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L.OI CAM DOAN

To6i xin cam doan nhiing két qua trinh bay trong luan an 1a mdi, da dugc cong bo
trén cac tap chi chuyén nganh uy tin trong va ngoai nuéc. Cac két qua viét chung
v6i PGS.TS. D& Dtic Thuan da duge sy dong ¥ clia tac gid khi dua vao luan an.
Nhitng két qua dugce trinh bay trong luan an 1a trung thic va chua ting dude cong

bd trong bat ky luan vin, luan an nado khac.
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Bang ky hiéu va chir viét tat

N Tap cac sO tu nhién

Z Tap s6 nguyén

Q Tap cac s6 hitu ty

R Tap cac s6 thuec

R, Tap cac s6 thic khong am

R7 Tap cac vecto khong am trong R"™
R Phan trong ctia R

R™ Khong gian vecto n chiéu

Rm>m Khong gian cac ma tran thuc ¢ n x m
N N:={1,2,...,N},NeN

A A= {A1, A, ... Ay - A € R}
im E Khong gian anh cua toan tit E

ker E/ Khong gian nhan cua toan ti E

rank ¥ Hang clia ma tran E

I, Ma tran don vi cap n

O, Ma tran khong cap n

S A7 (imE) = {¢ e R : A¢ € imE}

Si ATHim E) = {€ e R": A€ € im E}}
Sij A7Him Ej) = {€ e R" : A € im Ej}

O, (k,h) Ma tran chuyén trang thai tit buéc h t6i buée k
®,(k,h) Toan tit Cauchy lien két véi he chuyén mach

rdi rac tuyén tinh suy bién c6 nhiéu



Anh xa mot bude clia he sai phan suy bién

v6i cap ma tran (E, A)

Anh xa mot budc tit trang thai j t6i trang thai i

ctia hé chuyén mach tuyén tinh suy bién chi s6 1

Phép chiéu len V song song véi W

Phép chiéu chinh tac lén S; song song véi ker E;

Phép chiéu chinh téc lén ker E; song song véi S;

Ma tran gom cic cot vecto 1a co s clia S; va ker E;

Ma tran gom céc cot vecto 1a co sd clia S; va ker E
Ban kinh phé ctia mot ho cac ma tran A

Duéi ban kinh pho ctia mot ho céc ma tran A

Ban kinh phd ctia mot ho cac cap ma tran {(E;, Ai)}ij\il
Du6i ban kinh pho ctia mot ho cac cap ma tran {(E;, Ai)}fil
Quy tic chuyén mach

Pho clia ma tran A

Ma tran (hodc vecto) ¢6 tat cd cac thanh phan B(i,j) > 0
Ma tran (hodc vecto) ¢6 tat cd cdc thanh phan B(i, j) > 0
Tong truc tiép clia cac khong gian vecto

Tich Kronecker

Toén tt vec

Nghich dao Moore — Penrose ctia ma tran B € R™*"

Ma tran vuong c6 vecto v & trén duong chéo

con cac thanh phan khac bang 0

Vecto [1...1]T ¢ R”

Hé chuyén mach rdi rac tuyén tinh suy bién

(switched discrete — time linear singular)

Hé chuyén mach 16i rac tuyén tinh duong

(discrete — time positive switched system)



MG dau

Lich s van dé va ly do chon dé tai

Ly thuyét on dinh cac he dong luc duge nghién ctu mot cach hé théng ti
nhitng nam cudi thé ky XIX bdéi nha toan hoc ngudi Nga A.M. Lyapunov. Cac két
qué cta 1y thuyét on dinh dude tng dung rong rai trong nhiéu linh vuc nhu co
hoc, vat Iy toan, sinh thai hoc, kinh té, vii tru, .... Vi thé, cho dén nay Iy thuyét
on dinh vAn thu hat duge nhidu su quan tam ciia cédc nha khoa hoc. Dé mo ta
cac hé phitc hop trong tu nhién, kinh té, nang lugng, hang khong, ... khé c6 thé
diing cac he don 1é, ma phai két hgp nhicu hé con kem theo cac rang budc. Mot he
chuyén mach bao gom mot tap hitu han céc hé con va quy luat chuyén mach gitta
ching. Céc hé con c6 thé lien tuc hay roi rac, khong suy bién hay suy bién. Quy
luat chuyén mach 13 mot ham hang ting khtc phu thuoc vao cac bién thoi gian,
gia tri clia n6 trong qua khi, trang thai z(¢) ctia mdi hé con don 1é hodc chuyén
mach ngau nhién véi ham phan phdi cho truée.

Trong thuc té, viec chuyen mach c6 thé xay ra do nhiing thay doi dot ngot,
khong dit bao duge ctia hé thong, vi du do héng héc mot thanh phan nao dé cua
hé thong hay do mot hé con ndo dé tinh cd bi kich hoat. Trong nhitng truong hop
nay, dé ddm bao su an toan ctia hé théng, ngusi ta phai thiét ké sao cho hé én
dinh v6i moi quy tic chuyén mach. Tinh 6n dinh ctia hé chuyén mach thuc chét
la tinh vitng v6i moi nhidu dong ctia chuyén mach. Mot trong cac bai toan quan
trong khi nghién citu hé chuyén mach 1a tim cac diéu kien dé hé chuyéen mach on
dinh v6i quy luat chuyén mach bat ky. Ngoai ra, trong thic té ¢6 nhitng hé chuyén
mach c6 mot s6 hodc tat ca cac hé con déu khong 6n dinh, ta can thiét ké nhing
quy tic chuyén mach dé hé chung thu dudc 6n dinh, bai toan nay dudgc goi 1a bai

toan o6n dinh héa hé chuyén mach.



Xét hée chuyén mach lién tuc tuyén tinh khong suy bién dang

va hé chuyén mach rdi rac tuyén tinh khong suy bién c6 dang
I’(/{? + 1) = Aa(k)*r(k)a

trong d6 o 1a quy tic chuyén mach nhan cac gia tri trong tap N := {1,2,..., N}.
Mot sb6 két qua tieu biéu vé su 6n dinh, 6n dinh héa hé chuyén mach tuyén tinh
phai ké dén nhu: Ge, Sun & Lee, 2001 ([21]), Shorten & Narendra, 2002 ([52]),
Liberzon, 2003 ([37]), Gokeek, 2004 ([22]), Phat & Hien, 2009 ([44]), .... Theo do,
diéu kién can dé hé chuyén mach tuyén tinh khong suy bién on dinh v6i moi quy
tdc chuyen mach o la titng hé con phai on dinh, tic 1a A;, i € N la cac ma tran
Hurwitz véi truong hgp hé lién tuc theo thoi gian va A;, i € N la cadc ma tran
Schur vé6i hé rdi rac theo thoi gian. Cac diéu kién can va di dé hé chuyén mach
on dinh v6i moi quy téc chuyen mach o dude phat biéu thong qua su ton tai clia
ham Lyapunov toan phuong chung. Tuy nhién, viéc dua ra diéu kién ton tai cho
ham Lyapunov khong don gidn. Cac két qua dau tien duge Shorten va Narendra
thu duge trong [51, 52] cho hé chuyén mach hai chiéu, v6i hai ma tran Hurwitz
Ay, Ay, Céac két qua nay duge md rong cho hé hai chieu v6i n ma tran Ay, Ao, ..., A,
va hé n chiéu v6i hai ma tran Aq, As. Ngoai ra, bing viéc dua ra dinh nghia ham
Lyapunov toan phuong chuyen mach, Lin va cac cong su dua ra cac diéu kien duéi
dang bat dang thitc ma tran tuyén tinh dé hé chuyén mach on dinh (xem [I8]).
Trong [26], cac tac gia Hespanha va Morse nghién ctu tinh 6n dinh héa thong qua
cac dieu kién cho thoi gian dimg trung binh (average dwell-time) 7.

Liberzon va Trenn [36] thu dugc nhitng két qua dau tién cho hé chuyén mach

suy bién tuyén tinh lién tuc c6 dang
E,i(t) = Asx(t),

trong d6 E, 1a cac ma tran suy bién. Néu chi gi6i han trong 16p ham lién tuc tuyét
d6i, thi phan 16n cac hé chuyén mach suy bién dang trén khong c6 16i giai nao khac
ngoai nghiem tam thuong. Dé gidi quyét bai toan nay, cac tac gia dua ra khai niem

nghiém suy rong 1a cdc ham tron ting khic va tit d6 thiét 1ap cong thiic nghiém
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cho hé. Phat trién két qua nay, trong [37], Liberzon va cac cong sy da dua ra cac
diéu kien du dé hé on dinh v6i moi quy tic chuyén mach ¢ thong qua cac ham
Lyapunov V, ctia titng he con, dong thoi sit dung bién ddi Kronecker dua ra didu
kieén giao hodn dé hé chuyén mach 6n dinh. Ngoai ra, trong [42], cac tac gia Zhou,
Ho va Zhai da dua ra diéu kién cho hé on dinh dua trén thoi gian ditng trung binh
Ta-

Ngay nay, vdi su ra doi ctia nhiéu he thong 1ay mau hién dai, cho ta dit liéu tai
nhitng thoi diém roi rac; day ciing 14 mot trong nhiéu 1y do dan dén sut can thiét
clia viéc nghién cttu hé suy bién rdi rac.

Xét hé chuyén mach rdi rac tuyén tinh suy bién (SDLS) dang
Esyr(k+1) = Agryz(k), (1)

trong d6 E;, A; € R™"™ z(k) € R™ la vecto trang thai tai thoi diém k£ € N va
o :NU{0} = N:={1,2,...,N},N €N, la quy tic chuyén mach, nhan gia tri trong
tap hitu han N. Gia st cac ma tran E; suy bién v6i moi i € N.

Nam 2010, Zhai vi Xu dua ra diéu kién giao hoan dé xét tinh én dinh ctia hé

chuyén mach tuyén tinh suy bién cho truong hgp hé c6 dang sau (xem [62])

Ex(k+1) = Ax(k), @

Ex(k+1) = Agx(k).
Ngoai ra, trong [63], Zhai va cac cong st xét hé chuyén mach tuyén tinh suy bién
gom hai hé con dang

Elx(k + 1) = Alx(k:),

(3)

EQIE(/{: + 1) = AQZL’U{J)

Gia st hai hé con ting véi cap ma tran (E;, A;) on dinh mii. Khi d6, néu cic ma tran
F1, Es ¢6 hang bang nhau va cac ma tran Ey, Es, A1, Ay ting doi mot giao hoan,
tuc la

EE; = EjE;, EA;=AjE;, AA;=AjA;, ije {12}

thi he on dinh véi moi quy tic chuyén mach.
Gan day, trong [5, 6], Anh va céc cong syt da nghién ctu hé chuyén mach roi

rac tuyén tinh suy bién (SDLS) chi s6 1 dang (], dua ra céc tinh chat ctia he
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SDLS chi s6 1 va dua ra cong thitc nghiém ctia hé SDLS chi s6 1 thong qua anh
xa mot bude (one — step map). Sau d6, cac tac gid nghién cttu sy on dinh cia
hé chuyén mach r3i rac tuyén tinh suy bién chi s6 1 dua trén ban kinh pho cia
mot ho cac cap ma tran va phuong phap ham Lyapunov. 0 do, cac tac gia da
khéng dinh gia thiét mdi mode chi s6 1 khong du dé dam bao su ton tai va duy
nhat nghiém ctia he SDLS va dua ra dieu can va di manh hon bang dinh
nghia hé chi s6 1, cu thé S; N ker £; = {0}, v6i moi i,j € {1,2,...,N}, trong do
Si = A7H(im Ey) == {¢€ € R" : Ai¢ € im E;}. Cac két qua trén duge dua ra véi gia
thiét tin hiéu chuyén mach bat ky. Nam 2024, cac tac gia Sutrisno va Trenn ([56])
da md rong cac két qua quan trong nay cho truong hop tin hiéu chuyén mach cé
rang budc. Cu thé, cac tac gia nghién citu hai tinh huéng: 1) day mode cho truéc,
con thoi gian chuyén mach bat ky va 2) toan bo tin hiéu chuyén mach da cho truée
(cd day mode va thoi gian chuyén mach da cho). Trong ca hai truong hop, téc gia
dua ra diéu kién cho cac ma tran ctia hé dé dam bao su ton tai va duy nhat cla
nghiém bang céc khéi niem "chi s6 1 tuan tu" va "chi s6 1 chuyén mach". Sau do,
cac tac gia cing mdé rong y tuéng anh xa mot bude duge gidi thiéu bsi Anh va cac
cong su (xem [5]) cho hai trusng hgp nay.

Bén canh cac két qua cho tinh én dinh ctia hé chuyén mach suy bién, con c6
mot s6 cong trinh nghién ctu bai toan én dinh héa hé chuyén mach suy bién. Céc
tac gia Gu va Koenig da dé xuat on dinh hoa hé chuyén mach bang céch thiét ké
diéu khién phan hoi (xem ([24, 31]). Nam 2017, trong [7], Anh v& Linh da nghién
cttu tinh 6n dinh ctia hé chuyén mach tuan hoan va dé xuét 6n dinh héa hé chuyen
mach bing céch chon quy luat chuyén mach tuan hoan phit hop hosic bing cac
diéu khién phan hoi.

Hé chuyén mach ciing dudce nhiéu nha khoa hoc trong nuée dac biét quan tam.
Chang han, nhém nghién cttu ciia GS. Vii Ngoc Phat va céc hoc tro nghién ciiu
bai toan diéu khién hé chuyén mach c6 tré bién thién bing cach st dung cong cu
ham Lyapunov — Krasovskii va bat dang thitc ma tran tuyén tinh (xem [27, 57, 45],
...). Nhém nghién citu ciia GS. Nguyén Khoa Son va cac hoc tro nghien ciu vé
tinh on dinh vimg va 6n dinh héa duge vitng ctia hé chuyén mach tuyén tinh khong
suy bién (xem [53, 5], ...).

Nhin chung, véi hé chuyén mach tuyén tinh suy bién, néu khong c6 diéu kien
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tat ca cac trang thai déu duong, da c6 nhidu két qua vé tinh on dinh va on dinh
héa ctia he, chang han cac cong trinh ctia Meng & Zhang (2006), Liberzon & Treen
(2012), Zhou, Ho & Zhai (2013), Tawani & Treen (2017), ... cho truong hop he
lien tuc theo thai gian; hay cac cong trinh ctia Xia & Zhang (2008), Zhai, Xu &
Ho (2012), Darouch & Chadli (2013), Anh & Linh (2017), ... cho truong hop hé
roi rac theo thoi gian.

Tuy nhién, ta can dén hé véi rang budc duong & tat ca cac trang thai dé mo
phéng céc hé trong thuc té, chang han nhu hé biéu dién cac dai luong vat 1y nhu
nong do, mat do va khdi luong vat chat, kich thuée quan thé, hay céc goéi dit lieu
trong hé théng mang, .... Do vay, viéc nghién ctu hé chuyén mach rdi rac suy bién
duong 1a can thiét va c¢6 nhiéu ¥ nghia trong thuc té.

Trong [20], cac téc gia Fornasini va Valcher da dua ra mot s6 két qua nén
tang cho hé chuyén mach rdi rac duong khong suy bién dang z(k + 1) = Asiy(k),
trong d6 o(k) 1a quy téc chuyén mach bat ky, nhan gia tri trong tap hitu han N,
x(k) € RY 1a bién trang thai tai thoi gian k, 4; € R™" 1a ma tran duong véi moi
i € N. Dau tién, cac tac gia nghién citu cac diéu kien du dé kiém tra tinh 6n dinh
ctia hé duya vao sy ton tai ctia 16p ham Lyapunov chung. Sau do6, cac téc gia gidi
thieu khai niem on dinh héa dudc ctia hé va chitng minh duge rang, néu hé 1a on
dinh héa dudc, thi ¢6 thé én dinh héa duge hé bing mot day chuyén mach tuan
hoan, day chuyén mach nay sé dua quy dao nghiém hoi tu vé 0 tit moi trang thai
ban dau duong.

Mot s6 két qua dude dua ra cho hé chuyén mach suy bién duong véi rang buoc
len ma tran F 13 hing va nghién cttu cho truong hgp thoi gian lién tuc, nhu cong
trinh cta Li & Xiang (xem [35]).

Theo hiéu biét clia ching toi, cac két qua cho hé chuyén mach 13i rac tuyén
tinh suy bién duong dang con kha it. Do d6, nhu mot sy tiép tuc, ching toi
mong mudn nghién citu duge tinh duong, tinh 6n dinh va dn dinh héa dugde ctia hée
chuyén mach rdi rac tuyén tinh suy bién dang (I)). Ching t6i van dat them diéu
kien chi s6 1 cho he (]), gid thiét nay lien quan dén tinh nhan qué tuong ting véi
tin hieu chuyén mach, tic la: su thay doi tin hieu chuyén mach trong tuong lai
khong lam thay doi nghiém tai thoi diém hién tai (hay trong qua khit). Phat trién

cach tiép can trong [6] va [48], ching toi sit dung anh xa mot budc va diéu kien
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on dinh dang Lyapunov dé nghién citu tinh duong va sy 6n dinh ctia hé SDLS chi
s6 1. Sau d6 bing cach mé rong bo dé Fekete, chiing t6i dinh nghia dué6i ban kinh
phd cho mot ho cac cip ma tran {(E;, Az’)}fL va tit d6 dua ra cac dac trung cho
tinh 6n dinh héa dugc ctia he SDLS duong.

O khfa canh khac, ta thiy céc tac gid trong [5, 6] da nghién citu tinh giai duge
va on dinh ctia he SDLS dang ([, 6 d6 quy téc chuyén mach trong ma tran E va A
la gidng nhau. Trong thuec té, hé c6 thé chiu cac nhiéu khong mong mudn. Do vay,
chiing t6i mong muén nghién cttu tinh giai duge va on dinh ctia hé chuyén mach
rdi rac tuyén tinh suy bién c¢6 nhiéu. Hon nita, néu quy tic chuyen mach trong cac
ma tran £ va A khac nhau thi bai toan sé phitic tap hon. Diéu nay x4y ra khi dong
lyc hoc clia 2,1 phu thudc vao ma tran dan F tai thoi diém k+1, chang han trong
truong hop ta rdi rac hoa he lién tuc bang phuong phap Euler an. Trong [38], Linh
da dé xuat mot s6 két qua cho truong hop nay véi hée SDLS khong c¢6 nhiéu. Theo
hiéu biét ctia chiing toi, chua c6 két qua nao vé tinh giai dudc ctia hé SDLS c6
nhiéu Lipschitz f,q(2(k)). Do vay, chiing t6i nghién citu tinh giai dugce va on dinh
ctia hé chuyén mach r5i rac tuyén tinh suy bién c6 nhiéu trong hai truong hop:

truong hop 1 véi quy tic chuyén mach & ma tran E va A gibng nhau dang

Ea(k)x(k + 1) = Aa(ki)x(k) + fa(/f) (ZE(]C)), (4)

va truong hop 2 véi quy téc chuyén mach é ma tran E va A khac nhau dang

Ea(k—l—l)x(k + 1) = Aa(k)x(k> + fa(k)(x(k»? (5>

trong d6 o : NU {0} = N :={1,2,...,N},N € N, 1a quy téc chuyén mach xac dinh
mode j € N hoat dong tai thoi diém k. Quy tic chuyén mach khac nhau trong céc
ma tran hé s E va A, cling v6i dong luc hoc clia he bi rang buoc va két hop
gitta cac hé con suy bién gay nén mot so6 kho khan trong viéc nghién cttu tinh giai
dugc ciing nhu st 6n dinh clia hé. Ching toi sé md rong va phat trién céch tiép
can trong [4, 6, B8] dé nghién cttu tinh gidi dude ctia he SDLS c6 nhiéu Lipschitz.
St ton tai duy nhat nghiém ctia he sé dugce chiing minh dya vao nguyén ly anh
xa co. Sau d6, cac dac trung vé tinh on dinh ciia hé s¢ dude deé xuat bang cach
stt dung phuong phap ham Lyapunov, danh gia nghiem va stt dung bat déng thic

Gronwall dang roi rac.
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P6i tuong va pham vi nghién ciu

Luan an tap trung nghién citu hai bai toan ctia hé chuyén mach suy bién.

e Bai toan 1 nghién ctu hé chuyén mach 16i rac tuyén tinh suy bién chi s6 1
duong, nghién ctu tinh dn dinh ctia hé, xay dung dudi ban kinh phd ciia mot
ho céc cap ma tran, tit d6 dua ra cac dic trung cho tinh 6n dinh héa dudgc ctia

he, ciing nhu diéu kién dé hé 6n dinh héa dugc.

e Bai toan 2 nghien cttu tinh giai ducgc va 6n dinh ctia hé chuyén mach 16i rac
tuyén tinh suy bién chi s6 1 ¢6 nhiéu Lipschitz trong hai truong hop: quy tac

chuyén mach & cac ma tran hé sé giéng nhau dang

Eoyr(k +1) = Agyz(k) + fou) (@(k)),

va quy tc chuyén mach & cdc ma tran hé s6 khac nhau dang

EU(kJrl):E(k? + 1) = Aa(k)l‘(k> + fa(k) (l’(k))

Phuong phap nghién ciu

Dé nghién ctu tinh gidi duge, on dinh va on dinh héa duge clia hé chuyén
mach 13i rac tuyén tinh suy bién, ngoai viéc sit dung cac tinh chat co ban ctia giai
tich, giai tich ham, dai s6 tuyén tinh nhu nguyén ly anh xa co, nguyén 1y so sanh,
tinh chat ctia chuan ma tran, tinh chat day s6, day ham, ... ching toi sit dung
cac phuong phap chiéu, phuong phap ham Lyapunov, ban kinh phd, duéi ban kinh
phd ctia mot ho cac cap ma tran, .... Tat ca céc vi du minh hoa dugc tinh toan,
mo6 phong quy dao nghiém bang phan mém Matlab trén may tinh ca nhan cé cau

hinh Core i5, RAM 8GB.
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B6 cuc cta luan an
Luan an dugce viét dya trén cac két qua ctia ba bai bao [CT1, CT2, CT3]. Luan

an gom phan md dau, két luan chung va ba chuong lan lugt nhu sau:

e Chuong 1. Kién thic chuan bi. Trong chuong nay, ching toi trinh bay lai
mot s6 khai niém co ban vé ban kinh pho ctia ma tran, ban kinh pho ctia mot
ho cac ma tran, duéi ban kinh pho ctia mot ho cac ma tran, mot s6 ma tran
dac biét, tich Kronecker, toan tit vec, nghich dao Drazin, nghich dao Moore —
Penrose, hé chuyén mach tuyén tinh thuong cting vé6i cac diéu kien dé he on
dinh. Tiép theo chting toi trinh bay lai cac két qua vé phuong trinh sai phan
suy bién tuyén tinh v6i cdc khai niém chi s6, bai toan gia tri ban dau cho
phuong trinh sai phan suy bién tuyén tinh chi s6 1 va hé chuyén mach rdi rac

tuyén tinh duong.

