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Lo1 cam doan

Toi xin khéng dinh ring day la cong trinh nghién ctu clia riéng cé nhan toi,
duge hoan thanh duéi sy huéng dan ctia PGS. TS. Mai Viét Thuan va TS. Nguyén
Hitu Sau. Cac két qua viét chung véi tac gid khac da duge sy dong thuan ctia dong
tac gid truée khi dua vao luan 4n. Luan an dua ra nhitng két qui hoan toan mdi,

chua ting dudce cong bé trong bat ky cong trinh nghién cttu nao trude do.

Thar Nguyén, thang 8 nam 2025
Nghién citu sinh

Nguyén Thi Phuong
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Lo1 cam on

Luan an duge thuc hién tai Khoa Toan - Tin, Truong Dai hoc Khoa hoc, Dai
hoc Thai Nguyén dudi st huéng dan khoa hoc ctia PGS. TS. Mai Viét Thuan va
TS. Nguyén Hitu Sau.

Toi xin gui 16i cAm on chan thanh v sau sdc dén PGS. TS. Mai Viét Thuan,
ngusi da tan tam huéng dan va chi bao toi ngay tit nhitng budc dau trong qua trinh
nghién citu. Thay da giap toi dinh huéng bai toan nghién citu, lya chon phuong
phap phit hop dé giai quyét van dé, tim kiém tai lieu tham khao, viét bai bao khoa
hoc va tim toi md rong pham vi nghién cttu. Su chi day tan tinh cting nhiing 1oi
dong vien khich lé ctia Thay da truyeén cho t6i niem dam mé khoa hoc va thic day
toi khong ngtmg nd luc dé phat trién trong moi truong nghién citu.

To6i xin bay t6 long biét on dén thay TS. Nguyén Hitu Sau da tan tinh huéng
dan nhiing kién thic quan trong lién quan dén luan an va hoé trg toi trong sudt
qua trinh hoc tap, nghién cttu va hoan thién cong trinh nay.

To6i xin tran trong cam on su gitp dé clia cac thay co Khoa Toan-Tin, cac anh
chi nghién cttu sinh trong Khoa Toan-Tin, Truong Dai hoc Khoa hoc va cac thanh
vién trong nhém seminar T6i wu va Diéu khién tai Vien Toan hoc. Céac thay co
da quan tam, déng gép nhiing ¥ kién quy bau, tao moi trudng hoc tap tét dé toi
nghién cttu. Cac anh chi em trong nhém nghién cttu cling nhu cac thanh vién trong
nhém seminar luén quan tam, hd tro dé toi hoc héi va boi dip kién thic.

Trong sudt qua trinh hoc tap va nghién citu, t6i da rat may man nhan dudc su
hoé trg va tao dieéu kién thuan lgi tit Ban Giam hiéu ciing Ban Cht nhiem Khoa
Khoa hoc Co ban va Ung dung, truong Dai hoc Ky thuat Cong nghiép - Dai hoc
Thai Nguyén. Toi xin tran trong cam on co hoi duge di hoc tit Nha truong va su
gitip dd ctia cac thay co. Toi xin cAm on cac thay ¢o dong nghiép trong Khoa Khoa
hoc co ban va Ung dung, Bo mon Toan da luon tao diéu kién thuan lgi vé gidng

day, dong vien tinh than dé toi tap trung hoc tap.
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Dic biet, toi xin gui 101 tri an sau sac dén gia dinh than yéu: boé me, anh chi
em, chong va hai con ciia to6i. Ho luon dong hanh, sé chia moi khé khan va dong
vién, tré thanh nguon dong e 16n lao gitp toi nd Iuc hoc tap, nghién citu va hoan

thanh luan an.

Nghién citu sinh

Nguyén Thi Phuong
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Mé& dau

1. Téng quan vé huéng nghién citu va 1y do chon dé tai

Giai tich phan thi, véi hai phép toan co ban la dao ham va tich phan bac thuc
hodic phiic tity ¥, dudc xem nhu mot su mé rong va tong quat hoa cac khai niem
trong gidi tich co dién. Lich sit ctia giai tich phan thi khéi nguon gan nhu dong
thoi véi su phét trién ciia phép toan vi tich phan ¢6 dién. Y tudng vé dao ham bac
khong nguyéen dugc dé cap lan dau tién vao nam 1695, trong thu tit trao doi gitta
M.D. L’Hospital va G.W. Leibniz. Sau d6, cac kién thitc co ban clia gidi tich bac
phan thit duge dit nén tang vitng chic tit két qua ctia nhiéu nha toan hoc noi tiéng
nhu L. Euler, J. Liouville, B. Riemann, J.L. Lagrange, A. Griinwald, A. Letnikov
... qua cac thé ky. TU nhitng nam 1970, 1y thuyét vé phép tinh phan thd da co
nhitng budc phat trién vugt bac, tré thanh mot cong cu manh mé dé giai quyét
cac bai toan lien quan dén phan tich va diéu khién cac hé thong phic tap ma cac
phuong phap co dién con nhiéu han ché. Dic biét, 1§ thuyét nay hitu ich trong viéc
mo ta qua trinh dong Iyc hoc, mo hinh héa tinh chat ctia vat liéu ¢6 dic tinh nhd,
mach dién [39, 76|, cic qua trinh sinh hoc va héa hoc phic tap, [10, 13, 41, 54],
phan tich cac chu ky kinh té&, dy doan xu hudng thi trudng clia tai chinh [18], céc
van dé ciia nganh Khoa hoc xa hoi ... C6 nhiéu loai dao ham phan tht khac nhau
da dugc xay dung tuy thudc vao cach nguoi ta tong quat héa dao ham bac n cho
truong hgp n khong nguyén nhu dao ham phan thit Riemann—Liouville, dao ham
Caputo, dao ham Hadamard, dao ham Griinwald-Letnikov, dao ham Marchaud,
... Cung véi hé phuong trinh vi phan cd dién, hé phuong trinh vi phan phan tht
c6 kha nang mo ta chinh xéc su bién ddi theo thdi gian ciia céc hé théng thuc té,
dong thoi duge ting dung rong rai trong khoa hoc va ki thuat.

Dé thiét lap mot mo hinh trang thai bieu dién mot qua trinh ho#c hién tuong
vat 1y, ta can xay dung méi lien hé giita cac bién dac trung ctia hé thong va bicu

dién ching thong qua hé phuong trinh vi phan. Cac bién dic trung nay thuong
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la nhitng dai luong phan anh day dua va chinh xac trang thai ctia hé théng, chang
han nhu téc do, khoi lugng, nhiét do, hay gia tdc. Chiing khong chi théa man cac
phuong trinh vi phan ma doi khi con phai tuan theo cic rang buoc dai s6. Két qua
thu dugce khi mo hinh héa két hgp ci phuong trinh vi phan va phuong trinh dai s6
1a mot he phuong trinh vi phan suy bién. Hé phuong trinh vi phan suy bién (bao
gom ca bac nguyen va bac phan thit) con duge biét véi tén goi heé phuong trinh vi
phan dai s6 hay hé trang thai tong quat, 1a mot linh vic nghién citu quan trong
cua toan hoc tng dung. Trong 15 nam qua, cac hé dong luc duge biéu dién qua hé
phuong trinh vi phan suy bién da thu hat sy cht §¥ manh mé tit gidi nghién ctu
khoa hoc nhd vao tam quan trong va ting dung rong rai ctia chiung. Nhiéu bai toan
thie tién va k¥ thuat duge mo hinh héa bang hé phuong trinh vi phan suy bién
véi dao ham bac nguyén nhu mang luéi dien [12], he thong co hoc [58], qua trinh
héa hoc, hé théng xa hoi, he théng kinh té [53], ... va dugce bicu dién bdi cac hé
suy bién véi dao ham bac phan thit nhu he théng sinh hoc [13, 41, 54], hé thong
nang lugng [76], hé thong tai chinh [18] va céac linh vic khac [39].

Tinh 6n dinh 1a mot trong nhing diic tinh dinh tinh quan trong, luén duge chi
trong khi nghién cttu va phan tich cac hé dong lyc. Trong bai toan on dinh cua
hé phuong trinh suy bién, hai huéng nghién citu chinh thuong duge dé cap la tinh
on dinh theo nghia Lyapunov va tinh 6n dinh trong thoi gian hitu han. Day 1a hai
khai niem doc lap véi nhau, c6 nhitng tieu chuan va ¥ nghia riéng trong thuc té va
cac bai toan ky thuat. Tinh on dinh theo nghia Lyapunov nghién cttu qui dao ctia
véc to trang thai trong thoi gian vo han, tap trung dua ra cac diéu kién dé dam
bdo hé théng quay vé trang thai can bang trong thoi gian vo han. Trong khi do,
tinh on dinh trong thoi gian hitu han nhan manh dén viéc hé thong duy tri trang
thai 6n dinh trong mot khodng thoi gian cu thé. Mot hé théng cé thé dat trang
thai 6n dinh trong mot khoang thoi gian hitu han ma khong nhat thiét phai on
dinh tiém can. Ngudc lai, tinh 6n dinh tiém can ctia mot hé théng khong dam bao
rang hé théng sé duy tri trang thai on dinh trong mot khoang thoi gian nhat dinh.

Viéc nghién cttu céc tinh chat dinh tinh ctia hé phuong trinh vi phan suy bién
gap nhiéu thach thitc hon so véi hé phuong trinh vi phan thuong. Trude hét, nghiem
ctia hé suy bién khong phai lic nao ciing ton tai, ngay ca khi xét truong hop he
tuyén tinh. Phuong phép thuong dudc cac nha nghién citu ap dung cho cac hé véi

dao ham bac nguyén chti yéu duya trén viée xay dung cic ham Lyapunov-Krasovskii
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thich hgp. Tuy nhién, khi md rong sang hé phuong trinh vi phan phan tha suy
bién, phuong phap nay gip nhiéu thach thitc do khé khin trong viéc xay dung
ham Lyapunov phu hgp cling nhu tinh toan dao ham phéan thit ctia n6, doi hoi cac
k{ thuat phan tich phtic tap hon. Truong hop hé suy bién lién tuc, tinh chat khong
c6 xung (impulse-free) ddm béo rang véi cic diéu kién tuong thich ban dau, he sé
khong xuat hién cédc thanh phan dang xung. Diéu nay c6 y nghia dac biet quan
trong trong viec dam bao tinh kha thi vat 1y ctia mo hinh. D6i v6i hée suy bién roi
rac, tinh nhan qua (causal) dugc hiéu la: dau ra tai mot thoi diém xac dinh chi
phu thudc vao cac gia tri clia dau vao tai hién tai va qua khit, hoan toan khong bi
anh hudng béi cac gia tri dau vao trong tuong lai. Diéu nay dam bio hé thong co
tinh thuc té, vi viec dit doan chinh x4c tuong lai 14 khong kha thi trong cic tng
dung thiec tién [21]. Trong bai todn 6n dinh héa, qué trinh thiét ké ham diéu khién
cho hé suy bién can dam bao hé déng tuong tng khong chi 6n dinh ma con théa
man tinh chinh quy (regular) dong thai dap tng khong chita thanh phan xung doi
v6i he lien tuc hoac diéu kién nhan qua ddi v6i he roi rac.

Ly thuyét 6n dinh theo nghia Lyapunov la phuong phap pho bién dé phan tich
tinh on dinh ctia hé dong lyc. Theo d6, mot he én dinh néu hé théng khong chi
gitt duge gan trang thai can bang (nghiem khong) ma con quay vé trang thai can
bing theo thoi gian (6n dinh tiém can). Diéu nay duge kiém tra thong qua ham
Lyapunov, mot ham ning luong ma néu ham dé gidm theo thoi gian va c6 gia tri
khong am, hé sé 6n dinh. Phuong phap Lyapunov cho phép danh gia tinh 6n dinh
ctia mot hé ma khong can phai biét chinh xac nghiém. On dinh ma (exponential
stability) 12 mot khai niém co ban trong ly thuyét on dinh ctia hé dong lie, mieu
t4 mic do nhanh chéng ma mot hé thong quay trd lai trang thai can bang sau khi
hé chiu cac tac dong tit nhiéu bén trong hoic thay doi dot ngot ctia moi trudsng
bén ngoai. Do do, so véi 6n dinh tiém can (hoi tu cham hon, khong dinh lugng t6c
do), on dinh mi cung cap mot cach dinh lugng dé do luong mitc do on dinh théng
qua toéc do gidm, c6 10i thé hon so v6i 6n dinh tiém can.

Trong 1y thuyét diéu khién, ta thuong gap hé duong, hé ma trang thai va dau
ra luon khong am khi diéu kién ban dau khong am [8, 17, 27, 31, 59, 64, 66]. He
dong luc duong dude xay dung dé dap tng nhu cau mo hinh héa cac hé théng thuc
té ctia nhiéu linh vie nhu héa hoc [16], sinh thai hoc [45] va y sinh hoc [11], khi

cac dai lugng nhu luu lugng, nong do, quan thé hay nang luogng luén mang gia tri
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khong am. Khi hé c6 sy thay doi trang thai dot ngot tai nhing thoi diém cu thé,
thuong duge gay ra béi cdc nhiéu hodc xung tic thoi ta thu duge hé duong c6
xung. Gan day, cac hé duong c6 xung da thu hit duge nhiéu sy chia ¥ tit cac nha
nghién cttu. He dude st dung dé bieéu dién mot s6 16p mo hinh trong dich t& hoc
[70], cdc mo hinh dan s6 [51] va hé sinh thai [4]. Trong [88], lan dau tién J.Zhang
ciing dong tac gia da dé xuat cac tiéu chuan méi cho cac hé duong tuyén tinh cé
xung khong c6 tré theo thoi gian. Nhu da biét, do tré theo thoi gian 14 mot yéu t6
xuat hién trong nhiéu linh vite khoa hoc va k§ thuat va ching thuong 1a nguyeén
nhan lam suy giam hiéu suat hoiic gay mat on dinh cho hé théng. Vi vay, can thiét
phai phan tich tinh 6n dinh cho cac hé duong c¢6 xung véi tré theo thoi gian. Bang
cach két hgp ham Lyapunov-Krasovskii cai tién va phuong phap khodng thoi gian
xung trung binh, Y. Wang va cac cong sy [77] da thiét lap mot tieu chuan du doc
lap v6i tré dé dam bao tinh 6n dinh mi toan cuc thong qua bai toan lap trinh
tuyén tinh cho cac hé duong c6 xung véi tré theo thoi gian. On dinh va én dinh
héa theo thoi gian duy tri cho cac hé duong tuyén tinh c6 xung va chuyén mach
dugc nghién cttu trong [9]. Trong [49], cac tac gid dé xuat mot cach tiép can mdi
duya trén ham Lyapunov cdi tién cling véi phuong phap thoi gian xung trung binh
dé nghién cttu bai toan bi chan trong thoi gian hitu han déi véi hé duong cé xung
va chuyén mach rdi rac ciing vin dé dam béo chi phi.

Can luu ¥ ring, doi véi cac két qua hien tai vé tinh on dinh ctia cac hé xung
va hé suy bién, c6 rat it cong trinh nghién citu vé cac hé duong c6 xung, dac biét
doi véi cac he suy bién duong c¢6 xung. Theo hiéu biét ciia chiing toi, bai toan 6n
dinh mii cho hé suy bién duong c6 xung rdi rac v6i tré theo thoi gian van chua
dugce quan tam va nghién citu sau rong. Trong ky nguyeén s6 hién dai, cac hé roi rac
dugc ting dung rong rai trong cic linh vite nhu xit Iy 4nh va nhan dang hé thong.
Su on dinh ciia cac hé r3i rac ¢6 xung da thu hat su chd ¥ clia cong dong nghién
citu [49, 59, 64]. Nghién cttu cdc he suy bién duong c6 xung roi rac véi tré theo
thoi gian dat ra mot so thach thic quan trong, bao gom cac khia canh chinh sau:
Truéc hét, ma tran ciia hé la suy bién, dan dén hé c6 thé khong chinh quy hoac
khong nhan qud, can phan tich cic diéu kién ddm bao nghiém ton tai va duy nhat.
Ngoai ra, trong cac hé c6 xung, cac bién trang thai cé thé trai qua cac budc nhay
dot ngot hoiic thay doi do céc téac dong xung, viec dam bao ring tat ca cac bién

trang thai ctia hé thong luon khong am theo thoi gian 1a mot thach thic khong
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nhé. Tiép dén la cac yeéu cau ki thuat toan hoc, cac phuong phap truyén théng dé
phan tich he khong suy bién ho#ic hé roi rac c6 thé khong 4p dung truc tiép cho
cac heé suy bién c6 xung véi tré theo thoi gian.

Khai niém 6n dinh trong thai gian hitu han (finite-time stability) cho hé phuong
trinh vi phan véi dao ham bac nguyén dudc gi6i thieu lan dau tién béi cac nha toan
hoc ngudi Nga vao nhitng nam 50 ctia thé ky XX. Trong thyc té, viéc giam sat va
diéu chinh dang diéu cia véc to trang thai duge mo ta bdi he phuong trinh vi phan
trong mot khoadng thoi gian cu thé 1a quan trong. Viec ddm bao véc to trang thai
duy tri trong gidi han cho phép trong mot khoang thoi gian nhat dinh c6 tac dong
dén su 6n dinh va hiéu suét ctia he théng. Dén nam 1961, P. Dorato da cong b
mot vai két qua nghién citu bai toan 6n dinh trong thoi gian hitu han [24] va sau d6
van dé nay da nhan dugc su chi ¥ rong rai tit giéi nghien cu 1y thuyét dieu khién
[5, 25, 26]. Khai niém bi chan trong thoi gian hitu han (finite-time boundedness)
duge F. Amato va cong sy hé thong hoa trong [5]. Mot hé phuong trinh vi phan
c6 nhiéu duge goi 1a bi chin trong thoi gian hitu han néu véi dieu kién ban dau
khong viigt qua mot ngudng nhat dinh va nhidu ndm trong mot mién xac dinh thi
véc to trang thai ciia hé luon duy tri trong mot pham vi gidi han khéac trong mot
khoang thaoi gian hitu han. Khai niém nay thuong dugc nghién citu trong cac bai
toan diéu khién va toi wu hoa nhu diéu khién robot, mang dién, hoic hé théng co
hoc, khi ma dadm bao tinh an toan va hiéu qua ngin han la rat quan trong. Viec
khai thac bat dang thiic ma tran tuyén tinh (LMI) trong thiét ké ham diéu khién
nham dam bao tinh 6n dinh va giéi han trang thai trong mot khoang thsi gian hitu
han mang lai mot huéng tiép can hieéu qud, tan dung dudc cac cong cu toan hoc
hién dai. Nam 2005, M.P. Lazarevic va D.Lj Debeljkovic da xét cac van dé trén doi
v6i he co tré [43]. Mot s6 két qua vé van dé bi chan trong thoi gian hitu han cho
cac he suy bién roi rac da duge cong b [47, 85].

Hiéu suat ctia hé dong luc duge biéu thi qua méi tuong quan giita cac tham s6
dau vao va dau ra, giup danh gia kha nang t6i wu hoa ctia hé thong trong viec dap
ing cac yéu cau van hanh. Tu day, mot s6 bai toan dinh tinh quan trong khac
cho hé phuong trinh vi phan bac nguyén va bac phan thi suy bién duge dé xuat
nghién citu nhu bai toan tiéu hao, bai toan dam bao chi phi dic¢u khién (GCC), bai
toan diéu khién hén hop H.o va thu dong, v.v.

Lan dau tién duge gidi thieu bdi J.C. Willems vao nam 1972 [78], 1y thuyét tieu
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hao d& trd thanh mot cong cu hiéu qua trong phan tich tinh 6n dinh va thiét ké
he diéu khién, thong qua viéc khai thac mdi quan hé gitta nang lugng cung cap
ti bén ngoai va nang lugng tich liy bén trong hé thong. Mot trong nhitng tinh
chat quan trong ctia hé dong luc tiéu hao la ning luong tong chita trong hé luon
gidm theo thoi gian. Phan nang luong bi mat di thuong dudc téa ra bén ngoai,
nhu duéi dang nhiét hodc ma sat. Bai toan tiéu hao cho céc hé théng diéu khién
da tré thanh huéng nghién citu duge nhiéu nha toan hoc quan tam. Véi cong cu
la Iy thuyét ham Lyapunov ciing sy hd trg ctia kj thuat bat ding thic ma tran
tuyén tinh, da c6 nhiéu cong bé dang cht § vé bai toan tiéu hao cho céac loai hé
dong lyc khac nhau. Nam 2011, Z. Feng, J. Lam va H. Gao da nghién ctu vé he
suy bién tiéu hao c6 tré véi dao ham bac nguyén [28]. D6i v6i hé phan tht, nam
2022 trong [33], D.T. Hong, N.H. Sau va M.V. Thuan da thiét 1lap mot s6 diéu kien
méi dé phan tich mic tiéu hao ctia mang noron phan thi tinh vé6i tré bién thien.
Céc cong bd vira duge néu 6 trén déu tap trung vao van dé on dinh theo nghia
Lyapunov. Gan day, phuong phap on dinh trong thdi gian hitu han da dugc céc
nha nghién ciu ap dung vao 1y thuyét tieu hao. Nhieu két qua tha vi vé tinh tiéu
hao héa trong thdi gian hitu han cho cac hé khac nhau da dugc cong bd. Trong
[55], Y. Ma va M. Chen da dé xuat ham diéu khién tiéu hao bén vitng dé dam bao
he déng khong chi bi chin trong thoi gian hitu han ma con théa man chi s6 hiéu
suat tieu hao cho hé md khong chic chin vé6i tré bién thien. Thong qua viéc xay
dung ham Lyapunov-Krasovskii két hop véi cac ki thuat LMI, Y. Ma, X. Jia va D.
Liu da dé xuat mot s6 diéu kien di nham gidi quyét bai toan tiéu hao trong thoi
gian hitu han (FTDC) ddi véi he bude nhay Markovian suy bién roi rac [56]. Trong
20], bai todn FTDC cho 16p hé chuyén mach Markovian ¢6 tré ngiu nhién rdi rac
da duge nghién cttu béi G. Chen, J. Yang va X. Zhou duya trén phuong phap ham
Lyapunov-Krasovskii. D6i v6i hé phuong trinh vi phan phan thi, nam 2022, trong
[34], D.T. Hong, N.H. Sau va M.V. Thuan da xem xét bai toan FTDC dbi véi he
phan thi Caputo c6 nhiéu phi tuyén. Nhém tac gid da xay dung ham diéu khién
phan hoi dau ra dé hé dong bi chin trong thoi gian hitu han v théa méan chi s6
hiéu nang tiéu hao.

Trong 1y thuyét diéu khién, mot trong nhitng muc tiéu chinh clia viéc thiét ké he
thong 1a t6i wu héa mot ham hiéu suat, thuong dudce goi 1a ham chi phi. Bén canh

viec dam bao tinh on dinh, bai toan diéu khién con huéng dén viec xay dung ham
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diéu khién dap tng day dit cic yéu cAu vé hieu sudt hoat dong. Y tudng vé GCC
duge S.S.L. Chang gi6i thieu nam 1969. Sau do, nam 1972, S.S.LL Chang va T.K.C
Keng lan dau tién dua ra bai toan diéu khién cting ham chi phi diéu khién ctia hée
[14]. V6i cong cu la Iy thuyét Lyapunov ciing sut hd trg clia phuong phap bat dang
thitc ma tran tuyén tinh, da c6 nhiéu cong bd dang cht ¥ vé bai toan GCC clia
cac 16p he dong lyc [63, 79, 83]. D61 véi he v6i dao ham bac nguyéen, nam 2015,
P. Niamsup, K. Ratchagit va V.N. Phat da dé xuat tieu chuan méi ctia bai toan
GCC cho he no ron ¢6 tré [60]. Gan day, V. Gokulakrishnan va céc cong sy nghién
cttu bai toan ddm bao chi phi diéu khién trong thai gian hitu han (FTGCC) cho hé
chuyén mach phi tuyén ngdu nhién c6 tré bién thien [30]. D6i véi cac hé phuong
trinh vi phan phan thi, da c6 nhiéu cong bd dang chd ¥ ciia cac nha nghién ciu.
Trong cong trinh nam 2020, M.V. Thuan, N. Sup va V.N. Phat da thiét ké ham
diéu khién bao dam chi phi trong thoi gian hitu han, dong thsi dé xuat mot dang
ham chi phi méi cho 16p hé phan thit Caputo chiu tac dong ctia nhiéu [74]. Trong
[72], N.T. Thanh v& cac cong su da 4p dung phép bién doi Laplace va cach tiép
can dua trén bat dang thic ma tran tuyén tinh dé thiét ké ham diéu khién dam
bdo chi phi trong thoi gian hitu han cho hé phan thit ¢6 tré véi thanh phan khong
chic chin dang t6 hop 16i. Ngoai ra, trong qua trinh kiém soéat cac phan hoi trang
thai, ta nhan thiy nhiing nhiéu tuong doéi nhoé trong céc tham sé clia ham diéu
khién c6 the lam mat tinh on dinh ctia hé [69]. Vi vay can thiét phai thiét ké mot
ham diéu khién bén vitng c6 thé chap nhan dudc sy thay ddi nhé ctia thanh phan
ctia ham diéu khién & miic do nhét dinh.

Mac dit da c6 nhiéu két qua nghién citu déi v6i he phuong trinh vi phan suy bién
v6i dao ham bac nguyén va bac phan thi duge cong bo trong thoi gian qua, tuy
nhién theo tim hiéu ctia ching t6i, nhiéu bai toan dinh tinh quan trong cho cac hé
phuong trinh vi phan suy bién van chua duge nghién ciu day du. Bai toan phan
tich tinh on dinh mi cho cac hé suy bién c6 xung rdi rac véi tré theo thoi gian la
van dé phiic tap va van con nhiéu thach thic ky thuat can duge giai quyét. Cac
nghién citu vé bai toan tiéu hao va bai toan dam bao gia tri diéu khién tap trung
vao cac hé v6i dao ham bac nguyén, mot s6 két qua cho hé phuong trinh vi phan
phan tht, rat it cong trinh nghién citu duge cong bd cho 16p hé phan thit suy bién.

Phuong phap dugc cac nha nghién cttu hay sit dung cho cac hé véi dao ham bac
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nguyén chii yéu thong qua viec thiét lap cdc ham Lyapunov-Krasovskii phit hop.
Phuong phap nay khong dé dang mé rong cho cac hé phuong trinh phan tha suy
bién vi khé khan trong viéc xay dung ham Lyapunov phit hop va qué trinh tinh
toan dao ham phan tht ciia n6. Chinh tit cac phan tich néu trén, ching toéi chon
dé tai vé tinh chat dinh tinh clia mot s6 hé suy bién véi cac bai toan dinh tinh l6n
14 nghién citu tinh on dinh va on dinh héa duge dang mii cho hé suy bién cé xung
rdi rac v6i tré hang, bai toan FTDC cho 16p hé phan thit suy bién thoéa man diéu
kién Lipschitz mot phia vdi thanh phan khong chic chin va bai toan FTGCC cho

16p hé phan thi suy bién phi tuyén c6 nhiéu.
2. Muc tiéu nghién ctu

Muc tiéu cua luan an la:

e Nghién citu tinh 6n dinh mii va on dinh héa duge dang mii ctia 16p hé suy bién

duong roi rac ¢6 xung va c6 tré v6i dao ham bac nguyén.

e Nghién cttu tinh bi chan trong thai gian hitu han cho hé phan thit Caputo suy
bién Lipschitz mot phia v6i tham s6 khong chic chan va xay dung ham diéu

khién phan hoi trang thai cho bai toan diéu khién FTDC cho lép hé dang xét.

e Nghién cttu thiét ké ham diéu khién phan hoi trang thai bén vitng cho 16p hé
phan thit Caputo suy bién vdi tham s6 khong chiac chan bi chian trong thai

gian hitu han va théa méan diéu kien dam bao gia tri dieu khién.
3. D6i tuong va pham vi nghién ciu

D6i tuong nghién cttu ctia luan an 1a mot s6 16p bai toan dinh tinh trong 1y thuyét
on dinh va diéu khién, gdm bai toan 6n dinh mii Lyapunov, bai toan bi chan trong
thoi gian hitu han va cac bai toan diéu khién lien quan (bai toan FTDC, bai toan
FTGCC).

