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THESIS: ANDERSON LOCALIZATION

IN DISORDERED DYNAMICAL SYSTEMS

SPECIALIZATION: Mathematics

POSTGRADUATE: Zhiyan Zhao

MENTOR: Professor Jiangong You
Abstract

In this thesis, we try to explain and investigate Anderson localization, an intriguing

physical phenomenon, from the perspective of mathematics. The disordered systems

we consider are two quasi-crystal models, i.e.,
e one-dimensional nonlinear Maryland model:
ig, = €(Gni1 + Gn_1) + tanm(x + n@) g, + €gn)*gn,
where € R/Z, and & € R? is some fixed Diophantine number;

e one-dimensional nonlinear quasi-periodic Schrédinger equation:

ig, = €(Gns1 + @) + V(z +nd@)gn + ¢’ ¢n, n €Z,

where V' is a nonconstant real-analytic function on R/Z, and & is some fixed

Diophantine number.

In the first chapter, we take the ergodic Schrodinger operator as the main object

of study, to explain localization in linear disorder systems. Some concepts in the

spectral theory of operators, e.g., exponential localization, dynamical localization, will

be given in this chapter. For three significant models, i.e., linear Anderson model, linear

Maryland model and one-dimensional linear quasi-periodic Schrodinger operator, we

shall state the corresponding conclusions respectively.

v



Abstract

In the second chapter, we consider the one-dimensional nonlinear Maryland mod-
el. We shall prove that, for “most” compactly-supported small-amplitude initial data
(Gn(0))nez, if € is sufficiently small, then for “most” x € R/Z, the solution (g, (t))nez
of Equation (0.3) satisfies: Vs > 0, the diffusion norm

> 1)l

neL

is uniformly bounded with respect to t.

In the third chapter, we consider the one-dimensional nonlinear quasi-periodic
Schrodinger equation. For “most” compactly-supported initial data (g, (0))nez, if € is
sufficiently small, then for a.e. = € R/Z, the solution (¢, (t))nez of Equation (0.4)
satisfies: Vs > 0,

SL:p Z n*|qn(t)]* < oo.
neL

Key Words: disorder medium; Anderson localization; nonliear Schrodinger equation;

perturbation; KAM
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AT . IRBH R, V(x) = cos 2z BT A almost Mathieu . T~ HI 5 TE 200 & e Hop
i

I SCRR(L6) T A1, e i sh /NI, XL PALAL e € R/Z, T, A7 2 3

IR 1.5 (Eliasson[16]) A feq = eo(V,a)RIFH0 < e < eff, T FILFL
Wte € R/Z, T,09EA 4k 218, HEH —#%AZ)FHZEHFESE.
S8 it V, sup V] \ o(T,) B9 LA e — 08 A 6 Fo.
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KA S chrodinger 5+ 121 i DL S misidl, A 1R 2 HAth 1 T4,
Bilan, [8, 11, 20, 31, 33, 44]. HHF-[16] UL B RABRLE TRAT % Re AR 2 4 fn) i i) /e
HELEEN, A TSR RIA.

TG, BATINEH-— LRI 55 dERE PR ST 5 o 25 e — N C 9T 4EFE D,
oA (m, ) E R TCE Dy € Ro S TACZ, EX

D A
RY :={neR¥:n; =0, VigA}, DA::{ s 1110 E .
Ommn, O.W.
T2 B SRF
Dy:RMRY S RAF RN AL =7\ A,
HHEERSY, BT AR — RZ 2y RZ 2 RA, T EE 40 M AERY L H
[ RS o YANAEAE B SR, FRATT B DR s H S — 7o
2 Dy = diag{V (z + n@) nez, Zo = e/, HiEH ey = €1, 00 = 1A KATE K]

~ L5tL((3 112
My > max{25+4C’ ((3; )) , 2F, 8}, No>1, po=N;!,

FeATTA] Lhan e H B EE & SCRAR 4

M3 1 —35M3 3¢
My =M™, a,==-M, , Eprl = Ep ,
7 ] (1.10)
—Qay _ ay J—
Nyj1=¢,%, Pv+1 = €L, Opt1 = gpu‘

FEZ RIS =5, JA125 FEAN N AR MR, XL 51 S AEKAMIK
AR H Do

IR 1.6 4RI L4t —HA0 < e < cor AT — BV HSchridinger 557
AT il
EERZ s cR/Z, HE—F|ERIERT,, v=1,2,--, HL

(U, = Iz)mn| < g€ 2071,
4;\7%’.(]:([)0 + Zy)U, =D, + Z,, AL 7, A —AN it
1(Z)mn| < &,e7 P M0
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a3 AREEME, mATARFEME D, T8 i —E RFEMEQ, Kokt AL, H
(Qv)mn =0, |m —n| >N,
PR, B AL AR R, Ay = ZARAF
D" =@Q;D.,Q, =[] Diy. tAY < M,, diamAY < M,N,, Vj
sk, HEANFEX c R/ZAESF S RN AN/ T L P or, W4
Nk € Z, B AEEER (k12T
AL (k) = A" (k), Y > (k).
FEBE DY, FRAT TR 45 HA A% i )k 22
SEMLeU ] T T A4 s, s —BUrHiE, 45 72805
BRERS, PRtk

HEIE 1.3 R I 1T —HA0 < ¢ < o WA Schrodinger - TTEHA 255
Ak,

BATH AT L2 R i 440 B S chrodinger L TH « 2(24) — 2(Z9), d > 1,
H = e(Aq), + V(xy + 110, 24+ Ngq)qn, == (z1,---,14) € RY/Z,

Hrpv R/ zd I AEH B MENT R 2. Bourgain, GoldsteinflSchlag[9]UEH T d =
2ff I NI JRIAL, T Bourgain[7]Ja AR Z 45 1R HE) AR E4EE TG L .

EIB 1.7 [7] B Zxy € RY/Z4, 1EBS > 0, HAhey = oV, 0)1EIFH0 < € < BT,
BETEQ=0(,V)CRYZ#H Z

mes(R?/Z%\ Q) < 4,

NTSF o = (o, -, aq) € Q> HEH F8EE R AAS) 5 By 334K,

27,84 TAZA AT M —F £ R, AR € Z, BAVTRIILFAY (n) LK
HENEE,
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F-EF —H#HIEZMEMaryland#&E g EiEL

{E Bellissard-Lima-Scoppola[5] 45 W I 3E Ml 2 b, ATEAR T & —4EIE
% @Maryland*%i

4, = €(gns1 + qn_1) + tan(x + na)q, + €|qn|2qn, n € 7, (2.1)
Hra R(Wi/@DlOphantlne/jaﬁ: 1.3), ﬂx%?R/ZE‘J%MH?%

1
X::{xER/Z:x+n&7A§, Vn € Z}.

§2.1 ZHILRYRRIA

AT TE S TR (2.1) BEATAE 4 (R A bR AL, SRR R 3 — NI R IKAMSE
B A AT AN 22 B IR AR geh, JEMsT O R auh R ISR .
ARG A al AP B 2. (A RHE, gl bR
Ja > FIEKAME BT 12 B 58 B ARLAET . SEBs L, HIaRAARRAZ K
AIATPE, & H I D) R S A Diophantine B (1 HE IR BT IT IR IE ) 6

EIE 2.1 FIRT = {n1,--- ,m} C Z b>1, Bk >0, ELIEAHATHM
A8q2(0) = (¢n(0))nezs 2 qz(0) € €5 10,10 HFLE—NTH D Me, = (@, k, T)s
1EFFE0 < e < e WA LX) TFEXITEAY € (0,1)i% Fmes(X \ X,) < €, 117
B e X0, T4 RRL.

B AE— Cantorfe O, = O (x) € [0,17#H B He — 08F][0,1)\ O] — 0, ' 147
Lqs(0) € OBF, T A2 (2.1)89 18 qu(t) = (gn(t))nerits

supZn2d|qn 2 <00, Vd>O0.

nez

I, AFE—n e Z, q.(t) % THEZRE 49,

SERE 2.1 w5007, (2.1)F B AE KR el 20, B H AL, RiE, €
AE Hamilton B 30 F 6945 8T X, BPe|q,|ts FFRAZSLMAy, FIrL, FF&MMR
él] %/ '\/\%ﬂiﬁ Fﬁﬁi ‘X%—l—ﬁiﬂ_/}\ﬂz 7&]—,]’_};%3?']-, 1’5' ’)11‘3 ﬁFE"’Fi%/ ‘\

E‘Qn‘4 + E’QnFCYnQn-H + €|Qn|QQn(jn+l

DAL 48, BAVEAS LT L5 |0|&TO C RP#Lebesguell & .
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KA AT X,
clanl* Y e ', 0> 0.
k

§2.2 — PRI TIREKAMEER

§2.2.1 FTEFTEH
WE 2 c ZVANed, p > 0, 0 (Z1) 7R 2

lallap =D laal(n)?e”™ < oo,

nezy

I Hq = (qu)nez, T, BEAL () = VI +n2e X Tr s > 0, Dy, (r,s) R
IRTY x {I =0} x {q =0} x {=0}ET x R” x 0} (Z;) x £} (Z;) T 1I&R3K, R

Dayp(r,s) = {(0,1,4,) : [Im] = [Im(6y, -, 0,)] <, |1| < 5* [lallap = ldlla, < s},

BEAL| - | o ) 5 ) L
XD =Dy, (r,s) LCLHAKI T-¢ € ORISR RRELF (0, 1,9, G;¢), * TRATH
HOTF0, 1, ¢, g FF ¥ Taylor-Fourier 2% 24 ) HE =

F(0,1,q,3:§) =) Fap(0,1;§)q°¢",

a,B
) EF‘ X]L:P/\ IEI' ﬁBEngﬁ%E@zE?ﬁiﬁa = Z anena 6 = Z Bne’m anvﬂn 6
nel neZq
N,
Fap(0, ;) = Y FuapOI'é™" ¢’ =[] ara
keZb, leNb (an,Bn)#(0,0)

(e, KR EFn M IC TR M HABTCR I AT & D
EX 2.1 3 FREFBANERAEN S FTIH (0, 8) = (an, Bu)nez,>
Supp(avﬂ) = {n € Zl : (anaﬁn) 7é (070)}7

nis = max{n € supp(a, )},
n;B = mln{n € Supp(a7 B)}a
Mg = max{]n;:g’, N}

HEARSCH, KT ZH0E € OMBIBTERZCY, 1, IR TR A& AR s SC R BT 1
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Bl == ans |Bl:= > Bue

nezi neZ1

HAlM, dR|a|=8l=0, ZXnt, =ng, =n; =0.
L1 Friap| = 311 10e, Friapls | Friaslo = subgeo (| Fitas| + [0 Friap|)» X

1Fasllo =D |Fuaslo [T [[Fllo =) [Fuaglo [1'le"™|¢*/1°].

k.l kJl,o,8
2, PArTn] e PR InBue
1Elp,0 = Sup [Flo- (2.2)

T F R N IR Hamilton W] B39 X = (Fp, —Fy, (—1F,, nez, s (iFy, ez, ) FAED X
O_bEaEE X R
1 1
IXrlp,0 = 10:F|lp,0 + 5 106F |Ip,0 + sup = > (|94, Fllo + 94, Fllo) (n)%el.
S D S

nezZi

N T T RR LI, BB SAAER, AT A Bl B seh R
FRO,

§2.2.2 KAMEIERFA

HIEHRE O, M T 24 € 0, HEA W B — B FHamilton 5
SN
N = 6(5) + <w(§>7 I> + Z Qn(&)Qn@n; Zy C Z.

