


E &' ¥ F M

(R E )

() M.I.BAK E£HR

T B ¥ F&F
B wE K

LR T LW KR



AFMEECOE, RBRFIHT BEERSE BRiE, B HE) HEn
KEBATEEIR, NFEE. Bk EEBE. DE. RNFEILRE
R AERIBRI Y NS, 128, XANKEOE: A, BEES
iR, WIHAEESE; B, s C. ERET IO RILR@EH BB B
D. FFRFE E. KAGEE, F. E@imil

FFMATgoLR k. T sfr. #PS5BEENLEEARAANRSE,

TRIBOLOGY HANDBOOK
LONDON
NEWNES—BUTTERWORTHS
Editor
M. J. NEALE
Second impression 1975
. o o* * *
B®¥TFH
(REREREA
(FEIM. I BRAR EH
EB/H FHiEF
BERAE B8
%
BUB T HHARH AR b B R (T4 B EE w4 — )
CERET BB E LT EHFH 117 8)
LA T2l B AR A BRI T ENARN
FiEHEERRIT IR - HEBELE
¥
FrA 787Xx1092 1/, EHFKE 34 1/« M 2 « FH 1028 FTF
1984 4E 10 BAL B —R » 1984 4F 10 AL RB —KaH
B1% 00,001-14,800 « B 7.40 T
*
& — B8, 15033 « 5355




K]

HOlR E B

1964 FEEHFRARERURE A ENEBRLELAAEEBEREAB N & TS
BRI E, 1966 ERETHERE, MEBB TXNERELFHBERFHHEE
B, BB A “BEBESEY (Tribology), WM& “M T W EBEMEH” hE L
BRBTLFE—FAEETRRTNERFN.AEEBL S TIRBEREXZASHEAT,
UM, I.BRRAERNBIRZERLSWERT, T 1973 EHETAFER. 2T FHEH
109 ZEK, MAHARTREERMITEMN,

AEMAREERS, cBRAE., FEAFUES, EMNRAE, GHFE, FHIH
WEENWZEEMESE TRBBEEE — P ERSH, _

AFBNTFHREHMEETBERARLAREES EME,

EFMEE B F (Ai~Agn Aa~Ag), B8 (Bi~Buw . B—¥ (Civgy Diw), &
—¥ (E.vs. Fio) SREHE, RERAENEL Aww WK, SHHBHAE R & 17
BATHAMETHA K, 8B (BB, %) M4h, BRH. FKRHE. By, FE, E39L,
REE, &R, XNEE., BREHE. XEESHEZ Y DRI H BT I 03, TR
TR R '

PERER—-IZEMNNEHY, AFRBRERT, EhTROGKEHR, B8
HH AR, BEBATFURIE,

PR T iR 198148 F 25 H




22 22
HY =

7 TR B B 2 R TR A X Tl 12 A B BRI AU R AR, Dl—# 5 TR
TG BB — R, RATLIEE, X NS R BI0R T B33 iR o 1 A i 36 3
RKHER; xR, dTRZERFHMATBHEETE, .

RRB X, BRI T 3R S B2 i & T AR B M 28 - A 4R R TR JE IR 3% 7
(A F e UL A TR, FER EJE/REE R MEEIEE NP, Mi+a0 0 GRRRT
XA,

FESEH - HHEE
(Rl B T 3 Tk BRI

R " Tod



(3

W. L. Acton, B.Sc.(Tech.), M:Sc., AM.CT. D3
Assistant Technical Manager,

Wolfson Unit for Noise and Vibration Control,
Institute of Sound and Vibration Research,
University of Southampton

H. H. Anderson, B.Sc.(Hons.), C.Eng., D7
F.l.Mech.E.,, Mem.A.S.M.E,

Design Consultant,’

Weir Pumps Limited

D. C. Austin, AR
Manager,

Graflon Division,

Morganite Special Carbons Ltd.

W. H. Barrard, B.Sc.(Lond.), C.Eng., D6

M.1.Mech.E.
Assistant Director at the Directorate General
of Fighting Vehicles and Engineer Equipment,
MODC(A)

Donald Bastow, B.Sc.(Eng.), C.Eng., A13
F.l.Mech.E, M.Cons.E., M.S.AE., M.S IA.(France)
Consuiting Engineer '

J. Bathgate, B.Sc., C.Eng., A2S5, B9, B17
M.1.Mech.E.
Develooment Engineer,

David Brown,Gear Industries Ltd.

