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PQ PHUC TAP TOPO BAC CAO CUA DIEN RIEMANN COMPACT

Tran Hué Minh", Nguyén Vin Ninh
Truong Dai hoc Sw pham - DH Thai Nguyén

TOM TAT

Dién Riemann compact X4 13 cac da tap compact hai chiéu dinh hudéng duoc. Pay 1a ddi tuong
hinh hoc trong R® c6 nhiéu tinh chit hinh hoc dep va dugc quan tdm nghién ciru nhiéu trong
hinh hoc vi phan. D¢ phirc tap tdpd bac cao 1a mot bét bién topd dwoe Y. B. Rudyak dua ra nim
2010, day la khai niém tong quat cua khai niém do phirc tap topd duge M. Faber dua ra trudc
d6. Cac van @& lién quan téi d6 phirc tap topd va do phirc tap top6 bac cao dugc quan tim
nghién ciru dé ap dung giai quyét mot sd bai toan trong 1y thuyét robotic trong nhitng nim gan
day. Trong bai bao nay, ching t6i dua ra két qua tinh toan do phirc tap topd bac cao cua cac
dién Riemann compact dinh huéng vé6i gidng g bat ki.

Tw khéa: Dién Riemann compact; da tap compact;, d¢ phirc tap topo bdc cao; da tap dinh huong
duoc; giong.
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THE HIGHER TOPOLOGICAL COMPLEXITY OF A COMPLEMENT
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ABSTRACT

The Riemann compact surface Sigmag is an oriented two-dimensional compact manifold. This
geometry object in R 3 has many beautiful geometrical properties and is interested in much
research in differential geometry. Higher topological complexity is a topological invariant
introduced by Y. B. Rudyak in 2010, which is a general concept of topological complexcity.
Related problems of topological complexity and higher topological complexit have been
mentioned in a lot of studies to solve some problems in robotic theory in recent years. In this
paper, we give the results of calculating the high order topological complexity of the oriented
Riemann compact surface with genus g.
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1. D6 phiic tap topo bac cao

Cho X 1a mot khong gian topo lién thong
duong, J,,n € N la tich két ctia n doan don vi
[0,1];, 3 = 1,...,n tai diém co sé 1a 0. Dat X/»
la khong gian cac anh xa lién tuc tu J, t6i X
v6i topod compact mé. Xét anh xa

en - XM
Y —

X",
(7(11)a e '7(171))

v6i 1; 1a don vi cua [0, 1] thi ¢ tuong tng. Khi
do e, 14 mot phan thé theo nghia Serre.

Dinh nghia 1. [1] Do phiic tap topo bac cao
TC,(X) clia khong gian topo X la s6 nguyéen
duong nhé nhat k£ théa méan ton tai mot pht
mé {X;,i = 1,...,k} cia X" sao cho trén moéi
tap X; ton tai nhét cit lién tuc s; : X; — X7»
cla ey, (nghia la, e, o s; =idy;).

Dinh nghia nay dugc Y. Rudyak dua ra
trong [1]. Trong truong hop n = 2, TCy(X)
trung v6i khéi niem do phtc tap topo T'C(X)
duge M.Farber dua ra trong [2].

C6 thé hidu TC,(X) la gibng Schwarz ciia
phan thé e,.

Remark 1. Chu § ring e, 14 cai thé phan
thé cha d,, : X — X" (nghia la ton tai mot
tuong duong dong luan h : X — X 7" sao cho
d, = enoh) va do d6 TC,(X) ciing 1a gidng
Schwarz clia anh xa d,, (xem [1]).

Sau day 1a mot s6 tinh chat quan trong clia
TC,.