RIS TG T, AT T F AN+ Y, oy, dgnAdGyo RFTEE—"Ne € O, N
JIEAS R IR Hamiltond& 5 77 72 4 -

Al da i
a Y w T dt

FLAEAH 20 [R) o R AN AR A 6] I 28012 7 F2 1R — AN R ) A
(6,0,0,0) — (6 + wt,0,0,0).
WAE, TAHER-X LD = Dy, (r, s) | 7% BB - Hamilton R 58

H=N+P=c) D+ ) (E)andn + PO, 1,0,5:6).  (2.3)

neZy

SWFF A REF : D x O — C*, WREET & A || Fllp, 0 == X1 | Fillp, 0o

- _iQnQna 1Qan ne Z'1~
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AT EEY, X “KRZ2H” K1Z%5¢ € O (fELebesgue MEZ X ), H
B\ Xp|lp.o 8 /N, Hamilton TFEH = N + PR EA AR, Hiss)s
P VRER I 752 ) B 2 FLAT B HOBERR

AEMRRKANGE B2 i, A TEFAE %, Q, BRI LT 4

(A1) YP3REG AR e — w(e) ROEHAZRZ I —ANCL i RIE.
(A2) FINEGEN M MHERRIn € Zy, QKT ZCH R, Hsup|0:Q,] < 1o

£eo
(A3) ABHEGEN M LB PAERT0, 1, q, g SERERT R 2, H O, MU AR
Tee 0o,

P=P0,1,4,3:¢) =Y Papg®®’ = Y Puapl'é™q°¢,
a,B (k,l)géo

p = p(Qa Qa 5) = Z paﬂqaqﬁ = Z POOaﬂqaqﬁa
a,B a,B

ce s ol + 6] < 2

. : (2.4)
e Mer, ol + 16 23

| Pasllpo < {

ge~Pas, la) + 18] <2

. . (2.5)
e s men) ol 4 || > 3

| Pasllpo < {

(A5) MBI R I TP = Y Puapl'e™ g, B0 kj+]al—|8] #

kezb, 1end
a,B

0, }r\“JPklaﬁ =0,

EIE 2.2 B3X (2.3)F 89 Hamilton & Yo Hi#% Z (A1) — (A5). BAE—ANTo I8
J:E%’g(&“* = 5*(qun787T757d7p)4§i4’%’;‘}5HXPHDd,p(T,S),O < e < 5*EH‘5 %‘-A/I\J]:‘/DI]]
8 Cantore 0. c OB R He — 0B, |0\ O, =0, A T4 R L.

(a) FAECLAIBHG - O, — RAEFF e - 08, @ — wlo, — 0.

(b) B 2K TOMAT LXK T RO EBRITY : T x O, — Dyo(r/2,0)4F He —
OB || W — oDy or/2,0),0. = 05 BLAL U A - LA RN ST, B

Ty : T x O — T® x {0} x {0} x {0}.
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(c) MAEZO € TOVARE € Oy (0 +D(E),E) = (0 +D(E), I(1), q(t), q(t)) A HFT3F
1B Z) 75 A2 89—/ bIRALJE HA R

(d) MEF—t q(t) = (4u(t)nez, € Cho(Z1).

SERR 2.2 VA BRI g (d) R

> Mgt <c (Z <n>d|qn(t)|> <00, Vt>0.

neZ neZy

XBAT ZIE2 18944,

§2.3 Hamiltonif £ SRR

M2 RE(2.1), JF 2 € X0 BT IR D Heg, = UGy, JTREMIZRPESS 5
I AAEAEZ T T, kb U 2 B4 BT B IEAC AR e . i ARZe Ty
FE(2.1) A A5 2P0 7 R W 25 T B A Hamilton BR £ -

_ ~ 1 _ _
-ﬂ%ﬂw=A+Gi§:%mF+?”z:mm&%%% (2.6)
ne’l i,J,m,nEZ
A, R

|t jomn | < ce2(max{igmn}—minfi.gmmn}) (2.7)
b b
Uijmn = Z UliUllemUln' (28)
leZ

ANR— ek, "R <j<m <n, N

=2(|i—l|+|7 =+ |m—=1|+|n—I
] < €3 2l m i)
leZ

leZ
S 06_2(n_i)-

BATERYI T T = {n1, -,y € Zy B 7 = 2\T o e LB/ NRT, |ny| <

Ellnel,i=1,---,bo
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WoErd > OBl Rp = L s < 5%, 8221 XD = Dy, (r,s)o
TEGINER- AR RS E AT, N TEBDE B asuE s, A7
X Hamilton PR 20— S8R e A B . MIRAEAS, 4 T 55 W\ {E, ﬁmuqm
B KRR NIEA
Rl 2.1 RS, NBELER/ZATFEXxAT 0 <9 < 172

mes(X \ X,) < €

1454 € X0, BEFEBRY = U()WF(2.6)F 9 HEEAA CLHARF T 5
e e 0= [eiz, 189 2 REAT Hamiltoni 38

HoU = N4+P

= e(€) D)+ Y Qu()ndn + PO, 1,4,G:€), (2.9)

nezq

£,

o wROL HAZZ A ) —ACL, KRR,

o StH—n e Zy, 0K THRAC, HEK, fﬁ%/iigg 10:Q,| < €.
I, PAAMERE M, BEHPHMADP+ P, LF

P=P(0,1,qq¢) = ZPa,Bq 7’ = Z Prapl'e g,

(kD0

P =P(q,q¢) = ZPBQQQB—ZPOO 89°7",

AR 4
K 1, %
N ere 26, o+ |B] <2
[Pasllp.o < Lo ol + 161 < , (2.10)
ez, al+ 8] =3
K 1, %
: eie s, ol +|B] <2
HPaﬁHD,O < “Lnt —n) : (2.11)
e 2 es™lesl ol + ] = 3

ERR: 2 B 4 T =AY
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o FTHBIMIE
W H = A+ B, 4

_ 1 o
T(QZ7 QZ) = 56 Z Ui jmnqiqjdmGn,
[il,]7],m ], In|<k|Ine]
i u..
F qz, qz) = Z€ ~ ~ ijzl —qiq;Qmn;
) =5e 2 e A

ViV 4 Vi — Vn 20
filliliml.n|<wlne]

H AL A N Hamilton AL I TR — 1SR o 56 T EUE 1)

i,j,m,n € Z, |il,|jl],|ml,|n| < &|lne|,
A% I8 e 2L

Vijma(@) = Vi(@) = V() + Vin(2) = Va(2).
H e /N, AR R 51 B2 50, AAEX TR, RN <0 <
Lt A2
mes(X \ X.) < €,
432100, m} # {5,030 (Vi (@)| > €0 IXFUARIE T FIRECT LT 53-B)
87
FH [R]85 #E X
{NF}+T = 56 Z Uz’z’jj|%’|2\qj|2,

il 1<l n
FATHENAR bR AR o w LK HEE AL N

. 1 i
HoWp =Y Vigl+ 5€ > wigslallg + R, (2.12)

€L lil, 7] <] Ine]

)
|

R = G=T+{GF}+ o {{AFLF}+ S {{G F} F} +-

_{_%{...{A?F}...7F}+%{...{G’F}...’F}_|_...‘

HRULR = Y., Roog' @ 0BT o tHRIGKIE, T4

Rog =0, |o| #1657, (2.13)
Rup =0, ||+ |8 <4, (2.14)
Roup =0, || +|6]=4, nhgy < kllne|. (2.15)
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seAh, W N2 E 5 2.2, wlfE
| Ravpr| < ettt
o EH-ATESIA
X} Hamilton PRI (2.12) 5 I AAE HI- A AL 5 DA K ikl 2 2
i =VIn+ & =T+, ned,

HA(L,0) = (L, Loy Onys -+ 3 O, 7 (G G )me 225 A LE S R PR RRUEAE FH -
ﬁﬂi, Frﬁf (Enys o 1 ny) € € -0 = etz 1P HIRMESE, HA(q,q) =
(Gn, Gn)nez, o A2 Hamilton PR ?& 2.12 ?Fjépﬁjj

N

HoVUj, = ZV i+ &) —i—ZV|ql|2 —eZu“” i+ &)?
ieJ €71 1617
1
+5€ > gL+ &)l + 56 D (I + &) + &)
i€J,jELY ,jET
[71<k|Ine€] i#£]
1 -
t5€ > wilallgl + R

i,5€ZY
li],|5]<x|Ine]|

= VLAYVl e Y w4 56 Y w6+ &)

1€ 1€Z1 i€J i,j€T
i#£]
2 : 1 5 1
E i | + E Vi&i + € E (e 3¢ E wii55&:&5
i€ ,j€2 ied e ijed
[71<k|Ine| J#i
+R,

B
~ 1 1 1
R=R+ 56211””[12 + 56 Z uiijjfifj + 56 Z uiijjlz’|q]’|2’

ieJ ijET i€T,5€L,
i#] lj1<xlIn |
JH 3o R AR 4
0—0, I— (5%”], q— eg’iq, q— eg”cj, £ — "¢, (2.16)

T{?Hamﬂton i’i&

Ho W} = 59 (H o Uh)(0, 631, ¢3%q, e3°q; ¢"¢) = N + P,
T RIEN T, AT AR B B A ) B, = 1.
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;H\:EI]N:€+<M7I>+ZTLEZ1 Q”|qn|2’ ﬁﬁ

N 1 = 1
e — ¢ (t3n) Z Vi&i + 56_5 Z ulmff + 56_5 Z ST (2.17)

ieJ ieJ 1,JET

i#
~ 1
wz(f) = 67(1%%)‘/; + Uiiii& + 5 Zuiijjfj, 1€ j, (218)
7
_(H_H)Vn + 1 : UiinnSi n| < k|ln
Qn(§) = ‘ > Zﬁ“ & Inl < line] . neZ; (219
S A VA In| > k|lne]

Hp= e_(1+%“)R(0, €571, €35q, €37q; €r§).
o FTHamiltonR HIN + PEYER

EE?ZID(ZS)EPFE%’ Uiij; = Y ez \Ua?|U)? JQU*E?E?%JEEE(NS), b x b

W o 2
Ow ZlEZ |Uil|4> ] =1 ..
— = , 1,7€J.
(af)z‘j { 5 ez UalPlU?, 5 #1 "
WL (1.5), AJ4%0
|U“ — 1| < €, |Uzl| S 66_2“_”, ) 7é 7.
X, > iez [Ual* > c(1—e)*y ﬁlﬁsup#j > iez Ual?|Un|* < ce?o E?Eﬁ\/J‘{%iETg—zE/‘J
XA A, M o5 R 2 (a1 C 4001 R k.
XfFn e Zyy (2.19)FQ, FIRIE R BEIHAT T |n| > s|lne|, 8:Q, = 00 £ |n| <

k|lnel,

— 1 2 2 2 .
|02 | = §Z|Uil| \U|* < ce?”, 1€ J.

leZ
HH(2.13)F1(2.14) 1] 511, RIGSASFEZ I 0] 5 AE
Rupdi @ = Rupdy’ @7 "0, |o/|+ 181> 4, |o'| =8,
JJ:[:%O‘J = (an)neja ﬂj = (ﬁn)nej’ E—QJ = (Qn)neja 47 = (Cjn)nej’ ﬂlz/l\’ﬂzﬂﬂ—ﬁ
3= PN G S W)

~ an+pBn .
Ralﬁl (H ( [n +€n) el(anﬁn)9n> qaq—B’

neJ
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I, A2 RS (2.16) 4k N

an+ﬂn
SRO/B/ (H ( legln +§n) el(an_ﬂn)9n> qaqﬂ’ (220)
neJ

g = e 0+30eslagbalt3(a18) . fERP = 3, Phs(1)e0 g2 g 11 T,
Z}—Q: n = Bn)-

neJg
A ke + ol - |B|iit%?/ﬁ\%ﬂﬁﬁ4k%§?ﬁ@ﬁznez = cp B = || = 8]0
Ik, R4 2.13), 950 ks + ol — (8] = || — 8] # OB, P = 00 I
X Pras e T IAT R TF, PIAFINEAZR A4S PAIGALE o

WAE, FATVAEPH) RECE g . 2B P AR 7 A, B H iR
NP =P+ P,

1) lag|+ 871 =0
M T, WIEE1OF 0] + 18] = |of + 18] = 4, H(2.20)F I
He (tamesnlaltB R, 0 q® o IXJE PRI I, HARBAET

~ ot ot
6%71|Ra/13" S 6%71 - €e ol 8! na/ﬁ/) S €§€ 2(na/ﬁ/ na/ﬁ/)' (221)

2) lag| +[B7] > 1
KR supp (o, B)N[—E| Inel, £ Inel] # 0, RIAELE[n| < £ In e[ ffifF (o, 8,) #
(0,0), A Edtﬁ

K _
nj;/,g/ — E| ln€| S n;’ﬂ/ - |'I’L| S nz/B/ — na,B,.

y\ j’
~ _ + - T, Y
|Rorp| < ee Anarp Mare) < gefIme g ™Marg — (1=§ Mg

M (2.14), BATTRT U EL N PR 6075 &1 E2) .

