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A Steady Drillsiring Tension and Torque Model in
Directional/Horizontal Wells, Analysis of the Steerabie

Downhole Motor Assembly under Large and Small
Deflections, Theory of Drilling Trajectory Control

SUMMARY

A more accurate steady drillstring tension— torque model has been
"established by taking into account of drillstring » wellbore condition
» drilling operation and drilling parameters. This model has been used in

scientific caloulations of directional and horizontal. wells, such as
determing the friction factor between wellbore and  drillstring,
calculating the hook load and nbtating torques ckebking the strength '
and stability of drillstring, optimizing well trajectorys. computing
the WOB while drilling by downhole motor =~ and predioting the maxinum
allowable. length of horizontal section. . -

Three-dimensional static mathematical models of a bottom hole ~

assembly/steerable downhole motor  assembly  under largé and small
deflections have been established seperately. The force and
deflection of drillstrinf have been accurately computed by using the
method of weighted residuals, the weighted objective fuction and the
method of optimization to calculate the tangency point and to  reduce

the effect of the indistinct tangenoy point conditions. The .effects
of the weight on bit, the borehole geomeiry, the geometry and tool

face rotation of the bottom hole assembly /steerable down  hole - motor
assembly, etc. on the bit building and azimuth force have been studied
seperately. There is significant  difference between the result

of large deflection analysis and the result of small deflegtion anélysis.
An improved theoritical-model of rock-bit interaction expressed by

matrix has been extablished by taking .into consideration the
anisotropic drilling characteristios of both the formation and the bit
as well as the geometry of the formation. A mathematical method to -

" determine the anisotropic drilling characteristics of both the formation
and the bit by using field data has been presented.

Based on the bottom hole assembly/steerable downhole motor
assembly analysis and the rock- bit interaction model, a new well
trajectory prediction model has been established by using smooth well
trajectory as objective fuction. A computer program from this model can
predict both the inclination and azimuth of borehole path. This
program has been verified by the field data from NMH-1 horizontal well.
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B3 BAWAMARTHR

BEEN P, BISRIEN EI, £ A SEFOSAME 0B, BXFE 0. B =X X
L, EWMBZES Fz MEE Mo Ma MM, 0A BEBEEN 1.(2), 4B BUBH
ﬁ@ﬁ[ﬂg fz(Z): ﬁﬂE Z=¢ &t, ' .

fale) = f1€(e)
" fa’(e) = f1'(e) - sin®

BidsHE
£ (z) = $rIM R Z HPZ3- F £, (2)]

£.'(2) = &rIM R Z +3P72- F f,(2)]

f {c)

'—ﬁ
0
il
-

h
(¢}
1

111 . FZ
f1 (c) + sin @ ETE



BiRYEMAY. £ . N-E BAGRESNESENEAN

£{*)(c) = £{4)(c)

£{3)(c) = £{3)(c) - sin o =z

12
MAHSEEeES. ‘
3 . F, s, F2 5
fg(z) = fi(z) - giné[(z-c)- ET(Z_C) + EBI?_(z-c) see]

(2.8)

: f (z) - sin®sinlk(z-c)l/k
At k = (F/E1)Y/2

Q) SRHBALEARREEANNELE

BEMLTE -1t TRAEREE « M1REHRAMHE &ﬁ&&i:ﬁ n-1 (—f n=1
REDIBABRBREES N o TEHBS, BARKREAZNS 0.4 0.
v Buay @42 BRLWKESTHN Liss Ly Lis ERF—-1TEA, M Lo -
ng = Mo ﬁ[ﬁ@ﬁﬁ*ﬁ‘]?y U11~. V|1\ Ula\ Vl2\ Uass Vls’ Eﬂ:

- f Uiy 0sls Liy
U= Uiz _ Li1 s1sg Lii+Li2.
. 2.9)
" Ui, Lij#hipg 1 2L
. < L.
[ V:u 0sls Lli
(2.10)

V, = S Viz _ Li, _S_lgL- +L~

- Vi3 L +L125 1zs L

Hep, Ly = Lis + Lz + Lis» HEBHERE.,

Y
N

M2-1 BAHANNRRERR
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BipxEHXS 5 =~ 2=~ BT SAHREANEKELIPAR
HOH 04 BAMUBEE Vi, Voo REC.OATH A8 BUBRBANTIE
A FT:

U12= Uii—sineiicoswiisin[ki(l—Lii)]/ki ? (2.1

Vi?.: Vi1+sineiisinwiisin[ki(l—Lii)]/ki 1 2.1

BC BEUEM BN TEMRER:
‘Ui3= Uii-sineiicoswiisin{ki(lfLii)]/ki

€2.13>
—31n9izcosw1231n[ki(l—Lii—Liz)}/k

Vig® Vi, teiné; sine; sinlk; (1-L; ) 1/k; | (2.14)
|

+8in8; jsine, sinf[k; (1-L;, -L; ) 1/k;
R k= [(WBy+ WBy,,)/2B,1,1%/%

4, BRFHEBEEFH
BESPIE-T Y i
RESFRSELRFERNNE, HEEBIE,

Ui€o) = 0s Vio) = O (2.15)
g, BASHBERESEMRRB, Mk ‘
[U1%€0)3% + [V1' ()12 = 0 (2.18)

@ BEBL |

T4 AR B OB S B T SRR oD SR K — 5 L S R D — B S
 BEBAWSENE S RA - RIHER . BHEESL. ,

H2-s ESEEARD D
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Uy (Ly) = Up,q(0) = X+ ecjcoséy
Vi(Li) = Vi+1(0) = Y5+ ec;sind;
Uy (L) = gy (0)
Vi (Ly) = Viyp(0)

"

BiT3Ui (L) = BypqTi49V341(0)

17"

E;LVi(Ly) = ByyyT549Y541(0)

171
?f}‘*’: ec, ﬁ'ﬁ‘ﬂﬁ
6, — ﬁﬁ%
(3) WAkt

HHEDALHRERBEFHIT AN,
MESHESHRMREF—FH0,

Un(]“n) = Xt (Dw-mn)/z

‘ Vn(Ln) = Yn
,U;l(Ln) +x
Vp(ly) * Y,
Up(Ly) 2 X,
Vally) * 7,

Ad: Dw — HIREE
D0. — W RLAHENE

(2.17)

(2.18)
(2.19)
(2.20)
(2.21)

(2.22)

E—BUANEN AN EAETH,

(2.23)

(2.24)

(2.25)

(2.26)
(2.27)

(2.28)

@ HHEBZIAHBHRY, SER - SWBHARE
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HU;-x)% + (Vi—Y)zli/z $ (Dw -DO;)/2 | (2.29)

:. ma*i%EGSJE?OJEE'IJ

1. MBRKEEMHELES ' ' ‘ :

AENNANENTEABEEETURASIRE—ENAREH. VHREHFSRK
BRITESHFITEL. MEKEERR—- #TME%*&E@MJ&M#%&???&,
ERWIERE BN AFHHEHR S

LUE P S H%Bﬁ?ﬁﬁﬁﬁﬁﬁiﬁ&ﬁl%%#ﬁﬁﬂ%:

Fu-1f=20 (EV@W) (a)
Gu-g=0 (FESEHA (b)
AP ;
f, g —— AEufIBH;
Fr» 6 — WOBF,
ﬁiﬁﬁt@ﬁ%
~ B n i . )
u = jEO CN; | | | | (e)
A C, — BHERE
Ny — ﬁ@ﬁmo

# 0 RA @ B (b R, —BFEHE TESH HATABRE R
RRRIE R

- \ )
Ry= Fu - f # O «d

RB=Gu-g¢O _ (e)

HTRARE, # « BABESBERBR TOXIRERRABADLAHE
BHERENE, B

RI=F‘C1-f-
Rp= Gu -

EE%E&W%WEPF%EE%%?» MR LHTFHREBNE, B

i
o

(EVERA) (f)

1}
o

(ESHR b (g)

RW,dV = 0 (FEEVERA YY)
I, Bi¥1 |
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| S RghpdS = 0 ESHA b | G

B, WK RERY Cio # C) KA © HIFE @ M ) WHEMNR. f1—
#%ﬁﬁﬁ%ﬁ&ﬁﬂﬁﬁ&»ﬁﬁ~ﬂ%&ﬁﬁ%ﬁ&ﬁ%?ﬁﬁo
. WE B R

EMﬂgiﬁw RERMERHLYEE. mﬁﬁﬁ%@m%wuﬁﬁmxwmx
B, Y NALTHA#HKEBE:

n>£mﬁ———u%ﬁﬁ%ﬂ%m

@) ZA%H.

