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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.

Thatr Nguyén, thang 12 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.

Dic biet, toi xin gui 101 tri an sau sac dén gia dinh than yéu: bo me, anh chi
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em, chong va hai con ctia to6i. Ho luon dong hanh, sé chia moi khé khan va dong
vién, tré thanh nguon dong lyic 16n lao gitp toi nd luc hoc tap, nghién citu va hoan

thanh luan an.

Nghién cttu 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 clia phép toan vi tich phan ¢6 dién. Y tudng vé dao ham
bac khong nguyén duge dé cap lan dau tién vao nam 1695, trong thu tit trao doi
gitta M.D. L'Hospital (1661-1704) va G.W. Leibniz (1646-1716). Sau d6, céc kién
thitc co ban ctia giai tich bac phan thi dude dat nén ting viing chac tit két qua
ctia nhiéu nha todn hoc ndi tiéng nhu L. Euler, J. Liouville, B. Riemann, J.L.
Lagrange, A. Griinwald, A. Letnikov ... qua cac thé ky. T nhitng nam 1970, 1y
thuyét vé phép tinh phan thit da c6 nhing budc phéat trién vugt bac, trd thanh
mot cong cu manh mé dé giai quyét cac bai toan lien quan dén phan tich va diéu
khién cac hé théng phtic tap ma cac phuong phép co dién con nhiéu han ché. Dac
biet, Iy thuyét nay hitu ich trong viec mo ta qua trinh dong lyc hoc, mo hinh héa
tinh chat cta vat lieu c¢6 dic tinh nhd, mach dien [40, 77], cac qua trinh sinh hoc
va hoa hoc phiic tap [10, 13, 42, 54], phan tich cac chu ky kinh té, dy doan xu
hudéng thi truong cia tai chinh [18], cdc van dé ctia nganh Khoa hoc xa hoi ... C6
nhicu loai dao ham phan thit khac nhau da dude xay dung tuy thudc vao cach
ngudi ta tong quat héa dao ham bac n cho truong hop n khéng nguyén nhu dao
ham phan thit Riemann-Liouville, dao ham Caputo, dao ham Hadamard, dao ham
Griinwald-Letnikov, dao ham Marchaud, ... C4 hé phuong trinh vi phan co dién
va hé phuong trinh vi phan phan thit déu c6 kha niang mo ta chinh xéc su bién doi
theo thoi gian ctia cac hé thong thuce té, dong thoi dude ting dung rong rai trong
khoa hoc va ki thuat.

Dé thiét lap mot mo hinh trang thai bi¢u dién mét qua trinh hodc hién tuong

vat 1y, ta can xay dung moi lien hé gitta cac bién dic trung ctia hé théng va biéu
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dién ching thong qua hé phuong trinh vi phan. Cac bién dic trung nay thuong
la nhitng dai lugng phan anh day du va chinh xac trang thai ctia hée théng, chang
han nhu toc do, khoi luong, nhiét do, hay gia téc. Ching khong chi théa méan cac
phuong trinh vi phan ma doi khi con phai tuan theo cac rang buoc dai s6. Két qua
thu dugc 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. H¢ phuong trinh vi phan suy bién (bao
gom cé& bac nguyen va bac phan thit) con duge biét véi tén goi hé phuong trinh vi
phan dai s6 hay hé trang thai téng quat, la mot linh viyc nghién cttu quan trong
clia toan hoc ting dung. Trong 15 nam qua, cac hé dong luc dudc bicu dién qua hé
phuong trinh vi phan suy bién da thu hat sy chid ¥ manh mé tir gi6i nghién citu
khoa hoc nhd vao tam quan trong va ting dung rong rai ctia chiing. Nhiéu bai toan
thie tién va k¥ thuat duge mo hinh héa bang hé phuong trinh vi phan suy bién
v6i dao ham bac nguyén nhu mang ludi dien [12], hé thong co hoc [59], qua trinh
héa hoc, hé théng xa hoi, hé théng kinh té [55], ... va dugce biéu dién bdi cac hé
suy bién v6i dao ham bac phan thit nhu he théng sinh hoc [13, 42, 54], he thong
nang lugng [77], hé thong tai chinh [18] va céac linh vyce khac [40].

Tinh 6n dinh 1& mot trong nhiing diic tinh dinh tinh quan trong, luén duge chi
trong khi nghién ctu va phan tich cac hé dong luc. Trong bai toan én dinh cla
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 la hai
khai niem doc lap v6i nhau, c6 nhing tiéu chuan va ¥ nghia riéng trong thuc té va
cac bai toan ky thuat. Tinh on dinh theo nghia Lyapunov nghién citu qui dao ctia
véc to trang thai trong thoi gian vo han, tap trung dua ra cac diéu kien dé dam
bao hé théng quay vé trang thai can bang trong thoi gian vo han. Trong khi do,
tinh 6n dinh trong thoi gian hitu han nhan manh dén viéc hé théng duy tri trang
thai on dinh trong mot khoang thoi gian cu thé. Mot hé thong cé thé dat trang
thai 6n dinh trong mot khoadng thoi gian hitu han ma khong nhat thiét phai on
dinh tiéem can. Ngugc lai, tinh 6n dinh tiém can ctia mot hé thong khong dam bao
rang hée thong sé duy tri trang thai 6n dinh trong mot khoang thdi gian nhat dinh.

Viéc nghién cttu cac 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 lac ndo ciing ton tai, ngay ca khi xét truong hop hée

tuyén tinh. Phuong phap thuong duge cac nha nghién citu ap dung cho cac hé véi
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dao ham bac nguyen chii yéu duya trén viéc xay dung cdc ham Lyapunov-Krasovskii
thich hgp. Tuy nhién, khi mé rong sang hé phuong trinh vi phan phan tha suy
bién, phuong phap nay gap nhicu thach thic do khé khan trong viec xay dung
ham Lyapunov phu hgp cling nhu tinh toan dao ham phan thit cia n6, doi hoi cac
ky thuat phan tich phic tap hon. Trong trudng hop hé suy bién, nghiém thuong
bao gom thanh phan xung d6i v6i hé lien tuc va nhan qué (causal) doi véi he roi
rac. Tinh chat khong c6 xung (impluse-free) clia mot hé suy bién dam béo rang,
véi cac dieu kién tuong thich ban dau, hé sé khong xuat hién cac thanh phan dang
xung. Con hé 13i rac suy bién c6 tinh nhan qua la hé ma dau ra tai mot thai diém
nhat dinh duge quyét dinh bdi cac dai luong dau vao 6 hién tai va qua khit, khong
lien quan dén cac gia tri dau vao trong tuong lai. Dieu nay dadm bao hé thong c6
tinh thyc té, vi viec du doan chinh xac tuong lai 14 khong kha thi trong cic tng
dung thuc tién [21]. Trong bai todn 6n dinh hoéa, qué trinh thiét ké ham diéu khién
cho hé suy bién can dam bao hé déng tuong ting khong chi 6n dinh ma con théa
man tinh chinh quy (regular) dong thai dap tng khong chita thanh phan xung d6i
v6i he lien tuc ho#c dieu kien nhan quéa ddi véi hé roi rac.

Ly thuyét 6n dinh theo nghia Lyapunov la phuong phap pho bién dé phan tich
tinh 6n dinh ctia hé dong luc. Theo d6, mot hé on dinh néu hé théng khong chi
gitt dugc gan trang thai can bang (nghiém khong) ma con quay vé trang thai can
bang theo thoi gian (6n dinh tiém can). Diéu nay duge kiém tra thong qua ham
Lyapunov, mot ham nang luong ma néu ham dé gidm theo thoi gian va cé gia tri
khong am, hé sé 6n dinh. Phuong phap Lyapunov cho phép danh gia tinh 6n dinh
clia mot hé ma khong can phai biét chinh xac nghiém. On dinh mit (exponential
stability) 13 mot khai niém co ban trong ly thuyét on dinh ctia hé dong luc, miéu
t4 miic do nhanh chong 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 clia moi trudng
bén ngoai. Do do, so véi 6n dinh tiém can (hoi tu cham hon, khong dinh lugng toc
do), on dinh mit cung cap mot cach dinh luong dé do ludng mitc do on dinh thong
qua téc do gidm, c6 loi thé hon so véi on dinh tiém can.

Trong 1y thuyét dicéu 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, 32, 60, 65, 67]. He
dong luc duong ducc xay dung dé dap tng nhu cau moé hinh héa cac hé théng
thuc té ctia nhiéu linh vie nhu hoéa hoc [16], sinh thai hoc [46] va y sinh hoc [11],
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khi cac dai lugng nhu luu luong, nong do, quan thé hay nang luong luon mang gia
tri khong am. Khi hé c6 su thay déi trang thai dot ngdt tai nhing thoi diém cu
thé, thuong dudc gay ra bdi cac nhiéu hodc xung tic thoi ta thu duge hé duong
c6 xung. Gan day, cac he duong c6 xung da thu hut duge nhiéu sy cha § tit cac
nha nghién cttu. He duge sit dung dé biéu dién mot s6 16p mo hinh trong dich té
hoc [71], cAc mo hinh dan s6 [50] va he sinh thai [4]. Trong [87], lan dau tien J.
Zhang cuing dong tac gid da dé xudt cac titu chuan méi cho cac hé duong tuyén
tinh c6 xung khong c6 tré. Nhu da biét, do tré theo thoi gian 1a mot yéu to xuat
hién trong nhiéu linh vuyc khoa hoc va k§ thuat va ching thuong 14 nguyén nhan
lam suy giam hiéu suat hodc gay mat on dinh cho hé théng. Vi vay, viéc phan tich
tinh 6n dinh clia cac hé duong cé xung véi tré 1la hét siic can thiét. Bing cach
két hgp ham Lyapunov-Krasovskii cai tién va phuong phap khodng thai gian xung
trung binh, Y. Wang va cac cong su [78] da thiét lap mot tiéu chuan du doc lap
v6i tré dé dam bao tinh 6n dinh mii toan cuc thong qua bai toan lap trinh tuyén
tinh cho cac hé duong c6 xung véi tré. On dinh va 6n dinh héa theo thsi gian duy
tri cho céc hé duong tuyén tinh c6 xung va chuyén mach dude nghién ctu trong
[9]. Bang cach thiét 1ap mot ham Lyapunov cai tién va ap dung k¥ thuat thoi gian
xung trung binh, bai toan bi chan trong thoi gian hitu han cta hé duong c6 xung
chuyén mach rdi rac ciing van dé dam bao chi phi da duge phan tich [52].

Can luu ¥ rang, doi v6i cac két qua hién tai vé tinh on dinh clia cac hé xung va
hé suy bién, c6 rat it cong trinh nghién cttu vé cac hé duong c6 xung, chua néi dén
cac hé suy bién duong c6 xung. Theo hiéu biét ctia ching toi, bai toan 6n dinh mit
cho hé suy bién duong c6 xung roi rac véi tré van chua dude quan tam va nghién
cttu sau rong. Trong ky nguyén s6 hién dai, cidc heé roi rac duge ting dung rong rai
trong cac linh vuc nhu xi Iy 4nh v nhan dang hé théng. Su 6n dinh clia cac hé roi
rac c6 xung da thu huat sy chi y cia cong dong nghien ctiu [52, 60, 65]. Nghién ciiu
cac hé suy bién duong c6 xung rdi rac véi tré dat ra mot so6 thach thitc quan trong,
bao gom cac khia canh chinh sau: Truéc hét, do ma tran ctia hé 1a suy bién nén
hé c6 thé khong chinh quy hodc khong nhan qua. Vi vay, can phan tich cac diéu
kien bdo ddm nghiém ton tai va 1a duy nhat. Ngoai ra, trong cac hé c6 xung, cac
bién trang thai co thé trai qua cac budc nhay dot ngot hoic thay doi do cac tac
dong xung, viec ddm bao rang tat cd cac bién trang thai ctia hé thong luon khong

am theo thoi gian 14 mot thach thitc khong nhé. Tiép dén 1a cac yéu cau ky thuat



)
toan hoc, cac phuong phap truyen théng dé phan tich hé khong suy bién hoic hée
r5i rac c6 thé khong ap dung triuec tiép cho cac hé suy bién c6 xung véi tré.

Khai niém 6n dinh trong thai gian hitu han (finite-time stability) cho he phuong
trinh vi phan véi dao ham bac nguyén dudc gidi thieu lan dau tién béi cic nha toan
hoc nguoi Nga vao nhitng nam 50 ctia thé ky XX. Trong thuc té, viéc giam sat va
diéu chinh dang diéu clia véc to trang thai duge mo ta bdi hé phuong trinh vi phan
trong mot khoadng thai gian cu thé 1a quan trong. Viec dam bao véc to trang thai
duy tri trong giéi han cho phép trong mot khoang thoi gian nhat dinh ¢6 tac dong
dén sy on dinh va hiéu suat ctia hé théng. Dén nam 1961, P. Dorato da cong bo
mot vai két qua nghién citu bai toan 6n dinh trong thi gian hitu han [24] va sau d6
van dé nay da nhan dudc sy chi ¥ rong rai tit gidi nghién cttu 1y thuyét dieu khién
[5, 25, 26]. Khai niém bi chén 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 chan trong thoi gian hitu han néu véi diéu kien ban dau
khong vitgt qua mot ngudng nhat dinh va nhidu ndm trong mot mién xac dinh thi
véc to trang thai cia hé luén duy tri trong mét pham vi giéi han khac trong mot
khoang thai gian hitu han. Khai niém nay thuong duge nghién cttu trong cac bai
toan diéu khién va t6i wu héa nhu diéu khién robot, mang dién, hosic hé théng co
hoc, khi ma dadm bao tinh an toan va hiéu qua ngan han la rat quan trong. Viéc
khai thac bat dang thitc ma tran tuyén tinh (LMI) trong thiét ké ham diéu khién
nham dam bao tinh dn dinh va giéi han trang thai trong mot khoang thoi gian hitu
han mang lai mot huéng tiép can hiéu qua, tan dung dudc cac cong cu toan hoc
hién dai. Nam 2005, M.P. Lazarevic va D.L. Debeljkovic da xét cac van dé trén doi
v6i he c6 tré [45]. Mot s6 két qua vé van dé bi chdn trong thai gian hitu han cho
cac he suy bién roi rac da dugce cong bo [47, 86].

Hiéu suat ctia hé dong luc duge biéu thi qua mdi tuong quan giita cac tham sb
dau vao va dau ra, gitp danh gia kha nang t6i wu hoéa cia hé thong trong viec dap
ing cac yéu cau van hanh. T 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 diéu khién dam bao chi phi (GCC), bai
toan diéu khién hén hop H va thu dong, v.v.

Lan dau tien dugce gidi thieu bdi J.C. Willems vao nam 1972 [79], 1y thuyét tieu

hao da tré thanh mot cong cu hiéu qua trong phan tich tinh 6n dinh va thiét ké
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he diéu khién, thong qua viéc khai thac mdi quan hé gitta nang lugng cung cap
tit bén ngoai va nang lugng tich liy beén trong hé thong. Mot trong nhiing tinh
chat quan trong ctia hé dong luc tiéu hao la ning luong tong chita trong hé luon
gidm theo thoi gian. Phan ning lugng bi mat di thuong duge téa ra bén ngoai,
nhu dué6i dang nhiét hodc ma sat. Bai toan tiéu hao cho cic hé théng diéu khién
da tré thanh huéng nghién cttu duge nhicu nha todn hoc quan tam. Véi cong cu
la Iy thuyét ham Lyapunov ciing su hd trg ctia ki thuat bat déng thic ma tran
tuyén tinh, da c6 nhiéu cong bdé dang cht ¥ vé bai toan tiéu hao cho cac loai hée
dong lyc khac nhau. Nam 2011, Z. Feng, J. Lam va H. Gao da nghién cttu vé he
suy bién tieu hao c6 tré véi dao ham bac nguyen [28]. Ddi v6i hé phan thi, nam
2022 trong [33], D.T. Hong, N. H. Sau va M. V. Thuan da thiét lap mot s6 diéu
kien méi dé phan tich mic tiéu hao ciia mang no ron phan thi tinh véi tré bién
thien. Céac cong b vita dude néu  trén déu tap trung vao van dé o6n dinh theo
nghia Lyapunov. Gan day, phuong phap on dinh trong thsi gian hitu han da dugc
cidc nha nghién ctu 4p dung vao 1y thuyét tieu hao. Nhiéu két qua tha vi vé tinh
tieu hao hoéa trong thoi gian hitu han cho cac hé khac nhau da duge cong bo. Trong
[56], Y. Ma va M. Chen da dé xuat ham diéu khién tieu hao bén vitng dé dam bao
hé dong khong chi bi chin trong thoi gian hitu han ma con théa man chi s6 hieu
suat tiéu hao cho hé mo khong chic chan véi 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 dieu kien di nham gidi quyét bai toan tiéu hao trong thoi
gian httu han (FTDC) ddi v6i hé bude nhay Markovian suy bién roi rac [57]. Trong
20], bai toan FTDC cho 16p hé chuyén mach Markovian c6 tré ngau nhién rdi rac
da duge nghién cttu bdi G. Chen, J. Yang va X. Zhou dya trén phuong phap ham
Lyapunov-Krasovskii. D6i v6i hé phuong trinh vi phan phan thit, ndm 2022, trong
[34], D.T. Hong, N.H. Sau va M.V. Thuan da xem xét bai toan FTDC d6i véi he
phan thit Caputo c¢6 nhiéu phi tuyén. Nhom tac gia da xay dung ham diéu khién
phan hoi dau ra dé he déng bi chan trong thoi gian hitu han va théa méan chi s6
hiéu nang tiéu hao.

Trong 1y thuyét dic¢u khién, mot trong nhitng muc tiéu chinh clia viéc thiét ké he
thong 1a t6i wu héa mot ham hiéu suat, thuong duge goi 14 ham chi phi. Bén canh
viec dam béo tinh on dinh, bai toan diéu khién con huéng dén viec xay dung ham

diéu khién dap ting day du cac yéu cau vé hieu suat hoat dong. Y tudng vé GCC
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duge S.S.L. Chang gi6i thieu nam 1969. Sau do, nam 1972, S.S.L. Chang va T.K.C
Peng lan dau tién dua ra bai toan diéu khién cting ham chi phi diéu khién ctia hé
[14]. V6i cong cu 1a 1y thuyét Lyapunov ciing sut hd trg clia phuong phap bat dang
thiic ma tran tuyén tinh, da c6 nhiéu cong bd dang cha y vé bai toan GCC cua
cac 16p he dong lyc [64, 80, 84]. Dbi v6i he véi dao ham bac nguyén, nam 2015,
P. Niamsup, K. Ratchagit va V.N. Phat da dé xuat tiéu chuan méi ctia bai toan
GCC cho hé no ron c6 tré [62]. Gan day, V. Gokulakrishnan va cic cong sy nghién
cttu bai toan diéu khién ddm bao chi phi trong thai gian hitu han (FTGCC) cho hé
chuyén mach phi tuyén ngdu nhién c6 tré bién thien [29]. D6i véi cac hé phuong
trinh vi phan phan thi, da c6 nhiéu cong bd dang chi ¥ ciia cac nha nghién ciu.
Trong cong trinh ndm 2020, M. V. Thuan, P. Niamsup va V. N. Phat da thiét ké
ham diéu khién bdo dam chi phi trong thdi gian hitu han, dong thsi dé xuat mot
dang ham chi phi méi cho 16p hé phan thi Caputo chiu tac dong ctia nhiéu [75].
Trong [73], N.T. Thanh v& cac cong su da 4p dung phép bién doi Laplace va cach
tiép can dua trén bat ding thic ma tran tuyén tinh dé thiét ké ham diéu khién
dam bdo chi phi trong thoi gian hitu han cho hé phan thi c6 tré véi thanh phan
khong chic chan dang t6 hop 16i. Ngoai ra, trong qua trinh kiém soat cac phan hoi
trang thai, ta nhan thay nhiing nhiéu tuong doéi nhé trong cac tham so ctia ham
diéu khién c6 thé lam mat tinh 6n dinh ctia he [70]. Vi vay can thiét phai thiét ké
mot ham diéu khién bén vitng c6 thé chap nhan duge sy thay doi nhoé ctia thanh
phan ctia ham diéu khién & mic do nhat dinh.