e Chuong 2. Tinh 6n dinh va 6n dinh héa dudc ctia hé chuyén mach
rdi rac tuyén tinh suy bién chi sé 1 duwong. Dau tién ching toi trinh bay
lai dinh nghia hé chuyén mach rdi rac tuyén tinh suy bién chi s6 1, cong thiic
nghiém va mot s6 tinh chat quan trong ciia hé suy bién chi s6 1 thong qua
anh xa mot budc va phép chiéu. Sau do, luan an nghién cttu tinh duong va
tinh on dinh ctia hé chuyén mach rdi rac tuyén tinh suy bién chi s6 1. Chiing
toi dinh nghia duéi ban kinh phd cho mét ho cac cip ma tran, tit dé dua ra
mot s6 dac trung cho tinh én dinh héa duge ciia hé chuyén mach 16i rac tuyén
tinh suy bién chi s6 1 duong. Cudi cung ching toi dua ra mot sé vi du minh

hoa cho cac két qua 1y thuyét.

e Chuong 3. Tinh gidi dudc va tinh on dinh ctia hé chuyén mach roi
rac tuyén tinh suy bién chi s6 1 c¢6 nhiéu Lipschitz. Ching toi nghién
citu tinh giai dugce va on dinh ctia hé chuyén mach r6i rac tuyén tinh suy bién
chi s6 1 c¢6 nhiéu Lipschitz véi quy tic chuyén mach giéng nhau ¢ ma tran he
s6. Sau d6, ching toi xét hé chuyén mach 16i rac tuyén tinh suy bién chi s6
1 v6i quy téc chuyén mach khéc nhau é ma tran hé s6, nghién ctu tinh giai
dugce ciia he, thiét lap cac diéu kién can va di cho tinh 6n dinh ctia hé. Cudi

ciing ching toi dua ra mot s6 vi du minh hoa cho cac két qua 1y thuyét.
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Chuong 1

Kién thitc chuan bi

Trong chuong nay, ching toi trinh bay lai mot s6 khai niém co ban vé ban kinh
phd ctia ma tran, ban kinh pho clia mot ho cac ma tran, dudi ban kinh phd cta
mot ho cac ma tran, mot so6 ma tran dac biet, tich Kronecker, toan tit vec, nghich
dao Drazin, nghich ddo Moore — Penrose, hé chuyén mach tuyén tinh thusng ciing
véi cac dieu kien dé he on dinh. Tiép theo ching to6i nhic lai mot sé két qua ve
phuong trinh sai phan suy bién tuyén tinh vé6i cac khai niém chi s, bai toan gia
tri ban dau cho phuong trinh sai phan suy bién tuyén tinh chi s6 1 va hé chuyén
mach rdi rac tuyén tinh duong cting mot sé két qua bo tro st dung trong luan an
(xem [6, 9, [T, [16, 20, 23, 32} 46, A7, 48, 49, 59, 61]).

Ching t6i nhan manh mot s6 ki hiéu dung trong toan bo luan an. Ma tran
(vecto) thyc A véi tat ci cdc phan t1it khong am duge goi 1a ma tran (vecto) khong
am, ki hicu A > 0; A 1a ma tran (vecto) duong, ki hieu A > 0 néu tat ci cdc phan
ti clia A déu duong. V6i hai ma tran thuc cing ¢cd M, N, ki hieu M > N; M > N
nghia la M — N > 0; M — N > 0 tuong tng. R’} la tap hop cac vecto khong am trong

R”: R” 14 phan trong ctia R? — tap céc vecto duong trong R”.

1.1. Mot sd khai niém co ban

1.1.1. Ban kinh pho ctia ma tran
Cho ma tran A = (a;j)nxn € R™™.
i) Pho ctia ma tran A la tap cac gia tri riéng ctia A, ki hiéu 1a o(A).
o(A) ={A e C: Av = v}
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ii) Ban kinh pho ctia ma tran A ki hiéu 14 p(A) v duge xac dinh béi
p(A) = max{|A| : A € 0(A)}.
Ta ciing ¢6 p(A) = lim || AF|*.
k—o00
Goi N :={1,2,...,N}, N € N, xét mot tap cac ma tran
A= {Al,AQ, L LAN A€ Rnxn}

Nam 1960, cac tac gia Rota va Strang da dua ra khai niem béan kinh pho chung

(joint spectral radius) ctia mot ho cdc ma tran nhu sau.
Dinh nghia 1.1.1 (xem [50]). Ban kinh pho chung ctia ho cac ma tran A la

p(A) = lim maxNHAilAiz...AikH%.

k—00 t1,...,1k €

Sau d6, khai niem dudi ban kinh phé chung ctia mot ho cac ma tran duge tac

gia Gurvits dua ra nhu sau.

Dinh nghia 1.1.2 (xem [25]). Duéi kinh pho chung (joint spectral subradius)
cua ho cac ma tran A l1a

p(A) = lim  min [|4; 4, .. A ||E.

k—0011,...,ik €

Nhan xét 1.1.1. Do trong khong gian hitu han chiéu R” cac chuan la tuong duong
nén cac dinh nghia ban kinh phd ctia ma tran, ban kinh phé chung ctia ho céc ma
tran, duéi ban kinh pho chung ctia ho cédc ma tran khong phu thudc vao chuan

dugce st dung.
1.1.2. Mot sbé ma tran dic biét

Dinh nghia 1.1.3. Cho ma tran A = (ai;)nxn € R™*". Khi do6

i) Ala ma tran Schur néu tat ci céc gia tri rieng clia n6 nam trong dia tron don

vi mé (hay ban kinh pho p(A) := max{|A| : A € 0(A)} 13 nhé hon 1).

ii) A I ma tran Hurwitz néu tat ca cac gia tri riéng nam trong ntta mit phang
phiic trai.
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Ta da c6 cac két quad quan trong cho tinh én dinh ctia hé dong luc theo ma
tran Hurwitz va ma tran Schur tuong tng véi truong hop thoi gian lién tuc va
thoi gian roi rac. He lién tuc theo thaoi gian #(t) = Ax(t) 6n dinh tiém can (tiic 1a
Jim z(t) = 0) néu A la ma tran Hurwitz (xem [17]).

Xét he dong luc tuyén tinh 10i rac theo thoi gian dang
r(k+1)=Ax(k), k=0,1,2,..., (1.1)

trong d6 z(k) € R", A € R"*".
Heé (1.1]) dugc goi 1a 6n dinh tiem can néu da thic dic trung ctia he det(A, — A)
c6 tat ca cac nghiém niam trong dudng tron don vi trong mat phang phitc (xem

[30]). Tt d6, he dong e (1.1]) 6n dinh tiém can néu A 1a ma tran Schur.

1.1.3. Tich Kronecker

Cho ma tran A = (ajj)mxn €6 m x n va ma tran B ¢d p x ¢, khi d6 tich Kronecker

ctia A va B duge ky hieu A ® B, 1a ma tran khoi ¢cd pm x gn va dugce xac dinh béi

anB - aipnB
AR B =

@mlB CLmnB

1.1.4. Toan tt vec

Vecto héa mot ma tran 1a mot phép bién doi tuyén tinh chuyén mot ma tran thanh
mot vecto.
V6i ma tran B ¢d m x n, dinh nghia vec(B) 14 ma tran ¢d mn x 1, thu dugc bang

cach lay cac cot clia ma tran B tit trai sang phai va xép chong lén nhau. Chang

a
a b c
han, B = thi vec(B) =
c d b
d

Cho cac ma tran B,C va D c6 ¢ thich hop, ta c6 tinh chat
vec(BCD) = (DT ® B) vec(C).
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1.1.5. Nghich dao Drazin
Ching toi trinh bay dinh nghia vA mot s6 tinh chat co ban ciia nghich ddo Drazin.

Dinh nghia 1.1.4 (xem [16]). Cho ma tran M € R"*" nghich ddo Drazin cta

ma tran M 1a ma tran duy nhat MP théa man
MPM =MMP, MPMMP =MP, MPMH = MY,
trong do6 v 14 s6 nguyén khong am nhé nhat sao cho rank(MY) = rank(M¥*1).

Trong [33], Kunkel va Mehrmann (2006) d&a chi ra cach tinh nghich ddo Drazin
clia mot ma tran; ngoai ra c¢6 thé xem cong trinh [I3] ctia Cant6, Coll va Sanchez
(2005) dé biét thém chi tiét vé van dé nay. Ta ciing c6 thé sit dung dang chuan
Jordan dé tim nghich ddo Drazin ctia ma tran M (xem [I1]) nhu sau: phan tich

ma tran M thanh dang

C 0
M=T T, (1.2)
0 N

trong d6 C la ma tran kha nghich va N la ma tran liy linh. Khi d6, nghich dao

Drazin ctia ma tran M dugc xac dinh béi
MP =1 T (1.3)

Chu y réng, néu M 1a ma tran khong suy bién thi khéi N trong (1.2)) sé méat
di va MP = M~! néu M la ma tran liy linh thi khéi C trong (1.2)) sé mat di va
MP =0.
1.1.6. Nghich dao Moore — Penrose

Dinh nghia 1.1.5 (xem [12]). Cho ma tran A € R™*" nghich ddo Moore —

Penrose clia A 1a ma tran AT € R"*™ théa man cac tinh chat sau
AATA= A, ATAAT = AT, (AAT)T = AAT, (ATA)T = ATA.

Chu y rang, AT A vd AAT 1a cac toan tit chiéu, do (AT A)?2 = ATA va

(AAT)2 = AA*. Thuc té, bon diéu kién trén tuong duong véi dieu kien AT A va
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AA* 1a cac phép chiéu tryc giao. Hon nita, AAT 14 phép chiéu len im(A) suy ra
(AAT)A = A vi AT A 1a phép chiéu len im(AT) nén (AT A)AT = AT,
Néu A € R™" 13 ma tran kha nghich thi AT = A~1

1.1.7. Bat dang thic Gronwall

Ta can sit dung bat ding thitc Gronwall dang r6i rac dudi day dé nghien ctiu tinh
on dinh mi ctia he SDLS ¢ Chuong 3.

Dinh 1y 1.1.1 (xem [32]). Gid st rang {ym}, {fm}, {gm} la cic day khong am sao
cho

Ym < fm + Z 9iyi, Vm > 0.
0<i<m

Khi do
Um < fm + Z figi H (1+g5)

0<i<m 1<j<m

1.1.8. B dé Fekete

Bo dé 1.1.1 (B6 dé Fekete, xem [19]). Cho {a,}>°, la day s thuc théa man
Umtn < Qm + G, voi mot m,n > 1.

.3 . . . a A Cos 1y . a
Khi dé, gidi han lim — ton tai va bang inf —.
n—oo M n>1n

Tu Bb dé Fekete ta c6 hé qua sau.
Hé qua 1.1.1 (xem [46]). Cho {a;}3°, la mot day so duong sao cho apye < agay
vdi mot k., > 1. Khi dé gidi han klim (ak)% ton tai.
—00
1.1.9. Dinh ly Perron — Frobenius

Dinh ly 1.1.2 (Dinh 1y Perron — Frobenius, xem [10, 28]). Gid st A € R*".
Khi do
i) p(A) la mot gid tri riéng cia A va ton tai vecto x € R, x >0, x # 0 sao cho

Az = p(A)z.
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it) Cho trudc a > 0, ton tai vecto x € R™, >0,  # 0 sao cho Az > ax néu va

chi néu p(A) > a.

T Dinh 1y Perron — Frobenius ta suy ra dugc hé qua sau, duge st dung trong

chting minh mot s6 két qua ¢ Chuong 2.

Hé qua 1.1.2. Gid st A € RY", cho trudc o > 0. Khi dd, néu ton tai vecto

re€R™ x>0, z#0 sao cho Ax < ax thi ta c6 p(A) < a.

Chitng minh. Gia st ton tai vecto z € R", 2 > 0,  # 0 sao cho Az < axz nhung
p(A) > a. Ta sé chi ra mau thuan.

Ta c6 p(AT) = p(A), ma p(A) > a nén p(AT) > a.

Khi d6, theo Dinh 1y Perron — Frobenius, ton tai vecto y € R™, y > 0, y # 0 sao
cho ATy >ay, suyray'A>ay’. Tu do, y" Az > ay'z. Do vay, y' (Az — ax) > 0,
dieu nay 14 vo Iy do Az < axz nén Az —azx <0 vay' > 0.

Vay v6i A € RY", néu ton tai vecto z € R", x > 0, = # 0 sao cho Az < az thi ta
c6 p(A) < a. |

1.2. Hé phuong trinh sai phan suy bién tuyén tinh hé s6 hing

Xét he roi rac tuyén tinh suy bién dang
Ex(k+1)= Az(k), k=0,1,2,..., (1.4)
trong d6, cac ma tran E, A € R™" cho truée, E 1a ma tran suy bién va z(k) € R™.
1.2.1. Tinh gidi dudc ctia hé sai phan suy bién tuyén tinh
chi s6 1

Dinh nghia 1.2.1 (xem [61]). Cip ma tran (E,A) € (R™" R™") duge goi la
chinh quy néu da thitc dic trung det(sE — A) khong dong nhat 0.

Bb6 dé 1.2.1 (xem [61]). Cap ma trin (E,A) € (R™" R™") la chinh quy khi va

chi khi ton tai cdc ma tran khd nghich U,V € R™" sao cho

I, O (n—r J Or s (n—r
(UEV,UAV) = X el (1)

O(n—r)xr N O(n—r)xr Ly



trong dé J € R™" la ma tran chuan Jordan va N € RO=)x(=") la maq tran liy linh

cing cé dang chuan Jordan.

Nhan xét 1.2.1. Chi s6 liiy linh ciia N 13 s6 v € N bé nhat sao cho NV = 0,,_,.
Chi s6 nay khong phu thudc vao viée chon cac ma tran U,V va goi l1a chi s6 clia
cap (E, A).

Khi N = 0,,_, thi cip ma tran (E, A) c¢6 chi s6 1. Trong trudong hop nay, ta chon
cac ma tran V = [V}, V5] va U = [EV), AV, véi

imV; =8 := A (im E) := {¢ ¢ R" : A¢ € im F},

im Vo = ker E.

Bo dé 1.2.2 (xem [23]). Cdc khing dinh sau la tuong duong vdi E, A € R™™ va
S = A" 1(imE).

i) Cdp ma tran (E, A) la chinh quy va cé chi so 1.
ii) S Nker E = {0}.
iii) S @ ker E = R,

Tinh chinh quy va chi s6 1 clia cip ma tran (£, A) lién quan dén sy ton tai va

duy nhat nghiem ctia hé (1.4) dugc khang dinh trong bd dé dusi day.

Bo dé 1.2.3 (xem [61]). Gid st cap ma tran (E, A) la chinh quy chi s6 1. Khi
dé, hé roi rac tuyén tinh suy bién (1.4) vdi dieu kien dau x(0) = vo € R ¢6 nghiém

duy nhat khi va chi khi zq € S va nghiém duge cho bdi cong thiic

. J 0]
w(k) = Ofp_yyr0, VI D 4y =V 0o v

trong d6 V wva J la cdc ma tran trong khai trién dang (1.5) va ®(p,4) khong phu

thuoc vao cac ma tran V va J.
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1.2.2. Tinh gidi dudc ctia hé sai phan suy bién téng quat

Két qua dudi day trinh bay tinh giai duge ctia he (1.4) duge Campbel dua ra nam
1980.

Dinh 1y 1.2.1 (xem [11]). He suy bién c6 nghiém duy nhat vdi méi diéu
kién ban dau chdap nhan duge néu va chi néu cdp ma tran (E, A) la chinh quy (tic
la, ton tai A € C sao cho (AE — A)_1 ton tai). Hon nita, tap dieu kién ban dau chap
nhan duoc cho bdi im (EDE) va cac nghiem cia hé (1.4) ¢ dang

o(k) = (EPA) BPEw,
trong dé v la vecto bat ky trong R™, cdc ma tran A va E duge zdc dinh bdi
E=WM\E—-A)'E, A=0\E-A)"'A4 (1.6)
vdi A € C sao cho (\E — A)™" ton tai va EP la nghich déo Drazin cia E.

Nhan xét 1.2.2. Nghiém ctia hé (1.4) khong phu thudc vao A va né théa man
phuong trinh sai phan

z(k+1) = EPAxz(k),

x(0) = EPEv e im(EDE).

Tu day ta luon gia thiét cip ma tran (£, A) chinh quy.
Dit P:= EPE va A := EPA. B dé dudi day trinh bay mot s6 tinh chit quan

trong cho cac ma tran nay.

Bo dé 1.2.4 (xem [47]). Cdc tinh chit sau la ding.
i) P la mot phép chiéu (P> = P).
ii) PA= AP = A.

iii) Vi moi nghiem x(k) ciua hé (1.4) ta c6 Px(k) = x(k).
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1.2.3. Tinh duong cta hé sai phan suy bién

Nhin chung, viéc phan tich tinh duong ctia hé vé6i tap diéu kién ban dau chap nhan
duge bat ky 1a bai toan khong dé. Trong [43] 54], Nieuwenhuis (1984) va Stern
(1982) da nghién ctu tinh duong ctia hé LTI (linear time—invariant systems) véi
tap dieu kien ban dau chap nhan dugce 1a mot nén nhon 16i déng. Tuy nhién, cac
két qua dé xuat con mang tinh 1y thuyét va khong thé kiém tra bing phuong phéap
so tri. Nam 2014, trong [48], cac tac gia Rami va Napp da nghién citu tinh toan cac

diéu kién cho tinh duong ctia he (1.4]) lien két véi mot tap non dang im(P) NR7.

Dinh nghia 1.2.2 (xem [48]). Ta n6i he (1.4) 14 duong néu véi moi diéu kién
ban dau chap nhan duge khong am z(0) € Xy = im(P) "R’ ta ¢6 x(k) > 0 v6i moi
k > 0.

Dé dua ra cac két qua vé tinh duong ciia he (1.4)) ta sit dung két qua trong bd dé
dudi day.
B6 dé 1.2.5 (xem [41]). Cho M,N la cdc ma tran cé cd thich hop. Cdc khing

dinh duor day la tuong duong:
i) Mz >0 suy ra Nx >0, vdi x cd cd thich hgp;

i) Ton tai H >0 théa man phuong trinh ma tran N = HM.

Bay gio, chiing ta xét hé
z(k+1) = Ax(k),
(k+1) (k) )
z(0) € im P.

Tit Dinh ly va Nhan xét ta c6 he (I.7) va he (1.4) c6 cing tap nghiem
v6i bat ky dieu kien ban dau nam trong im(P). Tt d6, tinh duong ctia he (1.4)
tuong duong véi tinh duong ctia he (1.7) véi tap diéu kien ban dau chap nhan duge
khong am Ap =im PN RY.
Dinh 1y 1.2.2 (xem [48]). Cdc khdng dinh dudi day la tuong duong.

i) He (1.4) (hodc he (1.7)) la duong vdi tap dieu kién ban dau chap nhan dugc

khong am Xy = im(P) N R7.
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it) Ton tai mot ma tran H sao cho

H>0

)

B (1.8)
A=HP.

Dinh ly dua ra dic trung tinh duong ctia he bang sy ton tai clia ma
tran H khong am thoéa man dang thic tuyén tinh, viéc nay c6 thé duge kiém tra
thong qua bat ding thic ma tran va dang quy hoach tuyén tinh mot cach hieu
qué. Tuy nhién, dic trung tinh duong c6 thé dugc cai thién bang céch loai bo rang
buoc déng thic trong va thay thé bang mot bat dang thic tuyén tinh. Dé

lam dugc diéu nay, ta can bo dé dudi day.

Bo dé 1.2.6 (xem [47, 48)]). Hé phuong trinh ma tragn XM = N c6 nghiém theo
bién X néu va chi néu N(I — MTM) = 0, trong dé M+ la nghich dio Moore —
Penrose. Hon nita, tat cd cic nghiém duge xdc dinh béi X = NM+ +D(I — MM?),

vdi D la mot ma tran bat k.
Két qua don gian héa tinh duong dude phat biéu trong dinh 1y dudi day.
Dinh 1y 1.2.3 (xem [48]). Cdc khang dinh dudi day la tuong duong.

i) He (1.4) (hodc he (1.7)) la duong vdi tap dieu kién ban dau chap nhan dugc
khong am Xy =im P N R’

it) Ton tai mot ma tran D sao cho

A+D(I-P)>0.

Bat ding thic ma tran theo bién ma tran D e R**"

A+ D(I—-P)>0, (1.9)
c6 thé viét lai thanh bat dang thiic tuyén tinh

(PT—T)®Iz <, (1.10)

4 d6 x = vec(D) va b = vec(A).
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1.2.4. Tinh én dinh ctia hé sai phan suy bién duong

Dinh nghia 1.2.3 (xem [48]). Ta no6i hé (1.4) 14 6n dinh néu véi bat ki diéu kién
ban dau z(0) € &y ta ¢6 x(k) — 0 khi k — oco.

Chung t6i trinh bay lai mot s6 diéu kien on dinh cho hé rdi rac tuyén tinh

khong suy bién duong.

Meénh dé 1.2.1 (xem [48]). Cho N la ma tran khong am va zét hé tuyén tinh
khong suy bién dang
z(k+1) = Nz(k). (1.11)

Khi dé, cic khang dinh sau la tuong duong.
i) N la ma tran Schur, hay hé (1.11) la on dinh vdi moi diéu kién ban dau.
i) Ton tai vecto v € R"™ sao cho

v>0 wva (N—-Iv<D0.

ii) Ton tai vecto v € R™ sao cho
y>0 wa ~ (N-1)<0.
Dudi day, ta trinh bay cdc dic trung cho tinh 6n dinh ctia he (1.4) véi diéu kien

im P N R? # (), nghia 1a ta yeu cau heé (L.4) c6 qui dao nghiém khong chi ndm trén

bién ctia R

Dinh ly 1.2.4 (xem [48]). Gid si rang, ton tai vecto v € R™ sao cho Pv > 0.