Pham vi nghién cttu ctia luan an la tap trung vao 16p hé phuong trinh vi phan

suy bién bao gom ca v6i dao ham bac nguyén va dao ham bac phan thi.
4. Phuong phap nghién ctu

Dé thyc hién nghién cttu, ching t6i da ap dung cac phuong phap sau:
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e Phuong phap ham Lyapunov: Phuong phap nay dude xem la nén tang trong
viéc phan tich tinh 6n dinh ctia hé phuong trinh vi phan, bao gdm ca on dinh

theo nghia Lyapunov va é6n dinh trong thdi gian hitu han.

e Phép bién doi todn ma tran, ki thuat LMI: Day 1a céc cong cu manh mé dé
giai quyét cac bai toan diéu khién c6 stt dung 1y thuyét bat dang thiic ma tran
tuyén tinh.

e Céc bién doi co ban ctia phép tinh giai tich phan thi: Ching toi ap dung cac
phép bién ddi lien quan dén giai tich phan thi nhu dao ham va tich phan phan
thtt Riemann-Liouville, dao ham phan thit Caputo va cic tinh chat lién quan.

e St dung LMI Control Toolbox va Linear Programming (LP) cia MATLAB
dé giai cdc bat dang thitc ma tran tuyén tinh, giai bai toan quy hoach tuyén

tinh va thuc hién mo phéng cac két qua thu dude tit nghién citu 1y thuyét.
5. Két qua nghién citu va cau tric cua luan an

Trong luan an, 16p hé dau tién duge xem xét nghién citu 1a hé phuong trinh vi
phan suy bién roi rac c6 xung va tré theo thoi gian sau:

(

Ex(t+1) =Ax(t)+ Agze(t —h), t £t — 1,
] Xl(tm) :Hxl(tm—l),mEN*,

x(s) =n(s),se {—-h,—h+1,---, 0},

\
trong d6 z(-) := (x1(+), x2(+)), x1(f) € R" va x9(t) € R"™" la véc to trang thai. Ma
tran £ € R™™ suy bién v6i rank(FE) = r < n. A, Ay, H 13 cac ma tran hing da
biét v6i so chieu phu hgp. Hang so tré h € N* va i : [—h,0] — R’} la ham diéu kién
ban dau. Day xung {t,,} -, théaman 0 =ty <t <ty < -+ <ty <+ by — 0
v6i m — oo. Nghién citu hé suy bién duong rdi rac c6 xung véi tré thoi gian dat ra
nhiéu thach thic dang ké. Thit nhat, ching ta can xac dinh rang budc dam bao su
ton tai va tinh duy nhat ctia nghiém do ma tran ciia hé suy bién. Thi hai, van dé
duy tri tinh duong clia cic bién trang thai, dic biet trong cac hé xung véi nhing
thay doi dot ngot. Thit ba, cac phuong phap truyen thong khong thé 4p dung truc
tiép cho cac he suy bién c6 xung va tré theo thoi gian, do d6 doi héi cac cong cu

ciing nhu k¥ thuat méi. Két qua ching toi dua ra trong luan an la diéu kien du dé
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giai quyét bai toan 6n dinh va bai toan on dinh héa duge dang mii cho 16p hé suy
bién duong rdi rac c6 xung va c6 tré theo thoi gian.
Viéc phan tich cac tinh chat dinh tinh ctia hé phuong trinh vi phan phan thi
suy bién gap nhiéu thach thitc hon so v6i hé phuong trinh vi phan v6i dao ham bac
nguyeén. Trong luan an, 16p hé tiép theo dude nghién citu 1a hé phan thit Caputo suy

bién théa man diéu kién Lipschitz mot phia véi tham sé khong chic chan cé dang:

(BCDR(t) = [A+ AAWD]2() + (D + ADE)w(B) F(t, (1)) + Bu(t),t > 0,
2(1) = [C+ ACH)]z(t) + Wuw(t),t >0,

z(0) = Iy,

trong d6 o € (0, 1) 1a bac phan thit ctia he, z(t) € R™ la véc to trang thai, u(t) € R™
la véc to didu khién dau vao, w(t) € RY 1a nhidu dau vao cho trude, z(t) € RP 1a
véc to dau ra, zg 1a diéu kien dau. A € R B € R C € RP*" D € R"™
va W € RP*? 13 cac ma tran hing s6 da biét. £ € R™" I3 ma tran suy bién véi
rank(E) = r < n. Cac ma tran AA(t), AC(t), AD(t) thay doi theo thoi gian va
nhidu w(.) € L*([0,00), R?) dap ting diéu kien sau

3d > 0 : supw’ (H)w(t) < d, Vt € [0,Ty).

t>0

Viéc xay dyng ham diéu khién cho hé phan thit suy bién khong chi can bdo dam
rang hé déng bi chan trong mot khoang thoi gian hitu han ma con phai dap tng
cac tiéu chi vé tinh chinh quy v khong c6 xung. Trén nén tang bai toan FTDC déi
v6i hé phuong trinh vi phan suy bién c6 dao ham bac nguyén ciing nhu hé phuong
trinh vi phan phan thit, ching toi tiép tuc md rong pham vi nghién citu sang bai
toan FTDC déi v6i he phuong trinh vi phan phan thit suy bién. Luan an thu duge
két qua quan trong la thiét ké ham diéu khién phan hoi trang thai dam bao tinh
FTDC cho 16p hé phan thit Caputo suy bién théa man diéu kién Lipschitz mot
phia véi cac tham s6 khong chic chan.

Tiép theo, chung toi nghién cttu bai toan FTGCC ctia 16p hé phan thit Caputo

suy bién c6 dang:

E§Dex(t) =[A+ AA@)]z(t) + [D + AD(t)|w(t) + Bu(t),t > 0,
z(0) = 0,
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Vi cac gia thiét vé cac ma tran va ham nhiéu tuong tu nhu é trén. Phuong phap
quen thudéc ma cac nha nghién cttu thuong ap dung dé phan tich su 6n dinh cta
cac hé véi dao ham bac nguyen 1a thong qua viéc thiét lap ham Lyapunov. Tuy
nhién, viéc mé rong phuong phap nay cho cac hé phuong trinh vi phan phan tha
suy bién gap phai nhiéu thach thitc, dic biét trong viéc thiét lap ham Lyapunov
thich hgp va cach thuyec hién tinh toan dao ham phan thi ctia n6. Két qua cudi ciing
trong luan an la thiét ké duge ham diéu khién bén vitng cho bai toan FTGCC ciia
16p hé phan thit Caputo suy bién c6 nhiéu.

Luan an bao gom 4 chuong, cling véi phan mé dau, két luan, danh muc cac ky
hiéu, danh muc cac cong trinh khoa hoc ctia tac gia va tai liéu tham khao.

Chuong 1: Co s toan hoc.

Chuong 2: Bai toan on dinh va 6n dinh héa duge dang mii cho hé suy bién duong
rdi rac ¢6 xung véi tré hang.

Chuong 3: Tinh tiéu hao hoa trong thsi gian hitu han cho 16p hé phuong trinh
vi phan phan thit suy bién théa man dieu kién Lipschitz mot phia.

Chuong 4: Bai toan dam bao chi phi diéu khién trong thai gian hitu han cho 16p
hé phuong trinh vi phan phan thi suy bién c6 nhiéu.

Noi dung luan an dude xay dung dua trén cac két qua nghién ctu da cong bo
trong ba bai béo (CT1), (CT2) va (CT3) trén cac tap chi SCIE Q1/Q2 trong Danh
muc cic cong trinh khoa hoc clia tac gid lien quan dén luan 4n. Nhitng két qua

quan trong cua luan an da duge trinh bay tai:

e Seminar tai BO moén Toan ting dung va Tin hoc, Khoa Todn — Tin, Truong

Dai hoc Khoa hoc — Dai hoc Thai Nguyén cac nam 2021 — 2025.

e Seminar tai Phong Téi wu va Diéu khién, Vien Toan hoc, Vien Han lam Khoa

hoc va Cong nghé Viet Nam nam 2023.

e Hoi nghi Toan hoc toan qudc lan thi X, Truong dai hoc Su pham, Dai hoc
Da Nang, thang 8 nam 2023.

e Hoi nghi Nghién cttu sinh, Truong Dai hoc Khoa hoc — Dai hoc Thai Nguyén,
thang 11 nam 2024.
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Chuong 1

Co s3 toan hoc

Chuong nay nhéc lai mot s6 kién thitc toan hoc co ban la co s6 dé trinh bay
két qud clia cac chuong sau. Noi dung ctia Chuong 1 gom: Mot s6 kién thiic co s6
clia giai tich phan th, nghiém ciia hé phuong trinh vi phan suy bién, bai toan 6n
dinh v& on dinh héa duge dang mii, bai toan bi chiin trong thoi gian hitu han, cac
bai toan diéu khién lien quan nhu bai toan tiéu hao, bai toan GCC va mot s6 bo

dé bo trg dude stt dung dé chiing minh céc két qua chinh ctia luan an.

1.1 Mot sb kién thidc co ban vé tich phan va dao ham phan thi

Cac khai niem va két qua lien quan dén ly thuyét gidi tich phan thi trong phan
nay dugc tham khao trong cac tai lieu [23, 38, 42].
Dinh nghia 1.1.1. (Xem [42], Chuong 2, tr. 69). Cho « > 0, tich phan phan thit

Riemann-Liouville bac « ctia ham f : [a,b] — R duge dinh nghia la

1

0 = / (t - 5 ' f(s)ds, 1€ (a,)],

trong d6 I'(.) 1a ham Gamma xac dinh béi I'(a) = [t* e~ dt.
0

Khi a = 0, ta quy udc ,I¥ := I véi I 1a toan tit dong nhat. Ngoai ra, mot dicu
kién di vé su ton tai ctia tich phan Riemann-Liouville bac a v6i o > 0 va tinh kha

tich ctia ham tich phan dé dugc phét biéu trong dinh 1y dudi day.

Dinh 1y 1.1.2. (Xem [23], Chuong 2, tr.13). Gid st f : [a,b] — R la mot ham
kha tich tréen [a,b]. Khi dé, tich phan I f(t) ton tai vdi hau hét t € [a,b] . Ngoai
ra, 13 f(t) cung thuoc tap hop cdic ham khd tich trén [a,b] .

Vidu 1.1.3. (Xem [42], Chuong 2, tr. 71).
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Cho B > —1 va t > a. V6i bat ki s6 thuc o > 0, ta c¢o

rG+1)

oy N\B _ \et8
aIt(t CL) _F(Oé—Fﬁ—l—l)(t a>+‘

Dinh 1y 1.1.4. (Xem [42], Chuong 2, tr.73). Cho v : [a,b] — R la mot ham s6

lien tuc va cac s6 duong oy, as. Khi d6, vdi hau hét t € [a,b] ta cé:
I (TP (1) = oI5 (170 (1) = oI (u(1).

Dao ham Riemann—Liouville va dao ham Caputo 1a hai khai niém quan trong
trong giai tich phan thi, duge tng dung pho bién trong nhiéu linh vuc. Dao ham
phan tht Riemann-Liouville duge phat trién béi N.H. Abel, B. Riemann va J.
Liouville trong nita dau thé ki XIX. Dao ham phan thit Caputo duge M. Caputo
xay dung nam 1969 duya trén su cai bién khai niém dao ham Riemann—Liouville.
Dinh nghia 1.1.5. (Xem [42], Chuong 2, tr.70). Cho s6 thyc duong «, s6 nguyén
n:=[a]+ 1 va ham f : [a,b] — R. Dao ham phan thi Riemann-Liouville bac «
cia f(t) duge xac dinh béi

d" 1 da
RL na n—o n—a—1
DYf(t) = —|,I N= ——— — t— d
BDP (1) = G LTI 0] = o g [ (= s

Khi a = m € N* thi P2D¢ f(t) = f™(t) (dao ham bac m thong thuong).

Vi du 1.1.6. Cho z(t) = (t — a)” trong d6 8 > —1 vivt > a. Theo Vi du 1.1.3, ta
nhan dugc két qua

N(B+1)
I'n—a+p+1)

JIV 0 (t) = (t—a)" " t>a.

Khi do, ta co

oy 68 __ F<6+1> i B—a
BLDo(t — a) _F(ﬁ—a—kl)(t a)’™* t>a.

Cho [a,b] C R vad AC|a, b] 1a khong gian cac ham tuyét doi lien tuc trén [a, b].
Gia st n 1a s6 nguyen duong cho truée, AC"[a, b] 1a 16p ham gom cac ham kha vi
lien tuc dén bac n — 1 va dao ham bac n — 1 lién tuc tuyet doi tren [a, b] (16p ham
lien tuc tuyét doi cap n tren [a, b]). Mot tieu chi dam béo sy ton tai ciia dao ham

phan thit Riemann-Liouville duge phat biéu trong dinh ly dudi day.

Dinh 1y 1.1.7. (Xem [42], Chuong 2, tr.73) Cho so thuc duong o, s6 nguyén
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n = [a]+1 va ham f(t) € AC"[a,b]. Khi d6, dao ham phan thit Riemann—Liouville

ton tai hau khdp noi trén [a,b] va duge biéu dién theo cong thiic sau

n—1 t
Z _ 1 f(s)ds
RLDa t k—a / )
/() — I'( 1 + k — a) )"+ I'n—a)/, (t—s)ontt

Xuat phat tit Dinh 1y 1.1.7, ta c¢6 duge két qua sau.

Hé qua 1.1.8. (Xem [42], Chuong 2, tr.73) Néu « la mot so thuc vdi o € (0,1)
va ham f(t) € AC|a,b] thi

0= g [ )

Dao ham phan thit Riemann-Liouville 13 mot toan ti tuyén tinh va diéu nay

dugc khang dinh trong dinh 1y sau.

Dinh ly 1.1.9. (Xem [38], Chuong 2, tr.29). Cho trudc o > 0, hai s6 thuc v, € R
va hai ham f(t), g(t) € AC"[a,b]. Khi d6 dao ham phan thi BL DS la mot todn ti

tuyén tinh, tic la

o DY [vf(t) + ng(t)] = v DEF(t) + pa " Difg(t).

Dao ham phan thi Caputo bac a > 0 duge dinh nghia thong qua dao ham

Riemann-Liouville nhu sau.
Dinh nghia 1.1.10. (Xem [42], Chuong 2, tr.91). Cho s6 thuc a > 0, n la sb

nguyén duong nho nhat 16n hon hodc bang «, [a,b] C R va ham f : [a,b] — R.
Dao ham phan thit Caputo bac « ctia f(t) duge cho béi

DR = MO~ 30 T - )]
Dac biét, khi 0 < a < 1, tit Dinh nghia 1.1.10 ta nhan dugc

CDPf(t) == T DR f(t) = fla)].

Cho mot ham véc to f(t) = (fi(¢), f2(2), ..., fd(t))T. Dao ham phan thit Caputo
bac a > 0 ctia f(t) duge dinh nghia theo ting thanh phan nhu sau:

CDpf(t) = (SDffi(t), S DR folt), ... S D falt))
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Diéu kien du cho sy ton tai clia dao ham phan thit Caputo bac a dude phat

biéu trong dinh ly sau.
Dinh 1y 1.1.11. (Xem [42], Chuong 2, tr.93) Cho so thuc duong o, n la s6 nguyén
duong nhé mhat 1én hon hodc bang o va ham f(t) € AC"[a,b]. Khi dé dao ham
phan thit Caputo $ DY f(t) ton tai hau khdp noi trén [a,b]. Ngodi ra, ta cé
i) Néu o € N thi S D8 f(t) dugc zdc dinh thong qua biéu thic sau:
o 1 b (s)ds
aCDt f(t) = ) / ( ( )

I'(n—a t — syt

Dac biét, khi o € (0,1) va f(t) € AC|a,b], ta thu duge:

iy — 1L " f(s)ds
(?th(t)_r(l_a)/a' (t_s)a‘

i) Néu o =n € N* thy O DP f(t) = f0(t), ngoai ra CDYf(t) = f(t).

Dinh ly 1.1.12. (Xem [38], Chuong 2, tr.30) Cho trudc s6 o > 0, cic s6 v, i € R
bat ky va hai ham f(t),g(t) € AC"[a,b]. Khi dé

CDF[vf(t) + pg(t)] = vSDPf(t) + n§ Dig(t).

Chua y 1.1.13. (Xem [38], Chuong 2, tr.30). Tt Dinh nghia 1.1.10, néu « la s6
thue duong, 3 1a hing s6 thi Y D83 = 0.

Dao ham phan thit Caputo, tuong tu phép toan vi-tich phan cé dién, duge xem
la toan tit nghich dao trai cuia tich phan phan thi. Tuy nhién, né khong luén thoa
man tinh nghich dado phai. Diéu nay dugc khang dinh trong hai dinh 1y tiép theo.

Dinh ly 1.1.14. (Xem [42], Chuong 2, tr.95) Cho s6 thuc duong a va f(t) € Cla, b).
Khi do, ta co

D7 (17 F() = f(2).
Dinh 1y 1.1.15. (Xem [42], Chuong 2, tr.96) Cho s6 thuc duong o va n la so
nguyén duong nhé nhat lén hon hodc bing . Néu f(t) € AC"[a,b] thi

nlr) (g
I (CDprw) = £ - T -

k=0

Dac biet, néu a € (0,1], f(t) € AC[a,b] thi I (SDf(t)) = f(t) — f(a).
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1.2 Bai toan 6n dinh ctia hé phuong trinh vi phan suy bién

roi rac cé tré

Trong nhiéu hé théng thuc té, su thay doi trang thai hien tai khong xay ra ngay
lap tic ma phai mat mot khoang thai gian nhat dinh dé cac yéu tb gay tac dong
anh huéng dén hé. Tré theo thoi gian biéu thi su phu thudc ctia trang thai hien tai
vao cac trang thai trong qua khtt. Dé biéu dién céc qua trinh c6 su thay doi theo

thoi gian roi rac, cac hé phuong trinh vi phan roi rac ¢6 tré duge ap dung.
1.2.1 Bai toan 6n dinh ctia hé rdi rac cé tré
Xét hé phuong trinh vi phan roi rac tong quat dang

z(k+1)= f(k,x(k),z(k—h)), keN,
z(k) = ¥(k), ke{—h,—(h—1),...,0},

(1.1)

voi vée to z(k) € R", k € N. Ham véc to f : N x R" x R — R" thoa man
f(k,0,0) =0,k € N. Hing s6 tré h € N* va ¢(-) : {—h,—(h —1)...,0} = R" 1a
ham diéu kién ban dau v6i chuan

[l = max [ (R

ke{—h,—(h—1),...,0}

Dinh nghia 1.2.1. (Xem [1], Chuong 3, tr.109) Gia si f(k,0,0) = 0 v6i Vk € N.

i) Diém can bang x(k) = 0 ctia hé (1.1) dudc goi 1a 6n dinh néu v6i moi ko > 0,
€ > 0, ton tai 6 = d(ko, €) sao cho bat ky nghiem xz(k; ko, v) théa man ||¢]] < § thi
|z (k; ko, 0)|| < € v6i k > k.

ii) Diém can bang z(k) = 0 ctia he (1.1) dudc goi 14 6n dinh tiém can néu nghiém
d6 on dinh va ton tai 6 = §(ko) > 0 sao cho bat ky nghiem x(k; ko, ) thoéa man
||| < 9 thi limy—eo 2(k; ko, ¢0) = 0.

iii) Diém can bang x(k) = 0 ctia he (1.1) dugdc goi 1a on dinh mii néu ton tai cac

hang s6 M > 0 va 8 € (0,1) sao cho nghiem bat ky x(k; ) ctia he théa man
|z (k; )| < M|Y|IB*, Yk eN.

S6 M dugce goi 1a hé sé on dinh Lyapunov va 3 dugc goi 1a s6 mii 6n dinh.
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1.2.2 Bai toan 6n dinh héa ctia hé rdi rac cé tré
Xét he diéu khién roi rac v6i tré theo thoi gian sau

ok +1) = f(k,a(k), 2(k — h),u(k)), k€N,
o(k) = w(k), ke {—h—(h—1),...,0},

(1.2)

v6i vée to z(k) € R™, k € N va vécto didu khién u(k) € R™, hing s6 tré h € N*.
Ham véc to f: N x R" x R" x R™ — R” sao cho diéu kien f(k,0,0,0) =0, k € N.

Dinh nghia 1.2.2. (Xem [1], Chuong 3, tr.140) He (1.2) dugc goi la 6n dinh hoa

dugc néu ton tai ham dicu khién u(k) = n(x(k)) sao cho hé déng sau

v(k+1) = f(k,x(k), z(k — h),n(z(k)), keN,
(k) = (k) ke {—h,—(h—1),...,0}

(1.3)

on dinh tiém can.

Dinh nghia 1.2.3. (Xem [1], Chuong 3, tr.143) Cho s6 0 < 8 < 1. He (1.2) dugc
goi 1a B-0n dinh héa duge dang mii néu ton tai ham diéu khién u(k) = n(z(k)) sao
cho hé déng (1.3) la B-on dinh mii, nghia la ton tai hing s6 duong M > 0 dam
bédo moi nghiém z(k;v) ctia hé dong (1.3) théa man

lz(k; )| < M[9|IB*,  Vk €N,
1.2.3 Heé suy bién rdi rac c6 tré
Xét he suy bién roi rac ¢ tré sau

Ex(k+1) = Apx(k) + Ayz(k— 1), keN,

z(k) = ¢ (k), ke{-7,—(r—1),...,0},

(1.4)

trong do véc to trang thai (k) € R", k € N, cac ma tran cho truée Ay, A; € R™"
ma tran E € R™" suy bién véi rank(E) =r < n; 0 < 7 € N 13 hang s6 tré. Ham
() : {—7,...,0} = R" la ham diéu kiegn ban dau v6i chuan duge dinh nghia la
[l = maxye(—r —(7-1),...01 V(K]

Néu F la ma tran don vi, nghiém ctia he (1.4) luon c6 thé xac dinh thong qua

viéc truy hoi. Nguge lai, khi £ 14 ma tran suy bién, viéc xay dung cong thiic nghiem
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trd nén phic tap, doi héi phéai phan tich tinh chinh quy cta cip ma tran (F, Ag).
Van dé ton tai nghiém trong phan nay duge tham khéo tir tai lieu [21, 44].

Dinh nghia 1.2.4. (Xem [21])
i) Cap ma tran (F, Ag) dugc goi 1a chinh quy néu ton tai s € C sao cho da thiic
det(sE — Ap) khong dong nhat bang 0.

ii) Cdp ma tran (E, Ap) dugc goi 1a nhan qua néu ton tai s € C sao cho
deg(det(sE — Ap)) = rank(FE).

Gia stt cap ma tran (E, Ap) thda man dong thoi tinh chat chinh quy va nhan
qua. Khi d6 diéu kién chinh quy ctia (F, Ag) tuong duong véi ton tai hai ma tran
kha nghich P va () sao cho

All A12

PEQ = diag(I,, N), PAQ = diag(Aq1, L), PAQ =
A21 A22

trong d6 N 1a mot ma tran ma tran liy linh. Cap (F, Ag) 13 nhan qua néu va chi
néu N = 0 (xem Bo dé 2.9, trang 21 [44]).
y1(k)
y2(k

(1.4) dugc biéu dién theo cong thiic sau [2]

V6i phép dbi bién Q 'z (k) = [ ] (k) € R, yo(k) € R*" k € N, he

yi(k+1) = Apyi(k) + Auyi(k — 1) + Aok — 7). yi(s) = du(s),
yg(k’) = —A21y1</€—’7') —A22y2<l€—’7'), yg(s) :ng(S),S € {—7',...,0}.

Khi do, ta nhan dugc
yi(k) = Afyyi(0) + i Al [Anan (i = 7) + Ay (i — 7)),
y2(k) = —Anyi(k — 7) — Agya(k — 7).

Tién hanh them mot sé phép bién doi, ta xac dinh duge nghiém ciia he (1.4) 1a

(k) = Ag Pua(0) + S50 Agy ' Ay (i — ) + Asa(k — 7),

x(k) =v(k), ke{-1,—(t—1)...,—1,0},

trong do
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_ Ay 0 I 0
An=Q ™™ 1@, Ple[ ]Ql,
0 0
— A A — 0 0
4=Q Q' A&=Q Q.
' 0 0 ? Ay — Ay

Khi diéu kién chinh quy ctia cip (F, Ag) chua duge xac dinh, luon ton tai hai ma
tran kha nghich M va N sao cho

Ay Ay
As Ay

T

MEN =
0 0

o] __ _
], MAGN =

Ménh dé 1.2.5. (Xem [44], Chuong 2, tr 22) Cdp ma trin (E, Ag) la nhan qud

néu va chi néu Ay khong suy bién.

1.3 Hé phuong trinh vi phan phan thi& suy bién

Heé phuong trinh vi phan suy bién thudng gap trong nhiéu linh vire ciia ki thuat
va vat 1y, khi quan hé giita cac bién khong thé biéu dién hoan toan dusi dang vi
phan. Nhitng rang buoc dai s6 nay cé thé dugc tao ra tit cac dinh luat vat 1y, nhu
bdo toan nang luong, bdo toan dong luong hodc tit cac diéu kien ban dau va bién
ctia hé. Noi dung ctia muc nay duge tham khéo trong cac tai lieu [40, 71, 82, 84].
Bac ctia hé phuong trinh vi phan thi suy bién dugc xét trong truong hop 0 < a < 1.

Xét hé phuong trinh vi phan phan thit Caputo

C Qg €T U =
F(§Dpa(t),=(t),ut),t) =0,t>0, (1.5)

z(0) =z € R",
v6i x(t) € R™ 1a véc to trang thai, u(t) € R™ la véc to dicu khién dau vao, F(.,.,t)
la ham véc to.
Xét mot truong hop dic biét cia he (1.5) la:
E §Dfx(t) = G(u(t),z(t),t),t >0,

1.6
2(0) = 10 € R", o)

trong d6 F 1a ma tran suy bién, G(., ., t) 1a ham véc to. Khi d6, he (1.6) duge goi
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la he phuong trinh vi phan phan thit suy bién. Néu G (u(t), z(t),t) 1a ham tuyén
tinh thi hé c6 dang

E §Dx(t) = Ax(t) + Bu(t), t >0,
I‘(O) = o € an
AeRY™ BeR™™" (e RP*" va B € RP*™,
Tiép theo, ching ta xem xét van dé vé sy ton tai va duy nhat nghiém ctia he
phuong trinh vi phan suy bién. Xét he phan thi
E §{Dex(t) = Ax(t) + f(t), t >0,
x(0) =1z € R,

v6i f(t) € R™ 1a ham cho trude va khé vi t6i bac can thiét, rank(F) = r.

Dinh nghia 1.3.1. (Xem [71, 82])
i) Cap ma tran (E, A) dugc goi la chinh quy néu ton tai s € C sao cho da thric
det(sE — A) khong dong nhat bang 0.

ii) Cap ma tran (E, A) dugc goi 1a khong ¢6 xung néu ton tai s € C sao cho
deg(det(sE — A)) = rank(FE).

Tuong ty v6i hé phuong trinh vi phan suy bién bac nguyén, nghiém ctia hé phan
thit (1.7) c6 thé xuat hién thanh phan dang xung véi dicu kién tuong thich ban
dau. Tuy nhién, tinh chinh quy v tinh khong c6 xung cta cap (E, A) ddm bao
tinh ton tai v duy nhat ctia nghiem theo cac két qua dudi day trong [21, 84].

Meénh dé 1.3.2. (Xem [21]) Cdp ma tran (E,A) la chinh quy khi va chi khi ton

tai hai ma tran khong suy bién P,Q sao cho
PEQ = diag(l,,,N), PAQ = diag(J,I,,), (1.8)

trong dé ny +ny = n,J € R™*™M |4 ma tran chinh tdc Jordan va N € R™>"2 [g

ma tran luy linh bac v.

Theo Ménh dé 1.3.2, he (1.7) dugc dua ve

6 Dy (t) = Jyi(t) + g1(t), (1.9)
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N §Dfya(t) = ya(t) + go(t), (1.10)

2 z t
v6i phép doi bién Q tx(t) = [ il )] ,yr(t) € R™ yo(t) € R™ va

ya(t
0 J 0
, PAQ = ;
N 0 I,

f1(t) al)| 1,0
S Pf(t) = : To = )
f2(?) 1 [92“)] @ LZ:O]

Theo két qua trong [84], hé (1.9) c6 nghiém duy nhat dugc biéu dién nhu sau

I,
PEQ =
0

0-|

¢
yi(t) = /0 eg(t=%) [f1(&) + Jz1,0]dE + 21,

trong do

k=0
Ménh dé 1.3.3. (Xem [84]). Xét hé (1.10) vdi fo(t) khd vi dén bac [av] + 1 trén
0,00) trong dé v la bac liy linh cia N. Khi dé (1.10) c6 nghiém duy nhat

v—1
ya(t) = = > NFTgy(t),
k=0

trong do TF = { D¢ § DY ... . § DS, (k lan).

