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4.4 BREKEEBHKOBEEAR

4.4.1 HAEEAR

B AR & Bt K O AT UTIE IR0 o0 AN H 5,

© I HEIT A

KEF 2K
@ ERSEIDTR  FRHIBAREEKR AT, BUKBRHIAKALS 592 IR O Ak 217 5 52K

S48 PN 2 D AR I L. Sl 2 HARPK, RAZHR 2 Bk
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4.4.2 REHEIAK
LIF OFNE TR 28D 5,

I —
iﬂ/\%;ﬂibklziﬁ@@%# 4.2 BREKAER] 25,
FlE— 2 l

BRI D5 S 4.3 #WEEKkARX) 2508,
FIE— 3 i

4.4.3 BENEIAK
PLTF D4 CHEARBNT 21TV Bk O R o 7 B R ONEERRE R 2 DB 5,
D HKNAE< AR OBERHS © B RFEK
@  HKNAL = KGLDRERIHS « BbRHEK

4.5 BEKHEE O RE R ESTE
4.5.1 HeKERHREEDEXR

PR OFHEIL, PEACRHE A AR T 5 AR PRI | SCRREEZKEE | /IR OB EE B IS LT,
PR D FNZNNDRENEE 25 L, OTN L NRAHINHERET 5 L O I E 2 i
L& EBHIT, MITFEOHERIE IR S ORFIEOMEMR, HUSE RO B\ X OPEKAR OIR/K G #E %
EDBEEMFELREIIHRFTT 22 LB ETH D,

O OITIE. P KB OHEK AT 24T > T EB TR H A fE kOS2 R RE L.
IS O HRRFHT X > THK iR O i i s Bl i st 2 e 25 Z ENEETH H, Pk o
BLEDTEL LTI T RnH 5,

O HEhPARTA  PKRRO R FiRICHK R 2 E S CakiE L, Rl EE Pk 2 5K

@ KA - HEACRENICHEAK IR 2 0 S8 TakE L. EAE0 AV B U CREE

Pk EAPEKT 2

4.5.2 HEKETEIZH 1T S EHEREEETE

BEAKEHEIX, &b, REL. BHORNAIEO LRI HEREOE(ITHE > T, & OXREFHN
IR LT D & & BICEERPEKERNERIND L 9o TWnD, 2D X972, HeKhEsx Ot
EFHEIIEZ K OFRRENRBZ LD L L HIT, HHILL TWD, BHERPEKHRR ORCE ST A A
T OEEIZAT 9 ik & LC, #fEHEIEE (Dynamic Programming ; DP) & W= HiERH 5, B9
FHENE & X, FHEZAT O WAV O DBREN G2 ) | FEFEFICB W TOWRE N ZIVLUEDRE
WCEEEZRITT L) RGEENRE LTEFETEO—2Th 5, BEKGHEIZIT 5 it bl & 5t
EOBFTIE, 9, ERSEME U TRBEOET b, FHEIT, WK 217\ DPIE %A i
T 2720DBRE (X7 —2) ZED, WICEEMEZ L OB M2 ER U TH 1 B b IEK A
FHE 2 E D TIT <,

DPYEDERLIZI W TIL, 1 KB EZETe, ) W< D0k & LThHE L (E-4.10
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(a) DM . IR OKH) RIFLHEER B L TWD b D & T 5, HEER DS ENIE,
THRPEK B TR AV MIMANL LTV D/ Ntk & [A]— DO BB AL E AT T 2 (BR1-4.10 (b) Dsfk, 2
ZEHIKIRE WD, ) o BOKOWRNE E L CHEEOPK IR (BB, R 7, WEAKHL, BOKEE .
BHREE) &5 e dikRiEZ Eio 6 o8 L CEIKREZBE L, 7 UEPEKR BB 3 2 Pkt
NI LT D, ZO%E . A CBERENO/NEBEI X AWML Ao fiisk (2 E Ol <
ILEEOKDOH A 82w, ) &7 h X5 Ik T 5,

b

(a) JiEIEDsyE (b) DPIEIZ LD ET AL
X-4.10 DP y%|Z & 2 iieisi oy & oo ARG

W, BEFEIZOWT, /MRS D LB MR ORE NI RKITHE & & e RYKEE N 2B 2 2 & v
D RN D TIZHEKFRHT B O FENT 24T > THER OB OMEE L BEHOBRE#IET 5,
Fn(n=1,-, N) BB DB L T2 OEBENIZIS 1T 5/ 2 & ORiE B O A IS U= |
L TZ20w1 (Fn—1) OEREE TORMR/NER] EOFNCELL 780 | 2B ERENKNLT 5,