Khi dé, cic khang dinh sau la tuong duong.

i) He (L4) (hay (1.7)) la duong va on dinh vdi tap diéu kien ban dau chdp nhan
duge Xy =im PN RY.

i) Ton tai mot ma tran D sao cho

H:=A+D(I—P) lama tran Schur khong am. (1.12)
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ii) Ton tai vectod v € R", v >0 va ma tran Z € R™" sao cho

YT A-1)+1,)2(1 - P) <0,

N (1.13)
diag(y)A+ Z(I — P) > 0,
trong dé 1, =[1...1]T € R™,
1.3. Hé chuyén mach roi rac tuyén tinh duong
Xét he chuyén mach roi rac tuyén tinh duong (DPSS) dang
ok +1) = Aga(k), (1.14)

trong d6 z(k) € R” la bién trang théi tai thoi gian k, o : NU {0} — N la quy téc
chuyén mach bat ky, nhan gia tri trong tap N, A; € R™ ™ 13 ma tran duong véi

moi i € N.

1.3.1. Tinh 6n dinh ctia hé chuyén mach rdi rac tuyén tinh duong
Dinh nghia 1.3.1 (xem [20]). He (1.14)) 1a on dinh (tiem can) néu v6i moi quy

tac chuyén mach o va diéu kién ban dau z(0) € R? ta c6 z(k) — 0 khi & — oc.

Dinh nghia 1.3.2 (xem [20]). Mot ham V(z) : R® — R duge goi 1a ham dong
duong (copositive) néu V(x) > 0 v6i moi x > 0 va V(0) = 0. Ham dong duong
V(z) : R" = R duge goi 1a ham Lyapunov chung cho he DPSS (1.14) néu

Ve>0,Vie N AVj(x):=V(Az)—V(z) <0,
hoac tuong duong
Vo >0, max AV;(z) < 0.
1€EN
Ta thuong xét ba 16p ham dong duong dudi day:

e ham dong duong tuyén tinh: V(z) = vz, v6i v € R", v > 0.

e ham dong duong bac hai: V(z) = 2" Pz, v6i P = PT € R"" sao cho ' Px > 0

v6l moi x > 0,z # 0.
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e ham bac hai xac dinh duong: V(z) = 2" Pz, v6i P = PT = 0.

Trong luan an, ching toi stt dung 16p ham dong duong tuyén tinh dé dua ra diéu
kien 6n dinh ctia hé chuyén mach roi rac tuyén tinh suy bién chi s6 1 duong &
chuong 2.

Mot ham dong duong tuyén tinh V(z) = v'z, v6i v > 0 13 ham Lyapunov chung
cho he DPSS néu v' Az < v'a v6i moi i € N va v6i mdi « > 0. Néu ton tai
mot ham Lyapunov chung cho hé thi he on dinh (tiém can). Diéu nay
dugc khang dinh trong ménh dé duéi day.

Ménh dé 1.3.1 (xem [20]). He¢ DPSS (1.14) la on dinh néu ton tai v € R" sao
cho

v>0 wva v (A4;—1)<0, VieN.

1.3.2. Tinh 6n dinh ctia hé chuyén mach rdi rac tuyén tinh duong
theo thdi gian ditng nhé nhat

Ta goi day {kq}qen la day thoi diém chuyén mach, tic 1a thoi diém o(k) thay doi
gia tri va 74 := kg1 — kg duge goi la thai gian ding. Ta quy ude kg = 0.

Ta biét ring, mot hé chuyén mach 14 on dinh néu tat ca cac hé con 1 on dinh va
viéc chuyén mach duge thyc hién di cham. Trong [59], cac tac gid da nghién citu
xac dinh thoi gian ditng nhé nhat 7* dé he bao gom céc hé con 6n dinh la

on dinh tiém can, véi quy tic chuyén mach
o(k)=i€ N, Vke kg kosr), (1.15)

trong d6 k, va kg1 12 hai thoi diém chuyén mach lién tiép théa man k,q —k, > 7.
Diéu kién on dinh ctia he DPSS (1.14) v6i thoi gian ditng nhd nhat duge trinh
bay trong dinh 1y dudi day.

Dinh ly 1.3.1 (xem [59]). Gid si, vdi hing s6 0 < 7 € N cho trude, ton tai mot

tap cac vecto vy, ve,..., oy € R" v; > 0,7 € N sao cho

v (Ai—1)<0,Vie N (1.16)
va

vl AT —v] <0, Vi,jeN. (1.17)
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Khi do, he (1.14) on dinh (tiém cin) vdi day thoi diém chuyén mach {kq}qen thoa

man T4 > T.

Trong [34], cac tac gia Li va Zhang ciing da xay dung duge diéu kién én dinh
cho hé chuyén mach roi rac tuyén tinh duong v6i thoi gian dimg nhé nhat. O
do, céc tac gid dua ra dieu kien tuong duong véi cac dieu kien (1.16)), trong
Dinh 1y [1.3.1], dugc trinh bay trong dinh Iy dui day.

Dinh 1y 1.3.2 (xem [34]). Cho trudc hing s6 0 < 7 € N. Cac khang dinh dudi

day la tuong tuong:

i) Ton tai mot tap cdc vecto v; € R v; > 0,i € N sao cho

v (A; —1)<0,VieN,

7

v AT —v] <0, Vi,j€N;

i) Ton tai mot tap cdc vecto vt €R" v >0,i€ N,1=0,1,...7 sao cho
(

V0 — Vir < 0, Vi,j Eﬂ,

q v, (A; —1)<0,VieN,

1,7

(oA — v <0, VieNoO<I<T—1.

Hon nita, khi mot trong cdc khdang dinh trén ding, he DPSS (1.14)) la on dinh (tiem

cdn) vdi day thoi diem chuyén mach {k,}, théa man 1, > 7.

1.3.3. Tinh 6n dinh héa dudc bing quy tic chuyén mach cta hé

chuyén mach réi rac tuyén tinh duong

Dinh nghia 1.3.3 (xem [20]). He DPSS (1.14)) 1& on dinh héa dugc néu véi moi
diéu kien ban dau duong x(0), ton tai mot day chuyén mach o : NU {0} — N sao

cho quy dao trang thai z(k) hoi tu ve 0.

R6 rang bai todn 6n dinh hoa la khong tam thuong néu tat cd cac ma tran
A;,i € N khong 1a ma tran Schur, tic la tat cad cac hé con déu khong 6n dinh.
Trong dinh nghia trén, viéc chon day chuyen mach o c6 thé phu thudc vao dicu
kién ban dau z(0). Mot dinh nghia manh hon ctia diéu kién 6n dinh héa duge 1a

day chuyén mach 6n dinh hé khong phu thudc vio diéu kien ban dau.
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Dinh nghia 1.3.4 (xem [20]). He DPSS (L.14)) 1& on dinh héa dugc nhdt quin
néu ton tai mot day chuyén mach o : NU {0} — N sao cho v6i moi diéu kién ban

dau duong z(0), quy dao trang thai tuong ting x(k) hoi tu ve 0.

Ta thay, hé on dinh héa dugc nhat quan suy ra hé 6n dinh hoa duge, diéu
nguoc lai chua chic ding. Trong trudng hop tong quat, tic 1a khong c¢6 diéu kien
duong, ngudi ta c6 thé tim duge hé 6n dinh héa duge nhung khong én dinh héa
duge nhat quan (xem vi du trang 112 — 113 trong [55]). Tuy nhién, trong [20] céc
tac gia da ching minh dudc, v6i hé chuyén mach duong , hai dinh nghia trén
la tuong duong va ching tuong duong véi kha nang 6n dinh héa duge hé bang mot
day chuyén mach tuan hoan khong phu thudc vao diéu kién ban dau duong. Diéu

nay ducc khing dinh trong meénh dé dudi day.

Ménh dé 1.3.2 (xem [20]). Xét hé chuyén mach roi rac tuyén tinh duong (1.14),

cdc khang dinh sau la tuong duong:
i) hé on dinh héa dugc;
ii) hé on dinh héa dugc nhat qudn;

i) ton tai M >0 va b chi s6 ig,i1,...,ip—1 € N sao cho ma tran tich

Aiyy 1 Aiyy s - Ay la mot ma tran Schur duong;

i) ton tai mot day chuyén mach tuan hoan dua qug dao trang thdi tuong tng vdi

moi dieu kien ban dau duong hoi tu ve 0.
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Chuong 2

Hé chuyén mach rdi rac tuyén tinh

suy bién chi s6 1 duong

Chuong nay chiing toi trinh bay mot s6 két qua vé tinh 6n dinh va 6n dinh hoa
duge cho hé chuyén mach rdi rac tuyén tinh suy bién chi s6 1 duong. Ching toi
dua ra dinh nghia tinh duong ctia heé, sau d6 thiét lap diéu kién du cho tinh 6n
dinh ctia hé. Cudi cling, ching toi dinh nghia dudi ban kinh pho ctia mét ho cac
cap ma tran, tit d6 dua ra dic trung cho tinh on dinh hoéa dugde ctia he. Két qua
clia chuong da dugce cong bo trong bai bao [CT1].

Dau tien, ching to6i trinh bay lai mot s6 két qua quan trong cho hé chuyén mach
rdi rac tuyén tinh suy bién chi s6 1 da dudc Anh va cac cong su dé xuat trong

5, 6.

2.1. Hé chuyén mach roi rac tuyén tinh suy bién chi sb 1

2.1.1. DPinh nghia hé chuyén mach r&i rac tuyén tinh suy bién chi

s6 1
Ta xét hé chuyén mach 16i rac tuyén tinh suy bién (SDLS) dang
Eyryx(k +1) = Ay (k), (2.1)

trong d6 E;, A; € R™™ z(k) € R" la vecto trang thai tai thoi diém k& € N va
o:NU{0} - N:={1,2,...,N},N € N, Ia quy tac chuyén mach, nhan gié tri trong

tap hitu han N. Gia sl cic ma tran FE; suy bién véi moi i € N.
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Ta lien két he (2.1]) v6i diéu kien ban dau
z(0) = zp € R™. (2.2)

Dinh nghia 2.1.1. Nghiém ctia hé chuyén mach rdi rac tuyén tinh suy bién dang
[2.1) 1a day {x(k)}; thda man he (2.1) v6i mdi k = 1,2, ... v& quy tic chuyén mach
o(k) € N bat dau ti trang thai z(0) tuong thich.

D6i véi he chuyén mach lien tuc suy bién cong thic nghiem da duge thiét lap
trong [60]. D#c biet, khi xét khong gian nghiém suy rong la khong gian cac ham
tron ting khic, su ton tai va duy nhat nghiém véi moi tin hieéu chuyén mach duge
ddm bao khi va chi khi cac cidp ma tran (E;, A;) 1a chinh quy. Hai tinh chat quan
trong clia hé chuyén mach lién tuc suy bién la: 1) tinh nhan qué ctia nghiém lién
quan téi tin hiéu chuyén mach, ttc 14, su thay doi tin hiéu chuyén mach trong
tuong lai khong lam thay doi nghiém tai thoi diém hién tai va 2) tinh duy nhét
nghiem khi cho trudc tin hiéu chuyén mach va gia tri ban dau. Tuy nhien, vi du
dudi day cho thay cac tinh chat nay khong con diung trong trudng hgp hé roi rac.
Diéu nay chitng té céc két qua cho hé roi rac khong thé suy ra truc tiép tit cac két

qua tuong ting cho hé lién tuc.

Vi du 2.1.1 (xem [5]). Xét hé chuyén mach tuyén tinh suy bién (2.1)) véi
N ={1,2} va

Ta xét hai tin hieéu chuyén mach cu thé véi o1 = 1 va 09 = 2, nghiém ctlia hé tuong

ing c6 dang

v6i k € N va 2(0) = (2}, 23) € R? la diéu kién ban dau cho trude. Tiép theo, ta xét
hé chuyén mach (2.1)) v6i tin hiéu chuyén mach thay déi tai thoi diém ks > 0 nhu
1, k<ks,

sau o(k) =
. k> ks
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Hé chuyén mach tuyén tinh suy bién (2.1 tré thanh

k < ]CS k > ks
:El(k‘—f—l) ::L‘l(k’) Ole(k)
0:932(]{), :L'g(k—}—l) :iL‘Q(k).

Ta thay, thanh phan thi nhat zi(ks) bi phu thuoc vao ca hai trang thai: vdi
k = ks — 1, tt trang thai thi nhat ta c6 xz1(ks) = 21(ks — 1) VA v6i k = kg, tU trang
thai thit hai ta c6 0 = z1(ks). Suy ra z(k) = 0 v6i moi k < ks, tit d6 cho thay, thoi
diém chuyén mach k, > 0 lam thay doi toan bo nghiém khac khong trude d6 (mat
di tinh nhan qud). Trong khi d6, thanh phan thit hai z2(ks) c6 the nhan gia tri bat
ky, do d6 he thu duge khong c6 nghiém duy nhat (mat di tinh duy nhat nghiem).
Dé ¥ ring, cac cap ma tran (E;, A;) 1 chinh quy. Khi d6, hé chuyén mach lién tuc
v6i cac cip ma tran (E;, A;) 1a nhan qua va bai toan gia tri ban dau c6 nghiem duy

nhéat.

Nhu vay, déi véi truong hop lien tuc, chi can gid thiét mdi cip ma tran (£;, 4A;)
chinh quy dé két luan sy ton tai vd duy nhat nghiém ctia hé chuyén mach tuong
ting. Tuy nhién, két qua nay khong con diung doi véi truong hop thoi gian rdi rac.
Nhu vay, gia thiét mdi mode ctia hé chuyén mach 1a chi sé 1 khong di dé dam bao
su ton tai nghiém ctia hé chuyén mach tuong ing. Do dé, ta can gia thiét chit hon
cho cip ma tran (E;, 4;) dé két luan dugc cac tinh chat ciia nghiem. Dia trén khai
niem chi s6 linh hoat ctia Griepentrog & Marz (xem [23]) va khai niém chi s6 1
dang hinh hoc cho hé sai phan suy bién véi he s6 bién thien clia Anh & Yen (xem
[8]), cac tac gid trong [6] da dua ra khai niém chf s6 1 cho hé chuyén mach tong

quat nhu sau.

Dinh nghia 2.1.2 (xem [5], [6]). He (2.1)) dugc goi 1a he chuyén mach tuyén tinh

suy bién chi s6 1 néu
SiNker E; = {0}, v6i moi i,j € N, (2.3)
trong d6 S; = A; H(im E;) == {€ e R" : A€ € im E}}.

Mot s6 tinh chat quan trong ciia hé chuyén mach tuyén tinh suy bién chi s6 1 dugc

trinh bay trong bo dé sau.
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Bo dé 2.1.1 (xem [B5, 6]). Gid sit hé chuyén mach tuyén tinh suy bién [R2.1) c6
chi s6 1. Khi dé ta co cic khang dinh

i) rank F; = const =: 1 (r < n),

i) S; @ ker E; = R" Vi j € N.

2.1.2. Anh xa mot bude cho hé SDLS chi sb 1

Trude tién, ching toi trinh bay tinh chat hinh hoc don gidn ctia cidc khong gian
con, can thiét cho viéc dua ra cong thic nghiem cta (2.1).

Xét hai khong gian con V, )W C R™ théa man V & W = R". Khi d6, v6i moi
z € R" ta c6 phan tich duy nhat dang = = zy + 2y v6i 2y € V, 3y € W. Khi
do, {z} +W = {xp} + W va véi bat ky w € W\ {0} ta ¢6 2y +w ¢ V. Do do,
VN ({z} + W) = {xyp}. Tit day, ta c6 bo dé sau.

B6 dé 2.1.2 (xem [5]). Xét hai khong gian con V,W C R™ théa man VeW = R”
va goi 1Y la phép chiéu chinh tdac len V song song vdi W (tic la imIY =V va
kerIY = W). Khi do, vdi moi x € R™ ta thu dugc

v ({z}+w) = {IYz},
hay, vdi moi x € R™ ton tai duy nhat vecto y € V, tuong 1ing ton tai vecto w € W

sao cho y=x+w va co cong thic y = H%ﬁvx.

Dinh nghia 2.1.3 (xem [5]). Xét hé chuyén mach 16i rac tuyén tinh suy bién
chi s6 1 dang (2.1). Khi d6 4nh xa mot bude tit mode j dén mode i duge dinh
nghia bdi
ker
i 1= g g, a,),
trong d6 ngfrEj la phép chiéu chinh tic lén S; song song véi ker Ej va &g, 4.y 1

anh xa mot budc tai mode j tuong tng nhu trong B dé(1.2.3

Dinh 1y 2.1.2 (xem [5] [6]). Hé chuyén mach rdi rac tuyén tinh chi s6 1 c6 nghiem
duy nmhat khi va chi khi z(0) € Sy(0)- Khi do ta co cong thic

l’(k + 1) = (I)U(k—i—l)p(k)x(k)a Vk € N, (24)
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trong do, ®;; la anh xa mot budc tw mode j dén mode i duogc rdc dinh nhu trong

Dinh nghia .

Ching minh. Theo Bo dé [1.2.3 ta ¢c6 z(0) € S, la dicu kien can cho sy ton
tai nghiem. Dé chiing minh diéu kién du ta gid st x(m) thoéa man he (2.1) vdi

m=0,1,....k va 2(k) € S,). Ta can tim xz(k + 1) sao cho

Eyryx(k +1) = Ay )z (k)

Ea(k+1)£ = Aa(k—l—l)x(k + 1) vii f < R" nao d()

Diéu kién thtt nhat tuong duong véi

$(l€ —+ 1) € {®(Eo—(k)7A )l‘(k)} + ker Ea(k)

o(k)

va dieu kién thit hai tuong duong véi

2k +1) € Azl (m Eg(ern) = Sorny.

T gid thiét S,(x41) Nker B,y = {0}, B6 dé2.1.1) va Bo dé 2.1.2 suy ra z(k + 1) la

duy nhat va dugce cho bdi cong thiic (2.4)). [
Su ton tai cia anh xa mot bude cho phép ta dinh nghia ma tran chuyén trang thai

cho hé chuyén mach 16i rac tuyén tinh suy bién (2.1)).

Dinh nghia 2.1.4 (xem [5, [6]). Ma tran chuyén trang thai ®,(k, h) cho hée (2.1))

dugce xac dinh bdéi

Dok h) = Po(ry oth—1)Poh-1).0(—2) - - - Po(ht1)0(h)

ker Eg(h)
So(h)

Khi d6, moi nghiém ctia hé duge cho bdi cong thitc

Vi k> h va ®,(h,h) =11

(k) = o (k,0)z(0), (2.5)

Cha y rang, v6i 2o € R" ta c¢6 x(0) = 2o khi va chi khi 2 € S,(p). N6i chung 2(0)
phai thoa man

z(0) = errE”(O):z:o, zg € R". (2.6)

S (0)
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Bo dé 2.1.3 (xem [5], 6]). Xét hé chuyén mach roi rac tuyén tinh suy bién chi s6

1dang [2.1). Véii e N, goi V; = [s},...,st, it ... k2 la ma tran cé cdc cot tuong
tng {s},...,s'} la cdc vecto co sd cia S; va {hiT, ...k} la cdc vecto co s6 ciia
I, 0

ker ;. Ky hiéu P = e R Q:=1I,—P. Dt P == V;PV, "}, Q; == I — P,

0 0
va Qi = VjQV;_I, ta co P, = ngfrEi, Q; = errE, voi i,7 € N. Khi do, vdi moi
i,j € N ta cé cdac tinh chat
Z) Gw‘ = Ez’ + AiQi,j la ma tr@n kh@ng ?}) PZ‘CI)Z'J = CI)Z‘J‘, (I)i’jpj = (I)i,ja
suy bién,
UZ) EiPi = Ei,

ker E;

ZZ)H T =1-Qi;G; 1AZ,

1
ZZZ) (D(Equ) = PZG;ZIAZ, UZZ) P G EZ)
i) ®; = (I - QG A) PG LA, wiid) VG AV;Q = Q.
Chiing minh.

i) Gid stt « € ker G, ;, tic 1a A;Q; jo = —E;x € im E;, suy ra Q; jo € S;. Ngoai ra,
Qijr = VjQVi_lx € imV;Q = ker E;. Vi §;Nker E; = {0}, ta c6 Q; ;jxz = 0, tu
d6, Eix = —A;Qijx = 0, do d6 z € ker E; = im @;. Vi @; 1a phép chiéu, ta c6
r = Q;z. Mat khac Q;z = Viv;lQi,jx =0, nén = = Q;z = 0. Diéu nay ching t6
ker G; j = {0}, hay ma tran G;; khong suy bién.

ii) Ta chting minh QijG._.lA 14 phép chiéu doc theo S; lén ker Ej, tit d6 kéo theo
I Qz,]G;]lAz _ err E;

. Truéc tién ta thay rang
Gi;ViQ = (B + AiQi 5)ViQ = A;V;Q.
Vi E;V;Q = 0, tit d6
(QiyGrl A" = QisGr} AViQVT'GA;
\_V_/
= Qi G GiViQV, G 1A
\_v_/
- Ql,j 1A’L7
tic la Q; ;G 1A 1a phép chiéu.

34



Ta can chiing t6 rang im Q; ;G; ' A; = ker Ej va ker Q; ;G jA; = S;. Tt tinh chat
E;V;Q = 0 kéo theo im Q; ;G } A C ker Ej. V6i x € ker E; C im Qj ta c6 # = Qjx
va tir d6
im Qi jG; A 3 Qi Gy i = Qi Gy AViQV e
~——

= Qi G, A

= Qi,jG;} wyjflx

= VjQijlx =z
Do d6 ker £j C im Qi7jG;].1AZ~. Cudi cling ta thu dugc cac dang thiic tuong duong

sau
€S < Az = FE;§ v6i £ nao do

= G Air = G [ EBi& = P¢
— VG A = PV
= QV G Aix =0

— Qi,jG;}Aix =0.