Dinh 1y 1.3.4. (Xem [84]). Cho (E,A) la mot cap ma tran chinh quy, ham fa(t)
khd vi dén bac [av] + 1 trén [0,00), v la bac liy linh cia N. Khi dé

i) Hé phuong trinh vi phan dai so (1.7) gidi dugc.

ii) Dieu kien dau xq tuong thich khi va chi khi

v—1

ra0=— Y _ NFT%gy(0),
k=0

trong do TF = { D& § D ... o § DS, (k lan).

i) He phuong trinh vi phan dai so6 (1.7) vdi diéu kién ban dau tuong thich cé
nghiém duy nhat.
Dinh 1y 1.3.5. (Xem [82]). Gid st cap ma tran (E, A) chinh quy va hai ma tran
P, Q khd nghich théa man diéu kién (1.8). Khi dé (E, A) khong cé xung khi va chi
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kht N = 0.

Nhan xét 1.3.6. Theo Menh dé 1.3.3, tinh lien tuc hoiic kha vi clia nghiem ys(¢)
phu thuoc tric tiép vao cac dao ham ctia ham g2(t). Dac biét, trong trusng hop
cdp ma tran (F, A) 1a chinh quy va khong c¢6 xung, ta ¢c6 N = 0. Khi d6, nghiém
ctia hé duge xac dinh bdi yo(t) = —go(¢). Nhu vay, néu ham f(¢) 1a lien tuc thi
yo(t) ciing lien tuc. Diéu nay cho thay ring tinh khong c6 xung ctia hé phuong

trinh (1.7) ddm béo nghiém ctia hé 134 mot ham lien tuc.

Khi tinh chinh quy ctia (E, A) ctia he (1.7) chua duge xac dinh, luon ton tai cac

ma tran khong suy bién M, N sao cho

A Ay
As Ay

MEN =

I 0] _— _
. MAN =
0 0

Dinh 1y 1.3.7. (Xem [21]). Cap ma tran (E, A) chinh quy va khong cé xung khi
va chi khi Ay la ma tran khd nghich.

Ngoai ra, trong [40], T. Kaczorek va K. Borawski da dwa ra cac phuong phéap
khéc nhau dé xay dung cong thic nghiém cho hé phuong trinh vi phan phan thi
suy bién: Phuong phap chudi Laurent mé rong (biéu dién nghiem dudi dang chudi
cdc ham mi), phuong phap ma tran nguge Drazin (st dung khéi niém ma tran gia
ngugc Drazin-mot khai niém téng quat ctia ma tran nguge Moore-Penrose), phuong
phap phan tich Weierstrass-Kronecker (st dung cac phan tich ¢ dién: Phan tich

Jordan-Weierstrass va phan tich Kronecker)...

1.4 Bai toan 6n dinh trong thdi gian hitu han

Trong phan nay, chting toi trinh bay lai cac dinh nghia ciing nhu mot s6 diéu
kien du lien quan dén bai toan 6n dinh va tinh bi chin trong thoi gian hitu han
ctia hé phuong trinh vi phan. Cac noi dung dudce dé cap dua trén cac tai lieu tham

khao [57, 65).

1.4.1 Bai toan 6n dinh trong thdi gian hitu han

Déi v6i he phuong trinh dao ham bac nguyén, khai niém 6n dinh trong thoi gian

hitu han lan dau tién dugc dé xuat bdi cac nha toan hoc ngusi Nga vao nhitng
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nam 50 clia thé ky XX. Sau d6 van dé nay khoi day sy hitng thu ctia nhiéu chuyén
gia Iy thuyét diéu khién [5, 25, 26]. Nam 1997, P. Dorato, C.T. Abdallah va D.
Famularo da st dung 1y thuyét bat déng thic ma tran tuyén tinh xay dung ham
diéu khién phan hoi dé 16p hé tuyén tinh dat dude su on dinh trong mot khoang
thoi gian nhat dinh [26]. Diéu nay md ra mot cach tiép can manh mé trong viec
giai quyét cac bai toan dieu khién véi nhiing cong cu toan hoc hién dai.

V6i he dao ham bac nguyén suy bién tuyén tinh, mot trong nhitng két qua dau
tién vé bai toan on dinh trong thoi gian hitu han duge cong b 1a ctia D. Debeljkovic
va D.H. Owens nam 1985 [22]. Trong [37], N.A. Kablar ciing cong su xét 16p he
phuong trinh suy bién tuyén tinh sau

Bi(t) = Az(t), t >0, (1.11)

[E(to) = Xy,
trong d6 A € R™" 13 tran hing s6, £ € R™" 14 ma tran suy bién.
Dat || z(t) |5= =" ()Qx(t) v6i Q la mot ma tran dbi xing xac dinh duong. Cho
trude s6 duong T, ky hieu J = {t : to <t < tg+ T}.
Dinh nghia 1.4.1. (Xem [37]) Cho céc s6 duong a < 3, ma tran P ddi xting x4c
dinh duong va Q = ETPE. He (1.11) dugce goi la on dinh trong thoi gian hitu han
theo bo (J, a, 3, Q) néu

[z(to) o< a =l =(t) o< 8,

voi Vt € J.

Dinh 1y 1.4.2. (Xem [37]). Cho cdc s6 duong o < 3 va ma tran doi zing zdac dinh
duong P. He (1.11) on dinh trong thoi gian hitw han theo bo (J,a, B, Q) néu dicu

kién sau duoc thoan man

02 = A (M)t —to). V1 € J

trong do
Avmar = max{xT(t)Mac(t) cx(t) € W\ {0} va 2T (t)ETPEx(t) = 1},

vdi ma tran M = ATPE + ETPA.



24

Tiép theo, ching toi trinh bay lai dinh nghia vé ham Mittag-Leffler.

Dinh nghia 1.4.3. Cho a € C, ham Mittag-Leffler mot tham s6 E,: C — C dugc
dinh nghia nhu sau

ZF ka+1

k=0
Trong [57], Y. Ma va céac cong sy da md rong khai niém on dinh trong thai gian
hitu han cho hé phan thi. Xét hé phan thi tuyén tinh
§Dex(t) = Ax(t), t € [0, Tyl

1.12
x(0) =1z € R”, 12

trong d6 ma tran hing s6 A € R™™" |

Dinh nghia 1.4.4. (Xem [57]) Cho ¢; < ¢, T 1 céc s6 duong va R 1a ma tran
ddi xting xac dinh duong. He (1.12) dugde goi 1a on dinh trong thoi gian hitu han

theo bo (¢, ¢, Ty, R) néu dieu kién sau thoa méan
wd Rrg < ¢1 = 2(t)T Ra(t) < cp, Vit €[0,TY].

Dinh 1y 1.4.5. (Xem [57]). Cho ¢1 < ¢2,Tf la cic s6 duong va R la ma tran
doi ming wdc dinh duong. He (1.12) on dinh trong thoi gian hitu han theo bo
(c1,¢9, T, R) méu ton tai mot ma tran doi zing xdc dinh duong Q@ € R™" va

mot so duong € cac dieu kién sau thoa man

AQ + QAT —eP <0,
EQ(ETJ?))\lCl < )\QCQ,

trong do

)\1 - )\max(@)a )\2 - mm(@) Q %QR_%

1.4.2 Bai toan bi chan trong thdi gian hitu han

Khai niém bi chan trong thoi gian hitu han tap trung vao viéc dam bao véc to
trang thai ctia hé khong vitgt qua mot ngudng gia tri cu thé trong mot khoang thoi

gian nhat dinh khi hé chiu tac dong ctia nhiéu. Trong [65], J. Ren va céc cong su
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xét he suy bién c6 nhiéu sau
(
Bilt) = Ac(t) + Duo(t) + f(t,2(0), t € 0,75,
§z2(t) =Cz(t) + Ww(t), (1.14)

\w(to) =X € Rn,

v6i E 1a ma tran suy bién. Nhidu w(.) € L*(]0, 00),R?) dép ting dicu kien
Ty
3d>0: / Wl (Hw(t)dt < d.
0

Dinh nghia 1.4.6. (Xem [65]). Cho ¢; < ¢z, Ty 1a céc s6 duong va R la ma tran
d6i xting xac dinh duong. He suy bién (1.14) dugc goi 1a bi chan trong thoi gian
httu han theo bo (e, 2, Tf, R, d) néu (1.14) chinh quy, khong ¢6 xung trén [0, 7]

va dieu kién sau dudc thoa méan
T T T T
' (0)E" REx(0) < ¢y = x" (t)E" REx(t) < co, Vt € [0, T}].

Trong [57], Y. Ma va céac cong sy ciing lan dau tien md rong khai niém bi chin
trong thoi gian htu han cho hé phuong trinh vi phan phan thi. Xét hé phan tha
tuyén tinh c6 nhiéu sau

CDMx(t) = Ax(t) + Dw(t), t € [0,T
FDR) = Ae() + Dult), 1 € 0,75 .
z(0) =19 € R",
trong d6 cac ma tran hing A € R™" D € R"*? nhiéu dau vao w(t) € R? thoa
man diéu kien w? (t)w(t) < d v6i d > 0.

Dinh nghia 1.4.7. (Xem [57]). Cho cac s6 duong ¢; < ¢z, Ty va ma tran déi xting
xac dinh duong R. Hé (1.15) dugc goi la bi chan trong thsi gian hitu han theo bo

(c1,¢2, T, R, d) néu dieu kién sau thoéa man
wd Rrg < ¢1 = 2(t)T Ra(t) < co, VWt €[0,TY].

Dinh 1y 1.4.8. (Xem [57]). Cho cdc s6 duong ¢ < co, Ty va ma tran doi zing zdc
dinh duong R. Hé (1.15) bi chan trong thoi gian hiu han theo b (c1,c2, T, R, d)

néu ton tai cic ma tran Qq € R Qy € RI*? doi zitng xdc dinh duong va mot
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so € > 0 cac dieu kién sau thoa man

AQ + QAT —eQ DQs _
Q2D —eQ)2
edT]? N 1

Amin(@2)T (@ 4+ 1) Apin(Q1)

0,

C2

Ea(eT}l)( AmaX(Ql) 7

) <

trong do
Q=R :QR%.

1.5 Bai toan tiéu hao cua hé dong luc

Ly thuyét tieu hao dugc J.C. Willems gi6i thieu lan dau tién vao nam 1972.
Trong [78], J.C. Willems xét he diéu khién phi tuyén sau

.

Bt = £t 2t u(t), £ > 0,
\ y<t) = g(t,x(t),u(t)), (117)
z(0) = o,

trong d6 z(t) € X = R" la véc to trang thai, u(t) € U = R™ la véc to dau vao,
y(t) € Y = RP la véc to dau ra. Ham ty 1é cung cap w : U x Y — R dugce x4c dinh
w(t) = w(u(t),y(t)) 1a ham kha tich dia phuong, tic la

t
/ lw(s)|ds < 0o
0
J.C. Willems da dua ra dinh nghia hé tiéu hao (Dissipative system) nhu sau.

Dinh nghia 1.5.1. (Xem [78], Hé tieu hao). He (1.17) cung véi ty lé cung cap
w(u(t),y(t)) duge goi la tieu hao néu ton tai mot ham luu trit S(z) > 0 thoa man
bat dang thic tiu hao

S(x(0)) +/0 w(u(s),y(s))ds > S(x(t)).

Dugc thic day béi J.C. Willems, nam 1976, D.J. Hill va P.J. Moylan da dé xuat
mot ty 1& cung cap w(u(t),y(t)) [32] két hop véi he (1.17) 1a

w(u(t),y(t)) =y ()Qy(t) +2y" () Zu(t) +u’ () Ru(t), (1.18)
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trong d6 Q € RP*P, R € R™*™ |3 cac ma tran doi xiing, Z € RP*™,

D.J. Hill va P.J. Moylan da dua ra dinh nghia tiéu hao nhu sau.

Dinh nghia 1.5.2. (Xem [32]) He (1.17) cung véi ty 1é cung cap (1.18) duge goi

1a tieu hao néu véi moi u(t) chap nhan duge va Vi, > o thi

/ “w(us), y(s))ds > 0,

to
v6i x(tg) = 0.

Kha nang luu trit c6 sén 1a mot khai niem quan trong trong 1y thuyét tieu hao.
Day la luong nang lugng t6i da c6 thé duge luu trit trong hé c¢6 thé giai phong ra
ngoai tir trang thai ban dau. Trong thuc té, cac ham luu trit thuong dudge sit dung
nhu céac ham Lyapunov khi xem xét tinh én dinh ctia hé. Khi nghién citu mot hé
dong lyc, mot ham luu trit dai dién cho nang luwgng bén trong ciia hé. Nguyén 1y
co ban 1a nang lugng nay sé giam hoac khong ting theo thoi gian néu hé 6n dinh.

Cho dén nay, v6i cong cu 1a 1y thuyét Lyapunov cting sit hd trg ctia phuong phap
bat ding thiic ma tran tuyén tinh, da cé nhiéu cong bé dang chd ¥ vé bai toan tieu
hao cho cac loai hé dong luc khéc nhau [28, 48]. Nam 2002, Z. Li va cac cong su
da nghién ctu bai toan diéu khién tieu hao cho mét 16p hé tuyén tinh véi tré theo
thoi gian véi cach tiép can st dung cac bat dang thic ma tran tuyén tinh. Lép he

cO tré véi nhiéu duge mo ta nhu sau

(t) = Az(t) + Agx(t — d) + Biw(t),
\ Z(t) = Cll'(t) + an(t), (119)

\aj(t) =n(t), te[-d,0], d<m,

trong d6 z(t) € R™ 1a véc to trang thai, 2(¢) € R 1a véc to dau ra, w(t) € RP la
véc to nhidu thuoe L2([0, 00), R™), d > 0 1a tré bi chan, 7 > 0 1a mot hing s6, n(t)
la diéu kien ban dau, A, Ay, By, C1, D1; 1a cac ma tran hang c6 so chiéu phit hop.

Ham ty lé cung cap dude xac dinh béi
T
E(w,zT) :/ (zT(1)Qz(t) + 227 (t) Sw(t) + w’ () Rw(t))dt,
0

trong d6 @, S va R la cidc ma tran thiyc c6 sd chiéu phit hop, @ 14 ma tran doi

xting xac dinh am va R 14 ma tran déi xing.
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Dinh nghia 1.5.3. (Xem [48]) He (1.19) dugc goi 1a (@, S, R) tiéu hao néu vdi
diéu kien ban dau bang khong, ton tai mot s6 thue duong v sao cho diéu kién sau

dugc thda man

E(w,z,T) > 7/0 wl (t)w(t)dt.

Nhan xét 1.5.4. (Xem [48]) Bai toan (Q, S, R) tiéu hao chinh la tong quét ciia

cac bai toan H, va bai toan thu dong.

1. Khi Q = —1, S = 0 vd R = 2] thi bai todn (Q, S, R) tiéu hao trd thanh bai

toan hiéu suat H..

2. Khi @ =0, S =1 va R=0 thi bai toan (Q, S, R) tiéu hao tré thanh bai toan
thu dong.

Gan day, phuong phap on dinh trong thsi gian hitu han da duge cac nha nghien
cttu 4p dung vao 1y thuyét tieu hao. Nhieu két qua tha vi vé bai toan FTDC cho
cac he khac nhau da duge cong b6 [20, 55, 56].

1.6 Bai toan dam bao chi phi diéu khién

Nam 1972, S.L Chang va J.P Keng lan dau tién dua ra bai toan GCC cliing ham
chi phi di¢u khién ctia hé. Trong ki thuat, khi gidi quyét cac bai toan diéu khién,
viéc thiét ké ham diéu khién khong chi nhim muc tieu ddm bao st on dinh ctia hée
thong ma con can dap tng cac tiéu chi vé hieu suat thuong duge goi 1a “chi phi”.
O day, “chi phf” nay ¢6 thé 1a ning luong tieu hao, sai s6 diéu khién hodc bat ky
tieu chi hieu suat nao duge dinh nghia trude. Tinh day du ctia hiéu suat lien quan
dén viec ham diéu khién dam bao hé thong hoat dong ¢ mitc hiéu qua cao nhat.

Trong [14], bai toan S.L Chang va J.P Keng dé xuat nhu sau: Xét hée diéu khién

dong lyc duge mo ta béi

trong d6 x(t) € R™ 1a véc to trang thai, u(t) € R™ la véc to didu khién, ¢(t) 1a mot

ham c6 gia tri thuoc tap déng bi chin . Him dam bao chi phi lién két v6i he dieu
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khién dugc xac dinh béi

Clie(ty) ult). q(t)] = hlz(t2)) + / " gle(t), ult), q(t), Dyt

t1
trong do h(z(t2)) > 0 biéu dién chi phi cubi cling, tich phan biéu dién chi phi tich
Ity tit ¢, dén to va diéu khién u(t) = n(z(t),1).
Gi4 tri ddm bao chi phi va diéu khién dam bao chi phi

Néu c6 mot sd V' va mot didu khién u(t) thda man
Cla(tr), u(t),q@)] <V

v6i moi sy bién thién cho phép ciia ¢(t) thi V' duge goi 1a gia tri ddm béo chi phi
clia he bat dau tit x(t;) va u(t) duge goi 1a diéu khién ddm bao chi phi.
Trong [14], S.L. Chang va J.P Keng xét v6i truong hop hé tuyén tinh véi cac

thanh phan khong chic chan sau

z(0) = xo.

Cac tac gia da xay dung ham chi phi ¢6 dang

1

Cla(0). ut).a(0)] = 5a" O G(0) + 5 [ OO+ OQuD)L

trong d6 cdc ma tran H, P d6i xting nia xac dinh duong con @ 13 ma tran doi
xiing xac dinh duong.

Trong nhiing thap ky gan day, bai toan GCC da dugce thiét ké cho cac 16p he
dong luc khac nhau. Phuong phap nay cho mot gisi han trén cho chi s6 hiéu suat
duoc chi dinh, do d6 ddm bao rang su suy gidm hiéu suat do cac thanh phan khong
chic chan khong vugt qua giéi han nay. Mot s6 két qua dang cha y vé GCC da
duge cong bo dya cho cac loai he suy bién v6i dao ham bac nguyen [30, 60, 79, 86].

B. Li cting nhém nghién cttu da mé rong bai toan FTGCC cho cac hé suy bién
[46]. Lép he suy bién duge xét 1a

Ei(t) =[A+ AAW®)]z(t) + [B+ AB®)]u(t), t >0, (1.20)

z(0) =z,
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trong d6 x(t) € R™ 1a véc to trang thai, u(t) € R™ la véc to diéu khién dau vao, zg
la dieu kien dau. A € R™", B € R™™ E ¢ R™ " ]a cAc ma tran da biét. £ € R™"
la ma tran suy bién véi rank(E) = r < n. AA(t), AB(t) la cac ma tran bién thién

theo thoi gian thoa man
AA() AB(®)| = MF@) [N, ]

voi M, N,, Ny 1a cac ma tran cho truée F(t) 1a ma tran chua biét dap tng diéu
kien FT(t)F(t) < I,Vt > 0.
Két hop vdi he phuong trinh vi phan suy bién (1.20) 14 ham dam bao chi phi

J(u) = / (2T (£)Qua(t) + uT (1) Quu(t))dt,

trong d6 Q1 va Q2 1a cac ma tran doéi xing xac dinh duong cho truée véi so6 chiéu
thich hop. Nhom tac gia da xay dung ham diéu khién phan hoi trang thai cho bai
toan dam bao chi phi trong thoi gian httu han cho 16p hé dang xét.

Goi Ug la tap tat ca cdc ham diéu khién chap nhan dugce dé he dong ctia (1.20)
on dinh. Mot yéu cau tuy nhién 1a tim ham diéu khién a(¢) € Ug sao cho ham chi
phi J(4(t)) = mingey,, J(u). C6 rat nhiéu kho khan trong viec gidi bai toan dieu
khién t6i wu néi trén. Vi vay ching ta di tim mot ham diéu khién a(t) € Ug sao
cho ham chi phi httu han va c6 gié tri cang nhé cang tot. Giai quyét bai toan GCC
cho hé dong lic lien quan dén viéc xay dung mot ham diéu khién a(t) € Ug va mot
s6 J* sao cho véi ham didu khién 4(t), hé (1.20) chap nhan duge va J(@) < J*.
Khi d6 a(t) duge goi ham didu khién dam bao chi phi va J* duge goi la gia tri dam
bao chi phi.

D6i véi cac hé phuong trinh vi phan phan thi, cing di c6 nhitng cong bo dang
cha ¥ [69, 74]. Nam 2020, M. V. Thuan, N. Sup va V. N. Phat da thiét ké ham
diéu khién bdo ddm chi phi trong thoi gian hitu han, dong thdi cac tac gid ciing
gi6i thieu mot dang ham chi phi diéu khién méi cho 16p hé phan thi Caputo c6
nhiéu [74]. Xét he diéu khién phan thit sau:

(OCDf‘x(t) = Ax(t) + f(t,z(t)) + Bu(t) + h(t, u(t))
+Ww(t) + g(t,w(t)), t >0, (1.21)

z(0) = Iy,
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trong do o € (0,1), z(t) € R" la véc to trang thai, u(t) € R™ la véc to didu khién,
A, B, W 1a cdc ma tran cho trude v6i s6 chiéu phit hop, w(t) € RP 1a véc to nhiéu
thoa man:

3d >0: supw! (Hw(t) < d.
>0

Céac ham phi tuyén f (¢, z(t)), g(t,w(t)) va h(t, u(t)) théa man diéu kien Lipschitz
véi moi (¢, x,u,w) € RT x R"® x R™ x RP. Lien két v6i he (1.21), tac gia xét ham

chi phi sau:

Ji(u) = m/o (t —s)* 1 fOs, 2(s), u(s),w(s)) ds, (1.22)
trong d6 ham fO(t, z(t),u(t),w(t)) : RT x R" x R™ x R? — R* théa man:

POt 2 (1), ult),w(t)) < ' (HQua(t) + u' (t)Quult) +w ' (H)Qsw(t),

voi Q;, 1 = 1,2,3 1a cac ma tran doéi xing xac dinh duong da cho. Trong truong
hop dic biét, khi o = 1 thi (1.22) dudc dua vé ham chi phi bac hai co dién lien két
v6i hé phuong trinh vi phan truong hop dao ham bac nguyeén.

1.7 Mot sé bo deé bo trg

Trong phan nay, ching t6i trinh bay lai mot s6 bd dé déng vai tro quan trong
trong viéc chitng minh cac két qua chinh & cac chuong sau.
B6 dé 1.7.1. (Xem [6]) Cho K € R™! la mot ma tran Metzler. Khi do, cic ménh
de sau day la tuong duong:
i) 3 & € R théa man € = 0 va K& < 0.
ii) K la ma tran Hurwitz.

i) K la ma tran khda nghich va K—1 < 0.

Bo6 dé 1.7.2. (Xem [7], Bat ding thitc ma tran Cauchy). Cho u,v € R" va X la

mot ma tran doi zing tdc dinh duong trong R™"™. Khi do, ta c¢é bat ding thic sau
+2uT v < u' Xu + 0T X .

Bo6 dé 1.7.3. (Xem [7], B& dé Schur). Cho P,Q, R la cic ma tragn cé sé chiéu
thich hop, P,Q la hai ma tran doi zing va Q > 0. Khi dé P+ RTQ 'R < 0 khi
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va chi khi
P R
R -Q
B6 dé 1.7.4. (Xem [75]). Gid st rang u(t) € R™ la mot ham lién tuc vdi moit > 0
va V : R" — RY la mot ham khd vi, loi tréen R™ théa man V(0) = 0. Khi dé ta cé
danh gia dudi day

< 0.

6 DiV(u(t)) < (VV(u(t), g Dju(t)), t=0,
trong do VV(.) la gradient ctia ham V.

B6 dé 1.7.5. (Xem [15]). Cho cic ma tran F € R™™ H e R™™ Z ¢ R™"

V € R™™ yq 56 thuc € > 0. Néu diéu kién sau théa man
F eH+ZTvT
. . <0
x —eV — VT

thi ta co

F+Z"H"+0Z <0.
Bo6 dé 1.7.6. (Xem [62]). Cho trudc cic ma tran A, B va mot ma tran doi zing
C vdi so6 chiéu thich hop. Khi do,

C+AFt)B+ (AF(t)B)T <0

vdi moi F(t) théa man FT(t)F(t) < I néu va chi néu ton tai so thuc k > 0 théa

man bat diang thic ma tran
C+rAAT + k1BTB < 0.

B6 dé 1.7.7. (Xem [29], Phan tich gia tri ki di). Cho ma trgn E € R™" vdi
rank(E) = r < n. Khi dé ton tai hai ma tran tric giao U,V € R™" sao cho

2, 0
0 0

E=U VT,

trong do ¥, = diag(oy, 09, ...,0.) vdi 01 > 09 > ...0p > 0.
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U=[Uy,U), V=1[V1, Vo],
Ul - [Ul,Ug,..., u?“]; U2 - [ur+17ur+27“'7 un]a

Vi= [Ul7v27 S UT]7 Vo = [UT—i-l;UT—&-?? e Un]‘

Khi d6 Ev; = oyu; va ETu; = oyv;. Hon thé nita, {uy, us, ..., u, } 12 mot co sd trite
chuan cho khong gian vec to cot ctia B, {u, 11, Uri2, ..., Uy } 12 mOt co s trie chuan
cho khong gian hat nhan N(ET), {v1, vs, ..., v, } 1a mot co sé trye chuan cho khong
gian vec to hang ctua E, {v,41, Vr12, ..., Up } 12 mot co sé truc chuan cho khong gian
hat nhan N(E) va EVa, =0, UI'E = 0.

Dura trén cac gia thiét va két qua vé phan tich gia tri k¥ di trinh bay & trén, L.
Zhang va B. Huang da chitng minh duge Bo dé sau.

B6 dé 1.7.8. (Xem [83]). Cdc ménh dé sau day ding:

(i) Moi ma tran Q théa man ETQ = QTE > 0 déu co thé biéu dién dudi dang
Q= UlXUlTE +UsZ, trong do 0 < X € R™" va Z € RO=")%" " Hon thé nia, khi
ma tran QQ khong suy bién thi X > 0.

(ii) Moi ma tran P théa man PET = EPT > 0 déu c6 thé biéu dién dudi dang
P =EViXVE + ZV) trong d6 0 < X € R™" wa 2 € R™(""). Hon thé nita, khi
ma tran P khong suy bién th X > 0.

(i) Néuw Uy XULE + Uy Z la ma tran khong suy bién trong dé X > 0 thi ton tai

ma tran X va ma tran Z théa man
ULXUTE +U,2 = (EViXVE + zvhH)T,

vdi X =N xIe L
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Chuong 2

Bai toan on dinh va 6n dinh héa dudc dang mi
cho hé suy bién duong rdi rac cé6 xung vdéi
tré hang

Chuong nay tap trung nghién ctiu tinh on dinh ctia hé phuong trinh vi phan
suy bién duong 19i rac véi tac dong xung va tré khong bién thien. Chang toi dua
ra cac dieu kién du gidi quyét tinh én dinh mi va thiét ké ham diéu khién cho bai
toan on dinh héa duge dang mil ctia hé suy bién duong rdi rac c6 xung va tré theo
thoi gian. Noi dung ctia chuong nay duge trinh bay dya trén bai bao (CT1) trong

danh muc cac cong trinh khoa hoc da cong b clia tac gia.

2.1 Tinh 6n dinh dang mi cho hé suy bién duong r&i rac cé

xung vdi tré theo thdoi gian

Xét hé phuong trinh vi phan suy bién roi rac c6 xung sau

.

Ex(t+1) = Ax(t)+ Agz(t —h), t #t, — 1,
%1 (tm) = Hxy(tm — 1), m e N, (2.1)
z(s) =n(s), se{—-h,—h+1,---, 0},

L
trong d6 z(-) := (x1(+), x2(+)), x1(t) € R" v x9(t) € R"™" la véc to trang thai. Ma
tran £ € R™™ suy bién v6i rank(F) = r < n. A, Ay 1a cdc ma tran hiang da biét

v6i s6 chiéu phit hop. Gia st rang céc ma tran E, A, Ay biéu dién duge nhu sau

I, 0 A A Ag, Ag,
E = LA = , Ag = ,
0 O A3 A4 Ad3 Ad4

Vél Al’ Adl E RTXT? A27 AdQ G RTX(”iT)? A37 AdB e R(H*T)XT, A47 Ad4 e R(nir)x(nirk
H € R™". Hang s6 tré h € N* va i : [—h,0] — R’ la ham diéu kién ban dau. Day
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xung {ty,}_; thoaman 0 =ty <t; <ty < -+ <ty < -+, ty, — 00 V6l m — oc.
Ky hi¢u véc to trang thai v6i gia tri ban dau (ny,72) ctua he (2.1) 1a xq (¢, m1,72) va
X2(t7 m, 772)
Dinh nghia 2.1.1. (Xem [68]) He (2.1) dugc goi 1a mot he duong ¢6 xung néu doi
voi moi n(t) = 0 thi x(¢,n(t)) = 0, Vt > 0.