C. A. Beard, CEng. F.i.Mech.E, AF.R.Ae.S. A23
Senior Consultant,
Messrs.-Ricardo & Co., Engineers (1927) Ltd.

G. R. Ball, B.Sc, ARSM, F.IM, E13
F.wald.inst., F.R.IC.

Managing Director,

Walt Colmonoy Ltd.

J. C. Bell, B.Sc., PhD. ‘ B7
Scientist, Engine Lubricants Division,
Shell Research Ltd.

R. S. Burton, E15
Industrial Markets Division

Shell-Mex and B.P. Limited

C. E. Carpenter, F.R.I.C. D9
Admiraity Oil Laboratory

J. M. gonwav-Jones, B.Sc., Ph.D. D.I.C.,
A.CG.l

Manager, Current Products Design and

ge;elopment Dept.,

Glacier Metal Co. Ltd.

A20

J. J. Crabtree, B.Sc.(Tech.) (Hons.) F8
Lecturer, Dept. of Production Engineering and
Production Management,

University of Nottingham

A. B. Crease, M.5c., ACG.I. . C6, F7
Consulting Engineer,

Michael Neale & Associates

W. J. J. Crump, B.Sc., AG.G.l., F.InstP. B14, E3
Technical Manager,
K. S. Paul Products Ltd.

N. Davidson, C.Eng., M.|.Mech.E., A44
AMCT.
Managing Director,

Wiredravving Dies (Manchester) Ltd.

C. Derry,
Davelopment Engineer,
Bowden Controls Limited

D. Dowson,B.Sc., Ph.D., D.Sc., C.Eng., F5
‘F.l.Mech.E., Mem.A.S.M.E.

Professor of Engineering Fluid Mechanics and

Tribology,

Directcr, Institute of Tribology,

Dept. of Mechanical Engineering,

University of Leeds




A. B. Duncapn, B.Sc.-C.Eng., M.I.Mech.E.
Chief Engineer,

Power Division,

Weir Pumps Limited

D. A. Edwards,
Technical Co-ordinator,
‘Hardy Spicer Ltd.

J. B. Erskine, B.Sc.(Hons.y Dunelm
Manager, Noise and Vibration Section,.
Agricuitural Division, -

{CI Limited

C. W. Foot, CEng. M.LMech.E., M.l.Prod.E.

Chief Application Enginear,
General Bearings Division,
Ransome Hoffmann Pollard Ltd.

T. I. Fowle, B.Sc.(Hons.), A.C.G.l., CEng,
F.l.Mech.E.

Senior Technologist,

Shell International Petroleum Co. Ltd.

J. H. Gilbertson, C.Eng:, M..Mech.E,
AM.l.Mar.E.

Engineering Manager,

Serck Heat Transfer

P. T. Gleeson, B.Sc,, C.Eng., M..EE,
M.Inst.P.

Senior Lecturer,

Middlesex Polytechnic at Hendon

J. A. 8. Graham,

Senior Process Metallurgist,
Rolls Royce (1971) Ltd.,
Derby Aero Engine Division

J. A. Greenwood, BA, Ph.D.
Lecturer in Engineering,
University of Cambridge

M. J. Griffin, B.Sc., Ph.D,
Research Fellow,
Human Factors Research Unit,

Institute of Sound and Vibration Research,

University of Southampton

D. de Guerin, C.Eng., F..Mech.E.
Engineering Consultant, late Manager of
Diesel Engine Bearing R & D,

Glacier Metal Co. Ltd.

A40

A13

E9

A19

B2

B24

DR

A42

F1

D3

Al

G. Hawtree, A27
Chief Engineer,

Bowden Controls Limited

H. H. Heath, F..Mech.E. E11
Head, Friction, Lubrication and Wear Group,
Mechanical Engineering Laboratory,

GEC/English Electric

" A. Hill, B.Sc;, C.Eng., F..Mech.E, M.|.Mar.E- A17

Chief Engineer, Marine,
Glacier Metal Co. Ltd.