Tu d6 ta thu dudgc im S; = ker Qi7jG;].1Ai.

iii) Tt B dé ta c6

i Orx(nfr)

(BiViP + AiViQ) ™' AiV; =
O(n—r)xr I(n—r)

v6i ma tran J; € R™". T do,

O, 4,y = ViP(EV;P + A;V;Q) A,
Mat khac

PG [ Ai = ViP(EiVi + AiViQ) ' A
va vi E;V;P = E;V;, déng thic duge chiing minh.

iv) Dang thitc nay thu dugdc tryc tiép tit muc (i), (444) ctia Bo dé nay va Bo deé
2. 1.2
v) Ta co6
ker E; —
i P = @ij(l - Q)) = iy — ijQj = @iy — Il PG A;Q) = i,
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vi) Vi Q; 1a phép chiéu len ker E; doc theo S;, nén E;Q; = 0.
Do dé, EiPi = EZ(PZ + Qz) = Ei-

vii) Ta thay G, ;P = (E; + AiV;QV, YViPV, ! = E;P, + A,V;,QPV, ! = E;P,.
Ap dung khang dinh (vi) cua B6 dé nay ta c6 G, ;P; = E;. Do d6 P; = G;;Ei.

viii) Ta ¢6 G;;ViQV, ' = (E; + A V;QV; HYViQV, ! = EiQi + AV;QV ! = A V;Qv
Suy ra Vi_lG;leiVjQ =Q. [

Ménh dé 2.1.1 (xem [6]). X¢ét hé chuyén mach roi rac tuyén tinh suy bién co
chi s6 1 dang (2.1]) va goi Vi, Gij la cdc ma tran dugc cho trong Bo dé . Khi
do

—1

_ A 0
A =Vvlc AV = | Y , (2.7)
s 7 2,7 J —2
Aij In—r

(e} Zz{j e R™" va Zij e ROv1)%7 " Hon nita, ta thay rang =(-) la nghiém cia hé
(2.1) khi va chi khi v(-) la nghiém cia hé

U(k? + 1) = Aa(k),a'(k—l)v(k)7 (28)

trong do

v(k)
l’(k) = Va(k—l) 9
—A sy, o (k—1)0(F)

Chitng minh. Theo khing dinh vii), viii) cua B dé [2.1.3[ta c6 P, = Gi_lei,
VflG;leiVjQ = Q.
Tu day ta thu dugc

Al
Ay = vAlGriay, = | e Orxton
»J 1 1,] J 9 ’
A Inr

Eij =V, G, [ EV; =
O(nfr)xr Op—r
Nhan bén trai hai vé ciia he (2.1)) véi V’;)Ggl va ding phép doi bién

o (k),o(k—1)
(k) = Vi _pya(k), ta co

By otb-1)T(k + 1) = Ao o (k—1)T (k). (2.9)
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Dat z(k) := (v(k) ", w(k) )T, 6 d6 v(k) € R", w(k) € R*", ta chuyén hé thanh

cac hé con ([2.8]) va
w(k) = —A2 ) oe-1y0 (k).

[

Dira vao cac két qud nén tang vé tinh gidi duge, cong thitc nghiém cho hée

chuyén mach 16i rac tuyén tinh suy bién (SDLS) chi s6 1 dang da dugc trinh

bay ¢ muc 2.1. Ching toi da nghién citu va dua ra duge mot s6 két qua cho tinh

duong ctia hé SDLS chi s6 1, diéu kieén du cho tinh 6n dinh vd mot s6 dic trung

cho tinh 6n dinh héa dugc ctia hé SDLS chi s6 1 duong. Cac két qua nay da duge

cong bo trong [CT1] va duge trinh bay trong cac muc dudi day.

2.2. Tinh duong va tinh on dinh ctia hé chuyén mach rdi rac

tuyén tinh suy bién chi sé 1

Trong phan nay, ching toi dua ra mot s6 két qua vé tinh duong va su 6n dinh cia
hé chuyén mach rdi rac tuyén tinh suy bién chi s6 1. Dau tién, ta dinh nghia tinh

duong ctia he SDLS (2.1)).

Dinh nghia 2.2.1. Hé chuyén mach rdi rac tuyén tinh suy bién (SDLS) dang (2.1])
dugde goi 1a duong néu véi moi tin hiéu chuyén mach o v v6i moi diéu kién ban

dau chap nhan dugc z(0) € S, NRY, ta c6 z(k) > 0 véi moi k € N.

Tiép theo, ching toi dua ra mot s6 ddc trung cho tinh duong ctia he (2.1]). Céc két
qua & day, ching toi phat trien tit cac két qua nén tang cho tinh duong ctia hé sai

phan suy bién (Dinh 1y [1.2.2] [1.2.3).

Dinh 1y 2.2.1. Gid si ring hé SDLS [2.1) c6 chi s6 1. Cdc khang dinh sau la

tuong duong.
i) He SDLS (2.1) la hé duong.
i) Ton tai cdic ma tran H; ; thoa man dieu kien dudi day

H;; >0,
Vi,j € N.

®j = Hi;Pj,
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m) Ton tai cic ma tran D; ; sao cho
(I)Z"j + Dm‘([ — Pj) >0, Vi,j€N.
Ching minh. i) = ). V6i mdi i,j € N, lay ¢ : NU {0} — N théa méan

o(1) = i,0(0) = j. Tu cong thic (2.6) va Bo dé [2.1.3) z(0) = P,z > 0, dan
dén :L‘(l) = <I>U(1)7U(O)$(O) = q)a(l),a(O)Pa(O)xO > 0. Do d(), tu B(A; dé 1.2.5, tén tai ma

tran Ha(l),a(O) > 0 sao cho @0(1)’0(0)P0(0) = Ha(l),a(O)PU(O)'
Hon ntia, do @0(1)70(0)1’30(0) = (130(1)70(0), ta thu ducc (I)U(l),a(O) = HU(l),U(O)Pa(O)~ Dicu
nay suy ra rang ®; ; = H; ; P;.

i) <= ii). V1 z(k) € Sy nén ta co Pypyz(k) = z(k). Tu day suy ra
z(k+1) = Pgpr1),0k)7 (k)
= Hy(h11),0() Priy 0 (K)
= Ha(k—i—l),a(k)x(k)
= Ho(k41),0(k) Ho(k),o(k-1) - - - Ho(1),0(0)2(0).

Do z(0) € Sy0) "R va H; j > 0 v6i moi i,j € N, ta suy ra z(k +1) > 0.

ii) = iii). Gid su rang phuong trinh ®; ; = H, ;P; giai duge va ¢6 mot nghiem

H;; > 0. Ap dung Bo dé|[1.2.6/cho phuong trinh nay, ta c6 ton tai caAc ma tran D; ;

sao cho
H;j = ®; ;P + Dj (I — P;iP}").

Vi nghich ddo Moore — Penrose clia ma tran liy dang P; (P; = P?) chinh la P;
(tic 1a, P = Pj, &;;P; = ®;j va PP = P} = P;), nén ta thu dugc

Hij=®ij+Dij(I—Fj) 20, Vi,jeN.
ii) < iii). Gid slt rang ton tai cac ma tran D; ; sao cho

®; i+ D, j(I— Pj) >0,V jeN.

Ta dinh nghia H; j := ®; ; + D; ;(I — P;) > 0. Ap dung B6 dé [2.1.3] ta c6

HijPj = ®;;Pj+ Dij(I = Pj)Pj = ®; ;.
Vay ton tai ma tran H;; > 0 sao cho ®; ; = H; ;P; v6i moi i, j € N. |
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Nhan xét 2.2.1. Su ton tai clia ma tran H,; khong am va théa méan bat dang
thitc tuyén tinh trong diéu kien 44) ctia Dinh 1y c6 thé duge kiem tra thong
qua dang quy hoach tuyén tinh, bat ding thic ma tran tuyén tinh. Hon nita, dieu

kien iii) c6 the duge biéu dién lai theo dang
(P = 1) ® D]wij < big,
vOi x; j = vec(D; ;) va b; ; = vec(P; ;).
Tiép theo, ta dua ra dinh nghia tinh 6n dinh (tiém can) ctia he SDLS (2.1).

Dinh nghia 2.2.2. Hé chuyén mach 18i rac tuyén tinh suy bién (2.1) dugc goi
14 on dinh (tiém can) néu v6i moi tin hiéu chuyén mach o va diéu kién ban dau

(0) € S0, ta 6 x(k) = 0 khi k — oc.

Bang cach st dung nguyén 1y so sanh va cac dic trung cho tinh duong ctia heé SDLS
[2.1) & trén, ta thu duge dinh 1y cho tinh on dinh ctia he nhu sau.

Dinh ly 2.2.2. Gid si rang hé SDLS (2.1)) ¢6 chi s6 1 va vdi moii,j € N ton tai
ma tran D; j sao cho

Hij = ®ij+ Dij(I - Fj)
la ma tran khong am va H;; < H vdi H la ma tran Schur. Khi dé, hé SDLS (2.1])
la hé duong va on dinh.

Ching minh. Do F,yz(k) = x(k),

Dotis1).o(k) (I = Pory) (k) = Do(s1).oky (I = Poiry) Loy (k) =0,

nén ta thu ducc

He(141),0 ()T (B) = [P (k41) 0 (k) Do (k11,0 (k) (L = Poriy )]0 (K)

=Py (k+1),0(0) (k) = x(k +1).

St dung gia thiét H,(11) k) > 0, ta suy ra he (2.1) la he duong. Bay gio, ta xét
he

?/(k+1>:Hy<k)> (210)



Ta sé chiing minh rang
0<z(k) <y(k), véimoi keN. (2.11)

That vay, ta chiing minh bang quy nap. Gia st rang (2.11)) dang véi i = k. Vi

0 < Hy(py1),0k) < H, nén suy ra

2(k+1) = Ho(pr1) oy (k) < Hr(k) < Hy(k) = y(k +1).

Do do, ding v6i i = k + 1 va ta c6 diéu phai chitng minh. Vi H 13 ma tran
Schur nén hé 1a on dinh, dan dén he SDLS on dinh. Dinh 1y dugc ching
minh. |

Tinh duong va tinh on dinh ctia hé SDLS c6 thé kiém tra dong thoi thong
qua dang bat ding thic ma tran tuyén tinh, dudgc phéat bieu trong dinh 1y dudi
day.

Dinh 1y 2.2.3. Gid st rang hé SDLS (2.1)) c¢6 chi s6 1 va ton tai vecto v € R,

v >0 va cic ma tran Z; ; € R™" sao cho

v (@ — D+ 1Z (I — P;) <0,
(ij — 1)+ 1,Zi;(I - Fj) (2.12)
diag(v)fbiyj + Zi,j([ — Pj) > O,

vdi moii,j € N, trong dé 1, = [1...1]". Khi dé, he SDLS [2.1)) la hé duong va on
dinh.

Ching minh. Nhan vao beén trai hai vé ctia phuong trinh thit hai trong ([3.24)) véi
diag(v)~! ta dugc

®; j + diag(v) ' Z; ;(I — P;) > 0.
Dat D;; := diag(v)~1Z;; va ta ¢
Hij=®;;+ Dij(I - P;) > 0.
Diéu kién nay suy ra he SDLS 1a he duong. Do
v! =1 diag(v),

Zo(k+1),0(k) = d1ag(0) Dy (k41 0(k)»
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nén ta co

VI (Po(rs1)ott) — 1)+ Ly Zoet1).ott) L — Por))
= 0 (Poir1).o) = 1)+ Dotrrnyotny (I = Por)
= 0" (Poer1)000) — L + Dotrs1).ot) I — Por))
= 0 (Po(ir1).000) + Doirn).otm (I = Pogy) = 1)

= v (Hy(us1) o) — I) <0

Ap dung Menh dé [1.3.1] ta suy ra phuong trinh z(k+1) = Hygi1),00)2(k) on dinh
va do d6 hé SDLS on dinh. Dinh 1y dudc ching minh. [ |

Biing cach lap luan tuong ty nhv Dinh 1y [1.3.2] ta thu duge diéu kien 6n dinh
v6i thoi gian ding nhé nhat cho he SDLS nhu sau.

Dinh 1y 2.2.4. Gid st rang hé SDLS 2.1)) ¢6 chi s6 1. Véi hang s6 1 <7 € N cho

trude, cdc khang dinh sau la tuong duong:

i) Ton tai ma tran D;; € R™™ va mot tap cdc vecto v;j € R™ v;; > 0,i,5 € N

sao cho )

HiJ = (I)i,j + D@j([ — Pj) >0, VZ,] € ﬂ,

\UiTjHZj —v,zk <0, Vi,j,h, k € N;

ii) Ton tai ma tran D;; € R™™ wa mot tap cac vecto v;;; € R", v;jr > 0,
i,j€ N,l=0,1,...7 sao cho

(

Hz',j = q)i,j + D@j([ — Pj) >0, V’l,j < M,
Uh,k,() - Ui,j,T < 07 Vi7j7 h7 k S M?

L (H;;—1)<0,Vi,j€eN,

[T
Z’J7T

T o T . .
\Ui,j,l—f—lHZ:] — ;5 < 0, Vi, e NO<I<T-—-1

Hon nita, khi mot trong cac khding dinh trén ding, hé SDLS [2.1)) la hé duong va

on dinh vdi day thoi diém chuyén mach {kq}q thoa man v, > 7.
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2.3. Tinh on dinh héa dudc ctia hé chuyén mach rdi rac tuyén

tinh suy bién chi s6 1 duong

Ta dinh nghia tap diéu kién ban dau khong am chap nhan duge S = U;enS; N R

Dinh nghia 2.3.1. i) He SDLS duong (2.1)) dudc goi 1a on dinh héa dugc néu
v6i mdi diéu kien ban dau duong z(0) € S ton tai mot day chuyén mach

o :NU{0} = N sao cho quy dao trang thai z(k) hoi tu ve 0.

ii) He SDLS duong (2.1) dugc goi 1a on dinh héa duge nhat qudn néu ton tai day
chuyén mach o : NU {0} — N sao cho v6i mdi i € N, v6i moi diéu kién ban

dau duong z(0) € §; NR7%, quy dao trang thai tuong tng x(k) hoi tu vé 0.

Nhan xét 2.3.1. Trong dinh nghia 6n dinh héa duge, viec chon day chuyén mach
o c6 thé phu thuoc vao diéu kien ban dau z(0) € S con trong dinh nghia on dinh
héa duge nhat qudn, day chuyén mach o khong phu thuoc vao diéu kién ban dau

z(0) € S;NR% v6i mdi ¢« € N, nhung né cé thé phu thuoc vao S;.

Theo dinh nghia, hé on dinh héa dugc nhat quan suy ra hé on dinh héa duoc,
diéu ngudc lai chua chiac dung. Tuy nhién, ching toi chi ra v6i he SDLS chi s6 1
duong dang (2.1)), hai dinh nghia trén tuong duong véi nhau va ching tuong duong
v6i kha ning 6n dinh héa duge hé bang mot day chuyén mach tuan hoan khong

phu thuoc vao diéu kién ban dau duong, trong dinh 1y duéi day.

Dinh 1y 2.3.1. Gid st hé chuyén mach 101 rac tuyén tinh suy bién chi s6 1 dang
(2.1) la hé duong. Khi dé, cic khang dinh sau tuong duong:

i) hé on dinh héa dugc;
ii) hé on dinh héa dugc nhat qudn;

i) ton tai M >0 va b chi so ig,i1,...,ipr € N théa man iy = ig sao cho

| <1

||¢)iM,i1v1—1(I)iM—1,iM—2 s (I)il,io

w) vdi moi p € N va dieu kién ban dau duong x(0) € S,NR™, ton tai mot quy tac

2 X N 21 A 2 .
chuyén mach tuan hoan dé hé on dinh.
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Chitng minh. i) = ). Gia st rdng, ton tai mot quy tic chuyén mach o dua
quy dao trang thai tiem can vé 0 tit trang thai ban dau z(0) € S; N RT}F, 7(0) c6 cac
thanh phan duong chat. Ta sé ching minh ring, quy tic chuyén mach nay ciing
dua quy dao trang thai tiém can ve 0 tit bat ky trang thai ban dau duong khac
2(0) € S;NR™. Coi Z(k) va z(k) 1a céc trang théi tuong ting bt dau tit 2(0) € S;NR’
va 2(0) € S; MR va ting véi quy tac chuyén mach o. Khi d6, ton tai mot s6 duong
a sao cho 0 < (0) < az(0). Do hé SDLS la hé duong nén tut Dinh ly ta

c6, v6i k bat ky, luon ton tai ma tran H, 1) 4 > 0 théa man

z(k+1) = Hy1),0() o) T (k) = Ho(i41) 0 (k) T (K).

Do do, sit dung phuong phap quy nap va nguyén ly so sanh, ta suy ra, véi moi
ke Ntaco0<ax(k)<az(k) — 0khi k — +oo. Diéu nay dan dén x(k) hoi tu ve 0
khi k — +o00. Vay hé SDLS on dinh héa duge nhit quan.

i) = 4ii). Gid st rang, he la 6n dinh héa dugc nhat quan. Goi ¢ la quy
tac chuyén mach lam cho quy dao trang thai hai tu vé 0 va ¢ khong phu thudce vao
trang thai ban dau z(0). Lay z(0) € S, N R”, v6i chii § #(0) c6 cac thanh phan
duong chiit va e € (0,1) di nho. Khi d6, ton tai mot s6 nguyén p > 0 sao cho vdi

moi k£ > p ta co

z(k) = @4 (k, 0)z(0)
= Qo 1),0(k-1)Po(k-1)0(k-2) - - Po(1),0(0)2(0)

< ex(0).

Do hé SDLS (2.1) 1a he duong nén tir Dinh 1y [2.2.1] ta ¢6, ton tai cic ma tran
H; ; > 0 sao cho
2(p) = Ho(p),o(p—1) Pr(p-1)2(0 — 1) = Ho(g) o(k—1)2(p — 1)
= Ho)otp-1) Hotp-1)0(0-2) - - Ho(1) 0(0)%(0)

< ex(0).

Nhan cé hai vé ctia bat phuong trinh trén tir bén trai v6i H,(g) (,), ta suy ra

H5(0).0(0) Ho ()0 (0-1) Ho(p-1).0(p-2) - - - Ho(1).0(0)2(0)
< EHJ(O)ﬁ(p)ZE(O).
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Ta dinh nghia
Hy(p) = Ho(0).0(p) Ho (p) o (p-1) Ho(p-1),0(-2) - - - Hor(1),0(0)-
V6i 0 < 9 < 1, ta c¢6 thé chon e di nho sao cho

Ho(p)x(0) < eHpy(0) 0(p)®(0) < (1 — €2)2(0).

Ap dung He qua[l.1.2, ta suy ra dugc ban kinh pho clia ma tran duong H,(p) nhd

hon (1 — e5). Diéu nay dan dén, ton tai s6 nguyén duong kg sao cho
IHy(p)I| < (1 —e2)*, Vk > k.

Ta chon ¢ > ko sao cho (1 — 52)qme]x\:;<||Pi|| <lvadat M =q(p+1). V6i0 <k <M,
1E€LV.
ta chon day

ik =
i, k=14+s(p+1),0<1<p1<s<q-—1;

(0(0), k=qlp+1).

Khi d(), su dung tinh Chét Piq)ijj = (I)m', ta co

IM—1,iM—2 * * cbihio H

||q)iM,iM—1cI)i1v1—1,i1v1—2 s q)il,io

:||HiM7iJ\4—1P'

IM—1

)

:HHZ'M,Z'MA ¢iM717'L.M72 .-

. D;

’Lhio

:HHZ'M,Z'MAH' ) H;

VSRV EELS VDN S VN ’L17Z0 H

<||H; H;

MyIM-1 szz—l,iJVI—QHiAl—z,iA4—3 . 7'17ZO|| || ||

= HIW) P || < (1 — e2)? max || 5| < 1.
ieEN

Vay (ii) = (iii) duge chiing minh.
iii) = iv). Gid stt rang, ton tai M > 0 va cac chi 6 g, i1, ..., iy € N Vi iy = g

sao cho

| < 1.

1 Pinsing—1 Pinr—rsingo - - - Pirsio
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bat & .= CI)Z'M,Z'M_l-(I)iM_l,iM_Q ... (I)il,io- Do H(I)” < 1 nén v6i moi peN, ton tal k e N
sao cho ||®,;,®F®;, || < 1. Didu nay suy ra rang, ton tai bo chi 6 i, i1, . .. ,51\7 eN

v6i M = kM + 2, %M:%():psaocho

| < 1.

ot Ym—1'a—2 t1,%0

Ta dinh nghia quy tic chuyén mach tuan hoan

o(k)=14 néu k=1+sM,0<I<M-—1.

Khi do6, ta dé& thay rang day chuyén mach tuan hoan nay dua quy dao trang thai
z(k) tit moi trang thai ban dau duong z(0) € S, "R hoi tu veé 0.

iv) = 4). 1 hién nhién. |
Nhan xét 2.3.2. Dinh Iy tong quat héa két qua cho tinh on dinh héa dudc

ctia hé chuyén mach 16i rac tuyén tinh khong suy bién khi E; = I véi moi i € N

duge dua ra trong Meénh dé [1.3.2]

Tiép theo, chiing t6i dua ra dinh nghia dusi ban kinh phd ctia mot ho céc cap
ma tran {(E1, A1), (Fa, Ag),...,(Ex,Ax)}. Tt d6, dua ra dic trung cho tinh 6n
dinh hoéa dudc cia hé chuyén mach i rac tuyén tinh suy bién chi s6 1 duong dang

).

Pinh nghia 2.3.2. Duéi ban kinh pho ctia mot ho cac cip ma tran {(Ei,Ai)}{V
cho hé chuyén mach i rac tuyén tinh suy bién chi s6 1 dang (2.1)) duge dinh nghia
nhu sau

. . 1
lb({(E“ AZ>}{V): lim . ||q)ik’ik71q)ik717ik72' . 'CbihioH *, (213)
k—0010,01,...,ik EN

trong d6 ®; ; 1a anh xa mot bude tit mode j dén mode 4.

