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1 BA.
W13 (3,5)-40 4 DR FEHFIZB U THROA R S NG R 2 N9 20 — XA Fl
X X TH D, FEMIZOVWTEAIIICEL T, AV YTV 4] 22HH

N7z,

F1.1Y %2 5K, DCTY 23 0E M (D DHHRT b
WVHR) &9%. ZDeE, DHB5)-ESmEIE, TOHKEDN (3,5) DL &,
D% Y, rank(dD) =5 DL ZIZES. TIT, dD:=D+[D,D] %, FEArtI¥r
DfE D »o V) —fEETEOND D DERRATHS.

Bl 1.2 P % 3IROLERNFZEH L T 5.
Y = P(TP*) = {(p,0) | p € P*, L € P(T,P*)}.

YBL. ZIT, PP 2 PRY) =P Ths. Z0OrE, dim(Y)=5Th
5. HABIHE 1Y — PP, n(p () = p loDWT, B3 OBNA D CTY %

D(p,[) = 7T*_1(€) = {7) S T(pj)Y | 7T*(7)) c [} C T(p,g)Y,

WWEOVEHETS. JU(R,R?) C Y EORATEERE v, 21, 22, p1, p2 & ARIZEN
X, DX

0, 9,0 0 0

8 Zo pl@l'l p28l’27 Gpl’ 8])27

ZE DT, DA (3,5)-AMLIRD T LD ND. O
(3,5)-7041 L B BEIZBIER I DB AT (2,3,5)- DD DD -
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EE 1.3 Y % 5-RuEHA, S CTY 2B 2 2Bhfitd5. Z0LE,
S (2,3,5)-5T HDHWE ALIURTTH D L, S DINERED (2,3,5)
D& X, DY, rank(dS) = 3 T rank(9?S) = 5 DL EFIZES. T I T,
0S8 :==8+[8,8] BLUV VS =05 +[S,08] TH 5. Xk [3] 23D k.

S H(2,3,5)-DADLE, D :=0S & (3,5)-nhirid. LrL, FED
(3,5)-73 40D D (2,3,5)-ADERRZE LTHROND LIFRS 0.

Bl 1.4 EITBRAR7z (3,5)-a40F (Bl 1.2) (P(TP3), D) 2B vtz 5. EH
31&@32#b,b®ﬁﬂﬂﬁﬁ[)i EA@@B,)ﬁﬁ#b%ﬁbmﬁ

Zehbnd., —Iz, TRTO (3,5)-24a0HT, fil 1.2 ® P(TP?) &,
(,,)ﬁﬁi @W IMNEBELTWDEEDIZLNTES !

All (3, 5)-distributions
[P(TIP?’) O JYR,R?) (2,3,5)—§J\Z‘E]

(2,3,5)-DFD Y 7 ADMSEIE, B —H Gy LBRT D E. AL X Dt
HPOBED, ZLORFEIZIOMRINE 2. (2,3,5)-241F, KT 2
Bkl O (Agrachev(2007), Bor-Montgomery(2009), Baez-Huerta(2014), An-
Nurowski(2014)...), (2,3)-g1H& & (3,4)-51H& & OB (Nurowski(2005), Leistner-
Nurowski-Sagerschung(2017)), Chazy /X & OR{% (Randall(2016)) 7 & D
WD D 5.

T, TITHE, (3,5)-AMICBET 2bNDNDRIREZRNLHTIZ, B
% (2,3,5)-A T A2 REREFTEVHLTEI ) ¢

EI 1.5 (Liu-Sussman [8], Montgomery [9], [6]) S % 5ARIGEZERIK Y ED
(2,3,5)-HETH. ZOLE, FED ycY LEREDFAM (e P(S,) ITHL
T, SHFEAR (= BOAENT SHKRIH) v: (R,0) Y TH0)=y &
YO Y (0)] = &iE7=THDINT A —ZEHF ERNT—EMIEET 5. O

X

/




L7z23oT, (V,8) ED S-FREASAZH1E, MO 5-IRTEMRA X, S-H5R
BRI DR, 2T 2 Db hr5.