_ %‘a’\ + 18| > 6, )[HJ (las| +187]) + /<;(|a| +18) > 3xHE < e3n-1, X
%(2-20)$QQQBH@?\§&TAIE

~ 2 _ * _ *
(9‘Ra/5/’ S 63'{_1 : el_ge 2n"‘/f3/ S ege Qna'ﬁ'. (2.22)
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— Filo'| + 18] = 45 WARHE (2.15), nty > k|Ine], FFH
|Rup| < em8e e = (I+imeay
PRI, (2.20)HF I RECASEE IS
E|Ruryr| < € U502l +5me ™y < 5 "ars, (2.23)

I, FERETE2) T (2.20) g q I R BN R
ERuvg (H (\/ esl, + €n> 0‘"+5n ei(“"‘ﬁn)9n>
neJ D.O

K /T, + EAEE, ML JE T, FRATT s Bk, A AN i 25 0 LRE S 2 o BT LATR,
i1 (FE RS ) FElerz, 1P S

_ *
<eie e,

ZCREI], PHISIEIAENS B2) T 42, L, ARAEFHEA T Ksupp(a, 8) C
supp(a’, #), FI15
| Posllpo < eie s < eie s,
X2 T (2.10)0
IR AR M T 2 7 A . 24 (2.20) F T /oy = B0, dlId
W /T, + E AR, I T, Tl TRT A I £ A% 5 1) AH BRI 15 21 o () 30

£ (H (@)“"*5") .

neJ
WtETE2) AL VIS, AHN I REA B ede e o FERIHL, WH ol + (8] >
3, % SRS T B Ry et o2 as ) o IR T L (0t — ngy) < nige 4
£r(2.21), FATHLIEE T (2.11) FUIER 0

M (2.21) — (2.23), HJ4N

o|x

1XpllDy,(rs)0 < €= ces.

F R, (2.9)0 L € B2 28R NPT R B I ES QPRI RS0
FHEILHER, MOE P2 143 0E .
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FEAm 2 R R, BRATE AN T L8458 DIAEBATTmbRs H
RERIE, JF47 b EHIEN] . 5> BRI, Wi

il 17l Iml, In| < s|1nel,  {i,m} # {j,n},
W2 e 8
Vijmn(2) = V(z +id) — V(z + ja) + V(z + ma) — V(z + na)
EX BN
5138 2.1 *F Ao e, BER/ZAFEXITEAN0 < < 1A
mes(X \ X.) < €’
FFRHERE, 1], [ml, 0] < sl Ine| Bfi,m} # {j,n}> H
Vijmn(z)| > €1, Ve X, (2.24)

51 B2 1A UE B 5 [22] B0 B S ATRAEARL, - LA B8 A 13 20 J) 5 [33] 7
K5 5328400 A PRFFIR ST 8 B, FAT TR B 33 T B AR PR HIE ]

N AGIHERY], A7 K Hamilton PR R B 1 57 (2.7) 9% T Poissondi 5 72
B o
513 2.2 & JE A % MEAT R A5

Glaz, @) ZGaﬁqu27 Flgz, @) = Y, FopdSy,
niﬂfn);ﬁglw
i#h
|Ga/3| S CGeia(nzﬁingﬁ)v |Fo¢ﬂ| S CF@iU(n;rﬁin;B)a

HEF¥eq cpo>0, HANTH

K(qz,qz) = iz (0g F' - 03, G — 0g, F - 0,,G) = ZKaﬂq%@fz

nez
i
—o(nT o —n
|Kop| < ¢ M?cgepe 7(Map~map)

SH T ET TR, ANV (o, B) KRR (o, B) R AT (an, Br)nez -
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WERR: o HEGHE, e

Kaﬁ = 12 (Ga+en 6FOZ B+8n B Ga:B‘i’enF&“l‘en:B) ) (225>
S
A SR AR5 N
S{nEZ, (6. 8) + (6,8) = (00 ). }
= I _ + _ .
N bren ™ Mabie, <M or N 5™ Maren s <M

T (2.25) TG0, 5Fs e, » TERF

af’ < max{n, a+en ﬁ’”;men}’ Mag = max{n;+en,5’ng,ﬁ+en}’
piliS7a
+ - + - + -
Ritend ~ Macend T MaBren  aBten 2 Mg — Nyg-
PRI,

—p(nt  -n= ) —p(nt ) (nF )
|Gd+e Fa ﬂ+€ | < CaCRe aten,B aten,B’e &,B+ten "4 B+ en < CaCFRe —PMap™ aB
X225 IG5, Fyyo sMFIFERIALBE, FEHISHIE AT AR 50— FRAT,

7B+ n + 77475
%5 | BEIE B 21 58 Al O

§2.4 KAMIZR

ARIEELR T B AEUE IS KAME 2.2, ZEIX 585, TRATDEEXS R H
T Hamilton RFE (2.3) INKAMIEACHEAT A BUN 21K o IX AL 1L —F1| S AR B AR e
KLY, FATRUER, 5@%#£1‘T3§3‘§%E’37Lﬁﬁ5ﬁﬁ TEPRR 285 TR
AR T, $hahi b—B /N 78T —#8, FATIGUE = AR FRAR H
5 S %ﬁ?f*ﬁfﬂ’]{ﬂwﬁﬁ, T 58 B e B2 2 1E B
§2.4.1 tRER

NIATKAMAP IR, FRATIZ0K Hamilton R 8 (2.3) 40 8 B AT 8 T AR R b v
e RN, 7E45 2 hnE Rt R, FRATHZ HORBUNAESLE . A4
[P a DA R A TR — K AMA B U AHSR AR, S AERE e RAR 20 .

TEKAMIEA IR Z R/, Do =5, g9 = e ALKy = 2|Inelp™!, po = Ky'o 1k
IR /N ol 20 < 50 < min{eg, s}, HE XD, = Dy (70, S0) o
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B 152 Fe PRI PR AR IR I AR 4 (A4) P (2.4) Fl1(2.5) L VEHUE X (2.2),
CIES
pP= Z Prapl'e 0 ¢ P:ZPOOanaqﬁ

(k,l)gé[) o,B

Wi A2
| Priaglo < ce Pase Ik e 70, 20| + |af + 18] < 2. (2.26)
B PORNR + (P —R), HA
R := Z Pklaﬁei<k70>qaq_ﬁa
n;BSKO
2[1|+|al+|8]<2
A2,
P—R= Z Pklaﬁei<k’9> [lqaq + Z Pklaﬂ€i<k,9>llqaq—ﬂ.
k,l,n*5>K0 k,l
T 2|1 +|al+8]>3

12l +|a]+|B|<2

H1(2.26) LA S [ S 0GB S, RN s A2 8 /NI

1 1

5
| Xp-rllDy0 < 580 = 554‘

FATR R R ik

R = Zpklooei<k’6>[l+ Z (Pfloqn—l—PfOlcjn)€i<k’9>
k k

<1 In<Ko
+ Y (PR + Pir Gt + P2 Gnga)e ),
il < Ko

Ak

PO = Proe. 0, PR = Piooen

meio := Phi(en+en)0s Pff# = Prieen PJZ% = Prio(en+en)-
W2 P (AS) TS, PIITE AR o T 4T B, € 2y,

pot0 poot po20  poo2 _ (2.27)

JFEH RA I, FATTTHT EAIE AN AR e, = oL, o ST Hamilton PR

F, = Z Fkloollei(kﬁ) + Z (Fy]floqn + FTI:OIQH)ei(k,@)

k+£0 k0

[1]<1 In|<Kq
Y Emtn + Fppl gnn + Flnda)e ™,
k0
Iml,In|<Kq

26



ﬁzﬁq)}m* F s AH Y Hamilton AH i IR IS 18] — 1R o 138 08143 RIF) BT A7 AL PR 100

PuooI'é™9 k#0, |I| <1,
PkOaﬂei<k79>qaqﬁv k 7é 07 n;;ﬁ S K07 1 S |Oé| + |5‘ S 27
= I ]
POlOOIla W S 1; Py?qléqu_m ‘m’7 ‘n‘ S KO?
WV N BT Hamilton B BUIRF TR 45 . SERFEIIHE, TRA TG HOE 0, 445 7. 35
JAEIN Dy -
{N,F.}+R= Z Powol® + Z P G-

<1 Im|,|n| <Ko

TATAT LIRS, A LR T RRAE S 4k

k 7é 07 |m|a |TL| S KO

— _J0
\ W)+ =l 2 gy )

TR o TS AASYE FTARAIE R (2.27), AR IRATTAN D FE €2, | B Q£ Q| 1]
I
ZHEEOTH |0\ O] = O(70)o FEPr b, HwlQ, RS, &

106 ((k,w) + Q£ Q)| > k|-
Rlt, 1l o0 B T4E, 44

() + Q£ Q| > —2

||

BIATY A o FLA SR A AT CAREA T RA AL 2
XK, AR Hed, Wik Hamilton BRI 2 (2.3) F A6 Dy = Dy (10, 50) L IHT R G

Hy=Ho®, =N+ F.
N R JE 03 30 R

No = eo(§) + (wo(§), I) + (Ao(§)20, Z0) + Z 2(£) G,

‘n‘>K0

Py=Py+ B => PY(0,1.9)¢7 +>_ Po(&)q"q,
a,f o,
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X H 20 := (gn) jnj<Kos 20 = (@) jnj<rcos 1M

eo(&) = e(§) + Poooo (),
0(§) = w(§) + Powoui=1)(§),
(Ao(©)z0,20) = D &t + Y P (E)gmln-

In|<Ko [m|,|n|<Ko

AL, Pt /2 || X py || po00 < el =¢9, AN

(S

goefponila? la| + 6] < 2
H BHDO 0y <

e, ol + (823

I < gge” "o, ol + 18] <2
5 Do,09 = efpo(nzgfngﬁ), |Oé| + |6| >3 |

FERER FR 7 v, BATSAUER], IR K AMIS A 2 4n 2 PR A7 1Y o

R RATTHAT B RN KAMBP IR, 18538 XAED, = Dy, (r,,5,) b HOLHE
Wi T¢ c 0, (0, c O K-S WSENT Hamilton 3L H, = N, + B,, H:
HN, R P, I 0 )k

