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LOI CAM DPOAN

To6i xin cam doan day la cong trinh nghién ctu cua riéng t6i dudi Sy
huéng dan cia PGS.TS Pham Hién Bang. Cac tai liéu trong luan van 13 trung
thue. Cac két qua chinh caa luan vin chua timg dugc cong b trong céac luan
van Thac si cua cac tac gia khéc.

T6i xin cam doan rang moi su gitip d& cho viéc thuc hién Luan van nay da

duoc cam on va cac thong tin trich dan trong Luan vin da duoc chi rd ngudn goc.

Théi Nguyén, thang 4 nam 2019

Tac gia

Lé Thi Trang



LOI CAM ON

Ban luan van duoc hoan thanh tai Truong DPai hoc Su pham - DPai hoc
Thai Nguyén dudi sy huéng dan cua PGS.TS Pham Hién Bang.

Xin chan thanh cam on Phong Pao tao- B6 phan Sau Pai hoc, Ban chu
nhiém Khoa Toan, cac thay c6 gido Truong Dai hoc Su pham - Pai hoc Thai
Nguyén, Vién Toan hoc va Truong Pai hoc Su pham Ha Noi da giang day va
tao diéu kién thuan loi cho tdi trong qua trinh hoc tap va nghién ciu khoa hoc.

Ban luan van chic chin s& khéng tranh khoi nhitng khiém khuyét vi vay
rat mong nhan dugc sy dong gop v kién cua cac thay cd gido va cac ban hoc
vién dé luan van nay duoc hoan chinh hon.

Cubi cliing xin cam on gia dinh va ban bé da dong vién, khich I¢ t6i trong
thoi gian hoc tap, nghién ciru va hoan thanh luan van.

Thai Nguyén, thang 4 nam 2019

Tac gia

Lé Thi Trang
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MO DAU

1. Li do chon dé tai

Nhu d3 biét, nguyén Ii diém bat dong di dugc Banach phat biéu va
ching minh tir nam 1922 1a mot trong nhitng dinh ly quan trong nhét caa giai
tich ham co dién. Nghién ciu vé Iy thuyét diém bat dong dong mot vai tro rat
quan trong béi vi né tim duoc tng dung trong nhiéu linh vuc quan trong nhu
phuong trinh vi phan, van tril hoc, toan kinh té.... Trong cac nghién ctiu vé sau,
cac tong quat khac nhau vé khong gian metric d3 duoc dua ra boi mot sé nha
toan hoc nhu Gahler [3] (khong gian 2 — metric) va Dhage [2] (khéng gian D —
metric). Nam 2004, Mustafa va Sims [6] da chi ra rang hau hét cac két qua lién
quan dén cac tinh chat tépd cta D —metric 1a khong chinh xac. Dé stra chira
nhitng han ché nay, ho da dua ra mot khai niém méi, thich hop hon, duoc goi 13
G —metric. Pong thoi, Mustafa va cac cong su ([7-8]) dd nghién ctru mot sb
dinh 1i diém bat dong d6i v6i cac anh xa thoa man cac diéu kién co khac nhau
trén khong gian G —metric. Viéc tong quat hoa mot so két qua ciia Mustafa, da
duoc thuc hién boi S.K. Mohanta [4]. Trong d6 tac gia da ching minh mot s6
dinh li diém bat dong trong khéng gian G — metric day du.

Theo huéng nghién ciu ndy, ching toi chon dé tai: “Pinh Iy diém bat
déng trong khéng gian G — metric day di”.

Y nghia thoi su: Dé tai ¢6 ¥ nghia thoi sy, da va dang duoc nhiéu nha
toan hoc trong va ngoai nudc quan tdm nghién cuu.
2. Muc dich va nhiém vu nghién cau

Nghién ciru va trinh bay mot s6 két qua vé diém bat dong trén cac khong
gian G — metric day du.
3. Phuwong phap nghién ciru

Str dung cac phuong phap cuaa giai tich ham.



4. B6 cuc ciia luin vin

Noi dung luan van duoc viét chi yéu dya trén cac tai lidu [1], [4] va [9],
gdm 40trang, trong d6 c6 phan md dau, hai chuong ndi dung, phan két luan va
danh muc tai liéu tham khao.

Chuong 1: Trinh bay tong quan va hé thong mot vai tinh chatciaG —
metric,t0p0 cua khong gian G — metric, sy hoi tu trong khong gian G — metric
va anh xa lién tuc trong khong gian G' — metric.

Chuong 2: La ndi dung chinh cua luin van, trinh bay lai chi tiét cac két
qua nghién ctu cua S.K. Mohantavé diém bat dong trong khdng gian G —
metric day du.

Cubi cuing 1a phan két luan trinh bay tom tat két qua dat dugc.