Dé chiing minh sy ton tai clia gidi han trong dinh nghia trén, ta can md rong

Bo dé Fekete (xem [19]).
B6 dé 2.3.1. (Bo dé Fekete md rong) Cho {ap}o, la day so thuc sao cho

Aj+j+1 <c+ta; +aj7 v%] > 17

trong do c la hang s6. Khi dé, gidi han lim % ton tai va bang inf {ak + C}.
k—o0 k>1 k
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. N . b e A pa
Chimg minh. Dat b, ;== a; +cva L = ]ir;fl f Theo gia thiet, ta c6 bij41 < b+ b;
v6i moi i, j > 1. V6i e > 0 bat ky, tit dinh nghia ciia can duéi dang, ta c6 thé chon
ng sao cho b,, < ng(L +¢). Goi b := Jmax b;. V6i m > ng + 1, ta lay ¢ € N sao cho
1o

qg(no+1) <m < q(ng+ 1)+ ng. Pat m = gng + r, ta suy ra duge 0 < r — g < ng. T

tinh chat duéi cong tinh (subaddivity property), ta c6

bm = ban'H“ = bz’LO +ng+--- —|—7’LQ+T'

¢ s6 hang

Sbno+bp0+n0+"'+ng+’r’—1

g—1 s6 hang

<o < gbpg + br—g < by, + 0.

Vi vay,

b_mgqbn0+ﬁgw+£<[/+257
m m m ng+1 m

L<

e . b 5N N = P . a . b
v6i moi m > u, dieu nay dan den lim = lim =~ =
3 k—oo k k—oo k

L. |
Tt B6 dé Fekete mé rong trén, ta c6 hé qua duéi day.
Hé qua 2.3.1. Cho {ax}, la day so duong va ¢ > 0 sao cho
aitjy1 < cazaj, V0L MOii,j > 1.
Khi do, gidi han klin;o(ak)% ton tai.

Bay gio, ta chiing minh dinh nghia dudi ban kinh phé la dinh nghia t6t, nghia la
gi6i han ¢ vé phéi ctia (2.13)) ton tai hitu han .

Dat
ag ‘== mir.l H(I)ik7ik—1q)ik—1,ik—2 SR (Dil,ioH'
10,01,..,ik €N
Ta chon 1 m1s ety - - - » bmt1 VA i, b1, - - - » 40 520 cho
ak = ||<I)5k+m+1,ik+m 5k+m7zk+m—1 e %m+27%m+1 ”’
am = ”(I)%m,%m_l %m_l,’zm—Q T %1720| :
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Ta c6 danh gia

Ak+m+1 = e ”(I)ik+m+1,ik+m .- (I)il,iOH
Zk+m+1,7fk+m7-~~,21,loeﬂ

- H Thmat1,lktm " fm428m41 bmtlbm bmabm—1 i17i0||

_|| %k+m+17:ik+m T %m+27%m+l| ”@:L:'n%klﬂ?m ” ”(p/i’rm’szl e %177?0“
< capam,

trong d6 ¢ = max |®; ;]| Tt Hé qua|2.3.1|ta suy ra giéi han trong Dinh nghia [2.3.2
’L’Jei

ton tai va hitu han.

Nhan xét 2.3.3. i) Trong khong gian hitu han chiéu R”, cic chuan tuong duong
v6i nhau nén dinh nghia dusi ban kinh phd (Dinh nghia[2.3.2) khong phu thude

vao chuan dugc st dung.

ii) Truong hop cap ma tran (E;, A;) ¢6 chi sd6 0 v6ii=1,2,..., N, tic la
Ei=1I,i=12. . NtacoP=I,vaQ=0,thi G =E =1, i=12... N.
Chon V; = I,,, ta tim dudc i, ®ir i o -Piris = Air Air, ... Ay Tit d6,
dudi ban kinh pho ciia mot ho cac ma tran {(In, Aj) f\i , chinh la dudi ban kinh
pho ctia mot ho cac ma tran {Al}f\; , dudc dua ra bdi Gurvits nhu Dinh nghia
112

Tiép theo, ching toi dua ra diéu kién can va di dé he chuyén mach i rac
tuyén tinh suy bién chi s6 1 duong c6 dang (2.1)) on dinh héa duge dya vao dudi

ban kinh pho ctia mot ho céc cip ma tran {(E;, Az)}{v

Dinh 1y 2.3.2. Hé chuyén mach roi rac tuyén tinh suy bién chi s6 1 duong dang
[2.1) on dinh héa dugc khi va chi khi

p({(Ei, A)HY) < 1.

Ching minh. Dieu kien di. Gia st j ({(Ei, A;)}Y) < 1. Ta sé chiing minh ring
hé SDLS duong (2.1)) on dinh héa duge. Vi p ({(EZ,AZ)}{V) < 1 nén ton tai K > 0

va A € (0,1) sao cho v6i moi k& > K ta c6

|1/k <A

. min ||¢ik,ik—l‘q)ik717ik72 s q)’il,io
20,21 5.,k €LV

g min ||®ik,ik71‘q)ik717ik72 ce q)il,ioH < AF <1l

20,01 ,--,0k EN
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Do dé, ton tai M > K +1 va ig,i1,...,ip-1 € N sao cho

M
'(I)%,%()H <e\ <1,

H 10,4M—1 IM-1,IM-2 tM—2,4M—3

voi ¢ = max | ;). Ap dung Dinh Iy 2.3.1 he SDLS duong (2.1) 1a 6n dinh héa
SIS

)

dugec.
Diéu kién can. Vi hé SDLS duong (2.1)) 14 6n dinh hoa duge nén theo Dinh 1y
2.3.1], ton tai M > 0 va bo chi s6 ig, i1, ...ip € N V6i 49 = ips sao cho

19500 502 P inr o+ P
diéu nay dan dén
I NSRS LR
Ta dinh nghia day tuan hoan i =4 véi k=1+sM; 0<1< M —1; s € N. Khi do,

ta co

1 1
i<, .

iM,im—1 "7 T t1,00

H TsMylsM—1  tsM—1,bsM—2 = i1,l0

Tu day suy ra

p({(Elv AZ)}{V): lim min ||(I)ik,ik—1(1)ik—17ik—2‘ . '(I)'i17i0‘|%

k—0000,01,.-,ik €N

< lim ||® <1

so0 | GsMlsM—1  tsM—1lsM—2" ' ilﬂo”

Dinh 1y dugc chiing minh. |

Mic dit hoan toan c6 thé xac dinh dudi ban kinh pho ctia mot ho céc cap ma
tran {(E;, 4;)}Y thong qua cac d4nh xa mot budc ®; ;, ching to6i dua ra mot cach
tiép can hieu qua khéac dé xac dinh dudi ban kinh pho, bing cach dua hé chuyén
mach tuyén tinh suy bién n chiéu ban dau vé hé chuyén mach tuyén tinh khong
suy bién r chidu nhu trong Meénh dé [2.1.1] Phan chiing minh ctia he qué dudi day
tuong tu nhu ching minh Dinh 1y 5.7 trong [6].

Hé qua 2.3.2. Gid st hé SDLS dang (2.1)) la hé duong va c6 chi s6 1. Xét hé gidn
luge (2.8). Khi do

p ({(Ei, A)}Ly) = lim min |4

k—001-1,80,-.yik—1EN

1 —1

1
PO N |
Tk—1,tk—2 20,7—1 ’

trong dé Z;WMH, o 721'10,1'_1 zdc dinh nhu trong Meénh dé|2.1.1 va hé R.1)) la on

dinh héa duoc khi va chi khi dudi ban kinh pho nay nhoé hon 1.
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Vi du 2.3.1. Xét he SDLS (2.1)) v6i quy tac chuyén mach o : NU{0} — {1,2} = N

N

va
~1 -3 1) (-3 6 3)
Ey=1-1 -3 1 |; Ea=10 3 0 |;
-1 -1 \6 9 6/
-1 -2 0 -1 2 1)
Air=10 -1 1 [; Ar=11 2 1 |.
\o0 -1 1) \1 2 -3

Ta tim ducc

ker F = ker Fy = span{(1,0,1) "},

S =8y =spanf{(1,—1,0)",(0,1,-1)"},

Do d6 S;Nker Ej = {0},Vi,j € N va rank E; = 2 < 3. Diéu nay chiing t6 he SDLS

v6i cdc ma tran hé sd da cho c¢é chi s6 1. Ta co

100 000 1 0 1
P=1010|; @=]000|; Vi=]-1 1 0}];
000 001 0 -1 1
1/2 1/2 1/2
Qi=ViQVit=10 0 o0 |; Q;=VQvi'=qQ:
1/2 1/2 1/2

Do G, ; = E; + A;iQi 4,Vi,j € N, nén ta tinh dudc

—3/2 —7/2 1/2 —3/4 3/4  1)2
Gij=|-1/2 =5/2 3/2 |; G=| 0o —1/4 —1/4];
1/2 —3/2 —3/2 —1/4 1/2 —1/4
~3 6 3 —1/4 1,1/24 —1/4
Gaj=11 4 1 |; Gyj=|1/1,2 1/24 1/24 |;
58 —7 ~1/1,2  3/8 —1/8
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va II§T Y = 1 — QG 1 Ay = P Tt g, ) = PG Ay, ta co

Si
1/4 —1/4 —1/4 1/6 —1/6 —1/6
Span=| 0o 12 0o ;i @mmay=| 0 1/3 0
~1/4 —1/4 1/4 ~1/6 -1/6 1/6

N ker E; ~ N N
Vi =1 “®p, 4, = Bi®g a,), né0 P13 = O(p, a,), P2 = P, 4,) VA ta tim

dugce
1/4 —1/4 —1/4 1/6 —1/6 —1/6
O =gy = 0 1/2 0 ;o Pro=Pg0 = 0 1/3 0
—1/4 —1/4 1/4 ~1/6 —1/6 1/6
Ta chon
12 0 0 1/3 0 0
Hipn=Hy1=1 0 1/2 0|; Hi2=Hp2=1|1 0 1/3 0},
1/2 1/2 1 2/3 2/3 1
< HZ,] Z 07
khi d6, dieu kién ding v6i moi 4,5 € N. Theo Dinh 1y [2.2.1] hé
®;; = H;;Pj,

chuyén mach rdi rac tuyén tinh v6i cadc ma tran 6 trén la he duong.

Do 4;; = V; 'G; 1 A;Vj, nén ta tinh dugce

(12 0 0
_ PR 1/2 0
A= 0 1/2 0|: A1,1 = ALQ = ;
0 1/2
\0 0 1
1/3 0 0)
- IR 1/3 0
Asj=10 1/3 0|; Ay1=40=
1/3
\0 0 1

Ap dung He qua [2.3.2) ta thu duge j ({(Equ)}?:l) = % < 1. Vay heé SDLS (2.1))

v6i cac cap {(Ei, A;i)}i=1,2 da cho la hé duong va on dinh héa duge. Hon nita, do

[P1.1lloc < 1 va ||P22|lec < 1, nén ta co thé 6n dinh héa hé bang tin hieu chuyén

mach hing tuong ting véi trang thai ban dau duong.
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Nhan xét 2.3.4. Trong thyc té c6 nhitng hé chuyén mach gdm nhitng hé con
khong on dinh, tham chi tat ca cac hé con khong 6n dinh; nguoi ta c6 thé thiét ké
quy luat chuyén mach tuan hoan phit hgp dé hé chuyén mach la én dinh. Chéang
han, xét hé chuyén mach tuan hoan, khi c¢6 it nhat mot trong cac hé con, gia si
(E;, 4;), on dinh thi bing cach lita chon khoang kich hoat A; = k; — k;_1 d1i 16n so
v6i cac hé con con lai, ta sé thu dugc hé chuyen mach tuan hoan 6n dinh. Phuong
an thiét ké quy tic chuyén o(k) dé on dinh héa hé hau hét 1a chuyén mach tuan
hoan. Trong chuong nay, ching t6i dua ra cac diéu kien on dinh cho hé chuyén
mach roi rac tuyén tinh suy bién chi s6 1 duong dang (2.1)), khong phu thuoc vao
quy tic chuyén mach, tuy nhién cac diéu kién dua ra kha chat, ching han Dinh Iy
dua ra diéu kién dé he SDLS la duong va 6n dinh la ton tai ma tran
D; ; sao cho H;; :== ®; ; + D; ;(I — P;) 1a ma tran khong am va H;; < H v6i H la
ma tran Schur; cac dicu kién nay phai dung véi moi i,j € N. Bén canh d6, ching
toi ciing dua ra két qua 6n dinh héa hé néu hé chuyén mach khong on dinh bang
mot day chuyén mach tuan hoan nhu Dinh 1y .

Mic dit diéu kien dé hé chuyén mach 6n dinh véi moi quy téc chuyén mach la rat
chiit, song n6 can thiét trong nhiéu tinh hudng thyc té, khi he théng (trong an
toan hang khong, an toan hat nhan, ...) bat budc phai 6n dinh v6i moi quy téc

chuyén mach.

Két luan chuong

Trong chuong nay ching toi da dua ra mot s6 két qua vé tinh 6n dinh va 6n dinh
héa dugc cho mot 16p hé chuyén mach 16i rac tuyén tinh suy bién chi s6 1 duong.
Tinh duong ctia hé SDLS chi s6 1 dude nghién cttu thong qua anh xa mot budc.
Sau d6, ching toi thiét lap dude cac diéu kien di cho tinh 6n dinh ctia he SDLS
chi s6 1 duong dua vao nguyén Iy so sanh, céc dac trung cho tinh duong ctia hé
SDLS chi s6 1 cfing nhu stt dung ham Lyapunov chung dang dong duong tuyén
tinh. Cudi cting, ching t6i dinh nghia duéi ban kinh pho ctia mot ho cac cip ma

tran, tit d6 dua ra diic trung cho tinh 6n dinh héa dudgc ciia he.
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Chuong 3

Hé chuyén mach rdi rac tuyén tinh

suy bien chi s6 1 c6 nhiéu

Trong chuong nay, ching toi nghién cttu tinh gidi dude va tinh 6n dinh ctia hé
chuyén mach 15i rac tuyén tinh suy bién chi s6 1 c¢6 nhiéu trong hai trudng hop:
cip ma tran hé s6 c6 quy tac chuyén mach gidng nhau va khac nhau. Noi dung

clia chuong duge viét dua trén cac bai bao [CT2 — CT3|.

3.1. Hé chuyén mach suy bién c6 nhiéu véi cip ma tran hé so cé

quy tic chuyén mach giéng nhau
Xét hée chuyén mach rdi rac tuyén tinh suy bién chi s6 1 ¢6 nhiéu dang

Ea(k:)x(k + 1) = Aa(k)m(k) + fo(k‘) (x(k))a (31>

trong d6 o : NU {0} — N, la quy tic chuyén mach lay gia tri trong tap hitu han
N, E;, A; € R va f; : R" - R" i € N, la nhiéu, z(k) € R" 1a vecto trang théi tai
thoi diém k € N. Gia st ring, E; 1a cac ma tran suy bién v6i moi i € N.

Ta lien két he SDLS chi s6 1 ¢6 nhiéu (3.1)) véi diéu kién ban dau

Pa(ko—l)x<k0) = Pa(ko—1)7> (32)

v6i v 1a vecto bat ki trong R™ va kg 1a s6 nguyén khong am cd dinh.
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3.1.1. Tinh giai dugc
Tinh gidi dugc cia bai toan gia tri ban dau (3.1) — (3.2) dugc khang dinh trong
dinh ly duéi day.
Dinh ly 3.1.1. Cho f,u)(x) la ham lién tuc Lipschitz vdi hé 50 Lipschitz du nhd,
tic la,

Ifi(z) = fi(@)|| < Lillz — &f|, Vo, 2 € R", i e N (3.3)

Va4

wi = L; max{||Qi7jG;j1|| cjeN} <1, VieN. (3.4)
Khi dé, bai toan gid tri ban dau (3.1) — (3.2) cé nghiém duy nhit.

Ching minh. Nhan c4 hai vé clia phuong trinh (3.1)) tit bén trai véi Pa(k)G_l

o(k),oc(k—1)
va QoG !

(k) (k1) tUONE tng va chi ¥ rang

-1
Goteyotbi-1)Fotk)y = Loty Foti)Qotk) = Qok) Pk = 0,

ta dugce
-1 1
Poyr(k +1) = oG gy o o1y Aot)2(8) + Po G g senyform (@(R), (3.5)

Qa(k)G_(lk)p(k 1)A (k)x(k) = _Qa(k)G;(lk)J(k_l)fo(k)(x(k))- (3'6)
bat u(k) = Fy—1)z(k),v(k) = Qo—1)x(k), (k € N) ta co

-1
Fo G, (k)0 (k— 1)A (ky0(F)

= Pa(k)G;( k),o(k— 1 Q(T k—1)T ( )
= Pa(k’)G;(k) o(k— QO‘ k),o(k— 1 Qv_k 1) (k)
-1 _
= PU(k)Ga(k),a(k—l)(GU(k)va(k—l) - EU(k))VU(k)QVa(kfl)x(k)

= (Py(r) — Pa(k)Pa(k))Va(k)QVU_(,i_lﬁ(’f)

va tu ((3.5))
U(k + 1) = Pa(k)G_(lk) (k- 1)A (k )u(k’) + Pa(k)G;(lk)J(k_l)fU(k)(u<k) + U(k‘)) (37)
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Tit khang dinh (viii) ctia B6 dé[2.1.3] ta c6
-1 -1
G o) o h—1) Ao k)Qotk),o(k=1) = Vo) @V, 5y = Qolr)

Hon nita, ta c6 Q; = Q;;.Qji, Qi-Qji = Q;i nén vé trai cia (3.6) c6 thé viét lai

duéi dang

Qa(k)G;(lk),a(kq)Ao(k)x(k) = Qa(k)G;(lk),a(kq)Ao(k) (u(k) + v(k))

-1 -1
= Qot)G (1) o1y Ao () 4K) + Qo) G 1) 51— 1) Ao (k) Qo (k). (k1) Qo (k=10 (k) T (F)
- Qa(k)G;(lk)ﬂ(k_l)Aa(k)u(k) + Qo (k—1),0(k) T (k).

Khi do, tit suy ra rang
Qo(k—1),0(k) (k) = _Qo(k)G;(lk)’g(k_l)Acr(k)u<k) - Qa(k)G;(lk)’U(k_l)fa(k)(x(k))'
Nhan hai vé ctia déang thiic trén véi Qo (k),0(k—1) tU bén trai ta dugc
v(k) = Qu(k—1)T(k) = =Qo(k),o(k—1 G_( R0 (o) o (k) +0(k)) + Aggyu(k)]. (3.8)
Tu (3.7), gid st da biét u := u(k) (k > ko), v6i u(ko) cho trudc dang
u(ko) = Py(ry—1)T(k0) = Py(ry—1)7-

Ta xét toan tit T; ; : im Q; ; — im @; ; dinh nghia bdi

T;j(v) == =Qi Gy [filu +v) + A,

Do

1755 (v) = T (@)l = Qi Gy Lfiu +v) = fi(u+0)]
< 1Qi i Gij Il filw +v) = fi(u+ )|

< 1Qi ;G ILillv — 9]l < willo — 3| < v — 3],

nen 7; ; 1a toan tit co. Do d6, theo nguyén Iy 4nh xa co, phuong trinh (3.8) ¢6 nghiém
duy nhat dugc xac dinh béi 4nh xa 9o (k) * im Pg(kfl) — im Qg(kfl),gg(k) (u(k)) = U(k)
Hon nita, ta thay g,y 1a ham lién tuc Lipschitz véi hé s6 Lipschitz

Ko(ky = Wok) (Low) + 1 Acw) )L, (1 — wo(ky) (3.9)
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T do, bai toan gia tri ban dau (3.1]) — (3.2]) c6 nghiém duy nhat duge xac dinh béi

2(k) = u(k) + go k) (u(k)), (3.10)

vOi u(ko) = Py(k,—1y7- Dinh ly duge ching minh. [

Khong mat tinh tong quét, ta gid sit rang f;(0) = 0,Vi € N. Khi d6, g,((0) =0
va hé SDLS chi s6 1 c¢6 nhiéu luon c6 nghiém tam thuong z(k) = 0. Tu
(3-10)), ta thay mdi nghiem x(k) clia bai toan gia tri ban dau — théa man

2(k) = Py—1)®(k) + go(r)(Py(x—1y2(k)) hodic tuong duong z(k) théa méan
Qo(k—1)r(k) = —Qa(k),a(k_nG;(lk),o(k,l)[fa(k;)ﬂ?(k)) + Ag(i) Po(e—1)2(K)].
Véi i € N, ta dit
Aj=A{r e R": Qjw = —Qi ;G (fi(x) + AiPjx), v6i j € N}. (3.11)

Néu z = (k) 1a mot nghiém clia bai toan gia tri ban dau — (3.2), thi chdc
chén xz(k) € Ay (k > ko). Nguge lai, véi méi 6 € A;, luon ton tai nghiem ciia
phu thuoc vao 6. That vay, goi o la quy tic chuyén mach bat ky théa man
o(k) =i va x(m, k;0)(m > k) 1a mot nghiem cta théa man diéu kién ban dau
Py—1)r(k) = P,y—1)0. RO rang,

x(k, k;0) = Prg—1yx(k) + 9o o) (Por—1)2(k))
= Pyi—1)0 + 9o () (Lor(r—1)0) (3.12)

= Py—1)0 + Qur—1)0 = 0.

Ta sé chiing minh rang tap A; khong phu thudc vao céch chon cac phép chiéu

trong ménh de dudi day.

Ménh dé 3.1.1. Xét da tap nghiém A; dugc dinh nghia trong (3.11)). Khi dé, cdc
khang dinh sau la ding:

Z) A, = {x e R": fZ(.Z') + Ajx € 1mEZ}
ii) Aj Nker Ej = {0}.

Chiing minh.
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i) Lay = € A;, khi d6 ton tai j € N sao cho
Qj.%‘ = —QZ’]G;JI(fZ(x) + Al‘PjiL‘),

do do
7= P+ Qur = —QuyG; [ filw) + (I — QuyGy } As) Py

T do, ta thu dugc
fz(x) + Ajx = ([ — AZ'QZ'J'G;’;) fZ(LL‘) + A; ([ - Qz’,jG;lez’) le‘.
Ta thay ring

AT = QuGIA) P = (1= AQuG1) Aibye

nen
film) + Ai(x) = (I — AiQi;G; ) (filx) + AiPj(x)) .
Vi
A,Qi G} = (Gij— E)G | =1 - EG, ],
nén suy ra

Do d6 z € {xr e R": fij(x) + Ajx € im E;}.