N, = 61/(5) + <wu(§)= ]> + <Au(£)zu7 21/) + Z Qn(&)Qﬂ@m

In|>K,

PV = pl, + Pz/ = Zpgﬁ(e, [7£)qaq + Zpgﬁ(é)qaqﬁa
a,fB a,B

>N EPZV - Qn In|<Ky» ZI/ = (gn)m\gmo JLI:&I\PV?%/EHXPVHDV,OV < €&y u&

6ye_p”"3ﬁ, la] + 5] <2

IPsllo,o, < 7 , (2.28)
e PMes ol +|B] >3
g e Pras lal + 5] <2

1P2llp,0, < 7 (- —n=) : (2.29)
e P\asTas) ol 4+ |6 > 3

PATEHIE I Z2H84%0,,, c oLl ke, : D,y — D, HfFTF—
MNKAM D QREF'E/]HamﬂtonIZliﬁHVH H,0o®, :NV+1+PV+1/E\ﬁ5HV*E1’UxE/‘J'ﬁ
i, CL UK T¢ € 0,40, H

5
”XPI/+1||DV+1,OU+1 S 51% = Ep+1-
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MEER, AT, B LS b8 P il M s (8 Eds) “v”,
IFHH MR (8BRS “+7 ZonSie + DB INECR . AN, AR R —E‘ﬁj\
e, BATERN, BARIE A e, co, e, -+ IVHBCAR R IE A HAV 5400 3R

LK, =2|Ine|Ko fEMWTT FKAMB BN AL (g, Gn) k< i< s, FFBEES N2 B
S 2y, 2 e O T AERE S R R R 7 RN T h 8, FRATTIE PR AE N 5 1
wrr g

N = e+ @D+ A%+ D> Otdn + >, Wl(&)ndn
K<|n|<K4 [n|>K+
= (&) + WE. D+ (A2, 20 + Y l€)dnin,
n[>K4

Ak, 2, = (@)inl<ky > Z+ = (@n)n<K, o ﬁﬁﬁﬁi/%dlm( ) < 2K, + 1) Hermitian i

[ A I A A
A = (A ! ) . (2.30)
0 Q,
K<n|<Ky4
§2.4.2 #HES5RIAFE

¥ P55 Pyl T 4 LA R Taylor-Fourier 2 2 1) FE 2K«

P= Z Pklaﬁe kO e g p= ZPOOanan'
o z);ﬁo a, B

Y (2.28) 5 (2.29), LLLIEEL - ||p, oFI5E X
|Prtaslo < ce Pese ¥ WE € 78 2|l +|a] + 8] < 2. (2.31)
e R BBRAE BN A (K00, 4 R PEGN T 8

R(O.1,2,20) = Y Puase®™1'¢°q” = R+ Ri + R,

2\l|+\04|+|/3|<2
(1,8 K4
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)
|

RO = Z Pkl00€i<k79> Il

k
<1
R, = Z (pfloqn + me(jn)euk’a) — Z(<Rk107z+> + <Rk01,,§+>)ei<k’9>
nI <K r
Ry, = Z (PR20g g + PELlg a1 pho2g oy ilko)
il <Ky
= (R zp 2 4+ (B2, 2 + (B2, 5,))e 0,
k

I Ab RF10 REOL Rk20 - pk1L - pko2

k10 . k10 k01 .__ ( pkol
R (Pn )|n|§K+ ’ R = (Pn )|n\gK+ ’
k20 . k20 k11 ._ ( pkll kOl .__ ( pko
R (P )|m| [n|<Ky? R ! (P : )|m| In|<Ky’ R ' (P 1)\m\ In|<Ky *
H¥pr=r, RV,
m: Puoo, REMI0 = ka7 R(=k)01 — Rkw’
R(-k)20 — Rk02 R(—k)ll—r = Rl R(-k)02 = Rk20 (2.32)
IR AR ) S SCRTA,
| Xrlpo < [|[Xp|lpo <.
Bpr =K ry =+ 2l Ky =cic HT
P—R= Z Pklagei<k’9>flqa(j + Z Pklaﬁei<k’9>[lqaqﬁa (233)
k,l kyl,m¥ o >K
21|+ o] +|5]>3 Sl a8 <2
FEiA(2.31), WA > offifs
1 s
|n —c4
||XP_R||DdYP+(T++r72T <e Z e "+ cns < 1 (2.34)

n|> K

LIPS

(Cl): e (PP Ky < %gi, E_C18 < %80

30



Bk, BATEMIED, = Dy, (ry, s4) LI Hamilton R ELF, 145 Hamilton 7]
3 X p R Y (IS [R] - 1B @ = oL iR HA%AE D, b Hamilton PR H o (BB F AT
DL i

F(0,1,24,2:) = Fo+ Fy + F,

o

FO e Z Fkl006i<k70>ll’
k0
<1

o= 3 (Bt BPG)ED = 3 (P02 (R 2))el ),
|n\k§¢10<+ k#0

B, = Fk20 PR, oo pko2g oo idko)
|m\v\k"j|£%K+

= Z(<Fk202+v 2o+ (FMzy, 2,0) + (FM22, 2,)) R0

k#0

HXFTe = Pogoo, o' = Powo (|| = 1)@%/@@1}%77%%
(NVF}+R=¢ + (', I) + (R 2, 2,). (2.35)

22 T PR R B AS, ATANT R (2.35) 55 I T RS0 CWHEEANE £ 0RA R 1] < 1)

(K, w) Frioo = 1Praoo, (2.36)
((k,w)I — A)FF0 = iRk10, (2.37)
((k,w)I + A)FFO' = iR (2.38)
((k,w)I — AYF¥20 _ k20 4 — i RF20, (2.39)
((k,w)I — A)FF 4 FFLA — jRFHL (2.40)
((k,w)I + A)F*? 4 F*2 4 = {RH2, (2.41)

H T A2 —NHermite B, WIAFLE FAZHFEQMI1S
QAQ = A = diag{y;})j<x, ,

UE A, 29 ARREAEAE o BEAT, #R4EE (2.30), AT |j| < KFRiCARIRFIEAE, 1M
WK < |j] < Ky By = Q50 HARISTHT A 586, W40
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Scbs b, AR AL RE R A AR A e
ORI S Htko, c o b

4 3\
(k)] > .
|<ka >[+Mn|>%>
0,:={¢c0: i kA0, |ml,|n| < Ky
(B )T+ fham + pn| > et
KT
L |< vw>[+/‘m_ﬂn|>|k|r#’ )

58241 O A IE AR F],  FRATVRRGE PRYIRIE AN ALY 1T AN TE 25 1 10, | B 0 +
1| F
IR, TR (2.36)FESLIX S P AT fif . 42T (2.37) — (2.41), AT N K £ 05
X@%Rmo’ Rk(ﬂ{)\&%@ﬁiékzo, Rkll’ Rk02,
RF10 .— Q*Rklo’ RkOL . Q*ka,
RF20 . Q*Rk20Q7 RF1L . — Q*RkHQ, RF02 . Q*kaQ_

FIE MR

((k,w)I — A)F*0 = Rk10
((k, w)I + A)FM1 = i RkOY
((k,w)I — A)F*0 — FFON — jRF20
((k,w)I — A)FF - FRILA — jRMI
((k,w)I + A)F™0? 4 FRO2\ — j RH02

™

:/H\:Eijk % 07 |m|> |n| S K+° %B

k0. QFkIO koL . Qlj—vkm
k20 . QFkQOQ* ) S - QFkHQ* ko2 . QﬁkOQQ*
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SN (2.37) — (2.41) HIAR . TH(2.32) 5 41

F oo = Fraoo, FEMIO0 = FROL F(=k)01 — pki0
F(R)20 = pko2 - (pRs — kil - p(=k)02 — fh20,

RkF = Fo
§2.4.3 ALFRTTIRAYER

SIIE 2.3 FEAIERET M, H3TF A0, FHEHH 2

5 _
| Famlo, < ed|k|* e M, (2.43)
FE %o, , [FE o, < eo|kf e reeln, (2.44)
Frloss |Faslloss [Falo, < ed|kPmHierememadimilnly = (2.45)

IERR: RATLLFR2 Ty I HEAT 2 8, (2.44)F1(2.45) I8 300 ] RAALFE o MR F5 DA
ARG RS, FRATT DK FR20R kN
k20 __ i anlQ;mszz[r)Lanst:um
an a ; <k7w> = Hny — Hny 7 (246>

b, ARHE(3.21) H QI Ei A AT A

_ ) ImaliInal [nsl, Ina] < K,
|ny —nl, [ng —ny| 2K+ 1, |ng—m|, |ng —ny| <2K +1
M, H(2.31),

S [FS(€)] < el KT R nemomastinbin i
€O+

XH, AT T IEAHBEQIIMETT, FH P TR +DoAdiFig 55 yal P 15 LUK
2,

MG TE |0, FE2O|, BATD TR (2.39) LK T¢,3K T, 5 = 1,2, ,bo AT
BT 0, FO M) J7 1S

(<k’, w>[ . A)(aﬁijZO) _ (aéijQO)A _ GlngO’
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Ak
GE = 10, R* 4 FF0 (9, A) — [0, ((k, w)] — A)|F*,

X IR R RE R R A QR AXS AL R U4 o IR (2.46)—#F, A1
PRI

8 Fk20 Z anl innz (Gk?o)nzng Qnsm;@imm
b7 F <k > Mn1 - Mn4

T RF2O (RS ek L R AR 3, JedT T

Es%p ’(Gk20)mn‘ < C( 71’k’T+1Ki)K5€(4K+2)p867pmax{|m|,\n|}67\k\r.
eCt

NI, AR Hle, > 013

sup (| 0| + 1070 )
£e04
< 62(7_2|k’|27+1K_8|_)K96(6K+3)p66_pmax{‘m"lnl}e_lklr

5 _ _
< ed|k[2rHiempmaxtimbinl} o~k

FHHO ME X, "%
| Fraoolo, < [{k,w)|72k||Pucolo, <~ 2|k* e e, k£0, |I| <1.

DRI (2.43) — (2.45) 80T, TR
(C2): ey 2K KK +res < 1,

RS0 k2 # 0, IXHLERAG R0 = 00 M4 (2.46) T FR20 RIS, FF20 =
0o X FH1L pho2 - k1o - pron iy | AbEE, BIAT4S FIREYEANAR M O

AT X BRI T A, FRAERIRD, = Dyy, (ry + 200 — 1), Ls),
i=1,2,3,4.5, WL

5138 2.4 3 F A5 #e, RAVA | Xp|py0, <.

MERA: R4 (2.43) — (2.45), W40
1 5
S_2||89F||D3,O+7 ||81F||D370+ < C(T - r+)_(27+b+1)567

34



LAK

1 n
sup— 3 (100, Fllo, + 105, Fllo, ) ()"

3 neZl

¢ -1 T—T n

< spS S (Mo, + |0, M0 i
3 k#0
\"|SK+

+sup= > (E2o. + |Fhnlo, + [Fizlo,) gnle 0507 fnyers I
D3 § k#£0
\m\,|n\§K+

— 5
< efr —ry )@Y d e K o

P DL _EAS T AHES A, AIAS A AE T Bl e, 15
IXrllog0, < esr —ry) @K err et

LIPS

(C3): c3(r — m)_@”l’“)Kjﬁe”*K*&?% <1,

)5 H#E 3. 29510F . O
Dy = Dap, (r + 2(r —ry), ins), i =1,2,3,4

5138 2.5 F T AL N e, H DL - Dy — Dy —1 <t < 1. $LIL,

| DO — I|p,, < 2e5.

WERR: 4
Plil+lt+lal+18]
I D0, = max { H 90'01'0(24)*0(2+)° || p o,

TR FEINECH e 2 B2 2 . 51 BE2.40L K X Cauchy A~
£V

7\i!+!l\+|a\+\5\=m22}-

4
5,

| D™ F||p,, o, <E¢€ VYm > 2.

