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§2 m/MEAERE
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HERICHN L(q,q, ) IIRIE, FERRENIE IR EW B T &4,
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B q=q ()RR S B/ ME B4, 5t 2 UL B R
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£, BB ] (TR R R /N B T IR (2. 2)FERS 2 ¢t = ¢, F ¢ = 1, I
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F oq(t) +8q()RE q()fFF S =M ERN
JIZL(q +8q,g+ 8¢ ,t)dt —JtzL(q,cj,t)dz.
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A FERIE
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BRI B RN HRS Q. DAEXRR.
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Xt FERESE RS B HIE I H R A ?ﬂl‘]?ﬂﬂ?bﬂ%@]ﬁfﬁﬁﬁﬁ@ﬁ
AW —BEE WEMSEANEIEEREINRBAETRANREER
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TR B v (7 1, RE R BE K/ IR AR L Reo? = o® MRS

L=L(v%). (3.1)
FE RIS B H RN BA B R R r FTHIOL /0r =0, FIM B3 B R A 5 RO
daL_,
dt dv ’
H UL AT 189 L /v = const. ML /dv H J& % B B ok %, 5k
v = const. (3.2)

A S5 R P R ST B 3B 3l 3 B B RN T AR B X
LR M AR

MRERNMNEEHNXMIESE RS, B #HH —MEIESE R, B
BTN SERESERELRES, MMM XHEISERZRNEHENETS
AR B B RO EELES.
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MM XS ERBEEMN. B EFEEARE-N MELEFESNMRESE
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RAXT XS R r T r 3R X R

r=r+ V. (3.3)
AN XA S5 R B 6t EEAE R H

t=1t". (3.4)
o %t Bef (BB i R 2 2 R > — @

/\“’C(?& 3)*[1(3 4)%79%17? T4 AMFIBE A XTPEEE A AR . 2B
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T E ST RAS B H BT 2, B S0 58— 55 18 B i ) F—— R A AR R
BHESFZERZRW B HE. RITCEME , XFEOT B8 B B R R GE K T3
BE RS BRATTH R A A w4 X M SRR A E X MK R RTE . MRS
ERKLULGNEE ¢ A —BHESHER K B3, W0 =0 + & FIHEH
HEREL (o) Z 3 MAgERESS L A TENMERESERZRPEHHEN
FEREAE, BIE L5 L (o) FFEZEFWE, BB 2 F A 56 T 5 8] F04 bR
HEHEHMEIE(ZI§2 K).

TRA

L' =L(v*)=L(v*+2v-g+¢e?).
BXNREXEHR ¢ IFREBI 2 —B L EWEFE NER:
L(v“):va2)+2§£5v-s.

REYZEFXADFE " MEEE v EAMKB RN, EAREEN A2,

B it j jﬁmﬂiﬁ?ﬁrﬁ EZS B0 R RA B B B 7 BLE
L =%v2, (4.1)

He m AEH.
H P B F Bk RO B TG 55 /1N AR 48 T T AR AR X R R B AT R I S
ZKUAREE VAN KzshEO0 T, i H R 2 xR FX

s m /2:7’)7, 2:?71 2 m . m 2
L——zv -—2('0+V) 50 +2—2'v V+—2V
B H
oy dfom om
L—L+dt22rV+2Vt.

58 IR R AT [R] 4 R, RT LABE 2
HHEEHEIRAMAEREAEREG. DY HEE n FRAEEH R
FORBENASH H R AN, T EHEEANRAENWBERAR,
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2
L= > " (4.2)
WasRE, REZ BB INE, AHMREEN A B LR EE L. T §2

O HMBUTFHRPAINFRRIERANRS A ik, L HLGRRS .
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i, SR LUK B H RBOR U B A B TR TR (4.2) 5k
AEBRAE Y TR TRENAL, ARRANEERZAMILFIXRNEREA
LY HEE X, AR ERE

ﬁ%%tﬂ,Jﬁ%TTﬁE%ﬁB@ FL b RPEER/ME B R, A5 6] S
1 Bizs (Al 2 MESLEE), 18

2 m‘Uz
S = f 4t
BB /M B A0 I B 4 B, 3 T S M B TR 1 T T 5 2 BB, 4E
PR T LR X (B A B KA 0, 7R T B Jo /M

EEE

2
’(}2:(%) d,:z’ (4.3)

AT . BRI T B B F B R R th 7R A R IR BT d L
T
BN FEM R LA R 12 = da? + dy? + e T

L =7 (2% + 5%+ 2%), (4.4)
TEHRIRRF dI*=dr* + rPde? +d2?, A
L="0(72 4 224 32), (4.5)
FEBRAARE T di2=dr® + r2d0% + r2sin’0do? , BETT A
L=22(2+ 7207+ rsin’0 67). (4.6)

§5 RRARFIHKEBE S

THEHR—MESR, EEAZEAEMHEER, BN ZIN AT EER, #R
RER R E R T HRE S Z BRI AR, 7T LIFE B B BS R RS B H R
(A.2)FFIMB IR E — R B EMEEERARERRE). O/ EEEC N
-U,NMH ‘

2
a¥a
L: Zmz —U(rl,rz,“') (51)

Hof r, B o MRARBRRE . X Z2EH MBS R H R —BE .
BRE U FRN PR R B SEE, T
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@ AR T A TR 2 0 CIEMIE ) T2 T 06
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I AR 2 247 B, T L 4% 1 [ 4 4, BB 1B A R 2 P O 1) 6 A T o
HEbEL A - R RSN BRI E B, AU A SR E R H#a
T, RS % R P EANE R T BE Ay, T35 Bt 2 T AR Y, B AT LA IR AR
I B 22 I R R 55 B M R RS ERXAN B T, AR 4 M ) 2% E B T
3 Bh AR 2V
S B H RBUS BT RS IE B AR
d dL JL

dr 9u, 9r, (5.2)
B (5. DIRARR:
dv, U
Ma gy ar,’ (5.3)

XFER MBS H R A5 2, B EAE R AR S FRER. 7R(5.3)
el
_aU
ar,
WHERES « MNEA WA . TS5 U —8, RKB TS R A8 L5, TR
B R, R (5.3) FR B, R 5 4 0 4k B LR AR AT G R
HRETT A B E B AR E S B (X R §2 RFFWHAEH A
RBON B P S RIS L) X I B R R B AR EAN TR, Y
T B 48 R A 6] BE B A B FE
IR RBH AR FAE LR, T RFEENT LR g, WK THE
BRI B H 8RB0 34T AR LB S e

. af, .
xa:fa(ql’QZ’“"qs)’ Lo — 28 Qrs "o
I3 dr
xR RN R

F =

a

(5.4)
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L=23m a2+ 52+ 22) - U,
AR T IE M PIAG BA H K%L
L= Saul@ids - Ula), (5.5)

Hrp a, LR LA RE. FT XS B shRe) &5 B K%, E
0T DU T T AR

B RHIERMNMEMARTEHEARSR. TEMREHSHATE SR A, E5ED)
TECHMPAAR BHEER. XABELTHR A E(H BZEN) HERING
hiEg) RERNMEABREREREIN T REEXN G LARIRHFT L E 5
(AEERBREFEFREC IR, B, THRAR A+B WAISEIHERHL
i ARAR g FHAE WA R, RS R AR A WA B H K5
L,.

BRXTEHRR A+B EHARN, WA

L=Ta(qasq4a) + Tp(gp,q4p) — U(qa,qs),
Hpaimmoal2R% A f1B W3hEE, 56 =52 A+ B WEEE . LA g5
FIE M B 6] oK BB G, T (g, g p) 78 R AR T 0 18] B9 28 80 (A e 2 2 A4
B e R 2R 50, TN L FEs R . F2
La=Tx(ga,Ga) —-U(qa,qs(t)).

AL, TESM g W R R 11z B Bl E TE X hoAs B B R B AR VR i =
HIBLTE T R 7T BB 2 75 B ) .

BN, Xt TSN F iz s B A BS, B B H R —RIE X R

L:mTvz—U(r,t), (5.6)
Mz 3 25 il
mzi:—‘;—[r]. (5.7)

MR —FRERE—NGPREBEMERZBMER S F,NRXERIE R

WS . BARTE SN G FREETT LS B
U=-F-r. (5.8)

TELE R AT ZHT, AT T X ho kg B B Jr 8 76 & Ff [0] & o 4o fef 57 A 48025 354
Bl BINAEFFELEIENNZRSE, EPARYE (SR R) Z B M AHEEAEM
LLeg RGN E I, BIRR &I E TR A ALE .

Thr B XM AR ELFT R BELAN . X BB R E R, B
15 B PE R B AL i EE . — MRk U, XA (R EE AR T 4 ) 2 TERE (S L § 25).
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SR, AR ZAF 00 T BE R LU 55 1Y, ' X 42 3l B9 B2 Wy mT A 220 W 4 R 3 ] L
B ERY R, NARKERNNERSREMNBHE s 2I/MF 3N K
{8 XA AT AR FRIMS B B R E0(S.5) R E B 3, ML i) AR BB % T
b B HE.

3] A

RRTFTEEHNAENRD(EAMEEHD g) PR ALGERN B J4
I 1 FaxiE(E1).
RBR L, e L, 258 ETAGkA o 0 o ) X EF R E my

]

1 .
leimll%go%, U= —mglicosg;.

AT REBEANAREAGFHE, RNAA o 7 o KRTHF AR EHEH FILLKE
o,y (RAFREBERZEL, yHEELRT):
Zy=1lsing, + [,sing,, y2 = Licosgq + [,cos¢;.
FTRA
2

1 . . . . s
To=5may(d3+353) = (237 + 1563+ 201L2c05( 91~ 92) G162

Uy=—myg(y1+y2)= —myg(licosg; + Lcos¢9,)

q

R
i{\

mqit m,
2
(mq+ my)glicose; + myglycose,.
I 2 FeAm, A TEELEBE(REA m) TRALBEALT m, &
HFEAGKFALKEFH(H2).

m;

L: 2 l%¢%+m21112COS(¢1_¢2)¢1¢2+

gt

¢1 l]

‘p2 lz
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BB R E m GRS 2 BEEEFTARAN o, A

+
%i“’ 212—2(12g52+2115¢c05g0) + myglcose.

3 RA—-FEELEHE:
a. BHEEARAALFTHAE vy &5 (H 3),
b. &MAE acosyt EIEWEZH-FEAKFHRT,
c. BHAE acosyr B HIRF.
&
a. E m AR,
x =acosyt+ Ilsing, y= —asinyt + [cosgp.

L=

P H BEKA

2
L= %goz + mlay*sin( @ — yt) + mglcose.

X Ewg T AR T BT B 6 RIR B T A B A mlaycos( @ — 7t ) *F B 18] 49 & F
b. & m 6GAARA .
x =acosyt t lsing, y=lcosg.
%A AFRRGHIEENA B JEA
L= m—lzgoz + mlay?*cosytsing + mglcose.

2
c. KM, T4,

2
L= %goz + mlay*cosytcosg + mglcose.

I 4 ERATTHAFERET,RE m, EERHHEF ENRAENRE
AR E O BiAiEE.

m;

Al 3 | B 4
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R REK o EREFTORAHOZARELBEFINARLNA o, 0 o=
Q.5 FEMNTE m BB EBA
di?=a%d6* + azsinzé’dgoz.
JiE my, 3| EHEE AWIEEA 2acosd, B
_ dl, = —2asinfdf.
BN B RHEA
L=mlaz(éz"l'stin20)+2m2azsin20é2+

2ga(my+ m,)cosf.
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1.4

4
i
A

i

§6 BE

EN¥REBEH AR HRIREM 25 MER g, ¢, (i=1,2,~,5)b8
B 1] 28 b (LR AP 7E 36 ok s O 0 2 bR, LB 7E i B R R, B
{0 B 0 5 P B SR 1Y BR KRR 38 30 AR
MTFRA s A B HENHEN%RE, ML EHRIRET 25 -1, XM
FEESEISETRES B SHTRERTES 2 MEEFR(SUTRE
(2.6) T EAYITiE) . o1 T4 M RGE 198 377 B2 A B 180 , 7 LA AT LA 58 44 B ik
PRSI 20, ST LA 7 2 9 o 9 4 B 8 B0 — o R B 18D B AT 0. B 25
OE o
q,=q:(t+19,Cy,Cqy0r,Coi1),s
q;i=q(t+15,Cy,Cpy,Coi1),s ,
FHE ¢+ 20, 25 — 1 MEBEEC,Co,er, Cou B ¢, 4, WK, K2
RO R IB BB
SR , I A2 BT 1032 B LA 76 71 3 P AR R MO o , b — 23 3
R 8 B [ 5 6] 9 449 5 P 0 45 1 Ik R i A M 50K R 8 3 L M LA R
A BHRZINE . XS SRS RA N ERTFEE, EAA 1 EE
3L R P R —— AT e X FOLAM M A R R, FERNES T4
AR 2
LA S A O 0 R E ) R BB AR B A 0, SRR A
P25 66 181 161 R P AR P ol TR MR AR R R BTS20 R G 10 250 T i g




- 14 - FTE STHEHER

BB L % T W ) A4 A R Z A, 40 R B FE R A 1T & A W0 R Bz 3RS R
2B SFEE BB AR BVS B SMEIE AR LG SR IREG RIS
.

HRMNERN AR H P HTEER.

B TS A B A Y, B ARG HRAR I A RSB SRR . s B H
- BRI I JE] 9 2 3 BT DL AR

(W3R L BARHE A SE R AL /A ). FIR R B FBKIL g, BN
%j;ﬂ%

E S e S ki = X g5

t , t3g, ~ 34, — dz\dg,
o %

(zed )
Fiy T 40
E = Zq'.l jéfl—L (6.1)

EHARREPRFAE, BEHRS IR ENE S RIEG6.1),BES
R H R A R RN, BRI H R AT it ml A A AR K
Cipfce

TE bR #E S AR T HAS B B R BOR B A Rl B M R, BT A RE B SEE
SE AT T A R S8 B, ST F A (RO B2 B 18] o i R Gt BT
REBSTHMNNEREOMRART 24,

FES§SBRANEZHE, B (HEMTEEI G REWBIAEH H B
"] 5 A ’

L=T(q,q)-U(q),

A T 23R R R R 2 2 057 IR R B BB E 2 F] 18

.9 )
quaF = qua.T =2T.
. . q .

gl 1

AN (6.1)78
E=T(q,q)+ U(q), (6.2)
B8 LR B
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2
ava
E = Z ”LT+ U(rl,rz,"'). (63)

AU, RGHIRE R AT LR R AR B [ A R 00 22 A AR T3 BE 1Y 3 RE R
AR T 5 5 AR AR B FBE *
§7 HE

7 —AspAEE S A [ R 2 A PR AE G

W= B, BN FZREES PRI FRE, KERERFAZ. E
BEHAIBFE —ATCF /NP &, R BT H R B FF AR SAF

FREEERETHAERABIHERNAE ¢ KSR, BIRR r.—>r, +e.
FEE BE AN AR, A8 TR B B 55 /N B BSO3E R T4 B H eR B0™ A B 22 4L

D S

— Jr, — dr,’
HApsRMEMRETR A RSAHETH. NEE e BERIL=0FMNTF
D} (7.1)

a

WIEHEEFREG.2)5

d 9L _d~ 9L _
23 5e "4 Ui =0

a

TRENATRE R -HANERENRE
p=> 2k (7.2)

d v,

a

BT RGFAZ.RE PIRANRGERNS . WHARE HRE(5.1)KRFWHH
RAEERRNOZE

P = Emava. (7.3)

BT IEREBRMN. SREREZAETF, TR F A 2 8 i 51 H 2

B LA, RENBEHSEF &R AN E
p,—m, v,

ZH.

ABEERENGHER T, HBEBEN A BESFIE. R, €55 50
BT, MR AR & TG R ILARL, NARR WZ T s 844 BFE. 8
R U XA Y BUTE B Bl F B AL BT A L B AR AR B P B RSB I R
BB IE A E R G, E T WIS S G E 2 My B
3B 4y B <P ,

A (7. 1) MY A XIEH F 8. SRIL Or,= —0U/r, RAEFES a &
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MEWOF, FXT.DEWA FRHEHARENFARA LN AZMET

>IF, = 0. (7.4)

il , GRGE R WA RS H A, Fy+ Fp =0, B B AR BLAE F 0 RVl
MHE FRMER. XMEELMERAERERLFEEZ(FREZFHE).
WRAT LABER g, #RE3h, WIHLAS B H B SO B 3 4K

- AL

=5 (7.5)
B Lo, TE T XA AR S8
F=50 (7.6)
B 7 SUA R LTS 4 B E R A
p,=F,. (7.7)

EHFILAIR T X ERERE p, WO E. —BERT p, B X&EE
q, ST IR, AR R B 5 EE .

=] ]

SIB REA m AREA R Eo, A—ARRAFTHR U, 89F =6 &3 2
HABRAFH U, HFER RREBHT@HRE.

B: PRFARHMTERBFTEAFZASR OO LF BRUREFHTLEE
IR EBLOBRYTE. R O0,,0, A TFTREAFASROTEREREv,,v, 545 KB
EEH A, TRAA vsind, = vzsinez. v, LAMXAREETREIAES
B, R E T RF

Sin(91 .

2
/\/1+—2(U1_U2).
muq

Sinez N

HAREWHEXN FARNBRHESERZREARNE. WRSHE R KHEXTS
ZRKUEE V3, W ESHENXENSHROEE o, Flu, #H2XERK,
=, + V.EHEXHNSHERPHEEP MNP HEXERX

P=>muw, = > meu, + V) m,,

%
P=P +V > m,. - (8.1)
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Fealth, —EFEGFBRLAIEFTENSERK .A2B.1)F P =0,KE

SEFRKKEERN
P Xmyu,
CZm, Zm,

MRERESERT NERAENSHNENFT , WRRFEHEXTZSHE REILE.
XERNMRAFHFIEESHERE . ARG 2)AENEE V.AEIHELAEF
MANF ARG BEEN HENEX AR, B FEEEBRBAL T RS
AR ER E B LA

AR (8.2) KM, 3hE P MARBKEINEE V KR, HaFE— kS
HEMEENXR  ZEANREFTRETHERAHNEREZMN = 2m,.
XIEFRMR T R E 6T bk,

(8.2) 4 i AT LAE AR & T T 2R3k X7 B[] 17 4K
S,
Ym,
AL, REBRZHEEREERANBIWERETRIF MBI EE, XA
ARG RS .

HANRGEHETEERTURBN : REANTLIEIERELEZY. X2 §3
AHMRE—-BHRAREERNE A -BHAANTORERSEES.

M REA RGN IR, BARARLEHIENSE R, R LAY
PRAGRAN S EEREY, RN B FEREE.

BIEBHIEN ¥ RZEWREREEER I AR E,,, BETEREN RS KT
B EhEE MM EE ARG, EE vV ERIKES N RE VR LS K

(8.2)

R = (8.3)

E-2V 0k,

Yt Eu, (8.4)
REZNARFEREEBR,BRITEZRALUTHES. NEREMHNSHER KM
K'MEER EMEHXRRN
E = %Zmavi + U = ;Zma(v; + V2 + U
= ;/2 + Ve D mav + %Zmavf + U
E%
E=E +V-pP’ “i‘/i (8.35)

2
ENARGH THMHDARBRESERMEEXR, XUTAXG. ALK
HEXRR MRESHFR K PRERLHEH LN P’ =0,E" = E,,, XR BB L
X(8.4).
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=] ]

S8 RAAAANATABRESAL ZAOEAZIRNGERXZ.
R BRVDIEFTHIRAERZEZ BR, EHBEMTAX(8.5)H
HXE#
V2
L=L"+V-P'+5—.

KzFXAHORSTHAZERGERNZHE®RXEZ

: A%
S=S+uV*'R +/JTt,

AP RRAAZAZK FALAHFOHE L.
§9 AIE

THEHE E A& a R REEKTEER.

£ R EREHAREBBEZ B P EBR N, IEERRFAZ.H
B, BATHT 5T R SRR B T 55 /N e s R R A% B H eR BUIR B AR I 5

HATFIATLIT NESHRE S, HRNETHA oo, T & ¥ 3h#h (¥ 3h
TEE de W MZEMAEH FEEEN).

HATECO R, R AR SN, MR IR R (N TH SR BB REHER
RAMBERPME BRI SANIKMBESHEANKEN(E S FimR)

|8r | = rsinf8¢. \5p
RBRBHHABREL r 1 o0 KT . BRE

dr=%8¢ Xr. (9.1) 3¢ Sr
16 R G B R AL AR 2% 1 7 16 B2 , T EL BT A R A O
B AR , 3 LA 2% B8 7 AL LA IR . B LA okt A
B AL AR R R N

dv=38¢p X v . (9.2) r

xR A BB RS A R s L/
oL = Z(%-Sra+;5 *dwv,|=0
i \ar, ) 5

HMRaL v, = p,, IL/Ir,=p,, 13

Db Goxr)+p, - Boxu)] =0,

a &5
BHEFWRITIHE o BEIKMES 254,

. d
50 S0 % b+ 9% 5) =00+ 5r x5, 0.
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H S WAEEMAE
d%;ra X p. =0,
MEHRM ¥ ZgasdBTRE
M = Zru X Pa (9.3)

BREARL , X IMYHEBRAREN A EO. KUTLIE, XY BB AR
TRAZEZEEEMEIER, EWTMER2ERM.

Mz s B agix s EN, FMHEHAREELE 7 /1M XHENEHH
o RENENZADENASEN=Z10E.

MARFEANENEXFHIAT HAWERER, BHBUEREE S5 LR E AN
EHRA XK. BERNLIFESHERE a, B—D A XX A LR ESRERD
SR, M, WERRR r,=r, +a BKAE

M= Dir,Xp,= DX p,+ax 2p,,
Rl
M=M +aXP. (9.4)
M H, REERGREE LB P=0)8, H A 38 AR T A bR R S 5%
B AGEENXHATEEASEREASETEHER  HAHARENIE
.57 1E.

RIMNKESHNIARBESER KA KNASEZEHP LR XS ER
K#X KWEERN V,BRECIMNLIRESEEAERZESR . 4 ST
NS RMBERMEE, EERERLRZR v, =0+ V.TEE

M = Zmara X v, = Dimgr, X v, + Emara X V.
HE—TRMMBERK WANEM , ES - THhAARLARRAR
(8.3),1115%

M=M +uRXV. (9.5)
ENARGH THMARSEZERWADEZENELRLR, SEEEXEREN(S.1)
MhE R R (8.5)F.

MRARGEEMENSER K H#HIL, N VERERLMERE,M .V ERE

WX TSEZRKWUHE P, HTE
M=M +RXP. (9.6)
MR, NFZREMANEREMANBLENSEZ RPN NEAIGE HEKE

O WwIRHERE.
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B ASIE R X P .

BRAEHMAEN A ECHER LR =2 B8THE, B2 E—
ERE T, XA TFHEHEEXMNFEIGPEIWREBHEL. N EEESATUE
H, A S BIESNG RN ARG B B RTER, B ORI S R =R
s MR X it A sh BT B AR T AL T bl b 8 B A (AR RO .

BEE M OXTFRING , B AR ALK T B = R AR E A (R
COBIBEE . BAR TEX R NS Sh AT, R G0 3 B 1R BT oL i Bl B SO AR ST
. R, REMXT G LNAZHE M FE.

B—AHIT R, RS - S Az BEE M, 7B, I BREA
W LME B L.

REiZAE A S BT B (GRITBER = Bl B8R #0 W] LU i Xt R A
BA H B A o SR A%

M. = >, a.L , (9.7)
« 99,
Hrpady o BEE BN EA REMTEHALWAISETHEHERNIENIE, X
ANEBEBAK, WA U EEITERBIE. FIAELE ro 0,2 Az, =
roCOSQ, 5 Y, = T,SINQ, JH

M. = D2 m (230 = Yoka) = 2amarifa. (9.8)
B F S A AR AR, R B B R T LS AR
L= %Zma(fi + ¢, + £2) - U.
BERA. 7 EITE(9.8).

3 &
I 1 REAFr,o 2 ATREAFENE FILLARIEARLASE
B K.
BER:

M, = msingp(rz — z7r) — mrz ¢gcosg,
M, =mcosp(z7 — rz)— mrz gsing,
M, =mr? ¢,
M?=m?r? ¢2(r2+zz)+ m(rz—27)%.
S 2 ARLAF r, 0,0 ATREADETHNE FILAKRIEANRAFTE
8 R A
EBR:
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M, = — mr¥( (‘jsingo + gsinfcosfcosgp) ,
M, = mr( <9.cosgo - gbsin@cos(?singo) .
M, = mr* ¢sin®4,

M2 = m?2 4(6‘2+¢zsin20)
B3 AT FPEINHEPFADIEM AEHSEFTFTE?
a. AR KXR¥HY-TFEy.
ER:
P,,P,, M.(RBRKRF&EAH zy F&).
b. AMRKHHGHAAEY.
ER:
P,,M,(BAHA =z 4).
c. RIRK¥HGMmAEY.
ER:
P.(BRZAF4FT = 8).
d. ®A~ 8.
ER:
M. (BA~ &AL T z 4 L).
e. LR XHHGFFHEY.
EXR:
P(RMRXFFERZ 2y F@ ELy #AF).
f. B9 E%ED.
ER:
M, (B 434 = 4h).
g. MARARXRYG
ER:
‘ M. (B 3R4hh 2 4).
h. ARKHYHGEAEBERLKY.

MR (2 4)3% 8 Sp Rl BT ﬁ-wﬁbﬁz—ago(h AMEIE), 428 H
FEREE. AR

aL—%swaLa (Pz §—+M )8g0=0,

W b T
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P, >—+ M, = const.

§10 A =ZEHEMHE

P HEBERUEERFEASUEZHTER(SZR §2) E—HEERFL
TR X— A, Jome SEhroR iz sh r FR sk 7T LAAS 218 K13 st i i — 288 Y
it .

13X 47 150 0 35 I 4 4 R R AR A I T UK BRI SR A A O, BV A R B B AR

U(ary,ary, = ar,) =a*U(r{,ry, " ,r,), (10.1)
Heh o BEEFEH, 2 2RBUNFRIRE.
WATTIAZE S, FAARERAE R o £, W HEN B1E:
r,~>ar,, t—>ft.
XA S E v, =dr,/de BH a/BFE,NREER /0 &, BREEN o .10
R o F1p W EFMH

2

¢

— _k
= a“,

B
B=qal #72,
WA B KRR H RERUER o, BT RERFAL,

I TR A B A b 5028 AR (8] A A5 8, ROR B R H iTJS AE S LB LAl AR,
MRRRTAHE. FEBMAITLUEEZER, RAEHAEE (B FIL) BIFH £
KFF IR B, W i3 3 R R AR 8] — R 5L E AU A R #E , 7 B (R
IR b B AE R A ) 1B Bl E] 22 B R R R A

’ sN1—-k/2
t—=(ll—) , (10.2)

Her 1771 RIS E Z . BT B[] LS, 7E AR B A 20 8 7] 53 3h ik B AR
N AR IR Z R /0 R, Bl THE BEMASIREA
4 7 \k/2 ’ /\k 4 N1+ k2
(5B R
T gL ET B Ry 2 LA BT
BRNEETES RS HE, EMIREIER T H LR KB (k=
2). B (10.2) AT X AR 3 B AT S IR 8 J0 K
EXS G HHEER LA A ERB (S (5.8)), 00 k=1.#H(10.2)7% .