Nguoc lai, 1y » € R™ sao cho fi(z) + A;x € im B, tic 14, ton tai € € R” thoéa

man fi(x) + A;xz = E;¢. Ta sé chitng minh rang
Qjr = Qi ;G (filx) + AiPjx),
hoac tuong duong,
v =—Qi Gy} (filx) + Aix) + Qi jG,; | AiQjx + Pja.
Goi vé phai ctia dang thic trén 1a w; va chd ¥ ring

Qz‘,jG;jl(fi(m) + Ajx) = Qi,jG;leif = Qi ;P& =V;QV; VPV e = 0.
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Ap dung B8 dé2.1.3 ta c6

wi = Qi,jG;leinx + Pjx
= Qi G AV;QVViQV e + Py
= Qi;G, } (Gij — E)V;QV; ' + Py
= QiViQVy v — Qi G jEViQV] \w + Pyu
= V;QV; iQV e = ViQVTRViQV, e + Py
= Qjz — V;QPQV; 'z + Pjx

= Qjr + Pjx = .

ii) Lay = € A; Nker B;. Khi d6, Pjz =0 va z € A;, do d6 « = Pjx + g;(Pjz) = 0.
Menh dé dugce chiing minh. [

Nghiém duy nhat ctia bai toan gia tri ban dau (3.1) — (3.2) duge dinh nghia
bdi x(k) = x(k, ko; ).

3.1.2. Tinh on dinh

Trong phan nay, ching t6i dua ra cac khai niém 6n dinh, on dinh déu ctia he va

thiét lap diéu kién can va du cho tinh on dinh ctia hé SDLS chi s6 1 ¢6 nhiéu dang

)

Pinh nghia 3.1.1. He chuyén mach rdi rac tuyén tinh suy bién chi s6 1 c6 nhiéu

dang (3.1]) dugce goi la

i) on dinh néu véi mdi € > 0, ko > 0 bat ky va véi moi quy téc chuyén mach o,

luon ton tai § = (e, ko) € (0,¢] sao cho || P, g,—1y7]| < 6 thita co

z(k, ko;v)|| <e

vl moi k > ko;

ii) on dinh déu néu hé on dinh va § khong phu thudc vao k.

Ta dinh nghia £ 1a 16p cac ham tang ¢ : [0,00) — [0,00) sao cho ¥(0) = 0,
Y(z) >0 v6lxz#0va lim ¢(z)=0.
x—0t
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B6 dé 3.1.1. Hé SDLS chi s6 1 ¢6 nhiéu (3.1) la on dinh néu va chi néu ton tai
ham ¢ € K, sao cho vdi mdi s6 nguyén khong am ko va vdi moi quy tdc chuyén

mach, bat diang thic sau ding
lz(R)I| < ¥(llz(ko)ll), VE > ko. (3.13)

Chitng minh. Dau tién, ta gid st véi moi quy tic chuyén mach va véi mdi s6
nguyen khong am ko, ton tai ham ¢ € K théa man dieu kien (3.13)). Vi + 1a ham
tang va lien tuc tai 0 nén véi mdi e > 0 ton tai § = §(e) € (0,¢] sao cho ¥(§) < e.

Dit K := max K;, trong d6 K; dugc cho bdi ([3.28)). Néu z(k) 1a nghiém bat ky cla

iEN
o d s
(3.1) thoa man [P, ,_1)z(ko)l| < 01 := il thi

[z (ko) || = | Po(ro—1)Z(k0) + Gor (o) (Por (ko —1) T (ko)) |
<1 Py(ko—1) (ko) | + |90 (ko) (P (ko—1) 7 (K0)) (3.14)

< Pyrg—1y (ko) |(1 + Ko (o)) < | Pso—1)z(ko)[|(1 + K) < 0.
Diéu nay dan dén
[z(B)|| < ¥(l|z(ko)l|) < () <e, Vk > ko,Vo,

tt d6 ta suy ra rang hé SDLS chi s6 1 ¢6 nhiéu 14 on dinh.

Nguoc lai, gid st rang he SDLS chi s6 1 ¢6 nhiéu 14 on dinh, ttc la, véi
moi € > 0 ton tai § = d(¢) € (0,¢], sao cho néu x(k) 1a nghiem bat ky cia (3.1))
thoa man || P,z (ko)|| < v6i moi quy tac chuyen mach thi ||z(k)| < e v6i moi
k> ko. Goi a(e) 1a can trén dang clia §(<). R6 rang, néu | Py (1o—1) (ko) || < a(e) voi

ko va v6i moi o, thi ||z(k)|| < e v6i moi k > ko. Hon nita, ham «(e) 1a ham duong,
ea(e)
(e+1)H
a(e)
H
d6, ton tai ham ngudc ting chit clia f ti im B vao [0,00), ham nay c6 the duge

tang va a(e) < e. Dat p(e) := véi e > 0, trong d6 H := max{||F;|| : i € N}.

Dé thay ring 0 < f(c) < < % 4 1a ham tang chit va lien tuc tai 0. Khi
md rong ti ham o € K. Goi z(k) 13 mot nghiem cua (3.1) va kg 1a sd nguyen
khong am c6 dinh. Dat ¢, := ||z (k)|
thi
e = ||z(k)| > 0. Néu |lz(ko)|| < B(ex) thi

va x6ét hai truong hop sau. Néu ||z(k)|| = 0

z(B)|| = 0 < ¥(||z(ko)|]) do ¢ 1a ham khong am. Tiép theo, ta gid st ring

| P (ko —1)z (ko) || < HB(eg) < aleg).
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Diéu nay suy ra rang ||z(k)| < ex = [|#(k)||,¥k > ko, dan dén mau thudn. Do d6
lz(ko)|l = B(ek), hay

lz(k)l| = ex < B~ (le(ko) 1) = (| (ko)[1)-
Bé dé duge ching minh. |

Nhan xét 3.1.1. Bo dé dugc phat trién tit Bé dé 3.3 trong [4]. Trong [4], v
1a ham cia ||z(ko)||, khong phu thudc va viec chon cic phép chiéu va ¢ € K, véi K
la 16p cac ham lién tuc va tang chat b [0,00) — [0, 00) sao cho 12(0) = 0. Hon ntra,
dé ching minh chiéu ngudc lai ctia B6 dé ching toi da xay dung ham 3 don
gian hon ¢ Bo dé 3.3 trong [4].

Dinh 1y 3.1.2. Hé SDLS chi s6 1 ¢6 nhiéu (3.1) la on dinh néu va chi néu ton tai
ham Lyapunov V, : N x R* — R, lién tuc theo bién thi hai tai v = 0 va cdc ham

a, Yy € K, sao cho
i) a(llyll) < Vo(k,y) < vr(llyll), V& > 0,¥y € Ay, Vo,

i) AVy(k,y(k)) == Vo(k+1,y(k+1))—Vy(k,y(k)) < 0,Vk > 0,Vo, vdi y(k) la nghiém
cia (3.1)) tuong ing vdi o.

Ching minh. Diéu kién can. Gia st rang hé SDLS (3.1)) 1a 6n dinh. V6i méi ko,
theo B6 dé [3.1.1], ton tai ham vy, € K (ko > 0), sao cho véi bat ky nghiem z(k) ctia

(3-20), ta c6
[z (R < o ([ (Ko) 1), Yk = ko, Vo. (3.15)

Ta dinh nghia ham Lyapunov

Vy(ko,7) := sup ||zy (ko +m, ko; )|, v6i méi v € R" kg € N, (3.16)
meN

trong d6 z,(ko + m, ko;y) 1a nghiem duy nhat cta tuong ng véi quy tac
chuyén mach o théa man diéu kien ban dau P, _1)2s(ko) = Py(r,—1)7- Bat dang
thtc ddm bao tinh dung dan ctia dinh nghia ham Lyapunov (3.16]). Tu
(3.14), ta co

[z (ko) |l < (K + D[ Po(y—1) %o (ko) || = (K + D[ Py (o171l < (K + D) H|[~l,
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véi cac hing s6 K, H duge cho trong B6 dé 3.1.1] Dat @ko(t) = Yy, [(K + 1)Ht] v6i
t > 0. Khi d6, ta suy ra rang

Vo ko, 1) < (20 (Ko)ll) < v, (K + DI = P, (1], ko = 0,97 € R*, Vo

Diéu nay dan dén V,(ky,0) = 0 va tinh lién tuc ctia ham V theo bién thit hai tai

v =0. V6i moi y € Ay, theo (3.12)), ta co
Vo (Ko, y) = sup |20 (ko + 1, ko; )| = [|w6(ko, kos y) || = [lyll = a(lly])- (3.17)
€

Mat khac, v6i moi kg > 0, vi bai toan gia tri ban dau (3.1) — (3.2]) c6 duy nhéat
nghiém nén ta dé thay rang
{zo(ko + 1, ko; y(ko)) : 1 > 0} = {y(ko +1) : 1 > 0)}

D{ylko+1):1>1)} D{as(ko+1+1ko+ 1;y(ko+ 1)) : 1 >0},

(3.18)

trong d6 o, (k) 1a quy tac chuyén mach tuong ting véi y(k). Do vay
Vo(k+1,y(k+1)) =sup|lzg(k+1+1,k+ Ly(k+ 1))
1>0

< Sup 2o (k + 1 k5 y(k)|| = Vo (k, y(k)),

diéu nay suy ra rang AV, (k,y(k)) < 0. Diéu kién can dugc chitng minh.

Diéu kién du. Ta ching minh phan ching, gid st rang hé SDLS chi s6 1 ¢6
nhiéu khong 6n dinh, tic 1a, ton tai eg > 0, ton tai s6 khong am ky vh mot
quy téc chuyén mach o, sao cho v6i moi é € (0,¢¢], ton tai nghiem =, (k) ciia (3.1

théa man bat dang thiic | Po(ko—1)To (ko) || < & va

2o (k1)|| > 20 VO k1 > ko.

Vi V, (Ko, 0) = 0 va V, (ko, ) la ham lien tuc tai v = 0, nén ton tai &, = d,(e, ko) > 0,
sao cho véi moi € € R”, ||¢]| < &, VA v6i moi o ta c6 V,(ko, &) < &1 := aleo).

Chon 6 < min{K‘s—j/)rl,eo}, ta c6 thé thay nghiem z,(k) clia thoa man

| Py (ko —1)%0 (ko) || < J0, tuy nhien [|lz, (k)| > eo v6i k1 > ko.

Do || By (1) (ko) || < d0 < K5—+1 25 (ko)|| < 6y nén ta thu duge Vy(ko, 2o (ko)) < e1.

Mzt khéc, st dung tinh chat cia ham V', ta thu duge
Vo (ko, ©5(ko)) = Vo (k1,20 (k1)) = a(l|zs(k1)]]) = aleo) = €1,

diéu nay dan dén mau thuan. Dinh 1y duge ching minh. [
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Néu he SDLS chi 86 1 ¢6 nhiéu (3.1]) 1a én dinh déu thi ham ¢y, ¢ Dinh 1y
c6 thé duge chon khong phu thuoc vao k. Do dé, bang cach lap luan tuong tu nhu

phan ching minh & trén ta thu duge két qua sau.

Dinh 1y 3.1.3. H¢ SDLS chi s6 1 c¢6 nhiéu (3.1) la on dinh déu néu va chi néu

ton tai cic ham a,b € K va ham Lyapunov V, : N x R" — R, sao cho
i) a(llyl)) < Vo(k,y) < b(llyl), Yk = 0,Yy € Ay, Vo,

12 o =V, (k+ + — Vs < > 0,Vo, vor a nghiem
i) AVy(k,y(k)) = Vo(k+1,y(k+1)) = Vo (k, y(k)) < 0,¥k > 0, Vo, vdiy(k) la nghié
cia (3.1)) tuong ing vdi o.

Vi du 3.1.1. Trong vi du nay ta st dung chuan Euclid cho vecto va ma tran.

Xét hé SDLS (B.1) v6i quy tic chuyén mach o : NU {0} — N v&

110 i+1 0 0
Ei=@G+1)1]1 0 0]; A = 1 10
00 0 0 0 1
va
filz) = S;“f;) 0,0,)7; @ =(x1,a2,23) €R, i€l

Ta tim dugc ker E; = span{(0,0,1)"} va S; = span{(1,—1,0)",(1,7,0)"}.
RG rang, S;Nker E; = {0} va rank B; = 2 < 3, do d6 he SDLS thuan nhat tuong ting
véi (3.1]) ¢6 chi sb 1.

1 10 00 0
TacoVi=|—-1 i of|,Vi,jeN; Q=10 0 o], tixdota tinh toan dugc
0 01 001
i —1 0 100
Vf1=ii1 11 0|, @Q=Q P=L-Q=]010
0 0 i+1 000

Tinh toan don gian, ta cling chi ra dude Q;; = VjQVi_1 =Q,Vi,j € N va

1+1 i+1 0 0 1 0

_ 1
Gij=Ei+AQij=1i+1 0 0|; G= 1 1o
0 0 1 0 0 ++1
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) ) ) e 2 1 .. .
Hon ntta, ham f;(z) lién tuc Lipschitz v6i hé so L; = Tk Ngoai ra, f;(0) =0 va
i

1 . , Se

wi = L; maXHQiJGz‘_jl jEeEN| = ) < 1,Vi € N. Theo Dinh ly|3.1.1, bai toan gia
) i

tri ban dau (3.1]) — (3.2)) v6i dit lieu da cho c6 duy nhat nghiem.

Tt dinh nghia clia A;, ta c6 = € A; néu va chi néu

Qjr = —Qi ;G (filz) + AiPjx),

Tu day ta c6 x3 = —%. Do vay,
A =Q; = {$ = (21,29, 23)7 23 = —%}NZ‘ €N.

Xét ham Lyapunov Vg (k,v) = 3||P,yg._1)7[| v6i moi v € R3. V6i mdi y € A, ta ¢6

c 2
sin” 1
Iyl = \/yi +v3 +y3 = \/y? + 5+ 1) S \/ 207 93 < 3¢/u7 + 3 =3l Pyl

Hon nita, V,(k,y) = 3||Pyg_1yll < 3|ly]l. Do d6, khing dinh (i) ctia Dinh 1y (3:1.3)

duge thdéa man.

pe

Gia st rang y(k) 1a nghiem cta (3.1)) va dat y(k) = u(k) +v(k), & d6
u(k) = Poe-nyy(k); v(k) = Qoa-1)y(k), ta co

AVy(k,y(k)) = V(k+1,y(k+ 1)) = V(k,y(k))

= 3B r—1yy(k + DIl = [1Poe—1yy(R) ) = 3([[u(k + DI = [[u(k)]])-

St dung (3.7 ta tim dugc

1 1 0
1
_ p.y—14y. (1 _
ulk +1) = PG Aw(k) + PG (k) = g [ 1 -1 0| (k)
0 0 0
do d6, [lu(k+1)] < i el v dan dén [lu(k + 1)|| — |Ju(k)|| < 0. Theo Dinh Iy

B.1.3, he SDLS la 6n dinh déu.

Ta mo6 phéng qui dao nghiém ctia heé SDLS cho trudng hop N = 2 véi quy tic chuyen
mach cu thé o(k) = (k mod 2) + 1. Chon trang thai ban dau z(0) = (2,1,-2)7. O
day, ta xét quy tic chuyén mach dang tuan hoan don gian: néu k chén, ta xét he

Ell‘(k? + 1) = A1x</€) + f1<13(/{2)), ngugce lai, xét hé EQ.I‘(/{J + 1) = AQIE(]C) + fQ(I(kJ)) (3
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moi hé con, tai buée thit k, ta tim duge xq1(k) va z2(k) dua vao z1(k — 1), 29(k — 1),
trong khi d6 z3(k) dudc xac dinh thong qua z;(k). Quy dao nghiém ctua hé dugc
mo ta nhu Hinh . Thuat toan 1 cung cap mot ma gia cho hinh vé mo ta nghiem

on dinh ctia bai toan. Ta thay rang, thuat toan phu thudc vao N va quy tac chuyén

mach o.
2 * T T T T T
* %K
s x x|
b ox % O xkl| |
05 * _
*
0F X X le) % & ® ® ® & ® ® ® ® ® ® ® ® ® P
e} O
05 .
1 =
15 —
-2 & | | | | | | | | |
0 2 4 8 8 10 12 14 16 18 20

Hinh 3.1: Mo phéng nghiem 6n dinh X (a1, 29, 23) v6i N = 2 va o(k) = (k
mod 2) + 1.

Thuat toan 1
Khdi tao z(0)
for k=0 to 20do
if k& chdn then
Giai he Fyz(k+ 1) = Ajz(k) + fi(x(k))
else if £ 1é then
Giai he Foyx(k + 1) = Asx(k) + fa(z(k))
end if

end for
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Trong cac muc tiép theo ctia chuong nay, ching toi nghién cttu hé chuyén mach
r3i rac tuyén tinh suy bién chi s6 1 c¢6 nhiéu véi quy tic chuyén mach § cap ma
tran he s6 lech nhau. Mot sb6 két qua dugce phat trién tit cac két qua ctia he chuyén
mach rdi rac chuyén mach roi rac suy bién chi s6 1 ¢6 nhiéu véi quy téc chuyén
mach ¢ ma tran hé s6 giong nhau (muc 3.1). Trude hét, ching toi trinh bay mot
s6 tinh chat ctia hé chuyén mach roi rac tuyén tinh suy bién thuan nhat véi cap

ma tran hé sé c6 quy tic chuyen mach léch nhau.

3.2. Hé chuyén mach rd&i rac tuyén tinh suy bién thuan nhat véi

cap ma tran hé so6 c6 quy tac chuyén mach léch nhau

Xét hé chuyén mach roi rac tuyén tinh suy bién thuan nhat véi cip ma tran hé sé

c6 quy téc chuyén mach léch nhau dang
Eyryny@(k +1) = Ay (k), (3.19)

trong d6 o : NU{0} — N, la quy tic chuyén mach lay gia tri trong tap hitu han N,
E;, A; € R™" Gia st rang E; 14 cAc ma tran suy bién v6i moi i € N.
Ta gid st (3.19) 1a he ¢6 chi 6 1 (xem [8, 138]), ttic 14, cac gid thiét sau duge

thoa man
(i) rank B; = r < n,Vi € N,

(ii) Sij N ker B; = {0},Vi,j € N,
trong do Si,j = Ai_l(imEj) = {f e R": A € im Ej}.

Trong [38], tac gi& chitng minh duge rang, tir gid thiét (i) suy ra
S@j @ ker B; = R",Vi,j € N.

Goi V;j = {s}’j, S hrHL LRI} 1A ma tran gdm céc cot tuong ing la cac vecto
co s6 clia S; j va ker E; va Q = diag(0y, In—r), P = I,, — Q, v6i 0, 1a ma tran khong c6
rxrva I, la ma tran don vi ¢6 (n —r) x (n —r).

Khi d6, ma tran Q; j := %7jQX/ile x4c dinh mot phép chiéu len ker E; doc theo S; ;
(tﬁC la, lej = inj va im Qi,j = ker Ez) va P@j = ]n — Qi,j 1a phép chiéu lén Si,j dQC

theo ker E;. Hon nita, ta xac dinh toan tt noi Q; ;j := V@jQngj.
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Dinh 1y 3.2.1 (xem [38]). Xét hé chuyén mach rdi rac tuyén tinh suy bién thuan
nhat chi s6 1 dang ([3.19), vdi moi i,j,m € N, cdc khang dinh sau la ding:

(i) Gijm = Ej + AiQijm la ma tran khong suy bién;
(ii) E;Pjm = Ej;

(ii) Pjym = G}

17]7m

Ej ;s

(iv) V. 1G 1 AiViiQ = Q.

j7m 7’7]7m

Nhan xét 3.2.1. Cac tinh chat trén dudce chitng minh bing cach phét trién céc
ki thuat chitng minh Bo6 dé cho hé chuyén mach rdi rac tuyén tinh suy bién
chi s6 1 v6i quy tic chuyén mach & cip ma tran hé sé giong nhau. Tuy nhién, hé
chuyén mach tuyén tinh suy bién chi s6 1 v6i quy tic chuyén mach & cip ma tran
he s6 lech nhau dang (3.19), mdi trang thai (k) phu thudc vao dit lieu ¢ ba thoi
diém k — 1, k, k+ 1 va cdc quy tac chuyén mach o(k —1),0(k),o(k+ 1) € N.

3.3. Tinh giai dudc ctia hé chuyén mach rdi rac tuyén tinh suy
bién chi s6 1 c6 nhiéu
Xét hé chuyén mach 16i rac tuyén tinh suy bién chi s6 1 ¢6 nhiéu dang

Ea(k—l—l)x(k + 1) = Aa(k)x(k> + fa(k)(x(k»? (320>

trong d6 ¢ : NU {0} — N, la quy tic chuyén mach lay gia tri trong tap hitu han
N, E;,A; € R™" va f; : R — R",i € N, la nhiéu, z(k) € R" 1a vecto trang thai
tai thoi diém k € N. Gia st ring E; 14 cac ma tran suy bién v6i moi i € N va he
chuyén mach rdi rac tuyén tinh suy bién thuan nhat tuong tng cé chi s6 1.

Ta lien két he ([3.20]) vdi dieu kien ban dau

P o), o ko+ 1)L (k0) = Po(iig) o (ko+1) 7 (3.21)

v6i v 1a vecto bat ky trong R™ va kg 1a s6 nguyén khong am cd dinh.
Tinh giai duge ctia hé chuyén mach tuyén tinh rdi rac suy bién c6 nhidu dugc

chi ra trong dinh 1y sau.
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Dinh ly 3.3.1. Cho f,u(x) la ham lién tuc Lipschitz vdi he s0 Lipschitz du nhd,
tic la,
I fi(z) — fi(@)| < Li||lx — Z||, Vo, € R", i € N, (3.22)

V4

w; := L max{[|Q; jmG; JmH jymeN} <1,Vie N. (3.23)

Khi dé bai todn gid tri ban dau (3.20) — (3.21)) c6 nghiém duy nhat.

Chitng minh. Nhan ca hai vé cia phuong trinh (3.20) tit bén trai véi

Lok41),0042) G (1) 0 (h1),0(k1+2) Y& Qo(k+1).0(k+2)C (k) o (k+1),0(k+2)°
tuong ting va cht y rang
G ) otk 1) o(kr2) Botkr1) = Pohr1) o(it2),

Fo(k11),0(k+2)Qo(k+1),0(k+2) = Qo(k+1),0(k+2) Fok+1),0(k+2) = 0;

ta thu ducc

-1
Potk1),0k+2)8 (R + 1) =Po0041),05+2) G o k) o (k41). 0 (k 12) Ao (1) (F)

-1
+ PU(k+1)aU(k+2)Ga(k),a(k+1),a(k+2) fa(k) (:B(k)), (3'24)

—1
Qo (k+1).0(64+2) G (i), (1) 0 (6+2) 2o 1) T (K) = = Qo (k41),0(k+2) T (1) o (k1) 0 (k2) T (k) (£ (F)).