IROFERIL, (2,3,5)-224F & Bl 5-RGERRIK LD T 75 v a S D]
DM ZEEATWD :

EIE 1.6 ([6]). 5 IILERRIR Y EOEED (2,3,5)- 74 S CTY IZxL, S-
RN ZARDMED 5 IRIGZEM X iz R EMESSE 0 c TX 2 IEE(LH
s © c 1 s L, oMY X, CHRRAALAOZEME U THLE
N, TORH S b, HHEE C »roEITIND.

FEOEHTEZ 6N (2,3,5)-04 & 5 IRGLEALZ bR EOSEREE DM D
MO, RO K S ITEELEI NS

EE 1.7 ([7). ROBFAREOMIZHRREERAIGFET S ¢

{(27 37 5)'§J\ﬁ <Y7 S)}/g
5 Rtk BRI (X, H) ©
R 5275 v Y aihE (X, C) T&M
— CCHCTX, /
TRTOYW s: X — PC, 1Z2DWT I(T,0) c 0P,
ThH s izksT oPo=H.

Il

RECTIE, £9, RSB U (2,3,5)-940 DR RARRIZ & 2 ACHEDTE
DEHITLTHRONDERERN, RIZEND, —BD (3,5)-DMIIHLTED
ORI NG N2 2 WD Z e ZFHBIL 72\ .

2 (2,3,5)-2MICET 3R MEE LWAICFE D

£, (2,3,5)-2MHI LT, TOMEOHEEZEVNVHLTEIZS.
S % 5 IGLEHRIRY O LD (2,3,5)-3& T 5. S O “BEEMR DZEH

Z = P(S) = (S\ 0)/R* = {(y,0) |y €Y, £ C S,(CT,Y), dim(¢) = 1},

EZEZAD. dm(Z)=6 THY, HZ vy : Z =Y. w(y,l) = 1FP-HE 2 5.
B2 DESR R ECTZ 2% (y, )€ Z & L C S, ITHRHLUT,

Eye) =1y, (0) (C Ty Z),
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SCTY DAY VHEREIER. §5 &, BIF/NERERT ML (2,3,4,5,6) D
DL Rb. Tbb, Z DETrank(E) = 2, rank(0F) = 3, rank(0? E) =
4, rank(0®E) = 5, rank(0WE) =6, £745.

ZDE &, E OWNIEMRER D

=KoL

21345, ZIZT, L:=Ker(ry.) CE THY, EHfHK K of E 1Y kD Skt
WOSNAD (FERRATIZLZ) —BW) 7 NOBAR» S5, ZONfRIE, H
HFROBKRTEHRERBIEL 25 ([10]) .

Iz, “RMAFRHIHEEG OFETHHL L.

T, SRR M EOBIERC U L TM - M 2%, M EORFEK
w774 TV —=Yavo U —-MEABHER F . U—-TM T, ¥R

U L. Tvm

U N\ v T
M

ZAHUZT2EDDMDIETH 5.
M ETRNZ, §#RE M EOXZ MVGOE f,(x) = F(r,u) (z,u) €
UrzeMIZXoTHEZLNS.

Bl 2.1 BE0A S C TM (EH~_2 hVER) I, BEGHIZEDEIERS: S —
TM — M ERRTIENTES.

2ODEIZRC U L TM ™M M oand C - 1 s T I A pSEMET
BB LN, HLMHHMEE © & o Hdo>T, HR

AN oV B LN V'
vl oul Ly
N SV VL
RAHIZ 755 £ 2225, MO RGO (0, 0) 2EERC & C Lolo
i L.
HIERC . U S TM - M A5z &, [ D% 0 alHlcllE o o
2 RNTHRTH 2G5 M e [a,b] — U H FREEE 1L, i

vi=myoc:lab - M
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W iR

A(t) = Fe(t)) (BEALTARTD te [a,b).

Zifilzd & &

IZES. ZOEE, VTV Yl y 388 (trajectory) & IEIXH
5. 5L, ct)=(x

(1), u(t)) LE\FIE, z(t) =~() £HBWVT,
i(t) = F(z(t),u(t)), (FELAETRTO € [a,b)),

DO, Ay (T72b5 CF) [EDIAATHDHEE /NT A —XEWT
BOESEDEA—HLTERZEDEHE SR TRT I LIZT 5.