L_ U
t [

Blgn, AT A, X FEAG P B &, TR E BT Z S T e s
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Z .
X FFA R A Z BB E G DR ERA R Z AR ES S, SN E SR
SEBEEBR L, B EER k= — 1 MFFIR RS XA
If/ l/ 372
c (]
Bilan, R AR 4530 Bl B sh R BT F 7 S8 R~ 89S 5 BUIE B GX A4
WHRAFEHS =2 4).
MR 1% R G AEA PR 6] H 33 3l , #8812 AR AR 59 5 R B8 5, W 3 B8 Fn BB 1Y
B R EYEZ BFAEEE TN RR , XN KRB S 2 2.
PR Sy 31 8 2 3 BB A — UK o B, AR BB R IR R BUE B
EjaT cw, = 2T,

a

HERHIT 9v, = p, B
2T = Zpa - v, = izpa cr, — Epa cr,. ~(10.4)
?tﬂu%rﬁaz/n\#txfﬁﬂﬂ¥i’a BRE £ () XFHE]SE S 2 X R

f = hm Jf(t)dt

AEBEH WREH F(OBRENERER F()XRBA2SE,N £() X et
B FHEFE. HX L,
1(°dF F(z) = F(0)

f=lim -} “gydt = lim .

BERERSEER RS ETJEPUﬁBE Eizsh, W Xp, o r. BERM, ER

(10.4) 47 58— TR I 1495 T AR 4R 2 WU R (5. 3), 4646 5 (10..4) £
ETih p, B R -oUr,, WTED

2T = Zr -aU

MABEEHFERER r, Bk 0\3?&@%’5( JJH“EJEIXA%‘*%IE %X (10.5) 3 R fr
ZORMIK R

= 0.

(10.5)

2T=FU. (10.6)
HF T+U=E=E,H%ER(10.6)EMNHE
2 __k
U—k+2E T T3k (10.7)

BN URMT BRENSEBRERRER.

O %X (10.5)HumRENA BRI REHNMS .
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XFF k=2, BRI R IR IE OLA
| T=U,
B 3 68 A1 RE Xt 5} [B]SE A 25 X T4 W5 (k= - 1DF
2T=-U.
Xt E=-T X, RALELREEAFENEL T, E4FWE HEHT B4
EAERK(ZN§15).

‘ B 2]
SB1 RERARBRMEG R E L EAMESEIZ ), €A 695 ) 8 7%
AT 4% A7
EX:

t;: /ﬂ’
SIfR 2 REFAMEGRK 2499’%‘ %#ai MNEHRBEF,RKRKEEAEHE

ek B Bl e oy
xR

t£_ U
t U/-



i

—_— g
— =5
pi]

EHHENRS

§11 —H#iEE
— N EHERGEMNBIRN —%E5H HRELTEEINRFMT , BLAE
H s — e o
L=2a(q)d*~ Ulq), (11.1)

He a(g) BT AR ¢ B R AEFH, R ¢ I8 FILBAR(RITRBN
z),
LZmTiZ—U(x). (11.2)
AN FX R H R Esh TR A —BIEX TR IEEE
WERBENHFEAG, TUEEREI FENE —F BEESTHEHERS
HoFE, X FHRASEHER(11.2)/

m 22 _
| T+U(1)—E.
X E—Hr s R, T LG A B ok

%:J%M—Uuﬂ,

2 T 45 2

_/m dx
t —ﬁjm + const. (11.3)
XHEEGERE E MBS EE const RNBHITEBEAFRMEEFE.
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ML EEFHE, ZaITERELRRRTHE B RERAE
U(z)<E Wz [a] X 35,

B, BiREE U()WIEXE 6 s . ERIPE BN F4AEBEERN
KFEL, L BIAT AR B AT R iz 3 X 38, BI & 6 H AB Z|ETJ3FHC A 0] Y DX 3,

TIII7777 777777777 7777777777777 77
X

U(z)=E. (11.4)
HTFAEXLESEENT SR &R L. MRS XBHE N ETARE, N
B EEETRNARXEBN, KA REZ. MREHXBAZREEERE
AU FR A, 3z 3h 2 TR A, SR vT LAE sh B B35 mab , IR A R E 5 .
—HE R RS, FAER MR ZEEEZES(ER 6 KA = M 2,
ZIEH# B AB H) ARERTEI BRI S (S W §5), N x, Bl =, B35 shAEt E] 4
T zp Bz BOBFTE]. B A, R BB (N 2y B30 3 2, FFiR B 6T E] ) & F N
x Bl z, BB E WA, RPE(11.3) A

_ (E) dx
T(E) = VZm me (11.5)

*HﬁJ:—FBE xy Moz, B EGEMAREAL4)PR. XA GH T iRsh F S
BRI EEEERKBICR. '

=] il
1 ARPFEHEZREA m, BRALLEEAGFTEZH)RDARF
Pl Z 1A 6 B HK AR
BR.EEOREHN

E= —ﬁlz

A o HREBEFGORA, oo ARKIZEA. ABET o MEZ oy 15 3 5

— mglcosp = — mglcosgg,
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8 4 4%

% L (% do
— 4 = 2 — .
Jcos¢ — cosgQq 870 \/sin?(9y72) — sin?(@/2)

4~ sin( g0/2)/sm( 9o/2)=siné, L@ &R 5 B K

=4,/ LK (sin £},
g 2

dé
K(k)_J V1 — k?sin’é€

A F— éé AWHEARS. H sin(@y/2)~ g /2<<1(#F3), EF DK

BANAEFREGE —AARKR RIS R RN
SIB2 RRKREA m ARERDANTRBHORMEAZ, LT REML

i F

R R KL
a. U=Alzx|".
f# .
1/n
T - sz(E/A) dx _ 2 /zmlE/l/n—l/Zjl dy .
0 E - Ax" A" 0/ 1=y

b y=u, IABRHSXMNAAT BHEATH B- KRy
2V 2xmI(1/n) El/n-172
nAV"T(1/n+1/2) '

THREWHXZFENFRMEN0.2)F(10.3).

T =

b. U= — Uy/cosh’ax, — Uy<E<O0.
ER:
poxV2m
a v 1E|

c. U= Upptan®azx.
Ex:

r=-—T¥2m

' aE+ U,

§12 WMBEHRINFRBES E
LR L B TR 9 B 00 1 R, 355 — A 5 76 3% o 4R 30 W, 38 2 45 30 R 0
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TE5HEENXREZSAKBEELTUREZINEAR U(x)WIER. NEEN
AEE, XRZKRER ﬁ?‘iﬁ%(ll.S),,ﬁ\ﬁj U(x)RARMEE, M T(E)ZE MK

.

BAVEAZBIRD T EREF AT E TR KM B8 7R, B E PR e
B U(x) % BRI BRI RA—MR/ME. 8 T & W, AT R H 8

W/MESE T 5, 38 A b5 SR R e FE B etk ME AL (B 7).

& 7

XEARIF (11.5) A e, K 64 = 4E U MRS M8 = (U) BXUE, B
A U RBLFRARRR = (6. S5 dU R dz, B (11 5) EHFAFL 2
Moz =z 5 =0 KBS, =0 B = =z, MFS. RATEEFIA RS F 0

B2o(U)BANEHR 2=2,(U)H 2=x,(U).
BR N UBSTHLETRAHIE MO, FEE
0 dx;(U) dU

T(E) = «/ZmJO dxczi(UU) JdL v2mJE iU JE—T

o dx,(U) d:cl(U) dU
B J ( dU )«/E - U
XN FTREWHBRUYV o« —E, HF o ESH,REXN E NFE o« B4

« T(E)E = [*(E({dx(U) dxy(U) dUdJE
Jo Ja - E sz)Jo( du  dU )J(a-E)(E—U) ’
HERERINTFE 5,
@ T(E)dE o dz,(U) _ dx,(U) « dE
0 Va - E J( dU )dUIUJ(a—E)(E—U)'

Xt E W RER D, HEET o W U KRS 2 F K, NE

J: % = nv2m[z,(a) — z1(a)]

GHEREZ BRI 2,(0)=2,(0) =0) .4 o HHH U, LB
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12( U) - x1( U) =

1 JU T(E)dE (12.1)

nv2m0 YU - E
EH, HE M EE T(E)FLUBE 2,(U) — 2, (U) ,HEH 2, (U)M
xl(U)ﬂx%%ﬁkﬂE%ﬁﬁm XAV, HN FAEWRABHSBEMNXER, FE
—FKMAELFZHME U=U(z) , BEMEWARAHRER— U Xt
H’Jﬁﬁ/l\x 22 1H .
MRBERME U=U(x)RTFT U BXTFR, B
2 (U) = =z (U)=xz(U),
MAFEFBNZEERE. XEARX(12.D)AE U(x) WBRERER:
U T(E)dE

V) = =

(12.2)

§13 ALFKEE

M HIEARN RS ARNREREE, BAEF EZR R, 7R =K [
A, 1] LATS Bl Hoaz 3 i 58 2 %

PSR R BRI 58 — 45, RATRAE W, S IE R EWB N RGO K
18 B A AR X T L 1B B, U TR RE 2 R R T AL

FATELAE F B9 P 5 B 3 BE OV T E 11 =2 18] B BE Y, BV 5% 22 B R/ . B
LA HE B9 2R G M LA B H RO

m1':% mzf%

2 2

L= ~U(r-rl). (13.1)

I AP R A R L R
r=ry—r,,
I AR B T RO A, B

m1r1+m2r2=0.

M PN SE AT LASK
m m
rlzmr, ry = _m1+1m2r' (13.2)
Prix s RxLAA(13.1) 745
L:m;Z (13.3)
H
. mim,
m——m1+m2 (13.4)

WHhGmE. BB (13.3) KX EERTEING U(H)FE3H—NREARR
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¥ B H R, KRR MR E R m, I35 26 F B € B9 A 45 IR 22 B X AR .

Hit, A BEENTF -1 EEN m WEREAENFZ U()FHIED.
FIRAAR(13.2) , FE A my B omy BAEXS FEMEE LT ro=r ()
ro=r, ()W LIH r=r(t)RIKE K.

3] il
S8 REARH--AREZAMGREFr ARERA m R EEK. K
HERCEHAKRZREELNBEHALA n KFA.
. XRAREMGZEEL,R,(a=1,2,,n)0WNEREZH m HYENMR
EHRE FIIANRE M E R Em 9L &
r,=R,— R,
FRLFREETROL, R
MR + m > R, = 0.
X FG A X T AR

R :——Zra, R, =R+r,,

2 2
T 4%
m 7)’l2 2
L=72Zuv -Z(Za:va) - U,
E o =F,.

PR ETFREZAGMETIEE, TABRA r, ¥R %K.
§14 BHBLNFAMIED

L8 AR R A AL O — 0 B B B, AT B R TR R TR
St miE s, ZAN T RANBER SREAEIR —EE RRERA X, XK
ShGR A s s ERTERS LA

r dr r°’

MIRDURBT r, TEBRITERANER.
£ §9 BRI, ER L AN G oA ETIE. T — R
ROET AR

M=rXp.
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T MAr HEREE M AERBERELEHEEFEANERERENM
T—FEN, ZFHEELT M.

B W o s 2 L 1 3 I3 Bl B BE AR PE AR AL T — A Y L R R CF T 5
ARRERAR 7, o, BB H R B(ZW(4.5))

| L=%(%2+r2 ) - U(r). (14.1)

XA BB B 5 AR . B BT H BB B8 50) SCARPRFR 44 21 A 47 R
WHA B H 7, X TR AT ¢, F

BIAHRLHY T X BB p,=9L/9q; Bashil . XK AEFFIETE I AL IR K 0L T R K
a1 AL B i 3 77 2 HY R R
FEREREL T, L&

py=mr® ¢
MEANE M, = M(ZU(9.8)), HIRNMXE 2 TR2HW A shESFEER
M = mr* &= const. (14.2)

MNTFR—RREROCNGNIEYEEMEN, AshEFEEER —ITH
BRI TRPENHIER TR EMTE R EIE B (E 8)% T
(12)r-rde, ¥ ERRN df. RAKASE LS K
_ . M=2mf, (14.3)
Horb fFR R 3k B BT LA 3h B S E R T80 B R N W B, BN 7E AR 25 )
IR AR SRR S ARANER(FED S =2 2)0.

MEEBMA S ETEL %, BRE B, gt il LUR A 5 58 2 i i

O HEALNGHNEHFRANRTEERANOEHR I BRRS .
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RERLHAGFREZRE. FH14.2)H M Ere, RAREHRER, KA
GEd .

m, .2 2 .2 mr.z M2
Ezi(f +r° 97 )+ U(r)= 2 +2mr2+U(r)_ (14.4)
i Al 15
2
=%= %[E—UU)]——mAfrz, (14.5)
FETEHHTE
= J dr + const. (14.6)
2 M?
\/;[E - U(r)] - FREI
B (14.2) 5 &
dp=""La,,
M(14.5)K H de RAERXFHRH5
(M/r*)dr
- . 14.7
v J«/Zm[E— U(r)]—Mz/errconst ( )

AX4.60)M14. N TRBHER. ~R4.DEBT r Mo WX
FNBEFRE, MAX(14.6) 5B THRABNLES » %H]‘I‘E'ﬂ AL B B R 4K
MHERE, B AK14.2) I H oM T EAHAE, B I o £ 2 FEE A 5 EE
1t

w3 (14.4)F W], 2 1@4i8 ZQﬁTu%YEmE%/\%EF‘E@—JﬁL@ﬁ 1237 <]
RS

M2
U= U(r)+2mr2' (14.8)
Ho M>/Qmr*)TRA & s #ae. N
U(r)+2]\n/1[i =E (14.9)

FOREH r B T2 KB R 2 S0 HEER . 5530 (14. 9) BT BT 72 1) 3 B 7
FTF HX AR ABREEIEN —4E 3 PAHZ#R LN, X2 E K A #E
FoAAE F7r=0 RAPER “FIT A7, BRI r (¢) 72X A 2 N ZE K ok
INEREMR.

MR r WEURIBERRZ r=r, MRS, NS 32 TR, BB ST 55 &
Ab 3R S 1B B B 55 AL % .

W - MR BEAE RN DR 7o 7, WESRE R, LEELAT
7= Foin il 7= 7o HE IR KN R, XA RBAPEL E R AL
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WHE(14.7) 76 r N7 BB 7 BB 73X — B[] 8] R 9 A2 R 3 o 10 A B
Ao FTF
7 max (M/r*)dr
AP = ijmm V2m[E - U(r)] - M2/7?

HEHANRGERINEASET 2 WABEKE, B Ap=2rm/n, HF m,
n B EXMELT & « M3 A, RARRES » BE, B 285
&, BRBIE £ .

R ZBREFHRAEL, N TEBERX UG, A Ae AET 2r A HEE
B HE—REL TERAR IR ANPEREH AR . LB T 2RI A&
RAE/NEE RABRWNERBENRZ R HENITE XS (E 9 FrafiEg—
I EDE

(14.10)

&9

RAEMMRENE.ON, HFH—UF RE s HuE RS A8, XS

E’J%ﬁﬁ—'ﬁ%ﬁ%rz BIEH . 85— M § 1538, BN TS HRF (SR
§23 JHL3).

AR (14.5) (ULRAR (14.6) F1(14.7) BB A R B v 7 4R 70 55 37 4 Ot
RS R o IS I8 BE4T A A2 4% O 1 A , DO 608 E R 4 A N A A
Wy A — -, ERET ¢ WAERR. AR, BEHY o =0 HAR
SRR LN, R AR = rou ATFIR , B — BB EIA r = ro L RIG2
B — B B BB BA T —A 7 = r o A R HE | BB AN 05 A7 D3 2 3 o)
A7 AR RO B B X T i A BE T A 7 = B 657 8 I8 M8 X R 40 S 41
FLH T SR Lt T
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W0 B B0 3G M7£0 m@n@%—ﬁ@@%%k, B b R

FEAARES GO, MEGAFEERI R ENE. R Y r—>0 /T
AE R B REHHT — oo, AR AT RE“ A 0. AAFR

mr* _ M
5 =E-U(r) 2mr2>0
BE
2
rZU(r)+M<Er2
2m
A, AT TERNRMELR
M2
rzlf(r)|,90<:-§——, (14.11)
m

UG RERER 5 (o> | BEERT -~ (2 >2) mE 0 R

_w.
> i

@1 AKBROBOZEH TR ROERBEAEI m ORELEEE
Al BEEA Y FEF.
BR.ERALFRAREATHRS BHEAGT,NAEGIEEHE 2KH

2
= %(02 + @*sin”@) + mglcosh .

RR o R LAT, HAS LHE p, LHAEADES = 5 BT
ml* psin®6 = M, = const. (1)
E
ml29.2+ M2
2 2mi*sin®0

2 . _
E = %(02 + &?sin?0) — mglcosf = — mglcosf. (2)
HERE I HrBELE,F
; :J > dg (3)
\/W[E ~ Ug(0)] :

AP AR A
M2
2ml®sin®6

Ueff(e) =

— mglcosf .

$F A o, AR (1)K
M, d

o = = 6 : (4)
) v 2771 sin20 «/E - Ueff((g)
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BB M) THARARF L F ZLAHBERS.

BHE A W EREEANEFHESUL AL, MEDIRBFE E= Uy
X R cos MERFR,E- 1A+ ZIAFBAR, EMNTELTFRE LY H
NG Z B ELREARETEIHANABZAE.

SR 2 AEABFYRELEARATBESN , BBELTMA N 2, S AKX E, W
EET . XRKBZREGBFHFAZ.

ARG AREETAEM S RHT AL NEKR KA

m

2
ZH o R, AT L E

M, = mr® psin’a.

L=

(7% + r? @%sin’a) — mgrcosa.

FE.RBEHA
¥ MZ
mr <
E= 2 + e + mgrcosa.

AMME A1 BT ERE

_j dr
t*

JEE - Ua()]

V2msin®a? r? /E — U(r) ’
M2
dmrsinta | ETCOS

Ueff(f):
FHE=Ugk(r)(% M,Z0 )R r 9 ZRF B, ARANER, EMNMALHET L
BEANAREE, BELXHERLTIHARZ M.
I3 AKBREA m, T EENEH TR, ENERERETA my,
TREE m, BFHY-FEAGKRTFLESH(LAE2).
R-AESSIA2 PERXRBEERAE IR, x RWEFRLIF,HATLFHE
P, ¥EB,FAARHENKRTFLETE:

P,=(my+ my)Z+ myl ¢cose = const. (1)
BT IAN R BEAREIE B const=0. 3 F A (1) 45 T3
(my+ my)x + mylsing = const, (2)
AT ARG EREF G L AR (L), 8ETAS A
_mlP gt my ’ ) _
== 1 e mzcos @ | — myglcose. (3)

W T 17
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mo, mq + mzsinzgo
t =1 J do.
2(mq, + my) E + m,glcose
FRQR),B o kT m, 9%, z,=x + Ising,y, = lcosg, BT AR HiX

MNREQRE. ZZRFFEA I/ (m+ my) BEF 44 [ & E & —3F
. % my>oob R EARMITRENEE-BREIREH LIE.

§15 FEFEA

BEES r R, EWAE ~» R EEAE LI GRIEFEEN KA LT
% FWARS G ECHRMEEIERISEE TXMENR, & & RS
RIwal BEEHEFR R .

HATE M5 5,

U=-a’/r, (15.1)
He o BIES.“BERH 68
a M?

Uit = —7+2mr

RIBHER AN 10 B, 2 r—>0 B UglaF + 0,2 r>ooff Uy T H BT
T, MY r=M*/ma B BUR/NME
maz

(Ueff)mm: - 2M2 .

HEhR BTS2 E>0 M EABHRIERN,
E<0 Bisshf Hn.

WiE— AKX (4. DA BHRERR.MRA U
=~ o/r B TR

@ = arccos M7y~ ma/M + const.

v 2mE + m2?a®/M?
T o MEIRMNEMFE const=0,3F5| AE5 0 \_/— 4

2 2
p=L .= /1+2EN£ ,  (15.4)
ma mao

METEAUERS N

- (15.2)

(15.3)

&l 10

p/r=1+ecosp. (15.5)
XREEANMNTLIRESWBRMEME TR, 2p Me s HIFR A BLIER E £ Z RS
2 AAS.SAUER , EE o WEBMNVE, REME =0 W AEFLRIE(FRX
RAPEIEOR).

FERZ (15. 1) AR B A6 B M B A T A5 B0 58 A [ & b, 431 J5 5 B 000 AR 2 (R 4
e, HEAZ A THREAREHHOL.
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HO5.4)H, Y E<OR «<1,B¥ENHEE 11),231 2F 78, F
2T T BT U B 45 SR — B AR AR AT LR A =X, A0 TR A 2 R il A 2 4 o

p _ _«a ___ b M
= , b= = : (15.6)
1-¢> 2|E| J1-¢2 V2ml|E]|

a:

y

%

2b

2a

N

11

RE & MY /N AT RB A X DL T (15.3) , X BT e =0, BIAW B 28 BB . 7% 2248 i,
158 B B R R R T RS RE B (T S A sh B T8 ) , Bl 0 (R £
AR BR/NIR KBRS T

rmin:_L:a(l_e)y rmax:L:a(l*‘e). (157)
1+e 1—e

URAXBANREX (a BH(15.6)HE, e B (15.4)HE ) WA L B #HE N F
U= ERIBIEEH].
EAUERRSER(14.3) XA M 3hESF
EER, U ERRERSEHESREEHN
JAH T X EMAER T R X4 %X, 715 1
2mf=TM, p
Hep rRUEBER. XN FHE f= b, B
(15.6)%5

et/

T=27ra3/2./%:7m /ﬁ. (15.8) //

ESIOCEEE, AHEFERTHRELE(EK
W)W . BT &, B UK T R A KRR " 12
.
MEZOWEBESIELREN.WER E>0 NRLER >1,ERERE A NNE
SR, A 12 FiR . O A B RO R R
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__p _ _
rminvl_*_e_a(e 1), (159)
Hrp
__P _ a
“Te¢r-1 2E

FE WU IR 2R 0“2 5l

FEE=0FATRLOE =1, MESBEELELCEEERN ro=p/72 8LY
Rizzh. MR A AT NF LR, X MEL.

[ A Y 2 YL B S, A ARk B R AR R OC FR AT LAF A (14 6) 45 2] B WA
TN TR —F o ERNSEIER.

BT MR EE . BHE(15.4)F(15.6)5I AW a T e, B X B 8] 49 1
(14.6) AT LIS &

;= /| m J rdr _ /maJ rdr
N2 E| M? - a «/a2e2—(r—a)2.

ey
" T"TE1" T 2m I E |

| A 2S5
- r—a= — aecosé&,

XA E K

3 3
t =,/ ﬂJ(l — ecos&)dE = [ P2 (& — esin€) + const.
(04 a

e B B S 1S const =0, A& r KT WSETE:
3
r=a(l—ecos&), t= %(E—esins) (15.10)

(£ ¢t =0 B2 B S TE 08 S ¢ BT UURRE AW E R ILLT x =
rcosg,y= rsing (x FF y B4 FIVE & W E KB F AR . B (15.5) 0
(15.10)F
ex=p—r=a(l—e*)—a(l—ecosé)=ae(cosé—e),

BRI y=v P - 22K y. B& 15

z=alcosE—e), y=a~1—e’sink. (15.11)
HEMBEASREEZE—BEXNESE ¢ AZTEH| 2n.

XFF XA HLIE , 58 2 AU HL TR AT AR

r=a(ecoshé—1), t=+ma*/a(esinhé—¢),

z=al(e—cosh&), y=a ve*—1sinh¢, (15.12)
HAP S8 ¢ BUETREBEIN — o F| + oo,
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T BT E g, BEeh

U:% (15.13)
(a>0). XFELT , B RUEFE
_a M
Uetr = r +2mr2 Y

% r NEB|co BB R, B + o BB BT iR
REERRBEEN, ZhEELRY. 2B LE
Xt 51— FE B AT A, B 2 WA £ ) x

afet1)

£Z—lee(:osgo (15.14)

(pFe AR5 M)HE), LB LIE 13 iRl
T = A 3 B RO BT L O SRR N

rmin:%:a(e"']-)- (1515)
e—1

20 5 4936 3% 1 2 0 T 4
r=a(ecoshé+1), t=+ ma®*/a(esinhe+ €),

x=a(e+coshé), y=a+e®>—1sinhé. (15.16)
EARTHEERITKEIER XEBAL IS U=o/r(« IFRSEE)AKIZ
HEESFENES RS BESEETERIE:

& 13

v ><M+a7r=const. (15.17)
FELE, AN ESEET
1}><M+ar—v——ar(v3.r) :
r

B M=mrxoRAEH
av _ar(v-r)

r3

HREEHE mo=ar/r ATH EEEREIXFTE.
SFTHERE(S.17T)M T MEERMMAE S AELC A, ERKDET . 1R
At ERRELERLLENERRKIE.
WREERD,EIHRF(15.17)8 M ME —k, BFE SRS (B ME
BE) B BAAH R K. 7E § 52 AT B B, A7 753X B I iy 2815 FR 4y B B 33 3h i 7

mr(v-9)-muo(r-v)+

=] 2l

A1 REEH U=-a/r REFRMHEZFH, T E=0,XKRAEL
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AR RS B E] 69 AR K A

)
B J rdr
;= | —T4r
2a M?
|22 _ M
m m
T
r D=L+,
T4 F M F A2,

3 2
:%(1-%772), t:/%—g—(l-%%), ng(l—ﬁz), y=py.
S BALEE A — 00 8] + oo
S22 KREEHASAHAH U=-5,(a>0)RiEH, KRS EH 5.
r
MR RAX(14.6)#(14.7),5F @ Aot 93t AL B AKE % 42 T4F

2
a)§E>m§L>aﬁ,
_1_: 2mE cos 1_2ma
r M? -2 ma ¢ M2 )’
M2

b) & E>0 <a #,

a2
1 2mE 2 ma
r—VWmh( oy a1

2
c) % E<O0 M<oz B,

2m
i:’— M h 27710‘ _ 1
7" - 2ma _ M2 COS 90 M2 .
EiE ZFEATHRA
sy 'JE:L'__+“

/é-'r%:_;)t b)ﬁb C),:—“ﬁ §0—>Oo[ﬂ‘,5‘—"‘5‘é%—i@i*a:ﬁ';\%#}l‘iﬁ“&%”i‘:P't;M%
RWBER r A6 AF T

LB M [

SIB3 AR U=—-o/r EER—ANDBEESU, AREDGHIERF
S, A RS — BRI SRR A AR EE dp. BT BT
4{850.a)8U—B/r b)sU=v/r3.
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B8 r Krpn X8 7 BEHDE B, AENLE S HAX(14.10)%
AT R BB AR, AKX (14.10) KB R

B 9 [ max M?
Ao ——ZWJT N/Zm(E - U) —7dr

BN U=—a/r+3U FAHHBXESU G FRKET, L P, BHRA 2x, — K
Rk R H K S

[T 2mdUdr _ 3 2mJ"2
o = aMJr - 7 = BM(M .7 8Udg0), (1)
mm\/Zm(E+—r—)——2

.
At r MY BABEFE R B FHEN o RS
TR a), AKX (1) F Ry 2P, 7

_ 2nBm _  2=B
WTTME T wp

EF2p RAS.A)FPAKMBAMGELZ. EHALD)F A25U=7/r,8(15.5)%
B8 1/ r RAETH

_6raym® _ 6ny
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B, A my Ml om, BN RANEE,E .M Ex2BNRNE, T E, 2R
K (BB R MNEE. H e BaR“OHE”, ANEHE ‘

€:Emt_E"lmt—"EZint (161)

(B, XTENEZRER, XFEIRAATRERE) . XNA

_p( L, L\ _pb

=5 (o o)

(16.2)
mi moy
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M vy = po/m;.

THEMNE-NSER, PHNMERNRAUEE VHMNEZSE Rizg).
BEMRBENSERALRESER, W L R, EARTETRELADIEFT
FEHRLSER, WM C R. Ko Moy R 5 H P —A T84 JIAHX L5 %=
SERMALESERNEE . BR, Fo =V +y H&v - V=9, A%

v+ V2 —29vVcost = v}, (16.3)
Hrp g BEAMAMBE VY M7 CENAE XM TRERTAELIRESER
o 35 o A BE R TR 1 P R B R

(a) V<w, (b) V> v,

& 14

B 14 BB ERERH TN RR. R ABEROWEEN V, HERXEy B
MA EIEFRERN v WIEE AR — AR ERRD. B 14(a) M (b) 2 BB T
V<wg M V>o, ER. F—MIFH T EAATERARE 0 L8 MIEL
TRARGEAE G, REAE 0 A#E T RS K 0.0,

Vg

sinf ., = = (16.4)

v
(XN A ERBYILB T ).