Dinh nghia 2.1.2. He (2.1) dugc goi 1a 6n dinh miinéu 3¢ > 0, € (0,1),A € R?
sao cho v6i moi n(t) = 0

lz(®)]| < &t} t > 0,
trong d6 |||}, := sup_,<.<q 1(5)]12-
Bo6 dé 2.1.3. Gid s ma tran Ay trong hée (2.1) thda man diéu kién det(Ay) # 0.
Khi dé, nghiem cia hé (2.1) ton tai va duy nhat trén N*.

Chiing minh. Xét t € [0, h], tit dieu kien det(A4) # 0, he (2.1) dua duge vé

Xl(t + 1) :Alxl(t) + A2X2<t) + Adlﬂl(t — h) + Ad2772(t — h), t 7é tm — 1,
xo(t) = — A1 (Agxy(t) + Agymi(t — h) + Agma(t — b)), (2.2)
Xl(tm) :HXl(tm — 1)

V6i t = 0, tit phuong trinh dau tién cia (2.2) ta c6

Xl(l) = (A1 — AQAZIA?)) 771(0) -+ (Adl — AQAZlAd:S) Ul(—h)

(2.3)
-+ (Ad2 — AQAZIA(LI) ng(—h).

Ta nhan dugce két qua sau khi thé (2.3) vao phuong trinh thit hai ctia (2.2)

xp(1) = — Ay" (Asxi (t) + Agym (1 — h) + Agma(1 — h)) .

Véi t = t,,,, ta nhan dugce x1(t,,) = Hxy(t, — 1), tit d6 tim duge xo(t,,). Tung
bude mot, ta tim duge nghiem x4 (t) tren [0, k] clia phuong trinh dau tién cta (2.2).
Khi da biét x4(t) tren [0, k], tit phuong trinh thit hai clia (2.2) ta tim ra nghiém
x2(t) trén [0, h]. Lap lai qué trinh trén [nh, (n + 1)h],n € N, ta tim dugc nghiém
z(t), t > 0. B6 dé duge chiing minh. O

Bo6 dé 2.1.4. Gid st Ay la mot ma tran Metzler va Hurwitz va Ay, Ay, As, H, Ay

la cdc ma tran khong am. Khi do, he (2.1) la mot hé duong cé xung.
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Chitng minh. Vi A4 1a ma tran Metzler v Hurwitz nén theo B6 dé 1.7.1, ta suy
ra det(A4) # 0. Ap dung B dé 2.1.3, he (2.1) c6 mot nghiem duy nhat va
—Af = 0. Luu y réng —AZIA;),, —AllAdS, —AfAd4 la cac ma tran khong am

vi —A;Y, Az, Ag,, Ag, khong am. Tir (2.1) ta c6
Xl(t + 1) = Alxl(t) + A2X2(t) + Alel (t — h) + AdQXQ(t - h), (2 4)
Xg(t) = (—A4)_1 (AgXl(t) -+ Ad3X1 (t — h) + Ad4X2<t — h))

V6i t = t,,, ta nhan duge x1 (t,,) = Hxy (6, — 1), m € N*. Trude hét, ta ching
minh ring

z(t) =0, 0<t <t;—1. (2.5)

V6i t = 0, tit phuong trinh thit nhét ctia (2.4) ta nhan duge biéu thic sau

Xl(l) - A1X1(0) -+ AQXQ(O) -+ Adlxl(—h) + AdQXQ(_h)
= A1m(0) + A2m2(0) + Agym(=h) + Ag,n2(—h) (2.6)
= 0.

T (2.6) va phuong trinh tht hai cta (2.4), ta c6

Xg(l) )_1(A3X1(1) + Ad3X1(1 — h) + Ad4X2<1 — h))
(A

) (Asx1(1) + Agym (1 — h) + Ag,ma(1 — h)) (2.7)

(—Aq
(—Aq
0.

Y

Két hop bat dang thic (2.6) va (2.7), ta nhan duge z(1) = 0. Tuong ti, ta ciing
thu duge z(t) = 0,Vt € {1,2,--- ,t; — 1}. Vi thé, (2.5) dung.

V6i t = t1, ta c6 x1 (t1) = Hxy (tp — 1). Tu dieu kien H = 0 va x; (t1 — 1) = 0
ta suy ra dugc x; (t1) = 0. T két qua nay va phuong trinh thit hai cia (2.4) ta
nhan dugc xo (t1) = 0. Véi t; <t <ty — 1, ta chiing minh rang

Xl(t) i O, Xg(t) i 0 (28)

Chit ¥ réng x(t;) = 0. Gia sit (2.8) ding v6i moi t, < &, t; < t; <t — 1. Ta sé
chiing minh (2.8) dung véi t; + 1. T phuong trinh thit nhat cia (2.4), ta c6

X1 (tk + 1) = Alxl(tk) —+ Ang(tk) + Adlxl(tk — h) + Ad2X2<tk — h)
>~ 0.

(2.9)
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Ta nhan dugce két qua sau tir (2.9) va phuong trinh thit hai cia (2.4)
Xg(tk + 1) = (—A4)_1 (A3X1<tk + 1) + Ad3X1(tk +1-— h)

(2.10)
+ Ad4X2(tk +1-— h)) >~ 0.

Két hgp bat dang thitc (2.9) va (2.10) ta duge x(ty + 1) = 0. Vay (2.8) ding.

Vi t = to, ta co x1 (t2) = Hxy (t2 — 1) . Két hop H = 0 va x; (to — 1) = 0 ta suy
ra x1 (t2) = 0. Tt diéu nay va phuong trinh thit hai ctia (2.4) ta duge xs (t2) = 0.
Béang cach lip lai quy trinh tuong tu thi x;(¢) = 0,x9(¢) = 0, ¢ > 0. Diéu nay
chitng minh rang (2.1) 1a hé duong c¢6 xung. O

Ky hiéu

Ap =A+1,— E H = hij)rsr, Jrp ={r,r+1,...,n},

A=A — AQAZlAg = (aij)
A = =AM Ay = (dig) (e
Agy = Agy — A AT Ay, = (b))
Ag, =

Agy = — A Agy = (e35)

rXr?

Ad2 — AQAZlACM = (Cij>r><

(n—r)>

(n—r)xr>

Ady = =A7 Ady = (i) ()
A= (>\1, cee )\r) € R:_, Ay = (>\r—|—1a ceey )‘n) € RZ__T, A= (Al,AQ) € Rﬁ_

Ta luon gia st rang cac ma tran Ag, Ag va H khong am. Mot diéu kien du dé

xét tinh 6n dinh mi ctia hé duge thé hien qua noi dung ciia dinh 1y sau.

Dinh 1y 2.1.5. Gid st ton tai cic s6 o € (0,1), 6 € (0,1) va A € R théa man

cac rang budc sau

(—aE+A+a"45) A <0, (2.11a)
R} lih NS qie (2.11b)
= — N X T .

1
g Z _glogaR)\a (21]‘0)

trong do Ry = maxj<;<, {Rg\} Khi do, vdi thoi gian duy tri toi thiéu T (nghia la
day thoi gian zung théa man inf, {t,, —t,_1} > T,m € N*), he (2.1) on dinh
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ma. Hon thé nia, ta cé
-0
|z < [Inll} A a2, > 0.

Chatng minh. Chitng minh ctia Dinh 1§ 2.1.5 dugc chia thanh hai phan chinh: Phan
thit nhat kiém tra tinh duong ctia hé (2.1) va phan thi hai phan tich tinh on dinh
mil cta hé (2.1).

Phan 1. Tinh duong

Al A2 Adl Ad2
ViAdg =A+1,— FE = JAg = 14 cdc ma tran
A3 A4 + Iy Ads Ad4

khong am nén ma tran Ay, As, As, Ag,, Ady, Ads, Ag, va Ag+ I, ciing khong am.
Mat khac, do A4 + I, 1a mot ma tran khong am nén né ciing la mot ma tran

Metzler. Dat A = (A1, Az) € R x R}, ta nhan duge két qua sau tir (2.11a)
(As+a™"A4,) Ay < 0.

Tt bat dang thitc nay két hop oA, Ay khong am kéo theo A4Ay < 0. T
AyNy < 0 két hop v6i B6 dé 1.7.1, ta nhan dugc det (A4) # 0, —A;1 = 0 va Ay
13 ma tran Hurwitz. Theo bd dé 2.1.3, he (2.1) ¢6 nghiém duy nhat. Hon thé nita,
theo B6 dé 2.1.4, hé (2.1) 1a mot hé duong c6 xung .

R 2 i(t) .
Phan 2. On dinh mia Ta xét cac ham X;(z(t)) = x/\('),z € Ji, va ham
Y(x(t)) = maxy<i<n {Xi(z(t))}. Khi d6 x(t) < Z(x(t))\. V6ii € Jy,, dat
€T; t
S, <t <o,
=~ (B el tmey S <t m €N
Tiép theo, ta sé chiing minh
4(H) <0, VE>0,Y i € Jy,. (2.13)
Dau tién, ta chiing minh céc bat dang thiic sau ding
- IOV - oy ,
Z (aij + « bZ’j) )\—l + Z cijor )\—i—oz < 0,7 € Ji,, (2.14)
j=1 j=r+1
- AN LN e A ,
Z (dij + o eij) )\—Z + Z Q f”)\_l —-1<0,7€ Jrgin. (2.15)

j=1 j=r+1
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That vay, vi Aq,, Ady, Ads, Adys A1, Az, Az va —AZI >~ 0 1a cac ma tran khong am
nén cac ma tran Ay, Az, Ag,, Ag,, Ag,, Ag, khong am. T dicu kién (2.11a) va
I, —AA;!

, ta nhan dugc
0 Al

tinh chat khong am, khong suy bién ciia ma tran (
danh gia sau

I, —AyAL" )
(—aE+A+a"Ag) X < 0. (2.16)
0 -4t
Céc ude lugng sau dude suy ra tit bat dang thic (2.16)

(—Oé]r + A + Oé_hzzldl) A+ Oé_hAdQAQ <0,
(./43 + Ozih/_ldg) A+ athd4A2 < As.

Diéu nay tuong duong véi

D (ai+a b)) A+ > aThe —ahi =0, € iy, (2.17)
J=1 j=r+1
Z (dij + Oéiheij) Aj+ Z Oéihfij)\j — A <0,7€ Jrg1n. (2.18)
j=1 j=r+1

Tt (2.17) va (2.18), ta chting minh duge cac bat dang thic (2.14) va (2.15).
Dit nghiém khong tam thuong duy nhat ciia he (2.1) vé6i diéu kien ban dau n(-) 1a

x(t,n) = (x1(t),x2(t)), v6i x1(t) := (x1(t),. .., 2:(t)),x2(t) := (xp41(t), ..., zp(1)).
Ap dung B6 dé 2.1.4, ta dugc

2(t) = 0,¢ > —h. (2.19)

Tu (2.4) ta ¢

[L’Z(t -+ 1) :CL“IZ(t) -+ Z aijxj(t) + Z bijl’j(t — h)
j=1

J=1g#i

+ Z Cijl’j(t — h),’i € Jl,r;

j=r+1 (2.20)
:L’Z(t) :Zdijxj(t) +Zeijxj(t—h) + Z fijl’j(t—h),
j=1 j=1 Jj=r+1

1€ Jr+1,n-
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Ta chia qué trinh ching minh (2.13) thanh cac buée sau:
Budc 1: Trude hét, ta chi ra diéu kién (2.13) dang vé6i ¢t € [—h,0]. That vay, ap
dung (2.19), trong dé6 z(s) = n(s) véi s € [—h,0], a € (0,1) ta thu dugc

zi(t)
() = =1 = a'nll}, < [l=(@®)1% — o’ |lnll}
2

(2.21)
< lInllh = a'llnl, < 0,7 € Jin,t € [=h,0].
Budc 2: Tiép theo, ta chitng minh (2.13) dung véi t € (0,1, — 1] tic 1a
zi(t) <0, Vie i, (2.22)

Gia st rang diéu nay 1a khong dung. Khi d6 ton tai I3m € Jy, vat € (0,t; — 1]

théa man
zi(t) <0,t € (0,t —1],i € Jipn, 2zm (t) > 0. (2.23)
Két hop cac dieu kien (2.12), (2.21) va (2.23), ta thu dugc két qua sau
z(t) =2 nlix vVt e [-ht—1]. (2.24)

Ta xét hai truong hgp cho chi s6 m nhu sau:
Truong hop 1: Xét m € Jy,. T (2.14), (2.20), (2.12) va (2.24) ta ¢

T 7
o (1) = 228 oty

m

1 _ . _
< — (amm:pm(t — 1)+ Z Am;xj(t —1)

A j=1j#m
T n B
b Y b= 1= 0+ Y o1 1) ) = ol
j=1 j=r+1
1 . d .
< . (ammat_1||77||2>‘m + Z amjat_1||77||;2>‘j
m .
j=Lj#m
T B n B B
+ 3 bmja "o A+ D ijahOéHHUHL/\j) —a/[|n]|},
j=1 j=r+1

T

- B s " B .
—aof 1||n||2((zamj+a hbmj)ﬁJr Z Q hijﬁ—OO

j=1 j=r+1

< 0,
(2.14)
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diéu nay mau thuan véi (2.23). Vi vay,
Zz<t) < O,V 1€ Jl’r,t € (O,tl — 1] . (225)

Truong hop 2: Xét m € Jy41.,,. Khi d6 két hop cac diéu kien (2.15), (2.20), (2.12)
va (2.24), ta duge

n®) = 2D ol

= ( > dyri(B) + Y emjas(t
MmN =1 j=1
# 3 St = 1)) - Il
J=r+1

1 (¢ ;
< o (S dwalaliy + Zem]a ol
=1 J=

n
Py fmja—hatnnnpj) ol

Jj=r+1

— r B )\
j=1 Am ~

j=r+1
Diéu nay mau thuan véi z,,(t) > 0, do d6
Zz(t) <0,Vie Jr—i—l,n,t € (0, t1 — 1] . (226)

Két hop cac ude lugng (2.25) va (2.26), ta duge (2.22) dung.
Budc 3: Gia st rang z;(t) <0,V i € Jyp,t € [0,t5),s € N*. Khi d6

zi(t) < 0,0 € Jip,t € [t—1,tm), m=1,2,...,5. (2.27)
Tiép theo, ta di chitng minh
() < 0,i € iy (2.28)
ding v6i moi t € [t, ts11). Két qua sau thu duge khi 4p dung (2.12) va (2.27)

xz(t) < (R)\>m_1 ||?7||;[104t)‘27l € Jl,n7t € [tm—latm) , T = 17 27 s S,

(212) (2.29)
z(ts—1) < (R a2 nlix
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Véi i € Jy, ubc lugng sau thu duge tir (2.11a), (2.12) va (2.29)

Z; (ts) s t
i (ts) = — (R
% (ts) (212) A (Fy)" o
- (ts —1 5
— Zhw—x]( ) — (R)\) O[t
: i
j=
< at! hijx* = (R») 2.30
= o ||n||h2 P ()’ (2.30)
= (R o™l (Z hijA_J: - CVR,\)
=1
< 0,7 € JLT-
(2.11a)
Tit bat dang thic (2.30) ta c6
i (ts) < (Ry) o ||nll} Niyi € i, (2.31)
ViRy>1,h>0,t>0nénVtel0ts), ta nhan dugc
zi(t —h) < (Ry)’ ||77||h0z "ot i € Jyp. (2.32)

V6i i € Jysrp, it cae didu kien (2.15), (2.20), (2.12), (2.29), (2.31) va (2.32) ta c6

Zz(ts) = %ﬁs) -

1 r T
DY ( Z dijxj(ts) + Z e;ji(ts
N =1 j=1

£ fijxj(ts—h)) — anll (R’

Jj=r+1

h (R/\>S

1/« i r ,
S )\_(Zd” (R)\) Oét |}LL)\J+Z(R)\) €i] —h ts ?7||]L)\
b N =1 =1
3 (R fyatat ) (B!
j=r+l1
:( < Zdw—'—e’t] + Z fzj ] )
j=r+l A (2.33)
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Két hgp bat dang thitc (2.30) va (2.33) thi

Z; (ts) <0,1€ JLn. (234)

Dé chitng minh bat dang thic (2.28), ta chitng minh ring z;(t) < 0 ding véi moi
i € Jiy vat € (ts,ter1). Gid sit (2.28) khong ding thi 3 p € Ji,, t € (ts, tsr1 — 1]

thoa man
zi(t) <0, i € Jip t € (ts, 0 —1], (2.35)
zp (1) > 0. (2.36)
Ta c6 duge ude lugng sau tu (2.27), (2.34) va (2.35)

x (t> j (R)\>m_1 ||77||204t)\7 te [tm—lytm), m = 1, s, S,
(1) 2 (Ra)" nllhal A, t € [t E —1].
Tiép theo, ta xét hai trudng hop cho chi s6 p nhu sau:

Truong hop 1: Xét p thuoc tap Ji,. T dieu kién (2.14), (2.20), (2.12) va (2.37) ¢6

danh gia sau

Nyt s i
o (1) = 2 (ol
p
1 R T
ST (appxp(t D+ Y i1+ Z byjj(t —1—h)
p

J=15#p
n

Y epylio1- h)) — (R ol

j=r+1

1 s f_
sA—(appmA) Ul 3 (B ol
P j=Lj#p

+ D by (Ra) a7 Inll} A + Z cpj (Ba)" @ at*HnH%)
j=1

j=r+1

— (Ry)* o' [Inll}

r B A\ n ) N
= ol (S + )3+ 3 @t )
P

j=1 P j=r41

(2.14)

Diéu nay mau thuin véi (2.36). Khi do z;(t) <0, i € Jy,,t € (ts,tst1) -
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Truong hop 1I: Xét p € Jr11,,. Tt (2.15), (2.20), (2.12) va (2.37) ta nhan dugc

20 = 2D Ry il

1 T R 'S . n .
_ A—p(zdpmt) T P N o h))
pa =1

Jj=r+1

— (Ra)"a|Inll},

1 ' . R 'S
s—(Z(m) dya i + 3 (Ra) epaalnllLA,

Ap j=1 j=1
Y (RA)Sfpja‘hOétHnH%) (R ]
J=r+1
_ (R, t||n||*( deem 2 S )
J=r+1 p
< 0.

(2.15)
Diéu nay mau thuin véi (2.36). Do d6 z(t) < 0, i = Jrpin,t € (ts,ts41). Theo
nguyén ly quy nap toan hoc, ta chiing minh duge z;(t) < 0,¢ > 0,4 € Jy,. Diéu

nay dan dén

xit m— i %
A(,)g (R " a|nll},i € Jint € [tm_1,tm), m € N*.

Vi vay

':Ui t m— *
2(u(0) = e { SO < ()™l t € it me N (239
Ap dung diéu kien (2.11c), ta duge Ry < a 0% < o 0m—tm-1) 1 € N*. Két hop
v6i (2.38) ta thu duge

l@] < IE(@@)Al = E(z@)[A]

m—1
< (R)™ "ot} A
< a0t g Stn—tua) ol T |

— a*5[t1+(t2*t1)+--~+(tm*17tm72)]at”77”;2H>‘H
— o 9tm1=0 08 ot pl|F ]

<"l I ¢ € [Em1stm)  m € N,



45
V1 vay
2@ < a2} IA], ¢ > 0.

Diéu nay chi ra rang hé (2.1) on dinh mf. O

Nhan xét 2.1.6. Bai toan on dinh mi ctia hé suy bién duong r5i rac khong c6
xung da duge V.N. Phat va cong sy nghién citu nam 2018 [64]. Dicu kien dugc cac
tac gia dua ra la hé phai thoa man dicu kién (2.11a). Tuy nhién, duéi tac dong
clia cac xung, tinh 6n dinh ctia hé khong con dudge dam bao. Khi dé, néu diéu kien
(2.11c) dugc théa man thi hé suy bién duong i rac c6 xung on dinh. Do dé, viéc
dam bao khodng thoi gian giita cac xung lién tiép du 16n 1a quan trong trong viéc

duy tri sy on dinh ctia 16p hé nay.

Nhan xét 2.1.7. Dieu kién (2.11a) trong Dinh 1y 2.1.5 phi tuyén véi cad A va a.
Tuy nhién, (2.11b) ¢6 thé duge viét lai 1a HA\; = a\;. Do d6, cac diéu kien (2.11a),
(2.11b) v& (2.11c) c6 thé dugc tinh toan bang lap trinh tuyén tinh nhu sau:

Budc 1. Cho truée cac ma tran E, A, Ag, H va tré h.

Budc 2. Chon céac tham s6 a € (0,1),0 € (0,1). Sau d6 giai (2.11a) va (2.11b) bang
LP dé tim duge A. Thé a,§ va A vao (2.11c), ta thu dugec —3 log, Ra.

Bude 3. Kiém tra diéu kien t,,, — t,,_1 > —% log, Ry, m € Z*. Néu diéu kien dugc
théa man thi he (2.1) on dinh mfi.

Xét mot truong hop dic biét ciia hé (2.1) duge cho béi

(

Xl(t—l—l) :Alxl(t)—FAlel(t—h),t?étm—1,
$xi(tm) = Hxy(ty —1),m € N*, (2.39)

x1(s) =m(s),s € [=h, 0].

\
Xuat phat tit Dinh 1y 2.1.5, ta c¢6 duge hé qua sau

Hé qua 2.1.8. Gid st ton tai so a € (0,1), § € (0,1) va A € R’} sao cho cdc rang

buodc sau day dugc thoa man

(—al, + A1+ a™"Ag) A <0, (2.40a)
e~

Rg:ath—?n,i:l,...,r, (2.40b)
j=1 ’

log, Ry, (2.40c)
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trong do Ry = maxj<i<, {RS\} Khi dé, véi khodng thoi gian duy tri toi thiéu T
(tic la, day thoi gian zung théa man inf,, {t,, — t,m,—1} > %, m € N*), hé (2.39) la

mot hé duong co xung va on dinh ma. Hon nita,
Ixa (@) < Il I a2 ¢ > 0.

Ching minh. Ta xét he (2.1) v6i Asg, As, Ag,, Ads, Ag, 1& cdc ma tran khong va
Ay = —1I, . Khi d6 x3(t) = 0,t > 0. Theo két qua ctia Dinh 1y 2.1.5, hé qué dugc
chiing minh. O
Nhan xét 2.1.9. Xét hé roi rac c¢6 dang

(

x(t+1) = Ax(t)+ Agzx(t —h), t £ty — 1,
§71(tm) = Hxi(tm —1),t €N, (2.41)
x(s) =n(s),se€ {—-h,—h+1,---, 0}.

\
Heé (2.41) trong trusng hop khong c6 xung da duge X. Liu, W, Yu va L. Wang
nghién citu [50]. Trong cong bd nay, cac tac gid chi ra rang he duong (2.41) khi

khong c¢6 xung 6n dinh néu ton tai mot véc to A = 0, théa man
(—]+A+Ad))\ < 0.

Két qua ctia chung toi da lan dau tién chiing minh rang, khi xuat hién cac xung,
néu (—al + A+ a_hAd) A <0, a € (0,1) thi ngoai cac diéu kién trong [50], he

van duy tri on dinh néu khodng thdi gian gitta cdc xung théa man

inf {tp — tm_1} > T,m € N*.

2.2 Tinh 6n dinh héa dudc dang mii cho hé suy bién duong

rdi rac c6 xung vdéi tré theo thoi gian

Xét he diéu khién sau

(

Ex(t+1) = Ax(t)+ Agxe(t — h) + Bu(t), t # t, — 1,
%1 (t) — Hxy(ty —1),t €N, (2.42)

z(s) =n(s),s € {—h,—h+1,---, 0},

\
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trong d6 vecto trang thai z(-) := (x1(+), xa2(+)), v6i x1(t) € R” va x5(t) € R"",
diéu khién dau vao u(t) € RP. Véi ham diéu khién phan hoi trang thai

u(t) = Kz(t), (2.43)
he (2.42) duge dua vé he dong sau
(

FEx(t+1) =(A+ BK)z(t)+ Agz(t — h), t #t,, — 1,

Q x1(tm) = Hxy(ty, —1),t €N, (2.44)
l’(S) :77(5>75€{—h7—h+17"'7 O}

\
Trong phan tiép theo, chiing toi thiét ké ham diéu khién phan hoi trang thai (2.43)
dé hée déng (2.44) 6n dinh mil.

Dinh 1y 2.2.1. Gid s ton tai hang s6 o € (0,1),0 € (0,1), A € R}, k; € RP,

j=1,2,...,n sao cho cdc dieu kién sau day duoc théa man
(At L= E)y A+ (B) k>0, i,j=12,...,n, (2.45a)
(—aE+A+a"A) A+ B> ki <0, (2.45b)
i=1
R"—lih“)\j>1'e,] (2.45¢)
)\_a. Zj)\i » 0 1,7 A4oc¢
7=1
1
T> —glogaR,\, (2.45d)

trong do Ry = maxj<<, {Rf\} Khi dé, vdi thoi gian duy tri toi thiéu T (tic la day
thoi gian zung théa man inf, {t, —tm_1} > T, m € N*), he dong (2.44) on dinh

ma. Hon nta, ma tran phdn hoi trang thdi duge zdc dinh bdi

ki ko k,
K— |2 el
Lq A2 An]

Chatng minh. Véi ham diéu khién u(t) = Kz (t), he (2.42) dua vé hé déng sau
(
Ex(t+1) =(A+ BK)x(t) + Agze(t — h), t #t,, — 1,
Q x1 () = Hxy(ty — 1),t € N, (2.46)
x(s) =n(s),se {-h,—h+1,---, 0}

\
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Vi >0v6imoij=12,...,n,taco
(A+ L= E)y A+ (B) k>0, i,j=12,...,n

Suy ra (A+ 1, — E)(i,j) + (B)ZT% >0, 4,7 =12,...,n. Tu do, ta thu dugc

A+1,—E+BK = 0.Dodo, A+ BK + I, — E + 0. Dat

& kiky Ky
> ki = [—1—2---—1 A=K (2.47)
Ta nhan dugce két qua sau tir dieu kién (2.45b) va (2.47)

(—eE+A+aA) A+ BY ki=(—aE+A+a"Ag) A\ + BK)
i=1 (2.48)

=(—aE+ (A+ BK)+a "A)) A < 0.
Tit céc két qui (2.45d), (2.45¢), (2.46), (2.48) va Dinh Iy 2.1.5, Dinh ly 2.2.1 dugc

chiing minh. ]

2.3 Vi du minh hoa

Tiép theo, chiing toi trinh bay mot s6 vi du nham minh hoa tinh hiéu qua cta

cac két qua dat duoc.

Vi du 2.3.1. Xét he (2.1) véi

100 0.15 02 0 0.2 0.1 0 L os
E=1010|,4=101 02 0 |.,4;=101 02 0 ,HL 0'2],

00 0 0.15 0.2 —0.7 1.0 2.0 0 '
va h = 2.

Cac ma tran Ag := A+ I3 — E, Ay va H khong am. Chon o = 0.8 va § = 0.99,
ta kiém tra dugc cic diéu kien (2.11a), (2.11b) va (2.11¢) ding véi A = [11 10 76]7.

Tinh toan duge R} = £ > 1, R =2 > 1va R, = £ > 1. Ap dung Dinh Iy
2.1.5, Vi by — tme1 > T > —3log, Ry ~ 3.963,m € N* nén he (2.1) én dinh mi.

Trong két qua mo phong, ta xét diéu kien dau lan(s) = (456)7, s € {—2,—1,0}.
Khi hé khong c6 xung, he on dinh va qui dao trang thai x1(¢), x2(t), x3(t) dugc thé
hién trong Hinh 2.1. Truong hop c¢6 xung véi khoang thoi gian duy tri ¢, —t,,_1 = 4
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duge minh hoa ¢ Hinh 2.2, trong d6 céc trang thai déu hoi tu vé diém can bing,
phit hop véi diéu kién on dinh duge dang mi da chiing minh trong Dinh 1y 2.1.5.
Ngugc lai, khi khodng thoi gian duy tri gidm xudng con ¢, — t,,—1 = 2 (Hinh 2.3),
cac trang thai ting dan theo thoi gian, cho thay hé mat 6n dinh.