E. C. Hill,M.Sc., M...Biol, B27

Senior Lecturer in Microbiofogy,

- University College,

Cardiff

D. G..Hjertzen, C.Eng., M.I.Mech.E. Al8
Manager.
Technical Administration and Information,

SKF (u.k.) Limited

Hans Hocke, C.Eng., M.I.Mech.E., . Ad1,C3

© FlPlantE, MILM.H,, F.IL

Senior Research Engineer,
BISRA, The Corporate Laboratories,
British Steel Corporation

P. T. Holligan, B.Sc.(Tech.) C1, E2, E12
(Hons.), F.IL.M.

Consultant

Harvey Holtby, M.Sc., C.Eng., A48, A47
M.t.Mech.E., M.1.Prod.E.

Technical Manager,

J. H. Fenner & Co. Ltd.,

Power Transmission Engineers

P. L. Hurricks, B.Sc., M.Sc.
Metallurgist,

Swansea Tribology Centre
University College of Swansea

E. T. Jagger, B.Sc.(Eng.), Ph.D., A3S
F.1.Mech.E, M.SAE.

Consultant, formerly Chief Engineer with

Fluid Seal Division,

Geo. Angus & Co. Ltd.

Karsten Jakobsen, Lic.Techn. A2
Leader, Section for Machine Design, :
SINTEF, Engineering. Research Foundation,:
University of Trondheim,

‘Norway:




D. T. Jamieson, FR.I.C. " B6
Principal Scientific Officer,

Properties of Fluids Division,

National Engineering Laboratory

A. C. Jesper, B.Sc. Ad42
Formerly Assistant Laboratory Manager,

Rolls Royce Ltd.,

Aero Engine Division

D. B. Jones, C.Eng., M.l.Mech.E, ca

Engineer,
Swansea Tribology Centre,
University College of Swansea

R. L. G. Keith, B.Sc. D2
Higher Scientific Officer,

Atomic Weapons Research Establishment,
UKAEA

R. E. Knight, B.Sc., A.C.G.I. \ B18
Technical Director, ’
C. A. Norgren Limited

d. L. Koffman, Dipl.-Ing.. C.Eng., F.|.Mech.E. A52
Traction and Rolling Stock Engineer

Dev. lopment), :

ritish Railways Board (ret.)

J. K. Lancaster, Ph.D., D.Sc., FInst.P, A4, BS
Senior Principal Scientific Officer,

Materials Dept.,

Royal Aircraft Establishment

P. L. Langborne, C.Eng., M.}.Mech.E, B15
Senior Scientific Officer,

Fluids Group,

National Engineering Laboratory

A. R. Lansdown, M.Sc., Ph.D,
F.R.1.C, F.Inst.Pet.

Director,

Swansea Tribology Centre,

University College of Swansea

B1, B3, D4

R. T. Lawrence, M.I.E.D, A37
Sales Engineer,
Kay Pneumatics Ltd.

D. C. Leggatt, M.A.(Oxon) C5
Designer,

Marine and Industrial Gearing,

Modern Whee! Drive Limited

G. Longfoot, C.Eng., M..Mech.E, AM.CT. A30
Chief Designer,
Wellworthy Limited

. H. Lowres, C.Eng., M.I.Mech.E., B22
M.I.Prod.E., A M.L.Mar.E., M.S.AE.

Managing Director

Arnolds (Branbridges) Ltd.

A. Lymer, B.Sc.(Eng.), C.Eng., F.I.Mech.E, A34
Engineering Manager,

Power Division,

Mather & Platt Limited

J. R.McColl, B.Sc., C.Eng., F.1.Mech.E, A36
Engineering Manager (Design),

Power Division, ’

Weir Pumps Limited

M. F. Madigan, B.Sc. F8
Marketing Manager,
Reliance Gear Co. Ltd.

C. N. March, B.Sc., Ph.D. E8
Senior Enginesr,

The Industrial Unit of Tribology,

University of Leeds '

F. A. Martin, C.Eng., F.1.Mech.E. AB
Manager, Bearing Design Techniques,

Research and Development Organisation,
Glacier Metal Co. Ltd. ’