EXRZZSHERMBOSERP LM 0 M0, WRR, BB LU b E#
EGEH .

N ‘UOSil'l@O
tan@———%cos@o v (16.5)

IR XA AR cosly , W2 1t ) % (19 35 45 T 45

2
cosfy = — vlsinzﬁ tcosf | 1- Lzsinzﬁ. (16.6)
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IRENR—— XTI B - B 0 XTRLA 6o (B 14(b)) , BEATHE AL T IR L 38 ]
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EYHEN AP EEELEIA R, TERZAHE A KT, X ™
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Wiz s 7 e R REVLA , BIAE P B P 24 [E PR

ERLSZERTXNEBREG KGR A FERIZEEMN) 4+ 35 S
HAMEBWEEE, BN Gl 7 WA & m [FEER, X 5 G R ANz 72
BEHL R AR G . B R U, #E A ST AR A fOG dO B BR S BT 5 19 EL il IE B F 1%
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d(»?)
200V
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M, MEME Ey— Ein ELlRIRE . TRA '
M- m,
M

(TIO)max: €. (169)
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SIRE1 ARRREDLEBARLECBEAO o0, XA ER(EEZRESL

FEF).
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V(g + vy)
V2 + vigvy

stinz(ﬁl +6,).

(0<<O<nr).

sinfdé

(0<<0<<0,0) -

sind,, =

§17 RmiaitnliE
AR A B R A S OB T A P EOIR A, U AR O Bk e . DR, X



- 46 - FME KR & 6 &

E (1 il 48 7 FH B8 8 <7 1B 2 I AT LA 5 B R A R N RE .
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BLBRATATA O RAYHEBEXNSEFRTHE. MEHNANRAERLSH

APHEEESXLRESHERTHEL v, Mo, RRN

my _ US|
v, Vg — —

V10 — v,

myt my
Hfo =v v (Z01(13.2)).

WRESEFEEHE MESH RSB R/MIZE T MR, XIREGER
FHEER, EMNWEERAZ. TR, ERLOSEZRPUMBENSGRNERKS T
P B S B TR B, T X 26 B R AR R, RANAE IR ny R UTAE
BER A m, WEEF M WBRARE, WA B A E S 3 E (S X))
H

myt my

mj mi

/
Vio —

VR, 'Ué(): - VR . (171)

mqt m,
HTHMELRESER FEEXUEREIAPMEROEE V. TE,H
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my 2
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/
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X F LR RAT LG LR, A EER IS E S E M7 5
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mqyt my

Bl 15
&ﬂ]ﬁﬁfﬁlﬁﬁ%ﬁﬁﬁ* HIA — B (B mp) B IERITE L. X AELL T OB =
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(py TTEDKIFE . B X R BELLAESRE ng BT EE —NEA my £
BLZ% R RmEEA . f AT, /5 0, #1 6, ATLAR X R iR

X B
tanf, = — 22908 T X (17.4)
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/
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P //x 6,
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K 16
RANTETTLUA ¥ EHiEE Jo AR B BE ) R/ R R 2
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- 48 - EFME R & §f =

6,+ 0, REEE R A W T MZE KA. BR,H m<m, B 6, +6,>
7'[/2 él m1>m2 BT 61+02<7f/2

Sl A TR A — 2k LR B 2 (IERE) Y AR X ==, B C %
T A ,é?E’JEéJ:ﬂ:T A RZEH (B 16(a) X B pi M p; ME A, B3
AT A MO ZE(E 16(b),3XE p1 M p; BIT AR .

X AR E O T Bl A R ST

, M7 My - 2m1 |
'(11—m1+m2'0, (D) m1+m2'0. (176)
X v, BB R AT REEL, ML IE R B I R SR RS B KRB RS T
72
’, _ M2V 2max 4m1m2
E2max_ 2 - (m1+ mz)zEl, (177)

77117)1

HpE = RFERIEIRANVIREEE.

£ m1<m2 B, RS — RS EEA LG EEZE FE. AW, R
my > oy, W2 AR B8 oK 7 ] 4 A S BE B i AN R R AE G, X 0, BY
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Rl XFMELT A SMB A#ATERALE 4

(W 17). XB A
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elzg, b="", (17.9)
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“Ui my 1 2 2 . 2
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§18 FRmBS
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RICEMA oo, WK 18 o] W, Ji G K 0 Mz = AR wE A X T
X:|7t—2goo|. (18.1)

&l 18
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E= M= mpv e, (18.3)

MAR(18.2)2 K
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RREHEEBE ERYSN) XINMEEFEREN, MAIAZEKARED. EXLH
M GRERRE, EHRUS I REREENSE.
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&

2 2 2
M1 Voo Omax _a miUeo

2R? R 2
EF a=ymm,(y RN AFK),FLEBRET my> m, KMNLEL m~m,.
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MU% Xz(znﬁx)Z sinX

M2 ARBFERAH a REAU WREBEBR(FPS r>a b U=0,%
<a®MU=-Uy %9 REHHAHAD.

B RSN BE LG, A AR RER TR HEST IR NHRA
Fo i 4t A BOE 21) 89 % & 4

do =

sina . 2U,
sinﬁvn’ n= 1+m“0<230'
i A A X=2(a—B).FTAK
s—in(a.— X2) _ cos & — cotasin & = 1
sina 2 2 n
WEZTBEARGEIAF X 4

asina = p
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E 21

Ko, TR p R 9% R T

2~2l)
7’1511’1(2

241-2 (l |
n n CcOS 2)

ncos(%)-l”n-cos( H
1+n2—2ncos(§”
X BAEEEAE (S p=0 8B FXAZE Ynox(H p=a )

max | _ 1
COS( 2 ) n .
H do SRR X<Xmax RETH i AR TREH LT, X, %F TILAAE

7ta2 .

§20 /NAEEES

W SRA A SR Ll f8E , RS VERE B AR R, 3 U AR 55 [ T i % A R/, A 2K
WEHRITBEEE A SN TUERELREZEZZPIHE  ALRARLSE
.

AT = W EBHREARERN m)WIES BRI 6, T 2y 1R 8
Vil Ap BB ERANSE, BRE

®o R

do.

. _ ply
sinf; = —~.
1
Xt F/MmEE A AT LG R 0, U sind, , TEGB K pr RUMIIREIE p, =
M1V :
elwpiy/(mﬂ}oo) (20.1)

HRK, BT p,=F,, 8 y i sh & EHHEEY
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pi, = | F,dt (20.2)
X, Ay

dy T dr ay: ror’
RAR(20.2) EEEE/NE U, Br LA 5 3 AR 43 B 76 48 7] A9 3 8L T BT LA

BREEATLERARMEVREE IEAFEER y=0 UBEE v. S HIEF.
AR R HL, 7E(20.2) AR A

__dU p _dx
Fy_ r r ’ dt_voo
T8
» :_f_r dU dz
ly Vod —o dr r

&G, BATHEX « MRS ZHR A r B BTN ELBESR =22+

P2 2 x M\ — o AR F + cofit, r Moo AF R o FAF[E B oo, BTN = BIFRAMAE Ky
PIERIXS » M p Bloo 43, 34 H dx &N .
rdr
RGBS A DKEERMT O

_ 20 [ dU dr
% —_mlv%o o dr m (20.3)
WA ENMRFEMTLT 6, X p BIKBIXRR . (EXLBRESHERPH)E KBS

BHEATUUHAK(18.8)% X #K 6,, 4 & sind, 1KLL 6, T8 F .

dx =

_ | dp [p(6))
do = d6, _—(91 do;. (20.4)
3] i)

SR 1 AKX (18.4) 454X (20.3).
BATBETEHEFT RADLRRS , HAX(18.4)FATEH X

J (R or 22U
o =~ %me\/l B r2 _mv%odr’

ZEEMBERROABREZEREARS LR, UES R0 FRRERSWGIE. &

O WELEFRLSERTHTLRES, WRITSBINT ¥ WEREEER BEE n, HH m. X
SRAE(17.4) /MR 0, F1 X ZIEA T A% R MELE B0,
6, =_"2X |

my+ my
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F U B EZAMERTE U éﬁ%k&ﬁ- A o MRy

min *

_J °° U(r)dr
" ﬁ gl F
2
BB R>0,H—ARSF T n/2. 5\'1'7?«—— RARG G HRE, THEEX
= = Vr? - P dU _ 20 |7 dU dr
X—“_2€00—2_ mo? T2 d 5 3
oo MUV p r re—p

CFMT(20.3).
SRR 2 BORTEY U=o/r(n>0) W/ BB A RE I
AR (20.3) K

0. — 2 pan Jm dr
1 ml‘(;%o 0 rn+1 /r2__p2.
HEERK /P =u, B RS EABIK, ETAT RHETH

P(n+l)
g — 2a4n 2
1 2 n
mi Voo O n
r(3)

WA 0, k& p FRA(20.4)4F

7’l+1 2/n

_ 1 2«/7—11_‘( ) a -2(1+1/n)
do=— 01 dOl

n n ml“(/%o
(3)



RE

i

R
Jdiy
(|

§21 —#HBHRD

EREFEMVERENEHRNEZREN —MIEF L BENBHER, KA
. AN B R RN ELNRE B HERNRSE, TR EMEE.

REFENEREEE U(QBIRNMIKWANE, REXVESISBO=4 S
—dU/dq, ENEERGEREFEANE . BATH g0 B LI ¢ TEVFEALE
HfE . TR B F A AL BAR/NIE LT 78 U(q) — U(qo) % q — g0 MAFREFH
REXPREZFE-NTEFITREE T . — BB TR ZHI

U(q) - Ulg)~%5(q- q0)?,

Hb r RS U () TE g = g0 SHIME, BIES. 45 RS AR 1 B /AME
T BB (BBIR U(ge) =0), 331 Ait

=g~ qg (21.1)
R EHAERNRE. TER
U(x):k%z. (21.2)

—MHEHERENINGE— KA LIS
%a(q)cf:%a(q)iz.
EFFERGELIT R a (@) AT LLAETE = qo LHMERE . SIALEO

O TERRANE, VAX « REFILLGE m A RHRE.
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a(qy)=m,
REAB—EMENREOCHPRY A BRI
mz?  kx®
L=""75—~"". (21.3)
THN 12 3 R A
mx+kx=0, (21.4)
HE
r+tw’x=0, (21.5)
XHESIATIES
w=vE/m. (21.6)
KM T EQL. )N ERMET K BIBER :coswr F sinwt , B I T 7 W) B E R
x = cqcoswt + cysinwt . (21.7)
XANFRBA BT LUE B
z=acos(wt +a). (21.8)
B A cos(wt + @) = coswtcosa — sinwtsina,, 5 21. 7)) LB ABEEFH a« e 5
Pr'%ﬁ Cq ﬂ] Ch E/‘J;é%\
a=+c?+c%, tana= —c,/cy. (21.9)

TR, RGERE PR BN IENZRE RS . (21.8) h EAMKE T
AR o AR, AL ZER ARSI A, o BT IE1E,
BRI T IR . IR o FROVIREIA0 B SR & AT, 7ZE SIS W B 2%
B AR IR AR AT XA HIFR .

S % R Bl B AR B, R K TE S W iR 518 R AR (21.6), B 5
Sl NI ARG W R E R R AE H R X R S M 1 4 3018
BEX, EEERNELRRBEEX MR T . AR AEE, & SHMER AN
“REBEX.® '

MR REHEBEE N
p=E B,
B K (21.8) AR
E:%mwzaz- (21.10)

At B 5 IR 18 7 7 BUE B

D XHBREFEHRN %R T.
O B, MREL U(2)E 2= 0 RBERERHPR/NE, B Uccz", n>2(Z R § 11 89 J &
2a) W EAH X AER .
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TSR G LRI BRI R R AW H M E R E R AR MWLE.
z=RelAe“}, (21.11)
Hf A BEFH . ERTEEX:
A=ae", (21.12)
MXEFE(21.8)R T . A PRI LEm, E AR 28T IR, THEARE
WIHEAL .
R L BB RHEE L =A R B E R, BRI+ AR
T RERNMFpTHELEEE O B HH MRS, — BT UARE H
B IS Re, R &G BT B 45 R EUSSH .

> ]
1 RARLFRREGWIEE 20 A0 vy RTRF GRG0 IE484L .

&,
'U% Vo
a= +—, tana = — ——
wxo

B2 AKXIAREAREZRTFTARGAANARBF S THRDIRAE o o’
B, BRBRTHRESNFT my,m, F m7, m5.

BEAARNLEERTUMAGFTXBENA, WA k= . TP
AH om ERHRBIHEE REQRLEH

w _ [mimy(mi+ m3)
@ _\/mimé(mlﬁLmz)'
I3 BREAI mORLELELRBEH) , BE—FEARE L, B —3%
HET A A(H22).A Aiillﬁéiéﬁ‘ﬁ%iyl BEKEA I NEABF, AXK
EXCE
BREEARTFTAF ZTABREZHKE O
(BHENEZZHHR). % < &, H
S1=v12+ 22— I~ 22/(21),

B, U=Fz2/(21). BAFA m22/2,%

4 REBM,REEA m RELFF 2
Hr A EFH(H 23).

BAEXIHFALAT, BEFRKREAN(E oK1 &l 22
&)
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8ZZ«/r2+(Z+r)2—2r(l+r)cosgo—l'\’\’«—
SEeA T=(1/2)mr* $*. HLiFHE,

SIS KXEKSSHEH2HTEMSRDFE,EHE(F
FA m)TEERKEFTEGAGEF.
BB % o<l B, B §14 M3 HAAXE

mimol? .2 _mygl
2(7ﬂ1+7712)g0 ’ U= 2 ¢

_\/g(m1+m2)
w= | ———.
mll

SJB6 AREEHEXBVER(EEN G FP)RDORERKRBM THME, XK
8RR

R RRAESEREEHOERA U=ks’2, 5 F s YN TFHLEFER
BIRK, M Z R BRER XY T=ms*2(m AREHRE), %
HEH o=V E/m , RIEBT s 1L,

PBEEAGFY U=mgy, £ F v ZRULIF ITAH ks?/2=mgy R &

w22
y=2—s .

B —F & ,ds?=dz®+dy?, B iF

z = J./ (g—;)z ~1dy = J\/H—ldy.

y=%(1 — cosé)
4w

T =

W A7

x=-2-(&+siné).
4w
BANFRALHETHRARG ARG R, TR —FEL.
§22 BIEIRE

WERNBFT AN GERT REM RS, XF RSN RE KRS, UK
BTS20 BRFSH & Rk 2h . R i B R R R B, R R S D RS, B
WEZ5EERNAEE .
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EFELT , RGBT EA HEE(1/2) ka® LIS, BH 55 17 FAE XK
B Uz, o) BXNHMBEERIT /N E » MRS, 15
aU
dz lazo’
B — 1 2 18] B BR K, AT LA AHEAS B H RS B 25 (1 g 73— B[] 69 o6 5% e ]
MIERE) . HIF -9U O BN N TIEFE LB MRS L, 20 H 4
SERRELH F()Fm. TRAREPHIT — «F ()3, BT RS RT3 H B ECh

2 2
Lzﬂ—kiwcF(z). (22.1)
2 2

€

USx,t)~ U(0,t)+x

FH DL B 32 3 5 R A
mx+kxr=F(t),

B
5c'+w2x=%F(t), ' (22.2)

XEENHKGIAT B ARFE .

ARBTRAR L EFRE RREE WS TR EBRAWIZ: 2= 20+ 2, &
oz RFRT B, 2, RIEFRT BB ERENELT, 2, B2
§21 WF5EH A ik 3h .

HAREBE PR A BXHEL, B RME R v i1 2T E 5 B o
£, BD

F(t)= fcos(yt+R). (22.3)
HANFHETFEQ22.2)JERN = boos( 7t + B)WIFFR, EEF S8 1 A A H
T RAFTEAR 6= /I m(o®— 7)) ], M EFRFBME, B TR AE R

x=acos(wt +a)+ cos(yt+B). (22.4)

f
m(wz— 72)
EBERDEE o Mo HVIEEEHE.

T& AN RANERT, ZRENE I RBNRINE B, ARSI
WS R R G BRI R o FI5RE SRR 7.

Q2. ORNERTIIBM ARG, BIRE MR v SEEHRR 0 HE
RITEOL. A T SRIXFP BT R MER B (22. H BB RN TFER,

f

x=acos(wt +a) + ————<
m(wz— 72)

HPEY o AEAARKE. H y—o 0,55 ZTEH 0/0 AR EER . %
8 0 AT U T BR A B HE RIS

= acos(wt +a) + 5 —tsin(at + ). (22.5)
mw

[cos(y ¢+ B)—cos(wt + ) ].
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TR, ERRIELT , IR 3h M x g BE A R R (BRI HRMIRS), LRTE
HigHEAE A NIE).

FATH RO R IR TR IR ST, B v =w + e, o ¢ 2/NE. KA
YE S A B -
z=Ae“ + Be“ )= (A + Be')e'* . (22.6)
FH A+ Be“fERF e B 2n/w WAEMLMR/DN, B L IRMHEWE s /T D E
VER MRS, BRI AL . @

M C ExrkiE, A

C=|A+ Be“]|.
¥ A FB 3 RRRHRaeFbef, 1] 15
C*=a”+ b>+2abcos(et + B—a). (22.7)
TR, RIBUSR « FHHZL, BB EZ '
la —b|<C<atb.
XA ELRIR N 44 .
XAERIRE S F(e) , AUE—RIEX TN T RQ22.2)BaKE. XRES
W, REK T RET A
L +io ) —io(d +ier) = -F (1)
BE
dé

1
E_wg_mF(t)’ (22.8)

XEGIATERERSE
E=zxtiwx. (22.9)
FRR2.OARZH ME—KMOa 7R MREELFLT T, EHNBR 6=
Ae JHP A BEE . EETE—&, RINFRIEFRIEBERN 6= A(1)
B, 5 TR AR
A(t)z%F(t)e*i“’”.
Borfa, W8T (22.8) i@

iwt ! 1 —iwt
g =¢* HO ;;F(t)e dr + & |, (22.10)

HPRoER R =00 e NEH. IRMEFEIRNER, B () H
(22.10) BRI w 5. O

O WwBA PR EH IR B
@ HR,XmH F()NEEREHIER.
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ARG MER BRI ER BREATEYN, HARGEENGERBER. RX
VIR EE B AT, BATRKAES S VR FIRHE] P9 (N — oo B + oo ) 2 18 | R G 1 5L B8
B REAKX(Q22.10) (RO TRA - ofUBF ,HH (- o) =0),7 t>ifH

| €(o0) |? = #HioF(t)e_i‘”tdt 2.

A—JiH, REREERREAN

E=%(i2+w2x2)=%|8|2. (22.11)
Bl e(oo) |2 RAME, ATERERNEREER
E = ﬁ‘j:nz)e-*wtdt‘z. | (22.12)

Foft o 7 F (o) R A A A0 07 BTG , MO MR T R S AR
B 51, RSN R BT ] 5 1/ HLGARSE, MITT LS o~ 1. FRA

E = ﬁ“:F(t)dz)z.

EXAGERR B, B R B 5 R H‘J)’Jéé‘%%%’%ﬁ%ﬁ%[ Fde AR A R i &
FEERERNAE.

5 =@

81 eRMBEH =0 AABLEATFELE(2=2=0),KKERAEE
THIUAHHEXGS A F(e)ER THRAKS.
a) F=const=F,.
Fy

E:x= - s(1—coswt ), FAVRAMERRIERSFTBSY FHLE >4
w
A2 A% .

b) F=at.
g:xz%(wt—sinwt).

mw
c) F=Fge **.

_ Fy —at _ a .

n:x—m(w2+a2)(e Coswt+wsmcut).

d) F=Fye “cosft.
e

_ Fy
X = m[(w2+a2—,82)2+4a2[92]

[~ (0®+a®~ §*)cos wt +
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f(cu2 +a? + f*)sinwt +e” “[(w? + a® — f*)cosft — 2aPsinft 1}

(EXMABRTHNBRAHHX F=Foel P B F51%).

SIf2 BRAHNt=0MARBLAFEHELE, Hh FOHTAAES S <0
BHF=0,%0<t<THF=Fgu/T,%t>THF=F,(B24). XKLz h4%R
JG Rk 0 R )G e F

fR.EwRERO<:<T A#BEWLLEHBIRK

#h -
0
__Fy . |
x—mTw3(wt—51nwt). Ie) T t
5 >THEAMNKT &YX M#. ] 24
F
z=cycoslw(t = T)] + cosinfw(z—T)]+ 02.
mw
W t=TRHFELEHEH,TRKE
Fy . Fy
c1= — mTw3smwT, cp= mTw3(1 ~coswT).
- X HRRE
2F
a =/ C%‘*‘C%: 03sian.
mTw 2

TIH, M) Fo MER(FF T AK), XAHRBAEND.

SIE3 RIM2, N0 Fy A FH, REARERER T AER (A 25).

fR. TR I RHERE 2ARAKX(22.10)EME. % >THERE
FHEALE =0 AWK, H

F, . T _. . .
E — _OeleJ e—lwtd ;= .FO (1 _ e—le)elwt‘
m 0 lwm
BBELR|EIP =0 EHRH T T RS, T2EF

_2Fy . T
a= 2in -
w

m

Fq

o T t (0] T t

Bl 25 &l 26

@4 BIM2, A ENES THEEARABERLEF=Fy/T %R
(A 26).
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fB.RARASETRSA
F
o=V &*T? - 2wTsinoT +2(1 - coswT).

Tmw?

SIS RIM2, 2 HhEMNEES T=2n/w &4 F
B fa MM F = Fosinot YA (B 27).
R

_ . *& iwt __ _ —lwt
F(z)—Fosmwt—Zi(e e ') 0 \/ t

RANAK(22.10)FANEE T By, THF

F()TC E 27
a=— ;-
mw

§23 ZEHHAERSRTE

ZEHEG)RENBEARINEISELT §21 B—4EHRD.
REAGHHEE U BT X5 q, (i =1,2,,s) WERELTE g, = gL B/
8. 51 A B B B /ML

. X;=4q, 7 Q0> (231)
8 U B 2z, MEEIFREBEIZHI, /I8 _REEE B HEE:
U= %Zklkxlxk, (23.2)
1,k

XERMN AR NERIT. FHH23.2)F by by, MR E 2.0, R
BB B2 BN HEER:
Rip = kg
R —BRIERX N (S (5.5))
2 D%au(@) d.dss
EREE apF2 ¢, = qior I muFTm an(qo), T ZWIEEE AR BIEE:

1 Zmlkx i (23.3)
NSEINVSIN -3 ' mlkXT?FI‘TEXTWE'J
Mip = My, -
TR, ARSI REMHIE B KN
Z(mzkx Fp = kpx,ay). (23.4)

RERMNFHEBEHTE. ﬁT%EﬁF*@@E’J@%& HAE R B H &
G T G
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dL = 1 2(7n1k$ d.Z‘k + mlkxkdx - kikxldxk - kikxkdxi).

EPW(J:E%HZ{ETW PRI 2R, RATAT LI B S HE —ME =0
i Mk MBS, BB RE m,, R, IR R M 1R
dL = D (myi,d &, — kyxsda;).

2 A RTINS

aai = zk:mik Ty, 3—31; =— zk:kthk'
FrA bt B H A
kakaerkxk = 0. (23.5)
X2 s(i=1,2, ,s)/\%’ﬁ%{k %@I#‘Mﬁ‘ﬁﬁ?ﬂ
@%ﬂ&ﬂ]ﬂfﬁi?@ﬁ/f% s /l\ﬂi%ﬂlzlﬁxk(t):
xp = Ayl (23.6)
H A, B—BRHREFH . H23.60)RAFERA(23.5), 4% &, /[ BEH A,
T 2 ST IR &R AR
Z(— W my + ky) Ay = 0. (23.7) ‘
MRZTBEHAEETRE, ﬂﬂﬁé%%ﬁlﬁﬁﬂﬁﬁiﬁ%?%:
| by — wm, | = (23.8)
73‘%%(23.8)%%#%&7}‘#%,% w? W s 7. T—ﬂ’i‘P*YJET BEHEE s MR
MIEER 0, a= s (TEFRBEOAT, XERPEFER). XEREH o,
%ﬁ%%ﬂ@%ﬁwﬁiiiim%@

MM ERE , BAFEQI.Q)MRAELR. FELE, 0o AETRE
URE , A HT o, XTET E] AR SE 2R (23.6) (LA S B 2, ) P A0 & 48 B0k /D 58 4
BKMHEF EXHENEFREARATN, GNESFRRELEEE=U+TH
B S 4k, B HEREE ST EHE .

WA AR B IR LIRSS K (23. )L A X T AR SRA, 15

| zk:(—w my + ky)AYA, =0,
H 15
,_ SkALA,
>myAA,
BT RE m, Mk, BRI SLEL, BRI a-h i IR BIE R SE 8. BL |,

(DkaAlAL) " = D kaAAL = D RAAL = D kuAAL
1,k 1,k 1,k 1,k

w
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EMEEEMD, B o BEEHN. REFHR o, FEEMNZPRHE—TRAT
FRLH(23.7), SR AT AR B AHR B B3 A, WRBEF B E MR o, &AM,
MZEH A, ERFIFHIRQI.OMRBATR, EF o Ho, A H A TR
e T AT RQI.SMERELE TEEX:

iwt

:ck:AkaCae o,
He C, BREEFH(EL).
A X s AR AN, AT 45 B AR O SRR, 5 AR

z; = Re| S ACee™ | = 38,0, (23.9)
a=1 a

XBERMNIIATIES
O, =Re| C,e'“ | . (23.10)
FR ZFEENLIREEN B AL ERRE s N E R E SRS 0,,0,,,0, 1
B,k Lo H AR S IR IE AR LB BAE B, (B R T2 E .
X HARE TR AN A3, A & B S AR b 45 A A bR ER A BE AT T 8RR
7 BRQ23.9)WERNA R THRXA B ®RRE.
= F KQR3DH s MERRBRERs MERFEO,,0,,,0, WITEA,
RIBIFFT LU 21,20, 2, BRO,,0,,,0, . HI 0,,0,,,0, Al LLEIEH
(7 AR AR, 36 SE AR AR PR O ) JE A AR (EUE £ &4%) , BEANTHAT R B E B RS,
RO RGEH R ERDD.
M BT IE AR KR B LRI AR W, BT 2 7 2
6, + w0,=0. (23.11)
XL, R EAKR, S FRAE R s ML M. 50 R EL
T B0 T B AR B T AL b , R B 0 AR A AR 7 3R BE B RIME , B TT LA S22 E
Ae R o BT B AR B OE R . ) TE UL, RAE M A BRI R T2 M1 .
By bR E 40, 1] IE AR AR 38 R BRI A B B BRI AT LA Ao — SR AR U2 A,
g — N FRREBIT L FHEIE o, BW—4EHRZ, BIH M TEX

L= 2582 - o20?), (23.12)

CHF o, REER AR MAE, XRRELHR Q3. OKPAZRE (S
(23.3)F#EE(23.2) )[Rl Bb 28 g 3 A T 3K

D BN LHDKBEEEM, NQ3.2)PHELERNENE , XEBAN BOREZH A H
BIE B a, +ib,, WA HH GERE ko, FXTFRE) :

ZklkAfAk = Zkzk(az —ib,)(a, + iby) = zkzkazalz + Zkzkbzbk’
Lk Lk ok ik
BB ANIE € KB R A
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T B T A A B BLA B BB T 0 BT 12,
A, R ECH R R EA R Q,
Q, =+ m0,. (23.13)
4,
L= iz«:z%, W2Q2).