4 T T T T T

>< . mmﬁmm. ............ . . .

-10 0 10 20 30 40 50 60

6 T T T T T T

R

-10 0 10 20 30 40 50 60

T T T T T T
20 1

1 I

-10 0 10 20 30 40 50 60

Hinh 2.1: Quy dao cta trang thai z(¢) trong Vi du 2.3.1 khi khong c6 xung.

Vi du 2.3.2. Dé so sanh két qua trong He qua 2.1.8 v6i két qua trong [87], chiing
ta mot vi du nhu sau
r(t+1) =ia(t)+ izt —2),t>0,t #t, —

(2.49)
z(tn)  =2x(t,—1),m e N

véi z(-) € R.

Theo Dinh 1y 2 trong [87], néu min{t,, — t,;,—1,m € N*} > 7 thi nghiém cta
(2.49) on dinh mii. Mat khac, d& dang kiém tra cac diéu kién (2.40a)-(2.40b) trong
(2.1.8) thoa man véi o = 0.78, § = 0.99, A = 222 Ap dung He qua 2.1.8, ta tim

5566 °
duge min{t,, — tp,—1,m € N*} > 228 khi d6 nghiém ctia (2.49) 6n dinh mi.
Diéu nay cho thay rang trong truong hop 2503458 < min{t,, —ty-1,m € N} <7,

Dinh 1y 2 trong [87] khong dua ra dugc két luan vé tinh 6n dinh ctia hée (2.49). Dé
mo phong ta xét dieu kien dau 1a z(—2) = 1,2(—1) = 0,2(0) = 1. Hinh 2.4 chi ra
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i (_)1;) Jmm{UjhﬂIT?TJOT??Th9?93.()9?,..,...4.0..... e s
) z k l‘]MMTTT[Twﬂr»meT...w...«......... cbesssse
10 0 10 20 t 30 40 50 60
xw:o Nl mWTT]TTﬂrzrorT«??T?,,310,..»...,.4.0.........5.0.--.- "

Hinh 2.2: Quy dao clia trang thai z(t) trong Vi du 2.3.1 khi t,, — t;—1 = 4.

’ 5;;) rasasas .-..1.0.....m.;Omr»mgoﬂ?TTTTTTL‘TOTIWNhjjmmL
: 10:1;) snsesases ..1.0.-.9.9.9.Zfoof.?oMvSTO?T?T?T?TLLTITIThhjjhhHLO
: 20;:0 --6.........1.0.».9.«.9.210m‘m9T93TJT$TTT?WJITMhhjjhh‘[‘L

Hinh 2.3: Quy dao cla trang thai x(¢) trong Vi du 2.3.1 khi ¢, — typ—1 = 2.
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1

0.9
0.8
0.7
0.6
= o5
0.4
0.3

0.2

Sl mﬁﬁom .

-10 o 20 30 40 50 60
t

Hinh 2.4: Quy dao cla trang thai x(¢) trong Vi du 2.3.2 khi khong c6 xung.

1

0.9
0.8
0.7
0.6
= 0.5
0.4
0.3

0.2

[ m hﬂm%TT%TTIMTTY?T?.,T,..B-.,. .

-10 o 10 20 30 4 50 60
t

Hinh 2.5: Quy dao clia trang thai x(¢) trong Vi du 2.3.2 khi t,,, — typ—1 = 4.

quy dao trang thai khi khong c6 xung. Trong khi d6, hinh 2.5 md ta quy dao trang
thai khi c6 xung va xung dé théa man t,, — t,,—1 = 4, cic trang thai déu tién dan
vé diém can bing, phit hop véi tieu chuan on dinh duge dang mii da duge ching

minh trong Hé qua 2.1.8.

Vi du 2.3.3. Xét hé phuong trinh vi phan suy bién (2.42), véi

100 3/25 1/10 —1/10 1/5 1/10 0
E=]1010|, A=1|1/10 -1/10 1/10 |,Aq= | 1/10 1/10 0O |,
000 1/10 0 —4 3/20 1/10 0
11/100 1/5
/ / 1/5 1
B=1 1/5 1/10 |,H= :
1 1/10
0 —1/10

V6i a = 0.9 va 6 = 0.8, gidi cac dieu kien (2.45a)-(2.45¢), ta tim dugc

1 1 1 1 1

ki = (ﬁ? %)7 ko = (E?O)a 3= (ﬁ? m)v
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3 3 3
A=(=, —, — ), Rl=12>1,R*=11>1,R\=12> 1.
(30" 30 2000 % T A
= 10000 - | | ( H
=< 5000 g
o . . N -.oon???TTTTTTNHHH
-10 0 10 20 30 40 50 60
t
_ 10000~ Y Y Y -
<" 5000 i
0 . . . . ---oco?????TTTTTTTTTIHH
-10 0 10 20 30 40 50 60
t
5 x10% ' '
o . . . -.ou"???TTTTTTHNH{H
-10 0 10 20 30 40 50 60

2
= 1t .
>
o mm.... . . . .
-10 0 10 20 30 40 50 60
t
4
ef 1
>
. Meotenns . . . .
-10 0 10 20 30 40 50 60
t
10 B
sl m .
. | P A A A
-10 0 10 20 30 40 50 60

Hinh 2.7: Quy dao clia trang thai x(¢) trong Vi du 2.3.3 khi ¢,,, — typ—1 = 3.

Thuc hién tinh toan, ta thu dugc

131/5671 13/500  1/625
A+ BK+ 13— FE={19/1000 1/200 9/2000
13/1000 0 939/1000

7Ad:

1/5 1/10 0
1/10 1/10 0
3/20 1/10 0
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1/15 2/3 2/3

2/15 0 2/3
tm — tm—1 > T > —3log, Ry &~ 2.1631,m € N*. Theo Dinh 1y 2.2.1 thi he déng

la cac ma tran khong am va K = l ] Vi vay cac khoang céach

duong va on dinh mi.

Dé mo phéng ta xét diéu kien dau 1a n(s) = (2 4 6)7, s € {-2,—1,0}. Hinh
2.6 biéu dién sy bién thién clia cAc thanh phan trang thai z(¢), xo(t), r3(t) trong
truong hop day xung thoa man t¢,, —t,,_1 = 1; khi d6 cac trang thai tang khong bi
chin theo thoi gian, phan dnh tinh méat on dinh ctia hé. Ngugc lai, Hinh 2.7 minh
hoa quy dao trang thai ing véi day xung c¢6 khoang thoi gian duy tri ¢, —t,,—1 = 3,
trong dé cac trang thai déu hoi tu vé diém can bang, hoan toan phit hgp véi didu

kien 6n dinh héa duge dang mii da dude ching minh & Dinh 1y 2.2.1.

Vi du 2.3.4. Xét hé suy bién co tré va xung (2.42), vdi

0.9 0.2 0.05 0.00 0.5
, Ag = , B= ,H:[l.@.
0.4 —0.7 0.10 0.00 0.5

V6i a = 0.8 va d = 0.8, gidi cac dieu kien (2.45a)-(2.45¢), ta tim dugc

10
01

E = A=

Y

ki =—08, ky=-04, A=(1,1),Ry=1375> 1.

e . -..,,,,,mmnmrmﬂﬁm[HHH:

-10 0 10 20 30 40 50 60
t

7 R .....,,,,,,mmmrmTWWHH[WHA

-10 0 10 20 30 40 50 60
t

Hinh 2.8: Quy dao clia z(t) ctia hé md trong Vi du 2.3.4 khi t,, — t—1 = 3.

0.5 0
0 0.1

Thuyc hién tinh toan, ta thu dusc A+ BK + 1, — F = , Ay la cac ma
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-10 0 10 20 30 40 50 60

Hinh 2.9: Quy dao clia z(t) ctia hé dong trong Vi du 2.3.4 khi t,, — tm—1 = 3.

tran khong am va K = [—(}8 —04] . Vi vay, cac khoang cach

1 1 In(1.375)

b — b1 > T > —<log, Ry = —— - 219 1 78 m e 2+,
e Bt RS P () "

J

Theo Dinh 1y 2.2.1 thi hé déng duong va 6n dinh mil.

Dé mo phéng ta xét dieu kien dau la n(s) = (11 1)T, s € {-2,—1,0}. Hinh 2.8
biéu dién sit bién thién ctia cac thanh phan trang théi x1(t), 22(t) ctia hé mé (khi
chuta ¢6 bo diéu khién) trong trudng hop diy xung théa méan t,, —t,,_; = 3; khi
do6 céac trang thai tang khong bi chan theo thsi gian, phan dnh tinh mat én dinh
cua hé. Ngugc lai, Hinh 2.9 minh hoa quy dao trang thai ctia hé déng tng véi day
xung c¢6 khodng thoi gian duy tri ¢, — t_1 = 3, trong d6 céc trang thai déu hoi
tu vé diém can bang, hoan toan phit hgp véi diéu kién on dinh héa duge dang mi
da dugce ching minh & Dinh 1y 2.2.1. Hé déng vé6i u(t) = Kz(t), K = [-0.8 —0.4]
on dinh mil v6i khodng céach gitta cac xung bing 3. Diéu da khing dinh mot cach
manh mé rang bo diéu khién dude dé xuat cé hiéu qua cao trong viéc on dinh hoa

hé thong.
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Két luan Chuong 2

Chuong 2 tap trung vao viéc nghién cttu tinh 6n dinh va on dinh héa dude dang
mil cho 16p hé phuong trinh vi phan suy bién duong rdi rac ¢6 xung va tré véi dao

ham bac nguyen. Két qua dat duge nhu sau:

e Bing cach 4p dung phuong phap quy nap va khai thac cac ki thuat bién doi
ma tran, ching toi thiét lap duge mot diéu kien du dé dam bao tinh én dinh

mil clia hé suy bién duong rdi rac c6 xung véi tré hing.

e Chung toi da xay dung mot ham diéu khién phu thudc trang thai nham dam
bao tinh 6n dinh mi cho hé suy bién duong rdi rac cé xung va tré theo thoi

gian. Nhitng két qua nay la mdi va chua ting dugc cong bo trude day.

e Dua ra vi du s6 v6i mé phéng dé theé hien tinh hiéu qua ctia phuong phap da

de xuat.

Trong két qua nghien ciu ciia ching toi, tinh 6n dinh ctia hé suy bién duong
r0i rac c6 xung dugc xem xét trong truong hgp hé v6i dao ham bac nguyén va co
tré hang. Bai toan nghién ctu tinh on dinh va 6n dinh héa dude dang mii cho 16p
hé phan thit suy bién duong roi rac c6 xung vdéi tré bién thién va 16p hé phtic hop
suy bién c6 lien két trong véi tré bién thién 14 nhitng chi dé hay va kho doi hoi
nhitng ky thuat phtc tap va cac cong cu toan hoc méi. Day la nhiing bai toan mé

can dugde nghién cttu trong thoi gian tdi.
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Chuong 3

Tinh tiéu hao héa trong thdoi gian hitu han cho
16p hé phuong trinh vi phan phan thi suy bién
thoa man diéu kién Lipschitz mot phia

Bai toan tiéu hao cho hé phuong trinh vi phan suy bién véi dao ham bac nguyén
va dao ham bac phan thit 1a chtt dé thu hiat sy cha ¥ ctia nhiéu nha nghién ctu
19, 28, 32]. Trong chuong nay, chiing toi thiét ké ham diéu khién cho bai toan tiéu
hao héa trong thoi gian hitu han cho 16p hé phan thit suy bién théa man diéu kién
Lipschitz mot phia. Noi dung trong chuong nay dudge xay dung tit cac két qua da
dugce trinh bay trong bai bao s6 (CT2) trong danh muc cac cong trinh khoa hoc

clia tac gia lien quan dén luan an.

3.1 Phat biéu bai toan vA moét sd dinh nghia
Xét he phan thi Caputo suy bién théa man diéu kién Lipschitz mot phia sau

(ECDex(t) = [A+AA@D](t) + [D + AD(E)]w(t)
LF(t,2(8)) + Bu(t),t > 0,
2(t) = [C+ AC(t)]x(t) + Ww(t),t >0,

z(0) = 0,

trong d6 « € (0, 1) la bac phan thi cia he, z(t) € R™ la véc to trang thai, u(t) € R™
la véc to didu khién dau vao, w(t) € R? la nhidu dau vao cho trude, z(t) € RP
la véc to dau ra, xy la diéu kién ban dau. A € R™™ B ¢ R™™ C ¢ RP*",
D € R W € RP*I vy B € R™™ 1a cac ma tran hang s6 da biét. Ma tran
E € R™™ suy bién véi rank(E) = r < n. AA(t), AC(t), AD(t) 1a cac ma tran thyc
thay doi theo thoi gian théa man
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AA() = MyFo(t)N,, AC(H) = MF.(t)Ne, AD(t) = MyFay(t)Na,  (3.2)

trong d6 M, Ny, M., N., My, N4 cac ma tran hang s6 da biét va F,(t), F.(t), Fa(t)

13 cac ma tran thuc vé6i s6 chieu thich hop théa man
FEOFa(t) < I, FE(4)Fu(t) < I, FY)Fa(t) < I, Vt > 0.
Gia thiét 3.1.1. Nhiéu w(.) € L*([0,00),RY) théa man dicu kién sau

3d > 0 : supw’ (H)w(t) < d.
>0

Ham phi tuyén F(t,z(t)) = Af(t, z(t))+ f(¢t, 2(t)), trong d6 Af(¢, z(t)) 1a thanh
phan phi tuyén chua biét. f(¢,z(t)) théa man f(¢,0) = 0 va cac gid thiét sau.

Gia thiét 3.1.2. (Xem [3]) Ham f(t,z(t)) théa man diéu kién Lipschitz mot phia

vdi x(t) trong tap D, tic la ton tai sé thic p € R théa man

(f(t 21 (1) = ftwa(t), 21(t) — 22(8)) < pllai () — 22()]1%,
Vay(t), zo(t) € D. S6 thuc p duge goi la hang so Lipschitz mot phia.
Gia thiét 3.1.3. (Xem [3]) f(¢,2(t)) théa man diéu kién bi chin bic hai vdi x(t),
tiéc la ton tai cdc hang so u,v € R théa man
1F(t 21 (8) — ft 22 ))]® Splar(t) — 2a(t), f(E21(t) = f(E,22(2)))
+ vl (t) — 221,
vdi moi x1(t), x2(t) € D.

Gia thiét 3.1.4. Af(t,z(t)) théa man diéu kiéen
[Af(E z@)] < hllz@)]l, V2(t) €D,

trong do h > 0 cho trudc.

Nhan xét 3.1.5. Diéu kién Lipschitz mot phia yéu hon so vé6i dieu kien Lipschitz.
Tuy nhién, diéu kien Lipschitz mot phia c6 hai wu diém so vé6i diéu kién Lipschitz
truyen théng. Dau tien 1a hing s6 Lipschitz mot phia cé thé 1a s6 thuc bat ky trong
khi hiing s6 Lipschitz phai duong. Mot wu diém khéc 13 hing sé Lipschitz mot phia
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c6 thé nhé hon nhiéu so v6i hiang s6 Lipschitz [3]. Néu mot ham 14 Lipschitz, thi
n6 théa man ca dieu kién Lipschitz mot phia va diéu kién bi chan bac hai. Nhung
diéu ngugc lai thi khong ding [3]. Vi vay, 16p hé phi tuyén duge xem xét ¢ day 1a
tong quat hon so v6i hé phi tuyén Lipschitz co dién.

Mac du diéu kién Lipschitz mot phia déng vai tro quan trong trong viéc phan
tich 6n dinh thong qua phuong phap ham Lyapunov, tuy nhién dicu kién nay cé
thé khong du dé danh gia ||f(t,z1(t)) — f(t,22(¢))||. Dé khic phuc han ché nay,
diéu kien bi chin trong bac hai thuong dude xem xét bd sung cling véi didu kien
Lipschitz mot phia, dac biét v6i bai toan thiét ké dieu khién khi st dung tiép can

bat ddng thiic ma tran tuyén tinh.
Khi khong c6 tac dong ctia véc to didu khién dau vao thi he (3.1) trd thanh
(
E§Dx(t) = [A+AA®)z(t) + [D + AD®#)]w(t) + F(t,z(t)),t > 0,

(0 —[C+ ACHa(t) + Wes(t), = 0, (33)
x(0) = Ip.

Khi ving mat véc to dau ra, he (3.3) dua vé he sau

E§Dx(t) =[A+AA®)z(t) + [D + AD®#)]w(t) + F(t,z(t)),t > 0, (3.4)
z(0) = .

Dinh nghia 3.1.6. (Xem [61]). Hé phuong trinh vi phan (3.4) dugc goi la
i) Chinh quy néu ton tai s € C sao cho da thiic det(sE — (A+ AA(t))) khong dong

nhéat bang 0. Khi d6 cip ma tran (E, A) duge goi 1a chinh quy.

ii) Khong c6 xung néu ton tai s € C sao cho
deg(det(sE — (A+ AA(t)))) = rank(E).

Mé rong tinh bi chan trong thoi gian hitu han ddi v6i hé phuong trinh vi phan
phan thit [55] va tinh FTDC ctia hé phuong trinh vi phan suy bién bac nguyén

[19], ching toi dua ra dinh nghia sau.

Dinh nghia 3.1.7. Gia st ci, o, Ty la céc s6 duong cho trude véi ¢ < cp va R
12 mot ma tran doi xing x4c dinh duong. He (3.4) duge goi 1a bi chan trong thoi

gian hitu han theo bo (c¢1, ¢, T, R, d) néu he d6 la chinh quy, khong c¢6 xung va
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thoa man bat dang thic sau
e ETRExy < ¢1 = 2T () ETREx(t) < 9, ¥t € [0, TY]. (3.5)

Nhan xét 3.1.8. Trong truong hgp E la ma tran don vi, dinh nghia tinh bi chin
trong thoi gian hitu han theo bo (c1,co, Tf, R,d) ctia hé phan thi suy bién cia
Dinh nghia 3.1.7 tré thanh dinh nghia ctia tinh bi chan trong thoi gian hitu han
cho hé phan thit ctia Dinh nghia 1.4.7. Tuy nhién, dé dam bdo md rong ap dung
dugc cho hé phan thit suy bién, ching to6i can thém ma tran £ vao biéu thitc dieu
kien. Dieu nay xuat phat tit han ché ctia k§ thuat hién tai, khi ma viéc giai quyét

bai toan ma khong c¢é su bo sung nay ching t6i van chua giai quyét duge.

Dinh nghia 3.1.9. Gia st ¢, ¢, T} la cac s6 duong cho trude véi ¢ < cp va R
12 mot ma tran doi xing xac dinh duong. He (3.3) duge goi 1a (Z,U, S)-tiéu hao
trong thoi gian hitu han theo bo (¢, ¢, Ty, R, d) néu hai diéu kién sau duge thoa
man

(i) He (3.4) bi chén trong thoi gian hitu han theo bo (c1, ¢, Ty, R, d).

(1) Xét he (3.3) vé6i dieu kien dau bang 0, 3y > 0 théa man rang budc sau

ty ty
/ 22T () Uw(t) + 27 (1) Z2(t) + wT (t)Sw(t))dt > ’y/ wT (t)w(t)dt,

0 0
trong d6 Vit € [0,Ty] va bat ky véc to nhiéu w(t) khac 0 théa man Gia thiét 3.1.1,
U 1a mot ma tran thue, Z, S 1a cdc ma tran doéi xing thuc véi Z < 0 cho truée.

Hé déng nhan duge v6i ham diéu khién u(t) = Kx(t) 1a
(
E§Dx(t) =[A+ BK + AA®)]x(t) + [D + AD(t)]w(t)
+F(t,xz(t)),t >0,

z(t) = [C+ AC(t)]x(t) + Ww(t),t > 0,

x(0) = .

Trong trudng hop khong cé véc to dau ra, hé dong (3.6) duge dua ve

.

ESDfx(t) =[A+ BE + AA®)]x(t) + [D + AD(t)]w(t)
< FF(t,2(t),t > 0, (3.7)

x(0) = Xo.
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3.2 Tinh bi chan trong thdi gian hitu han ciia hé phuong trinh
vi phan phan th suy bién théa man diéu kién Lipschitz

mot phia

Trong phan nay, ching toi thiét lap mot ham diéu khién phu thuoc véc to trang

thai dé ddm bao he (3.7) bi chin trong thoi gian hitu han.

Dinh 1y 3.2.1. Gid st rang cic Gid thiét 3.1.1-3.1.4 dugc théa man. Cho trudc
c1, ¢, Ty la cac s0 duong vdi 1 < co va R la mot ma tran doi zing xdc dinh duong.
He (3.7) bi chan trong thoi gian hiu han theo bo (c1, ¢, Tr, R, d) néu ton tai cdc
50 duong €1, €,€,0,0,0, 3, mot ma tran X € R™"™ d6i ming zdc dinh duong, mot
ma tran Q € R™ ™ khong suy bién, mot ma tran F € R™*™ khong suy bién va mot

ma tran L € R™*"™ thoa man cdic diew kién sau

ET'Q=Q"E >0, (3.8a)
ETQ = ETR*SR*E, (3.8b)
511 512 QTD E14 QTMa QTMd QT
x  —2el 0 0 0 0 0
* * oNINy—BI 0 0 0 0
% « Zu 0 0 0 | <0, (3.8¢)
* * * * —01 0 0
* * * * * —ol 0
| * * % * * 0 —5[_
Acr + B—Ta < AoCo (38d>
Tla+1) 7 ’

trong do

21 = ATQ+ QA+ L"BT + BL 4 0h*I + 0NN, + 2(pey + e
Z12 = Q" + (e2p — 1)1,

Eu=¢Q"B—BF)+ LT,

Sg = —€eF —eFT,

)\1 = )\max(z)7 )\2 = )\min<z)~

Ngoai ra, ham diéu khién phdn hoi trang thdi duoc xdc dinh bdi u(t) = F~'La(t).
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Chiing minh. Ching ta xay dung ham Lyapunov sau
V(x(t) = 2" () BT Qu(t),

trong d6 ma tran @ théa man diéu kien (3.8a). Ap dung B6 dé 1.7.4, tinh dao ham
a-Caputo ctia V(z(t)) doc theo quy dao ctia hé (3.7) ta duge

6 DRV (x(t) < 227 ()BT Q§ D' (t)
= 20T ()QT[(A + BK)x(t) + AA(t)x(t) + f(t, z(t))
+ Af(t,x(t)) + (D + AD(t))w(t)]
= 2T (H)QT (A + BEK)x(t) + 22T () QT AA(t)x(t)
+ 207 (1)QT f(t,x(t)) + 22T (QTAS (L, 2(1))
+ 227 () QT Dw(t) + 227 (1)QT AD(t)w(t).

(3.9)

V6i s6 duong 6, ap dung bat dang thitc Cauchy va Gia thiét 3.1.4, ta c6 dude udc

lugng sau

201 ()QTAf(t,x(t)) < 67 2 (1)Q" Qu(t) + SAT f(t,x(t)) Af (¢, (1))

(3.10)
sl (H)QTQu(t) + sh?xT (t)x(t).

IA

Ap dung bét déng thitc ma tran Cauchy ciing véi diéu kien (3.2), ta thu dugc

207 ()QT AA()x(t) = 227 (1) QT My Fu(t) Now(t)
< 02T ()QT M MTQu(t)
+ 02T (1) Ny Fy (8)Fa(t)Naa (1)
< 0~'2"(1)Q" My M Qu(t) + 0™ (t)NJ Nox(t),

(3.11)

T (QTAD(t)w(t) = 227 (1)QT MyF,(t)Nyw(t)
(3.12)
< o LT ()QT MyMTQux(t) + ow” (t)NT Nyw(t).

Cong (3.10)-(3.12) vao (3.9), ta nhan duge danh gia sau

+22 ()Q f(t,2(t)) + 07 2" (1)Q" MM, Qu(t)
+ 02T () NI N,z (t) + 227 (1) QT Dw(t)
+ o 2T () QT MyMT Qu(t) + ow™ (H) NF Nyw(t).

6 DV (x(t)) < 227 (1)QT(A + BK)a(t) + 27 (t)(67'QTQ + 6h*I)x(t)

(3.13)
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Trong Gié thiét 3.1.2 va 3.1.3, dat x1(¢t) = z(t), z2(t) = 0. Vi moi s6 duong ey, €,
ta nhan ducc
2pera’ (H)z(t) — 26y fT (¢, z(t))z(t) > 0, (3.14)
ez’ () (t) + 2eaua™ (1) f(t, 2(t)) — 2ea T (t, x(t)) f(t, z(t)) > 0. (3.15)

Két hop (3.13), (3.14) va (3.15), ta suy ra dugc

6 DYV (x(t) — Bw’ (Hw(t) < &(1)TOE(®), (3.16)
trong do
O Zi2 QTD
EOT = 2T@) [Tt a(t) WT@)].0=| x —2el 0 :

* * oNFNy — BI

01, = (A+BK)'Q+ QT(A+ BK) +6'QTQ + 0r*I + ' Q" M, M Q
+ONIN, + o0 'Q " MyMIQ + 2(pey + o)1
Dat K = F~'L, v6i F ma tran khong suy bién va L 1a ma tran c6 sé chiéu thich

hop. Vi vay
Q"BK = (Q"B—- BF)F'L + BL.

Ma tran © c6 thé bic¢u dién duéi dang

O Eio QTD Q"B — BF
O=| x —2eI 0 + sym 0 Pt [L 0 0} :
x % oNTN,—BI 0

0 =ATQ+QTA+5'QTQ + 5h*T +607'QT" M, MTQ + 0NN,
+ o0 QT MyMIQ + 2(pey + exv)I + L' BT + BL.

Ap dung B6 dé 1.7.5, trong d6

O o QTD Q"B — BF
F=|x —2el 0 , H = 0 :
* x  oNI'N;— Bl 0

Z:FI{L 0 O],V:F,
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diéu kién © < 0 duge ddm bao bdi dieu kién sau

F eH+Z'vT
< 0.
x —eV —eVT
Diéu d6 c6 nghia la
O EZp Q"D Z14
x  —2e9l 0 0

< 0,
* * oNIN,—BI 0

* * * =44

voi 214 = e(QTB — BF) 4+ LT 24 = —eF — eF”T. Ap dung phan bu Schur va bét
dang thitc (3.8¢), ta c6 duge bat dang thic trén. Tir (3.16) ta nhan dugc

SDV (x(t)) — Bw? (H)w(t) < 0,V > 0. (3.17)

Phan con lai ciia chitng minh dugce chia thanh hai bude:
Buéc 1: Ching minh hé (3.7) chinh quy va khong c6 xung trong khoang [0, T%].
Ap dung b6 dé Schur cling véi didu kien © < 0, ta thu duoc

O = (A+ BK)T'Q+ QT(A+ BK) +6'QTQ + 0’1

(3.18)
+07'Q"MMIQ + ONIN, + 07 Q" MuM] Q + 2(per + eav)] < 0.

Udc lugng sau duge suy ra tit viee két hop (3.11) va (3.18)

O11 = (A+ BK + AA®)"Q + QT (A+ BK + AA(t) +67'QTQ + dh*I
+ 0'_1QTMdeTQ + 2<p€1 + 621/)] < 0.

Mat khac 6 1QTQ + 6h*I + o7 'QT MaMIQ + 2(pe1 + €av)] > 0 nén suy ra
(A+ BK +AA®#)'Q + QT (A+ BK + AA(t)) < 0. (3.19)

Vi E 13 mot ma tran suy bién véi rank(E) = r < n nén ton tai cac ma tran khong

I. 0
0 0|

suy bién H, P sao cho

HEP =
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Dat
Ay A
H(A+BK +AA@)P = |7 "% HTQP = Qu Q”]. (3.20)
A21 A22 QQl Q22
Ta nhan dugc cac danh gia sau tur (3.8a) va (3.20)
PTETQP = (PTETH"YHTQP) = (HEP)"(H TQP)
Iy 0] [Qn Quz2| [Qn Qu] >0 (3.21)
0 0] [Qa Q2 0o 0|
va
PTQTEP = (PTQTH Y HEP) = (H T'QP)'(HEP)
_ h 51] [Ir 0 _ [Q1T1 0 >0 (3.22)
?2 %FZ 0 0 Q{Q 0 a

Két hgp (3.8a), (3.21) va (3.22), ta duge Q11 = QT > 0,Q12 = 0. Do ma tran Q

khong suy bién nén

HTQP =

Q11 0]
Q21 Q22

ciing 14 ma tran khong suy bién. Nhan lan lugt vao bén trai ctia (3.19) véi PT va

bén phai cta (3.19) véi P, ta thu duge
PT((A+ BK + AA))'Q + QT (A+ BK + AA(t)))P < 0.

