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TOm tait

Dua trén nhing kién thize di ¢é vé s6 nguyén té trong tdp so tw nhién va ma tran vudng, bai
viét 1am rd khai niém ma trgn nguyén to (Rivett & Mackinnon, 1986). Bai viér ciing sé ching minh
chi tiét trong tap M gom cac ma tran vudng cap 2 Véi hé s6 nguyén khong am va dinh thic bang 1
chi ¢ hai ma trgn nguyén té va moi ma trdn trong tdp M (ngogi trir ma tran don vi ) d‘eu c6 thé biéu
dién dwoc duy nhdt thanh tich cua hai ma trgn nguyén to nay. Bai viét ciing dé xudt phwongphap
phan tich mét ma tran (vudng cap 2 Véi hé sé nguyén khéng am va dinh thizc bang 1) thanh tich cac
ma trdn nguyén to nay va trinh bay céc vi dy minh hog cu thé.

Tor Khod: ma trdn cdp 2, ma trdn nguyén té, sé nguyén té

Abstract

PRIME MATRICES - SIMILARITIES AND DIFFERENCES WITH PRIME NUMBERS

Based on existing knowledge about prime numbers in the set of natural numbers and square
matrices, the article clarifies the concept of prime matrices (according to Rivett & Mackinnon, 1986).
The article also prove in detail that there are only two prime matrices in the set M of 2x2 matrices
with entries in the non-negative integers and with determinant 1 and any member of M (except identity
matrix 1) can be uniquely factorised into a product of those prime matrices. The article also proposes
a method to factorise a matrix (2x2) matrix with entries in the non-negative integers and with
determinant 1) into a product of those prime matrices and presents specific illustrative examples.

1. Pit van dé

Trong tap s6 tu nhién, s6 nguyén t6 1a s6 tu nhién 16n hon 1 khdng phai 1a tich coa hai s6 tu
nhién nhé hon chinh nd. Chung ta déu biét rang c6 vo sé sé nguyén té va c6 mot dinh 1y dong vai trd
cuc ky quan trong trong ly thuyét s6, d6 1a Pinh 1y co ban cia s6 hoc: “MJbi s6 ty nhién 16n hon 1
déu phan tich dugc thanh tich nhitng thira 6 nguyén t6 va su phan tich d6 1a duy nhat néu khéng ké
dén thi tu cua cac thira s6”. Pinh 1y nay di cho chiing ta rat nhiéu tng dung. Chang han, trong noi
tai toan hoc, ta ¢ thé dung dinh 1y dé tim udc chung 16n nhit va boi chung nho nhat caa cac sé tu
nhién, dém s cac wéc caa mot sé tu nhién va tinh tong caa ching (Tai, 1999). Con trong thuc té cudc
sbéng, dinh 1y nay chinh 13 co s& todn hoc ciia mot s6 thuat todn mat méa khoa cong khai nhu RSA
(Rivest va nnk., 1978). Pay 1a thuét toan dau tién duoc st dung dé tao ra chit ky dién tir. Hién nay
RSA dang dugc st dung phé bién trong thuong mai dién tir va dugc cho 1a dam bao an toan véi
diéu kién d¢ dai khoa du lon.

Khai niém “ma tran nguyén t6” da duoc Rivett va Mackinnon (1986) dinh nghia tuong tu nhu
s nguyén td. Tuy nhién ching ta déu biét rang cac phép toan trong tap sb tw nhién c6 nhiéu diém
khéc biét so véi cac phép toan trong tap cac ma tran. Chang han phép nhan céc s tu nhién cé tinh
giao hoan nhung phép nhén cac ma tran thi khong (Diing, 2018; Lay va nnk., 2016). Nhu vay, hai
tlnh chat quan trong cua ) nguyen t6 dwoc néu ¢ trén (Co v s6 s6 nguyén t6 va Pinh 1y co ban cua
s6 hoc) lidu rang co con ding ddi vai ma tran nguyén t6? Bi tim dap an cho cau hoi trén chinh 12 muc
dich cua bai viét. Qua bai viét, chlng ta s& thay dugc mot sé diém gidng nhau va khéac nhau giira hai
khai niém tuong tu nay.
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2. Lich sir nghién céu van dé

Khéi niém “ma tran nguyén t6” trong tap hop cac ma tran da dwoc nhiéu nha toan hoc trén thé
gidi dinh nghia. Tuy nhién ching dugc dinh nghia theo nhiing cach khac nhau véi muc dich nghién
ctu khac nhau.