Q) RFEEHY

(4) RiRZHEHH

(5) HBERH,

(6) EXFWA;

() REBHHY,

@) REHRBH

EENAERLAREZNAEEN, FEERARRZARKNT LY, BEA
EHENBERNBOBRRBARE. XELERKESHHEM.

RESHERLZHS A, *iﬁﬁgmﬁﬁﬁﬁo

3. BB

EHERFHBRER, HREX, WE-8HR
RERWS HEMAFEET N
® ‘ ,
(4) - 3 25

- BT ' (j
{X(O) = x{(L) = 0
" " (k)
x (0) =x (L) =0

RIK S WA RE B

- 2 3 4
= + ~
X 00 ciz + czz + csz + céz o

B AR P A G A, FERAG-RAARIEHREE REBF
ERY:
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¢, =0 %
3
Gy T “?%%f~ |
lc; =0 : | (
L -
Ca =~ IgEI : "
V Gy ¢ Z&EI

¥ o RE O APFRENREERRSHRBRTSHA.

L

wq‘ i
o PITTTIITITy,
ET

H2-s MBEEEEM

. TR/ RANANRENBRARESN

1. TH/BHEEMEHEIHINBNKER
¥ 2.4 f @.5 ABW, #4

T, Picosa- i

t.= 3 f. = 1

j' 1 EiIi ’ 1 EiIi t
! {2.30)

[ s WB, P, sina; |

.= e. = -

1 EiIi ’ 1 ElIl

8.

d*u. 3y. d2u. du. |
- i _ 1 _ i i

0t tl 5t (fil Bi)d12 + fiaI— = ey (2.31)

atv, d%u, a®v; v,
- ar* +tid13 + (fil—B-l)dlz + fi&I“ =0 (2.32)
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S BRUBREE
xsh r < <
r rEOairl (O = l = Lii)
xsh . . ; 2.33
U = rfoairl - 8ing; cosw; sinfk, (1-L; ) 1/k; (2.33)
| B (Ly, £18L;,+L,)
xsh
L r _ a3 2 -
rfoairl 31n6iicoswiisln[ki(l L )V 1k
- 31neizcoswi231n{ki(l—Lii—Liz)]/ki
(L11+Lia £1¢g Li)
xsh r < <
xsh r . . .
vy ? rfobirl + slneiislnwiisln[ki(l—Lii)}/ki (2.34)
(Lii sls Li1+Lia}
L xsh
r s . .
rEObirl + 31n9i151nwiisln[ki(l—Lii)]/ki

+ Sin@izsinwizsin [ki ( l—Lii "Liz ) }/ki

(Ly Ly, £ 1 8 L)

Hdis. %sh>4, j&ﬁﬁﬁ;ﬁl}iﬁo
BREBNRBREBREEARES. BN ERML R 54

xsh

— r 3 Y 1 X -— .
Ui(Li) = rgoalr]_li - Slneiicosfbiisln{hi(:{_li Lii ) ]/kl (2.35)
- SineizcoswiZSin[ki(Li"Lii“Lia) }/ki
X 1T + i i ; | 2.36
VL) = rEObirLl + 31n9i131nwi131n[ki(Li—Lii)]/ki (2.36)

-+

SineizSin“izSin{ki(Li“Liz'Liz)}/ki
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] xsh
U (L) = ZoralrLi i—51n9 ,cosw; coslk; (Ly-1;, )] (2,37}
—31n9iacoswizcos[ki(Li Lii Liz>}
‘L) - igﬂi 1ty aino.. [k: (L;-L; )] - (2.38)
V.(L,) = Z rblrL1 + BlnG 31nw goosik; (Ly-Ly .
+ Slnei331n“izcosiki(Li_Lix‘Liz)]
Cen
U (L )- 2 r(r—l)alrLi 2+k sind, cosw;, sin{ki(Li-Lii)] (2.39)
+k151n912003“1231n{ki(Li‘Lii‘Liz )1
xsh .
V (L )— Z r{r- 1)b1rL1 —k131n9i181nwi131n{ki(Li—Lii)} (2.40)

—kisineizsinwizsin{ki(Li‘Lii“Liz) ]

EEBHHEEWR =0, REAEPENSLENNEHEE, F-
aio = Uy (0) (2.41)
bio = V. (O} (2.42)
BT aior biokh, BB .3 30PEHa 1r...21xanr bi1re..bisxanit
IXxshh KA, ARBFFHERELHQIDHDE(QAOBHIMHUIE, EWMES
HEAPETFAMNAERAEERSP IR CILDAEIDOEKBEH Q.3 Me.30pE

BLERBY 2Xxsh-6PMUFE. ARBERREENITH xsh-2BR. #l, = jXL/
(xsh-2) (§j=1,2,...,xsh-3) b B SR Exsh-3P B, TERKEEEIBRALHBER

5 B

_— xsh r—3
- -lr(r—l)(r—Z)(r 3)alrllJ -ty rflr(r—l)(r—Z)lij bir

r=
(2.43)
xsh xsh
r-2 r-1
+ (flllJ -B;) 21r(r—1)alrllJ + £ rZIra Plig = eyt Wil
3 r(r—l)(r—Z)(r 3)b; 173% ty r(r-l)(r-z)lr‘s ir
r=1 J r-l
+ (£51 7B, . z (r-1)by 15224 £, 0 b 1771 - W32, (2.44)
i7ij rir irtij 1r irTij *
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E‘P‘ §0< iaJQLllﬂ#
Wil,; = ¥J2,, = 0O ‘ (2.45)
o Lis € liy < Lyx + Liz B

‘WJliJ =- k;sin@; cosw; sinfk; (1 )](k2+f1113 3)
+sin6;  cosl (k; (15 5-Ly, ) 1(fjcosw;  ~t;kisine, ) (2.46)

Wiz, = kisineiisinmiisin[ki(li )](k2+f111J -B;)
—sineiicos[(ki(li )](t k coswy +f sxnwl ) (2.47)

f—_ulhu‘f'luz (%’l!J{L.W

WI1 5 == kg (k2+f 1;57B; ) {sing; 4c08%;  sinlk; (1;5-L; )]
+ sineizcoswizsin[ki(1ij~Li1—Li2)]}
+ sineiicos[(ki(li )](f cosw; ~t, k281nm11)

P » . _ _ \ _ 2 .
+ 51neizcos[(ki(lij Li1 Liz)](ficos“ia tiki31nwiz)

{2.48)
2
WJZ k (kS +f11lJ B ){31n9 51nw 31n{k (1 lJ—Lii)]
+ siné; sinw; osinfk; (l i1 Ly 13
. N 2
- 31n6iicos{(ki(li )](f 31nu AT k 1C0Sw; )
- . - o 2
31n6 cos{(k (1 ij L11 Liz)](f151nwi2+tikicoswi2)

(2.49)

(j =1, 2, ...5 xsh-8)

B (2.35) % (2. 400 R1 (2.43. (2. 4ORBR— B2 X xsh FHTHBH RSN FH
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B4, WHRBREBHELFAMFERE.

