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Nonlinear Stochastic Dynamics and Control in Hamiltonian
Formulation and Its Applications

Zhu Weiqiu
(Department of Mechanics, Zhejiang University, Hangzhou 310027, China)

Abstract The significant advances in nonlinear stochastic dynamics and control in Hamiltonian formula-
tion during the past decade are reviewed. The exact stationary solutions and equivalent nonlinear system
method of Gaussian-white-noises excited and dissipated Hamiltonian systems, the stochastic averaging
method for quasi Hamiltonian systems, the stochastic stability, stochastic bifurcation, first-passage time
and nonlinear stochastic optimal control of quasi Hamiltonian systems are summarized. The related ad-
vances of nonlinear stochastic dynamics are also outlined. Possible extension and applications of the theo-
ry are pointed out.

Key words Stochastic dynamics; Hamiltonian system; exact stationary solution; equivalent nonlinear sys-

tem method; stochastic optimal control
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iy =12y s myp=1,2, =, r—13u=1, 2, =, B (28)

ETMERIMER I, H,, ¢, BWEHKH 01/3],, oA/3H,, a1/3¢,, B EEMTFRAY &
M,

Ay Hey y') = 260, 0, )+ a"d +J 2 4o ] . @9

R PRBIIERLCHORARCDBE.Z L RZUH, WRXCHO—RXCOEEH. X%
fif B 5] F 7T 7E SCRR[43 ] #R 21.

FEIR A EEN XEHRH, EENRBHREN -0 LR REHLRBNELS S
BEFEHER TR ESREAL . WA ERAFTIHEN BB RS

dQ: = D(Q) dt,

(30)
dP, = [D(Q>£+m «Q, P aH]dt—%—aik(Q, PYdB, (1),
KHL,DQ) K Q AT RS XCOMERLRMEE N
o' (g, p) = e$¢> p) (31

D(p ’

KA, olg, PRAFK GO ED(Q = 1 ZHEHTRME. 1ih, BEE—EREEK TR E
R GE7E 5 B I R L R R T RO T T A

MY EIOEESEHEZHBREEINWER HESHILK REFRNREN B
B B3—FHE.BAD,CL,CHOECH . AUTRUEREERTTHRSIINE TSR, LG58
BFRESMUER.RENEERXR AL BAEZE MR HHERE I SEILEEB R/ R
S Bk, BRARBESMEREREAD,CL,CORCDITHT 60 BEXAE
BBEE MR REBVNRER HEEREEN ARG BRI EBESERTARSESIETH
RV R G TR A — SR k.

HTEREEBTHERNBSFHRAAEBTRENRKARLESLPREE &S
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BEALIRENIRIE S & AR R

WA WA T RFEELRY T O B AR R, BB T AT R LA RS R (AT B R LR 4 AT AR S
#i% B4 T AR 4R HL AP S R T R AR

4 BYEZERGEE

K0 TR B B TETE & (15),(18),(22),(25), (28) RAM M AU K HEEREB™F
R, FETELEREEHAHE AN . ACEHARSAEB THEENBERRESL . F 7
BERIREABATREN SRR AR HEAS5AC RGNS EEMAITER
FHaEE TR TRENAEWERIRBIELNAERAEWELLRMA IR ESEHIE
SUHERGE. FSHERERAEE (SHEREMS FEE, RERELEAB N ELH
Caughey™™ & i , B4R Lutes!™ B RG22 i F THIE R 4. 20 42 80—90 FER . B HE XL X
BHH R AR T EREATEAMEEREEIARS, UMREREES %L 8 H
EIERHEMILRGR Y.

RBREFFERUERAENTTRECEESEZVHATLRMA B, BMEAARA—KAY
BHRTRAE FNEREREROHMZEAR ETE BN AXES A B EHMILBGREENMS
FMARHWEHLRE CRETRAIMEMYIEREMILRAERBENIERERS L. FEHL
B MRS TN RN SRR RLBE THER EIRALEW TR SHEE. B
RET=FMREFIFEKURAEREEHIFRENEN, ENERAERESEHFZEHMEN
ZEWMHFTERN WREHBREBZEHFER/NRB ARG ML XA B RS p Bt E 25
LR EABEAES.

BACHBHARFERD TS EHERBNEERNRLEN o FBEHN

1Q = °2H
in—aPidt,
—— (oH |\ 3H
dP, = (aQi + M, apj)dt+aikdBk<t>’ (32)
1:9 ] == ]., 2’ *tty N k = 1’ 29 ey M.

C HESNARR M RENL R G Tto BEVLA FBTE R (12), B A 57 2 (32) 48 7 #9 18 25 15 B 3K
SIS, NERREARR. AR RESERREZEN

Ai=(mii_Mij)‘§—§;’ i,j=1g 2y 00ty Ny (33

ERARARELE  NEHEZRBEREHZE.

4.1 FATHHB

EEAMTBWER HWREBHREANATER, NEREXEREADOKEFE AKX
QOMBHTRE, FERGHFZ m, BHEEFEAD. TE '

(D
oH _ oby (34)

A, = [BPR(H) — M, :
L d ]ap, ap,._

FE— R E
« 10 .



FAUBNHNFSRANETRERRRARETAE

minE[AA,], (35)
BEEHTIADHELRL:
oH » OH /oH
WCED — J [(  3p, + 5 ap, )(bgf) a7, ap1>]dqdpz"'d1’"' (36)
J [ b(J) gi—l (J) % ‘gg)]dqd}jz“'d?n
BTN
%?E[A,A,] = %?E[@I:A )(%—Em):‘, (37
ESETFI A(HDHEERRK:
oH oH | 36\ ,0H, ., oH |oH
h<H>=J"(a—p“(Mﬁé7f+a—pf)( 00" 5p,/ op,) 09042, (38)
oH,, oH- 0H,, oH, /oH .
Jn[(a—pj”ff) 55.) (552 55)) /55, Jdadeedo,
E=AEN N
E[A.] =0, ‘ ’ (39)
ESBINT h(HDHFEER:
oH oH |, 2%
hCHD =L‘[7<M o, ap') Sty ]dqdpz dp". (40)

2
Jo[ (550 557) /5oy |dadp.-ds,

ER36) . A B RXA o,
= {(gs ***» Qns Pz""’Pn)|H(Q1" s @3 Oy Pyy toos Pn)gH}’ 4D

KA H(gys 5 q,5 04 pos oy 9,0 BFE py = O BP0, H P8 W10 R B A F A
E. ¥R . RGOFARUOF M ARARUA ARERARND , REBRSEHIELHE
RENDHBRIRBESACRECOWIEMTRE MNIELRERE A van der Pol #EF
ARNARFESHTHEMTREREAX—TEBIKT. 5 Monte Carlo Sl 45 £ 1
BB ER, SELERERBRERMEBERRN , XEALBRFHNER, HAEXEELT,
AR BIR.

4.2 wRdEIRE B

HRETRE N HRFERMRE T HELR, REFEKBEELZADEREE IR
ADNKIRBHTLRE, RGO P m, MHERME Q). WE, =N EMERKREFBTIHE
IN/OH BT .

» oH, 9 oH ab(‘) oH, /l
beP —M,; 2= — b (42)
Jal [( 7 9p; OH, op; aP, bi aP,

0710



