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Loi1 cam doan

To6i xin cam doan day la cong trinh nghién cttu cia riéng to6i, duge hoan
thanh dudi sy huéng dan cia PGS.TS. Mai Viét Thuan va PGS.TS. Nguyén
Truong Thanh. Cac két qua viét chung véi tac gid khac da duge sy nhat tri clia
dong tac gid khi dua vao luan an. Cac két qua trong luan 4n 1a nhiing két qua
méi va chua ting duge tac gid nao khac cong bo.

Tac gia luan an

Tran Ngoc Tuan



LOi cam on

Luan an nay dugc hoan thanh duéi sy huéng dan tan tinh cung su giup dé
quy bau ciia cac thay co, dong nghiép, co quan cong tac va gia dinh. Toi xin
bay té long biét on sau sac t6i tat ca nhing ngudi da luon dong vien, ho trg
va tao dieu kién thuan lgi cho toi trong sudt qua trinh hoc tap, nghién citu va
hoan thanh luan an.

Trude hét, toi xin bay t6 long biét on sau sic téi PGS.TS. Mai Viét Thuan,
ngudi thay da tryc tiép huéng dan, dinh huéng nghién citu va tan tinh chi bao
toi trong sudt qua trinh hoc tap va thuyc hién luan an. Nhitng gép ¥ chuyén mon
sau sac, phong cach lam viéc nghiém tic ciing tinh than trach nhiém va niém
dam mé khoa hoc ciia thay khong chi giup toi hoan thanh luan 4n ma con la
nguon dong luc va tam guong quy bau dé toi hoc tap va noi theo.

Toéi xin chan thanh cdm on PGS.TS. Nguyén Trusng Thanh, ngudi da tan
tinh chi bdo to6i ngay tit nhitng ngay dau tiép can linh viyc giai tich cap phan
s6. Thay khong chi truyén dat nhitng kién thiic chuyén mon sau sic ma con
luon tao dieu kien thuan lgi vé moi truong lam viéc, phuong tién nghién ctu va
dinh huéng khoa hoc, gitp toi timg budc hinh thanh va phat trién cac két qua
nghién cttu cua luan an.

Toi xin tran trong cam on Ban Giam hiéu, Phong Dao tao, Ban Chii nhiém
Khoa Toan—Tin va lanh dao Vién Khoa hoc va Céng nghé, Truong Dai hoc
Khoa hoc — Dai hoc Thai Nguyén da tao diéu kién thuan 1gi cho to6i trong suot
qua trinh hoc tap va nghién ciu.

T6i xin tran trong cam on Ban Giam hiéu, Khoa Khoa hoc Co ban, Truong
Dai hoc Cong nghe Ky thuat Hung Yén — noi toi dang cong tac — da tao diéu

kien thuan lgi vé thoi gian, co s vat chat va tinh than dé t6i tap trung thuc
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hién luan an. Dong thoi, toi xin giii 16i cAm on t6i cdc thanh vien nhém Seminar
T6i wu v Dieu khién do GS.TSKH. Vit Ngoc Phét chi tri tai Vien Toan hoc
Viet Nam, nhitng ngusi da nhiét tinh trao doi hoc thuat, gép ¥ va chia sé nhiéu
kién thic quy bau lien quan dén huéng nghién citu ciia toi.

To6i cling xin bay to6 va biét on nhiing ¥ kién déng gép, su dong vien tit cac
dong nghiép, ban be, nhitng nguoi da chia sé tai liéu, kinh nghiém va gitp toi
gitt duge dong liic trong sudt qué trinh thire hién cong trinh.

Cudi cling, toi xin gt 10i biét on sau dam t6i gia dinh — b6 me, anh chi em,
vo va hai con trai toi — nhiing nguoi luon 13 ché dya vitng chic, yéu thuong, sé
chia va dong vién toi viigt qua moi khé khan. Chinh tinh cdm va niém tin ciia
gia dinh 13 dong luc to 16n dé toi kien theo duoi con dudsng nghién cttu va hoan

thanh luan an nay.

Nghién citu sinh

Tran Ngoc Tuan
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Mé dau
1. Téng quan vé huéng nghién citu va ly do chon dé tai

Giai tich cap phan s6 1a mot nhanh ciia toan hoc nghién citu dao ham va tich
phan c6 bac khong nguyén. Khai niem dao ham bac khong nguyén xuat hien
tit cudi thé ky XVII, khi G. de 'Hopital néu ra mot van dé lien quan dén ky
hiéu % véi truong hop n = % trong thu giti G.W. Leibniz vao nam 1695. T
do6, nhiéu nha toan hoc nhu L. Euler, J.L. Lagrange, J. Liouville, B. Riemann
va J. Hadamard da gép phan xay dung cac dinh nghia va tinh chat co ban cla
giai tich caAp phan s6. Céac két qua nén tang nay cé thé duge tim thay trong tai

licu [50).

C6 nhiéu dinh nghia khac nhau ctia dao ham cap phan sb, trong dé phd
bién nhat 1a dao ham cap phan s6 Riemann-Liouville va dao ham cap phan s6
Caputo. Cac dinh nghia nay déu tring v6i dao ham cap s6 nguyén khi cap o
14 s6 nguyeén, dong thoi cho phép md rong khai niém dao ham sang truong hop
cap khong nguyén mot cach tiy nhién va chat ché. Trong d6, dao ham Caputo
dugce st dung rong rai hon trong mo hinh héa va 1y thuyét dieu khién, do cho
phép thiét lap céc diéu kien ban dau duéi dang tuwong tu nhu doéi véi phuong
trinh vi phan cap s6 nguyén. Diéu nay tao thuan I¢i cho viéc dién giai y nghia

vat 1y clia bai toan ciing nhu trong qua trinh phan tich va mo phéng hé thong.

Chi trong vai thap ky gan day, cting v6i sy phét trién ciia khoa hoc va ky
thuat hién dai, cac toan tit dao ham va tich phan cap phan s6 da dudc chiing
minh 1& dac biét hieu qua trong viec mo ta hanh vi ciia nhicu loai vat lieu va
qué trinh thuc té, ching han nhu polyme va cdc méi trudng cé cau tric phiic

tap. Nhieu két qua thyc nghiém va ly thuyét cho thiy rang cdc mo hinh cap



phan s6 phan anh dong luc ctia hé chinh x4ac hon so v6i cic mo hinh cap sb
nguyen co dién. Co sé vat 1y clia viéc sit dung cac mo hinh dua trén dao ham

cap phan s6 da dugc trinh bay va phan tich chi tiét trong tai lieu [7].

Mic dit dao ham cap phan s6 Caputo mo ta hiéu qua tinh phu thuoc vao
lich stt trang thai ctia hé, dao ham nay chua phan anh day du céc hién tuong
suy giam nhanh thuong xuat hién trong nhiéu mo hinh vat 1y v k§ thuat hien
dai. Dé khic phuc han ché dé, dao ham cap phan sé Caputo véi nhan suy giam
(tempered Caputo fractional-order derivative) dudc xay dung bang cach dua
thém nhan suy gidm mi vao hat nhan cia dao ham Caputo. Khai niém nay
duge khéi xuéng tir cong trinh cia R.G. Buschman [6]. Nhg d6, toan tit nay
vita bao toan dac tinh phu thudc vao lich st trang thai cia dao ham Caputo,
vita cho phép mo ta hieéu qua cic qua trinh suy gidm nhanh, phtt hop vé6i nhieu

hién tugng thyc té trong vat 1y, ky thuat va sinh hoc [35,36,47,48,57, 58].

Tuy nhién, viéc nghién ctu cac tinh chat én dinh va hiéu suat ciia cac heé st
dung dao ham Caputo véi nhan suy giam van gap nhiéu kho khan dang ké. Dic
biét, sy xuat hién ctia nhan suy gidm mi trong hat nhan ctia toan tit dao ham
lam cho viéc xay dung cac ham Lyapunov thich hgp ciing nhu viéc thiét 1ap cac
bat dang thitc ma tran tuyén tinh (linear matrix inequality-LMI) trd nén phiic

tap hon so véi truong hop Caputo co dién.

Trong vai thap nién gan day, bai todn on dinh trong thdi gian hitu han
(finite-time stability) da thu hat su quan tam rong rai trong nghién citu cac hé
dong lyc nho ¥ nghia thyce tién va nhiéu wu diém noi bat. Khai niem 6n dinh
trong thoi gian hitu han duge G. Kamenkov [32] dé xuat lan dau tién vao nam
1953 trong mot cong trinh cong bd bang tiéng Nga. Sau d6, cac nghién cttu clia
P. Dorato [16] da gép phan thiic day sy phét trién ctia huéng nghién cttu nay
trong cong dong khoa hoc qudc té. Cu the, he dude goi la on dinh trong thoi
gian httu han néu véi moi ¢ € [0, 7], tit moi trang thai ban dau bi chan bdi mot
hang s6 c¢1, quy dao nghiém ciia hé luon dude chan béi mot hing sé co, trong

d6 ¢1 < ca va T > 0 la cac hing s6 cho truée. Khac véi 6n dinh tiém can theo



nghia Lyapunov, von chi ddm béao trang théi ctia hé hoi tu vé diém can bing
khi ¢ — 400, on dinh trong thdi gian hitu han yéu cau trang thai ctia he duy tri

trong mot mién bi chin xac dinh truée trén mot khodng thoi gian hitu han [1].

D6i véi cac 16p hé cap sé nguyeén, bai toan 6n dinh trong thdi gian hitu han
da dude nghién cttu sau rong thong qua nhicéu phuong phap khac nhau, dic biét
la phuong phap ham Lyapunov va kj thuat bat dang thiic ma tran tuyén tinh
(LMI). Nhiéu két qua quan trong theo huéng nay da dugc cong bd trong cac
cong trinh ctia M. Shen va céc cong su [61], M. Bahreini, J. Zarei [?], Y. Liu va

cac cong su [45].

D6i v6i cac 16p hé cap phan sb, nam 2006, bai toan 6n dinh trong thoi gian
hitu han 1an dau tien duge dua ra boi M.P. Lazarevi¢ [37] khi nghién cttu tinh
on dinh trong thoi gian hitu han ctia hé thong robot c6 tré hing s6. Nam 2015,
Y. Yang va G. Chen [77] da dé xuat cac diéu kien di ddm béao on dinh trong
thoi gian hitu han cho cac 16p hé chuyén mach. Nam 2016, bai toan bi chan
trong thoi gian hitu han déi véi 16p hé tuyén tinh da dude Y.J. Ma va cac cong
su nghién citu trong [46]. Cling trong nam nay, J. Zhang va céc cong su [86] da
phan tich tinh 6n dinh v& tinh bi chan trong thdi gian hitu han ctia cac 16p he
chuyén mach duong. Nam 2018, N.T. Thanh va V.N. Phét [63] da nghién cittu
tinh on dinh trong thoi gian hitu han ctia cac 16p hé phi tuyén cé tré bién thien.
Nam 2019, T. Feng cling cac cong sit [20] da nghién cttu bai toan on dinh va 6n

dinh hoéa trong thoi gian hitu han cho 16p hé chuyén mach suy bién.

Bén canh d6, mang no-ron dugce ting dung trong nhiéu linh virc nhu nhan
dang mau, xit Iy anh, tri tué nhan tao va tu dong héa cong nghiép. Nham mo
ta hieu qua hon cac co ché dong hoc ¢6 tinh nhé va hiéu ting di truyen ctia he,
A. Boroomand vd M.B. Menhaj [4] da dé xudt mo hinh mang no-ron cap phan
s6 thay cho mo hinh mang no-ron cap nguyéen. Ké tit d6, mang no-ron cap phan
s6 da thu hit sy quan tam dang ké va nhiéu két qua quan trong da dudc cong
b6 [10,66,67,75,81,84,85,87]. D61 v6i mo hinh mang no-ron cap phan s6 Caputo

v6i nhan suy gidm, C.Y. Gu va cac cong sy da tién hanh nghién citu trong [25].



Tuy nhién, trong thyc tién mo hinh hoa, cac hé théng thuong chiu 4nh hudng
clia cac tham sd khong chic chan phét sinh tit sai s6 do luong va nhiéu. Nhiéu
nghién ctiu cho thay cac tham s6 nay c6 thé lam suy giam tinh on dinh ciia he
no-ron trong thuc té. Vi vay, viéc nghién citu céc tinh chat 6n dinh va hiéu suét
clla mang no-ron cap phan s6 c6 tham s6 khong chac chan da nhan duge nhiéu
su quan tam, véi cac két qua lien quan dén on dinh viing, dong bo hoéa, tinh

thu dong va on dinh hoéa trong thai gian hitu han [13,14,41,51,62,73].

Bén canh bai toan on dinh, viéc danh gia hiéu suat ctia hé dong luc ciing 13
mot huéng nghién ctu quan trong trong 1 thuyét diéu khién. Hiéu suat clia he
dong Iyc thuong duge danh gid thong qua moéi quan hé gitta tin hieu dau vao
va tin hiéu dau ra, tit d6 phan anh kha nang dap tng cac yéu cau van hanh
ctia hé thong. Trén co sd do, nhicu bai toan quan trong trong 1y thuyét diéu
khién da duge dé xuat va nghién ctu déi véi cac 16p hé phuong trinh vi phan
cap phan sb, tiéu biéu nhu bai toan tiéu hao (dissipativity analysis) v& bai ton

diéu khién dam bao chi phi (guaranteed cost control — GCC).

Khéi niém hé tieu hao duge khdéi xuwéng béi J.C. Willems [71] vao ndm 1972
va tit d6 da trd thanh mot cong cu nén tang trong phan tich va thiét ké cac 16p
hé dong luc. Ly thuyét nay cé thé duge xem nhu mot su tong quat héa clia céc
khai niem quen thuoc trong 1y thuyét diéu khién, chdng han nhu tinh thu dong
va 1y thuyét H,.. Nho tinh ting dung rong rai trong ki thuat, vat 1y va 1y thuyét
diéu khién, 1§ thuyét tieu hao da thu huat dude su quan tam diic biét tit cong
dong nghién cttu. Trong cong trinh nén tang ctia minh, J.C. Willems da chi ra
moi lien hé chat ché gitta 1y thuyét tieu hao va 1y thuyét én dinh Lyapunov,
trong d6 ham luu trit dong vai tro tuong tyw nhu ham Lyapunov trong viéc

nghién ctu tinh 6n dinh ctia hé théng.

Tt d6, 1y thuyét tieu hao gitt vai trdo quan trong trong viéc nghién citu tinh
on dinh va hiéu suéat ciia cac hé dieu khién. Trong nhiéu bai toan diéu khién,
viec khéo sat tinh on dinh thuong chi phan anh diic tinh tiém can ciia hé, trong

khi tinh tiéu hao cho phép mo ta sau hon kha nang luu trit, truyen tai va tieu



hao nang luong ciia hé dusi tac dong clia tin hiéu diéu khién va nhiéu ngoai. Vi
vay, doi véi nhiéu 16p hée dong luc, dic biét 1a cac hé co diéu khién va c6 nhiéu,
bai toan tieu hao thudng dudc nghién citu trén co sé cac két qua on dinh da

duoc thiét lap trude do.

Gan day, phuong phap on dinh trong thoi gian hitu han da dude mé rong va
ap dung trong ly thuyét tieu hao déi véi nhiéu 16p hé dong liic khac nhau. Dya
trén phuong phap Lyapunov két hop véi cong cu bat ding thic ma tran tuyén
tinh, nhiéu két qua ve bai toan tiéu hao trong thoi gian hitu han cho céc 16p hée
cap s6 nguyén da duge cong bd trong nhitng ndm gan day [15,22,23,26,27, 33,
42,68,74,82]. D61 véi cac he phuong trinh vi phan cap phan sé Caputo, nam
2021, D.T. Hong cung cac cong su [30] da nghién cttu tinh tiéu hao ctia céc hé
no-ron tinh cap phan s6, dong thoi khao sat tinh tiéu hao trong thoi gian hitu
han d6i véi cdc heé cip phan s6 phi tuyén khong chic chan [29]. Tiép do, vao
nam 2023, N.T. Phuong cung cac cong su [53] da nghién cttu tinh tieu hao doi

v6i cac hé no-ron cap phan s6 Caputo c6 tré bién thién khong kha vi.

Nam 2013, B. Zhang cung céac cong su [83] da dua ra khai niém tiéu hao
md rong, day 1a mot khai niem tong quat bao ham nhiéu chi s6 hiéu suat nhu
Hy, Ly — Ly, tinh thu dong, ... thong qua viéc lya chon cac ma tran trong
sO thich hop. Sau dé, céc két qud vé tieu hao md rong trong thoi gian hitu
han da duge nghién citu déi v6i nhiéu 16p hé cap s6 nguyén trong cac cong

trinh [15,22,23,26,27,42, 68,74, 82].

Tit cac phan tich trén c6 thé thay riang, cac nghién cttu hién c6 vé tieu hao
va tieu hao md rong trong thoi gian hitu han van chil yéu tap trung vao cac 16p
hé cap s6 nguyen, trong khi déi v6i cac 16p hé cap phan so, dic biet 1a cac he
no-ron cap phan s6 Caputo va Caputo v6i nhan suy gidm, cac két qué tuong

ing con kha han ché.

Bén canh do, phuong phap ham Lyapunov va phuong phap ham Lyapunov-
Krasovskii 1a nhiing cong cu phan tich hiéu qua va dudgce sit dung rong rai trong

nghién ctu tinh 6n dinh déi véi cac 16p he dong luc va hé dong luc co tré. Tuy



nhién, khi 4p dung cho cac 16p hé khong chac chan cap phan s6 cé nhiéu, cac
phuong phap nay gip phai nhiéu kho khin dang ké. Cu theé, viec xay dung mot
ham Lyapunov thich hop va tinh dao ham cap phan s6 cia n6 tré nén phiic tap
do dao ham cap phan s6 ctia dang ham toan phuong khong tuan theo quy tac
Leibniz nhu trong truong hop cap s6 nguyén. Diéu nay gay kho khan trong viéc
thiét lap céc dieu kién dai s6 dudi dang bat déng thic ma tran tuyén tinh cho
cac 16p hé khong chic chian cap phan s6 trong khoadng thoi gian hitu han. Do
do, s6 lugng cic cong trinh nghién citu vé tiéu hao trong thoi gian hitu han déi

v6i cac 16p he khong chic chan cap phan s6 hién nay van con tuong déi han ché.

Trén co sd do, luan an dé xuat nghién citu bai toan tiéu hao trong thoi gian
hitu han d6i véi hé no-ron cap phan s6 Caputo véi nhan suy giam khong chac
chan, c6 nhiéu va c6 tré hang s6, dong thoi nghién ctu bai toan tieu hao md
rong trong thai gian hitu han déi v6i hé no-ron cap phan sé6 Caputo cé nhiéu.
Céc két qua dat duge gop phan bo sung va hoan thién co sé 1y thuyét cho cac
16p hé khong chiac chan cap phan s6 , dong thoi md rong kha nang tng dung
clia cac mo hinh nay trong cac bai toan diéu khién.

Bén canh bai toan tieéu hao, bai toan diéu khién dam bao chi phi ciing nhan
duge nhiéu sy quan tam trong nghién cttu cdc hé dong lyc cap phan s6. Bai
toan diéu khién ddm bao chi phi duge S.S.L. Chang va T.K.C. Peng [8] dé xuat
lan dau vao nam 1972. Trong nhiéu bai toan diéu khién, bén canh viec ddm bao
tinh 6n dinh ctia he théng, viec thiét ké cac luat dieu khién c6 kha nang duy tri
mot mic hieu suat xac dinh thong qua ham chi phi ciing 14 mot yéu cau quan
trong. Do d6, su két hop gitta diéu khién dam bao chi phi va on dinh trong thoi
gian hitu han c¢6 ¥ nghia thuc tién cao trong thiét ké dieu khién déi véi cac he

dong lic chiu tac dong ctia nhiéu va bat dinh tham so.

D6i véi cac 16p hé cap s6 nguyéen, nhiéu nghién citu da tap trung vao bai toan
diéu khién dam bao chi phi trong thoi gian hitu han dudi cac mo hinh va diéu
kién khac nhau. Cu thé, nam 2015, Z. Yan va céc cong su [76] da nghién cttu céc

16p hé ngau nhién Ito6 tuyén tinh v6i nhiéu bi chin; cing nam d6, P. Niamsup



va cac cong su [49] xem xét cac 16p he no-ron c6 tré hang s6. Nam 2018, Y. Qi
va cac cong sit [55] da nghién citu bai toan diéu khién H,, trong thoi gian hitu
han cho cac 16p hé tuyén tinh chuyén mach véi nhiéu bién thien duya trén co ché
kich hoat sy kién. Nam 2019, B. Li va cac cong sy [39] da nghién ciitu cac 16p
hé suy bién tuyén tinh lién tuc; trong khi d6, G. Zong va H. Ren [89] tap trung

vao céac 16p hé Markov véi nhiéu bi chan.

D6i v6i cac 16p hé cap phan sb, s6 lugng cong trinh nghién ctu vé bai toan
diéu khién dam bao chi phi trong thdi gian hitu han hién vAn con kha han ché.
Nam 2019, L. Liu va cic cong su [43] da nghién citu bai toan diéu khién dam
bao chi phi trong thsi gian hitu han cho cac 16p hé chuyén mach duong phi
tuyén c6 nhiéu. Nam 2020, M.V. Thuan va cac cong sy [67] da xem xét bai todn
diéu khién dam béo chi phi trong thdi gian hitu han cho céc 16p hé no-ron cap
phan s6 Caputo. Nam 2021, Y. Shang va cac cong su [60] da nghien ctu bai
toan diéu khién ddm béo chi phi trong thdi gian hitu han cho cac 16p hé chuyén
mach v6i nhiéu bi chin. Cang trong nam 2021, L. Liu va cac cong su [44] da
nghién citu cac 16p hé chuyén mach duong cap phan sb v6i co ché chuyén mach
khong dong bo va ¢6 xung. Gan day, nam 2024, H. Gassara va cac cong sy [24]
da nghién citu bai toan 6n dinh trong thsi gian hitu han va thiét ké diéu khién

phan hoi cho mot 16p hé phi tuyén cap phan s6 Caputo c6 tré bién thien.

Tt cac nghién cttu néu trén cé thé thay rang, cac két qua hién co vé dieu
khién dam bao chi phi trong thoi gian hitu han déi véi cac 16p hé cap phan
sO van con tuong doi han ché, dic biét trong truong hgp he cé bat dinh tham
sO va chita thanh phan tré hodc tré bién thién. Viéc phan tich va thiét ké diéu
khién cho céc 16p hé nay thuong doi héi xay dung cac ham Lyapunov hoic
Lyapunov-Krasovskii thich hop két hop v6i ki thuat bat déng thic ma tran
tuyén tinh. Tuy nhién, doéi v6i cdc he khong chac chan cap phan sb co tré, viec
xay dung cac ham Lyapunov loai nay ciing nhu viéc xit Iy dao ham cap phan

s6 clia cac dang toan phuong tré nén phiic tap hon dang ke.

Theo hiéu biét ciia chiing t6i, bai toan di¢u khién dam bao chi phi trong thai



gian httu han vAn chua dudc nghién ctu doi véi cac 16p hé t6 hop 16i cap phan
s6 Caputo c6 tré bién thien. Bén canh d6, bai toan diéu khién dam bao chi phi
trong thoi gian hitu han cho cic 16p hé khong chic chan cap phan s6 Caputo
v6i nhan suy gidm, dac biét trong truong hop cé tré, van chua duge nghién ciu

mot cach day du.