Mic dit da c6 nhiéu két qua nghién ctiu ddi véi hé phuong trinh vi phan suy
bién véi dao ham bac nguyén va bac phan thi dude cong bd trong thoi gian qua,
tuy nhién theo tim hiéu cfia ching t6i, nhi¢u bai toan dinh tinh quan trong cho
cac hé phuong trinh vi phan suy bién van chua duge nghién cttu day di. Bai toan
phan tich tinh 6n dinh mi cho cac hé suy bién c6 xung roi rac véi tré la van dé
phiic tap va van con nhiéu théach thic ki thuat can dude gidi quyét. Cac nghién
ctitu vé bai toan tieu 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 thi,
rat it cong trinh nghién cttu duge cong bé cho 16p hé phan thi suy bién. Phuong
phap dugc cac nha nghién cttu hay st dung cho cac hé v6i dao ham bac nguyén
chti yéu thong qua viéc thiét lap cdc ham Lyapunov-Krasovskii phtt hgp. Phuong

phap nay khong dé dang md rong cho cic hé phuong trinh phan thi suy bién vi
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kho khan trong viéc xay dung ham Lyapunov phu hgp va qua trinh tinh toan dao
ham phan thi ctia n6. Chinh tit cdc phan tich néu trén, ching toi chon dé tai vé
tinh chat dinh tinh cia mot s6 hé suy bién vdi cac bai toan dinh tinh 16n 13 nghién
cttu tinh on dinh va on dinh héa duge dang mii cho hé suy bién c6 xung r6i rac
v6i tré hang, bai toan FTDC cho 16p hé phan thit suy bién théa man diéu kién
Lipschitz mot phia v6i thanh phan khong chic chin va bai toan FTGCC cho 16p

hé phan thi suy bién phi tuyén c6 nhiéu.
2. Muc tiéu nghién ciu

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 véi dao ham bac nguyén.

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

khién phan hoi trang thai cho bai toan diéu khién FTDC cho 16p hé dang xét.

e Nghién citu thiét ké ham diéu khién phan hoi trang thai bén vitng cho 16p hé
phan thi Caputo suy bién véi tham s6 khong chiac chan bi chan trong thai

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

Déi tuong nghién cttu ctia luan an 1a mot s6 16p bai toan dinh tinh trong 1y thuyét
on dinh va diéu khién, gom bai todn on 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 véi dao ham bac nguyén va dao ham bac phan thi.
4. Phuong phap nghién ctu

Dé thuc hién nghién citu, ching to6i da 4p dung céc phuong phap sau:

e Phuong phap ham Lyapunov: Phuong phap nay dude xem 1a nén tang trong

viéc phan tich tinh 6n dinh ctia hé phuong trinh vi phan, bao gdm ca on dinh
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theo nghia Lyapunov va on dinh trong thoi gian hitu han.

e Phép bién doi toan ma tran, k thuat LMI: Day la cac cong cu manh mé dé
giai quyét cac bai toan diéu khién c6 st dung 1y thuyét bat dang thic ma tran
tuyén tinh.

e Céc bién doi co ban clia phép tinh giai tich phan thd: Ching toi 4p dung cac
phép bién ddi lien quan dén giai tich phan thit nhu dao ham va tich phan phan

thtt Riemann-Liouville, dao ham phan thi Caputo va cic tinh chat lien quan.

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

tinh va thuc hien mo phéng cac két qua thu dude tit nghién citu 1y thuyét.
5. Két qua nghién cttu va cau trac caa luan an

Trong luan an, 16p hé dau tien duge xem xét nghién citu 1a hé phuong trinh vi
phan suy bién rdi rac c6 xung va tré sau:
(
Ex(t+1) = Ax(t)+ Agze(t —h), t #t,, — 1,
g x1(tm) = Hxy(t,, — 1), m € N¥,
.T(S) :77(‘9)786 {_h7 _h+17 ) 0}7

\
trong doé x(-) := (x1(+), x2(+)), x1(t) € R" va x9(t) € R"™" 1a véc to trang thai. Ma
tran E € R™ " suy bién v6i rank(FE) = r < n. A, Ay la cdc ma tran hang da biét
v6i 86 chieu phu hop. Hang s6 tré h € N* va i : [—h, 0] — R’ 1a ham dieu kién ban
dau. Day xung {t,,}-_; théaman 0 =ty < t; <ty < -+ <tlp < -+ by — 00 VO
m — oo. Nghién cttu cidc hé suy bién duong rdi rac c6 xung vé6i tré dit ra nhiéu
thach thiic dang ké. Thit nhat, ching ta can xac dinh rang buoc dam bao sy ton
tai va tinh duy nhat ctia nghiém do ma tran ctia hé suy bién. Thit hai, van dé duy
tri tinh duong clia cac bién trang thai, dic biét trong cac hé xung v6i nhitng thay
doi dot ngot. Thit ba, cac phuong phap truyen théng khong thé ap dung truc tiép
cho cac hé suy bién c6 xung va tré, do dé doi hoi cac cong cu ciing nhu ki thuat
méi. Két qua chiing t6i dua ra duge trong luan an la diéu kien du dé giai quyét bai
toan 6n dinh va bai toan 6n dinh héa duge dang mii cho 16p hé suy bién duong roi

rac c6 xung va co tré nay.
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Viéc phan tich cic 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
nguyén. Trong luan an, 16p hé tiép theo duge nghién citu 1a hé phan thi Caputo suy

bién théa man diéu kién Lipschitz mot phia véi tham s6 khong chac chan c6 dang:

(BCDoa(t) = [A+AA@)2() + [D + ADEW(E) F(t, () + Bu(t),t > 0,
$ () = [C + AC(H)]z(t) + Wuw(t),t > 0,

z(0) = o,

trong d6 a € (0, 1) 1a bac phan thi ctia he, z(t) € R" la véc to trang thai, u(t) € R™
la véc to diéu khién dau vao, w(t) € RY 1a nhidu dau vao cho trude, z(t) € RP 1a
véc to dau ra, xo 1a dieu kien dau. A € R™" B € R C € RP*", D € R4
va W € RP*? 13 cac ma tran hing so6 da biét. £ € R™ " I ma tran suy bién véi
rank(E) = r < n. Cac ma tran AA(t), AC(t), AD(t) thay ddi theo thoi gian va
nhidu w(.) € L*([0, 00),RY) dap ting diéu kién sau

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

Viéc xay dung ham diéu khién cho hé phan thit suy bién khong chi can bao dam
rang heé déng bi chan trong mot khoang thoi gian hitu han ma con phai dap tng
céc tieu chi vé tinh chinh quy v khong c¢6 xung. Trén nén tang bai toan FTDC ddi
v6i hé phuong trinh vi phan suy bién c6 dao ham bac nguyén ciing nhu hé phuong
trinh vi phan phan thi, ching toi tiép tuc md rong pham vi nghién cttu sang bai
toan FTDC déi v6i hé phuong trinh vi phan phan thit suy bién. Luan an thu duge
két qua quan trong la thiét ké ham diéu khién phan hdi trang thai dam bao tinh
FTDC cho 16p hé phan thi Caputo suy bién théa man diéu kién Lipschitz mot
phia véi cac tham s6 khong chic chan.

Tiép theo, chiing t6i nghién citu bai toan FTGCC clia 16p hé phan thi Caputo

suy bién c6 dang:

E§Dex(t) = [A+ AA®)]x(t) + [D + AD(t)]w(t) + Bu(t),t > 0,
z(0) = Iy,

véi cac gia thiét vé cdc ma tran va ham nhiéu tuong tu nhu & trén. Pphuong phap

quen thudc ma céc nha nghién ctu thuong 4p dung dé phan tich su on dinh cla
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cac hé véi dao ham bac nguyeén la thong qua viéc thiét 1ap cac ham Lyapunov-
Krasovskii. Tuy nhién, viec mé rong phuong phap nay cho cac hé phuong trinh vi
phan phan thi suy bién gip phai nhiéu thach thic, dic biet trong viéc thiét lap
ham Lyapunov thich hgp va cach thyc hién tinh todn dao ham phéan thit ciia né.
Két qua cudi ciing trong luan an la thiét ké duge ham diéu khién bén vimg cho bai
toan FTGCC ciia 16p he phan thit Caputo suy bién c6 nhiéu.

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

Chuong 1: Co s6 toan hoc.

Chuong 2: Bai toan on dinh va 6n dinh héa duge dang mii cho hé suy bién duong
rdi rac ¢6 xung vé6i tré hang.

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

Chuong 4: Bai toan diéu khién dam bao chi phi trong thsi gian hitu han cho 16p
hé phuong trinh vi phan phan thi suy bién c¢6 nhiéu.

Noi dung luan an duge xay dung dya trén cac két qua nghién ctiu da cong bod
trong ba bai béo (CT1), (CT2) va (CT3) trén cac tap chi SCIE Q1/Q2 trong Danh
muc cac cong trinh khoa hoc clia tac gia lien quan dén luan an. Nhing két qua

quan trong cua luan an da dugc trinh bay tai:

e Seminar tai Bo mon Toan tng dung va Tin hoc, Khoa Toan — Tin, Truong

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

e Seminar tai Phong T6i wu va Diéu khién, Vien Toan hoc, Vien Han lam Khoa

hoc va Cong nghé Viét Nam nam 2023.

e Hoi nghi Toan hoc toan qudc lan thit X, Truong dai hoc Su pham, Dai hoc
D Néing, théng 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
cac két qua ctia 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 hd trg duge st dung dé chitng minh céc két qua chinh ciia 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, 43].
Dinh nghia 1.1.1. (Xem [43], 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] .

Vi du 1.1.3. (Xem [43], 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 [43], Chuong 2, tr.73). Cho v : [a,b] — R la mot ham s6

lien tuc va cdc so6 duong aq, an. Khi dé, ta cé:
oIt (I7%0(1) = oI (I 0(t) = oI T (v(1)), VE € [a, b].

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 viuc. Dao ham
phan thit Riemann-Liouville dugc phét trién bsi Abel, Riemann va Liouville trong
nita dau thé ki XIX. Dao ham phan thit Caputo duge M. Caputo xay dung nam

1969 dua trén sy cai bién khai niém dao ham Riemann-Liouville.
Dinh nghia 1.1.5. (Xem [43], 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) dugc xac dinh béi
d" 1 a [
RL no n—o n—a—1
D t) = — CLI Hl=—— t — d .
BDP (1) = G LT 0] = g [ 0= (s
Khi a =m € Z thi BLD@ f(t) = f™(¢) (dao ham bac m thong thuong).
Vi du 1.1.6. Cho z(t) = (t — a)” trong d6 8 > —1 vi't > a. Theo Vi du 1.1.3, ta
nhan dugc két qua

I'g+1)
I'n—a+p+1)

JIVx(t) = (t—a)" " t>a.

Khi do, ta co

[(B+1)
Mg—a+1)

RLpo(t — a)f = (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 dugc phat biéu trong dinh ly dudi day.

Dinh 1y 1.1.7. (Xem [43], 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 dé dao ham phan thi 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 [43], 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 [43], 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 [43], Chuong 2, tr.93) Cho so thuc duong o, n la $6 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 O D8 f(t) dugc zdc dinh thong qua biéu thic sau:

1 b (s)ds
C nHa
Dyf(t) = :
a 't f( ) F(n . Oé) /a (t _ S)a—n—H
Dac biét, khi o € (0,1) va f(t) € AC[a,b], ta thu duge:

C Nna _ 1 tf/(S)dS
“th(t)_l“(l—a)/a (—s)"

i) Neuao =n € N* thi DI f(t) = f™(t), ngoai ra DY f(t) = f(t).

Dinh 1y duéi day khang dinh ring toan tit dao ham phan tht Caputo cé tinh
chat tuyén tinh.
Dinh 1y 1.1.12. (Xem [38], Chuong 2, tr.30) Cho trudc sé6 o > 0, cdc so v,y € R
bat ky va hai ham f(t),g(t) € AC™[a,b]. Khi dé

DY v f(t) + pg(t)] = v DY f(t) + g DRg(t).
Chua y 1.1.13. (Xem [38], Chuong 2, tr.30). Tt Dinh nghia 1.1.10, néu « la s6
thite duong, 3 1a hing s6 thi YD#s = 0.

Dao ham phan thit Caputo, tuong tu nhu phép toan vi-tich phan co dién, ¢ the
duge xem la toan tit nghich dao trai ctia tich phan phan thit. Tuy nhién, né khong
luon théa man tinh nghich dao phai. Diéu nay sé dugc khang dinh trong hai dinh
Iy tiép theo.

Dinh ly 1.1.14. (Xem [43], Chuong 2, tr.95) Cho s6 thuc duong a va f(t) € Cla, b).
Khi do, ta co

CDF(LI7F(1) = f(2).

Dinh 1y 1.1.15. (Xem [43], Chuong 2, tr.96) Cho s6 thuc duong o van = [a] + 1.
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Néu f(t) € AC"[a,b] thi

P (G DYF(E) = f(t) —

Dac biet, néu a € (0,1], f(t) € AC[a,b] thi I (SDf(t)) = f(t) — f(a).

1.2 Bai toan 6n dinh ctia hé phuong trinh vi phan suy bién

roi rac cé tré

Trong nhiéu hé théng thuec té, su thay doi trang thai hien tai khong x4y ra ngay
lap tic ma phai mat mot khoadng thoi gian nhat dinh dé cac yéu t6 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 khit. Dé bicu dién cac qua trinh c6 su thay doi theo

thoi gian roi rac, cac hé phuong trinh vi phan rai rac ¢6 tré thuong duge ap dung.
1.2.1 Bai toan on dinh ctia hé rdi rac cé tré
Xét hé phuong trinh vi phan rdi 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)

v6i véc to x(k) € R", k € N. Ham véc to f : N x R" x R® — R" théa méan
f(k,0,0) =0,k € N. Hang s6 tré h € N* va ¢(+) : {=h,—(h—1)...,0} = R" la
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 st f(k,0,0) = 0 v6i Vk € N.
i) Diém can bang x(k) = 0 ctia he (1.1) dugc goi 1a én dinh néu véi moi kg > 0,
€ > 0, ton tai 6 = d(ko, €) sao cho bat ky nghiem xz(k; ko, 1) théa man ||¢]] < § thi
|z (k; ko, )| < € v6i k > k.

ii) Diém can bang z(k) = 0 ctia he (1.1) dugc goi la 6n dinh tiém can néu nghieém
d6 on dinh va ton tai § = d(ko) > 0 sao cho bat ki nghiem z(k; ko, 1) thda man
[l] <& thi limy,e0 2(k; ko, ¥) = 0.

iii) Diém can biang x(k) = 0 ctia hé (1.1) dugde goi 14 6n dinh mfi néu ton tai cac
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hang s6 M > 0 va 8 € (0,1) sao cho nghiem bat ky x(k; ) ctia he théa man

l(k; )| < M|9lIB*, ke N.
S6 M dudce goi 1a hé s6 6n dinh Lyapunov va 8 dude goi 1a s6 mil on dinh.
1.2.2 Bai toan 6n dinh héa ctia hé r&i rac cé tré
Xét he diéu khién roi rac véi tré sau

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

(1.2)

v6i véc to z(k) € R”, k € N va véc to diéu khien u(k) € R™, hang s6 tré h € N*,
Ham véc to f: Nx 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 l1a 6n dinh hoa
duge néu ton tai ham diéu khién u(k) = n(x(k)) sao cho he déng sau
z(k+1) = f(k,z(k), z(k — h),n(z(k))), k€N,
$(l€):'¢(k}), ke {—h,—(h—l),...,O}

(1.3)

2 . [N ~
on dinh tiém can.

Pinh nghia 1.2.3. (Xem [1], Chuong 3, tr.143) Cho s6 0 < 8 < 1. He (1.2) dugc
goi 1a $-0n dinh héa duge dang mii néu ton tai ham diéu khién u(k) = n(z(k)) sao
cho hé doéng (1.3) la B-6n dinh mii, nghia la ton tai hing s6 duong M > 0 dam
bado moi nghiém x(k;v) ctia hé dong (1.3) théa man

lz(k; )|l < MllvlI8*, vk €N.
1.2.3 Heé suy bién rdi rac c6 tré
Xét he suy bién roi rac c6 tré sau

Ex(k+1) = Ajx(k) + Ajz(k — 1), k€N,
z(k) = (k), ke{-7,—(t—1),...,0},

(1.4)

trong d6 véc to trang théai z(k) € R" k € N, cdc ma tran cho trudc Ay, Ay € R™"

ma tran E € R™" suy bién véi rank(E) =r < n; 0 < 7 € N 14 hang s6 tré. Ham
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() : {—7,...,0} = R" la ham didu kien ban dau v6i chuan duge dinh nghia la
46 = maseer o1y (9B
Néu E la ma tran don vi, nghiém ctia hé (1.4) luon c6 thé xac dinh thong qua
viéc truy hoi. Ngudc lai, khi F 13 ma tran suy bién, viéc xay dung cong thiic nghiém
trd nén phic tap, doi héi phéai phan tich tinh chinh quy cia cip ma tran (F, Ag).
Van dé ton tai nghiem trong phan nay duge tham khéo tir tai licu [21, 44].

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

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

Gia st cdp ma tran (F, Ag) thoa man dong thoi hai tinh chat chinh quy va nhan
qué. Khi d6 diéu kién chinh quy ctia (E, Ag) tuong duong véi ton tai hai ma tran
kha nghich P va () sao cho

All A12

PEQ = diag(I,,N), PAQ = diag(Ao, In—,), PA1Q =
A21 A22

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

v s k
Véi phép doi bién Qla(k) = [ ylEk; y1(k) € R, yo(k) € R"" k € N,, he
Y2

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

vi(k+1) = Anyi(k) + Anyi(k — 1) + Awye(k —7),  vi(s) = d1(s),
yg(]f) = —Agﬂﬂ(k—T)—Agngg(k—T), yg(S) :¢2(S),S c {—T,...,O}.

Khi do, ta nhan dugc

yi(k) = Ay (0) + S0 AST Ay (i — 7) + Awage(i — 7))
yg(k) = —Aglyl(k — 7') — Azgyz(k — 7').
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Tién hanh them mot sé phép bién doi, ta xac dinh duge nghiém ciia he (1.4) 1a

—k—1—i—

(k) = Ay P (0) + SV A T Ay (i — ) + Asa(k — 1),
z(k) =vy(k), ke{-1,—(t—-1)...,—-1,0},

trong do
_ Agr 0 I 0
An =Q . QY P=Q Q7
0 0 00
— A A — 0 0
A =Q Q7Y A=Q Q.
! 0 0 ’ C Ay — Ay

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

I, 0
0 0

A; Ay
Az Ay

MEN = [ ] , MAN = :

Ménh dé 1.2.5. (Xem [44], Chuong 2, tr 22) Cdp ma tran (E, Ag) la causal néu

va chi néu Ay khong suy bién.

Nhan xét 1.2.6. Cach xac dinh ma tran A, trong Ménh dé 1.2.5 duge xay dung
dua trén phan tich SVD clia ma tran E. Cu thé nhu sau:

Buéc 1: St dung phan tich SVD dua ma tran F vé dang E = UXVT.

Buéc 2: Ma tran M, N dudc xac dinh béi

M=U", N =Vdiag(o;?t,...,0.11,...,1),

yUp 9 by

trong do6 oy, ..., 0, la cac gia tri ky di khac khong cta E.

Tt cac ma tran M va N, ta suy ra dude ma tran Ay.

1.3 Hé phuong trinh vi phan phan thi suy bién

Heé phuong trinh vi phan suy bién thuong gap trong nhicu linh vire ki thuat va
vat 1y, khi quan heé giita cac bién khong thé biéu dién hoan toan dudi dang vi phan.
Nhitng rang buoc dai s6 nay cé thé dude tao ra tit cac dinh luat vat 1y, nhu bao
toan nang luong, bao toan dong lugng hodc tir cac dieu kien ban dau va bién ctia hé
thong. Noi dung clia muc nay dugce tham khao trong cac tai lieu [41, 72, 83, 85]. Bac

ctia hé phuong trinh vi phan thi suy bién duge xét trong truong hop 0 < a < 1.
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Xét hé phuong trinh vi phan phan thi Caputo

F(§Dgx(t), x(t), u(t),t) =0,t>0,
(1.5)
I(O) =1z € R,
v6i z(t) € R 1a véc to trang thai, u(t) € R™ la véc to didu 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, 16)
{E(O) =z € R,
trong d6 F 1a ma tran suy bién, G(., ., t) 1a ham véc to. Khi d6, he (1.6) dugc goi
la he phuong trinh vi phan phan thi suy bién. Néu G (u(t), z(t),t) 1a ham tuyén
tinh thi hé c6 dang

E §D¢x(t) = Awx(t) + Bu(t), t >0,
I(O) =1z € R,

AeR™ BeR™™,

Trong trudng hop khong cé véc to diéu khieén dau vao, xét hé phan thi

C Qo = Ax
E §Djx(t) = Ax(t) + f(t), t >0, (1.7)
x(0) =z € R",

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

Dinh nghia 1.3.1. (Xem [72, 85])
i) Cdp ma tran (F, A) dugc goi la chinh quy néu ton tai s € C sao cho da thic
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 tir 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
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tinh ton tai vd duy nhat ctia nghiem theo cac két qua dudi day trong [21, 83].
Ménh 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(Ly,, N), PAQ = diag(J, I,), (1.8)

trong dé mny +ng = n,J € R™*™ [4 ma tran chinh tic Jordan va N € R"™*"2 [g

ma tran luy linh bac v.

