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§1.1 SEHBRSEN

SIS A BAE BB R B 5T KO B i sl . By JRE
—MEFSENARR, UL TIREER, FREINMEE. FLE, BT
EEEE, NHEER. "

§1.1.1 BFREFR

SRR AT Al T OGRS . 2 TR E T, RSB MR
SRR S JLF S8 BB, BT G W. Leibniz (1695, 1697) #i L. Euler
(1730) M—EFMIFARES . B HARS &V R 2R E XA G5B F4.
1684 4F, MERATF AR T HREHARSL L, HpHth THBESHE X585, 4

%@ﬁﬁ%ﬁ%%ﬁﬁ- T1AEST, H 1695 4F , v [ B0 5 i A i B o 0 I3 J K

“n HAPH, B0 =, S A SR A7 B IR ) LA G A 5

WAEAR, 1695 4E9 H 30 H, B ig LA E Rt T iFZ S RAHEN®/: .
S, IRATRAXFEE, JATAT LA R R IF AR , PRE AT LLXHRAR, 7EW
AR R (B RS AR A T BT 2, B IE 4 i (5] 25 9% A 1 1 7]
B RS NI R RS 11 MRSk, SRR R EREFEZ S . 320 it
], REBFERN SEN BRI KR T EEN TR, G4 P.S. Laplace
(1812), J.B.J. Fourier (1822), N.H. Abel (1823 - 1826), J. Liouville (1832 -
1873), B. Riemann (1847), H. Holmgren (1865 — 1867 ), A.K. Griinwald (1867 -
1872), A.V. Letnikov (1868 —1872), P. A. Nekrassov (1888), A. Krug (1890), J.
Hadamard (1892), O. Heaviside (1892 —1912), S. Pincherle (1902), G. H. Hardy 5
J. E. Littlewood (1917 - 1928 ), H. Weyl (1917), P. Lévy (1923), A. Marchaud
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(1927), H.T. Davis (1924 -1936), E.R. Love (1938 —1996), A. Erdelyi (1939 -
1965), H. Kober (1940), D.V. Widder (1941), M. Riesz (1949),; %34 .

(B, M AR WA AR R BRI . T 30 453K, fF AT R4 45 40 T2 L4 A7E
NHIYIEE . TARSFE 2 0 S BHIU B N 4 &, 0 1T BHIE A B30 43 B0 R 4
E KA. EERERERBT L, 2012 4F Wolf 245 F L. Caffarelli #4725 il 56 @0 T
SMEEWT Laplacian 77 B A IE WIPE G | SBFTE T % K0 . BGEAIER 20268 X
F G205 T R R BF TS RO, B B AR A AR R R eR B B 3 | TR
Simi . K e AR BRI I S TR R EE . B SR ELE . kY
MRS REY BEEF AN . SO T, 1974 4E, S RSB R
73 E PR 2 AE R E R New Haven K2 HJF. 2511 B. Ross K2, FEEER ARPALL
GV . AL E 58S b Springer — Verlag iR . R 42 AN IR 4600 B )
5, R SO S AR, AEE B ST T A BB A O B AN 5L
FEEFE I I FH A . 1984 48, 55 R 43 B OB 40 [ B £ DU 9504 2 4 o7 1 BT 119
Strathclyde K% H . K 2L B W SCHR [200 ], ST AT B2 —R
] R B HE R BN F RN LA R RE T 1989 4E, = I A B RORR A B BRI AE H A
AR H AR FIT, LB 50308 WaCHk [222, 223] . a4k KEMHE LS
WAl fERI4s AR . SF5E % FE D7, Ko B. Oldham il J. Spanier A 1968 4T ti & 14,
FHAE 1974 AE AR T —ABU) T8RS, W [227] . n##asx 280
T BN A oy B HON B B AEA [ 229 ~232 ], H i Samko, Kilbas & Marichev
ERFE B EER TR AR A E4R 55 55 #0480 [ PR el Computers
and Mathematics with Applications [¥] — % & ] Advance in Fractional Differential Equations
(1, I, TP LR & B it 7, e R SO W T S
FES- B o T BRT S O A R AR . F AR R e AR W U & 2 (B IR
TR RILEERY) Y BB E (J12 5 TR Y 4 B S AR ) T kg

W R BN oy T RN DA SCBUESR A . B BB oy Lk 2 i, E 44 Jowr-
nal of Fractional Calculus ( F 4% K. Nishmoto, HZA, 1992 4EG|T)) , Fractional Caleulus
and Applied Analysis ( E44 V. Kiryakova, {£0F)\F, 1998 6| F]) . b — {0y Hide it

Fractional Dynamic System 11%1]-F 2013 4 H4 it .

