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YV aMEE” #I8” RE

KAK L KEKELE(Shigemi Ohkohchi)

1 HRBYHERERE

0’Malley OFERIWCSH S turning point BT RO &S RIFEBEIE
REMBERELDIEWRT B,

(1) ey +2axy’ —aBy=0 -lsx<1

y(—=1), (1) W5anhTW%,
ZIZT. a,B WEBTH->T. a ot lL. cd+458
INERIEDNIG A=Y —ET %,
COExE. —[50EMYE v ORKTH3 2ax WEM[-1, 1]
TERRRO2CERARY . 2O BREYHEFERBLCBT S turni
ng point EMINBDTHEMB. MAARERX (1) BT, e=0 &
UVTHoh B —BoHs TN (reduced equation)
2axy’ —aBy=0

DRERER>TVEIHETH S,

turning point A EVCRHERBEHHEFERBRFELED BHILZ. turning
point AFFRVKREGHRFEMBER DV THBE L TELZERT 5,
—RI. RO B 2EOKRERS, HENRIY T Z3RREMELEZX S
&I 5,
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(a) ey +f(x,e)y +g9(x, €)y=0
—1l1=x=s1
y(—=1)=A, y (1) =
ZZTs e@+HBNRBNSIA=y—T, fF (X, €) BEATVIXM
TUEHRURBRUBDELTEC, ey’ WRM -1, 11 ©
BTRRNEWHDEEZBIENTESZ NS, ZOHEREMBEOMIL
reduced equation T& %
(b) f(x, 0)y +g(x, 0) »=0
OHAARAOMIHIABEEVDLIDOTHEEELXLIENTES, &
ZAHDB. COWMAFABRRUE-BOAERNTH S Do HRKHDENL
BEERIE. 2O00HRRXMBEMET A ERTTRTH S, Zhid
B R 8 (boundary layer )& WHETEHOL I HODIHALZBENT, A
BINZIEWRRD, ZOHOELSTH. g(x, 0) ¥y QELALE
WTE. RUEAEEIZ
Cc) ey +f(x, )y =0
REBET R RXRD, HRBOKISZATW., fF(Xx, e) WA
EERTHEEEZEZONSEIDS. COWMBABADERTRVEIL. f
ODREOEABRZRUT. BEPHEHBRILBTREI S I ELRS,
2T, f>0 OBE2EIHhE. BEWEHFERRIMBMIe—~-0 THE
EMTH Ao, HARBUXMOEMNTEISZ &S, <O T&
hit. ERBURXMOAGMTHhEZ R E, >T. >0 &UR
mAEWUL.
BREMBEOMITARM (-1, 1] TO—HZIAWEUEERD
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ZHE. MAHERX (b)) 2HEHAZHO1ID2THS ¥y (1) =
DHETHRVERE., MAHER () 2EEZXY vy (1) =A®
HETHOLERERHBHEIBIZE VT "natching” ¥ 352 &W&k>TH
BB ERRS,

BTFTE. f(x, €¢) RHUTHEOEILERHFLLERAR., EhEE
B 232G edbhodOrEZIZIELRT S,

EBa>0 &935&. REOMmMTHS x=—1 DL TH.
ORE 2ax BATHV. x=1 QELSTRETH S, TOR/R. tu
rning point 22 FRVIBEARIKHREPHEFEHE TCORABOHBIWL
B2 bl RL2EEDS. MIHATE. BRENONFRCHT 5 —
MIEARVTESS>3EZxO B, H->T. ZOHEAEW. BRMK
z(x) &LTW |

2xz" —Bz=0, z(-1)=y(-1) [—1, 0)
BLU

2xz’ —Bz=0, z(1)=y(1) (0, 1]
BWMET Z2 WV, turning point TH % x=0 OERBVWTUE.
WOFREROBRERATHZ LD, ~BRREBEFRAREHLEID1OE
Eiohb,

—7. Ea<0 ofBERE. ¥y ORE 2ax W x=-1 OF
STCTRIETH»Y ., x=1 OELSTEHERZRS, 2O0FEH»s, x=—1,
] OEHAT BREAORIZHET 2 -HMHEENSTHS D & FH
Eh3, KMORBTHS (-1, 1) TEHEBREEZEZLEARE.
Fh il reduced equation DHBMTH S y=0 HUNIhIN, B
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DOEMNBRBELEHUTE. COWAUBTEINSZIIERRE, 2OLDIF
iREAERCE. BEHTRVEEBRE —HBINE T IMBTFEET LI &R
V., ThE2HREEBEFICEBT S "resonance” B L VD LRI TRENATL
3,