Xuét phat tit cac phan tich néu trén, ching toi lira chon dé tai “Tinh 6n dinh
trong thoi gian hitu han ciia mot s6 16p hé phuong trinh vi phan cap phan so6

va mot s6 bai toan lien quan” lam huéng nghién citu clia dé tai luan an.
2. Muc tiéu nghién ctu

Luan an huéng t6i viec phat trién cac phuong phap phan tich va thiét ké
diéu khién cho céc 16p hé dong luc khong chic chian cap phan s6 ¢ tré va nhiéu,
trong dé trong tam la cic bai toan on dinh trong thsi gian hitu han, tiéu hao va

diéu khien dam bao chi phi. Cu the, cac muc tiéu chinh ciia luan an bao gom

e Nghién citu bai toan tiéu hao trong thoi gian hitu han déi véi 16p hé phuong
trinh vi phan khong chic chan cap phan s6 Caputo v6i nhan suy gidm c6
nhiéu va tré hing s6; dong thoi khao sat bai toan on dinh trong thoi gian
hitu han va bai toan tiéu hao md rong trong thoi gian hitu han cho 16p hé
no-ron khong chic chan cap phan s6 Caputo c6 nhiéu.

e Nghién ctiu bai toan diéu khién dam bao chi phi trong thdi gian hitu han
va thiét ké luat di¢u khién phan hoi trang théi cho cac 16p hé phuong trinh
vi phan khong chic chin cap phan sb, bao gdom l6p hé Caputo dang to
hop 101 ¢6 tré bién thién va 16p hé khong chac chan Caputo véi nhan suy

gidm c¢6 nhiéu va tré hang so.

3. D6i tuong va pham vi nghién ciu

D6i tuong nghién citu ctia luan an 1a cac 16p hé phuong trinh vi phan cap

phan s6, bao gom céac hé sit dung dao ham Caputo va dao ham Caputo véi nhan
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suy gidm. Luan an tap trung nghién ctu két hop cac bai toan on dinh trong
thoi gian hitu han, tiéu hao trong thoi gian hitu han va diéu khién dadm béo chi

phi trong thoi gian hitu han déi véi cac 16p hé dong lyc néi trén.

Pham vi nghién citu cia luan an chii yéu xét cac 16p hé khong chic chan cap
phan s6 c6 nhiéu va c6 tré, dic biet 1a cac hé chia tham s6 bat dinh, tré hang

s6 va tré bién thien.
4. Phuong phap nghién ctu

Dé dat dugc muc tiéu nghién cttu ctia luan an, ching t6i sit dung cac phuong

phap sau:

e Phuong phap ham Lyapunov va Lyapunov-Krasovskii duge sit dung dé
nghién citu tinh én dinh trong thoi gian hitu han, tinh tiéu hao va bai toan

diéu khién déi vé6i cac 16p hé cap phan s c6 tré.

o Ky thuat bat ding thiic ma tran tuyén tinh két hop véi cac phép bién doi
ma tran thich hop dugce st dung dé thiét lap céc diéu kien du cho cac bai

toan on dinh, titu hao va diéu khién dam béo chi phi.

e Cac k¥ thuat ctia giai tich cap phan s6 duge sit dung thong qua cac cong
cu lien quan dén dao ham va tich phan cap phan s6 Riemann-Liouville,
Caputo, Caputo v6i nhan suy gidm, phép bién dbi Laplace va cac bat dang

thitc lién quan.

e Cong cu LMI Control Toolbox trong MATLAB dudc st dung dé kiém tra
tinh kha thi ctia cac dieu kien LMI va thyc hién cac mo phéng s6 minh
hoa cho cac két qua 1y thuyét.

5. Két qua nghién citu va cau tric cua luan an

Trong luan an nay, 16p he dau tien duge xem xét 14 hé no-ron khong chic



chan cap phan s6 Caputo v6i nhan suy gidm c6 nhiéu va tré hiang s6, dugc mo
ta bl hé sau
(

TCDS i (t) = —[A + AA()]z(t) + [B + AB(t)]g(x(t))

+[W + AW (O)]h(z(t — 7)) + [D + AD(t)]w(t), t >0, "
g 1
y(t) = Crx(t)+Cox(t—71)+Csg(x(t)) +Cyh(x(t—7))+Csw(t), t > 0,

z(0) = ¢(0), 0 € [—T,0].

\
Két qua dat dugc la thiét lap cac diéu kien du dudéi dang bat dang thic ma
tran tuyén tinh nham dam bao tinh tiéu hao trong thoi gian hitu han cho 16p

hé duge xét, trén co sé st dung phuong phap ham Lyapunov.

Lép hé thit hai duge xem xét 13 hé no-ron khong chiac chan cap phan s

Caputo c¢6 nhiéu, duge mo té béi hé phuong trinh sau

;

6 Dfa(t) = —[A+ AA®)x(t) + W+ AW (1)]g(x(t)
+[D 4+ AD(t)]w(t), t > 0,

y(t) = Cra(t) + Cag(z(t)), t 20,

z(0) = zo € R™.

0
Két qua dat dugc la thiét lap cac diéu kien du dusi dang bat ding thic ma
tran tuyén tinh nham dam bao hé no-ron khong chic chan cap phan s6 Caputo
¢6 nhiéu théa man tinh tiéu hao mé rong trong mot khoang thai gian hiru han,
trén co s6 su dung dinh nghia tiéu hao mé rong trong thoi gian hitu han va

phuong phap ham Lyapunov.

Phan tiép theo clia luan 4n nghién ctu 16p hé t6 hop 16i cap phan s6 Caputo
c6 tré bién thién, dudc mo ta nhu sau
{ §Da(t) = A(©)x(t) + D(€)x(t — h(t) + B(u(t), t >0, -
z(n) = w(n), Vn € [~hs,0].
Két qua dat dugc la thiét lap cac diéu kien du dudéi dang bat dang thic ma

tran tuyén tinh nhim dam bao su ton tai clia luat diéu khién phan hoi trang
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thai ddm bao chi phi trong thai gian hitu han cho 16p hé (3), trén co s6 sit dung

phuong phap ham Lyapunov.

Phan cubi ctia luan an tap trung nghién ctu bai toan diéu khién dam béo chi
phi trong thoi gian hitu han cho 16p hé khong chic chan phi tuyén cap phan s

Caputo v6i nhan suy gidm c6 tré hang s6, duge mo ta béi hé phuong trinh sau
TCD§ () = (A+ AA())z(t) + (D + AD(t))x(t — 7)

X Ff(ta(t) + gt x(t — 1)) + (B+AB®))ult), t >0,  (4)
z(0) = (@), 6e€|-10].

Két qua dat dugc 1a thiét 1ap cac diéu kien da phu thudc vao tré dudi dang bat
déng thtc ma tran tuyén tinh nhim thiét ké luat diéu khién phan hoi trang
thai dam bao chi phi trong thoi gian hitu han cho 16p hé dugc xem xét, trén co

sG st dung phuong phap ham Lyapunov.

Ngoai phan mé dau, két luan, danh muc ky hiéu, danh muc cac cong trinh
khoa hoc ctia tac gia va tai lieu tham khao, néi dung chinh cta luan an duge
trinh bay trong ba chuwong nhu sau:

e Chuong 1: Co s6 toan hoc.

o Chuong 2: Bai toan tiéu hao trong thoi gian hitu han cho mot s6 16p hée

no-ron khong chic chan cap phan sob.

e Chuong 3: Bai toan diéu khién ddm bao chi phi trong thdi gian hitu han

cho mot s6 16p hé phuong trinh vi phan cap phan so.
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Cac két qua ciia luan an duge hinh thanh v hoan thién tit bon cong trinh
khoa hoc da dugdc cong bo trén cac tap chi quoc té thuoec danh muc SCIE,
Q1/Q2. Ngoai ra, cac két qua nghién citu clia luan an ciing da duge bao céo tai

cac hoi nghi, hoi thao khoa hoc va xémina chuyén mon sau:
e Xémina tai Khoa Toan—Tin, Truong Dai hoc Khoa hoc, Dai hoc Thai
Nguyén trong giai doan 2022-2026.

e Hoi thdo “Nhitng khia canh mdi trong 1y thuyét dinh tinh ctia hé diéu
khién va tng dung 2023 (NACSA-2023)”, Vién Nghién citu cao cap vé
Toan (VIASM), tit ngay 6 dén ngay 7 thang 4 nam 2023.

e Hoi nghi “Toan hoc toan qubc lan thit 107, Truong Dai hoc Su pham — Dai

hoc Da Néng, tit ngay 8 dén ngay 12 thang 8 nam 2023.

e Hoi thio “Tinh chat dinh tinh ciia cac hé dong lc v mot so6 van dé lien

quan”, Truong Dai hoc Dong Thap, ngay 12 thang 1 nam 2024.

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

Co sd toan hoc

Chuong nay trinh bay mot s6 kién thiic co ban cta ly thuyét phuong trinh
vi phan cap phan s6. Noi dung chuong bao gom céac kién thiic vé giai tich cap
phan s6, sy ton tai va tinh duy nhat nghiém ctia 16p hé phuong trinh vi phan
cap phan s6, on dinh trong thoi gian hitu han va 6n dinh hoéa trong thoi gian
hitu han, bai toan tieu hao ctia hé dong luc, bai toan diéu khién dam bao chi
phi cling v6i mot s6 bo dé hd trg dude st dung trong qué trinh ching minh
cic két qua chinh ctia luan an. Noi dung kién thiic duge tham khao tir cac tai

liou [2,11,12,28,31,34,46, 63,69, 70].
1.1 Mot s kién thiic co ban vé giai tich cap phan sb

Mot trong nhitng ham dac biét quan trong trong gidi tich cap phan s6 1a
ham Gamma I'(z). Ham nay la su mé rong ctia khai niém giai thira sang truong
hop ddi s6 thue va phite, dong thoi dong vai tro co ban trong 1y thuyét dao ham

va tich phan cap phan sb.

Dinh nghia 1.1.1 ( [2], Chuong 1, Muc 1.2(i), trang 6). Ham Gamma I'(2)

duge dinh nghia béi cong thic

['a) = /OOO et dt, (a>0). (1.1)

Meénh dé 1.1.2 ( [2], Chuong 1, Muc 1.2, trang 6). Ham ['(«) hoi tu vdi

mot o > 0.
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Dinh nghia 1.1.3 ( [2], Chuong 1, Muc 1.2(ii), trang 8).

a) Ham Mittag—Leffler hai tham s6 dugce dinh nghia béi

o0 k
z
Eos()=S — 2 0, 8, 2z € R). 1.2
5(2) kE—oF(O‘k+ﬁ) (a>0,8, 2€R) (1.2)
b) Trong trusng hop f =1, ta c6
o0 k
z
E, = —— = FE,(2). 1.
1) = Y gy = Bl (1.3

k=0
Dinh nghia 1.1.4 ( [2], Chuong 1, Muc 1.6, trang 20). Cho [a,b] C R. Ham
f :[a,b] = R dugc goi la lien tuc tuyét doi tren [a,b] néu v6i moi € > 0, ton
tai 6 > 0 sao cho d6i v6i moi ho hitu han cac khoadng doi mot khong giao nhau

(ak,br) C la,b], k=1,2,... n, théa man

n

Z(bk — ak) < 5,

k=1
thi

D 1F(br) = flaw)] < e

k=1
Tap hop cac ham lién tuc tuyét doi tren [a, b] duge ky hieu béi AC([a, b]).

Mot ham f : [a,b] — R thudoc AC([a,b]) khi va chi khi f’ ton tai hau khap

noi trén [a,b], f' € Li([a,b]) va
t
f(t) = f(a) +/ f'(s)ds, V¥t e [a,b]. (1.4)
Dinh nghia 1.1.5 ( [2], Chuong 1, Muc 1.6, trang 20). V6i moi n € N*| ta
dinh nghia AC™([a,b]) 1a khong gian cdc ham lién tuc tuyét doi cap n, tic la
AC™([a,b]) = {f [a,b] 5 R ‘ FU € AC([a, b])} .

B6 dé 1.1.6 ( [2], Chuong 1, Muc 1.6, trang 20). Mot ham f thuoc AC™([a, b])
khi va chi khi f c6 thé dugc biéu dién dudi dang

1 ‘ o n—1
=i [ =) ols)ds + 3t =)’

trong do ¢ € L1([a,b]), e, € R.

ft) =
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1.1.1 Tich phan va dao ham cap phan s6 Riemann-Liouville

Trong muc nay, ching toi trinh bay dinh nghia vA mot s6 tinh chat cua tich

phan va dao ham cap phan s6 Riemann-Liouville trén khoang hitu han.

Dinh nghia 1.1.7 ( [2], Chuong 2, Muc 2.1, trang 26). Cho [a,b] C R véi a < b.
Tich phan cap phan sé Riemann—Liouville cap « > 0 ctia ham f € Li(a, b) dugc
dinh nghia bdi

7 f(t) = ﬁ/ (t —8)* 1 f(s)ds, t € (a,b.

Truong hgp a = 0, ta quy ude 1P f(t) = f(t), hay tuong duong ,I) = I, trong

do6 I 1a toan tit dong nhat.

B6 dé 1.1.8 ( [2], Chuong 2, muc 2.2, B6 dé 2.2.2, trang 30). Cho a > 0,
B> 0. Gid st rang f : [a,b] — R la mot ham lién tuc. Khi dé,

12 (I F0)) = I PF (@), e (o]
Dinh nghia 1.1.9 ( [2], Chuong 2, Muc 2.2, trang 27). Dao ham cap phan s6

Riemann-Liouville cip o > 0 ctia ham f € Li([a,b]), ky higu bdi FLDf(¢),

a

duge dinh nghia nhu sau

Véin—1<a<n,trong do n € N*, ta co

FEDR (1) = S (o7 ()

¢
n—adt”/ t—sanﬂds t € (a,b].

V6i o = n € N* va gia st f ¢6 dao ham dén cap n, ta co
RL myn o
FEDEF() = (),
trong do i—: f 1a dao ham co dién cap n ctia ham f.
RL )0

Ngoai ra, v6i a = 0, ta quy uée 1a toan tit dong nhat.
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Vi du duéi day trinh bay cong thitc tinh tich phan va dao ham cip phan s6

Riemann—Liouville ctia ham Ity thua.
Vi du 1.1.10 ( [2], Chuong 2, muc 2.2, trang 28). V6i a, 8 € Ry, thi

« -1 _ F(B) —a +a—1
aIt (t - a)ﬁ - F(ﬁ —|—Oé) (t )ﬂ )

aRLDf(t — a)ﬁf1 = —F(ﬁ) (t — a)ﬁfafl.

B6 dé sau day dua ra mot dieu kien da dé ton tai cac dao ham cap phan s

Riemann-Liouville.

Bo6 dé 1.1.11 ( [34], He qua 2.2, trang 73). Gid st f € AC([a,b]). Khi do,
RLDaf(t) ton tai hau khdp noi trén [a,b] vdi moei 0 < a < 1. Hon niia,

BLpor) € Ly([a,b]), 1<p< é

va

BDp 0 = s [+ [ ]

Ménh dé sau khing dinh tinh tuyén tinh ctia toan tit dao ham cap phan s
Riemann-Liouville.

Meénh dé 1.1.12 ( [31], Dinh Iy 2.1, trang 29). Cho o > 0. Khi dé, dao ham

cap phan so Riemann—Liowville cap o la mot todn i tuyén tinh, tic la

BEDE (& f(t) + &g(t)) = & FPDY f(t) + & DR g(t),

trong doé &1,& € R va f,g € AC™([a,b)).

Tiép theo, ching toi gi6i thieu dinh nghia va mot s6 tinh chat co ban cla
dao ham cap phan s6 Caputo. Nhitng két qua nay déng vai tro quan trong trong
viéc nghién citu cac hé phuong trinh vi phan cap phan s6 va sé duge sit dung

xuyeén suot trong cac chuong tiép theo ctia luan an.
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1.1.2 Dao ham cip phan s6 Caputo

Dinh nghia 1.1.13 ( [31], Chuong 2, trang 37-38). Dao ham cap phan s6 Ca-
puto cap a ctia ham f € AC™([a, b]), ky hieu bdi ¢ D f(t), duge dinh nghia bai
Véin—1<a<n,neN* thi

C na nadn 1 ' n—a—1 g(n)
o DY f(t) = ol %JC() m/a(t—s) L) (s) ds

V6i a =n € N, thi
CDf(t) = f™ ().

Dac biét, khi 0 < a < 1, ta co

CDff(t) =ﬁ/ (t —s)"f'(s)ds

Doi v6i ham vée to z(t) = (z1(¢), ... ,xn(t))T € R™, dao ham cap phan s
Caputo ciia x(t) dugc dinh nghia theo timg thanh phan nhu sau

o o (e} T
th x(t) = (th x1(t),... ,CDaxn(t)) )

B6 dé 1.1.14 ( [34], Chuong 2, trang 95-96).
(i) Cho a> 0 va f € C([a,b]). Khi do,
SDRGIRf() = f(),  te(a,0].

(i) Chon—1< a <mn, trong dé n € N*. Néu f € AC"([a,b]), thi

]aC’Da _ ka‘ t—CL

Dac biét, khi 0 < a < 1, ta co

P GDR () = f(t) — fla).
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B6 dé sau trinh bay méi lién hé giita dao ham cap phan sé6 Riemann-Liouville
va dao ham cap phan sé6 Caputo.

B6 dé 1.1.15 ( [34], Chuong 2, trang 91). Chon—1 < o < n, vdin € N*. Khi
dé, vdi moi f € AC™([a,b]), ta co

n—1
Cpppy = e | (1)~ S I gy

Ddc biét, néu 0 < a < 1, thi
o DRf(t) = D7 (f(1) = f(a)).

Menh dé sau cho thay dao ham cap phan s6 Caputo 1a mot toan tit tuyén tinh.

Ménh dé 1.1.16 ( [31], Dinh Iy 2.3, trang 30). Cho a > 0. Khi dé, dao ham

cap phan so Caputo cap o la mot todn i tuyén tinh, tic la

CDX(Ef(t) + Eag(t)) = & DX F() + & DYg(t),

trong do &1,& € R wva f,g € AC"([a,b]).

Tiép theo, ching toi trinh bay dinh nghia v& mot s6 tinh chat co ban cla

tich phan va dao ham cap phan s6 v6i nhan suy gidm.

1.1.3 Tich phan vA dao ham cip phan s véi nhan suy giam

Dinh nghia 1.1.17 ( [40]). Cho a € (0,1), A > 0 va f € Ly([a,b]). Tich phan
cap phan s6 Riemann-Liouville véi nhan suy gidm ctia ham f dugc dinh nghia
bai
TEAN) = i [ 9 s (L9
’ (@) Jo ‘ .
Dinh nghia 1.1.18 ( [40]). Cho a € (0,1), A > 0 va f € AC([a,b]). Dao ham

cap phan s6 Caputo v6i nhan suy gidm ctia ham f dugc dinh nghia béi

TODGAf(t) = ! ] /0 e M7t — 8) T [Af(s) + f'(s)] ds. (1.6)

'l —«
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Dac biet, khi A = 0, ta thu dudc dao ham cap phan s6 Caputo
TCDgf(t) = § D f(1).

B6 dé 1.1.19 ( [40]). Cho 0 <a <1, A >0 va f € AC([a,b],R). Khi dd,

(i) I [TCDIAF(1)] = (1) — e f(a).

(it) TODGA [TIAf(1)] = f (1)

1.1.4 Bién d6i Laplace ctia dao ham va tich phan cip phan sb

Bién doi Laplace déng vai tro quan trong trong viéc nghién cttu cac phuong
trinh vi phan cap phan s6. Trong muc nay, ching toi trinh bay mot s6 két qua

co ban vé bién doi Laplace ciia dao ham va tich phan cap phan sb.

Gia st ham f : [0, +00) — R thda méan cac diéu kién sau:
e Ton tai cac hang s6 M > 0 va sg > 0 sao cho
[f(t)] < Me*™, ¢ >0.

e Trén mdi doan [a,b] C [0,400), ham f lién tuc timg khic va ¢6 hitu han

didm cuc tri.

Khi d6, ham f dudc goi 1a ham goc. Mat khac, v6i s € R, s > s, thi

+00
Fo) = LU0 = [ sy (1.7

dugdc goi 1a bién doi Laplace ctia ham f. Ham F(s) dugdc goi 1a ham anh cta f

qua bién déi Laplace.

Céac bo dé sau trinh bay mot s6 cong thiic bién doi Laplace co ban doi véi

cac toan tit cap phan so.

Bo6 dé 1.1.20 ( [34], trang 98). Cho o € (0,1), 3 > 0, h > 0, s € R wa
f,g € AC(]0,4+00)). Khi do, ta co
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(i) L[§DFFB)] (s) =s"LIf(B)](s) = s*7f(0), Vs € R.
(i) £ [ta’”ﬂ—lEg%(ht“)] (s) = % Vk €N, s > hl/e,
(i) L[f = g](s) = L[f](s) L]g](s), trong dé tich chap

(f * g)(t) = / £t — r)g(r) dr.

B6 dé 1.1.21 ( [40)). Choa € (0,1), A >0 va f € AC([0, +00)). Khi dé, ta co

() £ [T F0)] () = (s + 2 LIFB)(s).
(i) £[TODE ()] () = (s + NPLLFD)(5) = (5 + N)LF(0).

1.2 Bai toan ton tai va duy nhat nghiém cho hé phuong
trinh vi phan cap phan sb

1.2.1 Hé phuong trinh vi phan cip phan s6 khong cé tré

Gia st f:[0,7] x R" — R™ la mot ham lién tuc va bi chén.
Xét he phuong trinh vi phan cap phan s6 Caputo sau
6 Dia(t) = f(t,2(t), te(0,T],

1.8
2(0) = 29 € R", )

trong d6 a € (0,1),7 > 0 va x(t) € R" la véc to trang thai.

Dinh nghia 1.2.1. Ham z(¢) dugc goi la nghiém ctia bai toan (1.8) trén doan
0, 7] néu z(t) € C([0,T],R") va khi thay vao he (1.8) thi n6 théa man moi
diéu kién ctia phuong trinh véi moi ¢ € [0, 7.

Tuong tu nhu trong 1y thuyét phuong trinh vi phan thuong, dé chting minh
sy ton tai nghiém, ngudi ta thuong chuyén bai toan gia tri ban dau cap phan

s6 vé mot phuong trinh tich phan tuong duong.
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B6 dé 1.2.2 ( [12], Chuong 6, B6 dé 6.2, trang 86). Xét bai todn (1.8). Khi
dé, vdi moi diéu kién ban dau ro € R, ham z(-,x) € C([0,T],R™) la nghiém
ctia bai todn gid tri ban dau (1.8) khi va chi khi né théa man phuong trinh tich

phan sau
1 ' a—1
x(t, z0) = o + m/{) (t—s)*" f(s,x(s,20))ds, te€]0,T]. (1.9)

Nhan xét 1.2.3. Gia stt ¢y 1a thoi diém hien tai va t > ¢ la mot thoi diem
trong tuong lai. Tit cong thitc (1.9), c6 thé thay ring dé xac dinh trang thai
x(t), ngoai viec biét gia tri cia nghieém tren khodng [to,t), ta con can biét céc
gia tri ctia nghiém trén doan [0, ). Diéu nay phan dnh ban chat phu thudc
qué khtt ctia phuong trinh vi phan cap phan sb. Day ciing 1a diém khac biét
co ban gitta phuong trinh vi phan cap phan so6 va phuong trinh vi phan thong
thuong, bdi nghiem ctia phuong trinh vi phan cap phan sd khong c6 tinh chat
dia phuong theo thoi gian.