HFHE T 2R EARAT, LEE‘J}T CILEATREYRE . Bl F RN — 8

B (23.9)F(23.10) WR—HK (WIE K s T) , ZHAUNE THE TERK R
BALERBEAIIRMREATR, IMBEATXEATRETE.CQ

— I~ 2 B (SRR 6] ) SR 2 A0 L F F6] LE AR AR Y40 T X MR A B4,

S B TR TE AR O e FR 1 2 WE — B i F AT w, 89787 6 A AR, & AT LRI =

QA Q% A A TEShREFI R AR, 33k S AR R i 7 2 AR e, IR I AT LA 5
8 IE AR AR BEAT AR 5 AR AE B, R BN AR X 86 5 5 A
T FEFII IR EAERN=4%RED, ﬁfﬁﬁ“mﬁéﬁﬂkﬁ'@% BUHS & L AR AR
RAWE SN THEE U(x,y, z) WR/MEL , WTBEE =, ¥z ) R IE =
RE , T ah BE
T=%(i2+&2+%2)
(om0 J5E 55 W 0B ) AN T Ak A 3 B BB 1) . IR I, SR 38 24 0 5 4 A 2R BV T
et A AMER. T2
L=—2n1(552+j;2+%2)—%(k1x2+k1y2+klzz), (23.14)
HIEE x,v,z FRKRD 2R EHRSD, LR 05] 8
wi=+ ki/m, wy=\ky/m, w3=., ki/m.
EEOHHEIG (k= by = ky=k, U= k2 2) RIBHEL T, X = MREME
(WX R%3). .
FI R 18] IE AL bR AT LUKE 2 B el B R 38 4R oh [l Bl 4k o — R 51 B8 5 B SR 3R
RS . FRAERERE LRI, P B H R
L =1Ly+ ZFk(t)xk, (23.15)

Ho Lo & A BRI RAR I E RS E R o, A

O I SIEMFR R SCHOE R SRR LAE B, 7E 8 A S T RE B & 1A B 4 SO R B
K 3 RE B ST IEE AR
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L= 23002 - w@) + 2., (23.16)
HHEIATIES
A
fu(e) = gmz) J:T
HE 1038 3 7 28
Q, + 02Q, = f.(1) (23.17)

REE— T RAEH Q,(1).
2] ]
31 1 iy’ilﬁi/\él!hfié%é’lﬁ#&ﬁﬂﬂuﬁﬁ@
1(x + 37 )——(x +32) + axy

(BAANALRMHAMERES 0 W — R ARAAAMEZER —axy /AR ER), KKEA
k3.
Rt s )
J'r'+w(2)x:ay, j;+w%y:a:c.

F(23.6) RATH

A (wf-0)=aA,, A (wj-w)=aA,. (1)
LT AR
(wf— @*)?=a’,
W fF
wi=wi—a, w;=owjta.

w0 HFER()SEE A=A, 8 v=w, HFE()%EH A, = - A,
\ x:J‘%(Q1+Q2), y:é(Q1_Q2)
(A3 1A2% B FH#(23.13) % # E L4052 —14k).

Y o<Lwf B (FE/E), A

wlgwo—a/(Zwo) w2~w0+a/(2w0)

EXRHERAT 2y ERRABIANAREILFAAFHRSIGEN  FEAFRES
w,~w; =a/wy H(HI§22). B RAF 2 /KB EI R KA, LRy 093K
BB OME B2 TR

I 2 ARFEREZOHKEAH(L§SHL).

BT TFTHBEH(0<<1,0,<1), £S5 I M1 PRAAGEKRN B JIHE
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AR,
_mitmy oy .y M2y .y .. _mytmy 2 _ M2 2
L= 1 o1t 5715 oat mylily o1 @2 gliol glyops.
2 2 2 2
EBEEFARA

(my+my)ly §1+ maly o+ (my+my) g =0,
Iy o1t 15 ¢+ gp, =0.
¥ (23.6)RANETH
Ai(mi+my)(g—liw*) = Ayw'myl, =0,
— Al o't Ay(g — [0®)=0.

B 4255 42 69
w%,2:2m1glllz{ (ml + mZ)(ll + lz) *

«/(m1+ my) [ (my+ my) (L + 1) —dmqll,]] .

L om0l I EA TR g/l F0/ g/l , AR TEANLIZRIIRF).
B3 RARKREEASHG U=kr?/2 PHEFHHEFRAZEKT).
BEHEASCA—H JELET—ATEA, RNBREIANTFEH 2y F

B BN 2,y OERRAEA S 0= Ek/ mt¥ LRI

x=acos(wt+a), y=bcos(wt+ )

)

x=acosp, y=bcos(p+ §)=bcosdcosp — bsindsing,
EFIANTLT p=wt+a, =0 a. HHEKE sing F cosp F & E A4 -F
FhFT L, THRIETR
ERPCELFREGHEDC. & 6=034 d=n HIFBMLA LLEK.

§24 HFIRD

WRBATNSAH LA RS HBRE, A RA TG+, NARITA R A
HEREA R T RE— MR E T BT R FES TN BN
(L B IE IR ASh, 0 T BARE AR B A H 5l

FhEITEEE, - BELT AR A0 E,FTUE » MERT
HEH 2 FTH3n TEHBEF,F3n -6 NN TR . TAREFIEEHLHAS

cosd = sin’§.

© EHRR U=k’20G5FRANTERHAME, XN HELE S 14 PELRESD.
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BTFRREN BREXNELNEDNRABRL, XMELTHIS{NE21ME8H
B EERIE I -5 TMEHE.

SRR TR 1 # M RET , I A F B Fsh Mk sh B B .

KT HEBEFES, TN TFHESEETE B TFEXNMEHEREST TH
FROABS, XA ARBHNFOH 3 DRI I B r, = rgo + u, (H ro
Ba NEFEEMEMNRR, M u, BHREFEMENRE), RATADRE &M

2 M r, = CONSt=_2,m,F
e |
Smu, =0, (24.1)

HTHRES NZA T FREAANESETE . FHAMASIER LR
oK BN B (B I A R R, BT DA, — MOR UF, THBR B s ) R A AT B R iR —2WE 1 e
BETFENERX. AW, MRS FE TRA.FLE, BR r,=rotu,,BEN
Bou, W_F/NE, G FHRASNERLUE RN

: . d
M=2>mgr, X 0,2 mryoX t,= EZmarQO Xu,.

TEX RN , T BR 2 7% 3l i 25 40 B e ol A5
2imgra X u, =0 (24.2)
(IX B A A5 I 5 T UME R B8 )

o FEIERS AT LURTE R Fa sh IR0 3K, A REETAES TP ETHF
TR ERXIRYE. A T EAXNER, FETHERN BT E, B EFRBEN
H—HH RO X BRAMEBILMER G T

MRS THIAE n ARFALT—AF 0 A, 0] LLX 0 7 09 P 1R IE 3k
sh A A E SR 30 AR A 5 e X PR IR 3h 19 B i B . R O 78 1l Y 192 3 B 4t
A2e2n MEHE NPEERAN P53, K THEHANRERS A HER
2n=3. KR (Bn - 6) - (2n - 3) =n -3 P ¥R3H B i X BT JH T 1 @2+
k3l .

LM TROAT, TR R M E R By » MRAEEE
LBHE o MEEE, NP EE—AF3h, WAE RS B B EA » - 1. BRARK A
SFEREIn -SRI BHE, VA 2n -4 MEERI A B E. AT, XL
2n =4 NMRSHDE 7 -2 DAFE B R X R H O 5% 30 AT LU Sz & A4 e
CGE A 1l 9 ) R L 3 B F) 71F T P, | o R P T R — o R IE iR s AR R AR

O REBE=% (BFH¥GEEMEXTBEIR)), §100, /M3, XK. LR B EHF HR4L,2008.
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5 a0

IR 1 RKE&EM3IBRTFHHES T ABA(E 28)8ks3 £ RiX o T H AR
RIMTIES A-B,B-A A A ABA.
fRARERL. D), RTHEES £, 2,23 HAEKXER
ma(xy+ x3)+ mpr,=0.

FlAK, NG T REEZ I B JHH
L_—($1+$3)+—x% 1[(.2?1_.232)24'(13_.132)2]

2
PIHE x,, REFIANFH A4
Q,=x1t+x3, Q;==x;— x3.
mapt e, | MA S h#
4mBQ“+ 4 Q
EF u=2mpa+mp RETHHRE. QTR Q Fo Q, & ) E A AR (45 74 5 48
ER—LEEK) 24 Q, A EEMTL T POHRSMIKES (2, =25, B 28a),

EREH

L= QZ Q2

_ kyp
w, = .
mampg
A i5 Q, B A MREH (2= — x5, 8 28b) , A EA
kq
w1 = m—A
WA (24 DA (24.2), RFHEOES L,
Y1223 X R ,: ; :
ma(y;+y3) + mpy, =0, y,=y3,
® O e— a
(AR T ksh, B 28¢c). 2 F T th # 4L 5 & —
ko1282/2,% % 6 2 A ABA 4 & n 89 Kb, A
C
TR AT ! ]

8:%[(311_3’2)*’(3’3_3’2)]- & 28

O BEXMSFHRINITEA S W : M. B. Bonbkenmreitn, M. A. Enpsimesuu, B. M. Crenanos.
KomneGaunss wmonekyn. — M. : Tocrexusnar, 1949 ; T'. T'epugepr, KoneGatesnibibie ©  BpallaTesibHble  CNEKTPBI
MHOTOAaTOMHBIX ~ Mosexysi. — M. : UJI, 1949, (H H 8 — & Uik JF B % X, th A $ % 4 . Herzberg G.
Molecular spectra and molecular structure: Infrared and Raman spectra of polyatomic molecules. New York: Van
Nostrand, 1945. Pi¥4  #2Z8 G. 4+ FRES A TFEBCEEZ8) . ZETFH FHLAMLE SR E 0L £
FEFE JUR B REE,1986.)
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B AGES v ,y,,y3 B O AT, TR FHAKRIDGESEN B D

ko l? mam kyl*
A c2 20 2 A"'B,o 2 2 2
L_ (y1+y3)+ 2y2 2 —50 4/1 —1 8 2 89
i B AR &
_ [ 2kop
W — mAmB'

I 2 R LA, 25T ABA 9B RA = A(HE 29).
iY
| 2¢

\/
N~ 7

& 29
RALEQIDNFRUD)BRTEB u EX Y TRHLEHAKXE
ma(x;+ x3)+ mpz, =0,
ma(yy + y3) + mpy, =0,
(y1 = y3)sina — (x; + x3)cosa =0.
AMAXZBu ~uy P u;—u, EEXABABA A LBY, THREE A-B#
B-A$ENE S, 5l T ‘
8l1;=(x1— x,)sina + (y; — y,)cosa,
3l,= — (x3— x3)sina + (y3 — ;) cosa.

HEXAAANRERNEALTAX ABPBA A ELRY,THA ABA X E

3__[(351_12)00501_(3)1 yz)Slna]+—[—(xg—xz)cosa—(y3 y,)sina ].
ST 64 A& 0 B R4 A

2 2 mp., kl 2 2 kzlz 2
L——( + 3) 7u2—7(3Z1+5\Z2)—73.

FIN#T AT
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Q.=x1+tx3, ga=zx1— 23, Qgo=y11y;-
BihkFuhesRXEHLirkT

$1:%(Qa+q51), I3:%(Qa_QS1)’ = ——Q,,

1 1
y1:'2_(Q.92+QaCOta)’ y3:7(QS2_QaCOta)’ y2: _m—quz’

HHETREER B R
mA(zmA+ 1 )Q2 ma . 2+mA/1.2

. qs2—
4 mpg 51n2a 4mB s

L=

2 2 2
Q% — ( =7A L _12 )<1+ mAsinza)—gs—l(klsin2a+2kzcos2a)—

mpg sin”«a mpg 4
a
g% (klcos a+2k;sin*a) + q.q. (Zkz k,)sinacosa .
4mk 2m
WL L, AR Q, TR TFHMEA

kl ZmA .
w2 = 1+ sin’a
ma mpg

AT Y SRR ERF (2, =25,y,= — v3, 8 29a).

A AR qsl,qszﬁ'/ﬁ{‘ﬁ/l"f)ﬁiﬁ](*ﬂxﬂ' Yiﬂ)iﬂ'ﬁ::xlz “.1'3,3)1:3)3,@ 29b 7?‘7

29¢) , A E w1, w, =K (?)FIEF

/21 (1+2mACQSZQ) 2k2(
ma mpg

4 2[
w w

=0

2777,A.2 )} Zpkkz

mp mBmA

iR . B 2a=nlt , T AXBMELEJH 1 PREGHEE.
B3 EIJMl,1245F ABC & MEsTHe4(H 30).
fB.BRTHAOES () FHEEB(Y)ZI B L EA

max,t+ mpxry + mexz =0,

3 12 ’2\ 11
may1 + mpy, + mey; =0, 2 B
malyy = melyys.
PoR L o R & 30
ky , k1 , k1,
> (82y) 2 (32,) 2 )

Kb 20=0+1L,. EMIA L1, FHETHEHEGHRDME
2 2 2 2

k;lz ll 4 lz +4Z

171, \m¢c my mp

AAREHRDIAE v, ,wlzfﬁ/i:—7k(w2)%@:-7‘fﬁi

2
Wy

[ o R



- 78 - FHE W &

§25 PFEEIRZN

AR A IE , RATERRAR B 1k 115 3 & AR 7 A5 B A B 4 X 52 3l

QIR ] DA S SEBR b WRKEA BR iz sh R, A RS P A B T 5B 30 B8

fh e e X B 3B B 4 1A ) e B S T i A o PR RE T B A RE R SE -

EXMEATEIREABEEN%IRE, FEZEBNEAFWES, U

B A R IR HCRES  RRBILR , — RIB O AR BRIA N, 13 3h 4 44 i hn 2 BE

A 2 45 5 B 2] F A o R 2 BB 1 eRBC EﬂTﬁTLﬁﬁi%‘XLH’JLZﬁJﬁ&T
Hi, EN BRI REBE & A2 E.

SR, AP AE— LB 00, 7E 40 R P B @ 3l ol LUE B S # s sh r s, X
AR SRR TS A L RO 40 SR 4R SR/ T 2E A R PR O AR AR R T
BT XAIEN . MR X EER AR, W DOACAFE R EAE R T UK T 3
BT FAEMBSINR).

BEAh, U0 SR BE R /0N, BT UK BE R ) 15 R R R T . RO R R AR 1R
FERAEEMBEEAER, FUTRITAFE. SAHENE - SEFERIEL. TE,
YERTET AR N = W—HERMIRIN R E R SCEEE ST £, 7T LU B

ffr: _ax.’
Hrh o 9 IF MRS, S R 7 M 77 5 T AR XA B B
B Q1.4)) WA, JE(Z01(21.4))

mi= —kr—ai. (25.1)
LA m FFIAILS

kw2, L=2a. (25.2)

m m

wy BEREEE NN ARG ARRIOTE 2RI ER E %O, 5 R &%
FR,BITEHE ‘
Z+222+ wlx=0. (25.3)
WHEREE ZABEER TR —B L BRE x=e" B RTr WIFIEHFRE
2 +2A r+ wi=0.

FRE(Q25. 3B N :
x= czerlv‘ Fopet,  ri,= - Aty A% — wi.

QO EEAFRFAT(EHF T=2n/0 2R AR T8 %,
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N PR ST IE
IR A <wo, W r HERWAIYEAL . 12 3075 72 0@ % 7T LS K

IIRG{AEXP(—MHt «/w%—/lz)},

Ho A REBEE W Wil S g

z=ae “cos(wt+a), w=+ wi- A2, (25.4)
Ha fMla BEER. XEAXBRWEBIHFRA LIRS . 7] LLEERIRIERK
RENEZ R RIERS) . RIEZ R B RER A #E, R “BER" 0 DT LE
B BRI ER. H A<w B, 0 Moy ZEBHZEHNZE ZB/NE. B TE
BEMRMTE S, MO BE S B R BN R T B .

MR A< wy, MAE—AH 2r/ 0 Z N IR S IR I JLF- A2 X B 58 AR AR
W07 5B O7 1 (— MRS B BEARE B BOE YR 2RI+ o Y AR AL,
XBFEEBRE e M. T RGN F e E TR E A

E =E e 2", (25.5)
H E, ZEEERIWIME. .
BAERBE 2> wy. A r BB IMEER R L, HF BP0 0 8l ) 5 A
x==cqexp[-(k-—«/Az-'w%)t]-Fczexp[-(k'+w/57ijzg)t]. (25.6)
AL FEXFPEEE ) R RGO T 55 | x| SR8, B (24 £ — oo B ) /T Hh,
Bk TR EALE . XA REIRIE SR A E A AR
BE,E A= w WRRREL T, FETEA -1 "EHRNE r= - 2. XKz
37 R W R R
x:(cl+c2t)e_h. (25.7)
X2 E A BABH B YRR IR UL
XNTZHBHERS, MM T LR «; B NEERNTENNHEER
fiee == 2laud | (25.8)
AR S22 I, TR R o W AR e BN FRES . EE A
Gt P TR W] LIIER BB A B T O
ay = ay, - (25.9)
AR (25.8) AT UE R FHEER

flfr:_—7 (2510)

O ZUERL (HitWE¥ 1), §121.
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He F 2w
Fe= xS, i i, (25.11)

ENMBEE FREAAWMA J(25.10) ,15
daL 3L IF
dtgz. 9z, 9z

HBRBESFEENYHEL , ERETRETHEERABMER. XBE

SiEB, REITE RSV EEXT BT (A i S5 BI m] . Fe 1A
dE _ d . 9L .\ _ . (d 9L 9L\ :
dr — d: Zx %, L)“ le(dt 3z, 93:1«)__ Zx’
HT FEEEN KRR, REBRVFREREHE, TXAEWWMET 2F. F
=

(25.12)

oF
P

1

dE/dt= -2F, (25.13)
MEAZREEZURET 2HAHRE HARMIBESRRRENRK, LEA
F>0,B0 “WA(25. 11) RIEER.
B 73 (25.8)INATT A2 (23.5) B ¥t , A A5 47 7 R 5 ) Wb 3 3l 9 7 72

Zmlk .-Z:k + Zklkxk = - ZQZk .I.Zk. (25 14)
k k k
FEX BT 4
Xp — Ake” ’
AR "EAIREEA, WRNEEREOTRY
Z(mlkrz + a;pr + klk)Ak - 0 (2515)
ATHN A TR AR DT 2
| myr®+ ayr + k| =0, (25.16)

ARG AT RERY ~ {H.

X r B 2s B OB RBCAR R SC 8, AR R B RS, i E 2
Xt LR —E RO, EMALI—E R AW . &N LIRMEE AR RE
) HE B 0= BE & I [ 45 B0 hn , (B ARG 0 L i RE B /)

§26 FHEEMEBIRTE

WHo A B SRR BRI T § 22 AR TEERS. X B RITE HEHH
FEARE A B R B R E oL
FEITRE(25. 1) WA SMASL S feosye IHERU m , AT 1512 3 7 72
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i~'+2u+w§x:micosyz. (26.1)
RBXANFRAZEBEXE S E, AL "R cosye:
4222+ w%x=7£em.
B A1k = = Be" R WKEM X F B A

_ f
B = ; 26.2
m (w3 — y?+2idy) , ( )

¥ B ER bR, FofMoH
_ f 08— 21y
S e (263
BT B Bel” = bl O RSz ERE ok, AT 48 5 R (26. 1) MU ER AR, B b
HMENMBFRIBAERCHFAEEL, RINMNAE 0> BHIER), XES

xz=ae Mcos(wt +a)+ beos(yt +8). (26.4)
55— I BE BT Bl 38 B, B T4 R KafE) g RFI T8 0.
x=bcos(yt+6). (26.5)

SRIBIRBNAIIRIE 0 FRER(26.3)E ¥ B oo WHBE KX, BEAHTE
FEHE S LARACFE M LS . X FHEWNEE £,7F 7=+ of — 227 B 4R 3h 1 R
BRK. H 2A<w B, XMEE w) ZERZH/NE.

KITARBERIRPIRIB. R y=wyte, HP ¢ B/PE, RIMNXBER AL
wo- AR ATE(26.2) AT LUSOE L85 #2

Vz—w%:()"Fwo)(}’—wg)%Zwoe, 21AY=2iAwg

3k
_ A
B= 2m (e —id) wg (26.6)
5E
_ f _A
b= , o=—. 26.7
2mwqy v €2+ A2 e € ( :

AT 1T 9% 24 9 30 A1 50 R B A B, BB B 5 3G N 2 R AR 2 0 B LS
BLXAE BRI BRI TSR FA . MM 7 < wo — I B SE AR, I &
BFE, BN 7> w, —MEEEE, N 6 BF - n BT w, KRR (FEREN A
RIRGOMN, 0 NBBN -, 7= w, BAIMIE 0 21 —n/2. ROTR I, THEE
0t IR ATRAARALIE 7 = wo B P B AH © U275 ((22.4) WUBE IR/ 2),
S o BE 4R Y B W IR T XA RS

MRS IR R TR EEE (26.5) 0, RA AR B R R XM &%
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AW (NS TR ke &, MR BT AR ROTAS RN R [(y)F
AR E N IRIEEE . IRE(25.13)F
I(y)=2F,
Hi F BEMRBGHRSAH) W TEHE. N F 4530, BHEHENEER
(25.11)B & F=az?/2=2mz?> . % (26.5) 1R AT
F=2 mb?y*sin®(yt + 5).
1E 5% B~ 77 o Bt 8] i S 248 8 172, B

I(y) =X mb*y?. (26.8)
FE LR B , ARASRIE (26.7) 15
2
I(e):ﬁezilz' (26.9)

REE WM MR MK R R AER . ERED e HR I(e)FT =0
i A B ARG — 2, U | e [ B O SE 4R il 20 (18 31) B0 F SEBE . i v (26.9) AT 41,
EREMTLR T , X THREFTHER A AR KRENFE

/I(0)

1

_f
1(0)— T

HAgxl Bt MEHRERZREB/D, LR ELEBEEE S, PNIEEFE L H
A 4R B 28 F T B T AN AR L XN TR AR B AR A
Jml()’)d}’ = Jw I(e)de
0 -

0

Wt B T(e)E | e | 3BT BRI/ , | e | 1R B9 K 5, T6 36 B, AT LAFE B4y
¥ I(e)BUR(26.9) B, B4 T BR# N — oo aarﬁz

Jm I(e)de = L "J_ = /12 i (26.10)

4m
3] il
S XK f= foecosyt MR T A BEHE W Zia k).
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BBMAMARHXGEHFTHE

. . SO ar+i
x+2/1x+w%xzze“ KA

REBBHEN ERTHE L THAHERAIKS)
x=be%cos(yt+8),

o

+
b 27(at 1)

wita? =7 +2ar’

_ fo
m«/(a)(2)+az—72+2a/1)2+ 4}’2(01"‘/1)2

, tand = —

§27 SEHIR

TEAE— RIS AR S B S, 40 1 BOAE PR T L IR 45 Sy 2.2 5 W o ] £y A5 4D
—HRGEWHAE P H R QL. TSR m Mk, MR ENKE T8
&), Wiz 3h N
d . _
| 5(mx)+kx—0. (27.1)
PRI SR« PR ¢ 578 do = de/om (o) MRS R

&z _
ﬁ*‘ mkx =0.

H , AR —BH AR THEXW T ERES T
— + w?(t)x=0. ' (27.2)

XANFEAULIBE(Q27.1)%4 m = const 135

B o ()W B RBREERE BEXNEBENERN v, ASA T
=2n/y MR B R4, X BRI,

w(t+T)=w(t),
R FR(27.2) A t—¢ + T FTREEAZE. UL el 20, IR () R FEMIE N &
B2 (e+ T)WRM. BATEUL, AR 20 () F 2, () BFTFE(27.2) N0 ST B8, U
BEEH >+ T EXBWAERELE LA e A SRR XFE ST AU
Wz, Fl o, HETEES (> + T WSRO R RIS H@
2 (t+T)=py2(2), x(2+T)=prx,(2).
B X A4 B ) R B0 — e Kok
x1(e) = /T (1),  x,(t) =, T, (2). (27.3)

O —AHRKMEATREE ABEAEREN W L&A RPMEEH(LIE?).
@ XMEFEM TR 2 ()M z(2) KL B 58 AL X A1 16 T X, X 78 2SR M A B2 I — K
FHET 2. RINBERX N TREEER.
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Horp I, () I, (e )AUUZ T [ 8 R B e B (AR T) .
IX 86 bR R B BB g Ay DLZTR R ERIRR . FLE KR
Zit e (t)x1=0, Z+o*(t)x,=0
DRFLL 2, Mz, G AR
d

Tixy— Toxy = 7 (Z1xy — Z221) =0

dz
E)
L1Xy— Tpx1 = const. (27.4)

SR, WA TE AN (27 . 3) B BRI BT x4 () F 2, (2) , FE t B R + T B, (27.4) £
MRIBRTRLL gy py FTUMRERE , N TEER (27 ) TEARAT £ M T BSL , AH
iy =1. (27.5)
AR (27.2) RO SER L &, T LB B LTI oy, WHE
Zie. MR 2(O)RFEQT.)MWENME NEE LR " () BHLEZTE.
B UE AT, BB peq s o MRS —WEE i, ey ML B g = o BE o1, 10
HELE AL —-MBELT,ZFERNQT.5),F =1/ B g 7= 12 =1.
EE p Ao, BIEHEET 1.
EE BT, FREQT.2) MMM BRER N
2 (t)=p" T (2),  zo(t)=p VTH,(2), (27.6)
FH p B p | AR ELEEE R LE X ERBEZ— (W p | >1 ] <
1M RRE 2 (2)BK x, () FERTRIFERE K . XM BN, REEFHENE =0
eI REARE REXMREEENDE,BESFEEIOME « K EHRE
MZEENRE, Y « Mz MPEETE, EMNUEHRETE, XA
Tl & AR ( §22) @ H LR E LU, B N Z40 46 (6 B & A B8t 2 Bl A [
WMEK(EWRTF ).
THERNMNHEE-HEENBERATRESTHEENEZMSE B o (1) 5FH
wo MHZEAR /N, FF H 2 18] 5 8 B 56 5
w?(t)=wi(1l+ hcosyt), (27.7)
HAEH n<1(ATLMRE » Z2IES, X R E N 807 LLE o F 2 He %k 56 6] R A
REH). THHESER, MEEE o () MR v BIEFHFEHN o, WS 3 LR &
WEL. BT LR R |
Y=2wgyte,
He e<w,.
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Rz 35 0
I+ i1+ heos(Qwo+e)t]lz=0 (27.8)
B, AT RITE R
x:a(t)cos(wg+%)t+b(z)sin(a)oJr%)t, (27.9)

Ha(e)f () ZBER 2R E (5 cos A sin A0 EL) B9 SR AR X E XA
AARKEHN. FLE B () BETES wy+ /2 MEN 2w + ¢ WEHHBX
RERSZRIN . AR, IX BTG b BRI B/NE  TE—BHE P Al LA (B T 1),

B (27.9)RA(27.8) AL E ¢ HI—B I, X BRa~ea, b~eb, XA
BRERBEEATHEREHERBIHIE H=ARBNRFEBEFI=ZAR
Bz H,

€
cos(w0+ Py

7 )t‘cos(2w0+s)t:icos(3wo+3—e)t+icos(w0+%)t

2 2 2
G5 IR RV LIR30+ 5 W9, LT

- (2 a + be +%b)wosin(wo+'§—)t+ (2 b —ae+%a )wocos(w0+%)t20.
XA EK sin M cos WREBERETE. HILFTERE o () 6 ()M

MERER TR BE RAMRREH AT ENELT " . TR

sa+%(e+%—0)b:0,
—;—(e—%)a—sbzo,
XN RO EKMGA T
52:7}[(%)2—52] (27.10)

RESTIBHLMER s FIH, B 2>09. 771, S04 R KA EME
2w, B X [ ©

-5 <e<—. (27.11)
XX EHIEES b BIEKE, REKRFRL s ERXERELE L BRE.

O MEXWTR(y flr BEBR)EREYHE S HRHA D H L (Mathieu) 2.

@ EQI.OFTHHER p SsMERR u=—"0(Y ¢ BHH 1 + 20/ 2w, B, 7E(27.9) P sin Fl
cos UERS).