2 B
T #HIB” B 2RARLI LD, B a=—-1 &UTELS
CERT S, MHAER (1) WHULT. HEEKOEH u=exp
[—x2/2¢e] BiTR>T2&W&->T. (1)
d?u
€ ={x?—-e (1+8)}u
dx?
OEOHFBRAREBINS M. X B2 stretching &MEIETh 27 EH
OEHmEIMAT LI
d*u
——={s?-e?2(1+8) t u
ds?
REHIN S, hEU. x=g'2 5§ &9 5%,

EZ AT, WeberBI%. & % \WIiE parabolic cylinder BA¥EMIIN %
B, <HMoNTOLBEEDIRRDEIBRED
d?*w 1 1
+ {nt+—- — 2} w=0
dt? 2 4
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EAFERDOLTH B, COHFBRRO2O0OMIBELR w. (), Wan
(it) XpbgoewcarT. AERX (1) o—#KEU
y(x)=exp[x*/2e] [Ciw-1-5:((=27€) %)
+C2 wese (i (—2/€) '"2x) ]

THRhbEhB, g Ci, Co2 W52 REREH ¥ (1), ¥ (
—1) »e2X¥02X2BUHBAEVTIHLTEDONSEDDTH S,
y(1)=exp[1/2e] [Ci w-1-52( (—2/€)'?)

+C2 wane (i (—2/) ') ]
(2)
y(-1)=expl[1/2e] [Ci w-r1-8,2(—(—2/€) ')
+C2 wa2 (—1 (—2/€) %) ]
T, eB+HHMREARARDZ LHRXW. —RBOED S Weber
BROMIEEDBTARZVEAOEGHHEL TH > TBLLENS 3,
COH#HEHEFHEL T
(3) w(z)~expl—2z2/4]z"{1+0 (1)}
Z—+00
(4) w(z)~exp[—-z*/4]z"{1+0 (1)}
- (27x) "2/ (-n)} explnnri]
exp [z?/4] z ' {1+0 (1)}
z—-—o© n+0O0, 1, 2, ...
(4>) w(z)~exp|[—2z*/4]He.(z2)
=exp [—-2%2/4]z*{1+0 (1)}

z—-—0 n=0,1, 2, .
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TH52 & L<HMeNhTVWE, RELU. He.(2Z) &550H nik
DTIII—}F ZHKNTH %,

T n BHRABKTHEIDEDLXE>T. BORMTOD Veberff
HOHEWHEHRELU T, BRVRXETET 2P EEBCHERT 50K
WHIREVDNBHN B ERFBUVUTHELLENS S, TOWEHEHDE
WIERE U T. resonance MBI ZHIINIZIDBDEZFZXZIENT
i%o%%\&ﬂOTm%@ﬁ?t@ﬁﬁmobf\0§®&éﬁﬁﬁ‘
BT THANRNRBZIENTE S,

case(1y B=+2m, m=0, 1, 2, ...
ZDEE. (2), (3), (4) »»

expl[—1/2¢]
C = {—(—-1)%2%2y (—-1)
w-1-8,2(i (2/7€) '?)

+o0 (1)}
expl—1/2¢]
C2= {» (1) +(=1)%2y (—1)
wane (— (2/) '72)

+o0 (1)}
CORR. HOERS TV
y(x)={y(1)+o (1)} x'*#?
exp[—(1—-x2) /€] x>0
y(x)={y(=1)+o0 (1)} (—x) t+é?
exp [—(1—-x2) /el +o (e t'7%97%) x<0
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y (0) =0 (e 178 7#)
&%, L. 6>0 #®H-T. 1, —1 2BuE (-1, 1) OH
KETEAZHWE. €0 XHULT ¥y—0 TH->T. BRENONFED
—fFME. Yy (1), ¥y (1) PEJUBRXETEZ>WQVIRY. &
MHTCERBZERRY. BRBIHW A EER S,
case(1) B=2m, m=0, 1, 2, .
Zo&x. (2), (3), (47) M
y(x)=exp([x®/2e] [Ciw-1- (i (2/€) '2Xx)
+C:Hen (— (2/€) '2x) ]
expl—-1/2¢]
C= iy (1) = (=1)"y (=1) i
w-1-n (i (2/€) %)

S2+0 (1) ]
expl—1/2¢]
Ca= [{y (1) +(=1)=y (—1)}
Hen(— (2,/¢) '?)

