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ABSTRACT

Because of the resource scarcity on land, many developed countries are carrying research on
deep-sea mining technology for the "ocean economy age". China also attaches great importance to
this subject. The manganese nodules and cobalt crust are poly-metallic minerals that lying widely
on the seabed about 1500-6000 meters deep. They have to be transported to the ship on the sea
level through the deep-sea mining system of which the mineral transporting technology is most
important. It is widely recognized that the hydraulic transporting system has great potential for
industrial appliance and the system that adopts flexible pipe to transport mineral is the best
scheme. This paper is a research on flexible pipe mineral transporting system, and the follow is the
main content.

Based on the requirements of flexible pipe mineral transporting system, a sort of mineral
transporting equipment is invented by combining vessel with high-pressure pump for deep-sea
minirig, According to Bernoulli’s equation, two phases hydrodynamics and principle of pipeline
transporting as well as the features of vessel transporting, the designing theory of transporting
equipment is established. Parameters of flexible pipe mineral transporting system for carrying
minerals from 5000m sea floor to sea level as well as parameters for 1000m crust middle test
mining system have been calculated and analysed. Conclusion has been reached accordingly that
the combined transporting equipment is a kind of ideal designing for deep-sea mining,

In real condition, the transporting pipe is moved under the draft of mining vehicle and ship,
meanwhile it is under the action of the complex coupling loads that include gravity and buoyancy
of the transporting pipe, the resistance caused by ocean current and pipe moving, and the force of
the inner fluid exerted on the pipe. Based on gravity wave theory, the experience cafculating
formula of ocean current, hydrodynamics and Morsion resistance equation, the theory to analysis
the moving and complex coupling loads of the transporting pipe is established. According to the
established theory, the movement and the coupling [oads of the system have been analysed.

Based on D’Alembert principie and Newton-Raphson method, the geometric nonlinear finite
element theory has been established to analysis the transporting pipe. According to the large
deformation features of the transporting pipe, the tangent stiffness matrix of the pipe element and
the stiffness matrix of the transporting pipe have been deduced. The geometric nonlinear static
analysis for the transporting system of 1000m crust middle test mining system have been done
under the hypothesis that the mining vehicle and ship moving in different modes and the
transporting pipe under coupling action of different icads. The research covers the following
parameters: the moving speed and mode of the mining vehicle and ship, the mining range of the
mining vehicle, the forces on the two ends of the transporting pipe, the shape of the transporting
pipe, how large the buoyancy of the buay should be and how the buoyancy distributes along the
transporting pipe etc.

Starting with the configuraticn analysis of the transporting pipe, theoretic research has been
done on the transporting pipe . The geometric nonlinear static analysis has been done for the
5000-meter-deep mineral transporting system under the hypothesis that the mining vehicle and
ship moving in different modes and the transporting pipe under coupling action of different loads,
The research covers the following parameters: the moving speed and mode of the mining vehicle
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and ship, the mining range of the mining vehicle, the forces on the two ends of the transporting
pipe, the shape of the transporting pipe, how large the buoyancy of the buoy should be and how
the buoyancy distributes along the transporting pipe etc.

Based on D’Alembert principle, the dynamics analysis theory of mining transporting system
has been established. Through modal analysis, the vibration features (natural frequencies) of the
transporting system of 1000m middle test crust mining system and the 5000-meter-deep mineral
transporting system have been determined. The harmonic response force of the transporting pipe
ends has been analysed when the mineral transporting system of 1000m crust middle test mining
system and the 5000-meter-deep mining system are under acean wave force or the up end of the
transporting pipe follows the ocean wave moving

Based on model theory, the mode! equipment for the minetal transporting system has been
made and through which the analysis on 5000-meter-deep mining transporting system has been
done. The model experiment mechanics analysis theory of the transporting pipe has been
established, and a model pipe has been selected for analysis. Experimental analysis has been made
on the end forces and the shape of transporting pipe. The comparative analysis on experiments and
calculating has proved that the application of finite ¢lement analysis in the mineral transporting
systems is correct and believable.

Through the application of advanced theories and calculating methods as well as experiments,
this paper made research on the mineral transporting system for lifting minerals from
5000-meter-deep sea floor to sea level through flexible transporting pipe. The research provides an
advanced technological prototype for deep-sea mining mineral transporting system and the 1000m
crust middie test mining system.

KEYWORDS: deep-sea mining, mineral transporting equipment, mineral iransporting pipe, finite
element analysis, geometric nonlinear
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FARMMEN . RHERENERK AP, RIMEKESRE H FITE N H4R%5E,
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B KA BT RPN R 2o

AP N PRI B R, —HRENMEBTTREEE. EERCRETRE
FRAF T BEEAR R g o2, RPTELUUERER, FBUBREREER, FHERLUK
NBEREAR . B TR 30mm 247, HEERH! Englemann B ACTIRRE RELRIK
SRR P

[EEA A T LR SRS, BN S TS M E N IRET B FRRE:

2 2

U I,
dp, =[0-C,)p4 %T'*'CVP;-‘Z’.\' ?E]ds (2.4-13)

AF: A A SRR K S EE KA BT GRS B 5 R 5
 dss BIEITURR
dP, . FREEISIRNE IR AN E.

g £ Ms =0 5ls(z), WAFTEARERENRRAL:

$(z) 2 2

u U’
AﬂB&H=JW—CﬂQ&Ea+C”pLZﬁ$ (2.4-14)

i

MERATTG, ARG RERE M2 5 R RN EAR RN
2 2

, U u,
AP, (Ly=L[A~C,)p,4 2—5~+Cypsﬂ,s ZD_] (2.4-15)

[ i

BTEENEART AR S EENERE D RERD, tEREAREEHEA,
Englemann IR 73800 M8 AR
A

d. ] N m‘ P
S 4By (e Ty (Lo 2416
Ay D, g.D; m o2y

Ak m: BATVEBRRNERAE, m, =0Q,p,
m: BNEKNESRE m=0p.

SRR E RS B R, S AGER, BhEK S B E R B R T H R S
PELKXTH, Bl

1
T 174+ 21g(D, [28))

. A AEEAERMERE.
REBCA-INNTLURBENERSFENESIFL L, RAQ4-160)AREG LEHY

A, (2.4-17)

TR R R, o (B O AP I S VAR, S, =, = u AR

2, RARQA-IRBEEMERK AP, . 4 AP, B4, THIEQ.I-TIRE AT H -
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PRI e MR MABAUIIR AR R AN S R

WRIEARAN H RRAREQ, . TUCREKRE NI ERLE.
KRR HIEN, NETIEN 3HH4:

_HOp,g

.= (low) 2.4-18)
1000

v =18
10004

KB N KEWAITIE, BUMFBEEONE (o
gy KEMEE, u=08-085;

(2.4-19)

Q: ARNRE, KENHEVSTHEALRATENAE, 0=0,,

H. KREERE, RIEMERELER, RRARQI-DITERE.
144 MRERGSHIEMT

BARART FRRANERSEN . R REMTRERETRAAW, =30vh, Hi5
WERTERSE, TUHEERERAESTHNESREN AW, =45 vh: FEALAR
A =1000m. FHFFTREERKEN C,=1-12%; §HWEREH p, =2040kg /m’; HN G

ERENG T RBRCFERE N d, =30mm .

BITIERAN, TARSERENHERENREETRANER, HEFEERSE
MFRHGRREC, NiE. FTEHRE 7%, 12%. 10%. 10%0HREEREE, 55
Bt o A7 KR I R

TRSHITUE u, IRIET R BRI MR R u, RAE S ARIB A BB B AT o, 1R ZER

MRRRQ, HEEEMERD,, ERETTUERDE, BUER AN EY, , IFTE

ARy, URBRANREL, .