(3.25)
Dat w(k) = Po(r) o(k+1)%(k), v(k) = Qo(k) o (k+1)7(k), (k € N) ta co
PU(k+1):U(k+2)G;(k),o(k+1),o(k+2)AU(k)U(k)
—1
:PU(k+1),U(k+2)Go-(k) (k—|—1)70(k—|—2 QO’ o(k+1)% (k)
—1 —1
= Lokt 1).006+2) o (i) 0 (k1) 0 (5+2) 2o (0) Qo (k)0 (k4+1),0 (k+2) Vo (b4+1),0 6420 @V (1) o (6117 T (F)

:PU(k‘i‘l)aU(k‘i‘Q)Ga(k),a(k+1),o(k+2)<G0(k),0(k+1)»0'(k+2) = Bo ) %
xV o(k+1),0(k+2) QV_ (k+1)l‘(ki)
=(Pokr1),0(k+2) — Poter1),0(k+2) Po(kr1),0(k+2)) Vo (kt1),o(k+2) QV_ b T k)
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va tu (3.24) ta duge

u(k+1) = Pa(k+1),a(k+2)G;(lk)ﬂ(k_;_l),g(k_i_g)Aa(k)(u(k) +v(k))

1
+ Pol41),0(642) G k) o (1) 0 v+ 2) o ) () + v(K))

= Lohr1).0064+2) Gor (i) o (k1,0 (h+2) Ao (k) U E)

+ Po(k+1),o(/€+2)Gg(k)’g(k_i_l)’a(k_i_g)fa(k) (u(k) + U(kﬁ))
(3.26)

St dung (iv) ctia Dinh 1y (3.2.1} ta c6

-1 -1
Qo(k+1).0(:+2) G o (k). o (h1),0(k42) Ao 1) Qo k)0 (k+1) = Vokt1),0(k+2) @V (1) o (k1)

Do do, vé tréi ctia (3.25)) co thé viét lai dusi dang

—1
Qa(k+1),a(k+2)G (k), (k+1)70(k+2)A0(k‘)$(k)
—Qa k+1 7a(k+2)G7(1k;) (k+1)70(k+2)Aa(k) (u(k) + v(k))

-1 -1
=Qo(k+1),0(k+2) G o (1) o (1), 0 (h42) 2o (1) UF) + Voer1). 0612 @V 1) o011y T (F)-

Khi do, tu (3.25)) suy ra riang
-1

-1
Vo(er1).0:+2) QY (1) o (1) (F) = = Qohr1),0(64+2) Tor (1) o (k1) 0 (4 2) Ao (k) W)

= Qolb41).0(:+2)Co) o (1) 0 (k42) Fo ) ().

Nhan hai vé ctia ding thic trén véi Qo (k),o(k+1),0(k4+2) T bén trai ta thu duge

v(k) = Qo) o (k1) T (k) = Qo (k)0 (k4 1), (k+2)Va(k+1),a(k¢+2)QVU_(]i)’U(k_H)x(k)
= —Qo(k),0(k+1), k+2)Qa(k+1),a(k+2)G;(lk)70(;@“)70(“2)140(1«)“(’6)
— Qo (k)0 (k+1),0 k+2)Qa(k+1),a(k+2)G;(lk),g(kﬂ)yg(kﬁ)fa(k)(l‘(/f))
= = Qo(k).o(k+1).00+2) Cr(l) o (1) (2) A ) 4 (F)
= Qo) o (k41,042 Gk o (k4 1.0 2) fo ) (2 (R))
= Qo (k)0 (k+1) a(k+2)G (1k)7g(k+1)7g(k+2)(fa(k)(U(k) +o(k) + Ayyu(k)).  (3.27)

St dung phuong trinh (3.26)), gia st da biét u := u(k)(k > ko), trong do

u(ko) = Py(ko),o(ko+1)T(k0) = Po(ko) o (ko+1)Y
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cho trude. Ta xét toan t T j,, : im Q; ; — im Q; ; dudce dinh nghia bdi

T jm(0) = = Qi jm Gy fiu+ 0) + Agu].

Do

1T jm () = T (0| = Qi j.m Gy [ filu +v) = fiu+ )
<N Qijm Gyl filw +v) = filu + )|
<NQijmGij llLillv = 3]l < willv = o < [jv —3l,
nén toan tit 7; j,, la toan tit co. Do do, theo nguyén ly anh xa co, phuong trinh
(3.27) c6 nghiem duy nhat dugc xac dinh béi anh xa
Io(k),o(e+1) 0 o) o(k+1) = M Qo (k) okt 1)s Io (k)0 (k1) (W(k)) = v(k).
Hon ntta, dé thay rang g, o (x+1) 1& ham lién tuc Lipschitz v6i hé s6 Lipschitz
Ko(k) = Wo k) (Lok) + [ As) ||)L;(1k)(1 — Wogr)) - (3.28)
Vay bai toan gia tri ban dau (3.20)) — (3.21]) ¢6 nghiém duy nhat dugc xac dinh béi

2(k) = w(k) + 9o k)0 (1) (u(k)), (3.29)

V01 u(ko) = Py(ky),o(ko+1)7- Dinh Iy duge chiing minh. [
Ta dinh nghia toan tit Cauchy lién két véi he (3.20))

H Boyo41)G (l 1),0(1), a(z+1)Aa(l—1) va g (h, h) = Pon)on+1)- (3:30)
I=h+1

Khi d6, dé thay ring ®,(k, h) thdéa man
By (k, h) = By (k, 1)y (1, h), k> 1> h.
Cong thtic bién thién hing s6 cho nghiém ctia he duge dua ra trong hée
qua dudi day.
Hé qua 3.3.1. Nghiém duy nhat cia hé vdi dieu kién ban dau thoa

man phuong trinh
k—1

l‘(/{}) :q)U(k? kO)PG(ko),U(ko+1)ry + Zk (Da(k:?i + l)Pa(i+1) (l+2)G_( ),0(i4+1),0 H_Q)fa(i) (l‘(l))

—1
= Qo (k)0 (k+1),006+2) T o (1) o (k1) 0 (5+2) o) (ER)) £ A1) Po (i), (141) T (K))-
(3.31)
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Chiing minh. T phuong trinh (3.26)), ta suy ra nghiém u(k) duge cho béi cong
thiic

k—1

u(k) = CI)U<k7 kO)PU(ko),U(ko+1)7 + Z (ptf(k:v i+ ]')PO'(i+1),U(i+2)G;(li)7o-(i+1)7o-(i+2)fO’(i) (m(l))
i=ko

va tit phuong trinh (3.27)), ta c¢6

( ) QO’ o(k+1), (k+2)G;(lk)’g(k+1)’g(k+2) (fa(k) (x(k)) + Aa(k)Pa(k),a(k—H)x(k))'

Vi z(k) = u(k) +v(k) nén ta thu dugc cong thiic (3.31]). |
Khong mat tinh tong quat, ta gia st réang f;(0) = 0,Vi € N. Khi d6, g, (k) »(k+1)(0) = 0
va he luon c6 nghiém tam thuong x(k) = 0. T suy ra rang moi nghiem
z(k) clia bai toan gia tri ban dau — théa man

z(k) = Pri),o(b+1)T(K) + o (k)0 (k+1) (Po(k),o(k+1)T(K)),

hodc tuong duong z(k) thoa man

Qo(k),o(k+1)TE) = —Qo(k) o (k+1), (k+2)G;(lk),g(kﬂ),a(ﬂg)(fa( @k) +As (k) Lo (), o (k+1) T k).
Dat
A= {SL’ e R": Qi,jx = _Qi,j,m ”m<fz< ) + AZ'PZ'J'JJ), v6i J,m € ﬂ} (332)

Néu = = z(k) 13 nghiém ctia bai toan gia tri ban dau - - thi chac chan
z(k) € Ay (k > ko). Ngugc lai, v6i mdi 6 € A;, ton tai nghiem cta (3.20) phu
thuoc vao 6. That vay, goi o 1d mot quy tac chuyén mach théa méan o(k) =1 va
z(m, k; 0) v6i m > k 14 mot nghiém cla thoa man dieu kién ban dau
Po(k).o(k+1)%(k) = Py (k) o(k+1)0- RO rang,

z(k, k50) = Poi) o(e+1)7(K) + Go(k),o(k+1) (Po(k),o(k+1)Z(K))
= Py(i),o(k+1)0 + Go(k),0(k+1) (Lo k)0 (k+1)0) (3.33)
= Byk),o(k+1)0 + Qok),okt1)0 = 0.
Ta sé chiing minh rang tap A; khong phu thudc vao cach chon cic phép chiéu

trong ménh deé dudi day.
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Meénh dé 3.3.1. Xét da tap nghiem A; duoc dinh nghia trong (3.32)). Khi dé, cdc
khing dinh sau la ding:

Z) A, = {I e R": fZ(ZE) + A;jx € imEj, UO'/Zj S M}
ZZ) A; Nker B; = {0}
Chitng minh. i) Lay = € A;, khi d6 ton tai j,m € N sao cho

QL]m - Ql,jm Z]m(fl( ) +A71PZ>J:L')7

v = Pz + Qijr = —QijmGy o fi() + (I = Qijm Gy}, Ai) P j.
T mo6i quan hé nay ta co
fil@) + Aiw = (I = AiQi jm G ) fi(x) + Al = Qi jmGi ), Ai) P jiv.
Cha ¥ rang

Ai(I — Qi j, mG_l A; )Pz',jiﬂ =(I- AiQijmG; i, m)A P jx.

1,5,m

Do do

filz) + Aiw = (I = AiQi jm Gy} ) (filx) + Ai P j).
Vi

A QZ:] m 2]1m = (Gi,j,m - )G_,j m =1-Ej GZ_] m’
nén ta dudce

filz) + Aix = E;G; 1 {fi(x) + AP jx} € im Ej.

1,7,m
Do d6 z € {x € R": fi(x) + Ajx € im Ej, véi j € N}.
Ngugc lai, 1ay z € R" sao cho fi(z) + A;z € im Ej v6i j € N. Khi d6, ton tai
¢ eR" j e N sao cho fi(z) + Ajx = E;€. V6i m € N, ta sé ching minh ring
Qijr = —QijmGy ) (filx) + AiPjx),
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hoac tuong duong
== QijmGyj p(fi(@) + Aix) + QijmGy ., AiQijx + Pijx.
Goi vé phéi clia dang thiic trén 1a w;; va chi § réng

Qi jmGi ) (fi(w) + Aiw) = Qi jm G Bi€ = Qi jmPjmé
= Vi jQV, WVim PV, 26 = VijQPV; 1€ =0,

ap dung Dinh ly ta dugc

wij = Qi,j,mGi_’jl,mAiQi,jx + b jx
= Qi,j,mGZ‘_’jl’mAiVL]’QVJ‘;}LV},mQVZ"_jlx + P jo
= QijmGij(Gijm — Ej)VimQV; 'w + Py jx
= QijmVimQVi; = QijmGi; , EiVimQVy ' + Py ju
= VigQV, nVimQVij e = Vi jQV P VimQV; o + P ju
= Vi,jQQV;j'e = ViQPQVj'w + Py jx

= Qijr + P jr =w.

Vi vay z € A; va khing dinh (1) cia Ménh dé duge chiing minh.
i) Lay x € A; Nker B;. Khi d6, ta c6 z € A; va P, jr =0 véimoi j € N.
Vi z € A; nén ta suy ra
Qijr = gij(FPijr) =0
va do do
r =P jx+Q;jr=0.
Ta c6 diéu phai chiing minh. [
Nghiém duy nhat ctia bai toan gia tri ban dau — duge dinh nghia
bdi x(k) = x(k, ko; ).

3.4. Tinh 6n dinh ciia hé chuyén mach rgi rac tuyén tinh suy bién
chi s6 1 c6 nhiéu

Trong phan nay, ching toi dua ra khai niem tinh 6n dinh va thiét lap diéu kien can

va du cho tinh 6n dinh ctia hé chuyén mach roi rac tuyén tinh suy bién chi s6 1 c6
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nhiéu. Ta gip kho khan khi st dung cach tiép can dua vio ban kinh pho chung nhu
trong [6] hay [CT1] dé nghién cttu cdc dic trung cho tinh on dinh ciia he¢ SDLS c¢6
nhiéu Lipschitz v6i quy téc chuyén mach khéac nhau & hai ma tran F va A. Chiing
toi stt dung phuong phap ham Lyapunov v danh gia nghiém dé nghién citu tinh

on dinh, on dinh tiém can, 6n dinh mi cta he.
Dinh nghia 3.4.1. He SDLS chi s6 1 ¢6 nhiéu dang (3.20) duge goi la

i) on dinh néu véi mdi e > 0, kg > 0 bat ky va véi moi quy tac chuyén mach, luon

ton tai d = d(e, ko) € (0,€] sao cho || Pyky) o(ko+1)Y]l < 6 thi ta co

w(k, ko; )| < e

v6i moi k > ko, on dinh déu néu nghiém on dinh va § khong phu thudc vao kg;

ii) on dinh tiem cdn néu nghiem on dinh va véi bat ky ko > 0, véi moi quy téc
chuyén mach, ton tai § = 6(ko) > 0 sao cho | P ko), o(ko+1) Y|l < 0 thi ta co

[l (k, ko; )l = 0 khi & — +00;

iii) on dinh mi néu ton tai M >0, 0 < A < 1 sao cho v6i moi k > kg va moi quy

tdc chuyén mach ta c6 [z (k, ko; 7)|| < MNPy o (4171l

Ta dinh nghia £ 1a 16p cac ham tang v : [0,00) — [0,00) sao cho (0) = 0,
P(z) >0 v6ix #0 va lim ¢(x) =0.

x—0+t
B6 dé 3.4.1. H¢ SDLS chi s6 1 c¢6 nhiéu (3.20) la on dinh néu va chi néu ton tai
ham ¢ € K, sao cho vdi moi s6 nguyén khong am ko va vdi moi quy tic chuyén
mach, bat ding thic sau ding
[z(F)[| < ¥(l|z(ko)ll), VK = ko. (3.34)

Chiing minh. Dau tién, ta gia st v6i moi quy téc chuyén mach va véi mdi sé
nguyén khong am kg, ton tai ham ¢ € K théa man diéu kien (3.34). Vi ¢ 1a ham
tang va lien tuc tai 0 nén v6i mdi € > 0 ton tai § = §(e) € (0,¢] sao cho ¥(§) < .

Lay K = max K;, trong d6 K; dugc cho béi (3.28)). Néu x(k) 1a nghiem bat ky cla
1ELV

O ) o .
(3-20) thoa man [Py k) ¢ (ke+1) T (ko) < 01 = K+1 thi

12 (ko)ll = | Pr ko), (ko+1)Z(K0) + Gor (ko) o (kot 1) (Por (o), (ko+1) T (K0) )
< P io),o (ko 1) TR0 | + 196 (ko) (ko+1) (P (ko) o (ko1 Z (K0)) | (3.35)
< Po(ko),o(ko+1)T(R0)[(1 + Ko (o)) < [ Po(ko) o (ko+1)T (ko) [[(1 + K) < 6.
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Diéu nay dan dén
lz(R)|| < ¥(llz(ko)[l) < ¥(0) <&, Vk = ko, Vo,

tir d6 ta suy ra rang he la 6n dinh.

Ngugc lai, gia st ring he la 6n dinh, tic 14, véi mdi ¢ > 0 ton tai
§ = d(¢) € (0,¢], sao cho néu z(k) 14 nghiem bat ky cta théa man bat ding
thic || Py(ky).o(ko+1)Z(ko)|| < 0 vOl moi quy tac chuyen mach thi ||z(k)| < e véi moi
k> ko. Goi a(e) la can trén ding clia (¢). RO rang, néu ||Py ) o(ko+1)2 (o)l < a(e)

VGi ko va v6i moi o, thi ||z(k)|| < € v61 moi k& > ko. Hon nita, ham «a(e) 1a ham duong,

tang va a(e) < e. Dat p(e) = % Vv6i e >0, 6 d60 H := max{||P; | : 4,7 € N}.
£
Dé thay rang 0 < 3(¢) < % < %, £ 1a ham tang chat va lien tuc tai 0. Khi do,

ton tai ham ngudce tang chit clia B tit im 8 vao [0,00) ham nay co thé duge mé
rong tit ham + € K. Goi z(k) 13 mot nghiém cia va ko 1d mot s6 nguyén
khong am c6 dinh. Dat e, := [|z(k)| va xét hai khd ning sau. Néu |jz(k)|| = 0
thi ||z(k)|| = 0 < ¥(||z(ko)|) do % la ham khong am. Bay gio, ta gid st ring
e = ||z (k)|| > 0. Néu [Ja(ko)|| < B(ex) thi

| o (ko),o(ko+1) (K0 [| < HB(ek) < alek).

Dieu nay suy ra rang ||z(k)|| < e, = ||z(k)||,Vk > ko, mau thuan.

Do d6 ||z(ko)|| > B(ex), diéu nay tuong duong véi

lz(k)| = ex < B (ko)1) = v ([l=(ko) ).
Bé dé duge chitng minh. |

Nhan xét 3.4.1. Bo dé dugc phat trien tit Bo dé cho hé chuyén mach
r3i rac tuyén tinh suy bién chi s6 1 ¢6 nhiéu véi quy tic chuyén mach § cap ma

tran hé s6 giong nhau.

Dinh 1y 3.4.1. Hé¢ SDLS (3.20) la on dinh néu va chi néu ton tai cia ham Lya-
punov Vy : N x R" — R lién tuc theo bién thi hai tai v =0 va cdc ham a, vy, € K,

sao cho

i) a(llyll) < Vo(k,y) < vr(llyll), Yk = 0,Yy € Ay, Vo,
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i) AV, (k,y(k)) == Vo(k+1,y(k+1)) =V, (k,y(k)) < 0,Vk > 0,Vo, vdi y(k) la nghiém
cia (3.20) tuong ing vdi o.
Chiing minh. Diéu kién can. Gia st rang he SDLS (3.20) 1a dn dinh. V&i mdi ko,
theo B6 dé [3.4.1, ton tai ham vy, € K (ko > 0), sao cho v6i nghiem z(k) bat ky ctia
(3-20), ta co

[z (k)| < Yw, ([l(ko) ), Yk = ko, Vo. (3.36)

Ta dinh nghia ham Lyapunov

Vo(ko,7) := sup ||z (ko + m, ko;y)|, v6i moi v € R" kg € N, (3.37)
meN

trong d6 x4 (ko + m, ko;7) 13 nghiém duy nhat cia tuong ng vdi quy tac
chuyén mach ¢ thoa man diéu kien ban dau Py ,) o (k1) %0 (k0) = Pr (ko) o(ko+1)7- Bt
déng thic dam bao tinh dang dan ctia dinh nghia ham Lyapunov (3.37). Tu
, ta co

125 (ko) [l < (K + Dl B (ko). ko+1) T (ko) | = (K + D[ Py (k). oko+1) VIl < (K + 1) H|I7]l,
v6i cac hiing s6 K, H duge cho trong Bd dé[3.4.1] Dinh nghia ¢y, (t) 1= g, (K +1)Ht)
v6i t > 0. Khi d6, ta suy ra rang

Vo (ko,7) < vk (126 (ko)1) < vk (K + D H||Y])) = g, (7)), ¥ho > 0,y € R, Yo
Diéu nay dan dén V,(ky,0) = 0 va tinh lién tuc clia ham V theo bién thit hai tai
v =0. V6i moi y € A, ), theo (3.33)), ta c6

Vo (ko,y) = sup |25 (ko + 1 kos y) || = llzo (Ko, ko y)ll = llyll := a(llyl)- (3.38)
€
Mat khéac, v6i mdi kg > 0, vi bai toan gia tri ban dau (3.20) — (3.21) ¢c6 duy nhat
nghiém nén ta dé thay rang

fao (ko + 1, Kosy(ko)) 12 0} = {y(ko +1) : 1> 0)}
D{ylko+1):1>1)} D{aslko+1+ 1L ko+ L;y(ko+ 1)) : 1 > 0},

(3.39)

& d6 o, (k) 1a quy tac chuyén mach tuong ting véi y(k). Do vay

Vo(k+1,y(k+1)) =sup |lzg(k+ 1+, k+1;y(k+ 1))
>0
< sup 2o (k + 1 ks y(R)|| = Vo (k, y(k)),
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diéu nay suy ra rang AV, (k,y(k)) < 0. Diéu kién can dugc chitng minh.
Diéu kién di. Ta chiing minh phan chitng, gia st rang hé (3.20) khong én dinh,
tic 14, ton tai g > 0, ton tai s6 khong am kg v mot quy tic chuyén mach o, sao

cho véi moi 6 € (0,¢0], ton tai nghiém z,(k) ctia (3.20) théa man bat ding thic

| Po (ko) o (ko+1) o (ko) || < & va [|xg(k1)|| > €0 vOL k1 > ko.

Vi V, (o, 0) = 0 v Vi (ko,~) 12 ham lien tuc tai y = 0 nén ton tai 6, = dy(e, ko) > 0,
sao cho v6i moi € € R™, ||£]| < 5(,) va v6i moi o ta c¢6 Vi (ko, &) < e1 := alep)-

Chon dy < min{z2%7, 20}, ta c6 thé thay nghiem z,(k) clia (3.20) théa mén

1P (ko) 0 (ko + 1) o (Ko) || < 0o, tuy nhien [z (k1) = eo v6i k1 > ko.

Do || Py ky),o(ko+1) T (ko)|| < do < Ké—j'rl, lzo (ko) < 5(/) nén ta thu duge
Vo (ko, 25 (ko)) < 1.
Mt khéc, st dung tinh chat ctia ham V', ta c6
Vo (ko, 2o (ko)) = Vo (k1,20 (k1)) = a(llzo (k1)) = aleo) = &1,

diéu nay dan dén mau thuan. Dinh 1y duge ching minh. [
Néu hé (3.20]) 14 6n dinh déu thi ham v, 6 dinh 1y trén c6 thé duge chon khong
phu thuoc vao k. Do d6, bang cach lap luan tuong tir nhu chitng minh trén ta duge

két qua sau.

