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RSB IS 170 ¥ (2019 £ 6 F3) SC RN (RBURIERG) SR AEERIRIOHT 5
B FABAZMENEE, (FEBHMTLE. ER— RTINS CE, AR
HRAOHE.

AT, AES LA BEMARTRIR—, fFERE

W E
250xr =1 (mod 2017), (1)

IR RS T T 1
KNS FERCTESERE, KB (1) 2B REEAE (RLR BB B8R,
SEEER (1) R (2 7 [2) B (2 6.5 ) B [1] 2 HEEEER ged(a,b), a,b BIE
SRR T E A ax + by = c, B a,b 8 ¢ WEFBEBE ged(a,b) | e
FHEE() R H

250 1 | mmsm-s) | 250 1| mm=sm—15) | —5 121]
= =
2017 O nEIEE =3 17 =8 nEIE—71 17 -8

wE-sg(+3) |5 121 | mm—sim+s) | 1 1186]
IEIE =7 2 355 InEIE—F1 2 355

A% 2 = 1186 (mod 2017),
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EEHBEER — W mERE
BRI

A B (1] (VAR R, AR EEHNE 3 RER, ARG RZRE
RAE, IREG R R, BOMEEN S, AR R EREE FK—MWERERE 2500 = 1
(mod 2017), IEANEFEAAE T ATE HEVANER . B ERNEM=GER, BERR PR EHRH
Bopifadd 2] hhiEiesl, BRERFRL, KRR, HWHEEHBMBESUR, E-
A EREIR,

WA, B (1], BEE —LFRERE, BEEKEMBEESZ, MT, FEHFEIE!

[1] FES D AR
P(D)u=f
KK, Heh P R—EEFREZERX, f B—EHRSEX, v BARMEE. HFFEZEH, R

B fEE, s DGEE R RS K uo EEAR, RBARBEAREHE, P(D) A Lo
WEHRME (TP P EEREER 1):

O

n

=1

%%k:].,---,n,/%Uk:(D—)\k)Uk_l,ﬁﬁUo:u, il

n

u, = [ (D = M)uo = P(D)u,

i=1

B, BT KERE P(Du=f, BFIRFEH k=nn—1,...,1, Z—KHE
(D — A\p)ug—1 = uy,

Htu, = f. BEE, BEGEHR—RERIEMD HE, MAIEERE. EREIT, HMAKE
k=n BEN, WRBFIEKERNZ

(D - A”)un—l = f7
RIB—FERRIEM TR EAHER (THAHEE),

Up1 = e)\x/e—)\xf‘

i e f(x) (K f(z) BEER) WEH, BEESER. ¥ X =0 1, RAGHAENSER f(2).
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R BB AT DMRRK I w1, ..., uo = wo i, BETTERIBRIEER, LAMEE P(D)
IR B8, EEEE B T RRERIR. £ [ REEABELEANFEY T, Euler €&
HAFTE FREGEOKR R, sE R B H BRI S EE N BHI /7R, Oliver Heaviside AR TEHITE,
HEREAR RE R

[1]#EH, 7 f RELEANEY, EAE LR R—ELEAReR TR KRE, e
Lli%i@_ﬁ?ﬁﬁ’@%%hﬁ”ﬁ@?‘?—ﬁﬁé%ﬁ

HEERNERFI S A DIER T, EEER IR E LR,

8£— (1] BEWARREE REGEMS HREES HEEEE BT THEGRRE,

ER E%%E’J RSA &% (2R [3, 4, 5)):

EIE1 . [RSA BBEE] % b, k,m BT, m BEEY, o(m) REBHRHE.
ged(b, m) =1 H ged(k, ¢(m)) = 1.

AT BR, #a HiR gR=t

2 =b  (mod m)

B/\]%O
FIR—r#RA S v KIRIERTTHE

ku=1 (mod ¢(m)),

BE u, K%F 2 =0" (mod m).

B [1] £ 8 #iE (15) X (BRE 11 #ilE 2) HEEMELHE, W “EHrBeE
(Exponential Shift Theorem):
TH2 ;. JEBTRTE %
P(D) = a,(x)D" + ap_1(z)D" 4+ -+ ay(2) D + ag(z),
e g () RIEM | FWEH, D 2% o REEET, 2 \o) 2BH [ FHEEY,

25— MEEH S A2 Laplace ##1, {HIEA
Gian-Carlo Rota 7 Ten lessons I wish I had learned before I started teaching differential equations—3HfgHiH
(R Lesson nine: Motivate the Laplace transform.)