RIEBMERENSRERNEE N THBRER, ®TW THE 1000m &S5y P
RELINBED 5000 m HIFERT RY, MERATESHMTE 242,

REAARAYARLRNQ41DTE, FERERKORRSEAREKA . 4, fMifik
FUEMPAIMICE R, THEAREAL A, SEEARNEREEX, FAREHRER
ELERERME. AR B SR DA SR M 58 AR T, AR

AR HE SERNLAR USRI AR HK IR AT IR AW DRk, IV 4R B IR i
W, REWD ST
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PR LR B oE MRS AR RRN SR

#2.4-2 JQRSIE RSB E O
SR Bl B R4 E-37° ) i3 R4

57
Fy i th w, 30 30 30 30
WA A1 5 b t/h W, 43 45 45 45
FEE Kgm® o e, 2040 2040 2040 2040
WAELE  Kgm' oy 1025 1025 1025 1025
MAEFHE Kgm® o, 109525 1146.8 1126.5 1126.5
YRR T Cy 0.07 0.12 0.10 0.10
TFHRiE mm dy 30 30 30 30

ek m's Q. 0.006123 0.006123 0.006123  0.006123
) Tk m’/s Q  0.081348 0.044902 0.055107 0.055107
BN E m*/s Qn 0087471 0051025 006123 006123
LB A m/s i 0.6167 0.6167 0.6167 0.6167

b/ SV m/s Upn 2.526 2.538 2.160 2.700
e 7 i m/s U, 2.11 2.39 2.135 2.267
TiMHE m D; 0.2100 0.1600 0.1900 0.1700
#m m’ A, 0.03460  0.02010  0.02835  0.022697
R KR m H 1900 1000 5000 5000
FHEKE m L 1200 1200 6000 6000
FHREE mm A 0.1 0.01 0.01 0.1
KB R Ao 001650 001097 0.01064  0.01732
WIE RS Ay 001025 0.01174  0.01172  0.01410
BEHR Nmim 26147 257.03 249 86 404.25
A%k N/m* AP, 313764 308436 1499160 2425500
KK m 32.02 31.47 152.97 247.5
BB m 70.25 121.8 507.5 507.5
Rtk m 0.3565 0.3769 0.2682 0.4190
KR m H 102.61 153.65 660.7 755.4
HHIE Kw N, 87.96 76.83 396.47 453.2
REMTE Kw N 110 96 500 560

MAER RN ARQI- DM, AENEREREASSER. ST EEETEHEY
HEEN AT, REAREMEKOEREESHAREHEN, KRGENGZRLREE. REK
NWEMBGEEZHAE R . NEFRHELERIRTS, ERNRGRLHLag R,
REBREDRLANELARR R . REMKIREA SR ARG, He BB R e
oM. REMEREET S LLBIRADS, FU R RRIR A A SF 77 IR HIE R ST 447,
WHIREZRA, S TESHE.

A A R MBS ITTA, MERLINBEL 2N, BTRAELSHK
L, HEREEC TRy AHEMTRER MR RERESY.

MKESHER T EE R sl KRS 1000m 5, KRBEH SHH 102.6tm
M 153.65m, IHFEN B4 110 (KW) RE96 (KW): 1Rk 5000m B, KEREH %
MK 660.7m R 755.4m, THEN 451k 500 (KW) 1560 (KW). iFF4EEmE FRE
REIAR, EERLETOmE, RIEERGE.
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R REM AR X BoF PRV AL SR

M ERRAH7TET R FR KR L R REAR AR A iR e &, BN MR
B, BKHIMRRRARNRERYT REL T 0TTH.

AKFNES

ZEHIWEE RATRE B & KWL TR TE. BRARAER, KRR
REMTRRGTREEERENRR, MHRESERRARERDEMRA, RARERR
SipRRA S MENTE, £RR ERG-HFNES TEERY RERLNMERE. i§
e, wf d AP EE A 2 A A R R AT I T L
B, RIEARER. THEERHE. FERECHEEHEREE S, By aiieE s
EEAKFEA ST RNT A MA R R ER. KK, 43 1000m PREERENEERT
£1A 5000m B REEREIEENMEREETSERM, FTWLRE. W,
i, RBYSHERFNERTAESYE, SHLOTE®R:
L HERERT REUE TIRERERT RAERANARNR, BiL 1000m #4575
REARH GBS R

2. HERRLSHEREARASMA MRS, BRI S000m K E ik
g, FERATHETR. ERHFAKIEA 2R 2EmEERTe R
WIEL R
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A e A ML RGNNER AT AT

B=F WERANESHNERET DT

PR AL TR, S B R I R R LI R R RS, R R
FuSE T+ 8% R, MR RSSBE R, Foh. WAKEA. EAFRD, ER. ERng
WP PRISET I ) A AT RS TR, R RSB RSN E T 40 B e, Xt
ERBHAT I TR0 L iR RIS S RSN A AT
3K RAFRKERGE /I EHER
31 K REBUH ENBEAE

B — EMAE RS RS, KRR £ AT A 18 0 i B0 B %R
oo RMMEE N MR EE ., B, R E 28 BRI T ER NSRS EET B4 T E.
AT 1000m B RGP IR AL, RHBSEERY EEE, XK 2-5 FIrsh R,
M 5000m HRIERY A 1000m S ATIRES RANERURE EMURER, ¥R
SR T E ST N

kK h=1000m (PiF), 5000m;

TR PR R, =30vh, WRE AR, =43~45 vh:

HERERT R RRE: C. =7~12%;

WORAER: p, = 1125 kg/m';

BAFFIE: u, =2.5mss

AL RATE B AR AN 6 R, KR 16m/s, RE A, =4m, BIRAMT, =10s; i
WOUARRI Y 4 B8, A 8mis, IRAA, =2.5m, HIRBYT, =10s;

R R N v, = L Tmds, BHEPEE v, =033mss, RV, =0.01-0.1m/s:
BRI W 25-30°C, WK 1.14-1.41°C;
HEKHE: I 1022 ke/m®,  1000m AL 1032 ke, % p, = 1025 kesm® A

eSS EIL: p,=2040 kg/m’;
AP, d, =30m;

- EEAE: D, =200 mm;
Wi EE SR D, =260 m,
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Bl A LA BT MR REES MG

BHAWIE: p, = 1700 ke/m’;
GG L=1200m (FiR). 6000m;
Hipi iR, E, =1x10° ~1x10°

EHAT MR E, =1x10" ~1x10"
FARE: 6000T

KW R 9T (KF), 18T (FAF);
R TATMEE: v, =0.5~1m/s

312 Ry RGEH SRRy
W 2-5 Brom i SRR ARG L AL ] 3-1 B oL

Aw

ol B R TAEVEH

Wik ! )
el ARG

K 4

B 3-1 SR RERLERE

il 3-1 B, IR AT LR B S L — R A S, SRR
BNt LR R K, B i E W CL R — R e 2R () iE B BTHE
KM CAVPRIE ART RE. H45 040 THIE 1500~3000m W ., BHE i

TR <5 Mg lPi L JATET AT MRENTE SR EART AR, RE

R RAMBER ZHETEERY T, EETFARMTEL LNEEE.

M 3-1 BTN, HiE R0 T8 SHIERGA NI BHREMME RS, SR RS |
FBF, SROTAED 480 THRE, R ER5 RS AREAERYES).

R R R AR, MR RS MBS

1 b Mg R MHE THE TR, MR eriE bomamin i Figan, 2y m
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PRNFMY LFAR L W E RARIE A M E oA

TR, AT L g AR EE S| MR ACK IS,
2. Mg ERsR): MERET I —RIER.
R RA RGN VAW, fEN THERAR S A T
L BHARSHESTEEMEH 7. EARSHETEENMEN A -0E ELR
RIS . WH SRR RYISEH .
2. WAATHTEIE ERESIE Y. B RGEAN, BAEERHE Y, TEaHEL
[N 7
a) HIELHER AN EENER . Eilisshnt, BEL K8 AR = EFRE
JERUILESE, Rk, K ER =R D RS R KR, Filtis
FEIL . EEMSHEEFA K.
b) MU ERERLS . AR BRI S R B %D iR
MRS . WU . BB RE X,
) WiRieml RS, BTHHRMEA, KRAUEMERERKTHERE,
K AR TR N PR i AR A O, %Py B K A B S O
RN Te&. BHMSHRTEX.
3. REMEAN.TFH. RENENLFHENERER L, REMEN L REMERYT X,
4. HAKHEIESMERIE S . dg KBRS ) L AR R ik B R
I ERHTOTRL, RENIZ BV AUEN] 1 REMS I+ 80 HEBRITHER S

3.2 R RANIEE) AT

32 E RGBS

KA Ff UARRL, REMHEN TS, RO EEERE R 880, $dE s g
BRI PRI R D S A, RIS R MRS . B TR by
P QPSS 8 TR B o Y e I Rl 1 O PR (T 0 S A R A
Fio ARG REUasBRE R F.

B 3-2, R REED) RHE
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FEINF G AR = MEREREH LA T

B ERES A A PHEE ML B, EEARTEN, B EAERERT e, K
ie‘&ijji}}{%;; Jn EWATR. R R TIER RO AEGTRE, 4T H0ERE M
WA ERGRIEH T-RA M b, ol R BT, %B‘ﬁ&ﬁ’]@iﬁﬁfﬁ; .