/2+0 (1) ]
ERY. ¥y (x) ORZIBLUE
1
y(x)=—{{y (1) —-(=-1)=y (—=1)}x'™m
2

exp [—(1-x2%) /e]
{y (1) +(—-1)=y (—1) } x"} +to (1)
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x+0
¥y (0) =0 (e t170)7e) >0
THEzoh 3, f>T. 1, -1 2BLE (-1, 1) OXMTELHL
. et cd sEx |
y{ix) = {y(l1)y+(=1)=y (=1)}x" 72
THY. HHATONKO—HMHRENZ DDA BV R, FHREHH
y((l)+(=1)"y»(-1) =0
TRVIEBY. T O/BBREMIE reduced equation M TH Y HERRTU

R,

BEBHEREMETIE turning point 2E8VHFEHWRWE. 2L TVLO
BAFBRALCHUTEZOERBLERFSL, ety scs. 20
W TEBEIEORNERT 5, UDURBS. B AERIHEU
TR eRrEOE L X, EORERIRL, TOLIRBFAEIR Ac
kerberg & 0’mally &ZURd o T, "resonance” P I > &
g b, BEBHSHE. TD&D%R resonance IREBKLZ 35H W
REFPHRFAERMECORENRFETH S EGHEER(natched asym
ptotic expansions) Tld. e 2 E¥RNE T2 XOBMRTOBHEBET
BRLVEVSICERB S, COZEMH. ETWUDHRELOBDSDU.
HRAZHDIEDT. 5XA6nEBAFARAVED LS REHKOBHET.
resonance MEEFIERLITHEWVDI L TH Y. X BT, resonance
MEPRI>LEUVT. ZOBG0BMBRFAE TSI ENTEEINMLE
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WHZ &ELRB,

IE#HEHT 2 LHW. resonance DEZEED2EDLIHDREDSH I LK
T %,

& WoAER

(a) ey  +f(x,¢e)y +g(x, €)y=0
B resonance Rl ERITER. B ¥y (x, €) BEEL. EXTH
%X T—# reduced equation OIEFHHMICNEK TSI & & T %,
— M resonance WHAIL T, HRMEMAMEE OB E THEMEICRS I &
BEVDTHEP., CITOEFRELUTWE. N.Kopell OFZIWHE-> T,
BAARAOACHERTIHETHY . BRE{EBEIVOVBMULTERS
ZEWRT S,

resonance WXL RDOLERZH LU T. BLIPoEHINATLE
D3
-—g(0, 0) /7 f«(0, O) =N

NIERAEEET S, tVI3DBDTH5, JVEKBHVLBEEOFL.
ENTREZAo W RBAARAIEDL I RZH DD & T resonance H
X500 ?2EVIFHARZHRELUTE.,. WIIHHORBELEEU
oD TH %M. Matkowsky WZIRDEHD resonance O+ TWERH
EODEDRERITRD 20

Hatkowskyse WAFENX (a) BEH TRV e OEXHNEHREHE

o

= Z A= (X) €™

m=0
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(B a.(x) EER 2o,

CZTW. WHREBZ-BRUKOELY AR ONEEYRMERE
FHEBTOEDLYSQHBMEULTEX.

RE WHHENX (a) O®RE F(x, €), 9(x, €)

d xeD, <1 TEMNTHS ( 22U, DEFEATVWSXME

REREEN T TR |
EVSEEDLET. BHHE UTRU R RHER &Sm0 —
BOWDHBERDIFAED resonance I DHB & Matkowsky £ ED
RIEWDOVWTHE X

" WMAHAFRER (a) M MatkowskyHR M2 ik ¥
= (a) It resonance 2% D"
EWVWHSZERRTONSHOEWTH %,

RETOe HT 3 EUMRRAKOMBE U TH X 2BALE"T
XZ3LEDbhEDhDHHMOBRULY, KOS ZFOLENENOM S,
(#1) ey’ —2xy +(2+2exp[—-1/€1)y=0

COFRERWE MatokowskyRtr iR U, ¥ (X) =x BHABETH
%M. resonance TR RV I EHERFAETHM» S,

4 SO REDDERE

o HEENX Ca) B Matkowsky@R#H & ERENRIRERE R T D&
UVTEREREI T332 &WT %, RS (x, O) UmbioFZLaeE-D
EUTHEL MUYEHOEH
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m+1 Az 1/ (m+1)
I — f(t, 0)dt
2 0 -
PFOHRLTELLZIERZT B E
f(x,e)=—2x"+teck (x, &)

k() LER, 2c0dE. KBEHROE#
1 X 7
w-exp |- —— f(t, e)dt
2¢ 0 .
RERET AT B L

d?*w

gz =[x?+cR(x, €) ] w
dx?
B, X, T (X, €) BeNXOERAINEIEBEBETIHEE

BOEHRZL-T. 2OHFEAU

d2u 2m—2
€2 :[xz’“rsZar(e)x'T u
dx2 r=0 |

OFREHENS, COMAPAREADOEWE turning point R TOEH
MRETHH . SETLCOERKRHOBFEICE. ZOMHARAD Vebe
r ABRREVIMHEOIL AN >TVWEARERTE > LD, ZO®K
DRFTBARBLEEALRTT, |