Mg €M ZEELEE, mylcla)) = q 272 SHFEHE ¢ : [a,b]) U D
BIRIINFINSIRIROMEE 2 7D, G4 (endpoint mapping) End : C — M
%

End(c) := my o c(b)
WZEVEETD. AW c: [a,0] >U,ceCPRE HDOWVIFEELIE, B
End O, 2F 0, MO EE End, : T.C — ToaM PEHTRVWE EIZ

E5. RrRGIH c [T, Wl v =myoc ZFERNED 5 \WVITFEERD 5
ZREBERR T END.

R SN SR AT R R A 1 2 75D - IR U — TM ONIIL R =T
YH:UxyTM—R%

H(z,p,u) = (p, F(z,u)), ((z,u),(z,p)) €U xp T*M.

WWEDERLUIZE E, ARG (), u(t)) DRERHEIETH 2 51, IROHR
NI VEBERA

i) = Gl p0.u0), (1 <i<m)
B0 = —50 @O.p0. ), (1 <i<m)

\

Zi7- T REBBRERR (1), p(t),u(l)) DB BTN L THS.
REER T*M BRI (2(t), p(t)) XFr AR 2(t) O BEFEHRREIFIENS.

Z =P(S)=(S\0)/R* & S OFEEMDZEMEL T L. dim(Z) =6 THD

Vel 7 1 SIS ADEES LT & 0 BRI S, R 2 E T 7
47 —ayv

y & 7 Xy X
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x135.

ECTZ % S CTY ODANSIVERETS. bbb, $§4bb, &
(y,0) € Z, L CT,Y WU, By =mpi(l) £BL. T8, B I/NEKE
(2,3,4,5,6) ODEFENA LD, L= Ker(ry,), K = Ker(rx,) & B, AFES
RN RIZEDNRE =Ko L 2135,

EHE 2.2 RO[ARGCERHRPDPFET D -

{(2,3,5)-534i }/ = ( Go-BIfERNMEE (Z,F): )
(2,3,4,5,6)-7748 E DR
E=K®L, rank(K) = rank(L) =1,

s (K, L] =0E (:=[€,E] =E+E,€)),
[IC,06 ] =0%¢E, [L,06] = 0€E,
[IC,0PE ] =aBE, [L£,09€] =0P¢,
| [C,0BE]=0WE, [L£,0¥€] =0WE. )

~
112

o, R

E c 9 c OBE c IBE < IWg
2 3 4 5 6

DI TOHFTRINDG ZLITHEET 2.
EOXIGT, LA D (2,3,5)-734 S &, K »S6FEEI NS (cone filed,
“REX T RA7) DfEEE L TRLONS @

‘%< U qugc@Y>®ﬁ%@

zEﬂ';l(y)

72, (2,3,5)-distribution S &, B4 0F O3 —¥ —FitR L = Ker(ny,)
LB LTRONS.
ToIT, X EO#Y CCcTX 1E, e X ITHL,

Co=|J mx(l:) CToX

z€7r)_(1 (z)

LBl ZeTROND.
IDrE, ®Y C ORIPEE 0VE 5 mx 12X

Tk DEEIND X _EORHil
Gy -9 5. Z5LC, “I77vYailE (X,.C

) 2135,



-ITY A( \ TI-X TI-Y K
%@ Ty ') T, 0

Y, Z, X DZFNFND EIZIRONEREZ S OHEEL2ED

(2,2,3,5,5) on Y «— (2,3,4,5,6) on Z — (2,3,4,4,5) on X.

IZET, 28V 7 AT b —varvyY < 7 B X o4 S, B, LK
L C BT

TY & 17 X TX
U U U
s e p_gap e o
I I }

y <« gz X . X

XC, MO X FORMERC: L2 TX o X YiER B, ZOLE
IRDFERZ1G5.