COBMREE 1 BN DRKOBERE (n=N) F CIEKHE L, R THEES LA ERO AN
/N R DA AR IR, RoOERCE R E 2R £ D, DPIEA A U 72 BEAK N 3% 0 fic i i i i
M. ALY ICE > TIThbR TV 5,

4.6 HKEBOKEHE
PEAKFZEIZ K D PR SRR I, — ISR AR A% < . FURALAS R KNI 28 2 KX Lo
WZ LMD, YK O KB EIIARFRIC L DFHENEE L, 7220, JKBEARARE <
THKRBAZENEZ LR2WGEE. FMICKFETH Juy,
(1) AEFWRFHR o JEREX

B-4. 11U R T IR OB BN T, fiiKDET R LF — OKBEFR) Bl RTINS,
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V2
E=z4+h+a— s (4.2)
2g
T2,z EREmNALKEIEE TOES
Vool (m/s) o g EIIINEE (n/s?) |
h K (m)
a: TRV X—HERE (L. 05~1. 10
DOFIFH L 725 Z EMMZ s, flE7e5
BTIEL00&E LTELIZ AR
KERECIT I » T FHIIC x % & % & xilc i - B-4.11 PR DD
X —oZix, N@.3)TEREIND,

n?y?

e = 0 e s (4.3)

%@+h+a£}+

2T, n =2 T ORERE (s/m')
R : &% (m)
XA WHEHGHEOXQ=V-A (7272 L, Q: HKEDOIE (n*/s) . A: HEAKEE O@EKKrFAE (n?) )
ZHNTEZZD D L, LTOREREBERDIEO NS,
dz  dh_ad” a4, nPo’
dx dx gA3 dx = R%/342

7
=
A
&

T a1 BERE x ORI TR Q DZER AR A %18
(2) REFHREROF S

FEROFGE L LTS0S AFESRES N TODH, 2 CREMMFIHEL LT, %
WA R OBEIC LRI SNBA YT« 7 v 5 (Runge-Kutta) HEARFIT 5.

ZOHEE, ABEEL R Ax ZLICHBIL, SEREMEOL 2 DR AN HIRK, KO
HADIEERDTHL bOTH S,

Ax T EATKTE RERD TV B, ZOMTOKENR BT8R E Bt 5 L &, R

” dz n*|Q|@
~dx  AZR43
azx—ARz ............................................................................................ (4.5)
15
gA®
S 0 M) oo (4.6)

Tho, EXAELD f (x, h) 1THA x. KE MIBFLHUOMMEERL TS,
HOHME x = xg TKIE h = hy PEEROBFE M x; = xo + Ax OKE hy KL Hy 13 2
R EE R & L TIRAMNDBRE D,
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::ﬂl, kl’ T, k46i¥k®&£@?&)éo
ki = Ax - f(xg, ho)
k2=Axf(x0+Ax/2,h0+k1/2)
k3=AX'f(x0+Ax/2,h0+k2/2)
k4 = Ax 'f(xO + Ax, ho + k3)

TP, hEND kBRSO, RITKIEE hy + ki /2 L LT kZRKODD E 0D 5912, NEK, ks,
k, bk, K (4.8 »oHKE hE15D,

4.7 ZRXEOHKENT

WIEARMFIT LD | SRR RKIRO WKL GBI AES KL L VARWG S SERIRITIC X - Tk
AR ICX DR EBRET L, TR E 2B KO EEZT DR ZRFET D,
(1) fbTFik e Z O

PEAKARHTIZ, B-4. 121" KT 7 v AR 2 o 7 B 7V UIRERET L OWT g
MAWTITY GEIZ. T9. HKknNaA FRTSTDFE 223H) .