ZZTO. NUBRBBLURBREHZOEHBOENZEEL TEBIWE.
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BUHD (EEEMATD) B HEND MatkowskyRHREE T il
CO (BEHREHBEBED) BHHBERD MatkowskyR M RIEBET 22 &tk
5, ZOXRHEHEIDB &

An-1 (O0O) +m FEEOHEK

a,(0)=0 (»r=0,1,...,m—2)
THEIENBEBLOD S, COFHDHET. e BEETBETOM
VEROEH x=eg! /"¢ (stretching transfofmation)&%ﬁ
THIT. ROEOBAHFRAREBINS DR, ZOROKIEINE
HRHAIZ3LEBSHBIEBDOD S, . COFHEMEOVVIEKR
secondary turning point W BV E VDI RZRHBRXDHR->TVEDT.
MYBEBOEBTHEMOAERNCERTTELCRD £,

y' - lz*+bz® i+, L+
{b+bmer} 27 '+, . +b2em] ¥y=0

T by, .., bari, . . bon B+HNTHEB, COFERD ;KR
T

(¥

hd
-

2m

*
-

_

n(z, b) +Zm(z, b) b,+. ..

i=1

CEEATAEE. RO UTEENB® S EEZ6NSD (2, b
WOV TWE Weber DA ABRRKRBELIRLV L LS RFEOMAHER

n” —{z™+bz*') n=0
RBEL. (m=10HEAWIE VeberB T %) EDRHMLE subdomi
ant RBORBHIMHBERXBEUTUTOR_RELT I EDHD S,
(X#k [3] 228)
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ni(x, b)=z7%2m2c xp -z /" (m+1) ]
{140 (z7'2) }
n' (x, b)=zt2*2exp [—2='/ (m+1) ]

{—=1+0 (z7'2) }

n (O b) =2 mtb)/2m+2) (4 ] ) ~(mtd)/(2m+2)

r1/(m+1))

r((b+m+2) " (2m+2))

n ' ( O b ) — 2 (m+b+2) /(2m+2) (m+ 1 ) —1-(m+b) /(2m+2)

r({—1-(m+1))

r{(b+m) / (2m+2))

Langer %% Turning point OMIREW . AiryBIBK ORI EERA L LD .
ENDVREFUHMASARREREIHEOLS D » L EEENRARENICE
MTBE32&E. BHLOVRBBERHTEENIRAETH %, Thd—HKE
ibEMEhdsN, (FULWBXM [6], [7]1) 2ZTOM
MU THZEOFHRIEERRYER LTI ERXMR S, 2 THE,
T (X, €¢) REZRABEBOEBUEFANRDIOTH kD, £0
B#E., LRENEEBROBID HTEXOBORBHHEERZFIAHL T,
RFTHIREBEUVUTRODBIDLENS S, 2O0R. T (x, €) 2#E
BAELUTHOBITMRRBEROEHT.
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d‘zu 2m—2
e? = [ x2"+ ¢ E:{ar(e)—+6r(8)}x']u
dx2 r=0

CEWTZZENTES, CZTEBURTAG VT ROAE. AHEE
REFURV—BREBILORDIE. &, () EUT. #ERESE
OCWH %M. RERUNVBRIRVD T D RECOHAGBLERC &
TH%, 0,(e) OBEUROBHRFMC BT EACEELRIXR
WOT. BEh O MEAEOBEAREMOTHEREU 3RERRVOTI
HBN. 7 {1 HEOBARE. COFEROME M HERRED
OEFIBEUTHMORS D RITR>EVODOEREREMAED
TRroOPbEORAERPHRERMBEOMY HREAOREZ R >TWER
DT, BREREHI AT R BACEFEARYERE X SN LAAR
Wo >T. TOMEMN Matkowsky DRHE U TEHE X & hiEXHIARE
2. e BEOEULBENETZCEERTEDIWE. 6, () D&Y
BEREORFMERDTELLENS S, 2F 0. HBEEBOERT
B BEEROVENLECHTHRE. D VHERBSEOTS S
Er b, b AEHEROF — 5 — THERMNEDTESE VS HO
|6, (e) | =C exp [—r=2'/ || ]
THAZERUDUTHLLERS S, REL. 2T TCridEA2TVS
FEHDEARE VR EX2O¥R (AREWMORVEARTIBET 5L
UT) €39, CRERET S, COBMFEMBU T, BHHER
DEFERBCET IV EIDEHMRFELRRITIZLENSZDOT. 4
BEXZEZRVMB. (KhULWX#H (4], [B81, [7] 28H)
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ZTORREUVTIHOEDORHMTOHERREEL DV DO2POAL—7
AHBABATEEUVLRLOBOHOEMTOWMERBAEEMAL T,

Matokowsky OZHETEZ s h R EAMABRB WK T 2 & ERT I &
MCES, DF0.,” HIE” HETHEIENFTARLIERLRS,

R
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