ﬁz DX = [dX1: an’ cee dxa><g,h]T
= [all: 8122 ese3 Birush? bg[: biz) s e e bix'h]T (2.50)
¢ = £C1: Cz’ e C2><x.h]T . 2.51)
M EEBEREX
M-DX = € ’ , (2.52)
LN %
DX = M *-¢C (2.53)

Her, MM 'R O Xxsh) X QX xshO P BB,

Mooy p = —r(r-1)(r-2)(r-3)1§3*+<f.1.

ili;57Bj)r(r-1 )1§33+fir1§31

r—-3

M2j-1,r4xsh = —tir(r~1)(r—2)lij

MEJ;T = _M25~1,r+xsh

M_. = .
2Jj,r+xsh 2j-1,r

R
sz(xsh—3)+1,r - Lj

MQX(xsh—3)+2,r+xsh = Lg

M

— LT
2x{xsh-3)+3,r ~ rLy

M2X(xsh—3)+4,r+xsh = rL§‘1

Méx(xsh—3)+5,r = r(r‘l)L§'2

Méx(XSh*3)+6,r+xsh = r(r'l)L§—2

( r=1, 2, 3, ...» xsh)
C =1, 2, 3, ...5 xsh-3)

C33—1 = €4 + WJIQJ
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Cz_, = Wlej
( j=152+35...5xs5h-3 )
Cax(xsh-a)+s = Ui(lhy)-U;(0)+sind;, cose; sinlky (Li-Ly, ) 1/k;

+31n9 cosw1251n[k (L L Liz}}/ki

= V; (L)Y (0) -8ind;  sinw; Sinlk; (L -Ly ) /Ky
~ -sing, sinv; s:m{k (L;-Ls, Ly, ) 1/k;

: ngx(xsh—3)+z

‘sz(xsh~3)+3 = U (L )+31n9 ,cose; coslk; (L -L; )]WWWA,,

+31nelzcosmlacos[kl(Ll L, - 12)]

CEX(XSh'ZS )+47 = Vi(Li)—sineiisinwiicos{ki(Li—Lii ) j -
_81n6izslnwiaC°S{ki(Li'Liz—Liz)]

_02X(xsh—3)+5 = Ui(Li)—kiSineiicoswiisln[ki(Li_Lii)]
]

~k-sin9~ ,CO8w, sin[k-(L--L- "Liz)

sz(xsh—3)+5 V (L )+k sind; sine, sinlk; (L;-L; )]

+k 31ne 31nw 31n[k (L -L;, 12)}

Eib, i Eﬁ%ﬁﬂﬁﬁﬁ@i&ﬁm%m%o

EffReaiRAamheit, YAREISRERAEEI -1 RE. SR
AMPRKRER—TRANE, COAERELSMERNTEENFHRUER. k. A
MR KESSHERRTE, HEFEEN

minlU;s"(0)% 4+ V;*(0)?1]

X E BHEDRLMRSRILRE R, HiiE., ME5HRHBANHL TR
ARE—H, CAWTTREABMEUE, ANLETEHELARFHRNERFHEL I
Bihegk FQsOARELBR —RER, St ERRERE I HERRLFE,
BERARBR-DAKE, HASABAREFELRLRRERLMIREM.,
CR_HRLERRERERSHRMRED ARKE.

ER—ERLT BREBRBEABERHN—. BB ROR, RRAES
BEMBEZEZHREZHT. P2

=3
X = (Xi’ Xa’ Xs’ X*’ xs’ ...... X4n

0 ' (2.54)

(2.55)
' ' " " ' " " T i
= (Ui(Li)’Vi(Li)’Ui(Li)’Vi(Li)’ UB(LZ)’...’UI](LI])’VH(LI))] ;
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Bz (B, B, -woer v E )] (2.56)
He: '
E1 = Ui(O)
E1=Vﬁm
Egiy = CK; [U1+1(0)—Ui(bi)]
E4i = CK; [V1+1(0);V'(L')]
E4i+1 = CKy [U1+1(0) U (L )E I /E1+1 1+1]
E4i+2 = CK; [V1+1(0) V (L )E 1 /E1+1 1+1]
1 (1#n)
K. = {
* (0,1) (i=n)

U’i+1(0)» V’|+1(0)» U”|+1(0)’ V",+1(0)H3(2.53):‘rﬁﬂ‘§( i=1,2;...»n).
BUSRKETHERZHE).
|

EO = min ( B+ B) (2.5T)

X } :
ERMMERRBRTERDAKET,. BRBAMaNLRRRE. I—dB8PRATE
KURPRE

EXE_—ERAP, MEEBANMDEAKE. UG M IAKERSE— ﬁﬂﬁﬁﬁﬁ%ﬁl
AEBRE, BAZSASKEEREXERABMNIAKE,

B RAEBTHTRER

minfmin ( BT )] (2.58)
n 3 | - .
BOSHRRINERRER. REBISABAGANRSEN.
ERBEWR LK, Wb AW

[(U;0%+ (V-1)21*/2 5 (Dw-D0;)/2 2.59)
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i=1, 2, *»++, n-1
EUMAEE BIPELBR-BES, THERBEREFRS, #25:
ec;= (Dw-DO;)/2 (2.80)
3 V (L /2)
arctgy L, 72y (0> 0)
6i = { V (L /2) (2.61)

T+ arctg——-(-ﬁ)— { Ul< 0 )

EFitE, AEQSORIANE.
() [{HBSH, BHUHIHHE

Bmmah.

Fb = +8E;11.a1s ' (2.62)
WMHEMS: ' '

Fw = -BE;I1b1s (2.63)
(2) $EMmEs
HBAMRREAREESY —HTFEN, hTEXLNERFE. SHEEAHMFER

HEHULFEAN
HLmARAEHSTEANRE: _ |
O, = a1 ’ ‘ ' ' (2.84)
HLmEREAEHHN N FEABRE:
O, = by (2.85)

3 HBRWEREFHXEN
HEBHBINEREBIIBRIET AT E:

RX: = E¢LUy* (L) - Evarlisal”’ 142 (0) (2.68)
HENEITFRERIXIBDEHAMHS K-
RY:, = Es1iVi*’ (L) - EiealiarV? 142 €0) (2.87)

2. BHMBAMAZEIRENESER

FAALEMNKBESWER, TUHWNLEAMRASALAA=R I RESESD
RHREF BFERNE-TRR), HBTHNERTEEHSAMBRAAER X
MBE. RARAD, QEEIMZHNEA, FRFRESH TN, BLXHME

AR RE G

BRSAHARLAAZRIRERDHEFIFEFH, BERBAHRETS NI HH
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SHMTLBR BERNIATHLL. REFERBUHAGANREHER, ADRE
HRESSHBEM, —BEM. REXAFNENBERERERT AAR, HHH
DELLE, HEAEBRNEREFRSEFIE, Eﬂﬁﬁ%%ﬁ%#ﬁﬂﬁﬂﬁﬁ
%&ﬁﬁo

. BRWR

%mTﬁWQh%ﬁﬁéﬁ¥#EMWiﬁ§ ERABETH/ BANAEHER
(EREBEHRE. BE. REE. A REA. BEF . RBALE. BERM
WO HFRLMSBOHRGELE, BEBOHH. FHANREBHGIE. 8
HEWE) . MARAMAHESHER, TUREBELREHEARYSAHERIEAEY
mEWBR. HEFANEANAE -8R, AETAEMBAMAAS. BNHAD
. BAMASSE. RESAKALS. IRANEHALS. HESRUBRMHER
#om. LE-9E@2-22. THRIWELRAEERRWHM DML HHBME.

() HiEsE ‘

HEREMELSHMBEERAIMEESHZ -, MAR-PTUAREWGEHS
¥ HFECHERAS FTFARUESTEBIEARTFLEY. TH/ FABAS
BAREHEIN E2-OFRY, FHHAT, BAMOIBHEERMMNY. HES Y
whFEEm, BHHKRERS.

@) F AR

%ﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁ?iﬁﬁ#ﬂﬁ#&& LTH / RRHRAAAEER,
WEAHREAPHRTHABRNKDS, FANWERAEECHAMATEL. Bt
BAEMEMERALBASHBAEENHXR. BH2-10R8, BRAWHADRMNIEH
HANBATRA. HHABKAN. BESEEAL. RANSHA I HEARADEASA
AMMEATHA, RPUHSAVEIHE. #RAYRAHANEAREXZHEBAERN.
MM G H BB REFREE.