MRS T R0, SR I R AR A A F s, e E E A
IMEEH SR AR A Eh
3.2.2 FE RAIE G BT AT

SITE RSN, REEPAETEE A mBITaN. TRINKENL,, T4

PRI AN i . TR R MEARA S, FIS,, . BRORE0E S E LR

N T BT RE %‘ﬁfu&‘]?l‘ﬁﬂ{ff.ﬁmrﬂ%i o, HEFREAmr.

.57; = ‘_S;””' (3.2-1)
Smj
Kb Swe PEEEAERELTTm AR B R,
Swre Sopr WNEBRTLmE S [ AEERNE N,
B B TT m B A e RS (R R AT B BT IR R AR AR T R R
Sw=[x, ¥, z,T (3.22)
Sw=lx, v, z,[ (G.23)
Kb X, X, BEITm PRI [ ERBLIRR R X SERE.
Y, . Y, BEIEm PRI A [ EREATRE Y AR,
Zos Zy EETmPREEANT [ EBBLATRN Z SR,
ARG 2-DMB2DRSF, HIE LI m PR TR HEE T R T,
s =[x v 7z
:}" [ L4 m mi ] (3'2_4)
Smj=[Xny' Ym} ‘Zr’m]

K X X, BRITm BINIE R [ TEEARRR i X SRR TT RS S
Yoo Y, BBITm PR [AEBELER PRI Y SEETT RIS,
Zoir Zpy: BRTTm DRI AR Z 85457 S Bh I

R, XTRG2-ORT, RS BIL m B A A R J S RSB s s -
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RN L SR ik RRE NS ) b

—

sno=lxn rnozn] (3.2-5)
Sr’r'rp = [Xl:’lj Yn:[ Z:?l ]

R X7 XD BRTTm PIRINGE A [ AR X AR T R
Yoo Yoo BT MMM AR IATE Y AR RAIATE,

Lo Zn: BERILm PRI JERIE IR Z AR TT (R AN

S L m SR AU AR BB TR, G AT 7 A ST RO PR SR AOSE R AR AR
A

Ly = \/(Xmi =X, )2 + (ij -r, )2 + (ij - Zm, )2 (3.2-6)

BRITCm Is )R F TR R B RE BT £ 97 o (AR R I 6 SRR T R 4
H:

a,-lo, o af 3.27)
a, =l o o (3.2:8)
B Q. Q. QL B m S R A L R

QL. O, QU ERITTm RN R A AR A0SR
8 5T m BT 9 Tk B B 7 R e (S8 77 )27

> (X ™ Ko ) S AX,
Si=| 0, -v) | s She|ar; 629
" (ij - Zrm') AZ!;

m°

ﬁ¢=Ax;cﬁﬁﬁm&%wxﬁmmmﬁ,Ax;=quw_xﬁ=z}ar
[FIETEERTm &Y. 2 TR0,

S'« ERITLm MR

B I AIG S LA A, DT B VLU 55 Bl B i
A AP HEL 40T

3.3 W WL RIZ S 3 AT R AR 8 R h A
EE R A AR YR AU, BN IR B AL R AR . (R R A
WABAKR S A8, EW RIS TR L SRS R A S AT . i T T 455

MEELEE), M RIS a0, BN PR BRI 7, 2R RS JE R B Y
WA AS S D T RIZ D404, HSriringd 3-3 Frog.
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HRNFEM AR =T WS RANIES A S

33.1 WRILAMAERES R AR 44T

A ———
B e o : BRI S AT R R
V,: BTN,
A, T TR A T
Ayr Ay: S TRATLERALL OB,

P, HEWHHHES,

n: WL .

T im }?ﬁi&ﬁﬁﬁ—?ﬂ]jﬂ e

P, P, EHTW S REORIES.

BRI m ERY—AME AR R, BNETE m B BTrRIZEE, M N BH
A ik

-
U

u's SYUIREBITTm AR AN B A TR PR A AR R AR A1 B T R ISR

Qo Q + ARNEETE m E AN AL 4Bk £ o B i 25 0 A D

S\ v Vie SBUNERIEm RN AR R AR AT D
i
N

s SN T R N R e R AT
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FRNFM R IE X W= Hk ARG E S AT AT

BT m PR TN A AR BT SRR -

— - -3 —
v, =v,+0, x5 +u

A FAR T o RS PR m RN AR i -

3.3-1)

Ao =V +2Qux v+ Qux (QAux S, )+ Q) xS, +u' (3.3-2)

STAT ESURIRL E ERTT m R BRI A S AR B R A AL

u's EHILm AR ALER R AR AT B R IR

2Q wx v, BRI m RS BT A AR I
Qx (Qux S0 )+ QxS+ v o HHELEN 8 TP Is 2 10 S A AT
BT, 4 8 75 m o N A

dF=dm*a, (33

TIH A T WSOBT S5 10 33 FFR BURORBR SRR F, Rk

RZEA, LLRE ST m R A L‘MUIEEBIV_E Bl WYEFWEE BRI m N
WA T A B N

d N o
= j;ijv, p.aV, =F-

o . (3.3-4)
J-Hpm [2Q,xv,+Q, *x(Q, xS )+Q xS +v.]dV, — ij,: gdv,
Vm ¥m

B3.3-) AL RITMA AP B OB, AT AR T8 Bt m R R T AT 41
J3 LA AT OB S TR BT m N VRARIE BN A R B L AT IA SR IR T m
Wi R ).

BRI m WA YRR E T B FRER,

d rip” e (e
7 _[yvr paav, = a _[J'jv, Padv, -

i (3.3-5)
[[eav. v, e)dd,, + [[o,v.00, ¢, )dd,,

Ami Amy

IR 33, WBMEMR PR T m RIS 2R F

P (i neaidd, + ([R5 da. - [[, e aa, 639

m o
Avm Amn Amy

R334 AU AR Tk A I e BT,

- - Y — - - -, - -
a =200, xv, +0, x(Q xS )+Q! xS +v! (3.3-7)
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TRAFEH EEEX FZE BERSMED RS S

¥R(3.3-5), (3.3-6) GINRARGINHEmE LT IHENTREETFROT.

i 2uit, = [fpuvis,edh, + [, vi5, 0, =
Fin Am Amj

- - - - (3.3-8)
[f&, n+o,)dd, + ([P, e da, - [[B, e, dd, - [[[p.(a+g)dv,
147]

Avin Ami Anmy

HRR TR A —RIRAER S 1, BTN,

ds,
dt

A a - — de -
J‘gt_ pmvrAm S+pvajAmj_[_pmvr1Aml
w{t)

.39

—

II(P" ’;;+ o-rm)dAVm + Pml'Amf e_:_ ijAmj 8—;— pFVrn ;‘ pme Z
Ay
Ab: S . iRgRARER,
A, - HTFEAES § MEERmTR.
# AT Pt R g, W MERS AL,
1. WECAAR S XIS ER B 0 BB T SIS SER v,

2. P LR B0 m PR A, P A, -

3. A BT m T OV By, F1v, TILEREAS Mk e, Ale, %7,

- - -+

>
W v, =e v, flv, =¢,v

t'n }n”®

4 BEWHEHERZNEL , . WHEKERE p, M EAEIEE, 0.

S

.
[ 2, (On v, 4,)ds =0 (3.3-10)

Srlfl

iR g, N33-9ZU R FERTT m FmMBEAFGUE R L. W24
J1 BRAAITR ET LU . Rk G.3-9)E R F Rk,

PuV A, (e,~¢)=P A e~P A c
- - S (3.3-11)
—pme g_ pme a+ II(‘PH nn+o-! )dAVm
4

L

m

HRARH 3.3 105, 8 T m VR TSAREO ) F s

Fy = ([, n+a)d4,, 33-12)
Aim

E RATI F, Wi B mme A, W,
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g K S BT B R RESME# S

F:A; = _F_‘.; == J‘_“(‘Pn nn+ O.fm )dAVm (33-i3)
A
BB 313 A A3 3- 12T B 80 m W 0 3% BT ) ais st
PTA; = PmlAm ;_ anlAm ;:.., pme a- pme §+ pm Vf ((;:—G_;)Am (33-]4)