Dinh 1y sau day phat biéu vé su ton tai nghiem dia phuong cho phuong trinh
vi phan cap so.

Dinh ly 1.2.4 ( [12], Chuong 6, trang 86, Dinh 1y 6.1). Xét bai todn (1.8), vdi
dieu kiéen ban dau xo € R"™ va hai s6 duong K >0, T > 0. Dt

G:={(t,z) eRy xR":t€[0,T], ||z — x| < K},

va gid st f : G — R"™ la mot ham lién tuc. Dong thoi, dat

(

T, néu sup ||f(t z)|| =0,
(t,x)eG
1/«
7= . Kl(a+1) N . .
min ¢ 7, . trong truong hop con laz.
sup [ f(¢,2)]|
(t,x)eG

\
Khi dé, ton tai mot ham x € C([0,T],R") la nghiém cia bai toan gid try
ban dau (1.8).

Tiép theo, ta xét sy ton tai va duy nhat ctia nghiém toan cuc.
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Dinh ly 1.2.5 ( [3], Dinh ly 2). Gid st ton tai mot ham lién tuc
L R, >R,
sao cho ham f: Ry x R®™ — R" thoa man
(8 z) = f(E )l < L) [l =yl

vdi moi t > 0 va moi x,y € R™. Khi dé, phuong trinh tich phan (1.9) c¢6 mot

nghiém toan cuc duy nhat dudc zdc dinh trén R

1.2.2 Hé phuong trinh vi phan cap phan sé cé tré

D6i véi he phuong trinh vi phan cap phan s6 c6 tré, dinh 1y vé sy ton tai va
duy nhat nghiem toan cuc da duge chitng minh trong [69].

Xét hé phuong trinh vi phan cap phan s6 c6 tré

CDex(t) = F(t, 2t — hy(8))s ey (t — Bn(1))), t € [0, +00),
(1.10)
z(6) = (0), 0 € [—,0],

trong d6 ¢(#) 1a mot ham lién tuc, 7 > 0, h; : [0, +00) > Ry v6i 1 <i<mla
cédc ham lién tuc va théa man h;(t) < 7+t. Ham f = (fy, ..., fn), trong d6 moi

fi:[0,400) x R" x R" x --- x R" — R.

Ménh dé 1.2.6 ( [69]). Ham x(t) € C([—7,+0o0); R™) la nghiém ciia bai todn
dieu kién ban dau (1.10) trén [—7,4+00) néu va chi néu né théa man phuong
trinh tich phan

z(t) = ¢(0) + ﬁ/o (t —8)* L f(s,2(s — hi(s)),...,2(s — hm(s))) ds,

vdi moi t € [0,400).

Dinh ly 1.2.7 ( [69]). Gid st f = (f1,..., fn), trong do
fii0,400) x R" xR"x--- xR" =R, i=1,2,...,n,

théa man cdac diéu kién sau
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(i) Cac ham f;; 1 =1,...,n, la cic ham lién tuc.

(ii) Ton tai mot hang s6 L > 0 sao cho

|filt, x) = fi(t,y)| < Lz =y,

vot mott >0, moi x,y € R" x R" x --- x R".

Khi dé, bai todn gid tri ban dau (1.10) ¢ nghiém duy nhat trén [—7, +00).

1.3 On dinh trong thdi gian hitu han va 6n dinh hoa trong
thoi gian hitu han

Trong Iy thuyét diéu khién, tinh 6n dinh cia hé dong luc 1a mot trong nhiing
van dé co ban va quan trong. On dinh theo nghia Lyapunov mo ta kha ning
duy tri quy dao ctia hé trong mot 1an can ctia trang thai can bang khi diéu kien
ban dau du gan trang thai do, trong khi on dinh tiém can yéu cau thém rang
quy dao clia hé hoi tu vé trang thai can bang khi thoi gian tién t6i vo cling.
Tuy nhién, trong nhiéu bai toan thuc té, ngudi ta khong chi quan tam dén dic
tinh tiém can ctia hé ma con yéu cau trang thai ctia hé phai duge duy tri trong
mot mién cho trude trén mot khoang thoi gian hitu han xac dinh. Yéu cau nay

dan dén khai niem on dinh trong thoi gian hiu han.

1.3.1 Bai toan on dinh trong thdi gian hitu han

Xét he phuong trinh vi phan cap phan s6

C Qg — €T
§Dpa(t) = f(t,x(1)), t €[0,T], (1.11)

z(0) = xo,

trong d6 z(t) € R™ la véc to trang thai, f : [0,7] x R — R" thod méan
f(t,0) =0, a € (0,1). Khi d6, bai toan on dinh trong thsi gian hitu han dugc

dinh nghia nhu sau.
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Dinh nghia 1.3.1. Cho cac s6 duong ¢, co, T v6i ¢; < cp va ma tran doi xing
xac dinh duong R € R™". He (1.11) dugc goi 1a on dinh trong thoi gian hitu

han d6i véi bo tham s6 (c1, o, T, R) néu diéu kien sau duge thod man

zg Rrg < ¢ = ' (t)Ra(t) < cp,Vt € [0,T).

Mat khac, trong truong hop hé chiu tac dong cua nhiéu bi chin, khai niém
tinh bi chan trong thoi gian hitu han thuong dudc sit dung dé mo ta tinh chat

cua trang thai hé trén mot khoang thoi gian hitu han.
Dinh nghia 1.3.2. Hé phuong trinh vi phan cap phan s6

§Dpa(t) = f(tx(t),w(t), te[0,T], (1.12)

z(0) = o,
trong d6 x(t) € R" la véc to trang thai, f: [0,7] x R" x R? — R" 1a ham cho
trude thoa man dieu kien f(¢,0,0) = 0, a € (0,1) va w(t) € R la nhiéu dau

vao. Gid st ton tai hang s6 w > 0 sao cho
w'(w(t) <@, Vtelo,T].

Khi do6, véi cac s6 duong ¢y, co, T, trong d6 ¢; < co, v ma tran doi xing xac
dinh duong R € R™ ™ cho trude, hé (1.12) dugc goi la bi chan trong thoi gian

hitu han d6i v6i bo tham s6 (c1, c2, T, R,w) néu diéu kién sau dugce théa man

zg Rrg < ¢ = 2! (t)Ra(t) < cp, VYt € [0,T).

1.3.2 Bai toan 6n dinh héa trong thsi gian hitu han

D6i véi cac hé cap phan s6 Caputo, bai toan o6n dinh héa trong thoi gian
hitu han c6 ¥ nghia dic biét quan trong do cac hé nay cé tinh chat nhé va phu
thuoc vao lich st trang thai, khién dong hoc ctia hé phic tap hon so véi cac hée
cap nguyén co dién. Vi vay, viéc nghién ctiu bai toan 6n dinh héa trong thoi
gian hitu han cho cac hé cap phan s6 khong chi c6 ¥ nghia vé mat 1y thuyét ma

con c¢6 gia tri trong nhiéu bai toan tng dung thuc tién.
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Trong muc nay, chiing toi trinh bay dinh nghia bai toan 6n dinh héa trong
thoi gian hitu han ddi v6i cac hé cap phan s6 Caputo.
Xét hé phuong trinh vi phan cap phan s6 c6 diéu khién
CDMx(t) = f(t, z(t), u(t)), t €0,T],
o Dfa(t) = f(t, x(t), u(t)) [0, 7] (1.13)
3?(0) = Xy,
trong d6 x(t) € R™ la véc to trang thai, f : [0,7] x R" x R™ — R"™ théa mén
diéu kien f(t,0,0) = 0, u(t) € Lo([0, T],R™) 1a véc to dicu khien va a € (0,1).

Dinh nghia 1.3.3. Cho cac s6 duong ¢, co, T véi ¢; < ca va ma tran doi xing
xac dinh duong R € R™*". He (1.13) dugc goi 1a 6n dinh héa dude trong thaoi
gian httu han d6i véi bo tham s6 (c1, ce, T, R) néu ton tai ham h : R* — R™
théa man h(0) = 0 sao cho hé dong

CDx(t) = f(t, z(t), h(z(t))), t€0,T],

FDR() = J(ta0), Ae(), e [0.T] -

x(0) = xo,
on dinh trong thoi gian hitu han déi v6i bo tham s6 (ci,ce, T, R). Khi do,
u = h(x) duge goi la luat didu khién phan hoi trang thai 6n dinh hoa.

Trong truong hop don gidn nhat 1a 16p hé tuyén tinh, cac dinh nghia 1.3.1,
1.3.2 va 1.3.3 da dugc Y. J. Ma va céc cong su [46] lan dau tien dua ra vao
nam 2016.

1.4 Bai toan tiéu hao cho hé dong luc

Ly thuyét tieu hao do J.C. Willems [71] gidi thi¢u vao ndm 1972 da tré thanh
mot cong cu neén tang trong phan tich va thiét ké cac he dong lyc. Ly thuyét
nay duya trén moi quan hé gitta nang lugng cung cap tit bén ngoai va nang luong
luu trit ctia he. Mot hée dude goi 1a tieu hao néu nang luong luu trit ciia hé luon
bi chin trén béi nang luong cung cap tit bén ngoai, nghia 1a hé khong theé tu

sinh nang lugng.
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Trong [71], J.C. Willems da xét 16p hé diéu khién tong quét c6 dang

(

@(t) = f(t, z(t), u(t)), t=0,
Q 2(t) = g(t, z(t), u(t)), (1.15)
z(0) = zo,

\
trong d6 x(t) € R™ 1a véc to trang théi, u(t) € R™ la véc to dau vao va z(t) € R?

la véc to dau ra.

Dinh nghia 1.4.1 ( [71]). He (1.15) dugc goi 1a tiéu hao néu ton tai mot ham
luu trit S(z) > 0 sao cho

S(z(t)) — S(z(0)) < /0 w(u(s), z(s)) ds, vt >0, (1.16)

trong d6 w : R™ x R? — R 1a mot ham cung cap.

Trong bat dang thitc (1.16), S(z(0)) biéu dién niang lugng luu trit ban dau
clia hé, con S(z(t)) 1a nang lugng luu trit ciia hé tai thoi diém ¢. Dai lugng

/0 w(u(s), z(s)) ds, vVt >0,

biéu dién nang lugng dudc cung cap cho hé trong khoang thdi gian [0,¢]. Bat
déng thic nay cho thay nang luong Iuu trit ctia hé luon bi chan trén béi nang
luong dude cung cap tit bén ngoai.

Nam 1976, D. J. Hill va P. J. Moylan [28] da md rong ly thuyét tieu hao cia

Willems thong qua viéc xét 16p ham cung cap c6 dang toan phuong
wu(t), 2(t)) = 2" ()Qz(t) + 227 ()Su(t) + u' (t) Ru(t), (1.17)

trong d6 @, R 1a cac ma tran doéi xing va S 1a ma tran thuyc c6 kich thuée
phu hgp.

Dinh nghia 1.4.2 ( [28]). He (1.15) v6i ham cung cap (1.17) duge goi la

(Q, S, R)-tiéu hao néu v6i moi dau vao chap nhan duge u(-), ta c6
t
/ w(u(s), z(s))ds >0, Vt > 0,
0
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v6i 2(0) = 0, trong d6 w(t) = w(u(t), z(t)) duge xéc dinh doc theo quy dao cia
hé (1.15).

Trong phan tich hé dong lyc, cac ham luu trit thuong duge sit dung nhu cac
ham Lyapunov dé nghién cttu tinh 6n dinh ctia he. Déi v6i mot hé cu thé, ham
luu trit bieu dién nang luong dude tich lity trong he. Khi d6, bat déng thic tieu
hao (1.16) cho thay nang lugng tich liy ctia he khong vugt qua nang luong duge

cung cap tit bén ngoai.
1.5 Bai toan diéu khién dam bao chi phi

Bai toan diéu khién ddm bao chi phi déi véi cac 16p he dong luc dude gidi
thiéu bdi S.S.L. Chang va T.K.C. Peng [8] vao nam 1972. Muc tiéu ctia bai toan
la thiét ké luat dieu khién sao cho hé déng dat dugc tinh 6n dinh, dong thai

ham chi phi toan phuong tuong ting bi chan trén bdi mot hiang sé cho trude.
Xét he diéu khién sau

#(t) = f(t, (), u(t)), t>0,
l’(O) =19 € R",

(1.18)

trong do x(t) € R™ la véc to trang thai, f : [0,400) x R” x R™ — R" théa man
diéu kien f(t,0,0) = 0, va u(t) € Ly([0, +00),R™) la véc to diéu khién.

Xét ham chi phi toan phuong (con goi 1a ham muc tiéu dang toan phuong)
T
J(u) = / [27(£)Qx(t) +u' (t)Ru(t)] dt, (1.19)
0

trong d6 Q € R™" va R € R™™ ]a c4dc ma tran do6i xing xac dinh duong

cho trude.

Sau day, chiing ta xét bai toan didu khién ddm béo chi phi déi véi he (1.18).

Bai toan nay dugc dinh nghia nhu sau.
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Dinh nghia 1.5.1. Xét he diéu khién (1.18) va ham chi phi toan phuong (1.19).

Néu ton tai mot luat diéu khién phan hdi trang thai

duéi dang h : R" — R™, h(0) = 0 va mot hang s6 duong J* sao cho hé déng

#(t) = f(t,2(t), h(z(t))),
(IZ‘(O) = xy € R",

(1.20)

13 6n dinh tiém can va ham chi phf toan phuong (1.19) thdéa man J(u*) < J*, thi
J* duge goi 1a gia tri ddm bao chi phi diéu khién cho he (1.18) va u*(t) = h(z(t))
dugce goi 1a luat diéu khién phan hoi trang thai cho hé da cho.

Trong truong hgp don gian cia Dinh nghia 1.5.1, I. R. Petersen va D. C. Mc-
Farlane [52] da nghién citu bai toan diéu khién ddm bao chi phi cho cac 16p he
phuong trinh vi phan khong chic chan vao nam 1994. Sau d6, nam 1999, L. Yu
va J. Chu [80] d& md rong két qua nay cho 16p hé phuong trinh vi phan khong
chic chan c6 tré hang s6. Trong cac cong trinh trén, ham chi phi toan phuong
dugce st dung c6 dang nhu trong (1.19). Cac téc gia da ap dung phuong phép
ham Lyapunov két hop véi 1y thuyét ma tran dé thiét lap cac diéu kien di dam
bdo s ton tai clia luat diéu khién phan hoi trang thai u*(t) = Kx(t), d6i véi

hé dang xét.

Trong nhitng nam gan day, bai toan diéu khién ddm bao chi phi cho cac 16p
hé phuong trinh vi phan cap phan s6 ciing da nhan dude sut quan tam dang ke.
Chang han, nam 2019, L. Liu va cac cong su [43] da gidi quyét bai toan diéu
khién dam bao chi phi trong thoi gian hitu han cho céc 16p hé chuyén mach phi
tuyén cap phan sé c6 nhiéu thong qua viec thiét ké luat diéu khién phan hoi
dau ra tinh, bang cach dé xuat cac ham Lyapunov ddi tng tuyén tinh va ap

dung phuong phap thoi gian lwu trung binh.

Nam 2020, M. V. Thuan va céac cong su [67] da dé xuat mot phuong phap
tiép can dya tren LMI dé giai bai toan diéu khién dam bao chi phi trong thdi
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gian hitu han cho hé no-ron phi tuyén cap phan s6 Caputo khong chic chan co

nhiéu nhu sau

§ Dfa(t) = —[A+ AA@®)]x(t) + [D + AD())f (x(t))

+[W + AW (®)]w(t) + [B + AB®)]u(t), t>0, (1.21)
.I'(O) =1x9 € R,
trong d6 A = diag{aj,as,...,a,} € R™" la ma tran dudng chéo xac dinh

duong, cac ma tran D, W, B la cic ma tran thuc va AA(t), AB(t), AD(t),
AW (t) 1a cdc ma tran tham s6 bat dinh c6 cau trac. Cac ham kich hoat phi
tuyén f;(-) (1 =1,...,n) lalién tuc Lipschitz véi hang s6 Lipschitz [; > 0, dong
thoi théa man f;(0) = 0. Nhiéu w(t) € RP théa man

3T>0: w (Hwlt)<w, Vtelo,T],
v6i T > 0 1a mot s6 duong.

Ham chi phi lien quan dén hé (1.21) cho dudi dang

1

J = m/o (T — )" [z (s)Qiz(s) + u' (s)Qau(s)] ds, (1.22)

trong d6 Q1 € R™", Qy € R"™™ ] cdc ma tran déi xing xac dinh duong

cho trude.

Trong trudng hop a = 1, biéu thiic (1.22) trd thanh ham chi phi toan phuong
(1.19) dugc stt dung cho hé phuong trinh vi phan cap s6 nguyen.

Trude khi trinh bay cac két qua chinh, ching to6i nhic lai mot sé6 bd dé bo

tro sé dugdce sit dung trong cac chiing minh & nhitng phan sau.
1.6 Mot sé bo deé bo trg

B6 dé 1.6.1. ( [5], Bat ding thiic ma tran Cauchy) Cho z,y € R” va S € R™*"
la mot ma tran doi zing xdac dinh duong. Khi dé, ta co
+2r Ty <a'Sx+y' Sy
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B6 dé 1.6.2 ( [38]). Gid stt x : [0,+00) — R la mot ham khd vi lien tuc. Cho
ham x : [0,+00) — R khong am, khd vi lien tuc va don diéu giam. Khi do, ta
6 bat dang thic

SO ()} < 2x(B)z(t) S DPa(t), V>0, Va € (0,1).

B6 dé 1.6.3 ( [11]). Cho a € (0,1), x(t) € R va P € R™" la ma tran doi
xing xac dinh duong. Khi do,

§Df (" (t)Pa(t) < 20T () PFDfa(t), 0.
Do cac bd dé danh cho dao ham Caputo khong con 4p dung truc tiép cho

dao ham Caputo véi nhan suy gidm, nén ching toi mé rong mot s6 két qua

tuong tng cho truong hgp dao ham Caputo véi nhan suy giam nhu sau.
B6 dé 1.6.4. Cho a € (0,1),\ >0, z(t) € AC([0, +00),R). Khi dé, ta cé

TCD&Aa2(t) < 2x(t) TC DS e (t), Wt > 0.

Ching minh. Theo cong thic cia dao ham Caputo véi nhan suy giam, ta co

D) = e [ = 9 D) + () s

= e_’\tﬁ/o (t—s)™ @ [e’\sy(s)}/ds

—e_/\t—l t —8) %p(s)ds
M [ d

= e MG DPp(t),

trong dé p(t) = eMy(t) va § D¥p(t) 1a dao ham Caputo cap a ctia ham p(t). Do

do, ta co
TC DoeAg2(t) = e~ ME Do (M22(t)) = e ME DY {e_’\t (e’\tx(t))ﬂ .
Tu Bb dé 1.6.2, ta suy ra
TCDS"’\QJQ(t) — e ME o [e—)\t (e’\t:c(t))z]
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< e M2e M (eMa(t)) DY (eMa(t))
= 2¢ MM (t) § DY (eMa(t))
— 22(t) TC DI (1). O

B6 dé 1.6.5. Cho a € (0,1), A > 0, x(t) € AC([0, +00),R") va ma tran doi
zing rdc dinh duong P € R™™. Khi dé, bat dang thic sau duge théa man

TCpeN 2T (1) Pr(t)) < 22T ()PTCDS x(t), Vit > 0.

Chatng minh. Xét y(t) = PY2x(t) = [y1(t), ya(t), ..., yu()]T.
Ap dung B6 dé 1.6.4, ta dugce

TCDF (T (1) Pa(t)) = TODG My (8) y(t))

=2 "D; Myi())

< 37 24,(0) " DgMyi0)
=1

= 2y" (t) O D5y (1)
— 22" () PTC DY a(t). O

B6 dé 1.6.6. ( [63], B6 dé 2) Cho a > 0, ta c6

(i) Eu(z) > 1, vdi moi z € R

(ii) E.(z) la mot ham tang trén R,
Bo6 dé 1.6.7 ( [63]). Cho T,h > 0, a > 1, b > 0 va ham khong gidm G :
[—h,T] — R, théa man

G(t) < aG(0) + bG(t — h), ¥t € [0,T].
Khi do,
[T'/h]+1
G(t) < G(0)a YV, vtelo,T).
=0
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Dé phuc vu cho cac phan tich trong cac chuong sau, ching to6i mé rong Bo
dé 1.6.7 nhu sau.

Bb dé 1.6.8. Cho T, 7,1, 62,83 la cdc hing s6 duong vdi & > 1. Gid st ham
khong giam 11 : [—7,T) — R* thda man

[(t) < SI1(0) + &It —7) + &, Vi€ [0.7].

Khi dé, véi moit € [0,T], ta co

o < (10 + 52— ) Tglaz &

S +&—1 Ei+6—1

Chitng minh. Bing cach dua vao phép bién doi I1(t) = II(t) + §—|—2—31’ bat
1+ & —
dang thitc ban dau duge viét lai tuong duong dudi dang
() < &I1(0) + &IM(t — 1), vVt € [0,T).
Ap dung B6 dé 1.6.7, ta c6
[T/T]+1
M(t) < TI(0 Z &.
Thay ngugc lai dinh nghia ctia I1(¢), ta thu dugc
6 [T/7]+1 5
I(t) < (11(0) + —3> .  E—
(1053 ) e 2 S gTe
Diéu nay hoan tat chitng minh. O

B6 dé 1.6.9 ( [5], B6 dé Schur). Cho trudc cic ma tran hing X,Y,Z vdi s6
chiéu thich hop théa manY =Y ' >0, X = X'. Khi d6, X + Z'Y'Z < 0

néew va chi néu
X zZ7

Z =Y

< 0.
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Chuong 2

Bai toan tiéu hao trong thoi gian hitu han cho
mot s6 16p hé no-ron khong chic chan cap
phan sé

Trong chuong nay, chiing t6i nghién citu bai toan tiéu hao trong thoi gian
hitu han cho 16p hé no-ron khong chic chan cap phan s6 Caputo v6i nhan suy
gidm c6 nhiéu va tré hang s6, dong thoi nghién cttu bai toan tiéu hao md rong
trong thoi gian hitu han cho 16p hé no-ron khong chac chan cap phan s6 Caputo
c6 nhiéu. Cac noi dung trinh bay trong chuong nay dua trén cac két qua nghien
cttu da duge cong bd trong cac bai bao [CT4, CT1] thuoc danh muc céc cong

trinh khoa hoc clia tac gia lien quan dén luan an.