(3> 3 BR i 3 f9 6 v

%ﬁ%ﬁﬁéﬂﬁﬁﬁ%%ﬁ LefIZAFREEERY, SRLABSHRE
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1.3m " 6.3m 10.3m y
vV REHA >—}——¥+ i

H2-3 TR/ FAMAESEN

I. I4R84, $6%H2215.90m H$&E4£165m HRELFEL23100n* K
I 1000N/ms HFML5°, NEHK 1°.05°; I, V. VERES, $LER
215.9mm, 45442158, T5nm HA57.15om R EF1325N/n; BREBE S

##215.9om, HEH45° . SEISOKN. HENBRFEBHEF A FhARY
F£200miy B o

M. B-1IRPHRBEGSELSHBENEFHBRBR, MBAHEHREHNENY
MABERTRE MEFEHUEZBBEEEN,. K9EH. BERNEREANER
K, BHEEBSER). F—HETHHSSAES~WETIRPEEER S, RZF
R, F-HETHHICHEES —BET, TRTEBHINH, RZFHK.
(4 EEKFEGEN
C HBEREREFODHFRAEHSR KUTEREA, HAHARIEEIAANE
» RS FRIE S HEAFIRYHIREAFERARER. BHe-12%0,. BEMEAFMN
Fo S EER T HMERNFo = Blhecos(Y +1); BEMMHLS F. 5TELFHM
£ERH Fy = Awsin(¥ o470 REHAPB. Avs ALJOIBERE. BENHREGX
HABSEEFRIRTEIREE. RENESERRAMNAE. HAKE. BEEA. BHAW
5). HBFRERBREBROHEW
Ti#/ BRSAAANER, ~HZFHBRLARRHHEAR. YEBIHFET K
RRAROBEHESAWHFAREH, FRYHEVORFERRET R, MHEwT
BEOERNBHIRE. B2-13%0, ARV AEREBRONFABANH LSRR
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ZRERHEAS, EHIREBRSHENMBESEXME HERBA, BHSBEN
RESROEBESHLMEhmEmEh.

(8) BiFk B W B

TH/SHEBERAAERREHBEMAMBIE, SAZIFHINEH. AE2-14
B, HiAREESHLME A EmE D

(O BEBRBVLEHE W :

REBTBREESHEM I EREEBMERAY. FFiEM $EERA. HHE
A BRRAEHSETENRATRERSZHRME. Be-sf@-16 2PLKBTER
ABREBASHHSHBEREBNESH AWM AN XABR. HERE, XIHIR
ERBEHRUBEIHLMmDEMBR. BT REREHLETEN, LEBRRA
HRMER. Y81 REVEHSEEN, ER—F4#T, FRASR“ERAFANHL
fmy, HER—#E EFRAFATHEIMEHERE,

HANHVEAMHAMSERRHBEABPREREENHNTREMMN. RBHA
Hﬁﬁ#ﬁﬁﬁﬁ%%%ﬁﬁ$?4w% ﬁ%%%%ﬂﬁm%%ﬁﬁéﬁm RzW
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@ BHSGASANENEMW
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ERERHREN, FHIAHAHHEFHNIBRRES TR Wb 8HWRESR %N
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Be-BAHTREAREFAHAFASARNESHIMNRA LN XRNE. BEZANR
EEmsgm, SBAMEHMNIREEREN HHIEIUUBEBERERE TR,

) FHHABHANDINHE W

SHHEAEARPECEHHREENSNERZ—. B-04AHTHHBEMSADN
BkmEhEE—BANXRBR. SRGENMHAALHEE —SAHNMMTRERNE
B, MBHFEHMEZEBKIMEBD.

B2-208 i TREBEFHMHEENHAWRASEE_SHNXRHR. FHHL
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S (10 BEHABAKEANEMN
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BHANHLNAASE-REARARANERHHANBE _REANXRHR. HA
MEABDFERBA o MERNF-BrACOSe, MR HF.5RERMERMY
Fe=ASinw o

46



Wiy RMXE X $-F SnSRESMBKEHYARN

M. M

BLpR, BUTHR/SEEAA4=Z8 P REHEFTTEH:

1. AXBIMTH SHSEAEAZSEIEEHE I T RBLRERBRT H
BEHTHRARS, RAXKESRERN

2. NANSEREEWURTEHLLBESABANTANEEA.

3. NAMBKEDE:. WREBFHRNBRRIETETURERMIHEEANZ IR
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EMWEHESHBRHBEMAREMAOAD, ANRBELSHENER DRGSR
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5. HEMTH/ PAHAAANHINPRHITEBRERLRE.
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BN TSRS RAAKBERRESENN

EEWsHT. EERBAEREBSE,. ZIVTHLZIBAEEENTRG. EE,
WMALEHWHERER, MAZRREFLUBHEE. URFRBEXFAENHE.
ERRALBRIGAERS . ¥THEHTHEHRASGKRE, SHRBERKN, 5,
RESHT-BRUDBREIEER: EYHRBERARN/ ARASAHAN, HRHR
BERX MEAHUFERARE, SEETARES.

—. TH/FAHAMSRERIF2FANFUN

LEZRER

RAEBEE—T,

WS HBE ,

FTR/FAMAAAARYHETHR B o1 TRER. BMARNSAST W1
BUMSHRAT. HALEZRSHIRA.ZEE. HE. HE. HBRIXRIEHH
BHBKEHSER FEZRARESH.

BEBHENTFANB - RENTFHIE

dF.

a =-§
HEFEF B

dM

MEHE
N . dt, dre. , |
M; = BT, (% x grd) + GyJiar & i

SHERRBEE#S R4,
(VW; WiV BT+ UG = T Wi T,0v; (2.68)
(WU -UJW, JE T+ TyV; = T, .US- T, W) (2.69)
(ULV; V3Up DB T+ TiW; = TogVi- T (2.70)

81



BiprEmA® 45 0 0 00 0 ¥-F SAUHAGAMBAZHIFHN

o O 4 O () E
F|7= Tx‘i—i— +‘ Tyt’-j- + Tzli‘—y‘]%ﬁij' S . k
TussTyis Ty 1&%&"‘]1"9 Xsys2 ﬂéﬁ:ﬁﬁ’]mﬁi'
B — BREREREOSH, EMEEEESHRORESD.

CH P.si T-p 3
| ¢ - . X . — . .
i iSing; 1 icosey J

| .
(2.7D

S AU, odvy L W L \
ti aqr 1+ J+_aIk3 (2.12)

u“vnw,——iﬁﬁﬁﬁ&&ﬁf
HeS5RBEHE—THEE.
# H ;
TXi = Sxi - PilSinﬁl (2-73)

Ty = 8y (2.74)

: TZi = "WBi + PilCOSO‘i . ’ (2.75)
—— BETEFEMA A, =1 B RN,
— RT®y N HEA N, =1 HRETRS,

iHETHR A EMES, i=1 BHEE.

;*3 S
Sy
WB,

M (2.88)~(2.70) WERK:
1 Ty I "y "

_ ' ' (2.76)
- Sy.iwi"‘ (Picosail"WBi )‘Ti

= (Picoscxil—WBi)Ui-— (Sxi~Pisinail)Wi (2.77)

U; (2.78)

B(2.76), (2. TDRH
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8= ﬁyla;*{[W;(O)U;"(O)—U;(O)W;'(0)}EiIi+TiV;(0)+WBiU;(0}}

o (2.79)
e ﬁT%5;—{[vfl<o>w;"(0>-W'i<0>v;'(onEiIi«» T;U; (0)-WB,V; (0))
1
(2.80)
3. ARKHMELEH
(1 ikt
RBLTHROME HRABHE,

Ua€(0) = 0,  Va(0) = 0, H:(0) =0 (2.81)
s, Bk EMBERMTTEMER, Rk
U"(0)2 = 0,  Vo"(0% =0, F.7(0)a = 0 (2.82)

(2) BESL
EXRERREMAL, HHEETHRPOREE -SSR ERABSHRPL—CES
 BEBFMSBELFRE - KINESL. THEELE:

U; (Ly) = U;,,(0) = X;+ ecycosé; . (2.83)
Vi(Li) = Vi, (0) = Y;+ ec;sins, ' (2.84)
Willy) = Wiy, (0) =24 (2.85)
Ui (L5) = Ujy, (0) (2.86)
Vi(Ly) = Vi, (0) | (2.87)
Wi (Ly) = Wiy, (0) (2.88)
EiIiU;(Li) = Ei+1Ii+1U;+1(O) : (2.89)
BTV (Ly) = Byy,Tiy,Vig, (0) (2.90)
By LW, (Ly) = By, i, Wi, (0) | (2.91)
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Bt ERAE. kR R-F SOHRECHBEAEHESN

%) BEEAL
EEARNEERFESE, BRI 55ANEEAFTXMENE, THEEEZ. A

&S A,

(L) = Uy, (0) (2.92)
Vi(Ly) = Yy, (0) (2.93)

Wi (Lg) = Wy, (0) (2.94)
U (Ly) = Uy, (0) +sing;cose, (2.95)
Vi(y) = Vi, (0) - sine;sine; (2.96)
W (Ly) = [1-U;(L;)2- V; (L;)31%/2 (2.97)

B LU (L) = B\, T, Ury, (0) (2.98)
EiI,V; (L;) = By, T, Vi, (0) (2.99)