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

S DMy () = Jyi(t) + a1(2), (1.9)
N § Dy (t) = ya(t) + ga(1), (1.10)
v6i phép ddi bién
Q_lx(t) - [ yl(t)] ayl(t) € RnlayQ(t) € an’
Y2(1)
el
PEQ = ,PAQ = ,
0 0 I,
fi(t) a)| 1,0
t) = S Pf(t) = : xo = .
f() h(t) f(t) 0 (t)] Q" xo LzJ

Theo két qua trong [83], he (1.9) c6 nghiem duy nhit duge biéu dién nhu sau

t
yi(t) = [ el O[f1(€) + Ja1,0]dE + m10,

S—

trong do

k=0
Meénh dé 1.3.3. (Xem [83]). 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) ¢6 nghiém duy nhat

v—1

yat) ==Y NFT'gs(t),

k=0

trong dé TF = \ng‘OOCDtO‘O... otho‘J.
k lan




22
Dinh ly 1.3.4. (Xem [83]). Cho (F,A) la mot cdp ma tran chinh quy, ham fa(t)
kha 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.
i) Dieu kien dau xo tuong thich khi va chi khi

v—1

33270 = — Z Nkagg(O),
k=0

s’ C C C
trong do Tk:¥ DY oDy ... OODtO:.
k lan

i) He phuong trinh vi phan dai so (1.7) vdi dieu kién ban dau tuong thich cé

nghiém duy nhat.

Dinh 1y 1.3.5. (Xem [85]). Gid st cdp ma tran (E, A) chinh quy va hai ma tran
P, Q kha nghich théa man dieu kién (1.8). Khi dé (E, A) khong c6 xung khi va chi
khi N = 0.

Nhan xét 1.3.6. Theo Menh dé 1.3.3, tinh lien tuc hosic kha vi clia nghiem ys(t)
phu thuoc truc tiép vao cac dao ham ctia ham g¢o(f). Déc bigt, trong trudng hop
cdp ma tran (E, A) la chinh quy va khong c¢6 xung, ta ¢c6 N = 0. Khi d6, nghiém
ctia he duge xac dinh bdi yo(t) = —go(t). Nhu vay, néu ham f(¢) 1a lien tuc thi
yo(t) cling lién tuc. Diéu nay cho thay rang tinh khong c6 xung ctia hé phuong

trinh (1.7) ddm béo nghiém ctia hé 134 mot ham lién 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

I, 0
0 0

A Ay
As Ay

MEN =

], MAN =

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 [41], T. Kaczorek va K. Borawski da dwa ra cac phuong phap
khac nhau dé xay dung cong thitc nghiém cho hé phuong trinh vi phan phan tht
suy bién: Phuong phap chudi Laurent mé rong (biéu dién nghiem duéi dang chudi
cédc ham mt), phuong phap ma tran nguge Drazin (st dung khéi niém ma tran gia
nguoc Drazin-mot khai niém téng quat ctia ma tran ngudc Moore-Penrose), phuong

phap phan tich Weierstrass-Kronecker (st dung cac phan tich ¢ dién: Phan tich
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Jordan-Weierstrass va phan tich Kronecker)...

1.4 Bai toan 6n dinh trong thi 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 dugc dé cap dua trén cac tai lieu tham

khao [58, 66).

1.4.1 Bai toan 6n dinh trong thdi gian hitu han

Viéc dam bao réng véc to trang thai ctia heé phuong trinh vi phan duy tri trong
gi6i han cho phép trong mot khoang thoi gian nhat dinh 14 mot viec can thiét, vi
khi véc to trang thai dat gia tri 16n c6 thé dan dén nhimng tinh huéng khong mong
muoén. D6i v6i hé phuong trinh dao ham bac nguyén, khai niem on dinh trong thoi
gian hitu han lan dau tien dude dé xuat bdi cdc nha toin hoc ngudi Nga vao nhing
nam 50 clia thé ky XX. Sau d6 van de nay khoi day sy hitng thu ctia nhiéu chuyén
gia Iy thuyét diéu khién [5, 26, 25]. 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 nhitng cong cu toan hoc hién dai.

V6i hé dao ham bac nguyén suy bién tuyén tinh, mot trong nhiing két qua
dau tien vé bai toan on dinh trong thsi gian hitu han duge cong bd la ctia D.L.
Debeljkovic va D. H. Owens nam 1985 [22]. Trong [37], N.A. Kablar cling cong su
xét 16p hé phuong trinh suy bién tuyén tinh sau

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

$<t0> = Xy,
trong d6 A € R™ ™ 1a tran hing s6, F € R™" 13 ma tran suy bién.
Dat || z(t) 5= =" (t)Qx(t) v6i Q 1a mot ma tran dbi xing xac dinh duong. W
la khong gian chiia cac diéu kién ban dau tuong thich dé hé c6 nghiem tron. Cho
trude s6 duong T, ky hieu J = {t : to <t < tg+ T}.

Dinh nghia 1.4.1. (Xem [37]) Cho céc s6 duong o < 3, ma tran P di xiing xac
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dinh duong va Q = ETPE. He (1.11) dudc goi la on dinh trong thdi gian hitu han
tuong tng véi bo (J, a, 5, Q) néu

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

véi VvVt € J, Vog e W.

Dinh 1y 1.4.2. (Xem [37]). Cho cdc s6 duong o < 3 va ma tran doi xing zdac dinh
duong P. He (1.11) on dinh trong thdi gian hitu han tuong ing vdi bo (J, o, B, Q)

neu diew kién sau duoc thoan man

02 > Aa(M)(t —to), V1 € J

«

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

vdi ma tran M = ATPE + ETPA.
Tiép theo, chiing to6i 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
00 k

z
E = _
al2) kz_o T(ka + 1)

Trong [58], Y. Ma va cac cong su da md rong khai niem 6n dinh trong thoi gian
hitu han cho hé phan thi. Xét hé phan thi tuyén tinh
§Dex(t) = Ax(t), t € 0,1,

(1.12)
2(0) = 19 € R",

trong d6 ma tran hing s6 A € R™" .

Dinh nghia 1.4.4. (Xem [58]) Cho ¢; < ¢g, T 1 céc s6 duong va R 1a ma tran
ddi xting xac dinh duong. He (1.12) dugde goi la on dinh trong thai gian hitu han

tuong tng véi bo (c1, ca, Tr, R) néu diéu kién sau théa man
wgd Rrg < ¢ = 2(t)T Ra(t) < cp, Vit €[0,TY].

Dinh 1y 1.4.5. (Xem [58]). Cho ¢1 < ¢2, Ty la cdc s6 duong va R la ma tran doi

wiing wdc dinh duong. He (1.12) on dinh trong thoi gian hitu han twong 1ing vdi bo
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(c1,¢9, T, R) néu ton tai mot ma tran doi zing xdc dinh duong Q € R™™ va mot

50 duong € cac dieu kién sau théa man
AQ + QAT —eP <0,
Ea(ETJ?)/\lcl < )\202,
trong do
M = Amax(@), A2 = Auin (@), @ = R QR ™2,
1.4.2 Bai toan bi chan trong thoi 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 vugt qua mot ngudng gia tri cu thé trong mot khoang thoi
gian nhat dinh khi he chiu tac dong ctia nhiéu. Trong [66], J. Ren vA cac cong su

xét he suy bién c6 nhiéu sau

Ei(t) = Ax(t) + Dw(t) + f(t,z(t)), t >0,
Cz(t) = Cx(t) + Wuw(?), (1.14)

\l‘(to) = Xy,

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

Dinh nghia 1.4.6. (Xem [66]). Cho ¢; < ¢2, Ty 1a céc s6 duong va R la ma tran
d6i xting xac dinh duong. He suy bién (1.14) dugc goi 1a bi chin trong thoi gian
hitu han tuong ung véi bo (c1, ¢, T, R, d) néu (1.14) chinh quy, khong ¢6 xung

trén [0, 7] va dieu kién sau duge thoéa man
2T (0)ETREx(0) < ¢; = 27 (1) ETREx(t) < co, ¥Vt € [0, TY].

Trong [58], Y. Ma va céac cong sy ciing lan dau tien md rong khai niém bi chin
trong thoi gian hitu han cho hé phuong trinh vi phan phan thi. Xét hé phan thi
tuyén tinh c6 nhiéu sau

§Dex(t) = Az(t) + Dw(t), t € [0,Ty]

1.15
z(0) =1zp € R", 1)
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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 [58]). Cho cac s6 duong ¢; < ¢z, Ty va ma tran déi xting
xac dinh duong R. Heé (1.15) dugc goi la bi chdn trong thoi gian hitu han tuong

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

Dinh 1y 1.4.8. (Xem [58]). Cho cdc s6 duong c; < co,Tf va ma tran doi xing
zdc dinh duong R. Hé (1.15) bi chan trong thoi gian hitu han tuong ing vdi bo
(c1,¢9, T, R,d) néu ton tai cic ma tran Q1 € R™™, Qg € RY*? d6i zing xdc dinh

duong va mot so € > 0 cdc diéu kién sau thoa man

AQ+ QAT —eQ DQ, _
QD" —€eQy
EdT}I n Cc1

)\min(Q2>F(a + 1) Amin(Ql)

0,

C2

E()z(Equ)( AmaX(Q1)7

) <

trong do

Q=R:QR .
1.5 Bai toan tiéu hao cua hé dong luc

Ly thuyét tieu hao duge J.C. Willems gidi thiéu lan dau tién vao nam 1972. He
tieu hao la he khong tu sinh ra nang luong, do d6 niang lugng ma hé théng cé thé
luu trit luon it hon hosic bang nang lugng hé dude cung cap.

Trong [79], J.C. Willems xét hé diéu khién phi tuyén sau

.

B(t) = F(t, 2t u(t), £ > 0,
\ y(t) = g(t,x(t),u(t)), (117)
z(0) = xo,

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 duge x4c dinh
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w(t) = w(u(t),y(t)) 1a ham kha tich dia phuong, tic la

t
/ lw(s)|ds < oo, Vt > 0.
0

J.C. Willems da dua ra dinh nghia hé tiéu hao (Dissipative system) nhu sau.

Dinh nghia 1.5.1. (Xem [79], Hé tiéu 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 théa man

bat dang thic tiu hao

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

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)) [31] két hop véi he (1.17) 1a

w(u(t),y(1) = y"(OQy(0) + 297 () Zu(t) +u" (HRu(t),  (1.18)

trong d6 Q € RP*P, R € R™*™ | cac ma tran doi xing, Z € RP*™,
D.J. Hill va P.J. Moylan da dua ra dinh nghia tiéu hao nhu sau.

Dinh nghia 1.5.2. (Xem [31]) He (1.17) cung véi ty 1¢ cung cap (1.18) dugc goi

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

/ “w(us), y(s))ds > 0,

to
Vi z(tg) = 0.

Kha nang luu trit c6 sén 1a mot khai niem quan trong trong 1y thuyét tieu hao.
Day la luong niang lugng toi da c6 thé dude luu trit trong hé c¢6 thé giai phong ra
ngoai tit trang thai ban dau. Trong thic té, cAc ham Iuu trit thuong dude sit dung
nhu cédc ham Lyapunov khi xem xét tinh on dinh ctia hé. Khi nghién citu mot hé
dong lyc, mot ham Iuu trit dai dién cho nang lugng bén trong ctia hé. Nguyeén 1y
co ban 1a ning luong nay sé giam hoic khong ting theo thoi gian néu hé 6n dinh.

Cho dén nay, v6i cong cu 1a 1y thuyét Lyapunov cting sit hé trg ctia phuong phap
bat ding thic ma tran tuyén tinh, da cé nhiéu cong bd dang chi ¥ vé bai toan
tieu hao cho céc loai hé dong luc khac nhau [28, 48]. Nam 2002, Z. Li va cac cong
su da nghién cttu bai toan diéu khién tieu hao cho mot 16p hé tuyén tinh véi tré

v6i cach tiép can st dung cac bat dang thiic ma tran tuyén tinh. Lép hé c6 tré véi
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nhiéu dugec mo ta nhu sau

i(t) = An(t) + Agu(t — d) + Byw(t),
3 Z(t) = C’lsc(t) + Dllw(t), (119)

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

trong d6 z(t) € R™ 1a véc to trang thai, 2(t) € RY 1a véc to dau ra, w(t) € R? 1a
véc to nhidu thuoc L*([0, 00), R™), d > 0 1a tré bi chan, 7 > 0 1a mot hing s6, 7(t)
1a dieu kién ban dau, A, Ag, By, C1, Dy 1a cAc ma tran hang c6 s6 chiéu phu hop.

Ham ty lé cung cap dudc xac dinh béi
T
E(w,z,T) = / (2" ()Qz(t) + 22" (t) Sw(t) + w (t) Rw(t))dt,
0

trong d6 @, S va R 1a cac ma tran thuc c6 s6 chiéu phu hgp, @ 14 ma tran doi
xting xac dinh am va R 14 ma tran déi xing.

Dinh nghia 1.5.3. (Xem [48]) He (1.19) dugc goi la (@, S, R) tiéu hao néu vdi
diéu kien ban dau bang khong, ton tai mot s6 thuc duong v sao cho diéu kién sau

dugce théa man
T
E(w,zT) > ’y/ wl (t)w(t)dt.
0

Nhan xét 1.5.4. (Xem [48]) Bai toan (Q, S, R) tiéu hao chinh la tong quét clia
cac bai toan H,, va bai toan thu dong.
1. Khi Q = —I, S = 0 vd R = I thi bai todn (Q, S, R) tieu hao tré 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 thdi gian hitu han da duge cac nha nghien
cttu 4p dung vao Iy thuyét tiéu hao. Nhicu két qua thi vi vé bai toan FTDC cho

cac hé khac nhau da dugc cong bo.

1.6 Bai toan diéu khién dam bao chi phi

Trong k¥ thuat, khi giai quyét cac bai toan diéu khién, viec thiét ké ham dieu

khién khong chi nham muc tiéu ddm béo su 6n dinh ctia hé théng ma con can dap
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ting cac tieu chi vé hieu sudt thuong duge goi 1a “chi phi”. O day, “chi phi” nay ¢6
thé 13 nang luong tieu hao, sai s6 diéu khién hodc bat ky tiéu chi hiéu suét nio
duge dinh nghia truée. Tinh day du ctia hiéu suat lien quan dén viec ham diéu
khién dam bao hé théng hoat dong & miic hiéu qua cao nhat.
Trong [14], bai toan S.S.L. Chang va T.K.C. Peng dé xuat nhu sau: Xét he dieu

khién dong luc duge mo ta baéi

trong d6 x(t) € R™ 1a véc to trang thai, u(t) € R™ la véc to didu khién, ¢(t) 1 mot
ham c6 gia tri thuoc tap déng bi chin . Haim dam bao chi phi lién két v6i he dieu
khién ducc xac dinh béi

Clie(ta), u(t), (1)) = hlx(tz)) + / " galt), u(t), qlt), t)dt,

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

Néu c6 mot sd V' va mot dicu khién u(t) thda man
Cla(ty), u(t), qt)] <V

v6i moi sy bién thién cho phép ctia ¢(¢) thi V' duge goi 1a gia tri chi phi dam béo
clia he bat dau tit x(¢;) va u(t) dude goi 1a dic¢u khién ddm bao chi phi.
Trong [14], S.S.L. Chang va T.K.C. Peng xét v6i truong hop hé tuyén tinh véi

cac thanh phan khong chic chan sau

z(0) = x.

Cac tac gia da xay dung ham chi phi c6 dang

1

Cla(0). ut).a(0)] = 55" O G(0) + 5 [ OO+ OQuD)L

trong d6 cac ma tran H, P d6i xing nita xac dinh duong con @ 14 ma tran doi
xiing xac dinh duong.
Trong nhiing thap ky gan day, bai toan GCC da dugc thiét ké cho cac 16p he
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dong lyc khac nhau. Phuong phap nay cho mot gidi han trén cho chi s6 hiéu suat
dugce chi dinh, do d6 ddm bao rang sit suy giam hiéu suat do cac thanh phan khong
chac chan khong vuct qua gidi han nay. Mot s6 két qua dang cha y vé GCC da
dugce cong bd dua cho céc loai he suy bién v6i dao ham bac nguyen [29, 62, 80, 88].

B. Li ciing nhém nghién cttu da mé rong dinh nghia vé FTGCC cho cac hé suy
bién [49]. Lép he suy bién duge xét 1a

Ex(t) =[A4+ AA)]xz(t) + [B+ AB(t)]u(t),t >0,

(1.20)
z(0) =z,

trong d6 x(t) € R™ 1a véc to trang thai, u(t) € R™ la véc to diéu khién dau vao, zg
1a 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) 1a 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 (£) 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 ty 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 noi trén. Vi vay ching ta di tim mot ham diéu khién a(t) € Ug sao
cho ham chi phi htu han va c6 gia tri cang nhé cang toét. Gidi quyét bai toan
GCC cho hé dong luc 1a van dé lien quan dén viec xay dung mot ham diéu khién
a(t) € Ug v mot s6 J* sao cho v6i ham diéu khién 4(¢), he (1.20) chap nhan dugc
va J(a) < J*. Khi d6 @(t) duge goi ham diéu khién ddm bao chi phi va J* dudc
goi la gia tri chi phi dam bao.
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D6i véi cac hé phuong trinh vi phan phan thi, ciing di c6 nhitng cong boé dang
cha y [70, 75]. Nam 2020, M. V. Thuan, P. Niamsup va V. N. Phat da thiét ké
ham diéu khién bado dam chi phi trong thoi gian hitu han, dong thoi cac tac gia
ciing gi6i thieu mot dang ham chi phi diéu khién méi cho 16p hé phan thit Caputo
c6 nhidu [75]. Xét he diéu khién phan thit sau:

(OCD?I(t) = Ax(t) + f(t,z(t)) + Bu(t) + h(t,u(t))
9 +Ww(t) + g(t,w(t)), t >0, (1.21)

z(0) = I,

\
trong d6 a € (0,1), z(t) € R™ la véc to trang thai, u(t) € R™ la véc to diéu khién,
A, B, W la cac ma tran cho trudc véi s6 chiéu phtt hop, w(t) € R? 1a véc to nhidu
thdéa man:

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

Céac ham phi tuyén f (¢, z(t)), g(t,w(t)) va h(t, u(t)) thda man diéu kien Lipschitz
voi moi (¢, z,u,w) € RT x R" x R™ x R”. Lién két véi he (1.21), tac gid xét ham
chi phi sau:

1 t
Ji(u) = —/ (t —8)* 1O, x(s),u(s), w(s)) ds, (1.22)
() Jo

trong d6 ham fO(t, z(t),u(t),w(t)) : RT x R" x R™ x R? — R* théa man:

FO(ta(t),ut),w(t) <z (H)Qua(t) +u' (H)Qault) +w' (1) Qaw(?),

véi Q;, 1 = 1,2,3 1a cac ma tran doéi xing xac dinh duong da cho. Trong trudng
hop dic biet, khi o = 1 thi (1.22) duge dua vé ham chi phi bac hai c6 dién lien két
v6i hé phuong trinh vi phan truong hop dao ham bac nguyén.

1.7 Mot sé bo dé bo trg

Trong phan nay, ching toi trinh bay lai mot s6 bo dé dong 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

deé sau day la tuong duong:
i) 3 & € R théa man &€ = 0 va K¢ < 0.
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ii) K la ma tran Hurwitz.

i) K la ma tran kha 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 wing zdc dinh duong trong R™"™. Khi do, ta cé bat ding thic sau
+2uT v < uf Xu +of X .

Bo6 dé 1.7.3. (Xem [7], B& dé Schur). Cho P,Q, R la cic ma tran cé sé chiéu
thich hop, P,Q la hai ma tran doi zing va Q > 0. Khi d6 P+ RTQ 'R < 0 khi
va chi khi

P RT
R —Q
B6 dé 1.7.4. (Xem [76)). Gid st rang u(t) € R™ la mot ham lien tuc trén t > 0
va V : R" — RT la mot ham khd vi, 107 trén R™ théa man V(0) = 0. Khi dé ta cé
danh gid dudi day

< 0.

§DoV(ut)) < {VV(u(t)), §Dfu(t)), >0,
trong do VV(.) la gradient ciia ham V.