A(33-14) &7+ BT e AR ] s 9 264830 Bt 0 5 LI A4 388 28 SCHEAT 93 b St
B HA T

L Fyp =P A, e—Byd, e « WETHMIEDLETEOAFEOMN . 4R

W FLEA B oTil A7 o AT FMP Mdsm SR FARRE. A P, FI P, A BITE R E S,
BN o S AR BRI DR, nE RS A T Rk, HD:
P, =P, +gAZ +AP, (3.3-15)
K- AZ: NEHILm TR R L,
AP, WAL 61 m 0I5 3R

WY B, T8 U R 2 T e R R D F, (B M
Fp= %D}(AZgMP,,,) (3.3-16)

SRMEBE R, Kb e, B RIEm BV R, PR )
BRI, SRR K. B TR G S A R R, EEIRY T TR
&, DRSBTS AR, TR RE H A E RTT RABN, B
TR LI BB 91 ) A L RO, 51 AR TR A TR s R PR MG At 21
1

2 Fop = p V., g B m b S5 A S A B, 1 Bk
HIF. SRS p, O, THIVER g OA1, m S8 AR Y, GRS
FEMY KA AL AR AT o .

Fip = % DL p, 2 (3.3-17)

30 By = pla: BERTET AR MM BB . S & O3
HH 4.

8 Fry = povi(e— € ) A, + BTG m BTRHLHE T BT (i B 2 A e

— i d

RIEMIEM A, HRHERE RN, o =e . Fy =0. HRHBAET, A

"

v, WO e e, HIHAMAL.
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o RN bR F -7 MiLRERESNMRR

332 BRILARARER R
3321 BREAWE KD ST

HE R TR B LR, B m TR RS, R ERME
AdRALAMEHWMT:

- - —
L E%’ftm %E@?ﬁ: u =0, Q.=0, Q:ﬂ =0, ﬁ:ﬁuaﬁ.

. %@ﬁmmﬁﬁﬁ=¢=%Df=

. %%im%%ﬁ:h:%Dﬂm

o BHLmARBRZHSHE. v, =0, v, =%k,
K% B AT D SR, BRI m LA R TR L, T4 BB

PRSI, SPRTIRAKE 7T m BT B,
SR m NHANNERD E, A
ST m oy E R
o TLAMBEEEL: ¢ =3,

e {MEmEE. d=0
B AR AKG3-149)8:

!;}W :PMI'AM ef_Pm;Am E:;_pme E (33'18)
R HERTES.
Pm - Pm; = pmg(AZm + Ahm) (33'19)

Rf: AZ,: GRTmBHARKLE, AZ, =7, -7,

Ah, o BRT m ANRGHESTE, TIES SR ABRNIE T AR R A,
BHG3-19RARGI-IBEF AT m HELNREIER AE LT,

-

Fio =207 2 (Zyy = 2oy + M, )gE + EL,) (3.3-20)
T TERE R, LR A R
ey
- TFY » Ah
F,=| "f{==p! m R
v LE] 4 :gpm[LmJ (3.3-20)
FEAT:

Dlp 0 (3.3-22)
te Ah, '
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P v O P BT WS AR R AT

—, BRTm NERENERAF, S

MERTT m AR, RERERRIEmEEa = 0. RERG3-14). MWEATERF
ik

FM = PmlAm é'l_PmyAm é.j_pme g+ pm vf(ai_g;) (33'23)
M X

A ~ .

E\f = ZDfZ((Pﬂu + P vf)ep—(ij + L vf)ej_mem g) (33'24)

AR LA ST m WA, AR AR RIUFS SRR, . ¢ K.
HERL m AT PHARA, & RTMEIAE p, T8 v, B Pt TERna il
W Ay, B Ay, I, G0k 34 FTR.

e 34, B BT m WL R S8R X MRS a, a2 5

ar=WU+W1+AW1} (3.3-25)

&, =Wty +AW,
Rty S m ORI L Rk X HASAL
s BRELm ZNERRIERNARE:

Ay, Ay, . TG RN TERT m MR AR,

Kl 3-4 FHETmZHEHBRE
AR SR L m M AR LA X MR e, Ma,, A1 WA S AR Y ) )

. ([cosa,
e, = .
"Slna‘
. cos, (3.3-26)
€, =

sinal
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R AFEAF R DT ik RN 4

WA RN G, ¢, 2 AR E LA F .
3322 AT TIRRAD A

WA AITTI AT H fi; HEARE I 19T, KR RFRARRNE S F,, K41
MAREE NI a WO AR S3.3-7y T 4 MR INEAL @ e ok O el I A BT a;k NG Ry i 1

G« AN HUIVETE a,, . WORRORRIME o, Ak, UTHRIE N Fy, b
PR

o HEMEH: Fy=p b, am = p V. 20,xv, (3.327)
o FUMES: B =p Vo aw=p ¥, Q. x(,xS.) (3.3-28)
o s F=p,V, ne = 2.V Qa X 5 (3.3-29)
o itkHER INE I F, = p,V, v (3.3-30)
R R HARE IR, IR

— REHF,, 47

S A7 W B P AT A AR B IR ar, B, VR A BB B A

Fy o M TATSEHEROHDEER, B R R e, Baaim e 3.5 5.

B 3-5 s s
RETAEETE m, ik AR R AR B0 S BUS] | Tt ISR

-
' .
)AvtS mr]jJ!

- -

Spy =8-S, (3.3-31)
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o 8 AP L AR BT WL RERIEFR AR

WELTm MAEEEQ, HHN:
S"J’m}.n TI:S;J;W
Q, = o = S (3.3-32)
L AXTT AXLAY, AX.AZ
T:=8.8 =|AX AYS AY? AY AZ (3.3-33)
AX'AZ'  AYIAZ AZ??

1-AX}  —AX,AY, —AX,AZ,
Ty =1-T,=|-AX_A¥) 1-AY? -AV,AZ, (3.3-34)
-AX AZ. —AY AZ. 1-AZ7

R S, BRI m B AR T § M K B TR T m BT

Q¢ BT m MR,
T) . TR RE T m YR R,
T TR R AT m B ) B BB AR,
TSN T m AR, AT m A0 LR — AR R XY
Z', B0 36 R, SRR BN B G m B ST — B, ARERY R
LIS RN T4 ] O SR Sy — B AT 27 M7 PR 85T m SR E T

R QL

B 3-6 BAST m fs A AT
ML 3-6 AL TR TT m AT EREQ, B mmER S, '—j)Eﬂi:'sﬁqu_n MR

FRERAE. B8t mAEETRREQ, A FA&FR
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R AL 2 0 WA M RENLEHIE b T

iy S;IXS‘:M h
Q, = (3.3-35)
S x §;0n
e LAAI(3.3-32), WTUAREETm E@ﬁaiﬁ&%ﬁdn :
Q. = Q (3.3-36)

FTE m A AL B T m LRI SR AR AR R A 107
7% o ST AR AR P TR0 v SURHE A

- - —

ag, =2(Q5xvE) (3.3:37)
AH: @, o SRR RF IR R
Q¢ HARFEARRT SRR 1M E L

-

v, 1 AT AR AR A AR
FEAARTAEER A T AR X I E T R T R

(f;,=(0 0 -Q,) (3.3-38)
v =0 v, of (3.3-39)
F A A A AR BRI R 4R T &R AR
a:‘;,(=(0 -2Q,v, O)T (3.3-40%
PR A bR A AR I
. 0
F =%PMD,2L,., -2Q,v, (3.3-41)
0

RIEH 3-5, ML ARRREHR, RO AR AR R MR D R S R AR bR R, B
EW/ILE

- S‘"

F,=Ff — 3.3-42

mhk mk =, ( . )
my.n

“ R F T
WG E,, =Q, x(Q,xS,) ST, RPAMERNQ, HRG3-32)%48,
(ERIREAL T S LT B A SR
a, =Q.8, (3.3-43)
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B A LR B MEREN SN

M ESEEHTTAL 4 S, = ORY, EAATABEREUR A, A& @, =0, % S, = L, B,

LN a,, = Q2 L, [POEE a, #5870 KA. A8 L, B £,
M

Lm
F,_ = J'% Dl p, Q2S,dS, :%Dﬁ o, QL L (3.3-44)
0

AN ) F,, BT IS T m S PR AR BUR, SATTA B RO S
LERARML i ch (R AT A
F_=F,S: =%Dﬁpm§22 2 (3.3-45)

mx mx=Tm mTmTm

= HMEES F M

XTI a,, = émxi FF) R e ffm » RS AERH R R, {EE

57 m FRA BT ST R ST WS A S B 2 2 Sy o

m

Spy =SSy, (3.3-46)

y

RALABX AR, WEBIT m MANSEE Q) h.