By I W (Ly) = By, T., Wi, (0) (2.100)
Tui (i) =85 544 (2.101)

" Ty;(Ly) =Sy g4, (2.102)
T,3(Lg) = WBy,, (2.103)
HA 8, — iR LREM; o

0, — iBHHELREANEER.
& i Akt |

EN R, HHMEHBRTH,. EA2FEN—. 2RSS E R AH RN B EE MY
HE: |
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Up(Ly,) = X +(Dw-DO,)/2 (2.1'04)
Vnlln) = ¥, (2.105)
Wn(ly) = 2, (2.106)
ULy 2 X (2.107)
Vp(ly) 2 Yy (2.108)
Wy(Ly) 2 7, (2.109)
Up(Ly) 2 X, (2.110)
Vally) ¥, (2.111)
Wy(Ly) 27, (2.112)
G) BHEERIHHABRMBRY, LHAHE ~
[(U;-X)2+ (V;-Y)2+ (W;-2)%1/2 < (Dw-DO;)/2 (2.113)
. MEERRSRTRALE

EE-VHERA Mﬂ%iiﬁﬁ*ﬁﬂk%ﬁﬂﬁﬁﬁﬁﬂ%ﬂ TEHRUEFHER
FRMAREIEEEREAPIRRHLHBE.

TR ISl E

B2-23 AFEAXHEERERSEARLEER

BREGXHAEES, KIL-100 55 1780m A B Tion, TEREE HP=1010 KN &
ERETTXOZFEAREEH, TRBKNET S BANLTEHTH
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B EHASE $FO N-F SAUAMENBARNEAE

dz a3 ax . &3z dx
- (5. - QL pT 4 P =0
[(%%_)2 + (2 =1
i
' rX(-L) =X(L) =0
d2X(-L) _ d3X(L)
= = 2.B
Z(0) = 0
AREH
i0
Xz % 1t (2.
c2olr (2.0

BERAILAFH .0, SN MMIFE, BLEETANIEREIES, £
SEZSRALRERSFE Q.0 BELITHIGE, RF+—-THLFE, CF
SHERBRMEBRY, REBHNALABI TEFLFRGHHZ #H. AKEEY
ERSERBEVRGRIER OREFNTE 239 AXPTUEYH, WRKXEERT
RBEAMBHEXSREYIT17, RPEEABTHENUBSARE, BlTE, WA
BEREBTRBHERREERE.

®:3 ANEEXHENNARRSRARALR -

&&&ﬁ iR £ B0 ﬁﬁﬁmi

F ¥

() 8% X4 4 24 % X4 4
1 0 0 1.24298 0 1.24355
2 1 997061 | 1.18112 |.98843 | 1.1827
8 2 1.97948 | 1.00231 | 1.9668 | 1.00806
4 3 2.93898 | .726048 | 2.92838 | .73089
5 4 3.87639 | .380795 |3.87283 | .384137
8 5 4.80068 | ~4.T4e-9 | 4.80636 0

=, TH/BAGAKSRNEAREA I
1. FEB/5 5 5l B K B8 BE 22 40 47 1 I AL 2 2B R

B o5 3
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BixEax? kx> ___B-F SauRAEanBfELZAN

U; = U (0) + rg ay 1r (2.114)

Vi = Vi(0) + rz b 1r (2.115)
=1

W = W, (0) + fi[l-(U;)z—(V;)zli/z dl (2.116)

%ﬁﬁt@ﬁ&%ﬁﬁp‘giﬁ,@(z 76)~(2.78), EHF LWE 2. 81)~(2.118), W B
REEPLREEETF.

¥ .118) LA Q.76)~2.78) K&, FTURAH 2.76> F 2.7 XA
B 2.78) X, BP 2.78). 2.77) .78 RAE 2.118) BIMEH/HTARME
WM. REBRREBEAC. MDA, CQ.IOHAREDHE. Il EUEHS
WPEEEQ.IOANOAFEPFXIMH,

LZRBREEERIBER, Mu. 0, v.OBHQ3DHMCSOBE: EEBREEN
~$ﬁ,wmmwim%—*%§,mTﬁiﬁz

— - r

Ui(O) = Ui(Li) r§ a; Ly (2.117)
- T

Vi(O) = Vi(Li) - r§ blrLl (2.118)

%&&%ﬁﬁﬁﬁﬁﬁﬁ»%ﬁﬁ&@ﬁ&%#»ﬁ

Ui(o) = 1+1(L1+1)‘ r§ 2y L r§1a1+1rL1+1 (2.119)
Vi(o) = 1+1(L1+1) r§1b L r§1b1+1r]“1+1 (2.120)

RER EEBC.HOBC.UHADWEHBERVBLAEE, E4HEHE
MEBRE—-Z_HEHREH, HE

- I '
Ui(Li) = Ui(O) + r§ alrLl (2.121)
- T
Vi(Li) = Vi(O) + r§ blrL1 {2.122)
T _ io0o r—1
Ui(Li) = rgiralrLl (2.123)
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BEhXEMAE £ 0 N-F SASRACHEREHEM

! _ r—1 .

V(L) = ‘rgirblrLl (2.124)
U (L) = r§ir(r—1)alrL§ 2 (2.125)
Vi(Ly) = 2 r(r- Db, 1572 (2.126)

r<1

AAMLFE, BB Rarer bre (r=1r2r..., 100200 KH, BEEHBABRLAE
ﬁ,ﬁﬁmﬁﬁﬁﬁﬁﬁhﬁﬁﬁﬁﬁﬁ ERXEEWT AN AR,

(VUW:LJ 1J 1,))E111 + T. U
= S .W.. - (P. . - ' (2.127)
= Sylwlj (Plcosallij WBi)Vij
| (WijUij - U:LJ i3 )E I. +T V
= (PiCOSailiJ-— WBi)UiJ"“ (S P Slnalll‘))w (2- 128)

Hor, Iu = jLe/8 (j=1525.005T)s U iygs VViggs Waygs Uligs V9 W07,
LARFUTER LA ﬁ’gqi’ &J'E&ﬁ% i Fﬁ'@ﬁc )

e hHEC 2OARER = +¢Miﬁﬁm#%ﬁ%ﬁﬁ»m$%ﬁﬁ¢ ik
» AUEEWE BREHEPLRE,

EE—TYHRI, BTUARBBENIE RO AERTEERE, AVNLEETESR
EMHEEGAERBENAEENRABUBER S EEY. Hit, EHEMLER
BHUHINFERRLAIE. B—HRLEBR-VEKE, HERERSEHAT, 2FN
ARMREE. B_ERLERBELSREBIMMBEYREN EAKE.

EE—BRLF, BRREEDNa.., .. HETE, ABBRENLFREIREZS
¥, B

_X = (pra,..,ango)T (2.129)
ﬁ#ﬂ; X<3—1>><20+r = apr

X<1—1>><20+1q+.- = bis .

(i==1,2,....n; I‘=1’2’.~.‘10)

E= (Ex:Ez,...’Exax,.}T (2,129

H
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E zox{i-1)}+3 ~ [(Vlelg 13 lJ)E I + T U
- SiniJ + (Plllgcosml WBi)ViJ]/EiIl
Eaax(i—1)+?+j = [(wijUij - UlJ id )E111+T1V13

E U; (0) + 2 a. LY - U

44 (0)
ey i it1

20x(i-1)+1s

- kN :
EzBX(i—1)+1s - Vi(o) + r? blrLl i+1(0)
1
10 et .
Ezox(i—1)+17 = [r§1 ra; Ly © - 1+1(0) - siné;cosw; 1CK;
10 .
_ -1 . .
Ezox(i—1)+13 - {r§ rby Ly 7 - 1-!»1(O> + SﬂneiSlnwi]CKi

10
[ £ r(r-i1)a. LF¥ 2 -

Ezox(i—1)+1s = rey irti 1+1(0) italits /BTy ]CK
E = [ z r(r-1)b, L2 - (0)E, /E.1.1CK,
zoxi ) b; L3 Vits j4sties /BT 1CK
(j.:l, 2, onllln,n’ J’=1’ 2’ 3’ * e 0900y 7)
. { 0 (Gi:O)
2oxntaxi-1
(S -P; L; sine, -8, l+1)/E I (61¢0)
{ 0 (9;=0)
E A
2oxn+2xi
(S y 1+1)/EiIi (9i¢0)

(i:'l, 2’ s 60008y n"l)
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Hiex@Eni® k5 : ZF BauRASHBRKENFHN

: Egth{ :Vi(O)
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Wt Emke kF® 000 ENE ARNLBEHERER

1. WEMHRAE
REWRE PIE-IHMBBRAGRRUHBR EHOHRAE,

EMBRERRAE.