L AT g £ t
h = id +/ Xp o ®%ds
0

A5 H24, GHIDL : Dy — Dy, —1<t<1. AN, R

t t
D®t, = Id+ / (DXp)D®% ds = Id+ / J(D?*F)D®%. ds
0 0

35



X BRI AEE R, BT B

|D@: — Illp,, < 2|D°Fllp,,, < 2¢5.

§2.4.4 #HiHamiltonE £

1 \
L= Dp, 54 = §775, Dy =Dy, (r+,54) LR

N+ =e; + <w+, I> + <A+Z+, Z+> + Z QnQn@m

|TL|>K+
MWhte, =e+¢, wy =w+uw, A, = A+ R, I2d:D, - D, H
H, = Ho®=N+R)o®P+(P—R)o®

= N+{N,F}+R+/1(1—t){{N,F},F}ocb;dt

+/1{R,F}o<1>;dt+(P—R)oc1>;
= Ni{/\/,F}+R+P+
= N+ P +{N,F}+R—¢ — (W, I) — (R%M 2, 2,)
= Ni+ Py,

Hrip, :/ (1= D{N, F}+ R, F} o @ di + (P — R) o ®L,

NOEATRNAUO PR . hAs — ARIGROY — RO, 5IAL — A,
BA LAY Hormite i o HE— 25, th PRI PIOM 4 LE, A1

wi —wlo, <&, (A = A)pnlo, < germadimbin, (2.47)
LR(t) = (1 —t)(Ne —N) +tRo AP AIFRRA
P, = /01(1 C O {{N,F}, F} o ® dt + /Ol{R, F}o®bdt+ (P — R)od.
— /I{R(t), F}o®%dt+ (P — R) o ®p.
0
PTLL, Xp, =[5 (@0) X(rayry dt + (Dh) Xpryo H5IBE25,
| D% ||p,, <1+ ||DO% —I|lp, <2, —1<t<1.
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iﬁ#ﬁa *Eﬁ%lfiASa

9
5

o

g4,

| =

1 X rat), 7yl Dsy, < 2
4545(3.29)s || Xp, Do, <6t =c4
Vel
1 1
Py = P=R+{P.F}+ {{N, FLF} + S {({P. F}, P+

_i_%{...{./\/',F}...’F}_i_%{...{P,F}...’F}_i_...

n n

PP SERMTHE IR R S B0E T o SEFr b, Xl e F = FRIG = GIATE
PR PRI G, BT Poissonddi i & {F, G} = {F,G} = {F, G}

PG5 | FRA 40, FYEAAS N, 2T Poissondh 5 & B A, AIHbaX — ot
FEKAMIERGE RE P R AR 2RI o AT T I UE P, SR bE Bl v,
Wi, £ JA WGP E AP, + Py, Horp

&fz GIMq,&—Z (O)g° ",
AR UE A

epe Pan, o] +|B] < 2
T
e P+ aﬁ) ’O{| + |ﬁ| Z 3

epe PMas, ol 4Bl <2
P < _ .
H BHD+ O+ = { e—ﬂ+(nig—naﬁ), ‘Oz’ + |6’ > 3

X (2.33) P — RIGIL, FATH
1Paslin, 0, < €5, || Bagllp,.0p < e Mo o] + 8] > 3.
Filal +18] < 2, WG (C1) LA Knz,; > Ky,
Hpa6||D+,O+7 “PaBHm,m < g PMas < ge PP KL L omremas < %&re%nzﬁ.

PEARTATN T T AREL 1| < sy < Loy A0 + 18] < 20H201] + |af + |8] > 3H]
.

4R A IUER A B A T B Poissondif 5 4L, FLIEPE AT DL 51 EAS
2.
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S1IE 2.6 T F A8 A

1
1

11| ee™as, Ja|+|p| <2
memmm_z{

e ol 4|82 3

WERR: B R S

(PFls = 1 Y (PaesFapre — PagreFarens)  (249)

In|<K4
(a,8)+(a,8)=(a,8)

+ Y {PeFs) (2.49)

(,8)+(6,8)=(cv,8)
EH%HEQ 3 &’ﬂ]%ﬂ”ﬁ&g”pg) on < 856 o ‘lﬁ

(2.48) 1 I

WAV HIEP, o 5F s ie,s COE T Py sFsie MPoyo 5Fs 50, o RYGFI
P, AIEN G|+ |8 + eny = 182,

i) |af+ (8] <2
T,
|6+ en| + 18] = lal + 18] + 1 — (Ja] + [B]) < 3
o W a+ e+ (8] <2, WA, MARHEAF I, < mac{ny,, 50t o, YA
||Pa+en aFy 5+en||D3 Oy || iten it a BJF%HDS’O+ < g PMaven. ese PMapten
< ehe s, (2.50)

o MH|a + en| + 18] = 3, MPHIBIEALNELE S T P, 5 =00 HFHIRIE
AL, PRI IRIEAL (P, Py CS2fr B RJE(P, FD) E’J1EE/AIﬁEI’JﬂE~T
TERI A (a4, B) = (0,0), (&,8) = (o, B)o HHVEEL|| X p||p,. 0 )8 LS P
7,

| Poser pllps0 < e avens, || Foe,llpyo, < cseie
Rk, ¥R En: g <max{n},, s [n|} BATEH
||Pa+emﬂF0’en||D3’0+ < cses e P < ceSe Pas, (2.51)
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i) |af + (6] =3
FEBETE I, 6+ enl + 18] > 3. HZHTAITRUESEEL,

* * *
Nog < max{ng, s n:; 1}

* + - *
< - ; .
Nag = na+en,,3 nowren,ﬁ + n&,ﬁ-i-(in’

v

||Pd+en,BF&,B+en”D3,O+ < e’

4 _ppt 4 _
Maten . ghe [ abten < g5 PMas, (2.52)

’

— — 4 —pon* 4 *
pLn ~—n ~ =3 pn. - 2 —pon
|| FV . -~ Fd ~ . ||E3 o < e ( &+en,B & %67173) - £5¢ &,B+en < gse aﬁ‘ (253)
aTe 7ﬁ 75 n )

Xy o oy WEREROREEL, TRATAESEA T (248) 5 BT
(2) (2.49)H F 35

5 1R 2L 30, < manc{n . e} TR

ap

9 *
€5 —pna57 + <9
12{ S, o] + 1] < .50

{Pag: Faptlpsyop <clr—ri)m . :
B+ ap 31,0+ + g%eilm@ﬁ’ |Oé|+|ﬂ‘23

455(2.50) — (2.54) W Hl, A7 AEcy > offi 1S

ese™, Ja| + 16| < 2

||{P7 F}a ||D ,0 S C4(7" —r )_177_2K2 ] ‘
Bl D3y, O+ + + E%e_pna37 |a| + |ﬁ| > 3

LIPS

(C4): cq(r — r+)*1Kie% <1,
5| HE3 41F1E O

KTV = Py — (P~ R) = %, 5 Yasq®q® T AT T Poisson -5 AF T i
T, BATFRE AT LT an b RS T, 6 7 4N e 15 2

seve s, Jal 48] <2

1Yasllp, 0, < 2 . .
WIPHOE = edemia, ol 416 2 3
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LAY Y +v, Hrp
Y =) Yap(0,1;€)¢*7", YV =) Yas()q7’,
a,f a,B
WA, NHFEARFSL (S, —ng,) <niytpy < 2, ATAN

1 —p4n;
o 5E4€ aﬁa |Oé| + |6| S 2
% <92 .
IYoslloy.0. < { cheiis, o]+ 1823
%€+€fp+n25’ af +[8] <2

Yaslo..o, < * |
a +Y+ 8%€_p+(nzﬁ_naﬂ)7 |Oé| + |ﬁ| = 3

2P, AT T — 1 KAMB IR,

§2.5 EIE2.2H9IIERA

/Q'\To, S0, P05 €0, Y0, K07 007 HOa N07 POﬁD§24%%XHg£B*$O XT‘[‘V = 1727 Tt

B X R A

t ot
/\
o
\_/

1 1
i i6 -1
e,=¢ct =g, m=¢et, vw=e K,=2lne, 1|K, 1, p, =K, ",

v+1 1 v—1 %
=10 <1 - 22_Z> y o Sy = §77y—18u—1 =27 <H 5i> So-
=2 =0
%EDV :Dd,py(ruasu)i%%]{y :NV+PV’ :/H\:EP

Ny = (&) + (W), 1) + (A2, 2) + Y D(&)nihn

[n|>K,
= e, (&) + (w,(§), 1) + <AV(§)ZV+17 Zyt1) + Z 2(8)@nGn
[n|>Kyt1
P, = P,+B = Z v (0,1:€)¢°q +ZP” (©)q“q”

JH:&\I\ZV = (Qn)|n|§Kua Zy = (q_n)ln\SKu’ H

- A, O
A, = :
0 Q,
KV<|n|§Kl/+l
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?‘Zﬂ‘]u{u;hﬂgmﬂi%%flyE"JEI%E?E{E: Hrpa, E’ﬁ%?ﬁfﬁﬁ{m}\]\qg ﬁﬁuj =y,

Kl/ < ’]l SKV+10 é'\

;

Opp1=46€0,: k#0, [ml,[n] < Ky

§2.5.1 JE{T[IE
R T R AT gk
5138 2.7 B e, AT =01, &

(a) H, =N, + PED,Z LT, CLuRHTec0,, FH

w1 = wolo,.rs [(Avsr — Au)mnk’)yﬂ < g empmax{imhinl},

sh, PEAHEREM, H||Xp|p,0, < e

g e Pras lal + 5] < 2
IPsllp,0, <q o ;
e hes, ol +18] >3

1P2sl1p,.0, < ee s, a4+ 18] <2
D,,0, < - :
af e Pv(ag—nag) | + 18] > 3

b) HFEF LD, D, — D, #HE
4
||D(I)l/ - IHDV+17OV+1 < 557
145 H, ., = H,0®,.
JERR: By = elf max{cy, Ca, C3,Ca}o %ggﬁlﬁﬁéuﬁ\ﬁ:(Cl (C4), Xfv =

0,1, BT o {f%ﬁ%”ru AN %U\&PVKV =1, HFFHE:
(Dl): CoSy S Eus

_1
(D2): (27+b+1)2(u+2)(27+b+1)K;/iﬁo <e ¥,
Xﬂ‘y:o’l’...}ﬁjo
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s IR, (D)X = 0T RS X AV, A4 55 50
CoSy+1 = 2_351% - CpSy, < 2_35,% c€y, < Epat-

D1 AN AL
HT(D2), LeoLls /NI

Cora(2T+b+1)2(QT+b+1)(2KO’ In £o|) 2 < 6(;%’
FirLA(D2)%v = 0po 7. H T Xv =01, -,

(v+1)v
2

K1 = 20, ne,| = 2 K [ e = Ko(2] o))+ (Z) |

=0

e = (s0%)" L OB A S (D2 A B A S T

. K, (D2)RAT.

O

§2.5.2 W&

/—\TEX\I/V = CI)OOCI)lo---oq),,_l, V= 1,2,"‘ o BLJ:E@UEI?W%]}E%%\P” . DV+1 —
Dy, LK
HyoUW' =H,=N,+ P, v=12---.