§1.1.2 S EHRL

ala>0) Fr&E - X488 (Riemann-Liouville) 43 % B B4 BES R IR T 5 4 19
Cauchy 225

1
(n -

Jo S(t) =
HA I 2 OE SRR

s D 4

1)|L[(“T)"—'f(f>dﬂ t>0, nell, (1.1.1)



$1% 4

B R A M IEB B R E S8, — BT R Gamma pR%L. Tikn-1<
[ S

EX1.1.1 pA%y: (0, o )—R ) a>0 ¥ Riemann-Liouville 2344 & X K
By = —[ (1 = )"y (s)ds (1.1.2)

r(a)
FRWAmE (0, o) FEXL.
ERFNTE, EX Jo, =1 (FBEHTF), B0 =f(¢) . TH, &4 t—0" i,
Joof (0) WHEA J5.f (07) (UnSRAFAE) s X8R, X—RFRATRER o5 .
FH A SCRT HER 53 B0 AUy LA e R
Il =152, a,p=0, (1.1.3)
Hofu & 738 55,05, = o 0o, BT I ERTREH S

«y _ _T(y+1) i
Ol SO B

PERR (1.1.3), (1.1.4) AR S0 IE BB 2 e R g HE . iF T A
BRHiAR 4y, BP Gamma pRi#UHI Beta PR KM

a>0, y>-1, ¢>0. (1.1.4)

Tis) = J:e_"uz"du, [(z+1) =2'(z), Relz] >0; (1.1.5)
B(p.g) o= [ (1= = GO~ pigp), Relpogl >0
(1.1.6)
AT I 2 B SR R B 4 B0 BRI 2 s -2 7 [ 1)
!
@D ()= &)’ a >0, (1.1.7)

HeorFhe “ +7 FoR4 ¢ <0 W REBUERE . o >0 BFLRETE R FJ2 R4 xd nf AU .
BUAEFRR [E B — R hr R ARSI B B R R

f(8) % g(1) = [f2 = T)g(r)dr = g(1) f(0).

TR, B (L1.2) A1 (1LL7) AJ51, a>0 8Bl B &, (1) Mf (1)
HUEALE VAT A

Jof(t) = @,(t) xf(¢), a>0. (1.1.8)
2, TR ] LIRS
D, (1) xDy(t) =D, ,(t), a, B>0, (1.1.9)

£l A AU AT LR EARARE] (1.1.3) FI (1.1.4) .
§ 1L1.3 SHEFH
PIBTE BN, HREITE a(a> 0) MorBIM 5. 2K E AR o

« 3 s



B o 77 AL AR P R 8 AR

i -o BUL. 28R, # SRS TFEEERILZFS ARESHE R & A — BB S
BOEA IR AT
wn MESEFAD, HbneN, N
D=1, I'D"~1, nel, (1.1.10)

BA, D" XtXp R aEF J BAS (HEARARE) M. FHELE, B (1.1.1)
EIEE

I'D'f(t) = f(1) - Z/‘“(o )k', t > 0. (1.1.11)

Kt rT IR Dy, X TG, A2
TEX1.1.2 ZEZRBSF: (0, ©) — R a>0 ) Riemann — Liouville 23¥t §:50& X h

Dg. f(t) = D"Jg.°f(1) = é( dt) —i()—ds (1.1.12)

T (n—o) (1 = 5)" ™
HEFWAmE (0, ») AEX.
WHREX Dy, =, =1, 513
Dg.Js, =1, a=0, (1.1.13)
H
Dy, 7 = Mt’“ a>0, y>-1, ¢t>0. (1.1.14)

I'(y+1-a)
FLLL XFS¥oE Xt (11 12) aun FEMRE. Ma=1.6, W n=2. MBS
SGRO(L1.2), X (L 112) SRR RS S (1) Min-a=2-1.6=0.4 K
G WERFORMREE S (1) Fa=1.6 AT S, 0.4 G, RS (r) KOEHRE
AMFET 0.4 By q IKEI2 By, THE, ATLAHEYEEM 2 Br&Bmn S5 T .

BAMR (1.1.13), (1.1.14) EXFN Hr8R ER et FE e #E . HA
(1.1.5) f Gamma R¥USMF FATBER R, FRLIREHLIE (1.1.5) th I (2) Ak
AT IES , PR L Henrici! ™ b 4517

—MEBEBWELE, WRaeN, X f (1) =1, Dy fAETFE. HELLE, 4
y=08t, 1 (1.1.14) &%

D1 =

e
Il -a)’
MaeNBf, FHO, -1, -2, --f& Gamma BEHIH A, FLRBREETE.

T4 A B S 5 —FhE L, JEH Caputo 78 20 142 60 4EAR b 5 #7631
Hi5 | AfY . Caputo F1 Mainardi'”"! 7528 MRG0 BB HE SR b B SR 405 i SC (L[ 191 ] o
L) .