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

V € R™™ yq s6 thuce € > 0. Néu diéu kién sau théa man
P 2TV
. . <0
x —eV —eVT

thi ta co

F+Z"H" + HZ < 0.
B6 dé 1.7.6. (Xem [63]). Cho trudc cic ma tran A, B va mot ma tran doi zing
C vdi so6 chiéu thich hop. Khi do,

C+ AF[t)B + (AF(#)B)T <0

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

man bat dang thic ma tran

C+rAAT + k'BTB < 0.
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Bo6 dé 1.7.7. (Xem [30], Phan tich gia tri ki di). Cho ma tran E € R™™ vdi
rank(E) = r < n. Khi dé ton tai hai ma tran truc giao U,V € R™" sao cho

>, 0
0 0

E=U VT,

trong do ¥, = diag(oy, 09, ...,0.) vdi 01 > 09 > ...0p > 0.
bat

U — [U13U2]7 V - [‘/1;‘/2]7
U1 = [ul,uQ,..., UT], UQ = [UT+1,UT+2,..., un],

Vi = [U17v21 st UT]? ‘/2 = [UT+17U7‘+27 e Un]-

Khi d6 Ev; = oyu; va ETu; = o;v;. Hon thé nita, {uy, us, ..., u, } 13 mot co s6 tric
chuan cho khong gian véc to cot ctia B, {u, 11, Uri2, ..., Up } 12 mOt o s trie chuan
cho khong gian hat nhan N(ET), {v1, vs, ..., v, } 1a mot co sé trye chuan cho khong
gian véc to hang ctia E, {v, 41, V42, ..., U} 12 mot co 6 trye 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 ching minh duge Bo dé sau.

B6 dé 1.7.8. (Xem [84]). Cdc ménh dé sau day ding:

(i) Moi ma tran Q théa man ETQ = QTE > 0 déu co thé biéu dién dudi dang
Q=UXUI'E+UyZ, trong d6 0 < X € R™" va Z € R Hon, thé nita, khi
ma tran Q) khong suy bién thi X > 0.

(ii) Moi ma tran P théa man PET = EPT > 0 déu c6 thé biéu dién dudi dang
P =EVIXVT + ZV), trong d6 0 < X € R™" va £ € R™("7) Hon, thé nia, khi
ma tran P khong suy bién th X > 0.

(i) Néu 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
U XUTE +U,2 = (EVixVE + zvhH)™T,

vdi X = S AIe 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 vao viéc nghién ctu tinh 6n dinh clia hé phuong trinh vi
phan suy bién duong roi rac véi tac dong xung va tré khong bién thién. Ching toi
dua ra cac diéu kién du gidi quyét tinh 6n dinh mi va thiét ké ham diéu khién cho
bai toan on dinh héa duge dang mil ctia hé suy bién duong roi rac c6 xung va tré.
No6i dung ctia chuong nay duge trinh bay dua trén bai bao (CT1) trong danh muc

cac cong trinh khoa hoc da cong bo clia tac gia.

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

xung véi tré

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 s0 tré h € N* va n : [=h,0] — R” 1a ham dieu kién ban dau
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c6 gia tri tuong thich, c6 chuan duge xac dinh béi |||, = sup_,<,<o||n(s)|. Day
xung {tm}_; théa man 0 =t) < t; <ty < - <ty < -+ by — 00 VO m — 00,
Ky hieu véc to trang thai véi gia tri ban dau (n1,1m2) ctia he (2.1) 1a x1(¢, 71, 172) va
X2<t7 m, 772)
Dinh nghia 2.1.1. (Xem [69]) He (2.1) dugc goi 1a mot hé duong ¢6 xung néu doi
v6i moi n(t) = 0 thi x(¢,n) = 0, Vt > 0.
Dinh nghia 2.1.2. He (2.1) dugc goi 1a on dinh minéu 3 € > 0, € (0,1),A € R"
sao cho v6i moi n(t) = 0

lz(t)]| < &a'nll}, ¢ >0,
trong d6 [|n|l}, := sup_j<.<q ()1
B6 dé 2.1.3. Gid st ma tran Ay trong hé (2.1) théa man diéu kién det(Ay) # 0.
Khi dé, nghiéem cia hé (2.1) ton tai va duy nhat trén N*.
Chitng minh. Xét t € [0, h], tu diéu kien det(A4) # 0, he (2.1) dua duge ve

Xl(t -+ 1) :Ale(t> + AQXQ(t) + Ale]l(t — h) + Ad2772<t — ]’L), t 7£ tm — 1,
xa(t) = — A" (Agxa(t) + Agym(t — h) + Aayp(t — 1)), (2.2)
Xl(tm) =Hx1(tm — 1)

V6i t = 0, tit phuong trinh dau tién cia (2.2) ta c6
Xl(].) = (Al — AgAZlAg) 7]1(0) + (Adl — AQAZlAd3) ﬁl(—h)
+ (Ad2 — AQAZlACM) 772(—]1).

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

x2(1) = — A" (Asxi(t) + Agym(1 — h) + Agme(1 = 1)) .

Vé6i t = t,,, ta nhan duge x1(t,,) = Hxy(t, — 1), tu d6 tim duge x5(t,,). Ting
buéc mot, ta tim duge nghiem x4 (t) trén [0, k] clia phuong trinh dau tién cla (2.2).
Khi da biét x4(t) trén [0, h], tit phuong trinh thtt hai ctia (2.2) ta tim ra nghiem
x5(t) trén [0, h]. Lap lai qua trinh trén [nh, (n + 1)h],n € N, ta tim dugc nghiém
x(t), t > 0. Bd dé duge chitng minh. O

Bo6 dé 2.1.4. Gid st A4 la mot ma tran Metzler va Hurwitz va Ay, Ay, As, H, Ay

la cdc ma tran khong am. Khi dé, 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

2(t) =0, 0<t <ty — 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

(—A4
(—A9) 7 (Asxi (1) + Agmi (1 — h) + Agma(1 — b)) (2.7)
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 duge x5 (t1) = 0.

Véi t; <t <ty — 1, ta chitng minh ring
X1<t> i O, Xg(t) t 0. (28)

Chu y rang z(t;) = 0. Gid st (2.8) ding v6i moi ¢, < ¢, t) < t; < t5 — 1. Ta sé
chitng minh (2.8) dtung véi t; + 1. Tt phuong trinh thit nhat ctia (2.4), ta c6

Xq (tk; + 1) = Aixy (tk) + AQXQ(tk-) + Ay xq (tk — h) + AdQXQ(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,— F,

A=A — AQAZlAg = (aij)
A = =AM Ay = (dig) (e
Ay, = Ag, — Ay AN Ay, = (bij)
/Id2 =
Agy = =AM Agy = (€53) (n—ryxr
Agy = = A7 Ag, = (fig)
H = (hij)rxr,

A=A, 0) €ERL, Ap= (N1, -, M) €RYT N = (A, Ag) € RY,

rXr?

rXr?

Ad2 — AQAZlACM = (Cij>r><

(n—r)>

(n—=r)x(n—r)>

Jpm ={r,r+1,..,n}.

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

xét tinh on dinh mi ctia hé duge thé hién qua noi dung ciia dinh 1y sau.

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

cac rang buoc sau

(—aE+A+a"45) A =<0, (2.11a)
A s
R — = N - . .
i azh”Afl’ZE‘h” (2.11b)
7=1
1
> —glogaR,\, (2.11c)

trong do Ry = maxi<i<, {Rf\} Khi dé, vdi thoi gian duy tri toi thiéu T (nghia la
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day thoi gian wung théa man inf,, {t, —tm_1} > T,m € N*), he (2.1) on dinh

ma. Hon thé nia, ta cé
=@ < [InlLIIA] =%, ¢ > 0.

Chatng minh. Chitng minh ctia Dinh 1§ 2.1.5 dudc chia thanh hai phan chinh: Phan
thit nhét kiém tra tinh duong ctia he (2.1) va phan thit hai phan tich tinh 6n dinh
mil ctia hé (2.1).

Phan 1. Tinh duong

Al A2 Ad1 Ad2
ViAg = A+1,— F = LA = la cac ma tran
A3 A4 + ]n—r Adg Ad4

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

Dit A = (Ay, Ag) € R, x R}, ta nhan duge két qué sau tir (2.11a)

(As+a™"A4,) A < 0.

Tit bat dang thiic nay két hop oAy, Ay khong am kéo theo Ay4Ay < 0. Tit
AyNs < 0 két hop v6i B6 dé 1.7.1, ta nhan dugc det (A4) # 0, —A;' = 0 va Ay
13 ma tran Hurwitz. Theo bo dé 2.1.3, hé (2.1) ¢6 nghiém duy nhat. Hon thé nita,
theo Bo dé 2.1.4, he (2.1) 1a mot hé duong c6 xung .

Phin 2. On dinh ma Ta xét cac ham ¥;(x(t)) := x;\(t) .4 € J1, va ham
B B zi(t)
(e(t) = e (S:(o(0)} = e {7410

Khi d6 x(t) = X(z(t))A. Dat

it ,
x)\( ) o Oét”””;ru _h S t S O,Z - Jl,n,
= (2.12)
i(t _
$A(,> — (R I}, tmet <t < ty,m € N*.

Tiép theo, ta sé chiing minh

%(t) <0, Vt >0,Vie J, (2.13)
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Dau tién, ta chiing minh céc bat dang thic sau ding

Z (aij + o "b;j) % + Z cijozh%—a <0,i€ Ji,, (2.14)
J=1 b j=rl ¢
}:(@j+a—%w)%i+ > a475§?—1<<aieghﬂm, (2.15)
Jj=1 b jErl !

That vay, vi Aq,, Aa,, Ads, Ady, A1, Ao, Ag va —All >~ 0 1a cac ma tran khong am
nén cac ma tran Ay, Az, Ay, Ag,, Agy, Ag, khong am. Tu dicu kien (2.11a) va
I, —AxAL?

tinh chat khong am, khong suy bién clia ma tran < o
0 —A;

) , ta nhan dugc

danh gia sau

I, —A AL
) (—aE+ A+ a7 Ay N <. (2.16)
0 —A!
Céc ude lugng sau duge suy ra tit bat dang thic (2.16)

(—oz]r + Ay + oz_hf_ldl) A+ a_hf_ldQAg <0,
(.Ag + Oé_h/_ld3> A+ Oé_hAd4A2 < As.

Diéu nay tuong duong véi

Z (aij + Oé_hbij) )\j + Z Oé_hCijAj —a\ <01 € Jl,r; (217)
j=1 j=r+1
Z (dzy + a_heij) >\j + Z Oé_hfij)\j — A\ =< 0,7 € Jr+17n. (218)
j=1 j=r+1

Tit (2.17) va (2.18), ta chiing minh dudc cac bat dang thic (2.14) va (2.15).

Diat nghiem khong tam thuong duy nhét ctia he (2.1) 1a x (t,1) = (x1(¢), x2(t)),
Vol x1(t) == (1(t), ..., 2.(t)),x2(t) := (zp41(t), ..., 2,(t)) v6i dicu kien ban dau
n(-). Ap dung B dé 2.1.4, ta dugc

z(t) = 0,t > —h. (2.19)
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T (2.4) ta co

zi(t+ 1) =a;x;(t) + Z a;;xi(t) + Z bijxi(t —h)
j=1

j=1.j#i

+ Z Cijfbj(t — h),l - Jl,r;

j=r+1 (2.20)
it) =) diga;(6) + ) eyri(t—h)+ Y fyw(t —h),
j=1 j=1 j=r+1
1€ Jr+1,n~

Ta chia qua trinh chitng minh (2.13) thanh cac bude sau:
Budc 1: Trude hét, ta chi ra diéu kien (2.13) dang véi ¢ € [—h, 0]. That vay, ap
dung (2.19), trong do6 z(s) = n(s) véi s € [—h,0], a € (0,1) ta thu dugc

zi(t)
2i(t) = == = a'lnll}, < (@)1 — o[l
2

(2.21)
< llally = a"llnll}, < 0, € Jint € [=h,0].
BudGc 2: Tiép theo, ta chitng minh (2.13) dung vé6i t € (0,¢; — 1] tic 1a
%(t) <0,V i € Jpn. (2.22)

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

thoa man
5(t) <0,te (0,E—1],i€ Jin (2.23)
va
2 () > 0, (2.24)
Két hop cac diéu kien (2.12), (2.21) va (2.23), ta thu dugc két qua sau
z(t) =2 nlix, vt e [-hT—1]. (2.25)

Ta xét hai truong hgp cho chi s6 m nhu sau:
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Truong hop 1. Xét m € Jy,. Tu (2.12), (2.14), (2.20) va (2.25) ta c¢6

Zm (1)

2 (F) = === — o[l
m
1 4 _
< — | mmxm(t —1) + Z am;z;(t —1)
" j=1j#m
T n _
+ ) (T —1—=h)+ Y ezt —1- h)) — a||nll}
j=1 j=r+1
1 ; d ;
g)\—<ammat_1||77||2)\m+ ST ama Il
" j—L#m
T
+ 3 baga Yl + 3 engata il ) - ol
=1 j=r+1
B T
= oa“ﬂlnH%((Z“mf +ah mJ + Z o chA a)
j=1 j=r+1
< 0,
(2.14)

diéu nay mau thuan véi (2.24). Vi vay,
Zz<t) < O,V 1€ Jl,rat € (O,tl — 1] . (226)

Truong hop 2: Xét m € Jy41.,,. Khi d6 két hop cac diéu kien (2.12), (2.15), (2.20)
va (2.25), ta duge

n®) = 2D ol

m

= ( D dmgi (B + ) emja;(
moN =1 j=1

S fmjfvj(f—h)> ol

j=r+1

1 (¢ ;
< o (S dwalaliy + Zemja oIl
=1 J=

n
Py fmja—hatnnnpj) ol

J=r+1

J=1 '

J=r+1 m
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Diéu nay mau thuan véi z,,(t) > 0, do d6
Zl(t) <0,Vie Jr—i—l,n»t € (0, 1 — 1] . (227)

Két hop cac ude lugng (2.26) va (2.27), ta duge (2.22) ding.
Budc 3: Gia st rang z;(t) <0,V i € Jyi,,t € [0,t5),s € N*. Khi d6

zi(t) <0,i € Jip,t € [tm—1,tm), m=1,2,...,s. (2.28)
Tiép theo, ta di chiing minh
() < 0,0 € oy (2.29)
ding v6i moi t € [tg, ts11). Két qua sau thu duge khi 4p dung (2.12) va (2.28)

xz(t) < (R)\>m_1 ||77||JerOét)‘27Z € Jl,n7t S [tm—latm> y T = 17 27 s S,
(2.12) (2.30)

z(ts = 1) = (R o nf} A
Véi i € Jy, wéc lugng sau thu duge tir (2.11a), (2.12) va (2.30)

i (s — — (R fat
2 (8) (2.12) N\ (o) e
- (ts—1 5
- Zhww — (Ry)" o
: Y
=
< '™ hijx> — (Ry) 2.31
= (Bx ||77||hz ])\ ») (2.31)
= (Bt (Z by aRA>
S O,Z S JLT
(2.11a)
Tit bat dang thic (2.31) ta c6
i (ts) < (Ry)* [l Aiyi € Ju- (2.32)
ViRy>1,h>0,t>0nénVtel0ts), ta nhan dugc
zi(t —h) < (R))’ ||77||ho‘ "ol i€ Jyp. (2.33)

V6i i € Jri1n, bt cde didu kien (2.12), (2.15), (2.20), (2.30), (2.32) va (2.33) ta c6
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duge danh gia sau

Zi(ts) = %ﬁs) —

1 T T
— )\_ ( Z dijxj(ts) + Z eijxj(ts
b\ =1 j=1

L (R

+ fijﬂ«”j(fs—h)> —a"*|Inll}, (Ry)*

j=r+1

X , (2.34)

= T(Zdw (1)) WA+ (Ra) eija ol |n|l A,
j=1 i=1

T Z (Ry)" figa "o [Inl} A > —(Ry)a!

Jj=r+1
= ("ol Zdzﬂrew VY et ) <

Paverd! (2.15)
Két hgp bat dang thic (2.31) va (2.34) thi
2 (t) <0, € Jip. (2.35)

Dé chiing minh bat dang thic (2.29), ta chiing minh réng z;(t) < 0 ding véi moi
i€ Jiy vat e (ts,tser1). Gid st (2.29) khong dang thi 3 p € Jy, t € (ty,topr — 1]

thoa man
z(t) <0, i € Jip,t € (Lt —1], (2.36)
z (1) > 0. (2.37)
Ta ¢6 duge ude lugng sau tur (2.28), (2.35) va (2.36)

z(t) < (Ry)™! ||77||1T10‘t>" t € [tm_1,tm), m=1,--- s,
() 2 (Ry) [InllefA, t € [to,f— 1],
Tiép theo, ta xét hai truong hop cho chi s6 p nhu sau:

Truong hop I. Xét p thudc tap Ji .
Tu dieu kien (2.12), (2.14), (2.20) va (2.38) c¢6 danh gia sau
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(6 =D oyl

1
< r(appxp ) + E : apjzv] )+ E :bmxy —h)
p

Jj=1,j#p

+§I%%@4—m)—ww&mm

1
< (o ("l + 3 e ()"0l
P J=1.j#p

+ 3 by (RN e T Il + D ey (RA)SOé_hOét_1||77||2Aj)
=1

j=r+1

— (Ry)* o' [Inll}
— (R,\)S Oét—1||77||;fl<(2apj + Oz_hbp] —|— Z o Cp])\ Ot)

(2.14)

Diéu nay mau thuan véi (2.37). Khi d6 z;(t) <0, i € Ji,t € (ts,tst1) -
Truong hop 1I: Xét p € Jyqq1,. Tt (2.12), (2.15), (2.20) va (2.38) ta nhan duge

2B = O Rl

)\p
1 [« . r R n A
= )T(dejmj(t)‘l'zepj%(t_h)-f' > fpja:j(t—h))
Phi= =1 j=r+1
— (Ry)" o[},
1 - R
S )\_(Z(R)\) dp]ogtHth)\ —}—Z R)\ ep] h&t“n“z)\]
p

j=1 j=1

*-EIUﬁf&mhdMMM)—uhf&MM

J=r+1

Aj
= (Rx tHth( dej+€pj + Z fnict _h__ >

J=r+1

Diéu nay mau thuan véi (2.37). Do d6 z;(t) < 0, i = Jry1n,t € (ts,ts11). Theo
nguyén 1y quy nap todn hoc, ta chiing minh duge z;(¢t) < 0,¢ > 0,i € Jy,. Diéu
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nay dan dén

<Ry a||nllt i € Jipt € [tm-1,tm),m € N,

i

Y(x(t)) = max {xz)\(t)} < (R)™! ozt||77||;fl,t € [tm_1,tm),m € N*. (2.39)

Ap dung diéu kien (2.11c), ta dugc
Ry<a %< oz_é(tm_tm‘l), m € N*.
Két hgp v6i (2.39) ta thu dugc

lz(®)] < [IS(@(@)A] = 2z ()]l
< (R oIl IIN)

N G Y

= a—é[tl+(t2—t1)+~~-+(tm—1_tm‘2)]04t||77||;rz||)‘||

e I
= 100~y 1A]

< "L I ¢ € [Em-1,tm) ,m € N,

V1 vay
2@ < a2 nlF Al ¢ > 0.

Diéu nay chi ra rang he (2.1) on dinh mi. O

Nhan xét 2.1.6. Bai toan on dinh mil ctia hé suy bién duong 16i rac khong co
xung da duge V.N. Phat va cong sy nghién cttu nam 2018 [65]. Diéu kien dugc cac
tac gid dua ra 1a he phai thoa man diéu kign (2.11a). Tuy nhien, dudi tac dong
clia cac xung, tinh 6n dinh ctia hé khong con duge dam bao. Khi dé, néu diéu kien
(2.11c) duge théa man thi hé suy bién duong i rac ¢6 xung 6n dinh. Do d6, viéc
dam bao khodng thoi gian giita cac xung lién tiép du 16n 1a quan trong trong viéc

duy tri su 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) c6 the dugc viét lai la H\; > a\;. Do do, cac diéu kien (2.11a),
(2.11b) va (2.11c¢) c6 thé duge tinh toan bang lap trinh tuyén tinh (LP) véi cac
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bude sau:

Bude 1. Cho trude cac ma tran E, A, Ay, H va tré h.

Budc 2. Chon céac tham s6 « € (0,1),6 € (0,1). Sau d6 gii (2.11a) va (2.11b) bang
LP dé tim duge A. Thé a,§ va A vao (2.11c), ta thu duge —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 mf.