V. Middleton, B.Sc,, Ph.D. _ . A21
{ecturer, Dept. of Mechanical-Engineering,
University of Nottingham

C. J. Millington, H.N.C.Mech.Eng. A29
Development Manager,
Serck Audco Valves

V. T. Morgan, Al.M., Assoc.|.Mech.E. A8
Development Manager,
Bound Brook Bearings Ltd.

N. R. W. Morris, ‘B29
Director,
{*arvalube Limited

J. C. Moxon, C.Eng., M.l.Mech.E, A26
Application Services Manager,
Renold Limited



A. J. Munday, B.Sc.(Tech.), CEng, . . A10
M.l.Mech.E. )

Lecturer,

Dept. of Mechanical Engineering,

University of Southampton

Robert Munro, B.Sc., Ph.D., CEng, - A31
M.[.Mech.E,

Director of Engineering,

Wellworthy Limited

E. J. Murray, B.Sc.(Eng.), C.Eng,, A32
M.1.Mech.E.

Chief Engineer,

Hepworth & Grandage Limited

B. 8. Nau, B.3c., Ph.D, ARCS.
Principal Research Engineer,
BHRA Fluid Engineering,

The British Hydromechanics Research
Association

A33, A39, E6

'I:il. Naylor, B.Sc., Ph.D., C.Eng., F.l.Mech.E. B7, F4
ead,

Physics of Fluids Division,

'Shen Research L.td.

P. B. Meal, B.Eng., Ph.D., CEng., A3, A15, A16
M.I.Mech.E.

Dept. of Mechanical Engineering,

Lnseersity of Sheffield

M. J. Nszle, B Sc.(Eng), Al, A2, B10, E1, F11
D.1.C., Wh.Sch., C.Eng., F.l.Mech.E.

Consulting Engineer,

Michael Neale & Associates

T. P. Nawcomb, A50, A51, C7, E5, E14
D.Sc., F.1.Mech.E, F.inst.P,

Principal Research Officer,

Ferodo Limited

J. P. O’ Donoghue, B.E, Ph.D., C.Eng., ‘AS
M.1.Mecii.E., M.L.Prod.E., Mem. A.S.M.E.

Director of Studies,

Mechenical and Industrial Engincering,

Northern Irefand Polytechnic

J. ¥, Oowald, FRLC, ELNMF., ALM. E13
Divactor,
Fescol Lirnited

E. L. Padrore, C.Eng., M.I.Mech.E. B8
Senior Scientist,
Shell Research Ltd.

D. R, Parkinson, F.Inst.Pet. B19
Director,
Centralube Limited

R. Pearce, A43
Cranfield Institute

W. C. Pike, B.Sc., M.Sc., M.I.Mech.E., B30
A.C.G.l.

Project Leader,

B.P. Research Centre,

The British Petroleum Co. Ltd.

R. E. Reason, D.Sc.(Birm. and Leics.), F2
AR.CS. F.R.S.

" Formerly Consultant in Metrology to

Rank Precision Industries

N. Robinson, B4
Texaco Limited.

S. E. Rogers, B.Sc.. Ph.D,, ARI.C. A43
Director, '

Drop Forging Research Association

G. W. Rowe, MA, Ph.D, D.Sc., C.Eng,, B13
F.l.Mech.E., E.inst.P.

" Professor of Mechanical Engineering,

Dept. of Mechanical Engineering,
University of Birmingham

W. B. Rowe, B.Sc., Ph.D., M..Mech.E., A9
M.l.Prod.E.

Principal Lecturer,

Lancihester Polytechnic

P. G. F. Seidon, C.Eng., M.I.Mech.E. B16
Director and General Mansger,

Lubrication Systems Division,

Tecalemit Engineering Limited

D. M. Sharp.
British Ropes Limited

A27, B12

. M. Smith, D.Sc., Fl.MechE, F.R.Ae.S, A22
F.R.S.
Consultant

A. H. Snow, F.C1S, MS.AAT. ABS
Technical Officer,

Denartment of the Environment

R. T. Spurr, AS50, AB1, C7, E5, E14
B.Sc., Ph.D.
Principal Research Officer,

Ferodo Limited




F. M. Stansfield, B.Sc.(Tech.), C.Eng.,
M.l.Mech.E., M.I.Prod.E. .

Principal Research Officer and Head of

Engineering Dept.,

The Machine Tool - Industry Research Assoc.