Richman va Schneider (1974) da dinh nghia “ma tran nguyén t4” trong tap cc ma tran vuéng
cap n véi hé sb khong &m 1a ma tran (khac ma tran don) khong phai 1a tich caa hai ma tran khac ma
trdn don (Ma trén don 1a ma tran c6 duy nhat mot phan tir 1a s6 duong trén mdi dong va mdi cot).
Picci, van den Hof, van Schuppen (1998) ciing da dung khai niém “ma tran nguyén to t6” do Richman
va Schneider dinh nghia trong bai viét caa minh. Trong hai bai viét nay, cac tac gia déu chi tap trung
tim diéu kién can hoac du dé mot ma tran 12 nguy@n té ma khong dé cap dén van dé 1a cac ma tran
khéc ma tran don c6 thé phan tich dwoc thanh tich cua cac ma tran nguyén tb hay khong. S¢ di cac
t4c gia dinh nghia “ma tran nguyén t&” theo nghia nay va tim cac diéu kién dé nhan dang ma tran
nguyén t6 vi ching cé nhiéu ung dung trong linh vuc ly thuyét diéu khién.

Khéi niém “ma tran nguyén t6” cung da dugc Rivett va Mackinnon (1986) gidi thiéu theo mot
cach khac vao nam 1986. Trong tap cac ma tran vudng véi hé s nguyén khdng am, mot ma tran
(khac ma tran don vi) duoc goi la nguyén tb néu n6 khdng phai 1a tich cua hai ma tran khac ma tran
don vi. C6 thé n6i khai niém nay dugc dinh nghia mot cach don gian, gan giii va twong dong nhét véi
khai niém sb nguyén t6 (vi ma tran don vi trong tap ma tran vuéng cé tinh chat twong ty nhu sé 1
trong tap s6 tu nhién). CAc tac gia ciing da khang dinh chi c6 hai ma tran nguyén t6 trong tap cac ma
tran vudng cap 2 véi hé sé nguyén khong am va dinh thirc bang 1. Hon nita, moi ma tran déu co thé
biéu dién duoc duy nhat thanh tich cua hai ma tran nguyén t6 nay. Tuy nhién bai viét chi dua ra hai
ma tran nguyén t6 ma khong chirmg minh. Thém vao d6 phan chiing minh ndi dung “moi ma tran déu
c6 thé biéu dién dwoc duy nhat thanh tich cua hai ma tran nguyén t nay” duoc trinh bay khé gian
lugc dudi dang ¥ teong va thiéu nhiéu truong hop, do d6 chua thé hién twong minh phuong phap
phan tich mot ma tran thanh tich cac ma tran nguyén té.

Alan Beardon (2009) ciing su dung khai niém “ma trdn nguyén t6 t6” do Rivett va Mackinnon
dinh nghia. Tuy nhién trong bai viét cia minh tac gia tlep can van dé dudi mot goc nhin khac dé tap
trung chinh vao muc dich tim hiéu ma tran nguy@n t cap n tuy y.

O Viét Nam hién nay chua c6 bai viét nao gidi thiéu vA “ma tran nguyén to t6”. V6i muc dich gioi
thigu khai niém thi vi nay téi nhiing doc gia quan tam dén s6 nguyén t6 va ma tran, toi chon hiéu khai
niém “ma trdn nguyeén to t6” do Rivett va Mackinnon dinh nghia. T6i & 1am rd nhiing phén da duoc lugc
gian trong bai viét cua Rivett va Mackinnon. Cy thé la chirng minh hai ma tran nguyén t6, ching minh
ndi dung “moi ma tran déu c6 thé biéu dién dugc duy nhat thanh tich cua hai ma tran nguyén té nay”
mét cach chi tiét hon cho moi truong hop, tir d6 dé xuat phuong phap phan tich mét ma tran (vuéng
cap 2 voi hé s6 nguyén khong 4m va dinh thirc bang 1) thanh tich cac ma tran nguyén to.

3. Két qua nghién ciru
3.1. Ma trgn nguyén té

3.1.1. Dinh nghia: Rivett & Mackinnon (1986) Cho M Ia mét tap hop ma tran. Mot ma tran
(khac ma tran don vi) trong tap M duoc goi 1a nguy@n té néu nd khong phai 1 tich cua hai ma tran
khac ma tran don vi chira trong M.