Dinh 1y 3.4.2. H¢ SDLS chi s6 1 c6 nhiéu (3.20) la on dinh déu néu va chi néu

ton tai hai ham a,b € K va ham Lyapunov V, : N x R* — R, sao cho
i) a(llyl) < Vo(k,y) < b(llyll), Y& > 0,Yy € Ay, Vo,

i) AVy(k,y(k)) = Vo(k+1,y(k+1))—Vy(k,y(k)) < 0,Vk > 0,Vo, vdiy(k) la nghiem

cta (3.20) #ng vdi o.

Bay gis, ta dua ra dinh 1y vé tinh on dinh tiém can ctia hé SDLS chi s6 1 ¢6
nhiéu ((3.20)).

Dinh ly 3.4.3. Gid st rang ton tai ham Lyapunov V, : Zy x R® — R, va cdc ham

a,c, Y € K sao cho

i) a(llyll) < Vo(k,y) < vr(llyll), Yk = 0,Yy € Ay, Vo,
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it) AVy(k,y(k)) = Vo(k +1,y(k + 1)) = Vo (k,y(k)) < —c(|ly(k)]). Yk > 0, Yo, vdi y(k)
la nghiém cia (3.20) #ng vdi o.

Khi do, hé SDLS chi s6 1 c6 nhiéu ([3.20) la on dinh tiem can.

Chitng minh. Tit Dinh 1y [3.4.1, ta ¢6 he SDLS (3.20) 1a én dinh. Tit muc (i),
{V,(k,y(k))} 1a mot day gidm va bi chan dudi bdi 0. Do d6, ton tai giéi han
Jim Vy(k,y(k)). Diéu nay suy ra rang

— 00

lim Vi (k+1,y(k + 1)) — Vo (k, y(k)) = 0

k—o00
va do d6 lim c(||y(k)||) = 0. Vi c € K nén lim |ly(k)|| = 0. That vay, gid st rang
k—o0 k—00
klim ly(k)|| # 0. Khi d6, véi ¢ > 0, ton tai day {k,} C N sao cho k, — oo va
—00
ly(km)|| > €. Diéu nay suy ra c(||y(km)||) > c(¢) > 0, mau thuan.
Dinh ly duoe chimg minh. |

Ta dinh nghia
p = max{Li(1 + K;)|| PGy}, |l : 4, 5,m € N}.

1,7,m

Dinh 1y 3.4.4. Xét hé SDLS chi s6 1 ¢6 nhiéu (3.20). Gid st cdac dieu kién cia
Dinh ly dugc théa man. Néu ton tai M > 0,0 < A < 1 sao cho

@0 (k, h)|| < MMV > h > ko,
va Mpu < 1—X, thy hé SDLS chi s6 1 c6 nhiéu (3.20) la on dinh mi.

Ching minh. T cong thic (3.26)), ta co

k—1
u(k) = B (k, koyulko) + Y Dok, + 1) Po(i1).0(i+2) Ginfhy o i1) iy foriy (i) + v(0):
1= k()
Ta suy ra dugc
k-1
lulk) = MR ulko)[+  MA TPy i40) 0602 Crhy o) i) | ot (@) +0(0)]
i=ko
k—1
= MNP ulko)ll + Y M Poi1) 0642 CGolhy s o 1 Lo (1 + Ko@) lu@)]
1= ko
k—1
< M k)| + )~ MATT pffu(i) .
i=ko
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Diéu nay tuong duong véi

k-1

lu(®)] My |u(d)|
\e—Fko < Mlju(ko)| + Z N ik VE > k.
i=ko
s M
Do do, neu ta dat ym = Hw;—;;ko”’fm = MHu(kO)vam = T'u v6i moi m > 0, thi ta

s

CcO

Ym < fm + Z 9iyi, Vm > 0.

0<i<m

Ap dung Dinh Iy |1.1.1] ta dugc

Ym < fm + Z figi H (1+gj)

0<i<m i<j<m
—i—1
Mu M/L m—t
< Mu(ko)ll + Y Mllulko)| == (1+T>
0<i<m

N (3.40)
= Mlatt) + Mt ( (14 524) 1)

=t (14 52)

Diéu nay dan dén
M,u k—ko
k) < Aol (12 ) A A+ > o
Do d6

()| = lu(k) +v(®)]| < (1+K)[Julk)]| < 1+ K)M|[ulko)l|(A + Mp)* =5, Yk > ko.

Vi A+ Mp < 1 nén he SDLS (3.20)) 14 on dinh mil.
Dinh 1y dugc ching minh. |

3.4.1] [3.4.2, [3.4.3 ¢6 thé phu
thuoc vao quy tac chuyen mach o. Céc diéu kién trong Dinh 1y dtang néu he

Nhan xét 3.4.2. Ham Lyapunov trong cac Dinh Iy

sO Lipschitz ctia ham f di nhé.

Nhan xét 3.4.3. Cac két qua & trén c6 thé tng dung trong hé dong luc chuyen
mach Leontief, hé nay dugc phét trién tit hé dong lic Leontief trong [39, 40].
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Xét mo hinh kinh t& N thanh phan (N nganh), mdi nganh sdn xuat mot loai
sén pham. Véi mdi nganh j € {1,2,..., N}, dé san xuit ra san pham j can dau
vao tit cac nganh khéc, bao gom ca nganh j. Mo hinh kinh té da thanh phan ctia

Leontief c6 dang sau
2(k) = By (k) + Cogsr) (@(k + 1) = x(k)) + do ) (2(F)), (3.41)

trong d6, thanh phan thi i clia vecto N chiéu x(k) 1a mitc do san xuat clia nganh
i tai thoi diém k. Qua trinh san xuat nay dugc chia thanh ba phan, tuong tng
v6i ba hang tit 6 vé phai clia (3.41)). Hang tit thit nhat, B,z(k) la lugng hang
héa nganh i can dé dua vao san xuat tit cdc nganh j. Ma tran chuyén B, cd
N x N la ma tran dau vao — dau ra c6 cac phan tit khong am tai thoi diém k.
Hang t thit hai 1a lugng hang héa i can dé mé rong san xuat dé tao ra z(k + 1)
trong budc tiép theo. Ma tran chuyén C, 4 q) duge goi la ma tran he s6 von va
ciing ¢6 cac phan tit khong am. Hang tit cudi cing dy ) (z(k)) 1a luong hang hoa
i danh cho tiéu diing. Trong mo6 hinh kinh té da thanh phan, sdn xuat clia nganh
i khong nhét thiét can sén pham ctia nganh khac vi thé ma tran Cy 4 q) thuong
suy bién. Do vay, hé dong luc Leontief ¢6 thé duge viét lai theo he SDLS vOi
Eokr1) = —Cokr1), Aok) = Bok) = Cotkr1) — IN, fo(k) = do(r) Vo1 k € N.

Nhan xét 3.4.4. Xét hé chuyen mach 16i rac tuyén tinh suy bién c6 nhiéu véi quy
tac chuyén mach ¢ ma tran heé s6 F va A khac nhau dang (3.20), quy tac chuyén
mach khac nhau trong cdc ma tran hé s6 E va A, cung véi dong lyc hoc clia hé
bi rang buoc va két hop gitta cac hé con suy bién gay nén mot sd kho khan trong
viéc nghién cttu tinh giai dudce ciing nhu st 6n dinh ctia hé. Méi trang théi (k)
phu thuoc vao dit lieu & ba thai diém k — 1, k, k+ 1. Ching toi dua ra cac diic trung
vé tinh 6n dinh cta hé bang cach st dung phuong phap ham Lyapunov, va
thiét lap diéu kién on dinh mi cho hé bang cach st dung cong thitc bién thién hang
s6 cho nghiém, danh gia nghiém va sit dung bat dang thitc Gronwall dang rdi rac.
Con hé chuyén mach rdi rac tuyén tinh suy bién c6 nhidu véi quy tac chuyén mach
4 ma tran E va A giéng nhau dang nhut mot truong hgp don gian hon ctia hé
(3.20) nén cac két quéa dugce suy ra mot cach tuong tu, chung toi viét ra két qua

cho trudng hop nay dé co thé 4p dung truc tiép khi can.
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Vi du 3.4.1. Trong vi du nay, ta st dung chuan Euclid ctia vecto.
Xét he SDLS c¢6 nhiéu dang (3.20) v6i quy tac chuyén mach o : NU {0} — N va

0 t+1 1
E; = ; A = ,
0 i+1 ——1 1
va
fi(z) = 5111:62(1 -7 = (z1,12)" €R?  ieN.

i
Ta ¢6 ker E; = span{(1,0)"},imE; = span{(0,1)"} va S;; = span{(0,1)"}. Suy ra,

SijNker E; = {0} va rank E; = 1 < 2, do d6 he SDLS thuan nhat tuong tng véi he

(3.20) c6 chi s6 1. Ro rang,

),

Diéu nay suy ra rang

. 10 0
Qij=VijQViy = =P Py=I—Qij=
0 0
Ta tinh dugc Qijm = V;',jQV;-_ni =Qi; =P Vi,jme N va
i+1 j 1 J+1l1 —j
Gijm = Ej+AiQijm = D Gl = :
e —i—1 j+1 s+ D25+ \ a1 a1

. . . . £ T . 2
Hon nita, ham f;(x) 1a lién tuc Lipschitz vé6i hé so Lipschitz L; = £ That vay, ta
i

P

CcO

sin xo sin Y2

1fi(z) = fily)ll = (1,-1)"

1 (1 _1) 7

1 V2
< .—|$2 — ol (1, =1)T|| = T|$2 — ol

| /\

f V2
=V =) (2 = g2)? = e~
Hon ntta, f;(0) =0 va

w; = Li max{HQ@j’m zgm“ j,m € N}

Va2 +45+2 1
max{ J J :jEM}X..

2j+1 i(i+1)
V10
< —F<1,Vie N.
3i(i+1)
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Theo Dinh 1y [3.3.1] bai toan gia tri ban dau (3.20)), (8:21) véi dit licu da cho c6 duy

nhat nghiem. T dinh nghia clia A;, ta c6 x € A; néu va chi néu

Qi jr = —VZ‘,J‘QV] rrlle_] mlfi(z) + A P j).

oAl oz __ sinxzg T2 §
Tu day dan dén z; = D (z’+1)(2j+1)'DOdO’

sin 9 T2 ;
A — { = . = — - N}.
== lnm) = ey s g

Xét ham Vo (k,v) == 2[| Pyiy) o (k+1)7]l VL moi v € R2. Ta c6, véi mdi y € Ay,
Slny y 2
2 2 )
lyll = \/v7 +v3 = Gt z+1)(2j+1)> + Y5

_ ( L, 1 )2 .
=\V\iGry Tarneiry ) 2 Y

< 2ly2| = 2| Py i) o+ 1)Ul = Vo (K, y).

Ngoai ra, Vo (k,y) = 2[| Py o+ 1)¥ Il = 2l32] < 2[lyl|. Do d6, muc (i) cia Dinh 1y|3.4.2

duge théa man. Gid st rang y(k) 13 mot nghiem cta he (3.20) va dat
y(k) = u(k) +v(k), trong do w(k) = Pru) oh+1)y(k); v(k) = Qo(k),ok+1)y(k), ta co

AV (k,y(K) = 201 P4 1), (k+2) (K + DI = 1Po ), 01y () ) = 2(ulk + D[ = [[u(k)]]).

Stt dung phuong trinh (3.26) ta dugc

0 0
u(k +1) = PjmGy  Avu(k) + PimGy ) fi(w(k)) = , | k),
0 77
suy ra, [lu(k + 1)| = T 7 llu(®) (k + DIl = lJu(k)[ < 0. Theo
Dinh 1y 3.4.2, he SDLS (3.20)) 1 6n dinh déu. Hon nita, vi
1-92j 1
Ju(k + D) = lu(k)|| < 2j +1 u(k)| < WHZJ( )< WH‘U( |

nén theo Dinh 1y [3.4.3, hé SDLS chi s6 1 ¢6 nhiéu ([3.20) 1a én dinh tiem can.
Ta sé mo ta nghiém ctia hé SDLS nay trong trudng hgp N = 2 véi quy tac chuyén
mach cu thé oy (k) = (k mod 2)+1. Chon gi4 tri ban dau z(0) = (2,1)T. O day, ta xét

quy tic chuyén mach dang don gian d6 la chuyén mach tuan hoan: néu k chin, xét
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tahe Eyr(k+1) = Ayz(k)+ fi(x(k)), nguodc lai, ta lay he Eyx(k+1) = Asz(k)+ fa(z(k)).
O mbi heé, tai thoi diém k, ta suy ra dude moi quan hé gitta x1(k) va xa(k) va xa(k)
duge tim duya vao z1(k— 1), x9(k —1). Ta thay, nghiém ctia he hoi tu vé 0, xem Hinh
9.2l

Ngoai ra, chiing toi cling minh hoa nghiém o6n dinh ctia hé khi xét quy tic chuyen

2, mnéu k:3 .
mach oo (k) = va chon gia tri ban dau x(0) = (2,1)" nhu Hinh [3.3]

1, néuk /3

Gia thuat todn cho cac hinh vé minh hoa nghiém 6n dinh ctia hé tuong tu nhu

Thuat toan 1 trong Vi du(3.1.1]

0.5 -

05 | 1 | | | 1 | | |

* x4
15[ X X0
1 x -
051 -
X
* x
= ¥ OOE K% % k% xx % * ¥ X * ¥ ¥ % ¥
*
-05 * ,
1 | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20

Hinh 3.3: Minh hoa nghiém 6n dinh X (21, 29) véi N = 2 va oy(k).
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Vi du 3.4.2. O vi du nay, ching ta sit dung chuan vo ciing ciia ma tran.
Xét he chuyén mach rdi rac tuyén tinh suy bién (SDLS) c6 nhiéu dang ([3.20)
v6i quy tac chuyen mach o : NU {0} — {1,2} = N va

3 —2 0) 430
Er=|o 3 of; E=[1960];
\0 0 0 00 0
1 -1 0 ~10 0
Ai=10 1 0[: Ag=11 1 0[;
\0 0 1 \0 01

. 221 + 3sin
va fil®) = 55 )
Ta tim ducc

(Oa()? 1)T7 r = (l‘l,.’ﬂg,(lﬁ?,)—r € R?)? (S M

ker Fy = ker Fy = span{(0,0,1) "},
S11 = span{(1,0,0)",(0,1,0) "}, S12 = span{(3,2,0)",(0,1,0) "},

So1 = span{(—1,1,0)",(0,1,0) "}, Sz2 = span{(—1,3,0)",(0,1,0)"}.

Ro rang S;; Nker E; = {0},Vi,j € N va rank E; = 2 < 3, do d6 hé SDLS thuan nhat
tuong tng vé6i he (3.20) v6i dit lieu 6 trén ¢6 chi s6 1. Ta ¢6

100 300 -1 0 0 -1 0 0
Vin=1|(0 1 0|; Viz2=]2 1 0]; Va=[|1 1 0]|; V=3 1 0];
0 01 0 01 0 01 0 01
0 00 1 00
Q=100 0|; Qi;=Q Pij=L3-Qi;j=110 0|; Qijm=@,Vi,j,meN.
0 01 0 00
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Ta tinh toan ducdce

(3 -2 0 1/3 2/9 0
Giam=|0 3 0o]: Gi.=]0 1/3 0];
\0 0 1 0 0 1
(430 2/7  —1/7 0
Gigm=|16 0]; Giam=|-1/21 4/21 0[;VimeN.
\0 01 0 0 1
Hon nita, ham f;(x) lien tuc Lipschitz v6i hé s6 Lipschitz L; = u i€N
Ta thay
wi o= Limax{[|Qs jm Gy}, 1} = Lis Ki == wi(Li + | Al L1 (1 = wi) ™Y,
) 25 49 3
do d6 Ky = 32, Kz = |mm“Mp PGl = .
5 3 55 33 5
= max{Li(1 + ;)| PG L || N} = {—u;—;—}z—ﬂ
Suy ra p = max{L;(1+ z)“ mGi gl dym € N =max | 725 7 i aon = 7o
Dit
. 1 —1
Cijim = LymGy jmAi = Lo(),0(+1)Co1) 01) 0141y Ao -1);
ta co
1/3 —1/9 0 ~1/9 2/9 0
Q11m=1] 0 1/3 0]; P21m=1| 1/3 1/3 0];
0 0 0 0
2/7  —3/7 0 —3/7 —1)7 0
Dy om = <—1/21 5/21 0 Poom =1 5/21 4/21 0];
0 0 0
4 2 5 4
1PrLiml =50 NP21mll =55 [Pr2mll =2 [P22mll = =
. o .
Do vay, neu ta chon A = max{||®; j | :4,j,m e N} = - va M =1 thi
- A < (2 o Ar=h
TR | T = B R P (3) =2,

I=h+1
v6l moi k > h > kg. Hon ntta ta c6

5 9
Mu=" <1-x=2=,
F=18 < 7
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Theo Dinh 1y [3.4.4, hé SDLS c6 nhiéu vé6i dit lieu {(E;, A;, f;)}i=12 da cho la én
dinh mu.

Dé minh hoa, ta xét quy tdc chuyén mach cu thé oy (k) = (k mod 2)+1 va chon gié
tri ban dau z(0) = (4,5,6) . Néu k chén thi ta gidi he Eyx(k+1) = Ajz(k)+ fi1(2(k)),
ngugc lai ta xét he Eya(k + 1) = Asx(k) + fo(x(k)). Ta thay, nghiem ctia hé hoi tu
ve 0, xem Hinh .

Ngoai ra, chiing toi ciing minh hoa nghiém 6n dinh ctia hé khi xét quy tic chuyén

2, néu k'3
mach o9(k) = va chon gia tri ban dau z(0) = (4,5,6) ", nhu Hinh
1, néuk /3
3.0
6 oy
* X0
5 X x x00|
0 %K
PR — i
3 x —
N |
L |
* %
or o © &6 & @ e ® © © © © & ® ® ® © © @ B
1 * —
2 | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20
N . o 2 . P
Hinh 3.4: Minh hoa nghiém on dinh X (x1, 29, x3) v6i o1(k).
6 o)
* W
smo x % %k)| 7]
b % 0 x| |
5L |
oL ]
1 X —
ok c 6 % & ® ® © e ® e @ e ®© © @ © © ® ®
= ¥ .
2 | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20

Hinh 3.5: Minh hoa nghiém on dinh X (1, 29, x3) v6i o9(k).
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Két luan chuong

Trong chuong nay chiing t6i da nghién cttu hé chuyén mach rdi rac tuyén tinh suy
bién chi s6 1 ¢6 nhiéu Lipschitz trong hai trudng hop: quy tic chuyén mach & cap
ma tran he sé gidng nhau vd khac nhau tng véi dang va (3.20). He SDLS
chi s6 1 c¢6 nhiéu dang nhu mot trudng hop rieng ctia hé v6i quy tic chuyen
mach & cip ma tran hé sé6 khac nhau dang . Chung toi da chi ra tinh giai
dugc ctia hé véi dieu kien heé s Lipschitz ctia nhiéu f,(z(k)) di nho, viec xay
dung cong thiic nghiém ctia hé SDLS c¢6 nhiéu la khong dé, ching t6i dua ra cong
thtic bién thién hang s6 cho nghiém ciing nhu chi ra da tap nghiém ctia he. Sau do,
stt dung phuong phap ham Lyapunov cing nhu danh gia nghiém chung t6i nghién
citu duge tinh on dinh, on dinh tiém can, 6n dinh mi ctia hé. Phan cubi, luan an

ciing da dua ra cic vi du minh hoa cho cac két qua 1y thuyét.
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Két luan va kién nghi

Két qua dat dudc ctia luan an
Trong luan an nay, ching t6i da nghién ctu va giai duge hai bai toan ctia hé

chuyén mach rdi rac suy bién.

e Bai toan 1 nghién ctu hé chuyén mach r6i rac tuyén tinh suy bién chi s6 1
duong. Chiing t6i da nghién ctu tinh 6n dinh ctia hé nay thong qua phuong
phép LP (linear programing) cuing véi cac tinh chat clia he c6 chi s6 1, thiét
lap diéu kién on dinh véi thoi gian dimg nhd nhat. Sau d6, luan an dua ra
dinh nghia vé duéi ban kinh phd ctia mot ho céc cap ma tran, tit dé thiét lap
diéu kien can vd di cho tinh on dinh héa dude ctia hé chuyén mach rdi rac

tuyén tinh suy bién chi sb 1.

e Bai toan 2 nghién cttu tinh giai ducgc v 6n dinh ctia 16p hé chuyén mach roi
rac tuyén tinh suy bién c6 nhiéu véi phan tuyén tinh c6 chi s6 1 trong hai
truong hop: quy tic chuyén mach & cidp ma tran hé s6 gidng nhau va khéc
nhau. Ching toi dua ra két qua cho tinh gidi duge ctia 16p hé nay bang cach
st dung cac tinh chat ctia phép chiéu, tinh chat cia hé chi s6 1 ctia hé thuan
nhat va nguyén 1y anh xa co. Sau d6, luan an thiét lap diéu kien on dinh, on
dinh déu, on dinh tiém can ctia hé dua vao phuong phap ham Lyapunov. Cudi
ciing, ching toi dé xuat diéu kién on dinh mii ctia hé bing cach sit dung cong
thiic bién thién hang s6 cho nghiém, danh gia nghiem va st dung bat déng

thitc Gronwall dang rdi rac.

Cac két qua nhan duge 1a két qua mdi, c6 ¥ nghia khoa hoc, dudc cac nha toan
hoc quan tam. Trong luan an, 6 mdéi chuong, ching t6i cing dua ra cac vi du minh

hoa cho céc két qua 1y thuyét.
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Mot so6 van dé co theé tiep tuc nghién ciu:

e Nghién citu tinh giai duge va on dinh ctia hé chuyén mach r3i rac suy bién phi

tuyén dang E, gz (k 4+ 1) = Fyy(x(k)).

e On dinh héa hé chuyén mach roi rac suy bién chi s6 1 bing quy luat chuyén

mach thich hop hoac bang diéu khién phan hdi.

e Nghién citu tinh 6n dinh, 6n dinh héa duge ctia hé chuyén mach r6i rac suy

bién khong c6 chi s6 1.
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