Xét mot truong hop dac biét ctia hé (2.1) duge cho béi

p

Xl(t + 1) = Alxl(t) + Alel(t — h),t 7é tym — 1,
S Xl(tm) = HXl(tm — 1),m e N*, (240)

\Xl(S) =1(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 si ton tai so a € (0,1), 6 € (0,1) va A € R, sao cho cdc rang

buodc sau day dugc thoa man

(—al, +Ai +a "Ay) X <0, (2.41a)
Y
Z:—E hii =t >14i=1,...,r, 2.41b
A o p J )\7, t r ( )
1
> —glogaR,\, (2.41c)

trong d6 R\ = maxi<j<, {R\}. Khi dé, vdi khodng thoi gian duy tri toi thieu T
(tic la, day thoi gian zung théa man inf, {t,, — tm_1} > X, m € N*), hé (2.40) la

mot hé duong cé rung va on dinh ma. Hon nia,

b (I < [l M 2,2 > o.
Chiing minh. Xét hé (2.1) v6i Ag, Az, Agy, Ads, Ag, 1 ma tran khong va Ay = —1,,_,.
Khi do6 xo(t) = 0, > 0. Theo dinh 1y 2.1.5, hé qua dugc chiing minh. ]

Nhan xét 2.1.9. Xét hé roi rac ¢6 dang

(

z(t+1) = Ax(t)+ Agx(t —h), t £ty — 1,
§z1(ty) = Haxy(t, —1),t €N, (2.42)
x(s) =n(s),s€{-h,—h+1,---, 0}.

\
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Heé (2.42) trong truong hop khong c¢6 xung da duge X. Liu va cac cong su nghién
citu [53]. Trong cong bo nay, cac tac gid chi ra rang he duong (2.42) khi khong
c6 xung on dinh néu ton tai mot véc to A = 0, thda man (—1 + A+ Ag) A < 0.
Két qua ctia ching toi da lan dau tién ching minh rang, khi xuat hién cac xung,
néu (—al +A+a"4;) X < 0, a € (0,1) thi ngoai céc diéu kién trong [53],
hé van duy tri 6n dinh néu khoang thoi gian giita cédc xung lién tiép thoéa man

inf,, {tm — tmfl} > Z, m € N*.

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

rdi rac c6 xung vdéi tré hang

Xét he diéu khién sau

(

Ex(t+1) = Ax(t) + Agx(t — h) + Bu(t), t #t,, — 1,
S Xl(tm) = HX1<tm — 1),t e N, (243)

z(s) =n(s),se {—-h,—h+1,---, 0},

\
trong do6 véc to trang thai z(-) := (x1(-), x2(+)), v6i x1(t) € R” va xo(t) € R"",
diéu khién dau vao u(t) € RP. Véi ham didu khién phan hoi trang thai

u(t) = Kz(t), (2.44)
he (2.43) duge dua vé he dong sau

(El’(t—i—l) = (A+ BK)z(t) + Agz(t — h), t #t,, — 1,
S x1(tm) — Hxy(ty, —1),t € N, (2.45)
x(s) =n(s),se€{-h,—h+1,---, 0}.

\
Trong phan tiép theo, chiing toi thiét ké ham diéu khién phan hoi trang thai (2.44)
dé hée déng (2.45) 6n dinh mii.

Dinh 1y 2.2.1. Gid st 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 dugc théa man
(At L= E)y A+ (B) k>0, i,j=12,...,n, (2.46a)

(—aE+A+a"A) A+ B> ki <0, (2.46b)

1=1
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Y
Ry = Zhj)\—] >1,i€ Ji,, (2.46¢)
7=1
1
T> —SlogaR,\, (2.46d)

trong do Ry = maxj<;<, {Rf\} Khi do, 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 (2.45) on dinh

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

ki ko k,
K— |2 e
Lq A2 An]

Chatng minh. Véi ham diéu khién u(t) = Kz (t), he (2.43) dua vé hé déng sau

(Ex(t +1) =(A+BK)x(t)+ Agz(t — h), t #t, — 1,

< x1 () = Hxy(ty — 1),t € N, (2.47)
\x(s) =n(s),se {-h,—h+1,---, 0}.
Vi) >0 v6imoij=12... n,taco
(At L= E)y A+ (B) k>0, i,j=12,...n (2.48)

Bat dang thiic (2.48) tuong duong véi
(At T = B

Tu do, tasuyra A+ 1, — E4+ BK = 0. Dodo, A+ BK +1, — E = 0. Dat

- ki ko Ky
P LN DO N 2.4
2 [Al X AJ (249)

Ta nhan dugce két qua sau tir dieu kién (2.46b) va (2.49)

(—aE+A+a"Ag) A+ BY ki =(—aE+A+a"Ag) A+ BE
i=1 (2.50)

=(—aE+ (A+ BK)+a "A;) A < 0.

T cac dieu kien (2.46d), (2.46¢), (2.47), (2.50) va Dinh 1y 2.1.5, Dinh 1y 2.2.1 dugc
chiing minh. O
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2.3 Vi du minh hoa

Tiép theo, ching to6i 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

100 015 02 0 02 01 0

1 05
E=1010|,A4A=101 02 0 |.,4:=101 02 0 ,HL 02],
00 0 0.15 0.2 —0.7 1.0 2.0 0 '
va h = 2.

Cac ma tran Ag := A+ I3 — FE, A; 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} = 2 > 1, R} =2 > 1va R, = £ > 1. Ap dung Dinh Iy
2.1.5, Vi by — tm1 > T > —3log, Ry ~ 3.963,m € N* nén he (2.1) 6n dinh mi.

Trong két qua mo phéng, ta xét dicu kien daulan(s) = (456)7,s € {—2,—1,0}.
Khi hé khong c¢6 xung, quy dao trang thai z1(t), zo(t) va z3(t) dudc mo ta trong
Hinh 2.1. Hinh 2.2 va 2.3 mo6 ta quy dao trang thai trong truong hgp c6 xung véi
thoi gian duy tri tuong tng la ¢, —t,,1 =4 va t,, — tym_1 = 2.

..........

X
N0
o n
T
o
e
o
e
e
e
e
e
e
e
Fo
le
le
e
o
b
b
b
1

X, ()

0 mm??m.. ...... sos . . .

-10 0 10 20 30 40 50 60
t
20 T T T T T T
\:;’J 1 ‘H A
0 TII ITTTT???QO. ............ be Py &
-10 0 10 20 30 40 50 60

t

Hinh 2.1: Quy dao cta trang thai z(¢) trong Vi du 2.3.1 khi khong c6 xung.
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< | jmm(mhﬂh?gowﬁvﬂgoohnoo.::o.--o-‘--.SAO.- aess
><N(2-)1*0 ‘”Jﬂm%JOT%?TL,;TOMT”J.?:OJ.mn.ﬂt’o‘“h "
i {Hh[lom%n%;Jrf,,r,.go...,...,.;o......- ]

t

Hinh 2.2: Quy dao cla trang thai x(¢) trong Vi du 2.3.1 khi ¢, — ty—1 =4

< 5;»0 o .-.,1.0.....,.,.2,0,,,wnsromﬂﬂLTOTTTMWJJmMHﬁo
2 2021:0 uam““"1,0,,.q.v.hzwoohhT?T;TO?T?TTTTIﬁthhhjjhl[HL

t

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

0.9 -1
0.8 -1
0.7 B
0.6
= o5 -
0.4 B
0.3 - B

0.2

| MNTEUW..- . ) ) L ]

-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 E
0.8 T e
0.7 e
0.6 e
= 0.5 B
0.4 e
0.3 4

0.2

“'[ H m m%Tﬂm%«ﬂwr,.,r,..’o.-.,- - :

-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.

Vi du 2.3.2. Dé so sanh két qua trong He qua 2.1.8 v6i két qua trong [82], ching
ta xét mot vi du nhu sau
a(t+1) =3a(t)+ ja(t —2),6 >0, £ty — 1,

(2.51)
z(ty)  =2x(tm,—1),m € N

véi z(-) € R.

Theo Dinh 1y 2 trong [82], néu min{t,, — t,,_1,m € N*} > 7 thi nghiém cla
(2.51) 6n dinh mfi. Mt khac, d& dang kiém tra cac diéu kien (2.41a)-(2.41b) trong
(2.1.8) théa man véi o = 0.78, § = 0.99, A = %. Ap dung He qua 2.1.8, ta tim
duge min{t,, — t,,_1,m € N*} > %458, khi d6 nghiém ctia (2.51) on dinh mil.

Diéu nay cho thay réng trong truong hop 28 < min{t,, — t,—1,m € N} <7,
Dinh 1y 2 trong [82] khong dua ra dugc két luan vé tinh 6n dinh ctia hé (2.51). Dé
mo phong ta xét diéu kien dau 1a z(—2) = 1,2(—1) = 0,2(0) = 1. Hinh 2.4 va 2.5
tuong tng chi ra quy dao trang thai khi khong c6 xung va khi ¢6 xung thdéa man

t — tm—1 = 4.
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Vi du 2.3.3. Xét he phuong trinh vi phan suy bién (2.43), vdi

100 3/25 1/10 —1/10 1/5 1/10 0
E=]l010]|, A=|1/10 -1/10 1/10 |,As=| 1/10 1/10 0 |,
00 0 1/10 0 —4 3/20 1/10 0
11100 1/5
/ / 1/5 1
B=| 1/5 1/10 |,H= .
1 1/10
0 —1/10

V6i a = 0.9 va 6 = 0.8, gidi cac dieu kien (2.46a)-(2.46¢), ta tim dugc

1 1 1 1 1
ki =(—.—), ko= (—.0), ky=(—, —
3 3 3
A=(—. — — VR =12>1.R?=11>1.R,=12>1.
(55" 207 2007 = b > b =

Thuc hién tinh toan, ta thu ducgc

131/5671 13/500  1/625 1/5 1/10 0
A+BK + 13— FE=|19/1000 1/200 9/2000 |,Aq= | 1/10 1/10 0
13/1000 0 939/1000 3/20 1/10 0
oy . 1/15 2/3 2/3 . .
la cdc ma tran khong am va K = . Vi vay cac khoang cach
2/15 0 2/3

tm — tm—1 > T > —3log, Ry &~ 2.1631,m € N*. Theo Dinh 1y 2.2.1 thi he déng
duong va 6n dinh mii.

Dé mo phéng ta xét diéu kien dau 1a n(s) = (2 4 6)7, s € {~2,—1,0}. Hinh
2.6 va 2.7 biéu dién véc to trang thai z1(t), xo(t) vA 23(t) clia he dong tuong ting

trong truong hop day xung thoa man ¢, — t,,_1 = 1 va théa man t,, — t,,,_1 = 3.

Vi du 2.3.4. Xét hé suy bién co tré va xung (2.43), vdi

10 0.9 0.2 0.05 0.00 0.5
, A= , Ag = , B= ,H:hﬂ.
0 1 0.4 —0.7 0.10 0.00 0.5

V6i a = 0.8 va § = 0.8, gidi cac diéu kien (2.45a)—(2.45¢), ta tim dugc

E =

ki =—-08, ko=-04, A=(1,1), Ry\=1375>1.
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T

. 10000 {
=< 5000
0 . . . . --oo????TfTTTTTTIIIH
-1 0 10 20 30 40 50 60
t
__ 10000 F {
=<~ 5000 5
0 . . . . --oo????f?TTTTTTIIII{
-10 0 10 20 30 40 50 60
t
5 ><104 T T T T T T
XC')
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-10 0 10 20 30 40 50 60

Hinh 2.6: Quy dao cla trang thai x(¢) trong Vi du 2.3.3 khi ¢,,, — typ—1 = 1.

2 T T T T T
=1f
) I{(
o 1%000s . R . .
-10 0 10 20 30 40 50 6!
t
4 T T T T T
af 4
>
0 TTIO.?.-.‘ . e e -
-10 0 10 20 30 40 50 60
t
T T T T T T
10 T
& st H[ 1
[ tttusnseesemnssmmssensosensossnsosensssesens
-10 0 10 20 30 40 50 60

Hinh 2.7: Quy dao cla trang thai x(¢) trong Vi du 2.3.3 khi ¢,,, — t;p—1 = 3.
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0.5 0
0 0.1

Thuce hién tinh toan, ta thu dugec A+ BK + I, — F = , Ay la cac ma

ma tran khong am va K = [—0,8 —0,4] . Vi vay, cac khoang cach

1 1 In(1.375)
tor — ti1 > T > ——log, Ry = —— - 2090 oy 78, ezt
L=t = T 8 T TS T (0.8) "

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

- 5:1; cetessssssnnsssnnaass 20...,."n£mrmLT()TTWWLUHW]H";0
h 5; sessnassaasses ZO.Y,..,,,E,JmmTTATOTTTTTWLUH]HHt)

t

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

1
= 05t ] .
<

0 TIT?T?QO.--- . . . . .

10 0 10 20 30 40 50 60

t

1
~X05F 4

0 ?T? ----- & Y Y Y Y

-10 0 10 20 30 40 50 60

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

Dé mo phéng ta xét dicu kien dau la n(s) = (11 1)7, s € {~2,—~1,0}. Hinh 2.8
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biéu dién sy bién thién ctia cac thanh phan trang théi x;(t), zo(t) ctia hé mé (khi
chuta ¢6 bo diéu khién) trong trudng hop diy xung théa man t,, — t,,_; = 3; khi
do6 céac trang thai ting khong bi chan theo thoi gian, phan dnh tinh mat on dinh
cua hé. Ngugc lai, Hinh 2.9 minh hoa quj dao trang thai ctia hé dong tng véi day
xung c6 khodng thoi gian duy tri ¢, —t,,_1 = 3, trong d6 cac trang thai déu hoi tu
vé diém can biang, hoan toan phit hgp véi diéu kién én dinh héa dang mit da duge
chiing minh & Dinh 1y 2.2.1. Heé déng véi u(t) = Kz(t), K = [—0.8 —0.4] on dinh
mii v6i khoang cach gitta cac xung bing 3. Diéu da khing dinh mot cach manh mé

rang bo diéu khién dé xuat cé hiéu qua cao trong viéc 6n dinh hoa hé thong.
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Két luan Chuong 2

Chuong 2 tap trung vao viéc nghién citu tinh én dinh va on dinh héa dude dang
mil cho 16p hé phuong trinh vi phan suy bién duong rdi rac c6 xung va tré véi dao

ham bac nguyeén. Két qua dat dugc nhu sau:

e Bing cach a4p dung phuong phap quy nap va khai thac cac ki thuat bién doi
ma tran, ching toi thiét lap dugc mot dieu kién dia dé dam bao tinh 6n dinh

mil clia hé suy bién duong rdi rac ¢6 xung vdéi tré hang.

e Chiing toi da xay dung mot ham diéu khién phu thuoc trang thai nhim dam
bao tinh dn dinh mii cho hé suy bién duong i rac c6 xung va tré hing. Nhing

két qud nay 1a mdi va chua ting duge cong bd trude day.

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

de xuat.

Trong két qua nghién citu clia ching toi, tinh 6n dinh ctia hé suy bién duong roi
rac c6 xung duge xem xét trong truong hop hé véi dao ham bac nguyén va co tré
hing. Bai toan nghién ctu tinh 6n dinh va 6n dinh héa duge dang mii cho 16p hé
phan thit suy bién duong rdi rac c¢6 xung véi tré bién thién va 16p hé c6 cau tric
phiic tap suy bién c6 lien két trong vdi tré bién thién 1a nhitng cha dé hay va kho
doi hoi nhitng k¥ thuat phic tap va cac cong cu toan hoc méi. Day la nhitng bai

toan md can dugce nghién ctu trong thoi gian téi.
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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, 31]. Trong chuong nay, chiing toi thiét ké ham diéu khién cho bai toan tieu
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 diéu khién dau vao, w(t) € RY 1a nhidu dau vao cho trude, z(t) € RP la
véc to dau ra, zo la dieu kien dau. A € R™™ B € R™™ C € RP*", D € R™Y,
W € RP*4 va B € R™"™ la cac ma tran hang s6 da biét. Ma tran £ € R™ " suy
bién v6i rank(E) = r < n. AA(t), AC(t), AD(t) 1a cac ma tran thyc thay doi theo
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thoi gian thoa man
AA(t) = Mafa(ﬂNa, Ao(t) = Mcfc(t)Nca AD(t> = Mdfd(t)Nd> (3'2)

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

1& cac ma tran thuc thoa man
FEOF.(t) < I, FE(4)Fu(t) < I, FY)Fa(t) < I, Vt > 0.
Gia thiét 3.1.1. Nhiéu w(.) € L*([0,00),R?) théa man diéu 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,x(t)) théa man dieu kién Lipschitz mot phia
vdi x(t) trong tap D, tic la ton tai s6 thuc p € R théa man
(f(twa(t)) = F(tw2(t), 21(t) — 22(8)) < pllea(t) — (1),
Vai(t), zo(t) € D. S6 thuc p dude 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),
tic la ton tai cdc hang s6 u,v € R théa man
£t 20 (8) = f(t, 22O)” <plaa(t) — 2a(t), f(t,21(8) — f(E, 22(1)))
+ |z (t) — 22 (1),
vdi moi x1(t), x2(t) € D.

Gia thiét 3.1.4. Af(t,z(t)) théa man dicu kien
[Af(Ez@)] < hllz@)]l, Vz(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 kién Lipschitz mot phia c6 hai vu diém so v6i diéu kien Lipschitz
truyen théng. Dau tien 1a hing s6 Lipschitz mot phia c6 thé 1a s6 thuc bat ky trong
khi hiing s6 Lipschitz phai duong. Mot wu diém khéc 1a hing s6 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.

Khi khong c6 tac dong ctia véc to didu khién dau vao thi he (3.1) tré thanh

(EOCD?ZU(t) = [A+ AA(t)|z(t) + [D + AD(t)|w(t) + F(t,z(t)),t > 0,
q 2(t) = [C + AC()]x(t) + Ww(t),t >0, (3.3)

x(0) = 1.
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, (3.0
z(0) = Zo.
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) khong dong nhat bang
0. Khi d6 cap ma tran (£, A) dugc goi la chinh quy.

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

M¢ rong tinh bi chan trong thoi gian hitu han ddi v6i hé phuong trinh vi phan
phan thit [56] va tinh FTDC ctia h¢ phuong trinh vi phan suy bién bac nguyén
[19], ching t6i dua ra dinh nghia sau.

Dinh nghia 3.1.7. Gia st ¢1, o, T 1a cac s6 duong cho trude véi ¢ < ¢y va R
12 mot ma tran doi xing x4c dinh duong. He (3.4) duge goi 1a bi chin trong thoi
gian hitu han tuong tng véi bo (c1, ¢, Ty, R, d) néu hé d6 1a chinh quy, khong ¢6

xung va thoa man bat déng thic sau
T 2T T\ T
vy B RExy < ¢y = 2" (t)E° REx(t) < ¢, Vt € [0, T%]. (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 tuong tdng véi bo (c1, c2, Ty, R, d) ctia hé phan thi suy
bién ctia Dinh nghia 3.1.7 tré thanh dinh nghia ctia tinh bi chin trong thoi gian

hitu han cho hé phan thit ctia Dinh nghia 1.4.7. Tuy nhién, dé ddm bao md rong ap
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dung dugc cho hé phan thi suy bién, ching t6i can thém ma tran E vao biéu thic
dieu kien. Diéu nay xuat phat tit han ché ctia k§ thuat hién tai, khi ma viéc gidi

quyét bai toan ma khong co st bo sung nay ching téi van chua giai quyét dugc.

Dinh nghia 3.1.9. Gia su ci, o, Ty la céc s6 duong cho trude véi ¢ < cp va R
14 mot ma tran doi xiing xac dinh duong. He (3.3) dugc goi 1a (Z, U, S)-tiéu hao
trong thoi gian httu han tuong tng v6i bo (c1, ¢, T, R, d) néu hai diéu kién sau
dugce théa man
(7) He (3.4) bi chén trong thoi gian htu han tuong tng véi bo (c1, c2, Ty, R, d).
(1) Xét he (3.3) v6i dieu kien dau bang 0, 3y > 0 théa man rang buoc sau

/O 2T (OUw(t) + T () Z2(t) + T (H)Sw())dt > ~ /0 " T (w(t)dt,

trong do Vit € [0,Ty] va bat k¥ véc to nhiéu w(t) khac 0 thoa man Gia thiét 3.1.1,

U 1a mot ma tran thue, Z, S 1a cac ma tran déi 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,z(t)),t >0,
2(t) = [C+ AC(t)]x(t) + Ww(t),t > 0,

x(0) = Zo.
Trong truong hgp khong c6 véce to dau ra, he dong (3.6) duge dua ve

EHD%@ = [A+ BK + AA(t)]x(t) + [D + AD(t)]w(t)
X FF(t, (), t >0, (3.7)

z(0) = .