Do d6, PT(A+BK +AA(t)"THTHTQP+ PTQTH'H(A+ BK + AA(t))P <0

Al AL | Qu 0]+ 1 Qh| |Aun A ~0
Al, AL Qa1 Q 0 Ll Ao A

T do6, ta nhan duge uée lugng

<* . * . ) <0, (3.23)
* AQ22 + Q35 A2

trong d6 = bicu thi ma tran con khong lien quan dén két qua suy ra & day. Tit
(3.23), ta duge
A% Qa2 + Q35 A2 <0,
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do d6 Asy 1a ma tran kha nghich. Ap dung Dinh ly 1.3.7, ta dugc heé (3.7) chinh
quy va khong c¢6 xung.
Bué6c 2: Chiing minh rang hé déng (3.7) bi chan trong thoi gian hitu han theo
bo (c1,¢2, Ty, R, d).
Thuyec hién tich phan ¢ hai vé ctia (3.17) tt 0 dén ¢ (0 <t < TYy), ap dung Dinh
ly 1.1.15 v Gia thiét 3.1.1 ta thu dugc

2" () ETQx(t) < 27 (0)ETQx(0) + B (w <t>w >

(O)ETR2ZR2E3: F @ ) T (5)w(s)ds
(3.24)
< Amax(2)2T (0)ET RE2(0) + %/ (t —s)* ds
0
pd .,
S )\161 + mTf .

Mat khéc, ti (3.8b) véi t € [0, 7] ta co

T ETQx(t) = 2T (1) ETR2SR? Ex(t)
> A\uin(2)2” () ETREx () (3.25)
Moz (t)ETREx(t).

Ta thu dugc bat dang thiic sau tit két hop cac ude lugng (3.24) va (3.25)

eT(t)ETREx(t) < i(Alcl + bd

o mTJ%Y). (3.26)

T (3.8d) va (3.26), ta thu duge 27 (t)ETREx(t) < ca, Vt € [0, Ty]. Vi vay, diéu
kien (3.5) duge théoa man. Theo do, hé bi chin trong thoi gian hitu han theo bo
(Cl,CQ,Tf,R,d). []

3.3 Tinh tiéu hao héa trong thoi gian hitu han cia hé phan
thit suy bién thoa man diéu kién Lipschitz mot phia

Noi dung chinh ctia bai toan 13 thiét ké ham diéu khién phan hoi phu thudc véc
to trang thai u(t) = Kxz(t) sao cho hé déng (3.6) (Z, U, S)-tiéu hao trong thoi gian
hitu han theo bo (c1, 2, T¥, R, d).

Dinh 1y 3.3.1. Gid st rang cic Gid thiét 3.1.1-3.1.4 dugc théa man. Cho trudc
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c1,¢2, Ty vdi ey < co la cdc 50 duong va R la mot ma tran doi ming zdc dinh duong.
He dong (3.6) (Z,U,S)-tiéu hao trong thoi gian hitu han theo bo (c1,co, Ty, R, d)
néu ton tai cdc so thuc duong €1, €2, €, 3,9,0, 0, k,v, mot ma tran doi xing zdc dinh
duong ¥ € R™"™ mot ma tran khong suy bién Q € R™ ™, mot ma tran khong
suy bién F € R™ ™ mot ma tran L € R™" théa man (3.8a), (3.8b) va cdc dieu

kién sau
. Zi2 i3 Eu QTM, QTM; QT CTGT 0
x  —2el 0 0 0 0 0 0 0
* * 533 0 0 0 0 0 539
* * GV 0 0 0 0 0
* * x ok —0I 0 0 0 0 | <0, (3.27a)
* * * * * —ol 0 0 0
* * * * * * —yi 0 0
% * * * * % * -1  GM,
* * * * * * * * —rl
S—(y+8)I>0, (3.27Db)
Bd
A — T < A\ 3.27
101 + Tla+ 1) 7 < Aaca, ( c)
trong do

Al = Anax(2), A2 = Aain (D), Z = —=GTG,

En=ATQ+QTA+ L"BT + BL +6h*I + ONI'N, + i NI N, 4 2(pe1 + o)1,
S0 = QT + (2 — 1)1,

Eu=¢Q"B—-BF)+1L",

E3=QTD-cTzw - CTT,

Z33 = oNINg — WTZzWw —wTU — UTW — 51,

B39 = —(WTZT + UM,

Ey=—€eF —eFT,

Hon nita, diéu khién phdn hoi trang thdi duoc wdc dinh bdi u(t) = F~'La(t).
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Chatng minh. Ta chon ham Lyapunov giéong nhu Dinh ly 3.2.1. Dat

J = DoV (x(t)) — (QZT(t)Uw(t) + 270 Z2(t) + W (1)(S — vf)w(t)).
Ky hieu C = (C + AC(t)), khi d6 z(t) = Cz(t) + Ww(t). Vi vay, ta nhan dugc
J= DV (x(t)) — (sz(t)UTUw(t) + 20T (WU w(t)

+ 2T (4)C ZCx(t) + 22T ()T ZWw(t) (3.28)

+ T OWTZWw(t) + T (t)(S — 7[)w(t)> .

Tit (3.27b), ta thu duge w? (¢)(S — vw(t) > Bw! (t)w(t). Két hop véi (3.28),

ta co

J < SDoV(t) — <2xT(t>6TUw(t) + 2T (OWTUw(t) + 2T ()T ZC0x(t)
(3.29)
+ 27T ZWw(t) + T (OWT ZWw(t) + (1) ﬁw(t)> ,

Stt dung cac ky thuat chiitng minh tuong tu nhu trong Dinh 1y 3.2.1, ta duge danh
gia sau tur (3.29)
J < EN(DTE(), Yt > 0, (3.30)

trong do

Iy QT + (eapp —e1) Ty
IT = * —2621 0 3
* * E33
I, = (A+ BE)'Q+ QT (A+ BK) +6'QTQ + sh*I + 7' Q" M, M Q
FONTN, + 0 QTMuMTQ + 2(per + esv))] — T ZC,
My =Q'D—C 2W —C' U.
Diat K = F~'L v6i F' 1a mot ma tran khong suy bién, L 1a mot ma tran c6 chiéu
thich hop. Khi d6
Q'BK = (Q"B—- BF)F 'L+ BL.

Biéu dién ma tran IT nhu sau
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S I Q'B — BF
II=1] % —2e&l 0 + sym
* * 533
trong do

0

Pl [L 0 0},
0

Ap dung B dé 1.7.5 véi

Oy =ATQ +QTA+ L"BT + BL +67'QTQ + 0r*I + 07 'Q" M, M Q
+ONTN, + 01 QT MaMYQ + 2(per + exv)] — T ZT.
Oy =g g QB — BF

F=1] % —2&I 0 JH = 0

* * H33

Z=F [L 0 0] V=F
0
thi diéu kien IT < 0 duge théa man béi diéu kién sau

I3 =14
x  —2e0 0 0
* *

—_

< 0.
=33 O
*

*

* 0 Dyq
Vi —Z > 0 nén ton tai moét ma tran G ma —Z = GTG. Khi do,

(3.31)
M =ATQ + QA+ L"BY + BL +67'QTQ + 6h*I + 7' Q" M, MTQ

+ONIN, + o 'QT MgMIQ + 2(pey + ev)I + (GO)T'GC.
Ap dung B8 dé Schur, diéu kien (3.31) twong duong véi diéu kien sau

'y ZEp B Zu QTM, QTM,; Q7 c'ar
x —2el 0 0 0 0 0 0
* x =33 0 0 0 0 0
r_ * * X =y 0 0 0 0 <0, (3.32)
* * * * —01 0 0 0
* * * * * —ol 0 0
* * * * * * —01 0
* * * * * * * -1 |
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trong do

Iy =ATQ+QTA+ L"BT + BL 4 6h*T + ONI' N, + 2(pey + eov)1,
E=Q"D-T (ZW +U).

Ma tran I' duge biéu dién béi I' =T + T'a, v6i

Iy Zi Si3 Zu QTM, Q"My; QY CTGT
x —2el 0 0 0 0 0 0
* * 533 0 0 0 0 0
_ % * * = 0 0 0 0
T 44 7
% * * * —01 0 0 0
* * * * * —ol 0 0
* * * * * * — 0
* * * * * * * -1
(0 0 —ACTH(ZW +U) 0 0 0 0 ACT(#)GT
x 0 0 0 00O 0
* % 0 00 0O 0
%k * 0000 0
A =
%k * * 0 0 0 0
%k % * x 0 0 0
ok * * % x 0 0
* % * * %k ok 0
Dat
T
A= [o 0 —MI'(ZwW +U) 0 0 0 0 MIGT| ,
T
B:[Ncooooooo}.
Khi d6, (3.32) duge dua vé bat dang thiic ma tran
'+ AF.()B" + (AF.(t)B"T <. (3.33)

Ap dung BS dé 1.7.6, diéu kien (3.33) tuong duong véi bat déng thitc sau

T'+rx'AAT + kBBT <0. (3.34)
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Bat dang thitc (3.34) duge suy ra tit (3.27a) theo Bd dé phan bt Schur.
Két hop (3.27a) va (3.30), ta ¢

§DeV (x(t)) < (221 () Uw(t) + 27 (1) Z2(t) + W (1)(S — yDw(t)), ¥t € [0, Ty].
(3.35)
Trong truong hgp khong c6 vée to dau ra z(t), tit (3.27b) ta nhan duge (3.17).
Theo Dinh 1§ 3.2.1, hé (3.7) bi chan trong thoi gian hitu han theo bo (¢, ¢2, T, R, d).
Uéc lugng sau thu dugc ti tich phan hai vé ctia (3.35) tt 0 dén ¢y v6i 0 < tp < Ty

iy
Oltlf ng;(V(l’(tf))) < /0 22T (1) Uw(r) + 21 (1) Z2(1) + W (7)(S = vI)w(T))dr.
(3.36)
Ap dung Dinh 1y 1.1.4 va 1.1.15, ta ¢6

o1, 6 Df, (V(a(ty)) = oL TG DF (V(x(ty))
= oI, “(oIf, § D, (V(2(ty))))
= oI, “(V(a(ty)) — V(2(0)))

= oLy, “(V(a(ty)) — oIt *(V(2(0))).

Véi dieu kien ban dau bang 0, ta nhan duge danh gia sau

0TV 0) = mea [ =) OB Qu0)ar o
Mit khéc, vi
VT V() = ey [ =) () E Qalr)ir 2 0

nén oI;, Df (V(2(ty))) > 0. Két hop véi (3.36), ta duge ude luong sau
ty
/ 22T () Uw(t) + 27 (1) Z2(t) + w (£)(S — v )w(t))dt > 0.
0
Do d6 bat dang thic tich phan sau dugde suy ra véi Viy € [0, Ty]

/Of(2zT(t)Uw(t)+ZT(t)Zz(t)—l—wT(t)Sw(t))dt>fy/0fwT(t)w(t)dt.

Vay hé doéng (3.6) (Z,U, S)-tiéu hao ving trong thoi gian hitu han theo bo
(Cl,CQ,Tf,R,d). []
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Céc bat ding thitc (3.8a) va (3.8b) trong Dinh ly 3.3.1 khong dugce gidi mot
cach hieu qua bang LMI Control Toolbox trén MATLAB. Dinh 1y sau day dua ra
mot phép thé cac bién ma tran dé dua cac dicu kién trén vé cac bat dang thitc ma

tran tuyén tinh chit c6 thé gidi duge tren MATLAB.

Dinh 1y 3.3.2. Gid si rang cic Gid thiét 3.1.1-3.1.4 déu théa man. Cho ¢y, ¢, Ty, d
vdi c1 < ¢ la cde s6 duong va R la mot ma tran doi zing zdc dinh duong. Hé déng
(3.6) (Z,U,S)-tiéu hao trong thoi gian hiu han theo b (c1,co, T, R,d) néu ton
tai cdac s6 duong e, €€, 3,0,0,0,7,k,C, mot ma tran doi zing zdc dinh duong
R € R™"™ mot ma tran S € RU"%" mot ma tran khong suy bién F € R™™ yq

mot ma tran L € R™*™ thoa man cac dieu kién sau

R <R < (R, (3.37a)
Cer + %Tf‘ < o, (3.37b)
Iy T Ty T'w Iis T Tip CTGT 0
x —2e6l 0 0 0 0 0 0 0
* * I's3 0 0 0 0 0 I'39
* * x I'yqa O 0 0 0 0
* * x o« —0I 0 0 0 0 | <0, (3.37¢)
* * x % x —ol 0 0 0
* * x % * x  —0l 0 0
* * * * * * * -1  GM,
* * * * * * * * —kl

trong do

Iy =A"RE+EIS)+ (ETR+S"E)A+ L"BY + BL + 6n*1
+ONIN, + kNIN, + 2(pe; + eav)1,

Iy = (E"R+STE) + (e — 1)1,

Iy =(E"R+STE,)D - CTzw — CTU,

Ty=e¢E"™R+S"E\)B —eBF + L7,

T5 = (E"R+S"EL)M,,

6 = (E"R+S"EL) My,
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I'7=(E"R+S"EL),
I35 =oNIN, —WTZW —WTU —UTW — 81,
T3g = —(WTZT + U M.,
Ty = —eF —€eF7T,

Z = —GTG va B, € R 14 phan bu truc giao cia E théa man E|E = 0,
rank(E,) = n —r. Ngoai ra, ham diéu khién phdn hoi trang thdi duoc zdc dinh bdi
u(t) = F~'La(t).

Chiing minh. Vi diéu kien E7Q = QT E > 0 trong Dinh 1y 3.3.1 khong phai 1a bat
déng thiic tuyén tinh chat, nén ta ding phép doi bién sau dé chuyén né thanh LMI
chat [89],

Q=RE+E’S. (3.38)

Khi d6 diéu kién (3.8a) trong Dinh 1y 3.3.1 tuong duong v6i R > 0. V6i phép doi
bién (3.38), bat dang thiic (3.37c) kéo theo diéu kién (3.27a) trong Dinh ly 3.3.1.
Dit ¥ = R-2RR"2, két qua sau day duge chi ra

ETQ =Q"E = ETRE = ETR2Y.R2E.

Nhu vay, diéu kien (3.8b) dugc thoa man.
Tir (3.37a), ta suy ra dudc I < ¥ < ¢I. Do d6 A < ¢ vd Ay > 1. Ap dung
(3.37b), ta thu dugc két qué sau

A + TJ? < CCl + TJ?C < g < A\9Co.

I'a+1) ['a+1)

Vi vay, diéu kién (3.8d) duge ddm béo bdi cac dieu kien (3.37a) va (3.37b). Theo
Dinh 1y 3.3.1, hé dong (3.6) (Z,U, S)-tiéu hao trong thoi gian hitu han theo bo
(Cl,CQ,Tf,R,d). []

Nhan xét 3.3.3. Luu y rang cac diéu kien (3.8a) va (3.8b) trong Dinh 1y 3.3.1 1a
cac LMI khong chat. Viéc giai sé cac dieu kien dang thic kho thuc hién. Vi vay,
thong qua viéc thuc hién phép doi bién ching ta da thu dudc cac bat dang thic
chat. Cac dieéu kién chat nay trong Dinh 1y 3.3.2 da dudc gidi mot cach hieu qua
khi sit dung LMI Control Toolbox ciia MATLAB.

Nhan xét 3.3.4. V6i cong cu 1 Iy thuyét Lyapunov cting sy ho trg ciia ki thuat
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bat ding thic ma tran tuyén tinh, da cé nhiéu cong bd dang chi ¥ vé bai toan
tiéu hao cho cac loai hé phuong trinh vi phan v6i dao ham bac nguyén khac nhau
28, 36, 55, 56]. Theo sy hiéu biét cia chiing toi, chi ¢c6 mot s6 it cong bd nghién
cttu tinh tiéu hao cho céc hé phan thi [33, 34]. Phuong phéap gidi quyét xay dung
ham Lyapunov-Krasovskii cho cac hé phuong trinh vi phan bac nguyén khong thé
dé dang mé rong mot cach truc tiép dé ap dung cho cac hé phuong trinh vi phan
phan thit. Trong [34], D.T. Hong va cac cong su da thiét ké ham dic¢u khién phan
hoi dau ra cho bai toan tiéu hao ctia hé phan thit Caputo ¢6 nhiéu phi tuyén. Tuy
nhién, cac tac gid chua xem xét van dé hé phan thi suy bién. So v6i hé phuong
trinh vi phan phan thi thuong, viec phan tich va xay dung ham diéu khién cho hé
phan thtt suy bién phtic tap va thach thic hon. Trong chuong nay, ching toi da
giai duge bai toan tieu hao cho 16p hé dieéu khién phan thi suy bién théa man diéu
kién Lipschitz mot phia. Day 1a dong géop mdi, ¢6 ¥ nghia khoa hoc la mot trong

nhitng két qua dau tién vé hé phan thi suy bién.
Trong truong hop khong c¢6 thanh phan khong chic chan, he (3.1) duge dua vé
hé diéu khién phan thit suy bién sau
(
E§D¢x(t) = Ax(t) + Dw(t) + Bu(t),t > 0,
< 2(t) = Ca(t) + Wuw(t),t >0, (3.39)

Ex(0) = Fuxy.
\
Dwra vao Dinh 1y 3.3.2, ta thu dugc hé qua sau.

Hé qua 3.3.5. Gid su Gid thiét 3.1.1 duoc théa man. Cho cdc so thuc duong
c1,¢9,Tp,d vdi ¢y < ca va mot ma tran doi xing xdc dinh duong R. Hé déng (3.39)
(Z,U,S)-tiéu hao trong thoi gian hitu han theo bo (c1, ¢, T, R, d) néu ton tai cdc
50 duong €, 3,C,y, mot ma tran doi xitng wdc dinh duong R € R™™, mot ma
tran S € R(”_’")X“, mot ma tran khong suy bién F trong R™ ™ va mot ma tran

L € R™*™ thoa man cac dieu kién sau

R<R< (R,

pd
I(a+1)

S—(y+8)I >0,

¢er + TF < ca,



Uy Wi Uyg
* \IJ22 0 <O7

trong do

Uy = ATRE+ETS) + (E"R+STE\)A+L"B+ BL - CTZC,
Uy = (E"R+STE,)D - CcTzw — C'U,
U3 =e(B"R+S"E,)B —eBF + L,
Uoy = —WIZW —WTU - UTW — pI,
Uag = —eF — eF 7,
va E| € R)%" 14 phan ba truc giao cta ma tran E, ¢6 nghia la E|E = 0 vdi

rank(E ) = n—r. Hon thé nita, ham diéu khién phdn hoi trang thdi duoc zdc dinh
bdi u(t) = F~1La(t).

3.4 Vidu minh hoa
Tiép theo, hai vi du dugdc chiing toi dua ra dé minh hoa cho tinh hiéu qua cta
két qua trong Dinh 1y 3.3.2 va Hé qua 3.3.5.

Vi du 3.4.1. Xét hé diéu khién phan tht suy bién sau

(EEDYS2(t) = [A+ MFa(t)NaJ(t) + [D + MyFa(t) Nalwo(1)

| +f(t,2(t)) + Af (L, 2(t) + Bu(t), t > 0, (3.41)

2(t) — [C + M,F.()NJx(t) + Wew(t),t >0,

x(0) = 10,

trong d6 z(t) = (z1(t), 22(t))T € R% u(t) € R%, w(t) € R,
-3 0 ~15 0 0.1 0.1

Y B - Y 'D - Y Ma - Y
0 2 1 -5 0.4 0.1

0.1 :
N, = [0.1 0.5} , Fa(t) =sint, My = [0 5] , Ng = {1 , Fa(t) = cost,

10
00

E= A=

C= [o 1] M, = [—0.3 0.2] N, = [0.1} W= [0.5} | Ful(t) = sint,



(0]

F(t,2(t)) = [0'“;1“)

N [ i) ] -

z1(t)za(t)

Véi diéu khién u(t) = Kxz(t), he déng nhan dugce tir (3.41) 1a

(B §DI8x(t) = [A+ MyFa(t)Ny + BK|z(t) + [D 4+ MyFa(t) Nalw(t)

) +f(t,z(t) + Af(t x(t)),t >0, (3.42)

2(t) = [C + M F.()NJz(t) + Waw(t),t > 0,

z(0) = .

Chiing ta kiém tra dugc f(t, z(t)) dap ting cac diéu kién trong Gia thiét 3.1.2 va Gia
thiét 3.1.3 v6i cac hing s6 p =1, = 0,v = 1 trong tap D = {z € R? : ||z]| < 5}.
Ham phi tuyén Af(¢,z(t)) théa man Gia thiét 3.1.4 véi hing s6 h = 1. Cho trude

c1=1,c0=17R=

0
a-1m-w0- [ 2= [ [
0 1
Stt dung LMI Control Toolbox trong MATLAB, céc diéu kién ctia Dinh 1y 3.3.2
dugce théa man v6i €7 = 0.7454, e = 0.0882,¢ = 1,8 = 0.5023,0 = 4.0496,
0 = 4.0449,0 = 0.8417,~v = 0.2488, k = 4.0865, ( = 5.9192,

2.0942 —0.0865
—0.0865 2.8886

S = [0.0912 1.7755] ,

Y

—3.5282 2.9514

—3.6720 9.6760
—1.1638 1.4339

[ 3.4008 1.0265]

Theo Dinh 1y 3.3.2, hé déng (3.42) (Z, U, S)-tiéu hao viing trong thoi gian httu han
theo bo (1,1.7,10, R, 1) va diéu khién phan hoi trang thai

—0.2707 1.7863
u(t) = x(t), vt € [0, 10].
—2.6803 3.5081
Dé c6 két qua mo phéng, ching toi chon diéu kien dau zg = (—1,1)T € R? v&
nhiéu w(t) = sint. Hinh 3.1 biéu dién sy thay ddi theo thoi gian ctia 27 (t) ET REx(t)
cia hé md. Ro rang hé md khong bi chin trong thoi gian hitu han vi ching

khong thoa man diéu kién ctia Dinh nghia 3.1.7. Hinh 3.2 biéu dién quy dao cia
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T
= = =x(t)"E"REX()
45 Le=17 B

— 11

35— -

25— -

151 —
= [
ot s

05—

~
- -,
. -
N e e m s mEm s EEE e -
.~

— (1) 'ETREX(t)
- - =217

—1=1

06 —

04 i

02 —
L Il L L X(l)TETR E\X(O L L L Il

0 1 2 3 4 6 7 8 9 10

5
Time(sec)

Hinh 3.2: Quy dao ctia véc to 2(t)T ET REx(t) ctia he déng trong Vi du 3.4.1.

vT(t)ETREx(t) ctia he dong. Gia tri ctia 27 (¢)ET REx(t) bi gidi han ¢ miic nhd

hon ¢o = 1.7 v6i t € [0,10]. Khi d6, hé (3.42) bi chan trong thoi gian hitu han theo

Dinh nghia 3.1.7. Ta xay dung ham hiéu suat tiéu hao xac dinh béi

[T Uw() + 2T(1) Z2(t) + W' (1) Sw(t))dt
o T () (t)dt

y(t) = , Vt; € [0,10].

Hinh 3.3 bié¢u thi ham hiéu suat tieu hao v(¢) luon 16n hon v = 0.2488, c¢6 nghia
la diéu kién (ii) trong Dinh nghia 3.1.9 luon dang. T cac Hinh 3.2 va 3.3, dé dang
thay rang he dong (3.42) (Z, U, S)-tiéu hao vitng trong thoi gian hitu han theo bo
(1,1.7,10, R, 1) v v = 0.2488.

Vi du 3.4.2. Xét mo hinh bac phan thi cia mach dién sau véi nhiéu bi chan
(Xem [81])

(

E§{DY3x(t) = Az(t) + Dw(t) + Bu(t),t > 0,
q 2(t) = Cx(t) + Ww(t),t >0, (3.43)
Ex(0) = Fx,

\



1.8 T = — — L o4 =
1.6 [~ =
1.4 -

1.2 —

0.8 - -
0.6 — -

o.a - _ -

o.2 L L L
a 2 3 4 5 6 7 8 =} 10

Hinh 3.3: Quy dao ctia ham chi s6 tieu hao (t) trong Vi du 3.4.1.

trong do6 x(t) = (w1(t), 22(t), 23(t))T € R3 1a véc to trang thai, u(t) € R? 1a véc to
diéu khién, w(t) € R 1a nhiéu,

5 0 2 -1 0 =2 0.2 10
E=10 10 2|,A=]0 -1 =2|,D=102|,B=|0 1},
0 0 O 0 1 1 0.2 00

c=1lo 1 1], w=los|.
V6i diéu khién phan hoi trang thai u(t) = Kz(t), hé déng ctia (3.43) 1a

)
E§DY3x(t) =[A+ BK|x(t) + Dw(t), t >0,

< 2(t) = Ca(t) + Ww(t), t >0, (3.44)
\Em(O) = Fuxy.
100
Cho truéc c; =1,c0 =2,Ty=10,R= [0 1 0|,U = [2] 7 = [—1] va S = [2}
001

St dung LMI Control Toolbox trong MATLAB tinh toan dugc véi cac gia tri sau
e = 107.8063, 8 = 0.1295, ( = 1.4597,~v = 0.9352,

1.1091 —0.0018 0.0000
R = |[-0.0018 1.1837 0.0000| ,S = [2.4509 2.2822 —13.1856} )
0.0000  0.0000 1.2298

o [69120 —17193]  [-207470 83239 25731
1.4224 8.8078 | 89797 —33.5614 14.7879|
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Tu He qué 3.3.5, hé déng (3.44) (Z,U, S)-tieu hao trong thoi gian hitu han theo
bo (1,2,10, R, 1), diéu khién phan hoi trang thai
—4.3807 0.2465 0.7593

u(t) = x(t),Vt € [0,10]. Dé c6 két qua mo phéng,
—0.3121 —3.8502 1.5563

e <M TETREX®) ; .
cz2=2 i S, |
cl=1 / \

Time(sec)

Hinh 3.4: Quy dao ciia véc to z(t)T ET REx(t) ciia hé md trong Vi du 3.4.2

=2 c,=2
————————— s N
>x() E REXx(1)
1.8 c2=2 b
cl=1
1.6 -
1.4 -
1.2 -
. c,=1
o.s i
0.6 ~—._ e g
/ o < S xMTETREX® .
o.4 R \, P - ~
\.\ ,/'/ S s . -
O.2 - . o N e RN - n
N P N ~ o
o e e
o a 6 8 10

Time(sec)

Hinh 3.5: Quy dao ciia ()T ET REx(t) ciia he déng trong Vi du 3.4.2.

~+=0.9352 i

o 2 4 [S) 8 10
Time(sec)

Hinh 3.6: Quy dao ctia ham chi s6 tiéu hao (t) clia hé déng trong Vi du 3.4.2.
chiing toi xét 79 = (0.07,0.07,0.07)7 € R? va nhidu w(t) = cost. Quy dao cia
2T (t)ET REx(t) ctia heé md trong Hinh 3.4. Tit Hinh 3.5, ta thiy ring gia tri clia
T (t)ETREx(t) bi gi6i han ¢ miic nhd hon ¢, = 2 trong khoang [0, 10]. Vay hé
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dong bi chan trong thoi gian hitu han theo Dinh nghia 3.1.7. Hon nita, chung ta
nhan dugdc ty 1é tieu hao v = 0,9352 bang cach gidi cac diéu kién trong He qua
3.3.5. Ta dinh nghia ham hiéu suat tieu hao la

@7 Uw(t) + 2T (1) Z2(t) + w7 (1) Sw(t))dt
o W (t)w(t)dt

() = Yty € [0,10].

Ham hiéu sudt tieu hao ctia hé déng dude bieu dién trong Hinh 3.6. R6 rang
7(t) luon 16n hon v = 0,9352, nghia la diéu kién (i) trong Dinh nghia 3.1.9
luon dang. Vay he dong (3.44) (Z,U, S)-tiéu hao trong thoi gian hitu han theo bo
(1,2,10, R, 1).

Két luan Chuong 3

Chuong 3 da trinh bay két qua nghién citu bai toan FTDC cho hé phuong trinh
vi phan phan thi Caputo suy bién théa man diéu kién Lipschitz mot phia. Két

qua dat dugc nhu sau:

e Bing cach 4p dung ki thuat bién ddi trén ma tran vid LMI ching toi da
thiét ké dugc ham diéu khién phan hoi trang thai cho bai toan FTDC ciia hé
phuong trinh vi phan phan thit Caputo suy bién théa man diéu kién Lipschitz

mot phia.

e Chiing t6i trinh bay céc vi du sé véi mo phéng dé minh hoa cho cac két qua

ly thuyét da dat dugc.

