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Mo hinh can bang thi truong ban doc quyeén A. Cournot dua ra vao
nam 1838 va da dugc rat nhiéu tac gid trén thé gidi tap chung nghién citu.
Mo hinh Cournot ¢6 vai tro rat quan trong trong thirc tién cuodc song, dac
biet 1a trong linh viyc kinh té. Mot tiép can thuong duge dung trong mo
hinh Cournot 13 stt dung khai niém can bang Nash.

Mot trong nhitng huéng nghién citu quan trong ciia mo hinh la giai
quyét cic bai toan véi mo hinh cude phi 16m. Trong nhitng bai toan thuc
té, khi s6 luong hang héa san xuét ting lén thi cude phi dé san xuét mot
don vi san pham sé giam di. Do dé cude phi sé 1a 1om.

Noi dung ctia luan van nay trinh bay vé cach tiép can mo hinh can
bang Nash - Cournot véi cuée phi 16m, va nghién citu vé thuat toan dé
tim ra diém can bang khi mo hinh c6 cuée phi 1a 16m. Ban luan vin gom
hai chuong;:

Chuong 1: Kién thitc chuan bi

Trong chuong nay tim hiéu céc kién thic vé tap 16i, ham 16i, ham
16m, toan tit don diéu, cuc tri ctia ham 16i. Sau d6 1a tim hiéu vé bat ding
thiic bién phan.

Chuong 2: M6 hinh Nash - Cournot véi cuée phi 16m

Gi6i thieu vé mo hinh Nash - Cournot co dién va cach chuyén mo
hinh vé dang bai toan quy hoach ham toan phuong 16i manh. Sau do,
nghién cttu mo hinh Nash - Cournot v6i cuée phi 16m va giGi thiéu mot
phuong phap gidi mo hinh trong truong hop ham chi phi 16m va tuyén
tinh tiung khuc.

Nhan dip nay toi xin bay té long biét on sau sic nhat t6i thay gigo
huéng dan GS. TSKH. Lé Diing Muu, ngudi thay da tan tinh huéng dan,
gitup do toi trong sudt qua trinh lam va hoan thién luan van.

Toi ciing xin kinh gt 16i cdm on t6i toan thé thay co tham gia gidng
day khoa hoc cao hoc 2014 - 2016, nhitng nguoi da tam huyét gidng day
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trang bi cho toi nhitng kién thic co sé.

Xin gui 16i cam on t6i Ban giam hiéu, phong Dao tao, khoa Toan
- Tin truong Dai hoc Khoa hoc, Dai hoc Thai Nguyén da tao diéu kien
thuan 1gi cho toi trong qua trinh hoc tap tai truong.

Dong thai, toi cling xin gii 10i cAm on t6i gia dinh, ban be dong
nghiép va cac thanh vién trong 16p cao hoc toan K8A da luon quan tam,
dong vién, giip do toi trong thoi gian hoc tap va qua trinh lam luan van.

Thai Nguyén, ngay 25 thang 05 nam 2016.

Tac gia

Nguyén Thi Mai



Chuong 1

Kién thitc chuan bi

Trong chuong nay ching ta sé gidi thieu nhing kién thitc co ban ve
tap 10i, ham 16i, toan ti don diéu... Tiép do6 la trinh bay vé bai toan bat
déng thic bién phan. Céc kién thic & chuong nay dude tong hop tit cac
tai lieu [1], [2], [3], [7].

Trong luan van nay ching ta ki hiéu R" la khong gian Euclide thuc
n chiéu. Mot phan tt = (xq, ..., :L‘n)T € R” 14 mot vectd cot. Ta nhic lai
v6i hai vécto x = (x1, ..., xn), ¥y = (Y1, -, Yn) € R™,

n
<£E, y> = Z ZiYi,
=1

duge goi 1a tich vo hudng ctia hai vects. Chudan Euclide clia phan ti o va
khodng cdch Euclide gitta hai phan ti x,y duge dinh nghia nhu sau:

2]l = /(@ 9),

d(z,y) = |lz—yl.
1.1 Tap 16i, ham 16i, ham 16m

Dinh nghia 1.1. Mot tap C C R" dugc goi la tap 101 néu vdi Vo, y € C,
moi 0 < X\ <1, ta co:
A+ (1—=NyeC.

Mot s6 vi du vé tap 16i: Cac tap afin (cac siéu phang), hinh tron, hinh
vuong... Tuy nhién, hinh vanh khian, duong tron khong phai 1a tap 1oi.