3.2 Tinh bi chan trong thaoi 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 dam bao hé (3.7) bi chin trong thsi gian hitu han.
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Dinh 1y 3.2.1. Gid st rdng cdc Gid thiét 3.1.1-8.1.4 dugc théa man. Cho trude
c1,¢9, T la cde s6 duong vdi ¢y < ca va R la mot ma tran doi zing xdc dinh duong.
Heé (3.7) bi chan trong thoi gian hitu han tuong ing vdi bo (c1, c2, Ty, R, d) néu ton
tai cdc s6 duong €1, €2, €, 6,0, 0, 3, mot ma tran ¥ € R™ ™ d6i xiing vdc dinh duong,
mot ma tran Q € R™" khong suy bién, mot ma tran F € R™ ™ khong suy bién

va mot ma tran L € R™*"™ théa man cac diew kién sau

ETQ=Q"E >0, (3.8a)
ETQ = ETR*SR*E, (3.8b)
i1 Zi2 QTD S QTM, QTM; QT
¥ 26l 0 0 0 0 0
* * UNdTNd —pI 0 0 0 0
¥ ¥ x =4 0 0 0 | <0, (3.8¢)
* * * * —01 0 0
* * * * * —ol 0
| * * * * * 0 —5[_
A — T < A\ 3.8d
1€1 + Tlat1) 202, ( )
trong do

En=ATQ+Q"A+ L"B" + BL + 6h*I + ONI'N, + 2(pe1 + exv)1,

S = Q" + (e2p — )1,

Zu=¢eQ"B—-BF)+ LT,

By =—eF — el

A= Amax(2), A2 = Amin (2).
Ngoai ra, ham diéu khién phdn hoi trang thdi dugc wdc dinh bdi u(t) = F~'La(t).
Ching minh. Chung ta xay dung ham Lyapunov sau

V(x(t) =" () B Qx(t),

trong d6 ma tran @ théa man diéu kien (3.8a). Ap dung BS dé 1.7.4, tinh dao ham
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a-Caputo ctia V(x(t)) doc theo quy dao ciia he (3.7) ta dugc
6 DV (x(t) < 227 (1) ETQ D a(t)
207 ()QT[(A+ BK)x(t) + AA)z(t) + f(t, (1))
+ Af(t,z(t)) + (D + AD(t))w(t)]
=227 ()QT(A + BK)x(t) + 227 (1) QT AA(t)x(t)
+ 20T ()QT f(t,x(t)) + 22T (QTAF(t, (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 dudc ude
lugng sau

T (OQTAS(t,x(t)) < 67 (H)QT Qu(t) + SAT f(t, x()ASf(t, (1))

(3.10)
6t ()QT Qu(t) + on*aT (H)x(t).

IA

Ap dung bét déng thiic ma tran Cauchy ciing véi diéu kien (3.2), ta thu dugc
' (HQTAA()x(t) = 22" (H)Q" M Fu(t) N (t)
<0 2T ()QT M M Qx(t)
+ 0T ()N F, (8)Falt)Nax(t)
<O (1)Q" Mo M Qu(t) + 0™ ()N Now(t),

(3.11)

2" (t)QTAD(H)w(t) = 2xT< )Q" MyF4(t) Naw(t)
<ol (H)QT MyMy Qx(t)
+ow! (H)Ng Fg (1) Fa(t) Naw(t)
<o ' (1)Q" MaM Qx(t) + ow” (t)Nj Naw(t).
Cong (3.10)-(3.12) vao (3.9), ta nhan dugce danh gia sau

(3.12)

EDV (2(t)) < 22T (1)QT(A+ BK)x(t) + 2T (1) (67 'QTQ + 0h*I)x(t)
+ 207 (1)QT f(t,x(t)) + 07 " (H)Q" Mo M, Qx(t)
+ 02T (1) NI Nz (t) + 227 (£)QT Duw(t)
+ o et (O)QT MgMT Qu(t) + ow” (H)NF Naw(t).

(3.13)

Trong Gia thiét 3.1.2 va 3.1.3, dit z1(t) = x(t), 22(t) = 0. V6i moi s6 duong ey, ea,
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ta nhan ducc

2perx () (t) — 2ey f1(t, x(t))z(t) >0, (3.14)
2eqvat () (t) 4 2eaua” (t) f(t, z(t)) — 2eafT (¢, 2(t)) f(t, x(t)) > 0. (3.15)

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

6 DV (x(t) — pu’ (tw(t) < E(6)TOE(1), (3.16)
trong do
O11 2 Q"D
EOT = 12T@) fTt,zt) T@)].0=| % —2el 0 :

* * oNTN, — BI
O = (A+BEK)T'Q +QT(A+ BK) +6'QTQ + sh*I + 7' Q" M, M Q
+ HN;FNG + U_lQTMdMgQ + 2(per + eav)1.

Dat K = F~'L, v6i F ma tran khong suy bién va L 14 ma tran c6 sb chiéu thich
hgp. Vi vay
Q'BK = (Q"B—- BF)F 'L+ BL.

Ma tran © cé thé biéu dién dudi dang

[ ER=T QTD Q"B — BF
O=| % —2el 0 + sym 0 F! [L 0 O} )
* * aNdTNd — Bl 0

01 =ATQ+QTA+5'QTQ + sh*I + 67 'QTM, M Q + ONTN,
+ o QT MMFQ + 2(pey + euv)I + LY BT + BL.

Ap dung B6 dé 1.7.5, trong d6

O11  Zio Q"D Q"B — BF
« %+ oNTNy—§gI 0

Z:F‘l[L 0 o],V:F,
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diéu kién © < 0 duge ddm bao bdi dieu kién sau

F eH+7'VT
< 0.
x —eV —eVT
Diéu d6 c6 nghia la
O EZp Q"D Z14
x  —2e] 0 0
< 0,
* % oNdTNd —pI 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
011 = (A+BK)TQ + Q" (A+ BK) +6'QTQ + 0n*I

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

Mat khac

§1QTQ + on*I + 07\ QT M, MTQ + ONT N, + o QT MyMT Q + 2(pey + e3v)1 > 0

neén suy ra
(A+ BK)'Q +Q"(A+ BK) < 0. (3.19)
Vi E 13 mot ma tran suy bién véi rank(E) = r < n nén ton tai cac ma tran khong
) r 0
suy bien H, P sao cho HEP = . bat
0 0
Ay A
HA+BK)P=|"" "%, B TQP= @n le . (3.20)
A9 Ago Q21 Q2
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Ta nhan duge cac danh gia sau tur (3.8a) va (3.20)

PTETQP = (PTETH"YHTQP) = (HEP)"(H TQP)

I, 0] [Qn Q12 _ [Qn le] -0 (3.21)
0 0] [Q2a1 Q2 0 0 ,

va

PTQTEP = (PTQTH Y (HEP) = (H TQP)"(HEP)

_ h 51] [Ir 0 _ [Q1T1 0 >0 (3.22)
o @] [0 0 Qf 0]

Két hop (3.8a), (3.21) va (3.22), ta dudc Q11 = Q¥;, > 0,Q12 = 0. Do ma tran Q

khong suy bién nén

HTQP =
Q Q21 Q22

ciing 1& ma tran khong suy bién. Nhan lan lugt vao bén trai cta (3.19) véi PT va

bén phéi cta (3.19) véi P, ta thu duge

Qu 0]

PT((A+ BK)'Q + Q" (A+ BK))P < 0.
Do do,

PTY(A+ BK)Y"H"HTQP + P'Q"H 'H(A+ BK)P <0

Afy AL Q@ 0 1 Qu| [An Aw “0
Aly AL Q2 Q 0 Ll A2 A

Tu do, ta nhan duge udc lugng

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

trong d6 = biéu thi ma tran con khong lien quan dén két qua suy ra & day. Tit
(3.23), ta dugc
A3y Q22 + QgpAn <0,

do d6 Ags 1a ma tran kha nghich. Ap dung Dinh 1y 1.3.7, ta dugc hé (3.7) chinh
quy va khong c6 xung.

Budc 2: Chitng minh hé (3.7) bi chan trong thoi gian hitu han tuong ting véi
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b6 (Cla C2, va RJ d)
Thuec hién tich phan ¢ hai vé ctia (3.17) tt 0 dén ¢ (0 <t < Ty), ap dung Dinh
Iy 1.1.15 va Gia thiét 3.1.1 ta thu duge
2T (1) ETQu(t) < 2" (0)ET Qu(0) + BI7 (w” (t)w(t))

= 27(0)ET RS R? Ex(0) + Fi (t — ) Wl (s)w(s)ds

aﬁ) PR (3.24)
< Amax(2)2T (0)ET REx(0) + T(a) (t —s)* ds
0
S )\101 + %T}X

Mt khac, tit (3.8b) v6i ¢ € [0,Ty] ta co

2T (O ETQx(t) = 27 (t)ETR*SR2 Ex(t)
Amin(2)z (1) ET REx(t) (3.25)
= Aoz (t)ETREx(t).

Ta thu dugce bat dang thitc sau tit két hop cac wée lugng (3.24) va (3.25)

1 Bd
T T
tHYE* REz(t) < —(\ —_
.’E() x()—)\Q( 1Cl+F(a+1)
Tur (3.8d) va (3.26), ta thu duge 2T (t)ETREx(t) < co, Vt € [0,Ty]. Vi vay, diéu
kién (3.5) dugc thoa man. Theo dé, hé bi chan trong thoi gian hitu han tuong ting
vOi bo (c1,¢2,T%, R, d). ]

). (3.26)

3.3 Tinh tiéu hao héa trong thoi gian hitu han cia hé phan

thi suy bién théoa man diéu kién Lipschitz mot phia

Noi dung chinh ctia bai toan la thiét ké ham diéu khién phan hoi phu thudc véc
to trang thai u(t) = Kz(t) sao cho hé dong (3.6) (Z, U, S)-tiéu hao trong thoi gian
hitu han tuong tng véi bo (c1, c2, Ty, R, d).

Dinh 1y 3.3.1. Gid st rang cic Gid thiét (3.1.1)-(3.1.4) dugc théa man. Cho
trude c1,c2, Ty vdi ¢ < co la cde s6 duong va R la mot ma tran doéi zing zdc dinh
duong. Hé dong (3.6) (Z,U, S)-tieu hao trong thoi gian hitu han tuong ting vdi bo
(c1,¢2,Tf, R,d) méu ton tai cic so thuc duong €, €2,€, 3,0,0,0,k,v, mot ma tran

doi ming xdc dinh duong ¥ € R™™, mot ma tran khong suy bién QQ € R™ "™, mot
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ma tran khong suy bién F € R™™ mot ma tran L € R™ " théa man (3.8a),

(3.8b) wva cdc dieu kién sau

1 S EZi3 Eu QTM, QTM; QT CTGT 0
x  —2el 0 0 0 0 0 0 0
* * 533 0 0 0 0 0 539
* * x  Zgq 0 0 0 0 0
* * x ok —0I 0 0 0 0 | <0, (3.27a)
* * % * * —ol 0 0 0
* * * * * * —01 0 0
* * * * * * * -1  GM,
* * * * * * * * -kl
S—(y+p8)I>0, (3.27Db)
8
A — T < A\ 3.27
11 + Tla+ 1) 7 < Aaca, ( c)
trong do

Al = Anax(2), A2 = A (D), Z = —=GTG,

En=ATQ+ QYA+ L"BT + BL + 0h*I + ONI'N, + kNI N, 4 2(pe1 + o)1,
Z10= Q" + (e2p — 1)1,

Eu=¢Q"B - BF)+ L7,

E3=QTD—-cTzw - CTU,

S35 = oNI Ny — WTZW —WTUu — UTwW — I,

Sy = —(WTZT + UT)M,,

Ep=—€eF —eF".
Hon nita, diéu khién phdn hoi trang thdi duge xdc dinh bdi u(t) = F~'La(t).

Chatng minh. Ta chon ham Lyapunov giong nhu Dinh ly 3.2.1. Dat

J = DoV (x(t)) — (QZT(t)Uw(t) + () Z2(t) + W (1)(S — vf)w(t))
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Ky hieu C = (C + AC(t)), khi d6 z(t) = Cz(t) + Ww(t). Vi vay, ta nhan duge

J = DV (t) — (2xT(t)€TUw(t) + 20T (OWTUw(E) + 27 ()T ZCa(t)
(3.28)
+ 207 ()T ZWw(t) + T (OWTZWw(t) + w7 (1)(S — »yf)w(t)) :

Tit (3.27b), ta thu duge w’ (t)(S — yDw(t) > Bwl (t)w(t). Két hop véi (3.28),
ta co
J < §DeV(t) — <2xT(t)UTUw(t) + 2T (OWTUW(E) + 2T ()T 20 (t)

(3.29)
+227(OC ZWuw(t) +w  OWT ZWw(t) + wT(t)ﬁw(t)> :

St dung cac ky thuat chiing minh tuong tu nhw trong Dinh 1y 3.2.1, ta duge danh
gia sau tir (3.29)
J < €M (HE(), vt > 0, (3.30)

trong do

Iy QT + (eap — e1)I 1Tl

=1 % —2e91 0|,

* * 533

I, = (A+BEK)'Q+QT(A+ BK) + 6 'QTQ + 6h*I + 67'QT" M, M Q
FONTN, + 0 QT MuMTQ + 2(per + esv))] — O ZC,

My =Q'D—-C ZW —C U

Dit K = F~'L v6i F 1a mot ma tran khong suy bién, L 14 mot ma tran c6 chiéu

thich hop. Khi d6 QT BK = (Q*B — BF)F~'L + BL.

Biéu dién ma tran IT nhu sau

II;; Zi2 I Q"B — BF
IT=| % —2e6I 0 + sym 0 ! {L 0 0} ;
* * 533 O

trong do

My =ATQ+Q"A+ L"BT + BL+67'QTQ + 6n*I + 67'Q" M, M Q
+ONTN, + 02 QT MaMYQ + 2(pey + exv)] — T ZT.
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Ap dung B6 dé 1.7.5 véi

O =g g QB — BF
F=1|x%x =2 0 JH = 0 ,Z:F_l{LOO],VZR
* X H33 0

thi dieu kien II < 0 dudc théa man béi dieu kién sau

Iy Zip Iz Zus

£ 2] 0 0
2 <0. (3.31)

* * 533 0

ES ES * E44

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

Iy =ATQ+ QA+ LB + BL+67'Q"Q + 0n*I + 6 Q" M, M Q
+ONIN, + o 'QT MaMIQ + 2(pey + ev)I + (GO)T'GC.

Ap dung B8 dé Schur, diéu kien (3.31) twong duong véi diéu kien sau

_ B _ -
I E2 Zi3 Zu QTM, Q"M; QT C G7
x  —2el 0 0 0 0 0 0
B S * 533 0 0 0 0 O
* * * = 0 0 0 0
I = 44 <0, (3.32)

* * * * —01 0 0 0
* * * % * —al 0 0
* * % * * * —01 0
* * * * * * * -1

trong doé

Iy =ATQ+ QA+ L"BY + BL 4 6h*I + ONI' N, + 2(pe; + o)1,
Ei3=Q"D T (ZW + V).
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Ma tran I' duge biéu dién béi I' =T + T'a, v6i

Iy Z1 Z3 Zu QT™M, Q™M; QT CTGT
x —2el 0 0 0 0 0 0
* * E33 0 0 0 0 0
_ * * x = 0 0 0 0
T 44 ’
% * * * —01 0 0 0
* * * * * —ol 0 0
* * * * * * — 0
* * * * * * * -1
(0 0 —ACTW)(ZW +U) 0 0 0 0 ACT(#)GT
* 0 0 0000 0
%k 0 0000 0
%k * 0000 0
A =
%k * * 0 0 0 0
%k * * x 0 0 0
% * * % x 0 0
* % * * %k ok 0
Dat
T
Azho-wHwW+U)0000JWCT,
T
B:[Ngo 0000 oo}.
Khi d6, (3.32) duge dua vé bat dang thiic ma tran
I+ AF.()B" + (AF.(t)B"T < 0. (3.33)

Ap dung BS dé 1.7.6, diéu kien (3.33) tuong duong véi bat déng thiic sau
T'+rk ' AAT + kBBT < 0. (3.34)

Bat dang thic (3.34) dugc suy ra tit (3.27a) theo Bd dé phan bu Schur. Két hgp
(3.27a) va (3.30), ta co

CDOV (x(t)) < (257 (1) Uw(t) + 27 (1) Z2(t) + w (£)(S — AT)w(t)), Vt € [0, T}).
(3.35)
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Trong truong hop khong c6 véc to dau ra z(t), tit (3.27b) ta nhan duge (3.17).
Theo Dinh 1y 3.2.1, hé (3.7) bi chdn trong thoi gian hitu han tuong tng véi bo
(c1,¢2, T, R, d).
Uéc lugng sau thu duge ti tich phan hai vé ctia (3.35) tt 0 dén ¢ v6i 0 < tp < Ty

by
Oftlf tho;(V(:(:(tf))) < /0 2T (N Uw(r) + 21 (1) Z2(7) + W (7)(S — v1)w(7))dr.
(3.36)
Ap dung Dinh 1y 1.1.4 va 1.1.15, ta ¢6

oL, § D2 (V(a(ty)) = oL § D5, (V(x(ty))
= 0T} (0T § D3 (V(a(t)))
= oI} (V(alty) — V(2(0)))

= oLy, “(V(a(ty)) — oIt *(V(2(0))).

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

oIV (2(0)) = F(l;—@) /0 f(tf — 1) 2T (0)ETQx(0)dr = 0.
Mt khéc, vi
VTV 0) = gy | (=) O Qa2 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) + wT (£)(S — v )w(t))dt > 0.
0
Do d6 bat dang thic tich phan sau dugc suy ra véi Vis € [0, 7]

/0f(2zT(t)Uw(t)+zT(t)Zz(t)+wT(t)Sw(t))dt>’y/ofwT(t)w(t)dt.

Vay he déng (3.6) (Z,U, S)-tieu hao viing trong thoi gian httu han tuong tng
v6i bo (e1,c2, T}, R, d). ]

Céc bat dang thiic (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 diéu kién tren vé cac bat déng thitc ma

tran tuyén tinh chit cé thé giai duge tren MATLAB.
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Dinh 1y 3.3.2. Gid s rang cic Gid thiét 5.1.1-3.1.4 déu théa man. Cho ¢y, ¢y, Tr, d

vdi c1 < ¢ la cde s6 duong va R la mot ma tran doi xing zdc dinh duong. Hé déng

(3.6) (Z,U,S)-tiéu hao trong thoi gian hiu han tuong ting vdi bo (c1,c2, T, R, d)

néu ton tai cdc so duong €1, €, ¢, 3,0,0,0,7v,Kk,C, mot ma tran doi xing xdc dinh

duong R € R™", mot ma tran S € R(”_T)X”, mot ma tran L € R™*™ va mot ma

tran khong suy bién F € R™ ™ théa man cdc dieu kién sau
R <R < (R,
Cer + F(aﬁfli— 1>T}" < ca,
Iy T Ty Tw Tis T Iy CTGT 0

x  —2el 0 0 0 0 0 0 0
* * I's3 0 0 0 0 0 I'39
* * x T'ya O 0 0 0 0
* * x x —0I 0 0 0 0 <0,
* * x % x —ol 0 0 0
* * * % % * =01 0 0
* * * % * * * -1  GM,
* * x % * * * * -kl

trong do

Iy =AT(RE+ ETS)+ (E"R+STE )A+ L"BT + BL + 0h*I
+ONIN, + kNIN, 4 2(per + ev)I,

Iy = (E'"R+STEL) + (o — 1)1,

I3 =(E'"R+STE)D - C" 2w — CTU,

I'y=eE"R+S"E)B—eBF + L,

I5 = (E"R+S"EL )M,

T = (E"R +STE| )My,

Iy7 = (E"R+STE)),

I35 = NIN, —WTzZW —WTU —UTW — 81,

T39 = —(WTZT +UT)M,,

Ty = —eF —eF7T,

(3.37a)

(3.37Db)

(3.37¢)
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7 = -GTG va E, € Rvrxn [y phan bu triuc giao cia E théa man E\FE = 0,
rank(E ) = n—r. Ngoai ra, ham diéu khién phdn hoi trang thai dugc xdac dinh bodi
u(t) = F~1La(t).

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

Q=TRE+ ETS. (3.38)

Khi dé diéu kien (3.8a) trong Dinh ly 3.3.1 tuong duong véi R > 0. Véi phép doi
bién (3.38), bat dang thiic (3.37c) kéo theo diéu kién (3.27a) trong Dinh 1y 3.3.1.
Dit ¥ = R-*RR~2, két qua sau day dugc chi ra

ETQ =Q"E = E"RE = ETR:XR2E.

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

8d

)\ [
et Tla+ 1)

T]? < (e + T]?é < g < A\9Co.