HEARA HERA)

K g

Hek A ek
(a) HEARHET Y (b) T H 5 > 2 EF N RIEFE T
HEA B 28 P M S T = b A R4 & HEACIR 48 ISR A 7205 P 43S
L. Pk OMRILE JHT 5, é;&%%%kb\%*%ﬁ%@ﬁm%%

B 5,

B-4.12 Pkt 7 L OfEX

BEKFEAT OEREICEE L CiE, L FORHEZRE X TET A2 HMUNGRE L, TR R B
W Z WK TE D XY I LT B 720,

T KN 2 KRN OARATERICAE T L. 2o H K IR O @K RE S 3 KL D BRI X By
KON EIN DAL, EKMETVEREHAT 22 ENTE D,

A HEKIRDN 2 A8 XN O JR TR AN OB E S PTIS 0 B L. 2 OARBLHASPEAK BEHE A% 0 7K e
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NZEE SN DEEE, KR o 7 =T )V ERERET VA2 wmHAT 5,

U AR A EERKERCH > TH ., KB OE W 728K BE I R DR GE oy )
7RHEKREE OIEKRESI AR IR, 8 2 WITHEITTIRAR IS X 2 TR 72 @K RE /I DO AR IE) I X 0 kD
FAENMUE SN BT, RFE# L 7 EF N IR ERET V2T 5,

(2) HEAEAT D FERE AT
PN IR HEACIR I 2 B R OHERS 12 - TR 5728, R4, MR T EEHESR 2 Yl L 721
P E S SR AN
(3) HEASENT
ro. KNS FRTSTDFE 2],

4.4 PEAKERAT O FERESAT

HHESR T W g
@O PIRAL—Hr i By PUKAL—BrRd B, AR ZRTEAL 250D THY  LFO X 912/
Eiﬁ—éo

< ME SN DA O I O 0. Im [ FE 0055 w4l & | 45w Bl i A A
FELTHARNL GHKRAL) —RrR B, PIKAL GEARGZ)  — K mRE e &
B %

» BERECPH £ 7oK 2 KM & 25003, BEREGRE H B 2 o Bl T
L. KEZEKEET D (KEHY o7 EFAVIEIAERET VICHEAE T
5)e

©® #kt Furssz BEASRMTIX, PIAKDLO BRI B 2RO D 2 &6, KIS T Dk &

ENA Fal I 70 THEZDVERDH D, ZOBAE LLTO L S ITERT 2 GE

A, T9. #kng KOAYTSODEHE] 23H),

C WEKMETT A EH WD HEOWAKANA N 7T 7, KR E S35 KR
BEEIC L - T B E2 SRR O2FEPHIZ OV TRD, #HAKERO
MARLE TS,

AR Y v BT A EARERET N EAVDGEOBKANL Rua s T 7%,
HEAK B HAE 0D 2 N Z D HI ST DN TR | HEAKBSHRAE 0> 45 b s 1] o0 i A &
T2,

@ KNS Fu 7T T | YK O TS 2 522 b0 T, [7. FEEENKE] 2L TRD D,

@  HEKESHIE OEARRES] | PRSI OEARREA R, KD O HEZHIFK T DR/ L 2D b D
Fitt T, UTFOXIITERT 2 GElE, T9. Bkng RT3 TDFE] 25H).

BEKHE T A E VD 5EE. YERRICOWT, ZOiEAKEEN ENAKAL (K
fir) LAKRALE DBMRTERT D,

AR S 27 =T A VS EAE Pk 0 2 G YK OV T R
TS K DuEKRE IR 2 BT D,

c NEWET Va0 D561, Pk 0 28 IR EHIC OV T, RERIC &
DKENFEZ EFET D,

SE

1) BRMOKPERS BAMRELR © T BESERT IR AR E R ONER - iR #xEF TR 745 (2018)
2) JRMOKEEREEUCER PIRRREE B R, 2T R SR O Rl & FEhtE, p. 298 (1998)
3) HARPET - e T DP RIS A D PR O MIBRLER L, w176, pp. 133~144 (1995)
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5. EFTEIEFERNKE

(e, EEUEOEH S 3 2 3. 3. 6 BH)

5.1 EAXZEIF

FHEEIERNKALIL, HEKO BAEZ R IR T, B-5. 112 T &80 | Pk & #IFo 2 FHIZK
B S5, BWKREOFHEIEENKNALIL, ZAEKIRIZIR AT 2R AKIZ K- Tol &l 2 I3 o AR
WOBEMEZ T 2R EZ X 56D TH Y | FHIEBIIK 2 L & 3 25513 % Ok Btk 4 /2
HT45Z &73> CEEICRF L2TNE R S0, Eo, WREOFHEEEENKAIL, S KIIN T
HL LS FTREZRFIPH DB MEZ 5. 2 2 6 D TH U . HIKRBOFERHEACKRIL 2 B E LT iude &
72U,