A28

D. Summers-Smith, A38, B26, B28, D4, E10
B.Sc., Ph.D., M.l.Mech.E.

Tribology Adviser,

ICI Limited

P. D. Swales, B.Sc., Ph.0., C.Eng,, B25
M.|.Mech.E. L
Lecturer, Dept. of Mechanical Engineéring,

University of Leeds

D. Taboer, Ph.D,, Sc.D,, F.Inst.P, F.R.S,
Reader in Physics, :
Cavendish Laboratory,

University of Cambridge

cs, F3

G. F. Tagg. B.Sc., Ph.D., C.Eng., F.Inst.P., Al14
F..LE.E., F.E.EE. '
Consuttant,

Evershed & Vignoles Ltd.

C. M. Taylor, B.Sc.(Eng.), M.Sc., Ph.D. Ab4
Lecturer,
Dept. of Mechanicai Engineering,

University of Leeds

A. G. R. Thomson, B.Sc.(Eng.), C.Erig., B20, D1
A.F.R.Ae.S.

Executive, Environmental Projects,

ESDU Ltd.

M. J. Todd, M.A.

Senior Scientific Officer,
National Centre of Tribology,
UKAEA '

DS

N. Tomrus, ALM., M.LEL, ALMF,
Chief Metallurgist,
Hepworth & Grandage Ltd.

A32

H. €. Town, F...Mech.E., F...Prod.E.,
F.R.S.A.
Consultant and Technica! Writer

A48, A49

E. M. Teent, 8.Met., Ph.D., D.Mat. A4S
Lecturar,
Industrial Metaliurgy Dept.,

University of Birmingham

—

R. 8. Wilson, M.A.

W. A. Tuplin, D.Sc., F.l.Mach.E. A24
Emeritus Professor of Applied Mechanics,

University of Sheffield

A. J. Twidale, 821, B2%
General Manager,
Farvalube Limited
A. J. Walton, B.Sc. C2

Senior Consultant,

National Centre of Tribology, .
Risley Engineering and Materials Laboratory,
UKAEA

R. B. Waterhouse, M.A,, Ph.D., F.LM. E7
Reader in Metallurgy,

University of Nottingham

H. J. Watson, B.Sc.(Eng.), C.Eng., B11, E4
M.I.Mech.E.

Gear Consuitant

W. H. Wilson, B.Sc.(Eng.), C.Eng., A7, A53
M.1.Mech.E.

Senior Engineer,

Leeds Industrial Tribology Centre,

Dept. of Mechanical Engineering,

University of Leeds

A38
Resident Engineer,
Garlock S.A.

R. G. Woolacott, B.Sc.(Eng.), Ph.D., = A5, F10
D.1.C., Wh.Sch., C.Eng., M.|.Mech.E.

Principal Scientific Officer,

Design Analysis Division,

National Engineering Laboratory

K. H. R. Wright, Ph.D., M.inst.P. F6
Materials Group, )
National Engineering Laboratory
K. W. Wright, A42

Senior Tribologist and Supervisor Mechanical

Behaviour,

Rolls Royce (1971) Ltd.,

Derby Aero Engine Division

A. G. Young, B.Eng., C.Eng., M..Mech.E., A28
A.M.C.T.

Assistant Head of Engineering Dept,,

The Machine Tool Industry Research Assoc.




% # W %

AHHRMGRERMEA TR ARABEARARBEZH, EAETREHERMAS
ZWHHEE, L—Fr R E R,

BRI 2T E LRET RIS ek s s m s B R, Sk
TEAFHHITE, BAARBXSETHFECE XD ML SR LR, Xk EF
HEAFBWAXETRATENSETRL HFEBIAOHEEREDEZEA R AL, &
BEH ] BASE BT R SR R A BT AR AN, T A6 B ) 2 B SR T AR A BRI AL B

AP R LT R R EILRA T R B ABEL WEXE, W5 WS
74 4D B 3R SR TSR A S R I I R R R DA R R T G E RS
HLATI IR AE X BE B2 ] B b A8 O A A SE BRI B R IR, R LB SE T R R TR
.

EEERBR — A TR MR, FRAHEENELG, BEEENHINHE, BER
R R A% BN & ORI A B B AR, RAKEEREM,

BE R R T A B FAT, AR TG F I A BT R A R
AL RE A P M ) JR A 16 i, BIBR T

/

M. J.JB/R




F F e A B

FERERB4AETNEN.
[ S S ; wos om oA F M b oW owm W
B B RN g  Am# N
795 T sesnaws -
BRI - B AT
VERT A A i e n -
KRR JOF .5 o -
L b o
— R ERF AN
BoOm OB M N YRR
W RK, BE TR | BwAREES
— M R s
BHRK |
e . Fms
oo 5
BES |
 cemmrmmss pes
B2 9 R . R -




G

REMEFOESBER T kRENL, KEXNT.