2.1 Bai toan tiéu hao trong thdi gian hitu han cho 16p hé
no-ron khéng chic chan cap phan s6 Caputo véi nhan
suy giam c6 nhiéu va tré hang sé

Xét hé no-ron khong chic chan cap phan s6 Caputo véi nhan suy giam c6

nhiéu va tré hang s6 sau

(70 D2Nu(1) = —[A + AAD)]2(t) + (B + ABD)]g(x(t))

+W+AWO)]h(z(t—7))+[D+AD(t)|w(t), t >0, 1)
{ 2.1
y(t) = Crx(t) + Cox(t — 1) + Csg(x(t)) + Cyh(x(t — 7)) + Csw(t),

z(0) = ¢(0), 0 € [-7,0],
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trong d6 « € (0,1) la cap phan s6 va A > 0 1a tham s6 nhan suy giam. Véc
to z(t) = (w1(¢),...,2,(t))" € R" la trang thai ctia he, w(t) € R? la nhidu téc
dong bén ngoai. S6 chiéu n tuong ting vdi s6 luong no-ron trong mang. Ma tran
A = diag{ay,...,a,} € R™™ la ma tran duong chéo xac dinh duong, cac ma
tran B, W € R™" va D € R™ |3 cac ma tran thuc da biét. Cac ma tran tham

sO6 bat dinh dugce xac dinh béi
AA(t) = EJFy()Hy,  AB(t) = EyFy(t) Hy,
AD(t) = EgFy(t)Hy, AW () = EyFiy(t)Ho,

trong d6 E,, By, E4, E,,, Hy, Hy, Hy, H,, 13 caAc ma tran thyc da biét c6 kich thuée
phit hgp. Cac ma tran chua biét bién thien theo thoi gian Fi(t), i = 1,2,3,4,
théa man diéu kién

ETMF(t)<I, vVt>0, i=1,273/4. (2.2)

Ham o(:) € C([-7,0],R") 1a ham didu kién ban dau véi chuan

loll = sup (0]
0e[—7,0]

Cac ham kich hoat phi tuyén g, h : R" — R" dugc xac dinh béi

gi(z1(t)) hi(z1(t — 7))
g(x) = : , hz(t—71)) = : ;
In(wn(t)) hn(zn(t — 7))
v6i moi = (z1,...,7,) € R™

Dé phan tich tinh tiéu hao ctia he, ching toi st dung cac gia thiét sau.

Gia thiét 2.1.1. Cdc ham kich hoat phi tuyén g;(t), h;(t)(i = 1,2,...,n) la

lién tuc va bi chan vdi g;(0) =0, h;(0) = 0 va théa man

< B0 —a)

u—v
| | (2.3)
- < hi(u) — h;(v) < t;r,
u—v

trong dé k7, kIt .t la cdc so thuc da biét, u,v € R,u # v.

R A A A )
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Gia thiét 2.1.2. Nhiéu dau vao w(.) € Ly([0, +00), RY) théa man diéu kién sau
310w (Hw(t) <,

trong dé @ la mot so6 thuc duong.

Trong truong hop khong c¢6 véce to dau ra, he (2.1) trd thanh
(
TODSAx(t) = —[A+ AA®))z(t) + [B + AB(t)]g(2(t))
. +[W+AW (t)h(x(t—T7))+[D+AD(t)]w(t),t > 0, (2.4)

z(0) = ¢(0), 0 € [—1,0].

\
Dinh nghia 2.1.3. Cho céc s6 duong ¢y, co, T va @ véi ¢; < co, he (2.4) dugc
goi 1 bi chan vitng trong thoi gian hitu han ddi v6i bo tham s6 (¢, co, T, @) néu
dieu kién sau duge théa man

el <er = llz@)? <2, VEe0,T],

v6i moi tin hiéu nhiéu w(t) € RY théa man Gia thiét 2.1.2.

Dinh nghia 2.1.4. Heé (2.1) dugc goi 1a tiéu hao viing trong thoi gian hitu han
d6i véi bo tham s6 (¢, o, T, @) néu hai dieu kién sau duge théa man

(i) He (2.4) bi chan vitng trong thoi gian hitu han d6i véi bo tham s6 (cq, o, T, ).
(ii) V6i dieu kien ban dau o(t) = 0 v6i moi ¢ € [—7,0], ton tai s6 duong v > 0

sao cho

t N t
/ e A=)t — 5) L (s) ds > fy/ e M=t — 5)2 71 T(s) w(s) ds, Yt € [0,T],

0 0
trong do
T(s) =2y  (s) Waw(s) +y ' (s) Ury(s) +w' (s) Ugw(s),

v6i Wy, Wy, W3 la cac ma tran thuc cho truée. Trong do, ¥, va W3 la cac ma
tran do6i xing, ma tran Wy < 0 va nhiéu w(t) thda man Gia thiét 2.1.2.

Dinh 1y duéi day dua ra mot tieu chuan vé tinh tidu hao trong thoi gian hitu

han cho he (2.1).
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Dinh 1y 2.1.5. Cho cdc so duong ci, co, T va & vdi ¢y < ca. Xét hé (2.1) thoa

man cdc Gid thiét 2.1.1 va 2.1.2. Gid st ton tai cdc s6 duong rq, s, Td, Tw, 7V,

Y1, Y2, hai ma tran doi zing xdc dinh duong P,Q va cdic ma tran duong chéo

zdc dinh duong Ay, Aj, sao cho cdc dieu kién sau duoc théa man

vy Wy

(11

11 =12 Z13 Zi4

—
—

k0 Dgg D93 Dog

—_ —_
—

* * 33 D34

—

* * % Z44

* * * *
* b3 * *
* ES * *

* * * *

* * * *

)\min (P)

L x U3 —Q — — 7l
- PE, PE, PE; PE,

Eo5
=35
Z45
Z55
*
*
*

X

(A1c1 + A2) < ¢,

<0,

0

0

0

0
—r,d

*

*

*

Q— (v — 1) >y(l+eM)I

0
0
0
0

0

—Tb]

*

X

0 0

0 0

0 0

0 0

0 0

0 0
—rql 0

* —rwl

<0,

(2.5a)

(2.5b)

(2.5¢)

(2.5d)

Khi dé, he (2.1) la tiéu hao ving trong thoi gian hitu han doi vdi bo tham so

(Cl, C27T)(D>:

trong do

Ky, = diag{ki ki, ky ki, ..., k kY, Ky, = diag {

et e _ . [t
Ky = diag{ty t], tyty, ..o, toth}, Koy = dlag{%, ce

gl - Eoc(TTa)a 52 - e/\T (EOz(TTa) - 1)7 £3

|T/7]+1

)\1 — )\max(P) 61 Z 5%7 )\2 -
=0

€3

To = gl + Ao) 7, 2 (t) = a(t — 7).
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A%n}a Ah = dlag{Afllla A?Qv .

= nwe

S +&—1

|T/7]+1

2

T

ki + ki

g e

h
o ALY

a > g-1],
j=0




|T/7]+1

o VleAT(Ea(TTO[) 1 .
0= &1+&—1 Z &-1),

= =-PA-A"P+r,H H, — Ki,A, — C] ¥,Cy — TP,

E1g = —C] U,Cy, Z13 = PB + Ko\, — O] U, C3,

iy =PW —C| U ,Cy,Z15 = —C| Uy — C] V,C5 + PD,

Ego = — KAy — Cg W1Cy — 7P, Zg3 = —Cy W, C5,

Zoy = Kop\j — Cg W10y, Zo5 = —Cy Wy — Cy W, Cs,

Sa3 =M, Hy — Ay — C3 U103, Z34 = —C3 U1Cy, Zg5 = —Cf Uy — C5 U1 C5,
B =roH Hy — Ny — C] 0,0y, B4s = —C Uy — C] U,C5,

Ess = rqH] Hy — C{ Wy — W) Cs5 — CF U1Cs5 — U3 + I — 11 + %I + Q.

Chiing minh. St dung Bé dé 1.6.5, 1ay dao ham Caputo véi nhan suy giam ciia
ham V(z(t)) = 27 (t) Pz(t) doc theo nghiém ctia he, ta c6
TCDeAV (2(t)) < 22" () PTODS (1)
= 22" (t)[-PA)z(t) — 22" () PAA(t)z(t)
+ 22" (t)PByg(z(t)) + 22" (t)PAB(t)g(z(t)) (2.6)
+ 22T () PWh(z(t)) + 22" (£) PAW (t)h(z,(t))
+ 22" (t)PDw(t) + 22" (t)PAD(t)w(t).

Tit (2.2), ap dung bat dang thitc ma tran Cauchy, ta thu dudc cac wée lugng sau

—2x" (t)PAA(t)z(t) <r; 'z (t)PE,E, Px(t)
+raa () H, Hyw(t),
z' () PAB(t)g(x(t)) <ry'a'(t)PE,E, Px(t)
+rog " ((t) Hy Hyg(z(t)),
22" (t)PAD(t)w(t) <r;'z"(t)PE,E, Px(t)
+raw' (1) Hy Haw (1),
T () PAW (D) h(2-(t) <rg'z" (t)PELE] Px(t)
(7 (£)) H,y Hyh(-(2)).

(2.7)

+ rth
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Tit (2.3), dé dang kiem chiing cic bat dang thic sau

_xT(t)KlgAg$(t) + 237T(t)K2gAgg($(t)) - gT(a:(t))Agg(a:(t)) >0,

2.8
— 2l (O KAz, (8) 22T () KopAnh(z(8) =T (2(£)) Anh(z+ () > 0. 29

Bén canh do, ta c6

[y@ iz ”y ]
w(t) x Wy —~l — 72[ Q

=2y () Ww(t) +y ()W y(t) +w' (t) [ =] — 7] — Qluw(t)
=22 ()C] Uaw(t) + 22 (t)Cy Uyw(t)

+29" (2(t))Cq Waw(t) +2h" (2-(£))Cf Uyw(t)

+ QwT( )OS Wow(t) + 2" (1)O] U1CY 2(t)

t)Cy Wi Cha(t) + g (x(1))C5 U1 C (1)

+hT 2, (1) U0y x(t) +w' (1)Cy U1CY 2(t)
O Coa, () + 2! (H)Cy U1 Cy 2, (1)
2(1)C3 WiCo (1) + b (2-(1))Cf W1Co (1)

) (
(
2! (
gT(
+wT<t) S Wi Cha, () + ' ()C) Wi Gy g(x(t))
2] (HCy U1Cs g(x(t) + g (x(t)C3 W1Cs g(x(t))
+hT<x ())CL W1 Cs g(x(t) +w ' (H)C5 U1C3 g(x(t))
2" ()0 WiCy h(x (1)) + 2 (£)Cq W1Cy h(a,(t))
gT(rr( t))C3 W1Cy h(z-(t)) + b (2,(£)C{ U1Cy h(z-(t))
+wT<t>OJ\IJ Cyh(a,(t) + " (1)) U1C5 (1)
] (8)Cy U1C5w(t) + g (2(1))Cy 1C5 w(t)
+ hT(w (£))CJ W1Cs w(t) +w' (1)C5 W1 C5 w(t)

+wl (O W5 =T = 7ol = Qlw(t), (2.9)
Mat khéc, ta co cac dang thic sau

0=—7a' ()Pzx(t)— 7z ()P (t) +7V(x(t)) +7V(x(t)),

(2.10)
0=-—mw Bwlt)+nw' ) w).
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Tit cac bat dang thite (2.6)—(2.10), ta thu dugc bat dang thic sau
TCDFV (@(t) < nT (O En(E) + 7V (@(t) + 7V (@ () + new’ () w(t)
[y(t) (2.11)

w(t)

Uy W,
* W3 —Q —I =7l

trong do

D= [0 T g @) W) 0],

va ma tran doi xing = = [Z;;]5x5 duge xac dinh béi

En=-PA—-A"P+r,'PE,E] P +r,H, H,+ 1, PE,E, P
+r,'PEL,E)P +1;'PE,E] P — Ki,A, — C{W,Cy — 7P,

S = —C]UCy, Zi3=PB+ Ko\, — C]V,C5,

Eu=PW-C/VU,Cy, Zi5=-C]Vy,—C/¥,C5+ PD,

Zog = — KAy — Cy W10y — 7P, g3 = —Cy W1 (5,

Zos = KopAp — Cy W10y, Zgs = —Cy Wy — Cy) U, C5,

Ss3 =1y H,) Hy— Ay — C3 U103, Z34 = —C3 U0y,

Sg5 = —Cy Uy — CJ U Cs, ZEyy =roH) Hy — Ay — CJU,Cy,

By = —C Uy — C]U,C5,

S5 = rgH] Hy — C{ Wy — W) Cs5 — CF U1Cs5 — U3 +yI — 11 4+ vl + Q.
Stt dung Bo dé Schur, diéu kien Z < 0 tuong duong v6i bat dang thitc ma tran
dugce cho trong (2.5b). Do d6, 4p dung diéu kien (2.11), ta c6

TODFAV (2 (1)) =7V (2(t) <7V (@7(8) + mew (Hw(t)

0, 0, ”y(t)] (2.12)
x  W3—Q—yI—l||w(t) .

Mit khac, két hop (2.5a) va (2.12), ta suy ra bat dang thic sau

TCDS")‘V(JJ(t)) — 7V (z(t) <7V (2:(t) + w' () w(t). (2.13)

Dén day, chiing toi chia qu4 trinh chitng minh thanh hai buéc:
BuGc 1: Ta chiing minh rang hé (2.4) bi chin viing trong thdi gian hitu han
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d6i v6i bo tham s6 (cq, 2, T, @).

Dé thuan tién cho céc bién ddi tiép theo, ta dit
Y(t) = TODIAV (x(t)) — 7V ((t)). (2.14)

Ap dung phép bién ddi Laplace (BS dé 1.1.21) cho ca hai vé cita (2.14), ta thu
dugc
LIY@)](s) = L£|TODGV (@(t)) | (s) — 7 LIV (2 (1)) (s)
= (s + N LIV (z(t))](s) = (s + X)* 7V (2(0)) — 7 LV (x(t)))(s)
= [(s + ) = 7] L[V (@(®)](s) = (5 + XV (x(0)),

diéu nay tuong duong véi

1 (s + M)t

LV ) = Gy STOI6) + 1 e V). (219

Tt Bo dé 1.1.20, ta c6

(54—)\)&71 . a . ay ,—At
(s v aye =7~ CETONs +A) = LlEa(rt)e T (s),

1 a—1 « _ a—1 a) ,—At
G = LT Baa(rt)(s £ ) = LI Baa(rt?)e (o).

Do do, ta co
LIV (@(1))](s) = LIEa(rt")e™](s) V(2(0))
+ LI Baa(1")e™ ] (s) LT ()] ()
= L[Ba(rt*)e™](s) ( (0))
+ L[t "B a(Tt®)e ™M % T(t )] (s)
= L [e7MEa(rt")] () V(2(0))

FL| [ NP ) Enarte = 0% Y
0

(2.16)

St dung phép bién ddi Laplace ngude cho ca hai vé ctia (2.16), ta thu dugc

V((t) = e Ba(rt*) V(2(0)) + /0 e Tt — 1) B o (7 (8 — 1)) T (1) dpa.
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Do dé, ta thu dude dang thic

MV (2(t)) = Ba(rt*) V(x(0) + /0 (t = 1) Eaa(r(t — 1)) T (n) dpe.

V6i moi t > 0, stt dung Gia thiét 2.1.2 v& bat dang thiic (2.13), ta thu duge udc
lugng sau

sup MY (0) < eMyw + 1 sup MV (2,(6)). (2.17)
0<[0,t] 0€0,t]

Do do, ta co
AV (2(1))
< Eo(1t*) V(2(0))

t
+ sup MT(9) / (t = 1) B (7 (t = 1)) dp (2.18)
0€[0,t] 0

< Eo(rt*) V(2(0)) + (e’\t'ylw + 7 sup e’\GV(asT(H))> M

0€(0,t] T
Bay gio, véit € [0, T1], ta udc lugng ham Lyapunov trén hai khoang thai gian sau:
e V6i s € [—7,0], do z(s) = ¢(s), suy ra rang

eMal (s)Pa(s) = o' (s)Pp(s) < Ba(TT%) sup o' (0)Pyp(0),
0e[—,0]

trong dé bat ding thic dude suy ra do tinh don diéu ctia ham MittagLeffler
E.(+) trén [0,7].

e V6i s € [0,], ap dung bat dang thiic (2.18), ta thu dugc

™V (2(5)) < Ea(rs")V (2(0))

E.(rs%) — 1
+ (e’\sfylw + 7 sup e’\eV(acT(G))> Ealrs®) =1
6€[0,t] T
< Eo(7T) sup e (0)Pi(0)
0e[—T,0]
E(rT) — 1
+ <e’\T71w + 7€M sup e/\(eT)V(:I:T(Q))> L,
6€0,t] T
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trong d6 ta da st dung cac tinh chat F,(rs*) > 1 vd ham E,(-) ting trén
doan [0, 7.
Do do, ta thu duge uéc lugng sau

sup MV (2(0)) < Eo(rT*) sup Mo (0)Pp(0)
oe[—.t] oe[-,0]

E (tT%) -1
+ (e’\Tfylw + 7’ sup eA(HT)V(xT(H))) L

0€(0,t] T

(2.19)

Ap dung BS dé 1.6.8 v6i I1(t) = sup eV (x(8)),
oe[—,t]

6 = BL(T?), &= (B (1)~ 1), & =yae P72,

tit bat dang thitc (2.19) va dieu kien I1(0) < Apax(P)]|¢]|?, ta suy ra
[T/7]+1

sup GMV(ZII(Q)) < (H(O) + 3 +£2 _ 1) Z 52 m (2.20)

o[-,

< Mol + Xa.
Do do6, véi moi t € [0,T1], ta c6

z(t)T Px(t)
Amin(P)

e—)\t

B )\min(P) AtV( ( )) - )\mln(P)

lz(®)[* <
(2.21)

()\1||§0||2+>\2).

Tit (2.21) va diéu kien (2.5¢), ta c6, néu ||¢||* < c; thi

z(t)||* < (A1e1 + A2) < co.
Amin (P)

Do d6, he (2.4) bi chin ving trong thoi gian httu han déi v6i bo tham s6
(Cl, co, T, (IJ).
BuGc 2: V6i diéu kien ban dau ¢(t) = 0 v6i moi ¢ € [—7, 0], ta chiing minh bat

déng thic sau dude théa man

t t
/ e—/\(t—s)(t —5)*” 1J( )ds > 7/ _”\(t_s)(t — ) W (s)w(s)ds, Vt € [0,T].
0 0
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T (2.12), ta suy ra

TCDEAY (2(t)) < TV (2(t)) + 7V (2,(t)) + 1w (£)w(2)

Do do, ta co

TEDFV (w(t) <V (@) + 7V (2,(1) + T (O] = Q = 7allw(?)

Voo W y(t) (2.22)
x Wy —~l| |w(t)

=7V (@(t)+7V (2-(t))+w' (H)[1] - Q- llw(t) —3(t),

[y(t)] |
w(t)

trong do

x Wy —yl
T (2.5d), ta thu duge

Q— (m1 — ) > (1 + eI >0,
0 < [Amin(@ — (11 —72)I) — 01+ )] |z

Tu do, suy ra

{ Q— (11— 2) >0, (2.23)

Amin(Q - (71 - 72>]> > 70(1 + e)\T)'

Lay tich phan hai vé clia bat dang thic (2.22) trén khoang [0,¢] va luu ¥
rang V (z(t)) > 0, dong thsi st dung cac bat dang thiic (2.20) va (2.23), ta thu
dugce

TIS‘”\%(t) < T]g’)‘ (Te_’\te’\tV(a:(t))) + T]g")‘ (Te_’\(t_T)eA(t_T)V(xT(t)))

+ T (W ()T = Q = llw(t)) = "I O DGV (2 (1))
< T (re M allpl? 4+ 2ol ) + 15 (e + )
=TI w T (Q = I + ellw(t) = "IN O DGV (a(t))
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+ e MV (2(0))

I'a+1)
+ Amax(P) 2] (2.24)

< [Fo(L 4+ €)= Auin(Q — M1 + 72])@]

V6i diéu kien ban dau () = 0, két hop (2.23) va (2.24), ta suy ra
Ta
T a,A\ — AT J
[’C\t<( 1 — Amin(@Q — 1 I )—<0.
0 () < (Fo(L+e™) (@ =l +yl)w Mlatl) =
Diéu nay chiing t6 rang diéu kién tieu hao duge thdéa man. Do d6, ching minh

ctia Dinh 1y dude hoan tat. n

Nhan xét 2.1.6. Trong khi Zitane va Torres [88] nghién ctiu tinh én dinh trong
thoi gian hitu han cho cac 16p hé cap phan s6 Caputo vdi nhan suy gidm c6 tré
bang cach st dung cac bat ding thitc Holder, Jensen va Gronwall véi nhan suy
giam, thi trong muc nay, ching toi nghién ctu bai toan tong quat hon la bai
toan tieu hao trong thoi gian hitu han viing déi véi 16p hé no-ron khong chic
chan phi tuyén cap phan s6 Caputo v6i nhan suy gidm c6é nhiéu va tré hang
s6. Ching toi st dung cach tiép can két hop giita k§ thuat “inf-sup”, bién doi
Laplace do6i véi dao ham Caputo véi nhan suy gidm va cac diéu kién duya trén

LMI nham thiét lap céc tieu chuan it bao thi va dé kiém ching hon.

Cac két qua thu dugc khong chi ddm bio tinh bi chin cuia trang thai he
trong thoi gian hitu han ma con thiét lap duge moi quan hé nang luong gitta
nhiéu dau vao v dau ra clia hé thong qua bat dang thic tiéu hao ciia hé trong
mot khuon kho théng nhat. Do do, cac két qua clia ching toi khong chi duge
thiét lap cho mot 16p hé tdng quat hon méa con dua ra mot huéng tiép can hieu
qua hon trong viéc phan tich tinh tiéu hao trong thoi gian htu han so véi cac

két qua da dude cong bo trude do.

Trong trudng hgp A = 0 va v6i moi ¢ > 0, hé (2.1) tré thanh 16p hé no-ron
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khong chic chan cap phan sé6 Caputo c6 tré hing so6 sau

\

T Dinh 1y 2.1.5, ta thu duge hé qua sau.

(Dpa(t) = —[A+ B F (O Ha(t) + [B + BBy (6) Hilg(x(1))

+[W 4 EyFy(t) Hy)h(x(t—7))+[D + EgFy(t)Halw(t),
y(t) = Cra(t) + Cox(t — 1) + C3g(x(t)) + Cih(x(t — 7)) + Csw(t),
z(0) = p(0), 0 € [-7,0].

(2.25)

Hé qua 2.1.7. Cho cdc s6 duong ci, ca, T va @ vdi c; < co. Gid st ton tai cdc

80 dUONG Ta, Th, Tds Tw, Vs Y1, Y2, cdc ma tran P € R™" Q € R™™ doi zing zdc

dinh duong va cdc ma tran duong chéo xdc dinh duong Ag, Aj, thod man cac

dieu kién sau

v,y Wy

=11 =120 =13
*  Zago Hag
ES * 533
* * *
* * *
* * *
* * *

* * *

kS x *

)\min (P)

Eu
Eoq
E34
g
*
*
*
*

*

<0,

* W3 —Q — Il — 7l

=s PE, PE, PE; PL,

o5 0 0 0 0
=35 0 0 0 0
i 0 0 0 0
=55 0 0 0 0

x —rd 0 0 0

* x —rpl 0 0

* * x —rql 0

* * * x =1yl

(Ac1 4+ o) < o,

Q — (’)/1 — ’)/2)_[ > 2;\}//0_[

(2.26a)

<0, (2.26b)

(2.26¢)

(2.26d)

Khi dé, hé (2.25) la tiéu hao viing trong thoi gian hitu han doi vdi bo tham so

(017 027T7(D)7

trong do

Ky = diag {ky ki ks ks, . ..

kK

Y n n Y
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5 , 5 e 5
Ky = diag {tl_t_lkatQ_tg_a <. 7t’l;t;L'_ )

ki + ki ky +ky k., + kt
Kgg:di&g{l—'_l 2+2 n+n}7

o+t ot +td -4t
K = d‘ 1 1 2 2 .« .. n n
2h 1ag{ 2 Y 2 9 9 2 9
A - dla’g{Al:[? A?Q? R A%n}’ Ah — dlag{All’ A127 ey A:}lbn ,
ra = E, (tT%) —1
G = B(T), Go=BalrT") -1, G=moT)L,
[T/T]+1 . 5 (T/7]+1
AL = max s A L B ( — 1)
1= Z 52 2 = & +£ 3 Z 52
T/T ]+1
~ 71(EQ(TTO‘) ;
= il + x50 = WELTTD =D (e 57 g ),
§1+8—1 Z ?

