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PO PHUC TAP TOPO BAC CAO CUA TiCH KET CAC MAT CAU

Tran Hu¢ Minh", Nguyén Vin Ninh
Truong Pai hoc Suw pham — DH Thai Nguyén

TOM TAT
Niam 2010, Rudyak da dua ra khai niém vé do phuc tap topd béc cao cua mot khong gian t6 p6 lién
thong thuong. Day la mot bét bién dong ludn, nd do sy ton tai cua ké hoach chuyén dong bac cao
va ¢6 nhiéu quan hé véi cac bat bién khac. Viéc tinh toan d phirc tap topd bac cao trong truong
hop tong quat 1a kho. Trong bai bao nay, bang viéc xay dung truc tiép cac nhat cit trén cac tap
ENR, chung t6i tinh toan do phirc tap to pd bac cao ciia tich két cac mit cau.

Tir khéa: ké hoach chuyén dong, do phikc tap té pé, nhat cdt, bat bién dong ludn, tich két
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THE HIGHER TOPOLOGICAL COMPLEXITY
OF WEGDE PRODUCT OF SPHERES

Tran Hue Minh”, Nguyen Van Ninh
University of Education — TNU

ABSTRACT
In 2010, Rudyak introduced the concept of higher topological complexity of a topological space.
This is a homotopy invariant, which measures the existence of higher motion plans and has
many relations with other invariants. It is difficult to calculate higher topological complexity in
the general case. In this paper, by directly constructing sections on ENRs, we compute directly
the higher topological complexity of wegde product of spheres.
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1 Khai niém vA mot sé tinh
chat cd ban

Mé rong khai niem vé do phiic tap topo,
nam 2010, YB .Rudyak da dua ra khai niém vé
do phic tap topd bac cao cho khong gian t6po
lien thong dudng nhu sau (xem [1]).

V6i mbi s6 nguyén n > 2, dat J, = [0;1] V
[0;1] V... V [0; 1] 1 két clia n doan thing don
vi tai diém 0. Ky hieu X7» 1a tap cic anh xa
lien tyc v : J, — X. Khi d6 X”/» 14 khong gian
tOpd véi topo compact mé. Xét anh xa

e X - X7
(’7(11)7’7(12)%“77(171))'

1; 14 diém 1 clia doan [0; 1] thit i trong J,,. Khi
do, e, 1a phan thé theo nghia Sere va thé F
dong luan vé6i (QX)" 1.

0 g

Dinh nghia 1. Do phiic tap topo cia X la
$6 nguyén duong bé nhat TC,(X) = k thoa
min X" c6 thé pha béi k tap mé Uy, ..., U
sao cho trén méi U; ton tai mot nhat cat lien
tuc s; : U; — PX tie 1a efsi = idy, v6i moi
i=1,...k

Tt dinh nghia ta c¢6 TC,(X) = 1 khi va chi
khi X co rat duge (xem [2]). Trong trudng hgp
téng quat viec tinh toian bat bién nay kha phic
tap. Dé lam dugc didu ndy, ngusi ta thuong
phai dua ra chin trén va chin dudi.

Menh dé sau cho ta chin duéi ctia TC,,(X)
(xem [1])

Ménh dé 1. Cho X la khong gian lién thong
duong va d, : X — X" la dnh xa dudng chéo
tuong tng. Néu ton tai cic lop doi dong diéu
ULy ooy Uy, € H*(X™,7Z) théa man:

i diu; =0 vdi moii=1,..,m,
ii. Lop uy...upm € H*(X™,Z) khdc khong.
Khi do TC,(X) > m+ 1.

Cha y rang, néu X 1a khong gian topo c6
kiéu dong luan ctia mot CW— phiic hitu han
chiéu thi (xem [3])

H*(X",Z) = H*(X,2)®..H*(X,Z) (nlin ).

Meénh dé tiép theo cho ta mot chan trén clia do
phiic tap t6pd bac cao

Meénh dé 2. Cho X la la mét khong gian topo
6 kiéu dong luan cia mot polyhedron. Khi do,
néu X™ = X1 U ..U Xy, moi X; la ENR va
trén méi X; ton tai s; : X; — X7 sao cho
eX os; =idy, thi TCh(X) < k. .

Chitng minh. Ta md rong mdi tap X; nhu trén
thanh mot tdp con md trong X" ma trén dé
ton tai nhat cit lien tuc ciia eX . V6i mdi tap
ENR X; va phép nhing X; ¢ X" c RN, Dit
r:V = X; 1a co rit lan can. Khi d6 ton
tai tdp mé U cha V v6i X C U C V théa
mancécénhxaUCVvaUCVQXic
V dong luan. Do d6 ton tai mot dong luan
H:UxI — V,H(u,0) = u,H(u,1) C X,.
Xét nhat cit s : X; — X/ va dat g : U —
X7 g(u) = sH(u,1). St dung tinh chit mé
rong dong luan dé xay dung mot dong luan
G:UxI— EvéipG=H va G(u,1) = g(u).
Khi d6 0 : U — E,0(u) = G(u,0) 14 nhat cét
lién tuc trén U. ]

Thuc chat vé sau khi xay dung cac nhét cit
ta thuong xay dyng trén cac tap ENR.