Ordinarily, we motivate the Laplace transform by appealing to initial value problems for linear differ-
ential equations with constant coefficients. But this motivation is rather thin: taking inverse Laplace
transforms is no joke and initial value problems can be solved in other ways. I do not know how to
properly motivate the Laplace transform - - -
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HITE I ERy n RATEEH 2 B, g UM ER TS
e @ P(D)eM® = P(D + N (z)),
Hrp
P(D+X(2)) = an(2)(DAN () 4ap 1 () (DN (2)" " - ay () (DN (z))+ao(z).
e, B M) = Mz (BLiE )\ BEE), ®ME
e M P(D)e’ = P(D + \).

HE, MEEXH—, HE e B @) PYRRHEERENETEELT, P(D)

FIEERE a;(x) RN, BESERNZ, (D + N (2))" ZEET D+ N() 1

kg, W EERERTAESRERE, TrERREEr () —HEARM. fil, 538
(D +x)?, %A

(D +2)*= (D +2)(D +2)
= D?+ Dz + xD + 2*
=D*+ (zD + 1)+ 2D + 2*
=D?+ 22D+ 2?4+ 1,
Hrb IR T & L% SRR
Dx —xD =1,
ERTEZERER Leibniz (LRI ERER . #EENTTEERE [ F

Dx(f) = D(x- f) = D(x) - f+x- D(f) = f+xD(f) = (1 + zD).

2005808 ARIE FRRE BMAEEEY P(D) = D* k=0,1,...,n BEREBHA
A, BE RS, REREW P(D) = D WiEHR, KRER—ETEHE f, 5E
(D) f = (D) () )
= (@)D f)
= () (XN (@) f + D)
=N(z)f +Df
= (D+ N(x))f.
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SE M E A — (S R, SRR O MRS EAE (R L p. 71] (17) ®)
(D — Ny = 0, BHEH, EREBHE y = N2 T, LAAREME Dz = 0, B—(FH
B - REBRRERBUMNG m SIER, 1T y BARR

y = e)\x(cm_lxm—l + Cm_gl’m_z 44 CO);

Bl y RREUNE m BI#EZ .
WAy, e EE R] LVEEZRRE A, BIEAFIF A

AP P(D + N(x))e @ = P(D)
K — 40
P(D+ X(z))y = f
W, BPBEHERHER y = 02 F, RBEERFHE
P(D)z =M.
LU e tH e (51

Bl KEE (D + N(x))y = f, REBREOHRE, & y = e @2, REEREHE Dz =
A f, G 2 = [f, i

Y = 00, _ oM@ / A £

EMRERFHER S —FER MY . o + py = ¢ BITRENERANEFERE,

Bl2: RIEHRMERES (D +2)2 = D? + 22D + 2° + 1, PR U #AHE
(D? + 22D +2° + 1)y = f(x).
TEBEES = o 272 T, ABEREHE
D%z = e%xzf.

EERATARTE 2, EMEE y=c 272
= (1] ARy TR DUE S [RS8

X' = AX
MEAGER, RBE Jordan ¥R EEAEME (KEEBEEE X = PY) HELEMU
TR B TR

Y = JY,
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Hr J 2(H A BEERN) —E m B Jordan 3, ELEENHERES MR %R, TN
Y = (y1,- . ym)" ATLNEEERAE, R v WE yir = (D — Ny, i =1,...,m— 1, #i0
Yo = (D = X"y, T (D — Ny = 0, 87 (D — A"y = 0, 1R _EFiA BEI RS
DHEE o HIEBRER

= M c+cx+cx—2+ +c L_l
Y1 = 0 1 22! m—l(m_1>! )

Hefr e, ..o e BIEEER. (81 Y 8BRS

$2 x’mfl
Loz 20 77T me1) Co
. x’m72
Y:e)\x 0 "o .- Co :A(ZL')C,
. .
Cm—1

Hep C = (co,...,cm 1)t € C™ EE, B A(x)RITFRERE oJ MEEEE A(z) =
exp(zJ), EH

A 0 ---0
00X 1 .0
J=10 .0
A |
00 0 0 X

EFIAH Jordan $i. KZEE M HRENEE SR EEBEM, fTEETERTE A
BEYRIEHBEE exp(A), RABREEALR X = exp(4At)C HHAR X' = AX KB,
IEAN_EEATE Y, HER 2N ARSI TS B L, (6] BLReH AR BURE,
R B . N8, BEfFEIRET, TMAN EEBENGEAEK Y = JY, fl
TIRT B AR E FREE (R [6, p.120])o