(LA (- HFH X 5) €330
" - | K H | - [y miEs + sk |
M S | R | o | EEEgE
w R Rk = | mE
K YL
A
“
] i . . JKH K . fﬂTﬂ(fL’i’Fﬁg@ REETTT
H K Pk % i, BT

B-5.1  FHEiEERN KA ORI

5.2 HOKErHEKDEEEZERNKAELDRE
5.2.1 BREHDOFIR
BOKIRFPEK OFHIELHERNARALIE, LT OFIEICH > THET 2 #ED %

FIE—1

O ZBEXBAOIZGERES ZRAE L, KEIHEEGZRET D,

@ Al Lfﬁiﬂfﬁ IR & BB TG IR R & o8, Ko —
H0 23 i L A < fﬁcfb\éf@l: b\’C {Eﬂwﬁ?&(}@ﬂ(ﬁfﬁ%}f%

FAEIZ AR & DR E HELUFITM A 2 MR D3RI 72 2 a2, AR 2 BT, g
Gz ED THRN,

@ ZEKiznE L TR 256, AEIEGEES T -2 LI3R

SYAAN
l
FlE— 2
R KIR DR E RN OVE R R EE A E 2 T RIKIEERET D,
!
FIE— 3

R EELHEN KL DR AE ST SR e & FPAIRTR &0 GHE A EN KL 2 B ET D,
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5.2.2 KBIZHE T HFEEERNKLLDKRTE

KBNS 2 BB ERRALIE, LTI L » TRIET 5, FFRIRKERIZ. (5] KHAMEICE
D IFRMAKIRDE ZTTIZHONT) KV 30em ZARAEL § 5, F7o, IFRKIRZ B R DK 5L
TOWmAIE. T ORI &2 24 R LAN & 975,

R EELHEPN KA = SRV TG AR & + R AR TR

5.2.3 MXIZARBEOARABICE T ZHEEERNKEDETE

JE DOGEIZIE, KFg & Ble o TR 2 L ERMITREEZZ T 2008 %8 THY , JHAIE LT
K OV EOMFIH & KT 2 Z EIEFFRTE RV, 07D, MSUIILH B O MR I BT
2 FHEEENAAIL, BLFIC L > TRET .

SR HE PN KA = FEYE S A

7Es. L OVLH B OMFIIZ T 2 K &1L, EENRMEOSRATT, HEICARERS D 2
L RIAEIT AR YN TETH 2 &, BIRAME L VR T 25612136 2 FRE OKEN 2T
AUTIHRH L2 Z & s, 5em RiOHKZEH TV,

ZAUE, HEZZR SEIE—ERIZ Soem R ITR DKL W HI FIRTH VD | FEAKREREIZ OV TITAFIC
il BR 2 5% 1T TR0,

5.3 ERHIKDEEZEZERNKLDIRET
PR OFHBIEYENKALIL, A B T RAL N O O s &2 XAl 2 & K E T o
PEKEEARALIZSWT, BITOFIETHRE 2 #ED 5,

FIE— 1
BARRIRIC ST, LT OB A IUE R UM L. ik 7 0y 7 =
- q L DIEBHE TR & 2 U BT 5 K BRI & 00 BIMR 2 R 5,
PORHOIUR R O o H R OB A
e R e
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S B B 12351 2 KBRS > U C M RIS & % A E
HABRARLOBR | o e\ k7 o 7 = & 0 PR 3513 2 Bk AN 2 5k D 5,