@ AR R SR A0 B R DA , T XE B B0 7 s R R, UL B DA A, S v 2 K )
HBH L s=0,M27.9)FRE o T AFEH, XA HQT.IDNFHAF e = + hwy/2.
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TERGES B JHE v B 20i/n(n HEBBBOBRT . W2 k4ES
Ap e B FLAR X 8] (R 68 DX 8] B SE BEBE n B3 INAR 7 R A5 /N (I~
B2 W) . IR B R R B R R D

HERAFEMBPEREN WHFASERRAZ BEAREXAILHERE
B §25 FRAIEAEE R, BEEHEIRIER ¢ “ MR/ . BT LS8 LR i 4R
AR UV —BER(ES s HEEEBRMBAR) A RERANLERE
Ks—A=08E. T&,MAHQ7.10)9 8 s, & 27.11) FATA 5 I 5= X (8]

—/ (hwo/2)? — 422 < e </ (hwy/2)? — 427, (27.12)

FEED, XA FERE/NKIRIE o AL LR, MELHAKRF—A

BE M BIE Ay, M (27.12) BOLET,

hk:4—A.
Wo
A LAGE B, T TR 2w, /n BILIR, BME b, IELT AV BIBEE » B 0.
S )

SIFE1 ARE ¥=20w, REXHZYGRBELR AR, HHI 12 A,
fR.XFTRQT.HBEBXA
x=agcos({wyt e/2)t+ bgsin(wy+e/2)t+
a,c083(wg+te/2)t + bysin3(wy+e/2)t,

XEXERT R ESZHR(E5Q7.9)BE) BMANSREA L X H 6L F &%
A BE AR ag,bo,ar, 00 RFKE TEE- ARz Z4RE6), ERAFE
(27.8)8F , = A PRI BUAZ A JHI o BTN EH 5(wy+e/2)8R, X
BRAEEZZHHEMFTAFEE. TEAKMA

2 2

2 hw hw €
€
[—ao(woe+z>+Toa0+70al}cos(w0+7)t+
2\ hwj hwj
€ wo w . €
[_bo(w05+Z)_Tb0+_2_obl}sm<w0+?)t+
[Tao—gwoal}cos?)(wgﬁL?)t"‘ [Tbo— 8w061]51n3(w0+7>t—0.

BEREH wg+te2HRAFTHRE—KF_R D E AZEREN 3(wy+ e/2) 85 AR
RFERBREG N E BEANFTETANEARIAREZLSNETE . HEEHAF
%5 TR

h h

:an’ b1:1_6b09

ai

KRG BB AN ETTH
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hod &2 h?wl
+ — - — =
woe £~ 4 37 0.
KBEANFTR A L BE AN THRRAER A LR ¢ 14:

R )

2 32
SIE 2 ARE 7= WERRGRRTEALR.
fR:4 vy=wyte, TREFHF A
I+ wi[l1+ hcos(wy+e)t]lz=0.
EEHNHRARMA e ~h?, ZME R THX G .
x=agcos(wyt+e)t+ bysin(wyg+e)t+ajcos2(wy+e)t+ bysin2(wy+e)t+cy,
ERXTRAHFATHANR. 4T EARERMAR, KA FRBE R HHL
TR
2

hw§ h ,
I: —2wgea0+ﬂa1 + hw(2)C1:|OOS(CU0+ E)t + |: _2600860 +%b1}sm(w0+ E)t +

2
hw}d hwi |
[ —3w%a1+7a0}C082(w0+ 8)25 + [ —3w(2)bl +Tb0}sin2(w0+ E)t +
hwj
g+ 28] 0.
W TR
h h h
a1=€a0, blng()’ Cc1— -~7a0,
FRITHBRBEARO,
: 5 1
€= —2—4h2w0, 522—4h2w0.

I3 RIPEBOERALRAFT LB, AR T RBERKDG L
RERAEM. A
RARESSH I3 RAGERNE B, BEKEI (oL HBEFHFTEH
¢+ wp 1+4licos(2w0+€)t]‘go:0, | o

Eb wl=g/l. WRTR 4o/l R FZEXFT DAL GHER . £427.11) 4 4o,
R TR X

2
el < ;/«@

© — e, FESE 200 /n BHER R AR EX B TE Ac BITFREAH
Ae=n?""3hwe /28 V[ (n - 1)112,
TR RN /R 3 A (Bell M. Proceedings of the Glasgow Math}amati;:al Association, 1957,3:132)——3#
i B
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§28 dAEEIEIREN

SE AT A B A R 30 2 8 R ST 7E AR T RO B RE AN 3 AE 20 i A A b A R R
FHAFEBI MM TR ER -, X a3 7 BRK R, FEX I LT B
REWRS. REERE LG/ PDWFATEXMEMURGHEE, R, 5 EERH
ML (FR A e RIS RS F R RS 2 H BB R ERER, HE R
B e AR

RATKHLAE B H RBRITE 3 Bl X iy S aE P tHBLARAR = B9 3 B, 7E Bl RE
o B R FABAR T A0 &, 2, BOTRBIIN. 55 23K K (23. 3) ik i 22 1) A2 |y T 76 2
Bau(OWBRFARPRET » BW—BH. TR, 548 H RERIE Y

1 .. 1 . . 1
. = o (myx,x, — kpxx,) + 5 E;niklxixk:cl - = E;llklxixkxl,
2 2 3
ik 1.k, 1 1.k, 1

(28.1)
;iq:' nikzglikziﬁil‘:‘%ﬁ%ﬁ%ﬁ
WRMER IR o, BHBIKHEEMT W& ELEE Q,, Wl TABRELNE

B,(28. 1)K 3 FI%E 4 MR AU A, Hrh A d5. o, FIEEz, K Q, M
Q. (R FRATH X LT 9 R BR Ay T 0, 7, HLAS B B RBOAT 5 AR,
L= 5200 - 0l@d) + 5 2k Qe -~ 5 2oy,
a,fB,7

: (28.2)
BIOAHEEBEHEX NI NEB AR HOE TR L FTROE
ZRAREMNEAER

Q.+ Q.= £.(Q,Q,Q), (28.3)
He £ BAAER Q Ko H Xt A] B IR ST IR R %L
A BB LR J5 5, ATR X L7 M TN RI# -
Q.= QY +Q%, (28.4)
H QP<QlV, m¥ QV W T ‘

QL +w2Q80 =0,

B Ay 38 F B 15T 1 Bk 30
QY = a,cos(w,t + a,). (28.5)
EE—WERF, £ Q28.3)AMRAEEE KT, E QP WHE
| QP +w2QP = £,(QM,QW,QW), (28.6)

H A m A (28.5) . 5 R EAVE BN L MR FF R 07 18, B i ol RLAE
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Ay T B JE A pR B 2 A0 45 4

Qﬁl)QE;U = aaapcos( w,t t aa)cos( wpl + aﬁ)

:%a aﬂ{cos[(w +w/3)t+a +aﬂ]+cos[(w —wﬁ)t‘l'a —aﬁ”

TRITE28.6)AnA SN FHMENREEAGMEZM . ZEHIRINH
T AT TR A X B 5 R R AR O X R S R AR R B T . B, AT
Wi , 7E il TR E R o, WETIERSI L& T 5E R

w, T wg (28.7)
(WAIERIN 20, FIFIT, FATARRL T B ) 155 Sh—LedR 3h . X SRR Ay 484
WA A SR RIRIE I L TAIRL B9 AT ER B R IE Z . a0, (BEET 2).

EERPELS, SRR HRBWRAN PR ESHIE, BN A S
WMBREZHR o, WHEE , WIESHIA—-TFRE.

EIHMEMUKNAGHERPHAGERE o, HEPHE 0, (= 0, + v —
wg)  FENLFH EIRTT BB, 12 30 057 R A ok A LR, 2 BO5 R R O BRI
BEM R AT HE , N\ A E B R, KREIFEBERENHAREA
A AE B S RARBh IR B

FLE,EEMEMTER o, SHAEFRB-KELNFH TR E
w0 MH KA T AR 72 ot BLRE A 1E 384 T, 2 (R O T T 26 20 11 R P =X
‘ COS(a)E(O) + Awa)twcos(wgo)t) - tAwaSin(wf,O)t)
£t R AR, BAARGH.

B, ZE BT T — B i AR, 3% B 30 100 07 3k 00 2 5 o, B8 o B 7E A I R
BERE T, AT RS E SR TARIELWE . Rifzsh FREAEREFL L
AN H B SL 4R AT LA R AT R A B B Bl AR

FEATUA—~ B B R IE i ﬂfez-jwﬁlﬁl/\?” XA B R A B B RS

. 2
L:mTf—%xz 3 - —5 3 (28.8)
FHN. KB s R
;'zc°+w%x=—axz—,8x3. (28.9)
BATHE FKRBEBOE X W& B I DL
=z (1) + x(Z) + JC(3) ,
FH
Y = gcoswt (28.10)

RN o BEFEHURBIER 0= 0o+ 0 + 0@ + - KM R GE Y &
MR 2, AT LA VP RS TE) HEX N T R(28.9) A RIR T E, X
R ARARS.10) G, FERNEAEWRARBETE. FURMNTLKZFTES
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BAEMTE
—2.¥+w%x:—ax - Bz —(1——2):}5. (28.11)

HAMESE 2= 20+ 2P 0= w+ o, B E R EH/NET, AT 2O 0

=
2@+ w%x(z) = — aa’cost wt + ZwOw(l)a coswt
2 2
aa aa
- — o TCOS(LU;) +2w0w(1)a coswt .

SR WEIRETEBES B o© =0, 545 FF 16 5T P9 Wi 07 i
— B ARJE , I 1 R SR Al 5 Uk 4 O A T4 .
¥ = —2—(020+6w?2)cos(2wt) (28.12)
— % 8 IDHERE =2V + 2P+ 2%, w=w+ @, 018 DK
ik

"(3) + wa(B) — (1) () _ &(1)3 +2w (2) ey

—2ax

s EKZ T A mAA(28.10) F1(28.12) ,,L”I“iﬁﬂd}ﬁﬁ%

2
5(3)+w%x(3)=—a3[§ 6a }cos(?awt)+a[2w0w(2)+527a_%a2,3 coswt .
0 0
AHIEETF coswt MRS TE, A EXNEIMMBIESR
3 5a?
w? = (87%— 126;8)“2’ (28.13)
EERFRARIEGTEY. FL,3HA55KEH
3 2
3 __a [ 2 JQ
x _16w%(3w%+ 5 )cos(Swt). (28.14)

§29 3AFLMEIREN PRI H R

S R A TR B AT BT , 2 SR DU 4 th B R AT
TET R (28. ) AN A B RN )15

;’E+2Aa§+w%x=£cos Vt—axz—/?uc3, (29.1)

HpdwZETHERECN A(THEBEN/NE)WEE S i, £ 8 aikah
J5 A2 v 2 e E 2 M T Y [R] B, R 2% 8 IR A 7 R EL P R R I (Eb i 240 T By
IEEKE T B « S AERRT) . BATA T AR ETAUZE N T /LA,
ENIAZmEERER.
154
Y=wote
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(e R/ANE), BD v $35 F B % 00 L3R 0. FIFI F & 007 3, RATAR B 58 7 48
(29. 1) BETT LAGRIT B = A 32 S A e .

TE AR DL, LRI O , B838 IR 3 AOIRIE & X440 7 IRME £ AR v MK
Bk (26.7) A M, HAR T S K

B2 (e + a2y = —L (29.2)

Adm?wl’

Hi 3 #3423 BUEA A3 350 R 0 B MR, K LR AR E
wo + kb?, (29.3)
HAHE o RIREIE R ER KL (S I (28.13)) AR, 72 443 (29.2)
F(ERI U RER/NEE v — 0o P wo+ 0> RE wy.
PIRHIES e =7 - 0o, ERBTE

bz[(s—xbz)%az]:r% (29.4)
m wy

BE

e:bei\/(—L)z—az.

2mwgb
FE(29.4) % bPI=WR TR, B R SEAR B E SR R 3 IR IE . FE A E SN
WRAE £ B, FATHF 585X YR 08 Xt b 1 SR B AR B C 5R
X f RS/ IRIE 6 BAR/DN, AT LLIFE(29.4)

b
w6 BB, RATHEIE] (29.2) 4 h 19 o
RROLRb(e), ATFTE e =0 A BOREIX i .
%R (A 320). BEE £ HOHK, IR % 750 TF

AR RFFE — MR RS B 451 (B 32b) , BARCRME

BBIE ¢ —H(Y >0 BF) . XBFHTE(29.4) ) 3

b
AR R~ RS I</i
RTT, NS EE = £, (/AT T B H b
VTP UG, B 2R O R R A B T A £ S _,///
&€

AT FE(29.4)F 3 NS M50 2 X ] , 4 T

F & 32c H# BCDE #4. b Bf>ﬁ
fE D S C AMETE db/de = o TR A //{]C
BB 45 TR (29. )% ¢ R B18 o 1"
do _ —eb+ kb’ i/ K‘IEFS
de 2+ A% - 4keb® + 320
FRUA D SFC G Bl AR A 32

€2 —dweb? +3k%b+ 12 =0, (29.5)
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(29 )W BRSLFRHE MR e B NMERZIEMN. 7€ do/de =0 M &, IR IE
BEN R AME, XA e = 0?1 (29.4)78

b =1 (29.6)

2mwyA
XAME 5 (29.2) %4t # s RIEAEF] .

A PIER (A TATEX B4 H)O, HHE(29.4) By 3 A~SLAR FF A AR [E] 4R (BRI 32¢
FRBLE CD #aiR) N FREVNARER : Lt 4/ NETEFAER S
AL TF X TS R G BN TR RAREE B/ MRS (B) BC 3% DE E).

Hit, RHF ABC fMDEF BN XX N E RGN LIRS XEHEFEEY
PRI 2, TR FE SRV PSS T R 8 AR A3 3R IX[] . B 4, FE A 7 431 38 5% i 38 KB, 3R
R IRIBIFE L ABC K. 7 C RIRBEAERNELENKET , ZRB/NE E
SN N FAEL, SR JE (TEGR SE38 KR F LT )IEE ML EF 246 an SR BLTE 3/ 4
R EERANREEIEE FD 24 ,7£ D A REIB A, R E1HE BA B/.

HTHE £, FNMEESE, XL ) K FTFQ9.S)BERBXTN A £ 1H. 24
f=f, REANMEE CD ZH— A SR FERQI.WHANKRETE, B L=
3N AR B EARK wb® =2e/3. %% b F e MIXEBER AT (29.4) 7] 45
, 32m2wiA’

W T

AN IERMERR T HFEMER y~w, SR LTRIZ B RB S, & F B
AT LR, B R B ZE AR T wo WA AT LA BT IT 0 MRS,

WINIRER vy~ wy/2, B

(29.7)

Y = w0/2 +e.
FE—Br & U S R RE R R RS0, ki85 50 IR ERIE L, B

_4f wq
:c(l) = 3mw(z)cos(7 + e )t

(A (22.4)). BEZBEMFHHEIFERET G, XUERS FBEHTE29.1)
Fom IR REN 2y~ w, BT BED, K 2 DRATR
FO 122 2® 4+ 22D 4 0 P24 g @3 (02

is FIE A R TR IR 1R 05 A8 A v (AR B LRI, 1%

5(2) +2A 1':(2) + w(z)x(z) + 01(2)2 + ,8.I<2)3: —

8af?
Im?wg

cos(wg+2e)t. (29.8)

O EBRTRAZE R | A H R B H. H. Boromotos, I0. A. Murporosnsckrii, ACHMITTOTHYECKHE METORbI B TEOPHH
HeJMHelHbIX Koslebannil. — M. : @uamatrus, 1958. (¥4 R B KR H H, KFEF W/RHE 10 A L H#ks)
High WL . 2RISR, g REREER R, 1963.)
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EXAHEE (29. 1) AR ZAMUEF, HIEM f PRIEWLTF /2 f9RKX X
B UL, X IEIR SRR yA w, 3 %ﬁﬁwﬂ{mwﬂ%bﬁﬁﬁw9ﬁ
F R - 8af?/(Imwi)REE f UK 2¢ Er e, ATBEEER b(e):

b2[(2€—/cb2)2+/12]—81164a4% (29.9)

T EBS IR

)’:2w0+€.

E—HriE M HHE

V= - 3Wj;wzcos(ZwO e)t.
0

¥x=xV+ 2z PRAFER9.1), %Jam«%?ﬁ{%ﬂu—ﬁ%mq:mmm% AR
SAHBIT. R, M TFERTFRBE VP8 3 T4 SR i RER
BRELHETFHUFEE X, NE PR

FD4202P + wdz@ = ~ 202V 2@
BE
P +212P + o2 1—%005(2(»0 e)t |z@ =0, (29.10)
]

R (27.8) BB H R CERERE), MRINEBFIN, EE—CHMEBLENS
SEIRH AR E . ”

O ER XA R R LA E IR 3h A R 0B . A R 0 B 3T 5 AR R
WM, WS F R R E PR .

e . ) 2
P +222P + wiz® + ax P2+ &(2)3 = —chos[ Quo+e)t]a®
mawy

(29:11)
FEEITEHEL, XM R EFEQI.1D)ENRE, S

@ = bcos{ ('w0+ %)t + 6‘]
(H o BFRELRIRSIAIRIE, FH o RN E, EXEEHRAEE),H
PR REERZRE R, T/ AN TFRENE AR o, F
A )38 H R AL IR T

3ﬁ)%cos[(w0+%)t—8].

H M, [ R0 24 4 D A 55 O 4 B 0 5 08 I JR R R G 3R R , X BIXUAE Fix B4
TIBIER afb/(Bmaw]) e /2 RE e FEHFR(29.4) h X RE BB i, 75

2 22 '
2 & bZ) +A:| _L
b [(2 36miwd’




o4 - EEE H K B

b=0, (29.12)
bzz%[%ﬂ/(?:{%g 2_/12} (29.13)
AP B

b

A 33

B 33HEET £>0BTETBH b Xfe FIKBIXR. 2 <0 BTHIZ B B A4
Xt o BR8] . B M C SAEN T

af 2 5
— + —
€ _\/(3771608) 4;\ .

B SN RTRER =0, 0% A K, WA REE A MBI o, WIRS. 1E
B C ZRA AR :6=0(& 33 E&RE BC)MFKKN(29.13)(4r 3 BE) . &
G, C BABFLE 3 MB(29.12)—(29.14) HRE , RN R B A iX L6 {8 # X D 5
EFREN. 75 BC BO L b =0 AF&E, 3 B WA LIERH AR TR (29.14) (2 F 5B
SR RZ DRI BRRAREN . ER 33 FARERN o EHAEBRER.

Bln, AV IS IR BB W /NI E LT, R B "CREMIT R . £
ik C AZHb6=0,7 C 5, ZEMREHEKE X EB L. LW/ e, kb
HITRIBTE B A B/NEIE . M50 K O ki, fRIBVEE BE #AO.

O X—BREFMANTSERRKE(27.12), LE(29.10)F1(27.8)F | h | =2af/(3mwd) . FIHFFT
B BE MR

2
‘ of 1542

3 mwi

MR FARERX A >h,.
© HE.BRIMXEFRMHARLE BERBRIABRERLR L, REFEFER ¥ 588
@ KM, LHEENZE FAXBESEHNARXREERE 6(LLK ) BB /NMERT KoL FELE,MH
2% BE f1CF IEMRX F— &, B8 X s #iRsF IEH T 6 =0.
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AN L EBI R EIRBEEF LRI RE T AIRE AN EZEL. AR
= B 3 0L P 2 7R LB AR AR A HH IR IR L A i IR AL I R AR T R R R R
ny t mwy= wo(m,n %%ﬁ)%ﬁ_‘/l\ﬁﬁ 7»‘&5%}51%,;’1%—‘4\ Y = pwy/q
(p,q REERO , FRNLZ & E SR B, BEE L Eoay 38 hn , 3 9% 19 28 BE (LA e
& A LR W AT X ] K/ ) A BB/ , DA ZE SEBR B R RLRAR B Y ik H AR R TR
Y= pwo/q I H p,q WEERAS KN .

3] &
I8 RARKREFE yR3w, LERH B LR b(e).
fR.A—MLmd
M= - fzcos[(?)wo +e)t].
Smwo

st 2@, 8 (29.1)THH 42
FD 420 2D 4 2@ 4 @24 g, @3- 35, (1) @02

AP FXERARBRT FHMBARLGLRGA. £RF A FRE
2@ = beos| (gt 5 |t O] I A RBERAM S 9k KR, THF R
kR E XA
3@ f (w05 )e-20]

32 mawd 3
WAL T, b 3e R AR, TALEFE(29.4)F A 382 F/(32med) K f,
}ﬂ e/3 'Pﬁig‘ 3 /Tﬁ'f%"

‘ 2
bz{(%—xbz) + A2 ] ﬁﬁ—Lb“Ab“

XA AR A

b=0, 5 3K«‘+2/c2 3K 42 A

A 34 L@ T bﬂe%’rﬁ%ﬁa‘é%%%&rﬁ? o 5
Z(kc>0). ALAAL b=0(H4h)FS % AB 5 F | (//
BEIR. A EA0E LA A\___

o, =242 A%) 4k’2° + A® |

4k A ’ 4k2A 3
RAEKE e>e, Amb>b, WA T HERS. B F
KRE D=0 B ALY, ArATHRERD, MWW
“Y R

b=

&l 34
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LEFFONRRALE ¢ RBDOHT BRI R AGBEHREFMH 1Y 0K
Ak <L wy, W A RADBTARIE e B E.

§30 HREHRZNIGHAIZE

KAV 5 RIBT 32 %€ & 3 U Fnpa et (8] 28 46 /) & 5 A
f= ficoswt + f,sinwt (30.1)

B R EEE, P £, L UELFH R SR 2B MR E LN
Ww>>1/T,HP TERAENEEES U haiWAREHEMNEESR. MK/ E
P HABRIR £ U RS HERITE BRI 5180 R SIRINB
(F3CH & 2=m )R/,

AT RAHE, RN E AT RENKBE TSMLR x W OGTH—%E
. ML REEH RO

mﬁc'——d— + f. (30.2)

HAERTERS EAGHERATA, RSNz B2ITERE N FRMHERS,
At S BN o BIIRED. R RATE B8 = (¢) TR KA T A
i Y

z(t)=X(t)+&(2), (30.3)
Hr e(e) MR FiX Sz 3 .

BB () FERAW 2n/0 W FHMES TE,BEH X (¢)7E X B A
WABIR /N . HRFE FEMEE RS EHE,NE 7= X(¢), MR X ()
BRI PREGRSFHMUEEBMEAN TR E3. RITRESHE X R
X()MHRO.

¥ (30.3)RA(30.2) 4% ¢ WRERRERI KEHRB—mHNT, 5

mX+mg_—?i—g—EdX

FEX A DR A BT O [l B A IR, B iR 3h TR R 0. BAR, R B B A1
AT AR R AR X TFIRB, RE S

mE=f(X,t), (30.5)
HEBas/ g e, BEEEN/NE(BERESKEFRTANE o, B AL/

5+ f(X, )+sa—f. (30.4)

O 245 2 A—ERHEFILLWR  BAMEE m A—ERLAEANER, WA —EBRFE(30.2) P IR
REFH HE XIMBEHAELHEENER(WEYRE—MHE).

@ TRIZEETFFEE(1951,11.J1. Kanwua) §) B 48 . Kapitza P L.J. Exp. Theor. Phys, 1951,21:
588.
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). % 30.1)RA30.5), 4 (Xet X BEEFH)E
e=-—L (30.6)

BAE , 3 AT #0772 (30. 4) X B 6] -2 (#% L BT8R R . o8 f #1 6 B— KR
BB, A AR 05 1R
dU Jf  dU 1

..__— af _ _dU _ a—f
mX= XTI T TAX o)

BT EREER X)) FRAUEFHS N

o _dUeff
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— 2 mzx - 2 mzy >m(x?+ y?)

D& L, L, , IR % A8 B A ARl i) 2% Sl 15 22
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1
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MTFHRAERA 21= 2, =0, AN EHAMEBMHEE L 3 MRZF:
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B, MM T4 x, o, W3, BR,ENELEGNEIRERAENLL.
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e) @A h REFZEHR AL,
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BEAMEETHZ—FATTRAD BE5AMEN o AESZRELHGHIHR
A1

AR HRAEMGER ZEEE5% A5k
B (B A40). EH—rt 2 B EGES TAAELR
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FRAE, AT 0L, AR A S F=0CX B FR A @4 FZERIE B, W 4 22
SR T A A S B
52 (34.3) ] LAEAEX TR s r” MhLA& B H A&
d 9L _aL
dt Q2 Jde¢
B bFLBRARNAERG2.OMEE Q W ERSTE
AL
20,
LREREE N TG NAE So B , BB E N
SU=-2f8t=—2fBoxXr)=—-8¢p-Xrxf=-K-d¢,

= Izk‘Qk = Mi'
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I A 15
U
K——%, (34.6)
A
dL  JdU _
TR TR

BREREFAMKHEEE XHMBEALTAETURIRE o, FEHAR

(34.5)% K'%FFZF,#m
K=aXF. (34.7)

a WZFEAEHE—K, GEMEEMETT FRHRE, BARREEK(34.7),
FE &M K =0 FRAHLREFH— A, TE—FHL. FTEEKLF
BT T BEERHRRTUUEEAEESEHEREAN—NN F BRR.

SN GE TXMIBO AERERES LM AR f=eE, X E ZZIHE N
BMERE, e ZIEFESHNTAZ SRR EXMELTA

F=E2e, K=2erXE.

BiZ > e#0,5| ARKR

rozzzee’. (34.8)
S IR AR B RN N
KZFOXF. (349)

TR, GNEEH S NGz, HGHRBCRIAE SERERR R (34.8)
KA ER—T8E—0 F R TR ES 2 RE 8 & KRR E, fl
W0, 7R 3 P R R M A B R

§35 BERFLFE

KM KRB, #R W RIE 30T LU BG83 AR 3 A1 38 3l 4 AR i
x1, 20, x3 FARTE B ALARHE X, Y, Z B A BE . 3k S0 % 5 AT LU (8 s BOCH B
BRI A .

PR 9 FRATTBLAE R0t Ale A i 22 8] B9 e 75 IR G ER , WT DA R [F] — 1 R B A 4
WRMWIES(E 47). h R R FH 212, SEEFE XY HXTE—HL
(TZEE47 8 ON) , ZELHRAT L. TRBREET Z B =, 3, RO
RKEMR z X x; WITIHAFTLRES M (HA z,x; S51RBTH Z, 2, 7B

O Bl EXYIBGH ERBGIERE, M ¢ ZRMT. ENIENGH ERENMEL g, e BFR
R B
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RE). \zZ
RIMATE3IANAFHE LR £, p
xy,xs FAXTEEALRH X,Y,Z WNE:Z 5
WA 2, SHZ Bl M 6, X BT ON #l 2 [A]
HISEF o, ON BFl x, BiZ BRI A ¢. K17
T T o 8 B9 7 1] 4y IS8 Z 2, R BNk
WEMA oM. A BREBLEENTE «,
i o Mg HEETEERNEE 2:0.
THEBANTHERN A L HE RN A E A
RE Q ENBIRM 2y, 2., 23 EHWOTE.H & 47

WHREAGRELO, o, ¢ 0 X LB . B0 T I E TR ON, B H
X1 Xy, X3 B{]ﬁé%?