A—ERR. b E Q— KR
b —W B r— 4z
E—HE R—Lb{l
c — [Al B Re—& i #
ca~—Hfila] (] PR s —~ B b 5
c— A TRRIBR S — K i
ce— 7 TAIBR ' t R
Cr—ii &R T—EE. kA, #E
Cr—ithFE &K u—
d —Wz v — i B
do—FH HR V—RE
D —5pa Vaour—BRKEE
e —ffl ' V,— 5 Bl £k B
F—iiER W—EH
f—Bih Wa— i A
F—%h W.— &R B
h - a —PNERk R
hin— /MR B—fipE, B
H—Th% s, REEE. BA
F—HREAK e — {3
K—B8Ak n —# 34 S gh ks
1 —kE 1. B3 DK E
L—KE : 06—, A
u —EGHER A —EEBL A
P—EN b B R
pr—iEM FEE (GRE) v —iEE R
P—IEH . o —HE
Poax—H K S ¢ —ME

a9~ B R o — ik




R B

ATHE—MGEER, AFWHE R BHE HERUE 5B %5 0 FE kb % 5 R,
BRE A B OME R R W B R AL, REERTRIEMBE R, HREEAERERE—F (F-11)
R#F11-1, Fl11-2, F11-3, Fll-4,

A %G 1b/f1° g/ FERE (F AL
Bar 1 (R4 Ibf/in® BH/3~F (EARED
: Btu kB M (=109
Btu/bft®* F  Feh BAfy/ /it LR °F m 3k
‘C EBEKE m  (=107%)%
Cal m(H min) 5
od  HREESH ChR) : ml  ZF}
CHU R#hsfy mm  FK
cp [ mol m4rF
cSt(8;cS) HI (EiE) m/s  k/Fb
deg J¥ m/min  %/5y
deg/s B/ N &= (kgm/s?»)
°F fREpE n (=107 45 (ZEHD
fpm ER/45 Nm 42k
fps TR/ N/m? #/%*
ft &|WR Ns/m? 4 8p /5% (Eh ks R BLAL)
feelbf FER - 5h CrERED Oz &M
ft/s* FER/BChnid B i) P (=107'% & (B4
G (=10)F TR P (poise) (El( =g/cm-s=T16 —Ijns,f)
LI psi  B§H /¥~
g (FH gal) Mt rad FREE
f (8 hours) /b rad/s SLEF/Fb
hp OH rev 4
Hz #k #kZ%) rev/min /4%
in %~ s B
I (=Nm)EUEER) a2/ =1
e St(H stoke>  WHERIM, B (8> ( = e m?/s = 2
K 3F GEARI0 X 10 ) GEAIHED)
ke T T (=109 Kk GkIK
kgf FRH t (ton) N
kg/m? Fru/%k? torr ¥ (=1mmHg)
W T&E tsi W/ 3E~2
kWh TR -B W E(=13/s)
1 F# B (=107%%
v B bm &k
1bf BhH Q Bk (EK®)

S BER,




e

LSORCiiE
A FRSY
Fh&

Al
A2
A3
A4
A5
A6
A7

Gl oos ven wensen sensns anasnsenesne
A8
A9
A10
All
Al2
A13
Ald4
A15
A16
Al7
A18
Al9
A 20
A2 RIS oo on e
AZ2 GHRIGTEE] eeerevcnrecricia

ikt PR T B

A28
A 24
A25

SRR AEEIE, JelEEm
G coeeosmreronsesnn one vues

A26
HEBHHR M

A27 AMZIBFURIKHIER oo ovooeoconsvassenss
A28 FEBRATEIELGIRIE coererercerseenienns

T AR, W FINERE e

Sl 7 e TR T [ B R ve eoe voe mom vem sonone
PRI BTGB eov voe ven ove snecon son sunsureos
W TR UL EE soeenevonsorsensnnsanssane
TFEEEBIEHTR vveveever veereerrsen serasens
gﬁ[ﬁﬁﬁ;ﬂﬁfé,ﬁ]i‘mﬁ( ssecnsses suseressaces
I ER AN BB R E B ceeeee e
{11 Mg o 24 0 e 1 AR