Trong nghién cttu ciia ching t6i, tinh bi chan trong thoi gian hitu han va tinh
tiéu hao hoéa trong thoi gian hitu han dugc phan tich trong truong hgp hé phan
thit suy bién. Bai toan nghién citu tinh 6n dinh theo nghia Lyapunov, bai toan tieu
hao cho hé phan thit suy bién phiic hgp 1a nhitng chi dé tha vi, 1a bai toan md can

duge nghién cttu trong thoi gian tdi.
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Chuong 4

Bai toan dam bao chi phi diéu khién trong thoi
gian htu han cho 16p hé phuong trinh vi phan
phan th suy bién c6 nhiéu

Trong chuong nay, ching toi thiét ké ham diéu khién bén vimg cho bai toan
FTGCC cho 16p hé phuong trinh vi phan phan thit Caputo suy bién c6 nhiéu. Noi
dung trong chuong nay duge xay dung tit cac két qua da dude trinh bay trong bai
béo s6 (CT3) trong danh muc céc cong trinh khoa hoc clia tac gia lien quan dén

luan an.

4.1 Bai toan dam bao chi phi diéu khién trong thdi gian
hitu han

Xét 16p hé phan thit Caputo suy bién c¢6 nhiéu dugec mo ta béi

ESDfx(t) =[A+ AA@))z(t) + [D + AD(t)|w(t) + Bu(t),t > 0, (1)
z(0) = T,

trong d6 a € (0, 1) 1a bac phan thit ctia he, z(t) € R™ la véc to trang thai, u(t) € R™
Ia véc to diéu khién dau vao, w(t) € RY 1a nhidu véc to cho trude, zyp € R la diéu
kien ban dau. A € R™" B € R™™ D ¢ R™ 4 va E € R™" 1a cac ma tran hang

s6 da biét. Ma tran £ € R™" suy bién véi rank(E) = r < n. Cac ma tran thuc
AA(t), AD(t) thay ddi theo thoi gian théa man

AA(t) = Ma]:a(t)Na, AD(t) = Md]:d(t)Nd, (4.2)
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trong d6 M,, Ny, My, Ng cic ma tran hang s6 da biét va Fu(t), Fy(t) 1 cac ma tran

thite v6i s6 chieu thich hgp théa man
FEOF(t) < I, FF(t)Fa(t) < I, V¥t >0.

Cho mot s6 duong Ty > 0. Lién két v6i he phan thit suy bién (4.1), ta xét ham chi

phi toan phuong c6 dang sau
Ty
J— / 27 () S () + T (8) Sou(t)]dt, (4.3)
0

v6i S > 0 va S > 0 1a cac ma tran hing cho truée véi so6 chiéu phit hop.

Gia thiét 4.1.1. Ham nhiéu w(.) € L*([0,00),R?) théa man diéu kién bi chin

3d > 0 : supw? (Hw(t) < d.
>0

Khi khong c6 tac dong ciia véc to dieu khién dau vao thi hé (4.1) trd thanh

E§Dex(t) = [A+ AA®)]x(t) + [D + AD(t)]w(t), t > 0, (.4
+(0) — 2. |

Dinh nghia 4.1.2. (Xem [61]). Hé phuong trinh vi phan (4.4) duge goi la
i) Chinh quy néu ton tai s € C sao cho da thiic det(sE — (A+ AA(t))) khong dong
nhat bang 0. Khi d6 cap ma tran (E, A) dugc goi 1a chinh quy.

ii) Khong c6 xung néu ton tai s € C sao cho
deg(det(sE — (A+ AA(t)))) = rank(FE).
Tiép theo, chiing t6i mé rong bai toan diéu khién dam bao chi phi trong thoi
gian httu han déi v6i hé phan thi suy bién.

Dinh nghia 4.1.3. Cho trudc ¢y, c2,Tf v6i ¢ < ¢o 1a cac sd duong va ma tran
R ddi xting xac dinh duong. He (4.4) duge goi 1a bi chin trong thoi gian hitu han
theo bo (c1,ca, Ty, R, d) néu he dé 1a chinh quy, khong ¢ xung va bat dang thiic

sau day thoa man
g ETREzy < ¢1 = 2T () ETREx(t) < 9, ¥Vt € [0, TY]. (4.5)

Trong qué trinh kiém soat cac phan hoi trang thai, ching ta nhan thay ngay ca
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nhitng nhiéu nhd trong cac tham sé ctia ham diéu khién cling c6 thé gay mat o6n
dinh cho hé théng. Vi vay, viéc thiét ké mot ham diéu khién bén viing la can thiét
dé dam bao rang hé thong co thé chiu duge nhitng thay doi nho trong cac thanh
phan ctia ham diéu khién ma vAn duy tri duge tinh on dinh va hiéu sudt mong

mudn. Xét ham diéu khién phan hdi trang thai bén vitng dusi dang sau
u(t) = (K + AK (1) (b), (4.6)

trong d6 K € R™*™ 1a ma tran phan hoi trang thai can thiét ké va AK (¢) 1a thanh
phan thay ddi theo thoi gian c6 dang AK(t) = MpFi(t) Ny, v6i My va Ny, 1a céc
ma tran thyc da biét v6i s6 chieu phut hop, Fi(t) 1a ma tran thyc bién thién thoa
man F (¢) Fx(t) < I, Vt > 0.

V6i didu khién (4.6), hé déng thu duge la

(EOCD?:U(t) = [A+ AA(t) + BK + BAK(t)]z(t)
q +[D + AD(t)]w(t),t > 0, (4.7)

kiL’(O) = .

No6i dung chinh ctia chuong 13 thiét ké ham diéu khién u(t) = (K + AK(t))x(t)
cho hé (4.1) va ham chi phi (4.3) sao cho hé déng (4.7) bi chan trong thoi gian
hitu han theo bo (c1, c2, Tt, R, d) va gia tri ctia ham chi phi (4.3) théa man J < J*,

trong d6 J* 1a mot hing s6 duong xac dinh.

Dinh nghia 4.1.4. Cho trudc cac s6 duong T, c1, c2, (c2 > ¢1),d vA mot ma tran
doi xting xac dinh duong R. Xét hé (4.1) v6i ham chi phi (4.3). Néu ton tai mot
ham diéu khién bén ving @(t) va hing sé duong J* sao cho hé déng (4.7) bi chin
trong thoi gian hitu han theo bo (c1, 2, T, R, d) va gia tri cia ham chi phi thoéa
man J < J* thi J* dugc goi la gid tri ddm béao chi phi, 4(t) duge goi 1a ham dieu
khién dam bao chi phi.

Dinh ly 4.1.5. Xét hé (4.1) vdi ham chi phi (4.3). Cho trudc cic s6 duong
c1,¢2,(ca > 1), T, d va mot ma tran doi zing xdc dinh duong R. Gid st Gid thiét
4.1.1 dugc théa mén va ton tai cdc so thuc duong 6,0, 3,7, 1, plo, mot ma tran

khong suy bién P € R™™ va mot ma tran' Y € R™™ sao cho cdc diéu kién dudi
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day duoc dam bao

PET = EPT >0, (4.8a)
mPET < PETREPT < 11, PE”, (4.8b)
(0 PNT PNT D My PS, YS, YS:My, PN
x =0l 0 0 0 0 0 0 0
* * —0I 0 0 0 0 0 0
* * x =0l 0 0 0 0 0
* * * x —vI 0 0 0 0 | <0, (4.8¢)
* * * * x =57 0 0 0
* * * * * x  —.S9 0 0
* * * * * * * i 0
* * * * * * * * —ol
a, (ﬁ+7Amax(Nde))dTJ9 <2 (4.84)
1 [(o+1) 12
trong do

Q= PAT +YB" + APT + BYT 4 6M,M! + 0BM, M BT
1
(o .
1+ >\max<52)>\max(M]sz)

Khi dé (4.6) la ham dieu khién phdn hoi trang thdi bén viing dam bdo chi phi diéu
khién trong thoi gian hitu han cho hé (4.1). Trong dé, ma tran phdn hoi trang thdi
K dugc zdc dinh béi K = YT P~T. Hon thé nita, gid tri ddm bdo chi phi J* dugc
xac dinh bdi

1-a

t = max NTN T L max ETP?T 2-
T = (B + Vo N Na) AT} + 5 M (TP o]

Ching minh. Ching ta xay dung ham Lyapunov sau V(z(t)) = 2T (¢)ETQx(t),
trong d6 ma tran @ = P~T théa man diéu kién (4.8a). Khi d6 dicu kien (4.8a)
tuong duong véi ETQ = QTE > 0.

Ap dung B& dé 1.7.4, tinh dao ham a-Caputo ciia V((t)) doc theo quy dao ciia
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hé (4.7) ta dugc
6 PV (x(t) < 227 () ETQ Df'a(t)
=227 () QT [(A+ BK)x(t) + AA(t)x(t) + BAK (t)x(t)
+ (D + AD(t))w(t)]

= 20T ()QT(A + BK)x(t) + 227 (1) QT AA(t)x(t)
+ 207 () QT BAK (t)x(t) + 227 (1)QT Dw(t) (4.9)
+ 227 () QT AD(t)w(t).
V6i cac s6 duong 8,0, v, 3, ta thu dudce cac danh gia sau khi ap dung bat ding
thitc ma tran Cauchy (Bb dé 1.7.2) cuing véi didu kien (4.2) va (4.3)
2! (£)Q" My Fo(t) Noa (1)

207 ()QT AA()a(t) = 2
< 0T () QT M M Qu(t) + 6 2T (t)NI N, (1),

(4.10)

T ()QTBAK (t)x(t) = 227 ()QT BM}, F(t) Ny (t)

< 02T () QT BM. M BT Qux(t) (4.11)

+ 07 2T () NE Ny (1),
27 (1Q Dw(t) < 5T ()QTDDTQu(t) + fuT (Blt),  (412)

e ()QTAD(t)w(t) = 227 (1)QT MyF4(t) Nyw(t)

<y L2t ()QT MyMT Qu(t
<7l (H)Q" MaMy Qx(t

+ 'y)\maX(NgNd)w (tw(t).
Cong cac bat dang thic (4.10), (4.11), (4.12) va (4.13) vao (4.9), ta dugc

§+w (£)Ng Naw(t) (4.13)

§DoV (t) < 233T( )QT (A + BK)x(t) 4 6x' (1)QT MM Qux(t)
eT (NI Nz (t) + 027 (1) QT BM M;F BT Qa(t) (414
0T (NI N (t) + 87T (QT DDTQu(t) '

+97 2" ()Q" MaMy Qu(t) + (B + YAmax(Ng Na)Jw" (£)w(?).
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Dit J = {DsV (2(t)) + <xT(t)Slx(t) + uT(t)Sgu(t)) Tu (4.6), ta suy ra dugc

J=§DeV(t) + (QZT(t)Sll'(t) + 2T () [K + AK(t)]T Sy [K + AK(t)]x(t))
= DV (t) + (xT(t)(Sl + KT8y K)a(t) + 22T () KT So AK (t)x(t) (4.15)
+ 2T () ATK (t)S,AK (t):c(t))

Danh gia sau thu dugc tir viec 4p dung bat dang thiic ma tran Cauchy

20T () KT Sy AK () (t) = 227 (£) KT Sy M Fio(t) N ()

(4.16)
< el () KT SoM M So K (t) + 2T () N N (t),

eT(AKT (1) SoAK () (t) = o7 (1) N FF(t) MF So My Fi.(t) Ny (t) (17
< Ao (S2) Ama (ME M) T ()N Ny (1), '

Két hop cac dieu kien (4.14), (4.15), (4.16) v6i (4.17) ta nhan duge

I <207 ()QT(A+ BK)x(t) + 627 ()QT M, MT Qu(t) + 6 2T () NI N,a(t)
+ 027 () QT BM M BT Qux(t) + 07 "2 (t) N Ny (t)
+ B~ ()QT DD Qu(t) + 7 e (1)QT MyMy Qu(t)
+ (B + YAmax (NI N wT (O)w(t) + 27 () (S) + KT Sy K ) (t)
+ 2T (KT SoMMF Sy Ka(t) + a (t)NE Ng(t)

+ Amax (52) Amax (ML M) x" () NE Ny (t).
Do do
SDV (x(t)) — (B + Ydmax (NI No))w? (H)w(t) + 2T (1)[S1 + KT S K (418)
+ 2KT S AK (1) + ATK (1) Se AK (8)]2(t) < 27 (£)Qu(t), '

trong do

Q=(A+BEK)'Q + Q"(A+ BK) + Q" M, M Q + 6 'NI'N, + 0Q" BM M B*Q
+ 0 'NIN, + 87'QTDDTQ + 4 'QT MyMIQ + S + KT S, K
+ KT So My M So I 4 NNy, 4 Ao (S2) Amax (M My )N Ny..

Nhan lan lugt vao ben trai Q véi Q~7 va béen phai cia Q véi Q. Khi do, dieu
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kien Q < 0 tuong duong véi bat ding thiic ma tran sau
Q=Q T (A+BK)' +(A+BK)Q ' + oMM +5 Q" "NIN,Q
+0BMMIBT + 07 'Q"TNIN, Q' + 7' DDT + v MM
+Q1(S, + KTS, K + KT SoM M!Sy K + NN,
+ Amax (52) Amax (M M )NIN)Q ™ < 0.

bat Y = Q TK7, ta thu duge
KT = ply,PK"BT =y BT, BKPT = BY™.

Ma tran Q duge biéu dién dudi dang

Q=PAT +YBY + AP + BYT + M M} + 6 'PNIN, P +0BM M B*
+ 0 'PNINLPT + 7' DDT + y MgMT + PSP 4 Y SoY T
+ Y So M MFESoY T 4+ [1 4 Mnax(S2) Amax (M M) | PN N, PT.

Ap dung B8 dé Schur 1.7.3, tit bat déng thic (4.8¢) ta nhan duge Q < 0. Két hop

v6i (4.18), ta ¢6 ude lugng sau

6 DV (2(t)) — (B + YAmax(Ng Na))w! (Hw(t) + 27 (£)[S1 + KT 9K

(4.19)
+2KTSAK (1) + ATK () S AK (t))z(t) <0,V < 0.

Phan con lai cia chiitng minh dugc chia thanh hai buée:
BuGc 1: Ta chitng minh rang hé (4.7) chinh quy va khong c¢6 xung trong khodng
thoi gian [0, Tf]. V6i dieu kien Q < 0, ta c6
Q=(A+ BEK)'Q+ Q"(A + BK) + Q" M, M Q + 6 'NI'N,
+0Q"BMMIBTQ + 607 'N/'N, + 37'Q"DD"Q
+ QT MGMTQ + Sy + KT Sy K 4 KT SoM M Sy K + NN,
+ Amax(S2) Amax (M Mg) Ny Ny < 0.

(4.20)

Udc lugng sau nhan duge tit viee két hop (4.10) va (4.20)
Q= (A+ BK + AA@#)TQ + QT(A+ BK + AA(t)) + 0QT BM M BYQ
+ 0 'NEN, + 571QTDDTQ + v QT MyMIQ + S, + KT S, K
+ KT Sy MM So I + NEN + Amax(S2) Amax (M} M) NI Ny, < 0.
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Vi
0Q" BMMIBTQ + 07 NN, + 7'Q"DDTQ + v 'Q" MyM Q + S,
+ KTSy K + KT Sy M ME So I + NENy + Amax(S2) Amax (M} M) NI N, > 0,

nén ta nhan dugc bat dang thic sau

(A+ BK +AA®#)'Q + Q" (A+ BK + AA(t)) < 0. (4.21)

Vi rank(E) = r < n nén ton tai cdc ma tran khong suy bién F, L sao cho

I, 1
FEL = .
0 0
Dit
Al AQ _ Ql QQ
F(A+ BK + AA(t))L = ,F"QL[ l 4.22
( (1)) l% A, Oy O (4.22)

Thue hien mot s6 bién ddi ma tran, tit dicu kien E7Q = QTE > 0 va (4.22) ta

nhan dugc danh gia sau
LTETQL = (L"ETFT)Y(FTQL) = (FEL)'(F~TQL)

(B 0] @ @ @ @ _ (4.23)
00 -

Q3 Q4 0 0
LTQTEL = (L"Q"F Y)Y (FEL) = (F'QL)"(FEL)
_[ef @f[r o] _[ef o (4.24)
o Qfflo of [QF of ~
Ta nhan duge Q1 = QT > 0, Q2 = 0 sau khi két hop (4.23) va (4.24). Vi ma tran
@1
QS Q4

lan lugt bén trai ctia (4.21) v6i LT va bén phai clia (4.21) véi L, ta thu duge

va

@ khong suy bién nén ma tran F~TQL = [ ] ciing khong suy bién. Nhan

LT((A+ BK + AA1))"Q + QT(A+ BK + AA(t)))L < 0.
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Do do,

LT(A+ BK + AAW) ' FTFTQL+ L"QTF'F(A+ BK + AA(t))L < 0

Q1 0 Q7 QF
Q3 Qa4 0 Qf

Al AR
Ay AL

A A
A3 A4

_|_

Vi vay, ta nhan dugce danh gia

* * <0, (4.25)
* ALQi+ Q1 A,

trong d6 * ki hiéu ma tran con khong lién quan dén diéu can chiing minh. T
(4.25), ta co
ATQs+ Q1 A; <0,

Do d6 ma tran A, khong suy bién. Theo Dinh 1y 1.3.7, hé (4.7) chinh quy va khong
cO xung.

Ta chiing minh diéu kién (4.5) ding véi he dong (4.7). T (4.19) va

2T (8)(S) + KTSo K 4+ 2KTSHoAK (t) + ATS,AK () x(t)
= 27 (t)S12(t) + u” (t)Sou(t) > 0,

ta nhan ducc
6 DV (2(1)) = (B + YAmax(Nj Na))w (t)w(t) < 0,V > 0. (4.26)

Ly tich phan phan thit bac a ci hai vé clia (4.26) tit 0 dén ¢ (0 <t < Ty). Ap
dung Dinh 1y 1.1.15 va Gia thiét 4.1.1 ta nhan duogc

T ETQx(t) < 2T (0)ETQx(0) + (8 + YAmax(NJ N I (W (Hw(t)).  (4.27)
Hon thé nita, tit (4.8b) thi 1y EFTQ < ETRE < pa ETQ véi t € [0,Ty]. Khi d6

il (O ETQx(t) < 2T (1) ET REx(t) < pox” (1) ETQx(t). (4.28)
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Ap dung Gia thiét 4.1.1, ta nhan duge

oI (Hw(t)) = ﬁ /O (t — 1) W (F)w(r)dr

I
<y J, €7

d(t —7)°
al'(«)
< —d o
“T(a+1) 77

(4.29)

=0

Ta nhan duge bat dang thitc sau tir (4.27), (4.28) va (4.29)

T (H)ETREx(t) < ppa” () ET Qu(t)
Amax(NTNg)Yd
C1 )\max NTN d o

<m( (ﬁﬂr(ais )

< pa (2" (0)ETQx(0) + (

T dieu kien (4.8d) va (4.30), ta nhan dugc danh gid 27 (t)ET REx(t) < co,
Vt € [0,Ty]. Do d6, he (4.7) bi chan trong thdi gian hitu han tuong ting doi véi bo
(c1,¢2, T}, R, d).

Tiép theo, ta xay dung gidi han ctia ham chi phi. Thyc hién tich phan ca hai vé
ctia (4.19) ti 0 dén t7,0 < ¢t; < T, ta nhan dugc két qua sau

/ ! [2T(7)(S1 + KT S, K + 2KT S, AK (t) + AT S AK (t))x(7)]dr
0 | (4.31)
#atl SOVt < [ (5 + MV N (7))

Két qua sau nhan dugc khi ap dung Dinh 1y 1.1.4 va Dinh 1y 1.1.15
oI}, § D5 (V(x(ty) = oIy, T S DE(V(x(ty)))
= oL;; *(oIf, 5 Df, (V(2(t))))

= oI “(V(a(ty)) — V(2(0)))
= oLy, “(V(a(ty)) — oI, *(V(2(0))).
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Ap dung Gié thiét 4.1.1 ta c6

[ 6+ NN (Yot = (54 e NENG) [ st
< (B4 YAmax (N7 Ng))dTy.
Vi vy, tit (4.31) ta nhan duge
7 < (B + Ponas (N NDTy + 0T (V((0) — T " (V(aley)). (432)

Hon thé nita,

0TV (el) = s | (=) (O Qa(r)ar = 0.

0TV E0)) = f / 'ty — )07 (0) ETQu(0)ds
e A T Q)

/ 1T 2
= — \px(PT°F .

Do d6, danh gia sau nhan dugc tit bat dang thic (4.32)
l1-a

TS B+ Vs NENDNT) + 55— 5w (BTl =

Dinh 1y dugc chiing minh. ]

Céc bat dang thiic (4.8a) va (4.8b) trong Dinh 1y 4.1.5 khong chit nén khong
thé ap dung hiéu qua véi LMI Control Toolbox trong MATLAB. Van dé nay sé
dugc giai quyét trong Dinh 1y tiép theo.

Dinh 1y 4.1.6. Xét he (4.1) vdi ham chi phi (4.3). Cho trudc cic s6 duong
c1, ¢, (ca > 1), T, d va mot ma tran doi zing zdc dinh duong R. Gid si Gid thiét
4.1.1 dugc théa man va ton tai cdc so thuc duong 9,0, 3,7, 1, g2, mot ma tran
doi wing zdc dinh duong X c R™ " mot ma tran Z € Rw(n=r) g mot ma tran

Y € R™™ sao cho cic diéu kién sau duoc théa man

[1E < X < joE, (4.33a)
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Iy Iy ILis D My ILig YSy YSiM, Il
x —0l 0 0 0 0 0 0 0
* x —0I 0 0 0 0 0 0
* * x —pI 0 0 0 0 0
* * * x —I 0 0 0 0 | <0, (4.33b)
* * * * x =57 0 0 0
* * * * * x =59 0 0
* * * * * * * _— 0
* * * * * * * * —ol
o, G P NN, 2 e
5} ['(a+1) f2’

trong do

I, = (EViXVE + ZVDHAT + AV XVIET +v,27) + Y BT + BYT
+ oM MI + 0BM M BT,
= (EvixV + 2V )NT,
= (EV XV + 2V )NT,
s = (EViXVE + 2V)H)s,,
= (EViXV + 2V N,
== (%.U{ RUZ,)

1
N 1 + AmaX(SZ))‘maX(MEMk) ‘

Khi dé (4.6) la ham dieu khién phdn hoi trang thdi bén viing dam bdo chi phi diéu
khién cho hé (4.1) trong thoi gian hitu han. Trong dé ma tran phdn hoi trang thdi
K duge zdc dinh bdi K = YT(EViXVE + 2VE)~T. Hon thé nia, gid tri ddm bdo
chi phi J* duoc xdc dinh boi

Tl-a

= (8 + YAmax(Ng Nq))dTy + ﬁ

Amax (BT (EVAXVE + ZVE) 1) |||

Ching minh. Dat P = EVléﬁ'VlT + ZAVQT trong do 0 < X € R™" Z € Rx(n=r),
Theo B6 dé 1.7.7, EV, = 0 nén ta chiing minh dugc

PET = EVixVIET + Z2VIET = EViXVIET = EPT > 0.
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Dat Q = P~7, khi dé @ théa man diéu kien E7Q = QTE > 0. Theo B6 dé 1.7.8,

ton tai ma tran X > 0 va Z sao cho
Q=UXU[E+U,2Z, (4.34)

ULXUTE +U,2 = (EViXVE + zvhH) T,
X=xlx'vlosx=xlxtyx L (4.35)
Khi d6, bat dang thitc (4.8¢) kéo theo diéu kién (4.33c) trong Dinh 1y 4.1.6. Tu
diéu kien (4.33a) ta c6

1 . 1
M—(ETUlT RUIY,) < X7 < M—ETUIT RUY,. (4.36)
2 1

Danh gid sau nhan duge khi nhan 1an lugt bén trai ctia (4.36) véi ¥, va nhan
bén phai ctia (4.36) v6i 31

mE XTI < UTRU, < o2t~ tet (4.37)

Tiép tuc nhan lan lugt bén tréi clia bat dang thiic (4.37) véi ETU; va nhan bén
phai clia (4.37) véi UL E. Két hop (4.34), (4.35) va ETUs = 0 ta nhan duge

mETU S XIS WETE < ETRE < o ETUS I XIS WUTE,

mETQ < ETRE < 1,ETQ. (4.38)

Tiép theo, ta thu duge diéu kién (4.8b) khi nhan lan lugt bén trai clia bat dang
thitc (4.38) v6i Q=T va nhan bén phai ciia (4.38) v6i Q. Theo Dinh 1y 4.1.5, (4.6)
la ham diéu khién phan hoi trang thai ddm bao chi phi bén viing trong thdi gian
httu han cho hé (4.1). Hon nita, ma tran phan hoi trang thai on dinh héa dugc xac
dinh béi K =YTP T = YT(EViXVT + ZV,F)~T. Gi4 tri dAm béo chi phi (4.4) la

11—«

J* = (B + Y Amax(Ng Na))dTy + Amax(ET (BEVIXVE + ZV)™0) |||

5
['2-—a)

O]
Nhan xét 4.1.7. Cho dén thoi diem hién tai, mot sé cong trinh da dude cong bod

lien quan dén bai toan diéu khién dam béao chi phi trong thoi gian hitu han cho

cac he phan thit khac nhau [52, 69, 73, 72]. Tuy nhién, theo sy hiéu biét t6t nhat
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ctia ching toi, chua c6 mot két qua nao nghién ctiu vé FTGCC cho cac hé phan
thit suy bién c6 nhiéu. Trong nghién citu nay, bang viéc st dung phép tinh giai tich
phan thit va 1y thuyét gia tri ky di cling phuong phép bién doi LMI, ching téi da
gidi quyét thanh cong bai toan FTGCC déi véi hé phan thi suy bién c¢6 nhiéu.

Nhan xét 4.1.8. Trong Dinh ly 4.1.6, céc s6 thuc ci, ¢z, T, d la cac s6 duong va
R 13 ma tran doi xiing xac dinh duong cho trude. Cac dicu kién (4.33a) va (4.33b)
1a céc bat dang thitic LMI chat, vi vay ching ta dé& dang giai cac diéu kién nay bang
cach sit dung LMI Control Toolbox trong MATLAB. Sau d6, 4p dung két qua vita

thu duge ta kiém tra duge diéu kien (4.33c).
Trong truong hgp khong c¢6 thanh phan khong chic chan, he (4.1) duge dua vé

he diéu khién phan thit suy bién sau

C A = Ax w Uu
E§Dix(t) = Ax(t) + Dw(t) + Bu(t),t > 0, (4.39)
z(0) = X0,

V6i ham diéu khién bén vitng(4.6), ta nhan dugc he déng sau

E§D¢x(t) =[A+ BK + BAK(t)]x(t) + Dw(t),t > 0,
z(0) = Iy,

Dwra vao Dinh 1y 4.1.6, ta thu dugc hé qua sau.

Hé qua 4.1.9. Xét he (4.39) vdi ham chi phi (4.3). Cho trudc cic s6 duong
c1, ¢, (c2 > 1), Ty, d va mot ma tran doi zing zdc dinh duong R. Gid si Gid thiét
4.1.1 duge théa man, ton tai cic so thuc duong 0, B3, ui, po, mot ma tran doi zing
xdc dinh duong X c R™ " mot ma tran Z € R(=1) 44 ma tran Y € R™™ sao

cho cac dieu kiéen dudi day duge ddm bdo

[1E < X < poZ, (4.40a)
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[, My D Ty YSy YSM; Iy |
x —0I 0 0 0 0 0
* x —pI 0 0 0 0
* * x =5, 0 0 0 | <0, (4.40b)
* * * x  —99 0 0
* * * * * —1I 0
| * * * * * * —a]_
c d c
/711 F(f+ ) o< u_z (4.40¢)

trong do

Iy = (EViXV! + ZVDAT + AV XVIET +v,2") + Y BT + BY”
+0BM M BT,

Iy = (EViXV" + ZV")N],

Iy = (EVixV! + 2V, sy,

7 = (EViXV + 2V )N,

= = (%U{ RUS,) ™,
1
g = .
1 + Amax(SZ)Amax(Mng)

Khi dé, (4.6) la ham diéu khién phdn hoi trang thdi bén viing dam bao chi phi trong
thoi gian hitu han cia hé (4.1). Trong dé, ma tran phdn hoi trang thdai K dugc zdc
dinh béi K = YT(EViXVE + ZVE"T. Hon thé nia, gid tri dém bio chi phi J*
duogc xac dinh boi

T ) .
J* = BdTy + ﬁAmax(ET(EVlX‘GT + 2V )7 [l

4.2 Vi du minh hoa

Trong phan nay, ching to6i trinh bay hai vi du kém theo mé phéng nham minh

hoa cho cac tiéu chuan da dugc thiét lap.
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Vi du 4.2.1. Xét he phan thit Caputo suy bién sau

(

E§DY8z(t) = [A+ MuFu(t)NaJx(t) + [D + MaFa(t)Naw(t)
X +Bu(t),t > 0, (4.41)
z(0) = Iy,

trong d6 z(t) = (21(t), 22(t), 23(t))T € R3 1a véc to trang thai, u(t) € R? la diéu

khién dau vao, w(t) € R 1a véc to nhidu,

100 ~1 0 -1 10 0.5

E=1010{,A=]|0 0o o|,B=|01|,D= 05|,
000 0 -1 —1 00 0.5
(0.1 0.2

M, = |02], Mg= |0.5],
0.5 0.7

Ny = 0.1 09 —05 , Fa(t) =sint, Ny = {1],Fd<t):COSt.