B0, =N,0,0 WA, FIHGIHE2.50L K S8k 5 Kb vE a8 (] 4 [34,
40D "I AH, AEDyo(dro,0)x 0. H,, N, P, LW 7353l — SO TR BR A, Mo,
P v, IR, 7R,

N = oo + {Woo, I) + (Ao 2o, Zoo)-
i Fe, =<5, TR HEA 17T S,
Xplp, o(ir0)x0. =0
Kl Hy o W = H,, FTLA
Bl 0 W = 0¥ o B, |
Horb o, R IR Hamilton M 53 X AL . W75 X, B — B0 R B,
Bl 0 W™ = U 0 Bl

42



FEDy0(Lro,0) x O LAT. B, XTI € O.
By, (U=(T" x {€})) = T=dYy_(T° x {&}) = U(T° x {&}).

AT ETT (TP x {€}) =& SR AR A3 Hamilton RGEHy B¢ € O, EH—MRAA
AT o BN, T (T x &) BT Y AR wo () BRI w () BT AL

§2.5.3 MEMIT
TEKAMIEARI S b, BATTFERS |k # 054 LU T LR S HdE

nnu< U RZ%)U( U R)U( U n)
In|<Ky41 Im|,In|<Ky41 [ml,In|<Ky1

Hrp

R = {ge O, [k, w)| < |Z|}
R2 = lecO,: |(kw)+u|< —2
" ’ "R )
w3 o= L [k w, A [P
Rt = {60 sllb) +1i, =it < i |
Ryt = O, : [(k,w, . Vo v L
kmn {56 ‘( 7w>+um+un‘<’k’7—[(§+l}

R, 0\o. c U.z0 Uizo Rio
YE M Hermite R A, IRFIEAEL, {1} i<k, ., Oy HUEKHST¢, HAFALEXS N =10,
[FEECL AR T e MOARYEE IEATHFAE 7] By CREL, BIIN[3D o« BATH wy =
(Ayy, ) ]
Oe, 1ty = (O, A% 0Ly, =1, ,b.
A, ISR, 4ottt ar), WA TR A

|06 (s wi) + py — )| > |0k, wo)| — 8 [k| — &5 = O([kl).
XTTRE, Ry2, RE, ATHHATRAALBE, (At

ri'U ( U Rk) U ( U ka) U ( U 7%) <
In|<Kyt1 Iml,In| <Ky Iml,In| <Ky
EH?T > b, I)_I\[J
|0\ O] < LJ(MU Ry < CZZ |k'|y:+1 :cZ% ~ Yo :55716.
V>0 k0 V>0 k£0 V>0
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F=F —4#3E& M SchrodingerFiE P EIEEL
AErh, A5 RER A Schrodinger /7 12

iGn = €(Gni1 + qu-1) + V(& + 2)gn + |@u*u, n € Z, (3.1)

H:APa e Rii A2 Diophantine 2515 (1.3), MVAER/Z AR5 ST R £

§3.1 ZEICHIBRIA

f;iz[tﬂbEliasson[W] FIKAMALSE, BlEPie, FATT M — MHZEKAME B,
FER & RAE B 5 F% (3.0) s SR B P Sl o MNKAMA SR, IX— T
YEI) 3 EEME RN -

i) ANEF (19 R AR, FRATT DA 20 AL PR Hamilton R B0 B B P8I

i) ANEF 0] H SR B vk, AR &I A S KAM 1453, JF H.
Foy it K AMPA AT s

i) 158 SR AR R, K A AE T 1228 G0 B i
BT TH RS $ A RATTE.

EIE 3.1 FIRT = {ny,- ,m} CZs b> 1. BIZAMEE(0) = (¢a(0))nez b X%
AT, iR (0) € 0,10, FEES D6, =e.(V,0,T), 12FFH0 <€ < e BT,
VAT 4583 LT AL 60 € R/ZAR L.

B A Cantorfe O, = O (z) C [0,1)P% Z S e — 0BF[0,1]°\ O.| — 0, 1E/F L X
& Hh TEAMEG(0) € OB, W F A2 (3.1)8 M qu(t) = (gu(t))nezith B

su n2dnt2<oo, Vd > 0.
tpz |4n (1)]

nel

B, FEE—n € Z, q.(t)k TEMPE .
SRR 3.1 RIE T PTAF R 69 0B BRI L RN R P8 4G .

ERE 3.2 AL DRI LI, T N VA LS5 B AR T AT M 9] R T B
M. XL H 6 T R,
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§3.2 —MHRBEREKAMEIE K H

§3.2.1 KAMEMAIRA

BN MR 2.2 179 fr g LHIRF 5 FIVGEL. fERX D = Dy, (r, s) FF% &
P8 Hamilton PR 2L

H = N+P+P
= e(2,8) + (w(z,8),I) + (Qx,8)q,7) + Plq. G 2) + P(0,1,q,G;2,€). (3.2)

AT ENEY], X ILPAAE Kz € R/Z, LA “ KRZH” KIZHE € 0 = O(2),
RN X g, pllp o R/, HEAAAARIN, Hiszh I REAE 130 i L g 785 8]
R HAT RAFROTEIRE . T L, n FEXT ]2 (AT 18, Fdl Tl
HIEZZH

R, QUL P + P, FATMER B LU S BT
(A1) V3R agAFRALIE: WU — w(6) ROH B LI I —ACh iy R k.
(A2) QBJERIME: Q=T+ A+ W,
— T (1.6) B SCIY, AR R R R . HARI G,
T = diag{V (2 + na@) }nez + €A,
v 5ath 5 (1.6)F HIHIA .
— AR NI I Hermite L, FLXW RN > o A2

¢, |ml|n| <N
| Apn| < : (3.3)
0, o.w.

— WL A T¢ € O Hermite EFE, HXHEMNERp < 18 o >
P A2
[Winnlo < { per bl ml, Inf S N

0, 0.W.

(3.4)
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WAL, AAAEZI TR T4
Qo =0, {m,n}NJT #0. (3.5)

(A3) PHYSEAZHE: P(0,0) = X\ pps Past®@® JeTq, q9MRNT, KBS HLE € O,
H

1Pog| < e e as) | Ja| = |8] > 2, (3.6)
0, P =0,P=0, YneJ. (3.7)

(Ad) PRIRIBMR: P =3, ;5 Pas(0, 1;€)q°7° KT 0, 1, q, gf#HT, Cfy HARI T
ZHececo, A

ge s, o+ |B] <2

[PasllDo <9 _ . : (3.8)
e Pes, ol + B8] >3

8, P=0,P=0, YneJ. (3.9)

(A5) PRIALTE RN X TP = > Puapl'e®™q°q® B0 kj+al— 18] # 0,

kezb,leNd
o,

W Pyas = 05
EIE 3.2 # & (3.2)F % E (A1) — (AB)H) Hamilton B 3L H . A1 £ 49
8* = 8*(w7‘/7657N7p707N7r757d7p>

EAF B | Xp, pllpo <e < e, STILFRL M2 € R/Z, #-H —A Cantor O, =
O.(z) C O(x)i#Z: He— 0B, O\ O] — 0, HAnTF LML,

(a) FAECHLAIBEATG : O, — RMEAF L e — 08F, |© — wlo, — 0.

(b) AR FOMAT LR TEROL MBI « TP x O, — Dyolr/2, 04845 He —
OB (|0 — Wol|p, /2000, = 05 BLEEWGHy F FLEG BN BRA:

Ty : T x O — T® x {0} x {0} x {0}.

() MEZFO € TOVARE € O, W0 +D(E)E,€) = (0 +D(E)E, I(t), q(t), q(t)) A HPTAF
LB B 75 A2 6 — /b3 ) B

(d) M=t q(t) = (4n(t)nez € Ly0(Z)-

EFE 3.3 %H?%/&(Al) — (A5), ) Xﬂ‘@’:—“KAMJ'fl%‘P 49 Hamiltonih 2%, X st
BRI AL (VABIE 0 54,
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§3.2.2 XFAHE(3.1)HIRH
ZRETTHE(3.1), HAHMN I Hamilton PR A

o ) 1
H =Y V(x+nd)gugn+e€Y Gl + 1)+ 3 > laal” (3.10)

nez nez nez
WET ={n, - ,m}CZ HZ, =2\J. Xe=er, HHFFF/METH
nd < el = ZlInel, =1, b
PATD Hamilton PR 2L (3.10) 3 I AVE - A28 5 DA K Ak i 2 54
dn =V [n + gnei9n7 (jn =V In + gne_iena n < j)

HA(L,0) = Loy, Ly Oy 2 00) T (G, G e 1] qﬂﬁéﬁfﬁ&ﬁﬁﬁ‘/&%ﬂi
ﬁgz% ﬁﬁf (gnu"' 75715) € 0 = [6% 1]b C [O 1]bjjj:)1_‘érpﬂﬂ ;& )
(Gns Gn)nez, o R4 Hamilton BA] i& 3.10 %1{7’3

H=N®,1,q,32,€) + P(q,7) + P(0,1,q,G;£),

Hrp
_ . 1 -
NO.1Lq,gz.6) = Y (V(z+na)+56)+ Y (V(z+na)+ &)
neJ neJ
+ Z V(w +na)lg|* + e Z (@nGn+1 + GnGnr1),
nEZl n€eLy
n+1€Zy,
L |
P(QJq) = 5 Z |qn|47
neZy
- 1 ST (i O ~
P(07[7Q>q7€) = EZI,%“'G Z Im‘|’€m(€ qun+69mqn)
neJ meJ,n€ly

|m—n|=1

e Y I+ &I+ Gu(e7On 700 (H0m=0m)),

m,neJ
|m—n|=1

FESIMEH- R G, BRI AR (3.10) H ZeMEH TR S5 F %
W1 o Ry RIX—AREAE, BT ARG DA e Ry, - g, LHIE
Beq,,., . q, HTEAEMES, BATERBE AN Ebs “7, K51
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Fﬁ(ﬁ%ﬂ?(%)nez o ﬁﬁ/\/gﬁ%ﬁ%ﬁ;

N = EXV@+n®@+%ﬁy+2]V@+n®+f@h

neJ neJ

+ 1Y Vi@ +nd)g)* + > Ve +nd) g’ | +

nezq neJg

- Z V(JZ + n&)|qn|2 — € Z (QnQn-i-l + Qn(In-‘rl)

neJ {n,n+1}NT#0

= e(w,8) +{wlz, ), 1) + <()q q) + (A()g, q),

€ Z(QnQn—H + Qn@z+1)

Hrfe(a ZV + na)é, + Zé )

neJ TLGJ

w(z,&) = (V(z+ma)+&,, -, V(e +ma)+ &), (3.11)
( V(z+ma), m=n

Tn(x) = 1 €, m—n ==+l (3.12)
\ 0, 0.W.
I—V(:E+md), m=n, meJ

Apn(z) = —¢, m—-n==x1, meJ . (3.13)

0, 0.W.

PUAE, G éIEI’JI:ﬂide(r s)L P+ PEA N R
5138 3.1 xF T A5 e > A K = §€47 | < s> H\qlla, < s R

1
| X5, pllDg ()0 < €3 =€

BAI 17 B UF Hamilton PBRELH = N+ P+ P 2 KAME KB 3 44 (A1) —

(A5), A1 (A3)5 (A5) & B2 W .

(A1): HITH{V (2 +na) baea MEAGLE, RIEE 1) IHIYE = 170 PIH(AL) BT

(A2): XHW =0, R (3.13), RIE(A2) RO, Hn =1
A4): VEBEFIEPIIR T, EAAFFAE R R (g, q), n ¢ T, n—18n+1€ 7,

(
J C [—N,N] [— |1ne|, 4|1n<€| HIEREIIA K T e
H

cet < e%e_pN,
(3.8)FF LAKGIE .

