 ME N ERZRRE,
HUB B XM B Go R &5t (Up): Ak
JERIHAARRRA S @ R FEER, X (16) # Qon
LR RE AELR (7) AN SH AR A
ABPRRBNA AR R AR PR HRAE 1. R R PRI T 45
1B (Up)i HEURBEFIR G, WA AR B R B AERE AR,
FTLAFESE @ AN 5 BERE R B A R AR BORAE, 358
Go R, BRI R)E RIS Ry RRIEFHESHEL
R ERARFRR TS HE Y G, W53, 8 1 MRS S
Gio = RinG, (17)

K, Gio MTEFHSHAEREBBIRR T @ 12K
Go MR NR—BtE, THS Go NHENEFEAMFTAL
PRIEI L 220 T . BB Go A 3 BRI AR T
SRR R T HRR (TR, B
B8k I R 3x3 WBAIERE, ARHBERS), A
Go = Io. I3 (A7) AT, ERMHT Gio = Rinlo = Rin,
BEHE Gio BB REEXTIY. 156 @ AR A A 2R Y 5
K 1, WL, Rin WIFNEERS ¢ MERRER I 158
S H AR ABIR R TR RS,

TR, EWHE R R SRR
Fl—f_PR R T AR KR, WAL ZEE R BRARMREN
SR A ARF R AR AR R, H AR AL 2R R,
Tk Tk A SH AR BRI RS @ AR
MARR T REZBIE-FATRR, B

J; = RiJ, (18)

A, M Jo BRERFRIEFHSH LR RARLIRR

T, T Ji; FRRENERRES ¢ MEKSEBIRRT,
FEH Jo RREETT Ji PHENAE. RS EEST R
BV, Rin M1 I A RFHS% RIARSIRRAEE @ A
TIRGARRIRR TR PATRE, XXRVH TR (18) &
AR I = RiRi, WA I; ZRALFERE, Frilfie 28
M R; & Rin WO B2 (7), (12), (16) F1 (18),
AR R; Btk

R; = (AQopcil)ilQop(Up)i_ng;}(AQopcil)
(19a)
MR A AR R A B RARABIRR, W Qop = Lo,
Ry ATLAfRIAE A

R = CA™Y(U,);tAC™! (19b)

K (19) R THCHERE C, AR A, IefEE
(Up)i GO EMHKE R ZEMRR. & R RAWTE
Faw

i1 Tiz 713

R, = T21 T22 T23 (20)
31 T32 T33

IR 230 7 AT RAFEIR A
i = [(r32 —723), (113 —731), (121 — 712)]/(25in9) (21)

X, ¢ BALMZRRA. ¢ 5 R PASCZRFFENTIT
IR R A

cos¢p = (Tr(R;) —1)/2 (22)

R, Tr(Ry) RARE R olk, FMEREEMNAITRZ
M Felih 71 Oy Ry BORMEESET 1 R A RRAE ] 1

AR SRR PR, AR LA A 22 e iy e 3l gk
AFEME—H). TRXSHS @ AT ERIE (Un);, R
WX PRI, B4 Sy A A Fe 3, Hib ket ek
WS (R TIESHAE), TREMXN TSB LR SE
AR, RIS « DR SSH AR Z Rt R L
HH, ATRRA (Un); R, — B (Un); R AHERE i
ZINHYREL R 7R X R AL AR 22 ] AL ] 22

LA B MRS H 5 BT T AN AR AR 2 TR o2 171 22,
SR MAIERFR. TEU fee—bee RGEAHIIH
o AARAE H e AL R[] (62 e 22
2 TfmEITE A EFEcc—bec R BRI A

AH5LU fee—bee RGEAH, FEARBCRA QTS ] LT
I RRITEN AR AL 2. BN RS BAR SR
PIRSLITER, R T I FEATT AT R PR e, T
A GRE N B ST R AR LT SRR E R
FiR.
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B1 Sy AXMHTRREE B
Fig.1 Schematic diagram of symmetry elements in cubic

systems (34]

2.1 IHREBRELS

SEHFRAEEEN On-m3m, VoSBT EmE 1
& B ERE T 3 AT A LR 4 v (L
TSRS, SRR A CL,), 4 4 3 Wl
(HERFE B R L=/, MM ARIEFSR CL), 6 4
(110) Friif 2 Wil (EE RIS R, xR
B8R Cap), 3 AT HIMBA A 6 4 {10155
FLLK 1 ARBERL L AR R 48, BT X RRiR e
B BT