LR AR (G BERE ShERE eoee
L I TR BRI RS or o veon

<10

w12

16

19

eeen 23
ZILFEATRIIR roosrorerssrsarssinrasiann
PRI TR wow ove sre te meranssnntns csavnens
B R TR oov oeoves ous ann tnnmns tas sesarsonnan
FEZ AR R TR oo wev ven veevon ses snesnens
ERTE B RS Bl 45 e oo eonee
{02252 70 T A HIHA oo vesvas enssansncons
5&5@?&7]??}'5#)%7?""""”" cescassen
BT BB B HE Ty Al 7R covsoe cos onn voecan e
TG I HE T TR v veornsrvas svnennens
TR R IR W 2E B con avesas vanvnvacns
IR T ) P I S
e 101
eosecen 04

30

e 38
e d3

49

w56
coreen§2

67

e 70

72

77
oo 50.83
cecae 80

*96

e 106

112

50 00 see se0 s -.-116
B T-5E 15 YL RE S hRE oo evevenens

118

124
125

xR

A29
A 30
A31
A 32

EicES)
A33
A 34
A 35
A 36
A 37
A 38
A39
A 40

B EE A EE snreerorsnnanssesnnsnn
TEREIRH oo meereeresnmnesiiinroncennae
TEZEIR ovevenconsersansnesensnssnsonees
FULAN® SR SRE G

TREHHIZEER eoveveveeseotecorsonnraransans
HUBREEE] oo oveevesnnveresnrensoranaces
g%ﬁﬁ.mmemmmwmm"
HUBHIE 2 seovssorssnessassanesanasonssons
BRITIEUE T voeveerer svrorasnnsonsaneas
IEBEATHIHIEE covvmnoresrsroneeniannens
B EE SR TIT corveersnsenrns
PO ERFIHET RS weeverrorerseaenne

it B % 44

A4l
A 42

T B T b B Y T woeee e
T 1y 4 T 782 I 0 A 0 57 )

......

& R BT BT T R,

A4S
Ad4
A 45

A R T R LB L wemeee e
RIZZHE svecorsnrorerensoesnenensnssnernsne

S IRTIHITJE cesreesrasniercresanonnn

vE BB TR

*A46
A 47
A48
A 49
A 59
A 51
AB2
A53
Ab4
A55

B #54y
HERE
B1
B2
B3

TN VEEE sencmeose seasmasnns
BT LR, BER T
FEHETL A SR TEER  conerevennsenvennas
WL A BRI BB veeomeses e
Bl VRO PERE SR -

ﬁiljz‘;}l’:"‘ :”,;‘Li’(‘iﬂ‘g{iﬁ Cesrunresnbaces s
0,&%1‘:‘1‘ ©os oue vae cee 0B ne

e, BRI (TGS L G
B e i -

T M BRRERE voeecenonsoeens
ﬂ‘ﬂf:%...... .

ﬁr%?ﬂ]ﬁ;g H’g@& cracessesseecmesnsine tue
B i ove evevee ore reeerenenseassreonronses
B g ove e ven vee ces cmmnresaenes sessunnnasns

......
&

129

veer138

143

155

166
171

] 75

180
183

oveese? 89"

191

195

255

260

267



B4
BS
B6

272
eee276

i s g 1 7 %ﬂi’r‘E
Hop i e

IR

B7
B8
B9
B10
B11
B12
B13

LB IE B AR BT TB T cer erevorcnrannnsanes
vesnsrrsensnscesces 285
P t}fﬁ??ﬁ’éﬁ'ﬂfﬂi‘%'
cesnsensseteasensenses 297
»e292
vees295
weese298