é1=écos¢, ézz—ésimﬁ, é3=0.
MBEE oM T EIEE Z M, BINE x; WOEBS T 3= pcosd, TNV 2,2, b
LT osind. W EZE B BRE z, Mz, 81,775
@1 = @sinfsing, ¢, = @sinfcos¢.
B, A R IS -, B
CEXENEF N E, &AL
1= @sinbsing + écosg[z,
Q, = gsinfcos¢ — ésingb,

Q3= pcosf + . (35.1)
IR SRR BB B R AR 2y, 20, 25, W (35 DR A(32.8), 7]
4 FERBL A R M S BE .
Xt FXEFRBEUR, I, = [, 1;, B3 RS 015

I, : I .
Trot:?l((pzsin29+ 02)+73(¢c056+ $)2. (35.2)

BLidE R X FRIE IR & E 8 2y, 2, 7 B EE AR B0, 7T LASE A7 2
BRI X RN WMRINN z, WIFETTL ON, B ¢ =0, AT 15 M 3 B 7 & W 1]
BREX

O FAOMe—n25030R o WHEMN X,Y,ZHMRAMG A FAEtH oM 2- 9 552 Z
*EX;j‘Ilynyx:i ﬁﬁ%&ﬁ*ﬂﬁﬁiﬁ
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2,=0, Q,= gsind, Q3= ¢gcosf + . (35.3)

YE 9 B R BR Sz A i — A T B i 5, RATOE S X AR BB B iz 3, X 7
§3BEZLRE.

RONTBEELIRREN ZHITERIBNEEASIEM B R, LR &R
W) s SR EPCEX ARH, T o« MASENZEWTARES. AIAAR(35.3)7
BRE M WS E '

Mi=10,=1,0, My=1,0,=1, sinf, M;=I;0,=I,(pcosf+ ).
A—FE,BAR o I(TR)EET Z 8, BIMNE

M1:O, MZZMSina, M3:MCOS€.
b X s 15 N AR .
éZO, I, =M, 13((°pcosﬁ+(;b)=Mcosﬁ. (35.4)

FH— DTRG0 =const, RIS M Jr LA ER E AT EWE
e AEE(5(33.5)—8) e=M/I,. &G, BFENTHRBEMIES B S
M ABE Q3= Mcos0/I;.

=] 1]

1 A THABEZGNIREREHEFGAALGLA RS P A(H
48).

AZ
X3
X2
vl
Y R
ug
2 Y X,
X
N
Kl 48

BBRHLFEAPETLFAGEARARLEETREZNE LS O, M Z 4%
ARAFO(E48). EAHTREGELN B RKAY
Il+/1l2

L= 5

) I .
(62 + g'ozsinzﬁ) + 73(¢ + g'ocos@)2 — pglcosl
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A oy AREHRE, I RRCHEZLEGES.
¢ Fro RIBRAAF . TAA BANEHRE

) .
p¢:£:]3(¢+ gocosﬁ):constEMg,, (1)
bo= % — (Iisinzﬁ + 1300520)gb+ I; (./zcosﬁ = const=M,, (2)

EFINANTRS =1, +pl?,p, Fop, RABFO EXXAEHD A TN E 2,
Mg 28 L0953 M EHBETTE:

I - . I, - .
E:§(62+¢2sin20)+f(¢+ ¢cosd)? + puglcost. (3)
wARE(1)AQ2)RF
. M, — Mjcost
= ; , 4
¢ I1sin®0 W
. M, M, — M;cosf
=2 cosh 2 5
T, S T ante )

HAFRM)FC)AEEFTEG) T E £ oM g, 7

I
E/23162+ Ueff(e),
£HEINANTLE
’_ M3 _(MZ—M3cosﬁ)2
E'=E 21, pgl s Ug(0)= 21 sin?6 ugl(1—cosf). (6)
SER PP EES £
¢ :Jﬁ 2 46 ’ (7)
\/T[E - Ueff(e)]
1
GRS AMBEARS RE ARAFTRDFPO)HFHORLSEA o oy BRI H

#HX.

EEFHERT, A OHERERAIELEBE ZUL0)HE. % 0#F 0 X~
B B Ug(0) (0% My# M)A T + 00, @ %4 T 0,n X 8 &5 — AN
IME FFAF A E = Ug(0) BB, ENHZREHBEELF G0 HAIKR
FRAE 6, A= 0,.

% f 0 0, BAE] 6, o8B TR BF AT LT M, — Mscos 0 8955 £ 0 f
SEMEEARTAE WREFKERNS REHEEAS QL AR, AN LT
W3 (A 30) (LE 49a, S 18 B4 £ LB R B A o0 §9 3 & AT B 69 Pt ).
e ROZEFFT T, ERARRE Lt shr G, AR EE 5 a3 E
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92 92 92
91 61 61
a b c
A 49

B (E 49b). &G, %R 0, F 0, ZFPH—A5 M, — Mscosl 898 & &4, M £48

AR E b oA OF B T &, 8R4 B B B 49c £ A 69 Huik

M2 RRAREMEEEAFTAHHBE G LM

R.% 0=008 Z Az, ELS, B My=M,,E' =0. %% =045 F
Uet(0) 8 #AME, T FE 3R S i sh 09 S5 3D RABZ Y. % 0 R EEA

2

M
U™ ( 2 ugl ) 0,

81 2
WO T 4F KM M3>4Il;1gl £
41,
.Q%> 1p8l

I3 ARABFIHAKXRTEHNRRFEALTRBGEHF(HRALRKE).
R.A—NEMT FLEET A RBHEEADT M B H5 6 8 gt
FHORXAFASE TRENF3),RIE33.5), #ITAREH

_M
i (1)

ETFT—REMPLEAMAESCHEFGHREEFH(E S50). AT KX At
g AR B, RNEH A GBS H42(34.3)
dM
dr

BEFEDABTFY RAARBEINENEE T K=pin, X g, L F ny ZBLRE
MAGHELLXE RER AN HE, KL “FTHE"TFTHANLEERZAN LT n,
BHRALE M 78BS coscaM/M(a AM 5Bz A2 E). T2
2

'Q nut

=K

dM pl

. = —cosaMgXM.
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&l 50
XERA, KT MA®KQ NHFEHTFHARE
— lcosa
Q= —/JTg (2)

gt e (PEEFR)EF.

EEMATHEMR T, AX(D)FQR)FHE M F cose AR FH, LT ™
B, CNRRAHANEARY EREAGERAET , N5 2RHTEEE
Fo M, Z T H9 K A
NMZ(m n_2)

= ~ 4+ 2
M; = Mcosa, E 7 I I

§36 BEXHLFIZ

e § 34 FREsh R EE AR RN EFTR(34.1)M(34.3) PR
¥ dP/d: M1 dM/d: KB P A M M XA BIR R E EHE, NKE )
fFhE M D ESARESBZEPRXR, £ LURE T30 & i fh 5 3h 24 4R
RPERB.ATHAXNRR, LAEK s T RZHRBMEXNHLITER x4,
x,,x3 TAKER.

WdA/dt RIEBREA AN EE LI RNBAE MERE A HX B
WRAENZAL, WM EE LR RN EREREHEISTIEN, TR

dA
dt 2xA

Z0§9, HFEHREAKO. DR 2)EXNEEREAMB . —BRERLT , X1
LZAAWBNZMARE A XL AEANTHE, BIMEXNEHER
d' A/de, 18

da _d'A
dz‘dz+ﬂxﬁ4' (36.1)
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FIA XA — M=, RATSLEDA] LUK 7 #2 (34. 1) F1(34.3) B A,
dc;—fﬁt;QXP:F, d(,i—l;/IJr.QxM:K. (36.2)

B Ry R AESh AL AR R AT B (RN SR B, AT AT LUK 2 (36.2) B IR S R R &

bR BIE K, IR

dpP\y dP; dM\ dM;,

(dt )1‘ e * ( dz )1‘ de

HP TR 1,2,3 BRAELIEM 21, 2,, 2; I E. EE—-AFHRBH v AR

P,15

dVv

#("&l+ﬂzv3‘ﬂsvz):F1’
dv

#(d—tz+a3vl—alv3) =F,, (36.3)
dv

u(d—;+(21V2—QZV1)=F3.

ﬁu%gﬂﬁ X1y X2y X3 %54\'@%3%,}“\U(362)%%:/\ﬁﬁ¢ M1 - Ilﬂla%
%’ﬁ

40,
dz

dn
L7+ (1~ 1) 02:0,= K, (36.4)

I + (I3 - 1,)2,0;= K,

dn
I3 d—t3+ (I,-1,)2,2,=K;.

i (36.4) PR R B A2
TE B H¥ BT K =0, B0 A
d.Ql 13_12
dz i I,
d.Qz Il_I3
dz * I,

d.(23 12_11
+
ds I3

YERBF , BRI X EFEMATFELRITIE I HRICEBEN B B ES). %
=1, 83 MFEAE,Q,=0,80 Q,=const. B 1 MFE 2 AN FBRFLETE R

0203:0,

2;0,=0, (36.5)

QIQZZO.

‘blz_w‘QZ, '(.22:(0\(21’
HP5IATHE
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I;— I

w=Q3 I . (366)
1
BE2ANFTERL i EE1LANFRE, B
ad—t(01+i02):iw<01+i02),
H 5
0,+i0,= A,
Ho A FEE, REREGE YT RS &AL A 28R4
0Q,=Acoswt, {2,= Asinwt. (36.7)

EANGEREY, AR EEEERRBXMN M FE LB RN AEER

(WOoi+Q5=A), FHZDTBUMARE o IeF. b TEREM ENER 0, B
BHE, MATUMERE @ WRNAE, HFUMAEE o SEFEIRH S EIEH . i
FMMQASEZEBREIM, =1,0,,M,=1,0,,M;= 1,05, B, fi 5l
BRE M X TRERA MR BERLIHEE).

X ETRRIEERA R E 2§33 A §35 PAEX B E AR RFRGE RN —
RS R, fEiERE MOEE 48 R Z By 19 ) 58 x5 Bi%% 3 9 M 2

AR A E RN ETAEE —¢ FIHATEGBS.4)FH

+ M cosf - _ 1 1
¢_—I3 pcosfd = M 0058(13 11)

HEH
I3 - Il
I, -

- Sb.: o
x5(36.6)—3K.
§ 37 HEXTFRPE 4R

RMF AR ERARELRMWEE, AR 3N ERIRESAHEED
EXTFRICIR M H 3. A ERE L, BE
I;>1,>1,. (37.1)
RMBRMERPLFBOP ARG, A0 HEEETFHEHERMAI ETEE
e
I3+ 1,05+ [,Q3=2E,
120+ 303+ 1303= M?, (37.2)
HfeB EMAFSENRIM BEAEEH. XWIMEXALUA M T ER
Ny
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Mi M; M5 _

+ 2E, (37.3)

Il + Iz 13 =

M3+ M3+ M3 = M>. | (37.4)

X 2 5 7R AT LA A8t B MRS B B — BB AR M R R B, L M,
M,, M3 Rl A bR B, 772 (37.3) 1 (37. 4) 2r B R K i

J2EI,, 2EI,, +/2EI,

Bl 51

PRI A RMEE RN M MERREFE. BXE M XA EMB 6T,
Him SIEEXH A MBI LEsh. B S1APEE TS AR RSB —
BRIV L . TR FETER KM BRI MAERX S
2EIl, < M*<2ElI;, (37.5)

BERAREK(37.4) BB FHIR(37.3) MK P H A L8> .

RIVHR(AERER E )M BHELSIERE M 35 SO 88 # 5 2
. X M? B KF 2EI, B, BRFEBRAE 38 T W BRAR A B 3 B 58 oy 000 0 2 AR/
MIE . 24 M*>—>2FEIL, B, B4 & A48 B iR 5. BEE M> 4k L2386 K il
Ry K, % M*=2EI, b, B4R 78 B 45 F T # £8 (R ) , H A F I ERTE =, Bl
MRS M® SR A BN AL EN, BEXKEEL «; LK
W . X M*—>2EI; B, 3% W 4% il 22 048 21 0 4 A4

BRMZEL , BN AEERERE M X RIBRNE3ERPHER,

O K& Qv 8 A L2 PR A R B O
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E—RAMANEE M B AR 2 E 2 Rk E .

HWK, B ZERS EMERR FR ST R R RMEN .
AT 25 ST, B SE A T AR AR S R B ERE T o, R R SR
A 0L 0 A X AR . X AP 2ZE R AH . FRE R SE 3 MR B R B SR AR
SEPE. B8 oy BUAN 25 B CFHRL TRESR 3 N3N R & T WS/ IME M & KME) W 5% 3
FEREE B, B SR A5 g B R 25X SR S AR e, FE IR Sk EE M R RS I E
B RTT, 48 o, BIME S EAREN, IEEIMMRER LU ERIZBTE R
wIae A E W= ).

HNTHE QHAR(REELTENN M K4 8)X o HMRBER, K
IR BB A 2 (36.5) . FIA TR (37.2)¥% 0, M Q3 A Q, ¥~

1
11(13‘ Il)

LM 2B - L1 - 103, (37.6)

0= [(2EI; - M?) - I,(I, - 1,) 23],

9% = I,(I, -
FHRAGB.SIWE -, H
de, I,-1, 1
a1, 4= an?
LL(I;— 1) Q31 (M?-2EI,) — I,(I,— I;) 3]}, (37.7)
XA HRESEEEHRS, BB AMERS RS PRE ¢ (2,). B AR EE
BF, B AR LA R X

{[2EI, - M?) -

M?*>2EI,
MBEAEX B, ETEHHELAXPXF AT 1 M3 KRIMNATIHLEE R

t ﬂﬂz:
(I, - I,)(M?*-2EI,) I,(I,-I,)
= , s= [ 22 20 37.8
¢ t\/ I 1,1, sTh 2EI; — M? ( )
HEIHESHE <1 WTF:

k

, (I, — 1) 2EL; - M?)
(I3— I,)(M?-2EI;)

(37.9)

TRA

. = JS ds
0./ (1 - s2)(1 - k%s?)
GEFERFRIRIE AN 0, =0 BFZ) . 2 X T4 vl 457 1T BL A [ R 4
s =snrt,
MR EAH Q, Mot E AR R RIEER(37.6) , BE Q,(¢)F1 Q5(¢)A]
B Q, () R B R EA . % R B 5B A B A B oR B 2 L
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ecnt=+1-sn’t, dnrt=+1-k%sn’c,

BERRTEAK:
0 - | 2EI, — M?
1 11(13_I])CHT,
/ — M2 ‘
0Q,= %smt, (37.10)
| M?-2EI,
.Q3— mdnz‘.
PRE(37.10) 2 A, MR « WABENAK, Kb K 2FE—KE2MHE
By

K = Jl ds _ Jm du (37.11)
0/ (1= s2)(1 - k%s2) 0 /1 - kPsinfu '
KT %ot BsFE] ¢ B RV BE R
_ I 1,1,
T—4K\/(I312)(M2_2E11). (37.12)

X BEE T Z5, 8 TREBHHTNS, RE Q W2 1A E . 48X E
EAITRR BB A HHAEBRAE, WL X.

H 1, =1, 0,a(37.10) HARBAN §36 B2 M X FRFEBA AKX . FE
b, % 1L~ 1, 8, 38 20, M E R BRI = M WK

snt—>sint, cnrt—>cost, dnrt—>1,
TEAX(37.10) 52 H B A3 (36.7).

M M?=2EI, E:0Q,=0,=0,0;=const, Bl & Q FIa & &HEENK
By, X ARD FREAREE o BIATHEEL D). MU, 2 M*=2EI, if GXB -=0),kg
BRLR x BT Bl

THEHRIMNHFREBBAES P WL Z, AN FEELIRR X,Y,Z K
BB R RAIF FFE IR x,, x,, x; MAKRH X, Y,Z ZEBMKEMA ¢, 0,0,
HEMEER ZHIEEEREM WHE . HTHM Z WX 2,2, 23 BIHRA
MAMATHNETF 6 Mn2— (S §35 FHME), WBREKE Mz, x,,x;

BRI 15 Msinfsing =M, =1,0Q,,
Msinfcos¢ = M, =1,0,, (37.13)
MC050:M3 21303.
M g
_ 1305 _ Loy
cosf = M tan¢ = Lo, (37.14)
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MAAX(37.10) %

I3(M2 -2EI,)
M*(I;- 1)

ang =, | (11 e (37.15)

HIRTS M 6 M ¢ XEB R KBIR R, SRE Q Mo B—#, B2 E 8 E
#10 (37.12) B9 A A R .

EAXGT.1I)FEEA ¢, ATHEX A, TEAMAANRGS. 1), AKX

PRI A BT I 10 SRR R @ 105 WS

0, = gsinfsing + écos«,b ,

cosf = dnz,

0, = ¢sinfcos¢ — ésingb ,

WE, e

’

. _{ysing + d,cos¢

- sind
RIEFM ALK (37.13), 7118

de . 1101+ 1,03

dz 110t + 1303
R E S BR O R 8 E R o (¢) , (B ARR RN AR 0 7 35 R w6 B ok 5%
3 —RINERNZSR, TUBEXMRIERRN 0 - B, RIMNXBELRH#HITE
BiHENAEEEESER. O

BRE o(2)(BR THEE T INE BN 7T LS BT m W I Al
p(t) =@ (1) + @a(2), (37.17)

(37.16)

¢1(”H§Fﬁ?ﬁﬁ:

2igo](t) _ 1901(2t/T_i0)
801 (2t /T +ia)’

He 902 0 - B, a0 BELER,FHTRAE:
N . [ I;(M*-2EI)
sn(i ZQK)_I\/11(2E13—M2) (37.19)
(KMTHAKXGB7T.1)MB37.12)AH). (37.18) A2 AN T2 )& &
B, EM o (¢)7ERTE] T WAL 27, (37.17)FH o, () THEARLH

€

(37.18)

@® ZW:E.T.Vurrexep. Ananutuueckas nuHamuka. — M. : OHTH, 1937. Whittaker E T. A Treatise
on the Analytical Dynamics of Particles and Rigid Bodies, 4th ed, Chapter VI. Dover, New York, 1944.
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. 19/ .
goz(t):znqé, LM i —“3—(551 (37.20)

T 2xl; =T 9y (ia)
XA B BCZERS 1] T PO 2n.
A, o REANESRERZM, L WRAB(T) 5% ¢ 0 r2sibE s
MR, 57— AR (T) 58— AR T A B 3R 62 BE M 5 B M8 UKGE R
A Bl B b 15 B B O M AR LB

=] il

SF1 AXRBEEREES 2, (R 2R A w3,
ﬁ 11X X3 ﬁﬂﬁfl&M F . L= M, For MZ;QIJ\" s} M3%M(7}%’Fﬁ

B—HB) EARWMHEAET REFEGB6.)NHTANTE A
dMl—(l 13)9 M dM, _ (5—1)(2 M
de I,/7°072  d; I 0L

£ o T4F

o T

w—Q()\/(Il 1 I, 1]. (1)
5F My, M,, &ANA

I I,
M, = Ma /I——lcoswt, M, = Ma /I—ﬂlsmwt, (2)
2 1

AP o REFHAIFTHR X EMAIREHED X EAXHAL, LB 51 F

XEMWGHEE(ARE 0)BF 2, LR ES B IHE.
ATHRREBEEZTRFHESESNS KAMNMEAXEKRBEA. ERLESGHRLT,

zydhAe ZH(E MBFE)ZRNO XA 02N E RBAKX(3T.14)H

AQQW+W

M M?

[1,(I;—1,)
tan¢g = 'Ii(Iz—_Ij)COta)t,
2__ 2 I 2 I
0°=a [(I——l)cos wt+(1——1)sm wt} (3)
2 1
HATHEFA o, BMEEH REGS. DFHEIAFTE, S 0 <<1 WA

M.
tangb:ﬁl, 0*~2(1 — cosf) =2(1 —
2

¥ QRIRAN,F

Qo Q3¢+ §.
BT vA
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¢={0yt— ¢
(%% THEERYFH).

PREABIAREEIANARBREID T AN TN (T FEXLHGEL R TH
ni,ny,n3), TAKFRBEFIURGEFTWORER X E n o n, £FE XY
AAE Q) DR 4F AR E o SHERGQERESD, X LR BIHAL
LR EWN ZAOALEHE X LEL AR

M, I
nlzf\’\’«ﬁ I—z—lcoswt,
My_ Ly
Nyy o —— M - Il sinwt .

EAMRYUHET , STXE n A
nyx=0sing, n3y=—0cose, nzz~1
(ny 95 a4t X, Y, Z R AFRFTILAF T O -2, 5 L5 §35 98
iz). @A (R AAK(37.13)):
nyx = 0sin(Qgt — ¢) = OsinQytcos¢ — Gcosytsing

_M, . M,
=M ——sin{lyt — M ——cosf{t

|1 [ 15
=aq |2~ 1sinQ2ytsinwt — a —lcosQqgtcoswt ,
Il IZ

SQA_
D
e
o
Ny

cos[ (2o + w)t]+

2
%{ __1 ——1 cos[ (Qg—w)t].

E M H,

nyy = _i[ £—1+\/%_1]sin[(ﬂo+_w)t]+
2

L/ » \/__1}%[(00—«,):]

WhTo, RE n; WEFHRARAE (Dot w)R Z HEHANHFHNG B0

SIFE2 KK M?=2EL, B TREH A dis.

ARSI EXHEAMETREM G355 5d 1, LB G BE
3.

FA(37.7) A (37.8) X At FH X

&
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ds_._ o __ [(L-1){U;- 1) o,
dr_l 5o T_t\/ 1,15 2y, ST 0,
EPIATRE Qy= M/, =2E/M. R4 & AH 2, REHA ANKX(37.6),

TH#

_ 12(13_12) ]_
‘Ql_go 11(13_11) cosht’
(22: Qgtanhr, (1)

[1,(I,- 1
(23:00_ 12212—13 coslhz-'

AT HAEZRBHLITES EMNIAKEA, ZX 0 ZH(M&GF5 )5
FERBREEMS ,(FRELPH )XW LA AL BRAXE QW5 EERE
Bk ARGAX(37.14)#(37.16)F , ¥ FTARMER E 4 123>312. KB H (1) XK
NEEAX,TH

[ 13(1,— 1
cosf =tanht, ¢= ¢+ const, tan¢g= _13512_11;'
1\ 137 Iz

M RAK Th % 1o, kF Q HEMAT 2, b, AN 2, 8¥Ek
BTERH 7.

§ 38 NI{kay#Eht

Bz 37 R (34. 1) F0(34.3) AT A0, W04k F 45 44 2 AF R 7E WK B 59 8 0 #
BNHEETE.

F=>f=0, K=>rXxf=0. (38.1)
XEBEARFMEMERENE EMRES T, r BHAPERAENER. X6FE
XOHEM A (RREA)TUEREE - F RIS F=0 8, K HESME T XA 5
MR (S W (34.5)).

A0 R FRATT O 5 B 4 A B o A 4 R G, DU A 4% 44 (38 1) I i X 4 A I
RROL . X BTSN I N Z B RER ENE LM RS MR &M ER .
X LEVE FAE WA B ol 5 D I FR A RAE R A1 B8R AR B WA NIKR A B R AE
J1K/NFEEETT A

—AF BT, B AR 1 8 KN T T, 75 B ST R i T A I A A S
FRAH (38.1). A, AEFSHEL T , RAEA MBI LIl RN KEERSAS.
Bl an, 4 5 v A W R AW % B Ak T AR L e YR sh, VR AR O B O ) T A
TH A 2K
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B0 58 A B2 ok A AR X 3 Bl I BR T ROVE A, i 4 HE I BE R ) XA O FE B

7.
B BRI B FP n] BB R B AR ST IZ B A S TR 3 FEWE S AR A
BT He i, 7 8 07 ) 5 B A T AR )

R SRR SR A B S S MR A X B s, e E UL, TR BRE R
SR B S st R B — . X RERA IR MR ER A —EF
LB VR B EE R LA Y KBRS R B

WSV ShEE R S RS/, BT LA Z 0, WURR IR et i 46 x4 R 7 2, QSR 2
fink T B9 e R e O R R REAE TG ¥ B B Al VR Bl T TR Sh EE 4 T BT LA 2 D AR Ak
[TERSE R -3

FEX IFE L, BEHE 1 S B B o BUAE W A5 3l Jm] A, DR Ot 1) 32 4
2R CIMBRBEENNERER BN ESEEFEENMEA, WiZKEssh A =4
FARE(SH§25).

BRI 8 b A BT B B BE H B Bz s R B4 B B RO Ok FE T
WX RE B A, AT S E X N TR A E R AR B T X
E BE A /D . SR, X RIMAR IR 3, 7T BB AS B VE 1 A — it Ak A 1) 22 4

Xof V& Bl NI 149 32 3l T Bt T 1) 5 1 2 T 1 D A 4 flk o T B AH 4 BN, I
WEERERAN , EMAEENZETE. —BBELT . X NMEEFAIRRHAT
SRR ¢ & 75 A2

D icwd, =0, (38.2)

Hep o, REBIRRE (T « BARFTEARS ). MRXLEFBEMEDLE
AR ) S s ok SO0t B[] B9 42 4, ) 3 2k 7 AR R R R AR L ) 3E T, X S O R
AL AR — AR SR Z Al R R, FI X S R, AT LU 5Lk B H
FEBOMH B B D AR AR R R NIMA AL B X ARIR N R &4 &, 5L
P Z [E] J 0 56 2R Y 52 % 29 RAH
B, AT BRITE LR ). @ F A, RAITA v B Eah#EE
(BIERDHERE) Q@ RnREHAERE MRE—RAKXv =V+QXr$4
r=—an(a HERWER , n A FEEZEMSKEMBMRLR), NAEKRKSFE
B AR EE RIMERNAREEEMIRERINEGE N TEHFEA S
4514
V-—a(R2XxXn)=0. (38.3)

XATBRATH: BAEE vV BEGRRXTE (B 02 25, 543 E—RIER
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TARRFABARXT BRI 2 S8 Hi, (38.3) BRI EBAKRD.

H T34k 58 B 29 R 05 R A BE S 98 2 AR AR B8, BT LA A7 7E 3X R ) 20 TR o6 20
i FA AR 2Rk S M AR AR . O T = AR B RO RIS B H 5 AR, AT BT Bl B B /ME A
2R, |

FAAETE AN (38.2) B 2 ST A A5 32 43 1 T BE BB I 77 SR e bR 4] . kR it
FEZETT P ANFLL 52, AT AR AL 2 8q, ARMILHT, ENWHEXRK

> udq, = 0. (38.4)

FE X 1 8 38 0 B b 0% R X AN R 3K AR YA SR AR AR B HLA% B B 7 5, BLi%
BAEHEZ Y

d 9L
BS—JZSq( dq diag )dt

BRI B E AR (38. ) M AL H5ARETRT A, (ALt ek 80 HH 3 LA G B 3R
B, RELSRNETE XA LI T2 5) 8q, RSEEMILK, Al 157 12

d JdL aL

E E ZAC (38.5)

1‘%73‘%%52’9%7‘5%%(38.2)—@*@5}2T*%H§ q:, A, FISEETTIRA.

£ BRI A B AR R 7, WA B 12 i 58 2 R BRFE A RO7 2 P AR T,
AR EMRRE S TR, RIER AW B BT B X5
% (AR BARE A N R R ) I SE TR M NI A P B — 5 &

dP dM
E—Zf’ dz —Zr f’ (386)

HAPEERD P aBRERD, XERERNDENRRAME, FERBE 3T
R 5 WA 912 3 — B P2 . X7 I X S B AR A AR SE B A R R AR E

= il

81 ARRENFFAHAEKKEAT,EE5TERSD,XAAANN
BB RIEBZHFA.

B EEXFELLZBEHYRFA(38.3). k- FEAARMHEREGRER A
R A7 ,M5#(38.6) AKX

dv
/ldt_F+R’ (1)

O NEAEH X T REAEMRS), XENATRE N . X RSP f o m e R EFEARE,
Bk Q=de/d: RIEAESH HRAERA o K2 FH. XMRXRAKXGS.3)AR, HHALLIRE ¢
ZIHERE .
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I(il—'?ZK—a(nXR) (2)

(XEERT P=uV AR THRHVREM=1Q). ¥4 k75 (38.3)s8F A K
T, 4%
‘./Za([‘lx n).

RAFE(D)FEFRQ)KLHEEQ, THHFE

ai#(mR):KXn—aRmn(n-R).