T 2.3 (WM. [6]). BIRC: L 25 17X & X OB ESRIE, (2,3,5)-
DA (Y,S) 5 my-7 7 A N—D 1y BELTHERASNG. LT, HH
DreX LEEAMLICC,IZHULT, 2 2D, x THM (25D C-Hi
INAP—FEMNZIFAET 5. T4 DM Y 1E (X, 0) ORI/ SZ D72/ & [[—4
X, R X 1 (Y,S) ORI SADZEE L F—HE .

3 —MD (3,5)-BHEDHA.

T, (2,3,5)-0A06KD LTRSS RW—D (3,5)-0A%2EZLD. (3,5)-
DT 7T VY alREE ORI PRGN DL ZA D507
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(3,5)- & T 7T Y aMiiEIE DX
[ {(3,5)-241 (Y, D)}/= +— 777 j

IRDIE D LD,
EIE 3.1 (EVTAY—[9]86.8, [4]) D Z& 5-RGLERRIK Y ED (3,5)-a4 L
T35, ZDOLE,
(1) —HIZHEE 2 DA R S C D B"H->T, dS(:=[8,8]) C D ARk Y iLD.
(2) RO DFFRMHRIE SFUMRTH 2.
3) R yeY LAERE [u] € P(S,) ICHLT, /S5 A— 213 2HRNT 5K
IZ DREANZ~: (R,0) =Y 2XH->T, v(0) =y & [/(0)] = [u] DMFIET .
Bl 3.2 (Y = PT(P¥) &), fil 1.2 D& 512, Y = PT(PP), 7 : PT(P3) — P?,
Dy = (m) 1) LEBL. ZDY %, §=Ker(r,) THY, LihioT, Sl
MHTHoTC, 0S =S C D b, DRFESRE, 17 74 N— P(T,P?) = P?
OHEEMRIEIDERZOND.

D % 5-RTERRIR Y ED (3,5)-0AL T 5. (2,3,5)-0ADGHE & R,
Z:=P(S)={(y,0) |y eY,l € P(S5,)}
eUT, B2 ECTZ %2, & (y,0) € Z 122V,
By =1, (0) = {v € Zyp | m(v) € £}

CEDD. ZIZT, m: 2 =Y, 1wy l) =y IEEHRFETHD. T
&, O(E) XM 3 27225 H, 0B(E)=0(E) £7%5. D0, EIXNEXRE
(2,3,3,...) 2FfD. L4204 D CTY (BT 2EMENMNZ 572012,

D:=7rY(D)cTZ

LB, DR A OMEE RSB, ZUT, BUSTHIA LY, O(E) 25 02(E)
TiE7%L, ROOD “EHE'D ITBE2ETILIZTLOTHS. T L TRD &
578 (3,5)-226 7 & (NI 22 A 4 DEEE RS E AT & THNMEAE SN 5.

EH 3.3 ARG ERHPFELET S ¢

(B8 Y= cwashhz ko-nfOMECDCcTZ )
772U E 1% (2.3,3,.. )-D4T
IR E =K ® L, rank(K) =rank(L) =1 %25,
— DIZBEEL 4 DBESAT, OZM AT /
(K, L] =0E; [K,06]C D, [L,0E] = OE;
[K,D]=[&D]:rank 5, [£,D] =D,
| [K,[K,D]]=[K,D], [L,[K,D]]=TZ%: rank 6. |
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FoEBIZBWT, R4
& c 9 ¢ D c [K,D] C [L[K,D]]
2 3 4 5 6

nH 5.

XT, Z BT, K D¥EEEEFZZT, RFNC X = Z/K LBL. 7x: Z —
X ZHARGE LT 5. (2,3,5)-0ADL LK, X EOM#EE CcTX
2% re X IZXHL,

Co= |J mx(l:) CTX

z€7r;(1(ac)
ZEVEDB. 72EL —&@( 5)-SAEIK L TCIE, C OMEN X Eok
@E%J\_ AR ilﬁbfa\b\ EET 5.

ﬁ%ﬁC%Q¥L®%W%
C. L™y o x

CRRT. EH33I1ED, & € Z1IZD0WT, (2,0) TO L OFEFIZENT
Txy s L\ ZW — TX XEICHEE L35, 22T, FED 2= (z,0) € Z
TR U, Ay = mxa(D) LBL ZUT, AL, ={a € TiX | (0. Apy) = 0}
CEDD.