A~
—_
—
—]

=-PA-A"P+r,H H, — K A, — C/U,Cy — TP,

Sig = —C) W10y, Z13=PB+ KoyA,— C/ ¥1C3, Eyy=PW —C]¥,0y,
Zi5=—C] Uy — C]U,C5 + PD,

Egg = —KipAp — Cy W10y — 7P, Zg3 = —Cy W1C3,  Zag = KopAy — Cy W10y,
Hos = —Cy Uy — C) U, Cs,

Ea3 = rpH Hy — Ay — O3 U1C3, Zgy = —C4 W10y, S35 = —Cy3 Uy — C3 ,C5,
B =roH Hy — Ny — C] 0,0y, Eys=—-C[ Uy — C] 05,

Es5 = raHy Hg— Cq Uy — Uy Cs — Cy U1C5 — Us + I — 111 + 7 + Q.

Nhan xét 2.1.8. Trong truong hgp A = 0, he (2.1) tré thanh he no-ron cap
phan s6 Caputo c6 tré hiang s6. D6i vé6i 16p hé nay, céc cong trinh nghién ctu
trude day [9,10,17-19,56,64,72,78,79] chit yéu tap trung vao bai toan 6n dinh
trong thoi gian hitu han, nhung chwra xem xét bai toan tiéu hao trong thaoi gian
hitu han, ma 6 d6 mdi quan hé nang lugng gitta tin hiéu nhiéu dau vao va dau

ra clia hé duge dic trung béi mot bat dang thic tiéu hao.

Bén canh do, cac cong trinh [30,53] da nghién citu tinh tiéu hao cho céac hé
no-ron cap phan s6 Caputo. Tuy nhién, cac két qud nay dude thiét lap theo

nghia Lyapunov c6 dién, ttc la chi xét tinh tieu hao trén khoang thoi gian vo
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han ma chua xem xét tinh tiéu hao trong thoi gian hitu han.

Khéac véi cac cong trinh néu trén, két qua trong muc nay ctia luan an thiét
lap cac diéu kien dadm bao tinh tiéu hao trong thoi gian hitu han cho 16p heé
no-ron cap phan sé6 Caputo véi nhan suy gidm cé tré hang s6. Cac dieu kien
nay khong chi dam bao trang thai ctia hé bi chéan trong thoi gian hitu han ma
con mod ta mdi quan hé nang lugng gitta nhidu dau vao va dau ra clia hé thong
qua bat ding thic titu hao. Vi vay, ngay ca trong truong hop dic biet A = 0,
cac két qua thu dugc ctia ching t6i tao ra mot budc tién dang ké so véi cac két

qua da duge nghién cttu truée do.

Tiép theo, ching toi trinh bay mot vi du s6 nham minh hoa cho cac két qua

ly thuyét da thu duge.

Vi du 2.1.9. V6i moi t > 0, xét 16p hé no-ron khong chic chan cap phan sb

Caputo v6i nhan suy gidm c6 tré hang so

(TC DY 0 (1) = —[A| + B, Fo(t) Hola(t) + [B + EyFy(t) Hylg(x (1))
W+ By Fy(t) Hylh(2(t — 0.1))

\ HD+EqFy(t)Halw(t), (2.27)
y(t) = Crz(t)+Cox(t — 0.1)+Csg(x(t))+Cyh(x(t — 0.1))+Csw(t),

2(0) = p(0), 6€[-0.1,0],

\
trong do z(t) = (z1(t), 22(t))" € R? y(t) € R vi w(t) € R. Cac ma tran ctia he
dugc cho béi

05 0 0.1 ,
A= ) Ea = ) Ha - |:01 03] ) Fl(t) = SlIlt7
0 0.5 0.2]
(0.1 0.2] [0.1]
B = , By= , Hy= [0.1 0.9] . Fy(t) = cost,
0.3 0.4 0.1]
0.1 0.1 '
D= B, — . Hy— [0,5} . Fy(t) = sint,
0.2 0.1
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0.1
0.1

0.5 0.1
W[ Ch-

0.1 0.2

] , Hy = [0.1 O.l] . Fy(t) = cost,

¢ =02 03].C=Joa 02],¢5 =02 01].ci= 03 01].C5= 2]
Céac ham kich hoat dugc cho béi

g(x(t)) = (tanh z1(¢), tanh z,(t)) " € R?,
h(z(t —0.1)) = (tanhz(t — 0.1), tanh z5(t — 0.1)) " € R?

va thoa man Gia thiét 2.1.1 véi

10 00 10 00
Ky, = , Koy = , Kp = , Kop = -
01 00 01 00

Chon ¢; = 0.2, ¢ = 2, T = 5 vanhiéu w(t) = v/0.1sin¢ théa man Gia thiét 2.1.2
v6i w = 0.1. Cac ma tran ¥; (i = 1,2, 3) dudc chon

U, =[-0.2], Wy=1[0.1], W3=7[13].
Béang cach st dung hop cong cu LMI Control Toolbox trong MATLAB [21], ta
kiém chitng duge cac dit lieu néu trén thoa man tat cd cac diéu kien ctia Dinh
Iy 2.1.5 v6i cac gia tri
ro = 47217, 1y = 3.6513, 1= 44004, 1, = 4.6454,
v = 5.0086, 71 = 6.5459, -~y = 5.0986,

va cac ma tran tuong ing la

—0.2389 1.5003

4.6063 0 3.9910 0
Ap = LA, = .
0 46156 0 52308

1.8791 —0.2389
P= . Q= [5.0986],

Theo Dinh 1y 2.1.5, hé dugc xét 1a tiéu hao viing trong thoi gian hitu han do6i
véi bo tham s6 (0.2, 2, 5, 0.1).

Két qua m6 phéng: Véi dicu kién ban dau zy = (0.4, 0.19)" € R% Hinh 2.1
cho thiy quy dao ctia || (¢)]|? luon bi chin trén béi dusng cy = 2 trong khoang
thoi gian [0, 5].
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O]l
217

[1x

(

c,=0
c,=2

1
2

0.8

0.6

0.4

0.2

Hinh 2.1: Quy dao cta ||z(t)]|* trong Vi du 2.1.9.

Dé danh gia hiéu suat tieu hao véi diéu kien ban dau bang khong, ta dinh

nghia ham hi¢u suat TP(t), t € [0,5] nhu sau

TP(t) = /0 e M9t — )1 T (s) ds — ’y/o e A=)t — 51w T () wi(s) ds.

Hinh 2.2 cho thay rang TP(t) luon duong trén toan bo khoang thoi gian xem

xét, qua d6 xac nhan diéu kién (ii) trong Dinh nghia 2.1.4.

x 10°
25

0.5F

Time(sec)

Hinh 2.2: Quy dao ctia ham hieu suat T'P(t) trong Vi du 2.1.9.
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2.2 Bai toan tiéu hao md rong trong thdi gian hitu han cho
16p hé no-ron khong chic chin cip phan sé6 Caputo
c6 nhiéu

Trong nhitng ndm gan day, khai niém tiéu hao md rong da thu hut duge
nhiéu syt quan tam trong 1y thuyét didu khién va hé dong luc. Khai niem nay
duge B. Zhang va cac cong sy [83] dé xuat vao nam 2013 nham xay dung mot
khuon khoé théng nhat cho viec khéo sat cac tinh chat hiéu suat ciia hé, bao gdm
tinh chat Hu,, Ly— Lo va tinh thu dong. Tiép d6, H. Gao cung céac cong sy [22]
da maé rong khai niém nay cho truong hgp thai gian hitu han, qua dé cho phép
xem x6ét dong thoi cac tinh chat H.,, Ly — Lo, tinh thu dong va (R, T, S)-tiéu
hao trong mot khuon kho théng nhat.

Trong muc nay, ching téi nghién cttu bai toan tiéu hao md rong trong thoi
gian httu han déi véi 16p hé no-ron khong chiac chan phi tuyén cap phan so

Caputo c¢6 nhiéu nhu sau
(

6 Dia(t) = —[A+ AA®)]x(t) + [W + AW (1)]g(x(t))

+D + AD@)]w(t), t > 0,
) (2.28)
y(t) = Cro(t) + Cog(x(t)), t > 0,

x(O) =179 € R",

\
trong d6 z(t) = (z1(t), z2(t), ..., 2,(t))" € R™ la véc to trang thai, y(t) € R™
la véc to dau ra, w(.) € Lo([0, +00),R?) 1a nhiéu dau vao va

g(@(t)) = (g1(21(1)), -, gnl@n(1)))

1a cdc ham kich hoat phi tuyén. Ma tran A = diag{as, ..., a,} 13 ma tran duong
chéo xac dinh duong, cac ma tran W, D, C, Cy 1a cac ma tran thuc da biét véi

kich thudc phu hgp.
Dé phan tich tinh tiéu hao ctia he, ching toi st dung cac gia thiét sau.
Gia thiét 2.2.1. Cdc ma tran tham s6 AA(t), AD(t) va AW (t) zdc dinh bdi
AA(t) = E1Fi(t)Hy, AW(t) = ExFy(t)He, AD(t) = E3F3(t)Hs,
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trong dé Ey, Es, Es, Hy, Hy, H3 la cdc ma tran thuc da biét cé kich thude phu
hap, con Fi(t), Fy(t), F3(t) la cdc ma tran chua biét bién thién theo thoi gian,

thoa man
ETMF(t) <I, Vt>0, i=1,2,3.

Gia thiét 2.2.2. Cdc ham kich hoat phi tuyén g;(t)(i = 1,2,...,n) la lién tuc

va bi chan vdi g;(0) = 0, théa man

ko < gi(u) — gi(v) <k, (2.29)
u—"v

trong dé k; ki la cdc so thuc da biét, u,v € R,u # v.

Khi khong c6 véc to dau ra y(t), he (2.28) tré thanh

(

6 Dia(t) = —[A+ AA()|x(t) + [W + AW (t)]g(x(t))
\ +[D +AD(t)]w(t), t >0, (2.30)

x(O) =x9 € R™.

\
Dinh nghia 2.2.3. Cho ma tran R € S} va cac s6 duong ¢y, 9, w, T(c1 < ¢3).
He (2.30) dugc goi 1a bi chin viing trong thai gian hitu han d6i véi bo tham s6

(c1, ¢, T, 0, R) néu dieu kien sau duge thod man
xg Rrg < 1 = o' (H)Ra(t) < ¢y, Vt€[0,T],
v6i moi nhiéu dau vao w(t) thda man Gia thiét 2.1.2.

Dinh nghia 2.2.4. Gia sit cic Gia thiét 2.1.2, 2.2.1, 2.2.2 dugc thod man. He
(2.28) duogc goi la tieu hao mé rong vitng trong thoi gian hitu han déi véi bo
tham s6 (c1, c2, T, @, R), néu hai diéu kién sau dugc thoa man

(i) He (2.30) la bi chan ving trong thoi gian httu han d6i v6i bo tham s
(c1,¢9,T W0, R).

(ii) Véi diéu kien ban dau bang khong, bat dang thic sau day duge théa man

oI&J(t) —yT () Wuy(t) >0, Vtelo,T], (2.31)
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trong do

A

J(t) =y () Ury(t) + 2y " () Vaw(t) +w' (t)Tsw(t),
véi Uy, W3, Uy 14 cac ma tran thyc déi xing, c6 so chiéu thich hop théa man

Uy <0,¥3>0,0y >0 va Uy 1a mot ma tran thuc cé s6 chieu thich hop.

Nhan xét 2.2.5. Dinh nghia 2.2.4 bao ham nhiéu chi s6 hiéu suat quan trong
nhu cac truong hgp riéng thong qua viéc lita chon thich hgp cac ma tran
\1/1, \:[12, \:[13 va \:[14.

(i) Néu chon U = —pI, ¥y = %], Uy =0,¥y =0, véi p > 0, thi ta nhan dugce

olf (y' (O (t) — py" (Dy(t) >0,
tuong tng véi tinh thu dong trong thai gian hitu han cho hé cap phan sé.

(ii) Néu chon ¥; = —I,¥y = 0,¥3 = 21, ¥, = 0, thi diéu kién (2.31)
tré thanh
off (Yw' (Hw(t) —y ' (t)y(t)) >0,

day chinh 1a hiéu suat H., trong thoi gian hitu han cho hé cap phan sé.

(iii) Néu chon Uy = Q, ¥y = S, ¥3 = R, ¥, = 0, thi Dinh nghia 2.2.4 suy bién
ve tinh tiéu hao (@, S, R) trong thoi gian hitu han cho hé cap phan sb.

Do d6, Dinh nghia 2.2.4 cung cap mot khuon kho tong quat va théng nhat dé

khdo sat nhiéu chi s6 hiéu suat khac nhau cho cic hé cap phan sb.

Dai véi he (2.28), ching toi thiét 1ap cac diéu kien di ddm bao tinh tiéu hao

mad rong ving trong thoi gian hitu han nhu sau.

Dinh ly 2.2.6. Cho cdc s6 duong cy,co,w, T vdi ¢y < ca va ma tran R € S}
Gid st cac gid thiét 2.1.2, 2.2.1, 2.2.2 dugc thod man. Hé (2.28) la tiéu hao md
rong vimg trong thoi gian hi han doi vdi bo tham so (c1,co, T, R, @), néu ton

tai ba s6 duong €1, €, €3, hai ma tran Q,X € S, va ma tran dudng chéo xdc

n
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dinh duong A € R™ "™ sao cho cdc dieu kién sau dugc théa man

Oy Qo Qs QE QB QFs]
* QQQ —CQT\IIQ 0 0 0
* * Q33 0 0 0
0

<0, (2.32a)
* * * —l 0
* * * * —el 0
| * * * * *  —egl |
)\max(\:[l?))w
A ———TY < A\ 2.32b
201 + T(a+ 1) < A1C2, (2.32b)
cyv,C, Clw,C X 0
T , (2.32¢)
* C;\IJLLCQ 0 I
X+ K*<Q, (2.32d)

trong do

K =diag {k{ k5, ...k}, Ky = diag {k{ ki, kykd, .. ki ki)

K2:diag{k1_gkf,kQ;k;,.”,W},

Q=R QR 3\ = Amin(@); A2 = Amax (@),

Q= —-QA—ATQ+ e1h{ hy — C] T,Cy — K A,

Q9o = € Hy Hy — Cy U1Cy — A,

Qa3 = e3Hy Hz — U3, Q9 = QW — O] U,Cy + Ko\, Q3 = QD — C] Uy,

Chiing minh. Xét ham Lyapunov cho hé (2.28) dudi dang nhu sau

V(a(t) = 2" ()Qu(t).

Stt dung Bo6 dé 1.6.3, ta danh gia dao ham Caputo cap « ctia V (z(t)) nhu sau

§ DYV (x(t) < 22" (H)Q § Dya(t)
=2 (H)[-QA — ATQlx(t) — 22T (1)QE Fy(t)Hyx(t)
+ 22T ()QWg(x(t)) + 22" ()QE2Fo(t) Hag (1))
+ 22" (H)QDuw(t) + 22" (t)QE3F5(t) Haw(t).

(2.33)
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Ap dung bat ding thic ma tran Cauchy, két hop véi Gia thiét 2.2.1 ta thu duge

cac uéc lugng sau
22T ()QE Fy(t)Hiz(t) < e;'aT (H)QEL B Qx(t)
+ ex! (1) H Hyz(t),
22" (1)QE2Fy(t) Hag(a(1)) <€ 'a' (H)QE2 Ey Qu(t)
+eag! (x(t)Hy Hag(x()),
21" (1) QEsF3(t)Haw(t) < e'aT (H)QF3E; Qu(t)
+ €3WT(75)H3TH3W(15)~
Cong cac bat dang thic trong (2.34) vao (2.33), ta thu duge
§DV() <z'(t)—QA—ATQ+ ¢ 'QEE] Q+ e H Hy
+ 6 'QEE) Q + €5 QE3E5 Qx(t)
+esw ! (t)Hy Haw(t) + eag ' (x(t))Hy Hag(x(t))
+ 22" (H)QWg(x(t)) + 22" ()QDw(t).

Mat khac, ta c¢o

J(t) =y () W1y(t) + 2y " (D) Waw(t) +w' (1) Wsw(t)
=2 ()C] U 1C1z(t) + 227 (1)C] ¥ Cag(x(t))
+g' (2(1))Cy W1 Cag(x(t))
+ 22" (1)C] Waw(t) + 297 (z(t))Cy Waw(t)
+w' (1) Wsw(t).
Két hop (2.35) va (2.36), ta thu duge
6 DYV (a(t) = J (1)
<z'()[-QA-A'Q+ €& 'QEIE Q+ e H| H
+6 ' QEEy Q + ¢ QB3B3 Q — O W1C1] (1)
+w' (t)es Hy Hs — Wslw(t)
+9" (x(t)[eaHy Hy — Cy W1Colg(a(t))
+ 227 ()[QW — O Wi Cylg(a(t)) + 22" (H)[QD — CY WaJw(t)
— 29" (x())Cy Waw(t).
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Mat khac, tit Gia thiét 2.2.2 cho ta
rat) < giaue)) < Kpaide).
Do do, v6i moi A; >0, i =1,2,...,n, ta suy ra
[9:(i(t)) — k()] Aai [k () — gi(i(1))] = 0.
Bat dang thiic trén tuong duong véi

gi(xi () Nii(ky + kD)ai(t) — @i(t) Ak ki — gii () Niagi(x:(t)) > 0.

Tu do, ta co

KA KA
AK] A

P o
2T(0) g7 (() St
=~z () K Ax(t) + 22" (1) KaAg(x(t) — g (2(t)) Ag(x(1)) (2.38)
=D lgilwi(®)) Niskiza(t) — i) Nisky K — gila() Aiagili(1)] 2 0,
1=1
trong d6 A = diag{A11, Ago, ..., Apn} va k; = k7 + k.
Két hop (2.37) va (2.38), ta ¢6

§DV (x(t)) — J(t)
<z'(t)| -QA-ATQ+ € 'QEIE[ Q + e H| Hy
+ 6 \QF2F) Q + 63 'QEsE] Q — O] U,C) — KA |x(t)

+ wT(t)[GgH;—Hg — qu](x)(t)
+ 9" (2(t)[e2Hy Ha — Cy U105 — Alg(z(t))

+ 22" (H)[QW — C] ¥,Cy + KoAg(x(t) + 22" (1)[QD — Cf Wylw(t)
— 29" (x(1))C3 Waw(t).
Hay, ta co
§ DV ((t) = J(t) <n'(H)2n(t), (2.39)



trong do

=11 =12 =13

- = T
= = * 99 —02 ‘112 3

* * 533

En=-QA-A"Q+e'QEE] Q + e H Hy + ¢, 'QEE) Q
+ 6 QBB Q — CT U Cy — KiA,
Eop = eaHy) Hy — Cy W1Cy — A,
Z33 = e3Hy Hy — U3,
E1p = QW — O] U1Co + KA, Z13 = QD — C Us.
Ap dung B6 dé Schur, diéu kien = < 0 1a tuong duong véi (2.32a). Do d6, két
hogp véi (2.39), ta suy ra dugce bat dang thiic

§ DYV (z(t)) < J(t),Vt > 0. (2.40)

Tiép theo, chiing toi chia qué trinh ching minh thanh hai buée:

Buéc 1. Ta sé chiing minh rang he dong (2.30) 1 bi chan viing trong thoi gian
hitu han d6i v6i by tham s6 (cq, 2, T, W, R).

Trong truong hop he (2.30) khong c6 véc to dau ra y(t), ta co

J(t) = w' (t)Usw(t).
Khi d6, bat dang thiic (2.40) dugc rit gon thanh
CDV (1) < w' () Waw(t) < Amax(T3)w ' (Hw(t), Wt € [0,T]. (2.41)

Lay tich phan hai vé ctia bat dang thiic (2.41) tit 0 dén ¢ v6i 0 < ¢t < T, ta thu
duge uée lugng sau

' (H)Qxz(t) < 2(0)Qx(0) + M%Sjg)/o (t —5)* tw' (s)w(s)ds
< 2y Qo + %);()\Ilg) /Ot(t — 5)*ds (2.42)
< Quo + ey
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Mit khac, véi

2T (1)Qx(t) = & ()R2QR2x(t) > Anin(Q) " (1) R (t) = Mz (¢) Rae(t), (243)

xOTQacO = J:(TR% @R%azo < Amax(Q) :L’JRJ:O = A\ x(TR:L’O < \a9cCy. (2.44)
Tit cac bat dang thitc (2.42), (2.43) va (2.44), ta suy ra
W Amax(¥3) 0
Mz (HORx(t) < V(z(t) = 2" (1)Qu(t) < \acy + Mo +( 1;) T, (2.45)

Két hop véi dieu kien (2.32b), tur (2.45) suy ra rang néu diéu kien ban dau
thoa man
xg Rrg < ¢ = o' (t)Ra(t) < .

Do d6, he (2.30) 1a bi chan viing trong thoi gian hitu han ddi v6i bo tham s6
(Cla C2, T7 w7 R)
Buégc 2. Ching minh tinh tiéu hao mé rong viing cua he(2.28).
Xét didu kien dau bing khong, tic 1a #(0) = 0. Khi d6, V(0) = 0. Ap dung
toan tit oI vao hai vé ctia (2.40), ta thu duge

oIy (§DfV (1)) < oIfJ(t), te(0,T). (2.46)
Theo B dé 1.1.14, ta ¢6

ol (6 DYV (2(1))) = V(x(t) = V(2(0)).

Do do, tir diéu kien V(2(0)) = 0 va bat dang thiic (2.46), ta suy ra

A~

V(x(t)) < oI J(t), Vtel[o,T], (2.47)

trong do .
a7 1 a=17
ol J(t) = m/o (t —s)* 1 J(s)ds.

Mat khac, tit (2.32¢), ta co

(O 0,0 O,y

y () Way(t) = [?L’T (t) QT(I(”)] AR e

z(t) ]
g(x(t))

. . (X o] [ =0
<|7"() ¢ ()] k ]] [g(x(m

= (t)Xa(t) + g ((t))g(x(?)).
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T Gia thiét 2.2.2, ta c6

g' (w(t)g(z(t)) < o' (H) K a(t).

Tu do, suy ra
YT (OWay(t) < T (8)(X + K?)a(t). (2.49)

Két hop véi (2.32d), ta c6

y' () Pay(t) <z (H)Qux(t) = V(x(t)). (2.50)
Tit (2.47) va (2.50), ta suy ra

y T (O)Tay(t) < oIfJ(t), Ytelo,T). (2.51)

Két hop Budc 1 va Bude 2, ta két luan rang he (2.28) 1a tieu hao md rong viing

trong thoi gian httu han déi véi (¢, co, T, @, R). Dinh 1y dugc chiing minh. [

Nhan xét 2.2.7. Trong linh vic hé no-ron cap phan sb, bai toan phan tich
tieu hao da duge nghién cttu trong [59]. Cong trinh nay xem xét bai toan dudi
goc do on dinh tiem can theo nghia Lyapunov, trong d6 tap trung vao quy dao
clia véc to trang thai khi thoi gian tién t6i vo cting. Trong khi d6, tinh bi chin
trong thoi gian hitu han lién quan dén viéc rang buodc quy dao trang thai trong
mot khoang thaoi gian hitu han xac dinh. Nghién cttu nay ctia chiing to6i la cong
trinh dau tién nghién ctu bai toan phan tich tiéu hao cho 16p hé no-ron cap

phan s6 theo nghia bi chin trong thoi gian hitu han.