IXFE, B3 e B3 2 HER T .
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§3.3 KAMERK

KT (3.2)HATKAMIEAR, 2Dy = Dy (ro, s0), O, Ho, Po, 0 = €3, Ny (L
Fhieo, wo, Wo, po, 00, No) N (A1) — (AB) P ATES HIVIAG S50, JH 2
KT e e 25 I FEe o

BRI O LT R TRAMIERIN D, v=0,1,2,-- (—LSHJTPF
E;Tj?(l.lO)':F'f'E)\()o BAHED, = Dd,py(rl,,s,,)%ﬂ(’)VJZ%EEHamiltoanliﬁ

H, = N,+P+P,

= €V+<WV?[>+<QV(]>CY>+p+Pu, (3.14)
Hrho,=T+4+w,, H(A1) - (A5, B55(3.3), (3.6), (3.7)PA L

()mn =0, {m,n}NJ #10, (3.15)

—o, max{|m|, |n|} < N

pye 9 m7 n - v
|(W)mnlo, s{ m : (3.16)

0, 0.W.
e s, ol + (6] < 2

P)osllD,.0, < . : 3.17
I(P)asllp,.0 { P ol + 18] > 3 (3.17)
0g, P =0;,P, =0, neJ. (3.18)

BEA, X5 p D0, < Evo
M, o EHEAL0 < ryy < 1o A0 o= (3 | 5 KA It R A

BUKDY = Dy, (P, s9), e9) = c3* 5 = 0.1, Jpe BAVHIEMIE T
0,0 C O, LA R I — 5154

oW DY DUV j =12 ],
AR BB T — M KAMZ B IK Hamilton 26 5

Hyyy = HyodWo...00)
= N1+ P+ P,
= epp1 + (Wog, 1) + (1q, @) + P+P,

{ED, 1 = DY ELUBT IS 800 R R A AF (A1) — (A5). LA,

1_—ay/2
||Xﬁ+P,j+l ‘|Du+1voy+1 S gl(JJU) S 83 = 81"‘1‘1
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§3.3.1 O, KItiE
e BL6HH PITIR , AFAE IEATAERE U, i AL

(U = Ie)un] < e 37mm, (3.19)
i130;TU, = D, + Z,, FHPRIFRIERE Z, W 2
(Zy)mn| < gy Pmml (3.20)
TR B R D, 1T L I T A HE R Q, 4 oxt f 4k, HLQ, il A
(Q)mn =0, |m—n|> N,. (3.21)

Du - QZDVQV - HDXJ’M ﬁAJV S MV; dlamA; S MVNV7 \V/]
J

Jo THRU;Q,U, , T 17 B — L% FE U AU RIU WU, o S 1 B
SIHB.1, H1(3.3), (3.16)H1(3.19) Al 41, FEAEH B, > offif5
(U, (A+W,)U,),.0 o, < a maX{N2e3"”N, pyo; 2} - emovmaxtimlinl}

5 SR A, N

A Us(A+W,)U,),. , |m||n| <N,
<Ay>mn:={(v< + W) |mlsIn] < Ny (3.2
0, 0.W.
i S
‘ (U:(A WU, — A,,) < e P max{iml nl} (3.23)
mnlQ,
IR

(C1): max{NQe%""N, P02 emlovmedNe < o
LK, =Ny — (M, +1)N,, HHPPFIM,, N, v=0,1,---, Wi1.10)F
EX, H
D= [] f)g;, A, = QA,Q,, (3.24)
A;’CA"

PEAEAY = LAY © AY N [~ (K1 + No), Kpsr + NJ] # 0} C [=Nogr, Nowa]o 1R
P (3.21)F1(3.22), A4

(A))yn =0,  max{|m|, |n|} > 2N,.
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T~ Dy, FA, # 2 Hermite B, WIAFELEIEAZHFEO, 11F
O3 (Do + A,)0, = diag{1t" }jenr,
HA {1} jenr I DY + ABIRHIEAE . HHDY, + A, B 50 HO6) g ke m] %0,
(O)wn =0, |m—n| > 2(M, +2)N,. (3.25)
bR b, Dy + A ATRIR A

Df, +A, =Dy, +4) I Dk
AYN[=2N, 2N, ]=0
ForbAy = U{AY - AV N [-2N,,2N,] # 0, AY € A7}, 3 LdiamA], < 2(M, + 2)N,
WA, Dy, + AKX AL RE RN O b i 5B (D, + Ay)ﬂlﬁxg% ELORSpi KL
YERDY, + A BRI, {u2}nen /2O MM T 240 € O, HAFAEFA LY
Tz, [FFECT AR T¢I I A IVOARFAE 1) Sy, (PR, Blan[13) . SEBp
Byt = (Dav + Az, ony AL

e, 11" = ((De,(Dpw + AW Y),  j=1,--- b,

AR, T 510, A, = Q30 4,)Q,» FEHA, U (A + W, () U, I
WD, A, UFIQ,HAHMA T, Fibl

sup |Oepin| < ¢ sup [O(Wo)ma| < cpu. (3.26)
£€Oy £€0y

m,n

B0 <, <1, 7> 0, BATENLSHEO, ., c O

[(k,wo)| > G5, k#0,
Opr1:={86€0,: [(kw) +upl > pryar, k#0, ned, . (3.27)

|(kywy,) + pb, £ pr| > W}/\Vfﬁ:’ k#0, m,neA”.
R B e AL T RE AR (1) /N o BEGE AT
MHAERS, AT 5, b I EE i M hs (BEAR) “v” R plea g,
11755 + 125 AR R I R bs (B bAn) “47. gedbh, JAIJ5LLE
bR ()7 DA R R R

o1



§3.3.2 [EIAAREREIEURE
MFP = 0 Puaas©1'¢4 g7 U (3.8) A B2 2 1 B HAE X 3%
{NEE]

|Pruaslo < cePese” Iy e 78 2|l + |of + 8] < 2. (3.28)
ZIENfEP = R+ (P~ R), M

R = Z Puase®1'q*g®, P — R = Z Puase®O 1lqog?
2l +al+151<32 201l +la 418123

MBA|Xr|p.o <1 Xpllp.o <o T P(q. q) Mg, gRIEIRITZ AN, WX Ty = €5,
AEAE T B ey > 0ffi 15

6

23 (3.29)

OOlH

| X pl1Dapr,m5), 05 1 XP—RllDy (), 0 < Cons <

LUER
(C2): cps < geo
8P TN JESSENN N
Ae’ i= Poooo, W' = deq:q:o,lzw ﬁ0+ﬁﬂ(3-27)¢')5ﬁ7\5x: AT

'ﬂéﬁ%_ﬁ_ 3.1 %E%/\Hamzltonu g

F= Z Fklaﬁqaqﬂll€i<k’9>a P= Z Pk0a5qa(jﬁ€i<k’0>,
<2l ol +161 <2 1<Jal+sl<2

VAR HermiteFE[EW' (#RCL AR T ¢ e 0, ), 1247

INJFY+ R=¢+ (', I)+ (Wq,q) + P. (3.30)

sbsh, FHPAREAHE AT M, BT A4 8e,

|Fuiaslo, < e3|kf2rtiekre=rmis, (3.31)
’]\D]{:Oaﬁ‘0+ S 8%|k’27’+1€—|k’|r6—p(1)n26’ (332)
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A ro~173 < < < Ny
AP =S 05 M T 100827 M T BaMEM

(ER2S
1<B<Z<L M>8, 1<C<2, pk9<I1.

b7 Hg — A~ R_shift B ST ARSE TS, fRIX
A< |Z| <9/B,

| Zn| o < g Pm=mILk k> 0.

PA=4

S R A AL MABFEER B A F 4D =1 (5, 7,5, M), 1817

~ard
sM
e

7 72
|g|<r[p RO e_N”] ,

LN7
WA A2 KB 8 B RSEMET, 3 R shiftitr, 1847
|(U - I)mn|0k < €%eipl‘min‘L/k

VAR
U"(D+ 2Z)U =D+ 7,

H R RET c TEWATRAER, BAH 53k

C'=(1+e2)C, L'=e"L, o= 10,

N =9 M) M' = MM N =g
K =l B =1, ¥ =eIL,
H
2N < |7 < &9,
| Zynl ok < g3 P epIm=nl k.

% 9L,
L
|E(xs + ma) — E(x, + na)| < M';sg, Vm € N'(n),
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Q)RY™)c Y Q@)R'™), VreT,

meN (n)

ﬂD’EBI‘Eﬂx*—F—( — Iy) _J; %i}‘#ﬂﬂﬁ%éﬁﬁ/&i
I}gi}é—a &U%MZQTa ;J]gz

{xs+ma: |E(x, + ma) — E(z.+ (m+n)a)| < 2M’%59}, V4(1/N)2 < |n| < M'N’,
{2z, + mé : |E(z, + md) — E(z, + (m+n)a)| < 2e5}, YM'N' < |n| < 4(1/N)7+?
W&, 5ARR S A e Fae MINRKE A cmir fa?M o5 £ 095 5.
G PR E TR ey, RIFEZ BB A5 O &R, BLACHT I IE AT A
BQ o UEW] I R 1R WL SCHR [16] R 5555 7
Xj‘ﬂ:ZO = EAy ﬁ/ﬂ‘]ﬁ
’(Zo)mn‘ck < €0€7p0|m7n|[/§,

Hrey = ee, po = 1HLy = L (JW(1.7) . TE[6]HIZE6 50, Eliasson £ ilF
B, Dy = diag{V (z + n@)}nezie— MatER, Hrhcy =0 (W@a.7), Ny > 1,

- L3t ((3 12
MOZmax{25+4C <(Sg+ W 9z 8},

HAHAAE 24k, Bo, Mo, Yoo
Ky =0,1,2,---, M =M™, LK

1 1 35M3 1 1 25M2
v — = ) V:20~~M4 vy hl/:_ .
W=z (M) g ST 53 (M)

FAl 515 hnh

1.—av/2

2%y _ 1/2 _ —hy
Evg1 = €2 , Copi=1+e/9C,, L,y=¢,"L,,
— —_— 1% —_— hV
Nu+1 - 51/ ) Pr+1 = 53 ) Ryy1 = €)%,
J— — _Ml/ v f— v
Bl/+1 = LVy >\I/+1 =9 Efg R ’191/+1 = Elgj Ly.

WA P81 (e, Y052 30, AFET(D.3)E[16] 0 26 5 70 43 FHIEH] . DAL, 51
BED. Al MEIANH] o SR N > 0, HRAFAE AL shift 251 F IR IEASHI RO, A5

|(U,,—I mn| ok <5 e~ 5 Im= ”'Lk
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H
(Uo---U,)* (Do + Zo)(Us-+-U,) = Dysr + Zs1,

;H\:EPDu-i-lj"j%ﬁ%%%&Cu-yh Ly, pos1s Mypi, Nupt, Kusrs Boga, 19u+17 /\u+1 E@*ﬂ?‘{ﬁ
i, H

|(Zu1)mnlor < 5V+16_pu+1|m_n|LI;+1'

M, EHFIEEL| - | BT,

Uy---U,—>U Z,—0, D,— Ds.
LUy =Uy--- U, HBVE,

(Uir = Lemnlr < g Im=nLk,

HH M, A7AE— B R B (2) 115, EY(2) = E>(2)o Do (z) RITEEERI A E14
(PP A o TR FE 3 A

3 L, )
|Eoo() — Eno(x +na)| < §MV+1,O—5;‘Z“, In st 4(1/N)2 < |n| < M,y 1N,

%2y

|E () — Ex(z + nd)| < gsé, In st. My Nypr < |n| < 4(1/ A1)
[ BT 2 IR LS, o AR 5 | D 1 P B i PR, 3K S — AN /N Tl /250
G . MRAiBorel-Cantellig | B, AT SN, FALER/ZI A X F4F XHE

mr e X, e+ na AFETHRANS, 2. X —KM Wz = z,, IS
Fifin € Z, A7 Ev )G Tv > )& H v, +na ¢ S,. ik, X XFERw,

L, -
|E” (2. +né&) — E” (x4 +na+ma)| > 2M, 1 —e%, V4(1/\)1 < |m| < My, 1N, 41,
p

1 ]
|EY (2, +nd) — B (2, +na +ma)| > 25, VM, 1Ny < |m| <4(1/A,41) 2

KRR Tv > wn), An) C =401/ )™ 1+ 41/ Am) e FTEL

P ()RR T, 1)

A"t (n) = N(n), Vv > 1(n).
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MisEH 3|3E2.1HY5ERR
XFFil, 171, |ml, |n| < k| Ine|, RATER/Z 75 R pREL

VO o (x):=tan7(z +id) — tan7(x + j&) + tan 7 (x + ma) — tan w(z + na).

