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TINH BAT BIEN DONG LUAN CUA DO PHUC TAP TOPO BAC CAO

Tran Hug¢ Minh v Nguyén Van Ninh

Bai hoc Su pham - Dai hoc Thai Nguyén

Tém tit

T bai todn lap ké hoach chuy‘é}a dong ctia mot hé co hoc trong ly thuyét 16bot, Rudyak da dua ra
khdi niem vé do phic tap 16p6 bic cao cda mot khong gian t6po. Day 1o mot khdi niém do tinh
lien tuc cida ké hoach chuyén dong bac cao. Trong bai bdo nay. chang t6i ching mink tinh bat

bién dong ludn cia mot khong gian 16ps. A/p dung két qud nay, ching t6i ching minh sy khong

dong phoi gitta mot s6 khong gian 16p0.

T khéa: Ké hoach chuyén dong, do phic tap t6po, nhdt cdt, bat bién dong luan, tuong duong

doéng ludn.
1 Tinh bat bién dong luan

Tit bai toan 1ap ké hoach chuyén dong ciia
mdt he oo hoc. M. Farber da dua ra khai
nism v& do phic tap topd nhu sau. Cho X
Ia mdt khong gian topo lién thong duong. Dat
PX ={v:[0;1] — X Len tuc} l& khong gian
céc dudng di lien tyc trong X vdéi tdpd compact
mdé. Xét anh xa

m: PX — XxX
(7(0),7(1))-

Dinh nghia 1. [1] D6 phtc tap topd chia X
1 s6 nguyén duong bé nhit TC(X) = k thod
man X x X ¢6 thé phi béi k tap mé Uy, ..., U
sao cho trén mdi U; tdn tai modt nhat cat lien
tuc s; : Uy = PX tidc 1& 7s; = 4dy, véi moi
g=1 . %

Néu khéng ton tai s6 k nhu trén thi ta noi
POLX) = oo

¥

Téng quat héa khai nism trén, nam 2010,
YB .Rudyak da dwa ra khai niem v& do phic
tap topd bac cao cho khong gian topo lién thong
dutng nhu sau (xem [3]).

Vai mdi s6 nguyén n > 2, dat J, = [0;1] Vv
[0;1] V... V [0;1] 1a két ctia n doan thing don
vi tai didm 0. Ky hisu X7/ I tap céc énh xa
lien tuc v : Jp, — X. Khi d6 X7 14 khong gian
topd vai topd compact md. Xét anh xa

g 2 X 3 X%

P (7(11)7 7(12)7 "'77(]%))‘

1; Ia didm 1 ctia doan [0; 1] thit ¢ trong J,,. Khi
d6, e, 1 phan thd theo nghia Sere va thd F
dong luan vai (X)L,

Dinh nghia 2. Do phic tap topd caa X &
s6 nguyén duong bé nhit TC,(X) = k thod
man X7 ¢6 thé pha béi k tap mé Uy, ..., U
sao cho trén mdi U; tdn tai mot nhét cit lien
tuc s; : U; — PX tic 1a eXs; = idy, voi moi
fe T

Néu khong ton tai s6 k nhu trén thi ta noi
TCr(X) = oo.

Tt dinh nghia ta ¢6 TC,(X) = 1 khi vh chi
khi X co rat duge (xem [2]). Trong trutng hop
téng quét thi do phic tap topd béc cao cua
mt khong gian topd nhu mot dai heong dé do
sit lien tyuc ciia mot ké hoach chuyén dong bac
Ca0.

Mot trong nhitng tinh chit quan trong cia
do phic tap tdpod bac cao duge ching t61 chiing
minh trong dinh Iy sau.

Dinh 1y 1. TC,(X) la mot bat bién dong
luan.Nghia la néu X dong luan véi Y il
TEIE) = 6, 7).