S s
Q= ST (3.3-47)
DI A F, BB N
F = %Df P, S (3.3-48)
W LSREMHT, BN F, Wi, 48, < O, HMRMAGEASL, F, =0,

S = f chzgofme'MLm: F, MM S MR, BRAWRE. €8k

ek AT A F R

Fro=Fpor= (3.3-49)

L
myn

M. SRS B, M

TR IS F,, SR AL Vs MARRE SRR v R | s
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PR LA T R RGPIE SR AR

M. UEEHER TR, v =0, F, =0.

ny

3.4 KK ETERER o

3.4.1 BiRAERLY EIEMER i

A R ATRY, AEEE SRR AR, (R K e Il R 1 e
1. @AKHTERIE D BT EIES, s AgRLs T MR EENE .

HHEREAE KT ESN B SRS, TR K SRR, AR PR
ML A%, B TERBRER, SR EEEERKFRESEATNHE.

AR AR R, EEZR TS A D R KE RSN . MEHEER D Y

REEC A, ZE AL DA, <0284 DERMME. B THREEEEKPILE), WL

Eig g, EH TR Morison 7R HEEA T B EAER .

Morison 77 FAL -~ Y2048 R MR8 4 I o Morison AN 2 H 1 1 E 28T, BIRIGAN
BIRSEAANZ R RN A, EEAZNER D aREAR. 8RR
PORMEE LB EMER S, 58 R IR A L AR .

H AR Rt R MR A BRI, L IR R o R VR R R e TR R
AT AERRIHR, ARSI -0 WA RS, A LR i bR A
IR HF 2 Morison A7 RS SN AR RO IR T .

Morison T 1950 E AR 4 (R 1, 13 80K B ROER RS T It EA R,
LR 7% 7 4 Morison 857 . #34E Morison 7758, & B0 m A ERAMEINTH FREH AR
8,

Guo =4, +4, (3.4-1)
KA. g, B KEEIE LR Morison 8%,
G, B TR B AR R I 7 A A A4 BRI
G,: BTHEARS EE R AR I T A R B R
B TR S S 2 W AR BT AR Ry g, 89t A stin K

.1 -
4, = ECDprOvnr

- 7 -
V"r}+‘2—c7-p,D()V‘,

v, (3.4-2)
A Cp e AL R

C, . YImE 7 7

o BKE

Dy Wik,

Y, s AT R AR A R R
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NN LA BEE WERENENREA

Fo KR SRR A DR A

B T KT A L B2 AR R S RE T = 4B 1 7, YW B4 s R
%:%%m%% (3.43)

Kb O, MEMAREL C, =1+C,, C, WBUSIEEs A T 55

vl /KT R A iR e B,
HR34-2RG.4-3MEAR(3.4-1)75 Morison AT HHHE AR,

- 1 - =
qmn = Ecl)pr()vnr vnr
KM O AR B E T, 3 A, AR S R, TR

BRI IT m 25 551 Morison #77, H4E X AA,

T .= T —
+ECT/9{ Dr)vrr}v!r| + ZCM P D(Z)vnr (3.4-4)

- 1, ~ = T T 4 ~
qmm =z C J)p[ DOV.m'I vnril +- CTPI'D()V!H vlrl +— CM pl D(zJ vnr{

2 2 4 (3.4-5)
(jmry :ECDpi‘D()vm ‘—;‘my +3CTIDIDO‘_;W i:lfj +ECMPID(§{;::U

BB G o Gy BITERIL [ K Morison 837

Voo Ty BITHAI. j EAKT AR AR,

~

Tpr Ve BICHEEG . EAKR AR A R,

Voo Vot SBIUEREET L f BTG AARR B SRR 1 DS T ¢
SG4TSR IGE AL J I Morison B, LI SRR KL BRI ES A
AR RIEIL Y, A1V, AR VIO R 5, AV, . FXE I LE v, NV, BED R

Cys Cpy €y
3.4.2 WK S8 8 AR R AN 4
R EEARKPED, BT TEEOENEE Vb T A8

- -
v, =8, +v, +

=1
-

(3.4-6)
A v, WEAGHER TE B I& a0

Si. FEHRTERN I

V, o MEIRATH I AORE KBTS SR

V.o BRI, HEA RIS TIES.
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AR 3 BT L RGMEDMRH S

ARG A6 E, BEEKSE BRI ME R

Vi =8" 4% (3.4-7
A v KR TR AN
St EHRET IS
v, WHRAEH RS AKINEE.

MIGA-6MNGBA-TY TR R, B KA T BB R v, & SE ¥, 4054
BSEERZY. BRILNERIEE. METEAEEE T, ik, RFEshigi
AER I ST 50 .
3.4.2.1 ERAES)

A ITERIE R R, BERT R — BT FREE, Jf BER—SENHsE
JEARRE], WA R ORISR L, 3 FERNRERNER (Z#MiFr —BRRATIF
R THE R T,

v.(2)=v,e" (3.4-8)
ReF: v (2): WY Z HIBERE, %z =AM, BEEEY, (h)=0.1ms;
v WM RO A, WHRAHG Y, =1.Tm/s;
Az ERVRAK, RESHYERNEE v, NGRIENERE, TRE 1L

TR AR R P THEF I, MR Ml ma sk bicny X Mpskmye, , B
5, =(v,e% cos6, v,e*sing, Of (3.4-9)

3.4.22 BIRHIIES)

REEHRATEHRIE R AR, B R E A FRKE . & &M BRI E% — R,
AMBORM B R —e £t M A ST,

X T ERAT IR, BORE A RIIER TR, SRRRIES MR ) R K E A7,
LI R HARIR, WREE SRS IR, R, SR E L RS
TROIGER LI o] LAZRE, TSR Ak, BRIECTT LASK 28 MU VBB 0 4047 M AT S 1
FHLESHn b

T o 5 77=%'"cos{kwx—wl) (3.4-10)
TZ

T A, = wé (3.4-11)
2
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PR A R Y R HE AR R BT

W k= 2E (34-12)
j./M/

s 2T

&Mﬁi QJ‘—'? (3.4-11)

itEF: hw : /}(H%.

T, : A fdes) e .
RS /KD R T RE R T A, VT RAHE S (MR VAT A IR T 4520

g = e chlk, (24 R)]
kT, shik,h)

sin(k, x — wt) (3.4-14)

B LRGP RB AR ACE R v, REEE Y, b

, 0 _mh, ik, (z+h)]
“ A T,  sh(k,h)

w

cos(k,x — at) (3.4-15)

. % B .h, shk, (z+h)]
s T, shikh)

sin(k, x —wt) (3.4-16)

Rt LIRS, WRIFEIR AT AR I v, MBI v,

e 2
- v, _ 2z 2hw chk, (z + h)] sin(k, x - o) (3.A417)
ot T, sh(k h)

v

o= Py 27, shlk,(z+h)]
;' T2 shk,h)
AP R RSB I A G, B K IRA BN, A SRR RS, dR0Rw
o HTHREREM |ADGEKIRE, THKEAR BT A, SHACGK R #2470 3.4-14)
SRR, IR A TR K9 Ak
4 = tim mh, chlk,(z+h)]
oo k T, shik,h)

cos(k,x—ax) (3.4-18)

sin(k,,x — at))

_ 7h, lim explk, (z + A)) + expl-k, (z + 1))

= in(k,x — ot
kT, #e exp(k, h)—exp(—k h) Isink, ¥~ of)

nh
¢ = p ;‘ explk, z)]sin(k, x — wt) (3.4-19)

wow

H BRI TR R R AP vy, RIRESA v, b
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o 7 A LR X =% M ARG IGIE SN M MR

v, = o9 _ Zﬁh—wexp(sz) cos(k,x —wt) (3.4-20)
ax T,

v, = % = 7, exp(k,z)sin(k,x — wt) (3.4-21)
g T

w

o ERIEAR S, ulSRABEGRAK BRI ACE JUESE v,,, FIR B v, A

ov 2nh

V== * exp(k,z)sin(k, x — ot (3.4-22)
3 T8 p(k, z)sin( )
. 2x?

v, = a:: = 7;2hw exp(k, z)cos(k, x — 1) (3.4-23)

HIFIRAVEZN T R L BB X R AN 6, » NNMERKR RIEHIEL v, TE B bR A

KEHA .

z.h,

exp(k,zycos(k, x —wl)cosé,

. m.h,

v, = 7 exp(k, z)cos(k,x — ot)sing, (3.4-24)
wrr.hw

exp(k, z)sin(k, x — wf)

w

RS AT 75 K TR s RO DU RE v, K

2
% exp(k,z)sin(k, x — wt)cosd,

w
2

.y W

v, = P exp(k, z)sin(k,x — wt)sin @, (3.4-25)

. 2
27;—2]1” expl(k,z)cos(k, x — wl)
A BGRALR 2SI HGTRE 4 2KF0 2.5 K. SIS 10 B8, A LBRG4-29)

f(3.4-25), WIRAFHEIRAEN TR ARSI, FIIEE Y, .