%,J,m,n

H Fsup,ep s [V(z) — tanma| < e, PBIML, R[22 H FH, HFUEY
fER/ZIRA T4 BAT

VO (2)] > 2.

%,J,m,n

BT Wb BRI L pR B AT PR A T2, = Xy n &y c R/z.b ChEPERS fe ]
W), Hrh

Xy = {xGR/Z:

1
rens Y, sl <),

Xy = {x €R/Z: [tanm(z + nd)| > emm, V|n| < I€|1H€|}.

RIAEA by X788 /NJe, BL K n| < &|lne],

¢ 1 &
anm — — €
2

WAVE, . ()RS X EAT I 73 BOGHT BB B S0, X B2 AT k| In e
IS0, BRI /M el AL

-1

e < |tanm(z + nd)| < <cemw.  (E.1)

1
= ‘tan €1200 1

mes(R/Z \ (X, N AY)) < ckllne] - (T2 < ETI00,

BSR40 m) = (o} VO =00 BFAFRAMBB (i, m} # {jn}e W0
I (im0 (j,n} # 0, IRA SRR —AT0HR AR feth, B = .
m#n, )I_\”J

0 ~ -
Vijmn(T) = tanm(z + ma) — tan7(z + na). (E.2)
A, )
0 ~ Ty 1
|‘/zjmn( )‘ Z 7T|(m - TL)O(|1 Z m Z €1200, (E?))

IM{i,m}y N {j,n} = ORI HC AT N2, &l 73 8 L YR 5157 -
(S1) {i,m}yn{j,n}y =0, i #mHj # n;
(S2) {i,m}n{j,n} =0, i=mHj #n;
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(S3) {i,m}n{j,n} =0, i#mHj=n;
(S4) {i,m}n{jn} =0, i=mHj=no
BATHFZRE(ST) — (S3), XM T7ESH)T,

VO () =2(tan7(z + ma) — tan 7(z + ni))

i,J,m,n

5(E2) P s R, FN T (S1) — (83), &

tanm(z +iq) tan7(z+ ja) tanw(z+ma) tanw(z + na)
By(x) = tan?w(z +iq) tan’7(z + ja) tan®w(x +ma) tan® w(z + na) |
tan® w(z +ia) tan®7(z + ja) tan®7(x +ma) tan® w(z + na)
tan (z +ia) tan'w(z +ja) tan?w(z +ma) tan' 7 (z + na)
PLR
tanm(r +i&) tanw(z+ j&) tanw(z + na)
By(x) = | tan’n(z +ia) tan’w(z+ja) tan’m(z +na) |,
tan® w(z +iq) tan®7w(z + ja) tan®w(z + na)
tanm(z +i&) tan7w(x 4+ ma) tanw(z + na)
By(z) := | tan’nm(z +ia) tan’m(z+ma) tan®7(z + na)

tan® (z + &) tan®m(z +ma) tand w(x + na)
SI38 E.1 222 i, 1), |m|, |n| < k|Ine|. Fefmdy, WTEZr e X A
o B (S1)RLEF, |det(By(x))| > em;
o L (S2)R LA, |det(By(x))| > ezov;
o B (S3)RLET, |det(Bs(z))| > e,

WERR: By () AT AN A RN
tan7(z 4 i&) - tan7(z + j&) - tan7(z 4+ ma) - tanw(x + na) - det(By(z)),
Hirh B, () iy Vandermonde it FE

1 1 1 1
tanm(z +id) tanw(zr+ j&) tanw(z+ma) tanw(z+ na)
tan?w(x + @) tan’7(z + ja) tan®w(x +ma) tan®w(z + na)

tan® w(z 4+ ia) tan®7(z + ja) tan®7w(z+ma) tan®w(z + na)
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FrbL, (S o, HEDSES), BLEAR

det By (z) = H (tanm(z + n1&) — tan7(x + na@)) ,

ny,ng€f{ij,m,n}
n1<ng

H 3| det(Bi(x))] > w0
£ (82)5(83), AN, |det(By(x))], | det(Bs(x))| > emn o XS A E
TR ABEAT2RABL T A FTE R 0

XTse€{0,1,2,3}, EX
19 (x) = (V(s)(SE +ia), VO(z+ja), VO (z+ma), VO (z+ n&))T e R%,

Hrhv(z) = tanmz, VORHE T, HVORRKEV AT, 20HE 15

VD(z) = 7+ mtan’7,
VO(z) = 2r’tanmz 4 272 tan® nz,
VO(z) = 27° 4 8ndtan® mx + 67° tan? 7z,

ﬂi&gka i%?G}%iﬁj”d\’ ;ﬂ&é&}ﬁf:}:x & A%’ :Fi
VO@)| < eemm, [VO(@)] <cedo,  [VO@) <o, V()] < o,

;§;Eﬁij:’ fﬂAELz%%iﬂ£X¢5 ::071727"" ¥%A

VO (2)] < ce 120, (B.4)
ke = o(s)BisTEBUE K . 4
W) = @0@), uO) = i) - 71,111,

u?(z) = 1P (z), u®(z)=a®(z) -27%1,1,1,1)".

R, 4 x a7 BE ) (z), u®(z), u® (z), u® (@) AT HINEE T ¢ - det(By (2)), H
By () W51 FEE 1R T E o

PATTTR R B, A B — ek tE 4 fh . LU RS, B AEHE
WE1H =4,
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5132 E.2 ([6]Appendix BREY@RL) 4u®, - ., uE-DARIF 6 LAKRMBL
xe9@E, BB |u|n <1, s=01,---,L—1, £%v c¢ RE, WG fkEs e
{0,---,L—1}, 1#4F

(v, u®)| > L% [|v]| det U,

H A det UA B Eul FTLLRIEFEAIATHI N, E(, VRTAR,
E P FETE L 6] 6

KL B0 2] il Il Inl < sl els BL{i m) 0 {jn) = 0. Fe i, HIsHE
Té':;l' c X()a ;ﬁ—

o L (SU)RLAF, Hies e {0,1,2, 3145

Vo (x)’ > ceon; (E.5)

17]7m7n

o % (S2)K(S3)RILEY, HAEs € {0,1,211E4F

Vo )| = et (E6)
MERR: &=
u(®) () (s)
ﬁ(s)(x) = ”u(s>($)”21 ’ Hu <x>H£1 > 1’ 9 S = O, 17 27 3
ul (), [u) (@) ]ln <1,

RAE(E.4), Xz e Xy,

|det(U(z))| > ¢ (H max{||u($(a:)|]gl 1}) | det(By(x))| > c(e%)lo €T > e,
Plo = (1,—1,1, -)NHTIHE2, 7[51E17Es € {0,1,2, 3ME75

Z7]7m7n

Vo l@)] = 10, @ @) = (0,0 @)] 2 (0, @ @)] 2 e 47Fed o] = et

EF(s2)F(s3), AT Ao = (2,1, -D)Flv = (1,1,-2), IF45E5]
FREIF AN 4518, N5 BE. 2k 3E ;‘éu&tiﬂgo O
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JERE I, MBS, FRATA(E5)F(E.6)H 1 H £ = 1. 51BE2. 11 E]
RERE, ReAE LU 51 5E Rl

5132 B.3 xF A0 e, AEXNNTRX, HA
mes(X, \ X,) < €%,

PR Iml, In] < sl ne| BL{i,m) # (jin}s A

VO (@) > 261, w € X, (E.7)

WERA: [E15C1i], |], [ml, [n] < sl Inel Hgi,m} # {j,n}o BATRFUEH

mes({z € A : | wmn( x)| <26%})<€ﬁ.

FAIAL BTG T (S1), HABRITS I n] RN T . AERE. L, B € A, 11

max

0<s<3 2,7,

v (:v)‘ > €0,

A A= max sup [0 (x >\ WA (E4), A< ce o,
0<s<41‘€Xo

AT 5 AE X 1 — AT 5 2 (0, b) % BERRBOVE, o (o b) 2B K
Lgoe 3 AN DK, P REANB R A o Lo o SEHRIL AN, i
771 W, HEXNFHe € IHIVY,, ()] = 2e1, FAVEILT R LT A AL

I, FFAERA Ty € 1, VY, (20)] < 2680 IXFIREHLT, HAEIREL
ﬁﬁl<w«%ﬁﬁzwwmﬂ2w Bl 1% e d LIRS T, Bls = 3,

hj ‘/i7j7m7n(x0)‘ > e, RN Foel,

1
VO aw)| -l = w0l < AlT| < Sew,

17]7m7n

Vo8 (x) — Vogil’n(mo)‘ < sup

7’7]7m7n 27‘77
yel

AT | VO ()] = Leio
B, BATELEVE o B e HER VP ()] <
T |2 — 2] > e Wz, FAAERANy € RS

ets,

TALE)

1 1 1 1
Vi imn( '|$—$1|Z§E60-4615:2€12.

VO(Q) 0(2) ’ _

i,j,m,n z .J,m n
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L, A B XL < 1, HIA2 L < dews, G0y e 1\ 1,
LV @) = et

1,J,m,n

I\ LB ZAH M S fi, R Ty BATEI EHIEVY o FAF
fExy € TAFAR| VY, n(xa)| < €85 WAz — 2] > 260, AFAEHEAY € J A1

VI a(@) = Vi a@s)| = |V )| - fo = 2] = € - 265 = 265,

Z7j7m7n l’]’m’n

R, FATER|X AL, ¢ Jy C I\ LR L] < 2e2, 50 HRe e 7\ L, I
LWV (@) > en. XELMFERERALED, WAVFBIXEL ¢ g c TN\ L, T
AE|I| < 2, G UIRL € T\ (L ULUL), %B/A)VZOJ}M( )’ > ¢t

TR I\ (LU, UI5) R 2 A PYANIER 4 3, 151”'5(]1, J3, J3$DJ4 AT

fray € JAERR|VY,, (2| < 2¢, WX |2 — 21| > des FEAEFEAy € J) 15

| zymn( ) - ‘/i7j7m7n($/1)| =

R, A REE X TEL ¢ J c I\ (L U LU L)#R|L| < det2, ffif5
WRe € N1, WV, (@) > 2680 XET5, BANTAIRIRE IR AR B, BAT11s 21
XTE I, ILRNL, eI, ¢ J, c I\ (L UL UL)H|I| < 4e=, k = 2,3,4, 115
tiw € Uy (S \ 1) W

27]

V-q( ‘ |$—I1|>66 detz = 4ei,

V()] 2 265,
T e 7800/, B 2w — AN BE N Troes ARG 25, (B0 1R LT,
X, by B Rck|ne| - e MEOZFEIX ], it CLERATT 75 4 42 1000 5
INFer|lne] - e 2 - €15 < €150
DU BATTHT T X 0T R B b AL 1, |51, [ml, ] < &|lne|, BrEABATIHEA, B
Fps 1M AN I ert| Ine|* - e < . 0
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