Trude khi ching minh ta nhic lai dinh
nghia sau
Dinh nghia 3. Cho X,V & céc khong gian
topd

i. Hai anh xa lién tuc f,9: X — Y duge got
4 ddng Inan néu tdn tai 4nh xa lien tuc
H: Xx[0;1] =Y, sa0 cho H(z,0) = f(z),
H(z,1) = g(z) véi moi z € X. Ki higu
I g
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ii. Anh xa lien tue f : X — Y duge goi Ia
tuong duong dong luan néu ton tai anh xa
hén tuc g : Y — X sao cho fg >~ idy va
gf ~=idx

iti. Hai khong gian tops X, Y duge goi 1a dong
luan (hay ciing kiéu dong luéin) néu ton tai
mot tuong dudng dong luan f 1 X — V.

iv. Mot khai niem hay tinh chit cia X duge
goi 1a tinh chit bat bién dong luan néu né
c6 trén moi khong gian dong luan vai X.

Tir dinh nghia ta dé thay hai khong gian
topd dong phoi thi dong lnan.

Chitng minh Dinh ly 1. Gid st f : X — Y va
g Y — X sao cho fg ~ idy. Ta chitng minh
T 2 TEIX),

Goi U C X™ Ix tap md sao cho tdn tai nhéat
cht s : U — X7 clia X nghia la eXs = idy.
bat

V = {(A1, ., An) € Y™|(g(A1), .

Ta x8y dung o : V — Y7 sao cho e}:a =4dy.
Vi fg ~ idy nén tdn tai anh xa lien tuc
H Y x[0;1] — Y sao cho H(y,0) = fg,
H(y,1) = idy. Ki hiéu hi(y) = H(y,t), t €
[0;1]. Vay ho =idy, b1 = fg.

Vi bat ky (A1, Ag, ..., Ap) € V ta xac dinh
anh xa o nhu sauw:

o (A1, .., An)(t) = 0i(t) néu t € [0;1];.

Trong d6 o4(t) : [0;1]; — Y duge xéc dinh nhu
sau

hat(Ay), ndu 0 <t < %
oi(t) =< f(&:i(3t—1)), néui<t<?2
hg(l_t) (4s), néu % Ll

G day 6;(¢) duge xac dinh tir s nhu sau: Vai
s(g(A1), ..., g(An)) =t T = X7
Dat v(0) = Ao, 7i(t) = Y|o,1, ()

m(1—2¢t), nbu0<t<i;
r(2t—1), nbul<t<l1

6;(t) =

Do dé ta thiy ¢ dugce x4c dinh hodn toan

ti s nén ndé hén tuc va e}f o = idy. Vay
P} € TEAXY
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-:Q(An) € U)}

Néu gf =~ idx thi ddi vai tro ciia X va
Y va lap ndn tuong ty nhu trén ta duge
TCh(X) < TCL(Y). Tt d6 ta c6 diéu phai
ching minh, O

Corollary 1. Néu hai khong gian téps X va
Y dong phoi thi TCr(X) = TCL(Y).

2 Ung dung

Mot trong nhitmg bai todn quan trong clia
hinh hoc 13 phan loai céc dbi tugng hinh hoc
hay céc khong gian, Thy vho yéu ciu mi ta
¢ thé phan loai cAc dbi tugng ndy dén mitc
nio. Ung dung Dinh Iy 1 trong topd Ia ta c6
thé phan ldp mot s6 khong gian topo (sai khéc
mot dong phoi). Sau day, ching t6i dua ra mot
s6 phén ldp cac khong gian topd bang viec sit
dung két qué nay. Cu thé néu hai khong gian ¢6
do phite tap topd bac cao khac nhau thi ching
khong dong luan va do d6 ching khong dong
phdi. Tuy nhién, khi hai khong gian ¢é do phic
tap topd bac cao gidng nhau thi ta ciing khong
thé két luan vé syt dong phoi clia hai khong gian
nay. Khang dinh nay duge thé hien trong vi du
sau,

Vidu 1. Ta c6 thé ching minh ring véi hai sb
nguyén diong m # n bét ki thi R™ 1 v R+
khong dong phoi vai nhan. Trong phin nay, ap
dung két quéi ctia Dinh Iy 1 ta sé ching minh
trong trudng hop m + & 14 6 16.