Bang cach chon cidc ma tran ¥, = 0, Wy = I, U3 = ~v] va U, = 0, trong d6
~ 1a mot hiang s6 duong, tit Dinh 1§ 2.2.6 ta suy ra cac tiéu chi thu dong cho
hé (2.28) nhu sau.

Heé qua 2.2.8. Cho cdc s6 duong cy, c2,w,T vdicy < co va mot ma tran R € S}
Gid st cac gid thiét 2.1.2, 2.2.1 va 2.2.2 dugc thod man. Hé (2.28) la thu dong
viing trong thoi gian hiu han doi vdi bo tham so (cy,c2, T, R, W) néu ton tai cdc

s6 duong €1, €, ¢€3,7, hai ma tran Q, X € S} va mot ma tran duong chéo xdc
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dinh duong A € R™ "™ sao cho cdc dieu kién sau dugc théa man

My My Mz QB QB QF;]
* Moy —C) 0 0 0
* x  Mss 0 0 0
0

<0, (2.52a)
* * * —al 0
* * * * —el 0
| * 3 * *  —esl |
YW
A ——TY<\ 2.52b
2C1 + Tla+ 1) < A1C2, (2.52b)
X 0
> 0, (2.52¢)
0 I
X +K*<Q, (2.52d)

trong do

K = diag{ki ki, ... kY, Ky = diag{kT kT kg ki, ko kT,
ki + ki ky + ks k, +k
Ko = di 1 1 2 2 o n n
2 dlag{ 2 ; 9 ’ ) 9 )
@ - R_l/QQR_l/Qa )\1 - Amin(@); )\2 - )\max(@)a
My = —QA—ATQ + e H H — KA,
Moy = eaHy Hy — A,  Mss = e3Hy Hy — 71,

Mz = QW + KA, Mz =QD —CY.

Tiép theo, ta xét mot truong hop dic biét clia hé (2.28) khi cac thanh phan
bat dinh bi triet tieu, tic 1a

AA(t) = 0, AW (t) = 0 va AD(t) = 0.

Khi do6, he (2.28) suy bién vé mang no-ron duéi day

(

SDfx(t) = —Ax(t) + Wg(z(t)) + Dw(t), t >0,
3 y(t) = Cra(t) + Caglalt)), ¢ >0, (259

2(0) = o € R™.
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Tt Dinh 1y 2.2.6, ta thu dudc hé qua vé tinh tiéu hao nhu sau.

Heé qua 2.2.9. Cho cdc s6 duong ¢y, c2,w,T vdicy < cog va mot ma tran R € S},
Gid st cac gid thiét 2.2.2-2.1.2 dugc thod man. Hé (2.53) la tiéu hao ving trong
thoi gian hitu han doi vdi b tham s6 (c1,co, T, R, @), néu ton tai hai ma tran
Q,X €S} va mot ma tran duong chéo xdc dinh duong A € R™™ sao cho cac

dieu kien sau duoc théa man

dyy D9 QD — C]' ¥,

* —C;—‘Ijlcz — A —C;—\IJQ < 0, (254&)

* * —Ws

)\max(\y?’)w

A —— T < A 2.54b
2C1 + T(a+ 1) < Arcg, (2.54b)

Clu,Cp Cl W, X 0
] , (2.54c)

* C;—\IMCQ 0 [
X +K*<Q, (2.54d)

trong do

Oy =—QA-ATQ—-CJU.C, — KiA, 1y =QW — C] ¥Cy + KA.

Dé so sanh véi cac két qua da co trude do, ta xét trusng hop dac biet sau,
trong d6 hée dang xét tré thanh mot hé cap phan s6 tuyén tinh sau
§Dea(t) = Ax(t) + Dw(t), t >0,
0 - (2.55)
z(0) = z9 € R",
trong d6 a € (0,1) la cap phan s6 ctia he, z(t) € R™ la véc to trang thai,
w(t) € R? 1a véc to nhiéu dau vao théa man Gia thiét 2.1.2, va 2o € R” la diéu

kién ban dau. Cac ma tran A € R™ " va D € R"*9 14 cac ma tran thuc da biét.

T He qua 2.2.9, ta thu dugce két qua cho tinh bi chin trong thoi gian hitu

han nhu sau.

Hé qua 2.2.10. Cho cdc so duong ci,co,w, T vdi c1 < co va mot ma tran

R € St. Gid su gid thiét 2.1.2 dugc thod man. He (2.55) la bi chan trong thoi
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gian hitu han doi vdi bo tham s6 (cy,c2, T, R, @), néu ton tai hai ma tran doi

zing wdc dinh duong Q, P sao cho cic dieu kién sau dugc théa man

A4+ AT D
@ © Qb 0, (2.56a)
pTQ  —P
max w
Aoc1 + F(;)I)T < )\102, (256b)

trong do
A= Aain(@), A2 = Anax(@), @ = R2QR 2.
Tiép theo, ching toi trinh bay mot vi du s6 nham minh hoa cho cac két qua
Iy thuyét da thu duge.
Vi du 2.2.11. Xét hé no-ron cap phan s6 (2.28) véi
o(t) = (@1(t), 22(1)) " € R,

cap phan s6 a = 0.5 va cic tham s6 sau

2 0 0.1] '

A= , B = , Hy = [0.5 0.6} , Fi(t) = sint,
0 2 0
0.5 0.5 K

= , By = , Hy = [0.4 0.5] , F5(t) = cost,

0.8 0.9 0.1
0.1 0.5

D= , B3 = , Hy = [0.1} , F3(t) = cost,
0.2 0.6

0.1 0.1 0.2 0.3
Ci = , Oy = )
0.4 0.8 0.1 0.1
Ham kich hoat dugc chon

g(z(t)) = (tanhz,(t), tanh 25(t)) " € R,

00 05 0
—~ K .
[0 0] ! 0 0.5]
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Chonec =1,¢=49, R= , T =10, va véc t6 nhiéu w(t) = sint.

0 1

Dé thay rang Gia thiét 2.1.2 dudc thda man véi w = 1 vd cac ma tran U,

40
0 3|

Bing cach sit dung Hop cong cu Diéu khién LMI trong MATLAB [21], ta thiy ring

(1 =1,2,3,4) dugc chon nhu sau

00
00

0
0

U, = , WUy = , ‘1132[10], Uy =

cac dieu kien trong Dinh Iy 2.2.6 dudc théa man véi

€1 = 5.3550, €5 =4.9576, €5 = 21.9482,

_[109993 —03774] [ 61501 —00119]  [231580 0
—0.3774  9.6456 | —0.0119 5.6736 | 0  21.3563|

Do do, theo Dinh 1y 2.2.6, hé dugc xét 1a bi chan viing trong thoi gian hitu han
doi v6i bo tham s6 (1, 4,9, 10, I, 1).

V6i diéu kién ban dau duge chon 1a x¢ = (0.7, 0.7)T € R2. Hinh 2.3 thé hién
qui dao ctia ' (t) Rz(t) ctia hé dang xét 1a bi chan vitng trong thoi gian hitu
han déi véi bo tham s6 (1, 4,9, 10, 1, 1).

5 ------------- e ---- EEEE - —---- LR === == [ == ===
02=4.9 T
45+ x(t) TRx(t)
4 [ _
3.5 i
3 [ _
25r -
2 [ _
1.5t‘ i
1= S c=1
0.5r x() "Rx(t) e ]
09 1 2 3 i 5 6 7 8 9 10
Time(sec)

Hinh 2.3: Quy dao ctia x' () Rx(t) trong Vi du 2.2.11

D@ kiém tra hieu suat tieu hao trong thoi gian hitu han, ching t6i dinh nghia

ham hiéu suat tiéu hao nhu sau
TP(t) := I8 J(t) —y () Tay(t) >0, Vtel[0,T], telo,10].
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Hinh 2.4 cho thay rang ham hi¢u suat tiéu hao T'P(t) luon duong, diéu nay cho
thay diéu kién (ii) trong Dinh nghia 2.2.4 dugc thod man.

25

20

15

10

Time(sec)

Hinh 2.4: Quy dao ctia ham T'P(t) trong Vi du 2.2.11

Dé so sanh véi cac nghien citu da trude do, ta xét trusng hop dac biét cla

he (2.56) dudi dang he cap phan s6 tuyén tinh sau.
Vi du 2.2.12. Xét hé tuyén tinh cip phan sb sau

§DYx(t) = Ax(t) + Dw(t), t>0,

(2.57)
2(0) = (21(0), 22(0))" € R?,
trong do
0.1sint -1 2 10
) eR: wit)=( T )eRr:, A= . D= |
0.1cost 0 -1 01

Sau day, ta xét hai truong hgp nham so sanh véi két qua trong [46].
Truong hgp I. Gid st ¢; = 1, T = 10, R = I va @ = 0.01. Ta nhan thay ring
cac dieu kien (2.56a) va (2.56b) trong He qué 2.2.10 dugc théa man vdéi

0.2601 0.0692 b 11161 0
0.0692 0.5574| 0  1.1161]

va v6i moi ¢y > 2.5. Do d6, theo Hé qua 2.2.10, hé (2.57) 1a bi chan trong thoi
gian httu han ddi véi bo tham s6 (1, ¢z, 10, I, 0.01) v6i moi ¢ > 2.5.

St dung Dinh 1y 3 trong [46], ta ¢6 thégg))éc minh rang hé thong 1a bi chin trong
thoi gian httu han v6i bo tham s6 (1, ¢, 10, I, 0.01) v6i moi ¢z > 10.2957. Do



do, két qua clia ching t6i thé hién su cai thién ré rét vé giéi han danh gia so
v6i két qua trong [46].

Trudng hop II. Gid st ¢y = 1, ¢; = 5.7, R = I va @ = 0.01. Theo Bo
dé 2.2.10, he (2.57) la bi chan trong thoi gian hitu han déi v6i bo tham sd
(1, 5.7, T, I, 0.01) v6i moi 0 < T < Ty = 20.

Luu y réng trong [46], gid tri 16n nhat ctiia T duge ddm bao 1a Tpax = 1. Do do,

két qua clia ching t6i mang lai mién kha thi 16n hon so véi két qua trong [46].
2.3 Két luan chuong 2

Chuong nay da nghién citu bai toan tiéu hao trong thoi gian hitu han déi véi
mot s6 16p hé no-ron khong chac chan cap phan sé. Doi véi 16p he Caputo véi
nhan suy gidm, viéc xay dung cac danh gia Lyapunov gip kho khan do cau tric
clia toan ti khac véi truong hgp Caputo co dién. Dé xit Iy van dé nay, luan an
da thiét lap cac Bo dé 1.6.4 va 1.6.5, két hgp v6i phuong phap ham Lyapunov
va k¥ thuat bat ding thic ma tran tuyén tinh. Céc két qua chinh dat duge nhu

sau:

e D6i vdi 16p hée no-ron khong chiac chan cap phan s6 Caputo v6i nhan suy
gidm, c6 nhiéu ngoai va tré hang s6, luan an da thiét lap cac diéu kien du
dam béo tinh tiéu hao trong thoi gian hitu han duéi dang céc bat ding

thitc ma tran tuyén tinh, trén co sd sit dung phuong phap ham Lyapunov.

e Do6i v6i 16p hé no-ron khong chic chan cap phan s6 Caputo c¢6 nhiéu, luan
an da thiét lap cac diéu kien di ddm bao tinh tiéu hao md rong trong thoi
gian hitu han duéi dang céc bat dang thitc ma tran tuyén tinh, trén co sé

st dung phuong phap ham Lyapunov.

e Cac vi du s6 va mo phéng duge xay dung nham minh hoa tinh kha thi ctia
cac dieu kien du da thiét lap. Két qud mo phong cho thay cac dieu kien 1y

thuyét thu duge c6 thé duge kiém ching bang tinh toan sb.
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Chuong 3

Bai toan diéu khién dam bao chi phi trong
thoi gian hitu han cho mot sé 16p hé phuong
trinh vi phan cap phan sb

Tiép theo, luan an chuyén tit viec phan tich tinh 6n dinh va céc chi s6 hiéu
ning trong thoi gian hitu han sang bai toan thiét ké diéu khién. Cu thé, Chuong
3 nghién cttu bai toan diéu khién dam béo chi phi trong thsi gian hitu han cho
mot sd 16p hé phuong trinh vi phan cap phan s6 c6 tré. Muc tieu la thiét lap
cac diéu kien di dudi dang bat ding thitc ma tran tuyén tinh nhim xay dung
luat diéu khién phan hoi trang thai, bdo ddm hé déng on dinh trong thsi gian

hitu han va ham chi phi khong vugt qua mot chan trén cho trude.

Noi dung ctia chuong duge xay dung dua trén hai bai bao [CT2, CT3] trong

danh muc c4c cong trinh khoa hoc da cong bo ciia tac gia lien quan dén luan an.

3.1 Bai toan diéu khién dam bao chi phi trong thoi gian
hitu han cho 16p hé té hop 16i cip phan sé6 Caputo c6
tré bién thién

Xét hée khong chic chin to hop 16i cap phan sé Caputo co tré bién thien
nhu sau
{ §Dox(t) = A(€)x(t) + D(E)x(t — h(t)) + B(E)ult), t > 0,

(3.1)
z(n) = ¢(n), n € [—ha,0]

trong d6 0 < a < 1, z(t) € R" la véc to trang thai, u(t) € R™ la luat dieu
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khién va cac ma tran chua biét A(€), B(€), D(€) ciia he thudce t6 hop 161 Q duge
cho bdi
Q= {[AvBaD](£> - Zgl[AhBlaDl] 252 - 17 62 > Oa (NS {1a .. '78}} 3
i=1 i=1
trong d6 A;, D; € R™" B, € R™™ (i =1,2,...s, s > 1) la cdc ma tran thuyc,
ham tré A(t) théa man 0 < hy < h(t) < hg, Vt > 0, ham diéu kién ban dau

p(t) € C([=ha, O], R") véi [lpf| = sup [le(s)].

s€[—ha,0]
Cho s6 T > 0. Lién két véi he (3.1) 1a ham chi phi toan phuong sau

J = L/T(T — ) M a' (s)Mz(s) +u' (s)Ru(s)] ds (3.2)
IO . | |

trong d6 M va R 13 cac ma tran ddi xing xac dinh duong.

Khi khong c6 diéu khién u(t), he (3.1) trd thanh

{gmwwA@mw+D@n@mmx>a (33)

x(n) = (), Vne[—hy,0]
Dinh nghia 3.1.1. Cho ¢ > ¢; > 0, T > 0. Hé (3.3) dugc goi la on dinh ving
trong thoi gian hitu han déi véi bo tham s6 (cq, c2,T) néu diéu kién sau dugc

thda man

lell* < er = 2@l < 2, VEE0,T].

Dinh nghia 3.1.2. Cho ¢; > ¢; > 0, T > 0. He (3.1) dugc goi la én dinh héa
viing trong thoi gian hitu han déi véi bo tham s6 (c1, co, T') néu ton tai mot dicu

khién phan hoi trang thai dang u(t) = Kx(t) sao cho hé déng

{3%%&M@+B@MWM+DQMFW@% (5.4)

14 on dinh ving trong thoi gian hitu han déi v6i bo tham s6 (1, ¢, T).

Dinh nghia 3.1.3. D4i vdi he (3.1) va ham chi phi (3.2), néu ton tai mot dieu
khién phan hoi trang thai v*(¢) va mot hing s6 duong J* sao cho hé déng (3.4)
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14 6n dinh vitng trong thoi gian hitu han ddi v6i bo tham s6 (c1, co, 7)) vA ham
chi phi théa man J < J*, thi u*(¢) dugdc goi 1 luat diéu khién dam bao chi phi
trong thoi gian hitu han va J* duge goi la chi phi dam bao.

Dé xay dung céc diéu kien LMI trong qua trinh thiét ké diéu khién, ching

toi xét cac chis6i,7 =1,2,...,s v6i i # j va dinh nghia ma tran

S 0
S = ,
0 0
trong d6 S 1a mot ma tran dbi xting xac dinh duong chua biét. Céac biéu thiic
sau dugc st dung trong qua trinh thiét ké dieu kien LMI

Wii = A;P + B;Y + (A,P+ B;Y)" — hoP + S,
W;; = AP+ B;Y + AjP + B;Y + (AP + B;Y + A;P + B;Y)'

2

— 2ho P — _S,
s—1

thqTa

[T/h1]+1 — +1
: Amax (P) o+ 1)
= E,(hyT* Eo(heT) = 1) f = ——=¢, =
q (hoT®) ]Zo (Ea(hoT®) — 1), 8 N (P) Bo Yo (P)

Dinh ly 3.1.4. Cho ¢y > ¢y >0, T > 0. Xét hé (3.1) vdi ham chi phi (3.2).

Gid st ton tai cac ma tran P, S € S} va ma tran thuc Y wvdi kich thude phu

hop sao cho cic dieu kién sau dugc théa man

‘W, D,P PM YTR)
x —hoP 0 0
* * -M 0
* * * -R

<0, VieTd,s, (3.5a)

‘W, D.P+D;P PM YR
<0, Vi#j,i,7€1,s, (3.5b)
* * —%M 0
| * * * —%R_
|T/h1|+1
j )\max(P) C2
B, (hyT® B, (hyT®) — 1)) 2max" ) o 2 3.5
(hoT*) ]go (Ea(hoT?) ))\min(P)_q (3.5¢)
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thi u(t) = Y P 'a(t) la luat diéu khién ddm bdo chi phi trong thoi gian hitu han
va chi phi dam bdo duoc xdc dinh boi
thqTa

I'a+1)

J* =
Amin(P)

el

Chiing minh. Ching to6i chia chiing minh dinh 1y thanh hai budc nhu sau:
Budc 1: Chitng minh Hé (3.1) 14 6n dinh viing trong thoi gian hitu han ddi véi
b6 tham Sé (Cl, Co, T)

Xét ham Lyapunov sau
V(z(t)) = z(t)" P~ a(t).

Ap dung Bé dé 1.6.3, 1y dao ham Caputo theo ¢ cia V(z(t)) doc theo nghiém
ciia he, ta co
6 DV (x(t)) < 2a(t) " P71 DRa(t)
< 20(t) P ([A(€) + BOK]x(t) + D(E)a(t - h(t)))
— haz(t — h(t)) " P a(t — h(t)) + haV (z(t — h(t)))
— hox(t) " P a(t)+hoV (2(t)) +a(t) Ho(t)—x(t) " Hx(t) (3.6)

trong do

H=M+K'RK, K=YP Q) =][Qaxe,
QO = P A + BE) K]+ [A€) + B K] ' P ' —hy P' + M + K" RK,
Qo = P7ID(€), Qoo = — ho P 1.

Nhéan ca hai phia trai va phai ctua Q(§) v6i P = diag{ P, P}, ta thu dugc

P 0
0 P

P 0
0 P

Q() = Q(¢)

68



AP+ BE)Y + (AP +BE)Y) —hoP+ PMP+YTRY D(&)P
* —hgp '

Luu ¥ rang cdc ma tran A(€), B(€), D(€) thudc t6 hop 16i véi hé s6 &, nén ta
c6 thé bicu dién Q(¢) dusi dang

Qu > &DiP s
. —hz(é&)P (;&),

trong do
S S T
QHE:@A£+£Mﬂ+<Z}ﬁ&P+&Y0
=1 i=1

—ha() &P+ (D _&)PMP+ () &)Y RY.
i=1 i—1 i=1

Tu do, ta co

+) &

i<j

> Wi D;P
* —hgp

Wz’j D;P+ D;P
* —2h2p

trong do

Wi = AP + BiY + (A;P + BiY)" — hoP + PMP + Y 'RY,
Wi = AP+ BY +(AP+BY) + AP+ B;Y +(A;P+B;Y)T
— 2hyP 4+ 2PMP + 2Y " RY.

Hay, ta co

S

_ W+ PMP+YTRY —S D,P
Q) => &
=1

* —hQP
. 25
Wij+2PMP+2Y RY +

+Z€z‘fj s —1

1<jg * —2h2p

_3230
Zszloo

D;P + D;P

S

=> &
=1

Wi+ PMP+Y'RY DP
* —hgp

=1
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+ Z &i&;

i<j

2 S 0

i<j 0 0

*

Wi +2PMP +2YTRY D,P + D,P

—2ho P

Tit cac diéu kien (3.5a) va (3.5b), ap dung B6 dé Schur, ta thu dugc

_Wii +PMP+Y'TRY

*

(W, +2PMP +2YTRY

*

D;P
— ho P

<0,

—2ho P

Tu do, suy ra

_ i S
A6) < - €8+ 8D GG = —— > (6~ &) <0

1=1 1<J 1<J

Diéu nay tuong duong véi Q2(€) < 0. Vi vay, ti (3.6), ta co

ng‘V(:I:(t)) — hoV(x(t)) < hoV(z(t — h(t))) — CL‘(t)TH:E<t). (3.7)
Mat khac, vi H =M + K"RK > 0, ta suy ra
ngV(x(t)) — hoV(x(t)) < hoV (z(t — h(t))). (3.8)

Dé thuan tién cho viéc trinh bay, ta dat U(t) = § DV (2(t)) — hoV (x(t)).
St dung Bo dé 1.1.20, ap dung phép bién doéi Laplace hai vé ctia biéu thiic

U(t) = § DRV ((t) — haV (2(1)),
ta co
LIW()](s) = s* LV (2(1))](s) = s*7 1V (2(0)) = ha L[V (2(1))](5)-
Diéu nay tuong duong véi

(5" = h2) L[V (2(1))](s) = s~V (@(0)) + L[T(2)](s)-
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T do, suy ra

(3.9)

LIV (2(t)](s) = V(2(0)) +

s« —-hz

Mit khac, tit phan (ii) ctia Bo dé 1.1.20, ta thu dugc

Sa—l

s@ —-hg
1

s@ —-hg

= L[Eaa(hat®)](s),

= L[t Eqo(hat™)](s).

Thay cac biéu thitc trén vao (3.9), ta suy ra

LIV (x(t))(s) = L[Ean(hat®)](s) - V(2(0))
+L [ta_lEa,a(tha)} (s) - L[W(t)](s)
= L[Ea(hat®)](s) - V(x(0))
+ L [t Eq o (hot®) % U (1)] ().

(3.10)

Tit phan (iii) ctia Bo dé 1.1.20, ta c6
t N By o(hat®) * U(t) = /0 t(t —7) By o(ha(t — 7)*)VU(7) dr.
Thay biéu thitc trén vao (3.10), ta dugc
LIV (x(t)l(s) = L[Eaa(hat®)](s) - V(2(0))

¢ (3.11)
— )t o(t — 7)) (T)dT| (8).
+£[/O<t Y (ot — 7)) () dr | (5)

St dung phép bién ddi Laplace nguge hai vé clia biéu thiic (3.11), ta thu duge
t

V(x(t)) = Eua(hot®)V(2(0)) + / (t — 1) By o(ho(t — 7))U(7)dr. (3.12)
0

Mit khac, vi (t —7)2 " E, o (ha(t —7)%) > 0 véi moi 7 € [0,¢], nén tit (3.8), ta c6

sup (ng‘V(x(T)) — hQV(SL‘(T))) < hy sup V(xz(r — h(1))).

r€0,t] T€[0,]

Diéu nay tuong duong véi

sup V(1) < hy sup V(z(r — h(1))). (3.13)

0,4 r€[0,4]
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T (3.12) va (3.13), suy ra duge
V((t)) < Ean(hat®)V((0))

+ hy sup V(z(t — h(1))) /0 (t — 7)* ' Ego(ho(t — 7)) dr.