BHEASFARERPNRERETHOENEST. BEXHEARIERY ZHH
FRQBHATTHBUE, R 15K -6 HHHHHREES KW H R L

(RE-DW LA UK

Fa-1 HEHMMBQ541-268010

R ON 8 K OB M¥sax HeA T.8K 7R 199K
$rxE5MRHEREH 3
BEA M RHRER 1
REZBERWTRYE 3m
WROD FBRUD FEAND HECO ARG FHAWD
2551 9.0718 196.518 2581 10.6267 205.7
2561 10.478 184.641 2581 10.5357 218.72
2571 10.7178 204.081 2601 10.68 237.4
F4-2 MY B 2610-2755M)

& X M O# & . MW10%k  HEA 12.25K FARSK
LR U I SR
REEMRBEHK 1 ~
B X EWR T &N K 2800~2870M 14nm;  2670~2710 10mm:

) . 2722~2755  12am

HRCDH AN FEKUMD MEODH #HEND FERAD
2620 13.02 215.4 2690 18.3 215.3
2630 13.85 215.5 2700 18.67 215.3
2640 14.10 215.4 2710 21.04 - 215.3
2650 14.77 215.4 2720 21.56 222.2
2660 15.43 215.4 2730 22.10 221.8
2670 16.13 215.4 2740 22.60 223.8
2680 17.11 215.3 2750 23.40 223.9
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T ¥ :J!i # & MJ2115% HHM K - FA 235.58
% k45 m R % g # .3
% E ﬁ! #— 1
A JE:  2755~2052M, 3058~3105 12mm;
3019~3058. 8mm
MEK #E80E FEAGD MECEH #HEBAB FEAUD
2780 25.47 235.3 2950 - 41.59 236.3
2790 26,26 235.8 2960 - 41.84 233.4
2800 26.88 236.1 2070 - 42.40 232.3
2810 . 27.50 236.2 2980 42.40 229.8
2820 28.13 236.3 2980 42.40 225.8
2830 28.95 236.3 3000 42.94 224.8
2840 29,381 236.3 3010 42.90 222.6
2850 30,68 - 238.3 3020 - . 45,08 224.1
2880 31.56 236.3 3030 43,29 222.2
2870 32.45 236.3 3040 42,40 222.3
2880 33.34 236.3 3050 41.54 222.3
2890 34.23 236.3 3080 40.84 222.3
2900 35.38 236.3 3070 41,30 222.3
2910 36.81 236.3 3080 42,44 222.3
2920 37.84 236.3 3080 43,47 222.3
2830 39.08 236.3 3100 44,47 222.3
2940 40,32 236.3 3105 44.97 222.3
Bai-4 HEHBIHEB104-334NE N B
o S g :H:mmﬁk HHH 415K  FUA 234K
& % % W B & ig '
% - % % ﬁ 1 o
T %~ B 3105~3119M, 3153~3175M, 3193~3348M  12mm
‘ 3119~3153M 8mm; 3173~3193M 14mm
MRECH #8A8E FEADD MECKH #HEAE FRAEGD
3114 48,54 235.1 3234 57.93 235.1
3124 49,58 235.1 3244 58.95 235.1
3134 49.95 235.1 3254 59.98 235.1
3144 50.50 235.1 3264 61.02 235.1
3154 49,87 235.1 3274 62.06 235.1
3184 50.43 235.1 3284 83.11 235.1
3174 51.47 235.1 3204 84..16 235.1
3184 52.64 235.1 3304 64.3 235.1
3184 53.84 235.1 3314 63.98 235.1
3204 54,89 235.1 3324 63.48 235.1
3214 55.90 235.1 3334 62.90 235.1
3224 56.91 235.1 . 3344 82.3 235.1

90



Wik @Enxe % AT HROBEHAREA

®4-5 3R H B FE(3104~3379M)

®OF M O& K #  ME304f #EH 415K Fk 235K
& % !’n? N R G
% E . # & : 1

o B RA4E dmm, HESE 6o
MEH ##20D FEHMD MECH HEH FHEABD
3114 49.51 232.7 3254 11.80 - 222.5
3124 51.85 230.1 3264 72.8 222.8
3134 53.80 227.6 3274 72.64 222.8
3144 55.95 225.2 3284 13.45 222.8
3154 57.60 224.3 3294 T4.73 222.6
3164 58.96 224.2 3304 17.20 223.2
3174 61.65 224.3 3314 80.02 224.0
3184 84.53 224.3 3324 82.19 224.4
3194 . 87.40 224.3 3334 81.90 224.5
3204 89.22 224.3 3344 32.8 224.5
3214 69.88 224.3 3354 84.3 224.2
3224 71.85 223.8 3364 87.05 223.5
3234 74,06 223.2 3374 87.1 223.5
3244 76.27 222.8 3378 87.75 223.4

Ri-6 HEHBHB (3393~3823M)

® Y K g HiRssosk Rk 0K FfrA 223.5K

£ %
%% ¥ &
2% ﬁ% g? v JE: ~3mm

%

MR P %ﬂﬁ § S 1% 1V, & RO RGO FHARD
3388 - 80.38 228.5 3513 88,11 228.5
3403 90.71 223.5 3523: 87.74 2238.5
3413 80.84 223.5 3533 87.36 223.5
3423 91.02 223.5 3543 88.99 2238.5
3433 81.21 223.5 3553 87.27 223.5
3443 80.95 223.5 3583 87.64 223.5
3453 90,55 223.5 3578 87.88 223.5
3463 80. 14 223.5 3583 33.08 223.5
3473 89.78 223.5 3593 88.29 223.5
3483 89.31 223.5 3803 88.02 ~223.5
3493 . 39,00 223.5 3613 87.85 223.5
3503 88.48 223.5 _ 3623 87.28 223.5

91



Btidx EMXE 4 NNT GRGEENERER

() HENHMAESEMAHY AELEE, BREPSTI1° /1008,

(2) ERBEHBRMAFEHEB, ﬁ%%ﬁﬁﬁ%%m&%ﬁﬁﬁﬁﬁﬁ,&iw?
1° /100M; TZEDBIEHBRURERKA.

2. TH/GRSAEHENTEN .

HTFRFEHRH, ROERGESHBEENBEEH 24 EFN T4 RE BN
THHEHEEMENE (BE4-D. WEPFEH, FNEN XS ESEHEY .

#4-T TR/ FAMAEHERN

# B

A28

BHEHE

XREHE

BARE

3158~3197

RHR

9 /30M

95 /30M

o

3197~3213

e Eob A0

3 /30M

2.5 /30M

.55 /30M

32133241

pRITHER

8.3 /30M

B /30M

.35 /30M

3274~3291

BE4R

0.6 /30M

0.7/ /30M

1K /730M

C ]

it ERWE. BEWTHBAAR.

1. #BRHMDHARATEEZRBIER, FTESABRRIREIRZSHS
S0 G 7 120 5 A S S R P T 0 O R WY DA B A A B L LT A O
AL, BEHEARAERW I ELFUEMEE LOEERNEENH EOTHR.
WHE FBBTULRE, TOARMESEH.