Trong bai viét nay, ta ludn xét M 1 tap hop cac ma tran vudng cap 2 véi hé sé nguyén khdng
am va c6 dinh thirc bang 1.
. 1 01.. 1 17,.,.. R AL X A
3.1.2.Vidu. P = [1 1 vaQ = [O 1] la hai ma tran nguyén t6 trong tap M.

Charng minh

* RO rang c4c phan tir caa P va Q déu 1a s nguyén khong &m va hai ma tran nay déu co6 dinh
thuc bang 1 nén chung thuoc M.
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cousir=[1 0=[¢ A

véia,b,c,d, x,y,z,t EN;ad —bc =xt —yz=1.

ax+bz=1(1)

e A .. Jay+bt=0(2)
Khi d6 ta ¢6 hé phuong trinh cx+dz=1(3)
cy+dt=1(4)

Via,b,c,d, x,y,zt e Nnénti(2)taco thé két luan chi ¢6 4 truong hop nhu sau:
a=b=0hoaca=t=0hoacy=b=0hoacy =t =0.

Két hop véi (1) va (4) ta loai trusnghopa=b =0vay =t = 0.
+Néua=t=0thitr(1)va(d)tasuyrabz=1vacy = 1.

Dob,c,y,zeNnénb=c=y=z=1.

y
e[} 33 2
Tuy nhién hai ma tran nay déu c6 dinh thic bang —1 nén chiing khong thuoc M. Ta loai truong
hop nay.
+Néuy =b=0thitr(l)va(4)tasuyraax =1vadt = 1.
Doa,d,x,teNnéna=d=x=t=1.
Thay vao (3)tadugocc+z=1.Laivic,zeNnénc=1,z=0hoacc =0,z = 1.

e <[} 3= [ U U= =03 0

Ta ciing loai truong hop nay vi [(1) (1)] la ma tran don vi.

Vay P khéng la tich cta hai ma tran khac ma tran don vi chira trong M. Do d6 P la ma tran
nguyén to.
N 1 1 a blx Yy
* — —
Giasio=[y 4|=[¢ gI[; 7l
véia,b,c,d,x,y,z,t € N;ad — bc = xt —yz = 1.
ax+bz=1(1)

e . Jay+bt=1(2)
Khi d6 ta c6 hé phuong trinh cx +dz=0(3)
cy+dt=1(4)

Via,b,c,d,x,y,zt€Nnéntu (3)taco thé két luan chi ¢6 4 truong hop nhu sau:
c=d=0hoicx=d=0hoacc=z=0hoacx =z =0.

Két hop vai (1) va (4) ta loai truong hopc =d = 0vax = z = 0.

+Néux =d =0thitr (1) va(4) tasuyrabz=1vacy = 1.
Dob,c,y,zENnénb=c=y=z=1.

kniao o=y 3 =[5 ol[y ¢f

Tuy nhién hai ma tran nay déu co6 dinh thirc bang —1 nén chiing khéng thuoc M. Ta loai truong
hop nay.

+Néuc=z=0thitr(1)va(4) tasuyraax = 1vadt =1.

Doa,d,x,teNnéna=d=x=t=1.
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Thayvao (2)tasuyray+b =1.Laivib,ye Nnénb=1,y=0hoach =0,y = 1.
Ny, 0= [y ] =[p o[y 2freee =]y 3] =[o Yllo

Ta cling loai truong hop nay vi [é (1)] la ma tran don vi.

Vay Q khéng la tich cua hai ma tran khac ma tran don vi chira trong M. Do d6 Q la ma tran
nguyén to.

3.1.3. Nhdn xét. Vi P, Q 1a cac ma tran nguy@n tb & vi du trén.

i) Khong ton tai X € M sao cho I = PX hoic I = QX.

i) Khong ton tai X,Y € M sao cho PX = QY.

iii) Néu A, A4, ...A,, = B;B, ... B, (*)

véi A;, Bj la P hoac Q (m,n,i,j € N;i,j <m <n)

thim =nvaA; = B;, véi moi i.

Ch#ng minh

i) Gia sir ton tai X € M sao cho I = PX hoic I = QX.

khidox =P =[1 Onoxcx=0=[ ']

Nhung hai ma tran nay khong thuoc M. Biéu nay mau thuan véi gia thiét.