Dinh nghia 1.2. Ham f : R" — RU (+00) dugc goi la:

(i) Loi trén C néu vdi moi X € (0,1), moi x,y € C ta co:

fOz+ 1 =Ny <Af(x)+ (1 =X f(y).
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(ii) Lot chat trén C néu moi A € (0,1), moi x,y € C, moi x # y ta cé:
fOz+(A=X2y) <Af(x)+ (1 =) f(y).

(iii) Lot manh rén C néu vdi moi A € (0,1), moi x,y € C, ton tain € R,
n > 0 ta co:

F O+ (1= X)) < Af () + (1= X) F (5) = 57 (= Nlle

(iv) Lom trén C néu —f la ham loi trén C.
Dinh nghia 1.3. Cho ham bat ky: f : S — (—oo, +00] vdi S C R",
cac tap
domf={z € S : f(x) < +oo},
va
epif = {(z,0) € S X R: f(z) < a}.

dugc goi lan luot la mién hiu dung va tap 101 trén do thi ciua ham f.

Néu domf # ¢; f (x) > —oo Vo € S thi ta néi f 1a chinh thuong. No6i
cach khac f 1a chinh thuong néu domf # ¢.
Dinh 1y 1.1. Ham f(x), x € R" la ham 1oi khi va chi khi ham mot bién
56 © (A\) = f (x + Ad) la ham loi theo X vdi moi x,d € R".
Chiing minh.

Ta thay diéu kién can 1 ro rang. Ta ching minh diéu kien du. Gid st
¢ (A) 1a ham 161 v6i moi x,d € R™. Lay bat ky z,y € R" va dat d = z —y.
Khi d6, v6i moi A € [0, 1] ta co:

fF(A=Nz+Xy)=f(z+ ) =p(N)
<SA=-Ne0)+rp(1)=(1

e((1—=X).0+ A1)

= A) (@) +Af ().

]

Dinh nghia 1.4. Mot ham a-phin la ham s6 c6 dang f(x) = (¢, z) + «
trong do ¢ € R", o € R cho trudc tuy 9.

Néu f(x) 1a ham a-phin thi v6i mdi z,y € R™ va moi s6 A, 8 sao cho
A+ B =1 ta co:

fz + By) = Af(z) + Bf(y)

Mot ham a-phin f(z) = (¢, z) + a khong lay gia tri am thi phai dong

nhat véi mot hang s6 (vécto ¢ phai bang 0), vi néu ¢ # 0 thi ta sé co:

fx) = {(c,z) + a — —o0,

khi A — —o0.
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Dinh nghia 1.5. Mot tap con M ciia R" dugc goi la nén (mii tai 0) néu
x € M,\>0thh Az € M. Non M goi la nén loi néu M la tap loi.

Diém gbc 0 c6 thé thuoc hoac khong thuoc M. Non M khong chita dusng
thang nao goi la nén nhon. Trong trusng hop nay, gbc 0 goi dinh ctia M.
Madi nita khong gian (déng hay md) déu 1a mot nén, nhung khong phai 1a
mot nén nhon.

Dinh 1y 1.2. Tap con M cia R™ la mot nén 10i c6 dinh tai goc khi va chi
khi AM C M,NA >0 va M+ M C M.

Nghia 1& v6i moi z,y thuoc M va v6i moi s6 A > 0tacé v +y € M va
Ar € M.

Chitng minh.

Néu M 1a mot noén 16i thi thi AM C M,VA > 0 theo dinh nghia clia
nén. Hon nita, 1ay z,y € M thi do M 16i nén %(x +y) € M, do d6 theo
tréen x +y € M. Vithé M + M C M.

Ngudce lai, néu c6 AM C M,YA > 0va M + M C M thi M 14 mot nén
va voi moi x,y € M, A € [0,1] ta c6: (1 =Xz € M, \y € M. Tu do,
(1 =Xz + Ay € M, nghia 1a M la mot tap loi. Il

Tap con M € C 1a mot noén 16i khi va chi khi né chtta moi to hop tuyén
tinh khong am (con goi la 6 hop non) clia cac phan tit thude no.

Nhan xét 1.1.

* C6 thé chitng minh ham f 16i trén S khi va chi khi:
+) Tap trén do thi epif 1a mot tap 16i hodc
m m m
+) f (z )\kxk> < S NS (2F), VaF € S, A = 1,0, > 0 v6i moi
k=1 k=1 k=1
k, trong d6 m 1a s6 nguyén > 2 ( Bat dang thiic Jensen).

* Ham loi f: S — (—o00, +00] b thé ducc mé rong thanh loi xac dinh
trén toan khong gian R™ bing cach dit f (z) = +oo Vo ¢ S. Vi vay, dé
don gidn ta thuong xét ham 16i trén toan R”.

Pinh nghia 1.6. Bao déng ctia mot tap C, ki hieu la C la giao cia tat
ca cac tap dong chia C.