ZDEE, (3,5)-1& b-IRILEMEBRILK LDOH BT — 222575
Y A MREE DRI MR RT I ENTES

T 3.4 [FED (3,5)-94 D CTY 1Z2WT, DRFFENZAEED S KD 5-1%
TERRR X EICERICEAWES 1 CcTX, 277 ValiiE ccl, Bk
U 3-RIER Y MVEBDWE S0 7RE 9 = A,y C Hy |z € X, 0 € P(C,)} T
TyCp C Apy 27T HDRERITEEL T, JHOZEM Y X 24 1Tt dhFz
Fio CREAZAOZERE UTHEIN, TONG D b 9 »ofEixdnd.

Frzikz 135 -
EE 3.5 (3,5)-7245 (Y, D) » 543605 %
C: L2 px o x
DORFENZANE Ty - T 7 A N=D nx e LTRONE. LA T, FED 2z e X

CHEEAM OC C TR LT, 28 It E RS, © 2@ 2 TOH@N
¢ 725 CHENAN—BWIZEET 5.



4 JEZSHREOE DS REE.

R AR Tz (3,5)-734 &SRNGS LD F 2T Y o MEREIE O R D BUN
&, EZ KO O G KR E 52 5.

3 Y = P(TP) RIZBERMEEZED X D.

Rg @fh ?2‘77% o, T1,T2 Iz TL/T Y = P(T]PS) @ﬁﬁﬁf*ﬁﬁ o, T1,T2,P1, P2
BEZD. 272U, pup &, BRBHEY R OT7 74 XX—=DT 7 1 V&
AR Thd. ZDGE,

0 0 o 0 0
D:<a_0+2916 1+P2

Oy g2 9,
dzs’ Op1” Ops op1’ Ops

THo. 7= P(S) kBg, Z 0)%)3}?@@;% o, X1,T2,P1,P2,S rrdH., ZD
g,

Bl tsgmgh K=(gtsp) L={g)
THY,
5:<i+p18 +p28 0.0 8)
0z oxy Oy Op1 Opy’ s
THhd. §5&, K, L] = (8%1,8%2,85> = OF which is of rank 3. Moreover
[K,0F) =0F C D, [L,0FE] = 0F, L = Cauchy(0F) TH%. T HIZ,
~ 0 o o0 o 0 0 0
[K’D]:<3wg+p13w1+p23x2’6_p1’8_p2’%’3_$1+88_x2>

L, IS Thb. DL, [K,[K, D] = [K, D], K = Cauchy([K, D))
-t“% D’ I's Is s s s s
AP = G 5 e o 05 =77

EHy, TNIFMEHR 6 THD.
ZOLE, Y =PTP) & X =PTP OEIONNMEITIRTEZ 6N,

Y = P(TP*) 2 Fio(RY) :={Vic Vo CcR'}, ScDcCTY.
X=PTP)2F ;R ={VicWcR'Y, CcHCTX, 2,
(B-RouZEE DR TV, ) T HIT,

Z2PS)2PC)2 Fiaza={ViCVaC Vs CRY}

#1585, LT, FEDOLE VL ePPIZRHLT, RONILEES :
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(Vi E®D DFFFRINZ) ¢— (R V) C Vo CRY) — (RV VIV Vo /V) C
RY/W1)
+—— (P(RY/V}) DERR) «+— (EV,CV3CRY) «— (V,eP? ED X D).

—7,

(Vi ED 2 (ZHEfEHiRR &2 £ D CHFRSR) «— (RV PV V) C Vg CRY)
= (RUV Vi C VE CRY) +— (P(VE) OFFER) «+—
(Vi C Vo CR* Z§li 7293 E V) +— (V1 eP? DY D).

5 RAERMERE.

B 1. —#D (3,5)-DMAICTEMNST2EM34 DR (X, H,C,9) D7 T A
T WA D Z LT TTRED ?

BB 2. Y2V w7 (3,5)-3MAICHN LR 8=MEFT»?

RIS 3. (3,5)- D DAFREZ IS 5 2 L IZ ke ?
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