2 Do phic tap topo bac cao
cua tich két cac mit cau

Trong phan nay bing viéc st dung cac két
qua cia Ménh dé 1 va Ménh dé 2, chiing toi tinh
toan truc tiép két qua vé do phric tap topo bac
cao clia cAc mit cau.

Dinh ly 1. Gid st X la tich két ciia hitu han
cde mat cau bat ki, nghia lo X = SFv...vSkn,
ki>1,m>1. Khi d6 TC,(X)=n+ 1.

Chitng minh. Theo két qua vé vanh dai s6 dbi
dong diéu ctia X, ta ¢c6 H*(X) ¢6 m phan ti
sinh w; € H¥(X),i = 1,...,m théa man diéu
kién u;u; = 0, v6i moi 4, j. Tt m > 1, ta chon
hai phan t sinh phan biét w;, uj, ¢ # j. Dat

t
G = 1919..810Ui®..01—14;®1®...9181,
vl t=2,...,n,
aj:1®1®...®1®uj—uj®1®...®1®1.
Khi d6 cac phan ti u;,u; déu thudce
H*(X,Z) ® ... H*(X,Z). Mt khac ta c6

n
t=2



Hon nita, d,u;; = dyui; = 0. Do d6, theo Ménh
de 1taco TC,(X)>n+1.

Dé chitng minh dinh 1y ta chi cin chiing
minh TC,(X) < n+ 1. Goi P la diém co s
cla tich két X = Shv...vSkn, P e Sk 13
cac diém xuyen tam déi ctia P trong S¥ tuong
tng. C6 dinh dudng di ~; tit P t6i P; va ki hieu
v, 1a dudng di ngugc lai.

Ta phan tich S = U; UV, véi U,V
la cac tap ENR va U; NV; = 0, P € U,,
P; € V;. Khi d6 X x X la hop roi cta cac tap
UiXUj,Ui X‘/},V; XUJ',VZ‘XVJ‘, 1<4,5 <m.
Véi (A, B) € X x X, ta xay dung dudng di, ki
hiéu [A, B] tit A dén B nhu sau
+ Néu (A,B) € U; x Uj thi [A,B] = [A, P]

[P, B], chinh 1 duong di ttt A dén B qua
P.

+ Néu (A,B) € U; x V; thi [A, B] = [A, P] x
7; * [Py, B]: 1a dudng di tit A t6i B qua P
va Pj.

+ Néu (A, B) € V; x U; thi [A, B] = [A, Pj] *
vt [P, B]: la dudng di tit A t6i B qua
Pi va P

+ Néu (A,B) € V; x V; thi [4, B] = [A, P)] «
v; %y [Py, B: 1a duong di tir A t6i B
qua P;, P va Pj.

O day, [A4, P, [4, P, [P, B], [P;, B] la duong
tric dia tt A to P, P; va tit P va P; t6i B
tuong dng.

Dat U = UU;, V = UV;. Khi d6 v6i mbi tap
con K C {1,2,...,n} ta xét

Xk ={(A1,...., Ap)|A; € Vifonly if i € K}, and
Xp= |J Xx.
\K|=k

Xét anh xa
O X" — X,

bién méi boi (A, As, ..., An) € X" thanh
([Al, Al], [Al,AQ], ey [Al, An]) € X7’ Ta ¢
®|p, : D, — X7» 14 nhat ¢t lien tuc cla
exX. Hon nita, Dy, k = 0,...,n 1a cac tap ENR
va phit X™. Do d6 theo Ménh dé 2 TC,,(X) <
n + 1. Vay ta c6 diéu phai ching minh. O

Két luan: Do phitc tap topo bac cao ctia
mot khong gian topo 14 mot bat bién dong luan.
Theo két qué trong [2] thi TC,,(X) = 1 khi va
chi khi X la khong gian co rat duge. Trong
truong hop téng quat viec tinh todn bat bién
nay 1a khé. Trong bai bao nay, ching t6i tinh
toan truc tiép do phitc tap topo bac cao cla
tich két cac mit cau. Cu thé, dé uéc lugng chin
dudi ching t6i stt dung dbi dong diéu ki di, dé
u6c lugng chin trén ching to6i d& xay dung truc
tiép nhat cit trén cac tap ENR.
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