T€[0,t]
Dén day, v6i ham Mittag—Leffler E, o(h2(t — 7)) dugc xac dinh bdi

 [ha(t —7)°]"

Eaalhalt = 7)7) = ['(na+a) ’

n=0
ta dé dang tinh dugc
! Eo(hat®) — 1
/ (t — T)O‘_lEa@(hg(t — 7)) dr = —( 2t%) ,
0 ha
Tu (3.14) va (3.15), ta suy ra

V((t)) < Ea(hat®)V (2(0)) + (Ea(hot®) — 1) sup V(z(T — h(7)))

T€[0,t]

< Eo(hot)V(2(0))+(Eq(hot®)—1) sup V(z(n)), Vt > 0.

T]E[—hz,t—hl]

Bay gio, ta can danh gia gia tri ciia V(z(t)) trén [—he, t], Vt € [0,T).

(3.14)

(3.15)

(3.16)

Dau tién, luu y rang theo B6 dé 1.6.6, ham Mittag Leffler E,(hot®) > 1, véi
moi ¢ > 0. Khi d6, v6i moi 7 € [—hsy, 0], va tit diéu kién ban dau ctia he (3.1),

ta co

2" (1)P~a(r) = ¢ ' (1) P~ho(T) < S o' (P p(n) - Ba(hat®).

(3.17)

Hon nita, vi E,(-) 1a ham khong gidm, nén ti (3.16) va (3.17), v6imoi 0 < 7 < ¢,

ta co

V(x(r)) < Ey(hor®) s @' (P o(n) - Eq(hat®)

+ (Ea(het®) = 1)  sup  V(z(n)).
n€[—hz,t—ha]

T (3.17) va (3.18), v6i moi 7 € [—hg, ], ta suy ra

V(2(1)) < Eo(hat®) s @' (P 'o(n) - Eq(hat®)

+ (Ba(hot®) —1)  sup  V(x(n)).
776[—]12775—/7,1]
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Diéu nay ching té rang

sup V(z(n)) < Ea(het®) sup o' (n)P(n) - Ea(hot®)
776[—@715] ne[_h%o}

+ (Ea(het®) = 1)  sup  V(z(n))
ne€[—hzt—hi]

< Eo(hoT®) sup o' ()P o(n) - Ea(hoT®)
776[—’1270]

+ (Eo(heT*)—1) sup  V(x(n)), Vt € [0,T].
776[*’12715*’11]

(3.19)

Dat

II(t) = sup V(z(n)), a = Ey(hoT%), b = Ey(hoT*) — 1, ¥Vt € [0,T].

ﬁe[_h%ﬂ

Khi d6, bat dang thiic (3.19) tuong duong véi
(t) < all(0) + bII(t — hy). (3.20)

Dé& thay rang II(¢) 14 ham khong gidm véi moi t € [0,7], nén ap dung Bb
dé 1.6.7, ta thu dugc

[T/h1]+1
e ()P () <II(t) < a Z YII(0) = qI1(0) = ¢ sup V(x(n)), (3.21)

n€[—h2,0]

trong do

[T/h1]+1
=0 > v
Mat khéac, vi P! 1a ma tran déi xtng xac dinh duong, nén ta cé
Amin(P™DI < P71 < Apax (P7H1
Do do, suy ra

sup V(z(n) = sup ¢ (n)P p(n)

ne[—h2,0] nel—h2,0]
< max (P sup o' (n)e(n) (3.22)
UG[—h%m
1 2 1 2
= sup [le(n)* = @l
) le(m)l )\min(P)” I
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Tir (3.21) va (3.22), ta thu dugc

= Su x L 2. .
)= sp Vi) < 5t el (3:23)

Hon ntta, v6i moi t € [0, 7], ta ¢6

1

e (P a(t) > A (P |28 = e (P)

= (®)]1*.

Vi vay, ta co
2@ < Amax(P)z " (1) P~ a(2)

< Amax(P) n;}i . V(x(n)) (3.24)

quaX(P) 2 2
< =" 7 = .
= (D) el = gBll¢ll

Tt (3.5¢) va (3.24) suy ra ¢ 8 < © Nhu vay, khi |¢||? < ¢, ta c6
C1
lz(®)]* < gBer < ca.

Di¢u nay chitng t6 rang hé (3.1) 14 6n dinh viing trong thdi gian hitu han
d6i v6i bo tham s6 (cq, o, T).

Budc 2: Dé xac dinh gia tri chi phi dam béo, tit (3.7) va (3.22), ta c6

CDOV (x(t)) < haV (2(t)) + hoV (2(t — h(t))) — 2" (t)Ha(t)

< 2hs, ne?lll?z,t] Vi(z(n) —x (t)Hz(t) (3.25)

< — t)Hx(t).
< 5t el — « T () Hatr)

Khi do, v6i moi t € [0, 7], tich phan Riemann-Liouville cAp o > 0 hai vé clia

(3.25), ta thu duge

oI [SDEV o)) < off | 5o slolP| = ol o (0 H(0)
2haq o 1 ' a—1 a .. T
el ey [ (= 9 s =l [T O ()

= gl -
" )N Tat 1) O

I [:L’T(t)Ha:(t)} )
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T do, suy ra

2had e

Mo (P) ' T+ 1)

L
Mo (P) ' T+ 1)

o [aT () Hu(t)] < — ol [§ DV (2(t))]

+V((0)) = V(2(1)).

Hon ntta, do V(z(t)) > 0 v6i moi ¢t € [0,7], nén ta c6

2ot oL
M (P) 7V T+ 1)

ol [xT(t)Ha:(t)} < + V(z(0)).

Mat khac, tur (3.22), ta c6

1
V(z(0)) < sup Vi(z(n)) < ‘PQ-
O) € s Vi) < 5 ol
Do dé6, v6i moi t € [0, 7], ta thu duge
2haq T 1
I 2T () Hax(t)] < 2 2
(3.26)
_ M+1 1 ol = 7
“\Ta+1) Amn(P) T
T do, suy ra
ar. T 1 g a—17..T T *
ol [z (t)Hz(t) = ) (T —s)* [z’ (s)Mz(s) +u' (s)Ru(s)]ds = J < J*.
0
Diéu nay hoan tat viec chiing minh Dinh 1y 3.1.4. O

Nhan xét 3.1.5. Cac két qua hién tai vé bai toan diéu khién ddm bao chi phi
trong thoi gian httu han chil yéu tap trung vao céc he cap s6 nguyen [39, 49,
55,76, 89], trong khi chi ¢c6 mot s6 it cong trinh nghién cttu cdc he cAp phan
s6 [43,44,60,67]. Tuy nhién, cac cong trinh nay mdi chi nghien citu cho cac he
cap phan s6 khong c6 tré. Cho dén nay, van chua c6 cong trinh ndo nghién citu
bai toan diéu khién dam bao chi phi trong thoi gian hitu han cho cac hé dang

td hop 16i cap phan s6 Caputo c6 tré bién thien.

Phuong phap pho bién dude st dung trong céc tai lieu néu trén la phuong
phap ham Lyapunov—Krasovskii. Tuy nhién, viéc mé rong phuong phap nay cho

cac hé khong chic chan cap phan s6 c6 tré bién thién gap nhiéu khé khin dang
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ké. Cu theé, viec xay dung ham Lyapunov-Krasovskii phit hgp cho cac hé cap
phan s6 c6 tré 1la mot van dé phiic tap. Bén canh d6, viéc tinh dao ham cap
phan s6 ctia ham nay ciing gip nhiéu trd ngai do quy tic Leibniz khong con
dang déi v6i dao ham cap phan s6. Nhitng khé khan nay, ciing véi viéc thiéu
cac bat dang thiic tich phan thich hop va chua c6 cac ki thuat thay thé hitu
hieu, da han ché sy phat trien ctia huéng nghién ctu nay déi véi céc hé cap

phan s6 c6 tré.

Dua trén bién doi Laplace, phuong phéap “inf-sup” két hop véi ki thuat LMI,
Dinh 1y 3.1.4 thiét lap cac diéu kién da cho bai toan diéu khién dam bao chi
phi trong thoi gian hitu han déi véi cac he khong chic chan dang t6 hop 16i cap

phan s6 Caputo c6 tré bién thien.

Xét truong hop dic biét cia hé (3.1) khi cdc ma tran ctia hé khong phu

thuoc tham s6 bat dinh. Khi s = 2 va cac ma tran ctia hé thoa man
Ai=A, D;=D, B, = B, Vi € {1,2},
thi he (3.1) trd thanh hé cip phan s6 Caputo véi tré bién thién nhu sau

§Dex(t) = Ax(t) + Dx(t — h(t)) + Bu(t), vt e 0.1, (3.27)
x(t) = p(t), Vit e [—hy,0],

trong d6 0 < a < 1, z(t) € R" la véc to trang thai, u(t) € R™ la tin hiéu dieu
khién, va cdc ma tran A, D € R™", B € R™™ la ma tran cho trudc.

Ham tré A(t) la mot ham bi chin, théa man
O<h1§h(t>§h2, Vvt > 0.

Ham diéu kién ban dau (t) € C([—hg,0],R") lién tuc trén doan [—hse, 0], véi

chuan duge xac dinh béi

lell = sup[le(8)]]
96[—]12,0]

T Dinh 1y 3.1.4, ta suy ra hé qua sau.
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Hé qua 3.1.6. Cho cdc s6 duong ci,ca, T vdi ¢ < ca. Xét hé (3.27) vdi ham
chi phi (3.2). Gid st ton tai cac ma tran doi xing zdc dinh duong P, S € R™ "
va mot ma tran Y € R™*"™ ¢6 kich thudc phtu hop, sao cho cic dieu kién sau

duoge thoa man

‘W DP PM YR
« —hP 0 0
* * —M 0

<0, (3.28a)

* * * —R

‘W, 2DP 2PM 2YTR]
« —2hP 0 0
<0, (3.28h)
* * —%M 0
| * * * —%R |
[T/h1]+1
] )\max(P) C2
B, (hyT® E. (hyT®) — 1) <2 3.8
() 3 (BT -1 P2 @289

khi do,
u(t) = Y P 'u(t)

la luat diéu khién ddam bdo chi phi trong thoi gian hitu han va chi phi ddm bdo
tuong ing duge xdc dinh bdi

. [ 2hyqT® 1 )
S ils LR
J (ma+m*‘>AmAPN@“

trong do

W = [AP + BY] + [AP + BY]" — hyP + S,

Wi =2[AP + BY] + 2[AP + BY]" — 2hyP — 28,
[T/h1]+1 '
¢ =Eo(hsT*) > (Ea(haT*) — 1),

7=0
2hoqT*™
5— Amax(P) o — (F(ali—l) + 1)
B Amin(P), 0 )‘min(P)



Dé minh hoa cho céc két qua dat dudc trong phan ly thuyét, dusi day ching

toi xét vi du s cho 16p he da nghién ciu.

Vi du 3.1.7. Xem xét hé cip phan s6 ¢ diéu khién (3.1) v& ham chi phi (3.2)

v6i cap o = 0.1 va cac ma tran tham so sau

—0.1 1 11 10 10
Al - ) A2 - ) Bl - ’ B2 - )
0.0 —-0.1 11 01 0 2
0.1 0.1 0.4 0.3 10 10
Dl = ’ D2 = s M = ) R = .
0.1 0.1 0.2 0.1 01 01

Ham tré bién thien theo thoi gian duge chon 1a h(t) = 0.1 + 0.1sint, dé thay
rang ham nay théa man dieu kien 0 < hy < h(t) < he, v6i hy = 0.1, hy = 0.2.
Bang cach stt dung LMI Toolbox trong MATLAB, ta thu dugc nghiém théa man
cac dieu kien LMI (3.28a) va (3.28b) v6i cac ma tran

p_ | 03801 —01624] o [02209 0.0207]  [-0.7370 0.0323
—0.1624 0.5038 | 0.0217 0.2502] —0.2645 —0.6318|

Véi cac gia tri duge chon truéde c; = 1, co = 5 va T = 10, ta thu dugc

|T/h2]+1 .)\ (P)
E,(hoT“ E, (hoTY) — 1) =52 — 4, < ¢y =5,
c1Eq(hoT) ; (Eo(hoT) ) Nt (P) 8503 < ¢y =5H

Do do, diéu kien (3.28¢c) dugc thda méan.

Theo Dinh Iy 3.1.4, hé déng (3.4) 14 6n dinh viing trong thsi gian hitu han ddi
v6i bo tham s6 (1, 5, 10). Luat diéu khién ddm bao chi phi tuong ting duge xac
dinh bdéi

u(t) =Y P la(t) =

—2.2163 —0.6500 ;
x
—1.4279 —1.7141

V6i chi phi dam bao la

= =——+1 = 7.8976 .
7= (P 1) sl ol

I

Hinh 3.1 mo t& quy dao cia ||z(t)]|* ctia hé duge khéo sat v6i dicu kién ban dau

t) = (0.7, 0.7)" € R? va cac he s6 161 &; = 0.3, & = 0.7. C6 thé quan sat thay
¥
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45 4

3.5 - o= X1

2.5- =

1.5~ -

0.5'L i

Time(sec)

Hinh 3.1: Quy dao ctia ||z(t)]|* trong Vi du 3.1.7

rang ||z (t)|* trén doan [0, 10] bi chan bdi hing s6 co = 5. Diéu nay phit hgp véi
két qua phan tich trong Dinh 1y 3.1.4, va khang dinh tinh 6n dinh viing trong

thoi gian hitu han ctia hé dudi tac dung ctia luat diéu khién u(t) da thiét keé.

Tiép theo, ching toi xét mot vi du vé hé mo ta chuyén dong ciia robot

Newcastle nhu sau.

Vi du 3.1.8. Xét hé tuyén tinh cap phan sb c¢6 diéu khién v6i tré bién thien mo
ta chuyén dong ctia robot Newcastle ( [37]) khi stt dung luat diéu khién PD®

nhu sau

SDVVg(t) = Az(t) + Dx(t — h(t)) + Bu(t), t>0, (3.29)
z(t) = p(t), Vte[-0.15, 0],
trong d6 z(t) = (z1(t), 22(t), 23(t), 24(t)) T € R* 1a véc to trang thai, u(t) € R

14 tin hieu diéu khién, v caAc ma tran ctia hé duge cho béi

(0 1 0 o [0 0 0 0] 3]
0 0 1 0 0 0 00 3
A: , D: , B:
0 0 0 1 0 0 00 3
17.8 0 12.8 0 —0.04 —0.04 0 0 4

Ham tré bién thién ducc chon 1a
h(t) = 0.1 4 0.05| cost|.
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R0 rang, ham tré A(t) théa man diéu kien

0 < hy < h(t) < hy, v6i hy = 0.1, hy = 0.15.
Ham chi phi lien két véi he (3.29) duge cho béi (3.2), véi cdc ma tran
(10 0 0

10

1

0 0
. R=[1].

0010

0 1

00

Chon ¢; = 1, co = 22.5 va T = 10, ta nhan thay ring cac diéu kien (3.28a),
(3.28b) trong Hé qué 3.1.6 duge théa man véi cac ma tran

_0.2002 0.1055 —0.1302 0.2735-
0.1055  0.4621 —0.0574 0.1196

"= —0.1302 —0.0574 0.2800 —0.3351|
I 0.2735 0.1196 —0.3351 0.9718 |
[ 0.2772 0.0687 0.2124 —0.0093_
g 0.0687 0.0735 0.0431  0.0226 |

0.2124 0.0431 0.3049 —0.0557
—0.0093 0.0226 —0.0557 0.5604

Y = _—0.2030 —0.1438 —0.0761 —0.4863] .
Theo Hé qua 3.1.6, hé déng (3.29) 1a 6n dinh vitng trong thai gian hitu han déi
v6i bo tham s6 (1,22.5,10), v6i luat diéu khién ddm béo chi phi tuong ing duge
xac dinh bdi
ult) = [~0.9804 —0.0921 —1.7038 —0.8014] 2(t), ¢ € [0,10].
va gia tri chi phi dam bao duge cho béi

J==——+1 = 19.7449 .
(22 +1) s el el

Hinh 3.2 minh hoa quj dao trang thai ||z(t)||?

ctia hé md, vdéi dieu kién ban dau
o(t) = (0.4, 0.4, 0.4, 0.4)T € R*,
ta c6 thé thiy ring khi khong c6 diéu khien u(t) = Kxz(t) thi hé khong dat tinh

on dinh.
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225

x 10

~

lIx)I*

l\)(.o-‘hU'IO?

| | | \llx(t)”2 | | L | | J
3 4 5 6

Time(sec)

Hinh 3.2: Quy dao cta ||z(t)]|* cta hé mé trong Vi du 3.1.8

c=225
20- -
18- — x|
=225

10- 4
5 -

" L L L Hx<t)||2 L L L L L

1 2 3 4 5 6 7 8 9 10

Time(sec)

Hinh 3.3: Quy dao ctia ||z(t)]|* ctia he déng trong Vi du 3.1.8

Hinh 3.3 minh hoa quj dao trang thai ||z(¢)]|? ctia he dong, véi dicu kien

ban dau

o(t) = (0.4, 0.4, 0.4, 0.4)" € R,

ta thay rang he dong (3.29) dat dugc tinh on dinh ving trong thoi gian hitu
han d6i v6i bo tham s6 (1,22.5,10).
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3.2 Bai toan diéu khién dam bao chi phi trong thsi gian
hitu han cho hé phi tuyén cap phan sé véi nhan suy
gidm c6 tré

Xét 16p he phi tuyén cap phan s6 Caputo véi nhan suy gidm khong chic
chan, véi tré hang s6 sau
(
TCD§ w(t) = (A+ AA())z(t) + (D + AD(t))x(t — 7)
. +f(t,z(t) + gt z(t — 7)) + (B + AB(t))u(t), t >0,
z(0) = ¢(0), 0€[-7.0]

\

(3.30)
trong d6 A > 0, o € (0,1) 1a cap ctia he, z(t) € R™ la véc to trang thai,
u(t) € R™ la véc to diéu khién, ¢(-) € C([—7,0],R") 1a ham diéu kien ban dau
v6i chuan

lell = sup [le(d)]],
0e[—,0]

cac ma tran thuc cho truée A, B, D ¢6 kich thuéc phu hgp, cac ma tran phu
thuoc tham s6 AA(t), AB(t) va AD(t) théa man Gia thiét 3.2.1, con f va g la
cidc ham kich hoat phi tuyén théa man Gia thiét 3.2.2.
Trong muc nay, ching toi st dung cic gia thiét sau.
Gia thiét 3.2.1. Cdc ma tran AA(t), AD(t) va AB(t) cé dang
AA(t) = E,Fy()Hy, AD(t) = EgFay(t)Hy, AB(t) = EyFy(t)H,,

trong do E,, Eq, Ey, H,, Hy, Hy la cdc ma tran thuc da biét cé kich thudc phu
hop va Fy(t), i = 1,2,3, la cdac ma tran bién thién theo thoi gian théa man
ETEF(t)<I, Vvt>0, i=1,2,3.
Gia thiét 3.2.2. Cdc ham f,g: [0,+00) x R* — R" théa mdn

fr(ta)f(te) <a'Qu,

(3.31)
g'(t,x)g(t,x) <z'Gu,

vdi moi (t,z) € [0,+00) x R™, trong dé Q va G la cic ma tran doi ming xdc

dinh duong.
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Khi khong c6 diéu khién u(t), he (3.30) trd thanh

(TCDS"Aq;(t) = (A4 AA(t))z(t) + (D + AD())z(t — 1)
4 Ff(t () + gt x(t — 7)), t>0, (3.32)
x(0) = ¢(0), 0 ¢€[—T,0].

Dinh nghia 3.2.3. Cho céic s6 duong ¢y, co, T v6i ¢ < co. He (3.32) dugce goi
I on dinh vitng trong thdi gian hitu han d6i v6i bo tham s (cy, c2, T) néu diéu

kién sau dugc théa man

loll® < er = 2Ol < ez VE€[0,T].

Dinh nghia 3.2.4. Cho cac s6 duong ¢y, ¢, T thdéa man ¢ > ¢;. He (3.30) dugc
goi 1a 6n dinh hod vitng trong thoi gian hitu han ddi véi bo tham sb (cy, c2, T)
néu ton tai mot diéu khién phan hdi trang thai u(t) = Kz(t) sao cho he doéng
(10 Dy*a(t) = (A+ AA(t) + BK + AB(t))x(t)

. +(D+AD®))z(t—7)+ f(t,x(t) +g(t, x(t—7)), t >0,  (3.33)
z(0) = ¢(0), 0€[-,0],

14 on dinh ving trong thoi gian hitu han déi v6i bo tham s6 (c1, ¢, T).

V6i s6 duong T' > 0, ham chi phi lien quan dén hé (3.30) dugce xac dinh béi

_ FL/e —s)2 o T (s)Ma(s) +u" (s)Ru(s)] ds,  (3.34)

véi moi t € [0,7] va M, R 1a cic ma tran doi xting xac dinh duong cho trude.

Dinh nghia 3.2.5. D6i véi hé (3.30) va ham chi phi (3.34), néu ton tai luat diéu
khién phan hoi trang thai «*(¢) va mot hing s6 duong J* sao cho hé dong (3.33)
I 6n dinh vitng trong thdi gian hitu han déi v6i bo tham s6 (¢, ¢, T') va ham
chi phi thoa man J < J*, thi u*(¢) dudc goi 1a luat dicu khién ddm bao chi phi
trong thoi gian hitu han va J* duge goi 1a chi phi dam bao.
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Tiép theo, chiing toi nghién citu bai toan diéu khién ddm bao chi phi trong
thoi gian hitu han cho he (3.30) thong qua luat diéu khién phan hoi trang thai
u(t) = Kz(t). Ké qua chinh dugc trinh bay trong Dinh 1y sau.

Dinh 1y 3.2.6. Cho cdic so duong ci,c2, T vdi ci < co. Gid s ton tai cdc
50 duong €1, €, €3, ma tran doi zing zdc dinh duong P € R™" va ma tran

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

(©y DP I I PQ PM Y'R PH] Y'H 0 0 |
x —TP 0 0 0 0 0 0 0 PH] PG
* x —I 0 0 0 0 0 0 0 0
* * x —1 0 0 0 0 0 0 0
* * x % —Q 0 0 0 0 0 0
* * * * x —M 0 0 0 0 0 <0,
* * * % * * —R 0 0 0 0
* * x % * * * —e1l 0 0 0
* * * % * * * * —eol 0 0
* * * * * * * * * —e3l 0
| * * * * % * * * * * —G_
(3.35a)
[T+ (P .
Eo(rT%) ;O e”ﬂ(Ea(TTa)—mﬂm((m)<é, (3.35b)

Khi do, u(t) = YP'x(t) la ludt dieu khién ddm bdo chi phi trong thoi gian hiu
han cho hé (3.30) va gid tri chi phi ddm bdo tuong ing dugc xdc dinh bdi

1 2T T
J* — 2 2 _ -

trong do

O©1 = AP+ PA" + BY + Y B" 4 6\E,E] + e3E.E] + e3EE,} — 7P,

|T/7|+1

v = Eo (7T Z (B, (tT*) — 1),
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Chiing minh. Xét ham Lyapunov sau
V(z(t)) =z (t)P tz(t).