Vay ta dugc diéu phai ching minh.

i) Gia sir ton tai cac ma tran X = [a b],Y = [x y] € M sao cho
c d z t

I B [

1 11'lc d
[ a b ]:[x+z y+t]
a+c b+d z t
a=x+2z(1)
b=y+t(2)
= a+c=2z(3)
b+d=t(4)

Tr()va@suyrax+c=0=x=c=0(vix,c €N).
Ter(2)va(d)suyray+d=0<y=d=0(viy,d eN).

a b
0 0

Diéu ndy mau thuan véi gia thiét X, Y € M. Vay ta dugc diéu phai chitng minh.
iii) Néu A; # B, thivi A;, B; 1a P hoic Q nén
AA, .. A, = BB, ..B, = PX = QY
Vi XVaY 1a A, ... A, hoic B, ... B,.
Theo ii) diéu nay la vo ly. Vay A; = B;. Tir d6 ta dugc

Khi do hai ma tran X = [ 0]y = [2 (t)] ¢6 dinh thirc bing 0.

(x) A, ...A,, = B, ...B,, (Vi P va Q la cac ma tran kha nghich).
Lap luan twong tu trén ta dugc A; = B;, véimoii < mvam = n.
Vinéum < n thi

(*) © I = Biny1Bmyz - By (+%)
Vi Bp,+1 = P hoidc B,,.1 = Q. Nén (**) duogc viét lai thanh:
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I = PX hoicI = QX V&i X = Bpyyy ... By € M.
Theo i) diéu nay 1a vo ly. Vay m = n. Ta dugc diéu phai ching minh.

3.1.4. Dinh Iy (Rivett & Mackinnon, 1986). P = [1 (1’ vaQ = [(1) 1

t6 duy nhat trong tap M va moi ma tran (khac ma tran don vi) thuéc M déu phan tich duoc thanh tich
cua cac matran P, Q va su phan tich nay la duy nhat.

] 14 hai ma tran nguyén

Ch#ng minh

* Ta ching minh khé“ing dinh “Moi ma tran (khac ma tran don vi) thuéc M déu phan tich dugc
thanh tich cta cac ma tran P, Q” bang cach chitng minh ménh d¢ twong duong vai no:

“Néu mot ma tran thuoc M nhung khong phan tich dwoc thanh tich cua cac ma tran P, Q thi
ma tran d6 phai la ma tran don vi”.

Giasu A = [Ccl Z] € M nhung

A+XP,A+YQ,A+PZ A+ QT VvéimoiX,Y,Z T € M.

Gia thiét nay cho ta két luan

AP tegM AQ gM P LA¢M, Q1. Ag M vinéunguoc lai thi ta chon

X=APlLY=A4QY,Z=P 1 LAT=01A

va ta lai ¢6 A=A.P'P=XP,A=A.Q'Q =YQ,
A=P.PLA=PZ,A=Q.0"L.A=QT

Diéu nay mau thuan véi gia thiét.

poss 2 LG el G A ene
v L1 Memly 3L Heme
+ T (5) ta c6 [‘C‘ ZH—11 g]eMva[Z‘ Z.[(l) _11]ez1v1

Nehia la [* =0 Pl g mva | :E‘;:g]eM

Vi hai ma tran nay déu c6 dinh thic bang 1 va a, b, ¢, d € N nén dé chiing khdng thugc M thi
a — b va ¢ — d phai la cac so nguyén trai dau nhau.

a_b>0hoﬁc{a_b<0 {a2b+1 a<b-1
c—d<0 " l—-d>0 d=>c+1 d<c-1
Do d6 ta c6 hai bat phuong trinh ad > (b + 1)(c + 1) hoac ad < (b — 1)(c — 1).

+T1‘Jf(6)tacé[_11 g[z Z]eMva[(l) _11][? Z]GEM

Nghta 14 { hoic {

.1 a b s[a—c b—d
Nghlala[_(a_c) —(b—d)]eMva[ c d ]eM
Vi hai ma tran nay déu c6 dinh thic bang 1 va a, b, ¢, d € N nén dé chiing khdng thugc M thi

a — ¢ va b — d phai la cac sb nguyén trai diu nhau.