BAFHRELT R,FAFKIRWXE FEINFTHRERSEHXNFAAN I=
(2/5)pa® (B §32 T2 84 b) 4%

_ S5, 2 _ S5, 2 __
R,=7K,-5F,, R,=--K,-%F, R.=-F,

(ZE2HEFHTFERA 2y FE). B, FETLEAEXAIXRAFTEN), TEREA
BRI e h MBS F AR
de#i( 5) dVy,i( Kx)
de Tu\"* a )7 dt  Tu\"?
AAHRASARB8.3), TUARAREN LT E Q,,Q AV, V, 27, mxT 0,
H A2

a

BRFBEQL)N 2 FTRINE.

2 FHPRALGHRABD REHE S N\,
BS2pia, A F#B ABAB B RRLAIWELE N7
75 A B 35y 17

WA EE TR MR AT B E LG T8 z

A PET BYERA Ry, Re 9F a4 3% Bd LAd .
EFTH,BRN THHZ@RAMNBHEA BFHETE Z

g - S—

T3 7 o
_ Pl . . : _ ;'
Rc—nsm&z, Ry =P - Rcsina, T = Rcosa. Y T
LTI
SIB3 Eh PHAAB ABmA S ES A K AKX B
o ia b, FABHLKFSE AD # BC £ B L A 52

EiELHEEYL % BC 5HABLETR—ASRAENA
(A53) AKIEENGRAER AFBGKS.
R TA, To 95 QG5 AMA B D FAABEC.RHEAN Ry,Rg &5
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& 53

& A AR 6T B . TSR
Rp=P, TBzgcota,
Rs= TgsinfB, Ty = Tgcosf.

@4 AHRKA I EETTALREF LEAKEMHE, TRARELE(H
5S4 HxF—FaE L, E—RAAGFEEA—-AH F.XEKRKER .

BAEREASHKRIRNAREGB, MERE BEWIKANBIERAA. £
AEFMBEHRARAAR, Ry AT XH¥-F®E. A R A TREMNEREAC
HENRAERA, NEEVERLE BCAF LARERA DA — Re. RBETFHLH4 4
AEBCHENHR,, T, RN BEZIFFETE, SR ToLET R-UFEE
% BC. AR AL EFHSFMH(SABRAFLFINE), TR

3 F

RA:ZF, RB:Z,

__F 1
€~ Jsina’ T= 4 Fcota

Hv o« Zfi/CAB.
§39 FRMESERZDHNIEH

BIBAEN I, AT ERHEMBRIESE RFE S
FREW . I, X FFES 3 I BRA B AL L
RS H R A A DA H R

ol

Ly=—"-U, (39.1)
FIAR L 8912 3 J7 72

Z s

&l 54
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dog_ U
M de T ar
(RMEARTHTHR O RAERESERTHYHEE).
RERNMNAREFBERSERZPRAZH T EERANIER. X
B kSR MEAEIRE, EMERAEAZSHE REFENRE, R8T, 5z
¥ BA B 5

d JdL _JL
dt dv 9r

WRBAER HAUEPHRREEAZG. DA, A TREBE, T EX R
Lo #fT b E R e
HAM o PIEHTEXAZR. RATE LB U EE V() HEMIRESE
RAK EHWSHFRK . BRAHMNSHER K, M K HE Ry Mo ZEFPKEN
vo=v + V(t). (39.3)
BEANERRAG. D, IBESER K PR H R

2

(39.2)

L=

mv’ , m o
+ R
> mv 7 U.

{8 V2 (¢) 2 B [B] B 45 E BRI, FT LA 2446 4 o 00 B [ i 2 S0, B A B 58
3IMATLAMG K KW, o =dr'/de , P P BERAESHR K PHER, FTUA

e _d o dy
mV(t) v =mV dt_dt(mvr) mr’e

RATLAR B B BRI i 25 Xof I 6] AY 42 S 00, B 5 FT 49

’
m'Uz

2
Hbr w=dv/d:t 5% R K #9530 in s & .
I (39.4) ] 1B hr M B H 5 72

dv JU
d—?:—a—r,—mW(t). (39.5)

A, Z2ZRWMELHM AR B HFRAZN, FHFiEMN—- 8598
B, mEAEZGNZEM N ETRAWREERLNEE W, B J7m 5 EH
& .

TEHRMABSI#HAII—TSHZRZK EKAELANES, BEUAEE
QUOENT K, TEMEMNRESE R K),Z2F5 R KBTI NES.

FEMAMSERKMNEEYEFTHNSERKWEE N LRSS % R
K #%ZHEE QX r:

L' =

-mW(t)r-u, (39.4)

m

v=v +2Xr

(HARSESER KM K FHER r Mr MR HXNRENRAREH
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PR (39.4),T] 75

2
mo

2
XEEEESHER(RLERMER)FHRAMIASH BN —BER. R
B, 2EREH SRR H B E B B — AR T, e RS s E R
H .

ATIHERAEEE RPN S, RIS B &M
dL=mwv *dv t mdo *(Xr)+mov - (2Xdr)+m(2Xr)-(2xdr) —

mW'dr—%'dr: mov *dv + mdv - (2 Xr)+

L= +tmo  (RXP)+ (X)) - mW-r—U. (39.6)
2

mdr-(v X))+ m[(2Xr)X R]dr — mW'dr—%'dr.

EIHE dv F dr B, 0115

%:m'v +m(2Xr), %Zrn(v X2)+m[(DXr)X ] - mV —%.
B X sb R R AT A(39.2) , AT B A EE SR () 5 72
m j—’t’z —%—mW‘F m(rxQ)+2m(v X2)+m[2X(rxQ)].

(39.7)

BATEI, BB % RS AEM BN h 3 WAEB. 7 m(rx Q)53
SRS 3, THE B B4 B 7E A B BT BAFETE . 1 2m (v X Q)FR N
HERA S, SURMBI RN E ERE) W AR, BRI T RANEE. S
m[@X(rx@Q)EABSH AT r MO WFE L, EETFEHEE Q
Fi),H B S B K NET me0?, B p 25 A B 5% 3 i BB
5.

RNAAEHIES % R VA 300 B B A5 8% 3 AR IR B 50 . 72 (39.6) H
(39.7)H 4% 2 =const, W=0, 8] 18H; #& BH H R %

m‘UZ

L="5 +mv-<n><r)+%(.q><r)2—U (39.8)
DA K3z 3 72
mg—?=—%—£]+2m(vXﬂ)+m[!2><(r><ﬂ)]. (39.9)
WATH B X A oL T R S B B
p:%:mv+m(QXr) (39.10)

RAE=p-v — L,A[18
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2
E:ﬁ%f—%(ﬂXrV+Lﬁ (39.11)

PR, BB P EA R E ML . 2% R 3 EEEE + I OUKET R
AR B BLIE HE T 3 B J7 OB AT . 33X A RIS EE - (e /2) (2 X r?2 PRA &
Bhk .

REAMNSEENSZZERNEE v SHNRESE R K WEE v, BHXR
H

vo=v +2Xr. (39.12)

FrURAESHERKFTHIE p(ZR39.10)FTRERAERESH R K, +
HIBIE po=m vy FIRAHN K MABIE M=rxXp MMy=rXp, L% HEA
HEZHER KM K, PREEARE. B1(39.12)K v K A(39.11), 7175

2 2
E:%?—mvyupmo+U:¥%9+U—mQXv@11
AT ERSERESER K, PHEE E,. £ —0HPRAMAIE,T5
E=E,~-M-Q. (39.13)

BRANAXHE T HBEANIEE DS H RN NEENEHRAE. BREFEN -1
RO BATRY B B R B R AR R EIMAE KN 230(39.13).

=] il

SRl AR K AR (HFARERD)IRATEARTELT AWR
#% .

BEENHFY U= -mg-r, B F g A ENmEE,EAX(39.9)F &%
CeRUFFTHES ), TREFHFA

v=2vXD+g. (1)
TRENEERKBEINTE. ARBER =0+ 0, L FPo, 5B, =g
BBy, =gt +o,(vg AMHBEE) Ko =0, + v, ’f‘i‘)\(l)f'f-ﬂ'l%%:vl BAEAL
3, v, F A
0,20, X2=2t(gXNR)+2v, X N.

R 1F

2 3
r:h+vﬂ+%%+%%gx9)+ﬂumxn), (2)

EF b RREGMIGILERE.
B AG L s BHLEEL2EIORE, AL
g.=8,=0, g.=-g, ,=QcosA, 02,=0, 0O,=0sinA,
AR AAGECHAARL,BEALGE). £(Q2)F 4 0,=0,F
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;3
z=0, y= —?gﬂcosi\.

RANT % E 1~V2h/g, %R
1/2 372
x:O’ y= = ?(_) g.QCOSA

yIEARETE RBA.

SRR 2 KR AR E vy AR R & @) L 69 R B8 Bk < T & 6 1R
#%.

M. AR E v 2T 22 FEA, WBHEH L=0. @71‘7?}-(2)(7%@1)']' T
w1 A

3
y: 3g‘Q Tt (‘(2 U0z — ‘QZUUI)’

AFH RN CATHE 1220, /g A
2
y:4;1202 %vOz‘Qx_ ’Uozﬂz)-

S’ 3 wiﬁﬁki&ii&%dlif$%¥ﬁ%&ﬁ5ﬁ6 % w0 (T2 19 AL ) .

BREBEBEOEAFTOEBEIANANDE, TRAABHEKRTY 2y T &
.k ad Q° R, E &kﬁbfﬁiﬁ

I+ e?z=20.y, Vtow y——Z.Q z,

EF o ﬁT%ﬁﬁ&%%ﬁﬁ%%@%%~%%axfﬁiﬂiﬁi%f
BIFXTELEZ E=x+iyhE—F 4

E+2i0.€ + w?E=0.
40 <Ko WEINMNFTEOBAELTHX
E=e I(A e + Aye i)
KA
x+iy:e—inzt(xo+iyo),
S B 2o(1),y0(0)% R RIS B R IZ O RIE . B s, bk A 6
MARPTE SRR AT ORARE O, 3.



ELtE

IEN 7772

§40 MBFIFHREC

IR B B KR E S ) R B 7 ROk Ok R, ek &%
TR T AR SCARAR AT S8 SR il ik R G B 1 RS AR T, X P i i AN S e
—TARER S R SCARAR M LS B R R RERES , BRI R 45
S R FE I 9T HE 2 Jy 2 3 ] R If 468 0, It 7 A T S ST 5 AR B B3 3 T
2 B[R]

W HE P EAN ST B, TN — M A B RE S —4 .
XFAEL T, XA ST B

VE R AL AR AN B Y s B ORI AR B B R, e 5T

dL = > gé’dql - ;—_Ld .

O BREVRSAATREEFAAN, ZRILTARPRARESREEXMFHAAREZ
[ 4 B £ 22 5] \

&4 T

B/ E R R W 7 B
F/ME I S5

4 T

RERIRA #4400 I

temE W 2 0 B

MR tepa

—REARE
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PR LA OL /D g, BT XS, URBRI A A OL/Aq, = p,, B
PA_ T 33 A 22 5 AT LS
| dL =X p,dq, + 2 p,d q,. - (40.1)
BLLEHS (40. 1) 955 — 1 5 i
szd g, =d(2p;q;) —22q,dp,,
B2 (2 p, ¢.) BB % 0 MBS, 1 (40. 1) ] 2
d(Zpi¢g,—L)=—>p;dg, +>g,dp;.

WA AR R SCARAR AN T B RF R R LR (B §6). 7N

RGRE % ‘

N

 H(p.g.t) = Dpid, - L. L (40.2)
H R ST AR & R Ak bR LBl & I 5 K
‘ dH= - >p,dg; + > ¢,dp, (40.3)
B LIS R
. 9H - oH
qZ:a—Pz, pz:_a—qi- (404)

LR AR p Mg RR I TE RIS ST R, R s B A A, BA
RXTF 25 DRAE p, (OF ¢, () 25 A—BMA T BRA B B
A s AN TBOT R il TSy R A SR B OE ELX AR BRI G A

e 5 95T B KX B R £ 4 B

dH JH JH -
d: 9t aplic
HITRR(40.4) 8 4, . p, A, L RGBT LG , i

dH oH |

A 1 ., 0 R 2 U R R B T, W dH /de =0, BN S B B BT AE R A

BT NEBRE ¢, iR q,p, BT H B BRI IS 2 101 88 BOE 0 & 4% Fh 2
BLX BB SRR E S RSE R TR EOANGE X R A R
MSE BN TG EBEET R, MR LKR40.1), 4

. . a
AL =X j,dg, + X pd i+ S=da,

JH.
+Za—qlqz+2

M (40.3)38% | o |
* ey Lo AL
dH= -2 p,dq; + 22¢,dp; —ﬁd,l.
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F I T A5 LA B R 50O ey I eR RO BB A B RO T Y SR R

).
g - — = , 40.6)
(8/1 p.q dA q,q

SHHTAREMR, X HRA BRSE p, g BAZER, X L KA BRI g, g
A
EANERTLURRAD MR RS HRBWERX A L=L,+ L,
Hep L'RMEEB L, RADAKBIE. MBI KL H=H,+ H WAHELMHmB 5 L’
MXRN
(H), ,= (L"), (40.7)
POZERE L, EM(40. 1) 2 (40.3) WA B, RATRA T 7 de W3, BIIR
B BN B B R R BE B S A A0 O . X R R A 7E AR B e (R UAL R — &
¥ AS 5. KT AR(40.6), BIAR B B o& B0 04 35 151 5 5%t B 1A]
MR B Z R R R K

(%I)p q:_(%)é,q. (40.8)
=] 2]

1 ARAEGFILAR BEFPRERT -AREGSER K.
ER . ESFILEF 2,y,2 F

1
H:m(pi-i_pi_l_pz:).l_ U(I’y7z)

Eﬁi#ﬁ: rep,=2 .F

1 S ‘
H:—(p2,+ 3 +p§)+ U(r,p,2).
r

2m

BERAER r, 0,0 F

2 2
H:L(p3+!¥+2_%2_)+ U(r,0,¢).

2m r rosin
B2 ARRREEABREALELRZATPHLTRIHK.
M (39.10)89 5 & p R TFREGBIINTHRE v, A
H=i%—ﬂ-(r><p)+ U.

SIR3 EAE—ANEHREAMOGREFR s AR EAm R EERG LS,
AERRARCHIED , RRENRAGAETRAIB(ANLS13 TH).

BASBIEAFTHIANGERAND BT, AEX UNEHET, TREE
E.JXsHEH a ‘
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IL . m2 . yw
b= 2 S,

W 13

2
M
ZPQZmZva—% 'va:ﬂ;—Zva,

a

AN E,TH
1 1
H= b Sl (Sn) v U
§41 FTHTERE

FEFLEIEOLT AR B AR B, U 3R i A B R m ) Bk B 3 & ok
BRI ML HRTEERM T § 40 450 AR H .
AT RS B IRRBEACE A AR, g Mg R, BRATHTMN ¢,

£,q,68] q,&,p, EMIZEH , Hrh p HMIN T XABHR g B9 UHE.
PIM B H RS L(q,8,q,8) MBS R

dL=2Fdg+2td g+ 5de+ 2 Laé=pag+ pa g+ Zae+ 2La,
q g 3 g€ & e
H It A 18
, . . . d d .
d(L - pq)=pdg—qdp+ %dH—L.ds.
. I
WRE X F A 2B H
R(q,p,6,)=pg—L, (41.1)
RFPWBEEFEIEBFE p=0L2q¢H] XhE p Fom , T Hr BB AR
dR = - pdq+qdp - Skde - L4 ¢. (41.2)
Hy b A 1%
. IR . IR
qzﬁ, P:‘ﬁ, (41.3)
%_Ig:_%—fg, L _ IR (41.4)
e Ie
BEHINERARALTR ¢ WHRAAHHE 7R, B
d 9R IR
dz ;}E— JE (41.5)
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AL, B BT T AR ¢ BB R (R (41.3)), % F AR € Bhr
B H RE(TRE(41.5)).

RIE—BENL, RENER RN

E=¢2E 4 ¢?L p=pgre?to1.
dq 3¢ g
¥ a1 DAL HRA R LA kR RN
E=R-¢& (41.6)
IE

B, EANB BN XA KA T BIE SR ¢ FE RFER.

NS R e R T EA SR R FERA LR R. R ¢ B
PRSI EAREEFERBBE A R T, HMAR ST 5 Bk 8, BT LT B R
BALRA B p, &, EM R A WA R TGS ALARIT B8 p 8% B (7T LI
(41.3)E AN F A, AXANE X B, FRE(41.3) RNRES H AT i 45
) K p BB ERERE, TR4L.5)

d IR(p,£,6) _IR(p,&,€)

dt 9¢ d&
R AT AL B AR € B 7 AR B B AL B 5E 4 B 2 . 0 R 5 sy A T SR A 75
BIRRE (), N HARA T 2

. _3R(p,£,8)
q ap

A o, AT DL B AR SR e B g (1)
] ]

SIRE R R LA O, RESNA B U(@,0) PR 64 F A7 & 4, 31
¥ ,0,0 KA.
. A0 E B

L:%(é2+¢zsin20)+%(¢3+ pcos)?— U, 0)
(BR§3569T/41). FHAHA
zp—z— p¢gbcosﬁ—£2i(é2+ @*sin*6) + U(g,0),
B —RAE K, T A% &
§42 HBES
W f(p,q,t)R0PR 38 M E KL e X E K2

R=p,¢ - L=
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df _df af . 9df s
de ~ ar ' z<9%qk " aPkPk :
RAHMBEHGFE(40.4) BB, p, WERER, B
df _df
4 = 9 + {H, f}, (42.1)
HA5|ATIES
~ dH af 9H af |
tH, /1= Zk:(apk Igp  9dq aPk)' (42.2)

FiEK(42.2) KB H R F B RIET.
BATFE, MR T ENEDNER S ARSI REEAZ, N2 iz
FHARg . B (42.1) AT, £ BB R4 (df/de = 0) ISR LIE X

d
L {H,f1 =0, (42.3)

WA S5 A 85 Bt IE, )
{H, fl =0, (42.4)
Rz sh 4 fF MG B R IH IR FE S L F T% .
MTFEE—XMZE fg, HRFES T AR T 42.2) XA

af 3g af 3
\/ogl = Zk:(apk afi_QQk 31i)' (42.5)
HEXAZHEREMNTE ST K.
AR BE AR BT, A MBS MRS R — MR BEE (), Mn
WESETE:

{f’g} - - ,g’f}, (426)
{f,cl =0. (42.7)
HR,&F

if1+ fa.gt = {f,gt +1{f2,gt, (42.8)
{fif2. gl = Alf, gl + flf1. gl (42.9)

$5(42.5) XPat AR IR S8R
i\ fsl = |5he |+ 128 (42.10)
MR f g Z2—BT X ET Xah& , ManTES RS
{foqut = %, (42.11)
Lol = 8f. (42.12)

I s
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Blan, £ (42.5) % g = g, KT LAB R AKX (42.11) , B F

I _ s
d p, , )
B SRA DR T — 0. 45 5, 75 (42.11) F1(42.12) F AR F % T ¢, M p,,
GIgE:

=0,

{Qisti =0, {Pz’pk} =0, {pz’QkE = Oy (42.13)

E3NREABANTE S ZE,FE T EXRR
{fodg,htt + g, th, fIt + iR, 1f,gll =0, (42.14)
KAVFRZ AT B 5 X, . '

HTEAXNMEER, RIMELCEFEITHMHSER. BEE XL (42.5), A%
S fogl B fAg W—NFEOUEEFREE. IrLk, flan, 8BS th, 1 f,
gl B fAg W FEWLREFT R B B %ERL(42.14) WEANLEWEFE
3AEE fLg,h B SEHLREFREL. RATHEEH £ ZFr L TR
H—R.F-ITESAETIHENT,EAERBR FH—B S8 X2 ME3IAN
ez M, FHH

Di(¢) = {g,ol, Dy(¢) = {h,ol,
EXMEEM DB/ D, Ml D, TUBHUKFSERE R
tg dh, flE+ th df gl = tg. th, fIt =R, lg, fI
D(D,(f)) = Dy(D{(f))
= (DD, - D,D;)f.
BHAER XTMEREMABERNAEARTREET FRN IR BXL L, LM
S BRI — e Xk

Il

a a
= ;Ek a’ D, = ;771@ E,

Ho &, p REEz,x,, WIEERE. TE

3771 o)
DD, = zgkﬁzaxx + Zkaxk ax_l’
351 d
D,D, = zflkfz 3102, Z’?k 9z, 3 7,
EflzzE
_ I 9§, )i
D,D, - D,D, = kZJ(& ERoial 'yl Eie

RAVDE — 0 SR TR TR, 7E(42.14) BIZEH TR B4 £ 0 B S 5000
MEIE, N TF g Mr SREMANSGE, FEEMNERRNESETFE.
HMBE S —NEEWRRET, R 5 Mg RHRABHES, NE TR
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A FE S 2E A :
{ f,gl = const (42.15)
XEL R A R

MR fF g AR SEE, XA EEAENEF A ERTRESR P4
h = H, 1%
{folg, Hit + {g AH, fIl + {H,{f,gll =0.
WA, MR E{H, gl =0RI{H, ft =0,W{H,{f, gl =0, TREILHBIF.
MEZBEHS g BEER, MK 42.1) TS H

d%if,gf = ;—t{f,gi + {H,{f,gll.

MALRRK(42.10) , BEYHEA LLAEEAEE S {H, { £, gl AANFANESHE,
kS

d%if’g} _ {Z_t’gl“L #f%ﬂ_ {folg Hit = lg I H,fl
:}%Q;Hju4+fﬂ%#%H@W
&
%vg*—ﬁﬁgbfﬂ%’ (42.16)

H UG S AR AT DUE A — RS 00 T TR A B 3.

SR N AR E R, NAE S ERAF KB R, B AE 2s - 14
BEIR Y P s REBE) EREFELT, RITTREEEF LRLR , BRE
SHER AR I — LT, FE 3 S AR R Bk B S £
g W B AT, AN RA 2 B R PR GO, W THAL 15 5 45 Hh 3T K933 3h ARG

=] il

SIB1 ARFENHEpRADEM = rXxpEFILLRSTHARY
AN
RAREAX(42.12) 13

IM,
dy

,
{M,,p,} =- =—§;Ug—zm):—éz

Fa AR B AKX
{M,,p.t =0, {M,,p.}=p,.
EewiamESTAELTAF z,y,z WHERERFH.
2 AKKAHNEMAO5 AR ANIET.
. ABEHAX(42.5) I HF
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IM,, Myt == M., (M, M| =-M, (M,M}=-M,.

AARBAREG AR ERAMEIBINE T, MALETA L 2 PHEF
AR THEEREANEDIENMEAFTIZTLRL.

S 3 KAk

te, M. =0,

EF o RRELHIFETHEZIFET R,

E: TR o R, p?,r- pHAALBIARM T A Brop 45 0
VA

I¢ I I
= +
ar 29(r2)r 3(P'r)p

3 dp/Ip MEM AN AR BRMES AN, BAKX(42.5) AR AHF TR BIEY
ik

S 4 KAE

(fyM.} = fxn,

AP fFRARREAKEADENATER, I n AL E T ANEELE.

E:HEEXE f(r,p) TRAE K

f=re;+ pp, + (r X p)es,

EF 0,0, 03 RAFZRH A AAKX(42.9).(42.11).(42. 12) A= T 3 4k #4
DI S TR S

§43  fERHAIREBMIERS

ERBB/NMERBFREN , RINFTRIHERANEEME ¢V M P ZH
HiE KR

tZ
S = J Lds, (43.1)

Hea gD M gP BREAENE ¢, R 1, REGEWLE £ ERREHN, R
TS A HFE q(2) T q(2y) BINEE B B XA BUAME . X Sk R —
SNt B B SLIE ), XL R S Bk /IME Y BLE

THERINIAS—AELEBEREXMEES. RITE S BERMEBBEELH
MIBFHE, LR AEHBEVBMNE ¢(1) = ¢V 18 ¢, BZIE TR R E §HR
Bl S B SRR, B TH S B M 1R R B BN B RS L BR T AR e Ak AR i
BB

M—E& PR B AR PN AR EN R TR THELRS
oM H—A B ER)
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JdL
= —0
3S 74 q

RO LRz s E w2 R H TR, XA~ TP RS TF AR —TURE
FERT TR Sq(21) =0, MK 8q(2,) M N 8q ¥ IL /0 g A p, BJa W15
3S = poq MEEEEBHHEN—BEI F5E

Ly Jtz(aL d dL
i dd
t

| aqg dr ﬂ)Sth.

5

5S = Zpﬁql. (43.2)
= A A, ?EJ%;XLMTE’J%%#I#?*E wzh &
S
aqi = pi~ (433)

Kty , YA L BIEAERZ o NAEMNE oV & ERFZ 1, = ¢
BEEFHREME o WPBRT, 7T LUK E R B R M B R EX BT
72 9S /9 AT LUE A RL A 0 B8 AR ok e BB, B AR (43.3), T
TET FH) 5 3 2 B TR B

RIBEFH B HE L, BEREREN AL FHET

ds
dr

WA —FE,7E L RE X T S B Ve A E 49 &%k, FIFH AR (43.3) 4
d a 9
d—§:§+z—s = S+2plql.

g; 1
EEM N RERX, i[5

- L. | (43.4)

) .
E =L - ZPZQ:'

qE
IS _
5, =— H. (43.5)
~R(43.3) M(43.5) AL —EE SIEAEN M A HERER
dS = > p,dq, — Hdz, (43.6)

Hop /R BB R (43. 1) B4 _E BR b A 430 A [ £ R F T B R (3 3 M 2
5T LT 0 25 0 A AR B (B BB 5 . B AR, S AR L B b4 ol ik 2k (43.6) 78
R TN

ds = zp(z)dq(z) H®4;® — Zp(l)dq<1) + HDGD . 43.7)
A AR, 1 0 o T SN R 0 PO 3 30 R A

ATRERM S LR AR, R (43.7) ¥ Rk 2B 2 Mo w3 iz 3h A 2wl g
EI/J-H:IE,TTL?#%E)?EI@ﬁ‘f1jﬁ'1¢ﬁ/_tjﬁ9émlﬂid\’flﬁﬁqiﬁig,é[f:l\_f B3l
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AT B BB T — & B RR . e 0l 2, 3 T 23 8] 45 8 5 2 HE BORE TR, TIT LA 3
ST 505 1 — SBEPE B X F i e TR B BF 50 B U AT 56 5 22 B P B — N LR
#Rayr. @ . :

RIS 0, Ak AR I sh B B/ R M S ALy AR B, K4 (43.6) K 1EH

r

s::J(ESEd%-HdzL (43.8)

WA UAH&R/MEAERBENERX EHESFHBFT AR, EREN, RIMNEER
WA — AR (R— ), T RS
" 9H . OH

SS::J(Spdq+—pd8q—-556th——§;8pdt»
X85 I 4y ER AR 4 45

_ _9JdH _ IH

5S = JSp(dq apdz)+ p8q‘ JSq(dp + ath).

ERSR LN ZL 5q = 0, XS HRMITMIEE T . RA SR B 5
EFTENZFHT B THRAXAGEINIEZEMIIH 5q F15p HETE. TEE

d d
dg = §yde, dp == 5lar,

BRI de JE Rl 15 M2 10 5 2
§44 EBIEEFEIP

N¥RGENEITEHE/MEAERERE . BIREHZEHESENEZ
TR, TR MU RIERE AV E SRR ER.

AN SR B ATTER E A58 1€ 13 3h B T AN B5 B B[] B D) R, U) AT LA A O g ST B/l
YE R & JF 38 ) 38 fA B E =0

BRI RLA% B H R B .2 i [B] , B T P %5 40 ek 3OS B et I, B I R A R RE
E5FE

H(p,q) = E = const.

WRIER/MER BRI, X T4 € NP SRS WA FIR RGN o, 2) MEFAE
AP ETE R, SRR WME A AR FFA AR, A AORET 8] ¢ 284, A (&
H.(43.7))

0S =- Hé:. (44.1)

KM AUBRRGEFANEZS, MR EUEHERETHEERENITLIZE.