Lay dao ham Caputo v6i nhan suy gidm ctia V(z(t)) theo bién thoi gian ¢ doc
theo nghiem ctia hé. Theo B6 dé 1.6.5, ta c6
TODGAV (x(t)) < 227 (1) P~ O DY a(t)
=2z ()P ' [A+ BK]z(t) 4+ 22" (t)P"'Dx(t — 7)
+2e T ()P (L, (b)) + 22T ()P g(t, 2(t — 7)) (3.36)
+ 22T ()P TTAA()(t) 4+ 22T (1) P AB(t) Ka(t)
+ 22" (1) P'AD(t)z(t — 7).
Ap dung B6 dé 1.6.1 va Gia thiét 3.2.1, ta thu duge cac danh gia sau
20 ()P AA(t) x(t) < ey ())P'E,E] P~ a(t)
+erta () H] Hyx(t),
20T (H)PT'AB(t) K 2(t) < egx' (t)P'E,E) P a(t

(3.37)
+e; et (KT H] HyKx(t),
20 ()P 'AD(t)x(t — 7) < ez (t) P E4E] P~ a(t)
+egla’ (t —7)H) Hyx(t — 7).
Mat khac, tir diéu kien (3.31) ctia Gia thiét 3.2.2, suy ra
0 <2’ (t)Qu(t) — f1(t, () f(t,x(t)), (3.38)

0<a'(t—7)Gx(t—7)—g' (t,x(t —71))g(t,z(t —7)).
Hon ntta, ta c6
0=—7a' ()P a(t) + 7o' ()P a(t),
0=—712' (t—7)P a(t—7)+ 72" (t — )P 'a(t — 1), (3.39)
0=2a ()M + KTRKz(t) — 27 (t)[M + K RK]z(t).
Do d6, tit cac bidu thite (3.36)(3.39), ta thu duge danh gia sau
TCDeAV (2(t)) < n(t)m" (1) + 72 (t — 7) P a(t — 1) (3.40)
+ 7z ()P a(t) — 2T (H)[M + KT RK]x(t),

85



trong d6 n(t) = [z(t), z(t —7), [, z(t)), g(t,x(t —7))], @ = [Qijl, 4
Wi =P A+ A" P4+ P'BK+K'B'"P'4+Q—-7P '+ M+ K'RK
+e P 'E,El P 4 e'H H, + 2P 'EE) P! + ;' KTH H,K
+ e3P 'E4E] P
Q=P 'D, Quz=P' Q=P
Qoy = e 'HjHy+G — 7P, Qo3 =0, =0,
Qag=—I, Q3 =0, Qu=-L

Dieu kien Q < 0 tuong duong véi
QO = diag{P, P,I1,1}Qdiag{P, P, 1,1} <0,

trong do

Q=[]0 K=YP
Qi =AP+ PA" + BY +Y'B" 4 ¢\E,E] + o EyE) + e3E ;]
— 7P+ PQP +PMP+Y'RY +¢;'PH] H,P + ;'Y " H) H,Y,
QIQ — DP, ng — I, Ql4 — I,
Qoo = €3 ' PH] HiP + PGP — 7P, Q3 =0, Qy =0,
Qaz=-1, Q3u=0, Qu=-L
Theo Bo dé 1.6.9 (B dé Schur), bat dang thitc Q < 0 tuong duong véi diéu
kién (3.35a). Do do6, tir (3.40), ta suy ra
TCDOAY (2(t)) <tz (t — )P a(t — 1) + 72" () P a(t)

(3.41)
— 2 (H)[M + K" RK]x(t).

Vi M va R la cac ma tran déi xing xac dinh duong, nén M + K" RK ciing x4c

dinh duong, do do
TCDS"/\V(x(t)) — 7V (z(t)) <7V (x(t —1)). (3.42)

Dén day, ching toi chia qué trinh chitng minh thanh hai buéc:
Budc 1: Chiing minh he déng (3.33) 1a én dinh vitng trong thdi gian hitu han
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d6i v6i bo tham s6 (cq, o, T).

Dé thuan tién cho viéc trinh bay, ta dit
T(t) = T°DIMV (x(t)) — 7V (x(t)). (3.43)

Ap dung bién déi Laplace (nhu da néu trong B6 dé 1.1.21) cho hai vé ciia (3.43),
ta thu dugc bicu thitc sau
LIY(@B)](s) = £ | Dy ’AV(x(t))] (s) =7 LIV (2(1))](s)
= (s + MLV ((®))](s) = (s + )V (2(0)) — 7 LIV (2(£))](s)
= [(s + N = 7] LIV (2())(s) = (s + XV (2(0)).
Ti do, ta 6

1 (s + )t

LIV (x(t))](s) = mﬁw(tﬂ(s) + CES

V(z(0).  (3.44)

Ap dung B6 dé 1.1.20, ta ¢6

(s 4+ M)t B . B o
Grae—7 L[Eo(mt%)](s + A) = L[Ea(1t)e](s),

1 - ) o -
PES "B a(Tt)](s + A) = LI Ba.a(1t")e™](s).

Do d6, ta thu dugc
LIV (x(t)])(s) =L[Ea(Tt")e)(s)V (2(0))
+ LIt Baa(rt®)e™](s) - LIT(1)](s)
=L[Ea(rt")e)(s)V (2(0))

(3.45)
+ LIt By o (1t)e ™M % T (1)) (5)

=L[e™ Ea(1t"))(s)V (2(0))

b | [N ) B (-0 V) ).
0

Ap dung phép bién d6i Laplace ngudc cho hai vé ciia phuong trinh (3.45), ta
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thu ducce
V(x(t)) =e M Eo(t*)V ((0)) + /0 e M (t — 1) B o (T(E — )™)Y (1) dps

—e ME,(1t*)V (2(0))

t
+/ e_)\(t—p)(t o /VL)a_lEa’a(T(t _ ﬂ)oz)e—)\(ﬂ—T) {ez\(N—T)T(/O] d,u
0

<M B (r°)V (2(0))

+e M) /O t(t — 1) B (T (t = 1)) [6A(“‘T)T(u)] dp

<e ME,(1t*)V (z(0))

t
+e M sup [ A0V (5(0 - 7))] / (t = 1) Bt — 1)) dp
0€0,1] 0

—e ME,(1t*)V (2(0))

+ e M=) sup {GA(H_T)V(IE(G — 7’))} (Ba(rt*) =1), 1 >0.
0€0,t]

Tu do, ta co
eAtV(x(t)) <Eq(1t*)V(x(0))

+ e sup [TV (20 — 7)](Eu(rt*) — 1), t > 0.
0€0,t]

(3.46)

Mit khac, tit Bo dé 1.6.6, do ham Mittag-Leffler E,(7t*) khong giam va
Eq(7t%) > 1 v6i moi ¢ > 0. Do d6, v6i moi 0 € [—7,0] va t € [0,T], ta c6

e’\exT(Q)P_laz(Q) = e/\eng(Q)P_lgp(é’) < By (1t%) 6€s[1ip0] @T(H)P_lgo(ﬁ). (3.47)

Két hop hai bat dang thic (3.46) va (3.47), v6i —7 < § <t vat € [0,7], ta thu
duge danh gia sau
MV (2(1)) SEa(1t%) sup ¢ (0)P'p(0)
0e[—7,0]

+ e sup [TV (2(0 - 7))|(Ba(Tt) — 1).
0€[0,t]

(3.48)
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T do, suy ra
sup MV (z(0)) < Eo(1t%) sup ¢ ()P to(h)
oe—7t] 0€[—7,0]

+ (B (1) = 1) sup MV (2(9)).

oe[—7,t—7]

(3.49)

Ap dung B8 dé 1.6.7 cho bat déng thiic (3.49), véi

H(t) = sup e)‘HV(CL‘(H)), S1 — Eoz(Tta)a 2 = e)\T(Ea(Tta) o 1)7

o[-t
ta thu ducc
|T/7]+1
sup MV (x(0)) <E,(rt%) Z (B (1) — 1) sup V(z(0))
e[—T,t] =0 0e[—7,0]
|T/7|+1
<E.(TT?) By (tT*) — 1Y sup V(z(8))
;0 oc[—r,0] (3.50)
=y sup V(z(0)) =~ sup x'(0)P 'x(0)
0e[—7,0] 0el—,0]
S’Y>\max P_l sup 2 P 2 27
( )HE[ b (O] /\min(P)“ |

Tu do, suy ra
(o) < 2220
o )\min(P_l)
= Amax(P)e MeMa ()T P~ La(t)

g)\maX(P)e*At sup 6/\9‘/(1‘(0))
o[-,

—/\t'Y>‘max< )
<e lell®.
)\m1n< )

Tu (3.50) két hop véi diéu kien (3.35b), suy ra néu

'V)‘maX(P)
)\min(P)

ol < er, thi ||lz(t)]? < ¢ < ¢y,

Do d6, he déng (3.33) on dinh viing trong thoi gian hitu han déi v6i bo tham
s6 (c1,c9,T).
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Budéc 2: Dé xac dinh gia tri chi phi ddm bdo ctia he (3.30). Tu bat dang
thic (3.41) va (3.50), ta suy ra
TCDeAV (x(t)) <t (t — )P a(t — 7) + 72 (1) P~ a(t)
— T @IM + KTRK]a(t) (351)

_ 2yT
<e Atm\!@!\Q — ' ()[M + K" RK]a(t).

Lay tich phan cap phan s6 Caputo v6i nhan suy gidm cap « cho hai vé clia bat

dang thtc (3.51), ta thu dugc

V((t) =V (@(0) = "1 [T DFAV (@ ()]

2
<7 le‘” T ||g0||2] T [7(t)[M + K" RK]x(t)]

)\min(P)
20T o 1 t “A(t— —-1,-A
el s [ e = e s — )
Amin(£) I'(a) Jo
29T I
<e M o2 / t—s)* tds — J(t
ol s [ (=9 as =
<M T o (), Vi€ [0,7)
~ Anin(P) I'(a+1) ’ Y
Mat khac, do V(z(t)) > 0, ta suy ra
_ _ 2T T
J(t) < e MV (2(0) — V(x(t Al o
(0 2V ) = VaO) + e TP
1 297 T
< 2 pE— N (Al
Diéu nay két thic phan chiing minh Dinh 1y 3.2.6. O

Nhan xét 3.2.7. Cac két qua thu dudce trong Muc 3.2 dé xuat mot huéng tiép
can mdi cho bai toan diéu khién dam béo chi phi trong thoi gian hitu han déi
v6i 16p hé phi tuyén khong chiac chan cap phan s6 véi nhan suy gidm c6 tré.
Khéac v6i cac cong trinh truée dé6 nhu [43, 44, 54,60, 65,67] va cac nghién citu
gan day [24,88] chii yéu tap trung vao bai toan on dinh trong thsi gian hitu han
hoiic thiét ké diéu khién ma chua xét dén rang budc hiéu suat, nghién citu nay
thiét lap dudc mot chian trén cho ham chi phi trong mot khoang thoi gian hitu
han, ngay ca khi ton tai tham s6 khong chiac chan va tré. Day 14 mot déng gop

dang ké so véi cac phuong phap hién cé.
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Vi du s6 sau dude st dung dé kiém chitng cac két qua 1y thuyét thu duge.
Vi du 3.2.8. Xét hé dong luc duge mo ta bdéi phuong trinh
fTCDg'l’O'lx(t) = (A+AA®)2(t) + (D + AD(t))z-(t)
\ +f(t2()+9(t, 2 () + (B+AB(®)u(t), t >0, (3.52)
z(0) = (@), 6¢c[-0.50],

-
voi x,(t) = x(t — 7) va véc to trang thai x(t) = (g;l(t) xz(t)) € R2. Cac ma

tran liéen quan dén hé dudc cho béi

—0.1 0.1 0.1 0.1 10
) D = s B = .
0 2 0.1 0.1 01

Cac ma tran lien quan dén cau tric khong chic chan duge cho béi

A:

0.0l 0
E,=Fy=F;=H,=H,= H;— .

0 0.01

Céc ham kich hoat phi tuyén f(¢,x(t)) va g(t,z(t)) c6 dang

f(t,x(t)) = 0.01 (:z:l(t) ) + 223(t > c R?,

-
g(t,x(t —0.5)) (\/233125—05 2(t —0.5) :1:2(t—0.5)> c R?,

thoa man diéu kien (3.31) cia Gia thiét 3.2.2 véi

Q=G=

0.0l 0
0 0.01]

Céc ma tran ctia ham chi phi toan phuong (3.34) lien quan dén he (3.52) dugc

001 0 0.0l 0
M = ., R= .
0 0.02 0 0.0l

St dung LMI Toolbox trong MATLAB, diéu kien LMI (3.35a) dugc théa man vdi

cho nhu sau

[ 2.6266 0.2599]

0.5910 —0.1082
—0.2599  2.6003

—0.1395 —4.9204|
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€1 = 1.4564, 9 = 1.4563, 3 = 1.4570.
Hon nta, khi chon céac gia tri

c1=01, =05 7=05 T=5,

thi di¢u kién bat déng thiic (3.35b) trong Dinh Iy 3.2.6 dugc thoa man, vi

[T/7]+1
:  Amax (P)
« AT « J \max
ClEa(TT ) Z & ](Ea<7'T )— ].) m

j=0
Vay, theo Dinh ly 3.2.6, he (3.52) la on dinh vitng trong thsi gian hitu han

= 0.4332 < cp = 0.5.

déi v6i bo tham s (0.1, 0.5, 5) dudi tac dong ctia luat didu khién phan hoi
trang thai
0.2231 —0.0193
u(t) = x(t
—0.2427 —1.9165

Vi chi phi ddm béao cho hé dong la

. lell? 2971
J = 1+ —— | =0.2058.
(P U T T+ 1)

Két qua mo phéng cho thay rang, véi diéu kién ban dau

o(t) = (0.3 O)T e R? Vte[-0.5,0].

4
15 X10° ‘
lIx®11®
c1=0.1
°2=0'5 /
10 .
5 L |
0

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Hinh 3.4: Quy dao ctia ||z(t)]|* khi khong c6 diéu khién trong Vi du 3.2.8.

Hinh 3.4 thé hien quy dao ctia ||z(#)||? trong truong hgp khong ap dung diéu
khién, cho thay ring hé khong 6n dinh vitng trong thsi gian hitu han.
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Hinh 3.5: Quy dao ctia ||z(t)]|? khi ¢6 diéu khién u(t) trong Vi du 3.2.8.

Hinh 3.5 minh hoa hiéu qué ctia luat diéu khién duge thiét ké, qua d6 khang
dinh rang hé déng on dinh ving trong thoi gian hitu han.

025 T T T T T

J@®
J star=0.2058

0.2r ]

0.1 i

0.051 i

0 05 1 15 2 25 3 35 4 45 5

Hinh 3.6: Quy dao cua J(t) véi J* = 0.2058 trong Vi du 3.2.8.
Hinh 3.6 biéu dién ham chi phi J(¢) luon nhé hon hing s6 cho trude
J* = 0.2058.
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Tiép theo, chiing t6i xét mot vi du thuyc tién sau day lien quan dén mo hinh
hé no-ron cap phan s6 véi nhan suy gidm véi tré hing so.
Vi du 3.2.9. V6i moi t > 0, xét hé sau
TODy M a(t) = (A+ EoFa(t) Ho)z(t) +(D + EqF3(t) Ha)z(t—0.5)
+f(t,z(t)) +g(t,z(t — 0.5
) (t, 2(t)) +g(t, x( ) (3.53)
HB + EyFy(t)Hy)u(t),

z(0) = (), 6 € [—0.5,0],

\

-
trong do z(t) = <x1(t) T9 (t)) € R? 1a véc to trang thai ciia hé no-ron va céc

ma tran lien quan dén hé duge xac dinh nhu sau

—-1.2 0 1.21 O 2 01
A = ,D = B = ,
0 —-0.5 0 1 0.1 3
0.01 0 0.02 0
E, = , Hy,= Ey=FE; = Hy =
0 0.02 0 0.01
cost 0
Fi(t) = , Fy(t) = cost, F3(t) =sint.
0 cost

Céac ham kich hoat phi tuyén f(¢,x(t)) va g(t,x(t)) duge cho béi

1 (t) + 1] —|x1<t>—1|]

331(
t,x(t
et = LMQ)%HMxﬂl

ot x(t—05)) = [tanh xq(t — 0.5)]

tanh zo(t — 0.5)
thoa man diéu kien (3.31) ctia Gia thiét 3.2.2 véi

10
0 1|

Céc ma tran ctia ham chi phi toan phuong (3.34) lien quan dén he (3.53) dugc

0.02 0 0.02 0
M = . R= .
0 0.02 0 0.0l
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Stt dung LMI Toolbox trong MATLAB, dicu kien LMI (3.35a) trong Dinh 1y 3.2.6

cho nghiém nhu sau

5 [0:2230 0 _ [~21200 00705
0 0.2373| 0.0705 —1.4511|"
e, = 7.3979, &9 = 7.3980, &3 = 7.3980.

Tiép theo, vé6i cac sd6 duong dude chon ¢; = 0.1, ¢ = 0.5, T = 5, dicu kien
(3.35b) trong Dinh 1y 3.2.6 dugc thod man vdi

[T/7]+1 A (P)
« E : AT] « j 7\max o o
ClEa(TT ) < € ](Ea<7'T ) — 1)]m = 0.3776 < Co — 0.5.

Nhu vay, theo Dinh 1y 3.2.6, hé (3.53) la on dinh ving trong thoi gian hitu han
ddi véi bo tham s6 (0.1, 0.5, 5) dudi tac dong clia luat didu khién phan hoi

trang thai

—9.5477  0.2970

u(t) = x(t
0.3241 —6.1140

V6i gia tri ddm bédo chi phi diéu khién 1a

o2 2yT T
JF = (1 —) — 21713,
PV T T

Két qua mo phéng cho thay, véi diéu kien ban dau dude chon 1a
T
o(t) = (0.3 0) € R?, vt € [-0.5,0].
e Hinh 3.7 minh hoa quy dao ctia ||«(t)||* dbi v6i he (3.53) khi khong c6 dicu
khién, cho thiy ring hée khong én dinh vitng trong thsi gian hitu han.

e Hinh 3.8, c6 thé thay ring he diéu khién dugc thiét ké dat tinh on dinh

vitng trong thoi gian hitu han.

e Hinh 3.9 biéu dién quy dao ctia ham chi phi J(¢), tit d6 cho thay rang J(¢)
luén nho hon J* = 2.1713.
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Hinh 3.7: Quy dao ctia ||z(t)]|* khi khong c6 diéu khién trong Vi du 3.2.9.
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Hinh 3.9: Quy dao ctia ham chi phi J(t) vé6i J* = 2.1713 trong Vi du 3.2.9.
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3.3 Két luan chuong 3

Trong chuong nay, luan 4n da nghién citu bai toan diéu khién dam bao chi
phi trong thoi gian hitu han cho hai 16p hé cap phan s6. Dau tién, ching toi
nghién citu bai toan diéu khién dam bao chi phi trong thai gian hitu han cho 16p
hé t6 hop 16i cap phan s6 Caputo c6 tré bién thien. Tiép theo, luan an nghién
citu bai toan diéu khién dam bao chi phi trong thdi gian hitu han cho 16p hé phi
tuyén khong chac chan cap phan sé6 Caputo véi nhan suy gidm c6 tré hing so.

Cac két qua chinh dat duge nhu sau:

e D6i v6i 16p hé 6 hop 16i cap phan s6 Caputo c6 tré bién thién, luan 4n da
thiét lap cac diéu kién du cho su ton tai ctia luat dieu khién phan hoi trang
thai dam bao chi phi trong thsi gian hitu han duéi dang cac bat dang thic

ma tran tuyén tinh, trén co s sit dung phuong phap ham Lyapunov.

e Doi vdi 16p he phi tuyén khong chic chan cap phan s6 Caputo v6i nhan suy
gidm c6 tré hing s6, luan 4n da sit dung Bo dé 1.6.5 vé dao ham Caputo
v6i nhan suy gidm ctia dang toan phuong dé thiét lap cac diéu kien du cho
su ton tai ctia luat diéu khién phan hdi trang thai ddm béao chi phi trong
thoi gian hitu han dudi dang cac bat ding thiic ma tran tuyén tinh, trén

¢o s6 st dung phuong phap ham Lyapunov.

e Cac vi du s6 va mo phéng duge xay dung nham minh hoa tinh kha thi ctia
cac dieu kien du da thiét lap. Két qud mo phong cho thay cac diéu kien 1y

thuyét thu duge c6 thé dugce kiém chitng bang tinh toan sb.
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KET LUAN

Luan 4n nghién citu tinh 6n dinh trong thoi gian hitu han ctia mot s6 16p he

phuong trinh vi phan cap phan s6 va mot s6 bai toan lién quan.

Cac két qua chinh cua luan an

e Dua ra mot s6 dieu kién di cho bai toan tiéu hao trong thoi gian hitu han
dé6i v6i 16p hé no-ron phi tuyén khong chic chan cap phan s6 Caputo véi
nhan suy gidm c6 nhiéu va tré hang s6 (Dinh ly 2.1.5), cting nhu bai toan
tieu hao md rong trong thoi gian hitu han cho 16p hé no-ron phi tuyén

khong chic chan cap phan s6 Caputo ¢6 nhiéu (Dinh 1y 2.2.6).

e Dua ra mot s6 diéu kién du cho bai toan diéu khién dam bao chi phi trong
thoi gian hitu han déi vé6i 16p he t& hop 16i cap phan s6 Caputo c6 tré
bién thien (Dinh 1y 3.1.4), cting nhu 16p hé phi tuyén khong chic chan cap
phan s6 Caputo v6i nhan suy gidm c6 tré hing s6 (Dinh 1y 3.2.6).

Bén canh cac két qua néu trén, mot kho khan dang chu ¥ trong qué trinh
nghién cttu xuat phét tit tinh phi dia phuong ctia cac toan ti dao ham cap phan
s0, anh hudng clia trang thai tré va dic biet 1a syt xuat hién ctia nhan suy gidm
trong dao ham Caputo v6i nhan suy gidm. Dé xtt Iy nhitng khé khin nay, luan
an da thiét lap cac bd dé bo trg thich hop cho dao ham Caputo v6i nhan suy
giam, dong thoi két hop phuong phap ham Lyapunov, phép bién doéi Laplace,
céac tinh chat ctia ham Mittag Leffler va ki thuat bat dang thiic ma tran tuyén

tinh dé xay dung céc diéu kién di cho cac bai toan duge nghién ciu.
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Huéng nghién ciu tiép theo

T cac két qua nghién citu clia luan an, cé theé tiép tuc phat trien céc huéng
nghién citu vé on dinh trong thoi gian hitu han, tiéu hao, thu dong, diéu khién
dam bao chi phi va diéu khién H,, cho mot sb 16p hé dong luc cap phan sb khac,
chéng han nhu hé hai pha, hé quy mo 1én va hé chuyén mach. Céc bai toan nay
c6 thé dudc tiép can theo phuong phap ham Lyapunov két hop véi céc cong cu

giai tich cap phan sé va bat ding thiic ma tran.
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Danh muc cac cong trinh cua tac gia da cong
bo lién quan dén dé tai luan an
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