—0.2

V6i u(t) = [K+ M Fi(t) Ng]z(t) trong d6 My, = [
0.3

] , N = [0.2 —0.1 0.3/,

Fi(t) = cost thi he (4.41) dugc dua vé hé sau

( E§DY3x(t) =[A+ BK + M,F,(t)N, + BMFi.(t) N ]z (t)
q +[D 4+ MyFy(t)Nglw(t),t > 0, (4.42)
z(0) = .

Ham chi phi lién két véi he (4.41) duge xac dinh bdi cong thite (4.3) véi cac

ma tran
05 0 0
0.1 0
Sp;=10 05 0[,5= .
0 0.1
0 0 05
1 00
Cho trude cac s6 ¢; = 1,0 = 9,7y =30va R = |0 1 0. Xét he (4.41). St
001

dung cau lénh svd trong MATLAB, ta tinh dugc cac ma tran Uy, Us, Vi, Vo va X,
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trong Dinh 1y 4.1.6 nhu sau

10 0 10 0
Ui= 10 1|,Us= (0|, Vi= |0 1|,Va= |0
0 0 1 0 0 1
Tién hanh tinh toan véi LMI Control Toolbox trong MATLAB, cac diéu kién

(4.33a), (4.33b) va (4.33¢) théa man véi 0 = 1.0159,0 = 1.0339,3 = 1.1988,
v = 1.2260, p1q = 0.2220, 13 = 1.5746,

—0.0735 —0.0001 0.1079
. 0.7841 —0.0202| .
= , Z= 04615 | ,Y = | 0.0927 —0.8564
—0.0202 0.6787
0.7210 0.2857  0.5997

Theo Dinh 1y 4.1.6, hé dong (4.42) bi chan trong thsi gian hitu han theo bo
(1,9,30,1,0.01) va gia tri ddm bao chi phi 1a J* = 0.7274 + 3.1858]|z¢||>. Ngoai ra,

ma tran phan hoi trang thai dude xic dinh bdi

A [00336 ~0.1319 0.3963
0.1686 —1.8224 0.8318|

Trong két qua mo phéng, chiing toi chon diéu kién dau zq = (0.7,0.7,0.7)T € R?
va nhidu w(t) = 0.1sint. Hinh 4.1 minh hoa phan hoi cta 27 (t)ET REx(t) cla
hé (4.41) khi khong c6 diéu khién dau vao. Hé md khong thda man cac diéu kién
bi chén trong thoi gian hitu han vi khong théa man Dinh nghia 4.1.3. Hinh 4.2
mo ta qui dao theo thai gian ctia 27 (t)ET REx(t) ctia hé déng (4.42). Tit Hinh
4.2, ta thiy rang he déng (4.42) bi chin trong thoi gian hitu han tuong tng vdéi
(1,9,30,1,0.01).

Vi du 4.2.2. Xét mo6 hinh bac phan thit cia mach dién sau day [38]

C T = AT w u
E§DY2x(t) Ax(t) + Dw(t) + Bu(t),t > 0, (4.43)
x(0) = Iy,

trong d6 z(t) = (x1(t), 22(t), v3(t))T € R3 1a véc to trang thai, u(t) € R? la véc to
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diéu khién dau vao, w(t) € R 1a nhiéu,

5 0 2 -1 0 =2 1 10
E=10 10 2|,A=]0 -1 -2|,D=|1|,B=1{0 0
0 0 0 1 1 1 1 01

V6i ham diéu khién bén vitng u(t) = [K + M Fi(t)Ni]z(t), trong d6 ma tran

0.1 \
My = ] , N, = [0.1 0.2 0.3} va Fi(t) = sint thi he (4.43) dugce dua vé he

0.2

E§DY2x(t) =[A+ BK + BMpFi(t)Ni]x(t) + Dw(t), t > 0, (4.44)
X .

z(0) = Zo.

Ham chi phi két hop vé6i he (4.43) duge xac dinh theo cong thiic (4.3) véi cac

ma tran

100

01 0
S;=101 0/, 8= :

0 0.1

001
100

Cho trude ¢; = 1, =8,Ty =10 va R= [0 1 0. Xét he diéu khién (4.43).

001

St dung lénh svd trong MATLAB, cac ma tran Uy, Us, Vi, Vo va X, trong Hé qua

4.1.9 dugc xac dinh nhu sau

0.0531 —0.9986 0 0.0260 —0.9306 0.3651
U= 109986 0.0531 |,Uz2=|0],Vi= 109782 0.0990 |,V2= | 0.1826
0 0 1 0.2060 —0.3524 —0.9129

St dung LMI Control Toolbox trong MATLAB, cac diéu kién (4.40a), (4.40Db)
va (4.40¢) théa man véi § = 4.9814, f = 3.2363, 1 = 3.1410, 2 = 8.6384,

0.1635 —1.0873 0.1150
. 0.0688 0.0052| .
= , Z2=1-04863|,Y = | 1.6731 —0.3913
0.0052 0.1704
0.0752 —0.4765 —2.0748

Theo Hé qua 4.1.9, hé déng (4.44) bi chan trong thdi gian hitu han tuong ting véi
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bo (1,8,10,1,0.1), gia tri ddm bao chi phi 1a J* = 3.2363 +98.7746|z¢||>. Hon nita,
ma tran phan hoi trang thai K dugc xac dinh béi

 [-2:3985 31189 5.3601
—5.6491 —24.0296 23.1652|
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Hinh 4.4: Quy dao ciia x(t)T ET REx(t) ctia he déng trong Vi du 4.2.2

Dé c6 két qua mo phong, ta chon dicu kien dau zo = (0.08,0.08,0.08)T € R3
va nhidu w(t) = v/0.Isint. Hinh 4.3 biéu dién phan hoi ciia 27 (¢t)ET REx(t) cta
hé (4.43) khi khong c6 véc to dicu khién dau vao. He md khong bi chan trong thai
gian hitu han vi khéng thoa man Dinh nghia 4.1.3. Hinh 4.4 mo6 ta trang thai phu
thuoc vao thoi gian ctia 27 (t) ET REx(t) ctia hé dong (4.44). Tt Hinh 4.4 ta thay
ro rang rang hé dong (4.42) bi chin trong thoi gian hitu han theo bo (1, 8,10, 7,0.1).
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Két luan Chuong 4

Chuong 4 cua luan an tap trung vao nghién cttu tinh bi chan trong thoi gian
hitu han va gidi quyét bai toan FTGCC d6i v6i hé phuong trinh vi phan phan thit
suy bién c6 tac dong ctia nhiéu. Cac két qué thu dugc bao gom:

e Chiing t6i thiét ké ham diéu khién phan hoi trang thai bén vitng dé giai bai

toan FTGCC cho 16p hé phan thi suy bién c¢6 nhiéu.

e Céc vi du s6 v6i mo phéng dudc trinh bay dé minh hoa cho két qua 1y thuyét
da dat duogc.

Ngoai ra, bai toan nghién citu tinh 6n dinh theo nghia Lyapunov va GCC cho
hé phan thit suy bién phitc hgp 1a nhitng van dé méi, doi héi cac ki thuat toan

hoc phiic tap va mé ra nhiéu trién vong trong tuong lai.
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Két luan

Luan an nghién cttu tinh chat dinh tinh cho mot s6 16p hé phuong trinh vi phan
suy bién v6i dao ham bac nguyén va dao ham bac phan thi: Tinh 6n dinh va én
dinh hoéa dugc dang mii cho 16p hé phuong trinh suy bién duong c6 tré, tinh bi
chan trong thoi gian hitu han ctia hé phuong trinh phan thit Caputo suy bién c6
nhiéu v6i thanh phan khong chic chan ctiing mot s6 bai toan dinh tinh lien quan
trong 1y thuyét dicu khién.

Nhitng két qua méi da dat dudc trong luan an

e Thiét lap dugce dieu kien di dé dam bao tinh 6n dinh va 6n dinh héa duoc

dang mil ctia hé suy bién duong 13i rac ¢6 xung vdéi tré hang.

e Thiét lap dieu kién di cho tinh bi chin trong thoi gian hitu han va thiét ké
duge ham diéu khién phu thuoc véc to trang thai cho bai toan tiéu hao héa
trong thoi gian hitu han ctia hé phan thit Caputo suy bién théa man dieu kién

Lipschitz mot phia.

e Thiét lap dieu kién di cho tinh bi chian trong thoi gian hitu han va thiét ké
dugc ham diéu khién bén vitng cho bai toan FTGCC ciia hé phan thi Caputo

suy bién c6 nhiéu.

Luan an dé xuat mot sé huéng nghién citu tiép theo
lién quan dén cac van dé dinh tinh:
e Nghién cttu bai toan on dinh va 6n dinh héa cho 16p hé phan tht suy bién

duong roi rac co tré.

e Nghién ciitu bai toan én dinh theo nghia Lyapunov va mot s6 bai toan diéu
khién lien quan cho cac 16p hé phan thi suy bién cé tré.
e Nghién cttu bai toan on dinh va bi chin trong thsi gian hitu han cting mot so

bai toan dicu khién lien quan cho cac 16p hé phan thit suy bién phiic hap.



102

Cac cong trinh da cong bo lién quan dén luan an

(CT1) N.H. Sau, M.V. Thuan, N.T. Phuong (2024), “Exponential stability for discrete-
time impulsive positive singular system with time delays”, International Jour-
nal of Systems Science, 55(8), 15101527 (SCIE/Q1).

(CT2) N.T. Phuong, N.H. Sau, M.V. Thuan (2023), “Finite-time dissipative control
design for one-sided Lipschitz nonlinear singular Caputo fractional order sys-

tems”, International Journal of Systems Science, 54(8), 1694-1712 (SCIE/Q1).

(CT3) N.T. Phuong, N.H. Sau, M.V. Thuan, N.H Muoi (2023), “Non- fragile finite-
time guaranteed cost control for a class of singular Caputo fractional order

systems with uncertainties”, Circuits, Systems, Signal Processing, 43, 795-820

(SCIE/Q2).



103

Tai liéu tham khao

1]

2]

(6]

[7]

8]

I. Tai liéu Tiéng Viét
Vit Ngoc Phat (2001), Nhap mon Iy thuyét diéu khién Todn hoc, NXB Dai hoc
Quoc Gia Ha Noi.
Nguyén Hitu Sau (2017), Tinh on dinh cia hé dong hic tuyén tinh suy bién
c6 tré, Luan an Tién si toan hoc, Vien Toan hoc, Vien Han lam Khoa hoc va
Cong nghé Viét Nam.

I1. Tai lieu Tiéng Anh

M. Abbaszadeh, H.J. Marquez (2010), “Nonlinear observer design for one-sided
Lipschitz systems”, Proceedings of the 2010 American Control Conference, Bal-
timore, USA, 5284-5289.

M.U. Akhmet, M. Beklioglu, T. Ergenc, V.I. Tkachenko (2006), “An impul-
sive ratio-dependent predator—prey system with diffusion”, Nonlinear Analysis:

Real World Applications, 7(5), 1255-1267.

F. Amato, M. Ariola, P. Dorato (2001), “Finite-time control of linear systems
subject to parametric uncertainties and disturbances”, Automatica, 37, 1459—

1463.

A. Berman, R.J. Plemmons (1994), Nonnegative Matrices in the Mathematical
Sciences, SIAM, Philadelphia.

S. Boyd, L.E. Ghaoui, E. Feron, V. Balakrishnan (1994), Linear Matriz In-
equalities in System and Control Theory, STAM, Philadelphia.

C. Briat (2013), “Robust stability and stabilization of uncertain linear pos-
itive systems via integral linear constraints: L;—gain and L.,—gain charac-
terization”, International Journal of Robust and Nonlinear Control, 23(17),

1932-1954.



104
9] C. Briat (2017), “Dwell-time stability and stabilization conditions for linear

positive impulsive and switched systems”, Nonlinear Analysis: Hybrid Systems,
24, 198-226.

[10] S. Bushnaq, T. Saeed, D.F.M. Torres, A. Zeb (2021), “Control of COVID-19
dynamics through a fractional-order model”, Alezandria Engineering Journal,

60(4), 3587-3592.

[11] F. Cacace, L. Farina, R. Setola, A. Germani (2016) Positive Systems: Theory
and Applications, Rome, Italy, Springer.

[12] S.L. Campbell (1980), Singular Systems of Differential Equations, Pitman,

London.

[13] L.C. Cardoso, F.L.P. Dos Santos, R.F Camargo (2018), “Analysis of fractional-
order models for hepatitis B”, Computational and Applied Mathematics, 37,
4570-4586.

[14] S. Chang, T. Peng (1972), “Adaptive guaranteed cost control of systems with
uncertain parameters”, IEEE Transactions on Automatic Control, 17(4), 474—
483.

[15] X.H. Chang, L. Zhang, J.H. Park (2015), “Robust static output feedback H
control for uncertain fuzzy systems”, Fuzzy Sets and Systems, 273, 87—104.

[16] V. Chellaboina, S.P. Bhat, W.M. Haddad, D.S. Bernstein (2009), “Modeling
and analysis of mass-action kinetics”, IEEE Control Systems Magazine, 29(4),
60-78.

[17] Y. Chen, Y. Bo, B. Du (2019), “Positive L;-filter design for continuous-time
positive Markov jump linear systems: Full-order and reduced-order”, IET Con-

trol Theory and Applications, 13(12), 1855-1862.

[18] W.C. Chen (2008), “Nonlinear dynamics and chaos in a fractional-order finan-
cial system”, Chaos, Solitons and Fractals, 36(5), 1305-1314.

[19] L. Chen, H. Yin, H. Wu, L. Yin, Y. Chen (2019), “Robust dissipativity and
dissipation of a class of fractional-order uncertain linear systems”, IET Control

Theory and Applications, 13, 1454-1465.



105
[20] G. Chen, J. Yang, X. Zhou (2022), “Finite-time dissipative control for discrete-

time stochastic delayed systems with Markovian switching and interval param-

eters”, Communications in Nonlinear Science and Numerical Simulation, 110,

106352.

[21] L. Dai (1989), Singular Control Systems, Lecture Notes in Control and Infor-

mation Sciences, Springer, Berlin.

[22] D. Debeljkovi¢, D.H. Owens (1985), “On Practical Stability of Singular Sys-
tems”, Proceedings of the Melecon Conference, Madrid, Spain, 2, 103-105.

(23] K. Diethelm (2010), The Analysis of Fractional Differential Equations. An
Application Orriented Exposition Using Differential Operators of Caputo Type,

Lecture Notes in Mathematics, Springer, Berlin.

[24] P. Dorato (1961), “Short time stability in linear time-varying systems”, In:
Proceedings of the IRE International Convention Record, 4, 83-87.

[25] P. Dorato (2006), An Ouverview of Finite-Time Stability, In: Current Trends

in Nonlinear Systems and Control, Springer, Berlin.

[26] P. Dorato, C.T. Abdallah, D. Famularo (1997), Robust Finite-time Stability
Design via Linear Matriz Inequalities, In: Proceedings of the 36th, Conference

on Decision and Control, San Diego, Califonia, USA.

[27] L. Farina, S. Rinaldi (2000), Positive Linear Systems, John Wiley and Sons,
New York.

[28] Z. Feng, J. Lam, H. Gao (2011), “a-dissipativity analysis of singular time-delay
systems”. Automatica, 47(11), 2548-2552.

[29] G.H. Golub, C.F.V. Loan (1996), Matriz Computations, Johns Hop-kins Uni-

versity Press, Baltimore.

[30] V. Gokulakrishnan, R. Srinivasan, M.S. Ali, G. Rajchakit (2023), “Finite-
time guaranteed cost control for stochastic nonlinear switched systems with
time-varying delays and reaction-diffusion”, International Journal of Computer

Mathematics, 100(5), 1031-1051.



[31]

[32]

[33]

[34]

[35]

[36]

[40]

106
L.V. Hien, HM. Trinh, P.N. Pathirana (2020), “On [;—gain control of 2 —

D positive Roesser systems with directional delays: Necessary and sufficient

conditions”, Automatica, 112, 108720.

D.J. Hill, P.J. Moylan (1976), “The stability of nonlinear dissipative systems”,
IEEE Transactions on Automatic Control, 21(5), 708-711.

D.T. Hong, N.H. Sau, M.V. Thuan (2022a), “New criteria for dissipativity anal-
ysis of fractional-order static neural networks”, Circuits, Systems, and Signal

Processing, 41(4), 2221-2243.

D.T. Hong, N.H. Sau, M.V. Thuan (2022b), “Output feedback finite-time dissi-
pative control for uncertain nonlinear fractional-order systems”, Asian Journal

of Control, 24(5), 2284-2293.

M. Hu, J. Xiao, X. Xiao, W. Chen (2017), “Impulsive effects on the stabil-
ity and stabilization of positive systems with delays”, Journal of the Franklin

Institute, 354(10), 4034-4054.

S. Jiao, H. Shen, Y. Wei, X. Huang, Z. Wang (2018), “Further results on
dissipativity and stability analysis of Markov jump generalized neural networks

with time-varying interval delays”, Applied Mathematics and Computation,

336, 338-350.

N.A. Kablar, D. Debeljkovic (1998), “Finite-time stability of timevarying linear

singular systems”, Proceedings of the 37th IEEE, Conference on Decision &

Control, Tampa, Floria USA.

T. Kaczorek (2011), Selected Problems of Fractional Systems Theory, Springer,

Berlin.

T. Kaczorek (2019), “An extension of the Cayley-Hamilton theorem to different
orders fractional linear systems and its application to electrical circuits”, IEEE

Transactions on Clircuits and Systems II: Express Briefs, 66(7), 1169-1171.

T. Kaczorek, K. Borawski (2021), Descriptor Systems of Integer and Fractional
Orders, Springer, Berlin.



107
[41] H. Kheiri, M. Jafari (2019), “Fractional optimal control of an HIV/AIDS epi-

demic model with random testing and contact tracing”, Journal of Applied

Mathematics and Computing, 60(1-2), 387-411.

[42] A. Kilbas, H. Srivastava, J. Trujillo (2006), Theory and Application of Frac-
tional Diffrential Equations, Elsevier, New York.

[43] M.P. Lazarevic, D.L. Debeljkovic (2005), “Finite time stability analysis of lin-
ear autonomous fractional order systems with delayed state”, Asian Journal
of Control, 7(4), 440-447.

[44] J. Lam, S. Xu (2006), Robust Control and Filtering of Singular Systems,
Springer, Berlin.

[45] P.H. Leslie (1945), “On the use of matrices in certain population mathematics”,

Biometrika, 33(3), 183-212.

[46] B. Li, S. Wo, J. Zhao, X. Ren (2019), “Finite-time guaranteed cost controller
design for uncertain linear continuous-time singular systems”, Transactions of

the Institute of Measurement and Control, 14(12).

[47] M. Li, L. Sun, R. Yang (2018), “Finite-time H, control for a class of discrete-
time nonlinear singular systems”, Journal of the Franklin Institute, 355(13),

5384-5393.

[48] Z. Li, J. Wang, H. Shao (2002), “Delay-dependent dissipative control for linear
time-delay systems”, Journal of the Franklin Institute, 339, 529-542.

[49] L. Liu, H. Xing, X. Cao, Z. Fu, S. Song (2018), “Guaranteed cost finite-
time control of discrete-time positive impulsive switched systems”, Complexity,

5790681.

[50] X. Liu, W. Yu, L. Wang (2009), “Stability analysis of positive systems with
bounded time-varying delays”, IEEE Transactions on Circuits and Systems

Part II: Express Briefs, 56, 600—-604.

[51] X. Liu (1994), “Stability results for impulsive differential systems with applica-
tions to population growth models”, Dynamics and Stability of Systems, 9(2),
163-174.



[52]

[53]

[54]

[57]

[58]

[59]

[61]

[62]

108
L. Liu, Y. Di, Y. Shang, Z. Fu, B. Fan (2021), “Guaranteed cost and finite-time

non-fragile control of fractional-order positive switched systems with asyn-
chronous switching and impulsive moments”, Circuits, Systems, and Signal

Processing, 40, 3143-3160.

D.G. Luenberger, A. Arbel (1977), “Singular dynamic Leontief systems”,
Econometrica, 45 , 991-995.

Z.Lu, Y. Yu, Y. Chen, G. Ren, C. Xu, S. Wang, Z. Yin (2020), “A fractional-
order SETHDR model for COVID-19 with inter-city networked coupling ef-
fects”, Nonlinear Dynamics, 101(3), 1717-1730.

Y. Ma, M. Chen (2016), “Finite time non-fragile dissipative control for uncer-
tain TS fuzzy system with time-varying delay”, Neurocomputing, 177, 509-514.

Y. Ma, X. Jia, D. Liu (2018), “Finite-time dissipative control for singular
discrete-time Markovian jump systems with actuator saturation and partly

unknown transition rates”, Applied Mathematical Modelling, 53, 49-70.

Y. Ma, B. Wu, Y. Wang (2016), “Finite-time stability and finite-time bound-

edness of fractional order linear systems”, Neurocomputing, 173, 2076-2082.

P.C. Muller(1993), “Stability of linear mechanical systems with holonomic con-
straints”, Applied Mechanics Reviews, 46 , 160-164.

P.T. Nam, P.N. Pathirana, H. Trinh (2016), “Partial state bounding with a
pre-specified time of non-linear discrete systems with time-varying delays”,

IET Control Theory and Applications, 10(13), 1496-1502.

P. Niamsup, K. Ratchagit, V.N. Phat (2015), “Novel criteria for finite-time
stabilization and guaranteed cost control of delayed neural networks”, Neuro-

computing, 160, 281-286.

P. Niamsup, N.T. Thanh, V. N. Phat (2022), “Finite-time H., control of lin-
ear singular fractional differential equations with time-varying delay”, IMA

Journal of Mathematical Control and Information, 39(2), 7T73-788.

L.R Petersen (1987), “A stabilization algorithm for a class of uncertain linear

systems”, Systems and Control Letters, 8(4), 351-357.



[63]

[64]

[65]

[67]

[68]

[71]

[72]

109
[.R. Petersen, D.C. McFarlane (1994), “Optimal guaranteed cost control and

filtering for uncertain linear systems”, IEEE Transactions on Automatic Con-

trol, 39(9), 1971 - 1977.

V.N. Phat, N.H. Sau (2018), “Exponential stabilisation of positive singular
linear discrete-time delay systems with bounded control”, IET Control Theory

and Applications, 13(7), 905-911.

J. Ren, F. Li, J. Fu (2020), “Robust observer-based finite-time H., control for
one-sided Lipschitz singular systems with uncertainties”, IET Control Theory

and Applications, 14(16), 2319-2328.

N.H. Sau, V.N Phat (2018), “LP approach to exponential stabilization of sin-
gular linear positive time-delay systems via memory state feedback”, Journal

of Industrial and Management Optimization, 14(2), 583-596.

N.H. Sau, M.V. Thuan (2023), “Impulsive stability for positive linear
differential-algebraic equations with time-varying delay”, IEEE Transactions

on Automatic Control, 68(12), 7943-7950.

L.F. Shampine, P. Gahinet(2006), “Delay-differential-algebraic equations in
control theory”, Applied Numerical Mathematics, 56, 574-588.

Y. Shang, L. Liu, Y. Di, Z. Fu, B. Fan (2021), “Guaranteed cost and finite-time
event-triggered control of fractional-order switched systems”, Transactions of

the Institute of Measurement and Control, 43(12), 2724-2733.

R.J. Smith, L.M. Wahl (2005), “Drug resistance in an immunological model of
HIV-1 infection with impulsive drug effects”, Bulletin of Mathematical Biology,
67(4), 783-813.

N.T. Thanh, V.N. Phat (2018), “Switching law design for finite-time stabil-
ity of singular fractional-order systems with delay”, IET Control Theory and
Applications, 13(9), 1367-1373.

N.T. Thanh, M.V. Thuan, T.N. Tuan (2023), “New results on finite-time guar-
anteed cost control of uncertain polytopic fractional-order systems with time-

varying delays”, Optimal Control Applications and Methods, 44(5), 2504-2516.



110
(73] M.V. Thuan, T.N. Binh, D.C. Huong (2020), “Finite-time guaranteed cost

control of Caputo fractional-order neural networks”, Asian Journal of Control,

22(2), 696-705.

[74] M.V. Thuan, P. Niamsup, V.N. Phat (2020), “Finite-time control analysis of
nonlinear fractional-order systems subject to disturbances”, Bulletin of the

Malaysian Mathematical Sciences Society, 44, 1425-1441.

[75] H.T. Tuan, H. Trinh (2018), “Stability of fractional-order nonlinear systems
by Lyapunov direct methods”, IET Control Theory and Applications, 12(17),
2417-2422.

[76] G. Tzounas, 1. Dassios, M.A.A. Murad, F. Milano (2020), “Theory and imple-
mentation of fractional order controllers for power system applications”, IEEE

Transactions on Power Systems, 35(6), 4622-4631.

[77] Y. Wang, J. Zhang, M. Liu (2014), “Exponential stability of impulsive positive
systems with mixed time-varying delays”, IET Control Theory and Applica-
tions, 8(15), 15371542,

(78] J.C. Willems (1972), “Dissipative dynamical systems-part 1: general theory”,
Archive for Rational Mechanics and Analysis, 45, 321-351.

[79] S. Xu, J. Lam (2006), Robust Control and Filtering of Singular Systems,
Springer, Berlin.

[80] Y. Q. Xue, P. Zhao (2023), “Input-to-state consensus of nonlinear positive
multi-agent systems under state feedback and impulsive control, International

Journal of Control”, Automation and Systems, 21, 2099-2111.

[81] T. Zhan, S.P. Ma (2018), “The controller design for singular fractional-order
systems with fractional order 0 < o < 17, The ANZIAM Journal, 60(2), 230—
248.

[82] Q.H Zhang, J.G Lu, Y.D Ma, Y. Q. Chen (2021), “Time domain solution anal-
ysis and novel admissibility conditions of singular fractional-order systems”,
IEEE Transactions on Circuits and Systems I: Regular Papers, 68(2), 842
855.



[83]

[84]

8]

[87]

88]

[39]

111
L. Zhang, B. Huang, J. Lam (2003), “LMI synthesis of Hy and mixed Hs/H,

controllers for singular systems”, IEFE Transactions on Circuits and Systems-

II: Analog and Digial Signal Processing, 50(9), 615-626.

Z. Zhang, W. Jiang (2011), “Some results of the degenerate fractional differen-
tial system with delay”, Computers and Mathematics with Applications, 62(3),
1284-1291.

Y. Zhang, P. Shi, S.K Nguang, Y. Song (2014), “Robust finite-time H,, con-
trol for uncertain discrete-time singular systems with Markovian jumps”, The

Institution of Engineering and Technology, 8(12), 1105-1111.

G. Zhang, Q. Zhu (2022), “Finite-time guaranteed cost control for uncertain
delayed switched nonlinear stochastic systems”, Journal of the Franklin Insti-

tute, 359(16), 8802-8818.

Y. Zhang (2012), “Exponential stability of impulsive discrete systems with
time delays”, Applied Mathematics Letters, 25(12), 2290-2297.

J. Zhang, Y. Wang, J. Xiao, Z. Guan (2014), “Stability analysis of impulsive
positive systems”, IFAC Proceedings Volumes, 47(3), 5987-5991.

A. Zulfigar, M. Rehan, M. Abid (2016), “Observer design for one-sided Lips-
chitz descriptor systems”, Applied Mathematical Modelling, 40(3), 2301-2311.