Pinh nghia 1.7. Mot diém a € C dugc goi la diém trong tuong doi cia C
néu né la diém trong ciia C theo to-po cam sinh bdi af fC (tap a-phin nho
nhat chita C). Ki hiéu tdp cdc diém trong tuong doi cia C la riC. Theo
dinh nghia ta co:

riC :={a € C|3B : (a+ B)naffC C C}.
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trong dé B la mot lan can md cia goc. Hién nhién

riC = {a € affC|3B : (a+ B) naffC C C'}.
Dinh 1y 1.3. Bao déng va phan trong tuong doi ciia mot tap loi la tap loi.
Ching minh.
Gia st C 1a mot tap 16i vaa,b € C.
Chang han a = klim 2k b = klim y*, trong d6 x*,y* € C véi moi k. Véi

— 00 — 00

moi A € [0,1] ta co: (1 —\) 2"+ \yf € C.
Tu do:

(1=X)a+Ab= lim {(1 -\ 2"+ /) e C.

k— o0

Nhu vay, néu a,b € C thi [a,b] C C ching t6 C 15i.
Bay gio, gid st a,b € riC. Khi d6 tim dugc hinh cau B tam O sao cho:
(a+ B)NaffCva(b+ B)NaffC nam tron trong C.
V6i Ve = (1 —AN)a+ Ab, A €0,1],
Ta co:

(x+B)NaffC=1—-N)(a+B)NaffC+A(b+B)naffCcC.
Nhu vay x € riC, nghia la riC' 16i. O
Tinh chat 1.1.

a) Giao cia mot ho bat ky cdc tap loi la mot tap 10i;
b) Néu C,D € R" la cdc tap loi thi:

C+D={x+y:x€C,ye D},
aC ={ax:2€C,aeR},C—-—D=C+(-1)D.

c¢) Bao déng ciia mot tap hop 101 la mot tap 1oi;

d) Tap hop ciia tat cd cac to hop 10i ciia mot s6 hitu han cdc diém trong
R™ la mot tap hop 0.

Tap C € R" dugc goi 1a 16i chat néu v6i moi x,y € C,x # y, moi diem
Ar+ (1 — XNy véi 0 < A <1 déu la diém trong cia C.

Meénh dé 1.1.

(1) Cho [ va g la cac ham loi lan ligt trén cac tap 101 A va B, vdi
AN B # ¢. Khi dé, ham (\f) + (Bg) loi trén, vdi moi A, 8 > 0;

(i4) Gidi han theo tung diém ciia mot ddy cdac ham 1oi ciing la mot ham
loi. Tic la: f; : C — R (i € N) va day so {f; (x)} hoi tu vdi méi v € C

7
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thy ham f(x) := lim f; (z) cing loi trén C;

1—00

(iii) Néu f: C' — R 1oi tren C va ham mot bién ¢ : I — R khong gidm
trén khodng I, sao cho f (C) C I,thi ham hop pof loi trén C.

1.2 Cuec tri ctia ham 16i

Dinh nghia 1.8. Cho C C R"™ khdc rong va f : R" — (—o0, +00]. Mot
diém x* € C duoc goi la cuc tiéu dia phuong cia f trén C néu ton tai mot
lan can U cta x* sao cho:

f(@) < f(z)Ve e UNC;
Diém z* € C duge goi la cuc dai dia phuong néu:
f(@) < f@)VzeUNC;
Néu
f(x) > f(x")Vx € C;
thy x* dudgc goi la cuc tieu toan cuc hay cuc tiéu tuyét doi cia f tren C.
Va néu:
f(z) < f(a")Va e C;
thi o* duoc goi la cuc dai toan cuc hay cuc dai tuyét doi ciua f trén C.
Ménh dé 1.2. Cho f : R" — R" U {+oc} l0i. Khi d6, moi diém cuc tiéu
dia phuong cia f trén mot tap loi deu la cuc tiéu toan cuc. Hon nia tap
hop cdc diém cuc tiéu cia fla mot tap loi. Néu f 1oi chat, thi diém cuc
tiéu néu ton tai sé la duy nhat.
Chting minh.
Cho C C R™. Gia st * 1a diém cuc tiéu dia phuong cta f trén C. Khi
d6 ton tai lan can U cta x* sao cho:

f@") < f(z)VxeeUNC.

véimoi z € C, va 0 < A < 1do C16i va U la lan can ctia 2* € C, nén
diem x) == (1 — A\) 2" + Xz € CNU khi A da nhé. Do f (2*) < f (z)) v&
f 161, ta co:
F@) < fay) < =A)f(@")+Af(2).
Tu day suy ra:
f@) < f(=).
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