R RO b A

ﬂ.- y{lu"ﬂ(%
E)iﬁh%%ﬂ’mﬂi‘%

R LSBT TAFD woeove e tosevenns
&R 'Stﬂﬁﬂﬁtf’)ﬂﬂi‘% s

B14
B15
B16
B17
B1g
B19
B 20
B 21
B 22
B23
B 24
B 25
B 26
B27
B 28

B 29
B 30

C#a

2R
cl1
c2
C3
C4
C5
C6
c7
cs8

D #5

T30 RBBITEE csversranoninennn
AR MITAIRGTRGE crveeererreeees
%éiﬁﬁﬂeﬂ ﬂr%?ﬂa% L reesencessnaane
1325
s0e s00rons ..-.528
T%%&%Uﬁgﬁmﬁg ceanenes
+334
0s337
eeseacencesrianss 339
ﬁrﬁ?ﬂji&ﬁ}@]&ﬁgﬁ

%mﬁm&ﬁ
7}41 7&%@&

TR R EPEEARE -
uﬁﬁm%ﬂﬁmﬁﬁ
&8 ikt -

:
-

269

282

289

304

307
312
314
316
320

331

346

TS FI B P PR A S oo vee cvnensennnne 349

?fﬂi‘ﬁ'?f'lﬂ'lf"%ﬁ J()c‘ 13 X2 B o
. ceesesenn35]

evees 354
weene358

RN EEE -
?ﬁ?ﬁ'%éfﬁﬂ"ﬁ}ﬁ
B R - vreeens

E%g%#&ﬁiﬁﬁﬂ

B BB

O L m——
FREREAIEEINLLTR v cevvenoees

A b 5 e

«:392
vereee395

BRI B M e
HEERE

Bt R R A i

D1

B SRR SRR vor eovees sosomseraane

ces 363

+e365
+371.
wevere375
379

+384
+385
-389

397

D2 Tl B EREE A} e vrsesenssensraens
D3 Aé&lﬁ]‘"ﬁéa ﬂ]ﬂﬁiﬂjmmgun ssasssases

ﬁiﬁk%%ﬂ’]ﬂb&&ﬂrﬁ%
D4 B L E S e

D7 {LZEREm -
DO FEE e eersensvrsnemsensasornesonss

EZB4Y RRL S e revrennees
B B e

E1l 43 RITHBI o veerercscnntensecivinannncnes
E2 @il a RN SeR s eeserrescocsennes
E3 BEEIHEHAATY Jeifooecorvortonirsreaennncnne
E4 5009870 -r sonerarsasensarsniencacrsacens
E6 B3 Ry dediiceceeceevecconrensecsrioencanss
E7 ﬁ{z‘gbgfﬁ[ﬁ]@.......................... o

PLES B B 01 TR PR e S B AR R

E8 BRI T v corrasenresarearenenns
B9 MR SIREN 2 AR e vee oneornrsons
E10 SiRRBMBMBMIIEIREE -oeeeeres
E11 SVPHIBEHIRRIR crrooesossenerssnssnsens

BERRFT ik

E12 @R EE seererosseisna
E13 BEIFRE MU s oeeserreorasersenses
E14 FERETAIMEE reeseorresressnsonsona
E15 THHFIRTELFR] ceosseorsvrnsenrencaroasens

EOlBERE

F1 %Eﬁﬁ%%m cteetessresessaetarens
F3 @@m& ﬁmmmmmmmmm
Fd4 R EHass.. ceerrntreens vesees
F5 m¢ﬁ%&@ﬁ@mMWNmmmm
F6 BEHPLER oo everercer crvneenessarsns

~— B kit miR

F7 SR B A vvevee vonmrorerersrassns
F8 mmgglgfu%g
FO BT MBI 25 conoreron canrarnncnns

F10 ﬁ%%@ﬁﬁ@(mo) i ¥
¥ (BSS) -

| I

F11  $rdi bR & fﬁﬂ‘j#f&ﬁlﬂﬁ e
sse s 5928

X

400
403

tesesscrsercsssntansencsad()§
D5 %ﬁ.'—?{&(m"""" cresesseneracracnnranies
D6 FBHR A ceerensrerraceiiinniieninn.
RS IV 4
D8 IRz G eeerecsersesssssaaonivasanianns
ereend?23
425

409
413

421

427
430
435
440
446
<450
455

457
460
+463
464

+465
470
477
480

“+-485

487
490
w497
499
502
507

571
515
518

ees520
w526



A ' 2 ¥
FEEEERE it OERE

B 7R | Al~A22
LR, WRERATH A23~A26
EBENEMH A27~A32
% & A33~A40
B Adl~A42
& B R E Fo i 8l 1 A A43~A45
wE A E B A46~A55