['(a+1)

Vi vay, diéu kién (3.8d) duge ddm béo béi cac dieu kien (3.37a) va (3.37b). Theo
Dinh 1y 3.3.1, hé dong (3.6) (Z, U, S)-tiéu hao trong thsi gian hitu han tuong ting
v6i bo (c1,c2, T}, R, d). ]

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

Nhan xét 3.3.4. V6i cong cu 1a Iy thuyét Lyapunov cung sy ho tr¢ ciia ki thuat
bat dang thic ma tran tuyén tinh, da cé nhiéu cong bd dang chid y vé bai toan
tiéu hao cho céac loai hé dong lwc bac nguyén khac nhau [28, 36, 56, 57]. Theo su
hiéu biét clia ching toi, chi c6 mot sd it cong bd nghién citu tinh tieu hao cho
cac he dong lyc phan thi [33, 34]. Cach tiép can trong viec xay dung cac 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 céc hé phuong trinh vi phan
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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 thit suy bién phtic tap vA thach thic hon. Trong chuong nay, ching toi da
giai duge bai toan tieu hao cho 16p hé diéu khién phan thi suy bién théa man diéu
kién Lipschitz mot phia. Day 1a dong gop mdi, ¢6 ¥ nghia khoa hoc la mot trong

nhing két qua dau tién vé hé phan thi suy bién.
Trong trudng hgp khong c6 thanh phan khong chic chan, he (3.1) duge dua ve
he diéu khién phan thit suy bién sau
4
E§DYx(t) = Ax(t) + Dw(t) + Bu(t),t > 0,
§ 2(t) = Ox(t) + Ww(t), t >0, (3.39)

Ex(0) = Fuxy.
\

Duwra vao Dinh 1y 3.3.2, ta thu dugc hé qua sau.

Heé qua 3.3.5. Gid st Gid thiét 3.1.1 dugc théa man. Cho cdc so duong cy,c2,Tf,d
vdi ¢; < co va mot ma tran doi xing zdc dinh duong R. Heé déng cia (3.39)
(Z,U,S)-tiéu hao trong thoi gian hitu han tuong ting vdi bo (c1,c2,Tf, R, d) néu
ton tai cac s6 duong €, 3,C,y, mot ma tran doi zing xdc 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 diéu kién sau

R <R < (R,

_pd
['a+1)

S—(y+8)I >0,
Uy Wi U3
x Wy 0 | <0,

Cer + TF < co,

* * \1133

trong do

Uy = AT(RE + ETS) + (E"™R + S8"E)A+ L"B+ BL - C"ZC,
Uy = (E"R+STE)D - CcT2zw — CTU,
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U3 =e(B"R+STE)B — eBF + L,
Uoy = —WIZW —WTU —UTW — g1,
\1133 = —el' — GFT,
va E; € RO [g phan bu truc giao cia ma tran E, ¢6 nghia la E|E = 0 vdi
rank(E,) = n—r. Hon thé nita, ham diéu khién phdn hoi trang thdi duge xdc dinh

bdi u(t) = FLLa(t).

3.4 Vidu minh hoa

Tiép theo, hai vi du dugc dua ra dé minh hoa cho tinh hiéu qua cia két qua
trong Dinh 1y 3.3.2 va Hé qua 3.3.5.
Vi du 3.4.1. Xét he diéu khién phan thi suy bién sau
'Eg DY®x(t) = [A+ MoFo(t)Naz(t) + [D + MaFa(t)NaJw(t)
+f(t,z(t)) + Af(t,z(t)) + Bu(t),t >0,
(1) = [C' + M. F.(t)NJz(t) + Ww(t),t >0,

(3.41)

z(0) = Ty,

0.1
M, = [ ] , Ng = [0.1 0.5] , Fu(t) = sint,
0.1

0.1
My = , Ng = [1] , Fa(t) = cost,
0.5

C=lo 1], M= |-03 02|, Ne=[o1] W= 05], Fut) =sint,
0.122(t) 23 (1)
" |

ft,2(t) = o (t)alt)

, Af(t(t) = [
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Véi didu khién u(t) = Kx(t), hé déng nhan dugc tir (3.41) 1a
(
E§DYSx(t) =[A+ M,Fu(t)Ny + BKx(t) + [D + MaFa(t)NgJw(t)
+f(t,x(t)) + Af(t,z(t)),t >0,

4 (3.42)
2() = [C + M. F.()NJz(t) + Waw(t),t > 0,

z(0) = Zo.

Chiing ta kiém tra dugc f(¢, x(t)) dap ting cac diéu kién trong Gia thiét 3.1.2 va Gia
thiét 3.1.3 véi cac hing s6 p=1,u = 0,v =1 trong tap D = {z € R? : ||z|| < 5}.
Ham phi tuyén Af(¢,2(t)) théa man Gié thiét 3.1.4 v6i hang s6 h = 1. Cho trudce

61:1,62:1.7,R:

0
d=1,T;=10,U = [1] 7 = [_1} S = [1] .
0 1
Stt dung LMI Control Toolbox trong MATLAB, cac diéu kién ctia Dinh 1y 3.3.2
thoa man véi e = 0.1514, ¢, = 0.5954, ¢ = 1,3 = 0.0095,8 = 1.3310,0 = 2.8340,
o = 0.4385,7 = 0.4952, k = 9.9642, ( = 1.6084,

[1.2636 0.2803

S= [—0.6504 0.0612],
0.2803 1.3333

L

Y

1.4711  9.9506

5.3590 —5.1519
2.8763 1.0921

[2.0915 3.9013]

Theo Dinh 1y 3.3.2, hé déng (3.42) (Z, U, S)-tiéu hao ving trong thoi gian hitu han
tuong ting v6i bo (1,1.7,10, R, 1) va diéu khién phan hoi trang thai

o [2.5623 2.4633] o).V € [0.10],
0.7034 4.7576

Dé c6 két qua mo phong, ching toi chon didu kien dau zy = (—1,1)T € R? va
nhiéu w(t) = sint. Hinh 3.1 biéu dién sy thay dbi theo thoi gian ctia 27 (t) ET REx(t)
ctia hé mdé. R rang hé mdé khong bi chan trong thoi gian hitu han vi chiing ciing
khong thoéa man diéu kién ctia Dinh nghia 3.1.7. Hinh 3.2 biéu dién quy dao cta
T (t)ET REx(t) clia he dong. Gia tri ctia 27 (+)ET REx(t) bi gidi han ¢ mic nhd
hon ¢y = 1.7 v6i t € [0, 10]. Khi d6, hé (3.42) bi chén trong thsi gian hitu han theo
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5 ; ;
= = =x(t)"E"REX()
45k L =17 i
E———
4 i
35 i
3 i
250 i
2= =17 T
15 .|
= [
1 ot M
.
05 tteal o x(OTETREX() ... B
...............................................
o 1 I | | | | == | |
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Time(sec)

18 T
16— —
141 —
— (1) 'ETREX(t)
1 == =c2517
Y
=1
. ©
08| —
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04 —
02 —
x(t)"ETREX(t)
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Time(sec)

Hinh 3.2: Quy dao ciia véc to z(t)T ET REx(t) ctia hé dong trong Vi du 3.4.1.

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

[T () Uw(t) + 27 (1) Z2(t) + T (1) Sw(t))dt

oy T (t)w(t)dt

V(t) = ,Vtp € [0,10].

Hinh 3.3 biéu thi ham hi¢u suat tiéu hao v(¢) luon 16n hon v = 0, 4952, c6 nghia
la dieu kien (ii) trong Dinh nghia 3.1.9 luon dang. T cdc Hinh 3.2 va 3.3, dé dang
thay rdng he dong (3.42) (Z,U, S)-tieu hao vitng trong thoi gian hitu han tuong
dng v6i bo (1,1.7,10, R, 1) va v = 0, 4952.

Vi du 3.4.2. Xét mo hinh bac phan thi cia mach dién sau véi nhiéu bi chan
(Xem [39])

(EOCD?B:E(t) = Ax(t) + Dw(t) + Bu(t),t > 0,
q 2(t) = Cx(t) + Ww(t),t >0, (3.43)

Ex(0) = Exy,

\

trong x(t) = (w1(t), 22(t), 23(t))" € R? 1a véc to trang thai, u(t) € R? 1a véc to
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18— -
YO
16— -

14— vo |
I

12— -

08— -

06— -

0.4952

5
Time(sec)

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

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=10 1},
0 0 O 0 1 1 0.2 00

C:{O 1 1},W:[0.5]-
Véi didu khién phan hoi trang thai u(t) = Kx(t), hé déng ctia (3.43) 1a

)
E§DY32(t) =[A+ BK]x(t) + Dw(t),t >0,

< 2(t) = Ca(t) + Ww(t), t >0, (3.44)
\ECL’(O) = ECU().
100
Cho truéccy = 1,c0 =2, Ty =10,R= (0 1 0|,U = {2}  J = [_1] va S = [2}
00 1

St dung LMI Control Toolbox trong MATLAB tinh toan dugce 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
1.4224 8.8078 |

—29.7470  8.3239  2.5731
—8.9797 —33.5614 14.7879|

Tt He qué 3.3.5, hé dong (3.44) (Z, U, S)-tieu hao trong thai gian hitu han tuong
tng v6i bo (1,2, 10, R, 1), diéu khién phan hodi trang théi
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—4.3807 0.2465 0.7593
u(t) = x(t), vt € [0, 10].
—0.3121 —3.8502 1.5563

Dé c6 két qua mo phdng, chiing toi xét zo = (0.07,0.07,0.07) € R3 va nhiéu
w(t) = cost. Quy dao ctia 7 (t)ET REx(t) ctia hé md trong Hinh 3.4. Tt Hinh 3.5,
ta thay rang gia tri ctia 27 (t)ET REx(t) bi gidi han ¢ mitc nho hon ¢y = 2 trong
khoang [0, 10]. Vay hé déng bi chin trong thoi gian hitu han theo Dinh nghia 3.1.7.
Hon nita, ching ta nhan duge ty 1é tieu hao v = 0,9352 bang cach gidi cac dieu

kién trong He qua 3.3.5. Ta dinh nghia ham hiéu suat tiéu hao 1

(t) = Jo (227 (1) Uw(t) ;L (1) Z2(t) +wT(t)Sw(t))dt’ Vi, € 0,10].
Jo! W (t)w(t)dt

Ham hicu suat titu hao ciia hé déng duge biéu dién trong Hinh 3.6. Ro rang

v(t) Tuon 16n hon v = 0,9352, nghia la diéu kien (ii) trong Dinh nghia 3.1.9 luon
dang. Vay hé dong (3.44) (Z,U, S)-tiéu hao trong thoi gian hitu han tuwong ting véi
bo (1,2,10, R, 1).

e <M TETREx® . N
cz2=2 / \ 4
ci=1 k

o 2 a4 [S) 8 10
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 i c_ =2

e < TETREX®)
1.8 - c2=2
ci=1

1.6
1.4
1.2

1
o.8 |-
0.6 .. T

T <M TETREX(® .
o.al N T

0.2

S

° N ) )
(o] 2 a [S) 8 10
Time(sec)

Hinh 3.5: Quy dao ciia (t)T ET REx(t) ciia he déng trong Vi du 3.4.2.
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1k ~=0.9352 4

. . . .
o 2 a [S] 8 10
Time(sec)

Hinh 3.6: Quy dao ctia ham chi s6 tiéu hao y(t) ctia he déng trong Vi du 3.4.2.
Két luan Chuong 3

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

qua dat dugc nhu sau:

e Bing cach ap dung mot s6 ki thuat bién doi trén ma tran va LMI ching toi da
thiét ké duge ham diéu khién phan hdi 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 Chung toi trinh bay cac vi du s6 v6i mo phéng dé minh hoa cho cac két qua

ly thuyét da dat dugc.

Trong nghién cttu cua chung to6i, tinh bi chin trong thoi gian hitu han va tinh
tieu hao hoa trong thoi gian hitu han duge phan tich trong trusng hgp hé phan
thit suy bién. Bai toan nghién citu tinh 6n dinh theo nghia Lyapunov, bai toan tiéu
hao cho hé phan thit suy bién phiic hgp 1a nhiing chii dé tha vi, 14 bai toan md can

dugce nghién citu trong thoi gian tdi.
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Chuong 4

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

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

ES{Dex(t) = [A+ AA@))z(t) + [D + AD(t)|w(t) + Bu(t),t > 0, (1)

z(0) = X,
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 dau. A € R™" B € R™™ D € R™4 va £ € R™" ]a cac ma tran hang s6

da biét. Ma tran £ € R™" suy bién v6i rank(E) = r < n. Cac ma tran thyc
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)

trong d6 M, Ny, My, Ny cdc ma tran hang s6 da biét va F,(t), F4(t) 1a cac ma tran
thuc thoa man

FEOFa(t) < I, FF () Fa(t) < I, ¥t > 0.
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Cho mot s6 duong Ty > 0. Lién két v6i he phan thi suy bién (4.1), ta xét ham chi
phi toan phuong c6 dang sau

J = /Tf [T (£)S12(t) 4+ u” (t)Sou(t)]dt, (4.3)
0

v6i S1 > 0 va Sy > 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 bj chin

3d > 0 : supw’ (Hw(t) < d.
>0

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

E§D8x(t) = [A+AA®)]z(t) + [D+ AD(t)|w(t), t >0, (0.4
z(0) = Xo. |

Dinh nghia 4.1.2. (Xem [61]). Hé phuong trinh vi phan (4.4) dugc goi la
i) Chinh quy néu ton tai s € C sao cho da thiic det(sE — A) khong dong nhat bang

0. Khi d6 cap ma tran (E, A) dugce goi la chinh quy.

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

Tiép theo, ching t6i mé rong bai toan diéu khién ddm bao chi phi trong thoi

gian hitu han déi v6i hé phan thi suy bién.

Dinh nghia 4.1.3. Cho trudc c¢1, ¢, Ty v6i ¢1 < ¢o la cac s6 duong va ma tran
R d6i xing xac dinh duong. He (4.4) dugc goi 1a bi chan trong thoi gian hitu han
tuong tng véi bo (c1,c2, Ty, R,d) néu he do6 la chinh quy, khong c6 xung va bat

dang thitc sau day théa méan
T T T\ T
o E" RExy < ¢y = x (t)E" REx(t) < co, Vt € [0, TY]. (4.5)

Trong qué trinh kiém soat cac phan hoi trang thai, ching ta nhan thay ngay ca
nhitng nhiéu nhé trong cac tham sé ctia ham diéu khién ciing c6 thé gay mat o6n
dinh cho hé théng. Vi vay, viéc thiét ké mot ham diéu khién bén vitng 1a can thiét
dé dam béo rang hé théng co thé chiu dude nhing thay doi nhé trong cac thanh

phan ciia ham diéu khién ma van duy tri dude tinh on dinh va hiéu sudt mong
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mudn. Xét ham diéu khién phan hdi trang thai bén vitng dudi dang sau
u(t) = (K + AK(t))xz(t), (4.6)

trong d6 K € R™*" la ma tran phan hoi trang thai can thiét ké va AK (¢) 1a thanh
phan thay ddi theo thai gian c6 dang AK(t) = MpFi(t) Ny, v6i My va Ny, 1a cac
ma tran thyc da biét véi s6 chieu phtt hop, Fi(t) 14 ma tran thyc bién thién thoa
man FL(8)Fr(t) < I, Vt > 0. Khi d6, he déng thu duge 1a

(E(?D?x(t) = [A+ AA(t) + BK + BAK (t)]x(t)
\ +[D + AD(t)]w(t), t >0, (4.7)

k:1:(()) = .

Noi 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 dong (4.7) bi chan trong thoi gian hitu
han tuong tdng véi bo (c1,c2, T, R, d) va gia tri ctia ham chi phi (4.3) théa man
J < J*, trong d6 J* 1a mot hang sé duong xéc dinh.

Dinh nghia 4.1.4. Cho trudc cac s6 duong T, ¢y, c2, (c2 > ¢1),d va mot ma tran
d6i xtng xac dinh duong R. Xét hé (4.1) v6i ham chi phi (4.3). Néu ton tai mot
ham diéu khién bén vitng 4(t) va hing s6 duong J* sao cho hé déng (4.7) bi chan
trong thoi gian hitu han tuong tng véi bo (c1, 2, Ty, R, d) va gia tri ctia ham chi
phi théa man J < J* thi J* dugc goi la gia tri chi phi ddm béo, u(t) duge goi la
ham diéu khién ddm béo chi phi.

Dinh 1y 4.1.5. Xét he¢ (4.1) vdi ham chi phi (4.3). Cho trudc cic s6 duong
c1, ¢, (¢ > 1), Ty, 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 6,0, 3,7, 1, g2, mot ma tran
khong suy bién P € R™™ va mot ma train' Y € R™™ sao cho cic diéu kién dudi

day duoc dam bao

PET = EPT >0, (4.8a)
mPET < PETREPT < 1pPET, (4.8b)
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(0 PNT PNT D My PS, YS, YS:M, PNT]
x =01 0 0 0 0 0 0 0
* * -0 0 0 0 0 0 0
* * x —=pI 0 0 0 0 0
* * * x —yI 0 0 0 0 <0, (4.8¢)
* * * * x =57 0 0 0
* * * * * x  —S 0 0
* * * * * * * —I 0
* * * * * * * * —ol
c Amax(NTNy))d c
u_11+ (6+7F(a4(r16§ D) e M—Z (4.8d)
trong do

Q= PAT +YBT + APT + BYT + M, M} 4+ 0BM M B”,
1
o — .
1 + Amax<S2)Amax(Mng>

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

11—«

J* = (B + YAmax(Ng Na))dTy + Amax (E" P~ o]

f
['2—a«)

Chiing minh. Ching ta xay dung ham Lyapunov sau
V(a(t) = 27 (1) ETQu(t),

trong d6 ma tran Q = P~ théa man diéu kien (4.8a). Khi d6 diéu kien (4.8a)
tuong duong véi ETQ = QTE > 0.

Ap dung B6 dé 1.7.4, tinh dao ham a-Caputo ciia V(z(t)) doc theo quy dao ctia
hé (4.7) ta dugc
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6 DV (x(t) < 207 (H) ETQ§ Dia(t)
=227 ()QT[(A+ BK)x(t) + AA(t)x(t) + BAK (t)x(t)
+ (D + AD(t))w(t)]
=227 ()QT (A + BK)x(t) + 22T (1) QT AA(t)x(t)
+ 207 ()QT BAK (t)x(t) + 227 (£)QT Dw(t)
+ 22T (HQTAD(t)w(t).

(4.9)

V6i cac s6 duong 8,0, v, 3, ta thu dudce cac danh gia sau khi ap dung bat dang

thitc ma tran Cauchy (1.7.2) cung véi diéu kien (4.2) va (4.3)
207 ()QTAA(t)x(t) = 227 (1) QT M, Fy(t) N,x(t)

< 0zt () QT M M Qu(t) + 6 ' (t)NI N, (1),

(4.10)

207 (1) QT BAK (t)x(t) = 227 (£)QT BM}, F.(t) Ny (t)

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

+ 0 2T ()N Ny (1),
27 (1)Q" Dw(t) < ™'’ (H)Q" DD Qu(t) + fu’ (H)w(t), (4.12)

227 ()QTAD () w(t) = 22T (£)QT MyFy(t) Nyw(t)

<l ()QT MyMg Qx(t
<yl ()QT MaMg Qux(t

+ YAmax (NI Ng)w? (H)w(t).
Cong cac bat dang thic (4.10), (4.11), (4.12) va (4.13) vao (4.9), ta dugc

;+vw (£)Ng Naw(t) (4.13)

EDV (1) < 22T ()QT (A + BK)x(t) + 027 (1)QT M M Qu(t)
+ 6l (NI Ny (t) + 027 (1) QT BM M BT Qu(t)
(4.14)
+ 02T (O NE N (t) + 2T (0)QT DDT Qa(t)

+97 2" ()Q" MaMy Qu(t) + (B + YAmax(Ng Na))w" (£)w(?).