l
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BET D,
l
FIE— 4
©  FEEKAHS ORI 2B RIR Bt L, RERIBESZED D,
= A 7B A Ao | VR A % 1 2
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FHEEEN KN DR EIC YL 72> Tk, LTFOFIHEICEET S,
ﬂ)Em%Tmi\Ekbf%ﬁ@ﬁ@ﬁ%\%KE@EQk%wém%@&@%m%mmmﬁm
S THEKBE DA~ h > THiidh L, mHal :zk{ifjﬁa%BF%fz L7 T, HEUEKAL A
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ot o1 iéﬁhmwmuﬁwkiL%;&Mﬁﬁwﬂﬂﬁwiéﬁwaék:ﬂE%@V
(2) Sk & EEZEDFERT L TV A LXK Tl /KO FEN Z 301 K - T Rl Xk & e
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YENIKNLIZE D T B O T AN 2 B EICHERF CERWSANH 5, Lz~ T, #il
FEAERNIRAZ I, KRG U CTHEBENICERET 2 2 & b&F 2 b5,
(3) FHHEFEHENIKAL Z 5% ET D56 OIEHHE O B AR T KALIE, MK O XSy EHUFIH X 2 X
IS ED S OFEWVNC L > T—FIZED D Z LIZREECTH 523, #iF L BFTeia 40~100cm
ZHIEET S,
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S5

1) BEJIRRAE - AR B« HEARRESR © St/ O I BRI 1811 72 7K Pk D KRR Bl 4 2 ik, PR3 RaA T2 i
££ 303 (84-3). pp.271~279 (2016)

2) B - HEARRE SRS - SE)IECRC - B KRR - TREsels - AN BE - ERBEATRIE - KRR R EZ DR E DT D
FEKH BEEPNICTEK « KX & 58T 7o KRB — B BRI S L AEAFHNRE — . B T2
. 214, pp. 111~121 (2013)
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6. ETEEERER
(FEYE, JLHMEOEHSE 33 3. 3. 6 BH)

6.1 HEXRERE
6.1.1 HERF (VE3—2EULF)

X &4 DKL, P ZNTFERKR A NEOFE DM xp (SXIET DHERE (U 2= U A ) 1%
£ 6.1 ICkvRDD,

I T KCEOREDE xp (KT S AR
P(xp) : ASCRA xplZE LW, UTZNEBZ DMEIVERT DHE (Zhzdifik
REWI, ) o
R (6.1) BT, FIRITERAH FR xp=126m/d (255 2 BBHRDS P (x) =0.1 0L
X RS 10 4 (T= 1/0.1) &7, 22T P (xp) T TFTO LI ICERINS,

Px;)=1—F(x;)=1-— f_":o FUI) A wveeeeemeemeeie e (6. 2)

f_ozo FOO dx =1, FCep) = [ F) At vooerrromsnmssnmssnssisnsissssss 6. 3)

AT, B FOO)ITMEREEBSTH Y, AKSCE (B ZIXFERKE, ABRKE, HEKE) |
STHEEENR R D, LIeho T, EREMELZRD HERICIE, KCEL _Jﬁbf_ﬁ'g%{ﬁ/%@&_k
NEETHD, B FOop)iX, MEEERE f(O)D x =x, £ TOMS T, oML E Wb
Do

//ﬂn F(x)

X X

(a) T =% KB % (b) oA B %

-6. 1 =% B B & Sy A1 B%K
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(3] BRSFEDHERDA
BRI DS TRIRRE % R He R R f () 13, EROME, #2130 ik, AFE. A WE. EiEl
Lo TR-6.20 & 5 AR A R TN m STV 5",

(R

Fx)  ARERE F(x)  ARERTRSE f(x) ‘ERAH F(X) AR
e
IR x— K x— KL x— K x—

B-6.2 REMAOAR

RS DONMIRIEEZ BTRIEIE L LT, &-6.1 0855 7,
=-6.1 &l & oAma%k

We RIS A i i 55 A5 BA%E O 451
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I AN TIIDBBAND 5, EHHi
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e O FEEDOHTRZFFORED G & & AU BB O f KB ST ME
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DX TIE, WEDOKWZ M LR, ARBEED Kb @ 2RO B0/ 2 — 73 13 -
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2 | s55 108128 10A14R 16.0 17.0 129.0 162.0 25.0 0.69 0.26 0.62 0.54 0.60
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3) MR R KSCRGENR. KT U —X64—02, p.4 (1964)
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5)

R

4= CAKSTRHEER . K TFT U — R 64—02, pp. 22~23 (1964)
14 )= D KSCREEER . KL U — X 64—02, p. 28 (1964)

i

6) R HE KSGRERR. KLFT U —X64—02, p.35 (1964)
7) fE WE OKRSGRER, KT Y —X64—02, p. 13 (1964)

8) MREME - AT « LA « HIEUSTEE O —RBUE, B, 164, pp. 115~123(1993)
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