5800 BMmIEE— T BasRARE RS, &3 Ll 5] AT KA
P(Av =50

B8, Hrf A BEEGMZER V ERRMSERTT, bv 2518 V EMEMAEERAR
g, P 2—EaEErEzEA,

S T DU R E IR B
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KEBOWELXBRER: & b BFELEA g(x). B2 b BEZEM kerg(A), & g(z) = (x —
M) (2= A)™e FERAME, BRREIEX p.72 EH 3 (B [5, EH5.2.1)), ker g(A) HE
Gilpay:

ker g(A) = ker(A — A\)™ @ --- @ ker(A — \;)™*

VETT b = by + - -+ by, B by € ker(A — N)™, i = 1, ..., 50 HRISGIEIE, BRAEHE
P(A)o = b, RERBEEE(E b, RS P(A)o = by W2, RITATLRGHERE b 52
(A—X\)"b=0, Bl b & A RBRERE \ ESBRAR,

RE, BFZESEARBHE

P(x)U(z) =1 (mod (x —\)™).

H P(A\) #0, Rl Bt A E#, 3 BT HRK—EE Ur); #Tew v = U(A)b BIFT,
£ P(\) =0, ARz P(x) = (v — A)"Q(x), HF Q(N) # 0. TR ISR 5K
i, ST
(A= XN)"u=0b,

AR, QAR SEER u, BRI Q(A)v = u. EEAR u HE
(A — \)™ 7y = (A — A)™((A— \)"u) = (A — A\)"b =0,

M Q) # 0, FRART LAR—iTEHQ(A)v = uiiFo, HEME (A — N)"(Q(A)w) =
(A= XN)"u="0b, 8l P(A)v = bs

iR BT R, B FlstsE L, FERENR, EREENHER, b B2 A NERBEAE
(MR —RIET, b 2 A AR ESRFEAEZN), I, E A = D 2MERTTR,
FREXRIE b2 D WERSEEH, NELEA (2RI EHE 205 —FER), 28/ (1,
p.71] WIFFE Lo

SBH: IEANSK—iT v DAME BE SR AR [E R 5 12 AH, 3B AERY 7 it v] DU B B K R REUGER M5y
TR R EH CREGER MR HE R 1R M B R E MO RN TEE, R RBURRE. E—H#E~K
£ Bourbaki HEMMAEEHEEE, 2/ Bourbaki [8] % 4 &5 2.9 #fi,
F A A RN
AX = b,
Het A = (i) mxn, MEETE a;; = a;(D) ZHB ¢ BREEET D = & WHELR,

b= (fi, ..., fn)", &S 2t OEMNARERE, X = (21(t),...,2,(t)T BRAOAEE
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KEEEEATT, 8 D BRET \, K A HBSERE R = C[\| Laoi, gt
BRI A — (EE AR (Smith EXER), HMETHE, FETVER P e GLim, R),Q €
GL(n, R) {55

PAQ = A = diag[di(A), da(N), . . ., dr(A),0,...., 0],

HAp di(A), do(A), -, de(X) BE—ZHR, B di(A) [ da(A) |-+ [ dr(A)o

TEEAERPRET A BEE D, 753

PAQ =A= dlag[dl(D)v d?(D)7 SRR d?"(D)7 0,..., 0]7

(Hrh P, A, Q ZMA T R—{EZCHE, DUBER R SEERE. )

HEEE, # AX =0 ATLBEIHE

PAX — Pb,
HEMASY = Q7' X, AIESER
AY = Pb.

R HS A AR, FTEL LR A B B B ¢ 17T, R S
BRMATUE—AFCEETHR EEHE Ph ESERBFLER, B [1] M0 77EE
TTRAE). TERIRI Y, AT IR AE vy, TR V. BERMEE—SRE X, i
I Y = QX FEES X = QY, BE X ME PAX = Pb, g1 P Al FHEHER
X WRERIHE AX = b,

BAEF7 BB — (R AR T R R E R B 72k, B[2

=p%

o

~ W
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