J= DoV (x(t)) + (azT(t)Slx(t) + uT(t)Sgu(t)>.
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Tu (4.6), ta suy ra duge

J={DeV(t) + <IT(t)51LE<t> + 2T () [K + AK (1) Sy[K + AK(t)]x(t))
= DV (t) + <:ET(t)(Sl + KTSy K)a(t) + 227 () KT So AK (1) (t) (4.15)
+ 2T (ATK (t)SAK (t):c(t)> :

Danh gia sau thu dugc tit viec 4p dung bat ding thiic ma tran Cauchy

207 () KT Sy AK (1) (t) = 207 () KT Sy My Fy(t) Ny ()

(4.16)
< 2T () KT SoMy M So K (t) + 27 () N Ny (t),

o' (DAKT () S2AK () (t) =« () Ny Fy, (¢) My S2MyFi(t) Ny (t) (4.17)
E Amax(SQ)Amax(Mng>xT(t>Ngka(t)' |

Két hgp cac diéu kien (4.14), (4.15), (4.16) v6i (4.17) ta nhan duge

I <227 ()QT(A+ BK)x(t) + 0x" ()Q" MM Qx(t) + 6 *a" (t)NI N, (t)
+ 027 () QT BM M BT Qu(t) + 072" (t) NF Ny (t)
+ 672" ()QT DD Qu(t) + 2" (1) QT My M Qui(t)
+ (B + YAmax(NTN )T (O)w(t) + 27 (8)(Sy + KT S K)a(t)
+ 2T (KT SoM M Sy Ka(t) + o7 (t) N Ny (t)

+ Amax (S2) Amax (ML My) 2" () N Ny (¢).
Do dé
6 DRV (2(1)) = (B + YAmax(Nj Na))w" (t)w(t) + 2" (£)[S1 + KT 9K (4.18)
KT SAK (1) + ATK (D)SAK (6)]2(t) < 2T (6)Qx (1), '

trong do

Q=(A+BEK)'Q+ Q"(A+ BK) + Q" M, M Q + 6 *NI'N, + 0Q" BM M BT Q
+ 0 'NIN, + 571Q"DDTQ + v QT MyMIQ + S, + KT S, K
+ KT So MM So I 4+ NI Ny 4 Ao (S2) Amax (M M )N Ny..

Nhan lan luot vao bén trai Q véi Q7 va bén phai cta Q véi Q1. Khi do, diéu
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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 B dé Schur (1.7.3), tit bat ding thitc (4.8¢) ta nhan duge Q < 0. Két

hop véi (4.18), ta ¢6 ude lugng sau

6 DYV (2(t)) — (B + YAmax(Ng Na))w! (H)w(t) + 2" (£)[S1 + KT S K

(4.19)
+2KTSAK (1) + ATK (1) 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, 7. V6i dieu kien © < 0, ta c6
Q=(A+ BEK)'Q+ Q"(A + BK) + 6Q" M, M 'Q + 6 'NI'N,
+0Q"BMMIBTQ + 607NN, + 37'Q"DD"Q
+ QT MGMTQ + Sy + KT Sy K 4+ KT So MM Sy K 4+ NN
+ Amax(S2) Amax (M Mg) Ny Ny < 0.

(4.20)

Vi
QT M MTQ + 67 'NIN, + 0Q" BMMIBTQ + 67 'NI'N,, + 57'QTDDTQ
+ 7 QT MMIQ + Sy + KT Sy K + KT Sy MM S, K
+ N{ Nie + A (S2) Amax(MiF M) NN, > 0,
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nén ta nhan dugce bat dang thic sau

(A+ BK)'Q +Q"(A+ BK) < 0. (4.21)

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

I 0
FEL = .
0 0
Dit
A A
F(A+BK)L=|"" |, FTQL = [Ql @) (4.22)
A3 A4 Q?) Q4

Thute hien mot s6 bién ddi ma tran, tit diu kien ET7Q = QTE > 0 va (4.22) ta

nhan duge danh gia sau
LTETQL = (L"ETFT)(FTQL) = (FEL)'(F"TQL)
_ [L« 01 o Q2] _ [Q1 @1 o (4.23)
0 0

Q3 Qu 0 O
LTQTEL = (L"Q"FY(FEL) = (F"TQL)"(FEL)
_fet @i |1 oo] _fef o] _ (4.24)
e Qfflo o] [@F of
Ta nhan duge Q1 = QF > 0, Q2 = 0 sau khi két hop (4.23) va (4.24). Vi ma tran
Q1
Q3 Qu

lan lugt bén tréi 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 = l ] ciing khong suy bién. Nhan
LT((A+ BK)'Q+ Q" (A+ BK))L < 0.
Do do,
L"(A+BK)'FTF1QL+ L"Q"F'F(A+ BK)L <0

AT AT @ o]+[@{ QT [Ar 4,
Ag AZ Q?) Q4 0 QZ A3 A4
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Vi vay, ta nhan dugce danh gia

* * <0, (4.25)
* ATQi+ QT A,

trong d6 x ki hiéu ma tran con khong lién quan dén diéu can chiing minh. T
(4.25), ta 6
ApQi+ QAL <0

Do d6 ma tran A4 khong suy bién. Theo Dinh 1y 1.3.7, he (4.7) chinh quy va khong
cO xung.

Ta chitng minh diéu kién (4.5) dang v6i he dong (4.7). Tu (4.19) va

o7 (1)(S) + KT SoK 4+ 2KTSoAK () + AT Sy AK () (t)
= 27 (1)S1x(t) +u” (t)Sau(t) > 0,

ta nhan dugc
SDV (x(t)) — (B + YAmax (NI Ng))w” (H)w(t) < 0,Vt > 0. (4.26)

Lay tich phan phan thit bac o c hai vé ctia (4.26) tit 0 dén ¢ (0 <t < T). Ap
dung Dinh 1y 1.1.15 va Gia thiét 4.1.1 ta nhan dugc

T ETQx(t) < 27 (0)ETQx(0) + (8 + Ymax (NI NI (W (Hw (1)), (4.27)
Hon thé nita, tir (4.8b) thi 1y E7Q < ETRE < ps ETQ véi t € [0,Ty]. Khi d6
il () ETQx(t) < 2T (1) ETREx(t) < pox” (1) ETQux(t). (4.28)

Ap dung Gia thiét 4.1.1, ta nhan duge

oW (w(t)) = ﬁ /0 (t — 1) W (P () dr

d ! a—1
Sm/()(t—T) dT

d(t —7)°
al'(«)
d [}

“T(a+1) 1

(4.29)

=0
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Ta nhan duge bat dang thiic sau tir (4.27), (4.28) va (4.29)

tT()ETREx(t) < pox” (1) ETQux(t)

(B+ VAmax(NgNd))dTa>
[(a+1) /
(B + YAmax(NTN)Yd, . (4:30)
Tf)
Ila+1

< pa (2" (0)E"Qx(0) +

1
< ug(axT(O)ETRE:U(O) -

Amax(NTNy))d
< (& 4 B (NN

TF).
H1 ['a+1) )

Tit diéu kien (4.8d) va (4.30), ta nhan duge danh gia 27 (#)ETREx(t) < 3,
t € [0,T%]. Do d6, he (4.7) bi chdn trong thoi gian hitu han tuong tng déi véi bo
(c1,¢9, T4, R, d).

Tiép theo, ta xay dung gidi han ctia ham chi phi. Thyc hién tich phan ca hai vé
ctia (4.19) tu 0 dén ¢7,0 < t; < T, ta nhan duge két qua sau

/ v [2T(7)(S1 + KT S, K + 2KT S, AK (1) + AT Sy AK (t))x(7)]dr
' ts (4.31)
+ 01y, 6 D (V(x(ty))) < /0 (B + Y Amax(Ng Na))w" (1) (7)dr.

Két qua sau nhan dugc khi ap dung Dinh 1y 1.1.4 v Dinh 1y 1.1.15

oLy, 6 Df, (V(2(ty))) = oLy, “ 7§ D, (V((ty)))
= oI, “(oIf, § D, (V(2(ty))))
= oI, “(V(a(ty)) — V(2(0)))
= oIy, *(V(2(ty))) — oI, *(V(2(0))).

Ap dung Gi4 thiét 4.1.1 ta c6
tf tf
|8+ A NE N (7)) = (54 e VN0 [ T (s
0 0
< (B+ ’YAmaX(NgNd>)de'
Vi vay, tit (4.31) ta nhan duge

J < (B + Y Amax(Ng Na))dTs + oIi7*(V(2(0))) — oI; *(V((ty))).  (4.32)
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Hon thé nita,

0TV Gel) = ey | =17 (O Qe(r)ar = 0.

0TV 0) = ey | (=97 O Qa(0)ds
A BT QP

/ —1\T 2
= — A\px(PTF .

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

< NTN VAT + —L—— ETp-T 2 _ g,
J < (B + Y max(Ng Na))dTy + T2 —a) Amax MNaoll* = J

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 4p dung hiéu qua v6i LMI Control Toolbox trong MATLAB. Van dé nay sé
dugc gidi quyét trong Dinh 1y tiép theo.

Dinh ly 4.1.6. Xét hé (4.1) 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 sit Gid thiét
4.1.1 dugc théa man va ton tai cdc so thuc duong 9,0, 3,7, 1, 2, mot ma tran
doi xing zdac dinh duong X € R™ " mot ma tran Z € R(=r) g4 mot ma tran

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

[1E < X < joE, (4.33a)
My I Ihy D Mg Iy YSy YSoMy 1l
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 =51 0 0 0
* * * * * x  —9 0 0
* * * * * * * —1I 0
* * * * * * * * —ol
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Amax(NTNg))d
ﬂ+ B+~ (Ng Na)) Ta<27 (4.33¢c)

1 [(a+1) T

trong do

My = (EViXVT + 2V AT + AV XV ET +,27) + VBT + BY”
+ oM, MT + 9BM,MI BT,

M, = (EViXV + 2V )NT,

s = (EViXV + 2V )N,

s = (EViAVT + 2V,
I = (EViXV + 2V )N{
= = (XU RULS,) Y,

1
1+ Amax(S2) Amax (MF My)

g =

Khi dé (4.6) la ham diéu khién phdn hoi trang thdi bén viing diéu khién dam bdo
chi phi cho hé (4.1) trong thoi gian hitu han. Trong dé ma tran phdn hoi trang
thai K duge zdc dinh béi K = YT(EVIXVE + ZVE"T. Hon thé naa, gid tri chi
phi dam bdo J* dugc xdc dinh bdi

11—«

J* = (B + YAmax(Ng Na))dTy + Amax(ET (BEVIXVE + Z2V5) ™) |||

f
['(2-—a)

Ching minh. Dat P = EVlz'f'VlT + ZAVQT trong do 0 < X e R™" Z ¢ Rx(n-r),
Theo Bo dé 1.7.7, EV, = 0 nén ta chting minh dudc

PET = EVixVIET + Z2VTET = EViXVIET = EPT > 0.

Dat Q = P71, khi d6 Q théa man diéu kien ETQ = QTE > 0. Theo Bo dé (1.7.8),

ton tai ma tran X > 0 va Z sao cho
Q=UXU'E+ 1,2, (4.34)
ULXUTE +U,2 = (EViXVE + zvhH)T,
X=ylx'v s x=x1x"1yL (4.35)

Khi do, bat dang thiic (4.8¢c) kéo theo dieu kien (4.33c) trong Dinh 1y 4.1.6. T
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diéu kien (4.33a) ta c6

1 ) 1
M_(ETUlT RUIY,) <X 1< M—erlT RULY,. (4.36)
2 1

Danh gia sau nhan duge khi nhan 1an lugt bén trai ctia (4.36) véi ¥! va nhan
bén phai clia (4.36) véi ¥

SIS < UTRU, < poXtX et (4.37)

Tiép tuc nhan lan lugt bén trai clia bat dang thitc (4.37) véi ETU; va nhan bén
phai ctia (4.37) véi UL E. Két hop (4.34), (4.35) va ETU, = 0 ta nhan dugc

mETU ST ATISTWUETE < ETRE < 1o ETUS T XIS WUTE,

mETQ < ETRE < 1, ETQ. (4.38)

Tiép theo, ta thu dugc diéu kién (4.8b) khi nhan 1an lugt bén trai ctia bat dang
thitc (4.38) v6i Q1 va nhan bén phai clia (4.38) véi Q1. Theo Dinh ly 4.1.5, (4.6)
la ham diéu khién phan hoi trang thai ddm bao chi phi bén viing trong thsi gian
hitu han cho h¢ (4.1). Hon nita, ma tran phan hoi trang thai on dinh héa duge xac
dinh béi K =YTP~ T = YT(EV,XV{ + ZV,1)~T. Gid tri chi phi dam béo (4.4) la

1-a
T = (B4 V(N Ny + 55 A BT (BVAVY + 2V ) o
[]

Nhan xét 4.1.7. Cho dén thoi diém hien tai, mot s6 cong trinh da duge cong bd
lien quan dén bai todn dieu khién dam bao chi phi trong thoi gian hitu han cho
cac hé phan thit khac nhau [51, 70, 74, 73]. Tuy nhién, theo sy hiéu biét t6t nhat
ctia chung toi, chua c6 mot két qua nao nghién citu vé FTGCC cho cac hé phan
thit suy bién c6 nhiéu. Trong nghién citu nay, bang viéc stt dung phép tinh giai tich
phan thi va 1§ thuyét gia tri ky di cting phuong phap bién doi LMI, ching toi da
gidi quyét thanh cong bai toan FTGCC ddi v6i hé phan thi suy bién c¢6 nhiéu.

Nhan xét 4.1.8. Trong Dinh ly 4.1.6, céc s6 thuc c1, c2, T}, d la cac s6 duong va
R 1a ma tran doi xiing xac dinh duong cho trude. Cac diéu kién (4.33a) va (4.33b)
1a cac bat déng thitc 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 dugc ta kiém tra duge diéu kien (4.33c).
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Trong trudng hgp khong c6 thanh phan khong chic chan, he (4.1) duge dua ve
he diéu khién phan thi suy bién sau

C Qe = Ax W Uu
E§Djx(t) = Ax(t)+ Dw(t) + Bu(t),t > 0, (4.39)

z(0) = .
Véi ham diéu khién bén vitng(4.6), ta nhan duge hé déng sau

E§{Dx(t) =[A+ BK + BAK(t)]x(t) + Dw(t),t > 0,
z(0) = .

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

Hé qua 4.1.9. Xét hé (4.39) vdi ham chi phi (4.3). Cho trudc cic s6 duong
c1, ¢, (ca > 1), Ty, d va mot ma tran doi zing zdc dinh duong R. Gid st Gid thiét
4.1.1 duogc théa man, ton tai cdc so thuc duong 0, 3, ju1, po, mot ma tran doi xing
xdc dinh duong X € R™ " mot ma tran Z € R™=") 4i ma tran Y € R™™ sao

cho cdc dieu kién dudi day duoe dam bdo

[1E < X < joE, (4.40a)
0, My, D Ihy YSy YSoM Tl |
x —0I 0 0 0 0 0
* x —pI 0 0 0 0
* * x =S 0 0 0 | <0, (4.40b)
* * * x  —5 0 0
* * * * * -1 0
| * * * * * * —a[_
c1 Bd &
——TY < =, 4.40c
o Dla+ 1) 7 7 ( )

trong do

I, = (EVixXV! + ZVNAT + AV XVIET + 32Ty + Y BT + BYT
+0BM M BT,

Mz = (EViXVY + ZVy )N,

Iy = (EViXVT + 2vh)s,,
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My = (BVIXV] + 2V N[,
== (XU RUS,) T,

1
T T T Amax(52) Amax (MT M)

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 boi K = YT(EViXVE + ZV,)"". Hon thé nita, gia tri chi phi ddm bio J*
duoc xac dinh boi

11—«

* = BTy + —L—
T =Pl v =

Amax(EL(EVIXVE + ZViE)~T) |0

4.2 Vi du minh hoa
Trong phan nay, ching toi trinh bay hai vi du kém theo mo6 phéng nham minh
hoa cho cac tieéu chuan da dugce thiét lap.
Vi du 4.2.1. Xét he phan thit Caputo suy bién sau
(
E§DYBx(t) =[A+ MFa(t)No)z(t) + [D + MyFa(t)Naw(t)
< +Bu(t),t > 0, (4.41)
x(0) = Iy,

\
trong d6 x(t) = (x1(t), 22(t), 23(t))T € R? la véc to trang thai, u(t) € R? l1a diéu

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

1 00 -1 0 -1 10 0.5
E=1010,A={0 0 O0]|,B=10 1|,D=]05],
000 0 -1 -1 00 0.5
0.1 0.2
M, =102, Mg= 0.5,
0.5 0.7

No=10.1 09 —0.5|, Fa(t) =sint, Ny = M , Fa(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/,
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Fr(t) = cost thi he (4.41) dugc dua vé hé sau

(

E§DM8x(t) =[A+ BK + M,F,(t)N, + BM;Fy.(t) Nz (t)
4 D + MyFa(t)Nalw(t), t > 0, (4.42)

z(0) = Zo.

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

ma tran
05 0 O
0.1 O
Si;=10 05 01,5 = .
0 0.1
0O 0 0.5
1 00
Cho trude cac s6 ¢; = 1,0 = 9,7y =30 va R = |0 1 0. Xét he (4.41). St
0 01

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

10 0 10 0
U= 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 § = 1.0159,6 = 1.0339,3 = 1.1988,
v = 1.2260, 1y = 0.2220, pg = 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 thoi gian hitu han tuong ting
véi bo (1,9,30,1,0.01) va gia tri chi phi dam bio la J* = 0.7274 + 3.1858]|z0||2.

Ngoai ra, ma tran phan hoi trang thai duge xac dinh bdi

0.0336 —0.1319 0.3963
0.1686 —1.8224 0.8318|
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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 héi cta =7 (t)ET REx(t) cta
h
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). Tt Hinh

(4.41) khi khong c6 diéu khién dau vao. Heé mé khong théa méan cac dicu kien

D)

4.2, ta thiy ring he dong (4.42) bi chdn trong thoi gian hitu han tuong ting véi
(1,9,30,1,0.01).
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Hinh 4.1: Quy dao cta z(t)T ET RExz(t) ctia hé md trong Vi du 4.2.1
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Hinh 4.2: Quy dao ciia z(t)T ET REx(t) ciia hé déng trong Vi du 4.2.1

Vi du 4.2.2. Xét mo hinh bac phan thit cia mach dién sau day (Xem [38])

E§DY2x(t) = Ax(t) + Dw(t) + Bu(t),t > 0, (4.43)
z(0) = To,

trong d6 z(t) = (x1(t), 22(t), z3(t))T € R3 1a véc to trang théi, u(t) € R? 1a 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
bo (1,8,10,1,0.1), gia tri chi phi ddm bao 1a J* = 3.2363 4 98.7746]|z0||*>. Hon nita,
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ma tran phan hoi trang thai K dudc xac dinh béi

_ 72398 —3.1189  5.3601
—5.6491 —24.0296 23.1652
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Hinh 4.3: Quy dao ciia ()T ET REx(t) ctia he mé trong Vi du 4.2.2
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Hinh 4.4: Quy dao ciia (t)T ET REx(t) ciia he déng trong Vi du 4.2.2

Dé c6 két qua mo phoéng, ta chon dicu kien dau zo = (0.08,0.08,0.08)" € R3
va nhidu w(t) = v/0.1sint. Hinh 4.3 biéu dién phan hoi ciia 27 (t)ETREx(t) cta
hé (4.43) khi khong c6 véc to diéu khién dau vao. Heé mé khong bi chin trong thoi
gian hitu han vi khong théa man Dinh nghia 4.1.3. Hinh 4.4 mo ta trang thai phu
thudc 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 chan trong thoi gian hitu han tuong tng véi bo
(1,8,10,1,0.1).
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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.

Nghién citu ctia chung t6i tap trung vao viéc phan tich tinh bi chin trong thoi
gian hitu han va bai toan GCC cho hé phan thit suy bién c¢6 nhidu. Bai toan nghién
citu tinh on dinh theo nghia Lyapunov va GCC cho hé phan thit suy bién phiic
hop 1a nhitng van dé mdi, doi hoéi cac ki thuat toan phitc tap va 1a nhitng huéng

nghién cttu mé trong thoi gian tiép theo.
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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 dugc

dang mi ctia hé suy bién duong 1di rac c¢6 xung véi tré hang

e Thiét lap dieu kién di cho tinh bi chin trong thoi gian hitu han va thiét ké
dugc ham diéu khién phu thuodc véc to trang thai cho bai toan tieu hao hoa
trong thoi gian hitu han ctia hé phan thit Caputo suy bién théa man diéu kien

Lipschitz mot phia.

e Thiét lap dieu kién di cho tinh bi chin trong thoi gian hitu han va thiét ké
dugc ham diéu khién bén vitng cho bai toan FTGCC ctia hé phan thi Caputo
suy bién c6 nhiéu.

Luan an dé xuat mot s6 huéng nghién citu tiép theo

lién quan dén cac van dé dinh tinh:

e Nghién cttu bai toan 6n dinh va 6n dinh héa cho 16p hé phan thi suy bién
duong roi rac co tre.

e Nghién cttu bai toan on dinh theo nghia Lyapunov va mot s6 bai toan diéu
khién lien quan cho cac 16p hé phan thi suy bién c6 tré.

e Nghién cttu bai toan 6n dinh va bi chan trong thoi gian hitu han cting mot s6
bai toan diéu khién lien quan cho cac 16p hé phan tht suy bién cé cau tric

phitc tap.
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