TP XFERPE, RATTAE(44.1) ¥ HRERERE, XA H

O ZWFHE(GR) . FLE.
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: | 58S + Edt = 0. (44.2)
EH(43.8) EAWEREHH HRENERE, A

S :JZp,-dqi—E(t— to). : (44.3)

XA F a2 H A5 — T
So = | 2p.d, (44.4)

B AR 4R E.

¥ (44.3) fRA(44.2),1%

8S, = 0. (44.5)

AWM TR W R TEERAEEENZELA SNPE, HAERE
B R/AME. 8 T R AN I AR ks ¢ R E B dg B i sh &
T(44.4) FrA SRR R 7% E A sh B e X

_ 9 dg
Dk ESFIEITRE
E(q,%?): E. (44.7)

FIFAZASR(44.7) BRI o RELBUY dg 2 de FFRAAR (44.6) B A TATAE
AR o RIBOY dg 2RMBE I ELER E fER S8 R E 4
JRCHE T W 5 3R 9 MO 3 A RO 0 320 R SR MRS B ek
BCHLAIAL A B3 F 44 14
Ui B0 F AN B B R (5.5), BV B T 9 fe 2 2
L =2 >%u(g) q,4x ~ Ule),
i, B 1A 1L AT o B S 3 A
dL .
pi = = zaik(q) qr>

).
T i it
E =2 >%au(q) d,ds + Ulg).
3T h
dt = /%, “ (44.8)
R FERAA

ZPidqi = Zaik %dq“
z 1,k 2
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AT LA TR
Sy = J 2(E - U) D apdq,dgs. (44.9)
5 B F— A BB
T3 (%)
b o N TR T AL R BT, B L 5 4 R
3| vZm(E - U)dl = 0. | (44.10)

HAPRSREEPHANSESZERNRS. XNERX BT IR .
MTFRAMBHEEZES,U =0,(44.10) HHFENLER

SJdZ =0,

Bl i & P48 R Z B M e A kAR, B L 2R1E 30
KATHEZI/FABRIEN(44.3) , RIS HE &)

S,
8S = FHOE ~ (1 ~ 19)3E — Ebt.
KX RA(44.2),75
NI
ﬁ_ t — Ig. (4411)

Xt TN (44.9) HRIAERE, XHEXER

[JSadata_, ., (44.12)

XIERFTE(44.8) KR EERETR-EZLHERKENIED.
=] il

B AW ESRE(4.10)HEF EIE G F A,
B.ATE0AH
dU or dr
| VE=Tar = [(5; =l ~VE UG dor ).
EFHEZFPHEDE A =dr’, B dIddl = dr - Sr. HEX—FA 2 HFRHSRES
MBRBET Sr WARFTE, BREG MYy T

2 VE = Ui(«/E— gdry__2U
dl dl ar

HHEFRERGFHAINAD F=-0U/0r, THF B &

d&r_F-(F-t)t
dt? 2(E-U) "’
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Edt=dr/dl RBEEELELE  MEF - (F- 1)t RAEREZEX T A
S8 F, My LA T4, 5% Pr/di*=dt/dl ¥ Fn/R, L% R AHiEthw
EXB n RRBEEETOEEKRE. B E-UBHBAY m?2,#F

m‘v2

nRF

EEHBAGHEED TR AMEEMIXAE.
§45 IEM|TTH

I AERR g B ZAEMAG RS, BT LR B REN E RETE
REIFMER s MR BBEHAFRQ.OMERPRE FX Mg, AXI B
SCF AT RAURRLAR BA H R F A LAER g4, qq, - BRI 55 4 B9 20 7 A B
Qi,Q,, WL EFANE Frabtr Q REALYS g B RE,IFH AT LUBRE BT
B E&E,BERERA

Q. =Q,(q,t) (45.1)
A (B AT AR 2 R 4k).

HTFHAG R H AR 8 (45. 1) F AR, B DARS 5 100 7 72 (40.4) AR £ AN
AR BRI, M TR R SL R B AVFE TV B AR . BRI R A A e R O i
FEE p S8R g BRRFERMIIZE . BT, DU B M 25 Nl
SRR p Mg BIFEEP MQ A, B

Q. =Q(p,q,t), P;,=P(p,q,t). (45.2)
XX A RE AR BB Y KRE MBI ENEEREZ —.

R, HFAREE W (45.2) T B A8 T, 33 R F BN K ENIE
. THERMARZLWE BT 2EZG ATTUEAEZE P,Q RaWiEsl F A
BT
He H(P,Q)RENEEWMRE XL THFH - REHNEENTEE, K
R E W E B

AAMTHREREMT RN AR. £ §43 ERLELIEH, & T &2
A LA T R R B S/ME RS

BJ(Zpldqi - Hdt)=0 (45.4)

T BT A AR AR R SR B ST M AT AR A IR A B PR Q i R M IR
R T AN B A 2 R T

SJ(ZPlin - H'dt)= 0. (45.5)

Q,= (45.3)
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2R (45.4)FH(45.5) W B AR R UM 22 5C T A0 4 3 & FH B[R] B B> ek B F 1Y
0, BRI SRR FN Y, XN AR 2 2 R AR AR R E
A F EWADMRORIMEZE) . FHiL, RATEBER

>.pdq, — Hdt = > P,dQ, -~ H'dz + dF.
WX A AR AR E 0 E 3O g — AN IE W AR e 35 B FR 22 0 AR 4 1 B o
XN E R F R RAE. :

BT RRT R
dF = > pdg; — >,P,dQ, + (H' - H)dt, (45.6)
ATLUE | |
pzzgi, Pi:—;gi, H’:H+aa—€, ﬂ (45.7)

B R RBOR BT B AR (R ) A E RS F=F(q,Q,t). MEH F
BRI, AR US.NABTELR(p, ) MIFHLR(P, QWER, R &KL H
3B 1 A 2 O R

RATE ¢,Q FREEE, T EALZYIT ¢ MFEE P £7 5 R, TH
SEHE HTHESEAMER FTHENSHAR, FEALRRAS.6)HHFE
&L MR RRES N

d(F+ 2PQ,)= > pdg + >,QdP, + (H - H)dt.

XM EEEWERRRAEE ¢, P FRM, EFWE E K. A
®(q,P, ) RARXNMFEE, TRED ‘

30, 3% . 30
pi_aql’ Qi_aP19 H_H+at' ) (458)

A, TR AKBITER p, Q BFE p, P HHE R A BRI IE A8 3 /8 5K
I ZCFE T U R A A O R BB AR R TR X BB R Bk e
BRSBA B ENNE H - H 5R5H, R SRR B artE, 0 H = H, 8
FEBF R FI R, AR EMHAFTE P, Q EBRKp, g BRH HBH p,q.
EN AR izt ZEAR KRR b s 3 0 07 B vh T AR bR S BB

O BTIEMZEH#,(45. )45 S)MHRREHEFHE FHEROAFEEH T EHEMNER.
Bl TEEXKZEHR:P,=ap,, Q. =q,,.H =aH,HH o HEEEH.
@ RLIZHEH, B R

® = >,f(q,t)P,

(fi MERRED BRI RS, FH ARG ELR(RRIIE)RT:Q = f(q,1) XEAEH, AREE
| 2% e 4 R A DL
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MEERHFHRE BTEHRUS.2)KBER P,Q hE— 1R 4R ¢ A1)
Hp RRAE—E,TULE Q AR R4S E LR, Q F P W& ZE KX 5|
AR EAVE TR X RBHE N, Fl, B Q= p,,P.= — ¢ OB
BIEARFL R AR B IR T 2, RS 1 20 ks A bR A 3h B
ZIRB ar A WAL R, LR p M g 1RV WU 3 R 4B B AR O I 3t e
B R X 4 IF DU L A B M SR FT L FIIA A R B R . R R AT IE B — 4
SR TFIAPAFE 5 A X IE 0 28 46 A5 A8 9 3 3 o 3 :
Wif,gl,2f Mg WHMBRES, KPP Mo zRE2HMZE p,q M,
{foglp RN TEEP,Q MAANRTES. TRA
tfrglpo=1/.81p.aq- (45.9)
XARRAMEBET UM A ENZEHAXBEETESS B2, S EST
T B 38 TE T A 26 T BB R IR 5E
B LUEH  FEIEN A (45.7) 80 (45.8) B E LS FIE X H 3. B
I, AN SR IR ATIE B € B2 (45.9) X5 F A B & B[] B9 & o7, )X — R 17 400 B oT
MERMNABLEL X LK ¢ BEREANBE RS M0 %10 K. B2 BHE
(42.1),{f,gl,,= —df/de BRESE df/dr Rl 848 TIRA8 R G 003B 30 i
i, T 5 725 B8 R 8 R 626 . R, 7 S — 21 TF 00 2 03 0 4 ) 57 — 41 TF U 2
B LIARE S f gl AalE.
A (42.13) FiE B (45.9) A1 15
(Q,,Quly , =0, (P, P, =0, {P,Q.},,=5,.  (45.10)
X REHAMESE HZR p,q—>P, Q Ky IE W ZF 1 i 37 28 & 20 1 2 A0 &%
. .
EHEBRBEWE BB TEE p,q WEMLE G BT LUEE— R I K IE N2
B XNERHEXMT & q,,p, RIEMAERE : BFZIME, T ¢y, pos =IE
MEBES—TEZ+c WE.GEEME(URENS BRI ERIR o) HE
Fl R B
Qre=q(qspstst)s Pprv.=0(q, prst,T).
AXEBEENER g, p, BIER g0, p, SIS B, T 5K R I N A #2
(q+erqst,T) IS RARR
dS=2>(p,+.dg, .~ p,dq,) — (H,,,— H,)dt

(R(43.7) AT LIE X2 BRE, HPEHE S(q,1.hq., ¢, D) BRIFEN B EK

Rk X g
MER&E S

O ENEBMMKEREN F=24qQ,.
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c FERTIE : Rt + ¢ T M q, P g, WESLHE Ir B2 K. LB XA A A
(45.6) AT A1, — S B2 p0 5 R

§46 XZERTEHE

N T /B HEREHILER, 2% 22 R8RS, = EEUTY &
BT RGEH s AN SRR s DT BBV ARAR B 25 ZE=S 18] AH =S 8] 9 4
MR PLTFREN—DHERS . HREB I, R RGERENMHE S TEHZE
oI H A TR AR AR S B O SRR

dI'=dq; --dgdp--dp,

AT LR R L A BUE” . B R ATBFICM M2 B A KB4 [ar,
SRR DB HR. AT B , 351 F4(EL XY IE T2 B 7R A SR
Ak p,g VAR P, Q HEATEMAS, W p, q 2 FR P, Q 4 FIHLR K5 46
RIS, B
DTS, 5 BB 0 B Bl AT
J'JdQldQsdPIdPs — JJDdQ1dqsdP1dP5,

HH

_a(Qla'”st’P19"'aP5)
D_
a(ch’”"q“pl’""Ps)

R A T M AT 9 K. BT LATE B 22 3 (46 1) U3 45 D ik B A 4T 1F J0) 2% 4 B4 7 ¥
HATFI X ERET 1, B0

(46.2)

D=1. (46.3)
A FRRE BT Eo 4T 51 200 — I BGRB8 SR AT LORE HE AT EL 4T 571
XEEDE. “ T MR (q,, ", q,,P1,, Py) 1%

D:a(Qly.nyQS’P19'”7PS) a(qU"',anPl,"',PS)
a(qun"qs9p1’“.9ps) a(qun'yqsapl9”',Pg).

ARGEHE AT B AT S 20 A 50 — AR IR, A0 2RO F 7R o 68 i BRAR ] 9 B, DU R LAk
Ry Az BB D B R AT A, IR BLAE T A o e K LA ) B A O . BT L
_19(Q4,+, Q) /{a(pl,-",ps)
(g1 5 4) | po ! (3P, Py)
TATB TS T HHE AT AT 5150 AR S 3L, X2 s BirAT 81K, A
TTHISE R FIKITCR K9 Q, /9 g, RIA R (45.8) PRI R (g, P) AT IEN AL
%, 1%

(46.4)

D

(46.5)
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IQ_ IP
dq, 9qdP;
FIRE AT AR RE K (46. ) WA B 75N  TMBE L IIKITERERN
32
5037,
BCFE R UL, 3K BN T 5 2 2 BRI RIS B . BT L EAITAHSE, (46.5)%
F 1, € HEIE.
RERMEZAEMSEHYE NI, HFMENSRIER I RENE
shy R RERT Rz 30 . B X A Kt B R b is B (H2, X KU R FRAR R A
G

JdF = const. (46.6)

XANEEIRFR g 30 4 R IR W] B IE AR B T AR R AN AR, LA R AR iE B
p M q AT ABARIENZ#(ZE § 45 REE 246 H)F 2.
SE R AT LAGEBA T 1 AR B9 AN 2 1

”quzdpl,
[[[]>da:dp.dardps.
1Fk

Hp g XA R 48 m P 4R IE S S TR .
§47 WREW -HEALETE

TES 43 FERTFIA T BIRFE F AR ERER. ELIEW, XK
BS(q, ) XEHEKRSESHETRLH LR A

as
Z_FH(Q’P’t):Os

e Xt AR AR R RO LB AR EWRRTH LIE p ARE
9S/9qM %, IS K%L S(q, ) ML BRI T2

as s asS.

%""H q1’."7qs;a—q1"naaq59t>:0- (47].)

X — B TR RN AR - T S AR

BALHE B B J7 AR AN IE 7 AR — 4, I 8 I — T AT L 7 B R AR 4 SR 12 B0
7 RE R — R O ¥ Y R

FEAT XA T7¥E Z BT, ATSR UL — T AR — B S o 05 A2 R A OB TE
EREWR, XA RNER S R, ENFNATEERNARRE
- FEAT T RERER S MRS RS, ERMM S TENR, B ER
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R 5 S B R E AR
T WA TG — e T L Oy R T Sr A B R A AR A E () BT A T A R s 1
ARG, MSH - T RN SRR s+ 1 MEEES. XERER S
I LA H S B T 2 0 B AE W 0 — AT AR R, B LT B SR — A R
I 77 2 B, B A B O - R W R AT N
S=f(t,q1,"",q3a1,",a,) t A, (47.2)
HH ay, 0, MA RIEEEHO. ’
T e 1T 2 M B U — AT H O R A B4 5 R R A 9 35 Bh T R I
ZEMIEF HERITATAER ¢, p BFTBHEMNTER, FHU £(¢,q9,0)
HEERH T @y, ar, s, FERBT SR ST LRI By, B, o, B B
B R HOUK BT 2 R RFT SR, RATH A (45.8)

_9f _9f _ ~
pi_aql? ‘8’*8(1.’ at.

T RR AL f R R - RE ] L DT RE FAT AT LA 3 e 2 U R N
FT%:

H=-H+-pg+25-

at at 0.

B AR B B IEN K e, =0,8, =0, H L8
@, = const, [3; = const. (47.3)
A—HE, A s TR

If _
da, ™

AT LK s D AAR g FIRTE AL 25 DNE B e, p R KR, XA H T3 2 KE

Har.

O EBERXBERMNHAFTERTW -HALTRAOBERD, BRERIMERMIZE L, MRE MR
a3, Al PR B ARG A, AT A B EEHNEE R
S=f(t,q1, 5 q5a1,5a) + Alar,,a,).
M s A&

as
72, O

o5 W R AR AR A BT TR B RS o, BB TR Ay, o ) WEANERS FLE, W THEX
M RAENER S, B .

as _ (3S aS\ da _ (38

dq, <9q1 ) i Zk; (3ak )q 3gq, (3qz )
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3S/3q, Wi R HW - WAL
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T2 0 B0 — T Eb O v SR AR 1 % R S 105 B [ U A0 F 5 TR AT

AR A U BB A R — T H R, HOR I T RSB (47.2)
TAER o RBFFOEEZEFHOER L, TE s MUBHTE

g—(i:ﬁi. (47.4)

SR I B AR B T R AR B g P B (AL 25 ANME RS B R B RS BT AR p, =
39S /3 q, 7] LASK 15 3l & X B [B] B4R i ¢ &R .

RS ED - B LA RE RSB, ERETFOT s MEBER URY
B8 H TR 53 305 AR B @ AR 43, 1E 2 T DA S 7 4 SR B A4y s AR 4, A
REMAE —MEEREE « WERKS,NLER

IS _
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BE—NKTF qr,,q Mt MHR.
WRRE H ABFafE, B RARERR TR, EEW - B Ly REE
TR B T 2. XAV A B X B B AR B SR RIASE I b — Ex
S=S,(q) - Et (47.5)
(B0 §44) RAUT. DV BHRAERE So(¢) WMINT XM E W - Al i
ok

aS, BSO): (47.6)

H q“'"’qs;a—ql’""aqs

§48 HETE

E—EEZNELT,BEW -EETERNeR ol lEds s L EH
TR IZ RS RAT

BRBHE— AR, BIUH g Fon, SN 2R S/9 q,, TEM BT — HEW]
A RPMUAREMAS ¢(q,,95/0q) T, XA G P ALEHELIR,
i E) o 4, RO T R IE A

(48.1)

Hh g, BRBT g ZHMFTE LR,
HATFHL T FIE A%
S=S"(q,,2)+ Si(qy). (48.2)
WX RIEXARA(48.1), 7117
2|q., 55,25 o (4,52 )] 0. (48.3)
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B AR (48.2) E 4155, IR AMRA(48.3) G MM AN EE R, i X
B (R AR )X T AR ¢ FWAREEANGL . 7E ¢ AN RE R o K4
AL, B LA (48.3) RIBEFERER o BRI TR, HEMS.3) WA T

as
olar, 5o ) =a, (48.4)
28" 39S’
@‘ql’t’aql9azsa1'~:0. (485)

He o) BIEEFE. LEE N2 F M5 52, Ik 77 #7238 13 &7 52 5 1T L

SRR S, (q)) BFFREAITRS.5) ARTHET ERABRST.

QR X T 05 T LAAH AR 3 0T B TR s A AR s A0 B [A] DU OR v T - HE

A FRUERSMA IR0 T N TFRFEAEELFR L RFETE R
(47.6)FH) s NMEE(LIR) , EZETENELT , FEMN 2R 5

S = zk]Sk(qk;al,---,as) — Eay,,a,)t, (48.6)

HpEGAN S, MRARE— LI RE, MEE EREEF Ra,, o, R,
DUR R So=2S, AT (47.6)K 5. o

— MR BERREATEN B TEHR LI ¢ NEST T EWRE, BT
WAEETWHREW - HET AP . SR R ¢(q,,9S5/9q,) A RIS/Fq,, H
HE(48.4)R[3K1E S =a,q,, AL

S=S8(q,,t)+ ayqy.- (48.7)
W o) IERMN TREABIZHEENE p =39S/, M F—MEFREM S,
— Et 3X—T A AT (] ¢ AR FXT PR M E. : g

AT L FE P B — FE RSl T R P B AR B W T B, B T A LRI
3 B 5 T B A AT T8 4L 8 B 7 RR AR 4 B 1R O . BUTE IR AT LA 75— 46 A AR S JEUR
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N TFEMFW - M L R R & M AR IE R X RITRE
JUNTEARRI A HR T 4 B 22 & BB F, EA15 B R FE & Fh oAb g s sh i (a8 56,
AREEAYEE L. |

1. BKARFR. FARFR (7, 0, )5 H B I 25 15 bR 2K

2

1 b3 p
H=-— 2, £0, £Fe U
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PUES

_ b(0) c(g)
U=a(r) 2 26120

Heo a(r),0(0),c(@) BT RE M AR R RER . b fG — TR MDA



§48 S E T = - 157 -

WIFRR L, B, AT S R K

U:a(r)'l‘b(e)

r?
TEXFHAEOL T X T R % S, RIS 20 — MEW] LT R |

1 (38> 1 35S, \* , 1 3So\*

Zm(—ﬁ) +a(r)+2mr2{(ﬁ) +2mb(0)}+2mr2sin20<a€0) -E.

ZIEF| o BIEH LR, KU TIEXM "

SOZP¢§0+,81(7’)+52(0)a
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(d52 2

2

P
— | + + =2 =
d@) 2mb(9) sin®6 ’

1 @)2 B _
Zm(dr +a(r)+2mr2_E.

(48.8)

AVALIEES

2
S=-FEr+ p(pgo—l—J\/B—Zmb(@) _si—ig_ﬁde +J\/2m[E —a(r)] —;%dr.

(48.9)
posBE RIEERDEE B EAXNX 3 MEREFBRFIFFEZETHHE, A
] 45 iz B0 7 R ) A
2. WYL AR
MHAAR (F 0, @, 2 TR EIMPILALIT €, 7, o FIZEH AR

z;%(é—q), o= . (48.10)

AEbR & Ay BUETE BLE NF B oo , R BIESE, & F n O BAY il T8 2 7 16 e % it
o (LA = BN RS AR . 5IABRARAT 8 F42

":m:%(“’?), (48.11)
%A (48.10) W T LS R 5 5h—FhIE |
§ort=, pEroz (48.12)

THEENTHALR €, 9,0 BB R A BB H KK (48.10) % [a] 5k &
FHAA R A 45 R s BB A% B3 H R 5L
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=
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_m £

=
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I 2 43T R A
2 2 2
i&§+npm+zi§-ku(aq,¢y (48.14)
ZEL’T"FJHT"F Y EA B B RN T T H 68

a(&)+b(y) _ a(r+z)+b(r—z)
£+ 2r

RAELTF S, HE
‘m<52%_77>[5(@)2+v(1—577°) [+ znllsr,(as()) “(E;—ib(’ﬁ

TEIALIT @ Ll po MIBR T EHR. REHTERU m(e+ ) HFEFASH
I,
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(48.15)

250 \? »° 35, \? »2
25(79?0) +ma(5)_mEE+2_§+277(a—770) +mb(77)—mE77+2—$=O.
/?\,\
So=rp.0+ S:1(€) +S,(9),
CIRCY ROy e |
2
25<ddsé_1) +ma(E)—mES+§§ ,
dS P
Zq(d—nz) +mb(77)—mE1]+2—;:—,8.
o Al 1%

2¢ 2¢ 4

[JmE - £ - mba) = (48.16)
by B.E RIEEREE.
3. BEAER. 47 £, n, ¢ BIAT
p=c v (E-1)(1-9?), =z=0éy. (48.17)
EX L, o REBRSE. s ¢ BUETEREIEM 1 Bl oo, T2 AR 5 BUE 7L Bl 2 M
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T IS B LA B B 3 Bt (48 17)[RA L2, T8

rat r, Ty

ri=c(&—19), ry=oc(&+9), &= e 17 o, .(48.12})
56 1 A BT BRI 50 DA A 5 7% B T 54725 B A ] A s 5 O T 26, T 75

2 éZ 2 2 .
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' (48.19)
H U AT 75 e 285 0 R 20

Yy E B R oy B A B DUAR B T 3 RE A
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H a(8),b(n) REERE ERED - HA LT BH o EENEREA T

2 ms? 2
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2mo?E — BT 7 _ © 4y, 48.22
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W1 RREEY
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r

(BB Ffj A9 A ) PiEZ, ARAEFM - B TIFRG LRy, FREIA
BHHAGEAL R T RHGOTRE. '
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a(E):a_ifz, b(?}):a'i‘??yz.
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Mg AEBRHERL A, 1A, HE S —K XU
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- N — =1.
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R EBH a(E)Fm b(n) B ER - BTRTRG LRSS H(48.16)%
ATHRBEERBHENL , ENBhF#

2
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p ¥
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@2 R, 258
=214 %
ry r2
(BAME 20 HEREHELY).
fB.XANBTHEAE(48.21),5t

a+a2 Q) — aj
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0
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dA
T dt<<,1. (49.1)

MR A NER ZFRAEHANEREWRE E FUMENEAY T(E)E™
WREBED. 5 A B, REARRE AN, BEATE . HER R A X

ZBAAL, FTLRE R E WAL R EMAR/N. RE A T PR AR, H
MR BCR S, MBI ERE T RARBENFESLE, BEERT

SR B ATTE L, TE R L B BB E KR A A E
BE XA WRBERTUSRE ML WEMASSETERNTER. EAHBES
SRHARRED TR EEREHIN BRI EHREE.
B H(q, p, BRBTFEH A WAKRW K. RELR(40.5), &
%5 B B A5 L 2K
dE _9H _9H da
dt dr 3IA dt’
KA R WE R RFAUR T EE 8 A, T KRR TREE ¢, p. HTHRE
BB E L, 1 R E T BT I8, R I8 3 B 2 R (49.2) . IR F A

BAENS (AR ER), 7T LA BB S 25

dE _dx dH :
W TFHMREBOH /2 B R¥ g, p FIEZ R, M A ABELE. AU, XFm
R A RFEAREN RGEWK &AL Wiz S B .

(49.2)

S

AT FEI4E K8k

JH 1 (ToH

512?L57“
RERBRERG=0H/9p HF

dq
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s Bt 1) 9 AR 43 BRI T BT A 8k %t AR AR B B4, 3 LRI T BB

(T, _ & _dg

T—Jodz = 3H/3p’ (49.4)

S b XA R — IR I 4 52 82 4 R TR ) 8 LB
BUD. TR, AR (49.3) 4%

O WRRGEWZIHRFED, MBI ¢ BRENEM o, WX o WES N AREE TE B, NE
F| 2x.
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3€ 9H/9A

dE _dx J 9H/9p"¢ (49.5)

dz dz dg ’ '
dH /3 p

MEEEEHE, XINAKXFRHSNZTE A NAEEHNEshPE s
TIREX TP EBEWRBERREEEE, M E R LIR ¢ FIFEA ML
HSBE, X WHRERS. B, H3h B S1ERE p(g; E,A)IFKFRE H(p,q;
M) =EXMZHA RS, "

dH  JH Ip

ar tap ax Y
%2y

JH/3A _ _3p

dH/dp  IA°

e B FEA (49.5) B4 T8 354 4013 b i R IR S 79 p /OE |

Ip
@:_d_aﬂgaadq
dz dzﬂga_pdq

9E
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ap dE _ 3p dA _
?j;(aE d T ax dz)dq =0
XNEX &G AT 5L
dI _
oo, (49 .6)
Hb | {FRIBEE, X AEWBIEHLERS
_ 1
I= L4 pda. (49.7)

BAGERRY, M BB A X BT BRI T [ REHE B [ 2R
WA ~

BT RRGRER CISH ) MR B, 0 AR R A 5 000 53 30 P00« A
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BE

JE
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ANEHEERELT , MEEBEAE RIS p, g B " 4E=S 8 (BRI ) , 1 & 18
Zh R SR AR PUE R X L pE A A WA X SRR A (49.7) %l
2T B B AR, B AT LAS 0y AR I

I = Z%Jdpdq. (49.10)
YERBIF , RATRAE — IR F IR A & . T RIS 50 RN
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Y
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KRWE, MER —-HEE
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B2AH
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A0, |
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w—aﬂ = w(I; A)+(%/I‘) i (50.11)
HP w=EAI), BHRshIAR, WEWFE 1 BEEIBETEDY.

3] 2]
SRR MR EARB TR R R ERTCEAER B A (49.11)) 5 A EQ
TE [, w A THEFHFFE.
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O ATE w ERWHIBFHITHE J. Hannay 4 11, BLFR & Hannay i . 2 Il Hannay J. Angle vari-
able holonomy in adiabatic excursion of an integrable Hamiltonian. J. Phys. A: Math. Gen,1985,18:221;Berry
M V. Classical adiabatic angles and quantum adiabatic phase.]. Phys. A: Math. Gen, 1985,18:15. — i & & ¥
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N
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W org MM T & A wo W ZI(EH)): Al 56
w(tg) = wo. —BRYL, [ 20| WE RS RESEUR MR AR, RATAH -

O AEFKELT,BIFXGLOTAERAGE (=1 HTBIN,SRAEFIE ), EEMELTH
WITER R K AP B L Ry B /IME R



§51 RUATETERNHEHE - 167 -

ErRxARAC FE(51.6)hiE B E SN
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batic conditions. Soviet Physics JETP,1964,18:676.
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