Eu C2m7 Cétju C:t

4m>
I,O’m,SéFj,SZFm,Udp (23)

m=ux,y,zj=1234

Cap

p:a7b7c7d7e7f

Het B FRESEE 1 38 REEE CL Rkan
(LR MIERIERE 2m/n INBERBERLIRIE S %
TRACHE 23 (R ORI W, R SR B TS Y
FREBATEGZ A RS o RREET m F@E
MR T MR, 04, BRES EHIFSEHE 2 MY
Xt F 2R T S WA, (A RA R (23) %47 24
AFEFREERS T LUE 4T 24 D RTBRERIES B n—
A BRAE RS, L ICo=0, ICT =ST, ICT=ST.
BT S0 2 AR AR A 22 S R 2 B LS T ) SR 0,
A RS P AR R LA S B FR A A, BB 23X Rt
PRERME R 2 BT R AR, TR L ] 2 43477 o B A 5
PRE R FRERVE— M USRI E 47 24 DIEEERIE, X555
1 F4397 Lk & Frank®®) 75 48 Fidl & 54 £ LR A
FRERRE B, B h— BN FE, Frkg e
Ak

SEH R X BRI R ] Jones FFERFALITE

PL Jones 75 (xyz) A, BEXNAXEIETFSHN Cop,
JLEK x, § fl Z FFEERS SRR (10 0], [010], [00 1],
X 3 AMER AT RIE XM B AR E Cop XTI AR
PREVERE. 3£ 1 RH Jones FF545H T2 & 48 DX
PRERIERTS BY), Horpgis 124 X FRIERIEIG IR U5
SRR g5 2548 RIXTFRERIE, HEARYE Jones £15
T 2 FT AR J5 55 H A R Xt PR .

R1 IR 48 PHFRRIERNS
Table 1 The relationship between Jones faithful representa-

tion symbols and Schéenflies notation in cubic sys-

tems
No. symbol || No. symbol || No. symbol | No. symbol
1 E/zyz | 25 I/zyz 13 CL Jxzy | 37 S, /%2y
2 Cop/zyz | 26 oz/Tyz | 14 Czy/zy:E 38 8,,/zyw
3 Coy/zyz || 27 oy/xgz | 15 CZZ Jyxz | 39 S, /yTZ
4 Co./3gz || 28 o./xyz | 16 Cp /xzg| 40 Sf /xzy
5 C;l/z:cy 29 Sg/zEy | 1T Cp /zyx | 41 Siy/zga’c
6 Ci/zzg| 30 Sgy/2zy | 18 C,, /yzz| 42 Sf /yxz
7T Ch/zmy | 31 Sgy/exy | 19 Coa/yzz | 43 04a/7Ez
8 C;l/zig 32 Sgu/Zwy | 20 Co/yzz | 44 ogp/yxz
9  Cy/yzx| 33 S{,/yzz | 21 Coac/zjz | 45  04c/Zyt
10 Ciy/yzz | 34 Sk/gex || 22 Caq/Zzy | 46  oaa/2Zg
11 Cg3/gzz || 35 Sgg/yéx 23 Coc/ZyZ | 47T  04e/zyx
12 Cy,/yzx | 36 Si,/yz@ | 24 Cop/z2y | 48 oay/z2y

2.2 HEER

Kitahara 4 [ sxt EBSD FKEUBZfAMEE,
T Fe28.5%Ni(Jiiks40) GafS5EHHE N-W fif
KRS D IR R E AL 22 FHECRASE 1 AR
f 7715 AR H R RS SCHR (9] AT ARAR AR i iz 1] 22,
HEHFEE £ A b 235IFER fee BEAHA bee Bt i,
EMNSHRETSE 1 T p Al n. HTHETHE,
AR IR SR (9] —B0A b 5 ORI S R Y 6 R, B
a,=0.2944 nm, a;=0.36925 nm, [101]¢/2 | [111],/2,
[110]¢/2 | [111],/2 #1 [011]¢/2 | [010]y,, HiX 3 XA
FEWAR (2) 714

b1 bs bs 1 P I3
12| =1/2| o0 12| 1/2 0
~1/2| -1/2| -1| | =C 0] -1/2|-1/2
12 1/2| o ~1/2 0]-1/2

(24)

K, By, by Al by FRTEFMAL R Rk L £,
fo R fa A7 AE BEARAR AR R I 3 AL &
M K R A et R DS R S B SRRt (24)
oL
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Table 2 The misorientation between different variants with N—W orientation relationship for cubic systems

Variant Orientation relationship Rotation angle/axis between Vi and V;