M RLEHN, BIEHEEN S, MBI ST . S TERRERMES, AR
RSB T8I0 Y, . ¥, IS RA V! ¥ . BRG4GB A2RARG.4-6){3E

AAHR FATIMIZ A RV,
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s R AR i BEE MERRMBHME N G

_ 7h
X' +v,e" cosd, + ==

exp(k, z)cos(k,x —wt)cosd,

W
- n 7h
v, = Yf:‘l + v.\'le “ s g.\' + .

r

explk,z)cos(k,x - wt)sinég,, (3.4-26)

h .
Z, + 7;—” exp(k,z)sin(k,x —w.r)

w

HHG4-2) ARG A DB RN TEERIESINEE V] 4

o 2Ry
Lot 77 exp(k,z)sin(k, x - wr)cosd,

w

27’k
L=l Y+ *%2—‘1 explk,z)sin(k,x — wt)sind,, (3.4-27

W

2
Zn+ —j;z—”- exp(k,z)cos(k,x — wt)

w

=i
|

3.4.2.3 B HTH Morison T
AE.4-5FATRL, W EME SR Morison B g, 0 (_]"mjﬂ‘l', FEMIEES S 58K
HANEREE Y, - {",,,,J » VIFEEY, . \7,,7 HAXTERMEE Y, ﬁ;rj . RIEG.4-20R,

ARERL m SR JRANTEKRGREERET, T BIEG4NR, TRELT m

B JHEMTEKESKMEREY, MY, . F8ELm &57. jRENTEESHMER
HELZERIRER:

Vo =19,

- T,;’G,,} (3.4-28)
FBRTmEGRi. JHHANEESHSDERZ BMEEN:

Vor = ToV,

5 T,;\?r_,} : (3.4-29)

BRI m&EA . jFER EE SRR EE Lm0 RN,
o8 =T:v;,}

= nar (3.4-30)
Vg = T, Vy

#(3.4-28). (34-29F(3.4-30) XA K(3.4-5), AIBERET m 44+ j # Morison K1 G,

G, A
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FRNE M iR X BT HE REUES MR S

c—j.nwl =£CDP1D T V Tr: ] +%CTp!D van nVri +— CMp’D(}TJ:“F{

% nr 2 (3.4-31)
q‘mn,ﬂ = ;C‘liplD T‘m vrj T" +ECTpI'D T V T V +ZC.M’OID5TF:{;I;

mr; alyltmty

MLt aL mREAREC, . C, . C,, B8, AEEMITHT TR, IBIE(3.4-26)
MGt I ERT m S, 58K AR, RER
A LS, TRAEETT m LhA L ] B Morison B 0, G, -

3424 BAORY
HRB(3.4-3 V)i S8 38 £ 49 Morison 87, ZAEMTREM AR HC, . C, FC,, E.

SFERFEFEAMEBRNIREC, . C,HC, MTRENFFRNELE TH, HEHER
#E, MARKC,. C,MC, 58XEEHER, REBHEMARTETR, LXAWT:
Cy =/p(R) (3.4-32)

K fo: BAREC, 5EERR, M%F:

R, mH R, =20,
i BRKREREK SEKMEBEEXE,
Cr =2 (R,) (3.4-33)

Kb fr: FMNDRRC, 5EERR, MXE;

_V Dopy .
u

W TEERE B, EARKC, . CAC, BERELHERETNE, EHTER
TR, WK T MAITRER, BARENHAC, =05~12. C,. =0.01~0.02

RC, =1.5~2005,

3.5 WER . EAMBRES G

IS HHERNES, BAMNEN
FHAeRATED, RIAFTNREETROER S BANEEMCHENS, BT
O SRS, FAMEEASEARER.

MTEEEETm, BEM, A
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PEAREN BB HZF MRS R

Ag:%mw}ﬂﬂg (3.4-34)

RIELX, BERTaFIREANW, A:

W;=%pguﬁthA, (3.4-35)
EHET m KRN F, b
— 7r - 2
F,= 7 P8DL (3.4-36)
A SRR T Py
Fy=pgz+Pp, (3.4-37)
R P, WEEEINEENE,
REE _FHAREI- 10T URGEERGIESD £, .
Pl
P, =Hp, g+ p, gh— "'2”' ~(h-z)p,g+ p,80h,, (3.4-38)

352 EEEHMLIESD
A BRSSO, FEATE m T M miEsnan S, L S, Ay S

me ™

Sh, BT m AEERAIEES N O, 100, . ERSRANE DS DA
BRI ST 4197

EENG

AEENRIERENEDETTHISH R, REREREN%, BRNE, SEED

R Morsion 77 BEXTHiri& R 4 RIEEIANS TR TS 047, B T W% RYUE 2R 875 40

WEE, MXRENNESTRMELESE, EXTETENT.

1. ERE"HEWMERATRNEMLE, BET 5000m FI AL 1000m PRy B
REFZHEESE, FEITRERENBSEER,

2. WERSLEMNEZIER, MNHERERITTENMT, B T ESELTEhEE
MIEERIHE AR, AR T EAE D R B 2.

3. WEMBEIHAEIE, BT T ES S A R HE S TR R R AR 4
i, B TRESEEFHEDRRHELAR, ARBERT R ES R Re TR
RETEN

4. REERERA AR, RRASSMERER T EARMEIRES, B THILE
s BhBT B K FLA AR TS SO B FE P m i B s B 0, R4 Morsion TR, HES
TR I B OTE S0 Morsion EAFTFE AR,

5. MHEERAMEN. BHRNMBEEASE ETTEEMG, AESTHELAR,
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R AR SEVNRT SR RS T IR AR AR S 4R

BNE SRR IERMERSSHT

IR A FRIE T E R IC, 1000m BE RS P I RAMBEF E Y 1200~1400m,
RE L4ENS, THERT MAERFY ENES| TAEmEsr. TSRS, FiEmREY
RIRK, BT LA RS E R E. HEEEANTRATHL MBS REE, &
EWMZHHEEAMNRLAE, FEMRNESIZERT MY & @ EEA R4, B
AL B I B, MR A X R R AN

NGB BRI AT A T AT 40, BRSNS Ay, 1R R AT T S I
ARETEMIAERRNDABRITHEHEET, B —HUS BRI BENRETE
4, MHETSRETE, fAES RaRRWELUE, EaRE iU gt EnE X
Fik.

B R TTR 7 M FE 4 A LUR A 4
1 ZHEERTEL. R RS —IR K 1200-1400m B95FIE, RAKFIZEH pipes? T4

TLHEIT BT AR
2. AERUBHER. A THRASSUBRTRTNAE. NANNE, E4FPRENBE

SRR R E S, XHEEM MRS . EERAMTR, —BRRAZRIIE

AR
30 OFTRITHI R, UBREEELE, WRIBJLEA TR, BTN SRS AT

AT ITFA T .

4. WHEUHRER. MR RLELELE, RENRESESN—IETHEERE 1
Bt fERTRELEMERN. SAEANETHETESNB BRI TE S L.

5. HERHSTHRESE, EIHHNTEFR. IMATRaERAAAE. — &
g &~ TCRIBEFE RE SR A BB R NI AR B — RS ER T8 B TM S ML A 0¥
MESE& B BT

6. KERNESNENTEATEN, AESERNTFETEL, BU KRS8, & T
WA EEBAT U AR R AT, REETE P EEE S IR SR R0 5 e .

4.1 JUiTaRE i fa Ao B A Hl 18
BYBRIUCFEARAECEMEENRE, B RE S AREMEFTENNETE

WIFRER LT~ MV AR . - BRI ER R SR RN — AT E, AR
DRBHE, HFSE-RERERFFANTRITARE.