EX1.1.3 HEZRES: (0, o) SR a>0 IV‘ Caputo 7 ¥ B FH0E LR

D)= B ) = o[ e, e

t—s

a=0, >0 (1.1.15)




HELRMAME (0, o) HEL.
XARE SO BB E SR BAREL (1. 1.12) E™H, RONESR £ (1) xtalfl. 4
R TODY, B, BB RSL . — M,
D2 f(t) = DJaof(e) # JoeDf(e) =D f(1), (1.1.17)
BRAE BB S (¢) £E =0T n -1 P SEESETE. FLE, K (1.1.16) iy
BARAZEXH, We > 0nF, &

k

D; f(t) =°Dg.f(z) + Z mf“‘) (1.1.18)
HETRBITHOTE (1.1.14) R,
BE(f(0 - 5 LAV (0) =DEAo): (1.1.19)

W Caputo 7384 F 4 (1. 1. 16) AE T REBUSHARE B S wME . f (1)
WAHAE =04t n -1 MR EZMAXERE ~FEIER 3B 5. Filh, RHE
X X, XEHRBHAT B R KRG TF, BP
‘D1 =0, a>0. (1.1.20)
THEBIEHE N LRPR 2 (1.1.12) 5 (1.1.16) &KEXH] . H
(1.1.14) A%

D' =0, a>0, t>0. (1.1.21)

Bo(1.1.21) F1 (1.1.20) aj48anF45e, Hd>o0,
%ﬂﬂzdmﬂn@ﬂw:g0f+iw“, (1.1.22)
“DSf(1) = Di.g() e f(1) = g(t) + §§ct (1.1.23)

AXPHER, j=1, 2, -, n RIEEFE.
HRHE B RN S BO F RO 2 X, AT AN T 3
SIEL L1 fufkyec (0, 1) NL [0, 1], WAEHHM TR
Dg,y(¢) =0
A ME—fi#

n-1 Da—k-l il

y(t) = "Z’) [ ?(ayft;)]“ okt

BIF 1. 1.2 qpityeC” (0, 1) NL [0, 1], WIAHEHM 7
‘Dg,y(t) =0

H ME—fi

n-1

(k)
y(t) = Z L( 4



2 BN 5 5 AL A AR P AL IR A R TR

HEH (1.1.21) BEFR—ANER DL, X J5, ARATHEE T, BR
J5.Ds =0, {BE DiJit =", a>0,t>0. (1.1.24)
XFXPNEX, PEFEFH a— (n-1)", aon BFEFIMRBHEERRFR . H
(L.1.12) F1 (1. 1.16), FI 3 #FA] L5y 5145 3

a—(n=1)" =D f(1) = D"Jf(1) = D"'f(1); (1.1.25)

a— (n—-1)"= °D§f(t) = ID"Jf(t) = D"'f(r) —f""(0"). (1.1.26)
a—n” =D f(1) — D" f(1); (1.1.27)

a—n" = D f(t) — D" f(1). (1.1.28)

FE% I PRI E LN, X R— IR ERIE SRR .
§1.1.4 Hpbhz

B T Riemann — Liouville 534 i§(FH 73 #1 Caputo 38U 4y, AF HoAth— 285 fr
WA B E X7 ¥ . 7E Riemann (1847 4F) #E) & k& ¢ =0 1 Cauchy FH43/v3K
(1.1.2) ZHi, Liouville (1832 4F) W THEE N I1= - .

EX1.1.4 EXSH a B Liouville 735 FR5 A

EOES o )j (t - 7)*'f(+)dr,a e R*. (1.1.29)
EX 115 %X fH abi#) Liouville 2380 SH R D (1) = D"J 2f(t) , H]
. f(r)d
D [F(n—a)Jw(t T)af, ] (1.1.30)

EHER T, B f (1) Hr—- wﬁ@ﬁﬁﬁﬂn—l Mr BN E, 1S
D"J"f(e) = J"2D"f(1), (1.1.31)
X5 (1.1.17) AFH.
BE, EERSY (1.1.2) WS FE s &2

() =0(t"),e >0,t—0", (1.1.32)
M (1.1.29) WS 584 44
ft) =0C|t]™%),e >0,0—- . (1.1.33)

PR e (1.1.32) #0 (1.1.33) Aya]FH R E05 518 Riemann 25 e $0F Liouville 25
PREC). HANFREPREL © JB T Riemann 285R%, Hby> -1, ¢>0; i | ¢ |, His>
a>0, t<0 Flexp (ct), HHc>0, RS Liouville 22pR%¥ . XF I HIpR%L, AILIASZ]

o -5 _ F(a_a) —8+a a ‘5: F(6+a) -8-a
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