2. DAHRABEBHIEH, BTH/ BAMARIRENRSHESZSEEFE
HEGRUMESRHRFBHRWEHE, HEk LT HERLNERREENE. BE
MEERERE. REOTHE. BAMWANNEITREERTIATMSH, RRER
ERAEEL LEBERE. :

3. EMAFHUREWNSSZBERSYRBIEFAFHUESE. BEMEHR
R HARHTERBENWSRIE, TRRESFEH.

¢ BBIUBROEHTRNTERMFABINUENSARERERERN. &
BT RAHF T R R BB X T A W s B 0 S IR B R B R o

5. BHAMERNERTREEBRRGESHERNZNEMRERNE, EFE—5
w5 :
8. MEERERVRERHFRINAMERVBHEBHWEMPRE I

. SEHRENELER. BE. BTREUAYE, MERME BEEERHN
AAFHHEL S

7h &

92



Mt Enke k% BET &£ i

FRHE & B

ZELRANENTRER, REEERHAADT:

1. AXBUMBSHER - HEREESZBTHEBR. FBRFEMMELD
BESZB=AREBE BET-UHHFIEFHEZIHE. RECHARH NS &R
HENKETUREHESHBENBRERY. AU HNEENZIRE. HEHTH
HHEEMKFEEE. REHRENE. BESEHEERNRENE. BHAEHBRATH
KE%,

2. NMH-1KFEH FEBEENE 0.182~0.3 Z2H: THREEERE 0.14~0.252
?ﬁﬁﬁ]o o L . : : ‘ .

3. EUBUNTHE/ BEHAL4AZSIBEENEZITBEUERERBMERT S
AEHTHRZHARS, REWERERMBEEHES AR EHAE. RARSEREHET
PURFEMLESHSANEANRES.

4, FEXBINTHRS/HBRU4EAZSABEHEIWHETERH. M HERES
ERAE, REEHMIRELHE, BHBMZLTRESZH2ZANRT XER. ARFEH
E#H. 48,

5. MANNAKEE. NMNERERNBRLTESW TR/ HRAEGHED
TR TURERBLEYSLEARFEATLRENNEA. BRMBREETEREH
FHEBUANEZAERN A BUANRBHE, HRBEF.

8. FHNBTHR/ MSALAZ8A. d\ﬁéﬁb%ﬁ‘ﬁﬁ&ﬁﬁﬂﬁ?“ﬁ%ﬁ%ﬁ
BHAZRKR. PREIZIWEYS, BTUHETHESRHAAGEE —SHRE.
RHhNEA, ANMBEHESHEBNEMAREMINRD, AREHL5HENE
AOMELMES.

7. %EﬂTﬁwﬁﬁ%ﬁﬁéﬁ%*Mﬁﬁﬁﬁﬁm BERKBE.

8. #mMEﬂ%ﬂ%ﬁﬁ?%@D%%ﬁ%%%%%hﬂﬁ%%%%%%ﬁk,
MAFRIEM

8., BHLBMEMNBEETHLNmARNGLEAEWMER, BEM . BB
RESnmBENME, TUE—EHEAREFRAE.

10. SMBANEA. ¥EARKCENELNE IS LEABmRA. EdiR
%ﬁﬂ%&ﬁ»ﬂuﬁﬁmﬁﬁ#mﬁ@o

%ﬁﬁﬁﬁ%%ﬁﬂﬁﬂ%%%%%%%%&k$ﬁ&ﬁ$ﬁﬁ*E* .

12. THEHM/SHRL4ANABEREURNECTBATHBEE. HRBES
LWm OO EMERBEHESTHPRABRESHIHD, BrRl—EmMEd. —BE
RFHFUHEKR. PREHZATPEL -, WHANIPEE-THEE K
EAWNREHS IR BESHABHEN IS

93



B BN, K HEE &

e ety

13, AXHEHAFUEREALHB=ZEHEIESTS. 20, ERBRETHER
BSHAMMD . WkiM. BN aRRHRE. MRS E R RN R PR ¥
%%

dﬁﬁﬁﬁﬂ&TE?ﬂMﬂﬁﬁ#W&ﬁ’XTuﬁﬁﬂWﬁME%ﬁﬁﬁ
%ﬁﬂ%%%ﬁﬁﬁﬁﬁ%%ﬁ BARSHHMAERBHRE -

15. AXUHARAEXBH B, ETHR/FRHAAEG=Z8R. IREHIZSGH
S5Z8HE RS ARYNHARATTEN I ERTUHEAM AT, XTUHE
RiA Lk e &R&ﬁﬁﬁ%ﬁ%ﬁﬁ%ﬁ%ﬁﬁtm%ﬁﬁﬁ%ﬁfﬁtﬁ?ﬁ&
Wi, FRATOERE, TUREEH.

18 DHRABRBIFES, BTHR/ BEBREAG=ZRK. MREIZSFHE=
BHETEHNSARYHZENEFENRRRREEL EWHUHES L ERARTEY

- MBEWER. ﬁﬁﬁ%ﬁ#ﬁﬁﬁ m%ﬁ7%ﬁ B8 3K iy i 1o R 000 1k 11 R A 3 3
»Aﬁﬁﬁo

17. ﬁ%?ﬁﬁ%%ﬁﬁ%?ﬁﬁ%ﬁﬁ%*ﬂ%%%%ﬁﬁﬁﬁﬁ%%#iﬁm
;&m7$m#Tﬁmﬁ#ﬁ#?&%mﬁw#ﬁ%ﬁ%ﬁxﬁﬁﬁo

- FABAEHEREAA. RE. HTEANHE. Fﬁﬁﬁfﬂ%ﬁﬁﬁﬁﬁ
&ﬁ#%#ﬁﬁ*o

PX@LEE, FXNHHERHRBOAFUT

1 AXFBMBSHENAHERERAEEBTHEMA D, RE. BE. #5H#
fa. At/ BEADR WMHAERBUHATHENEIRENEHBRONHE L. SHH
mEgm. ARFEHBRTZR, SRATERRIE. RAXMRPERES. REXM.

2. EHMEBTTR/FAKAAIEIZSHERLLMD RS DRFL-

3. ANYENEELBTRAMAZR NBEARS PR ABANSANEE
o

4. AXBUMTH/ FAHAMAZSAREN 2SI THARAXRBMBIR RS
o W-REEAPERLAEOREMARESFRE.

5. MAMBAEE. MNEBFERNRRETERRTIARIRFHREHE
MR FRHRTTR/FAMAARZRRIREHESHRE - ,

6. AXYHAMHAESHMBENEFARERLERARAMES R EEATE.

T. AXRBPHARAEFRU S BERL LEBAE. sNALERFAERF.

94



WY EMAY, $30 | . R B

M % A HEHR
EXRFEFELH, EHSHDEEXNT. o
(N> E» D) — BEAKMBIER, N Bk, E MAK, D BAT.

HREZDBLFR, Kbz BESHALHHREY -8, « }E
Hz BWBRAAFREDL, vy HMEGEFEURE.

{ x» Vs z)

(Xos Yo Zo) HBXHa2HER, 2. BRHHETRBENUREALY, HMER
Zo BB HBHMED, Yo HEFEUNRE. ‘ »
(XerYerZe) ERMBEER, . BHEBEKEBEELY. X %ﬁﬂk%ﬁ@ﬁﬂ"

v, BMBERASZ, . X BEFER.
Gonsb) — HARE=Z®E, + BHFRUKAL, « HAMEELH [, ok
HRBIERFH )
(DuesDyrsDaed— BB BIE . &\ . BB ERE
(FusFyrFa) WAEWMBEMERANE < v, cHAPSE
(FarsFyrsFae)— S5k WHMORIIM . R0, ¥ A9EEE |
(MXpersMXyroMXzp) — SHABERR. R ERBTIRES
(RuerRyerRae)— kB EHM . EH . ERHHHE
(Tus Ty T2) %ﬁﬁWﬁEX» ¥y Z?‘J‘Wﬂ‘lﬁi
(Vs Vy5 V) %ﬁﬁx’ y» Zﬁﬁ%ﬁi
W, v, v) — HFihkdn
X Y, Z2) — HFRPOBEF

A — FBHEBER
As — RE2RH
Ago BhRERY
a HEERE
b — REBEHER
Kk —— MIEHK
D. — HHFHHERE
b — HIREHR
Do — HifEHE

E— HHEMHOBEEERE

EC — i SHMAE L8

e BRKEHENEENE
E— BRER¥MEE

F— BHANRE

Fa — BEEN

“95



MR ENLY L

Fu M

For — BEHERBRH
Fo — WREH -
Fw — BH D

f — BHSHEHBERAN
T— ERKEHEEEARE
¢ — SAHMBEIRARE
T — ERRESEARIEE
I — HEASRERE
o — Wk RHEH
Lee —— HOBHI W55 B IR
Le — WBEMTHREENR
J— BERARERE
F— EANRERHE
Ko —— FEHR M