Alwt BRADMSIEEN, WEHREETUERDFRR:
dsV (wt = [die) {o)av - d{s) (R} =0 (4.1-1)
X {R): REREAABHTIIE

d{d}: NEBA.
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ohg NSt 1A SN i R TLELE R A A AT

diey: NN

dV . hETiER.
FHFZIEBRL, CBNMZFRAENT:

die} =[B|d{5} (4.1-2)
BEARFEREE S, BRTEENEY—BTE Y.

(o)) = [IBl{oyar - (Ry=0 (4.13)

LIRS EEREZIERNRS N TH S FEFENTRE G, LRXASE
AT A,

EXRFHFR N, R 41-2) FREENGERIERNEER, FHEME[B] {5} HE
. HENE[B] RSN PR
[B]=18,]+[B,({8})] (4.1-4)
X [By]: BAFASMMESITRRERER;

[B,]: EREMERMIIEN, MRT[F], [B,] REBEN[S] Lk,
FEMHNONANER AR - RRERERR, WEW T HE:
{o} =[D]({e} ~{&}) +{ou} (4.1-5)
A [Dls 2R E MR,
{£,}: RYINARTRE
{o,}: BOINAAIRE,

AR N — PRI ER (41-3) T8, R (41-3) BT TSR T
RiG. R FM-3 EBTTERWITER, BRI Ry} 5d{6} 2EM*F. #3413

B {y} AR 18-
diy} = [d[B] {o}aV + [(BY dtarav (4.1-6)
FIF (4.1-5) RA (41-2) X, ETZEFAVIFEN K MTE.
d{o} = [Dld{s} = [D][Bd{5} (4.1-7)
Mo41-4) HE:
d[B]=d[B,] (4.1-8)
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PR R BE Bk RGNS At

¥ (4.1-7) il (4.1-8) A (4.1-6) RB:
diy} = J'd[BL]"{cr}dV + J’{B‘]T‘[DJ[E}dVd{a} (4.1-9)

# 44y RN BB
diw} = [d[B,] {o}aV +

(4.1-102
J([Bo]T[D][BL]+[BL]T[D][BL]+[BL]T[D][BU]+[BO]T[D][BO])dVd{5}
ELEH, 4

Id[BL " {o}dV =K, 1d{5} (4.1-1D)
[XK,]= I([BD]T[D][BL]+{BL]T[D][BL]+[BL]T[D][BU])dV (4.1-12)
[K,]= | [B,)" DB, Dav (4.1-13)

FF40-11), (41-12) 70 (4.1-13) AR (4.1-10) 8.
Ay} = ([K, J+1K, 1+ [K, Dd{5} =[K,]d{6} (4.1-14)

Reb: [K,]: A R R
[K,]: AAIEABERER BN, RiT A3,
[K,]: ¥R ERe oL R e,

[Kr]: VIERRIRERERE.
-t BB LR AR P E A RO T
1 HEPERRRIE R (5} IS —IRIEME (5],

2 WEREX[BIAAR (4.1-5) GUFA{c}, HA (4.1-3) RIE ),

3. hE PRRIEEERE (K, ]

4. MFAR A, =K 1w}, EHEBMBIEE, B3 - kiELE
{6}, = {6}, + AlS},:

5. REFIFE2, ESERSR, HE {p), 8 AL,
4.2 BERTHILRIERE

FIA L ES RS E P H AT ERE A EE N, NI ERTAMEREER. B
RUA—HREAT, MRENRTENAENR, #SE TSRS,

WEEE LIRS, RARAERIREISHEY, U SHENEN, Btets
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o Kl BRI SRPUAT AR B E LA TRk A

FIE TR ERIERE Y, A0 T E AR
B T BRETAT TR onye ¥ x B, ANEA RIS ST v 4
Fl2HL T TR E TR LRI TG B B 41 BRI,

it
LT bty
bt 4o
ONd Ny
. Y
. ki
—_— [ L
]

B SHATEENE SN RS S
NN gEIR R

. 0, HAIRj ERTT y BOHE
M, M. FEEyHAOSE:

woow,: SRR R E A,

v v SRR HETT y S0,
9,. 0, EFSREESy Mo,
A:%ﬁﬁ%%ﬁﬂ-A=%U%—Dﬂ:

[o BRI, I=6—?Z(D; - D'y,

421 HE S B R R AT MBI
EF R, N TR u SRR RT LLET x R SR B 4

U=y +ax (4.2-1)
M TR v WA LU Sk 2 AR E R, AL
v=b, +bx+bx’ +bx’ (4.2-2)

ot AP AT ACERE A, .

U= U?(-‘C)]{a}}
v =[H(x)]{b}
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FREAFEM AR . BIE WRRK AR SEST

R (A=l x]

HEI=l x % ¥

@=la, af
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1700Kg/m’ /M8 1300Kg/m®, READ T 23%, AR P B3 ERHN 20~24
%, BENEY FRKEEHARER D, R ENTEREBIT A, Hi, 4
TR EHE RS, MERAEEOREEE.

RV FEFHEEESIRATHERERERK. 3T 5000m X REL, BRVE
PL-1m/s BRI M 3216m i23)F] 1116m &, JKEH P B1EA B 353.3~93.6KN,
R FUMBEIGEST, @KEREER L TENEY ERATER P, W%
RETHaER SRV EL lm/s FEEM 1116m B3 31i6m & KT Fo
MRS 167~320KN, X¥ FELARKGELy, @KEDEENRT ERAKHEH
Fy. BE MM, XRTENETTLAH].

FH ARSI R SR g R RIR K. XTT S000m Mg RE. LXK
A 1my/s BB 3116m 12303 716m &k, KFH Py FR/NEN 178.7-20.7KN, %
AR S s, AR TSRS ESFET E0ER D,

HRAERYEE LN Z LT W, THEE TRNEHEERROER
BN XTT S000m HE R, UM EIEA 1.7/ 5 6 HRER T, T EM 3216m
iEFHE] 716m &b, TKFEH Fxo B9/ A 9.8~1.6KN, HERAMERM AT Fo i
BugiRh.

EiEARGHEER AT ENRRO AR, MR EERRNERRITE
Wi, XFF S000m FpE R, WEIE AT ARER Y 260N/m’.m, FF M 3216m i
3 716m b, BT HEEEMEN, P R MEN 13.7~3.2KN.
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FRIANM LT X BAR BRI ¥

ENE WMERGILAERES) H ¥

WS ARG AER, HERWMTHEATEHEMT: 1. BERAT R R EH
B MEE RS, MEBREERHET R RARN . 2, S%EEENHREIED
BB L RAENRT. 3, TR SMEBYNEBEES, YEEERErs
WA RERE W, 4, X BNEDTFEEBRNMER FRRZS, 53k Ry
LNt RlisRh, XA RIS R R ERAT .

6.1 MIX RGN H ¥ T ERR
6.1.1 R3S FE PR

AHERGITIAE N, DEBREWRIES, TALERGRIER R R
¥ RBEBHK (DAlember) BIIRE, B RN YR, BIHEBRHRIARNY:

JINT {ptiaw + [INT {ghas + {FY =[k"Yo} 6.1-1)

R [N ARRMAERE, (WARBESTRABRAR (42-13) PHRELY, [2']%

BT LMD [g) WEREMERD: [FI 87 ot [K] 8RR,
s g, [K=[K ] 5] pemnsses.

RETHRREEN o, RITAEEROMEE {7 LA B4 St {57) &

A

{rr={nlsry (6.12)
BT A3
{pnt=—p{r"t=~p|N}s"} (6.1-3)
WETTHR AR AERER[p], WREKHE, BFb
[r']=[p]- oW ]s"} (6.1-4)
5 LR R EB A RAR(6.1-1), B
[INY {p'hav + INT {glas + {F} = ¥+ [pINT [Mav (6.1-5)

R, S TTASEE A R MR REER M 45
= JINT {z'}av + fIN] {g)as + {F} (6.16)
[M']= [o[NT [Wlav 6.17)
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o AAE b A i WA RTINS

#(6.1-0)F1(6,1-TYFARN(G.1-5)R, BRLeh I TEITEN.

[47Ts] + [k Ns} = (R} (6.1-8)
A RBEITENES T, RELXTUEIEARSI A FEHTHER:
[M]67]+ [k Ro}={R} (6.1-9)

AF: (R} RATHLEASHER, MBS SERERSKER WAL,

(K| ALRORIEIERE, AR MR, IRIE 5 U A0S eI
SRR, CYEIEAR A I 3% T S R T, AR IR S TR A T A W SRR 7
[M]: R RER, B8 n R RS T,
6.1.2 ik R A RAE
AR (4.2-10) A8 AU R EUERS [V ] -

N [ 4!
N|= = 6.1-10
" [N] {Hmz{;‘ o
$# NG BT R EIEN [M'] , HEEREEFENNTERENSEE-&
BEINEKREINER, 5.