CHUONG 1
KIEN THUC CO SO VE KHONG GIAN G —METRIC

Trong chuong nay chung toi trinh bay khai niém vé G — metric trén mot
tap E va mot sb tinh chit co ban cua no.
1.1. Khong gian G — Metric

Nam 2004, Mustafa va Sims [6] dua ra mot khai niém méi la khéng gian
G — metric, dong thoi chomét sb vi du vé khdng gian G — metric va mét sb
tinh chat cua n6. T4c gia da chi ra riang cac khong gian G — metric duoc trang
bi t6pd Hausdorff, cho phép ching ta xem xét mot s6 khai niém topd nhu day
hoi tu, ddy Cauchy, anh xa lién tuc, tinh day du...
Pinh nghia 1.1.1. Mot khong gian G —metric la cap (E,G), trong do F la
mot tap khac rong va G : E° — R™ 1a mot ham sao cho véi moi 7,8,t,a € E|
cac diéu kién sau day dugc thoa man:
(G) G(r,st)=0néur=s=t;
(G)) G(r,r,s) >0 véir=s;
(G.) G(r,r,s) <G(r,st) véit=s;
(G,) G(r,s,t)=G(r,t,s) = G(s,t,r) = ... (d6i ximg véi cd 3 bién);
(G.) G(r,s,t) < G(r,a,a) + G(a,s,t) (bdt dang thic hinh chiz nhat).

Ham G nhu trén dugc goi la mot G — metric trén £,

C4c tinh chat trén c6 thé duoc giai thich dé dang theo nghia caa khong
gian metric. Cho (&,d) la mét khong gian metric va G : E° — R* la ham s
duoc xac dinh boi

G(r,s,t) = d(r,s) + d(r,t) + d(s,t) Vi moi 1,8t € F.

Khi d6 (E,G) 1a mét khéng gian G — metric. Trong trwong hop nay, G(r,s,t)

c6 thé duoc hiéu 1a chu vi cua tam giac véi cac dinh r,s va ¢. Vi dy, (G,) ¢6



nghia 1a véi mot diem ta khong thé c6 chu vi duong, va (G,) tuong duong véi
khoang cach gitra hai diém khac nhau khéng thé bang 0. Hon nita, vi chu vi cua
mot tam giac khong phu thugc vao thir tu cac dinh cua no, nénta cd (G,) .Cubi
cling, (G, ) 1a m& rong cua bat dang thic tam giac str dung mot dinh thir tu.
Vidu 1.1.2. Mdi tap E khac rdng cé thé duoc trang bi motG — metric roi rac,

dugc xac dinh vai moi r,s,t € F, boi

0, neu r=s=t
G(r,s,t) =
1, trong cdc truong hop khac
Vidu 1.1.3. Néu G la G —metric trén E thi G’ : E* — [0,00) x4c dinh boi
G'(r,s,t) = _Gnst) voimoi r,s,t € B
1+ G(rys,t)

cling la mot G — metric trén F.
1.2.Mét s6 tinh chat co ban
M6t trong nhitng tinh chat hitu ich nhat cia G — metric 12 b dé sau.
B6 dé 1.2.1.Néu (E,G) lakhong gian G — metric thi
G(r,s,s) < 2G(s,r,r) Voimoi r,s € E.
H¢ qua 1.2.2.Cho {r} va {s } la hai day trong khdng gian G —metric
(E,G).Khi d6

lim G(r,r,s ) =0« limG(r,s ,s ) =0.

B6 dé 1.2.3.Cho (E,G) la khoéng gian G —metric. Khi @, véi bat ki
r,s,t,a € B ta co cac tinh chat sau day

1) G(r,s,t) < G(r,r,8) + G(r,7,1).

2)G(r,s,t) < G(r,a,a) + G(s,a,a) + G(t,a,a).

3)‘G(r, s,t)—G(r,s, a)‘ < max{G(a,t,t),G(t,a,a)}.

H)Néun>2var,r,...,r € E thi



G(r,r,r <Z Grr r.,) va (1.1)
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5) Néu G(r,s,t) =0 thi r = s = ¢.

6) G(r,s,t) < G(r,a,t) + G(a, s,t).
N)G(r,5,t) < %[G(r, 5,0)+ G(r,a,1) + Gla, )]

8)Néu r € £\ {t,a} thi ‘G(r, s,t) — G(s,t, a)‘ < G(a,r,t).
9)G(r,s,5) < 2G(r,s,t).
Chizng minh.1) Ap dung (G,) va (G.) V6i a =r, tacé
G(r,5,t) = G(s,r,t) < G(s,r,7) + G(r,7,1)
— G(r,r,8) + G(r,7t). 0
2) Bang cach ap dung (G.) hai lan va st dung (G,), ta co
G(r,s,t) < G(r,a,a) + G(a,5,t) = G(r,a,a) + G(s,a, 1)
< G(r,a,a) + G(s,a,a) + G(a, a,t). 0
3) Theo(G,) va (G,), taco
G(r,s,t) = G(t,5,7) < G(t,a,a) + Gla,s,1),
Gla,s,7) < Gla, t,t) + G(t, s,7).
Vi thé,
G(r,s,t) — G(a,s,7) < G(t,a,a) Va
Gla,s,7) — G(r,5,t) < G(a,,1).
Do do,
G(r,5,t) = G(r,5,0)| < max{ G(a,1,t),G(t,a,0)}.0
4) Néu n = 2, diéu d6 1a hién nhién, va néu n = 3 thi (1.1) la tinh chét (G.)

khicho » =, a =, va s =t = r,. Bang cach quy nap, néu (1.1) xay ra véi