Ko —— FHRMBEE
L — XBHERE
| — ik ELE
F— BHANERE
My — BT
Mo —— BEEEHE
MXa —— $FITTRE S
MX, — JRTTRES

Mo — SEHARMERMRKEHHE LAYHIE
N— HHESHENEMES

No — BiHESHBMBEMEHTELD M5 &
No — HESHENBEMENE S BT E
n — HHBBRFHAR

p — BUKREHEMEE

r — HHE¥YR
Ra — HHMHE
Ry — Ml hE

RX — HBXEHEH SR
RY — HBXELHEY RS E
S — EBUETHRxFRS S
S, — RBHETHyFRSH
T Mt

TOB —— 453 H%E

TOR — SE# %

96



Bt @EHXE IR

v _ ET%EE
B — ﬁ&%ﬁ?ﬂ#éﬁ%ﬂﬁi;ﬁ
¥OB —— %5 JE
W06 —— WERBERHE
WOH —— KA H
xsh ﬁﬁ@ﬁlﬁﬁ
[B] —_ #ﬂﬁ@&h%%ﬂ%ﬁ%%sﬁ%h%%&%ﬁﬁ
(C) — #¥IIME
[DX] — HEEZHE
(F}) — iﬁ%&tmﬁﬂ#ﬂﬁﬁﬁiﬁ%%ﬁﬁﬁ?
(FB) — ¥l ML HFRAIMBER R BRIER
(IB) — 5L RUEHEH
(IF) — HERNEHR
(M) —— REEE
(MX) — TTRESEE
‘b: - ﬁ&ﬁ

Yo — kA

0 — SHHAEA

o — SHHRETARER
b — BBREA

vy — MEHA

B — WETHIRA
o —— &5 36 W 1 x B 32 A
0, — HiLkFmyMmka

W — BHENDHRKE
n — BABROEBYNE
0. — WM EREE

97



_Eiﬁi(:ﬁ_ﬂlt% :l_l;:"a‘)
% B
3 B 5L 2 B9 84> JL {7 &t fe2) feel £71]

- SEAMEY
BABRUHEAVEBREEUMALER - N (D)
REFEBFREALER, MEBEHIRL o L
MUBRMENEONESHEHBRLE 0" E (J)
Ritf7e), WUHBEVISHMEFER "
1. MERBFFRO/NED “ s
B OB ER A, N SEEL ?
EWMBRER, D BIBAETH, B34 ‘
FHPARANEESNR T, TH K i &
2. HMBEBFERSa D (R)
WHONMEMEL, SEHHBAN o,
HEEROG . - HEB. TEAERREER
3. FRBFRZAMXE e E LR R
HMERBFEROLE NEDMZRBE&LE ‘ '
(S, a, IHERWT -
- N = fﬁ sinecosy ds (B. 1)
 E = f% sinesing ds (B.2)
D= fs cose ds (B.3)
EHRHRATH R EXR 9‘!%
R=NT+ET+DK
(B.4)

= f sinacoseds T+ f ginesingds J + js cosmds K

I

- HABRRUATUARN=KEKAE
BAHFES I BESAIL R THIn+1 M RHHFE. HAANHEA.

SO, Si, Sz""’ Sn
o « ¢

o’ 17 % v %
(pg’ (Pi’ (Pzt"'f an

WMEWABHRANGFRATETREZRBEFREEAREREHE
SEREP a (MO OERFLS, -1, S, IRERXS N
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B EMLY k3 L2

8.-8 8 -5,
= ™. 1 + o -1 (B.5)
“(Sl) i-1"hy ihy_,

+[A{(S-8;_,) + B; (8-8;)1(8-8;_, ) (8-8;)

S;-8 S -8;
_ i 1-1 B.6
¢(s) = ‘Pi_i'ﬁ""‘i_i + fi’iqﬁ‘i’_' ) (B.6)

+[ai(S_Si—1 ) + bl(S—Sl) ] (S—Si-i ) (S—Si)

Hp-
hy =8 -8,
A = M, o+ 2My
-7 6h;_.
* i-1
B. = - 2M; _, + My
17 EHi—x
_my, *2mg
3 = 7 6h, .
i-1
be = - 2mi_1 + my
1T EKi—i

ABMo na G0 OBE5HMA. FRAMRVEEF X, XS5HORARL
MEFEX. BRADAFEROEME. BHURHHFHIE, HF

o = ma = Mo = M, = 0 (3.7
5%
B = Biy (B.8)
i " h. +h.
i—1 1
T I (B.9)

B{H M; (i=1,2,...50-1) iﬁ;a

HaMios + 2M, 4+ A M4, = Dy (B.1O»
¢ i=1, 2, c¢ee5 n—-1)
Hep
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Bty ERXE, L% M RSB

D, = & 6 — “igi“ b R R
1 i-1t04 i i-1

~

mq (i=1,2,..;n—l)ﬁﬁ

Himi— + 2m + }\lmi-?-l = d, (B.11)

Hep
(p. —q). (p.—q).
d. = 6 i+1 Yi o Yi Yi-3
1 hi—1+hi ( hi hi“i )

FFRBEAGAS AR

ERBE S HERARAERNAEN T, BE LRI LETE, FERSH
HEEMREAX.

1. W4

= sinacosy T+ sinesing J + cose K (B.12)

BTERBHEAUBERNHRATEN S, LEENFEANESELL, OISR
BERG.IOAMHREE.
2. FEH

ns=- %g[(sinasinw %§~ - COSaCOoSY %ﬁ) 1

- (cosasing gg— + sineacose gg) J

+sina %g—) K1 (B.13)
3. ﬁ&ﬁ‘
b= xn : , (B.14)
4. @#hz
Ky = [ ($2)2 + sin®(§L)® 1*/2 |
. (B.15)
5. ¥
2
Kn —w[Zcos %%~ da)2 - gina %% %;%
By (B.186)

. da d3 .2 3.
+ sine 3o 5;% 4+ sin' acosa(gg) 1
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He MGRIEANFEEH

RFA BZEMLTEBREOMER, FRREL. RFEUHRETREN. 7
KL, REHOMBEMEEL.. EHRMENPERET, REREE. BRTHEH
BRMEEKERE, BamBEFsAmBENG TRASH:

1=-¢--4 .1
e, phhEpi: oN%Mm, WMHHNIE.
REHELA
M="Pv (C.2)

Kb, v - HBEPLREIHEREMES.,
¥4 dv/dS = sin8 :

I T ;
BT 90 4 paing = 0
| ds (€.3)
¥ ERABWREL d06/ds P4 E:
%—l (%g)z - Pcos® = C | .0

e, ¢ HBR5 % B
FABMBHERTREBET M5 EXABHHER. BROESHELEY
W AR 0 /dS=-OMEHB o R ER, MC.OHF:

€ = - PCOSa (C.5)
f d8/dS = 0 WIHTEWHREN £2a7+a NEFO. Hik, mu:amm%ﬁ\-
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BB EMAY, 50 | M BC

A THAL WEFLRFH . B CHRAC.OR:
%(%g)a - cos® + cosa = 0O 7 .8)
RRAREBUEHBS FE.

HC.00 M5 R

%%(%—2)‘" = sin® § - sin® % c.n

HTHREHER, FUFBEALHER B
sin® § 2 sin® g
EAWHATARK:
sin® % -8in®® = sin® %
ORI FMETE, BIEFRARE.
WA . g

(C.3)

(C.9)

n® & cos®  de
. 0
31n§
MEC. D, (C.HH:
: %l(%%)a = 1 - gin® % sin?%e®

& Sin(a/2) = Kk B44E

do _ o .
ds = 2si (C.10)

(C.11)

ps= - de :

(ﬁ—)i/z _J: (1-Kasin2®)1/2 +C, (C.12)
He, c;hBR>EH

BBESH © = 0 P EER, Hefc, = 0o BE«C.9), ¥ O =5 =0 B>
8 =0, Ut S WERANTHBAPH. 46 = a B, © = /2, HETHES
MR HER:

PS®,1/2 de )

(1) =F (C.13)
El o (1-Ksin®e)?/2

EHR AE 8a=10a, O,=+mn/2, La = -L/2; & B &>

@p = +n/2, Bg=-a, Ls=1L1/2, HBAMBAFBERA .13, &

Xii
PLZ,1/2 _ de ‘ ' (C.14)
(EI ) - ZE (1_Kzsin2®)1/2 . e

BREBRSARE K HE, BH .1 ARB s 5 © PR, #—EBE . R
H s sy e Ef BERHBAEEALETHEERR.
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B EHAE 5

W & D
ekt &/ = R ARAL T 3L 10
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