[M]=
o B}
3M,
o B
35
13
0 T J— Fa i
T o #
2
L
210 105 2
0%0(’1{@
Ml
M, 0 0 0 0 M,
6M, 3M,
0 2 o0 o B, B
70 ) 420 35
0o o - B4, 5 o B
70 420 35
2
0 02%‘11700 0 Oé—flai%z
0 - 0 0 -— 0 — 0 0 =—
L 420 140 210 105

A M, WESTEREHNRE, M, =(M, + M, +M ),

95



PN PARE  MIBRGUTRRN SN R

M, . JPETERIRESNRE, M, = (M, + M)
oo BRCREEERE, M, =f’4—pg(p;_nf)=
M, B CEEAREIRE, M, =%:—p,,,Df;

M, WBEREEE AR, M, =

Hg RIS BRIRTTET K.
RAE L URBE R TA MBS, KEHSRBEREEN. LRSS 100 MET,

RATT 10) A&, RGURESEN M ] h—4-505% 505 HEEE.

%C,p,D?), C, A% 5

6.2 & RGEERIHT

BT RGE FLRTRZTHARM, Bk, FEaEIREM . MEMERE

F 6-1 HAEBNEIFRAERNSANNZHMERESHRE. S54E (1) 4 1000m
PEHE R, FEMENEME R RSB S8 (2) J 1000m FIRiNL B,
FEMBYLATE W R R S8IE (3) X0 5000m MIERY, EHMBRETER
SRR

* 61 WMEREEEY

SELW e BN BHRMED SEEQ  BEEG)
FREEIKE h m 1000 1000 5000
IREEACHE L m 1200 1200 6000
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Wik AEE Pm  Kgm’ 1100 1100 1100

MILRE 61 P ZMMIERAEMRTEE SN, ATLUBB =ML RENMRNTE
62, & 6-1 PRBHME (1) MSBEE (2) HITTH, WRHERELEN 1000m g HS
RERLK, BEME (D WEEMELRERE, S8 Q) AT B EME, F
WEAREHMSHAAR, NRERMRSEO TR, W% REIRES AT,
R X% F S ITHBDH, BE T EME R,

SHIE (3) 4 S000m FIGIIERY, FEMB L ETEMSHREME, NRENH
EEE TR, REIARIRIE.

R REBRRSAMAT, =108, BRME 0 =27/T, =0.632, HRHETTIE
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FRAFY EE X SNE ik RHTILAT AR S A

® 6-2 WL FRGINE

g A0 SHEQD) SHAHQ)

1 0.28731E-07 0. 0000 0. 66437E-07
2 0. 16606E-04 0. 23484E-03 0. 14853E-04
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7 0.14946E-03 0. 21134E-02 0. 13367E-03
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6.3 B RLEIN HT

P ERIRER AT A, IR N KR AT AR BT 18 B9IE Bl A
3y BER RHZ E XA R SR, Bk, KPR AR B A A R I RO TR D R
RLER SRR & RBRAKPYERENER D MERENER, HIEAR 34-20

2

Vo = o = ”—hf“—exp(sz)cos(kwx — ) (6.3-1)
ox T,
HRAE Morsion 7R, HEAKFHEIE REROER H .
i
Gmo = ECDPIDOVZW‘ {(6.3-2)

EXTRENAGLEBERY T, REEE EEEETE 27 FURNESH TS L, &
BT EBIEIRIZE, HAR 3.4-20 7 3.4-20 BB EE LIRET & 0K RE S H .

h, .
8y = —Ezism(kwx - ot) (6.3-3)

h
Sa =~ cos(k,x —ax) (6.3-4)

T E RS E AL, WRAE =27/T, = 0632, FESHRERAE

HTHEEEUREE LREERER VBB, Rk RS RS S g
AT, S ATSHERTEE Y 0~1.2.

6.3.0  EIHEAR A H H RN 1000m FRBEREBWRAH
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R A R BT R PENRERGNFLRIN

At

C =M (7.1-1)

R BHMEM . REGUREKBE
ZH MRT . RERTRENSH.
Foo X THIERA, PIEFHEEAE B LA, BILARERE:

c, =u

; (7.1-23
dsT

2 ImENARL

A REIEFALI T ES R HNAGE S S WA, SRR, EAAR LR NAE
Fo RIRB ZEMER A, MRRENERENRT NIOETUIRE, M ErMEs4E
AR EF AR I LB R

TRIE R AN Q.4-3) TR ERE R R AiiS Gm i .

g, =0,.C, =%Df’umCV (7.1-3)

W LA, AT R RS G RGO TR EREC, A

T
_Z'D:{z{umMCVM . B
C{_) - = CDCuCC - CmCuC( (71-4)

LY
Z Dyru,.Cpy

AF: C,: HURGEHAZRAMRBERLHEL, C, =y, /u

ml

Co: BHMZAGTRRARRESHEREV OREHEREATRY,
C(f = CI’M / CVJ' ®

BEREmEEENHEEENE ORI AT, BANEESKOEERS. NEZEHi%
REBHIFTI, Mk RES R AN R KA TGRS HERIS, MRAEEE L
WAMES . B, STENAEMME RSSO, D2 ERERAA SR kM
W, RI|KRI-NVERMZRIOKENEEN:

H, = (2 _pyp, + Lot ppy (7.1-5)
P, y
W RGUK RN
H, = Pomg Py + Lt Ah, . (7.1-6)
2. £

RE (7.1-5) A (7.1-6) THRYRESMERGKERHNLARALC, H.

h Ah
C, =—Lma ’i”p'"’“ e _ p"’Mth -_-pmMz:"’M (7.0-7)
(Por — ;’”)hr + Ppr by (P =)0y Prr &z



R A At PR S KNS R L E LB

= pthM =C;Ch (7.1-8)
(me - pw )hl
A
c, =L o (119
pmi'Ahm"f'

R O LHBLRAEIERMEAIRY, O = —m
(me—pw)

C,: BURHGENEEEGERBELLARE, C = py/Por ¢
C,: HURASKEFRRABESELERY, C, =h,, /h, ;

Cp: WHAKLHERIADRELPRE, Cy = Ak, /AL, .
WA R AR QA1 STE, BEWAIRES RESSSHAE, MY
%, MU ELNBHEREY, TESHUEEKE L, RRTHHERC,, . ATH

EAEHEEPIFERC, .

B EAMNREEEREUREN - NEESS, VHRES SV AR ErE
DR 41D AN R E A Q4 I1DFHE.
T3 BIERE TR & RHHT

BB FE S RERGUIRUEFEIIEH, C, =Cy=C, =C, =0.1,
LK RE T LU K REBHEN H =1000m, WEANQ, =35mh, EHERH
D, = 200mm 615 RLHAT R .

BEMACEE, RRRNERL, =1~ Smm 80PN 7. RN
0.196m’, (8 T RIFLERBR, 4R B AR ERIA V, =0.18m’.

RIER (24-8) TR HERHEEEARGEL 4, =196m/s; W HEES
p, =2700kg /m’ , HHEH (2.4-11) F1 (24-12) ATLLHHE TP MR o, = 0.38m /s,

R FEw, =1.8m/s. B ERTHEFTE, KREREGETABROBZER.
FERENVERBSRESRIERYAN, £LRT, BYE 71 FHE 4 BFOE,
A REMEE S, RE (7.1D, TUHFURRRENREREH,  RER

(70-7) R (7.1-8) M HERGMBIE b HEIERE H, . BER (7.1-7) A (7.1-9)
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ERARIERERATEG 24T, MAREEEEDRETFI A,

MRS W& T AN, BT 2 A DR, T RMEATRAR R A AR R R
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13 AR BRI B R EA ) DR AR R A A B R AR R AR
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0.110 0.55 47.01 4365.21
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0.101 0.70 59.83 5555.63
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HAFRAEREDREBRD. Bt BB -SWMEREKAIDNT, 2R TBASE
KR RIESIRA, ITHE R SR OB BT A,

7.2 MR R EER T

A BRIT AT TT R X SR RSB A2 H MR RYGHIT H oM, ARBER
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72V BERE AT ORI TR R E

REMIZ RGN LR EAEE MY R R T I 7-2 ORISR E (o
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TEHL. ALY AR AR, Rk RS R .

7.2.2 LTS
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