That vat, gid sit phén chimg R™H v
Rt ddng phoi. Suy ra, ton tai dong phoi
f: R™H 4 R*HL Ly 2z € R™ ¢b dinh,
y = f(@). Dit X = R™1\{a}, Y = RF1\ .
Tit f 15 ddng phoi suy ra fix ctng la dong phoi.
Do d6, X va Y dong phoi vdi nhau. Ap dung He
qué 1 thi TC,(X) = TCH(Y). Lai ¢6 X ~ S™,
Y =~ S*, 4p dung Dinh Iy 1 ta c6

TC 8™ =TC,(5F) (1)
Theo két qua tinh toan cia Rudyak trong |3}
thi

S 1B
TCn(Sp) - n n(;u P ‘« ) (2)
n+1 néu p chan
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Vi m + 1 16 nén trong hai s6 m va I 6 mot
56 chan vh mot s6 18, nghia la déng thic (1)
khong thé x4y ra. Do dé6 R™H va R khong
thé ddng phoi.

Lap luan tuong ty nhu trén thi ta suy ra
hai mat cdu S* va S! véi k + 1 1z s6 16 khong
thé dong phoi véi nhan. Vi theo (2) thi hai mat
cAu ¢6 sb chidu cing chén hosc s6 chidu cing 16
thi ¢6 do phitc tap topd bac cao 1a gidng nhau.
Tuy nhién, ta c6 két qud 1 cdc mat chu o
s6 chidu khéc nhan thi khong dong phai. Cac
khong gian Euclid R™ cling vay.

Tiép theo ta & ching minh sy khong ddng
phoi gifta mat cdu va cAc khong gian Buclid.

Vi du 2. Xét khong gian BEuclid R™ va mét
chu dan vi S™ trong R™FL, Ta sé ching minh
R™ v& S™ khong thé dong phoi véi nhau.

That vay, ta 6 R™ & tap 161 do do
TCL(R™) = 1(xem [2]). Mat khac theo (2) thi
TCL(S™) > 1. Do d6, ap dung He qud 1 ta o
didu phéai chitng minh.

Lap lugn tuong ty nhu trén ta suy ra R™
va SP khong dong phoi véi moi m va k.

Vi du cudi cling ta xét két qué guen biét
trong hinh hoc vi phén déi v6i da tap compact
mdt chidu,

Vidu 3. Chiing ta da c6 két qui: mot da tap
compact mot chidn hosc dong phoi vai dusng
tron don vi S! hose I doan thang I = [0;1].

Ta ¢6 I 1& khong gian topod co rat duge nén
TC,(I) = 1. Mat khac theo két gqué trong [3]
ta c6 TCr(S!) = n. Do d6 S! vi doan thang
I khong dong luan. Do do, ching ciing khong
dong phoi. Vay ta ¢ thé két lnan. Da tap com-
pact mdt chidu co hai loai: Ho#c 12 dong phoi
véi I hoge 1 ddng phoi véi S

Két luan: Do phitc tap topd béc cao cia
mot khong gian topo 1a khéai niem ding dé do
su lién tuc clia mat két hoach chuyén dong bac
cao. Trong bai bao nay, ching t6i da chi ra ring
dé phitc tap topd bac cao 1 mot bét bién dong
fuan. Nghia 1& né chi phu thude vio kidu dong
Inan ctia khong gian topo do. Sit dung két gqua
nay ta co thé dua ra mot sé két qué chitng minh
sy khéng dong phoi gitta cac khong gian.
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Summary: From the problem of planning the motion of a mechanical system in the theory of
robots, Rudyak introduced the concept of higher topological complexity of a topological space. This
is a concept that measures the continuity of a higher motion planning. In this article, we prove
the homotopy invariant of a topological space. As an appplication, we prove non-homeomorphism

Of some spaces.
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