1. Cho X la khong gian lién thong duong co
kiéu dong luan ctia polyhedron n chiéu thi

TC,(X) < dimX + 1. (1)
2. Cho X va Y la cac khong gian lién thong
duong. Khi do

TCH(X X V) < TCo(X) + TCu(Y) — 1. (2)
3. Vi e, la cai thé phan thé cia anh xa d,, :
X — X™ nén ta c6 tinh chat sau: Gid st m
la mot s6 nguyen duong, u; € H*(X™) véi
i=1,...,m la cac 16p déi dong dicu thoéa man

Remark 2. Gia sit X 1a khong gian lién thong
duong va u mot 16p ddi dong diéu trong H*(X).
Dit

n—1 i

i= () 10..010u018..01)-18..910(n-1)u,
i=1

t
i =1019..9018U8..01 —u®1®...910 1.
Day 1a cac 16p d6i dong diéu trong H*(X") =
H(X)®..® H(X) théa man diua = 0 va

n lan
dyup =0 v6imoit=2,..n.

Viéc tinh toan do phtc tap t6 pd trudng hop
tong quat rat phic tap. Do d6, thong thudng
ta chi c6 thé dua ra cac chin trén va chian dudi
cho bat bién nay.

2. Do phic tap t6p6 bac cao cua
phan bu cac dién Riemann com-
pact

Trong phan nay, ching toi dua ra két qua

cu thé vé do phrc tap topo bac cao ciia cac dién
Riemann compact.

Ménh dé 1. [3) X = X,9 > 1 la
mat Riemann compact vdi giong g. Khi dé

H*(X) = H*(X,Q) sinh bdi cic phan ti
Uy eeey Ug, V14 -y Vg € HY(X) v quan hé uju; =
vivj = uvj; = 0 vdi moi i # j, u? = v} =0 va

U4 U5 7& 0.

Dinh Iy sau cho ta két qua do phiic tap topo
bac cao clia mat Riemann compact v6i gidng g.

Dinh 1y 1. X, la mat Riemann compact vdi
giong g

n+1 néug=0
TCh(Eg)=¢2n—1 néug=1
2n+1 néug>1

Ching minh.

+Trudng hop g = 0: £, 14 S2. TC,(X,) =n+1

(xem [1]).

diu; =0 vaug Uug U...Uuy # 0 € H*(X™). +Trudng hgp g = 1: 3, la xuyén T = S x SL.

khi d6 TCy(X) >k + 1.

Do d6 ta c6 TCp(X,) = 2n — 1 (xem [4]).
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+Truong hop ¢g > 1: Ta chon dudgc cac 16p doi
dong diéu uy,v1,u2,v2 € H (3,4, Q) thda man
quan hé sau:
’U,Z‘2 = 0, ui2 = 0, UV = UiUy
v6i i # j va 16p ddi dong diéu

= Vv = 0

0 # uvy = uss = w € HQ(ZQ,Q).

Dat: 1o = 101® .01 Qus — e ®1®..Q01x1
=1R1®.A1RQUV—1rR1®..Q1K1

t

iy = 1918...9100®...01 -1 ®1%...0181

t
T = 101®..010018...01 -1, 918...9191

v6it =2,...,n.

bat
n n
T = U2 H U1e) (02 H U1t)
=2 =2
Khi do
T=220Q0wWR®..Q0w

G day e = +1.

Mat khac ta ¢6 diuyy = dv;; = dius =
d:LQ_}Q =0.

Theo tinh chat vé chan dudi ta co
TC,(Eg) > 2n+ 1.

Mit khac do ¥y ¢6 chiéu la 2 nén 4p dung
bat dang thic (1) ta c6 TCp(Xy) < 2n + 1.

Vay TCo(S,) = 2n + 1. O

Hé qua 1. Cho X =%, vdi g > 1. Khi dé ta
co
TCu((Zg)F) < 2nk + 1.

Chitng minh. Ap dung bat ding thic (2) k—1
lan ta dugc

TC,(Z)") <Ek@2n+1) — (k—1) = 2nk + 1.

O]

3. Két luan

Trong bai bao nay, bing phuong phap sit
dung cac tinh chat chin trén vé chiéu va chan
duéi thong qua déi dong diéu ki di ching toi
da dua ra két qua vé do phiic tap topo bac cao
cia dién Riemann compact.
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