~ fa—c>0, . (a—c<O0 a=z2c+1, . (as<c—-1
Nghlala{b—d<0hoac{b—d>0 {d2b+1hoac{dSb—1
Ta lai c6 hai bat phuong trinh ad > (b + 1)(c + 1) hoic ad < (b — 1)(c — 1).
+ Hon nira, Vi [a b]EMnén ad — bc = 1.
c d
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Thay vao cac bat phuong trinh trén ta déu dugc b+ ¢ < 0. Doddo b = ¢ = 0.
Ldc nay tir gia thiét ad — bc = 1 tasuyraa =d = 1.
.. ._Ja b]_[1 O
Khido A = [c d] =lo 1
* Bay gio ta chung minh ngoai hai ma tran P va Q ¢ trén thi trong tap M khong con ma trén
nguyén t6 nao khac.

Gia sir A 1a mot ma tran khac ma tran don vi thuéc M. Khi d6 theo chitng minh trén, ton tai ma
tran X thuéc M sao cho

A = XPhoiac A = XQ hoac A =PX hoac A = QX

Néu X # I thi vi P, Q # I nén A khong phai ma tran nguyén to.
NéuX =1thiA=PhoicAd =0Q.

Vay ta chi c¢6 hai ma tran nguyén té P va Q trong tap M.

* Cubi cuing, ta chitng minh su phan tich mot ma tran thanh tich caa cac ma tran P, Q 1a duy
nhat.

] (ta duoc diéu phai chitng minh).

Giasir4 = [* Z] |a mot ma tran khac ma tran don vi thuoc M. Khi dé theo ching minh trén,
tén tai ma tran X, thuoc M sao cho
A = X,P hoac A = X;0Q hoac A = PX, hoac A = QX;

Bing cach dong nhat cac vé caa dang thirc ma tran ta tim duoc ma tran X; (Ian luot) c6 dang
nhu sau:

B L A L P L U

D& thay cac phan tir trong ma tran X; nho hon hoidc bang cac phan tir trong ma tran A.
+ Néu X, = I thi su phan tich két thic.

+ Néu X, # I thi theo chang minh trén, ton tai ma tran X, thuoc M sao cho

X, = X,P hoac X; = X,Q hoac X; = PX, hoac X; = QX,

Va cac phan tir trong ma tran X, nhé hon hodc bang cac phan tir trong ma tran X;.

Quaé trinh phan tich trén s& két thic bai vi cac phan tir trong ma tran X; € M (i € N) la cac sb
tu nhién va ngay cang giam dan. Do do ton tai n € N hiru han sao cho X,, = I.

Hon nita vi phép nhan hai ma tran khong c6 tinh giao hoan nén cudi cung ta duoc:
A=A A, .. A, véi A; 1a P hoic Q (n,i € N;i <n)

Tinh duy nhat cta phén tich trén duoc suy ra tir 2.1.3 iii).

3.2. Sw phan tich ma tr@n thanh tich cac ma trgn nguyén té

Giast A = [“Cl Z] la mot ma tran khac ma tran don vi thuoc M. Khi d6 theo phin ching minh
trén, ludn tdn tai ma tran X thuoc M sao cho

A = XP hoac A = XQ hoiac A = PX hoac A = QX.

Vi ma tran X (tuong tng véi tirng phan tich trén) 1a mot trong bon dang sau:

P L A L P L A

Nhu vay, ma tran X sé:
+ ¢6 dang 1 néu ma tran A c6 cac phan t & cot 1 16n hon hoic bang cot 2.
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+ ¢6 dang 2 néu ma tran A c6 cac phan tir & cot 2 16n hon hoic bang cot 1.

+ ¢6 dang 3 néu ma tran A c6 cac phan tir & dong 2 16n hon hoic bang dong 1.

+ ¢6 dang 4 néu ma tran A c6 cac phan tir & dong 1 16n hon hoic bang dong 2.

Do d6 ta rit ra dugc quy tic dé phan tich A thanh tich cac ma tran nguyén tb nhu sau:
3.2.1. Phwong phap

*Néu A c6 céc phan tir ¢ ¢ot 1 16n hon hoic bang cot 2 (a = b, ¢ = d) thi A duoc phan tich

thanh: 4 = [* D] =[¢ 70 PITH O] =xp.