Vi [211]¢/[011]y, —

Vo (111)¢ /(011)y, [121]¢/[011]y, 60.0000° /[0 0.7071 0.7071]y,

Vs [112]¢ /[011]y, 60.0000° /[0 0.7071 0.7071]y,

Vi [211]¢ /[011]y, 19.4712° /[1.0000 0 O]y,

Vs (111)¢/(011)y, [121]¢ /[011], 53.6907°/[0.2227 0.6973 0.6813]y,

Vs [112]¢/[011]} 53.6907°/[0.2227 0.6973 0.6813]},

Vy [211]¢ /[011], 13.7599° /[0.7058 0.7058 0.0601]},

Vs (111)¢/(011)y, [121)¢f[011]} 53.6907°/[0.6813 0.2227 0.6973]}

Vo [112]¢/[011]} 50.0457°/[0.6239 0.4705 0.6239];,

Vio [211]¢ /[011], 13.7599° /[0.7058 0.7058 0.0601];,

Vi1 (I11)¢/(011)y [121)¢/[011]}, 50.0457°/[0.6239 0.4705 0.6239],

Via [112]¢ /[011]}, 53.6907°/[0.6813 0.2227 0.6973]
01 -1 T EEAREARY foo ATRE, HOpRfesRiEmT 2 1 Fral

c=1lo 1 1 (25) 24 NESHTRM GRS RN, X PR

T FEARIERRE Uy SV CF (1=2) KB F— 3 4

THERUMGSE N-W %R O Tty s
R, HRHEAKR G ES AR MR L 2. R
SROLIG R, W SHEB A A AR AR 27 /[211]¢ /[011],,
F//[011]¢ /[100]s, Z// (111)¢/ (011)y,

2 (24

0.6124
0.3536
0

Sf:af

0.7071

Sy =ap | 0.5000

) IR R R R R

0.6124
—0.3536
0

0.7070
—0.5000

- FEENHBRRT,

0.4082
0
—0.5774

0.7071
0
—0.7071

"~ (26)

B Ak [9] THRM AL R R RA B N-W {5
2, FTLAARGE A BEAL I T A B B AR AL R R S AR

a3 (da) FFHNSAEHEL, FORARH M BE

FHER R R B A AR RGBS Qor SARAHRE A,

TR A
EfaHh
0.3015
Qof = 0
0.2132
0.9206
A= 0
0

—0.1507
0.2611
0.2132

0
1.1275
0

~0.1507 |
—0.2611
0.2132

~0.3255 |
0

0.9765

Us 5 EMARSRH C, Qor 5 A BIEH A (192) AL
RS REEE 2 A2 (8 #1225 4

—0.5000 0.6124 —0.6124
Ro= | —0.6124 0.2500 0.7500 (28)
0.6124 0.7500  0.2500

H1 TR -5 AR RS A 2R, RIH A 5 B A
HHF BB PR B AR, Bl (Uy);=(Ue)i (i, j=1,...,
24), % 1 Pm, WRRERSHREEE 2 R (6
HIREBIXT I 24 AFRFEHERE, Bl (Ub); R2 (j=1,..., 24), X
24 N HERE fy U NIRRT B A REIE 2

AR IR 22 BB oL 1 22
FIEE, 24 0=3, -, 24 i, TR A TEss 8RR
B (Ur); WA (19a), BT LASR A tH B2 A R FI B AR

TRXT TR Ry, SRR (Un); R K 55/ Nl
FAXTRIEE . WREE N ZAE] 24 MK, H7E N-W
RAT MR 12 4, THRXIARALLESRRT
ML ASAREL H e T, I N-W L[k R T&%
RBIHE 11 A AR AL 22 3l A XHE SRR 45 R
* 2, 530k [9] g eV

3

KT EFHE TR
BRRREY H B T BIAR S R B X S 308, H
TSR AREH B 5 AR X PRI A OC. TE4 & L] ¢
REMT, BHARFUHAR SR LI TEA R X PRt (B
SR, X ESERVER B BERR M 3SHE (intersection group),
e (7 s o BEAH B i 0 S HE A Ay X PR EBRAEAS 277 A2

3.1
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(7. Cahn Fl Kalonji®” bl Cayron 2 [15:16] gz
TE S SRR B TSI AR R E, A R
RIS r 5k SR FE SR 191637 3%

r="7p/Ti (29)

A, rp AL ry 53 I3RS BEAE R RER I I SSRER
THEZHR (29) Xt fec/bee RIS AARHEAT
PR, X PAENLASE R, Ei AR 1% B AT AR
J7 A E PIAH R S BE. WRBARAL R R N-W AL
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