*Néu A c6 cac phan tir & cot 2 16n hon hodc bang cot 1 (b = a,d = ¢) thi A duoc phan tich

thanh: 4 = [¢ O] = [¢ D]t 0] =x

*Néu A c6 cac phan tir ¢ dong 1 16n hon hoic bing dong 2 (a = ¢, b > d) thi A duogc phan tich

srea_Ja b1 _[1 1jla—c b-—-d]_
thanh.A—_C d._[O 1” c ]—QX.
*Néu A ¢ cac phan tir ¢ dong 2 16m hon hoic bang dong 1 (¢ = a,d > b) thi A dugc phan tich
s _Ja b1 _11 O a
thanh: 4 = % ] = [1 1] [C_a i b] PX.
Lap lai qua trinh phan tich trén cho ma tran X. Qué trinh nay sé& két thic va cubi cung ta dugc:
A= PrQnzpma  pri-iQnk hogc A = QmPm2Qma..Qme-1P™
hOEIC A= Pn1Qn2Pn3 an—lpnk hOéC A= inpanng, ___Pnk—lan
Véing, ...,n,. € N.
3.2.2. Vidu

a) Chomatran A = [i g] € M. Hay phén tich A thanh tich cua cac matran P va Q.

b) Cho matran B = [é g] € M. Hay phén tich B thanh tich cta cdc ma tran P va Q.

Giai. Dé 10i chu thich dugc gon, tir gio thay vi viét “dong/cot i co cac phan tir 16n hon hodc
bang dong/cot j” ta sé Ky hiéu d; > d; hoac ¢; = ;.

a)*Tacc’)A=[i §=[i_§ g 1 (1)]=[1 g]P (ViACoc, =cy)
=[1 ;:ﬂ[ ]P [ ]QP Wi X, co ¢, = ¢p)

:[} 2_1][ ]Qp [1 1]QQP (Vi X, ¢ ¢, = c;)

X3P

Vay A = PQ P.

* Qué trinh phan tich ma tran A c6 thé trién khai theo cach khac. Tuy nhién déap s6 van s& giong
nhau. Chang han,

TaCéA:[i g]:[i (1)”433 332]:13[? i (ViAcod, = d)
X1
=p[i:i ﬂ[ ] [ ]p (Vi X, cO ¢y = cy)
X2
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P[(l) ][1 0 2- 1]P PQ[ ]P (Vi X, ¢6 d; > d,)

X3 X3 Q

Vay A = PQZP.
b) Tuong tu nhu cdu a, nhung ta c6 thé trinh bay ngian gon hon nhu sau:

=B 3B o= Y=t o=l Dro-por

4. Két luan

Bai viét da 1am rd khai niém “ma trdn nguyén t6” (theo nghia cua Rivett & Mackinnon). Bai
viét cling da 1am 13 nhirng phan duoc lugc gian trong bai viét cua Rivett va Mackinnon. Cu thé I
ching minh chi tiét, day du moi truong hop cho két qua: trong tap gém céc ma tran vudng cap 2 véi
hé so nguyén khong am va dinh thuc bang 1 chi c6 hai ma tran nguyén t6 va moi ma tran trong tap
nay (ngoai trir ma tran don vi) déu c6 thé biéu dién duoc duy nhat thanh tich cua hai ma tran nguyén
t6 d6. Bai viét cling dé xuat phuong phap phan tich mot ma tran (vudng cap 2 véi hé sé nguyén khong
am va dinh thizc bang 1) thanh tich cac ma tran nguyén t6 nay va trinh bay cac vi du minh hoa cy thé.
Noi dung nay, Rivett va Mackinnon di khong nhic dén trong bai viét cua ho.

Nhu vay, thdng qua bai viét ching ta cd thé thay khai niém “ma tran nguyén to t6” (theo nghia
cta Rivett & Mackinnon) dugc dinh nghia trong dong véi khai niém sé nguyén t6. Tinh chat c6 vo
s6 s6 nguyén t da khong con dang ddi véi ma tran nguyén té cap 2. Tuy nhién két qua vé su phan
tich cac so thanh tich cia cac s6 nguyén té van con ding d6i véi ma tran nguyén t6 cap 2 (xét trong
tap c4c ma tran vudng cap 2 véi hé sb nguyén khong am va dinh thic bang 1).

Noi dung cua bai viét c6 thé dugc phat trién tiép theo ‘huéng ung dung sy phan tich thanh tich
ctia CAC ma tran nguy@n tb trong viéc tim wéc chung 16n nhat va boi chung nho nhat cua cac ma tran
vuong da duoc tac gia trinh bay trong (Hoa & Trinh, 2016) va (Hoa, 2017).
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